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A Blowdown Analysis on LPWR LOCA by ALARM-P1
Shinobu SASAKI and Fumimasa ARAYA

Division of Nuclear Safety Evaluation,

Tokai Research Establishment, JAERI

(Received October 25, 1982)

Presented in this report is the results of an LPWR LOCA blowdown
analysis by the ALARM-Pl and their comparisons with the RELAP4-EM. TUp to
the present, the ALARM-Pl code has been improved and refined by solving
a various type of calculational exercises given as the CSKI Standard
Problems.

As a result, confidence of the analytical models in it was proved
to be sufficient through the international comparison.

Based on such experiences accumulated, therefore, the analysis of a
typical PWR plant was attempted here. The results of two codes agreed
fairly well, thus showing that the ALARM-P1 could be applicable to actual
power plants. With the capabilities as successfully demonstrated herein,

this report concludes the development work of the ALARM-PL.
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Fig. 1 Typical Large PWR Piping
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Table 1 Geometrical Description of Contrel Volumes in LPWR
Control Description Volume {(m®) Flow Area (m?)
Volume NO.
1 Upper-Head 14.103 3.835
2 Upper-Plenum 41.376 9.290
3 Intact Loop Hot Leg Piping 6.712 1.278
4 Steam Generator Inlet Plenum 14,449 8.695
5 Steam Generator U-bend Tube 13.509 2.976
6 Steam Generator U-bend Tube 13.509 2.976
7 Steam Generator U-bend Tube 8.411 2.976
8 Steam Generator U-bend Tube 13.509 2.976
9 Steam Generator U-bend Tube 13.509 2.976
10 Steam Generator Outlet Plenum 14.449 8.695
11 Pump Inlet Piping 10.705 1.461
12 -Intact Loop Cold Leg Piping 7.222 1.150
13 Upper-Downcomer 9.068 3.379
14 Lower-Downcomer 11,351 2.480
15 Lower-Plenum 29,623 4,859
16 Core-Bypass 8.269 2.267
17 Lower Section of Core 5.984 4.831
18 Middle Section of €ore 5.984 4.931
19 Upper Section of Core 5.984 4.931
20 Broken Loop Hot Leg Piping 2.237 0.426
21 Steam Generator Inlet Plenum 4.823 2.898
22 Steam Generator U-bend Tube 4.503 0.992
23 Steam Generator U-bend Tube 4.503 0.992
24 Steam Generator U-bend Tube 2.804 0.992
25 Steam Generator U-bend Tube 4,503 0.992
26 Steam Generator U-bend Tube 4.503 0.992
27 Steam Generator Outlet Plenum 4,823 2.898
28 Pump Inlet Piping 3.568 0.487
29 Pump Outlet Piping 1,204 0.383
30 Broken Loop Cold Leg Piping 1.204 0.383



JAERI—M 82—161

Table ] {Contd.)

Control Description Volume (m3) Flow Area (m?)
Volume NO.
31 Pressurizer ) 50,976 3.577
32 Accumulator (Intact Side) 114.696 23.690
33 Accumulator (Broken Side) 38.232 7.897
34 Containment 56073.600 92.900
35 Pump (Intact Side) 7.137 0.575
36 Pump (Broken Side) 2.379 0.192
37 Pressurizer Surge Line Piping 1.965 0.067
38 Accumulator Injection Line 14,231 0.116
39 Accumulator Injection Line 4.744 0.039
40 Steam Generator Secondary System  311.378 2.787

41 Steam Generator Secondary System 103.793 0.465

-1l -
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Table 2 Geometrical Description of Junctions in LPWR

Junction Volumes Junction Junction Form Loss Coefficients
NO. (From) (To) Flow Area Inertia Forward Reverse
(m®) (1/m)

1 1 2 0.0706 0.3232 5.0556 5.0393

2 2 3 1.2784 2,2247 0.3881 0.7437

3 3 4 1.2784 2.1401  0.7276 0.3839

4 4 5 2.9762 0.8678 0.2960 0.4326

5 5 ) 2,9762 1.5617 0.0 0.0

6 6 7 2,9762 1.7303 0.0 0.0

7 7 8 2.9762 1.7303 0.0 0.0

8 3 9 2.9762 1.5617 0.0 0.0

9 9 10 2.9762 0.8678 0.4326 0.2960
10 10 11 1.4609 3.4301 0.3744 0.6522
11 11 35 0.5749 6.0269 1.0E-7 1.0E-7
12 12 13 1.1496 3.1506 1.0E-7 1,0E-7
13 13 14 2.4823 1.3747 1.0E-7 1.0E-7
14 14 L5 2.4823 1.0771 1.0E-7 1.0E-7
15 15 16 0.2991 0.9636 1.1758 1.2713
16 15 17 2.9547 0.2796 0.3384 0.3364
17 17 18 4.9027 0.2486 2.5891E-3 2.5891E-3
18 18 19 4.9027 0.2486 2.5891E-3 2.5891E-3
19 19 2 4.9027 0.2958 0.2282 0.2138
20 16 2 0.2991 0.9806 1.3273 1.1890
21 1 13 0.0016 0.7293 1.5151 1.5151
22 2 20 0.4261 6.3310 0.4294 0.9104
23 20 21 0.4261 6.4196 0.7276 (0.3838
24 21 22 0.9921 2.6030 0.2960 0.4326
25 22 23 0.9921 4.6850 c.0 0.0
26 23 24 0.9921 3.7672 0.0 ¢.0
27 24 25 0.9921 3.7672 0.0 0.0
28 25 26 0.9921 4.6850 0.0 Q.0
29 26 27 0.9921 2.6030 0.4326 0.2960
30 .27 28 0.4870 10.3034 0.3744 0.6922
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Table 2 (Contd.)

Junction Volumes Junction Junction Form Loss Coefficients
NO. (From) (To) Flow Area Inertia Forward Reverse
(m?) (1/m)

31 28 36 0.1916 8.9173  1.08-7  1.0E-7
32 29 30 0.3832 1.1247 0.0 0.0

33 30 13 0.3832 1.8894 1.0E-7 1.0E-7
34 38 12 0.1165 524.9344 0.0 0.0

35 39 29 0.0388 1574.8032 0.0 0.0

36 37 3 0.0670 218.1759  0.8979 0.4264
37 29 34 0.3832 8.1529 1.0 0.5

38 34 30 0.3832 4.0764 0.5 1.0

39 35 12 0.5749 2.7838 1.0E-7 '1.0E-7
40 36 29 0.1916 1.6739  1.0E-7 1.0E-7
41 31 37 0.0670 218.1759  0.4416 0.9629
42 32 38 0.1165 524.9344  0.4478 0.9902
43 33 39 0.0388 1574.8032  0.4478 0.9902
44 40 34 0.0929 3.2808 0.0 0.0

45 41 34 0.0929 3.2808 0.0 0.0

46 0 12 0.0465 0.3281 0.0 0.0

47 0 29 0.0465 0.3281 ° 0.0 0.0

48 0 29 0.0465 0.3281 0.0 0.0

49 o 29 0.0465 0.3281 0.0 0.0

50 40 0 0.0697 3.2808 0.0 0.0

51 0 40 0.0697 3.2808 0.0 0.0

52 0 12 0.0465 0.3281 0.0 0.0

53 41 0 0.0232 3.2808 0.0 0.0

54 | 0 41 0.0232 3.2808 0.0 0.0

55 0 12 0.0465 0.3281 0.0 0.0
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Vo TLT, K—#K[2HERELTHE (AIEARUBERSNTE) EFANEHIN5S,
HEORBW TR, TS, X5 »7, BIRABR 2 RRRUBRNESNTUZ T AHER S
N, TKSEBD/ 5 # —# L, Table 4 itGZ LN 5B,

Table 4 Bubble Parameters

wEAR (ALPH) Bt B & B (VBUB)
m H & 0.8 0.9144 (m.sec)
B2 v — 78 FMT & 0.8 0.9144 (m."sec)
oo — 7 EE S 0.8 0.9144 (m /sec)
e — 7HESKFEA R 2IRE 0.8 09144 (m.“sec)
TR oL — 7RI AR S L2 2 (KR 0.8 0.9144 (m.sec)
% A = 7= 0.8 3.048%10° (m.“sec)
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Tabled T, 0.0 OFER, HHE2HEBAFRELEZLL, BE 08AHRIN TV S,

—H00DBEE G, IV o—WE) 2 —ARNTOERRF—-LOERKICES LITNT E5EK
L, #HE 3 (ft sec) BL{fFbN b, BRERTRASNAKREAMER, B [RTEED Z
RENBLEEBRT S, ‘

ALARM-P1 a—FigB 0T, BEICODHB -1 F ) 2 —6NT, HEMEFITK[HEET TN
i1, BEHROEY o —aNTLHIRATE L, IO, K—BIZBETNETNhO/ — FTHITIC
Wk & N, AFE laver —cake situation 22 LT, FHEENLBHEREEI DS TH S, —H,
RELAP 2 — FTid, DR ) v 7EFAVERALTIOFBFEEABRL T 5,

i T DEEHTICHR - T, [IAOEAHEE(Ve) £/ — FHROF 4 FROBREE L TRALLE
#H ALARM-P 1 20— FRIZBASHEDT SN TH L, T3 WisonFIZ L DT

N1 EB SHE S i MR TH 5 0

s
__a B 085 + 178 019
Vo= (5735 a (&) (e<<27AB" ) 1z
& B"*® | 030 - OTF [;19
VB"[078 A (gd) ™) (az=27AB ) 13
=L
_ £q a3z =l_ a
A=( pPr— Py ) ’ B=4 v g (pi—pg) U
d : volume EEZE(ft), ¢ . ZEESHN (b ft),
g . EBAMEE (it sec?), pe @ KD (1t° fbw),

a: 4 FREOKE FOEBME), ;@ BKOBE Lbn)

LM &R AR E SN BERE Y OB, HEksh R (homologous
curve ) & EMERENOLOE, BB, ~v F, P/ RUEEE-A Y 2> THREEN S,
fEk, ALARM-P1 22— FTH, BARIEHLT, ZoEFVvEEHE LTI, SEOE
BICABANC, 2MHEEHEECTL TH I OEHREZER TS 5 L5 e 7T vk THNn
7o

2HRECE v 7ORMAEE LT F i, ALARM-Pl a—-FRBWT—IERESOA TR
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HENTWB, ZZTP, P, X RU o id, BAREDO~ v F, 2HIRETD~y F, 4R35
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HZL, BEEINLTED, F—5 « N—2A3HHICDELY, LIt ->TZ 0% LOCA
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ORE (HF ) BEYT « 75 GRD LS TH D,

. [@dxE = 124.1 , (rad “sec)
R = 5.5829 (m*/sec)
e~y F= 9754 (m)
KA =4410x10° (kgm rad)

cfEtEE— % v b= 3455%x10° (kgme*m?)
LoHR 7, Fig. 2TRENILEDICIZbo—n e £) 2 —L35&36TRESH, BHEO
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G (Mass Flux )
}

Zaloudek

{or Henry-Fauske) Interpolation by Quality

Moody

{or HEM)

Subcooled Region —=Transition Region == Saturated Region

. :
0 0.0 X {Quality}

Fig, 7 Critical Flow Model
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Table 5 UO, Thermal Conductivity (95% Theoretical Density)

Temperature (°F) Conductivity (BTU/hr-ft-°F)

0 3,341
500 3.341
650 2.971
800 2.677
950 2.439
1100 2.242
1250 2.078
1400 1.940
1550 1.823
1700 1.724
1850 1.639
2000 1.568
2150 | 1.507
2300 j 1.457
2450 § 1.415
2600 ? 1.382
31.00 1.323
3600 | 1,333
4100 1.406
4600 1.538
5100 1.730
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Table 6 UQO; Volumetric Heat Capacity

Temperature (°F)

Volumetric Capacity (BTU/f£t3-°F)

32
122
212
392
752

2012
2732
3092
3452
3iglz
4352
4532
4532
4892
5144
8000

34,45
38.35 -
40,95
43.55
46.80
51.35
52.65
56.55
63.05
72.80
89.70
94,25
98.15

100.10

101,40

101.40
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JAERI—M 82— 161

Zircaloy Thermal Conductivity

Temperature (°F) Thermal Conductivity (BTU/hr-ft-°F)
32 7.812
212 17.992
392 §.208
572 8.784
752 9.540
932 10.404
1112 11.268
1292 12.492
1472 13.176
1652 13.968
1832 14.796
2012 16,128
2192 17.784
2372 19.656
2552 21.780
2732 24.048
3092 28.908
3360 33.120
Table 8 Zircaloy Volumetric Heat Capacity

Temperature (°F)

Volumetric Heat Capacity (BTU/£t3=°F)

