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SUMMARY

I. Title of the Project

The Analysis of the Thermal-Hydraulic Models in the MELCOR
Code

II. Objective and Necessity of the Project

The objectives of the present work are to verify MELCOR code and
to suggest resonable bases for the application of this code to the
evaluation procedure of severe accidents in a nuclear power plant. To do
this, thermal-hydraulic models used in the MELCOR code were
investigated and the calculation results were compared with the available

experimental results.
III. Annual Scope and Contents of the Project

In the first year of the present work, the sensitivity coefficient
analysis was carried out to verify DCH models in the MELCOR code by
using the results of IET-1 test which is one of the series performed at
SNL. In this year, the results of the IET series test data were compared
with the calculation results of MELCOR code and the CONTAIN code
developed by SNL. In the third year, the invessel melt progression and
debris behavior models, which are one of the most important part of the
severe accident of the nuclear power plant, used in the MELCOR code will

be investigated.
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IV. Results and Application of the Project

MELCOR code is an fully integrated, relatively fast-running
engineering code that models the progression of severe accidents in light
water reactor nuclear power plant. Characteristics of severe accident
progression that can be treated with MELCOR code include the
thermal-hydraulic response in the reactor coolant system, reactor cavity,
and containment; core heatup and degradation; radionuclide release and
transport; hydrogen production, transport, and combustion; and the impact
of engineered safety features on thermal-hydraulic and radionuclide
behavior. CONTAIN code is an analysis tool for predicting the physical,
chemical, and radiological conditions inside the containment and connected
buildings of a nuclear reactor in the event of an severe accident.

IET series were conducted to investigate effect of specific
phenomena associated with DCH on the containment by simulating
hypothetical high-pressure melt ejection accidents in a nuclear power plant.
In the series, linear scale models of the reactor cavity of the Zion nuclear
power plant was used. This series were conducted by varying the various
experimental conditions including the water in the base floor of the reactor
cavity. At this time, a 43-Kg initial charge of iron/alumina/chromium
thermite was used in the melt generator to simulate molten corium which
is ejected in the event of lower head failure.

In the present work, IET series were analysed to verify the DCH
models in the MELCOR and CONTAIN code by calculating IET-1, 1R, 3,
4 and 7 test. The calculation results of the MELCOR code for the
temperature in the subcompartment, regardless of the existence of the
oxygen and hydrogen within the SURTSEY vessel, show similar results

with the experimental results and for the pressure in the SURTSEY vessel
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show that IET-3, 4 and 7 test having the oxygen and hydrogen were
overestimated by the MELCOR code more than those of the CONTAIN
code. Also the calculation results of the MELCOR code show abrupt
increase of temperature in the subcompartment in the latter time of
accident in case of IET-7 having the oxygen within the SURTSEY vessel
and the calculation results of the CONTAIN code show abrupt increase of
temperature in the latter time of accident in cases of IET-3, 4 and 7.
From the calculation results of the MELCOR and CONTAIN code for IET
series, it is known that the calculation results of the CONTAIN code show
faster progression of accident more than those of the MELCOR code. Also
it is known that the temperature of subcompartment is overestimated by
the CONTAIN code and the pressure in the SURTSEY vessel is
overestimated by the MELCOR code in cases of IET series having the
oxygen and hydrogen by comparing the calculation results of the both
codes with the experimental results.

In the future work, more exact analyses will be carried out by
mutually offsetting the weak points of the both codes and by applying the

results of analyses to a nuclear power plant.

