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SUMMARY

MELCOR executes in two parts. The first is a MELGEN program, in which most of
the input is specified, processed, and checked. The second part of MELCOR is the
MELCOR program itself, which advances the program through time based on the
database generated by MELGEN and any additional MELCOR input. In particular,
MELCOR execution involves two steps: (1) a setup mode in MEXSET, during which
the database is read from the restart file and any additional input is processed, and (2) a
run mode in MEXRUN, which advances the simulation through time, updating the
time-dependent portion of the database each cyclee. MELGEN and MELCOR share a
structured and modular architecture that facilitates the incorporation of additional or
alternative phenomenological modes. This structure consists of four primary levels:
executive level, database manager routine level, package level, and utility level.
MELCOR is composed of 24 different packages, each of which models a different
portion of the accident phenomenology or program control. To identify the relation of
the MELCOR subroutines with the packages, first two or three letters of the package’s
name are duplicated in the name of the subroutines. The same rule applies to the
naming of the common block. Data flows and the specific subroutines in the
MELGEN and MELCOR are analyzed by their functions according to the hierarchy of
four levels for model improvement and replacement during the integral code

development project.
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g] 59 ARE AHsH, A A HE (time step)S TFAFT}.
o]9} o] MEGEDGOIA EE A d8& du  Hsts F<dol

—_—
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o|ZojzH, o] A ThEZH &7 (utility level)ol &3+ CRACKRO|ZHeE

$E2I3e AT

33 U4% AlF 48 AHE

U= AlFE MEste 49 49 RFETEZ 3L MXXSCIZ, d¥oez
Az 9ZE AT d¥e #HE HrRAe AZAIZ, AR dEE
CRACKR®] common blockdl AH&ZAIZItk, ¥ 33-19 WA= AF
A& *3slE MELGENS X208 7271 TA|FHo] th

MXXSCIo| A= xyzSCE A&l ZF #7]2] (o 2, MXXSC, NCGSC, CVHSC
TE T o FEd AHIde #r1x HE 74 HAE A o u
common block /CRACKN/2} INTEG & EH9 A& F g W= A5 HY
(100058 19997+Ah)yE AYdth iz A ugxE Alsrt BxE REo)
AEAE FAgoh A A5 277 fled, F HAAR xyzSC HI|XE
£ 97k AT d48E 41 AER U8E A @Y d-8438 A
vl Al gholl dEiAE xyzSCXS xyzSCY HET 218 L o)Ll I
Ude H4E $H5n o] TaWe dAE SCEDTE &7 U=
A Mg @3 38 &g 7S

3.4 HolEHol~ F&
TE 948 AHgst ¢$E8FW, MELGENS AF oo Zgg9
MEGGDB$} MEGPS1, MEGPS2, 2#8]i MEGPS3S ©]&3td do]g

Hlo|~8 FE3T}. 238 3419+ dHolg Holx FE3 Hug
MELGEN®] F+%7} veht gk

-11-



Ay Ao B33 MEGPS1S djolE] Hlo]A g @Al 2] xyzDB1S,
xyzDB1® =xyzDBZE #2231, REIX2I3 xyzDBZE H7|X @AY
Bxa g3:Ql xyzPSIE FE3, wAPgoR  xyzPS1Le TEZFH WA 9
CRACKRE H2=ES T4Hcl vk #s|x dge AFszn, ooy
Hol29] 214l (dimension) ERIE Q] ¢ Fo| MEGPSIoA o]Fo)zt},

MEGPS291 4| = MEGPS19| 4 9] 4 A F xyzDB2, xyzDBY, 1)1 xyzPS27}
EEn, o] XAt dHlolg HWol&e HI|AE Ale]e AdJAF S Fsa
MEGPS1°14 9] HolEHE o]&% =V|FE A4eth. MEGPS3AA®
xyzDB6, xyzDB7, 1#i xyzPS3& HFE21 MEGPS29 AREE o]&3ly
tolgHolx x7|3tE FH T

35 93 o< FA4

MEGEDT+ MELGENYA #HPYE GIsts A3 GA RTzagsion
A €9, 28 £9, 28932 QALY &892 A, MEGEDTE ol A4t
#Ao HEF FEAA & H EIESF = k. MEGEDTE 24 %729
xyzDBEE, xyzDBE+ xyzDBFE, 131 xyzDBFE xyzEDTE &8 27+
7|z sFets EA4 2 I¥ 89S Ao FYW ZEa9y Fxs=
a9 3.5-10] A=l ok

3.6 AL FY FA
AAAE 98] MELGENOA H=2E= 23 a9 3de MXXRSWSH
MXXRSS] 5 7Fxlolth, MXXRSWE &&3] AFEa 48€S 9o AAA

d9z AFY ol BAAT MXXRSIAE ®A AAL HQe g

e Qe B2, T2 Z WK doly HolAE 2m g FYe

-12-



gty dlolg] Hlol2E A Er] Yl MXXRSE dlolE Holx g
GAle] B2 g0l xyzPRSY xyzRIOE HFEU}. xyzPRSE ZF #7]x] 9]
Hole] Wolx EJEE, xyzRIOE Z+ B o] HojE Wo|AE odu RE
715E BZET AAA3} BAEY MELGENS F2E I3 3619
LERY Sl

-13-



4. MELCOR T&

MELCOR 23L& F AL AIg. A FAHL FH] DA (setup mode)Z
MELGENe] s} AAE AA} HYd (restart file)Z5E] dolHE 9x
=719 4FHE Ao, MELCORY A4t =Folgt®d o] @2 MELCOR
Axrel] os) AAE AAA AdE dett F HA FAZLE A4 24 (un
mode)Z, AZte] wet ALRE HAEA WEle WTEY &g 7 AtolEvit
SRSt F1H02 AAA FYd AMZE HolEE AT &y
GAldl = MELGENO|A &35 Ad 22 A o] ¥E5 =0 common block
2713, Sd 47, 9= A £4, 28n 48 9713 48 A Fol
ooyl AAL HYZEE HolHE ¢ U, 7 HA7|R 9 Fr1AQ
AREARE A ARE Flsta fdo] o J|EY dHeolHee dAHE
gttt foA dFd FH aAS Al D= MELCORS] A3 @A 9]
T2 el MEXSET® MEXRUNe|A A&, MELCOR®| ©jolg g
B Fx, 283 FEZ2IW 33 $A 2 dFY 7S X 417 1Y
4-1, 283 F 4-20) Z+Zt A S Qi

28 MELCORY H4e Azl Amo] me Ay A Rolt, A9
@7 AL WA A4e B3 AFAA, ohiP o 2o} 13
B, Te AAY FAES HYT AUIAS FAsT, BAY #r)X 5
2o Pad AL FARED A T olof, ¥y By|A: EE
Br)A) AEHE A2 A A (time sep) AV oy meis=
WEE SRV 9¥eE ARE AW, FxF® A AvY AN
ASZRE Qoid 7 WrHe|N 2FHE AN A 2Foln,

il

Al

de) F|A MY A A BAHL g Al SAE AX AAEY WA,
Az ARE 2osy] Y3 m=d EdE gelu & AlkdlA Algd

ol



oz RBE #@yAd "aw AN Ay AL zrs@T. T w4
GAAE 2 BAANA FiR Al B APAIE AR BRI E
d7)% el ofd zAe wE7 A3 FolW A RART e
A7e AT AN SR 96, o] AolE FL AT AHo] ARE
A Aoz Aelse] Ay Wy|AsF A BFL HE ARy ohHu
wAE 5 9 A 298 A% St ANFE BEsY Wskeol
UE god Ak HEE& 9 (fallback) AL

MELCORS] 574 %9 sht: fdd AAL 3otk =, AALS 9%
Hol8 Mg (restart dump) AMERbl S8 Hel® AMol}, Alm me)
A7t Z2 CPU Az, 283 Al F5 A|FA o]Fojzth 3 dAlz
87 sE ol AWYAEB wed e BEF ASAE AAL 5ol
AXET. WZE AFL MELCOR 98 M4t AAA AR 24o]
st 1 AHRE e 2Ee W go] A8x gA s W
ASolt Bde] gg ML Aln BB BHNY FE Ao

4.1 MEXSET +%

Z 2% MEXSETE MELCOR 7Al4te] £¥] @7 (setup mode)Z, AATE
A F¥l Y& s E 41-191% MEXSETIAM 9 dHolE 38&
FEZ2ORE FAHLR AYsgled ZEY F&RT MELGENY 7z
fARSEIL, ©RF MEG-2 A#ste dF FEZ2IWo] MEX-2 Hige ¢ F
ATt (X 32 FX). MEXSETE block dataZ W1, Q3% Jd&9 7d3
AAY st d3, A 4 Fde Astm, AAN R #YL A3
ARG A8 AAL S, 4= AF dHE 3, wolH Holx 7
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19l= MEXSETY 7158 77lR2  AESFD, & 759 sigdsts 28
tAle) Rz oae AA3A9

4.1.1 dolg] z7|3 2 ud ¥g7]

dlojg #o]2 ¥UE F common block H|°|E18 Z7]&E MELGENYA
ALEE UG BT 2 A MXXPBDE o[ &3t o]FoAg 3.1E FHx).
MELCORAA g U&7 »de MEXOPNS o]&3ld &8 7|=2 93
MELOUTH# 2F g 7]1E& $§ MELDIAE k. I MEXOPNdE
AAA 3, 2t &8 Y (alternate output), L] F I 31U (alternate
diagnostic), 28131 53 4H =3 (message output)y= E7] ¢ MEXORS,
MEXOOT, MEXODG, 281 MEXOMS X 28o] entry Aoz
TEHY Aok, Y 4.1.1-19E MELCORAA Al&st=s d&8 =9
d719 BEE AYFA Y Tz aHo] FeE o] Urt

412 Y8 A2 (Pre-process) B A3 4H 48

Qlge)] Mx¥E MELGENYIA S ®l37}x]2 INPPRE R X 2 g3o] A
o]FolXt} 324 #X). INPPRE HZ 20| Bglm Ui, T4 o9
Hx 23 UTLUNDE £ AYHZA & Wy ozt z718E
F8%th  MEXEDI R2Z2IoxE MEXOOT, MEXODG, MEXOMS,
J8)3 MEXORS ¥Zza3g Ee #Ad fdEg A zla yA,
AAE AE (title), TR AE (ob id), AAt FF Az, AL AlZF A (time
step)®] o], Hazgh CPU AA 7 & FUdte AH S AA €&
Agsta, o] BAANA tEF @A CRACKRE °]&3t. wmxgdoz
o BEY 9Y 0FE €9 ¥ 4.12-19 MELCORY 948 A<t
#HE T2 FE7 FEEY U
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413 AAA FY 7] € ugdxE AF A

QAL F9e ¢Ex ZEx:= MELGENOA & uzzlxz 23 A9
T2 Wl MXXRSE 3 939 (.64 FX) 2% 4.1.3-191 Az Ho
gtk WAE A& #BE Y¥E MELCORAAM HB ™ MELGENS] A&
Z A3 MXXSCIE o] &3t (3.3d #=x).

