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Engineering Data of SEAMATE-IT, 2

( Test on the Characteristics of Temperature

Regulation in the Pressure Vessel )

Susumu TANAKA, Yoshiaki NAKASE®, Sohei OKADA
Masayuki ITO, Yasuo KUSAMA and Kenzo YOSHIDA

Takasaki Radiation Chemistry Research Establishment, JAERI

(Received September 4, 1981)

SEAMATE-II (Simulated Environmental Apparatus for Material
Testing) was constructed in order to establish methodologies
for the test of electrical cables under the conditions of
postulated LOCA including radiation, and to provide the
engineering data for designing the qualifiéation testing
facility. A part of engineering data have been previously
reported on rapid heating of the inside of the ?ressure vessel
with its outlet valve closed.

The engingering data reported here.are as follows,

1) controllability of the control devices at rapid heating,

2) comparison of the temperature control systems based on temper-
ature detection, pressure detection and temperature converted
from detected pressure, 3) controllability of the aﬁtomatic
control system during rapid heating and rapid cocoling, 4) guan-
tities of steam and cooling water required for the automatic
control.

Keywords : SEAMATE-{ , LOCA, Engineering Data, Rapid Heating,
Rapid Cooling, Controllability, Temperature Control
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331 H34 YERCOCETI358HB0H D

Table 2R L EBREZ#HCEIT2R ~ OHlmEOFIREL RIZAT,
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B) #20%, 30%, 4 0B L TCERAEToM7. Pig121~Figl29RLIHER.
B L O BRARGREE2300~2800, 3400, 4500kg/ h&5ote,
L L, QRBECHEGESHBAMB LA b0 d, 1LOBRMTLS 1°CORFEME
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4 vERRLEEIEE - FE2BOLQRES AP, ~EHEE - FORE & LT LTH
me—- FoglmnTbns, GRBI LV -EEXKTRE, REOCRET 0 77 AiIliEL, #8
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Fig.128) s OhEATS5, TD4 41375 - RAOCRBHOERT, 3R v —EfER T#%
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MABB LTS, SOk, 200-2151°C/1 0sec DITET 07 53 652BRELTING
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3000k h) DEBAF-TED, H34 v Daick 5EAME (BARAMLEE

1,0 0 OKE/h) TRARTAI M CTHHRSILENL o7,
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@ @7osrisrt, —EREEEREE 256 0M, BEEME 5L L,

@ 1EECSERBROBENKMEE, Yo7 41 T3 048/IC, Y07 7462TH35

SR L, '
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LOCHIA)Y #RLTN5E, 20 0°C—EREFESEEC, FAESHNEAESREEBICNLA
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vESHEOEENMBBBLTAELEH LTED, H7M4 YORXJEBENSFHEELL O DT
MmMLMEC I, A5ICHMERQE 20 0°CHECBOTNINEEELICH LTEAEMLM
K& A, FREAE N> b0EEZONS, ¥/, 8 0°C—TCREEEHOHE
EEVDT, FHEBERNEERL3CTES2TLEL, THARL05CUTOHEEH 7 A
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TEANEF L0, EARICLAG@ DIy, EAZE5IC1KkE /m’a l FICRTFEH 3
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0.1Kg /o’ a IHFMEZERT7 3 6°CicAS L, TTJRETP/THEDTas7u6eEF
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BoTWNE, Hi, COERTHBERCSAKESHEL ST, BEENRIORETLTLEY 1A
NRT = AAHICFR LA, 3 0Kg /mia (135°C) UTFWALERKMEREL,
FEH (AE) 37077 5B0TFEH 0,

Ta s I L20REESNTOERR (MDP2) BREAFig 205 e, /2, EABEN
Eh% o E(ts Fig2lilmd, Yo7 7 L4HEEOANE, 01 -50-159-~
1590 1KE mtaTdhb, Fig2lilmlLck 271 yr0EQHEBTEHE, EHES
RNEBRESD TdH 2 159K alll TETCAXLEBHLTNED, Fig.ts5TRLAZIT]
HEAFRCELA200C—FRERAHAEOALES N, EH15 9k /m? a D—FF
HoH@SIBEEICF TN TS, LbL, EHFHAEER2005~20200874-7T
O, ST iHMESOEEBE LG s, TP/ T HBERAKRCEATENEDY
BEASNTHA EMEZSNRE, £/, BEKFOHEICE LT, 1591 0kE /a@®*a (
200-51000) OFEAEI@MIBRFICTHLATHE, LlL, 1.0kE/m2a (1 00°C) T
BEHESANEK I, 1L.0KE  m?Palll FOE NS LS ICBAIT N HEBsTEbin
N, EARBHEBEELITHE Lotz COHERELT, BRBHKEEHWI 0L /min (&
BORKBKES O L /min) ICLIEmdBEHAMREL-I EMNHITFENS,

