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SUMMARY

Major purpose of the report is to develop a reactor kinetics model for analyzing the ATWS (Anticipated
Transients Without Scram) which is one of severe accident initiating events, and to establish a coupling
technology of the developed module with a large computer code for severe accident analysis. For this, a
point kinetics module, PKINETIC, has been developed as a stand-alone code whose reference model is
selected from the investigation of reactor kinetics models in the current accident analysis codes. In the
next step, the ‘MELCOR-PK’ code has been developed via coupling PKINETIC with the
MELCOR(1.8.3) code interconnecting several thermal hydraulic parameters between two codes. In the
mean time, the Chexal-Layman correlation in the current MELCOR, which was developed under a BWR
condition, is appeared to be inappropriate for a PWR. The PKINETIC module and the MELCOR-PK
are compared and verified with a RETRAN calculation. Also, MELCOR-PK is used to analyze the
ATWS initiated by a TLOF (Total Loss of Feedwater) transient.

ATWS is a trip failure severe accident initiated from the transients like a turbin trip, a control bank
withdrawal, and a loss of feedwater which are expected to occur comparatively often (one or two
occurrences / year). Major concern in the ATWS analysis is the primary peak pressure during the early
few minutes into the accident and the MELCOR-PK code simulates this peak pressure quite well. In the
case of Ulchin 3 and 4, the primary peak pressure was about 24MPa at 240 seconds into the accident.
This code is valuable for analyzing the plant response during ATWS deterministically, especially for the
early domestic westinghouse plants which rely on the operator procedure instead of an AMSAC (ATWS
Mitigating System Actuation Circuitry) against ATWS. This capability of ATWS analysis is also

important from the view point of accident management and mitigation.

Finally, this report includes several sensitivity studies along with the basic ATWS analysis. From these,
turbins and safety depressurization system (SDS) are judged to be important system. The turbin trip
results in a loss of offsite power and a RCP trip which degrades primary heat transfer to the secondary
sides. This, in turn, increases primary coolant temperature which has an effect to decrease the reactor
power from negative moderator temperature coefficient. Manual operation of SDS has an effect to

lower the primary peak pressure considerably via supplementary depressurization in addition to the
PORVs.
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gz Aekstn ok o]Ed Aol WiF akdAlel dFA ZL @We NRCE
TrEA 71X 2§ RCE volume 3°14]9] SFZ7d tigh YxE LA 9] glo]

al,
BE2Esta 231 1980d 39olE NUREG-04602] % volume?! volume 4 [2-
a7hE T B #HzlolE NRCZF volume 3904 AAZ ATWS djula)} ¢t3lE
A7 e Fz=AED tE FAAT GAE FHA ] JEeH Aot

olgigt #AFL AXH NRCE 1980d 9¥ ATWSEAE YHAAE F3l9 &2
AL ArslRon, 1984\d 6 264l B HZFHH (49 FR 26036)°] FEH )
E Hyo 7A=Y U= ATWSH &3 2 FH (10 CFR 50.62)% 714 FF 2o 73
& AAS Asrd ggn 2

L hASROE ATWS 4 UBhile $3xd0] 2AY 29 »

o
AF FEAZ1 HEE AAAD F U FA7(senson)l A FE HF

ko
-
ok
Jfa

A

=

E o
o =

o}J il
i iy

OHT
_&

2

(final actuation device)7tA] 71€ YAZAHAAZTOZRE ESHdE B sHA
715 EE A stooF st

2. CE®} B&W AF2E #FA7 EHAARH AodE TFHL AGAIAA
71EY AARFAAETH SHE E YUY HE dAER O0FIXAETE
AR steol gkt

PN
e
of

37190 2727 ol9d = NRCE dFIAtA AA2ZAAT A= 24 o
T AT 2dog ASHA Bt 5 ¥ ALH AFE BRIAYY FHH
-‘ﬂx}i’@z} ATl dg FEARFADY LS dusin

22 7]&9 ATWS ASsiA 2 ZXAH ZE

22.1 ATWS AM3AbE] 2 o= X



Adg AAE wALo] dE Fxo ATWS AlZE 19833 29 w3 Public Services
Electric & Gas AFS] Salem-1 (1136 MWte] $2BE9AL ML AFE) dhd Ao A
AT SalemT AL ATWS AR 2Ao] ZAFAH] AAL ARZAHA A7) 9
AALXEHA A7) (under-voltage trip relay)’l &&3FE EHFoZ uzEol A2
ARAANEY EAAE EF3n ARAEARA] AD77F AHEHA gFed AT =
Salem ALV} AFHY AT 4% SHOE THHIL A" F F71LA7] “Av A
A-ALY Ar7t dAsAEd olE Salem AL 2000 EY =3I EF
Sh2A FAd] AAZHIAFTY 75 sty ARZAHAAIZNE NEAI Rk
k. ol dm Zo] A-AFY AHB HAAE EFstn AxErE EYEHA @A
SHYE ALY 52Tk JARE FFHFA A7 EHALE F2AALHEZ

AEARoZH BHL9 FAFL FAFAT

FA B Fold FEIver 2135719 HAXADIE Salem WAL zAdr] e}
FY3 DB-50LE FFAHEqAME Salem AlmIA AZ xgrle] By 9
BAAAAE MNABstL CAPEFTE ZIsiion FAAEA HAE 78t
nE)1s7]e] AAEZAHA  AB7FH olojA AP AR mE2s7]
AAAA7NE FASAY. L8257 AEAFA] A7 DS-416 EFYSZ DB-50
Aarlobs FErl JolstA vt A2 AXASTE Row AHAGAA =Y AFsE

MY Fol fARER E HjFulel A DS-416 2277l dEAESF o AEE A

g AtElZt AY HFoE Hol AR HFIAIGE HolEd B4 "
AAZDRNAE A2AZ8AT. T WestinghouseAl7dt DS-416 xe7]E ALLsl=
FHae diste dxz AFAFAANEI DATYE P AYeE sdF
FERAAE AEI}ES gFste ATAEAAAY AHBE AR BH HAG
H A4S A EaA e Sh3 A B8 Fede AAS ATWS L Ao winiste



3 o

o
=

A2 &M wet 71&sd o

w

il

3w g%

18 137]9] ATWSe] o

2 AZRAANDH.

AAEA FroH FFoZ AAAIZT

ol
Mo
N
Bl
o]

L,
%

il

fA=Z9 HA

1.

AR Z Y ZHA

4.

=)

AR 2 YA 50l

8.

R

~
1o

w

W)
Jo

71277 QoW olF ATAIZIH LRZIL " dA A

=
H 5

)E}'

an
—

Tod

—

o]
or

i

A2gsl$2aL A2 ATWS AFHA 2 ZX A}

222

A &Ho] 7]

#1225 5192 AHW)

mEoll, ATWS ApaA]

ol

il

—

e}, ATWS AMZIA] W

AEI BRIE

A

o

AY 12 57

vsig] 1/2/3/4 &7,
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Salem A}aold WCAP-8330 [2-8]°), Salem Alitel dHlslA: NUREG-0977 [2-9]&

= = A
Az F Aok

AERAEA @ ATWS Atx
7HE@Th o] Atale 1AAIEAA AdHETE EFH 2xAFAA AARHE EF9
AT zol2 AR Pz 2R 4EE F43%] AsAUT old gy e

7) T BUe T (negative MTC)o| &) tThA
Za3ed, AgAZe] e g WaE I3 22-1 (W 23849 By ey
| 3650 psiaZ} = o] NRC]
o] 1.25% ol dAZE

(lr

30,
i)
I
o,
N
N
o
lo,
911_4(
2
b
o T
22
o
flo
>
kJ
H
12
N
Mo
b

[\ @)
S
S
L
w2
2.
il
f
X
P
_E
3o S
k
32,
A
rﬂ
1L
Mo
L

2700 psiaZA NRCY 7Z|EX W= FAAZL F Qo ok Zo] W AAZE
Ebrle] dAzo] mlsl ATWS AtmA] 73 AR SHEHIAEIFALS JeEhdH
ERIAAT BFETE ATWS AIAdE ZdL7 A £ doE oJfE
H
H

=
19823 ATWSO| &g HFAAAE W ZHAE AMSAC® (ATWS Mitigating System

P gels F1EA7] A4S EE 7hgy] ngkee os) a2 ANzt HAwy,

> ele AR AA 0ol AW AN BWo] FA DL,

CENME BAAAY 20)BQA 8l RCPFF F UARYAA fBE FadY RzEes
EREE

A
o} A@lo]l F71eAr A= s AFHog FUdG
SATWS A JRAZHSASEINE SHACE HulE AAANZI BEIFTF ASES zAFA7)=

715E& 7kA dulg Lo
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Actuation Circuitry)¥F A X]8}31 DSS® (Diverse Scram System)oll thsld= HAL AL
Fgstdth. 28y Salem AtolF W o] WHSjAME DSS A X g
AREN} AFHAJG APEEE AAE ZAAETY 4= 3] PRA 7|HE &5
o248 &4, ¥AL EAAH YT ulojet A ¢ Z oicte] digk AHA

=3 |Fox . AAZAAATY AAAL ALRAFXNE ENZE B4
o3tH w Az AHAXAIETSY JIEAHIE  (Unavailabilty)©] 2x107%/demand EA]
EMATRET ey} Fom, NRC H7IEE Wo A2 AAAZol Hi9 gFA
(Redundancy)¥} £2 7Fsdd&E e Ao UENT

o

i
:oé
]

ATWS Atz A3te] LAV #-E HAJFIAAXNE =0T F&4 dig PRA
w29, olgd teAdE Y 7 Je 9
T 22413 o] JeEldm gtk o] ZollA JE ALY #@e w ddid s
Salem A}l F&Z XA} (Generic Letter 83-28 [2-10D<! A5 Shunt EHQ] HXE
743 golth Teld By utel e otd digk AAAY BEAML uwygo=
NRCE W &@io] disted A2t (AMSAC AxE HiETh AMSAC AX
olelof DSS FrHEXo WiF NRC HIE B E/E7 vH|&dd JoME AA|Ao]
AL ok ollg Salem Al BAZAT W ddLAE AAE AAASY AIEE
Fdof doted 7|9dE RAolth ey WE NRCO #4o] Y& HEFHo|y
W HAAE AAANY olFMWFEo] AMSAC HAXFOoTE ATWS AlalA] A7}
+ AThE o) E o] AMSACY AATE A& FAIR oY, o]FF we
FEAA Lol

¢ A7) dsolM AE FEFAAN J1Eed AZRAAES S8 E e e 94z

-12-



ot

19, gy w 259 AAE (28 1234 L FF 12 IDHE 2 EHIEA
AMSACS] AXHHo] ulFoA FZo] HEAHY] o]Ho]ojr AMSAC AH|7}
A mEFHo YA Fow, AdHO (ATWS ##H) 18 137] H4eAd

=
WolFFol, AMSACY 715¢ Aol AISE A F, REFLE FUAY

l"

1A
BRS AAA7IE HAd dARE FTLE 7‘é7<]’~171“% ndAZt FAFHEE
ZA sk Ax7 aEbEY o Aq7)A, EAls ALl o¥A ATWS TS

A&3 BAs 2AE A= He A% weY FH A= Ao
=5

223 F9 NG ASFE ATWS ASH| L @ ZF XA}

Transient’} dojute RHIZo] QoA = EWIAHR (Turbine trip), LFHY A4
(Loss of Offsite Power), ©|xt5% T 5734 (Loss of Feedwater)s©°] A5 dojdth
gy, 2 Ao oA b MDA AL PWRE A9 Loss of Feedwater ©]th.
Zt Vendore= Fo3 7IdAEFR  digh ATWS AlnZRE  Exdow,
NAExALE T3 7P Fa% HHFA 2 AANSTE B3t T 22204
Ta% HAMS F 39 ATWSO tid g5rles BoErh. ES X 22-34AM&
W, CE, ¥ B&W 2o digt Fo8 AAWTE Heded, o 4 353=
7l€3std ve 2ok

]

L ZHEAXEAT MIC) : AH8E Ai3E &4 2dh FHEZ Holgo ukg
AERNES W 95%°] sHF3te #2EA Z vendor °A ATWS Ao o] &3}+=

S|

golth 4% =450l st B&W A2V 71 2 FERAE 288
CEZ} 7V Eg3ith

2. WEWB 83 (relief valve capacity) : W7} 71& & <&

=
haa |
2101 CE 3800 MWt B AE A 98t1= CEZ} 713 &

-13 -



S712A7] Y4 £33 (S/G water inventory) : ©] FS SV} nAE T

Aol Amwig U E AAAND So] Q=ik =, A 7| BHA DAAL0]

AA8 d7x deid A&E=uke) H2rk 9o wob kg SElse Baw

Z79 716 A Wz o] 7 WA dojd

4. Q75 AT g sl A ;o] Fe Ay BE A7) Mo 2
Aol @E F9 Z/tE 4% F A= F=r ¥ CEYF M BaElsi,

S71EA7 S o i

(V)

F OMrEE oXE iy MAYHD HUSIHEFF] YA

£ =
TAR A ZAEA 9T ' ©A 4 LTHAEE ATWS AluZ o

Tdad EHERE O
2
- W : 3650 psia
— CE-2560: 3968 psia
— CE-3410: 3943 psia
— CE-3800: 2918 psia
- B&W : 3464 psia
Aol A Bxo] A7) 3800 MWt D2 E AQstas wet B&wol B]Fe] &

CE
FHAEL HAFR g, ot FelH BAHAR] FE ohge] 4rhR W

-14 -



2. #L AL E As

3. A olE £
4 Fe

7}47] (surge line X&) &%

ole] wa} T CEE EdioE 71€Y AdAZEIATH SHAQA UFEIAT
(Supplement Protection System)©] AX| o] Slth [2-11]. ©} AT YAZE T A S
E2tste] QAR AAZ HA EE T ddARAlY BasIE sk
AAZBIATES B9t UFEIASS dEMIZRE AzAE 2 S974
AAZRSAEH ETR, H7|ALE SHHo UFA (Redundancy) 7HEoZ
AAZ/ERNE AN L BEZEFT ASE

kA,  &33435719F ZE FU CE  #dAE BAETASA=LEE

AAZNEARE AEEA For, oo WF FLe AN 2n Atk @,

224 AFAAZ o] ATWS F XA}

NP H4Z  (Evolutionary ALWR)Ol Wizl ATWS EAE siZ37] % EPRIY
< ATWS ¥H¥ (10 CFR 5062 WEdE A (F, 7IEAF=2e 39,
O B2 A% (DSS)S AXgtholn, 2 o] AAS AL A v g},

OS2 7 dAEFFAL (Vendon®] 43S 4A0iRH, wAte] AP UAZE Q0 RESAR
SP/90 ollX&= WALY] o]He] YALE oA} st 2 DSS7E ol o] 2 H-E
EZ 25t ATWS Atnd 37t s3autsits G4 23 E FF FDA AHA
A3ttt Aotk

1. YAZ R T A F (Integrated reactor protection system)d] ¥ A&

2. QAEZREATH SYE HUAA L A5 7158z

-15 -



[9%)

FA ) Fo A AojBEFzAH EEEHZ] (rod control motor generator)®] FEA X

olf

=
]
ke
T

N
Hir

H(negative) &S TEASEAF

CEALS] CE System 80+ A& (AGH (safety-grade)®] YAZHAA S
Ao} 5 F (control-grade)®] BZHIAETES AA X&3tm

At
i
)
o,

o] gell tig | NRCS 97 (SECY-93-087) EPRIS ¥ 2 27 9 CE System 80+
o] Ao olo]7} ¢la, RESAR SP/90 &= €O 2 DSS9 tigto & ATWS Abid#rt
FEETEIOE S THIIE AV flvte 2 &0t

1. Unresolved Safety Issues Source Book, Nuclear Utilities Service Corporation.

2. USNRGC, “Technical Report on Anticipated Transients Without Scram for Water Cooled
Reactors”, WASH-1270, Sep. 1973.

3. USNRC, “Reactor Safety Study-An Assessment of Accident Risks in US Commercial
Nuclear Power Plants”, WASH-1400, NUREG-75/014, Oct. 1975.

4. USNRC, “Anticipated Transients Without Scram for Light-Water Reactors”, Vol. 1 and 2,
NUREG-0460, Apr. 1978.

5. USNRC, “Anticipated Transients Without Scram for Light-Water Reactors”, Vol. 3,
NUREG-0460, Dec. 1978.

6. KNS, 9483 =], 174, A23Z, pp.139-144, 1985. 6.

7. USNRGC, “Anticipated Transients Without Scram for Light-Water Reactors”, Vol. 4,
NUREG-0460, Mar. 1980.

8. WCAP-8330, “Westinghouse Anticipated Transients Without Trip Analysis”,
Westinghousen Elec. Co., August 1974.
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10.

11.

NUREG-0977, USNRC, “NRC Fact-Finding Task Force Report on the ATWS Event at
Salem Nuclear Generating Station, Unit 1, on Feb. 25, 19837, March 1983.

USNRC, “Required Actions Based on Generic Implications of Salem ATWS Events”,
Generic letter 83-28, July 1983.

S HETAL, AFLAERAY, “EFEZTE ATERNAE)”

e}

-17 -



E 22-1. d283$2 ATWS 2|2t i3t v 8/ 3 v

ZA Wt | ATWS AJLEE H & EE a8/ A%
(P, /year) (Millions) (Millions)
7] o 3.7x107
AMSAC 5.8x10° $9.4M $2.8M 33
DSS 5.3x10% $9.5M $2.8M 34
AMSAC+DSS 2x10° $ 10.5M $3.8M 2.8
£ 22-2. PWRATWS €375 #8 HAWES
AAEST ¢3}7) %5
MTC A5 o= 359 e 29 gx
PORYV/Safety Valve Open Azt B3 48 =rdbx]
PORV/Safety Valve Reclose A= Pzheeke] muwrsE vkx)
S/G Heat Capacity ojxt2o 2 dAdY AL
Turbine Trip oARE FHAAAN olRE FFRE
AFW (B2 FF) o|xS £ HE
Boron Injection Hot-shutdown 4]
RHR (& AA) ZE AA
Long-term cooling Cold-shutdown %]

¥ 22-3. W/CE/B&W T30 ATWS &3 HANTH
LAs T8 MTC Relief Capacity S/G Mass Ratio of
(Ap/°F) per Unit Power | Per Unit Power | Pressurizer to
(Ibm/hr MWt) (1bm/MWt) RCS volume
W 3-LOOP -0.8x10* 524.1 109.8 0.1497
W 4-LOOP " 492.5 119.2 0.1463
CE-3410 MWt -0.2x10* 271.3 96.2 0.1271
CE-2560 MWt -0.63x10™ 330.2 94.6 0.1351
CE-3800 MWt -0.62x10™ 529.1 85.8 0.1331
CE-2815 MWt | -0.49x10™ 490.27 104.8 0.1893
€3 34) (1%71,B0C)
B&W-177 FA -1.05x10™ 358.2 32.5 0.1581
B&W-205 FA -1.2x10" 3374 16.8 0.2108

7 Maximum relief capacity (by cirtical flow) is expected to be about 1691.6 (= 600 kg/s MWt)

-18 -



J750

3500

T250 1

RCS PRESSURE (PSIA)

zop” T

0 50 100 159 20 2%0
TIME (SECONDS) )

% 222 CE 2349 FFAAAITA] daAE =

4000

A N
27504 LEGENT ’1/
2560 MW{T) PLANT !

4
asco- __ 3400 MW(T) PLANT _ //
3900 _MW{T} PLANT.

250 -1

200G

2750 /
’

2500

RUS PRESSURE (PSIA)

2000 T T T T
40 ] 86
TiME (SECCNDS)
¥ 22-3 B&W THA FFAALAAILA A% oY

4000

100 20

o
8

3750+

RCS PRESSURE (PSIA)

0 1 20 32 4 = 6 O 8 50
TIME (SECONDS)
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3. 71€ 9% 249 HE & AA

Az 2 R mE 1 TR A4 $A A (1-group neutron diffusion equation)

ozwe 424} 5

A, AR A

I
ofr
25
)
')
>,

I+ A (point kinetic equation)s - Z3l=

5}
e 4R F RN e 2.

—

ON(r,t)

Py =DV N(r,t) =2, vN(r,t) +S(r,t)

o 71 A,

N(r,t) dV = number of neutrons in a volume element dV at a point r at time t
DvVN dV = number of neutrons diffusing into dV per unit time at time t
2,vN dV = number of neutrons absorbed in dV per unit time at time t

S(r,t) dV = number of neutrons produced in dV per unit time at time t

F9, A 31-DA AR FoF gL thg 27kx) ol
1. & FAA 9EE Fick’s law (j =-DvVN)ol| @&t}

17 WAL oS ER 1) v UAHYE BAT & Uk
Sr.0y=»0-k, 2, WNFE.0)+2, 4,C,(r,0)+ S, (r,0)

o4 7149,

(1-B)k,,Z,vN = prompt neutron contribution to the source

ZAC, = delayed neutron contribution to the source

S, = sources of neutrons extraneous to the fission process

-20 -
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(3.1-1)

AL D, v, 2)T AA FH8AL, THA SE EXAA FFX | g

(3.1-2)



2l 3.1-2)F 4 @3.1-D)ol a4,
ON

E:DvVZN—ZavN+(1~ﬁ)kw S VN +X,4C, +8S, (3.1-3)
Q71M, =3B, &+ T YEIAHLEY FA4o| ot 73,
oC, _ Bk, ¥ vN-AC, (3.1-4)
ot
oz 2 (3.1-3Y/3.1-49)2 Nrt) E CanHE A 2 YXd d&s £ sty

=
EAI3HE olEie} £ oo, o] eigenfunction EolA FH3Fe] F=wh
ojmgitt, g o= AAAEL (critical state) A ONA FEZHQA HEo] =X

w &5t

= 97=

r
N

§2
tlo o

N(r,t) = f(r)n(t); Ci(r:t) = g;(r)e; (1) (3.1-5)

2 3.1-5F A .14l g,

de; f(r) B ]
o = Bk, Z,,v——*-gi o) n(t)—A;c; (1) (3.1-6)

Aq71A4, fr) D g FFEGo] 2 © yolr} flg = 1 olgF ZFASHE, 4 (3.1-
6)<,

%zﬁ"k” 2o vn = AiC, (3.1-7)

a5, 4 (3.1-58 4 (3.1-3)d HLsHE,

2
d—nzDvV S
f

dat

n(t) =2, vy + (1 - Bk, X, v+ 2, 4, %c,(t) + if”— (3.1-8)

.21 -



o 714, b 47FA] & o] §3hE,

. g=f

2. f(r)& Helmholtz 2} (Vf + B = 0):‘—3_— D=t 7)1 B2 2R E9 buckling
ojt}.

3. q(t) = Sy(r,t)/f(r)

4. infinite-medium neutron lifetime, 1., = 1/vZ, ; migration (or diffusion) area, L* = D/Z,

dn (1= Bk, —(1+ I*B’)
dr ¢

n+2,4c,+q (3.1-9)

e

o 7] 4], effective reproduction factor (k = k.4 =k, / (1+ L* B®)) 2 neutron lifetime (1, =1" =1,/

(I+L*B))& ol&3ted 2l 3.1-7) 2 3.1-9E B34,

dn  k-1-pk

_—= e n+ )L,—{- ".1-10
” " XA +q (3.1-10)
ae; Bk, e, (3.1-11)
da [,

o] 7] A, neutron generation time (1 =1,/ k = A) 2 reactivity (p = (k-1) / k)S ©]-&3] 2]
(3.1-10) 2 GI-1DE Al AR otdet e FIAL €T Aol
p=tai=g

Sl fniz he g (3.1-12)
LIy (3.1-13)
a ¢

-2 -



32RELAPS ¥ FE

SCDAPS] =4AF R4 glo] YAZAAM Y £8AFS
AT =AU X dBgles A2AF (point kinetics
approximation) 48 AE-gth  HIAe £¥o| A R AZHY] = Ert
bssttheE 7HAd &35, YA mE SHEEI A dAsY REZH HE
(perturbation)©] A ¢S uwj Alg3}7] A Fshe}
B 58 7de dEGY & = (prompt) 28 (JEIHAHES FFAUXA
NEFHYAY Zgo MmE dUAE X3 HEIAYEY FHo we A
(delayed) £ BT ALt A7|A LEH-2 AFRAL7 A EALEEQl 1973 ANS
Standard [3-1] =& 1979 ANS Standard [3-2]12 o] &3 AALeT

=i
=

oAl S8 BN GHN FEIRE] ofelst 2Tk

dg(0) _Lp(1) - A] ¢(,)+i Ao+ S (3.2-1)
dt A i=1
d"c;t(t) i Higry-a,c,(0), i=12,..,N (3-2-2)
w(t)=Z (1) (3.2-3)
P()=Q,w() (3.2-4)
o714,
t= A7t

b= FAHAEIDE (neutron flux)
C,=i-2F ALFAHA B (precursor)d] 75

p= FF(effective) ALFAAY E&

.23 -



A= S&F A2 generation time
L
P Wy

P
f=i-2%F ALTFTEA £&
A=1-T59 AT (decay constant)

= YR go] otd R ZRE Y FAAY (extraneous neutron source)

1979 ANS Standard A= 0% SYLA o/} 23 BLG3 A= YHHE =9
Mev/sec]S AlZHe] 24 X8 EA9H

N

P D)= }:"1 0y €Xp(~Agt) (3.2-5)
p= _

A71M, aZE 37HA FHLL UPUPPuP) BF HIoJE7F AlFEH lon a B
A REE BAE tolEE AF 2Fo] (fiting) TRET, o FAFAAM 237 2F
N, = 23)°] AEFHUG. 24 (32-9HF 99 HELE y o &l convolution
integral & o] &3} A3,

N,
Pa ()= Z Ay exp(_/?'ajt)* Ya () (32—6)
J

od 714, convolution F4He th-&Ad Ao H},

A(t)* B(1) = ]A(r — 7)B(r)dr =]A(T)B(t —1)dr (3.2-7)

224 -



134 convolution integral o ¥ FA ML HIZo] §olaA Bem= FFE

D ELANCE FEI.

zZt 252 2FHY Yol i ¥IL AN EY THAA TIddH T,

Paj (t) = /?'aj}’aj = aaj exp(_/?'aj[) (3 .2'8)

9 AolA o B j SAAE AAS,

y(&)= —Z—eXP(—ﬂt) (3.2-9)

Laplace &< 34,

y(s) = —S-"—— (3.2-10)

sy(s) =%—ﬂy(s) (3.2-11)
HAIZE HE-E st

dr®) _a 5oy )
bl ORI (3.2-12)

A714 SO impulse FFolW, VY ARG A BE FEAE yOF
g3, A9 FaL

sy(s) = %w(s) = Ay (s) (3.2-13)
dy(t) _a B ]
P /.Lw(O) Ay (1) (3.2-14)

#A9 5 A& P=iy & o|&3A impulsed] T FH, 4 (325 @ EF
(standard) A T8 A& TEF 1, ¥ HEE U (source)d] s F 2

o
1=
EH 24 (3272 9HE F Ut ymE USx™E AASIY, F 2e &9

d

-25.



EFoAY =g g + & F Aok (BFAA AL = T2 $¢Y dred F,

“Orzol M AlFET,

wv()=1 0=Z¢<T (3'2-15)

=0, <7
A (321401 BHA g Bold, A9 28F AL ALE TE FAYL2
ARE Yz, 24T 23 mE FAda &4 BT 3139 2x)

el B2 E o] ek 1979 ANS Standard & THE Bl A AA FEE 5=

d af F &,
-%Q AGJF W)= A7y (O
7
j=124, N, (3.2-16)
a=1273
3 N,
IAGEDIOW R MG (3.2-17)
a=1 j=1
A71A, v EE FH94d i dEGEol, F,u FY9UL aolAe AELGE,
a8 P, & $#Edolth. od Wi FO 2 1.0 °olth RO e BRF4H
AAEE folatA 7] A%k 948 ol A (best-estimate) AlAAAME 1.0E,

1973d Hlo|HE A2 RFE AAAE 127 FHFH 1, 1979 HolE AlgAE=
02 A& + Aot

RELAPS/MOD19] F&E 1979 AARTFNAE shte F9d49 11 2§99 AA
HoleE ArgFov, 1979 ZFAAME 39 FH99c  (UBURYPL)
THYaT 2370 2EE AHEE 9 FUA ZFE digk dolEE mZ U9
NNEFHOE YWAHN T, AMRAE TE tolHE 48T &

3.2.2 Actinide 53 24¢
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2 222 U™ TR X g o3 UM/NpF/PuPV) REEAE HA S BT

AN =Fy)~-4,7,1) (3.2-18)
dr

dy . (t

J?;T(_)= Ay @)= Ay () (3.2-19)

Pa = 7711/1117:1 + UN/IN}/N (32-20)

o4 B (RA 98w Ume] 47 el s A4E UP AgolH,
AA AgolT AR qE BEOA AFE VG B LA AL ol g
S on g9 RAL UM e wsgols, LEW AFL UMY ANEL

EAGE dERSF o U &S FAFT.  ERAL Np® AF9
wahgolm, Np¥9 AAPEL UPY digteIgolth.  EF PuE  Np¥9
SAERE APET. 2 (3.2-15949 dEZDU] e actinide 2] (3.2-18) =

32-19E W 1979 E&A 18d Z2HE 78 F Ao
3.2.3 SCDAP/RELAP5 =&
E. SCDAP/RELAP5 R @o|xE RELAP5Y 5383 2dL& dAA3 SCDAPA]

Add FAHEY 257 EAF (temperature feedback) L2 HHE X (reactivity) Z,
S8 FFE AL, ol EHo] Tl FAE Wt FFS v AA At

AAAESR &4 288 £ Jo. wEA ZErge

-27 -



gasze WHt A 9n 4R2Y YA FH (one state poingol AT FHs
e

g0 2 AHEUT. EHRddde] WEEE Uge) AW ek
FE) = 1 = 1y + 3 g () + 3V + S R, [0 iy Tis (O}+ X W3Ry [T O]+ s T (0} (3.221)

Io:t=0 (B oA e wgx ¢

rp: 27 YHEAZA @(0)=r, A1) AALE bias reactivity

rg: A 9HE X (scram reactivity) 2A] AJZFe)] - HAWEE T (n, reactivity
curve)oll A & HolE FHo] Y

V@AM Aol gt ihgE (d: BAFE, AojA%)

n,: =AW 58 AF (hydrodynamic volume)®] 7

R, Z&A 2E] 93 g x dol&

W, i-A] Ao Ao WX 715X (density weighting factor)

T, :i-A Ao Ao ZE£A 372X (spatial density averaged temperature)

ay A A A9 AEA LEAF (BEEHE TFATH

ne: =AW AR FAHEY Ae

Ry: HAE Ha2Tol dg Fr2A 9gE HolE

Wy -2 H A Y FARLE 7HF5H

ag  i-AZ A9 AR SEAF

T, :i-A Ao Ae AAE FFLE



model)el2tn Bt <UdHEHOEL FATHNE EFSIHE 43Y, DHFA gowd
3xkgle]l Haz, zHEIEE ZE AZanE ¥d¥Edez Rog"E £ Ixw
dYHolELE vl oY@ DHo] ATt BERANAY ¥EEE ©-g9
A48 Heoldrh
KOy =rp =1y + 31y + 3 Ve + R, Ty (0,5 (0, BO)] (3.2-22)
p)=3 W50, (0) (3.2-23)
Ty (1) = Zp: W i T () (3.2-24)
B() =3 W 0B, (0 (3.2-25)
T (0)= 3 W T, (1) (3.2-26)

B : boron density
33TASS 22 HE

TASS 1.0 ZEE FIA 58T 2d 9 dad F4A 2de AFdg. oz

=
datd FAAR Ede g dAREATF A IS ONED90  [3-3]

AT E
Aeoz s, A FEAY, ATWS ol tal FAARL AT + Y=

Ao & e 43 F2L sy A5t WaA U mue

Qo 144 27 FHAL T 45 st mAT

-20.



