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User's Manual of Safety Map Code SWAC-10-MJ/2

- Evaluate Detector Capability against

Small Leak Sodium-Water Reaction®* -

Osamu Watanabe*#*, Masako Kishida#®#

Koji Shirataki**, Yoshiya Hirazawa*#*

Abstract

Water leak detectors-hydrogen concentration meters are equipped with
secondary ccoling system of LMFBR to detect small leak of water from heat
transfer tube in steam generator.

Leak rate region to be able to detect the water leaks before secondary
tube failure is decided by using the concept of so-called "safety map".

Computer code "SWAC-ld—MJ/Z" provides the safety map for secondary
cooling system of proto-type reactor. This paper is written for user's
manual of the code. Performance of "SWAC-10-MJ/2" code is as follows;

(1) | Secondary cooling system of proto-type LMFBR is selected for

calculation object.

(2) Wastage rate equations proposed by PNC are accepted.

(3) The relation between the initial leak rate and the enlargement
of the leak hole is enabled to be feeded as an input.

(4) The eniargément by self wastage is taken into account in cal-
culating the change of hydrogen concentration.

(5) Effect of mixing of hydrogen in sodium is introduced for plenum
regions.

(6} Detectability of water leak in stagnant sodium (in the down-
commer region) by means of hydrogen detectors is enabled to be
evaluated.

(7) Movement of hydrogen between sodium and cover gas is enabled
to be evaluated. ‘

(8) Hydrogen diffusion process in Ni membrance of hydrogen detector

is introduced.

*. Work performed by Mitsubishi Atomic Power Industries, Inc. under contract
with Power Reactor and Nuclear Fuel Development Corporatiom.
**% Advanced Reactors Engineering Departmént, Mitsubishi Atomic Power

Industries, Inc.
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(9) The number of calculating points of leak rate is 50 points,
and the range of calculation time is about 20,000 seconds.

(Time mesh size; 4 seconds and Calculating step; 5,000 steps)

By the way, the region size needed is about 470KB and the computing

time for IBM 370/168 is about 0.83msec/point of leak rate/step.
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I i 1 1 1

1 I 1 1 R I L
200.00  250.00  300.00  350.00  400.00
CTIME (SEC) =10

X 3.8 EREGHN—HZAPBHFHERE (5 —2—-3)

T
1550.00
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Totee CHILX>T, BEFTHTRDOTRINI =7 « F M) YA~ KREICHET 25HE
DOEEN (=774 <97 BIRICTHIRMTEELICNE ot bDEELONE,

S8 Ao - FORBRBIEZTEI o ic, BICKES TS 50MWSGTF, SWAT—
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R DUBBREBBETES D,
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e DBRERE L, T/, MEXRSFATTS okBHPZREBERIXERES CE2EHRE
OERER., HEK, K&BREK, /o, 50 MWS @ SBREOHHFRICH LELREBET 5250T
EXESS



{1)

(2)

(3)

(4)
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SNV =T e PNV A-KRRE -7 547y 7] B F
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6. 4f &

6.1 f&—1 2KF M) YL2ROKRBEHER
AXHH 2 1 OHERFRCENT, EHEAOKRBERIRATHESh S,
(a) ORDEE Ceo ( ppm )i,

Ivo <Mpo ®¥, Cgo = Cpao (6.1)

Ipo >Mpo PR, Cgp = Ffor ( Ipg—Mpo ) (6.2)
® P/ HA(IHXHOI& Y7 ) OBEE fpmrx (ppm)id,

Ito < Mppp D,  Fpuix (IT) = Cpao ( 6.3)

Ito > Mppp O,

I15MIX = 115

st XWyaX{ for, (Ipo—Mppp ) ~Femix (I1o) }

Femix (Ip) = Feurx(Ipo )+

Wrrnx (6.4)
‘ IISMIX=075
Femrx (Ig) = Ffor (Tpo —Mgpp) (65 )
‘ ©) PADEECce (ppm) .
Ipo < Mpyp O, Ccr =Cgago (6.6 )
Itro > Mpyp O,  Cep = fpmrx ( Iro —Mpyp ) (67)
d BRORECes (ppm) i,
(‘ Ito <Mpyp DK, Ccp =Cgao (6.8)
Ito > Mpyp PH:.  Cep =S pmrx(Iro—Mpyp) (69)
e} CHRA(SHLE v+ A=¥E) DBEfcyix { ppm) it, _
(i) Ipo= ODK, Femrx(Ir)=Cpao (610)
0 <Igo <Mpyc P, Femix (Ip)=Cpgo+4CsuXLlpakp1 (611)

Ipo > Mpye DR,

ISUPMX=11%46,

At Wya {2CsuXLg pxp1+ pmrx (Iro—Mpye ) —Fomrx (Iro )