4.4 EBREROBRS

4.4.1 #Hi@kE

SEHEEKRICET 2288, —CRERSRCERImOBBEEEC VTR T S,
&, SlghFRotieititad42 TR5,

1) ZREHWE

AEBIL2AHEETCH >0, CEHERBRUCBRAFBOTOEOHZ A XIZL5HE
E-FAEABR LI, LEMoT, $TINRNALICETOERICENT, SRRVHIES
%ﬁﬁ%b,Eﬁ@%mﬁguﬁﬁﬁgfmfﬁﬁéﬁﬁbfmmmo

332 TCARLHICARBERICATA vorRf\EeE - FARRL, TORD -ERERFRK
DCBRESEAHSA YT S LI THIIEKKENRRTE, hoBlAEREHEREINS,

@ 105°CLUEO—EEERERUCBESE

—~ERERETOHFHIEZTORBOATH Y, BEDTIERLAADKEBE, £ F
bA VI3RF - b 797 (ST -4) DSHHT 5o AF —& + 7w 7OBERKIE,
FWLoTHBEL, FLd vBBELHEHESATOEIEMRBL ML, TOIENSE
HWIEM EOEDCBTIENTENOCRE ~EHFBICRF - b7 v 7TE2HWOSE I EHMTHE
THRO, HIEBELLTERTYAI LB L o,

—%, ERBORSHHEE NG, 200 C—2BEEEFECE L CBEE L, Tub
L, #47 132 L5kZ/ G THREEME, 2 35ke /e’ G THMEMSELL, COEABEAOD
HAAERTE, FAF =BT F2bL -2 -~OEFILEF, 2 L5k /d’GiC@REINL
BEHFHMHBEINTED, B8E2 L5k @ GOEINTH1ab—2 —~igxh s, 7+
AbL =% —pBATAYERETHIA v~EIrHBR SN, AT 232 LOKE @ G o
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AR EERMBEENR, H 4 Yi0d1 80K /o GUEE IALHERBRE S AT
A, LmbL, £4 5 ~HEBEEAE2 0KE/a’GTHEH, THFa1bb-F-ARENE1 8~
ZIMAMGmﬁﬁﬁﬁﬁb(Aﬁ47%%ﬁ%&ﬁﬁﬁ@),H54V%%ﬁ%5ﬁ%@ﬁ
AP LTL S ~1 8k /G oBBETEY L, EEARCERERT ~EEALAL ->TLD
:&ﬁbm6o:n%®ﬁ5#®ﬁ@ﬁ®%mﬁﬁu.ﬁE#Kﬁ?%l&E&ZWE@%ﬁ
BV TH B, Flid, HF A YO BEHEFREBEAAL1 8KE? G ETHIT, BHEARC
%gmﬁﬁu%BMAﬁT%D,ﬁE#ﬁ2@%5hmﬁ45~®%ﬁﬁ%Eﬂ%24ﬂ&#
GEFTARIEMNBRETH S,

@ 105°CHUTFTO—wEEESROCBESE

1.05°CLTicHit s vt v oEB, 74 VON-OFFH (DV -2 2L
TH o, COfh, EAEBRAERERECE sk, (T) #A@Fid —ERERSRT
%ﬁ%@ﬁﬁﬁﬁ%mﬁ%%btg%E%bm&%i%nfmtlOWBﬁﬁ@—iﬁE&ﬁ
ﬁﬁﬂ.%ﬁ&%%ﬂ%?%<ﬁokﬁﬁ@%ibfutoﬁ%@%é%é%twﬁ<?ét
Wwitl, #7414 YON-OFFH (DV-2) fioFgfsEECHL, #HEABEEZRD
BT B EMBBTH 5o

4. 4.2 HEHFADEE

0 0°C~2 0 0°C ODEEOF TRET 07 5 L AEHT Lo OREHE e RET B
HiIeTT ], TPATH, TPlHEFRTH > EREROBERM AT 5, & CTHER
SEERERE, SEERE1 05°CHFOBROHMII2NTT I,

(1 2FRA#Ww
%ﬁﬁ@ﬁ@ﬁ@ﬁ,ﬂ%%%%—Ff@ﬁﬁﬁI&méﬁb,A34V®ﬁﬁﬁ%ﬁ@#
(SV*II)@%EﬁEE@LﬁﬁE%&%L:%@ﬁﬁmﬁﬁbm“oﬁﬁﬁg%—F%
TaomEE TT], TP/T ] SMEEHECRFAHNEBELR LTS, 72, TP JHE@
FREBEEATOS I ACH L TRIFAMAEERLTOEY, YRARRI-TEF TTIR
FTP/T)#MEFESTL S, '

