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Nitrogen (N,)gas used for the pressurization of accumulator (ACC) tanks may flow into
the PWR primary system during LOCAs after the ACC coolant injection is completed. Since
N, gas may travel to and accumulates in reactor vessel top and U-tubes in steam generators
(SGs), primary cooling and depressurization via SG secondary-side depressurizati_on would
become ineffective because of the degradation of condensation heat transfer in S,G U-tubes.
Quantitative measurement of gas accumulation is necessary to clarify the influences of gas
onto such degradation in the heat transfer and thus the primary depressurization. However,
direct measurement method of non—condensable gas concentration in steam has not been
established.

"An apparatus to directly measure gas concentration . in high—temperature steam was
developed to measure gas concentration in vessel upper head and SG U-tubes during LOCA
experiments using ROSA/LSFT. The developed apparatus is primarily composed of zirconia
oxygen sensor and turbine meter, enabling to deal with small amount of steam—gas mixture
at high t‘emperature when air is used to pressurize ACC tanks instead of N, gas. This report
describes the developed apparatus and its operation method with several test results for
the confirmation of oxygen gas measurement capability and applicability of the apparatus

to the ROSA/LSTF experiments.

Keywords: Noﬁcondensable Gas Concentration, N, gas, PWR Primary System, ROSA/LSTF,
Steam Generators, LOCA
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w8 w R A 1111 LTI A
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EWVEERE -
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1ms
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B E H R:

REHZARE
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245 2HH
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F 2 MHA - Fvy bP/N6296A27GOL |
0.4%02 (/35 AN2) B X1V8%0:2 (/37
v AN2) #Z

:2.25¢ /min
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. 316LSST
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B BB E
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= B
i/ 1 Xtk
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W E AR o TEE SIELYY
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15 R 01%0:E 1-I3FHEAND L3 %
(W FhhKEWE)
YAFLLARLR L 3BET (7 ¥ THTI)
B E :0.01%0:
TRy TNEEN
. 3 8. Form C, 48Vmax, 100mAmax
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FRL—FL L E-T2A1R
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417407 LT 7Ry FEF, BERBAILCD
FAATVA8F—fFF—HK~F

4 F—fFF—-F-F
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y - 2

il I3
B B & E
IR B
F-7IE (70~
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g F

B BB
EEHEE

L
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F£22:2 F—VEURA—F GEISE G 8EHsos “F—rri—F FTv)—X) LH&ER)

“ e . e e o ®rmemm s = e mm sms e ars o= me o — . emr a e “--

| REEE e
- & 4& (L/min) 8 & (Actual L/min)
i = i} = . = ooy
10:1 BXEIZES 10:1 RAATES

FT2-8 _— — 2.8~ 28 23~ 3%
FT4-8 1~ 10 0.3~ 1 7~ 70 6~ 8
FT6-8 15A04/28) 1.8~ 19 0.4~ 1 14~ 140 7~ 140
FT8-8 2.8~ 28 0.6~ 30 20~ 200 1o~ 25
FT-08 3.8~ 28 0.8~ 38 28~ 280 14~ 280
FT—10  AGR) 48~ 48 0.8~ 56 35~ 350 17~ 425
FT—12 . 7.5~ 75 15~ 8 56~ 560 B~ 700
ET—16 BA(1B) 18~ 190 2.3~ 230 140~ 1,400 45~ 1.700
FT-20 2A(1%4B) 34~ 340 3.8~ 380 255~ 2,550 70~ 2,800
FT—24 10A(1 %B) 5~ 50 §~ 600 425~ 4,250 115~ 4,500
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18 X0ZE G4 EA R, B L VERRIR B B LTz, Z OR R TR ML L, M4, 4. 3—1~
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# 4.2—1 ACH v 7 HERBEERESMH(CASEAL)

