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Feedback Control of Primary Circulation Pump of PIUS-Type Reactor

*
Mikiya FUJIL , Yoshinari ANODA, Hideo MURATA
¥
Taisuke YONOMOTO, Kanji TASAKA ‘ and Yutaka KUKITA

Department of Reactor Safety Research
Tokal Research Establishment
Japan Atomic Energy Research Institute

Tokai-mura, Naka—-gun, Tharaki-ken

{Received April 3, 1991}

In operating the:PIUS—Type reactor, it is required to keep
stationary density interfaces between the primary loop hot water and
the poison tank cold, borated water by maintaining pressure balance
between the primary-loop and the poison-tank. The authors have
developed a primary circulation pump speed control system and tested
it in small-scale experiments. This control system regulates the pump
speed based on measurements of the density lock differential pressure
which is proportional to the elevation of the interface in the density
lock. This pump speed control facilitated the normal plant operatiocn
which included core power changes. '

However, the elevation of the density interface indicated
oscillatory behavior when the pump speed was regulated as a linear
function of the density lock differential pressure. The mechanism
responsible for such oscillatory behavior was found to be manometrie
oscillations that could be eliminated by adding a damping term to
compensate for the mechanical delay of the primary pump speed. The
passive shutdown functicn of the reactor was retained by setting an
upper limit to the pump speed. This was confirmed in a loss-of-

feedwater abnormal transient test.

Keywords: Inherent Safety, PIUS-Type Reactor, Operational Transient
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Fig. 1.1 Schematic of PIUS Reactor
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Table 2.1 Specifications of compomnents of test apparatus

(1) EHeE
G NA Ly P AHTARS R A—FHFA b
i ID148.4X1515
(b F#7LF b, N=h LEREED. )

(2) MEPL
HEBR v—y —¥E2 8A& MBS 1A
R THEF] Yy F13mm
A=A = SR B e/ SH-2 1
HH 2 8kW  (1kWX2Z8A&)

(3) R4 XLy v

A SUS304
Tk ID30OX1505
BE 100L

(4) RAZEVERT—F—

pi 3 A AL VE
ME C1020T
ERETE OD12.7XID10.0
{RFRTAR 0.6 7m®

(5) 1 KRB K aF

MR SUS304
ik ID286X525
ESSs 30L

(6) 1 REBRAEEHN Y — 5 —

= A AL TLNE
ME C1020T

EBE T OD12.7X1D10.0
{RELTHRR 1.0 8m’
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Table 2.1 {(Continued)

(7} WEIAKS V2

ME SUS304
<t ID500X1600
BE 300L

(8) BElNy o E—F —

X KETI57e—4%—

A = REOE# R

K HP-10 HP-11
W7 5 kW 6 kW
#E 2% —

MR SUS304 —
ZEERER T OD10OX300

(9) FH5—2=v b

= AT T2y b

A=A S Himsz: ) SRCU—-20A

v ENEE T 38,00 Okcalh™' (5 0 HzH§)

= 2%

ME SUS304

Az AT R MBIV T Y FFa—T7%H

ZE S AR A SIS ZEMBr OAT 4 VR

i 7av22

*1 ZEEBRFTADEES ST, BAAEEL 2T, HARLHRET T
BT A,

(10) HBEREYT

X FA4wELT

A= 7= /I EEBFFR/40LPS6.4
mAEHE 2 5 0 L /min

O 440

ME SUS304
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Table 2.1 {Continued)

(11) vest

TAG No. FE—-1 FE-2 FE—3 FE-4
dy 74 ABE o—F—%v7T  240H a—F-—-&v7 —
pkiss JIS Z 8762 B L JIS Z 8762 —
A7 4 AE $421.3 $20.3 $22.0 -
FEMNE $442.6 $81.1 $36.7 $436.7
FERE 0.627 0.840 0.655 0.655
EEEEZ R

A—H—- *Egu—-LX<vyr bt (%)

Eiv by 1151DP4E22 1151DR2F22
#BE 3% (FE—-1,3,4) 1% (FE—2)

H & 0~2 0 0 0mmAg —50~+5 0mmAg
= 0~ 8& 0 L/min —50~+5 0 L/min
B FNAr—= Nt (.2% +=0.5%

(12) zEEF

TAG No. DPX~—1 DPX—-2

A—F— *KEO—-X<wy vk (#)