2 & Hm

9 0 0°C — mEEEESIAE LT AL CLoTaBRshoEEE, [T HETLI985
°n~2025C, P/T | HET199.5C~20L5°C, [P ]HAT2005C~2020
Crhd, cO3L [T HEFRCEOVTEIRENOREE, H7 M vORIEKTENO
rEcHE L, ¥EEA T 5, L, AEoRAco TP #@icks—EEHE (
15 9kgAm2a) id, 200 COFERELOETEOORELLoTNEM, EARFFLC
GELTND, [P /T HEATOEABEAEATLS50~158KE a a bELEHLT
WAH, BER2005°CELOEETEHTEELT L B, '

ChLOERPS, 200°C—EREASHBOoRERORWEGL, [P1, P/T],
(T s RENLs, LtL, 441@QTRNZESICHTA VOEIBRBEDOZENRZ
BLFTAZ T | SRFR08@stTEEl, SFRFROETFLAXAINLEDLETES
na, ~
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3 1 05°CLTOHA

13 2R0433Th~NmEIC, TPAT]RETP)HEFAE, 1 05°CUTTIIR
SEE (FH) 7o/ 763 BT33CFBLEATENEEIERILTOAN, RED
BE707 3 MBS TOAD,, COEREF, L0 CLUTFTIUEBWTEAERER FLA ¥
DOEEH A, BER5 4 YON—-OQOFF#H (DV-2) OBKICL T D RO LRI ZHIIT
MExhTEH0, HE@EFRORATH B, Lih-T, 1 05°CHUTOHEE T3 HmyER
TFIHLENHR DS

CTOEREMS, 20C~2000C0BFOREEE 0 7422 EETERE TS5
mEXE, (TIEETHEI EMBOMELol, 2L, 200 CoO—CRERAEHETE
FOBFEICT BB, H3 4 YOXSHBRENOEEEMNABETH 2, F72, [P ] HE
HRI21 5 9KE A a (MFIZEE 20 0°CHY) O—EEFB THOF@T R ICH~NIFHICR
NWEEHET LT,

443 HWICHLERLEISBERCmAKESF

Pl RE2IER-T [T HEAFRTTo-EB (MDT 1 RUMDT 2) &80
T, BED AR LEESLGHKOTRAREE 7o 7 7 AWM EAHT, Fig22 1 RY
Fig.22 2 imdo 2L, NUKRIATOROS, BENCEARIELRROKL 04,
BHKITFHHREODHIEORIMB INTHEEELH 5,

Pa 3 Al BRU20EBRUBCARAKICENEEARRB LIETE L, TEREET
LBETALZHICSLETRELS I, AL > TRONCELE OB A Table 410R 7o
e, BELHE QpERACLoTRNI, |

Qr =Qs +Qu (1)
Qg =p* V-h” ' i2)
QH=q, XA . (3)

Qg ‘EHEBSRICKEES N2MEREOCHTKEROKE
Qu  EHRE~HT IABRUBRBKOREAR
o HEREOHTAER OEE  (kg/mh)

60=4134 kg /u’ (172°%)

0=1937 kg /o (20 0°C)
V " EHESRUEIELEETSOEHE (058 7m’)
hY T HREREOBMAKEIOZIYELE - (667 kcal/kg)
A HABBRUOEIHRESSOEADR

48 B 10E (MDT1, MDTP1, MDT2) Ti#1225m’
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47 B20BLE (RBBEANEBEAELHALLEORE, BEXHBETSMNE -
TW%E, MDP1, MDTP2, MDP2) TiZ91 4
g - HEOCHERVHBHEOZARCABELHMZAGE S O 0RAR
q,=14x10 kcal/m (20°C ~ 172°C/300sec)
a,=20x10kcal/m* (20°C - 200°C/300sec)

7o/ 51 0ER (MDT1, MDTP1, MDP1) T3, REXZSBOENE LHE
EOEEHL 2kEE—ETH L, 7usr 7342 (MDT2, MDTP2, MDP 2) OEBT
3, MDT2:EMDT P2 ZDENKPBKETH S, MDP 2130 6kgeIEREIZDIIL, o
OFEFEMD P 2 OEREGE, EAEREL ToABMHRA LIbofl &L 2T, WEE
OhHABEAEN, AEZO0RHLEL VWEA2ORENGOE > Thottloe, LEEIENED
LicbheEZoNd, 0, ZREHCLELTE[EDERNE LFEEICEDETEIHERA T,
MO EOSHNFERFHDOENVCIZLDEEZON S,

C FHROSREERCENTE, FRHAGIHTCHER A »228 0L, EAEELHAG LI,
CDEIBERETFTTUHEATHAK ﬁbﬁofﬁ%tb AREDEFKRFBEALTERE
b*ﬁ@W%W®ﬁr§$®ﬁ<ﬂ50ﬁiﬂ,ﬁ&ﬁgifgﬁ&?ﬁf_mﬁgﬂﬁ
[Ean LR TR,