V. Future Work of the Project

In the third year of the project, the invessel melt progression and
debris behavior models, one of the most important phenomena in the event
of severe accident, of the MELCOR code will be investigated. To perform
the above purpose, mass relocation models(candling, radial relocation,
particulate debris formation, gravitational settling) and lower head
models(lower head failure, debris ejection) will be investigated. The CORA

test series and other test will be analysed by using the MELCOR code.
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MELCOR Z=ul¢] FDI(fuel dispersal interaction) package= HWAZ




gLyt Hdate Ao zEE MELCOR ZE=ulel  FHHIEI(CAV)
packagedll 2@l A8 §E5o] A A(deposit)d wW77e] AGAEY =4&
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=3

- 4¥8UIEREHY AY =488E £ZE(Low Pressure Molten fuel
Ejection, LPME)

- Y82 RHY 14 =488 & (High Pressure Molten fuel
Ejection, HPME or Direct Containment Heating, DCH)

- B9 & F7]|ZF%(Steam Explosion)

#AAQ AlE=ET 9IE MELCOR = version 182 oA+ LPME 24,
HPME =2d7t fegion F7|EdRde /dse] UA %L Aot
FDI package= MELCOR I =wW¢ TP(Transfer Process) packageZ %3
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CVH(control volume hydrodynamics) packagedlA9] AlojAZHWel o],
heat structure® EH 223 FRHEF LR olFHE =4ARFEY HEL A}
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package® T3 ¥ P EZ4£ v} stand-alone DCHEY AAFE Y3l AL&A
o 93 FojAe Az mat ol AY Ee 1Y =4HEEE EEUVIE
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27} HPME 2498 $]3 stand-alone optiongs AH&-3THH, FDI package=
LPME =9 tA HPME Ed& AM83te] #i4e YA Parametric
HPME 2de Agazuz SAse =48§89 2, Addeds o
sk mes =ASFES W ZHsY] AF ALER Y4HASIE 8
o noHALe =ALEEY FEARET £3F7], daske] AASuEE, trapping
EE settling ol &3 airborne debris 2] heat structure Edolu W29
A7 (deposition) I ZAGAENe thrize dHdel EFET. FDI
packageol Al Al g§Ee EAFAL F JIA PHOE dold & AW 2!
s\ske] Alzbak whg Ao TZZo| 5 heat structure EH theh AR
Holo] ol4u|gol ma AHHeoz EAHF FHd olFdt o AL
MELCOR ZE=WAIA = trapping &2 Aot} ttE H#ye MELCOR 2=
18- 3 xAEEEC] HAE AAA

AUz ol4sta, AL A9 setiling AlZTHEl 9] 3] heat structure®] ¥

-9 -




Holu} AHEHZ settling 5T H&& 2HY & JUth =A4HEFES] 43}, &
AGH settling Bdo] thdlds AL8A7E FoJste A4 (time constant)
£ 717 first order rate equation © Z} Ao AYPELHEE AAIZE UE
o1& 3t Airborne#d FHE xAEEFEY MAste =AHEREY 227 At
f2el g3 23 753 2%, Toxmw (7183 600K) R T FHoprt WA gk}
Rhef =4 E8E £F Aol 9AE AHIE W pool o] AT, O Ede
pool2 =AEFEo] fUE do &£xo nHINAN ES dr|Foez nAF
UAHfog) o ez EE3n, vlHldss Ud=AS 4605 (vesselolAl
cavity2 FYUHT =AEFES AF W poolZFH FNHEYL 7|2
EEHe B9 AFHUDE AL 2AENFEH, JEge 100t EF,
DCH Edo] AgHE AGErHe 2x9 ¢go] 243 Hstsinz, FDI
packageW oAM= DCH7} @43l H &S time stepl2 Algto] F3EHB o
time step2 YA E=AS 4607 (initial time-step size for HPME initiation) 2
ZA7bssn IEWA AAH Y ZBFEE 107 sec olth

Airborne Debris

AAAH R £TH =AEEE UAF SFWso] BASA g7 E
#, Astol ol AHEE ohd EUEY airbone IFL T BE YA
gmpugaoz gAgd,

MG kD) MGkD | o.
p7 = Tl + S(i, &) (1)

o719, MGkt) = AIZF toll A AolAF i e HE k o FFolx, Tsr(i)
= AoJAA i W9 airborne 9 settling =+ trapping ol th3t A 7HAMSo]
®, Sik) € HPME o o& 44" AolAA i e 4% k 9 constant
mass source rate °|th. 4 (1) 9 #= b3 Fo] FolAth