Fourx(Tr)=Ffemix(Iro )+

. W
. TSHUP (6.12)

ISUPMX=01756,

Fourx (Ip)=Fpprx ( Tro~Mppmc ) +2CsgXLgakp1 (613)
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(i) SHAN—HZXDBE fgsu(Ir) (ppm)id,

Ipo=0DK Iggg =175 fasu (Ir) =Cggsu (6.14)
Icgg =0 fosu (I )} =Pyagu/ Pggux10°
(6.15)
CuMigsg =0

Il > 0B (HN—FHARBEHELZEROE)

YN —F Y COVGASE 2N UT faegu(lp) &F M) T ABEICES

45 KEBTE Cyrgsu (mol ) R 3,

(i) #ov=HRB~DKEBTEBICLEWEET 5,
fﬁﬁx( In)=Fomrx(Ip) —CynrasuX202,/(WyNaX1000)X10% (6.16)
(f) DR (SH®DKY —7&) DEE fop (ppm) i3,

Ieo=008K, fop (Iq) =Cgg1 (6.17)

0 < Ipo <Mceyp PE. fop (Ir) =Cag1 +2CsgXLpakpz (6.18)

Iro > Mcmp o,  fenlIr) =Ffemrx(Iro—Memp)+2CsuXLlpakpz +2Cprsu
€ SHTFBFLvFa(ixvvs ) BOBE fomix (ppm) &, (o1

Ito SMppp OF, fpmix (Ir) =Cga1 (6.20)

ITO > MDDD @B#‘

T4MIX =115

At XWya X { Fop (Iro—Mppp ) —Fomix( Izo) }

Fomrx (Ip) = Fomrx(Itol)+

WrsuLw
(6.21)
IAMIX =075
Fpumix (It) =Fcp (Ipo—Mppp ) (622)
@) EROERECep (ppm) i,
Iro =Mpue K, Ceg = Cggi (6.23)
IT0>MDME Dk, CCE=fDMIX(ITO—MDME ) (6.24)

(i) GRS FrUV/BBEELALTRRELOANA feg(1IT) (ppm) (i,
(i) GoHM
Irog £Mpug PR, Ccgo = Cral (6.25)

Iro > Mpyg @K, Ccgo = fepmax ( Iro— Mpumg ) (6.26).
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(ii)

(i

G 1

Ipo £Myg OFF, Ccg1 =Cgai (627)
Ito > Muyg PR\ Cear =Fcumix ( Tro—Mpgg) (6.28)
GA

XWya+ Cog1 XW
feallp) = Co60 X Wria * G ov (6.29)

WNa + WOV

() HE(EVEBF v Fo=Km) OBE Fuyix (L) (ppm) i,

(i)

(ii)

(i)

Lqoo = 0 DEf, fHMIX(IT)chGl (630)
0< Iyo<Mgy O, Ffumrx(Ig) =Cyg1+2CpyXLgsge: (631)
Iro > Mg DFE,

TEUPMX =175, }
AtXWya {aCgy X Ligage1 + fop (Iro-Man ) - Farx( Iro)}

Fvix (L) =Favrx (Ipo )+

Wravue (6.32)
IEUPMX=0715,
Fimix (Ir) =Fcp(Ipo—Meam) + 2Cry XLigsxp1 (6.33)
EVAN—HZADEE fery (I¢) (ppm) T,
Ipo=0 DK, ICBG=1715, fagy(Ir) =Cogpv (634)

ICBG=0%5, fogev{lp) =Pyev/ PaevX10® (6.35)
Ing >0 D ( AW ZAPEBEHEELZBEROE, ) |
BTN —F Y COVEASE T = LT foep(Ip) &EF MU ABEBICES T 2 KkERE
TE Cyrgey (mol ) 2R B,
BN = RAB~DKFRBTRICLBBEL TS,

Famix{Ir) =Ffumix{It) — Cmrigpy X202,/ (Wy, X1000.) X108 {(6.36)
NEW

k) BEVFZHSL+a( 1¥v vy ) MORE fiyix(Iz) (ppm) (X,
ITOSMIII @ﬁ‘ fIMIX(IT)=CBG5 (6.37)

Lo > My ORE,

IIMIX=176

At XWya X {For (Ipo —Myrp)—Fmrx(Iro) )
W

Frvix{Ip} =Finrx(Ipg)+

IOMIX=075

Frmix(Ip) =For(Ipo—Mrrr) : (6.39)
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(1) JHDERE Coy (ppm) 2,

Lo =Mypygy Ccr =Cgas (6.40)
Iro> Mg Coy = Frmrx(Lpo—Mypy ) (641)

m’ KAODHEE Cox (ppm ) i,
ItoSMiMmk  Cox = Cpgs (642)
(6.43)

