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B8 Process Data Reconciliation Software VALI Il
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B Process data reconciliation with VALI lll in a 4-Loop PWR
(1350 MW) - modelling, execution and results

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

CONTENT (cont‘d)

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

B Possible use of VALI Il for the Measurement
uncertainty recapture power uprate

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

Why do you need process data reconciliation ?

-

All results of measurements are
erroneus (DIN 1319)

result of measurement = measurement + uncertainties |

uncertainties = random and systematical errors
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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
B energy balance and
m material balances

cannot be fulfilled.
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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 lI?

You get

e

== reconciled values which fulfill the

m mass balance
m energy balance and
m material balances

reduced uncertainties of the reconciled values

J

the clues, where the suspected tags in your process are
(ERROR-DETECOR)
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General remarks about process data reconciliation with VALI

General Remarks

VALI Il works with an overdetermined system of equations.
(IMPORTANT: VALI Il 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 T he theoretical basis of Process Data Reconciliation with
VALI Il is described in the VDI 2048 guideline (VDI -
society of german engineers)

m VALI Il get the final certificate of the VDI 2048 commitee
at October/11/2002

m VALI lll was aknowledged by TUV-southwest nuclear
section as a support system for the calibration of the

feedwater-mass flow measurements (official paper from
August/16/2002)
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Use in Nuclear Power Plants

Use of VALI lll in Nuclear Power Plants

B Determine all measurements more accurately (that’s
important for example for the mean coolant temperature or

the thermal reactor power)

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

B Perform acceptance tests more accurateley
B Evaluate maintenance activities more precise
B Use the reconciliation results as calibration standard

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

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

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

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

GUI-model _ Steam generators Main coolant pumps
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| AP

Process data reconciliation with VALI Il in a 4-Loop PWR (1350 MW) -

model, execution and results

Execution,
spezify
runtime
options

JBNBRY
SRBH
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Process data reconciliation with VALI [l in a 4-Loop PWR (1350 MW) -
model, execution and results

Execution

Settings

Phase

INF WRN ERR

ERS

ERF

CPU

File Name
Model
Version
Hea File
Tag File
Flex File
Options

gkn-015-reve.hls

GKNZ
6.0
Gkn2 .mea
Gkne .tag
Gkne .rea

—34p

TAG Reading
Verification

Analysis
Resolution
Report
Cutput

2
6
610

43

0
8]
14
0
0
0

A e I o

= O0OO0OO0O0

OO0 0000

0.710
2.800
6.210
7.960
8.190
§.680

Ahalysis

Number of eguations 629
Number of unmeasured variasbles 506
Number of measured variables 273
Number of constants 100
Obvious number of redundancies 123
Total nuwber of redundancies 189
Number of trivial redundancies 0

Resolution

5 / 100
0.42008E-06

Iteration

Sum of scuare residues
Obijective Function 274.91
Chi-square Zz. 08
Nunmber of active hounds Q
Flagged tags n]

- —_—
e —————————————

ETEREN

1.E+7

1.E+6

1.E+3

1.B+4

looo.

180,

1p.

10
Iter
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Process data reconciliation with VALI lll in a 4-Loop PWR (1350 MW) -
model, execution and results

Drifting measuring device - mean coolant temperature

309,5

309

308,5 1

IMPORTANT

The reconciled value of the mean coolant
temperature represent the state of the process !!!!

308

307.,5

307

Mittiere Kiihimitteltemperatur in [°C]

306,5

e JEC30CT731 Measurement
- JEC30CT731 Reconciled

306

305,56
07.10.99 00:00 17.10.99 00:00 27.10.99 00:00 06.11.9900:00 16.11.9900:00 26.11.99 00:00 06.12.99 00:00 16.12.99 00:00 26.12.99 00:00

Date/Time
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Process data reconciliation with VALI Ill in a 4-Loop PWR (1350 MW) -
model, execution and results

Drlftlng measuring dewce — feedwater pressure

68

LABGOCP001 measurement
67

— LABBOCP001 reconciled value

66

65

64

63

62

61 IMPORTANT

60

pressure in [bar]

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

57

56
23.7.00 00:00:00 02.8.00 00:00:00 12.8.00 00:00:00 22.8.00 00:00:00 01.9.00 00:00:00 11.9.00 00:00:00 21.9.00 00:00:00

Date/Time
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model, execution and some results

Process data reconciliation with VALI 1l in a 4-Loop PWR (1350 MW) -

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

L3 2
reconciled value — measured value
PENALTY (whole process) = )’ ——
standard deviation of the measured value
68 T T
e LABBGOCP 001 measurement
687 LABBOCPO0O1 reconciled value -
l PENALTY Reconciled
66 |
% W :23“ :
LI

84
& 63
g 62

60 R ———

59 +—m — -~

58

57

56

23.7.00 00:00:00 02.8.00 00:00:00 12.8.00 00:00:00 22.8.00 00:00:00 01.9.00 00:00:00 11.9.00 00:00:00 21.9.00 00:00:00
Date/Time

ggsxa% © 2002 BTB-Jansky GmbH www.btbjansky.com slide 17

maprojekte\Epri/EPRI.ppt



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

Single-PENALTY; The Error- detector in VALI

reconciled value —measured value
standard deviation of the measured value

then the measured value must be queried.