_10_



MG, kD = [ MG,k t)) — S, B)x Ts{] Xexp( T_Sfftz-))

(2)
+ Z, k) X Ts'r( Z)

71, MGkt) & 999 27T to M9 AFelxm, dt € WX H
FAZE t 9 27N o o zoleolth AAM A Ak Ee F7]8 EAA
A8l Zr, Fe, Al & 2 9| BHE9 airborne AFE tFo] dAAYnER
FAoz FAHTH

dMGi k) MGkD | o p (3)
dt Tso(2)

7M., Tsoli) & airborne ¢ SAlAH3} (simultaneous oxidation) <}
settling / trapping o W& AZFF2A, o3 Zo] FoZoh

1 1, 1
Tso( 2) TST( 2) TOX( £)

(4)

A7) A, Tox(i) & AAAZ i W AFAIASFo|th 4 (3)9] s+ Tstli)
7F Tsol) 2 A" AL ALSE 4] (2o FLstch. Abztutgo o3 A/d
= 7t0, 2 2 9 tE EAFEY airhborne AFL T3 Zo] FoATh

dM(i. kD _ Mkt M(i L 1) -
ar Tor(D) + RX Toc(?) + S(z, &) (5)

o7]elA, R & HH2EA (reactant) 1 & SHAFF Atsto] & AAHH=

...11__




24 k o ARe ot 4 (65)9 HE Fe Boh
MG ED = [ MGk t)—C—Cs Xexp(—ﬁT—‘{’;)—)

+ C, xexp(——f_sodﬁ)nL C

2 AelA,

Cy, = RX[ S(i, DX Tso())—M(4, 1, t)]

ojt}.

MELCOR Z=uWe] HPME 2d& 4stzdd] tis] F 7Fx9 option
& T AgAE ARSAIZHEE Tox(@ ol el 49 g A AFH2
2, 2z}l £A7}F Zr, Al 283 steel o] & BAAHY (sequential) 43
optiong AT £ Ut GAHQ AARdANE Fze F&H9 Ayt F
o] Tox(i) ¢ gtoll wat Al4te] =n, AstAzHGs7t o we F&o] &4
3] Ar3tE 7] Mol AFAZHEFTE 70 49 Ase oFjAA Feth ©
ghAl, GAIAQ A rddME Zro| A3 A3E7] Hels Alg 43t o
2olA)2] gou, £ Zrap Alo] $hd3] Ar3}E7] Aol steeld) 3= ol F
o1 A et 23 AHEATE FAAHQ (simultaneous) £ A3%E At
£ AolA A daMs, &9 Tox() g& ARE H&AIZFF7E Tox(i)
o] ARt FLEA FAHA FE£ES A3} o]Fo{AA ¥ MELCOR

fr

i

_12_



H

=9 £ 7}A ] A3} optionolAl A9t F719] o] & E(availability)l 2|3
2o Ayl A== AAM AR Atz F7I7 EAY o, F1 4
b AlgtE Ao AU 49 AtgE £ Ecl AANANS ATt TE
= stA %e AT A4s oA MELCOR =Wl HPME Al
Ao AL Z79 49 Ashigel o3 AFET

Airborne debris®] AUAE ThEel 7terd WA Al o3 FHrp Foi

K- O

N

o,

de;.t = Eox(i,D— Qcas(i, 0+ Su(d) 7
AN, Eoxipy = Asturgd o deluA A4eelw, Skl &

HPME source $} ¥#EE enthalpy source rate ©|th AolA AU 712
o] AAGEL Ty o] ZAIETH

Qcas (i, = ——%i;(zt)) - A Tdb:;zH—T(g( b Toa) ®

A7lolAl, Qi) E AAAU driz APHE A ol&Eel,
Tur@® = AolAA i HollA airborne debris 2HH trlze FdEE AF
ALgA Wole] AlZtAsolth 28]R, HGTar) & £8E9 2% Tax oA
AR g2 o] FHFol, Hi(Te) £ 7148 &% Tl =48
g9 Uz ggFoith 4 (DY He oI 2.