0,
1480.3
1675.0
1787.5
3500.0

28.392
34.476
85.176
34,476
34.476
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Table 9 Comparison of Input Modelling between
the Two Codes
No i A I/ H ALARM -P1 RELAP4- EM
1| /=747 AN EYa—he 55 PpYTay | 44FE) a—be 62T ¢ VT Va
ARSI ER 2 IR, MEEE ‘
2 | ]usrEEE T [Ex vy, RUBHAEBAT iU
HBEAR L LRREES A 5,
3| Fzyy e 9 @ G P
4 | T 4e YRTA 8 &Y 10 &5 i
o 2 A (RELAP D7 1 v )
VAFLEETMMELIE)
6 | BAREEAKR(E— b 25 T7) 26 T _ 29 &
B <$-y}~-%+‘/;i’~w3>
T | R 3 (P F » ¥V 24 DHB) 6 .
T F v VR I 3
o Eﬁ%ﬁﬁiﬁ@? . | E—A VI LT Ty 71{»{{;%%{,;*;?# vr7¥avi, 2,
12~16, 19~22, 33~36, 44, 47~56, 57~59, 61, 62
LEOWMEA Yy Fy 7RI ED [ JCALCIEWS A ¥ 7y 7 RITLY
WEGHE D 2 — FIRESOX RO B EIEET 5.
’?gm‘“’ jeacct | i
S GRS REROMEET BIEE-A P (NETAK || O e
9 | =22 DOAS OHAHECFRIFF, FRI © | | WIES | giarn
FR)IZ002ATIT 5 &, Z m%ﬁﬁ% e
M B2 E%T 50T, ANFS
BEBEE AT LI BA, 3| MEGHE | WEGTR
53 0 IRV EAEI
7o
kv 7 A —# JENTH = |BEDH L TOLL ERE
10l 90 v 0 o s T 1 X3 2%FEH (JVERTL= 0>
LLHME Z2HEoz % 1rE—E
wikidrbi s,
Desivavio | A D O
Ry e 16, 44 off on
11 b)) JENTH =2 17, 45 on on
18, 46 on on
! 19, 47 on off
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Table 9 (Continued)
No. i B IH H ALARM-P1 RELAP 4 -EM
s RYT P BTN DHFE - 28+ 0 HAEF |BfE» 2R ERFRAEF L
ri%
@ Thoma D+ + EF 4 ¥ =2
vVET I
" o R I olE A T v 75 L wWinlds L /cRy, DlEsfEET 5,
« RYTEBELVIET L oL a] (AT TARER)
c HYTE—F ¢ AT ETIV oL A CRER TARER)
. B YTEE T %L 8] (RS TAER)
2R EOHREFI
» NPSH A oL
TR LT,
13 BIGERE E—%€ 571 (ALARM-PlLiciBIoEFréssd,)
y 7o F A NS EHELTHOE->Td. HEARCLIKRD L. (2FRE2R)
(NP -239, U-239) (AN/HBET—%)
B ANS D20 BHEE T
15 m — F - %
5o
16 | A7 54 EFL RBRETE, R 7L RELHBIEEOEIMEERL TV,
RELAP & & FumRiY,
F o 7O RELAP OEE
17| F¥owFeavsrsdv2 Eie—Hs¢dkHiL, ¥+ | EM- 7 iEH
T AVE ISR T —F
EANL .
Zr — i &R, KA
18| [ONFEICEDRIET B, L A]
(&8 —KkKI)
19| ¥— & OFNE RIED & A7 — s hoAEEZDBT .
@ Z aloudek — Moody Henry * Fauske-Moody
~ Murdock * Bauman AFHEILHCTH > EM A 7~
20| BBRKEE T
(AT THEAD a V)
@ Henry * Fauske ~ HEM
Martinelli * Nelson & Thom
21| 2tEEBER (D) B Baroczy & v
) DET IV
Qb — b « 25 FEHAZEI TOEDR
- ANF—s R I BBERK ANF-9THRETSHA7 V| BWEEEREIL, X7 7No4,5,7

DIER

3 Vcifcilt‘o

~26 1234t L T Dougall — Rohsen—
ow ZH W, 27 7Ne 6 T3,




JAERI—M 82— 161

Table 9 (Continued )

No,

ALARM-P1

RELAP4 -EM

Groeneveld *° MBI A AV B &
JICIRE SN,

@k — b« 25 T4 T O
PERMREREE, 2 TOBEMT
Dougall —Rohsenow % {43 5,

23

wiEkE 7

L

Al G TR

24

EMEF

FITHEL TS,

OFFiH EARGEED Yy 7
@BE e D5 &R
@ ECCKD /¥4 /¥R

(D, @, @ILAFETHE)

25

BrEliFE R ) o —& « BT

&L

a] (AT TARER)

26

ATHFE A v ¥ 2 OBEETR

A7 (AITEE)

a] (R THARD

27

Hishe

F &L TRE#EE

X & LT
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Table 10 Operational Conditicns Assumptions

LHORER

(FfmmEDF — 7 vi525,)

W] rY . 7EH = F U v 7 % ® & W
1 RARELRTEES 2K Y — 2 %(j507%) FHERE S 5 B E TER M 1423057

ESTRE BERRRE DT — T A 5% Bo)| (kgm/sec) BHER L,5HT Y —7 il
2{W%Mﬁﬁﬁi$2& § — 7 % (5 53) SHERIRA A D 5 B & TR RE 474,357

(kgmsec)ZHEHF L, 5T -7 BN,

fi2 e RIS R EARRRIK
#

74 WHR(G 51D !
(BRI RBOF — T AESEB)!

BRSO 5B E TEEME 1423.057
(kgm . /sec)ZMirr L, 5WT714 3%
ik

HEHER S 5 T TEFBE 474352

DT () 7 S T A 2R 45 7 4 vFH(j54)
4 " 8 K ) ’ ! )  (kgmsec)d 2HEF L, 5B TZAVER
# (FEiikB D7 — T vE52 3,)
Zik.
. ReMETRESS 2K 2 (5 44)
ZN ) —T T CRHENMEER S T7.36 (kg ont)
6 BEWT AR T 85 2 IR 27 (] 45) FORECH ST OHFMEL,

H) =T AT

I MUy PES - ATEBAKGEE 001002 TIEEI T %,

i (27 5 LOFGEER LA
8 |R2fERY 7 K7 e FY) 2—6N35) | FHEHEGR 001002 HTa-2 + 57
9 | MR A v T Fr7 e K 2—6(No36) YERET b,

BjF + - vy g 74 v (j46) '

10 ﬁ%?g;@; 7 e ;*Jﬁ g | TREROOIBT. 1Yy 7L, 20
7 i mBOTF—7 Z e
P R gfu;(ﬂm 0ol osHENCHAEE HAERORE

Siglel - WS

1 i _ S I - T

vk BIEA (FHEHRBOT —TVR2575,)
IEEEALT 74 V% (j55) !

g | B SR L HEBEE®001BT, by Tl 2O
(HPIS) (EHNEFHBDF—TNERLD,) _ _ -
REAEEEAT o (] 48) B2s BN THHAJEE N REROES

13 & w CoTe ) & RIS T 2,

(HPIS) (EHEFEBDT —Tva5Z25.)
HEEAEAZR T 74 vF%(j52

14 Rl ‘ ' JQ) i HBEA®00IBT, MYy TL, ED

(LPIS) (EHEHBOT — TVEHLD,)| ) B
- - : BBV ENTHNIT A FEBER O

. HEAEEFAR 74 WFR3G4AT) £ B I B B
(LPIS) (FHEREDT — TV ETAS) ' °

16 | o Fawy e SnTF(j37, 38 RO | HEMBHRENTA 37, 38)450.01002

i3 B E, B 32058 L B,
FHHfla o - el 2 -4 (N
17 |[B2fEEREARAL Fxow s 5n7(j34) 12) D EEF1H343.23 (kg ¢/ cnf)

‘ﬂcfgﬂf:&%g‘g<o
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Tabk 10 (Continued)

No. by TIHE = F ) v 7 D SR S

T@fa vy bao—-wR) 2 — 4 N 29)
18| MRIBEEARALD | F 297 « 2 7(j35) DEFFEEH543.23 (kg et ) 73

>R <o

HITH (aviba—ve£Ya —£432)
19 @efFEEELDO Fxy N7 (j42) DK - BT -BESHEKRMAEAH0.305m EL

Tl - B EARERT 5,

FEEE (v bo—wef o - 433)
20| MRS O F ol e N 7(j143) DK « S - REAHARMA0.306m L

FIiCiE -1, TAEELEY S,

£
k)

IS OBHBRBOERICEOTRE—REAZE L TIHET 22 & ITH TN s,

ind¥+evsvavynBBERT,
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4. R R OB

KEWADOEHETHE L2 1 IRVEIMEBRERE ALARM-P 12 — F TR L, RELAP4
~EM Q$5BEBATEC ik D, - PR L TRER TR SE Shi, UTiIcE
OB AEAT 5, SEOHETE, EHIRED, HOOBMEMEsH, T0%RY I va v
DN THE L, FEICHEIAEE L Ve Vo v a YITRUBHBIE L5, BTBIEE, <
DH S SEEE BT LB,

N R e = ZADRFHEER DS, a— FEF -y WHEESHER SN, FHlliENE Lick
Tatie A1EITE, R—R s+ F—RICDOTE A 2HI TR, €OBRERTOBESRIT SN
5, Figs. 8»B8TDTwy b« 7=t LT, APISM2V5&EiEENTH S H DA, ALARM
~PlOHERRTH 5.

41 X=X -TF—-RAOHEHER

(1) Wdrow— 7 OFE

EREABE RITF [a-nEFs v E0H00, TR2EHENT5E, EFAEGRFALV—TH
DiFEAS, WEERAE L THENESRICHRET 2. COBOERRFERRL S DRBRED
BREMFig.8 & Fig 0IRSNTWD, 2L ZNFHOFH 2 A Y 7 4 i3, Fig.10& Fig.llic
BT B, v — 708y FRlICE T 2R REZHET & B CE#ICED L, 005781
W IcBEd 5, W T 2N ETORENDETE, AfllERRORELET, 5T bbEL,
T DB AR & SICRFTIRE AR LA SR LT <,

FTEETEE TOM 2 HERAIE, ALARM-P1la—Fit8W T, Moody DF—4% « 7 —
TEROCTHE S,

—/ RELAP4A-EM T3, 77 —nfHEICH LT Henry — Fauske @€ 735 - faF0ITH
7%, ALARM-P 1~ Moody € F @A & 17z, Fig, 8 & Fig. 9 2 LL~NTAHT, I3 —
Koo L ZhODRNRED, £ 7RE2ELTOFNKLELT, EEFICAEV, SRMEE
LIF Tahw b e vl 09 ZBLTHRALGER Y 7 4 E—OBEMIE, LT L4006
WO EAEROR T2 RLGREBPE VY 7EOK X EHKEIEIUICERL T, Fig. 8 &
Fig. 9 OficEEE R ELSEHb NI, 2 = F « LA EL Tid, HICMEL S 3REERRE
LRV, Lt -TFRigl2ltinEnfzo—nb - L Z7AORBLEER G, #MAOEULTY
BLEDH B, BIL, MR, #3 PERBMAMSFAEL, K1 DHOBBRANEERL IR,
Moody OFIFIFREE~EBITL T 5,

Bl v -7 0EES v oOFENE, B LI THE Y THME  — FitdEdskis, Ll
DFEEIZ, RyFAEELTHRATIV-THECERS LB TNSODT, Fig. 8 THE, £
OEEHSHEILEOLNTE ST, AEL2FC S LTEEREEARITILTHEVLLH>TH B,

—HFig.9 T, Her—72a3—F « LIF~DOECC GEFRBE.EENKDEAR, 135 #h
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ST Y, TOEERITHLBONRMKRBOBINICE > TRENT VWS, Fig. 8 LFig 9D 2K
5, RELAP4-EM & ALARM-P I AHOBAREF VI L THAEEN LW LML
RV TR AN

TR — FOFEEOFER, Fig I3KkUFig 14 itinsh b, Fig I30EEZ, #E&E
Bric s MG U, SEUED AR T, AbREd 3E, BULBEHEE L Thwb, RELAP
DIETIE, ECC/ROZE T, 20 LB (Ww—7HES TR/ LR KREWTL LD
Hofb, —HFALARM-P 1 O~— 2 « &= 2D T, #2000 TLMHEBSZ AT
i, CHUE, HED - FTH, REBAKEEERNOBHMERRICL T—KRICEET S
EFAEFALTO S5, ECCKRDERLSEEEHVRE LD TH S, Fig20itRENs X
51, ALARM —P | OITEERE, AL L OEIRER, ROU-72600, L~
w &7V AR THRREENLEEHE LT, EREMSEREL, 20T steam table fai-
ture " %8 &, FIEMBEILE L,