Ipo > Mgk Cex = Fimix( Iro— M k)
) LEA(2—-—n FLs/RBELMERHEOESE 0TS ) for(Ip) (ppm) id,
(i) LOM

ITO SM:IML @ﬂ%‘ CCLO =CBG5 ( 6.44 )

Iro > ML OB, Cepp = Frurx(Iro—Mime ) (645)
(D LIMCa2—nw L7 o i kBBEYELZETE, )

Ito < ( Moyx +Mywr, ) Cor1= Cour(Cpgs) {(6.46)

Ing > (Miux+Miwr) Cernt =Cour{Fmmrx(Ipo—Miyg—Mgwr)} (647)
(i) L&

Cero X (Wya—Werp)+ Copt XWerp

fCL(IT): (648)
Wia
t BEAl (t = otxX@T—1) )
Iro Iyjo=1Ip—1

Mxxx  AABOCKE, + 1Y os)BEREENE S 4 525 » FTH
D, 185 ALTERENLLEETS 3,

Mo - L~0R8
Mrep . L~Pp"
Mpyp ¢ P’ —P
MpuE . P'—B
Mpye + P’'-—C
Mewp ¢ Cmix—D
Mppp : D—D'
Mpye ° Dyix—E
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fi

MpuMa

Mpg

Man

Mum1

Mrrz

M [z

MMk

Mrur,

Mygwr,
Mrqusn
Mgquev
Cpex (ppm)
aCsy  (ppm)
ACgy (ppm)
4Cprsu { ppm)
2Cprmv (ppm)
Wia (kg s )
Wov  (k¢/s)
Wer (kg 5)

Lgskp1

Lgakp2

IXXXX

DuMix— G

: H-G (4 —n~—78-%)

G—-H

Ivix— T }
K—L(a—wFb7s7%)

S HRUEE R EEN

EV "

Ny 7T TY Fr b ) v ARKEBE
SHODY — 7 BOKFEEES

EV ”

S HOEREL L OHBUKRICL 5 BEDE S
EV ”

F v LRE

F—N=7u—-HE
=V t+5 o 7THEE
I FLPICBITEN) -7 F 20 F—4

=0, V)—J&L
=1, Y-7%F0
IANBEBFEN =077 277 4%
=0, Yy—-J78&L
=1, =780

IFVVITETNERT STV a T4
=1, IFvVIEHEET B,

=0, ” LT,

L, IXXXXEZTRAENRT 3,
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IT15MIX
ISUPMX
T4MIX
IEUPMX
IT9IMIX

I EXHOH
SHEHE LV + 4

SHT®H #
EVEESvFLE

E V“Fgﬁ ”
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3.3
1 1
1 N
1 1 1 N
1 27 20
c 1 1
48 3 1
1 1 11

20 23 2729

32

N ™ - - Lol ]
NHEOORNCVMEBWNEOOE0 WP WN -

CASE-1-- MOJU 56 SHMALL LEAK EV=LOW=100% ORD.=—PNC
3730. 10. 10. .
5000.
10. 15,
15 0.7 120.
505 s 325. 4693
Oa
l8_ 0.
C.
560,7 1113. 2. =-1i
21 0.
1607 1.315 4u35 To40
23 2.584 ZaThs 38 .
24 __ 2.728 2.0 305 463 23
25  21.6 30.0 . i
26 __ 0.
27 O
28 10, 10a
29 1.0 1.0
30__ss, 55.
31 TS, T5. T5. T5. T5. T5.
32 0.
33 25, 25,
34 la le 10,
35 1b.2 1. 1000 e 0.86 0.5
36 Qo e 7 40362 T.221 Bo24B - D.
37 4075 10.94 b9 15.4 Ba5
38 O. “e%3 1.78 1.03
39 44,61 22+ 0. 5%9.9
40 _ 0. Oe D.13 41,09 10.4
41 0.2 4.98 Ted3
42 5.0 s 345 3e2 248 Z2eo%
43 2.0 le2 1.5 la3 l.15 1.0
44 0.85 0.72 0.63 0.54 D& D4
45 De35 0.30 D.26 0.23 C.1% C.17
46  Dll4 0,12 0,10 0,08  0O.08 _..0.07 _
_4T__B.06 0.05 0044 0,038 0.032 0.028
48 0.024 0,021 0.018 0.016 Q.05 0.0%12
_ 49 001 0.0088 0.00T6 0.00835 0.0057 6.0050
50 0. .
_51__2a 2e 2e Za 2. 2.
52 2a Ze 2 2. 2 2e
_53__2. 2. 2, 2. 2. 2.
54 2, 2s 24 2. 2a 2e
55 _ 24 2s 2. 2. 2. 2.
56 2o 2e 2. 2« 2o 2e
57 2. 2- 2. 2. 2. 2-
58 2. 2a 2. 2. 2e 2.
59 0.
60 5.0
61 Qa F23 100 2a
62
63
64
65
66
67
68 001 Q.01 1.55 l.2
69 0.0 075 100. 0el5
70 '
n
T2
73
T4
15
16T N . o