ZYIEAMP) | SSFIRER | HIHESUEIMP | FIRERRRE®)
CASE Al 0.2 384.8 0.05 5
CASE A2 0.2 389.9 0.04 4.5
CASE A3 0.5 412.7 0.14 6
CASE A4 0.6 427.8 0.06 2
CASE A5 2.0 429.8 1.43 15
CASE A6 1.0 433.3 0.38 8
CASE A7 2.0 475.2 0.38 4
£ 4.2-2 ACH #v7 HEKEERESRE (CASEB _)
Zy7EFMPa) | SEFNEEEK) | HRESUE I (MPa)| AR
CASE Bl 1.18 404.5 0.86 15
CASE B2 1.92 454.7 0.78 9
CASE B3 2.04 480.4 0.28 3
CASE B4 0.20 386.2 0.05 6
CASE B5 0.21 387.4 0.05 6
CASE B6 0.46 414.0 0.08 4
CASE B7 1.16 449.9 0.26 5
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* 4.4.2-1 EERERAER(CASE A )

CASE Al CASE A2 CASE A3 CASE A4 CASE A5 CASE A6 CASE AT
Ok FEH(MPa) 0.2 0.2 0.5 0.60 2 1 2
-3ty
B (K) 384.8 389.9 412.7 427.8 429.8 433.3 415.2
JE /158 FE fE(KPa,G) 2 2 2 2 2 2 2
EAMER I [ EHKPa,G)  1.8~2.8 1.9~2.5 2~2.3 1.9~2.5 2.0~3.0 2.0~3.0 1.9~2.2
Ll Y. P
FRBREE () 88 89 62 48 7 30 7
Sl B

MEL—FEREME | 390~423 390~423 390~423 390~423 390~423 390~423 390~423

B Blgr—Ficks | BEHEE (K) | 421~423 417~419 420~422 425~427 424~426 493~426 423~426
BBl MEFHADRE :
(K) 404 395 397 398 398 400 400
_ B
sig | y—pra—» L/min 22~26 24~28 24~28 20~25 21~22 20~24 18~23
nE Ina=THE % 5.4~5.8 4.1~4.4 6.4~6.5 2.1~2.3 15.3~15.5 8.4~8.7 4.5~5.0
BREE
’
# 4.4.2-2 VERERERRER (CASE B_ )
CASE B1 CASE B2 CASE B3 CASE B4 CASE B5 CASE B6 CASE BT
i}iﬁ JE41(MPa) 1.18 1.92 2.04 0.20 0.21 0.46 1.16
A\
BEK 404.5 454.7 480.4 386.2 387.4 414.0 449.9
EH83 EfE(KPa, G) 2 2 2 2 2 2 2
A EARESRI L |8 EE 1 (KPa,G) 1~3 1~3 1~3 1~3 1~3 1~3 1~3
BIE It
o FEBHEE%) 10 5 4 75 70 - -
il B
B —3REfE | 403~423 403~423 403~423 403~423 403~423 403~423 [* 403~423
B REe—zicks | RERHRE (K) 421 418 416 416 411~413 422~423 416~418
BEEHIE HEHA DBE
(K 400 393 396 413 410 413 381
T B
Wl | p—rra—y L/min 13.9~14.7 | 13.8~17.0 - - - - -
m INa=FEEER % 15.34~15.47| 8.05~90.05 | 2.82~2.92 | 5.33~5.48 | 5.11~5.33 | 3.59~3.87 | 4.55~4.93
REEEH .
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F4.4.3—3 ERJBELEEN GHE/BIE)

AR EERK
TE687X | TE68TV | TE68TU | x v um¥sy TREEH (BHEIRE/ TUERE)
LERIR AR IR TERIR AR RE = -

XV UDEHREOGER 1.01

CASE Bl Max 406.05 407.45 405.25 405081 o 7 iR (o) B 1.02
Min 399.95 401.75 401.75 401.88
Ave (a)403.54 405.06 404,73 (b)404.45