1

—

[o]

4.14 #IA Y HE

7} #7219 UYL o3, Holy Ho]AE Rl R FHIE FHYPL A
SAle] FZ2 33 MEXUINO|A o]Fojzity, MEXUINZ Hlo|EjH]o] A~
#eE @49 xyzDBIE, xyzDBI+= xyzDBIE HE3, xyzDBI= 7|2 @49
R xyZUINS HFE23, vixgez xyzUINS U553 A9
CRACKRE FE2EF TA45o Jvt. FZ2IRY o] AEd xyz&
GMAY H)A] olFY & F AY M AR FAHO Z "®yxE=z
AleES 9ujdtt. 2% 4.14-191E MELCORAA S #7Ix] Y g
ol EAIElY] ot ©wk, olg@ oy ZEY FERE Yuki<
FelE Yetd Aoz, Fart gle B8 FEH AAY Brx4 e
Fzbd o] wld = Ut

o
w

4.1.5 dHolg Hjo]~ AE

MELCORCIA  AMg8te  Holg wolx 2o dAAdL Ay A9
FZ2 33 MEXCHKE o|&3td Qlgth. MEXCHK2 dlo]Ejs]o] A
Ae GA19 xyzDBGE, xyzDBGE xyzDBHE ¥ 231, xyzDBHE 7]
Al EEZZ Q) xyzCHKE &t o] ©iAleA MELCOR A4



AZa7l @el dolE wWolaE wxHoz AT  olN AFP
dolgl wlolx &9l TAo] 28 415101 BejHol Uck

416 U4 w5 T HF

MELCOROIA 9] 4 HHE (echo) ¥ W) #A3I MEXSETS F+FE= 19
4.1.6-19] Ye} gtk MXXRSWE MELGENAIAMAH AHL ¢lu A4
s g 71E9t 3.68 F=). MELCOROIA Y HAYEL &334
SAQ] TEIWLE MEXEDTE o] XA 4, 2%, aga AAL &9
Fgjgttt. MELGENS MEGEDTA A ©] A4 Ao HJ REoM &
EZEE Fo] 9. MEXEDTE 7 H7|x|9 dlojg Ho]lx TA <
B g g9l xyzDBEE, xyzDBEE xyzDBFE, xyzDBFE 7|x] A<
xyzEDTE, xyzEDTE UEZ @49 MXXPLK & #&v. 29 3513 19
4.16-1914 H%o] MEGEDT® MEXEDTE Y3 tdolg wlolx
Fxzads #9713 dA9 FEzads AEES ¢ F U
MXXPLU% A& plot key directory® &3 st}

42 MEXRUN %

MEXRUN< MELCOR®S A4t HEE Adyste Z2axoe= Iy 42-
1XA"E 3A F FEe=2 FEEY. Sue AAL Ade FHAsta,
AZste, 2¥ & FHlgte FEoli, 9 s At AL EAE)
A B8 4 2 AL AR TBE (time step)E AA3E R Eo|th
MEXRUNO A &} ZREHQ] glojg] T&L ¥ 4.2-19] BZ 232 (subroutine)
FAoE AYFHY i, FLE AP GAY HIELS MEXEND,
MEXEDT, MEXDTC, 283 MEXLOP Solt}. ZzZte] Rz g=d o
ARe o5 Hol Aes] o

A
f

A
P

—_—
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421 AAM B, WY D Y 24

MEXRUNOIA = 28 4.2.1-19] @7 H2 A= e RAE AAL
gd3 6y, 281 219 $de AP MEXENDIME At F=
AlZbE FAstm, FAHW wXY ZAF#E HPY2 QAN A&
A%, E=g Y A9 HAPE 989 MEXSETAA AHEHAH
MEXEDT (29 4.1.6-1 #2)E R 23, thgt MEXSETIAE &2 A9
MXXPLKE 2% ¥, MEXRUNYA & MXXPLWE HFEY. MXXPLK<}
MXXPLWE T Zro] xyzEDTOlA E@lH, ¥y MXXWTSel 93] plot key
record® 7|2 woE AAE, plot time recordE 7]1EE wol= FAE
AL&ET MEXRUNOIAE ol9o = A4 stde] dXE 37 93l
MXXRSE H 208 MXXRSY F&2&E 19 4.13-13 Zth

422 A% A A ARTH 2H A 24}

MEXRUNOIAM o] A4 Al 744 AA ", EHAd 44 ZAle ##€l
Rxzado AZ FRE IY 42219 AYHO Yt  ZEoA 9]
AARFQA AXE FH37] A3;ME Al A weEl WHEEE 2
HE g gl AEE £33 o 2ad AN A E (time step)S
AAsor v, MEXRUNAAME A3 7o) EX =33 MEXDTCE
28 A 112& 2AEH, o] Wl 2AV He ASE AMeA dEF o
AR A BAANN ATHE AT 22 Y Solnk

(el

E TE F4% MEXRUNY 7|58 A7 dde] Be Aln d8e 2o
A2 = £ A 24 Mew B, ey
24 BAL EgUT o AYe A9 @AY Ea AM FF TzaAQ

MEXLOP-& _o]%s}_oq 33518, MEXLOPolA18] o]} TE& F 422-19)

]

oy
|o
il
1o
>
L)
-2
2L
b
K
o
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nxzad AFE AHYsHo. MEXLOPL Holg mFdL 97 FHL
H| 3l xyzDBM, 28 @4 ARSI xyzDBC, 28] AlAE $9] wo]g
#E AT xyzDBOE TFAEY. dolg Hlojx #E A WA DAY
xyzDBM-2 5 ¥7 &7 9] xyzDBNE, xyzDBNS #H7|x] @79 -xszDSTE:
Her dolg #olx & @Al xyzDBOE xyzDBPE, xyzDBPE H7)X
dAY xyzVIOE HFEU. E7 S ©33+= xyzDBCE xyzDBDE
Heo, xyzDBDE #H7|R @A9 xyzZRUNE B2 AAgc d2 7t
dAiE BUR H7|R oA EA5]E=d] MEXRUNAIA S dHolg] 38L& a9

A

a)

=4
422-194= MEXLOP, BURDBC, BURDBD, 283 BURRUNCOZ
AZHY. AL AT FFE FSAYE 297t 4L v MEXDTBE Ee
Wt 39 DTE

i)

]/\

DTPKGZ A5k},
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MELCOR®] x4 =& 2§ 229 AHzlEo dE MELCOR Z =139
Zg4tz A4 #BY71A F x4 B®IIA (COR package)dl EFS|o] 3tk
x4 ¥W7]xE MELCORSY o7 #H7|x F 7MY F8% FELZE, x4
Wie dssy e F2E, 128la 4R 35 87 FRE AsS
BAEH, o] W dEF 719 2 A3, d8F §§ 2 Sof U¥E (WEF
A, 2 A, =4 A4S 4T FE LVEY AuR|, A2 £
¢, agn A B9 AGdERe] WE AN Fol gan. oy
AAELS tF7] A3 =4 #AE =4L 2R3 JE control volume
o JAE $% CVHS FL #7]%|, =4 F¥9 43479 4 uge
A% HS WA, 28l YE §7] FG& o]FY A4 Y E9 oFS
thF= FDI #W7) A P FAE FXg2 ok o] A tdF 3 e
x4 FZE MELCOR 1.83% FAo2 AP, o BFEF 1.8.49A]
HEzZ2aRes i 5348 dFeAch

51 x4l #7]X] (CORPACKAGE) +&

MELCORIA 9]  AukAQd  Eeld @A 422Hd] Hogso] glxo
MEXLOPOA ThFoiAn}, Y 422-19F MEXLOPY <AdAZEo dx
glolg] Wlolx DAY B2 A4 A #7)A] DA FZ = a3
B Eo] Atk o FToA xAdAY FulAt IS xyz il CORE
%3 5= CORDBCS} CORDBDOIA] ©olE] Hlo]|~E #HE]3cl.

E 5.1-194 BXSo] BEEX 23 CORDBCE CORDBDE ®zF ¢ H=z

CPU AlzFE #3dl7] 3] MXXCPUE &E83ln At T s5.1-2dl&
CORDBDOA 9] dHolg ZEo] Aol vk dUWHOZ xyzDBDE
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A4& HAs7] Al xyRUNE FEES A7 HJoW, xAdA9
A< FHAFshe COR H7|ACAME CORRUN ©idl, x=AlMe At
A exFor WMEE Ba RZEIYP o)§L FAHIARYT X sl

2004 BE ANY w4 B71XE AFSWA, CORRNBE WA 2o} 33
F2E AuAE =4 AHFo ¥ud FWHo viEtEE ki FTREFY
B AgHe A4S A, A43te] CORRNI, CORRN2, CORRN3, CORRN4,
22]3 CORRNGE B3 x4l 714 2 £§, dxdg v&, #H7R Ato]g
A4, =4 &4 2 AuiA, =z A¥AEA AUx 73 IAE 44
F 23kt

o] FolA x4 AR ojHY JE E Ak A4S CORRNIYA
gFoAH voly 5L ¥ 5130 #2033 d=2 19 A9 g4
gokeo] qivt. WA x713 Aol Y=, RNIDHCAA Uz A X
o]F9] F3Y (decay power)S AAI8IA AL PHQA HF A=A} (peaking
factor)® o] &3te] dARE ZF =9 YR wet EBEX Ao
CORPOWOlAM &= A&zl 48 Z#A (COR00004 7+=<9] ICFFIS)e| what
HEE I (fission powen)S AAIE F B FE S Fotd YAZANMY &5 S
AdED 9. 2 Yol dEFAAMY AuyA 78 TN AM_EE oY
A dAEF & ALy Y3 @8 ddE Wy, =2, 4583
HEA Atole] ZEFeAM e dxE AT (CORGAP), =4I IR FZE
Alol o] EFALH® (CORRAD), 74 AF Aol EHEAS (CORCTK),
AZF Atole] & wrE EWEFH (CORCND), xAdAe dlf ddd=
(CORCNV) 5ol Alxtdrh olgjd gtEol BAAH, das9 ZE =

g 2% zojd 93 d AEHH} N2 Fulrn
AR (A= A3 kg oz AT AG)d 7 ELE FELE AAEY

B

ulx] ¥ HAHNOIRH g ARdMY T HEEY REE

202



52 o9& Hy|x| et A

4 AR E A FHE SE2E A (d4AY 1A = FRETY
432 d4& 2@ o © fAe =AL CVH =YX g FL BIIAE
o] &3l BALE®T, o] R7|AFo] x4 HIIX e AZAHY. AlEAES ¥
gy & WgFoez FEHY AHFE dEfe 74 ==ERE A
F49 FAZR G HFEE AYEsr] A =4 Ay "y FolA
CORjjjo1 7t= F ICVHCE °©]&3to] ilo] 3= Q& control volumes
AoFct, Fo Ao 2= o] o AL E control volumeS CVH 7] X
AHoJM = EHgo] AHYEojof ). Control volume Alo]2] A2
FEE FL B71AA Hodd FEE o]&3te AHodd., =i HIAE
A FQ DA A xA4lolA AFH control volume©] A=A THE &3t
et AHERbE RFHD e =49 AAYY P2 RESF CVHS FL
B7)A 9 dHE o] &3t HAEA AYPE FEvlstof Foh

A A F UFgoRo 2% EIXE HAFY] Y& dTdz 2do)
AHGEIE ASede, 4R YT 2EE BRI f8l CORTINxx
dEE AFE3IH o] 948 HA] CVH ¢ FL ®H7|x|9 FH oz dAEo
2. CORTINxx9Y xxol= ¥d2l9 gto] AlEE 4 od, IVOLT ITINY
T ol Basdt. IVOLdl:= k4ol FAJUE control volumee] WM E 7}
ITINYI = Z} control volumel2. 2 FFHE U8 LT E AASE A= g
©, ¥, S50l 87", AgAlE CORTINxxA AFEE CVHY CF
dHEo] Z4 B EZE =R FF=A] FQlstoof gt}

=4 799 F2BL dEBosvEHY AYYE BAG Soz stdHm,
A= =

A kAdAMe EEAER Rt wEkA, Y #H71A HS
package)?t Aty FH FxEo 7id R =AHFY dHde dEE
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BAMgE At Ao dRE §F R AWAR AR &7) e
=4 S Eo] FolA HE, AAZ &r]= 7tEEHA &4E F doy o
A =4 &8EECl AYHEE ol$d"Tt. MELCORE FDI #7|A &
ol gl AGAREY 0%, AAL, 43 L 2YEE 59 VYL Do,
AAZ 7] R A dAE ASS £4387] 98 BH ®7|AE
ol g3t} A2 &7 ¢H3 nZdE Fo =4 B§EY AT # £
Rol 7lg 2 &S g% rh KAERITR-1125/98 RiA ¢ RE Bo:
MELCOR®] BH #7|X¢} COR #7|AE X3g ©-E A7|z|4e] d@
BAZY EstAl A7hE o) AT [4).