@ KERCEBOLTIE, EREBBCHER A YON-OFF#H (DV-2) d48ah
EABEHNA 105 CHUECRED, pr&ERmMERRTHEAAN (£10%) CioT,
o TeBfahd, DV -2 3ns3 Tol#E s BEEIANTHLL,  DHEICE
SRUOERNEEHENE, L L, COSHHETHEAFTENCARLEINS2EHHE SN
ELTHHSKEBRETH O, ZRHEELFEMBDOE (1 2KEATBKE) LoD —
Hr AEREH TEABRYVOSBHLUARCERQLAICEIANBVLEEINR, EHNEFATOEL
DREBMFEBIZDNALL B ENEZLLN, COLOBEERNS/AD, HELES
gL ctolEEgshs,

LEOgR»s, SREBIIEBIAHEBFEA4AKBLERCLACBSCLERLRET, O
~BARTHKHONFTEBICAZER TEONLCERE LHEBOEZ (W3 0%) A ELTK
HAELENTE B, -

EEBICETARBREFRS 7 —BKE& (Qpe) #Fig,13 (MDT1) , Fig.14 (MDT2),
Fig.16 (MDPT1), Fig17 (MDPT2), Fig.19 (MDP 1) RZFFig.20 (M
DP2) iCmbLfcg B4 -moETF 1 bb—F-~DEIHBEE, #1457 —-BKELDH
7o~ (50£/h) ZBVLBETH S, #FLFHORMASBEATL LI, 4 7D
NHEIHMBER, FHEEDEIMUBBON2ETE S, COEDEIBIRE, LESE D,
SCOBMICE>THETE FLa YL LTHH Nt bOEEZBNE, T/, #4 7 - DRE
HREEYAETHLE KE/h) JEMBER (£7h) 358, EBPICET 2BEERE
HIEIMDT1T04, MDT2TO99 &Mool CHEEROT, SBEREBEOERATSH
GINBELTRENEBELABEST S &8 TH 4,
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5. AFRKLUBBRER

AEBOHEHEORATEIESTHIRAE IS VWIGaBRAOKEEERE D 5 4 (Fig,
4) E‘%B@L}y %@%ﬂ@ﬁ%};@*ﬁé‘j%‘iﬁ—ﬂfzo

5.1 EMFERUEBREMS

EBFHEIIITRLAFIECIAETH S, SITOARBEERE, 200215 1°C/
5sec, 151°02200°C ./ 25sec CEBESu 7 565%EL, [T]&HEBFRARTFAF
1 vaER L, BREAEANSEREE5 0%, 2880 v -HERE1 08, EEHABSEOP I
D&#EEFP:6%, 1 :01lmin, D:OFFPTHSB,

GEEERG, SERERBEEGCTL, 200°C-30C /1 0min BB/ 5 6%
wEL, ITJ4H@AR, H34 v2RBR LIz, COBAORERATESOPIDHRERIP ¢
30%, 1:03min, D:004minT35,

52 EBMERRU®RS

1 &FEESE

KERERBIHT AEATERARE (Tpy) » BN (Ppy) , THa b -8 ~HWEH (
Pea) RUEGAHE (Wy) OMBHEL%: Fig 23 0RT, EFATENRER, HTERE S
0 ACHLTESG LaMsoBEL, 2RRAC—2RERSHBLERTF SHEOELRLT
Wb THa L —F—WEAIT, BAERMEEHICETL, 20 0°C—CRERSH D
WHEEABEAENICAELTO D, CHIERERBEL 7 - 1LETTORILLDHTED S,
BT AIEMLAE DI, 1 (L5tonsh ) THESHERBORBMNIZL, 20 0°Cog
BEIAMREE EEBI AR LTS,
ENEEA~DESEABITZERMBIFICH5900KkE/ h THEH, DK 15 1°C—
200008 IBEATO00KE/h &2, 2000~6000ki/ hOM4EFH LUMNSE
FLCWS, b, 151°C>20 CCOMoLERHBQIR, V~BRELMNTHETE L
.81 x10%kcal (27.1Kg) &7 4, 27 1kEnEREZ 25 HHETHKE T LELRER,
3.900KE/h &0, FEETHLARBOELKVBETHAI bbb, 2T T,

Q=20 0CITOARBLERKRB—151CITOEARKHLELRE

=Qrg ~Qr1 =214%x10°=-331x10°=L81x10* (kcal)
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Qr1 =Qs1+tQH1

kcal
=262<K§)xa587(mﬂ x667<kca>
m kg

+250 Ct;q x914 (m)

=331x10° (kcal)

.QT2=QSZ+QH2

=7ﬁ6(K§>xa587mf)x667-GEEL
m kg

S

ccal
-+20x1m(kci> x9.14 (nf)
m
=214%10* (keal)