—H Fig TR s ENBRAIEEH O TOREFRENIL, BMEBHO3HT, a - - L7
HRAET A EhoRLINELDI6HE TR RS Y 503, Ligk#eficElEsNniE
s v 7 oM OFBLZ00ED 5. MK II OENSEER, Fig 16liRINb, 2
D03~ FETOFRO—FUENICGRENEG LI, MHTEBHFTH D,

© HEABEBROEE

Fig. 16 &, HTHENBEADORMERAATR L bDTH B, MARERDENHEIL, Tn
AFBEBLTEY FE7 L F ot b L+ DR EERS 2 KL TV 5,

TH7UF o3, Mo THRMCEREL, B - DRET S, KEL A 7o -5
v ORI, KiIKRdm<, RELAP4-EM& ALARM-P 13— FT, ) Tl
Boite —AFig 17 CRTHMMERER, BFLEHCEOCAOTOHERDOEETELIC L
LIS, LPLLSBTFEALVFLDTS v vy 7k, ROENCGEREL CTHREEEZ#
FLTWVS,

RELAP4 -EM T, 238 LIRFE L2 O OBOETHATEH 7 L sICiliAT 5481, S#
KEENWERT S, LL, ZOBS Y 1= —%2BM@MLTECCKMHEALTL 3 &itkb,
265 T 74 v OMEARL, BINEEICEITEARCTE-Tv5, CNiEFigl8n s+ F
A DFEERERTHHO N TS %,

Fig 19iC/R L b i, ER 7V F A RU 20 FPAIKHET S L&~y FRNOENEHTH 5,
EEHETLFLAOETBEOEHSIC2 202~ FIT—HLUALZTFRASRIN TS, L&~y FiC
DOTRES M U, ZEFEICHE VT, RELAP4 -EM DR ADHEESTR L. 2O &,
Figs. 20 21 {tRd Y+ ¥ 7 ¥ a vORNDP, EREREEHLN TN 5,

ALARM-P 1 BT, EMF L+ 4L B~y FET1 A7 o 7HBICKE QRGBSR E
LERHSTER SN TOSC &AM L, Y v v ¥ 2 YIRBETEE, PHEDNSCRONT
s, CORET, BRMRORBLEE, $TFELoNLNLELETH L, COL D EHERAER
FEHE, §4 627y PNORRBABEHR TH -2 KRB RL TV S, BfMAE+a/hs< L
THHET S EFig22 L Fig. 23k RENE LD e ZofEER, ERICHEEn, Hic—2x
= AL DL EHRBECHBEERI L ENTE S, LOLADMS, B~y FiCOA DR
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HEENEFHER LABRELT, 94427 v TREMGIEREIBRTTH LD, ThIKMAT
EE TV a0 FHCAET S COfEEIE Dead —end i TEYD, WESERH L CIKHERKIC
HoThWwbLELEELTHWS, ALARM-P 1 0= FTHT 388 (F4 L2579 7T,
COMO /) =574 I EEET A% THFEBLTHDERI BENSH L.

(8 MNEZRHDEH) )

Fig. 2443, MAEZHNOKA (Mixture Level ) DEME((LER LA DO THS, AHEF NV
O THRHE UL S, MESRTEMEIK —RSHSHERATRIC, BIREBICHSLRELT
SuangeFvEHOTHEINI,

Wb & kSR L, 8P AD LBX /AN T, NESADKMA <y v DERRSL Y —
TG54V ANICEET R, TOREPOKMEIBAETERL TV 5, NEHNDITIE Fig.
WITRENS LI 1T, WHEMOERNIUETFT M, ~y e VRADKBFRBAL LR E-T, &
SHHDEE B &, BEDOHSHEFLIMESNS,

ALAORHESZEICHEDT dicoh, 12U 1 REBEAHICESTO T ZEMRENT
B 6 RS H4AMEICH T T, RELAP 7 — Fitk AFEADFRIA ALARM~-P 1 it & 5 Fifl
L DETFFE - T,

Fig. 26 WRENEY -V A VEBLTOREE, IMMBETHHLbRE(EHLTH
fops, Wa - FET, K RLTVE, 0% 2503 — KET, BELV—Thy b+ LI~
HAT B 2MBEOZER, FCB~NEROENOEEB > TRBEN/LEDEFELON S,

RELAP4 -EM 3 - FTHO KON 2 ESHLFEX AT TR S &, HBBERETHRE S ACTE
H (A% Fanning B B E Bbic X 2BEEE+F = v 7 " T7ic K 2BE+ RV TEAES
BRI K, 2MRBEBTER, BHO (O 1) 20HCHIELETV S, —HHAD
ALARM -P1 o — FTid, 0%, Fanning ®EEIRAR SEREOMICHLTHIEGNEED
SEFILOHEEND B,

Xoa— FRICE D AN Sl @ O, RELAP 21— Fiz B0 Tid Baroczy £ & DR
LTV AEA, ALARM-P 1 Tii, Maltinelli — Nelson & Thom®DEF W Ho5|BEN TN 5,
ORI EF L EOETOEZRBF 600, HENI PWR 75 v Mkt 2 T E0%
Hid2 203 - FOREBICL D IZEHE LABEBZRLTWA L ¥ 5, H, FHRPERRI
=D A EBLTERSOLED T,

@) #rTEE

Table 10 s N TWA LD, Ky FREHBECKE & - T, BEEHESELL, K
fEdica—2 ko« 9y LTV, TDEHIL, Fig. 27,5 Fig 32 Kax&h b, Fig 27 ©
@efs 7~y Fid, RIRE 26569, W40 T2HABEEE Y TRAMCASE, ++
BF 4 vavAELSA, ABIC~y FHEL LTV 5,(Fig. 3181)

R, 0PI A T RONBMH I — FEID~y FEE, BRRBESLE L TOHKE
OERRICFESE DR, BELALbDEELONS,

—FITHLEBIcCHEbLN I ER, ECCHKDOEEBTHL, Lo+ —F —« Ny ik bR
7R AN FRALAA TS EIMG, B8Rk ook vy itz avF—2RBETELiCLD S
— VRS L TAMITHEML TV S, Fig 28R & i R v 7 DEEEIE, ALARM-P 1
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7, TBUEEF L -Thas00, BEWz - FEAT-RLTVW3ERLN 5,

Fig. 29 13, Wi — 7 DR v FEEAIRd, #Y 7« ~y VBN L0 G RBOBHM SR
M54, HHICHOEBIKERDL, 4-vvE L TRy 72FH s I oS EAL
TWwd, W —TRD~y Fid, Fig 32 TR SN EHERBOEITEBL TH 5T LA
%o

B) AKFELS 2KSR

HEFAR 2 RENOEHDHEERI, Fig 33i0R3h 5, BLARCHNAICEBESH
ERRAERE, WHELIRET, BKELSOER LY - DEKHRD, N7 RER
L, ek E L TREGENMERLTOREY, 2O &R, SATHED S0 s BEBKICOL
THERTH D, EWRET—RLCWIESZ, 4~5HLIBHERTRET, WMo — FET
BIF—EDEEMER L T,

ERELTHE, 2203 - FRTT Yy re—FR{LOHEBICLEEBbNE, BRARERD
IKALOZEENE, RELAP4 71— FERELT, +RMEREREEA TS,

6 ECC kDO%HH)

BAL—7 T—NF e LIIOUN > L EEB D SORAMBONEE( L, Fig 35 TR
XB, T—F e« LIDENHA322 (kg o) UTFIRE T4 2 EBFFEARIKHASD
oIS ASEE &, (WD SHI135 ) BEMIZ I — 0 ¥ « LI IREAS TS, CoRlicfimbn
TWB L9, EARNAUN TE -7 CHER, BYLGRDINELEY v 2 DKAEDBL 7 14— F
KB TT23ETES, Mililickdic, ZOLORFOHERE L, ALARM-P 1 o— FTi, 3
BEIiih o7,

FEASNIEBEMIE, 2—F e L7 EBLTENBHOHI N » TN S EEZ 5N 5703,
CORREHS Iz Ui DD Fig. 36 TH 5, ECC RO, Mt TITHZE D TOSHE
BREOMIMICEOHRAEINS,

HBEa—w K LPRFEASIECCKIE T FCOMIBEMAIC LR, 25 sENEEHEK
U AT EEH L Ty 5.( Water packing BHR)

—F Fig. 37 &, ERF v v h~—OHRBOELERLILODTHS, COMPSFEASNL
ECC/RE, 2—nAF« LZAEBEN S Y Aw—ALFETL 2M, THRIVF LD ~TRSH
Lo TEBEET, WHOOHIC A2 TS, ZOROEBEMOITHI, Fig 9iTRsh
LESRFHRBOMMICKE »THSMTH S,

LD &I, ECCHEAKD, oA NANZALTEEMNE Mol Tzl L
AR LTS, Fig. 3T TRENS L5, RELAP4 Tid, 2680 T Finl &AL L /31 ¥2
HPOBRTATRLTNS, 0 TH 9 Y A7 —~DHRAIRLD Fig. 380EROHME, #n
ECCKEA®RIGH~1THERL THFHI NI,

—ﬁFgﬁQﬁ,W%»-fmﬁ%ént%E&vab%@ﬁ%%%?oM%Dwﬁmc&@é
FEAH, BBMTT 2810 REGRY 2RENICEAZRSET 5, Hiv— 70 ECC Ko
HEE, Bl - F s LIRHEATSE HODHMEETH S-S, RELAPA-EM OHE
T, KGO TERESROKMB 17 —FETEFL, BEFIEEZRL T3,

flid ECCS ELTHPIS, F+—Y ¥ & « EV7FRULPISZ, MU v 7%, 2580 BEM
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ZHE LT, BRIKERT ONEERR T« —EVRBEESES LER, —EOREFEASN
%, Zbid, 3REEZHTSH, EEsS v/ HoDOHBIRNTRSPT/PHE, ALARM-P
1 DHEICHENT, TASORKSERCIFT 2HAE TEIHITEUDL 7, K5V IHD
FEHo%EL, Fig 40icmEN35,

Fig.35 & Fig. 30 10 RS L BEBOKEIC 2T, ZRAOFAT 5/ - FTORALRAET
AOEBI, RELAP4 -EM o—Fic B0 TRUL FTRGEDEAEZDTE T, HHICRE
FTERLTLIEDERELTVRAILANTVOEET ZRIEHKMOEL L » THbNT,

(M) FLOEE

LOCA OB T, BbEHTNEEEARTIE, FOOREES), HiCEEmEM ORER
HCH D, ALARM-P1I—FIZBOTRE, Fv b Ty 7Y EARERIID) DB HIH
SN B-1mDOT, EHF v v 2 r0FEL EEMRRRE, BEEPLER) KL->TR
FSh, K3 — Fic X @I ROMEHEEIC OV TRIBMA 51/,

Fig. 41 (EHFOATRROELEZRT, MPFOKR S LHHEE, 2 -4 F « L7EIOEELT
OB INRBAEEL XL > TEONLLDTH S, RiTmdind, BTG &R
L0258 TR, BAE KEET S, COWE, FLTR, BERESREET S, AL
5 FHT L+ ARFEIAAKS T v 7 € — DK, REBMREICHEE TR L+ 40E
1A BT LR & 4, PO DOBHEENE L LS &35, —AEOFIRTR, MR
THEA FHBEAL, WINRELAEN A -BNROESE 28357 T. MEH7 VT L SHLOD
FEHERBDT S CEIHIE LT, BREPECE5, L5RHELT, TR VI & OREIE
FEHETLFRTLF 4735y vy TRREET 5,

TE|M7 L F L0 E) 2 —aid, HEKECHICENETICLEIRBEREIREDP o0
DI ODANII b Eha T ittt , L5 BUBEUHLORhPEREL S ERMH
i, SEIOE TRE, DBBEUERSHESSNS, RELAPAOBITEROPT, FLADM
PS0F D TR AEO TV B, CREBEET L2 ETH T v aMOEEORE L
Roi15.(Fig 4281)

Figs. 43A, 46 A, RU49AH, EHT7 v 7 TORMEBEERAREE OZLZRL TV 4,
HE XA AT, RABGEE (CHF ) &8 A o8, BaEe — FERERALEMRE» S
T AR~ EEIT LTV 5,

DNB ( Departure from Nucleate Boiling) % %44 23 CORYO 1 BRI, B®EHEE
EBE, FHOEBIIELMBEVEICEEERES, EH42HMIEHET S Thom OEEKXD
SEImTEESNABE T Epo, BIF—EENRY, REOCE/BA NI, (Figs. 44 A, 4TA,
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RUN # 1 EDHBOERFRASRoNIE N, RO TTE YR SIEFLAD 7 A 74 —ITF
FTOEOBREONIBETH S, Fig 58I L & DFfiE s A ) 7 4 AR ST 54,
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B R S BB R B Figs. 60~62TREN TV B, BUYEEFMOERZ N3 LR
TRV, BPLLEMEPRBOBEEEREIAWLER -2 « r —20OH BB LTHV, 17
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FIClB, R—=ZA o F—ATEHHLS LT TEHEIT~y FERDLH THTARAIEKE 5,



JAERI—M 82-—161

ZHE, S5HHL6HIRATES FEMS 02 2EBRTHIEICID 2HPRPEZFICET 120
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310 THbB. LD &L, HEHROEHILEEDN TS, ZOHRLCLILbOTEEM
— K e LRI K ELEZRE LB L -T0

EF BRI AESH & B —0FM %A L, Co NS0, HARERIISENEATRD
hEL B, (Fig. 818B) Zhid, Cod/hEVEIKZROENBRTERLPLBEIHTH L.