53 x4 =y|z]e} CVH B7|A] #d FZ2 33

MELCOR ZZ3#oA AlL3n Ades =4 =
71%& ® 53-19] AT EF =4 =)z

53201 ==&} o] FEL 4 B s
FAHoR oz REzIAGAM 2d Hu JEXE HFH, A
I e 2 AL R ALY JE ARE 89 5 v gelA
AT FZE FZ MELCOR version 1.83& F4o2 ZAAE o}
dd 1849 tid B4 =& F7] HI E 53-19 E 53200
1837 1.84% TE3I 1840 A2o] Frig RIEIHFSE FRE F

i
L
2
&
N
N
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6. 48

ZuiAlz 23 A4 m=<9 MELCOR T2 3= F2E 4319
MELCOR Z 2% dREe <lgoe] Aoz, Y elsge
MELGENT MELGEN®|A A€ JgI A A ol §dtd A&
AlZkel  wal JPA)F1E  MELCORZE  FAEHS  Qlth MELGEN}
MELCORE 4788 3 @AZ 7449 AAHL g 72& 72 31
MLA7E GoldtAl A2 EdE FUtsAY dAE & Uk

MELGEN®] ¥+ F 7FAZ, shhs Z=o|A AHE3ta £ common block
Mg 2z WAEH Je ez 2738E AYPez o7]d e dolE
ol ERIE, RZAE AlF, Izyiln R dHolE Mok ®WEF Fo
¥3doh. X shvhe EE MELGENY 928 3d& d1 A8 948
o)zl g, AEsH, T Aoz HAZE UFd o8] #HI|x S 9l
AlgE wlE 4|3t MELCORE F 7HA #AL AL H 3R
FH A2 MELGENe| 93] A4€d ALY sd2FE doleg ¢z
F7HAQ dge Ay, F WA f3AL AL @AE Az oet
AFLE BAMEIY] WEle WSS ghe ZF AtelEwit AL Fr)xe=s
AAL stdel]l 2L o8& Ak, MELCORS 4L A7h9)
B wg Y BAF RREOFZ, A A&, HA, 181 FE AFL

woote] AP BI|AE B8 Bod ¥YS FYPFEF HH I

[ ]
= v,
F2 A, x4 F43 G4 3 8712 ANMA, A 8] B

a¥n w4 49 AdABEe) wE AN Sol TFES GaA o



#B7)|x = Ao HAHELE HFE CVHS FEE Eo3t= FL #7]1X], x4
FHo Y-S BARIE HS #H71A, 281 =4 59 o5& tF=

FDI #7]A ¢ 24 g AAE olF2 3ok

_

wtA, 714 BAED A" AwFHQd ZE 3R diF Jjed 3=
Qtoll M) dlolEle ZFo tWig ol E Fol7] A +HA AA=Z, ol&
wigez 3=vt JERA e VIEY RS M AY =U =

AAY 9 Wzt 5o Q3 MEE EEE FHE AS, 18lm 3=e
olFHEE Fol7] AT dlolE Fx Holy AMEA HWAAFE FFA] 7
93+ Graphical User Interface 52 H7IY AL & g0 8 Aoz
viga R i=y
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(1]

(2]

(3]

(4]

(5]

(6}

[7]

(8]

(]

ﬂ¥~‘

IE™

“FojAln BAIE JE 4x8 kAN 4 A7, KAERI/RR-1748/96,
73}7] 44, 1997.7 '

7l F4Z2Y AAHE LA 294 PSAE H% A== AR
KAERI/RR-1573/95, 1995.12

A3t 9, I Furta A FFANRE L Pkl B AT
98 A& LR 3], =Y AE T3], 1998.5.30

AdFd 9, “VIE FuAz HYIZ= AR T =4 L£§E
Wzbs A 2 B alEA,” KAERITR-1125/98, 1998.8

k2 9] "MELCORY MAAP F=9 x4 £§E7 Z3gE dke
M ED v WEA,” KAERI/TR-1255/99, 1999.3

gaeg 9], «FuAlnaAl AHEY x=H 88E AT B} I
KAERI/TR-1529/2000, 2000.3

%87 9], ” MELCOR ZE Ul Y% x4 Fr} 4 HAES A4
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Table 2-1  Files Used by MELGEN and MELCOR (1/2)

File Name/ Description

Default File

User Input | The MELGEN User Input File contains the majority of the user input

(MELGIN, | defining the problem for MELCOR. MELGEN processes and checks this

MELIN) input and creates a Restart File for MELCOR.

Output Both MELGEN and MELCOR generate printed output, all of which are

(MEGOUT, | written to their respective normal Output Files. Selected information is

MELOUT) | written also to the Diagnostic, Message, and Terminal Files for the
convenience of the user.

Plot The values of all MELCOR plot variables are written to the Plot File at

(PELPTF) | time intervals determined by the user. This file is read by the HISPLT
graphic post-processing program, which generates a graphics metafile
containing plots requested by the HISPLT User Input File.

Restart The MELCOR database, containing all the necessary data to restart

(MELRST) | MELCOR, is written to the Restart File at time intervals determined by
the user.

Message Special messages are written to the Message File. This file is written only

(MELMES) | by MELCOR and contains the occurrence time of significant events such
as vessel bottom head failure, melt ejection, hydrogen burns, etc.

Diagnostic | The Diagnostic File contains certain diagnostic messages generated by

(MEGDIA, | MELGEN and MELCOR, including error messages and warnings that are

MELDIA) | useful to the user.

Extended The Extended Diagnostic File contains more complete diagnostic

Diagnostic | information than the Diagnostic File but retains only the latest messages.

(extDIA) This file is most useful to the developers to trace code problems that the

user can not control.
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Table 2-1 Files Used by MELGEN and MELCOR (2/2)

File Name/ Description

Default File

Terminal The Terminal File (or Batch Job "Log" File) contains direct terminal
output from MELCOR giving a brief summary of the course of the
calculation. In addition to special messages, the problem time, time
step, and CPU time are written to this file as requested by the user.

Stop The user may create this file at any time during a batch MELCOR

(MELSTP) execution. If this file is present, the MELCOR calculation is terminated
and data are written to the Output, Plot, and Restart Files for the last
cycle.

Mail The user may create this file at any time during a batch MELCOR

(MELMAIL) | execution. If this file is present, MELCOR will create a short summary

of the state of the calculation and mail it to the user. The purpose of this

feature is to give the user informed control over batch jobs.
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Table 2-2 MELCOR Packages (1/3)

Package Package Description

Name

BH | Bottom Head. This model was developed by the Oak Ridge National
Laboratory, and is an alternative to the lower plenum modeling in COR.

BUR Burn (Combustion) of Gases. Compares conditions within control
volumes against criteria for deflagrations and detonations. Initiates and
propagates deflagrations involving hydrogen and carbon monoxide.
Calculates burn completeness and flame speed.

CAV Core-Concrete Interactions. @ Has CORCON-Mod3 features with
enhanced sensitivity analysis and multi-cavity capabilities

CF Control Functions. Evaluates user-specified "control functions" and
applies them to define or control various aspects of the computation such
as opening and closing of valves; controlling plot, edit, and restart
frequencies; defining new plot variables, etc.

COR Core Behavior. Evaluates the behavior of the fuel and other core and
lower plenum structures including heatup, candling, flow blockages,
debris formation and relocation, bottom head failure, and release of core
material to containment.

CVH Control Volume Hydrodynamics. In conjunction with the FL package,
evaluates mass and energy flows between control volumes.

CVT Control Volume Thermodynamics. Evaluates the thermodynamic state
within each control volume for the CVH package. No User's Guide is
written for this package since no user input is required. However, a
Reference Manual is written.

DCH

DECAY HEAT. USED BY OTHER PACKAGES TO EVALUATE DECAY HEAT
POWER ASSOCIATED WITH RADIONUCLIDE DECAY.
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Table 2-2 MELCOR Packages (2/3)

Package Package Description
Name

EDF External Data Files. Controls the reading and writing of large external
data files, in close interface with the Control Function and Transfer
Process packages.

EOS Equation of State. The CVT, H20, and NCG packages are stored as one
block of code under this name.

ESF Engineered Safety Features. Models the thermal-hydraulics of engineered
safety features that cannot be effectively modeled by building appropriate
components or systems using the CVH, FL, HS, and CF packages.
Currently, only the fan cooler model is included in ESF; the containment
sprays are modeled in the SPR package.

EXEC
EXECUTIVE PACKAGE. CONTROLS EXECUTION OF MELGEN AND MELCOR.

FDI Fuel Dispersal Interactions. Models ex-vessel debris relocation, heat
transfer, and oxidation due to fuel-coolant interactions and high pressure
melt ejection.

FL Flow Paths. Models, in conjunction with the CVH package, the flow
rates of gases and liquid water through the flow paths that connect control
volumes.

H20 Water Properties. Evaluates the water properties based on the Keenan and
Keyes equation of state extended to high temperatures using the JANAF
data. This set of routines is in the "EOS" code package. No user input is
required.

HS “Heat Structures. Models the thermal response of heat structures and

mass and heat transfer between heat structures and control volume pools
and atmospheres. Treats conduction, condensation, convection, and

radiation, as well as degassing of unlined concrete.
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Table 2-2 MELCOR Packages (3/3)

Package Package Description
Name

MP Material Properties. Evaluates the physical properties of materials for
other packages except for common steam and noncondensible gas
properties (see H20 and NCG).

NCG NonCondensible Gas Equation of State. Evaluates the properties of
noncondensible gas mixtures using an equation of state based on the
JANAF data. This set of routines is in the "EOS" code package.

PROG Part of MELGEN/MELCOR executive package separated for computer
library and link purposes.

RN Radionuclide Behavior. Models radionuclide releases, aerosol and
fission product vapor behavior, transport through flow paths, and removal
due to ESFs. Allows for simplified chemistry.

SPR Sprays. Models the mass and heat transfer rates between spray droplets
and control volumes.

TF Tabular Functions. Evaluates user-selected "tabular functions” to define
or control various aspects of the computation such as mass and energy
sources; integral decay heat; plot, edit, and restart frequencies, etc.

TP Transfer Process. Controls the transfer of core debris between various
packages and the associated transfer of radionuclides within the RN
package. In order to transfer core material between packages, some TP
input is required, and is described in the COR, FDI, and CAV package
User's Guides.

UTIL Utility Package. Contains various utilities employed by the rest of the

code.
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Table 3-1 Data Flow of MELGEN Main Program

Program MELGEN

Call MEGRUN
- EXEC package
- Top level controller for MELGEN

End
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Table 3-2 Data Flow of MEGRUN in MELGEN

*DECK MEGRUN
Call MEGEDH

- Define MELGEN header

Call MXXPBD

- Load constants and call other pseudo block data routines

Call MEGOPN

- Open MELGEN input-output files

Call INPPRE

- Process user input

1. Read the user input

2. Echo the record images to user output and record image binary file.

3. Sort and replace the record images according to record ID and record number field.
4. Write a processed input file to be read by subroutine CRACKR

5. Change the parameters governing the interpretation of the record images.

Call UTLUND

- Initialize undefined variables using XREALX

Call MEGEDG

- Read and process user information for title and other selected input.

Call MXXSCI

- Read the user input for the sensitivity coefficients

- Decide which package is associated with the sensitivity coefficient

- Call the correct package

- The data from the user input will be in the CRACKR common blocks

Call MEGGDB

- Read user input and generate the database

Call MEGEDT

- Generate edit files

Call MXXRSW
Call MXXRS

- Read and write restart files

Call CRAEND

- Check (locates and prints) any unprocessed record images

Return/End
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Table 3-3 List of Subroutines called from MELGEN (1/9)

MELGEN

- | MEGRUN : TOP LEVEL CONTROLLER FOR MELGEN
- { MEGEDH : DEFINES THE MELGEN HEADER
- | MXXPBD
. : THE MELCOR EXECUTIVE PSUEDO BLOCK DATA ROUTINE. IT HOLDS
CONSTANTS AND CALLS OTHER PSUEDO BLOCK DATA ROUTINES
- | SYSKUM
- | NCGPBD
~|CVHPBD | ------
~VFLPBD | --vee
) B
- | CORPBD
- | CORVUP
- | MESERA | ----.
~TBHPBD | ------

— | MEGOPN : OPEN MELGEN INPUT - OUTPUT FILE

- I MXXMES | .---e

-1 MXXME1 ;..o

“TMEXFOP | s

—IMOXQA -

~TINPLNB | -oever

- | INPPRE

1. READS THE USER INPUT

2. ECHOS THE RECORD IMAGES TO USER OUTPUT AND RECORD IMAGE BINAR
FILE.

3. SORTS AND REPLACES THE RECORD IMAGES ACCORDING TO RECORD ID
AND RECORD NUMBER FIELD.

4. WRITES A PROCESSED INPUT FILE TO BE READ BY SUBROUTINE CRACKR

5. CHANGES THE PARAMETERS GOVERNING THE INTERPRETATION OF THE
RECORD IMAGES.

STINPOPN |

- L INPRCW 1§ «eeeee
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Table 3-3 List of Subroutines called from MELGEN (2/9)

—TINPSRT | -

~ | MXXNAN : Get any optional redefinition of UNDEF, and preset XREALX

“TCRACKR [ e

—~ I MESERA | ......

