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Detection of Small Leaks in Proto-type FBR Steam Generators

. b
Ichiro Ikemoto

Abstract

In the'operation of sodium-heated steam generators,
small or pin-hole leaks,which might cause large scale
sodium-water reactions due to the 'wastage" of adjacent
tubes,should be quickly detected and the steam generator
should be rapidly isolated. 5o the detection methods of
small water leak are reviewed,and the required specification
of the detector is éalculated in the case of proto-type
LMFBR('MONJU') steam generators.

In the present time,most feasible method of detection
of small leaks is the in-sodium nickel membrane diffusion
type hydrogen detector with mass spectrometer. The sensitivity
of the hydrogen detector should be less than 0.1 ppm Hz in
the case of the proto-type LMFBR steam generator,and it 1s
easily achieved if sodium temperature at the nickel membrane
is constantly high (more than 450°C) and initial concentration
of hydrogen in sodium is sufficiently low (less than 1 ppm) .
Because of the hydrogen transport time to the detector it is
difficult,however,to prevent the propagations of the tube

failure if the jet-type leaks occurred at some leak rates,




and so the dévelopment of the fast-response leak detectors,

such as acoustic detector,is required.
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Table 1 Comparison of Diffusion-type Hydragen Detector
Material | Thickness |Diamter |Length |Temperature
| _(mm) (rm ) (mm) (°C)

A I (1) Ni 0.254 51 ~370

A I (2)] Hi 0,254 | 12.7 152| ~370

CEDN Ni 0.20 4 ~ 300 250-400

APDA (1) Ni 0.254 12,7 ~3900| ~480

APDA (2) Pa 0.254 Ted 3000
Ni 0.050

APDA (3) Ni 0.254 T4 3000 370-540
Pa 0.005

APDA (4) Ni 0.076 7.4 3000 370-540
Pa 0,305

JAERI SUS 0.015 T00
316L

*¥%
¥ %%

#
i
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* Diaphragm type
Annulus (

— -

Ni inner tube, SUS outer tube)
Annulus with Pirane gauge '
Ni plating on Pa. tube
Pa plating on Ni tube
Codrawn Ni and Pa to form a bimetallic tube
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Table 2

Opecifications of Steam Generator and Reheater

s¢ - I | s6 - 1T Regeater |
Sodium flow rate(kg/h) 2,88x10° 0.85x10°
(1o/h) 6.55z106 1.87XlO6
Sodium max. temp.( C) 480 513 513
| (°F) 900 1000 1000
Max. pressure (kg/cm2) 192 173 : 35
, {(psi) 2730 2460 500 )
' - Tube Material 2.25Cr-1Mo 2.25Cr-1Mo
Tube thickness(mm) 4,0 6.5 2.9
(mil) 157 256 114 |
Tube diameter (mm) 27.2 27.2 38,1
(inch) 1.07 1.07 . 1.5
* Evaporator
¥ Superheater
Table 3
‘Sodium Inventory
S G R H Common System
Inlet piping (m°) 12.15 0.87 | Pump 1.0
S¢ or RH () 32,00 | 30.00 || IHX-SG,RH 13,27
Outlet piping (m) 4.01 1.50 | Tee-Pump 11.44
Pyump-IHX 13.50
. THX 16.00
Potal (m°) 48.16 32,37 55.31
(1b) 89902 | 60426 10%249
(Sodium Temp.= 440G  846.6ka/m)
Table 4
Sodium Flow Rate - Power Level
100 % 75 % 50 % 30 %
S 6 (ke/n) | 2.86x10° 2.04x10° 1.28x10° 0.75x10°
(1p/h) | 6.%5x10° 4.50x10° 2.82x10° 1.65x10°
R H (kg/h) | 8.36x10° 7.38x10° 5.66%10° 3. 62x10°
(1b/n) | 1.87x10° 1.63x10° 1.25%10° 0.80x10°
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Hydrogen Pressure, cm Hg
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X, %W
IN
PC

k2
F3
ALR

ALOC

ATE

Cl
C2
C3
V1
V2
V3
BL
PHIX
ISG
IRE
DCI

bC2

o
ST

LT

TRT1
TRT2
IPRI1,2,3
DJT1,2,3
TT1,2,3
Wws1,2,3%
WR

AS

AW

1 | T T T TR

L ¥ 1 A

Nomenclature
Dummy variables used to change the initial input
values for the second or successive cases
Location parameter indicating which variables is
to be changed
Reactor power level, %
Flow through the steam generator, 1lb/hr

Flow through the reheater, ib/hr

Fl1 + F2
Water leak rate, 1lb/sec

Initial hydrogen concentration,ppm

Location parameter indicating the location of the

leak ( 1 for a leak in the steam generator and

2for a leak in the reheater )

The maximum number of seconds which will be computed.
The DIMENSION statement limits this number to 5000.

