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The High temperature engineering test reactor (HTTR) executed the rated power
operation for 30days of the first time (850°C in temperature of the nuclear reactor outlet
coolant) until March, 27th through April, 26th, 2007. In this operation, HTTR was observed
according to the operation monitoring model with the neural network, and the detection
performance of neural network was verified during slight changes of reactor state at rated
power. The neural network used for the operation monitoring was an auto-associative
network, where 31 input 31 outputs and the hidden layers were connected with 20 units by
the hierarchy of three layer structure. Back-propagation algorithm was used for study rule.
The operation monitoring model in initial study was constructed by using the power up data
between 30% and rated power, which were randomly studied. The adjustment study during
the operation monitoring changes the internal structure of the initial study model to follow
the changes of reactor status, such as the burn-up of the nuclear fuel for the rated power
operation. As a monitoring result, slight changes of reactor state by the control system
operation were correctly detected, and the on-line application to an early anomaly diagnosis

for HTTR facilities will be expected.

Keywords: HTTR , Neural Network , Operation Monitoring , Auto-associative Network |,
Early Anomaly Diagnosis
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YO = x0.8+0.1 (3-10)
yme

ZooT, Xy g 00 A ) B O ) X Yo b S AL A RO
HTh b,
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4., —a2—I)L%xy NU—2712X 5 30 H R ERER DR

4.1 HTTR ©OEF W1k

HTTR #EEREIC A =2 — TV Ry NU =271, 74— KNy ZHEEO R 3 B
DR TR INDEA— R NT VT T4 73y NU—07Thd, (F41K SH)

27— 2213 HTTR OF — Z WELEE TETRIS 705 1872 31 Fv v rbz2hiH L, 8 A
IFRAZE W RIRIE 2 W e, IS & U TR T 30%~ER IR O 1) E5A-H R OVERS
HAOFDOF—F2HANTT U FAFEESE, 770 bORKRNRTT VEER L, TDOET IV
% HIERERS 30 AT D 4/2~4/26 x5 E L CEEEE AT, (5 4.2 X &) Eig
BRI Y 72 o T, RS H I EIR T OFEC0 R IRBEE LI A D TSR £ 7 LV O NEiEE &
R TS BEIRFEZIT o7, BEHOBRIIT O BERAMOHEITIT, =2—F Xy NT—27 D
FHME & EREOIRZEN LEVEZ B -HA101E. BISEE 21Th, BEL LTHITS
DE Lz, =2—F 0%y N7 IETIFHT) 30%~EMH I E TOMI) ER B OEiRT — %
ZRWTHIHFEE L TWDO T, ERMEIRTOANT —2 31 F v 30, PIIFEEE L FRk e
RE—=NZEDADENTZBAIE, =2a—F b xy FU—27 D)) (FHRUE) & AT —4% (Hl
EE) IXZEFR CEICRD1ET TH D, —FH, FHINTOWRNWART = TAS INZHEITIE,
FEBOTPIEITRIEM E Bie- T 52 L b, H-oT, TORAEZEMRL CWIUE, B
REALERMT D ENTE S, B, SHOET IR OEIRER T, 7 — X [WEER
TETRIS 7>5 3% 510 C& 7= HTTR FE# D 30 A MEFHEIZOT — X 2 HH LT, 47 71 U E#
L0727,

4.1.1 772 NESUE T ORIR

7T v NERUEE ORI OW L, JR P EIRF ORGSR & W BLA 5, HTTR ©OF
— ZINELEE TETRIS LW LN TL 57 —ZOHns, FFoERIcEELEEbhs 3 1F
YUV E Ls, AEBERICHW T 70 MEBEE 4.1 RITTT,