Fig82icRT LHic, 9 v+ —FiE~<y t v AIENHRE LFROEEREFL, 8BIT
i CpA8/h SO ERBHEMSEL, SHEUBEREDr —2bRER-DEERL TV 5, —4,




JAERI—M 82— 161

FLDAORES SHETRS Y v~ —RELERTEMETRL TV 5, (Fig838R) Lil,
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Fig. 10 Junction Quality at Broken Loop Hot Leg Break Plane
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APPENDIX I Information for Users

1. ALARM-P1 Code Description

1.1 Program organization

ALARM-Pl is written in FORTRAN<IV for FACOM M-200 computer. This
code uses double precision floating point arithmetic and does not have
any overlay structure, executable in a computer having more than 1276 kB
core storage. The compiler must be used without optimization.

The ALARM-Pl code has the functions such as restarting, and editting
for restart and plot. Sections 2 through 4 in Appendix T describes the
sets of input cards for normal and restart problem, and plotter running.

Up to eight standard FORTRAN input or output units may be required.
Unit 5 and 6 are used for card input and print out respectively. Unit 1
and_9 are used as a scratch unit for plot data editting and for input data
processing; respectively. Unit 2 is used for the input for restarting
which is obtained from a restart tape previously written on Unit 3.

Unit 4 is the output file of plot information. Unit 10 is used to read

the steam table generated by the sTEML )% package.

1.1.1 Prcblem dimension

Since ALARM-P1 employs variable dimensioning, the program allows the
optimum use of available storage and there are no particular restricticns
on the number of nodes and junctions, etc. as far as the computer memory
allows. Basic integer data required for the dimensioning are read in
immediately following the title card. After all data are read in, the

required core memories are compared with available storage.

1.1.2 Restart and dump options

ALARM-P1 generates a dump/restart data file on FORTRAN unit 3, which
contains every necessary information at the specified intervals during
problem execution. Any one of these dumped informations may be used to
initialize the whole system for subsequent calculations. The dump
interval is specified on the Time Step Cards.

To use a dump file in restarting for a subsequent calculation, the
file must be mounted on FORTRAN unit 2. The dump number from which the

restart is degired must be specified on the Problem Dimension Card. The

%) Numbers in brackets designate References of Appendix 1.
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other data required for the restart are only those included on the Time

Step Data Card, the Edit Data Variable Card and the Trip Control Cards.

1.1.3 Editing and plotting

ALARM-P]l provides two kinds of edits, which are similar to those in
RELAP4[2], One is edited with a fixed format and another allows a uwer to
chose calculated variables to be edited without restriction eon the number
of variables. The frequency of both edits is specified by two integer
data on the Time Step Data Card (refer tc section 2 in Appendix I).

A large number of calculated variables for plotting is stored on the
FORTRAN unit 4 at the frequency specified by one integer on the Time Step
Data Card. The SPLPACK data plotting system[3] developed in JAERI is used
for pletting. The plotting program can be used for paper plotting as

well as graphic display.

1.1.4 Trip'control options

The control functions are usually required to simulate a reactor
system. For instance, the pump is tripped at the time when the electric
pbwer is lost. These actions may be simulated by the trip control
specified on the Trip Control Data Cards.

Trip can be controlled by the elapsed time, node pressure, mixture
level, water temperature, or junction flow. Each controlling variable can
control multiple actions such as leak area opening, valve action, fill
water injection and soc on. Trip contreol parameters are compared with
specified set points and if the set point is reached, the trip action is
generated after a specified delay time.

Trip control parameters not yet actuated may be changed or reset at

a restart. (refer to sectien 2.5 of Appendix I)

1.2 Required resources

The ALARM-Pl code uses some generally available routines and environ-
mental routines provided by the JAERI ccmputer center.

STH20 routines contained in RELAP4 are used in ALARM~Pl to determine
thermodynamic water properties.

SPLPACK data plotting system[s] is available for plot data editing
and plotting. SPLPACK can plot on microfilm and graphic-display in user

specified unit system using the unit conversion package vcL21%] which had
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been developed independently of SPLPACK.

Both PACK and UNPACK written by FACOM M-200 assembler language, which

manupilate characters are used in the input subroutine REAG[S] for free

format. Twe routines are used as following manner:

CALL UNPACK (L,M,N}
L a word to be unpacked
M location of a character in L (12M=4)
N a word in which a character is put at the last byte.
M=3
1 2 =3 4 L {Input)
\\\‘w‘
1 2 3 /% N (Output)
CALL PACK | (L,M,N)
L the last character of L is moved
M ‘location of a character in N (1¢M:4)
N a word in which a character is put at M-th byte.
1 2 3 (4 L (Input)
‘gzgf//’,,,’
=
1 [Z2-3 3 4 N (output)
=2
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2. Data Card Summary

All input data are read into the ALARM-P] program in free format
via the subroutine REAG, which converts BCD information to integer
or floating binary information. Data punched on a card may be de-
limited by blank column or comma. The slaéh (/) indicates the end of
the BCD field to be converted. TIf no slash is present 72 columns of
the first card are scanned and scanning the columns of the following
cards is continued so far as to satisfy the number of required data.
In the read-in process, the bracket ( ) or asterisk * are allowed
and defined as follows:

2(1.0, 1.5 E-3) = 1.0, 1.5 E-3, 1.0, 1.5 E-3

3(0) =0, 0, O

1.0, 3%0.2, 2% - 0.1 = 1.0, 1.2, 1.4, 1.6, 1.5, 1.4
/* or /¥ appearing in the first and second columns are identified as
a camment card. The order of the data (W1, WZ; ...), the format (I
or R), the variable name and the input data requirements are given

where applicable.

2.1 Title Card (one card)

The information punched in the first column to the 72nd of a card

will be printed at the top of the page of output.

2.2 Problem Dimension Card

Number of entries are 17 integers and one floating point number.

Wl-T LDMP Restart control

=) No store restart and plet information

=-1 Store only restart information on FORTRAN Unit 3

=- Store only plot information on FORTRAN Unit 4

=-3 Store both restart and plot information on
FORTRAN Unit 3 and 4 respectively

=N  Restart at restart number N using the restart
information on FORTRAN Unit 2
After initialization of restart the value of

LDMP. for previous case is assigned te the symbol
IDMP. In the restart calculation Edit Variable
Card, Time Step Control Card and Trip Control
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Card must be prepared, but the values of NEDI, NTC

gnd NTRP must be same as those of the previous case.

W2-1 NEDI Number of minor edit variables (0 < NEDI < 50)

W3-1 NTC Number of time step cards (NTC > 0)

Wa-T1 NTRP Number of trip control cards (NTRP > 0)

W5-1 NVOL Number cof control wvolumes (NVOL = 1)

W6-1I NBUR Number of bubble-parameter sets (NBUB = 0)
A set may be used in several volumes.

W7-1 NJUN Number of junctions (NJUN > 1)

W8-I NPMP Number of pumps (0 < NPMP < MIN (NVOL, 10))

W9-1 NPMPC Number of pump characteristic curve sets (NPMPC > 0)
A set may be used for a few pumps.

W10-I NCKV Number of check valve types (0 < NCKV < MIN (NJUN, 14))
A parameter set may be used for several junctions.

W1l-1 NLK Number of leak data sets (0 < NLK < MIN (NJUN, 20))

Wl2-1 NFLL Number of fill data sets (0 < NFLL < NJUN)

W13-1 NSLB Number of heat slabs (NSLB > 0)

Wl4-1 NOCOR Number of core regions (0 < NOCOR < NSLB)

Wl5-I NGOM Number of heat slab geometries‘(NGOM > 0)

Wil6-1I NMAT Number of heat slab materials (NMAT > Q)

W1l7-1 NHTX Number of heat exchangers (NHTX > 0)

W18-R POWRO Initial power (MW) (POWRO > Q)

2.3 Edit Variable Data Cards

NEDI is the number of the variable to be edited. The specification
is made by using the following symbols.

Variables with reference to volume

Key word
AP Average pressure (kgg/m?)
™ Total mass (kg)
TE Total energy (kcal)
AT Average temperature (°Q)
AR Average density (kgm/ma)
AH Average enthalpy (kcal/kgm)
AX Average quality
BM Bubble mass (kgm)



VF
VG
HF
HG
TS
PS5
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Mixture level

Specific volume of saturated water
Specific volume of saturated steam
Specific enthalpy of saturated water
Specific enthalpy of saturated steam
Saturation temperature

Saturation pressure

Liquid phase mass

Variables with reference teo heat slabs

5L
SR
HCL
HCR
FL
FR

THL
THR
DF

FT

FQ

Left surface temperature

Right surface temperature

Left heat transfer coefficient
Right heat transfer coefficient
Left heat flux

Right heat flux

Left heat transfer rate to coolant
Right heat transfer rate to coolant
Left heat transfer mode number
Right heat transfer mode number
DNB heat flux (only calculated

for core slabs)

Average slab temperature (only
calculated for core slabs)

Heat generation in fuel (only

calculated for core slabs)

Variables with reference to junction

JW
JH
JX
LF
TD
FD
ED
PD
AD

Mags flow rate

Junction enthalpy

Junction quality

Dummy

Total pressure drop
Frictional pressure drop
Gravitational pressure drop
Pump head

Accelerative pressure drop

— 98—

(m)
(w®/kgy,)
(0®/kgy,)
(kcal/kgm)
(kcal/kgm)
(°C)
(kgg/m?)
(kgm)

(°c)
(°C)

(kcal/m2-sec-°C)

{kcal/m2-sec-°C)

(kcal/m?-sec)
(kcal/m%-sec)
(kcal/sec)
{kcal/sec)

l(kcal/mz—sec)

(°C)

(MW)

(kgm/sec)
(kcal/kgy)

(kg /m?)
(kgg/m?)
(kg /m?)
(kgg/m?)
(kge/m?)
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Variables with reference to system balance

NQ ©  Normalized power

AE Total energy added during transient (kcal)
FE Fnergy stored in fuel {kcal)
LE Total energy leaked . (kcal)
HE Energy removed by heat exchanger {kcal)
EB Energy balance term {kcal)
TR Total reactivity (%)

RV Reactivity due to coolant voids (%)

RC Reactivity due to control rod changes (%)

®D Reactivity due to Doppler effect ($y.
PO Power (MW)
HL Total heat removed {kcal/sec)
RP Reactor period (sec)

Symbols of available region number identification are as follows;

Volume data ‘ N1, N2, ete.
Junction data J1, J2, etc.
Slab data 51, 52, etc.
System balance data T
example
1234567891011 12 13 14 15 16 Colum number
AP N1 JW J 2 0

2.4 Time Step Control Cards

NTC data blocks are required. Each data block consists of 4

integer entries and 2 floating point number entries.

Wl-T NMIN Number of time steps per minor edit
(0 is interpreted as 1)

W2-T NMAJ Number of minor edits per major edit
(0 is dinterpreted as 50)

Wi-1 NDMP ' Number of major edits per restart tape edit
(0 is interpreted as 20)

W4-1 NPLT Number of time steps per plot tape edit

(0 is interpreted as 1)
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W5-R DELTM Time step size (sec)
W6-R TLAST End of current time step data (sec)

2.5 Trip Control Cards

NTRP data blocks are required. Each data block consists of 4

integer entries and 2 floating point number entries.