H(, 0 = H(, ty)+ Eox(i, ) — Qgas (i, 1) 9

7)ol A, H(ite) & integrated enthalpy source, Sn(i)dt, 9 Z7H8 3 4k3igk
So BAY ALEFE A2 - HEE =AHEEEY o ot} 1

_13_




213, Eox(it) & A% to o t Atololl AAE AbstellifAlo] 1, Qeaslit) & Al

¥ds

o.

to o t Atololl AR AU thrldl HEd FolliA Y Y22 thad 7

L+ dz[ Qg( i, b

QGAS( i, t) = j; THT( Z)

Q

] dl (10)

A71A, Qelit) & Bl A& vtEstool ok

zs_]

JO(i ,
ng(tl, Ho_ G])‘i;(’:)) +[ Qsre+ (EOX;;QOX) a1

QSRC - SH(Zr Tsrc) - SH( i’ Tgas)

available source enthalpy ©],

Qox = Hox(i, Ta) — Hox(7, Tgas)

ArEIHR-EQF JEZ A old] A4 ¥ available enthalpy ©lth 4 (10)3
(11) 9 A+ g3 Bl

Qaas(i, ) = Qowx[ l_exp(:—r}ﬁ)] +[ Qcect EOX;tQOX

X {dt— THTX[ l—exp( }:; )] ] (12)

_14_



o 719 A, Qorp=H(G, T(t0))-H(, Tgas) & 71 E N4 X o]t}

A (DEH A (12)71RA A HPME source term & X%, source 7}
A3}, dAY, settling / trapping & Al A FIHEHAES W obrEE
time step dependency & AAETh A7 (advanced time) t 9] FelliA
7} AAEH, 22 HWHELE Huax © s3F3= enthalpy ¢ HindEH.
ghek H(Git) 7} Huwax & 233oHd, 4 (9€ HGY 71 Huax F L&
Qcas(it) ol dis] thg3 Zo] Fojd.

Qcas(i, ) = H(i, b))+ Eox(4, ) — Hyax (13)

oo ul7|2e] gAGd 93 advanced time debris temperature®] F7}E
A ZX Tuax ol AFHA 7] Ao, Tmax < thFFH Zo] FolA
13

Tyax = max [ Ty, Tan(t), Tanlt), TH603] (14)

A7 NN, Teae £ 71ALEO|T, Tan(t) £ time step AZFelA S =HEEE
o] exo|n, Ta(t’)) & #AZ inventory ol M2& source EAE A7 o
2o wALHES exo|th T4603 (airborne debris temperature, 71& 3%k :
3700K) 2 Y¥tH oz A (14)¢ max functiondlM & F&& ZIA43tE 7
=A% 460301 Q& dZEHolAE FALxEelth T4603 o 71EFS UO,
o wsHA Ao FUsH, o] F& ZH(sE LENAE debris droplet o
B9 (fragmentation) ©] "% W23, droplet 3 71A 7] BAE] F73
F718

Airborne debris ol ©lg+ advanced time temperature o Z7 el wet

advanced time mass equation (2] (1) ~ 4 (6)) & settling / trapping °ll ¢

_15_




3 7N AAGE ¥L&s 2FTh AAH(settling)® EZH 2E9 Y
2 - FL airborne inventory 2HE AR, AFEA YFAF A o) A
Ay BHd FAA FHAde] FAE A, & AAH advanced time
E<¢te] # airborne AFL A AN HALE S CFe2Z2A AdET
oF advanced time F¢te] % airborne AFo] DCH HAFL AloiAAHe oy
719l source A9 FAFH vwsA wl¢ ZohH, Ao Hd Holde A
A airborne AFL FA] EFF W AAEHI, DCH 71 2 5T AoA
oA Byths uAR7E AREAtelAl A2tk Airborne Aol FAoFY
& ZAAScH AESEHe HE&L UHEAST 4606 (ratio of the current
airborne debris mass to the integrated airborne debris mass source in a

control volume) ol 93} ZA=H, 7|Ego =2 0.001°] AHE-E

Deposited Debris

A7Zrt oA B i 9 EF k o AFE T Ho] FoiAth
MG, kD) = M@,k ty)+ S (i, k)xdl (15)
o 7] ol A}

t,+dt
M. k) ,
J, T )