@ ZBEER

ABEBERICEOT, EATENBE (Tyy) * £ (Ppy) RUSTKE (Fy)) Dk
LA Pig 24 cRT, EAEERAMEEOHEEIAKNICRIETH S, M1 00°CLUTFD
HEEETAHLAXOMERBERN > TS, AHKOHEE, FEUEZBOT2~1T7 £/
min PHBETAELEHL, EFLFTEI20C~50CHKENTLI~19 ¢ /min DEET
KECEHLTNG, FASENRESSELNFCRERE En o BRI, HHKEE (&
2 0°0) FEIEBEEOESGELNED, REOBHKEZELOXEMRB L ZHEIZL o7
D TH B,

Ll EDOERMORER L, BGEE Y0/ 7L TORSHEERRAVERECENTLEZOD
I BT, HEATSERELTOAC EMER SN, £/, 20 0°C —FREFEHH
FAATAVHODRIERBETEI LT, XELLHBENTX R L LR L

ks, BREETo I AOERRE (20°C-150°C/250sec, 15002200
°0,/ 30 0sec) RUIEEBE (200°C-30°C/3h) 50 TiF, 4TRLAZMDT I
RUOMDT2D20C~200Co—¢RAEREACBRHMNBDOKERLOBESIREBETEL S
EHMEEAINSIOTHRE Lo '

SEAMATE- A4 8B EE T -~ BE402ABESOHEME OB fEER, W Flok
BEBRUESELAE, SRBEERLTO, BEoFRAERCEREEICRT 5 TFNT -
5 e LTRoRAEBRE,

(1) SEAMATE-Iit, 20°C~20 0°CoBBOFRERE v/ 7042 08ERTE
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Qr1=Qg1+tQu1

cal
=262(K§)xa587(m% x667<kca>
m kg

+250 C“fq X914 (mt)
T
=331x10° (kcal)

Qr2=Qs2 +tQH2

=7ﬁ6(K§>xa587mf)x667-Gfii
m kg

R .

!
-+20x1m(k62> x9.14 (nf)
m

=214%x10* (kcal)

2 ZBRER

SREERICEBVT, EAFERNEE (Tpy) *&H (Ppy) RUABHKE (Fyy) PiFH
MELAE Pig 24 cRd, ENEERAEEOHMIIAKMICBIFTHLA, 10 0°CLTFOD
HETEFADLASOEMENL >TNE, BHKOKER, BFEHUELCENT2~1T7 £/
min DHETASLCEHL, BFELFTEI90C~50CHEBNTLI~19 ¢ /min DHEET
KkELEHLTNE, FHEBARENEELUTCARE LS - ZREER, SHKEE (F
2 0°0) FEIBEELODENDNELND, REOBHKIZEZOLAMBRCI MBI /L o7
ehTHbs

PLEOSMRMSARB I, BEEE S0/ L TORSEERERVERACSOTHED
St BIiFT, it TaBRELTOA I ENER I, /12, 20 0°C —sE BB R EF
EAATAVHSOETMB LTI ELE->T, TELCHANTE A L b#R L7,

s, BEELE S0 A0BERR (20°C0-150°0/250sec, 1500200
0/ 30 0sec) RUE#HBA (200°C-30°C/3h) 20T}y 4 TRLIEMDT 1
RUMDT2m20C~200Co—ERBRERVEBHBDOBRNMSEHFELERETESC
EMBEEEINIZIOTHE L1

SEAMATE~I#4BHEE T o BA02RABOBHREOHEER, S/ X0k
&%Sﬁ&tﬁ%%ﬁ%ﬁﬁ. LBBERLTO, EBOMBIERCEEHECHT S TENT —
s ELTROEESEGT,

(1) SEAMATE-[/tz, 20°C~20 0 CO®BORERE v/ 7 252 HEEETE
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MR IEAERNEE - EHFEEENET ST 5,

SRBRBICET24ABEBOHEERICL T, SHEBEROFHERIERCH AL ED
BELIEABERLI, £/7, ERERCAEREISHBBEAER T S 0CH, AT A
VEBNANITHLI EHBDD o,

(2) FTJ,FP/TJ&UFPJH@ﬁK@&&%ﬁE&oT.20%~20W0®ﬁ%
OHFEREF OV AALHEECHETABA G, [T HRFRNEETHLC
EAEE ST Lo K, 20 0°CO—EREREHEICE T, [P HATEZEES
200CAEFBLITVASb0DHEMERICEELTEY, EAHBFANELTODS
ZEMhin ot

8 2HBEEICL3200-172C/300secKF20C->200C/300secd
BES ol 7 008EFER LT, 2RBHCHLELERBEL EHFIIRD L, T OoRR
LEHHTHRE LA EREECSRRT ANDLBLAARLAO RO EERB EEREL, &
HEEEICIAAABOFMN3 0 B EERIENE{MEBTHEI LEHALMIT LI,
LT, 2HEEGECLASRRHORRERERE, A FHRPICHE SN ER DI
M, EAREBOHDVICI-oTREEENELRD, AEZEIENENT A &LICLS
BDEEZ OGN D,