4.1.2 W

Za—T Ry U=, HIHEEICBWCAREARSEE T — 2 2 0E L35, 2t =
2—F V%Y NT—I RG22 N8 T — 2 ORNFEICE LT+ e Mg 2 =423, AMEICHE
LTEIMBELESNDINOTH D, E-> T, YIHIFE T, REHICE > T—HRIZFEET 250
BOERICHEN TH S, Ahl. WIHEE T —2I121%, R H 7 30%~ERk i i E Totf L5
HEEF D 100 HE & 7 — % 3024 K & EE M IO 100 iEE & 50 PEE T —% 1044 A B D
W75 4068 D 31 F X U RNT — X & T X MIEIRL, 1 IO X 1000 B3 <&, HTTR
DETNMLEITS T2, 22T 0~29%F TOT — X BTV o 2B 1T, 0~30% £ T,
HEE VMR 2 FEICERIEL T 0 | ERREIC L2l x ORTOENFEEHICEEL 525 L
ERTENSTHD, £, T A LEESEEOIL, —EDNERF (BRY) THE+Lv
BOIHENEL | BENNESNZ LR TWETEDTH D, & 4.2 RITHHFEEITH W2
BT =Sy, # 4.3 KX, P ERREEZR L TR, 22 CRBRITSEAM, SR E
T, ZODERIFZFEAE—FLTWDZ ENDHIFEN S E<ITORL TS Z Enbnd, ¥
FTOMIZODEDOFRAEEZFZLTEY, BT 5 REHE LS WVMEORHET —2D—2 L7 b,
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41.3 HHEO=2=>y MK

HEEO2 =y MIERETDHZ EIE, =a—TF NV Fy hU—7 OfEOH THEERFRED
12 ThHN, FELPHEOZ=y MLV I DI —EMICREDL LD TIE R, ET V%
TERRT 258 12IE, BUTHRRMIC 2=y MIARD D VLER S H, —KIICIZ, PREDO=y
MR LT ERE — BRI EOND, PR AT S ECibMEo 2=y MiuEd
RWHREELNE SN TS, £, FRIBNASTE S LREN/ENT2EMICH D L big
N TWD, PIIEECTHRONDIETVORGIE, KNS TF vy o XNVOFEEE =2 —7
NF Yy NU—27 OHIMEORRZED " FfnE LTERT N TX 5, EREMAICHTZ>TiE, £V
il e P E AR ET DT DICHIER ICB W THREO = > MraZ I, ZOREOFRZE
DFZ R LT, 344 BIRT L DI, 2=y MEA 15 EKR TIXFEEBDORET, £
PRI =y MO U T, B0 “FMN/NE L 2o TWVD, RiZz=v MNME 15 @I E
? 15,20,30 fH D 3 & —ZIZOWT, FIHEE NIRRT R 2 g L=, (3 4.5 NBH) o
fER, = NMIOE(ITK L TIiE 37— & bR EHAY 300 [FILARE TIXFRZTITUNA L T
BY, FEHOWNKEEIOEVEDL RN, UEDOZ Lnn, ARIOET AT, HHE=
= MEITEAR 15 L EIZn BT, 2R ETIE, FEHOHAERKMICHEVEE LN EEZD
NHZ NG, BENRE LT EZATELDONRY — U ER@MTEL Lo, EiEEHICEHAT 2
HREO2 =y ML 20 HEBHH L7,

4.1.4 FENRTA—HDOFHE

F3ETHIR~/zL o1z, (8-6) XHFOFEE () KPE—A L ZLHDOEE (o) b, F
B LR RICKE R BEHZ D7 A—2THY, FEHOMWEMEICE O TEREWVIED
D, FEBYWTIINESWERNFENRL 25 0bTEY, 20 n & all o0 ThH R Tk
V2 X 7R B A PR E LT Ui e 7wy, AlEliE, 1000 BIOFEEEEKO S B, o, o —EE
1.0 TiTo2b® (F—A1), —EfE 0.5 TITo7=b D (r—2 2), FHEEA 150 [A1F T,
n# 1.2, a% 1.5, 151 /5 300 M E TiX, n% 0.6, % 1.0, 301 [ 6 1000 [FE TiE,
n% 03, a% 0.5 EEBENTNII LT bD (5F—R3) L LTHERLE, ZOREE, &H
43 RITRTEBY, n, aZ—ETITI L0, BHEMI/NES L LT o772 b OO 03 i 7aqi
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4.1.5 HEHE L X WVEOKE
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ST DD 2 r—ATHREREZW LTz, TOMKE, BISTFEEITORVE | HitH ORI & 3t
WCAELDT T hORREEIC=2a—TF 3%y NI DT ANBRETE <720 | E5iElx
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412 T MEEFU AL