If a larger number is desired, the dimension of C3
must be changed accordingly, sec
Hydrogen concentration at point 1, ppm
Hydrogen concentration at point 2, ppm
Hydrogen concentration at point 3, ppm

sodium inventory without stagnant in SG, 1b

Sodium inventory without stagnant in RE,1b

Sodium inventory without stagnant in common system, 1b
Detectable hydrofen concentration ( 1.1 x CO ), ppm
Transport time in common system, sec

Steam generator cycle time, sec

reheater cycle time, sec
Hydrogen concentration change as the sodium flows
through the steam generator, ppm
Hydrogen concemiration change as the sodium flows
through the reheater, ppm

Dummu variable to check for change in calculated wvakues
sensitiviy, ppm

Transport time from detector (1),(2) to detector (3)
Transport time from leak to detector in SG, sec
Transport time from leak to detector in RH, sec
Dummy variables

Tine to readh detectable concentration, sec
Reaction termination time, sec
Wastage, mils
Wastage rate, mils/sec

Steam generator dump time, sec
Reheater dump time, sec




C

DISTRIBUTION OF REACTION PRODUCTS WITH TIME
DIMENS ION Xl?ly[N(bIgXH(b!gCB(5000}9AS(6),TT1(6)gTTZ(&),TT3(6!gNSl
1(6)sWS2{6):HS3{ 6}, AH(6)

EQUIVALENCE (X(11gPCIs{X42)sF1}(X(3

16) s ALOC) s { X{ T ) ATF}

10
15

40
30

. 45

V2= 6804260 .

50

60

" 80 WRITE{6;85) ALR,LOC,;F1,F25C04PC,ST

READ (5,10} X
FORMAT{6E12.4)
READ(5:20) (INCI}sXW(I},I=146)
FORMAT(6({I3,E10.2})
D0 30 I=1,6
IF(INCI) 199445440
J=IN(I) :
XK{Ji=xull)

G0 70 15

cl1=CQ

Cz2=C0

F3=F1+F2
¥1=89502.0

V32103249,.0

LOC=ALOC

ITF=ATF
PHIX=V3%*3600.0/F3
[56=V1%#3600,0/FL+PHIX
IRH=Y¥2%3600,0/F2+PHI X
ST=0.1%C0

GO TO {50,60),L0C
DCL=(ALR¥3,6E9)}/{F1%*9,0}
DC2=0.0

G0 TO 80

DC2={ ALR¥3,6E 9} /{F2%5.0)
DC1=0,0

}oE2) oA X{4) s ALR) o {X{5},€0) s {X{

85 FORMATI(31HLSECONDARY SYSTEM LEAK ANALYSIS//13H LEAK RATE = E%9.39 1

194 LBS/SEC IN BRANCH I1,;12H {1=5G,2
2= E9.3, SHy RH= E9.3,/23H INITIAL CONCENTRATION= F5.3:18H PPM, POH

=RH}y £24H SYSTEM FLOW RATES~ SG

3ER LEVEL= F4.0,/15H SENSITIVITY = F5.3,4H PPM, 777431 TIME __

4 STEAM GEN REHEATER MIXED

600

510
620

630
640

650
660

3000

IF(100.0~PC) 600,600,610
L7=5

TRTL=14,0

TRT2=108.0

GO TO 3000

IF{ 75.0-PC) 6204+620,630
LT=6

TRT1=57.0

TRT2=122.0

GO TO 3000

IF(50.0-PC) 640,640,650
LT=9 .