S,k = SG R+ ’[ (16)

o] SGik) = X i 2 trapping ¥ AE k9 constant mass source rate ©]
th 4 (16)9 2% FHA g FHORY settling o 33, AHEA}

_16_



Aol settling B i o AA A Hol et FFolth MGkt) & Tsr()
L ztzt AojHA | e AR k o airborne o AT settling Aol

o},
Ashrgo] BASA @ UO, 3 T 2AS dP settling L

gt gol Fojdth

ftowd:_%fz_;_)_dt _ M(j,k,to)x[ 1—exp(—T_s—§£j7)]

+SG, B> {dt— TsAJ)[ 1—exp(—TLST%T)] ] a7
S AEuge] BARE 2450 BE settling ¥ Thed BT

[ e ;if% (MG %[ 1=exp( 7 )l

(Y

+ S, k)[ dt— Tso(f){l‘exp(_fsz%)—)]] ]
(18)

A (18)2 Tw(i) 7F Tsr() BT 423 =@, 4 AN Z2A 2o i g

2o )& settling ¥ o+ &

fioHdt-—%ﬁi)ldt = M(j,k,to)x[ 1—exp(—ﬁ%)]

+S(j,k)><{dt— qu(f)[ l_exp(_T—s—rgEtf—))] ]

+R{ ;f)ig))] [ MG, 1, ) + SG, D(dt— Tso(i) = Tsr(i))]

—[ MG, 1 t)—SU, DT (D] exp( f;gtj) ) + ;Zi((?)

._.17._




<L MG, 1) = S0 D T exo( o

)} (19)

AA71dAM, 8 1 & A43E A4dA FEA4EL, R & BgE | 9 @A
g Atstel] o3 AHE AAE k o AFolth IHE =4HEEFEY AvA
E =48 859 settling ZF A Y enthalpy & T3S source term, Su(i),
£ A3 A A (D~149% FY3it AHAE =48FE9 enthalpy &
2 9r AMdEs HFIAZLY @Fd FddEz dAd"Ed HFARY
enthalpy & 7HA€ AFE =4HE8EL 48 ¢z 4 (159 FHEHE
time step ¢ FHIFHN T FHE AL Airborne debris & FHE =48F
29 X o Ho|F2 dHEd Utk oA dFHAXRl, AHEAE
airborne debris oA w729 FAY thdt AWFFE BT + Yok
CVH packageZl 1 E =4HE8ES] 258 FARHLEE Q4 K37 o
o, 129 =4&FENA CVH pool EE U729 dAYL axzor
293l7] AMAME =A4HEEEY 25 CVH 7t 43l Heat Structure
FHL2E o APAAC ok mEA, ml¢ FE AYTE ZUAETFY
gholl 33, 0.001sec7t EHoz o] HAGALS A% A4 4 (12)9
MM =4LFEZREY FHFHO 2 JAGFE Ast=d ALSET
THY G2 time step T FHE =4S ET BHTY tgH 2L HF
dHEATE dHst= AHEE

A _ QSURF(i’ t)
SURE. =™ AqureX AT X dt

(20)