2
If the Single - PENALTY = ( ] >1,962(= 3,84)

68 | |

wasen LA BGOCP 001 measurement
LAB60OCPOO1 reconciled value -—
PENALTY Reconciled

67

66

65

64

63

62 — E;; R A -

pressure in [b:
%

61 —

80 - - -——

59 - e

68

57 0,05 (OK) 4,82 * 13,05* 107,52*

56 SINGLE-PENALTY of the measurement LAB60CP001

23.7.00 00:00:0 :00:00
Date/Time
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lg HTML file - Microsoft Internet Exploer vo ycos Europe e

,Tag’s,,Regort
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Process data reconciliation with VALI Il in a 4-Loop PWR (1350 MW) -
model, execution and some resulits

Single-PENALTY; The Error- detector in VALI

. 2
If the Single - PENALTY = reconCIIec! vglue —measured value > 196%(=3,84)
standard deviation 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.
N e T T T T NS e S S S S S S S S S S S S e SRS EEEEEE=EEE=
* MAC10CTO071A 45.938 1.50 43.107 0.725 17.86 |C
* JEC20CP007 158.36 0.500 157.42 0.169 15.25 |barg
* JEC20CTO003A 323.94 1.00 325.61 0.370 12.53 |C
* MAAS0CPOO1 58.991 0.500 58.195 0.337 17.82 |barg
* LBA6OCPOO1 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 |cC
* LBA10CTO001 278.25 1.00 279.80 0.115 9.36 |C

‘BIB

© 2002 BTB-Jansky GmbH www.btbjansky.com slide 20



model, execution and some results

Process data reconciliation with VALI il in a 4-Loop PWR (1350 MW) -

Systematical errors - mean coolant temperature

11, .
S JEC10CT711 Reconciled
311 JEC20CT721 Reconciled
~JEC30CT731 Reconciled
310,5 { === JEG40CT741 Reconciled
- = = «JEC10CT711 Measurement
5 3107 JEC20CT721 Measurement Y R
o, -« « = JEG30CT731 Measurement S B Y RN N .
g 30951 - . . . JEC40CT741 Measurement g B N L
5 0 » - BT 2SR
L 308,5
£
2 308
307 ,5
307
306,5
7.9.98 4:48 7.9.986:00 7.9.987:12 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 AM AM AM PM PM PM
red line: nominal value at 100 % power Date/Time
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Process data reconciliation with VALI Il in a 4-Loop PWR (1350 MW) -
model, execution and some results

Systematical errors - Feedwater mass flow LAB60CF711

550
—¢— LAB60CF711 Reconciled
548 —g- | AB60CF711 Measurement
546 l’

544 ——1 :-\
542

540

8 kg/s

538

3 TN

4

feedwater mass-flow in [kg/s]

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

Systematical errors - Measured and reconciled thermal

reactor power

thermal reactor power in [MW)]

3870
—e— JRE10FX612 Measurement
——JRE10FX612 Reconciled
3860
3850 —J
A »
3840
9 R 25 MW
3830 *
H‘ Y
3820 ul if'
3810
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

Date/Time

15:36

JANSKY.
GMBH
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results

Process data reconciliation in a 3-Loop PWR (920 MW)

Systematical errors - Measured and reconciled feedwater

GMBH
mi\projekte\Epri/EPRIppt

460
| | | I I I I
455 4+— : 7= —
450 — - e il —
Y 445 : S —
2
" A
@ 440 1— - - — - - |— e \ bo— o — Lo — = [ — . —
435 +— = QORL23F001B Reconciled —
~ap-ORL23FO01B Measurement
—g-— QRL23F002 Measurement
430 +— —g-— ORL23F002B Measurement | - —
—— 0RL23F003B Measurement
I I
425 | i | | | | ;
12.10.01 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
00:00 04:48 09:36 14:24 19:12 00:00 04:48 09:36 14:24 19:12 00:00
dateftime
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results