TRT1=92.0

TRT2=160,0

60 TO. 3000 ,
1F(30.0-PC) 660,660,415
LT=14

TRT1=156,0

TRT2=249,0

[PRI1=0

)




IPRI2=0
IPR13=0
DJT1=ATE
DIT2=ATF
DJT3=ATF
LLT=1
BL=141%C0
DO 70 IT=1,ITF
C3{IT)={CLl*F1+C2%F2}/F3
JT=IT~1
IS=IT-LT
IFLIS) 4000,4000,5000
4000 IS=1T-1
5000 IX=JT-ISG
IF{IX) 90,90, 100
90 C1=C0+DC1
GO TO 110
100 C1=C3(IX)+DC1
110 IX=JT-1RH
IFUIX) 120,120,13¢
120 C2=C0+DC2
. 60 TO 141
130 C2=C3{IX)+DC2
141 IF(JT=LLT) 140,700,140
700 WRITE(6,7100JT4C1,C2,C3(1S+1)
710 FORMAT(3X,14,2X,3F125)
LLT=1
GO TO 3
140 C4={Cl*F1eC2%F2)/F3
IF{C4-C3(1IT)} 170,705,170
170 WRITE(6495) JT,C1l,C2,C3(I5+1)
95 FORMAT(3X,14¢2X,3F12,5)
LLT=JT+LT
IF(IPRI1.EQ.1) GO TO 1
IF(C1-BL) 1,2,2
2 WRITE{6,200)
200 FORMAT{1HO, 10X,10HDETECTABLE)
DJTE=FLOAT( JT)
IPRIl=1
} IF(IPRI2,EQ.1) GO TO 3
IF(C2-BL) 3,4+4
4 WRITE{64300}
DIT2=FLOAT(JT}
300 FORMAT(1HO, 22X, 10HDETECTABLE)
IPRI2=)
3 IF(IPRI3.EQ.1}) GO TO 69
IF(C3{IS+1)-BL) 70,646
6 WRITE(645400)
DJT3=FLOAT(JT)
400 FORMAT{1HO,34X;10HDETECTABLE)
IPRI3=1 _
69 IFLIPRI1oEQolcANDoIPRI2.EQelAND.IPRI3.EQ.1} GO TO 1200
70 CONTINUE

