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A practical identification methed has been studied experimentally
for estimation of dynamics of nuclear power plants. In this method,

time series data of process variables from a nuclear power plant are

‘fitted to a multivariate autoregressive {AR) model. The optimal model

parameters are determined by minimizing criterion Final Prediction
Error (FPE) énd sdglving the Yule-Walker equations.' Pseudo-random ‘binary
sequences were applied to the JPDR-I plént of power 45MWt and 17
variables were cobserved. AR model fitting was made to the observed data
for dynamic analysis.

Feasibility of this method was confirmed by physically examining
the identified dynamic response functions. Uncertain parameters in a
theoretical dynamics model could be estimated successfully by comparing

with the AR model obtained, indicating usefulness of the method.
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rRODHEEEEZ L E, BIFOTLEBR TR, SE0BERTBE (L2, PHEFR-
el B B, RS E - EHwSlEns) CLi, LERNROLESOMAREA

_9._

TR —



JAERI-M 7580

TEFAERMEL, T oFR, ANRSGRELDLEZ CNIZZERBELOANIETVESE
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Fig. 2 JPDR-II core configurations
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Table 1 Observed outputs and their steady state values

Number Variable Name Steady state b)
value
1 Neutron Density (CIC-3) 49.1 % L
2 Reactor Pressure 61.5 kg/cm? * i
3 Steam Flow to Turbine 25.9 t/h k3
4 Incore Monitor, No. 14 Ba) 51.9 %
5 Outlet Flow of IFA {#6 15.9 1/s
6 Outlet Temperature of IFA #6 273.2 °C
7 Inlet Flow of IFA #4 8.1 1/s % #
3 Outlet Flow of IFA #4 14.8 1/s 5
9 Inlet Temperature of IFA #4 269.3 °C *
10 Outlet Temperature of IFA #4 274.8 °C
11 Ferced Circulation Pump Flow 95.9 % * §
(total)
12 BPR Valve Position 4,72 % ®
13 Master Controller Set Point 94.6 7 *
14 Reactor Water Level 29,1 cm *
15 Steam Flow to Dump Condenser 23.0 t/h *
16 Feedwater Flow from Turbine 38.1 t/h
17 Feedwater Flow from Dump 27.0 t/h
Condenser

a)-B indicates the position of the detector in

direction:

52.5 em from the core bottom.

b) * # indicate the variables selected for AR

identification.

-3~

the axial

model



Table 2 Design of the identification experiment

JAERI-M 7580

at the JPDR
Kind of’ , Reactor Core
, . Input terminals
input signals power flow
I MLBS Control rod driver 75/100 100
Feedwater control (%) (%)
valve
I1 MLBS FCP master controller 75/100 100
Dump steam flow
control valve
III MLBS FCP master controller 50/75/ 100
Turbine steam flow 100
bypass valve
Iv None None (system noise) 50/75/ 40
100 100
Control rod driver
v Step FCP master controller
Turbine steam flow
bypass valve 50/75/ 40
Dump steam flow 100 100
control valve
Table 3 Parameters of the input signals (MLBS)
_ Parameter
Input Manipulated Bit
terminal variable Period Amplitude
interval
+ &
BPR wvalve Steam flow 635 s 5 s ;iéié of
pesition to turbine ' valuey
+ -
FCP master FCP flow 504 s 8 s *1.5% of
: steady
controller
value

—14-
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3) THBM, BITENIKEI-THFCP MBLESHKBLRBRMEEL LTRICLBZODT (T
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—KBERICHOTHH S X 107 Hz KL O RBEEICE W TIREMAZ L 40 ¥ - BRADOH
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bHOEBLET S,
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WA HLBRERNDLEMTE D, '