! Prints standard format error messages
T UTLUNF ...
: INITIALIZES LOCATIONS N1 TO N2 OF ARRAY X TO THE VARIABLE
UNDEF, WHICH IS INTENDED TO BE AN UNDEFINED OR ILLEGAL BIT
PATTERN STORE IN COMMON BLOCK MXXUND

— | MEGEDG : Reads/processes user information

- | MXXSCI

READS THE USER INPUT FOR THE SENSITIVITY COEFFICIENTS, DECIDES
WHICH PACKAGE IS ASSOCIATED WITH THE SENSITIVITY COEFFICIENT AND
CALLS THE CORRECT PACKAGE. THE DATA FROM THE USER INPUT WILL BE
IN THE CRACKR COMMON BLOCKS.

~ 1 MEGGDB : generate database

- { MEGPS1 : PASS 1 OF DATABASE GENERATOR PACKAGE

- | MEGZGE .o

- i MEGDBT i ...

“TevioBL |

- L INPDB1T i e

=T CRADBL | o

-1 MESDBT i ...

-1 SCDB1 e

- { H20DB1 i ..eee

- TFDB1I | .eeeee

-i{CFDBL e

- i NCGDBL | e

-iDCHDBLT .o

- I MPDB1 | eeee

- CVIDBL |

- | FLDB1
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Table 3-3 List of Subroutines called from MELGEN (3/9)

- | CORDB1

: PART OF THE CORE SETUP PACKAGE. THIS
SUBROUTINE INTERFACES THE DATABASE WITH THE
REST OF THE CORE INITIALIZATION PACKAGE.
ALL ARRAYS BELOW THIS LEVEL ARE IN CORE AND
PASSED THROUGH ARGUMENT LISTS.

CORDBZ

: THIS SUBROUTINE IS PART OF THE
CORE PACKAGE IN MELGEN. IT

~ DOES THE FOLLOWING TASKS:

3. READS THE USER INPUT

2. ALLOCATES DATA ARRAYS

3. STORES: THE CORE DATA IN THE

DATA ARRAYS

*, CORPNT common blockel @, &,
pointer valueZ 7#|AH8}o,
o] ¥ 2] subroutine CORPRSoIA]
RESTART fileoll WRITES

- [ CORP1A
-1 CORP1Z | ......
-1 CORPIR | -...e
-~ | CORPIB
~TCoRPID |
= | CORPIF
- TCORRI | -~
- CORXRR | ..ol
ZTMESERR 1T

- BHDBL | e

~TEDFDBI | -mer

~TSPRDBL | e

~THSDBL | -

~BURDBI | e

~TCAVDBL | el
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Table 3-3 List of Subroutines called from MELGEN (4/9)

FDIDBT | ......

RNIDBT | ....e

RN2DBT | ..o

TPDBI | .ee.e

ESFDBL | -

- | MEGPS2 :

PASS 2 OF DATABASE GENERATOR PACKAGE

MEGDBZ | .-

NCGDB2 | e

CVHDBZ | ...

FLDBZ | -oeeee

CVIDRZ | .--e..

CORDB2

2 INPUT PROCESSING TO CORDBY.

: PART OF THE SECOND PASS GENERATING THE
DATABASE FOR THE CORE PACKAGE. IT PASSES
DOWN THE PACKAGE DATABASES REQUIRED FOR PASS

- | CORDBY

IN MELGEN. IT DOES
FOLLOWING TASKS:

FROM OTHER PACKAGES

THE

: THIS SUBROUTINE IS PART OF THE
SECOND PASS IN GENERATING THE
DATABASE FOR THE CORE PACKAGE

2. CHECKS THE USER INPUT WITH INPUT

2. CALCULATES ADDITIONAL QUANTITIES
IN THE DATABASE THAT COULD NOT BE
CALCULATED IN THE FIRST PASS.

- i CORVVE
- i MPMTCK......
- MPCONP......
- i CVHVVE......
- 1 CORINT
- | MPMTCK......
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Table 3-3 List of Subroutines called from MELGEN (5/9)

MPCONP......
CORICG

CORCDA
CORICY

CVHWG......

CVHMVL......
CORNDM

CORP2Y......

CORP2Z......

TPCIN......
CORPS2

INPDB2

CRADB2

CFDB2

TFDB2

SPRDB2

MESDB2

H20DB2

HSDB2

SCDB2

BURDB2

DCHDB2

CAVDB2

MPDB2

RN1DB2

RN2DB2

TPDB2

FDIDB2

ESFDB2

BHDB2

EDFDB2

- : MEGPS3 : PASS 3 OF DATABASE GENERATOR PACKAGE
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Table 3-3 List of Subroutines called from MELGEN (6/9)

- | MEGDB6 | --eee

~ | NCGDB6 | o

ICVEDBE | e

~[FLDB6 | e

-1 CcviDB6 | ......

: PASS 3 OF THE INPUT PROCESSING. Continue
processing to include potential updating of
the VOLU COR array with core boundary
structure volume to include consideration of

melting

- | CORDB7

- | CORPS3

-1 INPDB6 e

~TCRADBE | -

TcEoBe | e

ZTIFDBE | e

~ SPRDB6 | ......

- | MESDB6 | --e-e

- | H20DB6 | eees

THSDBE | e

TscoBs

~|'BURDB6 | er

U DCHDBG | e

~ T CAVDB6 ...

“TwDB6 | e

- RNIDB6 | ee...

- TRN2DB6 | -

TTToDBE | e

~FDIDB6 | .-

- ESFDBS | -.-.-

~ i BHDB6
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Table 3-3 List of Subroutines called from MELGEN (7/9)

- T EDFDBE | ----.-

- | MEGEDT

- | MXXRSW (write restart file)

: WRITES THE CONTENTS OF THE FILE IN UNIT NUINS ONTO THE FILE IN
UNIT NREST, WRITES AN ENDFILE AND THEN BACKSPACES FILE NREST.
THEN IT DELETES THE FILE IN UNIT NUINS

— | MXXRS (reads and writes restart files)

- | MXXPRS

- 1 MXXRIO

— | NCGPRS

- i NCGRID

- | CVHPRS

- | CVHRIO

- | FLPRS

- FLRIO

- 1 CVIPRS

-+ CVIRIO

- i CORPRS
" WRITES/READS  THE-CORE ARRAY POINTERS AND DIMENSION
TO/FROM THE RESTART FILE

- 1 CORRIO
: WRITES/READS THE SIZE-INDEPENDENT PORTION OF THE CORE
PACKAGE DATABASE TO/FROM: THE RESTART FILE.

- i INPPRS

- INPRIO

- | CRAPRS

-+ CRARIO

- | CFPRS

- i CFRIO

-+ TFPRS

- TFRIO

- i SPRPRS
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Table 3-3 List of Subroutines called from MELGEN (8/9)

- | SPRRIO

- | MESPRS

— | MESRIO

- i H20PRS

- { H20RIO

- | HSPRS

- { HSRIO

- | SCPRS

- 1 SCRIO

- BURPRS

- { BURRIO

- | DCHPRS

- | DCHRIO

- | CAVPRS

- | CAVRIO

- | MPPRS

- | MPRIO

= ¢ RNIPRS

~ | RNIRIO

- | RN2PRS

= 1 RN2RIO

- 1 TPPRS

- 1 TPRIO

- | FDIPRS

- { FDIRIO

- ¢ ESEPRS

- | ESFRIO

- i BHPRS

~ | BHRIO

- EDFPRS

- | EDFRIO

- CRAEND (check unprocessed read images)
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Table 3-3 List of Subroutines called from MELGEN (9/9)

~TCRAGCD 1 -
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Table 4-1 Data Flow in MELCOR Main Program

Program MELCOR

Call MEXEDH
- Define the MELCOR header

Call MEXSET
- Setup (restart) MELCOR calculation

Call MEXRUN
- Execute MELCOR calculation

Stop
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Table 4-2  List of Subroutines called from MELCOR (1/7)

MELCOR

MEXEDI

 READS AND PROCESSES USER INFORMATION FOR TITLE, RESTART, END TIMES AND DIMAX,
DIMIN, EDIT, PLOT AND RESTART FREQUENCY. DATA IN /MEXEI4/ IS USED IN SUBROUTINE
MEXEDJ AND MEXDTC.

MEXSET : Setup (restart) MELCOR calculation

MXXPBD

* THE MELCOR EXECUTIVE PSUEDO BLOCK DATA ROUTINE.
AND CALLS OTHER PSUEDO BLOCK DATA ROUTINES

IT HOLDS CONSTANTS

- | SYSNUM

- | NCGPBD

- | CVHPBD

- | FLPBD

- i CVIPBD

- | CORPBD

: Open input, output and restart files

- | INPPRE : Process user input data file
- i MESERA | ......
— I MXXNAN .l
~ { UTLUND
- | MEXEDI : Get user data for restart and edit
- | MEXRFM
- 1 MXXRS
MXXPRS
MXXRIO
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Table 4-2 List of Subroutines called from MELCOR (2/7)

- { CORPRS

* WRITES/READS THE CORE ARRAY POINTERS
AND DIMENSION TO/FROM THE RESTART
FILE

-+ CORRIO

: WRITES/READS THE SIZE-INDEPENDENT
PORTION OF THE CORE PACKAGE DATABASE
TO/FROM THE RESTART FILE.

- | EDFPRS

- | EDFRIO

- 1 MXXRS : Read restart file

- | MXXSCI : Read sensitivity coefficients

- i CORSCY

- CORSCX

- i MESERB

~ { MEXUIN : Process rest of user input

i
- | CORDBI ! i
: PART OF THE CORE PACKAGE DATABASE MANAGER. IT INTERFACES
THE DATABASE WITH THE DATA BLOCKS REQUIRED BY THE CORUIN
SUBROUTINE.
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Table 4-2 List of Subroutines called from MELCOR (3/7)

: PART OF THE CORE PACKAGE DATABASE MANAGER. IT
PULLS THE DATA ARRAYS FROM THE DATA BLOCKS
REQUIRED BY THE CORUIN SUBROUTINE.

|

MEXCHK

onsistency in database

-+ CPRDBH

MXXRSY @ Copy user input onto restart file

CRAEND : Release crackr storage files

MEXEDT
- | CORDBE
: PART OF THE CORE PACKAGE DATABASE MANAGER. IT PASSES THE
CORE PACKAGE DATABASE TO THE EDIT ROUTINES.
...... ! i
MXXPLU ...

: GENERATE PRINTER LISTING OF KEY WORD DIRECTORY DELAYED UNTIL HERE SO
THAT IN PLACE SORT CAN BE EMPLOYED MEXCFL NEEDS TO READ KEY IN
STORED ORDER

MEXRUN :

EXECUTE MELCOR CALCULATION

MEXSDO

MESERS

MEXUMS

MXXCPR

MEXEND

MEXEDT :

Generate edit if correct time

- | CORDBE

: PART OF THE CORE PACKAGE DATABASE MANAGER. IT PASSES THE
CORE PACKAGE DATABASE TO THE EDIT ROUTINES
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Table 4-2  List of Subroutines called from MELCOR (4/7)

“THEDTC

: Calculate new time step

- | MEXSD1 : Update statistics counters

~ | MEXLOP : Advance physics package

. ,
H
e ! |

1. Communication aray setup

- | MEXDBM

- | NCGDBM

- i CVHDBM | -----

- { FLDBM | -

- | CVIDBM

- | CORDBM

: INITIALIZES ANY COMMUNICATION ARRAYS AT THE START OF A
SYSTEM CYCLE. NO INITIALIZATION IS NECESSARY FOR THE CORE
PACKAGE.

- i INPDBM

- | CRADBM

- | CFDBM | -ec-e-

-+ TFDBM

~ | SPRDBM

- | MESDBM

- | H20DBM

- HSDBM .o

- SCDBM

- | BURDBM ~ © ..o

- DCHDBM ...