IF(DJTI-ATF) 10600,2000,2000
2000 WRITE{6,2001)
2001 FORMAT(1HO, 46HSG DETECTION IS IMPOSSIBLE ¢+ TUBE FAILURE}

1000 IF{DJT2-ATF}) 1001,1002,1002
1002 WRITE{(6,1100)
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1100 FORMAT{1HO;46HRH DETECTION IS IMPOSSIBLE ¢+ TUBE FAILURE}
1001 IF{DJT3-ATF} 1200,1300,1300
1300 WRITE{6:1400)
1400 FORMAT(IHO46HMIXED DETECTION IS IMPOSSEIBLE o TUBE FAILURE}
. IF{DUTIeEQoeATF2ANDoDJT2.EQ-ATF.AND-DJIT3.EQ.ATF} GO TO 15
1200 IF{5.,0E-03-ALR} 6000,6100,6100
6100 WR=42525,0%ALR%%1, 804
- GO TO 1800
6000 IF(1.5E-02-ALR)6001,6002,6002
6002 WR=3,2
GO T 1800 o .
6001 WR=0.4%ALR*%{-0,495)
1800 GO TO {500,800),L0C
500 WRITE(6,501)
501 FORMAT{1HO,3X,25HLEAK 1IN STEAM GENERATOR)
DO 71 J8=1,3
AS{1)=20.0 o o
WRITE(6,502) AS(J4S)
502 FORMAT (1HO,4Xy 4OHREACTION TERMINATION TIME (SG DUMP TIME=F4.0,5H S _
1EC}))
TTI{JS)=TRT1I#15,0¢AS{JSI+DJT1
TT2{JS)=TRT1+15.02AS{JS)+DIT2
TT3{JS)=TRT1+15,0¢AS{JS)+DJIT3
WSYL(JS)=WRHTTI{JS}
WS2{JSI=SWR*TT2(J4S)
WS3{JSI=WRETTI(JS)
WRITE(6,503) TTL(JS),TT20JS},TT3{JS}
503 FORMAT{1H ,8X23F12.0)
WRITE{6,504) __ . e
504 FORMAT(LHO,4X,26HAMOUNT OF WASTAGE, MILS)
WRITE(H,505) WSL{JS) WS2{JS) s WS3{IS) S R S
505 FORMAT{LlH 8X,3F12,0)}
IF(HS1{4S)-45.0) 506,506,507
506 WRITE{6,508)
508 FORMAT(lHO;4X¢30HS.Go DETECTION
GO TO Sl11
507 IF(WS1(JS)-134,0} 509,509,510
509 WRITE{ 65512}
512 FORMAT{1HO:4X,31HS.G. DETECTION
G0 TO 511
510 WRITE(64513) B o
513 FORMAT(1HO,4X:30HS.Ge DETECTION
511 IF{WS2{JS)-45.0} 51455144515
514 WRITE(6,516)
516 FORMAT(1H ;4X;30HR .Ho DETECTION
GG TO 519
515 IF{WS2{JS)=134,0) 517,517,518
517 WRITE(6,520)
520 FORMAT{1H ;4X,3)1HR,H. DETECTION
GO TO 519
518 WRITE(6,521) o ,
521 FORMAT{1lH ,4X;30HR.H, DETECTION
519 IF{#S3(JS}-45,.0) 522,522,523
522 WRITE{6,524)
524 FORMAT{1H ,4Xs30HMIXED DETECTION
GO TO 74
523 IF(WS3(JS)-134,0) 525,525,526
525 WRITE( 645271
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527 FORMAT{1H ;4X331HMIXED DETECTION SEVERE DAMAGE)
GO 70 74
526 WRITE(6,528}
528 FORMAT{IH 34X ,30HMIXED DETECTION
74 AS(JS#1)=AS{JS}+20.0
71 CONTINUE
GO TO 15
800 WRITE(6,801)
BOl FORMAT{1HO,;3X,18HLEAK IN REMHEATER)
DO 72 dHW=1,;3
AW{1)=20,.0
WRITE(6,802) AW JW)
B02 FORMATULHO,4X,40HREACTION TERMINATION TIME (RH DUMP TIME=F4.,0,5H S
1£€))
TTL(JHI=TRT2+15, 0+#AH {JW) +DJT1
TT20 JW) =TRT2+15, 0#AW{ JWI+DJT2
TT3{JB)I=TRT 2415, O+AH{ JWI #DJT3
WSLAJWI=WRAETTI(JW)
WS2{ JH)=HRFTT2(JH)
HWS3{JWI=WRFTT3{ Jk)
. VWRITE{(6:803) TTLLIW) TT24JH) sTT3{JW)
803 FORMATIIH ,8X;3F12,0)
WRITE(6,804}
804 FORMATI(1HO,4Xy26HAMOUNT OF WASTAGE, MILS)
HRITE(69805) WSL{JW) ¢WS2C JW) o WS { JH)
BOS5 FORMAT(1H 28Xy 3F12,0)
o IFUHSL(JUR)I-6T7.0) BO6,806, 807
806 HWRITE(6£;808)
_ 808 FORMAT{1HO;%4X,30HS.Go DETECTION = LIGHT DAMAGE)
GO TO 811
807 IF{WSI(JW}-107.0) 805,805,810
809 WRITE(6,812}
_812 FORMATIL1HO,4Xy31HS.G. DETECTION = SEVERE DAMAGE)
60 TO 811
810 WRITE(6,813)
813 FORMAT(1HO;4Xs30HS.Gs DETECTION = TUBE FAILURE)
Bl IF(WS2{JW)I-6T.0) £14,814,815
814 HRITE(6,816)
816 FORMAT(1H ,4X,30HR.He DETECTION
G0 TO 819
815 IF{WS2( JWI-207.0) 817,817,818
817 HRITE(6,820)
_B20 FORMAT(lH 94X +31HR.Ho DETECTION = SEVERE DAMAGE}
G0 TO 819
_B18 WRITE(6,821)
821 FORMAT(1lH ;4X30HR,H, DETECTION = TUBE FAILURE)
819 IF{WS3(JH)-6T7.0) 822,822,823
822 WRITE(6,824)
824 FORMAT{1H 4X;30HMIXED DETECTION = LIGHT DAMAGE)
GO TO 73
_ B23 IF{WS3{JWI-10T7.0) 825,825,826
825 WRITE{6,827)
B27 FORMAT{IH 34X 31HMIXED DETECTION = SEVERE DAMAGE)}
GO TO 73
826 WRITE(6,828) ‘
828 FORMATI(LH , 4X,30HMIXED DETECTION = TUBE FAILURE}
73 ALKl )=AN{ W)+ 200"
72 CONTINUE

TUBE FAILURE)
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SECONGARY SYSTEM LEAK ANALYSIS

LEAK RATE = 0,.500E-03 LBS/SEC IN ERANCH 1 {1=5G,2=KH)

SYSTEM FLOW RATES~ 3G= 0.6325E €7, RH=Q.187t Q7
INITIAL CONCENTRATION=1.000 FFM, POWER LEVEL=100.