PRIMARY
LOOP -
results in
flow-sheet

model-name:
KM T Temperatur, n
KMT =306 C] KMT =105,6. Tesziast Jr=iriic VALI-Version: 10/10.01
Aufwdrmspanne Druck {bar] date Vali-run: 17.01.02
AT=295K p=155.8 bar T= N Mg
ST=29.8 K a7 = petssabar ] sss, | s time VALI-run: 10:27:51
4T-299 K P =153 bar T
at=28ak | 27,088 K P o154.8 bt T =
4T=273K s
Y420 Penalty (VDI 2048): 374,856
(AL22-2 LD * > | CHl-square: 164,22
Pe S16.0 MW — -
b= n’ N W a0 reconciliation quality (<1 good): 2,28
m RZ02 = _ steps of iterations: 9
: A m=S3301.0 kyiy
Yl =5 vw y
L norm -efficiency: 33.77 %
plant-efficiency: 33,67 %
_@—- PENETRS 1— DELTA efficiency: 0,1 %
TA40 TAOO TAOC
- - I MKP YD10;: loads primary loop
2421 T332 3 - MKP YD20:
> MEKP YD30; 246774 MW
¥ g = power FTIRIETE
A' = 241765 MW
3 Verlustielst RDB GIE MW
b 28,3 |measurement =
- { Lh. power SGC YB10:
< R th. power SGC YB20:
3 28,7 [|reconciled value T ITI R T ET
E’ 4 28,7 |constant
3
o
=
therm.Reactor
s—IA—)J“ power
- TasD S
(246257 vw | KMT
— - KMT =105 7 CRuT=nnrrv
o Lo o SGaler Aufwdrmspanne
KM T Temperatar(C] Temp eratur|C ] TR
KMT=3081 C]RMT=327.6"C Toi2526 [T 1 X T=31229 € T=3711C T35 1 K 4T =
- 7:6"1:””” anne D ruck fbar] § : N = Drack fbar] dl=265 K 26.862 K
=i F bar g 4 K p=1552bar 4T=276 K .
T 29 K dT = ber :'F' '; P15 ba 4T=284K
d 33 K 26.946 K T5d bar =155 bar
d IS K s 1553 bar =1
AT =296 K =
YA3D YA3D YALQ
alos 8108001 | 1 415
Y
A30 YAl
- Y

T:=2942°C

P 4,9 MW

T=2942°C

ca=f8 G

T=294C

T=2512C

p=358bar

B1B
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—Process Data Reconciliation in Nuclear Power Plants with VALI 1l

Use of VALI lll 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

B a more precise judgement of the replacement of turbine blades

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

m component diagnosis

BB © 2002 BTB-Jansky GmbH www.btbjansky.com

GMBH
mAprojekie\Epr/EPRLppt

slide 26



Use of VALI lll for special acceptance tests, maintenance activities...

ValiGui : M:ABERICHTE\B56\RDK-Modell [mit K-Koeffizienten)Ardk 2001.bis

OPTVAL

r;
ABGAS2 HD+MD
= = = = = = Before the maintenance
GASTURB GUD-TUR ABGAS LAB LAD CONDENSA a C t|V| t y
I Correlation coefficients
o -
ABGAS2N HD+MDN
— — — — = — After the maintenance
GASTURBN GUD-TURN ABGASIN CONDENSN

activity

© 2002 BTB-Jansky GmbH

www.btbjansky.com
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Use of VALI Il 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=3592 MW + 3-17 MW

APg, =4,02 MW + 1.77 MW

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

?Agsg © 2002 BTB-Jansky GmbH www.btbjansky.com slide 28
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Use of VALI lll 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 -

increase of electrical power output
with a probability of 95%

2,54 MW

4,02 MW

/N

- Without correlation coefficients

0,4

I

— with correlation coefficients

0,35

0,3 1

Wy L1l B

Probability density

=
e
&)

0,1

0,05

increase of electrical power output in [MWg]

2 25 3 85 4 45 5 55 6 65

miprojekte\Epri/EPRI.ppt
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Use of VALI Il 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)

AP, =37,88 MW |+ 15.84 MW

APg, =38,5 MW + 8.24 MW

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

i © 2002 BTB-Jansky GmbH www.btbjansky.com slide 30
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Possible Use of VALLI Il for the Measurement uncertainty recapture
power uprate

3590

3580 T
3575 +
3570 +
3565

3560 T

35565 -
3550 T

3545
3540 +

thermal reactor power in [MW]

3530 T
3525 +
3520 +
3515 +

3535

Measurement uncertainty recapture power uprate potential (=50 MW, for

this unit)

B D) ey e
100% Thern

PV SV [ONPIGS U S 1A% oy Dy 28
sadd reconsiing unosriainiies

0,5 % reconciled uncertainty

3510

© 2002 BTB-Jansky GmbH www.btbjansky.com
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CONCLUSIONS
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SLIDES for possible
QUESTIONS
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Objective function < Chi-Square distribution

measurement — reconciled value 2
standard deviation

Penalty (objective function) = (

<

2 of freedom r

95% — quantile of the CHI - square distribution; X, os.,

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

© 2002 BTB-Jansky GmbH www.btbjansky.com
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VALI-models

plant BWR CCGT-plant | PWRGKN 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 2,23 1,58 1,38