- i CAVDBM

~ | MPDBM

- | RNIDBM | ...

- { RN2DBM | ..o

- TPDBM i --...s

- | FDIDBM
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Table 4-2 List of Subroutines called from MELCOR (5/7)

ESFDBM

BHDBM

EDFDBM

2. PHYSI

CS PACKAGE

MEXDBC

NCGDBC

CVHDBC

FLDBC

CVIDBC

CORDBC

* PART OF THE CORE PACKAGE DATABASE MANAGER. IT PASSES THE
CORE PACKAGE DATABASE TO THE PHYSICS RUN ROUTINES

MXXCPU

CORDBD

: PART OF THE CORE PACKAGE DATABASE MANAGER. IT
PASSES THE CORE PACKAGE ARRAYS AND OTHER
PACKAGES® ARRAYS TO THE RUN ROUTINES AND
CONTROLS SUBCYCLING FOR THE CORE PACKAGE.

CORRNO

MESSAG

MEXDTB

CORPSE

CORRNB

CORRN1

CORRNZ

CORRN3

CORRN4

BHORB4

CORRNG

DBGSTP

INPDBC

CRADBC
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Table 4-2 List of Subroutines called from MELCOR (6/7)

CFDBC

TFDBC

SPRDBC

MESDBC

H20DBC

HSDBC

SCDBC

BURDBC

DCHDBC

CAVDBC

MPDBC

RN1DBC

RN2DBC

TPDBC

FDIDBC

ESFDBC

BHDBC

EDFDBC

~-chance fallback

FLDBO

CVIDBO

CORDBO

: CORE PACKAGE
CHECK ‘NEW BEFORE ACCEPTANCE.
ADVANCEMENT. CORE PACKAGE DOES NOT HAVE ANY TESTS.

CHANCE TO VETO

INPDBO

CRADBO

CFDBO
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Table 4-2  List of Subroutines called from MELCOR (7/7)

~ | TFDBO

~ 1 SPRDBO

~ 1 MESDBO

~ | H20DBO

~{HSDBO | ---ee

~ | SCDBO

< TBURDBO | ...

~ | DCHDBO

~ { CAVDBO

- 1 MPDBO

- | RN1DBO

- | RN2DBO

- {TPDBO | -----

- { FDIDBO

- { ESFDBO

- | BHDBO

- TEDFDBO | .evnv

- | INPNBK

— | INPLNB

- | MESERA

- 1 MEXSTP : SET FLAG TO TERMINATE CALCULATION

- | MEX2PF ......
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Table 4.1-1 Data Flow of MEXSET in MELCOR

*DECK MEXSET

Call MXXPBD
- Generate pseudo block data

Call MEXOPN
- Open input, output and restart files

Call INPPRE
- Process user input data file

Call UTLUND
- Initialize undefined variables using xrealx

Call MEXEDI
- Get user data for restart and edit

Call MXXRS
- Read restart file

Call MXXSCI
- Read sensitivity coefficients

Call MEXUIN
- Process rest of user input

Call MEXCHK
- Check for consistency in database

Call MXXRSW
- Copy user input onto restart file

Call CRAEND
- Release CRACKR storage files

Call MEXEDT
- Create directory for control functions

Call MXXPLU
- Generate printer listing of key word directory

Return/End
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Table 4.2-1 Data Flow of MEXRUN in MELCOR

*DECK MEXRUN

Call MEXSDO:
- Saves various executive execution statistics

Call MESERS: _
- Turn message level and deferred buffering process

10 CONTINUE

Call MEXUMS:
- Control for all interactive interrupt features

Call MXXCPR
- Checks remaining CPU time to see if there is sufficient time for another cycle.
- Ifthere is not, set termination flags.

Call MEXEND
- Checks for end of problem

Call MEXEDT
- Part of MELCOR EXEC package to control editing.
- It does printing, plotting, and restarting output.

Call MEXDTC

- Calculates new time step for next cycle from data supplied by various packages
and user input.

Call MEXSD1
- Updates statistics counters.

Call MEXLOP
- Diriver for physics packages
- Advance physics package
- Advance time (TIME) and cycle (NCYCLE)

GO TO 10
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Table 4.2.2-1 Data Flow of MEXLOP in MEXRUN (1/2)

*DECK MEXLOP
100 CONTINUE

***4%  START OF COMMUNICATION ARRAY SETUP LOOP  ***

Call MEXDBM (and check NPKCUT to reduce time step)
- Defines the communication arrays for the MELCOR package.
- Zeros the global energy balance arrays.

Call NCGDBM (and check NPKCUT to reduce time step)

Call CVHDBM (and check NPKCUT to reduce time step)

Call CORDBM (and check NPKCUT to reduce time step)
- Initialize any communication arrays at the start of a system cycle

Call EDFDBM (and check NPKCUT to reduce time step)
- Defines the communication arrays for External Data File (EDF) Package

*** IF TIME STEP IS REQUIRED TO BE REDUCED AT ANY PACKAGES,
THEN GO TO “100 CONTINUE” AND GO ON CALCULATION  ***

*** END OF COMMUNICATION ARRAY SETUP LOOP  ***

***  START OF PHYSICS PACKAGE LOOP  ***

Call MEXDBC (and check NPKCUT to reduce time step)
- Performs a global energy balance calculation

Call NCGDBC (and check NPKCUT to reduce time step)
Call CVHDBC (and check NPKCUT to reduce time step)

Call CORDBC (and check NPKCUT to reduce time step)
- Passes the core package database to the physics run routines
Call EDFDBC (and check NPKCUT to reduce time step)

*** IF TIME STEP IS REQUIRED TO BE REDUCED AT ANY PACKAGES,
THEN GO TO “100 CONTINUE” AND GO ON CALCULATION  ***
**x END OF PHYSICS PACKAGE LOOP  **x*
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Table 4.2.2-1 Data Flow of MEXLOP in MEXRUN (2/2)

Call MEXDBO

Call CORDBO

Call EDFDBO

***  CUT THE TIME STEP BY A SUGGESTED AMOUNT  ***

Call MESDMP
- Print messages that are deferred until end of successful cycle completion.
- This routine processes file records for both MESSAG and MESERR packages.

Return/End
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Table 5.1-1 Data Flow of CORDBC in MEXLOP

*DECK CORDBC
Call MXXCPU

- find CPU time at beginning of core package execution

If IFIRST=0, calculate dimension on scratch arrays

Call CORDBD
- Passes the core package arrays and other packages’ arrays to the run routines

- Controls subcycling for the core package

Call MXXCPU
- Find CPU time at end of core package execution and

calculate the total cumulative CPU time used by core Package

Return/End
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Table 5.1-2 Data Flow of CORDBD in CORDBC

*DECK CORDBD
Set pointers for scratch arrays if IFIRST=0
- Setup variable precision scratch arrays
- Scratch storage of core real database
- Scratch storage of control volume masses/energies/volumes

Set main database new/old time offsets
Reset short pointer names for use in CORRN* call statements
***  START CORE PACKAGE CALCULATION ***

Call CORRNB
- Evaluate radiative heat transfer between the surfaces of the debris in the lower
plenum and the surfaces above the debris

Call CORRNI1
- Calculates core heat transfer and oxidation

Call CORRN2
- Controls the system and subcycle time step
- Defines the heat transfer rate to each control volume for the next system cycle

Call CORRN3
- Calls the CVH, HS, and RN1 interface routines, communicating energy and mass
transfer information to the CVH package, energy transfer information to the HS
package, and mass relocation information to the RN1 package

Call CORRN4
- Controls the modeling of the core degradation and relocation

***  SUCCESSFUL COMPLETION OF CORE PACKAGE SUBCYCLE  ***

Call CORRN6
- Sets the global energy balance variables in common block CORGEB

Return/End
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Table 5.1-3 Data Flow of CORRN1 in CORDBD (1/3)

*DECK CORRNI
*#++ INITIALIZATION ***

*** CALCULATE DECAY HEAT AND FISSION POWER = ***

Call RN1DHC
- Evaluate decay heat

Call CORDHD
- Redistribute decay heat by FRFIS and FXFIS

Call CORPOW

- Calculate the fission power for each cell and add it to the decay heat (DHEAT)
array

***  CALCULATE HEAT TRANSFER TERMS  #**

Call CORGAP (HFCA - total fuel-cladding HTC * area (w/k))
- Calculate fuel-cladding gap conduction heat transfer coefficients

Call CORTSN

- calculate new-temperature distribution (dT/dz) through each control volume in
core/LP

- Estimate the new-time temperature of the cell components to use in a pseudo-
implicit calculation of convective heat transfer later

Call CORTSV

- Calculate an approximate axial temperature distribution in each control volume in
the core and lower plenum region

* calculate radiation heat transfer for all cell components in exposed portion of
core/LP

Call CORRDS
- Calculate the core emissivities and transmittances

Call CORRAD
- Calculate the radiation heat transfer terms in the core/lower plenum region
(QRAD, QRLH, QRLP, QRADHS, QRADST)

* calculate conductive heat transfer for all cell components at and above the liquid
level in the core
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Table 5.1-3 Data Flow of CORRN1 in CORDBD (2/3)

Call CORCTK
- Calculate an effective thermal conductivity of a component consisting of several
layered materials :

Call CORCND
- Calculate the cell to cell axial conduction heat transfer terms in the core region
and above the liquid level (QCND((icl,ia,ir))

* calculate debris bed parameters for use in debris bed dryout correlation Eqs 6-13
in NUREG/CR-2646

* calculate convective heat transfer for all cell component surfaces
Call CORCNV

- Calculate convective heat transfer rates in the core for all cell components
surfaces (QCNV(is,ia,ir), is=1,NSUR)

Call CORLHD :
- calculate new temperatures of lower head and penetrations
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Table 5.1-3 Data Flow of CORRN1 in CORDBD (3/3)

CALCULATE NEW ENERGY TRANSFER TO EACH COMPONENT, ITS NEW
TEMPERATURE, MATERIAL ENERGIES, AND TOTAL HEAT CAPACITY
USING THE TERMS PREVIOUSLY DETERMINED (Loop through Core/LP cells)

do 1A (axial node)
do IR (radial node)

QGAP(IA,IR) = HFCA(IA,IR) * (TMP(IFU,IA,IR) - TMPX(ICL,IA,IR))

* Calculate net energy source (NES) and update fuel state variables

Call CORUV2

* Calculate NES and update cladding state variables

Call BALOON (plan) determine whether clad balloons and failure
Call CORRMX (plan) determine core flow redistribution after channel balloon
Call COROXD
- oxidize non-blocked portion of intact component surfaces (QOXIZ)
- oxidize conglomerate debris zircaloy (QOXIZY)
Evaluate net energy gain (loss) for cell components
DENET(iclia,ir) = (DHEAT(icl,ia,ir) + QCND(icl,ia,ir) + QRAD(icl,ia,ir) +
QGAP(icl,ia,ir) + QOXIZ + QOXIZY- QCNV(icl,ia,ir))* DTC
Call COREU3
- Determines new equilibrium temperature (TMP(icl,ia,ir)) and heat capacity using
DENET.

* Calculate NES and update steel structure state variables

Call COROXB

Call COROXD

- oxidize non-blocked portion of intact component surfaces
- oxidize conglomerate debris zircaloy

- oxidize conglomerate debris steel

*Calculate NES and update particulate debris state variables

Call COROXD

- oxidize non-blocked portion of particulate debris zircaloy
- oxidize non-blocked portion of particulate debris steel

- oxidize conglomerate debris zircaloy

- oxidize conglomerate debris steel

Call COROXB

Call COREU3

* Call virtual volume interface routines

End do

Call CVHVVE
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Table 5.3-1 MELCOR COR Package Subroutines (1/10)

Subroutine | Version | Version Function/Requirement
Name 1.8.3 1.8.4
AACOR 0 o Return COR package version number in text string text.
COR3PT o o Part of package that dumps special records to plot file.
It dumps COR related variables
CORABS ) 0 Determines the absorptivity and emissivity of steam
CORACX o Searches for an axial level and component to which small residual masses

can be relocated

CORBAB ) Adapted for MELCOR from CORA/BWR code development program

CORBAL o 0 Calculates the global mass, energy, and volume balances for the core
package.