@ 20C~200COHBORERE 05448 (TIHELRTLESHERL, @
HRENLETSE, BHKE, B4 7 -5 0EIEBRBRCERHERLER L, CN50
FogAiABohE, BEOEEHEALABFLSIITIET A EMNTE 5,

B 29HEEICLE20°C200°C/30sec XT¥200°C>30°C/10min DES
FARBRUCEBEORE 707 5 L0BEHEEHS, AEBURFHORELTSER
LThAS s, RUBETEA3BMATNMAERT A2RE S 07 7 25 LT b RIEEH]
B A RT CEMUE D LT ot

BHHIZ, SEAMATE-IOSEICHLHREAZRESL, AEROFTEFRITBHE L0
PN BEERBERAR A JHABRBI T -6 03 HE STEHOERATFEAAROEBLICH
TOME# Y oo EREREER EARBK (HTIAEAMHA, Head, Industrial
Application and Chemistry ), RUEHGEEZ LT LHH B DERTMEZ LY
mHREBEERE BHEZXRCBEHORCLIET,.
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Electrical loading
chemical spray |
and irradiation
350~ 171.1°C, 427.5kPa 171.1°C, 427.5kPa
160.0°C, 275.8kPa
148.9°C, 275.8kPa

— 300
E 121.1°C, 172.4kPa
g zs0
fv]
-
O
Ch
§ 93, 3°C, 5B.9%kPa

200 Jf__

150

57C, 0Pa
re
1 i | I ] | i A e Ji—1
= il
0 10see Seam 3h S5h 5k 8h 11h 15h 4d 100d

time

Fig. 1 Test program recommended in IEEE std. 323 '74

Electrical loading ]
chemical spray L iz !

- 2 and irradjaticn
__’Cikg/em GI 150MR( or 1 0 OMR)
200(153 200(15)

Z insulation resistance

measurement

200~

150

100

temperature (C)

50 sa(o)

A 1 N S S W

a
o 10 57 3n sk shid’sks 8h 11z 1Sh 4d 5d415h 5d6h+30150h
(or 2d)for 3d)(or 4d4h X 100h)

time

FPig. 2 Standard operation program specifying the design
of SEAMATE-II .

The time-temperature (pressure)} profile and other
conditions are analogous to postulated LOCA environments.
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chemical spray | chemical spray .
0 - 5 liter/min | 0 - 5 liter/min
200 - 200°C = 2q0°C
//
e
-
-
-
-
g
ail
//
- N
0 4 N
s N
o 100 \\
N
\
g \
\
] \
3 \\\
\
30°C R N
0 | ! ! i 1
o sec 35sec 150sec 4SOSec ¢ 12m 3h
Time Time
Fig. 4 Extreme operation program specifying the design of
SEAMATE-I . The solid line shows the most rapid heating or
cooling, and the broken line shows the slowest heating or
cooling.

selector of

steam flow

line
(cos-2}

alarm unit
for pressure
in PV

{PA-6}

u H line

T

PA~6"HH"

rapid heating rglav

(pragzam generator)

Fig. 5

Control circuts for steam and

manual controller
for opening of
steam flow control
valve

fuc-1}

controller for

temperature &

pressure in PV
{TIC-6)

out

Q

v ¢

steam contrel
valve at A line
{Sv-11)

_ﬂzﬁ__

R — b ¢

steam control cooling water
valve at it line control valve
[5V-24) (WV-4)

cobling water supply
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COMPUTER UNIT

Fig.

{Comp}
PEGITAL
INDICATOR
] PIS-6__ 71
1 {Ppv) | *Jr CONNECTOR
PrR-1 — ¥
I (Paal—_ 4
PR-2 —I 54 PI-1.
- {Pal)—i &
] TIC~-6 —{ 37
lcont,j—{ B
[ | FR-3 — 9] PI-5
— (Fwl)— 10
FRS-8— 11
—A -
— | (rel)l-—{ 12
_ - }_3 R I &
- —{ 715}
—_16
{ | cos-1 - 17 FI1-3
. (P, p/T, TI—{1E al
L pre-s |13
= =

T™-1

1

TM-2

_
-

Fig. 10 Loop drawing for the computer unit

(°c)

temperature

11

200
100
[ |
0 | { . | i . | 1 . l il
0 ' 10 5 20
pressure ({kg/cm” a)
Relationship between saturated steam pressure

and the corresponding temperature.
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their signals.

symbols
of
parameter

Tsa

Tal
al
wal

!