Wi-1 IDTRP Action to be taken
=1 End of problem
=20+1 Open leak from junction with I-th leak data
set {1 £ I £ NLK)
=3 Start reactor scram
<40+ Trip J-th pump (1 £ J < 10)
=50+K Start fill from junction with K-th fill data
set (1 £ K = NFLL)
=6 N  Open (or close) valve (6 < N = (6+NCKV})
W2-I IDSIG Signal being compared
= 1 Elapsed time (sec)
Normalized reactor power
Reactor period (sec)

Pressure (kgf/mz)

2
3
4
= 5 Mixture level in Volume IXl (m)
6 Liquid level in Volume IX1 {m)
7 Water temperature in Volume IX1 (°C)
8 Cladding surface temperature in Core
Volume IX1 (°C)
=9 Metal temperature in Core Volume IX1 (°C)
=10 Junction flow in Junction IX1 (kgm/sec)
When the signal is less (greater) than SETPT under
IDSIG < 0 (> 0), trip is on.
W3-I X1l Node or junction index

The node or junciton number is checked as signal

1 < IX1 < NOCOR for IDSIG = 8 or 9
1 < IX1 < NVOL for IDSIG = 4, 5, 6 or 7
1 < IX1 < NJUN for IDSIG = 10

W41 IX2 Optional node

If IX2 > 0, the absolute difference value for IXl and
IX2 is checked as signal. (for IDSIG = 4, -4, 7, -7)

— 100 —
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W5-R SETPT Signal set point

W6-R DELAY Delay time for initiation of action after reaching

setpoint (sec)

2.6 Velume Data Cards

NVOL data sets are required. Fach data set consists cf 2 integer

entries and 10 floating point number entries. (See Fig.A concerning the

geometry) _
W1l-I IBUB Bubble data index (0 £ IBUB £ NBUB)
If two-phase separation model is not applied to the
volume, set IBUB=0.
W2-1 NPUMP Pump number index (0 £ NPUMP < NPMP)
If the voume contains no pump, set NPUMP = 0.
W3-R P Node pressure (kgg/m?) (0.0 £ P £ 254.99 x 10%)
W4-R TEMP Node temperature (°C) or enthalpy (kcal/kgp)
TEMP > 0.0 -~——- temperature (0.0 < TEMP < 800.0)
TEMP < 0.0 ---- enthalpy |TEMP| (kcal/kg)
W5-R HORX Quality or humidity (0.0 £ HORX = 1.0)
If the volume contains subcooled liquid, HORX < 0.0.
W6-R v Volume (m?®) (V » 0.0)
W7-R ZVOL Volume height from the bottom to the top (m) (Zv0L > 0.0)
W8-R ZM Mixture level from the bottom (m) (0.0 < ZM < ZVOL)
W9-R FLOWA Flow area of volume (m?)

W10-R DIAMV Equivalent diameter of flow area (m)
Tf DIAMV = 0.0, set DIAMV = 2VFLOWA/7 .

Used only for Fanning friction calculation.
W1l1-R ELEV Elevation at the bottom of the volume {(m)
WlZ-R FLOWL Flow length of the volume (m)
If FLOWL = 0.0, set FLOWL = V/FLOWA.
The following data is required only if NPUMP > 0 and this data

block must be refreshed.

XN Initial pump speed (rad/sec)

2.7 Bubble Data Cards

NBUB data blocks are required. Each data block consists of two

floating point number entries.
W1-R ALPH Bubble gradient parameter (0.0 < ALPH < 1.0}
W2-R VBUB Bubble velocity (0.0 < VBUB) (m/sec)

— 101 —
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If VBUB < 0.0, the Wilson model is applied.
Set Number (ALPH.= 0.0, VBUB = 0.0} is built-in.

2.8 Pump Curve Data Cards

NPMPC data sets are required. Each data set consists of two data
blocks and tabular input data.
(i) The first data block consists of 19 integer data entries
Wl-1 IPOPT= Option for pump model
=] Original ALARM-Pl Type Pump Model (single phase
features only for homologous curves)

=2 RELAP-4 Type Pump Model (Single phase + two phase

features)

W2-1I N1 Number of data points for heads in the single phase flow
(HAN, HAD)

W3-I N2 Number of data points for heads in the single phase flow
(HAT, HAR)

Wa-T1 N3 Number of data points for heads in the single phase flow
{RVN, HVR)

Wh-I N4 Number of data points for heads in the single phase flow
(HVD HVT)

Wo-I N5 Number of data points for torque in the single phase
flow (BAN, BAD) |

W7-1 N6 Number of data points for torque in the single phase
flow (BAD, BAR)

W8-1 N7 Number of data points for torque in the single phase

flow (BVN, BVR)

W9-1 N8 Number of data points for torque in the single phase
flow (BVD, BVT)
W1l0-I N9 Number of data points for NPSH (kgf/mz) vs. mass flow

rate (kgp/sec) (IPOPT = 1) (HAN, HAD)
Number of data points for head differences in the

two-phase flow (IPOPT = 2) (HAN, HAD)
For IPOPT = 2 (If IPOTP = 1, then data of the following item W1l to

W19 are dummy)

Will-T N10 Number of data points for head differences in the
two-phase flow (IPOPT=2) (HAT, HAR)
Wlz-I N11 Number of data points for head differences in the

two-phase flow (IPOPT = 2) (HVN, HVR)

- 102 -
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W13-I N12 Number of data points for head differences in the
two-phase flow (IPOPT = 2) (HVD, HVT)

Wl4-1 Nl13 Number of data points for torque differences in two~
phase flow (IPOPT = 2) (BAN, BAD)

Wl5-1 N14 Number of data peints for torque differences in two-
phase flow (IPOPT =2) (BAT, BAR)

Wle—~1 N15 Number of data points for torque differences in two-
phase flow (IPOPT = 2) (BVN, BVR)

Wl7-1 Nlé Number of data points for torque differences in two-
phase flow (IPOPT = 2) (BVD, BVT)

W18-1 N17 Number of data points for head multiplier vs. void
fraction (IPOPT = 2)

W1l9-I Ni8 Number of data points for torque multiplier vs, void
fraction (IPOPT = 2)

Note :

HAN
Normal Pump (Q, N) {HVN

. . . HAD

Energy Dissipation (-Q, N) {HVD
. HAT
Normal Turbine (-GQ, -N) {HVT
HAR
Reverse pump {Q, -N) {HVR

In the notatjom, H and B refer to a head ratio, and a torgue
ratio, respectively. A means division by 2?, and N is .the normal
zone speed. V means division by v?. D, T, and R are the zone

of energy dissipation, turbine operation and reverse operation,

respectively. (a = N/Nr, v = Q/Qr)

(i1)
W1-R

W2-R
W3-R
W4-R
W5-R
W6-R
Wi-R
W8-R
W9-R

The second data block consists of 9 floating point number entries

HLOSM Maximum head loss (m)
If HLOSM = 0.0, calculated in the code.
CAVCON  Cavitation constant (kgg/m?)

ROHO Rated fluid density (kgm/m3)

‘RO Rated pump head (m)

Qo Rated volumetric flow rate (m>/sec)

NO Rated pump (rad/sec)

TO Rated hydraulic torque (kgg.m)

I Inertia moment (kg .m?)

KSR Loss coefficient of stalled rotor (kgf—secz/kgm—ms)

- 103 —
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(iii) As additional data, if IPOPT=1 (or IPOPT=2), ther nine (or
nineteen) data blocks are required. Entries for each block are twice
the number of data points. For each pump characteristic curve, norma-
lized values are used. On the other hand, for NPSH curve, taEular data
are given by realistic value. Data must be arranged as follows;

independent variable X., dependent variable Yl’ ——————————

l!
________ s independent Xn’ dependent Y.

2.9 Junction Data Cards

NJUN data blocks are required. Each data block consists of 7
integer entries and 10 floating point number entries. (See Fig. A

concerning the geometry)

Wl-I W{1l) Volume index at junction inlet (0 < IW(1) < NVOL)
W2-1 IW{2) Volume index at junction outlet (0 < IW(2) < NVOL)
W3-I TPUMP  (a) (IW(1) > 0, TW(2) > 0) Pump index
: (0 < |IPUMP| < NPMP)
IPUMP > 0 —=--== Discharge side junction
IPUMP < (¢ —=~~= Suction side junction
IPUMP = 0 —-=——- Junction disconnected to the pump

(b (IW(1) » 0, IW(2) = 0) Leak index
(1 < IPUMP < NLK)
(c) (IW(l) =0, IW(2) > 0) Fill index

(1 < IPUMP < NFLL)
W4T TVALVE Valve index (0O < IVALVE < NCKV)
IVALVE = 0 ———-- No valve
IVALVE > 0 -~——-= Check valve
W5~1 IANGL Mixing junction index

= {0 No momentum mixing junction
= 1 Momentum mixing junction
= 2 No momentum flux calculation
We-1 JENTH Junction enthalpy index
=0 If the volume upstream is homogeneous,
the change of enthlpy due to the heating
is considered.
If both the bubble rise model and heat slabs

are applied to the volume upstream, only the
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change of enthalpy due to phase separation
is considered. ’
If the volume upstream is homogeneous with
no phase separation, the average enthalpy
of the volume upstream is adopted.
=1 The change of enthalpy due to bubble rising
is considered.
Others are similar to JENTH = O.
= 2 This option is the same as the JENTH =1
except for the model of enthalpy change due
to heat slab (RELAP-4).
=3 Junction enthalpy is estimated as the average
enthalpy of the volume upstream.
Option for choking model
=-]1 SATAN model (Zaloudek, Moody and Murdock-Bauman)
= 0 Modified ALARM-P1 model (Zaloudek,
'‘Moody and Murdock-Bauman)

RELAP=4 model (Henry-Fauske and HEM)

Il
i

Junction mass flow rate (kgy/sec) (WP > 0.0)
Junction flow area (m?) (AJUN > 0.0}
For leak junction, AJUN is full leak area.
Junction elevation {(m) '
Junction effective L/A (1/m)
(a) TIW(Ll) >0, IW(2) > 0

INERTA > 0.0
(b) IW(l) =0 or IW(2) =0

INERTA = 0.0
If IW(l) > 0, IW(2) > 0 and INERTA = (.0, INERTA is
calculated from one-half of the length of each adja-
cent volume divided by the volume flow area where
volume length is FLOWL.
Form loss coefficient for forward flow
Form loss cecefficient for reverse flow
From loss coefficient is a dimensionless positive
number due to geometric changes within flow control

volume, if any.
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Form loss coefficient is used as following form:
2

kg

where K is FRIFF or FRIFR and v is based on the junc-
tion area. If both FRIFF and FRIFR are zerc, calcu-—
lated in the code.

Wl4-R ANGLE Cross angle for momentum mixing juncticn
(0.0 < ANGLE < 90°)
If IANGL #1, set ANGL = 0.0.

W15-R ZACOEF Coefficient for subcooled critical flow calculation
of normal junction (IW(1)> 0, IW(2) > 0) by Zaloudek's
equation (0.0 is interpreted as 0.9)
If JCHOK=1, this data is dummy.

W16-R CONTCZ Adjusted coefficient for Zaloudek or Henry-Fauske model.
If JCHOK = -1, this data is dummy.
(0.0 is interpreted as 1.0)

W1l7-R CONTCM  Contraction coefficient for critical flow calculation
of normal junction (IW(1l) > 0, IW(2) > D) by Moody's
equation or HEM (0.0 is interpreted as 1.0)
If CONTCM < 0.0, critical flow check is not performed

for normal junction.

2,10 Valve Data Cards

NCKV data blocks are required. Each data block consists of one

integer entry and 4 floaint point number entries.

Wl-I ITCV Type of wvalve

i}

0 Type 0 (without hysteresis)

1 Type 1 (with hysteresis)
-N < ITCV < -6 a closed valve to open under trip control

6 < ITCV < N an open valve to close under trip control

W2-R PBACK Back pressure for closure (kgf/mz)
W3-R FRICF Forward flow friction coefficient (kgf—seczlkgméms)
W&-R FRICRO Reverse flow friction coefficient (kgf-secz/kgm—m5)

(valve open)

W5-R FRICRC Reverse flow friction coefficient (kgf—seczlkgm—ms)

(valve closed)

If ITCV # 0 or # 1, set PBACK, FRICF, FRICRO and
FRICRC are zero.
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2.11 TLeak Table Data Cards

NLK data sets are requried. Fach data set consists of a data

block having 3 integer and 4 floating point number entries and tabular

input.

(i} The first data block

Wi-I ILAORF  Type of leak table data

= ] —-=—- Leak flow area vs. time (sec)

=2 = Leak mass flow rate (kgp/sec) vs. time (sec)
W2-1 NAREAF Number of data points
W3-T LCHOK Choking model choice at leak junctien

=-1 SATAN Model (Zaloudek, Moody and Murdock-Bauman)
= 0 Modified ALARM-PI model (Zaloudek, Moody
and Murdock-Bauman)
= 1 RELAP-4 model (Henry-Fauske and HEM)
W4-R . SINK Sink pressure (kgm/mz)
W5-R CONCOM  Contraction coefficient for critical flow calculation
by Moody or HEM equation
We-R CONCOZ  Adjusted coefficient for Zaloudek or Henry-Fauske
equation (If LCHOK=-1, this data is dummy.)
W7-R Cc2 Coefficient for subcooled critical flow calculation
by Zaloudek's equation (Ca#l)
Tf LOCHOK = 1, €, is dummy.
(ii) The second data block has 2% NAREAF floating point number entries.
Data must be arranged as follows;
time tl(sec), normalized flow area Al {(or mass flow rate (kgm/sec)),
time tz(sec), normalized flow area Az_(or mass flow rate (kgm/sec)),
——————————— , time t normalized flow area ANAREAF

NAREAF,
(or mass flow rate).