(3.3-1)
(3.3-2)
(3.3-3)
(3.3-4)

0

1 (szl ¢1(z)+sz2 $,(2))

eff
2, ¢ (2)

k
at z
at z =2z,

0
0

1 (2)+2,4,(2)
$,(2)+ 2, ¢,(2)

d
4a
dz

dz

D,
D,

¢g (2) "7’B¢g (2)
9o (2)+ 7,0, (2)

_d
dz
_ 4
daz
d
dz

dz
d

o 7] A,

5
<
i
[y

A+

~~

o
[y

0123 FAAS

4
No
e

]

¢

®
B
)
{+
__o__h

3

Z:al

do]

gl

T 1ol A 270 R
T,:27 FTOH
Tp:27 HEYE ©H

=2, tX

"
w
)

i

"

g AT

oF

ket

"

v:138 YELA HF A FAA A

Agro) e guE

Yr:

Holl M e ¥l =

=

Ve :

9%
a4 7

T

1
pd

S
=9

LEclo A

SR

TAA FoE 44

S E

h

1
1

o] A
Aol A

=

o
H
“

B

I

¢
i

mj
._lu.ﬂ

sy

0
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S0z WA A& et

332 AojE »g

ARE Aol HAM HF F2F RS AolRe HFoth AuwHoz 339

Aol AR Aol¥E F3F 149 BEoE BAdslde wARE T4
227 fE 149 wRAd WAL 9] Atk ol aRE AAHoE
A el B E2oAE A7t A% 2L Agsn Itk 5 d¥os

A 3349 AVEHAA Aol AY AN G & YES STk ASH EE
339 A4 AoEAtE AEoR A% HIARE Adstel AR e

ARE =S 3

32
£

3.3.3 Xenon 23

o]

4

LA ALY Z2FE FAS] A E Xenon-1359] AFE EAlsle A
F4+A o]t} Xenon-135% Iodine-1359F &7 HEES BAEZ A7]H lodine-135%
THA] Xenon-1352 B3tk o] I}AS AHALSHA EAbstr] HdlME 102A =
ANZPA S AFgEior st B R E dAdHS ddEE JHE BTt
A E W (Theta-weighting method)S AF&3SIER 20~30%9] Al 1o =2

=A2YusE 2AE 5 T

—_—

L

rr
>
e

1

~
ro,

X
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O

i)

| R = 71Fe] He FUF SHEXE AFI7] A3t FEHF bucklinge
&

S22+ (Adaptation Factor)Z 3¢t} whehi

)
o
o
o,
4
i
off

< buckling®. =

Qad BAAe e 2.
—~D\V¢, +(D,f, B} + %)), = ki(vz:,l bV ) (3.3-5)

eff
=D, V20, +(D,f, B; + 2,04, =2, &, (3.3-6)

B: ¥FF W3k o 7 buckling
o}

3.3.5 1-DKinetics =22} HAAE] AAF

TASS 1.0 Z=2] 1-D Kinetics 292 FAA AR DL o]&s5te], ale d&
AAE YA E o] 2dS A3 AANAHE WA rEojoF Tl olE gFld=
Hog Hasiy o] HAL

~
>
[#5]
w2
=
K
I
o,
o
Z
o3
)
O
O
4
I
.
L
P
N
o
2,

>~
S
%
Jfe

E 3.3-10] E4H02 JEfUT

4 339 #AdA =Z=<Q MEDIUM [34]0 938 93 9% 2¥EX
adppow(2)9] #HE 7]FSZ TASS 1.0 IZE=9 ONED FHEQ *%7|3} #AAilol
FPHEct =, TASS 1.0 ZE=Y 3% adppow()®] #S =93 2gHET
P WS KSHAPING =3ty x7|8 A4rE F33 o, o uo d+¥
o]
y

re
_LQ(::, .
re
il

A= 25, ¥4 2%, 3Z4A 2 5& ZAATT ol Fo] Aol
d4EAAES ONED9 HEZo %} Al ft, mt, mddl G o}, =Wk
SHEELE adppow(2)ell SAMAZ F JEE 2718 AME £ I IS tape78ol
2E common MFEEL A3, TASS 1.0 Z=9] 1219 FAA FA A ] AAlo



dod JdEsigr ALgdc. a"d 97]4 ONED REo s Ay &
ZEEXE TASS 1.0 ZE=E9 WY TEE AMEE  adppow(2)d]l ZAHd

9
Ao ZH A= <kt Aolrt A7IA At

% wpEta o] Aejoll Al AAtE tape78<
dPoZ TASS 1.0 Z=9 1344 FAHAAGAED Aitel ALE AL, 59
Z9 BIAZ A3 EFAFS HE7F HEA "ok o9 2E BEYAE F0]7]
A3dted ONED90 ZE==Z ALl &% 2¥EIE JYYSZ TASS 1.0 ZE=9
=718 Are A FPstxm, o] WY EFEUAAES ©Al ONEDI FE=9
dZFoz AlgstE wHEALIo] dasdith §3] AoEe X7 274 EZEH
o] &3 AHloA HAANHE TE ARoE, ol HWEF EHEIXY WIHE
ob7|HE e E4¥d B4R ZHIZE wie ZA ZASI] wEo] felA dWR

REE Aol o2 ¥ dasit

9olA  adppow()E 3xY HAEA == MEDIUMe 93] AAE =9
B¥o)l3, Tnew 2 Told= ONED9 ZZo| o3t =g zZzte ==
XS Jd¥o=z TASS 1.0 ZEC Y3t ANtE =49 2EEo|t. $9
ARARE 5887 Jai= TASS 1.0 £ ONED0 T2 a9 &= ol
Bastn, =4 £59 HIFELE Ase 5P Z=adF FH9
Aol 3t= Shell T2 Wo] Yottt o] Az n #HF TASS 1.0
AEl(E2AE 22 AR AN F ddE 2%, 344 2 ¢ UEE
Sted, ¥ ZE T3 Fileo] TAHUL FZETW ONEDINF/}F AR
A=A} TASS 1.0 Z=dA] T8 FH AR "quit(q)"E FHA171H &4 ONEDIN
Rog o] FYPsjed], A7)AE AHEATL USR(66)=1% FES A= 2719
Z2839 "emps"?} "tass.out"o] AAAATE o] 2719 &£HsYLS
e

jo
o Yzt s &5 YA % R LEZE A JEY), "temps” FLS

»

2,
o,
(i,

Ak

"
in
©
Y
§¢ o

2
o
ok
N
RS
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ONED90 Z=9 daoz A3 F 9= FHE o] A "assout" IS
L5 2] Wglsg AAsts 22O JE O R ALE /1 FEE Fo] QU

ONED90 FZ2o] A% rli7tX =2

AA et dHoR AEdH 4o 2EE AT fste] REZ 23 STOREF7}
A AT =, ONED90Y] A/GdH Aldte]l 2 =W "shape._cd" U3} "oned.out"

gdo] Y=, "shape. cd" AL FWEF SHEXE, FAFE, Aojs A Sl

et FES TASS 1.0 ZEAA] AR 75 dt AEFelE A 4sth 28] "oned.out"

de& dYPoz AgH 4o REESE AASY 229 HIHg ALlsce

T2 YEoF ARgH

K

L)

N

Z 2% CHCKTHFYAiE ONED9 Z= 9 dHOo= ALSH EFEH 273 =&
ek ZHEIE JEOoT TASS 1.0 ZE:o)| ol Ax®E EFY xaL
v 3l7] 3, "onedout" T Massout"ol HFE YAz L Yz L=<
dojM 71 & 2= W¥HIE A4rgtoh gk, Shell Script Y2l "init tass"oll A &,
AolA A" Z2aREDR e FAEE |8t dF¥ =do] HYd

EeE g7t 9EALE FYPAIH.

TASS 1.0 =9 ONED90 ZE=9] 9HEALY Fe4dLE& &g EHEXI 279

EXgoZ FR adppow(2)lA Bol HAGFE Az adEZ o714 s

AE HEAA G BB ANE AXA FE At Aolg: FA €] HdEAME,

W EHEEV 27%A Bol Hold Agel st HuAAE FIse

Aol Fast. &, AoeY AR Z7)FEA 228 2FoA 160 2o F o] F
X

A%9 AGYEE 27 AT BAE A5
A =i

L= Hdf WEFo] IF wlRtol
=AEE ) WEFo] 02% HRkI FAAHE BAT



3.4 MELCOR 2 ¢

MELCORIA (B3 go] ofd) HEE £¥e 7|27z AMgxs dges
AestA sHol don xAdae FEHE RdL mEIA gt o, BWR
A9l ATWS Al1E BYE F UEE tFo] 7]E3 Chexal-Layman T2
(EHT de o}"é)o] ) Q. J#vY  Chexal-Layman R4 E
PWRAlE H&d £ Qlux #dsEH, webx dAle] MELCORE PWRS ATWS
AlLE BoE FEo] glota ALE €.

AS

ATWS Al Y (Xt YEE 28 TJH A4F)E Hstd 2L HEd &¢
Aol Zeol®Eth.  COR package?] CORPOW subroutine o= o83 & Chexal-
Layman A2 [3-512 ©]&3}4], downcomer ¥ tigt =4 dEG EH &
Adste dEEdo] gF] Utk

g, =0.037(C,H,)*"(P/P)*(H/H,)" (3.4-1)
o7|1A, He Fadds Ado] ek downcomere] oA 9 (L) 2 ofll9 L,
(FEYASE oA FEE E=ite] “07o] He AHZAY AHE o)&3+d
Oy AHodch

H =max[0.0,(L+L,)] (3.4-2)

L, =24384(P/P,)** (3.4-3)
o 7] A,

q;= Decay Heat package®] 92 DCHFPOWo A AHoH e &3 (A& K3

Slis
o
t



FAD

C,= A% (dimension) ¥&H J4 =3.28084 m™

H=FA49g BE7] 848 499 7|E%0Z 1m 7t A9
P=ATLH

P=71EdHoz 7B 7.65318 MPa ¢
L= Fa5dds Adte] tigt downcomer Y9 AtFHQl &0

219 Chexal-Layman A4S Auvdd, AEE &8€E& dxiATY 48 #
downcomer T FF (F, YEE £ o« AFHEEEFH)NHNE BAHD
downcomer F9]o T J&EHQ AL & F Yok EF 2] (3.4-2)/(3.4-3) A &
4 A%0] downcomer FHY7F L, ol =3 HEE L ¢ oA AAHHA
3, Ly a2 BAAEHI® (= 1110 psia = 7.65 MPa)olA] 2.4m o] ¢ o] we}
€ ¢ & Ut I, H & HWY 10m 71 L= ALZ (source file)ol 4]
AEed Lo Huigho] 224.5 inch (=5.7m)} HE& AUAEE HEHE XA ZT
#2227 MPa (=3915 psi)P S =& 5+ o

AANL FaEH [3-519 Jlzsted, q7AE BALH 2o
AR 287 /K5 TAA nHs7] A% 33 FAHA 2 €48 2ds A
o] &3t Atk E FAMNANE =AUYTFY demrt FA E3gEHEE
7t & o]ttt B A9 HE AL EE AFE COR Packaged THE
Feeld C13012 TS led, A (G4-1)/(343) M AMgsE= 74 RAE
e Oed 2ok

Chexal-Layman

 Midway between the lower set point SRV opening and closing pressure

> RF o]F PWRZA Lol HgARW, Lo HArigol 643mA L FAEA sgHE AAAFTY
H it 22 17.86 MPa (= 2590 psi)ol®] ¢ & PWR-ATWS A 9ole ¢ 22 go

2 BAAe £A4%0) PWRA HEERIEES 2 & Atk

B

2A, o]ZHH
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C1301(1) = multiplicative constant (default=3.7E-02, units=none, equiv=none)

C1301(2) = pressure exponent (default=0.3, units=none, equiv=none)

C1301(3) = liquid level exponent (default=0.7, units=none, equiv=none)

C1301(4) = zero power liquid level (default=2.4384, units=m, equiv=none)

C1301(5) = pressure exponent for zero power liquid level (default=0.45, units=none,
equiv=none)

C1301(6) = reference pressure (default=7.65318E06, units=Pa, equiv=none)

Downcomer & AF&2 9489l COR000049] FWA] A|ojg4 (control function),
ICFFIS ztof] wela] A4k o] Chexal-Layman #A|2oA] AEL £HE Fsi=0)
Abgdc. gy ICFFIS kol wel Chexal-Layman AL A3} g3
AoAgTEZRy ded 28L& A4 ANE +% gl=d ICFFISY d¥L g3

2o}

(ICFFIS) : ¥}Ed &8 A3t goz, wek gAY «old HEd &85
ALE A ke mrek G4, Aloj¥s ICFFISE  Chexal-Layman A 2] of A
YEE =8 Fdl=d A% downcomer FHE FEEU AMEHT, S5oldH
ICFFISE HAxd dEE 8L F3=d ALgdnt.  olu] ICFFISY ZHdzto]
1002} ztow IEYE L HARA celld] (AAZFE celle A9) HAAE
Aol 2A3t] W=, ICFFISY Atigto] 100 o]dold HEE £8L AAF
AASE T8 dZdgol FA7 cello o viRdTt. A £8L 97 93

T 22 AMEAE HRIAHE

1o
ot
H
-
H
i

o2& follA] A3 COR packaged AoJ ICFFIS #APFEQ oE HoASr}
£ o= ICFFIS7} AALA HEd 28 F39 YdEE 8L AA=A celld



(AAZEE cell> A9 HAg Ao TASIY vl 4% (£, 100 2t} F&
Saol AFRE A9olth AlTAIR 1002F EE 71247 oxEHY Wy
Aol 41,000 kg olstE Wolx@ (AARIE AA o)) YrA HYo| 2/
(2,825 MWth x 0.936)91A AL “0” (= 0.1E-6 MWth x 0.936)2. 2 Ho|x| 1, wahA]
B9 (=2825* (1-0.936) = 180 MWth)Tro] AAEHo] 7]} omlo|r),

COE

COR00004 101 -90 * CF NUMBER

* (FISSION POWER)

CF09000 'FISSION-POWER'L-A-IFTE3 0936 0.0 * DECAY POWER=(2.835E9)*(1-0.936)=1.80ES8
CF09001  2.825E9 :

CF09010 1.0 0.0 CFVALU.95

CF09011 0.0 0.1 TIME * TRIP
CF09012 0.0 2.825E9 TIME

*

CF09500 'TRIP" L-L-IFTE 3 1.0

CF09501 .FALSE.

CF09505 'LATCH'

CF09511 1.0 0.0 CFVALU.91

CF09512 1.0 0.0 CFVALUS1

CF09513 1.0 0.0 CFVALU.92

*

CF09100 'TRIP-TIME' L-GE 2 1.0 * TRIP by TIME (= 100%)

CF09101 .FALSE.
CF09105 'LATCH'

CF09111 1.0 0.0 TIME

CF09112 0.0 100.0 TIME

*

CF09200 'TRIP-SG' L-GE 2 1.0 * TRIP by SG mass (< 41000 kg)

CF09201 .FALSE.

CF09205 'LATCH'

CF09211 0.0 41000.0 TIME
CF09212 0.0 0.0 CFVALU.606

FHEYG 2o o3 A YA = (RN Package’t F33lA &L A$, 2ad&
F¥3+3led) CORZjjO3 2 CORRii039] dHoA AR wbg/Zwe AdESdELEE
HA4

ol &3la] Acello] EujETE  AFEAE (919 COR00004%] ICFFIS 4E A4
AFHRE) HEL AUAE AA] Hcell (FAZSE celle Aol AAF
A FTAEAN AFAZIAY, A e FEFOE FZgo] ZAZ celld] AXE
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ool olglg duAs FELD £ EF AFEHE Zol oiln (dE=

SEAA F Zepds 2 Babded g AEEHER), AMgAe URE d5uld
C1311 % C13128 ©°l&3t 38t cell M9 F HEd &HE 3

EATFEE @ =AFAHEZ (components and materials)ell EHAI7IE S & F

S olRF cellddl AH Ass AL EoHo] QA %}‘:})

= ARE Hojd HEE SHEEY UF =AHAEZ/=ATFAHEY

FFEES AT Steel/Stecl oxide, 18]I Z
Inconel o Wis} 22z} stupy el 7k AL RATH oY E A JEFRE vHds

Zircaloy/ZrO2/(grid spacer)

T4 E (non-fuel components)ol| A8 ZFwul B FAHA FtEE EAE] Q&)
ARx=Aole]e] FAAENAY HAEE EHAPFE EsEE MELCORI1.84 o)A
FAHUATY. oM, G cell-ij (radial ring i, axial level )9 TA4E ko A &g
HEE Ego|t}.
Mi i kO
})i,_',k =})TIT(:MI (l—fesc)-—i;-'_fescﬂ, i,k (34"4)
I ZM ij.k U0, ’

A71M, & F HE H (P F ocellij oM A" E&oltt. FAHE koA

BdE 29L& k TAEWY Uo, EFl Hiddtta 7t A

fifj ;Mi,j,k,UO:
Fce = (3 4‘5)
’ Z Z f, f, ; Mi'.j‘ kU0,
i 3
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a8 929 2 27IREH UOo, ° AREHA 2 IYLE FHF k THE
2o A FFE YEiH
Z-meljkm
Fx =< (3.4-6)
’ sz;" i gk
ol 71 A,

28 (A= A5 E 1311)
£.=UO0,E 2&3e EFdUX Y & ((ZE AFuld 13125 1-C1312(1))

2 34-6)9 kol Wizt F2 WEE AFuld 13129 UHAC s AAE X
FET FEE @I o|FAR:, 4] (34-59 celld W FE& =AAAF (F,
axial levels j>NTLP, 7|4 NTLPE COR000002] =)ol ghste] o] FojxH, p,, =
(A5 Al 1312014 AAFHROD) =AY FRTFAHSA AT “07o]
ofyth wWEtA, HARLE FHL AAZEV] IR FHEHES AT Ao

FAE oig Uo, AFEEY T mAVIXE EE 23 2 FAHEC og
Fiund &2 “170]3, BEtr BE FAHE diz p, o &2 953 PF, 1T
celll A AHE F HEE £8)olth

cell

g REujo] B3 Rdo] IHRIAAXE Zntd AqUAE AR o]
FAE Euislr] ¢l MELCOR 1.84 | Ad] F71HE%ic B rmde oA
Arg JdEE S B9 v oS 271K $238 2olHL JMRATH cell B
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H &8 (Wkeg-UO, A4te]l tt2i, i el aAgrie] obd =2 3FAH
AA e FAHEAE BujdciE o] th=oh I 1311 € 13129 H=EHA S99
N7 x Aeuido] Alatel o]4¥®th. BWR Z PWRE Edwssd Wig sjE3
2ARAE g B 299 FAL = [3-6]0 AAS 7eH ok

d

=AM BHEe AF HAs BAANAM & TAHAER U/t AuixE o,
Uo,%t &7l S3ole ALE JMEEHT (M¥E) T2 =) Adarh
Hed oM wrtAE TAde 4% (&

TAECIY Ze FTHEY v Edd 3 Frdthe HREBNES T
TREF A deldle ALE JMPHET Celjd TAE kol AFHE F
TALL A H A

DHi,j,k.nel :( ﬂsc)DH k+j‘£.!iCDHl()J i j.k (34-7)
1714, DH;;,> £ Cell4j9] TAE kol d¥H HEIHHESZRE Ve Fxdoltt

2 TAHE k9 EZ s UOA 2Ede BHEol FFHE A&
et

o

DH}} = 2. DH.), (3.4-8)
Zﬁ;'M LSk
F‘I ko : (34_9)
- ZZ‘fm i gk m
o 7] A,
Mijim= SFANMAE cell-ijl TAHAE kT 2 m9 FFH,
£,= 2& 2P d6 B AUE EAESaE (NPBE FEMI 1320

f...=U0,& &%

4
rlr
of
i)
2
lo
M
o
3
oy
H
o
¥
=
(it
o

229] 1-C1322(1))



RN package”} & 23t9, 53 d DH,;,’ &, Decay Heat packageell 93] A|ztol| e} 7z}
YF Lol vMEH= HEY (specific power)S ©1F3t, Z celld] 2 T4 E] di3
FAEHE YEEAPEY AnFo2ZRE AXdd. 1 Ad, 39339 vow

FHEE BE FAHAEANAN BAE ¥H. 53], 38 (particulate) TE T A
(conglomerate) *=AIS}HES JIHEL A U0 AP AAF BoA 2]
Z71AnFSE wdste W, o8 =4 celld] DA HAdF BA Fyde
NF celld] PR WE YABAPEY zJ|AF ztolE wgsc} =3

==

dEE YEIANES T4 V0,9 LEUH mE PEiols

“

THeF RN package’} T84 ¥oW, YRIAHES] Buldl g HREe 0§88 +
itk o] B9, AA FAES AHEY FExAY FE9E € =AgHEY -
Uo, P wet ZAIFeE ujEd. ¥3 2 9 2EYx Z

B Folde U0l W] ZHHY FHARY FAZ J&) 7 HEE€L g
XA TFFojoprt v} o|FHF HYE FTHHEH (WkgUO,)S Decay Heat

packageo| 93 AFTHE HA x4 TIHIEFEH A H Aitdoh:
DH. (¢t . A
DH(t) = z (RN package not active) (3.4-10)
M U0y COR O)+M U0, cav 0)
7] A,

DH,= AA] =4 5 IE (Watts)
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MUOZ,c0r= }E‘}ﬁ] Oﬂ ]\—] _04 %j_jﬂ UO;_ 7\81 % (kg)
MUO?.,cav: 7H H] E] Oﬂ ]\_] _(2] %ﬂ_jﬂ UO2 ZE] % (kg)

o] Z Cell-ijl o8] FA4E<9 U0 +HiE 53E2 tSAHY A4tdh:

JifiM kv vo
DH? ., = DH(t) s L2223 M, -, (3.4-11)
- ZZfIfJM ijFupo, §0J M
i
DH//I\—'DH(I)MIJkUO (k;ﬁFU) (3.4-12)

f= wrAweke] A3 3P x (Y8 CORRIi03)
%

= H
f= 9ae 4od 29YE (4 CORZj03)

eH, =4 2 AREAPe VoM BT $ASYLEE TeAY Ve
Decay Heat package?] 37 &% 3%, DH(t) |ttt Ho] FEHHT.

ZZZD ij.k = = DH(I)MU() cor( ) ‘ (34-13)
353223 3 ndo ¥l R AHA

FxIER Z457] As ATWS E4FHE 7 Ao ¢z 7|&d 3=F
Aol golst otee] 4717 =S FHE ZdE vwstitt. HFEZFA FoAtx
HEz=2 gda o]f5 1 = MELCOR % SCDAP/RELAPS £+ ZHz} PWRe| thgh
A58 2 2do oigt rleo] FFHste AAAGAA AAEHIJY Loz

ST AAF AT L7 AR A8 W20 &old TASS @ KMRRSIMS X 2 12
Aolz Wmz FH41e] FORTRAN 77 & A3l PCE 7|vtoz 3t Fdo] 4
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i

9 HHAol ¥ o U KMRRSIM FE2
o}, Bla &2 ofglle] X Akt

MELCOR SCDAP/RELAPS
A= “Core (COR) Package Reference manual [3-7]" | — “SCDAP/RELAP5/MOD3.1 Code Manual [3-
26% 8] 14, 4.142
— “SCDAP/RELAPS/MOD2 Code Manual [3-9]”
77
29 25 | BWRE S(simple) 22 HZA 2d
A A A | = downcomer o thd FFEA YE | -3.1F F=x

g £38 At
. g, =0.037(C,H,)"" (P1P)>(H I H,)

17 (CORZjj03)/% (CORRIi03) W3k A
HEHALEE o] 83t =Acelle] 24l

¥ 1 - PWRA = A& E7H53iet -wwE 2 2= 2dd g 7]ge]
&6}*7 141%° o] &}l 5} 7] 7} oiet}
TASS E KMRRSIM =~
2z KAERI/RR-1746/96 X 314 [3-10],3.2.1% KM —031400 02 H3A . 3- 11]
e 27 | AZAHpoint) ¥ EAY1-D) Zd A ZAHpoint) &
A o303 2 3318 22 313 B2 R ;
B 1 — Fortran 77 / PC-based - #HA9] X84 713/ Fortran 77 AF$

— Medium-size -~ A= FHF £o] (PC-based, small-sxze)
259 SHY ¥ -

3.6 3153

1. American Nuclear Society Proposed Standard ANS 5.1, Decay Energy Release Rates
Following Shutdown of Uranium-Fueled Thermal Reactors, October 1971, revised October
1973.

2. American National Standard for Decay Heat Power in Light Water Reactors, ANSI/ANS-
5.1-1979.

3. A% 9 59, 1249 F4t=E= ONED 90, KAERI/TR-335/93, 1993.

4. Winter, H.J., MEDIUM2 MOD4.9, KWU B321/90/e03ba, Feburary, 1990.
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10.

11.

“Reducing BWR Power by Water Level Control During an ATWS, a Quasi-Static
Analysis”, NSAC-69, S.Levy, Inc. Final Report, May 1984.

J. F. White et al., "Fifth Annual Report--High Temperature Material Programs, Part A,"
GEMP-400A, February 1966.

MELCOR Computer Code Manuals (Version 1.8.3), NUREG/CR-6119, SAND93-2185,
September 1994.

SCDAP/RELAP5/MOD3.1 Code Manual (Volume I: SCDAP/RELAPS Interface Theory),
NUREG/CR-6150, EGG-2720, Vol.1, October 1993.

SCDAP/RELAP5/MOD2 Code Manual (RELAP5 Code Structure, System Models, and
Solution Methods), NUREG/CR-5273, EGG-2555, Vol.1.

QA A4 F4 AT 94 BE7] 4% 2 AE BA 3= A
KAERI/RR-1746/96, 1997.

Program Description of KMRRSIM, KAERI, KM-031-400-02, July 1989.
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¥ 33-1 TASS1.0 3} ONED90 ZE=37Fe] %7]3} A4t A

XY YHARZE dEHYgz=
(MEDIUM) (DIEB
L SPLID | I TAPEI2
adppow(2) — ONEDS0
l
KSHAPIN
KFRAIN
fln._bk Xe Adaptation
MOD_OFF_POWER Power Adaptation
=F. CR. Adaptation
ixeopt=10
TASS Steady | | fln._st
State} fln._dy
ft (1:14), mt(1:14), TAPETS
md(1:14)
fin._bk
MOD_OFF_POWER=T.
MOD_OFF_ONEDT-=.F.
USR(201)=1.0
fln._st o
%T
fin._dy SNAP T;n’:i it
fin._1D
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4. THY SHEEY AT

Az, wAREe] oF 22E2 T8 5t FER @ RiA 31E BX)

40) _ o0 =84y $ 20

at / i=1
dik; () _ f; .
SN S B g = Ak, (D), i=12,., N
o ] (1) — Ak (1)

o714, HEHFE JAE P
dp(t) = p(t) - p(0)

n(t) = ¢(t) / $(0)
(V) = k(1) / k(0)

ok

I

7

N

A9 AEESF HY A@I13-5)F A1) B @199 oAy,

d(n()g ) _ [dp) + p(0) - B]
at /

N
(n()P(0) + 3 Aic; (k;(0)
i=1

d(c;(t)k;(0)) _

EL -_— . . : .:
- L n(0)9(0) = Aici (0K (0). i=12,.,N

21(4.1-6) B 4.1-79] FHE A7 §(0) F KOE Y7,

) _ 02 LOP )13 10,40, 0)190)
i=l
dc;f(l‘) _ %n(r){¢(0)/k,~(0)} —Ac:(0), i=12,.., N

-47 -

(4.1-1)

(4.1-2)

o2 ¥F33IH (normalize) T3 2o

(4.1-3)
(4.1-4)
(4.1-5)

(4.1-8)

(4.1-9)



3, Y FH (steady state)ol] A $19] A2 oS3 &H Heldd,
dr;ftO) _o @+ lp(O) =£1 0y + i Aic;(0){k;(0)/ $(0)} . (4.1-10)

i=1
chiZEO) ﬂ/ £L2(0){¢(0)/ k,(0)} — A,¢,;(0), i=12,.,N (4.1-11)

2(4.1-10) 2 @A1-1D)2 AEEsY A (8p(0)=0, n(0)=1, c(0)=1)E o]&3}d]
A st oS3 2o

@-B1 LB _pO) _ ]
R (4.1-12)

pO) _ 1, _ ]

ORI i=12,.,N (4.1-13)

A@¢1-12) 2 @113)E A@ly 2 @199 wLSE o) FRPRFAE
A B

d);it) 5,0(’) ﬂ (t)+z IBI i (t) (41"14)
i=1
dcd(t) =2, (n(t) — c; (1)), i=12..,N (4.1-15)

Az, ALAYARY BN BYFE BAD] AP AEHS T8 st
Azl e HESAPEY UE fo) BHE YUY 48 2o

df (1)

dt =7wkz_f¢(t)—’1wkfk (t)’ k=1,2,..‘,K (4.1'16)

o] 714,
Yoot k-BA HEEHZESY AL (yield fraction)
At k- AEEAEZS FHEF

. AA HEE 9HA (macroscopic fission cross section)
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FHPATE el Mot iR MR R AABPELHE VIEeE BEsEd O

wy () = fr (1) £ (0),

d(w, (1) £ (0))

dr = 7wk2fn(t)¢(0) _;{'wk Wy (t)fk (0)3 k= 1’29-": K

S, PP E (steady state)ol] Al 19 A& b2 Aok

dw,; (0)

2= 0=y Z (0 (BO) S (OO} = Ay Wy (0), k=12,.,K

wa}A,

¢(0)/fk (0) = ;{’wk /(7191(2_[): k= 152""’ K

4@4120) 2 FHAF A (0=1, w0=DE ©1§5d H@1-182
ohgst 2k,
dwdkt(t) = Ay (1(8) = Wy (1)), k=12,.,K

AR, F =AEHLS SZYELEEY  (instantancous fission power,

YEEHPAE BFAEe o= U3 o] FAAG
K
P(OY=Z (1) E; + ) A [ (1) - E

k=1
o714,
E : 52%4A (prompt neutron)ol] 28+ o= &

E : k¥4 22849 57 o9

=

© =0 Z, i) EHF YAFAIML BT

rlo

Aol o}

o X
22 202 shape factor, configuration factor, B2 angle factor 53 22 gol& A&,

ua)

o~
=R

Lol

-49 -

o3} B,
(4.1-17)

(4.1-18)

(4.1-19)

(4.1-20)

45

(4.1-21)

P@t) #®

(4.1-22)



AAAE A Al4.1-22)E, 24.12002 o] &3t thexE TA O

K K
P(0)=Ef¢(O)E! +Z’{'wkfk(0)‘Ewk =Ef¢(0)(El +Z}/wk 'Ewk) (41'23)

k=1 k=1

wEhA =AEFHEE 241200 2 (4.1-17)E o]&ste Ay BFIdr)

M:M_E_L & Y vk £ v A v Ji (2) = n(t &' X E"L ;
P(0) ¢(0) Y +k=] Y}’wsz¢(()) n(t) Y +kz=:) Y 7w Wi ()

=n(z)-(1-aw)+fawk wy () (4.1-24)
k=1
o 7] A,

K
Y =E, +Z?’wk “E
k=1

E,
Cyp = Tk}/u‘k

42598 SYEEe] B4 B 74

B Q7o 2He ZAmEAY ATWS Almsidolth olE AdME THe
AEEol ¢4 FAHYL olF FuUAIL 248 Z=ole Ao ook At
eI =ABE Y7o

Ll

=

=

K3

FesEz F24 Y% BEol 44U @Y, H3F FYLIgol e
e e

n}
>
>
kl
o
Mo AX
2
X
(r
H—‘
>,
o
L
Dt
2
&
gl
o
X
(o
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2 EEY HF 28 YF g o3 A2 =2 (Fission thermal power)
AR AYME (fission product)?] HH ol g B E (decay heat)S EF AArg
Aok AEEEA TG o 8L B AEHY 10% vRto|ojA],
TOE7 HEYE £ B Fou =4AxZolF: e AAEZAAAE |
Fostoh.  mEbA ATWS Ak sjde 9% A= 289 AL 3 4E
AME 5 Jde Bdo] TEHAUH.
- Aitel] o] &2 EHAY FFHRE AAREY F I oF st FHAAe EAo]
aHE 2dA 48 dolgulolAe FHFol B Y I A i
Folzxien, dag volg Y TR thsHAA BT
T ABEF (reactivity feedback)es =Z7] AANAH gozRE|S W3l
ZAZH. Wgx AFEFHE PR Qi AEY KXW, fAS9
TRigh, dZAY 2E(ER) W, ¥4A sAsEY WHs, 2 Als