CORBCP o Computes the integral of specific heat (CP) or CP/T

CORBCX o o Evaluates reacting and remaining mass of B4C and H20, and other gases
(CO, CO2, CH4, H2, B203) generated from the oxidation reaction

CORBDV o Calculate gram-moles of each compound and heat of reaction in kil

CORBGS ) Adapted for MELCOR from CORA/BWRVcode development program

CORBHA [ Adapted for MELCOR from CORA/BWR code development program

CORBHT ) Computes the integral of specific heat (CP) or CP/T

CORBLK ) Provides the runtime interface for flow blockage by the COR package.

CORBLL Consider core cells in levels IAMIN-IAMAX and rings IRMIN-IRMAX

CORBLM Flow direction is axial/radial if IZORR=+1/-1

Type of blockable path is flagged by IFBTYP

Options are specified by IOPT; data are passed and returned in arrays

IPARAM and RPARAM.
CORBXB o Adapted for MELCOR from CORA/BWR code development program
CORCAV 0 0 Converts TP packets retrieved by CAV from COR to CAV for LWR COR
model. MELCOR> ... >CAVRUN >CAVDOP> CORCAV
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Table 5.3-1

MELCOR COR Package Subroutines (2/10)

Subroutine | Version | Version Function/Requirement
Name 1.8.3 1.8.4
CORCDA 0 0 Calculates the surface area of conglomerate debris and the fraction of intact
component area blocked by the conglomerate.
The surface area of conglomerate debris is calculated in terms of a fraction of
the intact component area.
CORCF1 o 0 Calculates the values for the COR~-MMAT-CN.N and COR-MMAT-DB.N
control function arguments
CORCF2 o o Calculates the argument value for the COR-AFLMIN.M.N control function.
CORCF3 0 o Calculates the value for the COR-MLTFR.N.M.K control function argument
CORCFA 0 0 Part of the core package interface with the control function package.
Returns the control function argument values to the control function package.
CORCFB o o Calculates values for core control function arguments not directly accessible
from the core database
CORCHK o 0 Checks the database for internal consistency and consistency with other
packages.
CORCKB 0 Checks the input for flow path blockage by the COR package
Rings IRMIN-IRMAX and levels IAMIN-IAMAX have been specified as
defining blockage for flow path IFLNUM, connecting control volumes
ICVFM and ICVTO. If IZORR>0, it is an axial path, If IZORR<0 it is
a radial path.
Check that all core cells interface with 'from’ or 'to' volume for IFLNUM and
determine type of flow path.
ENTRY CORBLK provides runtime interface, Options specified by IOPT;
data passed and returned in arrays IPARAM and RPARAM.,
CORCLL o o Calculates convective heat transfer rates
CORCND o o Calculates the cell to cell axial conduction heat transfer terms in the core
region at and above the liquid LEVEL.C
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Table 5.3-1

MELCOR COR Package Subroutines (3/10)

Subroutine | Version | Version Function/Requirement
name 1.8.3 1.84
CORCNV o 0 Calculates the convective heat transfer rates in the core.
CORCOX 0 o Calculates the rate constant for zircaloy or stainless steel oxidation.
CORCTK 0 0 Calculates an effective thermal conductivity of a component consisting of
several layered materials
CORCVD o o Evaluates heat or mass transfer coefficients for debris particles in atmosphere
CORDBI o 0 Interfaces the database with the rest of the core initialization package.
All arrays below this level are in core and passed through argument lists.
CORDB2 o o Part of the second pass generating the database for the core package.
It passes down the package databases required for pass 2 input processing to
CORDBY.
CORDB3 o 0 Passes the main database arrays down to subroutine CORDBS3, which
calculates the values of the pointers for the control function arguments.
CORDB4 ) o Passes the main database arrays down to subroutine CORDBS5, which
calculates the values of the pointers for the control function arguments
CORDB5 ) [+ Calculates the values of the pointers INARGA, INARGB, INARGC for the
control function arguments
CORDB6 0 o Pass 3 of the input processing.
No additional processing is necessary for the core package.
CORDB7 0 o Part of the 3rd pass of input processing for the COR package
(part of BH until accepted into mainframe COR)
CORDBC o o Passes the core package database to the physics run routines
CORDBD 0 o Part of the core package database manager.
It passes the core package arrays and other packages' arrays to the run
routines and controls subcycling for the core package.
CORDBE 0 o Part of the core package database manager.
It passes the core package database to the edit routines
CORDBF 0 o Part of the core package database manager.
It passes the core package database down to the edit routine.
CORDBG 0 o] Part of the core package database manager.

It checks the database for internal consistency and consistency with other
packages.
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Table 5.3-1

MELCOR COR Package Subroutines (4/10)

Subroutine | Version | Version Function/Requirement
name 1.8.3 1.84
CORDBH o o Part of the core package database manager.
It checks the database for internal consistency and consistency with
packages.
CORDBI o o Part of the core package database manager.
It interfaces the database with the data blocks required by the CORUIN
subroutine.
CORDBJ o o Part of the core package database manager.
1t pulls the data arrays from the data blocks required by the CORUIN
subroutine
CORDBM o o Initializes any communication arrays at the start of a system cycle.
No initialization is necessary for the core package.
CORDBO o o Check 'new' before acceptance.
Chance to veto advancement
CORDBT 0 0 Part of package that dumps special records to plot file.
It dumps COR related variables and is part of COR.
CORDBU 0 0 Part of package that dumps special records to plot file.
It dumps COR related variables and is part of COR
CORDBY 0 0 Part of the second pass in generating the database for the core package in
MELGEN. It does the following tasks:
1. checks the user input with input from other packages
2. calculates additional quantities in the database that could not be
calculated in the first pass
CORDBZ 0 0 It does the following tasks:
1. reads the user input
2. allocates data arrays
3. stores the core data in the data arrays
CORDCC 0 0
CORDEF 0 0 Supply defaults and tests for core data input to DCH
Contains data for decay heat which are core-model specific
LWR COR model
CORDHC o Calculates the decay heat for each cell and adds it to the deacy heat
(DHEAT) array, and also includes gamma smearing
CORDHD 0 Is called when RN1 is not active to redistribute decay heat through the core

by the input power profile parameters FRFIS and FZFIS.
Each cell receives decay heat by the formula
DHEAT(1,1,1)*XMFU(1,]A, IRy*FRFIS(IR)*FZFIS(IA),
but normalized to conserve energy.
All debris receives an equal decay heat rate per unit mass of -DHEAT(1,1,1).
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Table 5.3-1

MELCOR COR Package Subroutines (5/10)

Subroutine
name

Version
1.8.3

Version
1.8.4

Function/Requirement

CORDRP

(o]

V]

Calculates mass and energy relocation during candling (melt/flow/refreeze).

The energy transferred from a molten film of material as it runs down a
surface is based on the surface area, temperature difference between film
and surface, and a refreezing heat transfer coefficient.

Provision is made for flow blockage and formation of a molten pool in the
core. A simple mechanism is also implemented to transport two additional

materials by ‘piggybacking’ on the molten mass slug.

COREDT

Print and plot editor for the core package

COREUO

Moves molten fabricated materials to the conglomerate debris array of the
given component

COREUI

Calculates material dissolution in molten eutectic

COREU2

Calculates the relocation of molten eutectic mixtures during candling
(flow/refreeze).
The energy transferred from a molten film of material as it runs down a
surface is based on the surface area, temperature difference between film
and surface, and a refreezing heat transfer coefficient.
Provision is made for flow blockage and formation of a molten pool in the
core,

COREU3

Determines the new equilibrium temperature and the specific heat capacity
for a core component consisting of fabricated materials XMFAB,
conglomerate debris materials XMDC with internal energies ESI and
incremental energy DEM

CORFMT

Print a single line of output to unit NOW with CHAR*NCHAR starting in
column 2, followed by NCOL<9 columns of real data from XREL(*) in
"preferred" format.

Not suitable for negative numbers, because there may be no blank before the

' sign.

Column [ of the output is to contain element XREL(IOUT(1)) if 1OUT(1)>0

and blanks otherwise.

CORFRZ

Function (1., I-exp(A)/A, 1./A)

CORGAP

Calculates the heat transfer rate from fuel to cladding across the gap.

An effective total conductance is calculated which includes the thermal
resistance of the fuel and the gas gap but neglects that of the cladding.

The gas gap conductance includes a radiation contribution in parallel with
the gas conduction, and allows the user to specify a control function that
calculates a conductance in series with the gas conduction,

CORGEO

Redefines the cell component existence flags and calculates component
surface areas
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Table 5.3-1

MELCOR COR Package Subroutines (6/10)

Subroutine | Version | Version Function/Requirement
name 1.8.3 1.84
CORGPR o 0 Evaluates gas properties at temperature TGAS:
XMUG, REG, PRG, SCSG, SCOG, GRG
Evaluates gas properties at temperature TFILM:
TKONGF, DIFSB, DIFOB, XMUGF, REF, PRF, SCSF, SCOF, GRF
(mixture viscosity and conductivity from MP package, 12/13/90)
CORGTM o 0
CORIAL o 0 Returns the liquid level flag IALL from the cell atmosphere fractions XALL
CORICG ) Part of pass 2 input processing for COR.
1t completes initialization of core geometry (A/V) and sets IEXIST.
It also initializes the falling debris model.
Constructed from parts of CORIVV
CORICM 0 0 Sets the flag ICMLT to 1 if TMP is within the melting range of some core
material
CORICV ) Part of pass 2 input processing for COR
The interface to CVH is checked, and the initialization begun in CORVVE
(called from CVHPS2 through CORVVD/VVE) is completed, including
virtual volume in the CVH package.
Constructed from parts of CORIVV/CORNUM and additional consistency
CORIMT 0 o initializes the IMAT array, which points to the material properties package
material identifiers for the core materials, and the constant properties arrays
RHOM, TMLT, and ELHF ,
CORIVY o Checks the validity of the adjacent volume numbers input for the core
package and initializes the virtual volumes for each volume.
It also completes initialization of core surface areas and volumes
CORLHD 0 o Calculates new temperatures of lower head and penetrations
CORLHF 0 0 Evaluates parameters regarding to lower head failure
CORLMP 0 Check mechanical failure of the lower head from creep rupture or through-
wall material yielding
CORMCP 0 0 Calculates the total heat capacity of a structure
CORMEJ o 0 Calculates the masses of core materials ejected from the vessel after failure
of a lower head penetration
CORNPV o o Calculates cell free volume for particulate debris relocation from current
component and conglomerate volumes and effective 'packed’ volumes
occupied by components
CORNUM 0 0 Part of the pass 2 input processing for the core package.
Numbering arrays and other interface arrays are defined and checked for
validity.
COROX1 0 Is called before and after calls of COROXD and COROXB to check data and
update oxidation variables
COROXB 0 0 Models the reaction of boron carbide (b4c) with steam.
The reaction rate is calculated by the model developed by ORNL for
MARCON (subroutine B4CRXK, renamed to CORBCX)
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Table 5.3-1

MELCOR COR Package Subroutines (7/10)

Subroutine
name

Version
1.8.3

Version
1.84

Function/Requirement

COROXD

4]

o)

Calculates the oxidation rate (and energy and hydrogen generation rates) for
oxidation of zircaloy or stainless steel.

The minimum of a solid-state diffusion rate and a gaseous diffusion rate is
used.

CORPIA

It uses the CRACKR package to read the user input, checks for type
consistency, prints any required diagnostic messages, sets flags to denote
error conditions, and returns the input quantities to subroutine CORDBZ.

CORPIB

It uses the CRACKR package to read the user input for individual core cells,
checks for type consistency, prints any required diagnostic messages and
sets flags to denote error conditions.

CORP1D

It uses the CRACKR package to read the user input for lower head
penetration and returns the input quantities to subroutine CORDBZ

CORPIF

1t uses the CRACKR package to read the user input for lower head
penetration and returns the input quantities to subroutine CORDBZ.

CORPIR

It uses the CRACKR package to read the user input for core radial rings,
prints any required diagnostic messages and sets flags to denote error
conditions.

CORP1Z

It uses the CRACKR package to read the user input for core axial levels,
prints any required diagnostic messages and sets flags to denote error
conditions.

CORP2D

It uses the CRACKR package to read the user input to define an inlet
temperature control volume number or control function number for core
control volumes and retums the input quantities to subroutine CORNUM.