42 REEFI/ILOELE

FMED:HICGEIR L7 - 213 Table | OFMIC»BITR L 10 EBETHB, TTARET
WIMRAE RO ERAF - 252 COBRBICGIUL TV 20 LT, ETVOECRERER
FOEFAONMERBNEHEU I TRTENETH S, AREFETHONS EF VT, B/ME
FOERTCEBOBETFHEFVEL >TVERTTHD, 2OEKRTIIFPE OBEEDHD
BEFAOREOREA52TVA0OTHLEN, TS » LEHENL>BMIZKRO =208
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Fig. 9 PSD of steam flow rate to turbine system
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The estimated values are calculated from input U(s)
by the use of Eq. (13).
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Fig. 14 Step responses of the neutron density to the FCP
flow rate U(1l) and to the steam flow rate U(2).
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Fig. 15 Step responses of the reactor pressure to the FCP
flow rate U(1l) and to the steam flow rate u(2)
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Fig. 19 Step responses of the neutron density to the FCP master.
controller U(l) and to the BPR valve position U(2)
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Fig. 20 Step responses of the reactor pressure to the FCP master

controller U(l) and to the BPR valve position U(2)
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Figl 21 Step responses of the steam flow rate to the FCP master
controller U(l) and to the BPR valve position U(2)
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Fig. 23 Step responses of the outlet flow rate of IFA #4 to the FCP
master controller U(l) and to the BPR wvalve position U(2)
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A5, 2D, 55 IEEEOERICE T REEER S BTS¢ L, HFK
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FPE B/NEVWHBERTOARKEO "BE” RTKEOLTIE, SASNLEET - # OMIC
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B U R T — 4 TR L BEERETE D O B RS P Lz &L, 2%
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bOTHLLEEARLTINE,

2) EEEUHOEVEBRAT -2 0h, BhRABOREMENBONTVE L EpL, £F
EREHCEOMEEME (robustness) KEU D EEZ LN 5,

3) AEHEREERL 02 5 6 DYSACIC L DEERINTITA, #EMMMEEL TALM
LI EREOTHMHMKICL2ETDEEF T,

4) BRETNVEDOEBENS, BRETVICEINAIRET 7 A - FOHEFTT I LMNT
i, RFHEEERTIVOBE, WRIZEL, FROEBMEFRICERTIDERLTF
BEBZLEDEEZ D,

5) AHICGR~NAEAE S 10h OERIFMIEKH 30 HTH -7, BRE L TARbNRT
DEREZT AL, KFREZTEREO EThiEFEORNED LN LD,

FHETREAERELEDLCEAHNELT, #R77 ¥ PCAPNANC L ZHRESAHE
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HBRrERCEOTEEY (robustness) KELrd D EXEZ LN E,

3) HEHEINERR 025 4 DYSACICL DRERINTIT A, METHBREICE L TA L
HIERE O FENMEMICLI2ETDEES T,

4) ERTTNVEOLBHS, BRETVICEEINEIREE ST A - 2OHERT I LBT
o, AFERERETTVOBK, RRICEL, EXOEBIESHICENT IDERIF
BAr5725b0E%2 5,
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BELE=HH—EEHETL(MMS FFI)
DIZERE B L UTA—F1E

Er=#E-FHH=7V (MMS ®70V) OEEERE LT 074 - 21
BE=#H-HAH=FVICL 2 EBHAERICLTART LEC S ETROH - -EFFELH®
YT A -2 D5 B, RFFEFROKBRERLEESEZHBL TH<,

| fmEEROE

Table A.1iC/Rd, EBER=HA -AEHEFVIZE TS, BHEEBWR Atz A
RODTHED, TGy, G REXDVDTHEEALPLTH S, Symbol i Fig 32 &7y
FEANYT S LBOEDEHRIENDOTINE, ZORPITEDLNE/ YT A — F OEMEIZERATICET
ENTHAE,

2. BRFIFERERET Y & BHKE
E B ST EASER LT X5 EOBERICVI TS,
H@ET AL TEOAT L ZEAEHE TR

(Hpr S+H’pr) 6[) = (Zz_zl) 5Q*416WL

v
+—" 4idW, — Q'dz, (A1)
av
T T
81 4i 8v. di 4i 8v
— M* 38 __ 5 + * w!_ W
Hpe s ¢ 8p d4v dp ) M, dp’- 4v dp
sat
_ Vi + H, (A.2)