M % e

o

o

4 1zt
- FAHEH ARSI FH QA (Truncation Error)e] FTHAIE A7) 3 JE& =
(Tolerance) B AAMA|ZHAINTA/ZENA L ALEA7F AT

-
3
+

g mEel 3o pHe YEY, A2 FU% 334, 2 FAEeR o Foi5

Zrzbo] BELE gSAdd AA3] JlesEo dtth. O 42-12 PKINETIC REE 9
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AN

rEL
-z
2

1 A9 TR dgHE AU FEAAYEBI gF A (x:
Ay gAYy AL

K
Py() =2 LE f; (1) (4.3-1)
i1

Aol AHEE A ZAYLEY A wE B e TSAE RHSAT

qaf; (1)
at

=72 g9 =~ LSy () + 25,1 £ 1) = 01O [;0) + 01, 8() fie () = 7,Z 1 8(6) = 4, £ (1) (4.3-2)
A AdA 2299 AAY 2 EATLS HEREA JdI HYHIE -9
YRAALEY e 2 BAES, AAYS ¥4 YEIALEY S 3%
-5 BEAYLES] ALEE, 28jn YA 2 XS TS FH4AEE (neutron
capture)ol] 2% WA HYEAYHE] AAE E AEE kWA FEINHE

FENE A7 ZAET ¥ AL 2 E FIIE we Bdste Faxsb
FHeE & ALE ¥ g FIHE £ dFdME AHEESAT (A@.1-16)
Fzx). EAL Azbd & HEAYNE 229 AYgs 7t ot 27zl
e W\snge Fats Aoz WMIAFH A@12)F 22 FEHI Ho, uely
e 737 HelMe nEE RE YRIAANEY] 8¢ )7 Basith

AAAIZAA HED Pt) R TAL Pl 4% S W 7] Feo qg
HEZ FASHE O&xd BAZ & den (H@124) FE), FAUAC g
TAHLY W &S MY 2 EWe FoE FAFT

Pt Pr)+P,(0) o) &  fi®
P(0) P(0) () " 2% T

A71A, as 139 Edd g3l dAsts FAUAFT THEY B &ol0, 5L
Wahee AN HHME BE JRAAHE UF o @0 Fast B
ATolA AREF o @ B FHALFE ANS-S51-19720] 2AT FREA [4-1)
S=ZHEH 117/l IF (empirical group)2E A AL HILHW T 43-19)
F=agch  delde fE4e BASY) Hskel FuE [“200M o & 2

(4.3-3)
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Baass Hsted ANENES Hre Ag ANEH A9 Uxd= AL
#olatgion Hlmol ALEE BlOJEE E 4319 BA 239 I KMRRSIM
A A" dlolEE AT ()] EAo] ozt wso] glow
et A E 43191 $25AT. £ ATA AHEH dolHE g 7 A7
ZAE UPSUS A 2" M ebde AR SARe AL 29de 787
d oz AAFE 10° 24X GRS UP 2 N = 2R LY YR
Hol8 (52&5/82E)9 AlAtd AEE C, 0,5 B o, &= HEE (conversion ratio :
~88 USe 9T AHE PuY YAAF), UTY §E F5udd, 2 Use
45 Bduvde 474 dusn, ¥ 4UE PWRY HolHE Agsqtt
& e Az Ao wgstx @grh. H@A wolEe BEA W= et
2t}

LARAZARASE AHe AT <10°F - +20% (A0 Whal), -40% (o o T3
1002 < GAZAASF A A <10Z - +10% (Aol H8l), 20% (o o )
PAZAHAAE A AL <100F -eeme +20% (Aol Thal), -50% (o o Thal)
o2, mAxEo] AR AGdaes HELo] dojutr] gomz F I grho]
aEojop . FELl FAE olF A wWE FIEY ®HEg= A
2o Z2HE ohgFo] TAEH.
= fi(0) -4 -
Pa(0) = 2 a5 5 PO (4.3-4)
A71A, AR LAFL FAEHC] BE HEIAAE Sl HEAAH =gt
EO/AO0)=1) 7HA3IE S22 A 5 gl
d(t)—za P(0)-e™* =f/1,-E,-f,-(0)e“f’ =ﬁzf¢(0)7,-5,~e“"’ (4.3-5)
i=1 i=1

aeu 29 2 343 WEr A 88 AEAHN =Axdo] 4w

AN =A)TY =EE BT A@3-4)E olstd FHEWE T olH,



fH= =EAZIAY #HE AFESET, PO)Y &L HA FE=AEold o
(B =24ol9 vlE&S F3t9 AT (=EHA &L 99 27 94
A(4.1-24)91 4 PO)e) #ol BA FEEAEolo U (2w wmEZole HE
&3] Akskath)

442H2 ¥y Hlo]EHol L

2 2giMe 9% 3457] (33,4279 Y, CER) 15719 BOCEOC & ¥F
2%57] (Wd) 55719 BOC/EOC ° W3 o4 doleuol2rt @A FHHo Ut
Adeds dstes 2dL R F719 dE"o] ojFAW wHi YW
HFHE= @o] AToER Fodn. o] ek =S HFAYEEL HAd
fAgdTal GEHEATE GHHE)Y dF dolEHelirt FItE FEHHC
Jem, oA o THA/F7]Y HolHE H4A F71E & e FUHE ZEY
TFZ7F AAE0) . EAL AHY FF R AWE ¥ 4419 FEIAT

P

i

4592 A e

AFTAI T AT t oA TSRS TO3AH Zo] ZAE § Utk
p(t) = p(0) + Ap,

A, Ape ATHEHY W] wWE vrExo WHIHE ey AFTHEHY
g2e ddE 25 2 ¥4A 2(REyF Z1HAANDL BS54 T 2ol BAE F

=

E jd

3o,

pe= o [Tt) — T]
Sl E [Tc(t) - TcO]
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A7NM, T, E T, © £7] BEAH k=DoAY dds 2 J4A9 225 24
UEMHT o 2 o, © HASE25A9 (fuel temperature coefficient) 2 Q%ZH%E |

(moderator temperature coefficient)E ZHzt YEtdH. o] g AlFE A X (bumup)

2 2950 g gEe ek

FTOALLZE A Bzbert B Eetd B 710 BAste ZAEAle] YTt
zotx Fo ¥k ert AYEE aFst BAEd. ol aHE 1] 4
Z1EAS (void coefficienty =& ZEALZ=AIS  (moderator density coefficient) S
TYsirlE sy dRtdozE gEAREATA ZAEAY dxRadsr g
agE e o] BEEoltt. wEtd B AT AEA dxadst g4 ngd
AEALEATE BYdte AEsEAT

o2 FUAMIIE BE AgHo] =AxFeo] WA xEF xAdAMEe
AR FAEo] EBVbsstER YEdol 2] oET. mEN A xEA7A

FHAE AFdto =4S dEGA % 2L U HFEIYFE A%
THERE nHEAT. & 3457 TAXFAANDA @EARZFZATL o]FoAH
FEfol4) MELCOR =9 it 9t =AwZAzE gdxAd=E7Ae
1712 ool A3 om, ATWSS] Aolle ~Flx ZErt dq3dn.

46 A4 9F R ALEH

PKINETICY] Al2x 9182 371x] 2H7F Aok AAE X438 oaE d=oldg.
q7le ARFAEA ¥FY e 9 eAFLEEFo] 2gEY. EAE AIA
Jgolty, Agrlele AL A/FEAL, AR 2 2294 13
Arde A AEFANM dgds F s kot 2

|
AN 2ATIT QGHolol M E LEAR AES 5T 4+ YTk wN 2
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QPL Aol He HolE E: FHYYR F 4 on, dFdnce e
Folt @48 3o LEAM APE E 3Sd gz gAAE WEs
AHg8A €. @A) PKINETIC olME YWY (pkinetic.in’)d] EAdRE
gojn, 9Y¥nge] EASA = A ==y

Edge gzsgoe 8 dgne gtk AR 9
1] = shgich

PKINETICY] A&l Z+ AT AN Y FAR DE, ALFAR 239
1, fEGAPEY ZTE, 27)HEE

3] AFEHA AAEEHe JEE9EYHd $94Ee EF nEye o2 Mwth
o] 992 ZAtY ATgol T o EolE F IEES =
(‘pkinetic.out’)ye  AlAte]l FHE fHEZC PHIY, IFIAHAFTIAA
AELE CONPAS [4-3]8 o|&3led Inz OPE 38 £ JYEE IJAE 233

i}
47 5~ 3}

Ao A A 271X A i dddASHAE dukH o R Euler Y, 2A
Taylor 313, 2 RungeKutta 3|HFo] FHEdArh ddaAsHLE x7|x BAE
AH T BAANAY y3t, dd, y; & yinE Y AARAHELE ZAFOEZH
U F y, = yx) (1€ i 2 N)S Eoldle #olth o & E9, njx&dF yx)7t 73
xEfblolA Tgd dANTERAAT 27|ZR y@)=y,E HEE W YyxE
T AL,

aj’(x) = f(x,y(x)) (48-1)
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HoN 2@4.8-1)o] AHYPsE FI [a,blE TTE(=(b-a)yN) N7j<
Basln 4 B2HE x~a ¥ x=atih (=12,...N)°lg} 31 2|4-30)2

Vi = yi+ [T f Gy dy (4.8-2)
Qe o A9 $W HFEFL ol 4@83)F To] A FE F(xi, yi,
ZAFSHE 4 (4.8-2) 4(4.8-4)7F A

rulo

IREACRIENEIEN ICTRIND (4.8-3)

Vier 2 Yit he{x;, v, 1) (4.8-4)

2l 48T v v 5 AT F 2RAAY yERHEDY AAFF QY x4
Y& Vimy(X) S xm BFR O B3 xolA Y y# yEyx)TLE ALE £ Ak
Al ZEte] A 4.8-9oA i = 0,1.2,... B Zo] iE AHE WHFAA JtH 27]H
Vo= FEH yol 7iAL y,o2HE y,0) y,2REH yt T & 2 484
o] &3 y,EREH AlFAMA yynye. Y £LE y(I<iSNYl BEF TR
dAGA L ol o] v, & 3 vtE A dANA Y &k yEHE o] &3k Aitste
WS T o] s 4 (4.8-49)Y ¥ HEFY ZAPYH wel Euler W
Taylor 319, Runge-Kutta 3% o] At

o

Taylor 3182 AXte] FL=7F Euler sigol] Hls) wi¢ Fssic). sy o] siye
SE&F AAME f(x, yx) FHO DAETTE Fof ot HAY Lo BEa
aYBE fix, yx) RAETFIE EIRSIH @45 o dEE ARSIV
By, Euk oohst dod = fix, yx)7b FoIHE W HAZ] el A
AFHOZE fix, y)of AFFE T E8 EF x@kol W nAUEASF
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AdE ¢ AEE Az ok A Aol folgd dol ofyr] wEd o

& Aitstete] ARt o gol WET. wWEtA] Taylor H o FHo] HE
AMALEE 2tl2 RESEA FAd Talyor M9 Wdol Hi mARES
AME Hste W LSE RungeKutta 3ol AHEET o] A E fix, y)9
TAEZST gl AEFIHx, x g0l e 249 A9d x@edA e A fix,
yx)S AE AFgoz FAFOEZ N TaylordlPY ©Ho] HE IAETSF AL

—_—

5+, Runge-Kutta-fhelbers WS 2xF4do] 7153 Runge-Kutta 3%
EEAAE 5-699 ZFaFo]l AREHULH, AAMG A FIEH [4-4]
Zzxslr] vhE.

bl

o =
IEH

>

8

1. F.W.Barclay and K.W.Dormuth, A Method of Computing Fission Product Decay Heat in a
Reactor with Time-Dependent Flux, Nucl. Sci. Eng., 53, 406-439, 1974.

2. KAERI/TR-845/97, TASS Code Topical Report, Vol.l, pp.30, February 1996.

3. KAERI, “CONPAS (Containment Performance Analysis System) 1.0 User’s Manual”,
KAERI/TR-651/96, April 1996.

4. RL.Burden 2] A, $04/4d5 HAY, FX 443, pp265-270, 7B A 1979.
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¥ 43-1. 59E A A
[KMRRSIM] [ANS-5.1/1972] [TASS]

i o A o A o A
1 0.704060E-2 ~0.704060E-2 | - 7.65030E-1 | 0.299E-2 1.722
2 1.49083E-2 1.49083E-2 | 8.99985E-2| 0.825E2 0.5774
3 1.82658E-2 1.82658E-2 | 9.82920E-3| 0.155E-1| 0.6743E-1
4 1.05096E-2 " 1.05096E-2 | 1.23263E-3 | 0.1935E-1| 0.6214E-2
5 1.4896E-4" 0.1755E2" | 4.91000E-4 | 0.1165E-1| 0.4739E-3
6 0.831665E2| N/C 0.831665E-2| 1.63155E-4| 0.645E-2| 0.481E-4
7 0.456997E-2 0.456997E-2| 1.67432E-5| 0.231E-2| 0.5344E-5
8 1.4372E-4" 0.1693E2™ | 3.41000E-6 | 0.164E-2| 0.5726E-6
9 0.200039E-2 0.200039E2 | 1.03421E-6 0.85E-3| 0.1036E-6
10 0.141904E-2 0.141904E-2 | 1.02785E-7 0.43E-3 | 0.2959E-7
11 0.0710225E-2 0.0710225E-2 | 2.55667E-9 0.58E-3| 0.7585E-9

37 0.68E-1] 1.535E-3| 0.723183E-1 0.7E-1

" for HANARO

* for PWR, = 0.226481E-2 X C-(G55/Gpns)

" for HANARO

** for PWR, = 0.218519E-2 x C-(G,s/Gis)
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¥ 44-1. PKINETIC EE9] ¥Hi 948 dHolH
Py % 9

npl flag plant type flag :
=1 : YGN(or Uljin) 3/4 (cycle 1), BOC (=0 MWD/MKU, 802 ppm of Xe)
=2 : YGN(or Uljin) 3/4 (cycle 1), EOC (=13650 MWD/MKU, 15 ppm of Xe)
=3 : YGN 2 (cycle 5), BOC (=0 MWD/MKU, 1404 ppm of Xe)
=4 : YGN 2 (cycle 5), EOC (=12070 MWD/MKU, 300 ppm of Xe)
=5 : HANARO, BOC (=0 MWD/MKU)

GMC(1) (effective) i-th delayed neutron fraction (beta-i)

SGMC delayed neutron total yield fraction (beta)

GT neutron generation time (1) [sec]

RMC(1) i-th delayed neutron decay constant (lamda-i)

SGMW fission product total yield fraction

SRMW fission product total decay constatnt [/sec] -

RMW(K) Fission product decay constant [/sec]

AMW(K) (Normalized) Fission product disintegration rates

ATF reactivity coefficient of fuel temperature [mk/K]

ATC reactivity coefficient of coolant temperature [mk/K]

QTC nominal thermal power [MWth]
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E 4.7-1. PKINETIC EE9 A}&x 48 dHolg
MLy g 2

N number of variables (or differential equations)
IND communication vector for initial entry
TOL tolerance for error control
NERR =( weights are 1/max(1,abs(y(k))

=1 absolute error control - weights are 1

=2 relative error control - weights are 1/abs(y(k))
NFCN max. number of function evaluation per time step
T start time [sec]
TFIN end time of calculation [sec]
TSAM time interval of calculation [sec]

(for control purpose, TSAM is recommended to be 0.2

for detail calculation, TSAM could be less than 0.2)

NPLOT output printing time indicator

(if NPLOT=k, output is printed every k-th calculational runs)
TF average fuel temperature at time step of t
TC average coolant temperature at time step of t
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=
ool

wn =
2ON T

&4 ME pl_flag
22X 3,4 (cycle 1)
{cycle 1)
(cycle 5)

5

&4 224 G0IE M2
BEL O BEENAE

HHA DR NUSHI MMS

2V

MyE Mg/

A

IR
-

MME/SD
2 & X generation time
/Y2 2 &4

'

/&8 U €|
& = pkinetic.in
Z8 = pkinetic.out

~

|

ASXH 2 He
SXIHE 2

HAAIZEHO 28 : T/T, /dT
220224 2 : NPLOT

(o)

!

SHRAHS0| X5
FNC/FC()/FW/FQ/QC

H ot Loop AE}
attime step t=1t,

I »

Reactivity BIEH2 =5 A& s=e @ =Aission

thermal power) Hl &t

AN SHE JHEuEs

HHZ/UAT 2E BS r
from €42 AN

Call Runge—kutta M2 2 €l

(0 - MELCOR 25) MOELBAC £I1% 8

time step EJI
t =t + dt

L.

28 4.2-1 PKINETIC AlAF 8%
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5. 8% =% MODULE® MELCOR Zt 9 €37

off
L)

¥ =% module (PKINETIC) =AW #A8%e] BFLE, =AW 3449

i

F2x, AZA MTE YYLE &, powerE EHLE T 53 module?)

o

g¥4E MELCORS ¥Wget dAZdA7]7] 93t KINE' ZHe ©]§¢ common
block2 MELCORWo| A3+ MELCORS x4 WZA] &£xd4 2 AR 9
FBALEE T3/ AT ZF =4 celld] FF/XEWHFTE AHAY] ¥F &4
'KINE'] AdstAth. S8 module® &% W Powerte MELCORY HE = 78
CORPOW ule] 'QFISTO' W=l &F3l2=E, QFISTO #*<S T3 moduledl A
(KINE' common blockel & 98 g A&ty A" 2% #A powerZ
WA EE BT oled HFAHAA dA= 9™ el MELCORUCIA WAE=
ottt 7 gte. 2 'KINE' common block®] W& 7BAdte] HF: L sid HFrt
AAsta 9lovt X% MELCOR®S #|Fuigo] gk vl pointer/} AT

Mg AR ol sl gas Fokska WSEAL gola B Rl

s1EZ2 o] BA

a2 AHE8-EE MELCOR ZEIORFNX FEE moduled FHY FZZ L
2A3t9th. MELCORE AL B L databaseZ A5+ Alg3t=d], 34 427

storage BIEE AlE-3tth o] AL XREALX (floating point variable), INETEGE (integer
variable), LOGICA (logical variable)), CHARAC (character variable)®] 47lo]m,

FZ2I8L ST Wt 9 WEFTY UFE argument® passdte] AL§-3HA



"}, o] Rz 2O EA49 #HE common blocke HE 14 YEMG ST, Bifo

gelmtgel g AR FRE IR 20 AEH gloh.

HA 7]&9 MELCOR common blockdl Sl& ®F F dqdsHE 2= 9 HAFy
#EE HEE AH ALY F e Y q4FE Fotslr] Yole, ddse FH L
UeEhlE 'XMFU' ¥ gldgye £22 yelle 'TMP HB59 Abgd sl

AE}GT. A7l Ae F wsge 47 Addsts FZ23%W CORRNICA

Lo

AFsle] Qo] F B E goz (oldlY ZEEA HFXR)FFHEYUY
MELCORI A= BE (AFAFE XREALC|ZHE BlEo] A3l oS argument®
ggstm o, T WP diFt FHZFAI}I XREAL' HFAY AF ge
gzt a2y A3 x4 g2 ALY H(nput deck)ol EEtAo] wal
HESEZE 7]£9 common blockel] 9= W F HAF5E 2% Hedyg HFE
A" AEE F gds Aol FJAHIIY (argument®E 'XREALX' Hld 5 ¢HES
Abgshed, 2 AMREE REol Afvid dE2ue RAE ZFAdoern AN
yge  HE 39 YEth. &, FZEI3¥  CORPARYA M=
AAA 2 A time step)o] tF HAAEE 257} cellBZ AAEE O] ‘TNEW’ H0
AZ=a, ol FZZ I CORUVNAIA ‘TEMP ¥=E, X I I3 CORRNIA A
‘TMP(IFU,IAJR)Y W2, RE=Z23%  CORDBDIAA ‘XCL7y WSE, gx
Bz g2 CORDBCIA ‘XREALX(RCORF)Y ¥+ 2 vl At 29 5.1-194 28
5.0-50l2 #@ T2 HYAsF 25 WHFTY A AAS A Ho .

W2ty @A MELCOR FxAAe 7€ ®HTE i #e A4d F7
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Ho

gleng, dAs F7HAFE vidsto] At @9, EME JSHFE A=
il

ddey L5t £AHE Rxeade 5% ¢AE o83 2T .
MELCOR — MEXRUN — MEXLOP — CORDBC — CORDBD — CORRN1 — CORUV2—

CORPAR

a9 5.1-12 23 CORDBCe W T A5FY 2=/2F WF

i

eh

"XREALX(IRCORF)2] Al{E HAFE dH, XREALX ®]9< 'NUMREL' W+E

rr

AFg3ta 50000009 cellE AT, FTZ I3 CORDBDE 3&E w 'TRCORF

HEE AME Sl XREALX 8lE & €3E 'XC argument® pass 3T},

SUBROUTINE CORDBC

DIMENSION XREALX(NUMREL
EQUIVALENCE (XREALX(1), DREALX(1))

CALLCORDBD( + -« = = - - XREALX(IRCORF), -+ + - - -}

RETURN
END

a9 5.1-1. EZ 2 3% CORDBCY XREAL AME-9]X

39 51-2& FZE33Y CORDBDY W8 F HAEEY ZAFH 2= WHFTE
et XCL'F XCL7YY AMEE& HAFE H, HZE33 CORDBCY
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XREALX g ZHE pass® XC #1EL 'IRCORNHTE AL&35ty gL MAstn
HZ2 3% CORRNIS T&T o L1'd L7 HUFE AMEsY XC wid F <

'XMFU', 'TMP' argument®. pass 3t}

------
......
......

CALLCORRNA(+ + + + - - XC(LA), + ++ - « “XC(LT), =+ - - - )

......

RETURN
END

a9 5.1-2. £X 239 CORDBDE XC AFE-9)X

79 513 & BTz @ CORRNIY W€ 3 sldsio Asgks 2% Bs

=
(¢ T - =

JElllE 'XMFU'SE TMP'Y] AlEE HoFE H, §FZ=2 3% CORDBDS XC
HEZHE passgd XMFU 2 TMP HIE€2 134 sigolA 33 Hid=
WA o0 'NAXL, 'NRAD', ' KCMP' M8 Alg3le] wjde MAAdsta, Bz
CORUV2E % &% u] 'TMPUFU,JAIRYT} 'XMFU(LJAJR) ®EE AL&3te] TMP

T

Bld 3 XMFU 8ld 5 Y45 & 'TEMP, XMI', 'XM2' argumentZ. pass@Htt.

godzgol Adstd PP dHus A5 gol 4RE 13AAY B

TMP(IFU,JAJR)E FZ 2138 CORUV2Y argument® A&, 7 Bz 7
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SUBROUTINE CORRN( =« = - - - XMFU, +» - -« -TMP, -+ - - )

INPUT/OUTPUT: -

C
C XMFU - MASSES OF MATERIALS IN INTACT FUEL PELLETS (KG)
C T™MP - TEMPERATURES OF COMPONENTS (K)

*- INCLUDE CORCMP
COMPONENT IDENTIFIERS
COMMON /CORCMP/ IFU, ICL, ICN, ICB, ISS, IDP, ICNB, ICBB

C
C
C IFU - INTACT FUEL PELLETS

*- INCLUDE CORDIM

C ARRAY DIMENSIONS AND NEW TIME/OLD TIME OFFSETS
.COMMON /CORDIM/
1 NRAD, NAXL, NNOD, NXNOD, NNTOT, NTLP, KCMP, NCVOL,
2 NXVOL, NVTOT, NRELMX, NLH, NPNTOT, NVOLUM, NEBAL, NSUR,
3 IORCOR, IOICOR

NRAD - NUMBER OF RADIAL RINGS
NAXL - NUMBER OF AXIAL SEGMENTS

OO0

DIMENSION XMFU(2 NAXLLNRAD), - + - - -« -
DIMENSION TMP(KCMP,NAXL,NRAD)

------

ISTRTL = 1
IF(MONBH.EQ.1) THEN

F (IDRY.EQ.1.AND.(IRTYP.EQ.0.0R.IRTYP.EQ.2)) ISTRTL = NTLP
END IF
DO 220 IA = ISTRTL, NAXL
DO 200 IR = 1, NRAD

CALL CORUV2 ( D)ENET(IFU,IA,IR), TMP(FU,IA,IR), HCAP(IFU,IA,IR), *999, LUOZ,
XMFU(1,IA,IR),
+ ESI(LUO2,IFU,IA,IR),LHT, XMFU(2,IAIR), ESI(LHT,IFU,IAR) )
200 CONTINUE
220 CONTINUE
RETURN
END

I3 5.1-3. 22 33 CORRN1S TMPS XMFUS A}E-9) X
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P ¥ A2 A" goez giAHY, o ol ZASA FEE moduledl A

VHoE ALGHE HYAEFY AFH 2E Hse TR

a8 51-4% REZ233 CORUVNY W& § ddsde ARy 2 Hs-E
UEtE TEMP'S 'XM1' 2 'XM2'9] AHEE EAFE o, X223 CORRNIY
TMP ¥ ¥} XMFU ¥ 28E pass® TEMP, XM1 © XM2 #d-& 339 ujg oA
HEg HALon, EZZ 33 CORPARE 5% uw] ' XMASS'EH 'TEMP' ¥+ E
AFE3}e] 'XMASS', 'TOLD' argument® passdlil, FZZ71% CORPARY 43§ =

TEMP %2 TNEW o2 ¥HA"EY,

a8 5155 FZEIOF CORPARS W& 5 ddsde ARy &= HFE
UeldE 'XMASS'9t 'TOLD'®] Alg& HAFE d, RT3 CORUVNY
XMASS$ TEMPEZX-E] pass® XMASS, TOLDE A4S 8% £ TNEWZLO]
WA retunE 3, THA] BEZZ I CORUVNIA returnE ©w A2 & 2

'TEMP' M= passH U}
512 =4 B7A 2x ¥ B4

Z} Ao} A A (control volume)2] A X MELCORS] 3 Z7] @AM g2 gro2
AH(nput deck)=™, Z+ volumeo| T3] volume numberE 7|E2E QEX&EO
A= Mg AL g A HEE FEY AL gHY. &4 Ao A F o]

HeWEAE Aitel FiEHs §¢ UWEHSEE & & glov, input
deck Q2 HH ¢lo] & AoJAA o]F2 AoJAA I A@d HHE



QOO0 OOO0O0

O

SUBROUTINE CORUVN

THIS SUBROUTINE PASSES MASS, ENERGY, AND TEMPERATURE ARRAYS
TO THE THERMAL EQUILIBRATION ROUTINE CORPAR. ENTRY POINTS
ARE PROVIDED FOR VARIOUS NUMBERS OF EQUILBRATING MASSES.

INPUT:
DENET -NET ENERGY ADDED TO COMPONENT (J)
MAT1-MATS - MATERIAL NUMBERS OF EACH MATERIAL IN COMPONENT
XM1-XM9 - MASSES OF EACH MATERIAL IN COMPONENT (KG)

INPUT CHANGED ON OUTPUT:
TEMP - TEMPERATURE OF COMPONENT (K)
HCAP - TOTAL HEAT CAPACITY OF COMPONENT (J/K)
E1-ES - SPECIFIC ENERGIES OF EACH MATERIAL IN COMPONENT (J/K

ENTRY CORUV2 (DENET, TEMP, HCAP, *,
MAT1, XM1, E1,
MAT2, XM2, E2)

IF (XM2 .GT. ZERO) THEN
KM = KM * 1
MAT(KM) = MAT2
XMASS(KM) = XM2
ENEW(KM) =

END IF

ENTRY CORUV1 (DENET, TEMP, HCAP, *
MAT1, XM1, E1)

IF (XM1 .GT. ZERO) THEN
KM = KM + 1
MAT(KM) = MAT1
XMASS(KM) = XM1
ENEW(KM) = E1

END IF

......

CALL CORPAR (DENET, KM, MAT, XMASS, TEMP, TNEW, ENEW, HCAP, *999)
TEMP = TNEW

RETURN 1

END

% 514 BZZ % CORUVNETEMP A9
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SUBROUTINE CORPAR (DENET, NMAT, MAT, XMASS, TOLD, TNEW, ENEW, SUMMCP, *)

------
------

------

DER = (DENET - DEMELT) / ELMLT
TNEW = TMELT + DTMLT(MAT(IMLT)) * DER

RETURN 1
END

¥ 5.1-5. 22X 273 CORPARSYTNEW AM&-9] %

Hrk o]ALS MELCOR 3 Z=Fo| output fileo] EZAIZ wf IdF"E HBQ
AojA A o]Bg A AdM FHETH 2822 MELCOR 8 EFd& Aoz =
oA Fo] x4le WA ==& Yeex FEE 71 gl

dAE w4 FZA I == TELE AHIY AFIR Ik FF
codeE H Y48t dwtz A7lE FAA, AAAA ojF& 1A olFE AEE
843, input deck© 2 H-E] ¢jo] & W 75, A3t A A G A+ HIEE

o
710 R st YFHor FEHE £ IS T dFo|t

—

Input decko] ZEHH =4 HZA] ==

Bd e Bed 2rh:

Input deck format : [ CVnnn00 CVNAME ICVIHR ICVFF ICVIYP
CORijj01 IREFN ICVHC  ICVHB
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'CVnn00' el 41 H A8 nnn#} 'CORijj01'Y ICVHC Aoy W& E el
g9 do BXo] AjAF 1700] CORE-REGION, & x4 ¥ZAl ==&
UelE, HASE cell 104 (i=1, j=0H)E 1709 =4 dzZHA)S Al Q2S
o m] it

CV17000 CORE-REGION 1 2 1

COR10401 -1 170

238 51694 2¥ 5199 TWHE T2 =AYZAA Lx ®So X7}
A8 AeEo] gloy, Al WA k= 25V FAEHE RT3 &

TAE &9 2o

MELCOR — MEXRUN — MEXLOP — CVHDBC — CVHDBD — CVHRN3 — CVHDON

O 5.1-6& £=Z23% CVHDBCY W& F =4 W¥ZHAe 2= WS #H =
'XREALX(IRCVHF)Y3 'XREALX(IRELCS)'Y] Al4& HoFE d, XREALX wig€-2
'NUMREL' ¥ & A}-&3t 500000709] celld A3, =2 3% CVHDBDE
&% 9 'IRCORF'Y 'IRELCS' ®FE AME38le] XREALX HiE F A% & 'C,'S

argument® pass3HT}.
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SUBROUTINE CVHDBC

......

......

COMMON / / DREALX(NUMREL/2)
DOUBLE PRECISION DREALX

DIMENSION XREALX{NUMREL)

EQUIVALENCE (XREALX(1}, DREALX{(1))

......

*- INCLUDE CVHDB

POINTERS TO CONTROL VOLUME HYDRODYNAMICS DATA BLOCKS IN
DATABASE COMMONS
DIMENSIONS OF CALCULATIONAL SCRATCH ADDED 14-NOV-90

QOO0

COMMON /CVHDB/ IRCVHF , IRCVHN , IICVHF , [ICVHN ,
1 ILCVHF , ILCVHN , ICCVHF , ICCVHN ,
2 NRCVHS , NICVHS

CALLCWHDBD( - - -+ - - XREALX{IRCVHF), -- - - - -XREALX(IRELCS), --- - *)

......

RETURN
END

I3 5.1-6. =T 2 1% CVHDBCY XREALX AM&9 X

a¥ 5172 FZT =239 CVHDBDY W& F =4 dzhAle] &£ ¥fst #HEd
'C(KTEMPN-I), 'C(KTEMPO+I)y % 'S(KX2)9 A4S RAFE 4, R=Zza%
CVHDBC®] XREALX W€ ZHE pass® C HIEL '"RCVHN' HFE Algste, S

H| €& 'NRSCR' ¥H4E Alg3te] vjdS AAstz, X233 CVHRN3IS &%
@ 'KTEMPN, KTEMPO', KX2' HWFEZ Al1g3td Cc wids s ®id & 4RES

'"TEMPSO', 'TEMPSN, 'X2' argument 2. pass$T}.
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DIMENSION C(IRCVHN), - - -, S(NRSCR) - - -

CALLCVHRN3( - - - - - -C(KTEMPN-), C(KTEMPO+]), - - - - - S§(KX2), --- - - )
RETURN

END

39 5.1-7. X239 CVHDBDY C9 S AFEH A

% 518 2 FZEI3 CVHRN3Y g T =4 4449 25 #gd #A

pu?