HiE 0~20 0 C0mmAq —50~+5 0mmAg

R TWAL = DE0.2% +0.5%
(13) #EX

TAG No. TE—~-1~6

A=A CHINO

EMHME E (suxl/aviivyy)

gL 0.4#%

REES $3.2X200

(14) FEOEE |
A—h— SEK BETFIE ) /FP—-5-20D
mE 0.05CHTF

(15) SHEAEBRERKE

A—Hh— WK EEEE ) /CTK-110
i W190XD6BOXH1055
JEBE R 25Cx£5T

ovba—ViEE +0.5T
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Table 3.1.1 Flow characteristics of primary loop

h ER I iy 8RR BE | FmE HEH O 2T
) (kg/s) (Pa) () (T (Pa)
0.335 -39.2 43.6 13.0 69.6
0.501 2.9 43.7 112.7
0.11 0.667 65.7 43.6 174.4
( HEE527 ) 1.000 235.2 43.4 343.0
1.334 4537 43.2 13.0 560.6
0.332 32.3 11.0 10.8 32.3
0.504 46.1 11.4 47.0
0.25 0.667 68.6 11.1 68.6
(B7%37.5" ) 1.005 124.5 11.2 125.4
1.334 215.6 11.3 10.8 216.6
0.341 32.3 11.4 10.8 33.3
0.504 19.2 11.5 ¢ 40.2
0.42 0.664 55.9 11.6 10.8 56.8
( ER&25° ) 1.005 88.2 9.6 8.1 90.2
1.337 159.7 9.8 8.1 161.7
0.332 29.4 10.0 8.1 31.4
0.501 36.3 10.1 39.2
0.72 0.667 39.2 10.2 42.1
( BE10° ) 1.005 65.7 10.3 68.6
1.337 104.9 10.5 8.1 107.8
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Table 3.2.1 Natural circulation flow characteristics of poison loop

RIS 1B ARETE-S | O i TE-2 FiRFX-2
(kw) () () (kgfs)
5 18.0 . 31.7 0.09
10 222 41.1 0.12
15 26.7 51.6 0.15
20 31.0 60.0 0.17
25 33.2 63.7 0.18

FA X2y -3 —&HAKRE 30C
RA X —5 —HEKRHEE  1.5kg/s
7 4 AR mAEL 0.7

Table 4.2.1 Comparison of measured and claculated system

oscillation frequencies

BE %2 BliE B SrEEEH
(kg/m®) (Hz) (Hz)
1| po996.1, p g 993.1 B J
; - 5.3x10 6.0x10
(T,29°C, T, 38C) > *
2 9995, .
P c 9993, py 990.5 8.0x107 1.0x10?

(T, 13C, Ty44C)

1 : Data from TEST-B2
2 : Dam from DAMP20-C
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Fig. 2.2 Cross section of core
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Fig. 3.1.1
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Flow characteristics of primary pump
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Fig. 3.2.1 Natural circulation flow characteristics of poison loop
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Fig. 4.1.2 Pump characteristics
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Fig. 4.1.3 Feedback control characteristics
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Fig. 5.1.2 Startup test (Data from TEST-AZ)
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Fig. 5.1.3 Temperature distribution in lower density lock
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Fig. 5.2.1 Power ramping test (Data from TEST-C2)
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Fig. 5.2.2 Power ramping test (Data from TEST-C2)
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$5%2 EBREH—E
Run No. Date Description
NCL-100 12/5/89 20kWE T 2B 1L
TEST-4 1/12/90 7 B A 7.5kW — 20kW
REETEAS I

TEST-5 L 1/12/90 HATHE - &

20kW — 7.5kW — 20kW
TEST-6 1/12/90 H o EF 2kW — 20kW

¥Rk SR ACHE R 20kW
TEST-8 1/26/90 A F— +T v THEEET.5kW
TEST-9 1/26/90 ) EH 7.5kW - 20kW
TEST-10 1/26/90 TR ERIRALEE 15kW
STUP-1 2/28/90 A F = T v THE T SkW
TEST-A2 3/20/90 [ E
TEST-B2,B3 3/20/90 ¥V v S REERE 7 5kW
TEST-A3 3/22/90 AF— §T v THIGE T 5kW
TEST-C2 3/22/90 H 7 EH 7.5kW — 20kW
TEST-A4 3/23/90 A& — T v THEEE 15kW
TEST-D 3/23/90 fazZk e kB EE  15kW
DAMP20-A,B 6/7/90 BB E T 20kW
DAMP20-C 6/3/90 Gl
DAMP20-D 6/21/90 [l
DAMP-20 6/22/90 [ _F

-E,F,G.H

NAGOYA-B 7/25/90 AZ - b T v THEE 15kW
NAGOYA-C 7/25/90 MALARTEY T M) v T

HHE 7.5kW — 23kW
NAGOYA-D 7/25/90 Ry 7 )y TR 23kW