2.12 Fill Table Data Cards

NFLL data sets are required. Each data set consists of a data

block having 2 integer and 2 floating point number entries and tabular

input.

(i} The first data block
Wi-1 NFILL Number of data points
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W2-1 X Independent variable index
IX =0 —=—- time (sec)
IX > 0 ———-- pressure (kgf/mz)(onl + Pgrav)
IX < 0 === differential pressure (kgf/mz)
Pei11 ™ Pyo1 ~ Pgrav)
W3-R FILPRS Pressure in fill reservoir (kgf/mz)
W4=R FILTEM  Temperature, quality or enthalpy in £fill reservoir
1.0 < FILTEM —————-—- temperature (°C)
0.0 = FILTEM = 1.0 -- quality
0.0 > FILTEM ===--——- [FILTEM| enthalpy (kcal/kg )

{(ii) The second data block has 2% NFILL floating point number entries,

Data arrangement is the same as in the Leak Table Data Cards;
independent variable tl, mass flow rate Wy (kgm/sec), independ~
ent variable t2, mass flow rate Wo (kgm/sec), ——————————————— ,

, mass flow rate w

independent variable t NFILL'

NFILL

2.13 Kinetics Constants Data Cards

Required only if NOCOR > 0. Data set consists of the following

three parts.

(1) The first block has 2 integer entries and 3 floaing point number

entries.
W1l-1 IPCT Normalized power (P(t)/P(0)) calculation indicator
= 0 -- One prompt neutron group plus six groups of
delayed neutrons plus eleven fission gamma
emitters
=1 -——-P{t)/P(0) vs. time table
(If IPCT=1, data of W2-I to W5-R are dummy.)
W2-I ITBL Kinetics parameter indicator
= {J —-- use built-in data
= 1 ——- use input data for decay constants and yields
of both delayed neutron groups and fission gamma emitters
W3-R BETABL Effective delayed neutron fractin over mean lifetime
(sec"l)
W4-R REACO Initial reactivity ($)
W5~R ANS Multiplying factor for decay energy (0.0 is interplated
as 1.0.)
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(ii) The second data set is required only if IPCT = 1.

(a) one integer entry
Wil-1 NTVSNP  Number of data points for power vs. time table
(b) 2% NTVSNP floating point number entries
Data arrangement is as follows; ‘
time tl(sec), normalized power (P(tl)/P(O)), time tz(sec),
normalized power (P(tz)/P(O)), ———————————— , time tNTVSNP(SeC)’

wrvsyp) /2O
Time values are in ascending order.

normalized power (P(t

(1i1) The third data set is required only if IPCT = 0 and ITBL =1,

(a) 6 floating point number entries
Normalized effective delayed neutron fraction (Bieff/eeff)
(b) 6 floating point number entries
Decay constants of delayed neutron group (Ai)(sec'l)
(c) 12 fleoaing point number entries
Energy Fraction of fission gamma groups and total fracticn
(s Eog)
(d} 11 floating point number entries
Decay constants of fission gamma groups (ADj)(sec*l)
(e) One floating point number entry ‘
Energy fraction of actinide decay heat (aact)
2.14 Scram Table Data Cards
Required only if NOCOR > 0 and IPCT = 0

This data set consists of the following two blocks.

(i) The first data block has one integer entry.

Wl-T NSCRAM  Number of data points for scram data table

(ii)} The second data block has 2% NSCRAM floating point number entries.
Data arrangement is as follows;
time tl(sec), reactivity pl($), time tz(sec), reactivity

05(8); =mmmmmmmmmmmm o , time too pay(sec), reactivity
(8).

“NSCRAM
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2.15 Density Reactivity Table Data Cards
Required only if NOCOR > O and IPCT = 0

This data set consists of four parts.

(i} The first data block has one integer entry
Wl-I INWDOP Density reactivity calculation indicator
=1 -- option 1 {(calculated weighting factoré in
core regions)

= 2 —— option 2 {input weighting factors)

(ii) The second data block is required if INWDOP = 1 and has 3 floating
point number entries. These entries are the coefficients in polynominal
1

fitting equation; &kp = AROH«p +-§ BROH-Q2 +-% CROH-p3 for density

reactivity feedback.
W1-R AROH Coefficient in fitting equation
W2-R BROH Coefficient in fitting equation

W3-R CROH Coefficient in fitting equation

(iii) The third data block is required if INWDOP = 2.

{a) One integer entry and NOCOR floating point number entries
Wl-1 NROARQO Numher of data points for reactivity data table
W2-R WROH(1l) Reactivity weighting factor for the first core region

W3-R WROH(2)

WROH (NOCOR)

(iv) The fourth data block is required if INWDOP = 2 and has 2% NROARO
floating point number entries. Data arrangement is as follows;
density ey (kgm/ma), reactivity Apg (5), density Py, reactivity
Apys mmmmmmmmmmmee » density PNROARQ® TEACLIVItY A0uooing.
Density values are in ascending order.

2.16 Doppler Table Data Cards
Requried only if NOCOR > 0 and IPCT = O

This data set consists of the following four parts.
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(i) The first data block has one integer entry.

Wl-1 IDOPOP  Doppler reactivity calculation indicator
=1 —— option 1 (use fitting equation for Doppler
reactivity)

= 2 —— option 2 (use Doppler table data)

(ii) The second data block is required if IDOPOP = 1, and has one

floating point number entry.

W1l-R RFT Constant in fitting equation for Doppler feedback
reactivity (RFT < 0.0)

(1ii) The third data block is required if IDOPOP = 2, and has one

integer entry and NOCOR floating pint rumber entries.

Wl-1 NTEREA  Number of data points for Doppler table data

W2-R WFT (1) Doppler reactivity weighting factor for the first
core region

W3-R WET (2)
WE'T (NOCOR)

(iv) The fourth data block is requried if IDOPOF = 2, and has 2*NTEREA

floating point number entires. Data arrangement 1s as follows:

temperature T1(°C), Doppler reactivity th
1

————————— , Temperature T Doppler reactivity R

L .
NTEREA fENTEREA

Temperature values are in asccending order.

2.17 Heat Slab Data Cards

NSLE data sets are required.

(1) The first data block has 3 integer entries and 5 fleoaint point
number entries.
Wi-T IVSL Volume number at left slab surface
(-1 < IVSL £ NVOL)
W2-1 IVSR Volume number at right slab surface
(-1 < IVSR < NVOL)
A zero value for either IVSL or IVSR means that the

slab surface does not conduct heat.
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A -1 value for either IVSL or IVSR means that there

is a comstant heat sink on the -1 side.

For this case, two more input quantities are needed:

a constant heat transfer coefficient and é removal
fraction of the total power initially generated. At
least one of the quantities IVSL or IVSR must be greater

than zero if a heat slab is a core section, IVSL must

be zero.
W3-I TGOM Geometry index (1 < IGOM < NGOM)
W4=-R AHTL Heat transfer area at left slab surface (m?)
W5-R AHTR Heat transfer area at right slab surface (m?)
W6-R VOLS Volume of heat slab (m®)
W7-R HDML Left side hydraulic diameter (m)

If IVSL > 0 and HDML = 0.0, HDML will be set equal to
DIAMV (on 2.6 volume data)

W8-R *  HDMR Right side hydraulic diameter (m)
If IVSR > 0 and HDMR = 0.0, HDMR will be set equal to

DIAMV (on 2.6 volume data)

(ii) The second data block is required if either IVSL or IVSR equal to
-1, and has 2 floating point number entires.
Wl-R PFR Removal fraction of the total power initially generated

W2-R HTC Constant heat transfer coefficient (kcal/m?-sec-°C)

2.18 <Core Section Data Cards
NOCOR data sets are required if NOCOR > 0.0. This data set has

one integer entry and 3 floating point number entires.

W1l-I ISLB Slab number (1 < ISLB < NSLB)
W2-R CHANL Channel length (m) (CHANL > 0.0Q)
W3-R HEDIA Heated equivalent diameter (m) (HEDIA > 0.0)
W4-R POWFR Fraction of power generated in core section
NOCOR
(0.0 < POWFR = 1.0), I POWFRi =1.0
1

2.19 slab Geometry Data Cards

NGOM data sets are required and this data set consists of the

following three parts.
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(1) The first data block has 5 integer entries and 3 floating point
number entries. _
Wl-1 JGOM Geometry type

= 1 -~ Rectangular

= 2 —— Cylindrical

W2-I NREG " Number of region (1 < NREG)
W3-I ITHTMOD Heat conduction calculation indicator
= 0 ~— Heat conduction model
= 1 -— Point heat transfer model
Wa4-1 IMATID (1) Material index of the first region
(1 < IMATID £ NMAT)
W5-I ISPST (1) Number of space steps for the first region (1 < ISPST)
W6-R WREG(1) Region width of the first region (m)
Negative region width is also permitted.
W7-R POFRRG(1) Fraction of slab power generated in the first region
W8-R °~  RDLFT Radial distance tec left surface (m)

RDLFT = 0.0 for a solid rod (or Rectangular)
If WREG{1) < 0.0, RDL¥T means outer radius.

{ii) The second data set is required if NREG = 2. These data must be
set for the second region to NREG-th region. Data for each region

have 3 integer entries and 2 floating point number entries.

WI-I IGAP(J) Gap indicator
= (0 -— no gap region
=1 -- gap region
W2-1 IMATID(J) Material index (1 = IMTID(J) < NMAT)
W3-1 ISPST (J) Number of space steps (1 < ISPST(J})
If IGAP(J)=1, set ISPST(J)=1.
W4-R WREG(J) Region width (m)
W5-R POFRRG(J) Fraction of slab power generated

(iii) The third data set is required in THTMOD=1,
W1-R HTCL (or HTCR) Heat transfer coefficient at the heat slab left
side (right side) (kcal/m’-sec-°C)
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2.20 Thermal Property Data Cards

NMAT data sets are required. Each data set consists of the

following & data blocks.

(i} one integer entry

Wi-T NTATK Number of data points for thermal conductivity

(ii) 2% NTATK floating point number entries
Data arrangement is as follows:
temperature Tl (°C), thermal conductivity kl (kcal/m-sec-°C),

___________ , temperature T thermal conductivity kNTATK'

NTATK’
Temperature values are in ascending order.

{iii) one integer entry

Wi-1 NTAHC Number of data points for volumetric heat capacity

(iv) .2* NTAHC floating point number entries
Data arrangement is as follows;
temperature T, (°C), volumetric heat capacity pcp (kcal/m3-°C),

1
————————— ., temperature T ,» volumetric heat capacity pc

NTAHC
Temperature values are in ascending order.

Pxranc:

(v) one integer entry

Wl-1 NTAGAP Number of data points for gap conductance

(vi) 2% NTAGAP floating point number entries
Data arrangement is as follows;
temperature T, (°C), gap conductance hgap (kcal/m2%-sec~°C) ,~————

gap conductance h

_______ s, temperature T N
NTAGAP EAPNTAGAP”

2.21 Heat Exchanger Data Cards

NHTX data sets are required. Each data set consists of the

following 5 data blocks.

(i) 3 integer entries

Wl-1 JVOL Volume number of primary side (1 £ JVOL = NVOL)
W2-1 JHEAT Heat excahanger model indicator

= (0 -- static model

= 1 -- transient heat conduction model

— 114 —



JAERI—M 82—161

W3-1 JVOLS Volume number of secondary side (1 = JVOLS = NVOL)

(ii) This data block is required if JHEAT = 0, and has 5 floating

point number entires.

W1-R ASG Heat transfer area of primary side (m?)

W2-R HTSCD Constant heat transfer-coefficient of secondary
when heat flows from secondary to primary

(kcal/m?*-sec-"C)

W3-R XQHED Equivalent heated diameter of primary side {m)
W4-R XOQHIM Equivalent hydraulic diameter of primary side (m)
W5-R XQL Channel length of primary side (m)

Used for CHF calculation

(iii) This data block is required if JHEAT=1, and has 4 integer

entries.
Wl-I JSLB Slab number (1 £ JSLB = NSLB)
W2-1 . JHTCOM Heat transfer coefficient calculation indicator
= 0 --— input heat transfer coefficients of both
primary and secondary side
= 1 -- calculates heat transfer coefficients of
both primary and secondary side in the code
W3-1 NTAHT1 Number of data points for primary heat transfer
coefficient (kcal/m%-sec-°C) vs. time table
NTAHT1 > 1 if JHTCOM = 0O, NTAHT1 = 0 if JHTCOM = 1
W4-1 NTAHT 2 Number of data points for secondary heat transfer

coefficient (kcal/m*-sec-°C) vs. time table

NTAHT2 = 1 if JHTCOM = O, NTAHT2 = 0 if JHTCOM = 1

(iv) This data block is required if both JHEAT = 1 and JHTCOM = 0,
and has 2* NTAHT1 floating point number entries. Data arrangement is

as follows;
time tl(sec), primary heat transfer coefficient hPl (kcal/m -sec-°C)
—————— time typagr), Primary heat transfer coefficient h

PNTAHTL'
Time values, are in ascending order.