(e

2]

'TEMPSN', 'TEMPSO', '’X2'9] Al4S HoFE d, £X=2 3% CVHDBDY C uig 3}

WA ZHE pass® TEMPSNI} TEMPSO BiE-& 1atd digolA] 2a1¢ wjd =,

€

MEE 129 widolA 3 wiEE WA FHASH, NNVOL, NUMVOL' ¥+E
ALgste] HWEe Adsta, FEZE2 33 CVHDONS 3% 9 'X2(1,LITO)y HFE

A}£-3td TEMPSO argument®. pass§+tt.

SUBROUTINE CVHRN3( = - - + - - TEMPSN, TEMPSO, - - - - - y X2, e o)
c INPUT
c TEMPSO(2,NNVOL) = POCL,ATMSO TEMPERATURES
c OUTPUT
c TEMPSN(2,NNVOL) = POOL, ATMSO TEMPERATURES
DIMENSION - - -X2(2NUMVOL\NX2), - - -
DIMENSION - - -TEMPSN(2NNVOL), TEMPSO(2,NNVOL), ETOTLN(NUMMAT,NNVOL), ---

......
......

......

RETURN
END

a3 5.1-8. X2 CVHRN3SYTEMPSNI X2 ARE-9] A

i

%8 519 FEZ=E3% CVHDONY W& F x4 WA 2% #AAH WHEe
20
j=g

UellE 'TEMPSO'Y A€ S HAFE ©, X223 CVHRN3Y X2 wjg=zx

)

- 73 -




pass® TEMPSOE A4S 33 F TEMPSO ®lE zto]l WAHEO return® 3L

Al £ ZZ 3% CVHRN3ONA] retun® o] 28 g2 X2 wldZE passHU

------
......

------

RETURN
END

a3 5.1-9. X233 CVHDONS TEMPSO AF&-4 %]

5.1.3 AZtAle] ¥ge] 24

%338 moduled A FL3 time step= common blockd] AAEH WFE AFE3 ot
COR package°l 1= 'CORDBD' F =2 388 S3g o] A|ztAod

Abgste] Zkg A, WAE ST COR o]99l Y2 packagedlME DT ¥
Abgan HAEE 2RV BAHE BTEIW CORUV2OIAE AzbAlo RS
ASER] o, oAL REE BRIz gl CORRNIUWA AZtA|o@F=
Agsted, T2 aekdlA] 'DELE'®F DENET' %2 HAESE 24 Agdrh =4
BzbA X7l AAEE FEEQ R 2% CVHRN3GAE A7kAle] w7}
Aikell ARGEAT, o] gL WANHA &en. IF 5.1-100c ATAESFT}
AitElo] FAEE FZRa3o WE D AA] ¥Fe] fX 7 AAE] A2 H o
ATt
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SUBROUTINE CORDBD (

*- INCLUDE CORDTC
c CORE PACKAGE SUBCYCLING AND TIME STEP CONTROL VARIABLES
COMMON /CORDTC/
1 DTC, DTCMIN, DTCREQ, DTCRQO, DTCLFT, DTSLFT, NCORCY, NCORCO,
2 NSUBMX, DTMPMX, DTMPCR, IAMX,  IRMX,  ISTRMX, NMX, NCYOLD

DTC - CORE PACKAGE TIME STEP (S)

DTCMIN - MINIMUM CORE PACKAGE TIME STEP (S)

DTCREQ - CORE PACKAGE TIME STEP REQUESTED FOR NEXT SUBCYCLE (S)

DTCRQO - OLD-TIME VALUE OF DTCREQ (S)

DTCLFT - TIME LEFT IN CORE PACKAGE TIME STEP (S)

DTSLFT - TIME LEFT IN SYSTEM TIME STEP (S)

NCORCY - NUMBER OF CORE PACKAGE SUBCYCLES SINCE BEGINNING OF PROBL

NCORCO - OLD-TIME VALUE OF NCORCY

NSUBMX - MAXIMUM NUMBER OF CORE PACKAGE SUBCYCLES IN A SYSTEM CYCL

DTMPMX - MAXIMUM TEMPERATURE CHANGE THAT OCCURRED FOR A CELL COMPO
DURING THE SUBCYCLE (K)

DTMPCR - CRITICAL TEMPERATURE CHANGE OF A COMPONENT TRIGGERING A
TIME STEP CUT (K)

IAMX - AXIAL SEGMENT IN WHICH DTMPMX OCCURRED

IRMX - RADIAL RING IN WHICH DTMPMX OCCURRED

ISTRMX - COMPONENT IN WHICH DTMPMX OCCURRED

NMX - NUMBER OF SUCCESSIVE TIMES COMPONENT ISTRMX,IAMXIRMX HAS
CONTROLLED THE CORE PACKAGE TIME STEP

NCYOLD - OLD SYSTEM CYCLE NUMBER

hloNoNoNoNoNoNoNoNoNoNoNoNON O NGNS NON PN GNP

......

*- INCLUDE MXXTIM

TIME COMMON BLOCK

TIME = PROBLEM TIME

DT = TIMESTEP

CPU =CPU TIME

NCYCLE = CYCLE NUMBER

NDTPAK = PACKAGE CONTROLING TIMESTEP
COMMON /MXXTIM/ TIME, DT, CPU, NCYCLE
COMMON /MXXTPK/ NDTPAK

CHARACTER*3 NDTPAK

OOOOOO

......

c BEGIN NEW SUBCYCLE. SET CORE PACKAGE TIME STEP.
c MAKE DTC AN INTEGRAL DIVISOR OF DTSLFT
IF {(DTCREQ .GE. DTSLFT) THEN

% 5.1-10. =233 CORDBDY A|ZHAAHS(DTC) AAEY R (A1)
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DTC = DTSLFT

ELSE

DTC =DTSLFT / AINT(DTSLFT/DTCREQ-10."RNDNUM+ONE)
END IF

......

RETURN
END

% 5.1-10. ¥ X233 CORDBDY AlZHA|OIM4=(DTC) A A
504 YAE 8 WE BH
A4z &¥e PLEIY CORPOWS 'QFISTO' MFE AHgste] Atsed,

B A 02 control function numberdl]l W} A4t 2ol TEA ALEH, Axl=

223} chexal layman W55 1 dted A4S gt EE 3 fission powerS AAHSH

[6

gog 3t ¥ s51-l1de IAE &8 & Aisle BREZ 233 CORPOWSH
A2 &8 W AT AAE] A E] Utk QFISTO A#Aled ARE-H C1301

] g L& chexal layman AFE ARV A4E AlT2 3T S+ Aok

oY
(E
)
o
Me
=

5.1.5 =4 942 &

7 @49 TLOFW AFZEAME 93] SH)g Al dE[5-119 g3t A4
% 3HAE =4 WZAAE YEdEd, olRd o d¥ WA XMASSO'S]
volume 39 material (liquid, fog, wvapor)® gto] ZEIFS Yeldg, Fzz A
CVTINEQ$ CVTWGEe] 33 23 W4 'XMASSN'?]  volume 39

%
material(liquid, fog, vapor)e] #tell 73X "},
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eNeNeReke e ks X e XsRoXeo ko Ko RoRoRoReNoNoNoNoNeRoNoNoNoRO NSO NGO NG Ne RG]

SUBROUTINE CORPOW (
| NAXL, NRAD, NTLP, KCMP, NNVOL, ICFFIS, IEXIST, ICVHC,
| Z DZ,ZPOOL, PVSL,
| XMFU, XMCL, XMCN, XMCB, XMSS, XMDP, XMDC, FRFIS, FZFIS,
X DHEAT, QFPTOT)

THIS SUBROUTINE CALCULATES THE FISSION POWER FOR EACH CELL
AND ADDS IT TO THE DECAY HEAT (DHEAT)} ARRAY

INPUT:
NAXL - NUMBER OF AXIAL CORE/LOWER PLENUM SEGMENTS
NRAD - NUMBER OF RADIAL CORE ZONES
NTLP - NUMBER OF AXIAL LOWER PLENUM SEGMENTS ONLY
KCMP - NUMBER OF CELL COMPONENTS
NNVOL - NUMBER OF FLUID CONTROL VOLUMES
ICFFIS - FISSION POWER CONTROL FUNCTION NUMBER
IEXIST - FLAG INDICATING PRESENCE OF COMPONENTS IN CELL
ICVHC - CHANNEL FLUID VOLUME
zZ - ELEVATION OF BOTTOM OF CELL (M)
DZ - LENGTH OF CELL (M)
ZPOOL - POOL LIQUID LEVEL IN CONTROL VOLUME (M)
PVSL - PRESSURE IN REACTOR VESSEL (PA)
XMFU - MASSES OF MATERIALS IN INTACT FUEL PELLETS (KG)
XMCL - MASSES OF MATERIALS IN CLADDING COMPONENT (KG)
XMCN - MASSES OF MATERIALS IN CANISTER COMPONENT (KG)
XMCB - MASSES OF MATERIALS IN CANISTER-B COMPONENT (KG)
XMSS - MASSES OF MATERIALS IN STEEL STRUCTURE COMPONENT (KG)
XMDP - MASSES OF MATERIALS IN PARTICULATE DEBRIS (KG)
XMDC - MASSES OF MATERIALS IN CONGLOMERATE DEBRIS (KG)
FRFIS - RADIAL POWER PROFILE
FZFIS - AXIAL POWER PROFILE
DHEAT - DECAY HEAT RATE IN CELL COMPONENTS (W)
QFPTOT - DECAY HEAT RATE IN CORE (W)

OUTPUT:
DHEAT - TOTAL HEAT GENERATION RATE [N CELL COMPONENTS (W)
QFPTOT - TOTAL HEAT GENERATION RATE IN CORE (W)

......

IF (ICFFIS .GT. 0) THEN
ICFFIS SPECIFIES CONTROL FUNCTION THAT GIVES LIQUID LEVEL TO BE
USED IN CHEXAL-LAYMAN CORRELATION
FOR NOW, SET TOP OF ACTIVE FUEL ELEVATION TO TOP OF CORE
ZTAF = Z(NAXL) + DZ(NAXL)
ZREF = ONE
ZLL = CFRVAL (ICFFIS, JERROR) - ZTAF
Z0 = C1301(4) * (PVSL/ C1301(6))**C1301(5)
HCL = MAX ((ZLL + Z0), ZERO)

a¥ 5.1-11. FZ2 3= CORPOWS HA2 &7 A A (A%
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IF (HCL .GT. 10.) CALL MEXSTP (CHMESA, NCHMSA)
QFISTO = OPRPOW * C1301(1) * (ZREF*CUNIT1)**C1301(3) *

* (PVSLIC1301(6))*C1301(2) * (HCLIZREFY*C1301(3)
IF (JERROR .NE. 0) CALL MEXSTP (CHMESA, NCHMSA)

ELSE
c ICFFIS SPECIFIES CONTROL FUNCTION THAT GIVES TOTAL FISSION POWER

QFISTO = CFRVAL (-ICFFIS, JERROR)
IF (JERROR .NE. 0) CALL MEXSTP (CHMESA, NCHMSA)

END IF
c
c
IF (FISSUM .GT. ZERO) THEN
c
c FPFAC(JUO) IS THE POWER DENSITY OF UO2, NOT CORRECTED FOR
c ABSORPTION IN OTHER MATERIALS
FPFAC(JUO) = QFISTO * FRFIS(IR) * FZFIS{IA) * FLL / FISSUM
C
C
QFPTOT = QFPTOT + QFISTO
C
END IF
RETURN
END

a9 5.1-11. T2 3% CORPOWS A2 &89 AAg R
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SUBROUTINE CVTHRM (

C  DIMENSIONS, I/O SWITCHES, ETC
1ICVNUM, ICVFLG , NUMVOL , NUMMAT , IGERR , IERROR,

C  OLD VARIABLES INPUT
2CWOL ,ETOTLO,PVOLO , TEMPSO, CVWOLO, XMASSO,

C  NEW VARIABLES OUTPUT
3CTEN ,CVN , CPN , ETOTLN, HTOTLN , PPARTN,
4PVOLN , TEMPSN, CVWWOLN , XMASSN , DPDEN ,DPDMN
5PROPSN, VSATN ,TSPCN )

QOO0

e e ek ek o e ok deok ok e sk e e dee o ek ok e ek ek ek e de deke ook e ek ok ik deok ook de itk deok ke

CONTROL VOLUME THERMODYNAMICS PACKAGE
EVALUATES NEW THERMODYNAMIC STATE FOR ALL ACTIVE CONTROL VOLUMES
INPUT:
ICVNUM = ARRAY OF USER NUMBERS FOR CONTROL VOLUMES
ICVFLG(1,V) =CONTROL VOLUME FLAGS AND SWITCHS FOR VOLUME V
I=KCVTHR: (1/2) FOR (EQUILIB/NON-EQUILIB} THERMO
I=KCVACT: (0JOTHER) FOR (ACTIVE/INACTIVE) VOLUME
I=KPFSW : (0/1/2) FOR (BOTH/NO POOL/NO FOG)

NUMVOL = NUMBER OF CONTROL VOLUMES
NUMMAT = NUMBER OF MATERIALS THAT MAY BE IN THE VOLUME
CWOL(V)  =VOLUME OF MATERIAL IN CONTROL VOLUME V. (M*3)

OLD PROPERTIES INPUT:
ETOTLO(*V) = TOTAL ENERGY OF POOL, ATMOSPHERE, VOL V (J)
PVOLO(V)  =TOTAL PRESSURE IN VOLUME V (PA)
TEMPSO(*,V) =TEMP OF POOL(1) AND ATM(2) INVOLV  (K)
CVVOLO(*V) = VOL OF POOL(1), FOG(2), VAP(3) IN VOL V (M3)

XMASSO(M,V) =MASS OF MATERIAL M IN VOL V (KG)
NEW PROPERTIES OUTPUT:

CTEN(M\V) = COEF THERM EXPAN OF MATERIAL M, VOLV  (1/K)

CVN(MV) = CONST-V SPECIF HEAT MATERIAL M, VOLV  (J/KG.K)

CPN(MV) = CONST-P SPECIF HEAT MATERIALM, VOLV  (J/KGK)

ETOTLN(M,V) =TOTAL ENERGY OF MATERIAL M, VOL V )

HTOTLN(M,V) =TOTAL ENTHALPY OF MATERIAL M, VOLV  (J)
PPARTN(M,V) = PARTIAL PRESSURE OF MATERIALM, VOLV  (PA)
PVOLN(V) = TOTAL PRESSURE IN VOLUME V (PA)
TEMPSN(*V) =TEMP OF POOL(1)AND ATM(2)INVOLV  (K)
CWOLN(*V) = VOL OF POOL(1), FOG(2), VAP(3) IN VOL V (M3)
XMASSN(M,V) =MASS OF MATERIAL M IN VOL V (KG)
DPDEN(*V) = (DP/DE*M,V, POOL(1) AND ATM(2), VOLV  (PA/J)
DPDMN(M,V) =(DPDMEV FORMATERIALMINVOLV  (PAKKG)
PROPSN(*V) = THERMODYNAMIC DATA FOR VOLUME V

(SEE POINTERS IN CVTPRP)
VSATN(**.V) = SATURATION PROPS DATA FOR VOLUME V

eXoNeoNeoNeoNeNsNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNeRoNoRoNoNo RO RO NS N
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(SEE POINTERS IN SATDAT)
TSPCN(*,*,V) = SPECIFIC THERMO DATA FOR VOLUME V
(SEE POINTERS IN CVHSP)

OTHER OUTPUT:
IGERR = GLOBAL ERROR FLAG {0/1) FOR (NO ERROR/ERROR)
IERROR(V) = ERROR FLAG FOR VOLUME V

=0 FORNOERROR

=1 |F CVTSVE FAILED TO CONVERGE VOLUME (EQL)

=2  |F TEMPERATURE (POOL OR ATMOSPHERE) TOO LOW
=3  IF TEMPERATURE (POOL OR ATMOSPHERE) TOO HIGH
=4  IF VOLUME ITERATION FAILED TO CONVERGE (NEQ)
=5  |F NOPOOL OR NO ATMOSPHERE (NEQ)

=6 IF CVTSVE FAILED TO CONVERGE POOL (NEQ)

=7  {F CVTSVE FAILED TO CONVERGE ATMOS (NEQ)

=10 FOR NON-POSITIVE VOLUME

=20 FORNEGATIVE MATERIAL MASS OR NO MASS

=30 FOR INVALID THERMO OPTION FLAG

=-1 IF WATER DENSITY TOO GREAT FOR H20 PACKAGE
=-3 IF COMPRESSIBILITY OF WATER IS NEGATIVE

......

......

CALL CVTWGE

C.V. NUMBER, DIMENSION, VOLUME, INVENTORY, OLD TEMPERATURES
ICVNUM(NVOL), NUMMAT, CVWOL(NVOL), XMASSO(1,NVOL), ETOTAL,
TEMPSO(2,NVOL),

POOL/FOG SWITCH
ICVFLG(KPFSW,NVOL),

NEW PROPERTIES OUTPUT:
PVOLN(NVOL), CVWOLN(1,NVOL), CVVOLN(2,NVOL), CVVOLN(3NVOL),
TEMPSN{1,NVOL), TEMPSN(2,NVOL),
CTEN(1,NVOL), CYN(1,NVOL), CPN(1,NVOL), ETOTLN{1,NVOL),
HTOTLN(1,NVOL), PPARTN(1,NVOL), XMASSN(1,NVOL),
DPDEN(1,NVOL), DPDMN(1,NVOL), PROPSN(1,NVOL), TSPCN(1,1,NVOL),

ERROR FLAG
JERROR)

CALL CVTNEQ (

C.V. NUMBER, DIMENSION, VOLUME, INVENTORY, OLD TEMPERATURES
ICVNUM(NVOL), NUMMAT, CVVOL(NVOL), XMASSO(1,NVOL),
ETOTLO(1,NVOL), ETOTLO(2,NVOL), TEMPSO(1,NVOL),

29 5.1-12. £Z23% CVTHRME] =4 3zt 2% A4
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c VALUES FOR PDV WORK

2 CVVOLO(1,NVOL), XPDVWK, PVOLO(NVOL),
c NEW PROPERTIES OUTPUT:
PVOLN(NVOL), CVVOLN(1,NVOL), CVWOLN(2,NVOL), CVVOLN(3,NVOL),
TEMPSN(1,NVOL), TEMPSN(2,NVOL),
CTEN(1,NVOL), CYN(1,NVOL), CPN(1,NVOL), ETOTLN(1,NVOL),
HTOTLN(1,NVOL), PPARTN(1,NVOL), XMASSN(1,NVOL),
DPDEN(1,NVOL), DPDMN(1,NVOL), PROPSN(1,NVOL), TSPCN(1,1,NVOL),
c ERROR FLAG

6 JERROR)

b EWwWw

CALL CVTWGE (
c C.V. NUMBER, DIMENSION, VOLUME, INVENTORY, OLD TEMPERATURES
1 ICVNUM(NVOL), NUMMAT, CVWOL(NVOL), XMASSO(1,NVOL), ETOTAL,
1 TEMPSO(2,NVOL),
C POOLIFOG SWITCH
2 ICVFLG(KPFSW,NVOL),
C NEW PROPERTIES OUTPUT:
PVOLN(NVOL), CVWOLN(1,NVOL), CVWOLN(2,NVOL), CVWOLN(3 NVOL),
TEMPSN(1,NVOL), TEMPSN(2,NVOL),
CTEN(1,NVOL), CYN(1,NVOL), CPN{1,NVOL), ETOTLN(1,NVOL),
HTOTLN(1,NVOL), PPARTN(1,NVOL), XMASSN(1,NVOL),
DPDEN(1,NVOL), DPDMN(1,NVOL), PROPSN(1,NVOL), TSPCN(1,1,NVOL),
C ERROR FLAG
JERROR)

(&I ~ AN S KO0 B A

»

C
1000 CONTINUE

......

RETURN
END
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AT W4
ICORRN1 Az B AdF 42 257 FAREAY 47 AA
ICVHRN3 AU AR e 2EVF FAReA] 5 AA
ICVTHRM A Bz Aol Aol FojgeAY A7 HA
ITCOUNT ITCOUNT =0 :INITIALIZE THE NEUTRON KINETIC EQNS, DECAY
HEAT AND THERMAL POWER
ITCOUNT = 0:CALL RUNGE KUTTA-FHELBERG 5&6 ORDER
SUBROUTINE
Bz g% PKINETICS 3£F v 148 713t
TCNTEND AR B TAEXA (52429 AW FxE)
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SUBROUTINE MEXRUN

......

*- INCLUDE CORDIM
c ARRAY DIMENSIONS AND NEW T{ME/OLD TIME OFFSETS
COMMON /CORDIM/
1 NRAD, NAXL, NNOD, NXNOD, NNTOT, NTLP, KCMP, NCVOL,
2 NXVOL, NVTOT, NRELMX, NLH, NPNTOT, NVOLUM, NEBAL, NSUR,
3 IORCOR, i0ICOR

NRAD - NUMBER OF RADIAL RINGS

NAXL - NUMBER OF AXIAL SEGMENTS

NNOD - NUMBER OF CORE/LOWER PLENUM CELLS

NXNOD - NUMBER OF EXTERNAL CELLS OUTSIDE CORE/LOWER PLENUM
NNTOT - TOTAL NUMBER OF CELLS IN CORE PACKAGE

NTLP - NUMBER OF AXIAL SEGMENTS IN LOWER PLENUM

KCMP - NUMBER OF POSSIBLE CELL COMPONENTS

NCVOL - NUMBER OF CVH FLUID VOLUMES INTERFACED TO CORE/LP CELLS
NXVOL - NUMBER OF CVH FLUID VOLUMES INTERFACED TO EXTERNAL CELLS
NVTOT - TOTAL NUMBER OF CVH FLUID VOLUMES INTERFACED TO COR PACKA
NRELMX - MAXIMUM NUMBER OF RELOCATIONS BEFORE CALL TO RN1 INTERFAC
NLH - NUMBER OF AXIAL LOWER HEAD NODES

NPNTOT - NUMBER OF LOWER HEAD PENETRATIONS

NYOLUM - FIRST DIMENSION OF VOLUME ARRAY

NEBAL -FIRST DIMENSION OF EBAL ARRAY

NSUR - NUMBER OF COMPONENT SURFACES

JORCOR - OLD-TIME/NEW-TIME OFFSET FOR REAL DATABASE

|OICOR - OLD-TIME/NEW-TIME OFFSET FOR INTEGER DATABASE

eNeoNeoNoEoNoNoNoNoNs NoNoNoNoNoNoNoNoNe)

* *

Inserted by Sunhee Park, 98.12.

*- INCLUDE KINEtics for Kinetics model
PARAMETER( JAXL = 99, JRAD = 9)

C COMPONENT IDENTIFIERS
COMMON /KINE/ FUELMASS1{JAXL,JRAD),FUELTEMP1(JAXL,JRAD),POOLTEMP1,

2% 52-1. R=Z 3% MEXRUNY 588 module M 2713t 991 (Al
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*

OO 0000000000000

*

+  FUELMASS2(JAXL,JRAD), FUELTEMP2(JAXL,JRAD), POOLTEMP2,POOLMASS,
+ ITCOUNT, TCNTEND, TCNTENDO, ICORRN1, ICVHRN3, ICVTHRM,
+ TFO, TCO, TF, TC, CKINE(24), NVAR,IND,TOL,NERR,NFCN

FUELMASS1(JAXL,JRAD) -  FUEL PELLET MASSES BEFORE CHANGE
FUELMASS2(JAXL,JRAD) -  FUEL PELLET MASSES AFTER CHANGE
)
)

FUELTEMP1(JAXL,JRAD) - FUEL TEMPERATURE BEFORE CHANGE
FUELTEMP2(JAXL,JRAD) -  FUEL TEMPERATURE AFTER CHANGE
POOLTEMP1 - POOL TEMPERATURE BEFORE CHANGE
POOLTEMP2 - POOL TEMPERATURE AFTER CHANGE
POOLMASS - MASS OF POOL
ITCOUNT - TIME COUNT

(ATFIRSTO, ADD 1PEREACH CALL )
TCNTEND - FINAL TIME (Accumulated DTC)
TCNTENDO - FINAL TIME - Old value {(Accumulated DTC)
ICORRN1 - CHECKFOR UPDATE FUEL TEMPERATURE (0/1)
ICVHRN3 - CHECK FOR UPDATE CORE-POOL TEMPERATURE (0/1)
ICVTHRM - CHECK FOR UPDATE CORE-POOL MASS (0/1)
ITFTC - CHECK FOR OLD/NEW VALUE (PKINETIC)
TFO, TCO - OLD VALUE (FUEL TEMP. CORE-POOL TEMP)
TF, TC - NEW VALUE {FUEL TEMP. CORE-POOL TEMP)
CKINE - Described in subroutine RKF56 (within PKINETIC)

NVAR : NUMBER OF VARIABLES (OR DIFFERENTIAL EQUATIONS)
IND  : COMMUNICATION VECTOR FOR INITIAL ENTRY
TOL :TOLERANCE FOR ERROR CONTROL
NERR=0 WEIGHTS ARE 1/MAX(1,ABS(Y(K))
=1 ABSOLUTE ERROR CONTROL - WEIGHTS ARE 1
=2 RELATIVE " " 1/ABS(Y(K))
NFCN=MAX NUMBER OF FUNCTION EVALUATION PER TIVE STEP
DIMENSION FUELMASS1(JAXL,JRAD), FUELMASS2(JAXL,JRAD)
DIMENSION FUELTEMP1(JAXL,JRAD), FUELTEMP2(JAXL,JRAD)

Inserted for Kinetic mode!

ITCOUNT =0
TCNTEND =0
TCNTENDO=0
[CORRN1 =0
ICVHRN3 = 0

. ICVTHRM =0

--- USER INPUT DATA FORKINETIC

OO0 OOO0

NVAR : NUMBER OF VARIABLES (OR DIFFERENTIAL EQUATIONS)
IND  : COMMUNICATION VECTOR FOR INITIAL ENTRY
TOL : TOLERANCE FOR ERROR CONTROL
NERR=0 WEIGHTS ARE 1/MAX(1,ABS(Y(K})
=1 ABSOLUTE ERRCR CONTROL - WEIGHTS ARE 1
=2 RELATIVE " " - ' 1/ABS(Y(K))

3% 52-1. FZ2 3% MEXRUNS T 83 module ¥ %7138 YA (A<
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NFCN=MAX. NUMBER OF FUNCTION EVALUATION PER TIME STEP

T : START TIME [sec]
TEND : END TIME OF CALCULATION [sec]
DTC  :TIMEINTERVAL OF CALCULATION [sec]
{For control purpose, DTC is recommended to be 0.2
For detail calculation, DTC could be less than 0.2)

OCOO0OOO0OO0O0

NVAR=8
IND=1

TOL=0.0001
NERR=2
NFCN=50
TEND=10.0
ITCOUNT=0
DT7C=0.2

OOOO0

C ~- INITIALIZATION
c

DO 90 =19
CKINE(1)=0.0

90 CONTINUE
CKINE(1)=FLOAT(NERR)
CKINE(7)=FLOAT(NFCN)

*

End of insertion

......

RETURN
END

9 52-1. Fx 233 MEXRUNS F&3% module B %7]3F 99X
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E 522 ¥AEF *E Hy E Ulg
Variable g
T™P TEMPERATURES OF COMPONENTS (K)
COMPONENT IDENTIFIERS
IFU - INTACT FUEL PELLETS
ICL - CLADDING
ICN - CANISTER (PORTION NOT ADJACENT TO CONTROL BLADE)
CORCMP ICB - CANISTER-B (PORTION ADJACENT TO CONTROL BLADE)
ISS -OTHER STRUCTURE
IDP - PARTICULATE DEBRIS
Bl ICNB - ICN OUTER (BYPASS) SURFACE
o ICBB - ICB OUTER (BYPASS) SURFACE
z |[IA INDEX OF AXIAL CORE/LOWER PLENUM SEGMENTS
B IR INDEX OF RADIAL CORE ZONES
NAXL NUMBER OF AXIAL CORE/LOWER PLENUM SEGMENTS
NRAD NUMBER OF RADIAL CORE ZONES
SMEU MASSES OF MATERIALS IN INTACT FUEL PELLETS (KG)
AMFU(2,NAXL,NRAD) - INTACT CELL FUEL PELLET MASSES
FUELMASS1 | FUEL PELLET MASSES FOR OLD AND NEW VALUE (X197 371 &)
FUELMASS?2 | DIMENSION FUELMASS1(NAXL,NRAD), FUELMASS2(NAXL,NRAD
FUELTEMP1 | FUEL TEMPERATURE FOR OLD AND NEW VALUE (N 5711 2=)
FUELTEMP2 | DIMENSION  FUELTEMP1(NAXL,NRAD), FUELTEMP2(NAXL,NRAD)
AAgRe BANFEYN FUYIFL J|FoR 97 RE(el)oz U¥o Airdd.
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nax! nrad naxl nrad

T= > > TG MG 7))+ D D Mi(i, ) (5.2-1)

i=4 j=1 i=4 j=1

where T=temperature of fuel,
M=mass of fuel,
naxI= number of axial core fuel,

nrad=number of radial core fuel
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SUBROUTINE CORRN1( + - = - - - XMFU, - = -+ - TMP, -+ -+ - - )

C INPUT/OUTPUT:

C XMFU - MASSES OF MATERIALS IN INTACT FUEL PELLETS (KG)

c TMP - TEMPERATURES OF COMPONENTS (K)

*- INCLUDE CORCMP
C COMPONENT IDENTIFIERS
COMMON /CORCMP/ IFU, ICL, ICN, ICB, ISS, IDP, ICNB, ICBB
C
c IFU - INTACT FUEL PELLETS

*- INCLUDE CORDIM
C ARRAY DIMENSIONS AND NEW TIME/OLD TIME OFFSETS
COMMON /CORDIM/
1 NRAD, NAXL, NNOD, NXNOD, NNTOT, NTLP, KCMP, NCVOL,
2 NXVOL, NVTOT, NRELMX, NLH, NPNTOT, NVOLUM, NEBAL, NSUR,
3 IORCOR, IOICOR
C
c NRAD - NUMBER OF RADIAL RINGS
c NAXL - NUMBER OF AXIAL SEGMENTS

*. INCLUDE KINEtics for Kinetics model
PARAMETER( JAXL =99, JRAD = 9)
Cc COMPONENT IDENTIFIERS

COMMON /KINE/ FUELMASS1{JAXL,JRAD) FUELTEMP1(JAXL,JRAD),POOLTEMP1,
+  FUELMASS2(JAXL.JRAD), FUELTEMP2(JAXL,JRAD), POOLTEMP2,POOLMASS,
c + ITCOUNT, TCNTEND, TCNTENDO, ICORRN1, ICVHRN3, ICVTHRM, ITFTC,
+ ITCOUNT, TCNTEND, TCNTENDO, ICORRN1, ICVHRN3, ICVTHRM,

+ TFO, TCO, TF, TC, CKINE(24), NVAR,IND,TOL,NERR,NFCN
c
c FUELMASS1(JAXL,JRAD} -  FUEL PELLET MASSES BEFORE CHANGE
c FUELMASS2(JAXL,JRAD) -  FUEL PELLET MASSES AFTER CHANGE
c FUELTEMPH{JAXLJRAD) -  FUEL TEMPERATURE BEFORE CHANGE
c FUELTEMP2(JAXL,JRAD) -  FUEL TEMPERATURE AFTER CHANGE
c POOLTEMP1 - POOL TEMPERATURE BEFORE CHANGE
c POOLTEMP2 - POOL TEMPERATURE AFTER CHANGE
c POOLMASS - MASS OF POOL
c ITCOUNT - TIME COUNT
c (ATFIRST O, ADD 1 PER EACH CALL )
C TCNTEND - FINAL TIME {(Accumulated DTC)
c TCNTENDO - FINAL TIME - Old value (Accumulated DTC)
c ICORRN1 - CHECK FOR UPDATE FUEL TEMPERATURE (0/1)
c JCVHRN3 - CHECK FOR UPDATE CORE-POOL TEMPERATURE (0/1)
c ICVTHRM - CHECK FOR UPDATE CORE-POOL MASS (0/1)
c [TFTC - CHECKFOR OLD/NEW VALUE (PKINETIC)
c TFO, TCO - OLD VALUE (FUEL TEMP. CORE-POCL TEMP)
c TF, TC - NEW VALUE (FUEL TEMP. CORE-POOL TEMP)
c CKINE - Described in subroutine RKF56 (within PKINETIC)
c NVAR :NUMBER OF VARIABLES (OR DIFFERENTIAL EQUATIONS)

OE 522 EZE2I% CORRNIWES FUELMASS % FUELTEMP AM& 91X (A%
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IND : COMMUNICATION VECTOR FOR INITIAL ENTRY
TOL : TOLERANGCE FOR ERROR CONTROL
NERR=0 WEIGHTS ARE 1/MAX(1,ABS(Y(K))
=1 ABSOLUTE ERROR CONTROL - WEIGHTS ARE 1
=2 RELATIVE ° - " 1/ABS(Y(K))
NFCN=MAX. NUMBER OF FUNCTION EVALUATION PER TIME STEP
DIMENSION FUELMASS1(JAXL,JRAD), FUELMASS2(JAXL,JRAD)
DIMENSION FUELTEMP1(JAXL,JRAD), FUELTEMP2(JAXL,JRAD)

FTOOOOOOOO0

* Inserted for KINETICS
C Initialize mass and temperature of fuel in 'KINE'
{F (ICORRN1 .EQ. 0 ) THEN
DO 18IR =1, NRAD
DO191A=1, NAXL
IF (IEXIST(IFU,IA,IR) .EQ. 1) THEN
FUELMASS1(IA IR) = XMFU(1,1A,IR)
FUELTEMP1(IA,IR) = TMP(IFU,IA,IR)
FUELMASS2(IA IR} = XMFU(1,1A,IR)
FUELTEMP2(IA,IR) = TMP(IFU,IA,IR)
END IF
19 CONTINUE
18 CONTINUE
print *, ' = |nitialized mass and temperature of fuel,’

C Calculate initial TFQ value
AVETEMPF1=0.0
TOTTEMPF1=0.0
TOTMASS1T =0.0
C Calculate average temperature of fuel
DO 212 IA=NTLP+1, NAXL
DO 202 IR=1, NRAD
TOTMASS1T =TOTMASS1 + FUELMASS1(IAIR)
TOTTEMPF1 = TOTTEMPF1 + FUELTEMP1(IA,IR*FUELMASS1(IAIR)
202 CONTINUE
212 CONTINUE
AVETEMPF1 = TOTTEMPF1/TOTMASS1
TF0 = AVETEMPFA1

print*, and calculated initial temperature of fuef,
+ "for PKINETIC'
print*, TFO =, TFO
ICORRN1 =1
END IF

End of insertion

......