No. TIUMER Bif
1 | 1% PWCHe ji&Z(Ch2) t/h
2 | HX®HO 1 A RECH2) t/h
3 | 1 RAHAM-MEKZEE(CH2) MPa
4 | 1R-2 R HeZ=E(Ch2) MPa
5 | EFFAOHe(D)TARFLUIRE °Cc
6 | RFFEOAEMD)TAFLUDRE °c
7 | 1 RPWC He BFE(Ch2) °C
8 | IHX HO 1 XAE#RE(Ch2) °C
9 |2 X Hei&E(Ch2) t/h
10 | 1 R PWC HNEKFRE(Ch2) t/h
11 | 2R PWC MEKFRE(Ch2) t/h
12 |1 RPWC MEXKAQES MPa
13 | 2R PWC MEXKAOREAD MPa
14 |1 RPWC MEXKAOCERE °Cc
15 | 1R PWC mE/KED(D)RE °Cc
16 | HAMEE A EFR(Ch2) %
17 | RIGE %dk.k
18 | fFibZEE(Ch2) kPa
19 | C #IHEAE Mm
20 | RFFRHAEEE %
21 |2 RPWC fnEKADB)RE °C
22 |2 RPWC fnE/KHO(B)RE °C
23 | 1R PWC HGC(B) [E¥5% min™’
24 | IHX HGC(B) [EI#x%k min™’
25 | 2 R HGC HGC(B) [El#x%k min™’
26 | 2R PWC O He ;B °c
27 | 2R PWC HO He i t/h
28 | 1R PWC tH A He E 51(Ch2) MPa
29 | 2R PWC HHHO He EA MPa
30 | IHX O He EH(Ch2) MPa
31 | 2R He TEIRHH QIR °c
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a2k YHITEE EET—H

FET—H il At sl T — 2K
3/20
1 30~40% 71 E&- 100 414
9:00:00~20:59:59
3/22
2 40~50% i1 E&H- 100 450
9:30:00~21:59:59
3/23
3 50~60% Hi /1 - 100 432
9:30:00~21:29:59
3/24
4 | 60~70%t 1 5 100 432
9:30:00~21:29:59
3/25
5 | 70~80%H 71 E& 100 432
9:30:00~21:29:59
3/26
6 80~90% Hi /1 k- 100 432
9:30:00~21:29:59
3/27
7 | 90~96.5%H 71 & 100 432
9:30:00~21:29:59
o 3/28
8:30:00~20:29:59 100 432
3/29
9 96.5% H /] 100 432
8:30:00~20:29:59
3/30
10 50 180
17:00:00~19:29:59
& &t 4068
B 1000

b AT HAED 2 FR
) a
r—21 1.0 1.0 0.14426
=22 0.5 0.5 0.08747
r—2A 3% 1.2,0.6,0.3 1.5,1.0,0.5 0.0725

* p=12,0=1.5 (1-150 F) ,n =0.6,a« =1.0 (151-300 [F]) ,n =0.3,« =0.5 (301-1000 [7])
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44K AHEEEROREHE LS WE

oh e VHFEERE | REREX2 | REHIELE
KiRZE (€ max) (€ sd) LME(ef)
1|1 RPWC He fiElt/h] 0.0367 0.1236 0.1421
2 | IHX HA 1 ZAHAHMRER/h] 0.0240 0.0762 0.0877
3| 1 RAmENH - InE K ZE E[MPa] 0.0074 0.0051 0.0085
4| 1:R-2 R He ZE[MPa] 0.0034 0.0012 0.0039
5| BRFFAOHe WRIRE[C] 1.9504 0.0692 2.2430
6 | RFIFHOSEM WRIRE[C] 41165 0.1148 4.7340
7|1 PWC He BE[C] 1.4617 0.3429 1.6810
8 | IHX A 1 ZAH#RE[C] 1.8862 0.0791 2.1691
9 | 2 R He E[t/h] 0.0427 0.1691 0.1945
10 [ 1 R PWC fOEKFRE/N] 0.5174 1.0559 1.2143
11| 2R PWC fMOEKFRER/N] 0.2067 0.5694 0.6548
12 | 1 R PWC fOE/KAOEA[MPa] 0.0238 0.0055 0.0274
13 | 2 % PWC fOE/KAOEA[MPa] 0.0228 0.0056 0.0262
14 |1 R PWC mnE/KARRE[C] 0.8152 0.1846 0.9375
15 | 1 R PWC ANE/KH O (D)RE[C] 0.9977 0.1289 1.1474
16 | AR A 1 FR[%] 0.6414 0.2531 0.7376
17 | RISE[%dk. k] 0.0004 0.0009 0.0011
18 | Ry ZE £ [kPa] 0.0570 0.0285 0.0655
19 | C HIfEHEALE [mm] 6.2335 0.3887 7.1685
20 | [RFIPEHA EREE[%] 0.6863 0.3887 0.7892
21 | 2:RPWC fIE/KAQ(B)RE[C] 0.8395 0.1932 0.9654
22 | 2:RPWC fIE/KH O (B):RE[C] 0.9501 0.1617 1.0926
23 | 1 R PWC HGC(B) [EIER%k[min-1] 31.0112 24.5290 35.6629
24 | HX HGC(B) [EIZ5#[min—1] 35.4361 7.0409 40.7515
25 | 2 R HGC HGC(B) EIEEEK[min—1] 23.3701 18.7830 26.8756
26 | 2 R PWC HHHA He ;RE[C] 1.0802 0.1988 1.2422
27 | 2R PWC A He fRE[t/h] 0.0130 0.0534 0.0614
28 | 1 R PWC HHA He [£H[MPa] 0.0264 0.0010 0.0304
29 | 2 R PWC A He £ 71[MPa] 0.0282 0.0016 0.0324
30 | IHX HA He EA[MPa] 0.0258 0.0008 0.0296
31 | 2R He IR QIR E[C] 1.2147 0.4965 1.3970
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B 45K —IRIEARS - INEAGEESIER OB