BIB
JANSRY

GMBH
m:\projekte\Epri/EPAL.ppt
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Measurement values with specified standard deviations

m, =500xv, wherev,, =251t/h
m=|m, =245+tv,, where v, =1225t/h
m, =250tv,, where v, =1251/h

4

Covariance matrix

- _
Sa Sai Sxk Sxn
2
A A A S ..
_ xil xi xik xin
Sai Seki Sk Sxkn
2
_anl ani ank an _
Restrictions

m,-m,-m, =04)

2
s = (V"i j with t = 1,96 implying a 95% confidence intervall (1)

Vector of measured values

m, 500
m, |=|245|(3)
m, 250

Vector of restrictions
f(x)= (m1 —M, —My, ) =(0)(5)

B © 2002 BTB-Jansky GmbH www.btbjansky.com
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of

f (;) =f(x)+ a—v where f(x) — Vector of contradictions, v - Corrective vector applied to the
X

present example

g—:(:ﬁ -1 —1)and f(x)=m,-m, —-m, =5(6)
and Sx The minimization problem
162,69 0 0
S,=| 0 39086 0 |(D v-S' -v—2A-f(J_C)= &, = Min(8)
0 0 40,67

yields, after a few adjustments and the linearization of f (;) = f(x)+ %p—v 9,
X

the corrective vector

(Y (v (Y
ye (axsx] [Bxsx [ax]] £(x)(10)

With the values specified above it can be calculated that
0,673

T T\
[g_)f(sx) '(%SX'(;?_L] ] =| 0161/ (11) and
~0,168

JANSKY. © 2002 BTB-Jansky GmbH www.btbjansky.com
r;lz\prdje"ktve\Epri/EPHI.ppt
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0,673 ~3,36
v=--0161|[5]=| 081 |(12)
-0,168 0,84

As a result, the restriction fulfilling values yield

m, 500 -3,36 496,64
m=|mz2|=m+v=|245|+| 0,81 [=]| 24581 |(13)
m, 250 0,84 250,84

The covariance matrix of corrections can be calculated as follows:

-1
o . Y (ot ()| (of
S =—-—8§ =S, | — 1 =S, |(14
' [ax x] (ax i (ax)] (ax x)( )
Implemented into the example it yields

10949 -2624 -273
S, =| -262 628 6,54 |((15)
-27,33 655 6,83

BIB
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and the corrected covariance matrix

16269 O 0 ] [109,49 -2624 -273]
S.=S,-S,=| 0 3906 0 |-|-262 628 654 |=
0 0 4067| |-2733 655 683

(532) 2624 273

S-=|262 3278 -654|(10)
27,3 -655 3384

With the corrected covariance matrix and equation (1), the new corrected confidence intervals

can be calculated(y, = ,/ s,° -t with t = 1,.98implying a 95% confidence interval (17) So you get

the vector myew Without contradiction

496,64 £14,3t/h

24581+1121t/h |(18)
25084114 t/h |

Myew =
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Mass balance: M, —M, —m, =

With data reconciliation

The mass balance is
fullfilled —

496,64 #14,3t/h]|
N—

Myew =| 245,81+11,
250,84 +11, !

And the uncertainties were reduced
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Make a model

MEA-File

Zuordnung der Messwerte
und der Korrelationen
zwischen den Messwerten

'VORRETROFIT
vmHK 1224
vtHK 390.16
vpHK 17.36
vinNKNDV 155.16
vtNKNDV  88.39
vpNKNDV  14.75
vmHDNK  660.47
vtHDNK 151.2
vpHDNK 10.14
vmKAVHDYV 203.32
vtKAVHDV 186.9

CORREL vpAnz4 pAnz4 0.5

TAG-File

vmHK| STRE
vtHK |STRE

:> vpHK |STRE

vlp.3al MASSH 1224 -2.16|kg/s |!1
vlp.3a T 39.140.058 C |12
vlp.3alp 17.36—-1 |[bar |!3

PRECIS

BNOVAL

Vahtur M \PROJEKTE\WVAUI\VALIEVDI Wi 2046-2 3 11-BE bls - [YDIZ048]

2 o

GENERA

OPTVAL
[d [
LPPREN CONDENS

REPVAL

NDTURBZ GENERA2

SE  WPPREtR  LPPRER2 CONDENS2

GUI-model

—>

Resultfiles

BTB
JANSKY.
GRAH
miprojekte\Epri/EPRIppt
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