CORP2Y

It uses the CRACKR package to read the user input to define the flow

direction and ring area control functions for the CVH control volume
IVOL

CORP2Z

It uses the CRACKR package to read the user input to define an inlet
temperature control volume number or control function number for core
control volumes and returns the input quantities to subroutine CORNUM,

CORPAE

Takes the sensible portion of the energy gain or loss and distributes it among
various materials in a heat structure using an iterative procedure.
This routine is called from subroutine CORPAR.

CORPAR

Takes the net energy gain or loss (DENET) for a heat structure, composed of
several materials but represented by a single temperature, and distributes it
among the various materials in the structure, allowing for phase changes
and maintaining thermal equilibrium.

An equilibrium temperature can also be calculated when forming debris from

several structures having different temperatures.

CORPBD

Pseudo-block data subroutine for the core package.
It initializes all database pointers and other core package variables and arrays

CORPOL

Polate is basically a linear tabular interpolation routine.

CORPOW

Calculates the fission power for each cell and adds it to the decay heat
(DHEAT) array

CORPRS

Part of the core package database manager.
It writes/reads the core array pointers and dimension to/from the restart file.

CORPS2

Part of the second pass used for generating the core package database
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Table 5.3-1 MELCOR COR Package Subroutines (8/10)

Subroutine | Version | Version Function/Requirement
name 1.8.3 1.84
CORPS3 o o Purpose is to update the COR array element VOLU (LVTOT, IA, NRAD)
with the volume occupied by the core shroud, to update the total COR
package initial volume VOLTOI by the core shroud volume, and to increase
the CVH total and virtual volume arrays (CYVOL and CVVVOL) by the
shroud volume
CORPSE 0 The purpose of this routine is to adjust the pool elevation to take into account
axial rings that may be blocked by core material
CORRAD 0 0 Calculates the radiation heat transfer terms in the core/lower plenum region
CORRBL o Calculates conversion of intact components in the core to particulate debris
("rubble”) by various mechanisms including loss of strength and loss of
support.
It performs part of the calculations previously done in corslu, but leaves
the resulting particulate in place.
Extracted from CORSLU
CORRDI1 0 o Finds the next outer radial cell with an existing component in it and
calculates its emissive power
CORRD2 0 o Finds the next higher cell with an existing component and calculates its
emissive power
CORRDG o o Calculates net radiative heat flux from surfaces and heat flux from surface to
medium
CORRDS 0 o Calculates the core emissivities and transmittances
CORRIO 0 0 Part of the core package database manager.
It writes/reads the size-independent portion of the core package database
to/from the restart file
CORRNO 0 o Calculates core lower head failure and debris ejection
CORRNI1 0 o Calculates core heat transfer and oxidation
CORRN2 0 0 Controls the system and subcycle time step and defines the heat transfer rate
to each control volume for the next system cycle
CORRN3 0 0 Calls the CVH, HS, and RN interface routines, communicating energy and
mass transfer information to the CVH package, energy transfer information
to the HS package, and mass relocation information to the RN1 package
CORRN4 0 0 Controls the modeling of the core degradation and relocation.
CORRNG6 o 0 Sets the global energy balance variables in common block CORGEB
CORRNB 0 0 Evaluates the BH debris to overlying surface radiation model
CORSC o o Processes the core package sensitivity coefficient
CORSCX o 0 Changes the value of sensitivity coefficient CXXXX(INT3) to the value
real2 and edits the old and new values.
CORSHA 0 0 Calculates the sum (over components in a cell) of heat transfer coefficient
(HTC) times surface area and HTC times surface area times temperature
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Table 5.3-1

MELCOR COR Package Subroutines (9/10)

Subroutine
name

Version
1.8.3

Version
1.8.4

Function/Requirement

CORSLU

o]

o

Calculates slumping in the core by relocating mass to lower cells with free
volume.

This is a mechanical mechanism as opposed to the thermal mechanism in the
candling routine CORDRP

CORSPD

Calculates radial particulate debris spreading in the core by relocating mass
to lower cells with free volume.

This is a mechanical mechanism as opposed to the thermal mechanism in the
molten debris spreading routine CORSPR

CORSPR

Calculates radial relocation (spreading) of core debris to prevent unphysical
‘stacking’ in one ring

CORSRA

Sets elements in the NREL and FRACRL arrays for a single mass relocation.

CORTSN

Estimates the new-time temperature of the cell components to use in a
pseudo-implicit calculation of convective heat transfer later

CORTSV

Calculates an approximate axial temperature distribution in each control
volume in the core/lower plenum region.

CORUIN

Passes mass, energy, and temperature arrays to the thermal equilibration
routine CORPAR.

Entry points are provided for various numbers of equilibrating masses

CORUVN

Passes mass, energy, and temperature arrays to the thermal equilibration
routine CORPAR.

Entry points are provided for various numbers of equilibrating masses.

CORVF

Part of the radiation model in the COR package.

It calculates surface-to-surface view factors for components in a single core
cell.

Extracted from logic implicit in subroutine CORRA

CORVLS

Resets the core package volume arrays at the end of a subcycle based on end-
of-subcycle masses.
Volume error checking in subroutine CORBAL therefore will only detect
volume errors occurring during that subcycle before the volumes are reset
here.

CORVPR

Calculates the density and specific heat capacity of the atmosphere in a
control volume

CORVUP

Sets latest applicable dates and version numbers for the core package coding,
users' guide, and reference manual for printing to output

CORVVC

Part of a core package utility called from CVH that calculates changes in
virtual volume.

The utility is called before CVH initializes its thermodynamics state

CORVVD

Part of a core package utility called from CVH that calculates changes in
virtual volume.

The utility is called before CVH initializes its thermodynamics state.
CORVVD passes parts of the CVH and COR databases to CORVVE
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Table 5.3-1 MELCOR COR Package Subroutines (10/10)

Subroutine | Version | Version Function/Requirement
name 1.8.3 1.8.4 N
CORVVE o 0 Part of a core package utility called from CVH that calculates changes in
virtual volume.
The utility is called before CVH initializes its thermodynamics state.
CORVVE calculates the virtual volume changes and passes them to the CVH
database through a call to CYHVVE

CORXBP o Models the reaction of boron carbide (B4C) with steam.

The reaction rate is calculated by the model developed by ORNL for
MARCON (subroutine B4CRXK, renamed to CORBCX)

CORXCH ) ) Performs the mass, energy and volume bookkeeping when transferring
conglomerate debris from the 'other structure' component to conglomerate
on particulate debris

CORXRI o 0 Copies a referenced integer value into a storage location making the

reference and sends an error message if the referenced value is not valid.

CORXRN o o Supply core-model dependent data, and data and pointers derived from core

data input to RN1 LWR COR version

CORXRR ) o Copies a referenced real value into a storage location making the reference

and sends an error message if the referenced value is not valid.

CORYCH 0 o Performs the mass, energy and volume bookkeeping when transforming

intact fuel to particulate debris

CORZCH o 0 Performs the mass, energy and volume bookkeeping when moving a fixed

fraction of the materials in a cell component to another cell or component

CORZSB o Initializes the chemical activity flags for Zirc, Steel, and B4C oxidation of
the various surfaces of a COR cell 1A,IR at the beginning of a subcycle

and
initializes the cumulative steam consumption over the subcycle of each
surface in that cell.
It also defines the total chemically active surface area of COR components in
IA,IR exposed to the CVH materials of CVH volume ICV

DBGSTP o o Stop calculation from debugger run

ELHEAT 0 o Stop calculation due to no heating element power routine

EUPROP o o Calculates material properties for eutectic mixtures

SOLPRO 0 0 Calculates thermophysical properties for eutectic mixtures
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Table 5.3-2 MELCOR CVH Package Subroutines (1/5)

Subroutine | Version | Version Function/Requirement
Name 1.8.3 1.84
AACVH 0 0 Return CVH package version number in text string.
CVH3PT ) 0 Part of package that dumps special records to plot file.

It dumps hydro related variables.

CVHADV ) 0 Updates the contents of control volumes to account for advection by adding
contents of flow path volume moves

CVHALP o 0 Evaluates average void fractions in flow paths

CVHBBI o o Calculates the mass and energy moved by bubble separation and their
derivatives with respect to pool void fraction.

It also calculates the derivatives of pressure and of pool void fraction with
respect to mass and energy, including the implicit effect of bubble
separation.

CVHBB2 0 0 It calculates the linearized final pool void fraction and adds implicit

corrections to bubble separation

CVHBFX 0 0 Post-advection *fix-up' for excessive pool void fraction.

If pool void exceeds limit (which should be consistent with limit in
subroutine CVHBL), transfer excess bubbles to atmosphere.
CVHBL o 0 Calculates the mass and energy transport between the pool and atmosphere

in  the non-equil thermo volumes

CVHBVI1 0 o Defines new conditions in boundary volumes

CVHBV2 0 o Accounts for effective mass/energy sources in boundary volumes

CVHBV3 0 0 Defines inventories to calculated donor densities, differently for ordinary
and boundary volumes

CVHBVL o 0 Tests legality of specification for time-specified volume

CVHBVT o 0 Defines new conditions in a boundary volume

CVHBVV o 0 Retrieves value of variable for time-specified volume

CVHCAR o ) CVHCAR copies the old set of data into the new set.
This is done in a subroutine to collapse the two or more subscripts into one.
This makes much more efficient do loops

CVHCCN 0 Subroutine CVHCCN replaced by CVHADYV under DIR 1164

CVHCFA 0 o Returns the values of the arguments in the control volume hydro internal

CVHCFB database

CVHCFC

CVHCON o 0 Convects material through the flow paths
xnew = xold + convected cold {quantity to be convected)
CVHDBI o 0 Interfaces the database with the rest of the control volume initialization
package.
All arrays below this level are in core and passed through argument lists.
CVHDB2 o 0 Interfaces the main database blocks with the lower level packages
CVHDB3 o o Passes the main database arrays down to the subroutine CVHDBS that
calculates the values of the pointers for the control function arguments
CVHDB4 o o Passes the main database arrays down to the subroutine CVHDBS that
calculates the values of the pointers for the control function arguments
CVHDBS o 0 Calculates the values of the pointers for the control function arguments
CVHDB6 o 0 Interfaces the main database blocks with the lower level packages
CVHDB7 o o Part of the database management package for the third pass for generating

the database of the contro! volumes
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Table 5.3-2 MELCOR CVH Package Subroutines (2/5)

Subroutine | Version { Version Function/Requirement
name 1.8.3 1.8.4 .
CVHDBC 0 0 Part of the control volume hydrodynamics database manager
CVHDBD 0 0 Part of the control volume hydrodynamics database manager
CVHDBE 0 o Part of the control volume edit package database manager.
This package pulls out the data blocks of the control volume
CVHDBF 0 o Calculate of cumulative CPU for edit
CVHDBG o o Part of the control volume hydrodynamics package.
1t checks the CVH package's database against the other packages database.
CVHDBI 0 0 Part of the control volume database management package.
Interfaces the database with the data blocks required by the CVHUIN
subroutine
CVHDBIJ ) 0 Part of the control volume database management package.
Pulls the data arrays from the data blocks required by the CVHUIN
subroutine
CVHDBM 0 0 Part of the control volume hydrodynamics database manager
CVHDBN 0 0 Initialize the communication arrays
CVHDBO o 0 Check 'new' before acceptance.
Chance to veto advancement
CVHDBP 0 o Part of the control volume hydrodynamics database manager
CVHDBT o 0 Part of package which dumps special records to plot file.
Dumps hydro related variables
CVHDBU 0 0 Part of package that dumps special records to plot file.
Dumps hydro related variables
CVHDBY ) o Part of the control volume data base generate package.
Decomposes the control volume database block into it elements
CVHDBZ 0 0 Part of the control volume setup package.
1. reads the user input
2. allocates data arrays for the control volumes.
3. stores the control volume data in the data arrays.
CVHDL o Subroutine CVHDL absorbed into CVHDVL under DIR 1164
CVHDNR o ) Evaluates the signed mass and energy donor densities for flow path volume
moves
CVHDON 0 0 Defines modified volumes and enthalpies to reflect addition of sources at
constant pressure and temperature
May repartition water between fog and atmospheric water vapor
CVHDRV o 0 Evaluates the derivatives of volume pressures with respect to flow path
volume moves
CVHDTC 0 0 Calculates the new time step
CVHDVL o} o} Evaluates the volume moves through flow paths (limited by availability),
fractions of donor inventories moved, and material courant time step limit
CVHEDH 0 0 Defines the version number of the control volume hydrodynamics package
CVHEDT o 0 Print and plot editor for CVHYDRO package of MELCOR
CVHFOG o} o} Relocates fog (suspended liquid water droplets) in the atmosphere when
necessary
CVHFRF o} o} Calculates the friction factors for the flow paths
CVHIJUN 0 0 Evaluates geometric void fractions in volumes at junctions and average

elevations of phases within junction openings
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Table 5.3-2 MELCOR CVH Package Subroutines (3/5)

Subroutine | Version | Version Function/Requirement
name 1.8.3 1.84

CVHMDR o o Updates the mass sources and sinks, energy sources and sinks

CVHMDS 0 0 Initializes the communication arrays at the start of a cycle.