MEAMEZRESR AT A | DIEARIERREE SR AT A
ABFRE ONEAINES) | BB 7B OInEKIEE
1E) #1E)

1 IREGEIRE « IR GERE
i H AR

0.49MPa 0.5488MPa 0.4312MPa
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#4.6K FHETMZORFEHE L EVMHE
ch e MHFE R R THEREXx2 | EBHELE
KEIRE (€ ) (€ LME(e )
1|12 PWC He FRE[t/h] 0.0441 0.1236 0.1421
2 | IHX HO 1 A FRE/h] 0.0236 0.0762 0.0877
3| 1 ZAENH - NEKZEEIMPa] 0.0090 0.0051 0.0104
4 |12 R He EE[MPa] 0.0037 0.0012 0.0042
5| RFHFAO He WRIRE[C] 2.0654 0.0692 2.3752
6 | RFIFH OS5 WRIRE[C] 3.1797 0.1148 3.6567
7|1 RPWC He:BE[C] 1.3140 0.3429 1.5111
8 | IHX A 1 XA BEEC] 1.6395 0.0791 1.8854
9 | 2 R He RE[t/n] 0.0393 0.1691 0.1945
10 [ 1 R PWC MOEKFREt/n] 0.5077 1.0559 1.2143
11| 2R PWC MEKFRE/N] 0.2093 0.5694 0.6548
12 | 1 R PWC mnE/KAQOEHIMPa] 0.0178 0.0055 0.0205
13 | 2 & PWC fOE/KAOEH[MPa] 0.0193 0.0056 0.0222
14 | 1 R PWC fIE/KAOBE[C] 1.1206 0.1846 1.2886
15 | 1 RPWC fnE/KH A (D)BE[°C] 1.0327 0.1289 1.1876
16 | W ASEE A F R [%] 0.7609 0.2531 0.8750
17 | RISE[%dk K] 0.0004 0.0009 0.0011
18 | Pl EE[KPal 0.0611 0.0285 0.0702
19 | C HlfEHEAIE [mm] 10.8999 0.3887 12.5349
20 | RFIFHA  BREE[%] 0.6688 0.3887 0.7691
21 | 2R PWC jIE/KA O (B)RE[C] 1.1087 0.1932 1.2751
22 | 2R PWC ANEJKHE O (B)BE[C] 0.9192 0.1617 1.0570
23 | 1 R PWC HGC(B) [EI#E%i[min—1] 25.6084 24.5290 29.4496
24 | IHX HGC(B) [EI#5%K[min—1] 21.8904 7.0409 25.1739
25 | 2 R HGC HGC(B) [EI#5%[min—1] 21.7597 18.7830 25.0237
26 | 2 X PWC HHO He ;BE[°C] 1.1912 0.1988 1.3699
27 | 2 R PWC 0O He fi=[t/h] 0.0125 0.0534 0.0614
28 | 1 R PWC HO He [EH[MPa] 0.0112 0.0010 0.0129
29 | 2 R PWC HO He [EH[MPa] 0.0134 0.0016 0.0154
30 | IHX HA He £ A[MPa] 0.0105 0.0008 0.0121
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