ISTRTL =1

O 522, EEX2 3% CORRNIWS FUELMASS ¥ FUELTEMP AF& x| (A%
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[F(MONBH.EQ.1) THEN
IF (IDRY.EQ.1.AND.(IRTYP.EQ.0.OR.IRTYP.EQ.2)} ISTRTL = NTLP
END IF
DO 220 1A = ISTRTL, NAXL
DO 200 IR =1, NRAD

IF (IEXIST(IFUJAIR) .EQ. 1) THEN

INTACT FUEL PELLETS EXIST - CALCULATE NET ENERGY SOURCE
AND UPDATE FUEL STATE VARIABLES

OOOO0

ISTR=1IFU

(@]

DENET(IFU,IA,IR) = (DHEAT(IFU,IA,IR) + QCND(IFU,IA IR) -
* QGAP(IA,IR) + QRAD(IFU,IA,IR) - QCNV(IFU,IA,IR)) * DTC

CALL CORUVZ (
* DENET(IFU,IA,IR), TMP(IFU,IA,IR), HCAP(IFU A IR}, *998,
* LUO2, XMFU(1,1A,IR), ESI{LUOZ,IFU,IA,IR),
* LHT, XMFU{2,IAIR), ESH{LHT.IFU,IAIR))

*

Inserted for KINETICS
C Update mass and temperature of fuel with new value
IF (ICORRN1.GT. 0) THEN
FUELMASS1(IA,IR) = FUELMASS2(IA,IR)
FUELTEMP1(IA,IR) = FUELTEMP2(IA,IR)
FUELMASS2(IA,IR) = XMFU{1,1AIR)
FUELTEMP2(IA,IR) = TMP(IFU,IA,IR)
C print*,' *** Fuel mass/temperature updated...’
END IF

End of insertion

......

200 CONTINUE
220 CONTINUE
RETURN

END

O 522, X238 CORRNIW S FUELMASS ¥ FUELTEMP A8 $3

T3 MAAP4 codeollA] g HILXEE AEs)

rr

WHE FEsSAS

B2 g% HEATUPYA 'TCRAVG, 'MNOD(IY, 'TNOD(JY, MTOT' W42 ALR-&1o

- 90 -




dol F4 3} o] ARe TAW YYo= YIEY PFLES

Row[52], 2 WEL 28 5239 A H U

o] £ (52-1) & FORTRAN program© 2 F@EsoH, o]z

Bz g g3 PKINETICO 3718 W& 28 5240 A3 AzHo] Ao

T 5}

SUBROUTINE HEATUP

......

------

......

IF (MNOD(IJ).GT.TINY) THEN
TCRHOT=MAX(TCRHOT,TNOD(IJ))
TCRAVG=TCRAVG+TNOD(IJ)*MNOD(LJ)
MTOT=MTOT+MNOD(IJ)

ENDIF

410 CONTINUE
415 CONTINUE

IF (MTOT.GT.TINY) THEN
TCRAVG=TCRAVG/MTOT

ELSE
TCRHOT=100.EQ
TCRAVG=100.E0

ENDIF

......

% 5.2-3. MAAP4 codeW]d] AR T HA2E A& YA
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SUBROUTINE PKINETIC (TFPOWER)

* Inserted by Sunhee Park, 98.11.
*. INCLUDE CORDTC
C CORE PACKAGE SUBCYCLING AND TIME STEP CONTROL VARIABLES
COMMON /CORDTC/
1 DTC, DTCMIN, DTCREQ, DTCRQO, DTCLFT, DTSLFT, NCORCY, NCORCO,
2 NSUBMX, DTMPMX, DTMPCR, IAMX,  IRMX,  ISTRMX, NMX, NCYOLD

DTC - CORE PACKAGE TIME STEP (S)

DTCMIN - MINIMUM CORE PACKAGE TIME STEP (S)

DTCREQ - CORE PACKAGE TIME STEP REQUESTED FOR NEXT SUBCYCLE (S)

DTCRQO - OLD-TIME VALUE OF DTCREQ (S)

DTCLFT - TIME LEFT IN CORE PACKAGE TIME STEP (S)

DTSLFT - TIME LEFT IN SYSTEM TIME STEP (S)

NCORCY - NUMBER OF CORE PACKAGE SUBCYCLES SINCE BEGINNING OF PROBL

NCORCO - OLD-TIME VALUE OF NCORCY

NSUBMX - MAXIMUM NUMBER OF CORE PACKAGE SUBCYCLES IN A SYSTEM CYCL

DTMPMX - MAXIMUM TEMPERATURE CHANGE THAT OCCURRED FOR A CELL COMPO
DURING THE SUBCYCLE (K)

DTMPCR - CRITICAL TEMPERATURE CHANGE OF A COMPONENT TRIGGERING A
TIME STEP CUT (K)

[AMX - AXIAL SEGMENT IN WHICH DTMPMX OCCURRED

[RMX - RADIAL RING IN WHICH DTMPMX OCCURRED

ISTRMX - COMPONENT IN WHICH DTMPMX OCCURRED

NMX  -NUMBER OF SUCCESSIVE TIMES COMPONENT ISTRMX, IAMX,IRMX HAS
CONTROLLED THE CORE PACKAGE TIME STEP

NCYOLD - OLD SYSTEM CYCLE NUMBER

FTOOOOOOOOOOOO0OOOOOOOOOO0

*. INCLUDE MEXEI4
PARAMETER (NTMEX4=25)
COMMON /MEXEI4/ TEND, TPLNXT, TEDNXT, TRSNXT,
1 TMEDT(NTMEX4+1),DTMPLT(NTMEX4),DTMEDT(NTMEX4) DTMRES(NTMEX4),
2 DCPRES(NTMEX4), DTMMAX(NTMEX4),DTMMIN(NTMEX4),EXTIME(NTMEX4),
3 NCSTAR, ITMINV, NTMINV, NXTIME

*

*- INCLUDE CORDIM
C ARRAY DIMENSIONS AND NEW TIME/OLD TIME OFFSETS
COMMON /CORDIM/
1 NRAD, NAXL, NNOD, NXNOD, NNTOT, NTLP, KCMP, NCVOL,
2 NXVOL, NVTOT, NRELMX, NLH, NPNTOT, NVOLUM, NEBAL, NSUR,
3 JORCOR, IOICOR

NRAD - NUMBER OF RADIAL RINGS

NAXL - NUMBER OF AXIAL SEGMENTS

NNOD - NUMBER OF CORE/LOWER PLENUM CELLS

NXNOD - NUMBER OF EXTERNAL CELLS OUTSIDE CORE/LOWER PLENUM
NNTOT - TOTAL NUMBER OF CELLS IN CORE PACKAGE

OO0
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NTLP - NUMBER OF AXIAL SEGMENTS IN LOWER PLENUM

KCMP - NUMBER OF POSSIBLE CELL COMPONENTS

NCVOL - NUMBER OF CVH FLUID VOLUMES INTERFACED TO CORE/LP CELLS
NXVOL - NUMBER OF CVH FLUID VOLUMES INTERFACED TO EXTERNAL CELLS
NVTOT - TOTAL NUMBER OF CVH FLUID VOLUMES INTERFACED TO COR PACKA
NRELMX - MAXIMUM NUMBER OF RELOCATIONS BEFORE CALL TO RN1 INTERFAC
NLH - NUMBER OF AXIAL LOWER HEAD NODES

NPNTOT - NUMBER OF LOWER HEAD PENETRATIONS

NVOLUM - FIRST DIMENSION OF VOLUME ARRAY

NEBAL - FIRST DIMENSION OF EBAL ARRAY

NSUR - NUMBER OF COMPONENT SURFACES

IORCOR - OLD-TIME/NEW-TIME OFFSET FOR REAL DATABASE

I0ICOR - OLD-TIME/NEW-TIME OFFSET FOR INTEGER DATABASE

hleoNeoNoNoNoNoNoNoNoNoNoNeONe]

*- INCLUDE KINEtics for Kinetics model
PARAMETER( JAXL =99, JRAD =9 )
C COMPONENT IDENTIFIERS
COMMON /KINE/ FUELMASS1(JAXL,JRAD),FUELTEMP1(JAXL,JRAD),POOLTEMP1,
+  FUELMASS2(JAXL,JRAD), FUELTEMP2(JAXL,JRAD), POOLTEMP2,POOLMASS,
C + ITCOUNT, TCNTEND, TCNTENDG, ICORRN1, ICVHRNS, ICVTHRM, ITFTC,
+ ITCOUNT, TCNTEND, TCNTENDO, ICORRN1, ICVHRN3, ICVTHRM,

+ TFO, TCO, TF, TC, CKINE(24}), NVAR,IND,TOL,NERR,NFCN
C
C FUELMASS1(JAXL,JRAD) -  FUEL PELLET MASSES BEFORE CHANGE
C FUELMASS2(JAXL,JRAD) -  FUEL PELLET MASSES AFTER CHANGE
C FUELTEMP1(JAXL,JRAD) - FUEL TEMPERATURE BEFORE CHANGE
C FUELTEMP2(JAXL,JRAD) -  FUEL TEMPERATURE AFTER CHANGE
c POOLTEMP1 - POOL TEMPERATURE BEFORE CHANGE
C POOLTEMP2 - POOL TEMPERATURE AFTER CHANGE
C POOLMASS - MASS OF POOL
C ITCOUNT - TIME COUNT
C (ATFIRSTO, ADD 1PER EACH CALL )
C TCNTEND - FINAL TIME (Accumulated DTC)
C TCNTENDO - FINAL TIME - Old value (Accumulated DTC)
C ICORRN1 - CHECK FOR UPDATE FUEL TEMPERATURE (0/1)
c ICVHRNS3 - CHECKFOR UPDATE CORE-POOL TEMPERATURE (0/1)
C ICVTHRM - CHECK FOR UPDATE CORE-POOL MASS (0/1)
C ITFTC - CHECK FOR OLD/NEW VALUE (PKINETIC)
C TFO, TCO - OLD VALUE (FUEL TEMP. CORE-POOL TEMP)
C TF, TC - NEW VALUE (FUEL TEMP. CORE-POOL TEMP)
C CKINE - Described in subroutine RKF56 (within PKINETIC)
C NVAR : NUMBER OF VARIABLES (OR DIFFERENTIAL EQUATIONS)
C IND : COMMUNICATION VECTOR FOR INITIAL ENTRY
C TOL  : TOLERANCE FOR ERROR CONTROL
C NERR=0 WEIGHTS ARE 1/MAX(1,ABS(Y(K})
C =1 ABSOLUTE ERROR CONTROL - WEIGHTS ARE 1
C =2 RELATIVE " " " 1/ABS(Y(K))
C NFCN=MAX. NUMBER OF FUNCTION EVALUATION PER TIME STEP
c DIMENSION FUELMASS1(JAXL,JRAD), FUELMASS2(JAXL,JRAD)
C DIMENSION FUELTEMP1(JAXL,JRAD), FUELTEMP2(JAXL,JRAD)
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End of insertion

......

C ke e desk e sk e ok Ak de e e ok Aok ok s e ok ok e e sk e e e e e Aok kb sk ok de ok Ak ke drae sk ek ok dede ek

C INITIALIZATION

C dkdk kAR gk dededok ok ddddnk kb ko ok ke k dek Ak kR Ak Ak Ak Rk dkkkkk gk k kkkk
AVETEMPF1=0.0
TOTTEMPF1=0.0
TOTMASS1T =0.0

c
AVETEMPF2 =0.0
TOTTEMPF2=0.0
TOTMASS2 =0.0
c
C SeFek sk dek sk ok ok ke ok ok o e A ok e e dede ok e de ek Aok s dede Ak kb ok ok ek de ok Ak ek ik ok sk ke ok dedek
c Calculate average temperature of fuel

C e ddrk Ak ke de ok dede dek v e ok ok kA A de e s e ek dedrdk ok e de ek deak el drb e d ook ek ok ek

DO 212 IA=NTLP+1, NAXL

DO 202 IR=1, NRAD

TOTMASS1 =TOTMASS1 +FUELMASS1(IAIR)

TOTTEMPF1 = TOTTEMPF1 + FUELTEMP1(IA,IR)*FUELMASS1(IA IR)

TOTMASS2 =TOTMASSZ + FUELMASS2(IA,IR)

TOTTEMPF2 = TOTTEMPF2 + FUELTEMP2(IA, IR)*FUELMASS2(IA IR)
202 CONTINUE

212 CONTINUE
C

AVETEMPF1 = TOTTEMPF1/TOTMASSH1
AVETEMPF2 = TOTTEMPF2/TOTMASS2

C
C IF (ITFTC .NE. 0) THEN
C TFO=TF
C TCO=TC
C print*, ' ** TFTC ==>> TFO/TCO'
C ELSE
C ITFTC=1
C ENDIF
TF=AVETEMPF2
TC=POOLTEMP2
C print *, ' *** AVE ==>> TF/TC'
C print *, ' * Old value : f-temp0 =, TF0, ' c-temp0 =, TCO
C print %, ' *Newvalue : f-temp =\TF, ‘'ctemp ='TC
C

End of insertion

......

RETURN
END
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Variable U&
Temperature of pool(1), atmos(2) in volume V(K)
A TEMPS (FEZ2Z a3 A TEMPSO £+ TEMPSNO.Z = Al8-3)
Common Deckoll 4'XREALX' dimension&. 2 A1,
327

POOLTEMP1 _
POOL TEMPERATURE FOR OLD ANE NEW VALUE (21 771 )

POOLTEMP2
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SUBROUTINE CVHRN3 ( IRN2ER , NUMMAT, NUMVOL, NNVOL,

*. INCLUDE KINEtics for Kinetics model
PARAMETER( JAXL =99, JRAD =9)
C COMPONENT IDENTIFIERS

COMMON /KINE/ FUELMASS1(JAXL,JRAD),FUELTEMP1(JAXL,JRAD),POOLTEMP1,
+  FUELMASS2(JAXL,JRAD), FUELTEMP2(JAXL,JRAD), POOLTEMP2,POOLMASS,
c + ITCOUNT, TCNTEND, TCNTENDO, ICORRN1, ICVHRNS3, ICVTHRM, ITFTC,
+ ITCOUNT, TCNTEND, TCNTENDO, ICORRN1, ICVHRN3, ICVTHRM,

+ TFO, TCO, TF, TC, CKINE(24), NVAR,IND,TOL,NERR,NFCN
c
c FUELMASS1(JAXLJRAD) -  FUEL PELLET MASSES BEFORE CHANGE
c FUELMASS2(JAXL,JRAD) -  FUEL PELLET MASSES AFTER CHANGE
c FUELTEMP1(JAXL,JRAD) - FUEL TEMPERATURE BEFORE CHANGE
c FUELTEMP2(JAXL,JRAD) - FUEL TEMPERATURE AFTER CHANGE
c POOLTEMP1 - POOL TEMPERATURE BEFORE CHANGE
c POOLTEMP2 - POOL TEMPERATURE AFTER CHANGE
c POOLMASS - MASS OF POCL
c ITCOUNT - TIME COUNT
c (ATFIRST 0, ADD 1PER EACH CALL )
c TCNTEND - FINAL TIME {Accumulated DTC)
c TCNTENDO - FINAL TIME - Old value (Accumulated DTC)
c ICORRN1 - CHECK FOR UPDATE FUEL TEMPERATURE (0/1)
c ICVHRN3 - CHECK FOR UPDATE CORE-POOL TEMPERATURE (0/1)
c ICVTHRM - CHECKFOR UPDATE CORE-POOL MASS (0/1)
c {TFTC - CHECK FOR OLD/NEW VALUE (PKINETIC)
c TFO, TCO - OLD VALUE (FUEL TEMP. CORE-POOL TEMP)
c TF, TC - NEW VALUE (FUEL TEMP. CORE-POQL TEMP)
c CKINE - Described in subroutine RKF56 (within PKINETIC)
c NVAR :NUMBER OF VARIABLES (OR DIFFERENTIAL EQUATIONS)
c IND : COMMUNICATION VECTOR FOR INITIAL ENTRY
c TOL : TOLERANCE FOR ERROR CONTROL
c NERR=0 WEIGHTS ARE 1/MAX(1,ABS(Y(K))
c =1 ABSOLUTE ERROR CONTROL - WEIGHTS ARE 1
c =2RELATIVE " " - ' 1/ABS(Y(K))
c NFCN=MAX. NUMBER OF FUNCTION EVALUATION PER TIME STEP
c DIMENSION FUELMASS1(JAXL,JRAD), FUELMASS2(JAXL,JRAD)
c DIMENSION FUELTEMP1(JAXL,JRAD), FUELTEMP2(JAXL,JRAD)

ISUBCY =0
c
* Inserted for calculation of PKINETICS
c Initialize temperature of core pool
c Later core-poot control colume number must be generalized (now, #3)

IF (ICVHRN3 .EQ. 0) THEN
POOLTEMP1 = TEMPSN(1,3)
POOLTEMP2 = TEMPSN(1,3)
TCO = TEMPSN(1,3)
print*, ' ** |nitialized temperature of core-pool,’

aY 5.2-5. £FZZ 3% CVHRN3W S POOLTEMP A& 9% (Al<)
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print*, ' and Calculated initial temperature of,

+ ' core-poot for PKINETIC'
print*, ' TCO =, TCO
ICVHRN3 =1
ENDIF

End of insertion

------

DO 110,IPORA=1,2
TEMPSN(IPORA,NVOL) = X2(IPORA,NVOL,ITO)
DPDEN(IPORA,NVOL) = X2(IPORANVOL,IDPDEQ)
* Inserted for calculation of PKINETICS
C Update temperature of core pool with new value
IF (ICVHRN3 .GT. 0 .AND. IPORA .EQ. 1 .AND. NVOL .EQ. 3) THEN
POOLTEMP1 = POOLTEMP2
POOLTEMP2 = TEMPSN({IPORA,NVOL)

print*, *** Pool temperature updated...’
ENDIF
* End of insertion
110 CONTINUE
RETURN
END

a8 525 B g3 CVHRN3IWS POOLTEMP AL ¢ X
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Variable &
DTC CORE PACKAGE TIME STEP (S)
Al ZEA o]
TCNTEND | ACCUMULATED TIME STEP

3835 module?] At FQF AAlY] WHEE 5138 EA ZAdY
'CORDTC' common blocko] A&FE DTC'E AFE3IEom, AlzkAlo] 'DTC <

- 97 -




S}

FH% TCNTEND' HM4E 2712 Al43Ed, ols mEwae F: RKFSE
oz 87 gEon o MFES
d

2
AAskT Al g B-

subroutine®l| A] Y& O KINE' common block®ll

R 2% PKINETICS &L o9 52-63 Zoh

SUBROUTINE PKINETIC {TFPOWER)
INPUT :
None, but read from common block KINE
OUTPUT :
TFPOWER - Total fission power
*- INCLUDE CORDTC
C CORE PACKAGE SUBCYCLING AND TIME STEP CONTROL VARIABLES
COMMON /CORDTC/
1 DTC, DTCMIN, DTCREQ, DTCRQO, DTCLFT, DTSLFT, NCORCY, NCORCO,
2 NSUBMX, DTMPMX, DTMPCR, IAMX,  IRMX,  ISTRMX, NMX, NCYOLD

OOOO0

DTC - CORE PACKAGE TIME STEP (S)

DTCMIN - MINIMUM CORE PACKAGE TIME STEP (S)

DTCREQ - CORE PACKAGE TIME STEP REQUESTED FOR NEXT SUBCYCLE (S)

DTCRQO - OLD-TIME VALUE OF DTCREQ (S)

DTCLFT - TIME LEFT IN CORE PACKAGE TIME STEP (S)

DTSLFT - TWME LEFT IN SYSTEM TIME STEP (S)

NCORCY - NUMBER OF CORE PACKAGE SUBCYCLES SINCE BEGINNING OF PROBL

NCORCO - OLD-TIME VALUE OF NCORCY

NSUBMX - MAXIMUM NUMBER OF CORE PACKAGE SUBCYCLES IN A SYSTEM CYCL

DTMPMX - MAXIMUM TEMPERATURE CHANGE THAT OCCURRED FOR A CELL COMPO
DURING THE SUBCYCLE (K)

DTMPCR - CRITICAL TEMPERATURE CHANGE OF A COMPONENT TRIGGERING A
TIME STEP CUT (K)

IAMX - AXIAL SEGMENT IN WHICH DTMPMX OCCURRED

IRMX - RADIAL RING IN WHICH DTMPMX OCCURRED

ISTRMX - COMPONENT IN WHICH DTMPMX OCCURRED

NMX - NUMBER OF SUCCESSIVE TIMES COMPONENT ISTRMX JAMX,IRMX HAS
CONTROLLED THE CORE PACKAGE TIME STEP

NCYOLD - OLD SYSTEM CYCLE NUMBER

i oNoXeoNoNeNeoNoNoNoNoNoNoNo NS NONO NGNS RO RS

*. INCLUDE KiNEtics for Kinetics model

PARAMETER( JAXL =99, JRAD =9)
C COMPONENT IDENTIFIERS

COMMON /KINE/ FUELMASS1(JAXL,JRAD),FUELTEMP1(JAXL,JRAD),POOLTEMP1,
+  FUELMASS2{JAXL JRAD), FUELTEMP2(JAXL,JRAD}, POCLTEMPZ2,POCLMASS,
C + ITCOUNT, TCNTEND, TCNTENDO, ICORRN1, ICVHRNS, ICVTHRM, ITFTC,
+ ITCOUNT, TCNTEND, TCNTENDO, ICORRN1, ICVHRNS, ICVTHRM,
+ TFO, TCO, TF, TC, CKINE(24), NVAR,IND, TOL,NERR,NFCN

7% 52-6. 2 Z 2% PKINETICWH Y DTC2F TCNTEND AHE 94 (A%

- 98 -




iloNeoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoRoNoNoNo NG NN @)

FUELMASS1(JAXL,JRAD) -  FUEL PELLET MASSES BEFORE CHANGE

FUELMASS2(JAXL,JRAD) -  FUEL PELLET MASSES AFTER CHANGE
FUELTEMP1(JAXL,JRAD) -  FUEL TEMPERATURE BEFORE CHANGE
FUELTEMP2(JAXL,JRAD) - FUEL TEMPERATURE AFTER CHANGE
POOLTEMP1 - POOL TEMPERATURE BEFORE CHANGE
POOLTEMP2 - POOL TEMPERATURE AFTER CHANGE
POOLMASS - MASS OF POOL
ITCOUNT - TIME COUNT

(AT FIRSTO, ADD 1PER EACH CALL )
TCNTEND - FINAL TIME (Accumulated DTC)
TCNTENDO - FINAL TIME - Old value (Accumulated DTC)
ICORRN1 - CHECKFOR UPDATE FUEL TEMPERATURE (0/1)
ICVHRN3 - CHECK FOR UPDATE CORE-POOL TEMPERATURE (0/1)
ICVTHRM - CHECKFOR UPDATE CORE-POOL MASS {0/1)
ITFTC - CHECKFOR OLD/NEW VALUE {PKINETIC)
TFO, TCO - OLD VALUE (FUEL TEMP. CORE-POOL TEMP)
TF, TC - NEW VALUE (FUEL TEMP. CORE-POOL TEMP)
CKINE - Described in subroutine RKF56 (within PKINETIC)

NVAR : NUMBER OF VARIABLES (OR DIFFERENTIAL EQUATIONS)
IND  : COMMUNICATION VECTOR FOR INITIAL ENTRY
TOL  : TOLERANCE FOR ERROR CONTROL
NERR=0 WEIGHTS ARE 1/MAX(1,ABS(Y(K))
=1 ABSOLUTE ERROR CONTROL - WEIGHTS ARE 1
=2RELATIVE * “. " 1/ABS(Y(K))
NFCN=MAX. NUMBER OF FUNCTION EVALUATION PER TIME STEP

DIMENSION FUELMASS1(JAXL,JRAD), FUELMASS2(JAXL,JRAD)
DIMENSION FUELTEMP1(JAXL,JRAD), FUELTEMP2(JAXL,JRAD)

------

RETURN
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SUBROUTINE CORPOW (

*. INCLUDE KINEtics for Kinetics model
PARAMETER( JAXL = 99, JRAD = 9)
c COMPONENT IDENTIFIERS

COMMON /KINE/ FUELMASS1(JAXL,JRAD),FUELTEMP1(JAXL JRAD),POOLTEMPH,
+  FUELMASS2(JAXL,JRAD), FUELTEMP2(JAXL,JRAD), POOLTEMP2,POOLMASS,
c + [TCOUNT, TCNTEND, TCNTENDO, ICORRN1, ICVHRNS, ICVTHRM, ITFTC,
+ ITCOUNT, TCNTEND, TCNTENDQ, ICORRN1, ICVHRN3, ICVTHRM,

NVAR : NUMBER OF VARIABLES (OR DIFFERENTIAL EQUATIONS)
IND  : COMMUNICATION VECTOR FOR INITIAL ENTRY
TOL  : TOLERANCE FOR ERROR CONTROL
NERR=0 WEIGHTS ARE 1/MAX(1,ABS(Y(K))
=1 ABSOLUTE ERROR CONTROL - WEIGHTS ARE 1
= RELATIVE " - " 1/ABS(Y(K))
NFCN=MAX. NUMBER OF FUNCTION EVALUATION PER TIME STEP
DIMENSION FUELMASS1(JAXL,JRAD), FUELMASS2(JAXL,JRAD)
DIMENSION FUELTEMP(JAXL,JRAD), FUELTEMP2(JAXL.JRAD)

+ TR0, TCO, TF, TC, CKINE(24), NVAR,IND,TOL NERR ,NFCN
c
c FUELMASS1(JAXL,JRAD) -  FUEL PELLET MASSES BEFORE CHANGE
c FUELMASS2(JAXL,JRAD) -  FUEL PELLET MASSES AFTER CHANGE
C FUELTEMP1(JAXLJRAD) -  FUEL TEMPERATURE BEFORE CHANGE
c FUELTEMP2(JAXL,JRAD) -  FUEL TEMPERATURE AFTER CHANGE
c POOLTEMP1 - POOL TEMPERATURE BEFORE CHANGE
c POOLTEMP2 - POOL TEMPERATURE AFTER CHANGE
c POOLMASS - MASS OF POCL
c {TCOUNT - TIME COUNT
c ) (ATFIRST O, ADD 1PER EACH CALL )
C TCNTEND - FINAL TIME (Accumulated DTC)
c TCNTENDO - . FINAL TIME - Old value {(Accumulated DTC)
c ICORRN1 - CHECK FOR UPDATE FUEL TEMPERATURE (0/1)
c ICVHRN3 - CHECK FOR UPDATE CORE-POOL TEMPERATURE (0/1)
c ICVTHRM - CHECK FOR UPDATE CORE-PQOL MASS (0/1)
c {TFTC - CHECK FOR OLD/NEW VALUE (PKINETIC)
c TFO, TCO - OLD VALUE (FUEL TEMP. CORE-POOL TEMP)
c TF, TC - NEW VALUE (FUEL TEMP. CORE-POOL TEMP)
c CKINE - Described in subroutine RKF56 (within PKINETIC)
c
c
c
c
c
c
c
c
c

POWINS = ZERO
C
* Inserted for KINETICS
¥eremeeeeemmmeee - Call PKINETIC for calculation of kinetic module
C ITS OUTPUT IS POWER NAMED QFISTO
C If check value was initialzed, calculate PKINETIC method
C if not, calculate original method
[F (ICORRN1 .EQ. 0 .OR. ICVHRN3 .EQ. 0 ) GOTO 37
CALL PKINETIC (QFISTO)

a¥ 527 + T2 3% CORPOWUIS] QFISTO A& X (Al%)
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print*, ' ** QFISTO from PKINETIC =, QFISTO
GOTO 38

o

End of insertion

Below part is done when ITCOUNT =0

IF (ICFFIS .GT. 0) THEN
ICFFIS SPECIFIES CONTROL FUNCTION THAT GIVES LIQUID LEVEL TO BE
USED IN CHEXAL-LAYMAN CORRELATION
FOR NOW, SET TOP OF ACTIVE FUEL ELEVATION TO TOP OF CORE
ZTAF = Z(NAXL) + DZ(NAXL)
ZREF = ONE
ZLL = CFRVAL (ICFFIS, JERROR) - ZTAF
Z0 = C1301(4) * (PVSL / C1301(6)*C1301(5)
HCL = MAX ((ZLL + Z0), ZERO)
IF (HCL .GT. 10.) CALL MEXSTP (CHMESA, NCHMSA)
QFISTO = OPRPOW * C1301(1) * (ZREF*CUNIT1)*C1301(3) *
*  (PVSLIC1301(6))*C1301(2) * (HCL/ZREF)*C1301(3)
IF (JERROR NE. 0) CALL MEXSTP (CHMESA, NCHMSA)
ELSE
C ICFFIS SPECIFIES CONTROL FUNCTION THAT GIVES TOTAL FISSION POWER
QFISTO = CFRVAL (-ICFFIS, JERROR)
IF (JERROR .NE. 0) CALL MEXSTP (CHMESA, NCHMSA)
END IF
print*,'  ** QFISTO from original =/, QFISTO

SRR

......