CVHMEB 0 0 Updates mass/energy accounting arrays

CVHMOM 0 0 Performs solution of linearized-implicit flow equations

CVHMT2 0 0 Modifies the implicit terms in the coefficient matrix to

atmosphere velocity = pool velocity

CVHMTR [ o Evaluates the coefficient matrix for coupling of flows through pressure and
head changes in connected volumes

CVHMTX 0 Subroutine CVHMTX replaced by CVHMTR under DIR 1164

CVHMVL 0 ) Calculates the volume of the control volume hydrodynamics material in
control volume number NVOLS(n) between altitudes ZLOWS(n) and
ZUPS(n).

The answer is returned in variable VOL(n).
CVHMXM 0 Subroutine CVHMXM eliminated under DIR 1164
CVHNUM ) Given an internal number (index), it returns the user number for a control
volume.
It was written to allow the user number to be obtained for use in warning
and error messages without adding the ICVNUM array to utility calls.

CVHPIT 0 0 Processes the thermo input

CVHP2A ) ) Calculates the masses and energies of the atmosphere during pass 2 input
processing, given the atmosphere pressure, temperature H2O partial
pressure, relative humidity or dew point temperature, volume, fog volume
fraction or mass, and NCG mole fractions.

CVHP2P 0 0 Calculates the mass, energy, and volume of the pool during pass 2 input
processing, given the pool pressure, temperature, and either volume,
liquid level, or mass.

CVHPAD 0 o CVHPAD defines the PAPRN array

If component volume is zero (as from round-off), density will be zero
even if mass (and all other properties) are non-zero

CVHPBD ) o This pseudo-block data routine is part of the control volume package.

It is part of the code that interfaces the database management scheme with
the control volume package. :

CVHPRS o 0 Writes the control volume hydrodynamics database manager information to
the restart file

CVHPS] 0 o Uses the CRACKT package to read the user input, checks for type
consistency, prints any required diagnostic messages and sets flags to
denote error conditions.

CVHPS2 0 ) Second pass of input processing that defines the thermodynamic data.

CVHPS3 o 0 Initialize values based on control functions

CVHPSA ) 0 Part of the pass 2 package

Calculates the value of da, etotin(k), k=2 nummat.

CVHPSP 0 o Part of the pass 2 package

Calculates the value of dp and etotIn(1) for liquid water in the pool
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Table 5.3-2 MELCOR CVH Package Subroutines (4/5)

Subroutine | Version | Version Function/Requirement
name 1.8.3 1.8.4
CVHRCN 0 0 Uses the CRACKR package to read the user input, checks for type
consistency, prints any required diagnostic messages and sets flags to
denote error conditions.
Reads the input for the external source data
CVHRIO 0 0 Reads and writes the database of the control volume hydrodynamics
package
CVHRNI 0 0 Calculates the external sources of mass and energy for the control volume
hydrodynamics package.
CVHRN2 o 0 Part of the flow path package
It calculates the fraction open of the flow paths.
CVHRN3 0 0 Integrates the governing equations through system time step
CVHRN4 0 0 Calculate flow velocity in the control volume, liquid water level and then
array PAPRN which contains pointers to the pool/atmosphere/control
volume hydrodynamic properties
CVHRNS 0 0 Push integral flows through flow paths to EDF, if required
CVHSC o 0 Processes sensitivity coefficients
CVHSP1 o 0 Modifies donor densities for acceptor volumes to account for bubble
interactions (SPARC physics) within flow paths
CVHSPC 0 Subroutine CVHSPC replaced by CVHSPR under DIR 1164
CVHSPK o o Modifies the signed mass and energy donor densities for flow path volume
moves to account for SPARC bubble physics
CVHSPU o o Calculates the bubble physics through a pool of water
CVHSTR o o Calculates the linearized post-source state of the volumes
CVHTKT o o Transfer the information from the PKCON array if mass or energy has
changed then set ICVFLG(KCVACT,*) to 0 (activate cell)
CVHUIN o o Read user input
CVHVEL o o Evaluates volume-average mass flows and velocities and from/to mass
flows
Motivated by RELAP5-MOD1 model, but based on sum of absolute values
of all flows rather than average of separate algebraic sums of 'from' and
'to’.
CVHVLP o Used by the BH package to change the virtual volume in the LP control
volume.
It does this by modifying the CVMVLN value in the CVMVLN-altitude
table for a control volume
This routine was created from CVHVVE
CVHVMT ) Used by other packages to change the virtual volume in  control volumes.
It does this by modifying the CVMVLN values in the CVMVLN-altitude
table for a control volume
CVHVVE o Calculates virtual volume
CVHVVG o o Used by other packages to add virtual volume to the volume - altitude table
for a control volume.
User must supply arrays in CVH database and a virtual volume-altitude
table
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Table 5.3-2 MELCOR CVH Package Subroutines (5/5)

Subroutine | Version | Version Function/Requirement
name 1.8.3 1.8.4
CVHWP o Subroutine CVHWP eliminated under DIR 1164
CVHWPM o Subroutine CVHWPM eliminated under DIR 1164
CVHZCP 0 0 Calculates the collapsed liquid level
CVHZPL o o Calculates the swollen fiquid level
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USER INPUT (MELIN)

STOP (MELSTP)
USER INPUT (MELGIN) STATUS (MELSTAT)
USER DEFINED(EDFIN) HISPLT
/ PLOT FILE
(MELPTF)
MELGEN MELCOR
RELEASE FILE
(EDFOUT)
RESTART
FILE
(ELRSD MACCS
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DIAGNOSTIC (MEGDIA) OUTPUT (MELOUT)
MESSAGE (MELMES)
DIAGNOSTIC (MELDIA)
EXTENDED DIAGNOSTIC(extDIAG)
MAIL (MELMAIL)
USER DEFINED (EDFOUT)-

Figure 2-1 MELCOR Code and File Relations
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Figure 3.1-1 Data Initialization and File Opening in MELGEN
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-81-



MELGEN

MEGGDB
Executive MEGPS1 MEGPS2 MEGPS3
Level
Database
M xyzDB1 xyzDB2 xyzDB6
anager xyzDBZ xyzDBY XxyzDB7
Level
Package
xyzPS1 xyzPS2 xyzPS3
Level Y Y Y
i Cross Check Cross Check
Utlhty CRACKR & Continue & Continue
Level Data Base Data Base
Initialization Initialization
Using Other Using Other
Retrieve Package Package PS1 Package PS2

Input, Initial
Checks, Establish
Data Base
Dimensions
& Pointers

Figure 3.4-1 Database Generation in MELGEN
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Figure 3.5-1 EDIT Generation in MELGEN
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Figure 3.6-1 Restart File Generation in MELGEN
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Figure 4-1 Two Functions of MELCOR

-85 -




Initialize Data

MEXSET

& MXXPBD
Open Files MEXOPN
Pre-process INPRE
Input & Process UTLUND
EXEC Input MEXEDI
Read
Restart File MXXRS
Update
Sens Coeffs MXXSCI
Package
Input & Checks MEXUIN
Check
Data Base MEXCHK
Echo Input & MXXRSW
Generate Edits MEXEDT
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Figure 4.1.1-1 Data Initialization and File Opening in MEXSET
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Figure 4.1.2-1 Input Processing in MEXSET
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Figure 4.1.4-1 Package Input Reading in MEXSET
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Figure 4.2.2-1 Time Step Control and Physics Advancement in MEXRUN

-95.




eI BEDMBS FIEART| AE DM S EFREIMESE INIS FHj 2=

KAERI/TR-1543/2000

H S/ 82 H MELCOR ZE X 24
= & Xt LS (SRAXNHATL, gHiodlTE)
2 ™ & B8] (BFR R T, g4 otr ol TE)
x| o gt 7|2 s XYt et ol 2000 42
o £ 103p g = F(0),%2() a 7 A4
DA | 090 BE7|2HH|
Hi 2 o{ £ 370 (0), =l (), —BlY BIMER Z{&8 1A
S| Eted 7| 2t AckHs
= 5

WELOR Z2age 3A 5 2Eoz Mslsd, tefel Yol Malsin MAL
mhdoll X Z=l= MELGEN &3, MELGENoi ofsf M A= ntads 0835101 AXMEZ AlZiol
a2 StAl  #HAS  ZASEE MELCOR  §F&olct. £3% MELCOR H&2
MELGENS 2 E{o| MAA mels T ALS ZFulshs  MEXSETS Atm Hzof
Sulsls 22| HAS DARHE MERINCE TESCH w8 MELOR ZEaHe Al
A, olole wlolA Xal chAl, B SA (A WIX) @, 22D oSH oS
=20l £ 4ol $3 oz THE AN 2E PZE KT Aol M=e
age stz mASY(7 Bols BEES XD Utk IS AIBEE

Z2OWES MELCOR Z2I3YE F4Hste Ucs 2009 #7|xoll =Z3=ol U2,

4%E HWIXE LEI Y] s ®FIxiol ¢ 5, MXAE 0|35l ¥WHSlo, 2t
common blockE X St WHoz TAISD ALt A D UAes SHAID &M
g HA 3E ol Ees 249 Fyb ¥ Zidol #8st7) IS, MELGENZH

MELCOROIA{2l HEIXMQl Giojel 5&= #HdE

x

|5 REZZOYUES Hel 4SAH=2

T-&35+04 MELGENZI MELCORS| 7isH =2 mtetstod Halstqict.

oY MELCOR, MELGEN, S AtZ, W7 [x|, 28§, 2= 71X
7FlR=




BIBLIOGRAPHIC INFORMATION SHEET

Performing Org. Sponsoring Organization Standard Report INIS Subject Code
Report No. Report No. No. ) )

KAERI/TR-1543/2000

Title/Subtitie Analysis of MELCOR Code Structure

Main Author Dong Ha Kim (KAERI, Thermal-hydraulic Safety Research)

Author Sunhee Park (KAERI, Thermal-hydraulic Safety Research)

Pub. Place | Taejon Pub. Org. KAERI Pub. Date April 2000
Page 103p Fig. & Tab. Yes(O),No( ) Size Ad
Note *89 Mid-Long Term Project

Classified Open ( o) ), Outside ( ), — Class Report Type Technical Report
Sponsoring Org. Contract No.
Abstract

MELCOR executes in two parts. The first is a MELGEN program, in which most of the input
is specified, processed, and checked. The second part of MELCOR is the MELCOR program
itself, which advances the program through time based on the database generated by
MELGEN and any additional MELCOR input. In particular, MELCOR execution involves two
steps: (1) a setup mode in MEXSET, during which the database is read from the restart file
and any additional input is processed, and (2) a run mode in MEXRUN, which advances the
simulation through time, updating the time-dependent portion of the database each cycle.
MELGEN and MELCOR share a structured and modular architecture that facilitates the
incorporation of additional or alternative phenomenological modes. This structure consists of
four primary levels: execuiive ievel, database manager routine ievel, package levet, and utitity
level. MELCOR is composed of 24 different packages, each of which models a different
portion of the accident phenomenology or program control. To identify the relation of the
MELCOR subroutines with the packages, first two or three letters of the package's name are
duplicated in the name of the subroutines. The same rule applies to the naming of the
common block. Data flows and the specific subroutines in the MELGEN and MELCOR are
analyzed by their functions according to the hierarchy of four leveis for model improvement
and replacement during the integral code development project.

Subject | MELCOR, MELGEN, Severe Accident, Package, Module, Code Structure
Keywords