(Al)ﬁ@EE@%i%ﬂtﬁﬁ«@ﬁl%W¥—@ﬁﬂ&ﬁﬁ@ﬂaVzé%bb,Eﬂ@
ZOEBAORBT A L¥ - BRI VE - 2RbT, ENVEERAT A vE - %
(NI ¥~ + BT A LF =) BRNTECEBTEELICES, Uiz THEAD
BRAkOBSETREENE T ELERIL LTI, RPORLESTANE, H BAEUN
HEAE P/INSCBEA N5,

H,, OEEH T3 RIKOMEMRDOMHIC M, My SEERMKIRAERDENS S, T
@55%%&@%@%@@%%K%M§Té%oE?@W@%ﬁﬁ%ﬁ,&ﬁﬁ%@%ﬁﬁmé
BrExha s, FLoARKEELTHhAEEZ DN 0bYAFKOEENS 5T DKIZ=
FH-BHEFVOEZFICEZET, T bTHY 77 - vENTHELEL, BBRVKEDHI
HEWONT T CAEBHBENENE, RROOMILEECATH » 108, KX
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CHOBONIFEOWR L T 2 L, COFAEM, OFKEHTEONEIH,, 2B R
METNVORBILLS AD CEBELY oI, REMRITETE 21 p IEFEREN S5 4 -
FRIM, PIAICRE T C &3 T a1 h o1,

3. HBZEeFACEERICEDN T BT £ — % OME (JPDR — 1T

925%, FHE #1615 Kg cmig DEA)

Symbol Description Numerical Value Unit
» = * 5 3
a; (VS/AV)T12V0ACO 5.10x10 cm
aj =(v_ /M)A, (1-y2)/y> -2.39x103 cm?
ay constant determined with aj, i, iW, Vs Vo, and yp
-2.71x10% cm®/kg
Aco flow area of core 83.27 em?
by =(yz-1)/(yslnys) 0.793 -
cy constant determined with aj, i, iw’ Vgr Vo and yo
2.56x10% cm?®/kg
H' =(Ai/Av)V*l—-§éi(y -1) (ignored as it is so small)
pr oAl 3p 72 '
v . : - *
- constantldetermined with is’ 10 Vs V,r 23722, Vo
and flow area of riser
i enthalpy of saturated steam 665. kecal/kg
i enthalpy of saturated water 292. "
Ai =i -i 373. "
s W
‘ 610 “core inlet enthalpy (variable) "
* J mechanical equivalent of heat 4.27x10% kg'cm/kcal
8k reactivity change (variable)
MS,MW saturated steam and water mass in vessel (excluding
core and riser in the original model) kg
n neutron density em™3
8p pressure change (variable)
_ . . 2
Kg (Telrol)(Av/Al)(alwlap)/vw 0.325 em?/kg
5 = -3 "
K§ v /ep) /v, 2,42x10

e
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Symbol Description ' Numerical Value

Q heat flux per unit length, (Q*=73.3

T time constant 0.1925

T3 " 0.3316

Ri constants 0.8774, 0.1000, 0.02226

V0 inlet water velocity, Vg=169.

Vsat saturated steam and water volume .

Vsub subcooled ﬁater volume 1.16x107

§V void volume change

v inverse of density per unit length

Av =vS-vW

Ty time constant 0.307

Wo water flow at core inlet, W3=766.13

WR recirculation flow W§=747.

WL steam flow

Y2 =1+ (z2-21)/(1 V¥ 1.62 .

-4 positioﬁ in axial direction

Td transport time from feedwater inlet to core inlet
i 8.1

T, =A1/Q*Av 1.0

To1 =(z1—zo)/V: 0.248

T12 =Telny2: void transit time  0.483

T4 time constants of fuel rod 5.952, 1.068, 0.4112

Subscript : 0 core inlet, 1 boiling boundary,

2 top of core

superscript : * steady state value

Unit

kcal/seccm

sSec

cm

mn
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