RETURN
END

a9 52-7. 2233 CORPOWWE QFISTO AM& $1X
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fog, vapor)®] #tell Z4ldrh. =4 44 Aol #¥E He 2 HEL F 5269

Fd e
526 AW B4A AF ¥ € U
Variable W&
xMASSo | Volume V& Material Mol] t3} Ak
e (Old value, &9 : KG)
=4 B4 A Volume V& Material Mol 3+ A=k
. XMASSN
=7 (New value, &9 :KG)
POOLMASS | oy wztaje] A% (39 : KG, 27184
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SUBROUTINE CVTHRM (

C  DIMENSIONS, I’0 SWITCHES, ETC
1 ICVNUM, ICVFLG , NUMVOL , NUMMAT , IGERR ,IERRCOR,

C  OLD VARIABLES INPUT
2CwoOL ,ETOTLO,PVOLO |, TEMPSO, CVWWOLO, XMASSO,

C  NEW VARIABLES QUTPUT
3CTEN ,CWN , CPN , ETOTLN, HTOTLN , PPARTN,
4PVOLN , TEMPSN, CVWWOLN, XMASSN , DPDEN , DPDMN
5 PROPSN, VSATN |, TSPCN )

'

Fed gk Ak Ak ek b dok ekt dek dek otttk dok dedok dedekk sk dok ok sk Aok de ok de ek ok dok gk e e ok dedede ek

CONTROL VOLUME THERMODYNAMICS PACKAGE
EVALUATES NEW THERMODYNAMIC STATE FOR ALL ACTIVE CONTROL VOLUMES
INPUT: :
ICVNUM = ARRAY OF USER NUMBERS FOR CONTROL VOLUMES
ICVFLG(},V) = CONTROL VOLUME FLAGS AND SWITCHS FOR VOLUME V
[=KCVTHR: (1/2) FOR (EQUILIB/NON-EQUILIB) THERMO
I=KCVACT: (0/OTHER) FOR (ACTIVE/INACTIVE) VOLUME
I=KPFSW : {0/1/2) FOR (BOTH/NO POOL/NO FOG)

QO

NUMVOL =NUMBER OF CONTROL VOLUMES
NUMMAT =NUMBER OF MATERIALS THAT MAY BE IN THE VOLUME
CcvwvoL(v) = VOLUME OF MATERIAL IN CONTROL VOLUME V. (M**3)

OLD PROPERTIES INPUT:
ETOTLO(*V) =TOTAL ENERGY OF POOL, ATMOSPHERE, VOL V (J)
PVOLO(Y) = TOTAL PRESSURE IN VOLUME V (PA)
TEMPSO(*V) =TEMP OF POOL(1) ANDATM(2) INVOLV  (K)
CVVOLO(*V) = VOL OF POOL(1), FOG(2), VAP(3) IN VOL V (M3)

XMASSO(M,V) = MASS OF MATERIAL M IN VOL V (KG)
NEW PROPERTIES OUTPUT:
CTEN(M,V) = COEF THERM EXPAN OF MATERIALM, VOLV  (1/K)
CVN(M\V) = CONST-V SPECIF HEAT MATERIALM, VOLV  (JIKG.K)
CPN(M\V) = CONST-P SPECIF HEAT MATERIALM, VOLV  (JIKG.K)
ETOTLN(M,V) =TOTAL ENERGY OF MATERIAL M, VOL V )

HTOTLN(M.V) = TOTAL ENTHALPY OF MATERIALM, VOLV  (J)
PPARTN(MY) = PARTIAL PRESSURE OF MATERIALM, VOLV  (PA)
PVOLN(V) ~ =TOTAL PRESSURE IN VOLUME V (PA)
TEMPSN(*V) =TEMP OF POOL(1) ANDATM(2)INVOLY  (K)
CVVOLN(*V) = VOL OF POOL(1), FOG(2), VAP(3) IN VOL V (M3)
XMASSN(M,V) =MASS OF MATERIAL M IN VOL V (KG)
DPDEN(-V) = (DP/DE*M,V, POOL(1) AND ATM(2), VOLV  (PAV)
DPDMN(M\V) = (DPIDM)EV ~ FORMATERIALMINVOLV  (PA/KG)
PROPSN(*V) = THERMODYNAMIC DATA FOR VOLUME V

(SEE POINTERS IN CVTPRP)
VSATN(** V) = SATURATION PROPS DATA FOR VOLUME V

D000 OOOO0
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(SEE POINTERS IN SATDAT)
TSPCN(**V) = SPECIFIC THERMO DATA FOR VOLUME V
(SEE POINTERS IN CVHSP)

OTHER OUTPUT:

IGERR = GLOBAL ERROR FLAG {0/1) FOR (NO ERROR/ERROR)

IERROR(V) = ERROR FLAG FOR VOLUME V
=0 FORNOERROR
=1 IF CVTSVE FAILED TO CONVERGE VOLUME (EQL)
=2 IF TEMPERATURE (POOL OR ATMOSPHERE) TOO LOW
=3 IF TEMPERATURE (POOL OR ATMOSPHERE) TOO HIGH
=4 IF VOLUME ITERATION FAILED TO CONVERGE (NEQ)
=5 IF NOPOOL OR NO ATMOSPHERE (NEQ)
=6 IF CVTSVE FAILED TO CONVERGE POOL (NEQ)
=7 IF CVTSVE FAILED TO CONVERGE ATMOS (NEQ)
=10 FOR NON-POSITIVE VOLUME
=20 FOR NEGATIVE MATERIAL MASS OR NO MASS
=30 FORINVALID THERMO OPTION FLAG
=-1 IF WATER DENSITY TOO GREAT FOR H20 PACKAGE
=-3 |F COMPRESSIBILITY OF WATER IS NEGATIVE

eNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNo N NoNe]

*- INCLUDE KINEtics for Kinetics model
PARAMETER( JAXL = 99, JRAD=9)
C COMPONENT IDENTIFIERS

COMMON /KINE/ FUELMASS1(JAXL,JRAD),FUELTEMP1(JAXL,JRAD),POOLTEMP1,
+  FUELMASS2(JAXL,JRAD), FUELTEMP2(JAXL,JRAD), POOLTEMP2,POOLMASS,

C + ITCOUNT, TCNTEND, TCNTENDO, ICORRN1, ICVHRNS, ICVTHRM, ITFTC,
+ ITCOUNT, TCNTEND, TCNTENDO, ICORRN{1, ICVHRN3, ICVTHRM,
+ TFO, TCO, TF, TC, CKINE(24), NVAR,IND,TOL,NERR,NFCN
C
C FUELMASS1(JAXL,JRAD) -  FUEL PELLET MASSES BEFORE CHANGE
C FUELMASS2(JAXL,JRAD) -  FUEL PELLET MASSES AFTER CHANGE
c FUELTEMP1(JAXL,JRAD}) -  FUEL TEMPERATURE BEFORE CHANGE
C FUELTEMP2(JAXL,JRAD) -  FUEL TEMPERATURE AFTER CHANGE
C POOLTEMP1 - POOL TEMPERATURE BEFORE CHANGE
C POOLTEMP2 - POOL TEMPERATURE AFTER CHANGE
C POOLMASS - MASS OF POOL
C ITCOUNT - TIME COUNT
C (ATFIRST 0, ADD 1 PER EACH CALL )
C TCNTEND - FINAL TIME (Accumulated DTC)
C TCNTENDO - FINAL TIME - Old value (Accumulated DTC)
C ICORRN1 - CHECKFOR UPDATE FUEL TEMPERATURE (0/1)
C ICVHRN3 - CHECK FOR UPDATE CORE-POOL TEMPERATURE (0/1)
c ICVTHRM - CHECK FOR UPDATE CORE-POOL MASS (0/1)
c ITFTC - CHECK FOR OLD/NEW VALUE (PKINETIC)
C TFO, TCO - OLD VALUE (FUEL TEMP. CORE-POOL TEMP)
C TF, TC - NEW VALUE (FUEL TEMP. CORE-POOL TEMP)

a9 52-8. FEX2Z 3 CVTHRMUY 2} POOLMASS AFE & (A1)
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CKINE - Described in subroutine RKF56 (within PKINETIC)
NVAR : NUMBER OF VARIABLES (OR DIFFERENTIAL EQUATIONS)
IND  : COMMUNICATION VECTOR FOR INITIAL ENTRY
TOL  : TOLERANCE FOR ERROR CONTROL
NERR=0 WEIGHTS ARE 1/MAX(1,ABS(Y(K))
=1 ABSOLUTE ERROR CONTROL - WEIGHTS ARE 1
=2 RELATIVE " - ' 1/ABS(Y(K))
NFCN=MAX. NUMBER OF FUNCTION EVALUATION PER TIME STEP
DIMENSION FUELMASS1(JAXL,JRAD), FUELMASS2(JAXL,JRAD)
DIMENSION FUELTEMP1(JAXL,JRAD}), FUELTEMP2(JAXL,JRAD)

......

CALL CVTWGE (

C.V. NUMBER, DIMENSION, VOLUME, INVENTORY, OLD TEMPERATURES
ICVNUM(NVOL), NUMMAT, CVVOL(NVOL), XMASSO(1,NVOL), ETOTAL,
TEMPSO(2,NVOL),

POOL/FOG SWITCH
ICVFLG(KPFSW,NVOL),

NEW PROPERTIES OUTPUT:

PVOLN(NVOL), CVVOLN(1,NVOL), CVWOLN(2,NVOL), CVVOLN(3,NVOL),
TEMPSN(1,NVOL), TEMPSN(2,NVOL),

CTEN(1,NVOL), CVN(1,NVOL), CPN(1,NVOL), ETOTLN(1,NVOL),
HTOTLN(1,NVOL), PPARTN(1,NVOL), XMASSN(1,NVOL),
DPDEN(1,NVOL), DPDMN(1,NVOL), PROPSN(1,NVOL), TSPCN(1,1,NVOL),

ERROR FLAG
JERROR)

e rwWW N

»

Inserted for calculation of PKINETICS

IF (NVOL.NE.3) GO TO 210
POOLMASS = XMASSN(1,3) + XMASSN(2,3) + XMASSN(3,3)
print *, 'Pooimass :', XMASSN(1,3), XMASSN{2,3),XMASSN(3,3)
Initialize mass of core pool
IF ( ICVTHRM .EQ. D) THEN
print %, *** Initialized mass of core-pool
print *, POOLMASS =", POOLMASS
ICVTHRM =1
ENDIF

End of insertion

......

CALL CVTNEQ(

C.V. NUMBER, DIMENSION, VOLUME, INVENTORY, OLD TEMPERATURES
1 ICVNUM(NVOL), NUMMAT, CVVOL(NVOL), XMASSO{1,NVOL),
1 ETOTLO(1,NVOL), ETOTLO(2,NVOL), TEMPSO(1,NVOL),

a9 52-8 BEZZ W CVTHRMUW Sl POOLMASS AHE 91X (A%)
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VALUES FOR PDV WORK
CVVOLO(1,NVOL), XPDVWK, PVOLO(NVOL),
NEW PROPERTIES OUTPUT:
PVOLN(NVOL), CVVOLN(1,NVOL), CVVOLN(2,NVOL), CVWOLN(3,NVOL),
TEMPSN(1,NVOL), TEMPSN(2,NVOL),
CTEN(1,NVOL), CVN(1,NVOL), CPN(1,NVOL), ETOTLN(1,NVOL),
HTOTLN(1,NVOL), PPARTN(1,NVOL), XMASSN(1,NVOL),
DPDEN(1,NVOL), DPDMN(1,NVOL), PROPSN(1,NVOL), TSPCN(1,1,NVOL),
ERROR FLAG
JERROR)

O bbhww N

D

Inserted for calculation of PKINETICS

[F (NVOL.NE.3)GOTO 310
POOLMASS = XMASSN(1,3) + XMASSN(2,3) + XMASSN(3,3)
print *, 'Poolmass ', XMASSN(1,3), XMASSN(2,3), XMASSN(3,3)
Initialize mass of core pool

IF (ICVTHRM .EQ. 0) THEN
print*, ' *** Initialized mass of core-pool’
print*, ' POOLMASS =', POOLMASS
ICVTHRM =1
ENDIF

End of insertion

*

......

CALL CVTWGE (

C.V. NUMBER, DIMENSION, VOLUME, INVENTORY, OLD TEMPERATURES
ICVNUM(NVOL), NUMMAT, CVVOL(NVOL), XMASSO(1,NVOL), ETOTAL,
TEMPSO(2,NVOL),

POOL/FOG SWITCH
ICVFLG(KPFSW,NVOL),

NEW PROPERTIES OUTPUT:

PVOLN(NVOL), CVWOLN(1,NVOL), CVVOLN(2,NVOL), CVVOLN(3,NVOL),
TEMPSN(1,NVOL), TEMPSN(2,NVOL),

CTEN(1,NVOL), CVN(1,NVOL), CPN(1,NVOL), ETOTLN(1,NVOL),
HTOTLN(1,NVOL), PPARTN(1,NVOL), XMASSN(1,NVOL),
DPDEN(1,NVOL), DPDMN(1,NVOL), PROPSN(1,NVOL), TSPCN(1,1,NVOL),

ERROR FLAG
JERROR)

- -

O b ww N

D

Inserted for calculation of PKINETICS

[eN o)

IF ( NVOL .NE. 3) goto 1000
POOLMASS = XMASSN(1,3) + XMASSN(2,3) + XMASSN(3,3)
print *, 'Poolmass :', XMASSN(1,3}, XMASSN(2,3), XMASSN(3,3)
Initialize mass of core pool
IF (ICVTHRM .EQ. 0) THEN

print*, ' *** Initialized mass of core-pool

print *, ' POOLMASS =', POOLMASS
ICVTHRM =1

ENDIF

% 528 FEZE 03 CVTHRMU ] POOLMASS A& €& (A%
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C
1000 CONTINUE

End of insertion

......

RETURN
END

2% 528 X2 3W CVTHRMUS] POOLMASS A& 9] 3]
5.2.7 PKINETIC Module®] &4

52.7.1 533 module

=88 module 71EY MELCORC| AZAAZZ] 93 Frtdojor &

Z
g9
-
)
)
=
1

oA AdHE HAeFe 29 FF, =4 ¥4A 2= A%

Rl
)
2
2
rE
B

olr], o|AEE 7]E<9 'CORDTC' common blockd} A7z ZF7}3%H
'KINE' common blockoll 21¢138}ed PKINETICO|A] AR&3tch T3 A% L&
a9 5299 & FAAE FEINY. T2l $£AHA] MELCOR executions

WS e Ae AR 40] AAS A=EH] Yo,

- 108 -




SUBROUTINE PKINETIC (TFPOWER)
C INPUT :
C None, but read from common block KINE
C OUTPUT :
C TFPOWER - Total fission power
C

ok ok ek ek k ke dek ok ok ok dek Tk de ok bk ok dek ek ik kb kb dkd ik kkdek Rk dkkdek

* inserted by Sunhee Park, 98.11.
*- INCLUDE CORDTC
C CORE PACKAGE SUBCYCLING AND TIME STEP CONTROL VARIABLES
COMMON /CORDTC/
1 DTC, DTCMIN, DTCREQ, DTCRQQ, DTCLFT, DTSLFT, NCORCY, NCORCO,
2 NSUBMX, DTMPMX, DTMPCR, IAMX,  IRMX,  ISTRMX, NMX, NCYOLD

DTC - CORE PACKAGE TIME STEP (S)

DTCMIN - MINIMUM CORE PACKAGE TIME STEP (S)

DTCREQ - CORE PACKAGE TIME STEP REQUESTED FOR NEXT SUBCYCLE (S)

DTCRQO - OLD-TIME VALUE OF DTCREQ (S)

DTCLFT - TIME LEFT IN CORE PACKAGE TIME STEP ()

DTSLFT - TIME LEFT IN SYSTEM TIME STEP (S)

NCORCY - NUMBER OF CORE PACKAGE SUBCYCLES SINCE BEGINNING OF PROBL .

NCORCO - OLD-TIME VALUE OF NCORCY

NSUBMX - MAXIMUM NUMBER OF CORE PACKAGE SUBCYCLES IN A SYSTEM CYCL

DTMPMX - MAXIMUM TEMPERATURE CHANGE THAT OCCURRED FOR A CELL COMPO
DURING THE SUBCYCLE (K)

DTMPCR - CRITICAL TEMPERATURE CHANGE OF A COMPONENT TRIGGERING A
TIME STEP CUT (K)

JAMX - AXIAL SEGMENT IN WHICH DTMPMX OCCURRED

IRMX - RADIAL RING IN WHICH DTMPMX OCCURRED

ISTRMX - COMPONENT IN WHICH DTMPMX OCCURRED

NMX - NUMBER OF SUCCESSIVE TIMES COMPONENT ISTRMX,IAMX, IRMX HAS
CONTROLLED THE CORE PACKAGE TIME STEP

NCYOLD - OLD SYSTEM CYCLE NUMBER

ilesNeoNeoNoNsNoRoRoNoNsNoNoNoNo RO NN N RO N

*- INCLUDE MEXE4
PARAMETER (NTMEX4=25)
COMMON /MEXEI4/ TEND,TPLNXT, TEDNXT, TRSNXT,
1 TMEDT(NTMEX4+1),DTMPLT(NTMEX4),DTMEDT(NTMEX4), DTMRES(NTMEX4),
2 DCPRES(NTMEX4), DTMMAX(NTMEX4),DTMMIN(NTMEX4),EXTIME(NTMEX4),
3 NCSTAR, ITMINV, NTMINV, NXTIME

*

*- INCLUDE CORDIM
c ARRAY DIMENSIONS AND NEW TIME/OLD TIME OFFSETS
COMMON /CORDIM/
1 NRAD, NAXL, NNOD, NXNOD, NNTOT, NTLP, KCMP, NCVOL,
2 NXVOL, NVTOT, NRELMX, NLH, NPNTOT, NVOLUM, NEBAL, NSUR,
3 IORCCR, IOICOR

a9 529 BT PKINETIC W& (A%
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NRAD - NUMBER OF RADIAL RINGS

NAXL - NUMBER OF AXIAL SEGMENTS

NNOD - NUMBER OF CORE/LOWER PLENUM CELLS

NXNOD - NUMBER OF EXTERNAL CELLS QUTSIDE CORE/LOWER PLENUM
NNTOT - TOTAL NUMBER OF CELLS IN CORE PACKAGE

NTLP - NUMBER OF AXIAL SEGMENTS IN LOWER PLENUM

KCMP - NUMBER OF POSSIBLE CELL COMPONENTS

NCVOL - NUMBER OF CVH FLUID VOLUMES INTERFACED TO CORE/LP CELLS
NXVOL - NUMBER OF CVH FLUID VOLUMES INTERFACED TO EXTERNAL CELLS
NVTOT -TOTAL NUMBER OF CVH FLUID VOLUMES INTERFACED TO COR PACKA
NRELMX - MAXIMUM NUMBER OF RELOCATIONS BEFORE CALL TO RN1 INTERFAC
NLH - NUMBER OF AXIAL LOWER HEAD NODES

NPNTOT - NUMBER OF LOWER HEAD PENETRATIONS

NVOLUM - FIRST DIMENSION OF VOLUME ARRAY

NEBAL - FIRST DIMENSION OF EBAL ARRAY

NSUR - NUMBER OF COMPONENT SURFACES

JORCOR - OLD-TIME/NEW-TIME OFFSET FOR REAL DATABASE

IOICOR - OLD-TIME/NEW-TIME OFFSET FOR INTEGER DATABASE

*- INCLUDE KINEtics for Kinetics model

c

OO0

PARAMETER( JAXL =99, JRAD =9 )
COMPONENT IDENTIFIERS
COMMON /KINE/ FUELMASS1(JAXL,JRAD),FUELTEMP1(JAXL,JRAD),POOLTEMP1,
+  FUELMASSZ(JAXL,JRAD), FUELTEMP2(JAXL,JRAD), POOLTEMP2,POOLMASS,
+ ITCOUNT, TCNTEND, TCNTENDO, ICORRN1, ICVHRN3, ICVTHRM, ITFTC,
+ ITCOUNT, TCNTEND, TCNTENDG, ICORRN1, ICVHRN3, ICVTHRM,

+ TFQ, TCO, TF, TC, CKINE(24), NVAR,IND,TOL,NERR,NFCN
FUELMASS1(JAXL,JRAD) -  FUELPELLET MASSES BEFORE CHANGE
FUELMASS2(JAXL,JRAD) -  FUEL PELLET MASSES AFTER CHANGE
FUELTEMP1(JAXLJRAD} - FUEL TEMPERATURE BEFORE CHANGE
FUELTEMP2(JAXLJRAD) - FUEL TEMPERATURE AFTER CHANGE
POOLTEMP1 - POOL TEMPERATURE BEFORE CHANGE
POOLTEMP2 - POOL TEMPERATURE AFTER CHANGE
POOLMASS - MASS OF POOL
ITCOUNT - TIME COUNT ,

(ATFIRSTO, ADD 1 PER EACH CALL )
TCNTEND - FINAL TIME (Accumulated DTC)
TCNTENDO - FINAL TIME - Old value (Accumulated DTC)
ICORRN{1 - CHECK FOR UPDATE FUEL TEMPERATURE (0/1)
ICVHRN3 - CHECKFOR UPDATE CORE-POOL TEMPERATURE (0/1)
ICVTHRM - CHECKFOR UPDATE CORE-POOL MASS (0/1)
ITFTC -. CHECK FOR OLD/NEW VALUE (PKINETIC)
TFO, TCO - OLD VALUE (FUEL TEMP. CORE-POOL TEMP)
TF, TC - NEW VALUE (FUEL TEMP. CORE-POOL TEMP)
CKINE - Described in subroutine RKF56 (within PKINETIC)

NVAR : NUMBER OF VARIABLES (OR DIFFERENTIAL EQUATIONS)
IND : COMMUNICATION VECTOR FOR INITIAL ENTRY

TOL  : TOLERANCE FOR ERROR CONTROL

NERR=0 WEIGHTS ARE 1/MAX(1,ABS(Y(K))

O 5.2-9. EFX 2O PKINETIC Y€ (A%
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C =1 ABSOLUTE ERROR CONTROL - WEIGHTS ARE 1
C =2 RELATIVE " ! - " 1IABS(Y(K))
C NFCN=MAX. NUMBER OF FUNCTION EVALUATION PER TIME STEP
C DIMENSION FUELMASS1(JAXL,JRAD), FUELMASS2(JAXL,JRAD)
C DIMENSION FUELTEMP1(JAXL,JRAD), FUELTEMP2(JAXL,JRAD)
X End of insertion
DATA ATF/-.0282E-3,-.0230E-3,- 033E-3,- 033E-3,-.00968E-3/
DATA ATC/-.0874E-3,-.4761E-3,-.111E-3,-.560E-3,-.08360E-3/
DATA QTC/2815.0E6,2815.0E6,2775.0E6,2775.0E6,27.5E6/
C OPEN (8, FILE="pkinetic.out)
C OPEN (7, FILE='PK_TEMP)
npl_flag=2
* Inserted by Sunhee Park, 98.11.
C

C Jedk e dede Je e Je sk dede ks Feok e e ke e de g e Je e ok 3 sk ok o ke Aok ok e ek ek ok Ao e v ek v Sk ok ok ok ek

C INITIALIZATION
C ek g Aok e ek v ok gk v e sk e Aok ek ke ke ek vk e vk vk e sk vk e e ok e e e ke ok e k3 ok ok ok ok ek ok ko ek ek
AVETEMPF1=0.0
TOTTEMPF1=0.0
TOTMASS1T =0.0

C
AVETEMPF2 = 0.0

TOTTEMPF2 = 0.0

TOTMASS2 =0.0
C
C FeJe e dede v de e ek e e e vk ok ke Aok Aok sk ok ok sk ek de ko e e ok e sk ok e de ok e de ok e vk gk ok deded ko e ded ek ok ok
C Calculate average temperature of fuel
C Fe ke Je e ok e ke e de e vk v e gk e Sk v v v vk vk sk e v vk ok Je e ok Je sk ek ek e Ak Ak e s ok ek ek Ak ke ek ke
C print*,'  ** PKINETIC.F : NTLP =, NTLP

DO 212 IA=NTLP+1, NAXL

DO 202 IR=1, NRAD

TOTMASST =TOTMASS1 +FUELMASS1{IAIR)

TOTTEMPF1 = TOTTEMPF1 + FUELTEMP1{IA,IR)*FUELMASS1(IA,IR)

TOTMASS2 =TOTMASS2 +FUELMASS2(IA,IR)

TOTTEMPF2 = TOTTEMPF2 + FUELTEMP2(IA IR)*FUELMASS2(IA, IR)
202 CONTINUE
212 CONTINUE

AVETEMPF1 = TOTTEMPF1/TOTMASS1
AVETEMPF2 = TOTTEMPF2ITOTMASS2

IF (ITFTC .NE. 0 ) THEN
TFO=TF
TCO=TC
print*,* ** TRAC ==>>TFOTCO'
ELSE
ITFTC =1

QOO0
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ENDIF
TF=AVETEMPF2
TC=POOLTEMP2
print*, " ** NEW VALUE ==>> TF/TC'
print*, ' *Old value : f-temp0 =", TFO, ' c-temp0 =, TCO
print *, ' *New value : f-temp =\TF, 'ctemp =.TC

FO OO0

End of insertion

CALL RKF56(N,T,TCNTEND,TOL,IND,C)
ENDIF

C
C - PRINT QUTPUT
C

TFPOWER = QC
{TCOUNT=ITCOUNT+1

......

RETURN
END

SUBROUTINE RKF56(N,X, XEND,TOL,IND,CKINE)

......

......

RETURN
END

SUBROUTINE FCN(N,T,YT)

......

RETURN
END

SUBROUTINE DYNAMIC(N,T)

......

*- INCLUDE KiNEtics for Kinetics model
PARAMETER( JAXL =99, JRAD =9)
C COMPONENT IDENTIFIERS
COMMON /KINE/ FUELMASS1(JAXL,JRAD),FUELTEMP1(JAXL,JRAD),POOLTEMP1,
+  FUELMASS2(JAXL,JRAD), FUELTEMP2(JAXL,JRAD), POOLTEMP2,POOLMASS,
C + ITCOUNT, TCNTEND, TCNTENDQ, ICORRN1, ICVHRN3, ICVTHRM, ITFTC,
+ ITCOUNT, TCNTEND, TCNTENDO, ICORRN1, ICVHRN3, ICVTHRM,

9 5.2-9. X E 79 PKINETIC W& (A&

-112 -



+ TFO, TCO, TF, TC, CKINE(24), NVAR,IND,TOL,NERR,NFCN

C

c FUELMASS1(JAXL,JRAD) -  FUEL PELLET MASSES BEFORE CHANGE

C FUELMASS2(JAXL,JRAD) -  FUEL PELLET MASSES AFTER CHANGE

c FUELTEMP1(JAXL,JRAD) - FUEL TEMPERATURE BEFORE CHANGE

c FUELTEMP2(JAXL,JRAD) -  FUEL TEMPERATURE AFTER CHANGE

c POOLTEMP1 - POOL TEMPERATURE BEFORE CHANGE

c POOLTEMP2 - POOL TEMPERATURE AFTER CHANGE

c POOLMASS - MASS OF POOL

c ITCOUNT - TIME COUNT

C (ATFIRSTO, ADD 1PER EACH CALL )
c TCNTEND - FINAL TIME (Accumuiated DTC)

c TCNTENDO - FINAL TIME - Old value (Accumulated DTC)

c ICORRN1 - CHECKFOR UPDATE FUEL TEMPERATURE (0/1)
C ICVHRN3 - CHECK FOR UPDATE CORE-POOL TEMPERATURE (0/1)
c ICVTHRM - CHECKFOR UPDATE CORE-POOL MASS (0/1)

c ITFTC - CHECK FOR OLD/NEW VALUE (PKINETIC)

c TFO, TCO - OLD VALUE (FUEL TEMP. CORE-POCL TEMP)

c TF, TC - NEW VALUE (FUEL TEMP. CORE-POOL TEMP)

c CKINE - Described in subroutine RKF56 (within PKINETIC)

C NVAR :NUMBER OF VARIABLES {OR DIFFERENTIAL EQUATIONS)

c IND : COMMUNICATION VECTOR FOR INITIAL ENTRY

c TOL  :TOLERANCE FOR ERROR CONTROL

c NERR=0 WEIGHTS ARE 1/MAX(1,ABS(Y(K))

c =1 ABSOLUTE ERROR CONTROL - WEIGHTS ARE 1

c =2 RELATIVE " " " 1/ABS({Y(K))

c NFCN=MAX. NUMBER OF FUNCTION EVALUATION PER TIME STEP

C DIMENSION FUELMASS1(JAXL,JRAD), FUELMASS2(JAXL,JRAD)

c DIMENSION FUELTEMP1(JAXL,JRAD}, FUELTEMP2(JAXL,JRAD)

......

RETURN
END

28 52.9. B2 73 PKINETIC W&

5.2.7.2 Interpolation 73

A2 &8 F712 (end of cycle : EOC)S} HNAE =44 (fuel/doppler temperature
coefficient : FTC) #tell W8] & © FEI 3t F3+7] $13) interpolation 7]5S F7}

T o] ARG WHL AP RIRoIM[5-3], o]9 42 2] 5228} P}
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X—X X —
lfo-}- Xo

Xo— X1 X1— Xo

f(x)=

f (5-2-2)

o] AL T foll 3l FoA F 7t (xfy), (x;, f)o1 ZATHA, xol HF T3k (S
T3t WHoltl Power rateZ} 0%, 20%, 40%, 60%, 80%, 100%<¥ wle] FTC %ol
FAAH, code THAY powerdtell wWel HAPFEIH] <o HILET FTC #S
AAitsled A -&31A BTH5-4]. FZ 23 PKINETICAIAE FTC#E AME3r] 930
'ATF' WS A3} interpolations $3] Fo|x FTC #-2 'ATFITP' HIEE

A3t TEe AAS gL a9 52-109 2}

SUBROUTINE PKINETIC (TFPOWER)

Dimension for interpolation
DIMENSION POWERRATE(6), ATFITP(6)

------

C For interpolation
DATA POWERRATE/O, 02, 04, 06, 08 1/
DATA ATFITP/-3.63E-5,-3.42E-5,-3.26E-5,-3.12E-5,-3.00E-5,-2.90E-5/

c
C ATF(npl_fiag), ATC(npl_fiag) are replaced with interpolated value
¥ Interpolation
C
PWRATE=QC/2.815E+09
IPWRATE=INT(PWRATE*100)
* pl’int *’I*l
* print*,* QC =',QC," Powerrate =', PWRATE,' ==>>' IPWRATE

IF (IPWRATE .GE. 100 ) THEN
ATF(npl_flag) = ATFITP(6)
GO TO 980

ENDIF

IF (IPWRATE .LE. 0 ) THEN
ATF(npl_flag) = ATFITP(1)
GO TO 980

% 5.2-10. X233 PKINETICY] InterpolationT&d A (Al<)
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ENDIF
SELECT CASE (IPWRATE)
CASE (1:20)
X0=POWERRATE(1)
X1=POWERRATE(2)
FO=ATFITP(1)
F1=ATFITP(2)
CASE (21:40)
X0=POWERRATE(2)
X1=POWERRATE(3)
FO=ATFITP(2)
F1=ATFITP(3)
CASE (41:60)
X0=POWERRATE(3)
X1=POWERRATE(4)
FO=ATFITP(3)
F1=ATFITP(4)
CASE (61:80)
X0=POWERRATE(4)
X1=POWERRATE(5)
FO=ATFITP(4)
FA=ATFITP(5)
CASE (81:99)
X0=POWERRATE(5)
X1=POWERRATE(6)
FO=ATFITP(5)
F1=ATFITP(6)
END SELECT

ATF(npl_flag)=(PWRATE-X1)*FO/(X0-X1)+(PWRATE-X0)*F1/(X1-X0)
print ** X0="X0, ' X1='X1," F0="FO0, ' F1="F1

......

7% 52-10. B2 7% PKINETICY Interpolation™3& $ 3
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53 ATWS Alal £4

HE HyAMe E¥E /igdE 8% 2dE& MELCORS ZEZWo| o]al3le] ATWS
Al AE #adsty] figdoltt. ol& #s 7]&9 MELCOR 183 IE=E Alg3}d]
ATWS ALY E 4 Zostd 7|& Zd9 58] HAE AESNYD, olF
7i2r® MELCOR-PK 1.83 FEE ALgsled ZARES =&3lgch o714 ATWSE
oA I AE] (anticipated transients)o| A YAZ AHAX|7L BEILsE Alzolth B
HuMoMes o4 J=dez2 5 93 FAALD (Total Loss of Feedwater

TLOFW)E A"3gien, Ao AAAEE w9 EFZAQ) &A7 S (conservatively

d

upper bound)E Al4FEL7] 8l FEF 2 BRI A SRS 7133
BEFFo Alngs adge B BiaMidMeE OFX &Egon F3o A=

o7 ol ot.