1

2

4

7 =167~

&
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6.22 JT~2—2DA4A Ty P F—-F1YRX}
T z Ex bd ¥ T
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1 1
1
1 27 20
1 1 1
48 s 1
1 } 1 1

20 23 2T 25 32
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1

2

3

4

5

6

7

8

9
10 :
11 CASE-2-. MONJU SG SMALL LEAK EYG EV-LOW-100% ORD.-PNC
12 3730 10, 10.
13 5000.
14 10. 15. =~
15 Ce7 120«
16 505. 325 . 4693
17 O
18 Oa
ig Oa
20 __ 560.7 1113, 2. =11
21 0.
22 1,607 1.815 495 T.40
23 2a584 2eTh% 3.8
24 20728 20 505 46% 3
25 2le 6 20.0
26 Oe
27 [
28 10. 10,
29 1.0 1.0
30 55, 55
31 T50 75« 5. T5. 75. T5a
32 0.
33 25, 25.
34 _ 1. 1. {0.
35 1602 1. 1000. [N : 0.86 0.5
36 Ow EPLNY Le352 221 8 a24B Op
3T 4075 10.%% 6.9 15.4 B.5
38 e 4.43 1.78 1.03
39 44061 224 O. 59.9
40 0. - Co Q.13 41.09 10.4
41 0.2 4298 Te4d
42 5a0 Golt 38 3.2 2.8 204
43 2.0 l.8 1.5 Lad lel5 10
44 0.85 Q.72 D.63 O.54 046 Q.4
45 0.35 0.30 026 C.23 0.1% 0.l7

46 O.l4 0412 0.10 0.09 0,08 0.07
47 0,06 0.05 0.044 0.0328 0.032 0.028
48 0.024 0.021 0.018 0.Glée . QeD1s C.012
49 001 00,0088 0.0076 0« 0065 0.0057 02,0050
50 Qs
51 2e 2e 2 2s 2= 2
52 2. 2. 2. Ze 2e 2.
53 - 24 2. 2e 2 24
54 20 2e 2e 2e 2. 2.
55 22 2o 2w 2e 2 2.
56 20 2. Ze 2a 2e 2a
57 2 2. 2. 2o 2a 2e
58 2. 2. 2. 2. 2e 2e
59 0=
60 5.0
61 Oa 2e 100 o Z2e
62
63
&4
65
66
67
68 001 0.01 1.55 1.E
69 0.0 0.75 100, Da7E8
70
7L
T2
73
T4
15
76
p— loo-"’vou.U-_.:-_"‘o-.:.\.l--c:1:;:'-7-70:::::.-_:-.!—):-;-"'.-o-Uooa.f----U.a.-"--o.U--.c“'.o-cu
1 F4 3 4 5 7 8

m,



6.2 3

F—R—30D4 VT 9 bTF—F YR}

1 2

N .....o-...,D.'..__.g_._,..o..-.f..r-.D-.-..’....n....#...._o....t....o...'.f...‘.D. sesotenasl

(20 48 2 5 1

‘1 1 o

4

5

6

T 8

1

L1 27. 20

20 2T 30 35 40

(EV-DC-100R0R0. T=PNC
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. CASE~-3-. HONJU SMALL LEAK
5000a 5.0 ) " To%3
Qb5 S5 43a2 2293 005 50006
20T ik £ Se0 -
55. 25. Q. 1.0
10. 0.180 1.0 1.0 1.0
900« 4900, 9900. .
30. 2o 4693
50a 150 4 360a -
5.491 1.33 50. 50
20L.7 3.8 4693 .
S0 bole 3.8 3e2 2.8 2ok
" 20 " 1le8 L3 1.3 1.15 1.0
0.85 - 0aT2 Dat3 0a54 Date b Doy
" Da35 0,30 0.26 Oecd D19 . 017
D14 0,12 0.10 0.05 0.08 0.0T
Q.08 [*I:H D.04% 0.033 0.032 - D.02B
0.024 0.021 0.018 0.016 D014 0,012
Q.01 0-0038 - 00074 00,0065 0.0057 0.0050
Os .
0.0 257 Tated 248,
Qa -1 1004 28 -
0. 0.0164% 0.005 Dalbe 0.01 0.205
0.05 C.341 D.1. Da25 0.5 Oubbl
1.0 0.822 1.5 1.00 5.0 1.00
0. 0.027% 0.003 " 0.0279 0.01 Qoll454
0.05 0.14 0.1 0.227 0.5 0.7 i
1.0 lel4 1.5 1.52 5e 3.5
10000 3.5
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