F
pv
pvo

wl

wl

wl
cl
cl

cl

symbols items
of of
detectors measurements
TE-1 temp. in SACC
PIX-1 pres. in SACC
TE-2 temp. at A-line
PIX-3 pres. at A-line
FX-1 steam flow rate
at 2A-line
TE-5 temp. at H-line
PIX-5 pres. at H-line
FX-2 steam flow rate
at H-line
TE-6-1 temp. in PV
(for record)
TE-6-2 temp. in PV
(for control}
PIX-6 pres. in PV
TE-7 temp. at outlet
of PV
TE-17 temp. of cooling
water at inlet of
PV
PX-8 pres. of cooling
water at inlet of
PV
FX-3 flow rate of
cooling water
TE-16 temp. of chemicals
at inlet of FV
PX-18 pres. of chemicals
. at inlet of PV
FX~B flow rate of

chemicals

List of symbols indicating detectors and

sensors, transmitters
and

their ranges

MgO insulated TH.C.
£ @
0.25mm

element C-C, dia.
theath 0.D. l.Smmw
range 0 - 250 °C
pressure transmitter
range -1 -~ 24 kg/cm2 g)

same as T
sa

same as P
sa
orifice,
d/p cell transmitter

range 370 - 10,000 kg/h

same as T
sa

same as P
sa

orifice
d/p cell transmitter

range 37 - 1,000 kg/h

same as T
sa

as T

same
sd

as P

same
sa

same as

sSa

as T

same
a sa

pressure transmitter
range -1 - 40_kg/cm2 q)

electromagnetic flow meter
range 0 - 200 lit/min
same as Tsa

e as P
s5am wl

electromagnetic flow meter

range 0 - 10 lit/min
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Table 3 Experimental conditions of the test comparing
regulation of control methods in automatic control with
a program generator.

symbol serial order control* program**
of in a set of svstem
experiments experiments
MDT1 1 (T) 1
MDT2 1 (T) 2
MDPT1 1 (P/T) 1
MDPT2 2 (P/T) 2
MDP1 3 (P) 1
MDP2 4 (P) 2
* (T) : regulated by temperature basis control

(P/T) : regulated by pressure converted to temperature
(P} : regulated by pfessure kbasis control

*¥% Program 1 and 2 are shown in Fig.22.1 and Fig.22.2

—41-
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250 0.9
290 -
| -
15017
4 .5
b
100 -
50%
/A/.’
T
0[%“'/—;’7',—’—"'?"—(—_; e
G le 30m 40 SDm 1h
Time
Fig. 13 avtomatic control test according to program 1
regulated by temperature(T) basis contrel (MDT1).
Changes of temperature(Tpy) in the pressure vessel,
integral of volume flow ra%es of steam(Qg¢), chemical spray
(0c1) » cooling water (Qy1) and feed water to boiler (Qnhe!) are
shown.
250 0.9
2001
_—
- J—
I
1 Tp\f —
150 )
- - .5
- Y50
de ___l.—-‘_—’__
_/.
—
1001 e Iy
I I
| C I S
i ..-—-‘_—‘—_——'-F-"_"_-'__,-‘,"g: o ~
S0 Use
0 { i I i 1 T 1 L i o
2. 25 2
thS lh35m lh55m 2h he m h30m
Time
Fig. 13 (continued)

Integral of Flow Rate (ton)

{ton}

Integral of Flow Rate
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250
200
150
100
50
¢ - \
0 5 10 30 40 50 60
m m m m m m
Fi 14 ) Time
1g- Automatic control test according to progrem 2
regulated by temperature(T) basis control (MDTZ).
Changes of temperature(TEV) ir the pressure vessel,
integral of wvolume flow rates of steam{Qz¢+), chemical spray
(0z1) . cooling water (Q,4) and feed water to boiler(Qu,) are
shown.
2540
200 —
150
- — 0.5
100 o 91
e S N —————
L Qgt S e e
- e - )_-_—#—,J_;._-——-———“—'——_— -
50 i e
L Ue1
g il | 1 I I L | 1 1 1 g
lh 1h10m 1h20m lh30 lh40m thGm
Time

Fig. 14 (continued)

{(ton)

Integral of Flow Rate

{ton)

Integral of Flow Rate
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{uoR)
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Time

(continued)

Fig. 14
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(continued)

Fig. 14



25

(h)
Fig. 15 A ti 1 rding to prog 2
gulated by temp (T) b ntrol (MDT2)
hanges of pressure in t he pressure ve ssel (P,y) 1
lator(Pgal, d he 1 (Pr1) are E
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(kg)