X,V,UDEEJREDERA 1.03

CASE B2 Max 455.95 457.05 456.95 456.05 E TR A ey 104
Min 450.65 452.45 452.75 _452.85
Ave (a)453.82 455.16 454.98 (b)454.66

X, V,UDFEREDERAE 0.80

CASE B3 Max 481.35 482.65 482 65 481.72 LT R RS 0.91
Min 476.15 478.45}  478.65 478.52
Ave (2)479.32 480.91 480.97 (0)480.4

X, VUDEERRE (A 0.77

CASE B4 Max 387.55 388.65 387.25 387.68 E AR B R 0.88
Min 383.05 384.85 384.85 384.92
Ave (2)385.17 386.72 386.81 (b)386.23

X.VUDFEREGRE 0.77

CASE BS Max 388.25 389.75 389.75 388.68 TR 0.92
Min 383.75 385.85 386.15 385.98
Ave (2)386.00 387.84 388.32 ()387.39

X, V,UDEERREGERA 0.69

CASE B6 Max 413.35 414.95 415.05 414.28 TR R 0.6
Min 412.45 414.25 414.25 412.75
Ave (a)413.08 414.51 414.51 (b)414.03

XV, UNFEHREELERA 0.86

CASE B7 Max 451.45 452.65 452.25 451.37 L HT R R R 0.91
Min 445.65 447.35 447,55 447.73
Ave (a)448.81 450,20 450.22 (6)449.79
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5. RAFEE H EBRER TR OMRIRERNE

5.1 BHY.

RIUIETE H EBRIER (DI LSTE LR B) 1BV TEEEAZRNDLIRA TS N, TANE BB
ARRBAEREILEOBREEMINIDERADH, BIEX 7 OMEST AL L TZERE AV, EIZ LSTF
~OEAN, EEOBEMICHE BL T TV 7R P OBMBRELHE L, -

5. 2 HIESRM:
(1) WlEEE

LSTR EBRIZIT DEEL > /D DZERIEN S ANALE o UK P ORI BRI E / AL B
5. 2- 1T, PEROEEEKS. 2-217R 7, EERIZEEL CIENT LOCA BEO— R BIEBEA R
T5%. MEERO RV (EABBUR) ICEY—~RAEAZRESER2PB5, ACH BLT ACC #178b
HEAZA %LU T ECCS VANV (N-14/a,b) ~EXERASE | EHEE B~y (Li# PV TEE L
TB) W /R (N-6/2) ROMBEEN—T DIEKFAER (CME SG EHTB) HATLFA(N-8 /R
W)PBEREF TV T, K& DRI ~EHSNAEKTOBRREZHE L,

LSTF ~DOB A H720, IREREERE ITIAK RIS ENDIER S % 0BT 2 BT, EE
BRI TOR T HRZea s (PR RIS B S 7 ERE8R) 2B LT, Yo T B R OVl 2
IEEWT LSTF Tk 2R EEME T AR B E 2B R MR Z K5, 2-3l2RT,

(2) [RIBBESZ 2

LSTF Yo FV o FHERIT Y TV ZRBIZ LV RIR AR ORAEL TSN B, —H AR
AP BERELERICIBNTTEOMEE L, BRRIRER R OY — U REFH ~OWRIBA LT 2 2%
ENDD, I CHRKPOBER ST HEET 5 BT, Yo7V )RV EE SO H i 2
Fr YRRz, ZORE, FKIMAREDY 7 NEEF ~DWE 225N R ORI O L B T I D RIS BED)
REHFHL T, WR 95 mm, 25 670 mm O HFZEXIEBA LT, 20X 7 ORI BEMAEIZ ACH #
P RWEL T O ERERICIVRER S,