A

2 €3 34 AL i 71£9 MELCOR (1.8.3) input deck
[5-11% o]&3Hth o7]olA 9] RCS nodalization® 3  53-13 23, core
nodalization® 1% 5329} Zt} FH, EE MELCOR AAHMELCOR-PK A4k
Aehe] A, ALY FFAHE #HEr] 10027t FAYH RogE D

Atk Wepd BAARZ AAAA AL A 10022tk Aol A4H
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CORE
(170)

LOWER
PLENUM
(150)

mzanoo

rmI3>Pw

“00TUVCH

rmaar»m

UPPER PLENUM
(260)
UPPER SUPPORT PLATE
113 213 313 413
112
111
110
109
108
107
106
105
104 204 304 404
LOWER SUPPORT PLATE
103 203 303 403
BOTTOM PLATE
102 202 302 402
NOZZLE SUPPORT PLATE
101 201 301 401

BOTTOM HEAD

1% 5.3-2. Core nodalization
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~ ATHEATLE Ftg7] HHBWE (safety relief valve : SRV)

i
o
N
)]
offl
_Oll‘,
T

FEAFATYA A DYAS (safety depressurization system : SDS)y2 Z-53}A
- YAE B4A BEZE 71X & FAQle] AL FE T

—

ZE!

gis
i
o

uk

oz gAY S dZ=2 AHEE T AT batch procedureE 43 81] background

=

EZ<Ql MELCORY 3o HFOdH, &84HL Fol7l 93
joboZ AT, oo itk AAMT RS HF 59 AAT] 71T
53.1 AZH (100% full power) 73

7)1&9 MELCOR(1.83) ZE=E TLOFW AlnAl X2 A7} A Z2EA7HA
Aogt Afolth. MELCORAAM = widdAe T8 AL nushr R,
Brdo] ofd ANEY £ VEHOR AgAY} g4¥oz HaEsA Hol ok
gegtA]  qg7IAE AlAr FEAZA AEHe] AE fAHE Aoz wed
7Fet R ¥ 5334 £¥7Fol YEUUT 10027HY] HAGYHESSE 1004
ojFo] ¥ A =¥ 2825MWE A8t Yot B ZF-9-9] MELCOR input
deck & A AP FEo] & 5319 L= U,
AnAl dA AT bEE dak AlSUlY @ FART FU1EAY) oAz oene @
ANAZ Aold os wgsth & Fo ALMEAT 4

a
ZFa A AAFo] FIHE UE 120-1602 2 ALt FES AEsiy Z7)A7] 9



3.00 T Y T T T T T T T T
A O
2.50  § -
2.25 b § J
2.00 | | .
Fo1.75 F i J
2 i
= 1 50 f ]
Z 1.25 ki J
o H
1.00 ¢ -
0.75 }i -
o.50 &k | memrmem FISSION POWER 4
,: WHOLE DECAY POWER
0.25 ¢ ] e TOTAL POWER(F+0) in CORE |71
0 00 [l 2 i b -y [} [y 4 [ %
) 40 80 120 160 200
TIME (sec)

Flg. 5.3—3. ULJIN-TLFW : POWER

Az AT 7MYyl qHWpE BT Y45 LEIVeRe AHY IS

647245 K (3200 psilAM 9] EFLxE) ojAro] =W ‘material property error’ E Q13|

Aol AR £33tk (MELCOR A AA MP-RM-54 Z=). £ Z4ol At A%

ok 100% Fol(2d 534004 200%) ¥ error2 18 AlAte] FEEHULT ojufe]
=5

& oF 4450 psi Ath. WT AAE = 2 A AT BAA 2EE

a8 535 2 5369 2z EAEGTH B3], 4x AFY WA 2=
dFdstel 2AF BHBAE YeEJRITH
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E 53-1.Trip® A && HEF (100% full power) ¥ U E

......

* GENERAL CORE INPUT

*

COR00004 101 96 * CF NUMBER (100% full power with reactivity feedback)

......

* (FISSION POWER)
CF09600 'FISSION-POWER' L-A-IFTE3  0.936 0.0 *DECAY POWER=1.8098E8
CF09601  2.825E9

CF09610 1.0 0.0 CFVALU.92

CF09611 0.0 0.1 TIME * FALSE (TRIP)
CF09612 0.0 2.825E9 TIME

CF09200 'TRIP' L-GE 2 1.0 * TRIP by SG LEVEL
CF09201 .FALSE. * find through tmlb’
CF03205 'LATCH'

CF09210 0.0 0.0 TIME

CF0%211 1.0 0.0 CFVALU.606

¥ nen WATER LEVEL

CF60600 ‘TOTWSG' ADD 2 1.0 0.0
CF60611 1.0 0.0 CVH-MASS.1.600
CF60612 1.0 0.0 CVH-MASS.1.610

......

532 Y422 AA(trip) B

A B A9 Zi vung Y3t dxE2U AP HAH HSE
MELCOR 1.83% Al&3ld Eo3Ith §F (FETF € BHXFF) G344 Al
AR AANEE 7147 "2 B S71247] HFHdo g8 Aln LAF &+

z WA & Az ol AT & BNdME F71EA7] A5 o AR

343579 79,2421 psia

o
Y,
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32

30

28

26

24

22

PRESSURE (10%pa)

20

18

16

1.300
1.275
250

- A o s A

225
200
175
150
125
100

T T 1 v Lf L g

ssssccnes

LOWER PLENUM (CV150)
CORE (CV170)

UPPER PLENUM (CVv260)
DOWNCOMER (CV130)

#-.:.-:'w_ s Lamr fonseraa st AN /
4 1 1 4 L 1 % 2 [
o 40 80 120 180 200
TIME (s)
Fig. 5.3—4. ULJN~TLFW : VESSEL PRESSURE
1] R ] 1] L 3 L] Al L] N L) 1]
."’
- -
= - he
= ————————— T e

o3

-
__.-—' -
- -
pm o - — - -—-——-—--—-"—_-‘--‘---—
o

e o — ———— ——— o

TEMPERATURE (10°K)

1.075
1.050
1.025
1.000
0.975

B -
=
——— TOTAL
) o= ~= = RING 1
- ===== RING 2
vessnssncerssaes] =t=e=+= RING 3
-:..--0'°-------a-.-o....o-.--...a-.-“' eessmense RING 4
L I 1 L M e N - -
0 40 80 120 160 200
TIME (s)

Filg. 5.3—5. ULJIN--TLFW :
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650 T ¥ Y — T T T T 1 '
CORE §
645 P} o — — HOT LEG A i
......... HOT LEG B8 i
640 | oo
f
635 |- f
. §
X g30 | 7
wl
=3
= 625 | 7
&
£ 620 | i}
Ll
—
615 | )
610 | y
605 L"""‘""""’"‘"""——"-—J }
600 T 1 .
o 40 80 120 160 200

TIME (s)

Flg. 5.3—6. ULJIN-TLFW : CORE TEMP.

A& 7FA s, F12A87) o132 AT (MELCORS Ao A& 600 3+ 610 o

W S B ghol 41,000kg ©E7t W AAZ7F HRABESE & =

(o

2

AR old Al HA &™) 93.6%eE HED FHo)A zalm o
=

rlo

i

64%= S Fol o8 TAFdn ARGz, dAz FANFE Fx
== =N
=T

HEEEY 64% olth. E A2 MELCOR input deck & 23 oa ¢

o]

r1m
3]

Py ZAE A4SHE CF 6062 parameter® 'CVH-MASS.1.600'9 'CVH-MASS.1.610S A48t
A=, °] 2L control function argument® AMEHE Hoz AoAH 6007 6100 U= material I, &
pools] W& LrEbUL) olo] Uik MG HHL FDEW [5.7]9 CVH-UG-410] 7] S5 o] STk,
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E 532, 71247 FYAEE Tripsl = MELCOR &3 #d 4™

COR00004 101 -96 * CF NUMBER

*  (FISSION POWER)

CF09600 'FISSION-POWER'L-A-IFTE3 0.936 0.0 *DECAY POWER=1.8098E8
CF09601  2.825E9

CF09610 1.0 0.0 CFVALU.92

CF09%11 0.0 0.1 TIME *TRIP

9F09612 0.0 2.825E9 TIME

CF09200 'TRIP' L-GE 2 1.0 * TRIP by SG mass (.LE. 41000 kg)
CF09201 .FALSE.

CF09205 'LATCH'

CF09210 0.0 41000.0 TIME

CF09211 1.0 0.0 CFVALU.606

......

* WATER MASS

CF60600 ‘TOTWSG' ADD 2 1.0 0.0
CF60611 1.0 0.0 CVH-MASS.1.600
CF60612 1.0 0.0 CVH-MASS.1.610

......

*  STEAM GENERATOR 2NDARY

* LOOP A

CVv60000 SGA-2nd 2 2 5
CVv60003 7.68

CV600AD 3

CV600A1 VPOL 82.7
CV600A2 PVOL 74.88E5
CV600A3 TPOL 563.64
CV600BA 2.35 0.0
CV600BB 5.68 18.7
CV600BC 9.71 50.4
CVe00BD 12.7 82.4
CV600BE 15.0 133.0
CV600BF 20.565 175.8

* LOOP A

CV61000 SGA-2ND-DOWN 12 5
CV61003 4.04

CV610A0 3

CV610A1 VPOL 22.8
CV610A2 PVOL 74.88E5
CV610A3 TPOL 563.6
CV610BA 5.58 0.0
CV610BB 16.30 43.3
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AR A3 AlE F 402 T2 53-7914 = 140%)0] AR IE AR (2 E
53-7 #x) o]% EIdvlo] LAET, I AT GHS I¥ 5384 &
Asol 74ty AMEel d¥ ¥ (=17.16MPa) o|st2 A "G T 7 9
DZE AT A FRF G 20R A st oE Aeod HuE $sted, BT

ddg 25 2 943 A5 Y44 2EE 1™ 539 B 53-100] @A 2o4EAH.

3- ] L] L] L q L] L) . 1
2. 75 k| e FISSION POWER i
N WHOLE DECAY POWER
2.50 8 1t ] eesecsces TOTAL POWER(F+D) In CORE |4
2. -
2. ~
;; 1 .
=
o 1.50 -
E 1.25 -
a-
1.00 p -1
0.75 §F .
0.50 p -1
0.25 - -
“_
o oo i ¢+ ’ 8 " L - 4 X X X
0.0 0.4 0.8 1.2 1.6 2.0

TIME (103sec)

Flg. 5.3~7. ULJIN-TLFW—TRIP : POWER
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PRESSURE (10%pa)

TEMPERATURE (10°K)

1 L) T LS ) T L) LI
17.5 P -
- m&u-z
16.5 | -
?_ \ 4
15.5 | .
14.5 p j -
13.5 p .
12.5 p y o
s P ceeeeeies LowER PLENUM (CV150) |
5 —~ — CORE (CV170)
1.5 F —_— — — — UPPER PLENUM (cv250) ]
o o mewsmem DOWNCOMER (CV130) -
1 0 . 5 Bt L 1 o - 1 L L 1 1
0.0 0.4 0.8 1.2 1.6 2.0
TIME (103s)
Fig. 5.3—8. ULJIN-TLFW-—TRIP : VESSEL PRESSURE
L] L3 Ld L] L] L] L3 L]
1.25 B ———— TOTAL |-
i — — — RING 1
- —=—w== RING 2
t.15 b momsmem RING 3
B cavssesss RING 4 |-
1.058 k N
0.95 - o
fuse -4
0.85 -
0.75 -
0.65 | L_ .
| o
0 . 55 L 'R £ L A 1 1 ) 4
0.0 0.4 0.8 1.2 1.6 2.0
TIME (103s)

Flg. 5.3—8. ULJN-TLFW-TRIP :

AVERAGE FUEL TEWMP.
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TEMPERATURE (K) -
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N
()]

577.5

"
[+
~
"
T 7T 1T 5T 15 rrrruvrvt

CORE
— — — HOT LEG A
......... HOT LEG 8

A& 0 1 1 1 1 Lt 1 L1 }

572.

(o]
o
o

Fig. 5.3—10. ULJIN—-TLFW—TRIP :

5.3.3 Chexal-Layman =2 & &

34.18NA AFE0], dat&

THE Adtstes deRdd
Ao} o
#a1e] MELCOR X & Ael&

gebd 2 "ol e

Chexal-Layman #7412 MELCOR ¥ #E7I=%F COR000049] FHA =

1002t & (el r)AdE=

(active fuel)®] sl Z=Eald HRE £8L ¢ o4 L3R

oled Wl

= =Y
Chexal-Layman 4|4} o]
o] BWR A8 ATWS AtnE RIF F U=H
oo =

Chexal-Layman #A|42] PWRel 2] A& 75 S HESAL

0.8 1.2 1.6
TIME (103s)

N
o

CORE TEMP.

downcomer T o 3 TF = A]

71&9] MELCOR

PWRI S G oFE

&
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A)
s 1

A Y, AL o Hx 282 FF=H Y 64% olth(53.2E =) &

&

(34-3)l A &3 34 AL L, &< 3.5m, 7IE HEA P2 2500 psia (= 17.2 MPa) <
AHESHH, CI301(4)=3.672 dFdEtt.  3ARE olgd HES AMESIAdE 4 (3.4-
DellA Agdee 288 2T F glor, C1301(1)/C1301(2)/ C1301(3)/C1301(5) I}
2L UAdE AFE ARHol sFFTh od AxHL PWRA HL5E
MZE BANY Fxd AFHH, ojs ofF uHHA F7ld B AsbdAe=
71E9] P kel 28 E (C1301(6)=15.3 MPa) L2 A4 AL&39ch.  3HH, downcomer
FY7F L, o E=gstd (A (34-1Y/(3.4-2)/(3.4-3) FR) IEYG £HL © oA
BAE R Eate L, g2 AAFE 422250 psia = 15.5 MPa)oll 4] 2.45m o] ¢ o
mat WEEde ¢ F£ Yt 97, H v Hd 1m 7R FEHE Aoz
2y FA99Ed LY Huigo] 643 m (£ 3.4 HBE AAEA, 2u)e
PE AFEE w FHEEHE dak ATy HALHEL 5000 psi o) Feol2R A
Aol da ZFA 2SS € = vk MELCOR input deck & €33#

dHFEo] E 5330 2715 Ut

(2
o

2

F 5.3-3. Chexal-Layman A4 #&# MELCORFEE

90R00004 101 130 * CF NUMBER (ATWS using CHEXAL-LAYMAN correlation)

* (Chexal-Layman -FISSION POWER)

CF13000 'DC-Level' EQUALS11.0 *DECAY POWER=1.8098E8
CF13010 1.0 0.0 CVH-CLIQLEV.130

* by ymsong(12/11/1998)

§030005 1301 15.30636E06 6
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ALZAD, SEd 282 d&549 & 40%FECA FAFE Aoz Yehgt (29
53-11 &) B A%l Atz Al oF 240% F(aHoAE 340%)°) ‘material
property error’ 2 QU3 ZAl4to] FHEEFOW ol UAEF FHLS IH 5.3-1204

HXo| oF 3MPa(4500 psi)ith H7 dFE 2% % Ui A5 ¥zx &%

rlr

I%™ 53-13 ® 53-140) 7z FAEC ol ANAAE s34 FA)sio
53549 T 2d ALY A t2A UBURE AAY AluAPL Ag2

29t £t Aoz bt

3 . o o e s L] L) L] R ] ¥ L] Y ¥ L L] L]
2.75 P, T FISSION POWER A
N oo e S e § - b o § e 8 WHOLE DECAY POWER
2.50F ] eesesscas TOTAL POWER(F+D)} In CORE |
2.25 fk .
2.00 | i
ZF 1.75 }k J
o .
E 1 ) s O e eeee————retaaaasaraaesaasaraant® 3 ... 7
E 1.25 b cerervecenennanneaee” i
£ i
1.00 [ § .
0.75 }} -
0.50 ki J
0.25 F -
0 . oo 1 1 | - ) 1 ] L 2 '] I 2 2 L 1
0 50 100 150 200 250 300 350
TIME (sec)

Fig. 5.3—11. ULJIN-TLFW—CHEXAL : POWER
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PRESSURE (10pa)

TEMPERATURE (10°K)

32

30

28

26

24

22

20
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16

14

12

1.30
1.25
1.20

0.985
0.90
0.85
0.80
0.75

T T T L) LS ¥ L] Ll ¥ ¥ 1 ¥ L)
ssssscces | OWER PLENUM (CV1SO)
| =~ = CORE (CV170)

- = = UPPER PLENUM (CY260)
—ems=em DOWNCOMER (CV130)

5 7

> St RS e TN

Vd

N

'3 A "} ¥ - 1 L L L sl 1

0 50 100 150 200 250 300
TIME (s)

Flg. 5.3—12. ULJIN-TLFW—CHEXAL : VESSEL PRESSURE

350

L] L4 L] LI 1 ¥ L) k] L) LI L] L) ¥

TOTAL
= == «= RING 1
-———w—- RING 2
memeamem RING 3
cosessses RING 4

-
P L T T SR LDt e VA
-

.

-

- —-= - - -

s sommmme e — e

LoSesqerecege-- & ' 1 L ol 1 1 1 A 2.
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Fig. 5.3—13. ULJIN-TLFW-CHEXAL : AVERAGE FUEL TEMP
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Fig. 5.3—14. ULJIN-TLFW-CHEXAL : CORE TEMP.
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E 534 A&Ho 71X577 1E® MELCOR €38 @d &

COR00004 101 97 * CF NUMBER (100% full power & void effect simulation)

CF09700 'ATWS-POW' MULTIPLY 2 1.0
CF09711 1.0 0.0 CFVALU.96
CF09712 1.0 0.0 CFVALU.89

CF08900 'ATWS-POW'  DIVIDE 2 10
CF08911 0.0  1.05E4 TIME
CF08912 10 00 CVH-MASS.1.170

*

* (FISSION POWER)
CF09600 'FISSION-POWER'L-A-IFTE3 0.936 0.0 *DECAY POWER=1.8098E8
CF09601  2.825E9

CF09610 1.0 0.0 CFVALU.92

CF09611 0.0 0.1 TIME * FALSE (TRIP)
9F09612 0.0 2.825E9 TIME

CF09200 'TRIP* L-GE 2 1.0 * TRIP by SG LEVEL
CF09201 FALSE. * find through tmib'
CF09205 'LATCH'

CF09210 0.0 0.0 TIME

CF09211 1.0 0.0 CFVALU.606

¥ eneee WATER MASS

CF60600 TOTWSG' ADD 2 10 00
CF60611 10 0.0 CVH-MASS.1.600
CF60612 1.0 0.0 CVH-MASS.1.610

¥ 53-1594] HEo] AEYE =HLE %7 £ 2825MWEE] A ZEAYE
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2500MW=ZE &F 10% Z4stE A0SR YEWA|RE o] A JA| &8 AL} vt
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Fig. 5.3—-16. ULJIN-TLFW-VOIDIOO : vessel pressure
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Fig. 5.3—19. ULJIN=-TLFW-—-VOID1S : vessel pressure
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Fig. 5.3—20. ULJN-TLFW—PK : CORE TEMP.
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Fig. 5.3—24. ULJIN-TLFW—PK : VESSEL PRESSURE
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# 5.3-5.200% F o RCPE AAA|7]= MELCORS RCP#H U=

i RCP

*

FL361P1 'QUICK-CF' 362

CF36200 R2-SW L-AJFTE 3 1.0 0.0
CF36210 1.0 0.0 CFVALU.353

CF36211 1.0 0.0 CFVALU.361

CF36212 0.0 00 TIME

CF35300 'TRIP-TIME' L-GT 2 1.0 0.0
CF35310 0.0 200.0 TIME
CF35311 1.0 00 TIME

CF36100 'PUMP-A-DP* MULTIPLY 2 981 00
CF36110 1.0 00 CVH-RHO.361
CF36111 1.0 0.0 CFVALU.360

CF36000 'PUMP-HEAD'  TAB-FUN 1 10 00
CF36003 902

CF36010 1.0 0.0 FL-VELLIQ.361
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——————— FISSION POWER n
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Fig. -3.5-25. ULJIN-TLFW—PK RCP:200 : POWER

- 140 -




~20.5 | B T T T Y ' 4 T T T T Y T L
20.0 } -
19.0 | / -
o
< 18.5 P ! -
=]
w 18.0 "r‘ H .
7 .
& 17.5 b ,.‘/'/", -
E V/“’ * ———
17.0 e .
16.5s  F e LOWER PLENUM (CV150) |_|
—— == CORE (CV170)
16.0 Revseest — — — UPPER PLENUM (CV260) |_
Dy ] e DOWNCOMER (CV130)
15.5 PO | 1 1 1 1 1 2 1 1 1 1 1 1 1
o] 100 200 300 400 500 600 700 800
TIME (s)

Fig. 3.5-26. ULJIN-TLFW—-PK RCP200 : VESSEL PRESS.
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E 5.3-6.SDS7} €3 MELCOR Z¢HAE &

Q1
H

==
==

seddddeddddkdddddk ks ik ddtddok kk ke ok kot dk ok ke ddkok drk ko deded sk deokeoe dedk ek e e dok

12.9 0.0
1.0
0 0
0.0424 *ID IS ASSUMED 4.24cm*2
129 0.0
1.0
0 0
0.06 * DIA, 1S ASSUMED 6cm*3

1.0 0.0

1.0 0.0

1.00  0.00

1.00 0.00

™ PART ;SDSAND PSRV AT PRESSURIZER
Sk iededet vk o Ak Aok ok ok e o ok ke doak i A dek Atk kA Ak Ak Aok ke kA Ak
* FLOW PATH

*CV500 ; PRESSURIZER, CV820 ; SG ROOM IN THE CONTAINMENT
FL51200 SDS 500 820
FL51201 2.825E-3 33

FL51202 0 0

FL51203 7.0 7.0

FL51204 0.0 0.0

FL512S1 2.825E-3 3.3
FL52200 PSRV 500 820
FL52201 8.4758E-3 33
FL52202 0 0

FL52203 7.0 7.0

FL52204 0.0 0.0

FL52231 8.4758E-3 33

e SDS CONTROL

FL512v0 -1 519 519

CF51800 SG2TC  L-AFTE 3
CF51810 1.0 00 CFVALU.513
CF51811 1.0 0.0 CFVALU.515
CF51812 1.0 00 CFVALUS17

* CONTROLLED BY TIME

CF51300  SDS-TC L-GT
CF51311 1.0 00 TIME

CF51312 0.0 20E2TIME

CF51500  'SDS-OPN' TAB-FUN
CF51501 0.0

CF51503 518

CF51510  1.00 0.00 TIME
CF51700  'SDS-CLOSE' EQUALS
CF51701 0.0

CF51710 0.0 0.0 TIME
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¥ 54-1 RETRAN #9] vlwAARS 93 dolg 2 ZAx
RETRAN PKINETIC
FTC -0.000533 * 3 = -0.001599 [$/F] -0.01039 [mk/F]
MTC 0.0012206 [$/F] 0.007934 [mk/F]
Density Coeff. ¥ 54-1 #FHX N/C

AT; (At t=100 sec)

1435-2033 = -598 [F]

779-1112=-333[C] = -598 [F]

AT, (At t=100 sec)

640-572 = 68 [F]

338-300 = 38[C] = 68 [F]

Void fraction 0 0
Total -0.67 [$] -4.375E-3 [k]
Delayed n. yield | 0.038, 0.213, 0.188, 0.407, 0.128, | 2.71E-4,1.518E-3,1.340E-3,2.902E-

fraction (= beta(i))

0.026 (= beta(i)/beta)

3,0.913E-3,1.85E-4 (beta =7.129E-3)

Delayed n. decay

constant

0127, .0317, .115, 311, 1.40, 3.87

0127, .0317, .115, .311, 1.40, 3.87

n. generation time

2535 (=beta /1)

0.28E-4

f.p. yield fraction

(1170 2%)

FEYFRA 18

704E-2,.149E-1,.183E-1,.105E-
1,.176E-2,.832E-2,457E-2,.169E-
2,200E-2,.142E-2,.071E-2 (total =
0.72E-1)

f.p. decay constant

FEGRAN 33

.7650,.9000E-1,.9829E-2,.1233E-
2,.4910E-3,.1632E-3,.1674E-
4,3410E-5,.1034E-5,.1028E-
6,.2557E-8

Power [fraction]

0.338

10.35

(M1 312) 1$ =6.5 mK
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2. MAAP4 (Volume [ Part 2) HEATUP, EPRI, May 1994.
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ATWS Alnsl4] F8o] ¢l MELCORS Alxns|d FHEE& ZAgste axls L
HAh viFoz JiEE MELCOR-PKE ol&3l €3 34%7]9 SAFFAAAD
ATWSE gt old o3td, Aty HE8S F

10027k AAAITS 4500 psi FagHE YEHon, g AFEIAE 13t
Aol Al AlF 14099 &0 3500 psi FIUYHES YeERT  o]d E AFe
HFHAHEQ] MELCOR-PKE o=z I 7|& 9 Ay 2HA9 ATWS Atad
ek ET FAAAl A3 (success criteria)® 7ot =72 F83H ALEE &
deet Alsd.

sAgE ZEe 54S B RuMde 1288 FEay] v

- 157 -



Moz, B d7e fgaez: A4 =de dAusd, ok Fukim
Sl E e Ao e FHAE FERERET =ABF SD%0] 24

golgith.  Zalu w4l 9Xel e E¥ETPo] 2

-4
W
rr
o
o
=2
rlr
ok
X
AN

N

qow, olgigh AtgE FES7] HaiMe dxd Ed9 Frvh a7dET. o9
FAAt Al 2AE FES] BEsly] AsiAe FTHARRLAL WU Aol
YW "X aFdvr F o ATHAF FH, FAY ATWS 712 A
ENee ‘BERFFAEY &3 € SDS Z7] W mE ugx A4bo] A"

+ 9g Aoz Asd

- 158 -



A5 1. Common block

Common blockol A 5#E ZEH #AH I2FELS o7 Zoh

*- INCLUDE CORFIS
c CORE FISSICN POWER CONTROL FUNCTION
COMMON /CORFIS/ ICFFIS

ICFFIS - FISSION POWER CONTROL FUNCTION NUMBER

INCLUDE CORTX2
DESCRIPTION OF POINTERS FOR CORE PACKAGE DATABASE VERSICN 1.8.0
FOR POINTERS TO TIME-DEPENDENT DATABASE, ONLY OLD-TIME POINTERS AR
GIVEN, DENQTED BY ™ - NEW-TIME POINTERS END WITH 'N'

PCINTER ARRAY DESCRIPTION

LFRNP - FRNP(2,NAXL) - POROSITY OF INTACT COMPONENTS AND DEB
*LDMSTO - DMST(2,NAXLNRAD) - CELL CH/BY STEAM CONSUMPTION RATE

LTUP  -ITUP(NVTOT) - UPWARD FLOW INTERFACE TEMP CV OR CF

LTDN - ITDN(NVTOT) - DOWNWARD FLOW INTERFACE TEMP CV OR CF

LHS - IHS(NAXL+NRAD) - CORE UPPER AND OUTER BOUNDARY HS'S
LXMBCI - XMB4CI(NAXL,NRAD) - CELL INITIAL B4C MASS
*LTZMXO - TZMAX(2,NAXL,NRAD)}- CELL MAXIMUM ZR TEMPERATURE IN CALC
*LXMTOO - XMTOT(NCRMAT) TOTAL MATERIAL MASSES IN COR PACKAGE
(DOUBLE PRECISION})
*LDXMTO - DXMTOT(NUMMAT+4) - TOTAL MATERIAL MASS TRANSFERS FROM
COR (DOUBLE PRECISION)

*LEBALO - EBAL(NEBAL) - ENERGY BALANCE ARRAY (DOUBLE PRECISIO
*LVCAVO - VOLCAV - VOLUME EJECTED TO CAVITY (DOUBLE PREC
*LABRO - ABRCH - LOWER HEAD TOTAL FAILURE AREA
*LSUPO - ISUP(NAXLNRAD) - COMPONENT SUPPORT FLAG
LFRFIS - FRFIS(NRAD) - RADIAL RING FISSICN POWER FRACTION
LFZFIS - FZFIS(NAXL) - AXIAL LEVEL FISSION POWER FRACTION
LCFLHF - ICFLHF(NRAD) - RADIAL RING LOWER HEAD FAILURE CF

“LQBACO - QB4C(4,NAXL,NRAD) - CELL CH/BY BAC REACTION HEAT GENERATE
LCFNOX - ICFNOX(NAXL,NRAD) - OXIDATION CUTOFF CONTROL FUNCTION
LCFVOL - ICFVOL(NRAD,NVTOT)- OXIDATION CONTROL FUNCTIONS FOR
RING AREAS (1..NRAD) OF THE CVH
VOLUMES INTERFACED WITH COR

LCFDIR - ICFDIR(2,NRAD) - DTDZ/OXIDATION FLOW DIRECTION
CONTROL FUNCTION FOR CHANNEL/BYPASS
FLOW IN EACH RING

“LHTCRO - HTCR(NSUR,NAXL,NRAD})

- RADIATIVE HEAT TRANSFER COEFFICIENTS

*LMLTFO - MLTFLO(2:KCMP,NAXL,NRAD)

- MELT FLOW FLAG
LCFLSF - ICFLSF(NAXL,NRAD) - STRUCTURE FAILURE CONTROL FUNCTION
LTSFAI - TSFAIL{NAXL) - STRUCTURE FAILURE TEMPERATURE

sRekelexeXe e ke ke XeReXeRo ke Re ks RvEe e e RoRe XoNoRoRoNoNoRoNoRoNoNoNoNoNoNo No N NN @@/

*LTSLLO - TSLL{2,NSUR,NAXL NRAD)
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- COMPONENT TEMPERATURES BELOW/ABOVE
LIQUID LEVEL

*LTSLPO - TSLLPN{2,NPNDIM) - PENETRATION TEMPERATURES BELOW/ABOVE
LIQUID LEVEL
*LXALLO - XALL(2,NAXL,NRAD) - CELL CHANNEL/BYPASS ATMOSPHERE FRAC

FOOOO0

*- INCLUDE F1301
C SENSITIVITY COEFFICIENTS FOR CHEXAL-LAYMAN FISSION POWER/LIQUID
C LEVEL CORRELATION

COMMON /F1301/ 11301, C1301(6), NA1301

COMMON /CP1301/ JP1301, 1S1301(6), IE1301(6), MA1301

COMMON (CF1301/ CI1301
CHARACTER CI1301*188
C
C UNITS: C1301(4)-M
C C1301(6) - PA
*- INCLUDE KINEtics for Kinetics model
C COMPONENT IDENTIFIERS
COMMON /KINE/ FUELMASS1(13,4), FUELTEMP1{13,4), POOLTEMP1,
+ FUELMASS2(13,4), FUELTEMP2(13,4), POOLTEMP2,
+ ITCOUNT, TCNTEND, ICORRN1, ICVHRNS3, ITFTC,
+ TF0, TCO, TF, TC
C
C FUELMASS1(NAXLLNRAD) -  FUEL PELLET MASSES BEFORE CHANGE
C FUELMASS2(NAXL,NRAD) -  FUEL PELLET MASSES AFTER CHANGE
C FUELTEMP1{NAXLNRAD} - FUEL TEMPERATURE BEFORE CHANGE
C FUELTEMP2(NAXLNRAD) - FUEL TEMPERATURE AFTER CHANGE
C POOLTEMP1 - POOL TEMPERATURE BEFORE CHANGE
C POOLTEMP2 - POOL TEMPERATURE AFTER CHANGE
C ITCOUNT - TIME COUNT
C (ATFIRSTO, ADD 1PER EACH CALL )
C TCNTEND - FINAL TIME (Accumulated DTC)
C ICORRN1 - CHECK FOR UPDATE FUEL TEMPERATURE (0/1)
Cc ICVHRN3 - CHECKFOR UPDATE CORE-POOL TEMPERATURE (0/1)
Cc ITFTC - CHECK FOR OLD/NEW VALUE (PKINETIC)
C TFOQ, TCO - OLD VALUE (FUEL TEMP. CORE-POCL TEMP)
C TF, TC - NEW VALUE (FUEL TEMP. CORE-POOL TEMP)
C DIMENSION FUELMASS1(NAXL,NRAD), FUELMASS2(NAXL,NRAD)
C DIMENSION FUELTEMP1{NAXL,NRAD), FUELTEMP2(NAXL,NRAD)
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3l 71Este] o] %< code FA FHart HuA P

- MELCOR code®] manual®} code &3 FH PR & F AFExIote] H oo

TASIE YatEs WS #do] & package?] olH AR E mpetgit), o 2

¢

ARE 259 FAHARE =4 WA 2= 9 Ao £HXE time step?]
FRATE, AAE £89 £F FEE Fotstr] As g FqEed APHo=R

e

@ o] & packageo] el Fdtm 2R A shebatqit.