(v) This data block is required if both JHEAT = 1 and JHTCOM = 0, and
has 2% NTAHTZ floating point number entires.

Data arrangement is as follows;
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time t., (sec), secondary heat transfer coefficient hS

1

1
(kcal/mz—sec—°c), ------- , time typapr2. Secondary heat
transfer coefficient hg

NTAHT2Z2.
Time values are in ascending order.

3. Input for Restarting

An old restart data tape to be used must be mounted on FORTRAN Unit
2 and a blank tape must be mounted on Unit 3. The following input for

restarting are required.

3.1 Title Card

The information punched in the first column to the 72nd of a card
will be printed at the top of the page of output. The information on

this card must be identical to the title of the previous case.

3.2 Problem Dimensions Data Card

Number of entries are 17 integers and one floaint point number.
Wl-1 LDMP N, the restart number of the old problem where restart
is to begin (N =z 1)
W2-1 NEDI Number of minor edit variables
NEDI must be lesé than or equal to that of the old problem.

W3-1 NTC Number of time step data cards
NTC must be less than or equal to that of the old problem.

W4-1 NTRP Number of trip control data cards
NTRP must be less than or equal to that of the old problem.

The following 13 integer entries (NVOL, NBUB, NJUN, NPFMP, NPMPC,
NCKV, NLK, NFLL, NSLB, NOCOR, NGOM, NMAT, NHTX) and a floaint point
number entry (POWERO) must be equal to those of the old problem.

3.3 Edit Variable Data Cards

NEDI variables are to be editted, and the same rules are applied
as for the original problem. The quantities being edited on the new

run need not have any relation to those of the original rum.
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3.4 Time Step Data Cards
NTC data blocks must be entered. The same rules are applied as

for the original problem,

3.5 Trip Control Data Cards

NIRP data blocks are required. Data blocks for any trips'to remain
actuated once the signals are received, must be reentered with the
same specificaticns as for the old problem, while for a trip nect yet

actuated, the specifications which are not same as for the old problem,

may be entered,
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4, Information Related to Plotter

SPLPACK data plotting systems[s] developed to plot the calculated
results by various computer codes, is also available to display the ALARM-
Pl results. In this section, only the input data requirements are
presented. The detailed descriptions are éxplained in reference [3].
Section 4.1 gives the information to plot the calculated results of
ALARM-P1l using the plotter program SPLPLOT which is a component of SPLPACK
code system. Section 4.2 contains the information to merge any number of
plot data files made by sequential restart runs into one data file through

the component code MERGE. The relation between ALARM-Pl and these is shown

in Fig. B.

4.1 1Input Data Requirements and JCL Cards for SPLPLOT

The plot output by SPLPLOT is available in any form of a microfilm,
laser printer or graphic display. The input data cards required to
execute SPLPLOT and an example of the job control library (JCL) cards for

FACOM M-200 computer at JAERI are described below.

4.1,1 Data Card Summary

The input data must be written according to the format specified in
the following. The sign " " and b indicate the alphanumeric data and
a blank, respectively. The paragraphs (1) to (6) (Card 1 to Card 7) in
the following description are the information common to every rum, and the
cards 1 to 7 are needed only one time. The paragraphs (7) to (9) (Card 8
to Card 10) give the data for individual figures, and the block of the Card
8 to Card 10 must be input repeatedly for each figure. When a certain
calculation is needed, a pair of Card 11 and Card 12 (or Card 13 and 14)
explained in the paragraphs (10) (or (11)) is used instead of Card 8.
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figures (Card 1)

(1) Plotting options common to all

Card 1: FORMAT (I2, A4, I4, I2,

6I1, 2(F6.0, I4), F6.0)

Columns Variable Name Description
1-2 NTAPE Number of tapes to be used
3-6 USYSP System of unit
"H£B5B": System of unit used in the l-st data
tape
'"MKSA" : MKS Absolute
"MKSC" : MKS Conventional
"CGSA" ; CGS Absolute
"CGSC" : CGS Conventional
"FPSA" : FPS Absolute
"FPHA" : FPH Absolute
"FPHC" : FPH Conventional
when M = meters, K = kilo-grams,
C = centi-meters, G = grams,
F = feet, P = pounds,
$ = seconds, H = hours.
7-10 NPMAX Maximum number of data points to bé plotted
bbB0 is interpreted as‘SDO.
11-12 10PT3 Selection of output form
= 0 : plotting only
= bl : both plotting and print out
= -1 : print out only
13 I0OPTFF Plot of out side frame
=0 : no
=1 : ves
14 IOPTFT Plot of title
=0 : no
=1 : yes
15 IOPTCT Tape number to be used for plotting of title
1<IOPTCT<INTAPE : Title on the OPPTCT-th tape
is plotted.
IOPTCT=0 : Title is not plotted.
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Columns Variable Name Description
16 IOPTCD Tape number to be used for plotting of date
' 1<IOPTCDSNTAPE : Date on IOPTCD-th tape is
plotted,
IOPTCD=0 : Date-is not plotted.
17 IOPTLM Selection of identification mark in used plot
curves.
= 0 : special mark (M,®, X, +, ——— )
= 1 : number (1, 2, 3, ———=—— )
18 IOPTSN Plot of identification name implying array
number
=0 : no plot
= 1 : plot
19-24 DX Width of grid of X-axis (mm)
' = 0.0 : interpreted as 10.0
25-28 NX Grid number of X-axis
= 0 : interpreted as 18
29-34 DY Width of grid of Y-axis (mm)
= 0.0 : interpreted as 10.0
35-38 NY Grid number of Y-axis
= 0 ; interpreted as 12
39-44 FACTR Multiplying factor of figure size

= 0.0 : interpreted as 1.0

(2) Data format of input

data tape (Card 2 and 3)

The data format on each input tape is specified by the Card 2 and 3.

The NTAPE pairs of Card 2 and 3 are.required.

Card 2: FORMAT (A4, 3A4, 5A4)

Columns

Variable Name

Description

1-4

ITPFMT

Data format
bbbh : standard data format of SPLPACK
STND : standard data format of SPLPACK
R4M5 : output data from RELAP4/MODS 6]
LOFT : plot data for LFTPLT7 plotter program[7]
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Columns | Variable Name Description

5-16 NTPID Title used for check on whether the tape is
relevant or not.

The first 12 characters must be input. If
these columns left blank, tape check is not

performed.

17-26 ITPTIT Title to be plotted.
If these columns left blank, title is not

plotted.

Card 3: Blank Card

This card is dummy, but needed because it is used as a pause signal

in TS8S 6peration.

(3) Plot of title (Card 4)
This card is required only when IOPTCT#0. The title is plotted

above the figure frame.

Card 4: FORMAT (18A4)

Columns | Variable Name Description

1-72 ITITLE Title tc be plotted.
If these columns left blank, the title on the

TOPTCT-th tape is plotted.

(4) Main title {(Card 5)

This card is required only when IOPTFT=1. The title is written

below the figure.

Card 5: TFORMAT (18A4)

Columns Variable Name Description

1-72 FTIT Main title
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(5) Specification of variable number to be plotted on one figure and

frame size (Card 6)

Card 6: FORMAT (1112, 2(F6.0, I4))

<
Celumns | Variable Name - Description

1-2 Nov (1) Number of curves plotted from the NOV(1)-th

tape on one figure

.
.
-

19-20 NOV(10) Number of curves plotted from the NOV(1(0)-th

tape on one figure

21-22 NOV (11) Number of variables used for calculation by
subroutine CALCZ21

23-28 DXF Width of grid of X-axis (mm)
‘ = 0.0 : DX is used.

29-32 NXF Grid number of X-axis
= 0 : NX is used.

33-38 DYF Width of grid of Y-axis (mm)
= 0.0 ¢+ DY is used.

39-42 NYF Grid number of Y-axis
=0 : NY is used.

(6} Information of X-axis (range, caption, ---) (Card 7)

Card 7: TFORMAT (Il, 2E10.2, 5A4, 5A4)

Columns | Variable Name Description

1 LOGX Logarithmic scale flag
= 0 : linear scale

=1 : logarithmic scale
2-11 XMIN Minimum value of X-axis

12-21 XMAX Maximum value of X-axis
If XMIN=XMAX, automatic scale control is

performed.
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Columns | Variable Name Description

22-41 XTIT Label to be given X-axis
If these columns left blank, the label on
the first tape is used.

42-61 XUNIT Unit of X-axis

If this field left blank, the unit specified

by USYSP in Card 1 is used. ZXUNIT must be

written according to the data format used in

ver2{4].

For example: "KCAL/SEC" as kcal/sec
"MEGAW.SEC" as MW.sec

(7) Variables to be plotted (Card 8)

When the conversions of the unit are desired for the data being

plotted, Card 8 is required. In particular, the transformations of the

data by means of any calculation need both Card 11 and 12 (or both
Card 13 and 14) instead of Card 8.

Card 8: TFORMAT (A8, 314, 6A4)
Columns Variable Name Description
1-8 VARID Identification name of wvariables to be plotted.
The identification names allowed in ALARM-PI1
are listed in Table A.
9-12 SUF(1) Array number of variables to be plotted.
{ {
17-20 SUF (3)
21-44 COMMENT Comment for plot variables

This data is written on the right side of the

identification mark.
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{8) Selection of Y-axis (Card 9)

Card 9: FORMAT (I2)

Columns

Variable Name

Description

1-2

KNDO

Number of Y—axis-(KNDOS4) .
If KNDO=0, Y-axis 1s newly made according to

Ccard 10. The maximum number of Y-axis is four.

(9) Information for Y-axis {(Card 10)

Card 10: FORMAT (Il, 2E10.2, 5A4, 5A4)
Columns | Variable Name Description
1 LOGY Logarithmic scale flag
. = 0 : linear scale
= 1 : logarithmic scale
2-11 YMIN Minimum value of Y-axis
12-21 YMAX Maximum value of Y-axis
If YMIN=YMAX, scale of Y-axis is automatically
determined in the code.
22=-41 YTIT Caption of Y-axis
If these columns left blank, the caption
stored in the tape is plotted.
42-61 YUNIT Unit of Y-axis

YUNIT must be written according to the data
format used in UCL2. If these columns are

blank, the unit specified by USYSP is used.

(10} Use of subroutine CALCll {Card 11 and 12)

When a certain calculations are required between variables stored

in one data tape, the variables and the number of equation used for that

calculation are given by Card 11 and 12 instead of Card 8. Both Card 11

and 12 are used to produce one plot curve.
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Card 11: FORMAT (A8, 314, 6A4, 16, 2E10.2)
Columns | Variable Name Description
1-8 VARID Key word for subroutine CALCI1l
Set VARID="C1Bbbbbb'".
9-12 NODT1 Number of wvariables to be used for calculaticn.
13-16 ICALCL Number of equation to be used for calculation,
The built-in equations in the code are listed
in the Table B.
By replacing the subroutine CALC1l, it is also
possible to give the user specified equation.
17-20 IDUMMY Dummy input
Set IDUMMY='bbbb"
21-44 COMMNT Comment for the variable name VARID.
45-50 iL Integer parameter used in calculation,.
51-60 CL(1) Real number used in calculation.
(See Table B.)
61-70 CL{(2) Reel number used in calculatiom.
{See Table B.)
Card 12: FORMAT (A8, 314, I4, 16, 2E10,0)

This card must be input NODTL times.

Columns Variable Name Description

1-8 VARID Variable identification name used for calcula-
tion. (See Table A.)

9-12 SUF{1)

13-16 SUF(2) Array number of plot variable

17-20 SUF(3)

21-24 IDUMMY Dummy input
Set IDUMM="bbbb"

25-30 Ib Integer parameter used inm calculation,

31-40 CD(1) Reel number used in calculation.

(S5ee Table B.)
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Columns

Variable Name

Description

41-50

CD(2)

Real number used in calculation

(See Table B.)

(11) Use of subroutine CALCL2 (Card 13 and 14)

When a certain calculation is required between the data taken from

one data tape and one from other tapes, the variables and the equation

used for calculation are given by Card 13 and 14 instead of Card 8.

Both Card 13 and 14 are used to produce cne plet curve.

Card 13: FORMAT (A8, 3I4, 6A4, 16, 2E10.0)

Columns Variable Name Déscription

1-8 VARID Key word for subroutine CALC12
' Set VARID='C25bbEHE"

9-12 NODT2 Number of variables to be used for calculation
13-16 ICALCZ Number of equation to be used for calculation
17-20 IDUMMY Dummy input

Set IDUMMY=""55b5"
21-44 COMMNT Comment for the variablé VARID
45-50 IL Integer parameter used in calculation
51-60 CL(1) Real number used in calculation
61-70 CL(2) Real number used in calculation
Card 14: FORMAT (A8, 314, 6A%4, I6, 2E10.0)

Card 14 must be input NODT2Z times.