HREREFEL TR (RUKS5. 2—4 2R ITRT,

1) KBS 7RIS 7 LR R DR 0%, SEICE— 22T, T
KROEFNRE E TIN5,

2) ERZ SRR REOHMRRD I TV VKA LS 5%, ACH X 2Dk
ERYPL TV ) RAALBED DU i AR L CRFIRIEIZ U8 . SR T UL 7L
Ty ZOBE ACH ¥ 7 DIEESNE S =0.3 MPa(BTFIIREE= 134 °C) L1, ACH #2277
DEIFURREIZ B [UEDBEY 72 BLTR5. 2—4TRTRLV AN LIRS BER
2V BEIORL L RN 20K E Y TV U NOR IR BEO R BEE T~ 7=,

EERBROR., BHRICIVRIRDBEZ L 7 ORL Y ) AN SDOEERED SNARE TRV )
AN2DBIIIE D BB EROELEIRR (VT R) DA (RELBE) ORENB RSN, o2 OK I BErEE
DRI,
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B WEFE (K5.2—-1 2H)
BENEFIEZILLTOLBYTHD,

1) —RRIENE 1.6 MPa iIZFRET S,

2) PV TEBREMTSR (AOV-300) Ik —UFRAMLZ HL FiiETHA T2,

3) ZIRRIEHERV FH(AOV-151, 181) BIBAIZ LY 1.6 MPa (ZHI#H35

4) ZIRFRKNLE 10.5 mETHATS,

5) ACHBXWACC ZUIDKAUIAZRSAT Lk L, V[ E1= 1.6 MPa (ZHE,

6) WFLHAE—E 5 0.4~0.7T MW) IZERE,

7)  FRAKIZEY ZRRIRALIZ—RE (10.5 m) IZIREET5,

8) SG-RV BACEY ZRRIENEBIEL ., bo T—RRENZWIET S,
ACH BEXWNACC ZU7ADERIT, —RADIEIETEELII—RRICEATD,

9) SG-RVZBRIIZEIZIY., EF1% 1.6 MPa k0 0.2 MPa (B 18) B2 T &R () . —EEH
ICLZRIET PV R OF SG O3 7V 7 5o e 10 % . 4 & BRI R IER B S5,

(ERN—RESIE 1.06 MPa £THETL., TORINTE—E oo/ %  FERAIC 1.72, 1.39,
1.16 BL TV 1.06 MPa DABFEDE L~V THIELZ,

RN AR E LB OB TIRIIBEH 4. 3THERRL L,

5.3 MERR
(1) BFRREIZDONT

FRSR IR BEIERF D LSTF O— IR RIBEBRRIZAT D —RFR . ZIRFARDES IREE, /KA DBRIZEAL
ZX5. 3—1, 5. 3—2 RUKS5. 3—3IZ79, FEHRETARENEEB LDV TV T E O
RRSRIRIE , INE R ONREERTERODIREE, [E /713 LSTF O — Kk RE S (PE300B-PR) A8 1.72, 1.39, 1.16 3
L 001.06 MPa D45 BB I8V N T35~ 54 MIRIE Lie, I RIEIR A F—E AL~ LB TPV &
U SG ATV FADMHIZONTYH L TV T AN TR ETOREZ B LIV ER L,

PV THEE (N-6a /Z/V) B ONSG HiH7LF A (N-8 /R IL) D& ESTL~UL(CASI~CASEIZ 51T Bk
FRIREREEREZ TN TIES. 3-4~X5. 3-8 (TR T, KIZiX PV TEEHSH,HD SG A7 LF A
ARREWETDHEOFOLVEZ BRI (MHRZELE~PV HE~HBHZELT~SC ER) bRLTNS, PV

FEEDD SG H A 7L F AL~ DBLITAHZROTVEZEN LTI %, SC H 07 AEED
BRRBE PR ETIETITEANRELZEL TOBIENFND,

BRI EEIL PV THHBIZ DV TR 25 L/min, JREEIZM 490 K, SG H O 7L F AT oW TR &R
18~25 L/min, IR 490 K, FENIKRKE +2 kPa L& RBBLLIZISHIFSh, BELESMET ol
EESN TS, BBRREICOVTI, PV EE TIZETOEAZBWTOEE 0(0.19~0.22%) THDHH,
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