SENSITLVITY = 3.100 PPHM

TIME STEAM CGEN REREATER MiIXED
4] 1.05150 1. d496¢0 1.00200
5 1.03150 1.00000 l.0243232
98 1.0558z 1.00000 1.02423
103 1.05582 1.004000 1.06312
163 1.05582 1.02433 l.04312
169 1.05582 1.02433 1.048606
156 1.C7462 1.024353 1.04866
201 1.07462 1.02433 1.06318
261 1,08015 L047%12 l1.063148
266 1.08015 1.04312 1.97173
294 1.09467 1.04312 1.07172
299 1.09467 1.04312 1.08295
326 1.06467 1.04866 1.082¢%5
331 1.09467 1.04866 1.08420
359 1.10322 1.G63138 1.08420

DETECTABLE
364 1.10222 1.06318 109411
392 lo 11444 1.06218 1.09411
397 1.11444 1,06218 1.10278
) o DETEUTABLE
424 1.115%0 1.07172 1.10278
429 1411570 1L.07173 1.10510
457 1.12561 1.08255 1.10570
462 1412561 ~1.08265 1.,1159Q
489 1.12561 1.08420 1.11590
_.490 0 l.i2427  1.08420 1.11590
495 1.13427 1.08420 1.12288
522 1.13719 1.09411 1.122¢8
527 1.137179 1.79411 1,12739
555 ~l.14740 l.ln2ig 1.12739
L ... . DETECTAELE

560 la 14740 1.10278 1.13725
587 1.14768 1.10570 1.13725
588 1. 15438 1.105760 1413725
593 S 1.15438  1.10570 114320
620 1.15889 1.115%0 1.14330
625 1.15889 1411590 1.14911
682 1. 15889 1.11616 1.14911
653 1.1¢874 1.12288 1,14911
658 1.16874 1.12288 1.15831
685 1.16963 1.12739 1.15331
686 1.17480 1.12739 1.15831
691 1.1748¢ 1.12739 1.16401
718 1. 180&0 1.13725 1.16401
723 1.18060 1.13725 1.1707%4
750 1.18067 I.13813 117074
751 1.18980 114230 1.17074
756 1.18980 1.14330 1.179z2
783 1.16151 1.14911 1.17922
T84 1.19551 1.14911 1.17922
7589 119551 1.14911 1.18495




815 ' 1.15551° 1.14917 1.13495
816 1.20223 1.15831 1.18495%
821 T 1.20223 1.15831 1.19224
84¢ 1.20248 1.16002 l.19224
849 1.21072 1.16401 1. 19224
854 1.21072 1.16461  1,20009
g8l 1.721336 1. 17074 7 TT1.2060%

882 1.21645 1,17074 1.2C006
887 - 1.21645 L.170T74 1.206C5
913 le2le4h 1.17099 1.20605
914 1.22373 T1.179z2 1.20508
919 1.22273 1.17922 1.21361
946 1.72432 1. 12186 1.21361
947 le23159 1,18495 l.21361
552 1.22159 1.18495 . 1.22098

978 lo22159 1.18497 1, 22068
979 1l.23515 1.19224 1.22098

980 le 22754 1.15224 1.22068
985 1.23754% 1.15224 1.22724
LEAK ~IN STEAN GENERATCw

REACTICN TERMINAT

CAMUUNT _OF  ®wASTA
1C4.,

 S.Ge CETECTICK
ReHo DETECTICN

+08.

MIXED DETECT LAN

NER
.. A28,

. AMOUNT ~ GF  WASTA
109,

SeGe DETECTIUN
ReHo CETECT ION
MIXED DETECTICH

Wonog

T KEACTION TERMINAT

o 448,

 AMOUNT  CF  waSTA
114.

" S.G. CLCETECTICN =
_R_nHe DE‘ECTILN =
MIXED DETECTILN =

ICN TIME (SG DUMP TIME= 20. SECT
604, B G4 €,
GE, MILS
154, 114,
TSEVERE CAMAQE
TUBE FAILURE
SEVERE DAMAGE
CTICN TERMINATION TINE {SC QUMP TINE= 46G. SEC)
624.  4bb.
CE, MILS o
159 . ISIEN
SEVERE DANMAGE
FUBE FAILURE .
SEVERE DAMACGE
[LN TIME (SG OUMP TIMES 60. SEC)
644, . 488,
GE, MILS -
164, 124,

SEVERE DAMAGE ~
TUGE FAILURE
SEVEKE DAMAGE