Columns Variable Name Description
1-8 VARID Variable identification name
(See Table A.)
9-12 SUF(1)
13-16 SUF(2) Array number of plot variables
17-20 SUF(3)
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Columns | Variable Name Description

21-24 NTPNO2 Number of tape in which the wvariable VARID

is stored

25-30 D Integer parameter used in calculation
31-40 CD(1) Real number used in calculation
41-50 CD(2) Real number used in calculation

4,1.2 Example of Job Control Library (JCL) Card for SPLPLOT

An example of JCL cards for compiling and executing the SPLPLOT
code is given below, The data for plotting produced by ALARM-Pl are
read from FORTRAN logical unit 11 through 20.
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/7% COMPILE STEP
/7 EXEC FORTHE.,SO='J3080.¥SPLPLOT', A="ELM(x)",

/7 B='NOSOURCE,BYNAME"®

//*

//x STEAM TABLE SUBROUTINES ¥¥STHTAB.FORT .

11x SUBROUTINE STHTAB CALLS STH20.. SUBROUTINES OF RELAP4 CODE
f1x FOR THE CALCULATION OF WATER PROPERTY.IF STEAM TABLE IS

!l NOT USED ,THIS SUBROUTINE CAN BE REPLACED BY A DUMMY FOR
lix THE REDUCTION OF CORE MEMORY SIZE. THIS ROUTINE CAN NOT

17x BE USED ON TSS, BECAUSE OF LIMITATION OF MEMORY SIZE(1024K)

/7x EXEC FORTHE,.SO='J30B0.¥¥STHTAB',A="ELM(DUMMY) ',
/i EXEC FORTHE,SO='"J3080.¥¥STHTAB',A="'ELM(STHTAB) ',

Iy B="NOSOURCE-BYNAME',DISP=M0OD

r EXEC FORTHE,SO="J3080.SYMBOL',A="ELM(=%x)}"',

/7 B="NOSOURCE-BYNAME',DISP=MOD

/7 EXEC FORTHE,SO='J3080.¥SPLEDIT',A="ELM(x})"',

/7 DISP=MOD,B="NOSOURCE,BYNAME'

7 EXEC FORTHE,SO='J2895.UCL2",A="ELM(x%x)",

/i DISP=MOD,B="NGSOUREE,BYNAME'

// EXEC FORTHE,SO='J3080.¥UNTCNA',A="ELM(¥UNTCN)Y ",
/7 DISP=MOD,B="NOSOURCE,BYNAME"

//x LINK STEP
/7 EXEC LKED,GRLIB=PNL
//x GO (RUN)-

1 EXEC GO ‘ ,
/7 EXPAND DISKTO,DDN=FTO8F001,DSN='J3080.¥SPLLBL',

/1 =' .DATACSPLLABEL) ',DISP=SHR

Y EXPAND DISKTO,DDN=FTO4F001,DSN="J3080.STHTBL',DISP=SHR

/! EXPAND DISK,DDN=FTO1F001,SPC='1000,10"

/1 EXPAND DISKTO,DON=FT11F001,DSN="J3080.¥EXAMPLE',DISP=SHR

/7 EXPAND GRNLP

/7 EXPAND DISKTO,DDN=SYSIN,DSN='J3080.%¥SPLPACK',Q="'.DATA(PLOT) ",
/7 DISP=SHR

++

rr

The underlined data files must be supplied by the code user.
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4.2 Information for MERGE

Some plot data tapes are made by sequential restart runs of ALARM-
Pl. The program MERGE is used to merge any sequential plot-data tape
into one data tape. The data required to execute MERGE and the example

of JCL cards are described below,.

4.2.1 Data Card Summary

Three kinds of data are required.

(1) Tape number and selection of label and title (Card 1)

Card 1: FORMAT (IS5, 2A4, 2X, 3I5)

Columns Variable Name Description
1-5 NTAPE Number of tapes to be merged
' (1<NTAPE<20)
6-13 GRPID Group identification name of independent
variable

Set GRPID='TIBBbBBE" for ALARM-Pl plot files.

16-20 NUFILE Number of tape in which the label information
copied to the output file is stored,
(OSNUFILESNTAPE)

0 is interpreted as NTAPE.

21-25 NUDATE Number of tape in which the date copied to
the output file is stored

=-1 : The date when MERGE is run is copied,
= 0 : NUDATE is set as NTAFE.

26-30 NUTITL Number of tape in which the title copied to
the output file is stored.

=-]1 : Title is given by Card 2.

= 0 : NUTITL is regarded as NTAPE.

(2) Input of title {(Card 2)

This card is required only when NUTITL=-1., This title corresponds

to that given by Card 4 in Subsection 4.1.1.
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Card 2: FORMAT (20A4)

Columns | Variable Name Description
1-80 TITL (i) Title copied to the output file
i=1,20

(3) Indication of Sampling (Card 3)

The arbitrary number of cards up to the maximum number of 30 are

allowed.

Card 3: FORMAT (I5, F10.3)

Columns | Variable Name Description

1-5 NTSTP Interval to pick up the data from the input
tape

= (0 : 0 is regurded as 1.

= 1 : All data are copied on the output tape.

= 2 : Choice is done every 2 data points.

6-15 TMAX End value at sampling interval (time (sec) for
ALARM-P1 run)

The unit of TMAX is the same as the unit of
the independent variable stored in the input

data tape.

4.2.2 Example of JCL Cards for MERGE Code

An example of JCL cards for running MERGE is specified below.
The plot data to be merged are read from the FORTRAN logical unit 11
through 20, and the output data of MERGE are written on the FORTRAN

logical unit 4.
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EXEC FORTHE.,SO='J)3080.¥MERGE',A="ELM(*)',B=BYNAME
EXEC FORTHE,SO="J30B80.¥UNTCNA'T,A=*ELM(DUMMY> ",
DISP=MOD,B="BYNAME,NCSOURCE"

EXEC FORTHE,SO='J3080.¥SPLEDIT',A="ELM(x)",
B="NOSOQURCE,BYNAME',DISP=MOD

EXEC LKED
EXEC GO
//SYSIN DD =
2TIME
1_10.
10 20.

/x
I
//
//
/7
++
/!

EXPAND DISKTO,DDN=FT11F001,DSN="J3080.¥EXAMPLE’
EXPAND DISKTO,DDN=FT12FQ01,DSN="J3080.¥EXAMPLL"
EXPAND DISKTO,DDN=FTO4F001,DSN="J3080.¥MERGED"
EXPAND DISK,DDN=FTO1FQ01,SPC="1000,10"

The underlined items must be supplied by the code user.
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List of JCL Cards and Input Data

1. List of JCL Cards

//JCLG

JOB

// EXEC JCLG
//SYSIN DD DATA,DLM=T++"

g

A7 MUSER

TLLoW.
PASSWORDS=

DTS

S/ FORTE
/i
;/FORT2
//
//FORT3
//
//LINK1
/ /RUN
//DATA
/7
//DISKO9
//DISKO1
//DISKO2
FIDISKO3
C/DISKO4L
SISTMTBL
o

‘s

//

1 C.46 P,

EXEC FO
B="NOSOU
EXEC FO
B="NOSOU
EXEC FO
B="NOSOU
EXEC LK
EXEC GO
EXPAND

FFU.ARAYA,0952.110,ALARM.PB
0 I.4 0PN

RTHEISO:
RCEALINECOUNT(C) - BYNAME'

RTHE,SO="'J3080.¥SPLEDIT',A="ELM(x),0PTIMIZE(O) ",

RCE,LINECOUNT(D),BYNAME'.DISP=MOD

RTHE,SO="J3205.AP1SM2V5' ,A="ELM (%) ,0PTIMIZECO) ",

RCE,LINECOUNT(O)Y',DISP=MOD
ED

0ISKTO, DDN=SYSIN,DSN='J3013.PWRPLANT',

Q=".DATA(V5BASEDT)'

EXPAND

EXPAND
EXPAND
EXPAND
EXPAND
EXPAND
DCB="REC

DISK,DDN=FTO%FOO1

DISK,DDN=FTC1FOO1

DISK,DDN=FTC2FO0O01
DISK.DDN=FTO3FO01,8PC="30C,10"
DISK.DDN=FTO4F0OO01,5PC="30,10"
DISKTO,DDN=FT10F001,DSN="J0285.RLP&ST",
FM=VS,LRECL=796,BLKSIZE=800"

The underlined item must be supplied by the code user.
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Table A List of Variable Identification Names used in ALARM-P1
VAR ID. --—- ARRAY DIMENSION —-=-- o= v mm CAPTICN~=——~v=—— -~

TI 0 0 0 ELAPSED TIME
NQ 0 0 0 NORMARIZED POWER

AE 0 o] 0 ENERGY~NUCL

FE 0 0 0 FUEL-ENERGY

LE 0 0 0 ENERGY-LEAKED

HE o] 0 0 ENERGY-HTXQ

EB ) 0 0 ENERGY-BALANCE

LM 0 0 0 WATER LEAK MASS

MB o] 0 0 WATER MASS BALANCE

TR 0 0 o] TOTAL REACTIVITY (DDL)
RV 0 0 0 VOID REACTIVITY (DDL)

RC 0 0 0 CONTROL ROD REACTIVITY
RD 0 0 0 DOPPLER REACTIVITY

PO 0 0 0 REACTOR PCWER

HL o] 0 0 MEAT REMOVAL

RP 0 0 0 REACTOR PERIOD

AP VoL 0 c AVERAGE PRESSURE

™ VoL 0 0 TOTAL WATER MASS

TE VoL 0 0 TOTAL ENERGY

AT VoL 0 0 AVERAGE TEMPERATURE

AR VoL 0 0 AVERAGE DENSITY

AH ' VoL 0 0 AVERAGE ENTHALPY

AX VoL 0 0 AVERAGE QUALITY

BM VoL 0 o] BUBBLE MASS

ML VoL 0 0 MIXTURE LEVEL

VE VoL 0 0 SAT. SPECFIC vOL. LIQUID
VG VoL 0 o] SAT. SPECFIC VOL. STEAM
HF VoL 0 o] SAT. SPEFIFIC ENTH.

HG VoL o] 0 SAT. SPEFIFIC ENTH.

TS VoL 0 0 SATURATE TEMPERATURE

PS VoL 0 0 SATURATE PRESSURE

WM VoL 0 0 LIQUID MASS

Wa VoL 0 0 HEAT SOURCE

PR VOL 0 0 PUMP SPEED

DF SLAB 0 ] CRITICAL HEAT FLUX

FL SLAB 0 0 HEAT FLUX AT LEFT

FR SLAB 0 0 HEAT FLUX AT RIGHT

HCL SLAB 0 0 LEFT HEAT TRANSFER COEFF.
HCR SLAB 0 0 RIGHT HEAT TRANSFER COEFF,
Wi _ SLAB 0 0 LEFT HEAT TRANSFER RATE
WR SLAB 0 0 RIGHT HEAT TRANSFER RATE
SL SLAB 0 0 LEFT SURFACE TEMP.

3R SLAB 0 0 RIGHT SURFACE TEMP.

FT SLAB 0 0 FUEL AVERAGE TEMP.

FQ SLAB 0 0 CORE GENERATED POWER

JW JUNC 0 0 MASS FLOW RATE

JH JUNC 0 0 JUNC. ENTHALPY

X - JUNC ) 0 JUNC. QUALITY

LF JUNC 0 0 ATTACHED PUMP SPEED

D JUNC 0 0 TOTAL PRESS. DIFF

ED JUNC 0 0 FRIC. PRESS. DIFF

ED JUNC 0 0 ELEV. PRESS. DIFF

PD JUNC 0 0 PUMP HEAD

AD JUNC 0 ) ACCEL. PRESS. DIFF

IHL '~ SLAB 0 0 HEAT TRANS MODE NO AT LEFT
IKR SLAB 0 0 HEAT TRANS MODE NO AT RIGHT
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Table B Built-in Equations in SPLPLOT

Equation No. Equations Used

(JCALCL)

NODTL

1 Y= £ X1
I=1
NODT1

2 Y= I X(I)

3 Y = X(1) - X(2)

12 Y = X(1)*CL(1)+CL({2)

Y

p(X(1}, X(2))
13 p: density of saturated water, X(1): pressure,

: . X(2): quality

NODT1
I {X(2)*cDp(1)+cd(2) 1}
I=1

15

o]
il

Note 1) Y: OQutput variable, X(I)(I=1,NODT1): Input variables
Note 2) When user specifies the optional equation, the
subroutine CALCl1 must be replaced by another subroutine

CALCI11 given by user.
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