Integral of Flow Rate

250 180
{ e Qbo ’
| 4150
200
| 8
o 150
o 100
o
o]
rEE.
o 100
&
50
/ 0 ‘
L2 - |
4 ///
0/111I//111‘f111[.\»—41"r"1"—IL1|:i111111:nlil]x4LL1LL 0
0 10 £l 40 50 60
Time (min)
Fig. 16 automatic control test according to program 1
regulated by pressure converted to temperature(B/T, MDPT1).
Changes of temperature(Tpv) in the pressure vessel,
integral of volume flow rates of steam(Qg+), chemical spray
(Qc1) . cocling water (Qw1) and fzed water to boiler (Ong) are
shown.
250L 7 7 180
200+
U 150
o
a
L
a.
£
¢ 100
=
50
" /
Z{/’ ///// - 1
—_—
D'xlll/lll|hll!llll|/1'/Illll||(llllllllllllllllllII%D
1} 10 30 40 50 ¢

Time (min}
Fig. 17 nutomatic contrel test according to program 2
regulated by pressure converted to temperature(P/T, MDPT2}.

Changes of temperature(Tpv) in the pressure vessel, )
integral of volume flow rates of steam(Qg:), chemical spray
{0e1), cooling water(le) and feed water to boiler (Qpo) are
shown.

(kg)

Integral of Flow Rate
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25

20 |-

a)

2

15+

10

{(kg/cm
i T 7
l&s]
o)
< jgo]

Pressure

0 i | 1 ]
0 30 60 30
Time (min)

Fig. 18 Automatic control test according to program 2

regulated by pressure converted to temperature(P/T, MDPT2}.
Changes of pressure in the pressure vessel(P,y) and

accumulator{Pgsj, and in the line 1{Fh31} are shown.
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Temp.
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250 180

r - B

L Qbo _///,

- e ~{150

200 o
L v R
U
o))
Q
z
g
E;
/1)
£
V:lxw/njrullin|:|l;L|lllnLll:;srl.1L1f1:||0
40 60

. Time {min)

Fig. 19 Automatic control test according to program 1
regulated by pressure(P) basis control (MDP1)

Changes of temuerature(TDv) in the pressure vessel,
integral of volume flow rates of steam(Qgy), chemical spray
(Qe1), cooling water (Qy1) and feed water to boiler (Qn,) are
shown.

250 180
150
200
150
100
100
50
50
% ‘ /L !
OL,_A_L_LNJ.__L._L/ e v W g e b e e L s lasaalg
30 40 56 80

Time (min)
Fig. 20 pytomatic control test according to program 2
regulated by pressure(P) control (MDP2).

Changes cf temperature(Tpy! in the pressure vessel,
integral of volume flow rages of steam (Qgt) cbemlcal spray
{Oc1) . cooling water{ wl) and feed water to boller(Qpgo) are
shown.

{(kyg)

Integral of Flow Rate

(kg)

Integral of Flow Rate
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25

(kg/cm2 a)

Pressre

0 f L i 1

0 30 V] 90
Time {min)

Fig. 21 Autcmatic control test according to program 2
reqgulated by pressure(P} control{MDP2).

Changes of pressure in the pressure vessel(Pgy) and
accumulator{Pgs), and in the line H{PR)) are shown.
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Table 4 Compariscn of actual and estimated volume of steam
reguired for rapid heating.

symbol program* experiment calculation E-C
of (E) (<)

experiments {kcal) {kqg) (kcal) (kg) (kcal) (kg)
MDT1 A 2.60E4 739.0  1.8984 28.3 7.1E3  10.7
MDFT1 A 2.68E4 40.2 1.89E4 28.3 7.9E3 11.8
MDP1 A 2.23E4 33.5 1.4584 21.7 7.%E3 11.8
MDT2 B 3.24E4 48.5 2.76E4 41.4 4,7E3 7.1
MDPT2 B 2.73E4 40.9 2.1484 32.1 S.3E3 8.8
MDP2 B 2.18E4 32.7 2,144 32.1 0.4%E3 0.6
* A : 20°C = 172°C/300Csec

B : 20°C - 200°C/300sec

* % to be read as 2;60 X 104

-5 2..
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250

{40 x kg/h)
[
i %?;

f A
150:% }J
2ol
'S ;! MU
5 1oofrl r 1
3{1 t‘-ﬁ'
ol
ELi

w
(=)
ST —-—-i—__-..*_,.____\_-. 1,

2OOXV Vi — —-
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24
— 20
]
)
LT3l5
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— =]
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Fig. 23 Typical rapi

.

30 60 90
Time (sec)

d heating.

Changes of temperature(Tpy) and pressure({Pgy]

in the pressure

vessel, and changes of pressurz in the accumitlator{Pgaz’) and

steam flow rate(Wgq)

are shown.
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150}

H

YT LR

H

end time of program

~
" HoH
tikt

ned#!

=420

H
WY
1

15

10

2
Pressure (kg/cm™g), Flow Rate (1/min)

Fig.

24

Typical rapid cooling.
Changes cof temperature(T,,) and pressure
vessel and change of cooling water flow

o~

} in the pressure
(le) are shown.
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