- '$home/melcor/transfer’ sub-directory= =& package©l] ™3 CMP(Code Mainte- nance

Package) program library S X 835l =4, 32§k packageol] i3t AFEHXE O
sub-directoryoll A H- 8] Z=t}., I Xol & includeE & common block-S- package® Z
Egtsln Q& fileQd 'xinc.prl fileE = common blockS A £] 3 subroutine W-&-&

packageB 2 X 51 AE fileQ] *rtnprl fileEo] AEH, ¥MFE AT yo &

srinprl fileE-& 7 file2 3t shobghrt UNIX 9 'grep' commandE AF-§-3}¢d

srtnprl fileSS HAC R Q3= WS thEk ALEXE F=t) o] wj,
subroutine] head 59 /0 A3 FH commentES FZ3)

-8 243E 59 #8939 packageE 33 &, 31 package?] sub-directoryoll A 'x.f
p

file 422 ThA] UNIXQ 'grep' commandS AF&-3te] Zro}l slE wd=o o3k

subroutine™} AFE-$IAE s}
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- Subroutine®] &% TAE u}o+3l™, P2 A] 'Shome/melcor/transfer' sub-directoryol] A1
srinprl fileES O file= 8]'04 O£ packagel| A1 9] subroutine?] TET uporgict,

- %} Aol ZASS Zh program(subroutine) o A AFR-H BE 3} programe] -3
logic® 7 &t (comment £ E3})

- Parameter pass®} & & 3t argument, common blockE°ll 3t A =L AL&& HAZT

- stotE W ARAFE FAsty] $45te] Tebdt WMol thsl] subroutine ol
print statementS- F7}38+] output filedll EFA| 7|51, o] AL hispltm 3P A
PLOT/CPLOT instruction® LIST optionS AM&3te] 1 Ao} 22X & nwgio),
(‘h-ch' file =)

- o] B B3 woldlt Wi ALY Y&L F6-1-19] HEo o

* Internet 53 A YL olge] Web Siteol| A 3t lom, o]k HEE AgE

FZEAAY E-Maile T LS TS & AT

http://www.nrc.gov/RES/melcor/

F6-1-1 ¥4 FRZHRE 2 BHRE

G ¥ package ##H program
dg¥E 2% COR corrnl.f
AMZIA 2% CVH cvhrn3.f
=AWz A A=k CVT cvthrm. f
Time step COR cordbd.f
Az =9 COR corpow.f
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ZHE 4. MELCOR subroutine =3 % 2] compilef/link & =}

MELCOR Code®} ## % Procedure 3ol tigh AWt ALg-E 7|8t A
428 FHstaar g
AABAL ohe 2
- H/W : DEC Alphastation 500
- OS : Digital UNIX 4.0A (Rev. 464)

2

e

- 4 A] Directory : fusers2/melcor/melcor183

MELCOR codeE A A 3l7] 3lAE ‘muinstallutx’E 3 3sHA ==, o] Wgele
t}2-9] 47 procedure’t z}#HE FHETH

{users2/melcor/melcor183/melcor/mu/mumakemu.utx
fusers2/melcor/melcor183/melcor/mu/mumakinc.utx
fusers2/melcor/melcor183/melcor/mu/mumaklib.utx

fusers2/melcor/melcor183/melcor/mu/mulinkmel.utx

Subroutine2 A 34A, $2 Procedure % ‘mulinkmel.utx'E 433l compile, link 2
#Hd FAYL T3 execution fileS gt ol WAJH execution file-S main program
libraryoll o Z7}o] Kol wel procedure®] A & dtofof gt 9o Z+ Procedure?)
W& 3o g Ag 45 BY o3 2o

@ /lusers2/melcor/melcor183/melcor/mu/mumakemu.utx
- ‘lusers2/melcor/melcor183/melcor/mu’ directoryoll ‘muprep’, ‘muckobjs’, ‘musublib’,
‘musubfil’, ‘mupedig’2} fortran execution file-& 4343 gt}

- fileoll i3] othersol W& write 715 & YoIES Protections A3},

®@ /users2/melcor/melcor183/melcor/mu/mumakinc.utx
- ‘lusers2/melcor/melcor183/melcoritransfer’ directoryel] & package PRL file 285 Z

package®] include deck library(**inc.pri' file)S A%} o714 9] 2z} Package:= ‘prog’,
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‘bur’, ‘cav’, ‘cf, ‘cor’, ‘crr’, ‘cvh’, ‘deh’, ‘edf’, ‘eos’, ‘esf’, ‘exec’, 'fdi’, fl', ‘hs’, ‘mp’, ‘rn1’, ‘m2’,
'spr, 4f, tp’, ‘util’, ‘bh'& 3o}
- P&

#/users2/melcor/melcor183/melcor/mu/muwwwinc.utx  prog

lusers2/melcor/melcor183/melcor  utx
(ol e ‘fusers2melcormeloor183melcormu/mupakinc.utx  prog utx’o] X EF o,
o714 9] ‘prog= package name& YENN I, o] A& Z+ Packagedl il

A2
F3dt.)

- &d flle : muwwwinc.utx, mupaklib.utx, cmp.for

- include deck libraryE A3t Ao o|RE LT o] F2] ProcedureE F335ldo}

gt}

@ lusers2/melcor/melcor183/melcor/mu/mumaklib.utx

- ‘fusers2/melcor/melcor183/melcor/transfer * directory©l 91+ package PRL file2 %8 Z} .
package?] source("™rtn.prl' file)2} object library(*.a' file)E WAzt o 7)Ao Zt
Package+ ‘prog’, ‘bur’, ‘cav’, ‘cf, ‘cor’, ‘crr’, ‘cvhy’, ‘deh’, ‘edf, ‘eos’, ‘esf, ‘exec’, ‘fdi’, fl,
‘hs’, ‘'mp’, ‘tnt’, ‘2, ‘'spr, ', ‘tp’, ‘util’, ‘bh’& LI}

- FPRE

#/users2/melcor/melcor183/melcor/mu/mullllib.utx  prog

/users2/melcor/melcor183/melcor  $pri
3o = ‘~/mupaklib.utx prog ? nobug ©] LT, 7142 ‘prog= package

nameS e, ZF Packageol W8] A8 2 58" tt. nobugt debug optione] Al&

orghe T3l oA Al olle] Al F bug (debug option AF&) = both option
(debug option AF-&/AM-89+E BF P =  AlEdo)
o;  # mumaklib.utx bug

L= # mumaklib.utx both

- &3 file : mullllib.utx, mupaklib.utx, cmp.for, cmpcopy.for
- Z} package?| source libraryE A3l 3%, ©] ProcedureE * g3t o]F e
ProcedureE <3833}loof 3o}
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@ /users2/melcor/melcor183/melcor/mu/mulinkmel.utx
- 779 7%, source program 2 19} #HE source filed] FH o] LoF
- #4 file | ~mwmupedig.f, ~mu/mugetinc.utx, cmpcopy.for, mxxcrt.c, prefixmelgen.f
- source program& FA e Aol FHsHH, FFWL libraryll & A&
TIHAE &

=t
-‘prefxs £ 5 AY B prefix nameS UERATH

1. code®] A
coded] FAHL ol EEL FAHst=v] me}, &, include deck library, package<]

source library, source program 3 = ZA& FAZ =kl We} librarys 3T A, e
HBx o codeZ FHYL NE AA3IY olo met o] Procedured P g,

c)'mulinkmel.utx’ utility S ©]-&3ld compile, link gt}
d) CMP correction setE A4 gkc}
e) mucorr.utx $°3§3}e] source code program library$} 8] gt} ‘mulinkmel.utx & 343}

N =& program libraryS A3ttt A€ LibraryE main libraryol] A 7)8i® (H 3

EE F7h  ‘~/mumakinc.utx’ Procedure$}t ‘~/mumaklib.utx’ Procedure ] 3§l
A AHCF Fhrt

2. &3 3H (mulinkmel.utx)

This procedure links melgen or melcor with or without extra user source

in the current directory.

The current directory is /users2/melcor/melcor183/melcor/c-test
Options

following with optimized code
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1. Link MELGEN 2. Link MELGEN with extra source
3. Link MELCOR 4. Link MELCOR with extra source

following with debug code

5. Link MELGEN 6. Link MELGEN with extra source
7. Link MELCOR 8. Link MELCOR with extra source
0. QUIT

Enter option

___________________________ @
Enter name(s) of object file(s) to be linked (blank separated with .f or .0)
or %filename for file containing list of files

___________________________ ®

file located corcox.f

Enter prefix for executable code <none for production code>
___________________________ ©

@

Enter pedigree information for MELCOR/MELGEN link. Format is up to 4 lines
with 58 characters per line. Terminate input with a blank line.

v
-------------------------- @-1
Pedigree records are
Linked 5/08/88 17:54:43 melcor
Are these correct? <Y or N>
-------------------------- @-2
®

This procedure collects all parts of MELCOR include decks from
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the various package directories. The root library directory is
/users2/melcor/melcor183/melcor
for system utx

located PEDIGREE

dkkkkkkkkkkkkkkkxkx CMPCOPY FILE COPIER **kkkdhkhkhkkkhkkhhkkkhhkdkk

* Copy Options *

* N = normal copy with or without INCLUDE function *
* NUM = normal copy with CMP *DECK numbering *
* with or without INCLUDE function *

* CC = change listing carriage control *

* CHECK = test INCLUDE function calls *

* BROWSE = general purpose file browser *

* S = shifted copy (move one column to right) *
* TR = truncate to specified line length *

* SPLIT = divide file into smaller parts for PC *
* SPLITA = same as split except after current line *
*  UNSPLIT = cowbine files generated by SPLIT *
* L = change upper case to lower case *

* U = change lower case to upper case *

* LC = change upper case to lower case *

* not including fortran character strings *

* UC = change lower case to upper case *

* not including fortran character strings *

* QUIT = abort copy version 2.07 <3/20/94> *

kkkkkkkkkhkhkkkkkkkkkhkkkkhkkhkkkkkkkkkhkkhkhkhkkkkkhkhkkhkkkkhkkhkkkkkkkkkkik

enter option :

enter input file(s)

<use , separator for multiple files> :




enter output file :

opening output file : zzzzzz f

opening input file : zzzzzz.xxx

** INCLUDE command encountered * *
enter INCLUDE library file name

or NONE for none

or BLANK for removal of include contents

opening INCLUDE library file incall.utx

INCLUDE library contains 11178 records 726 blocks

Processing INCLUDE blocks

GENBANERMEGVER MEXVER MXXPRG MXXCVC VERPED LNKPED MORPEDIG

output file(s) contain 8049 characters, 196 lines
average number of characters/line = 41.1

ALL DONE
________________ ®

have ¢ code
________________ ®
________________ ©

compile and link complete
CREATED testmelgen

3. A% 2 (mulinkmel.utx)

@ 24 94
® ‘corcox.f 4=
© ‘test Y&

@ mupedig program 53] (FORTRAN Program)
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(@-1) Return keyE Y=g
(@-2) VE 48
® /lusers2/melcor/melcor183/melcor/mu/mugetinc.utx utx PEDIGREE
S AAE = output file : ‘incall.utx’
® 27012l FORTRAN Program file2 ©]83] ‘zzzzzz xxx’ files A%
cat /users2/melcor/melcor183/melcor/prog/melgen.f
/users2/melcor/melcor183/melcor/prog/mxxqa.f > zzzzzz. xxx
cmpcopy 3 (FORTRAN Program)
‘mulinkmel.utx’ file Yol AE 9 ol dEH.
®-1'n 48 '
®-2 ‘zzzzzzz.xxx’ YHF
®-3 ‘zzzzzz.f Y EH
®-4 ‘incall.utx’ ¢4=HE
A== output file ‘zzzzzz.folw, A2 F, testmelgen.f 2 file nameo] ¥ 73
® ‘mxxcert.c’ fileS compiled
cat /fusers2/melcor/melcori83/melcorftransfer/mxxcrt.utx > mxxert.c
cc -Dadd_ -c mxxcrt.c
(%Y debug code® A g ZAol& o] F&2 compile optiondl ‘—g'7} F71H)
® 7} directoryll )= library file S-S 349 symbol2 dZA 3%}
@ ‘testmelgen.f FORTRAN Program< 3F1}2] symbol2 AZAE o] U+ library fileS 3 7
compile gt}
f77  -o testmelgen testmelgen.f mxxcrt.o corcox.f
lusers2/melcor/melcor183/melcor/exec/libexec.a
/users2/melcor/melcor183/melcor/bur/libbur.a
/users2/melcor/melcor183/melcor/cav/libcav.a
/users2/melcor/melcor183/melcor/cf/libcf.a
/users2/melcor/melcor183/melcor/cor/libcor.a
/users2/melcor/melcor183/melcor/crn/libcrn.a
/users2/melcor/melcori183/melcor/cvh/libcvh.a

/users2/melcor/melcor183/melcor/dch/libdch.a

Jusers2/melcor/melcor183/melcor/edf/libedf.a
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/users2/melcor/melcor183/melcor/eos/libeos.a
/users2/melcor/melcor183/melcor/esf/libesf.a
/users2/melcor/melcor183/melcor/fdi/libfdi.a
lusers2/melcor/melcor183/melcor/fl/libfl.a
lusers2/melcor/melcor183/melcor/hs/libhs.a
lusers2/melcor/melcor183/melcor/mp/libmp.a
lusers2/melcor/melcor183/melcor/rn1/librn1.a
lusers2/melcor/melcor183/melcor/m2/librn2.a
lusers2/melcor/melcor183/melcor/spt/libspr.a
/users2/melcor/melcor183/melcor/tf/libtf.a
/users2/melcor/melcor183/melcor/tp/libtp.a
lusers2/melcor/melcor183/melcor/util/libutil.a
lusers2/melcor/melcor183/melcor/prog/libprog.a
/users2/melcor/melcor183/melcor/bh/libbh.a
lusers2/melcor/melcor183/melcor/exec/libexec.a
/users2/melcor/melcor183/melcor/bur/libbur.a
/users2/melcor/melcor183/melcor/cav/libcav.a
/users2/melcor/melcor183/melcor/cf/libcf.a
/users2/melcor/melcor183/melcor/cor/libcor.a
/users2/melcor/melcor183/melcor/crn/libcrn.a
/users2/melcor/melcor183/melcor/cvh/libcvh.a
/users2/melcor/melcor183/melcor/dch/libdch.a
lusers2/melcor/melcor183/melcor/edf/libedf.a
lusers2/melcor/meicor183/melcor/eos/libeos.a
/users2/melcor/melcor183/melcor/esf/libesf.a
/users2/melcor/melcor183/melcor/fdi/libfdi.a
/users2/melicor/melcor183/melcor/fl/libfl.a
/users2/melcor/melcor183/melcor/hs/libhs.a
/users2/melcor/melcor183/melcor/mp/libmp.a
/users2/melcor/melcor183/melcor/rn1/librn1.a
{users2/melcor/melcor183/melcor/rn2/librn2.a
/users2/melcor/melcor183/melcor/spr/libspr.a

/users2/melcor/melcor183/melcor/tf/iibtf.a
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lusers2/melcor/melcor183/melcor/tp/libtp.a
lusers2/melcor/melcor183/melcor/util/libutil.a
/users2/melcor/melcor183/melcor/prog/libprog.a
lusers2/melcor/melcor183/melcor/bh/libbh.a

4. Procedure file2] H& (mulinkmel.utx)
#! /bin/sh
procedure mulinkmel. utx

This procedure links melgen or melcor with or without extra user source.

define root directory
MELROOT=/u/slthomp/meicor should be in this form

path to mu files
MELMUTL=/u/slthomp/melcor/mu

path to default pris
MELMPRL=/u/slthomp/melcor/transfer

H OH OH K H OH OH H OH R K

curdir="pwd’
echo""

echo "This procedure links melgen or melcor with or without extra user source"
echo "in the current directory."”

echo "The current directory is $curdir "

echo""

echo " Options"

echo""

echo " following with optimized code"

echo""

echo "1. Link MELGEN 2. Link MELGEN with extra source"
echo "3. Link MELCOR 4. Link MELCOR with extra source"
echo""
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echo " following with debug code"
echo""

echo "5. Link MELGEN 6. Link MELGEN with extra source"
echo "7. Link MELCOR 8. Link MELCOR with extra source"
echo""

echo "0. QUIT"

echo

echo "Enter option"

next="0"

nobug="0"

read ansr

if test $ansr=0
then
exit 1

elif test $ansr = 1
then
ddcode="melgen"

elif test $ansr=2
then
ddcode="melgen"
next="1"

elif test $ansr=3
then
ddcode="melcor"

elif test $ansr = 4
then
ddcode="melcor"
next="1"

elif test $ansr=5
then
ddcode="melgen"
nobug="1"
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elif test $ansr=6
then
ddcode="melgen"
next="1"
nobug="1"

elif test $ansr=7
then
ddcode="melcor"
nobug="1"

elif test $ansr =8
then

ddcode="melcor"

next="1"
nobug="1"
else
echo " UNKNOWN OPTION REQUESTED : ${ansr}"
exit 2
fi
if test $nobug = 1
then
bug1="-g "
d="d"
else
bug1=""
d="m
fi
code="${ddcode}${d}"
rm -f LINKLIST

echo $curdir > LINKLIST

if test $next = 1
then
echo "Enter name(s) of object file(s) to be linked (blank separated with .f or .0)"
echo" or %filename for file containing list of files"
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read ycode
rm -f zzzeee
rm -f zzzfff
rm -f zzzggg
echo $ycode > zzzeee
grep "%" zzzeee > zzzfff
if test -s zzzfff
then
sed -e "s/%//w zzzggg" zzzeee
wfile="cat zzzggg’
if test -s dwfile
then
echo "file $wfile located"
rm -f zzzggg
else
echo "file $wfile NOT located"
S{MELMUTL})/muabort.utx
exit 7
fi
ycode="cat ${wfile}’
fi
rm -f zzzeee
rm -f zzzfff
for gqcode in $ycode
do
echo $qcode >> LINKLIST
if test -s $qcode
then
echo "file located ${qcode}l"
else
echo "file not located ${gcode}"
${MELMUTL}muabort.utx
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exit 3

fi

done
else

ycode=""
fi
echo " " >> LINKLIST
#

echo "Enter prefix for executable code <none for production code>"

read tat

rm -f zzzzzz.*

rm -f ${tat}${code}.o
rm -f ${tat}${code}
#

# generate pedigee

${MELMUTL}/mupedig

#
# get all include blocks

${MELMUTL}mugetinc.utx utx PEDIGREE

#
# make and compile program and id routines
cat ${MELROOT}/prog/${ddcode}.f ${MELROOT}prog/mxxqga.f > zzzzzz xxx

___________________________ ®
cmpcopy << TEND
n
ZZ277Z XXX
zzzzzz f
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incall.utx
TEND

if test -s zzzzzz.f
then
rm -f ${tat}${code}.f
my zzzzzz f ${tat}${code}.f
else
${MELMUTL }/muabort.utx
exit 4
fi
#
# generate c code
rm -f mxxga.c
rm -f mxxga.o
cat ${MELMPRL}/mxxcrt.utx > mxxcrt.c
cc $bug1 -Dadd_ -c mxxcrt.c

if test -s mxxcrt.o

then

echo have ¢ code
else

${MELMUTL}muabort.utx

exit 5
fi
# define libraries
1= ${VELROOTYexecfoexec${dha IMELROOT Ybouribbur{d).a SIMELROOTyeavlibcav${dh 2"
2= ${VELROOTYcHiocky{d).a SMELROOTYoorfibcors{dh.a MELROOTYemvibam${d} &
mm3="${MELROOT)cvhvibovh${d}.a IMELROCTYdchvibdeh${d}.a §MELROOT yedffibedf${d).a"
mmA="$MELROOTYeos/ibeos${d}.a HMELROCT Yesfibesib{dh.a SIMELROOTYdiibdi${d}.a"
mmS="${MELROOTiibi${d).a MELROOTyhs/ibhs${d).a §MELROOTYmpibmp${dh.a"
MmB="$MELROOTYm1/ibm1${d}.a SMELROOTYm2Aom23{d} a MELROOTYspriibspr{d &
7= $MELROOTYfiotS{d} a SMELROO TYpvibtpS{d} aSMELROOTYutibutiid) "
mm8="${MELROOT }progbprogh{d}.a IMELROO T biviboh§{d} &
mE $mm1 $mm2 $mm3 $mmd Smmd S Sz Smmg™

182




#
# compile and link
77 $bug1 -o ${tat}${code} ${tat}${code}.f mxxcrt.o $ycode $mi $ml
#
if test -s ${tat}${code}
then
echo compile and link complete
else
${MELMUTL}muabort.utx
exit 6
fi
echo CREATED ${tat}${code}
rm -f zzzzzz *
#
# procedure written by S.L.Thompson  11/15/92



Z 5 5. Batch procedure

MELCOR codeE F3sltt B 2] %9 inputdeck®Z AWl £33 B¢ =
input deck®] FAHOZ AFIse HE T dde AAHL HEHOZ FYsjl=
747t €ol 2%} o] w, MELGEN, MELCOR, hispltm, poppst, print & <2

gAY e #AUZ uEdA "k 72 gAY filed Ao dE =
command 53 o @AsoF & Hrlx] zdBo] Yt} o] A Interactive jobO T
27 FYN7IE ofel @A) commandEE UNIXS @ file® 243he] background
jobo 2 U =gE=E FsAnh BF £A= ged g

1) 3ol QA3+ procedure file, data fileES fileZ 24J3FTh(batch procedured] &

FZE).
2) olef e} 7ol commandE 43 3}o] background jobl2 Z F A ZITHo] wf, jobe} ID
M2 E 7198t backgroundjob./] AdaqBE AT & Y.

# nohup batch.utx > result.txt &
3) 2 4E F 'resultixt file®] WS print SEHES 53 23S &A%}

£ sub-directoryoll A 2] +3E 30| batch procedureE & &3t= A-$, output file©}
B == default directoryw test® 3t 13}, data fileT ] directory path full
path2 XA gt} UNIX Q] 5437 background job(Bourn Shell)< interactive job(foreground
job, C shellI}= o AN FIEHEZ comment statementd} ZFS THE
statementE2 AFE3}A] Tolok dti(psadec2 system, melcorcp Al Sl 'batch' sub-

directory ZF3R).

1. Batch procedure®] W& (4 : batch.utx)

cd /users3/melcorcp/melcor183/user/atws/chexal

pwd

m /users3/melcorcp/melcor183/user/atws/chexal/ME*
rm /users3/melcorcp/melcor183/user/atws/chexal/PG*
m /users3/melcorcp/melcor183/user/atws/chexal/PRST
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lusers3/melcorcp/melcor183/melcor/exe/melgen  /users3/melcorcp/melcor183/user/atws/chexal/uljin-c

rm fusers3/melcorcp/melcor183/user/atws/chexal/PG*

rm lusers3/melcorcp/melcor183/user/atws/chexai/ex*

rm /users3/melcarcp/melcor183/user/atws/chexal/CY™

m lusers3/melcorcp/melcor183/user/atws/chexal/PC*

rm lusers3/melcorcp/melcor183/user/atws/chexal/PLOT

rm /users3/melcorcp/melcor183/user/atws/chexal/psh-¢

lusers3imelcarcpimelcor183imelcorfexe/melcor - </usersdmelcorcpmelcor183fuser/atws/chexallpd  >lusersdimelcorcp/melcariB3fuser/atws/chexalipsh-c
rm /users3/melcorcp/melcor183/user/atws/chexal/PCDIA

m /users3/melcorcp/melcor183/user/atws/chexal/pophis

rm /users3/melcorcp/melcor183/user/atws/chexal/popout.pst

m /users3/melcorcp/meicor183/batch/h-ch

cp /users3/melcorcp/melcor183/user/atws/chexal/his16k /usersS/melcorcp/melcom 83/batch/h-ch
hispltm </users3/melcorcp/melcor183/batch/f-ch

mv l/users3/melcorcp/melcor183/outhis lusers3/melcorcp/melcor183/user/atwsfchexal

mv lusers3/melcorcp/meicor183/pophis fusers3/melcorcp/melcor183/user/atws/chexal

poppst  </users3/melcorcp/melcori83/batch/p-ch
mv lusers3/melcorcp/melcor183/popout.pst  /users3/melcorcp/melcor183/user/atws/chexal
Ip lusers3/melcorcp/melcor183/userfatws/chexal/popout.pst

2. 'p0' file
MELCOR 3 A19] input Zt-& re-directiond} o] fileZ2HE 21o] QA & AHAolH, fileo
& 983 7o

uj.cor

3. 'uj.cor filed] W&
MELCOR 3ol Z 23} filename, time value $& &35t 924, fled W&& e
o}

e ok % 3k ok vk e e e Ik 3k e e e ok s % ok ok e e ok vk gk vk e ok gk e ok ok Sk gk e o ke ok ok ko ke vk ok e ok ke ok ok ok

* MELCOR INPUT *
TITLE 'ULJIN CASEST

DIAGF PCDIA

MESSAGEF PCMES

RESTARTF PRST

OUTPUTF PCOUT

PLOTF PLOT

CRTOUT

CYMESF 20 100
CPULIM  590000.
CPULEFT 200.
DTTIME  0.00001
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TEND 3600.0
*TEND 800.0

RESTART 0

* TIME DTMAX DTMIN DTEDIT DTPLOT DTREST
TIME1 0. 0.10 0.000001 100. 20. 100.
TIME2 3. 0.05 0.000001 100. 20. 100.
*TIME3 160. 1. 0.000001  1000. 50. 1000.
*TIME4 760. 1. 0.000001  2000. 100. 2000.

*TIMES 25000. 2.0 0.000001 20000. 1000. 20000.
*TIMEG 300000. 10.0 0.000001 50000. 2000. 50000.
TIMEY 600000. 10.0 0.000001 90000. 5000. 90000.
* CORDTCO1 40.0 0.001 16

DTINCR 1.30

4, 'f-ch' file
Plot output file- & 2438t hispitm 38 A B2 3= input &< re-directiondte] file= % ¥ ¢l
QA & Rolth filed] W42 T 2o

i=/users3/melcorcp/melcor183/batch/h-ch

5.'h-ch' file
hispltm 3o} 8 23t filename, label, instruction & %83 glod, fileo) W& &

Z2.

LI 1777777777777 777 777777777 77777777777777777777777777777/777
*/// ULJIN PLOT FILE : HIS16K /77
L1177 17777777777 7777 7777777777777 77777777777777777777777//777
FILE1="/users3/melcorcp/melcorl83/user/atws/chexal/PLOT' TSTART=0.0 TEND=2000.0
%L=0.0 0.0

%T=ULJIN-TLFW-Chexal

BOTTOM=0ON

ULABEL  TIME (()sec)

VIEW,WIDE

NOLOGO, 'KAERTI'

SHADE,ALL

COLOR 3 7 4 6 12

*

STARTUF

UF.101 ADD SCALE=0.1 ADD=0.0

+ COR-TFU.104

+ COR-TFU.105

+ COR-TFU.106

+ COR-TFU.107

+ COR-TFU.108

+ COR-TFU.109

+ COR-TFU.110
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+ COR-TFU.111
+ COR-TFU.112
+ COR-TFU.113
UF.201 ADD

+ COR-TFU.204
+ COR-TFU.205
+ COR-TFU.206
+ COR-TFU.207
+ COR-TFU.208
+ COR-TFU.209
+ COR-TFU.210
+ COR-TFU.211
+ COR-TFU.212
+ COR-TFU.213
UF.301 ADD

+ COR-TFU.304
+ COR-TFU.305
+ COR-TFU.306
+ COR-TFU.307
+ COR-TFU.308
+ COR-TFU.309
+ COR-TFU.310
+ COR-TFU.311
+ COR-TFU.312
+ COR-TFU.313
UF.401 ADD

+ COR-TFU.404
+ COR-TFU.405
+ COR-TFU.406
+ COR-TFU.407
+ COR-TFU.408
+ COR-TFU.409
+ COR-TFU.410
+ COR-TFU 411
+ COR-TFU 412
+ COR-TFU 413
UF.555 ADD SCALE=1.151E-4 ADD=0.0

SCALE=0.1 ADD=0.0

SCALE=0.1

ADD=0.0

SCALE=0.1 ADD=0.0

+ UF.101
+ UF.201
+ UF.301
+ UF.401
ENDUF

*

SCALE=1209.6
SCALE=3483.7
SCALE=1953.7
SCALE=1953.7

ADD=0.0
ADD=0.0
ADD=0.0
ADD=0.0

*  PLOTI

*

POWER

TITLE %T : POWER

LIMITS
VLABEL

%L 0.0
POWER (w)

PLOT TIME, CFVALU.0%6

CPLOT TIME, DCH-COREPOW.0 LIN=SOLID
CPLOT TIME, COR-EFPD-RAT  LIN=DOT

CPLOT TIME, CAV-DHR.1

0.0

LIN=DOTDASH COLOR=0 L1ST LEGEND="CF096-Total POWER(2825¢9)
COLOR=1 LIST LEGEND="WHOLE DECAY POWER'
COLOR=2 LIST LEGEND="TOTAL POWER(F+D) in CORE'
LIN=SDASH COLOR=3 LIST LEGEND=DECAY HEAT RATE in CAVITY I'
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LEGENDPOSITION LR
*

*

* PLOT2 VESSEL PRESSURE

*

TITLE %T : VESSEL PRESSURE

LIMITS %L 0.0 0.0

VLABEL PRESSURE (pa)

PLOT  TIME, CVH-P.150 LIN=DOT COLOR=0 LIST LEGEND="LOWER PLENUM (CV150)

CPLOT TIME, CVH-P.170 LINSLDASH  COLOR=1 LIST LEGEND="CORE (CV170)

CPLOT TIME, CVH-P.260 LIN"MDASH  COLOR=2 LIST LEGEND="UPPER PLENUM (CV260)

CPLOT TIME, CVH-P.130 LIN=DOTDASH COLOR=3 LIST LEGEND="DOWN-COMMER (CV130)
LEGENDPOSITION LR

*

*

* PLOT3 AVERAGE FUEL TEMPERATURE

%

TITLE %T : AVERAGE FUEL TEMPERATURE

LIMITS %L 00 0.0

VLABEL TEMPERATURE (K)

PLOT  TIME, UF.555 LIN=SOLID ~ COLOR=0 list LEGEND=TOTAL '

CPLOT TIME, UF.101 LINMDASH ~ COLOR~1 list LEGEND=RING 1
CPLOT TIME, UF.201 LIN=SSDASH ~ COLOR=2list LEGEND=RING2 '
CPLOT TIME, UF.301 LIN=DOTDASH COLOR=3list LEGEND=RING3 '
CPLOT TIME, UF.401 LIN=DOT COLOR=4list LEGEND=RING 4 '
LEGENDPOSITION LR

*

*

* PLOT4 TEMPERATURE

*

TITLE %T : TEMPERATURE (CORE/HOT-LEG)

LIMITS%L 0.0 0.0

VLABEL TEMPERATURE (K)

PLOT  TIME, CVH-TLIQ.170 LIN=SOLID COLOR=0 LIST LEGEND='CORE'
CPLOT TIME, CVH-TLIQ.310 LIN=MDASH COLOR=1 list LEGEND="HOT LEG A'
CPLOT TIME, CVH-TLIQ410 LIN=DOT ~ COLOR=2 list LEGEND="HOT LEG B'
LEGENDPOSITION LR

*

6. 'p-ch’ file

Postscript printer2¢] £ fileg A5l poppsts: FIF o W22 & input g2 re-
direction3}to] fileZ22E o] @A 3 ZHo|n, poppst T80l B2 % inputvalueES2 X &3} files]
&2 thea 2o

/users3/melcorcp/melcor183/user/atws/chexal/pophis
2
s
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temperature coefficient. Manual operation of SDS has an effect to lower the primary peak pressure considerably
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