o7 A, Asurr & T2 EHHo|, AT & time step 27|98 =48§
B9 =9 F2EY BHLEY zlolol, Qswrr & 4 (12)9] dH oz
dojxl= ghelth
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MELCOR ZE=We] 7tdd DCH Ede ASHE DCH ¢ 2E AHA
3 AR-E =237 A% AL oivn, dAS MELCOR REdAMEY ¢ &
€ nodalization®] 878t $HezE MELCOR ZE=v AH-A7E DCHO
71 8% 9L A AFHAMNY YY S HMAA AAAA adE ¥
N 4 UEE Ho| len, HPME EduolA 2 Ao FHo dis] A=A}
ol o8] HAEE AFAIZHIE taunll), BHEAILEST taun() ¢+ settling
ANDAAS tauseli) ol Hh3 D74 ATRE AEF@oL ol2F AT W
BE3 g JlEAez T 71A wyel o3 o AA, CONTAIN #
Ze AAAQY Z=9 AHT} 0T ANYFEY BIFF ;& FoheE A
€8 F Jd3, B4, 4RI £=0 Ui FHHA PP 2 REHY
SAA) s AZHAS EIFE HAE &Y & Utk UREY B F
H A ¥ o] parametric PRA 3l dlA A 3F3lch

4.1.2. CONTAIN Z=4 9] DCH 2dY

CONTAIN HArZ=ulolMe ZAd§7 HH7E @4 g 243
& MELCOR #AZE=7} vlnd B ALASFE o83t d4L vuH 2
@3 2dd widd, Abx Ao mel kg gol uimA AAME] A
33 it

- AR PR FHAREL 5% AvEHNZY §8x=4HF 7AW
4

- FRElElf el A o] o Roldt

- £ 8xA HEFAYAAN A S8 LAY o]F A

- ABEl 2R AGAEUZ HEHE vAdAS AT

- 8= 47 F8 BAEDY Hshiks

CONTAIN Z=W¢ DCH 242 x4%§E UAE multiple field2
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FAFgS N2z an Yot olHF Edy o2 A5 airbome debrise =
ALEE QgAY Z7e Aro2A FHE 4 Ut F fieldes I AA S
characteristic size, mass, chemical composition 21 X5 ZE=th
CONTAIN ZEolM xASEFERRH FH29 3 & duA FEzugd
Z}Z} 9] debris fieldolA Rd A}

CONTAIN AHAtZ=ole olajd dAAES sAsty] Astd Hadt 2
& multiple field 29, debris transport and intercell flow 2%, DCH trapping 2d
3233 DCH chemistry R2E5< MHeAstm glo] DCHol tig Bk A7 A4t
o] 7bs3ttt

Multiple Field Modeling

CONTAIN Z=u¢] DCH Ede F33 5L =4H88E UYAE
2 7je] EAH field2 2LAY & e TYolth e} debris field
typeS 1 A9 EA A< mean particle size, initial debris composition, |
% g8lm 55 7HA9, multiple field modeling®lAl DCH A4t 2} field
o thall A AL, e, 181 78 g2 BEAXNES WA e AL
4% 9tk o]l# & debris fields®] 7AFE AHEAT}L ol 7Hsd 7]1H-8Fol
AF-e By o YurH oz 207) )3t fielde] MFR ol&3t= Aol B
g3ttt

Debris Transport and Intercell Flow Modeling

AGgrIUoAM Y =HEEE YA olFe FERT ETFTE4
(inertial flow momentum equation)& AH§-3te] A oA H 2] debris flow=2A
wd3y @}t Inertial flow modelingslX =488E YA 71A= FE(flow
path’ & 39 &7 olFCIH)se Aoz syEr 281 4 /=AM =
AR EE Y9}t 719 frF(mass flow rate)2 theo ol REEM

_.20_



Wy [ gpy— Cpe Pl W] As (21)
4 i

if

9 Ao 2z parameterE¢ 9ulE o&3 2o
W, = 28 Fald AoAF ist jTl olFHE ZIAAEE AR
9t = AEFE A F FF(flow rate)
0. = Zt debris field®] aerosolzt 714 FEie] £49 FEEE
4P, = 230 o3 2a=HE AoAH is} j7e] ¢ 2ol
A, = FEHH
L, = fr29 Zo]

Crc = flow loss coefficient

Chocked flow FE AAIFF(critical flow)e FE&e] S5 33t
= Ay g 2L © dojdth ek 42 E FH s2E frE AL
74 A 2458 (inertial mass flow rate)ol YA AFRF&(critical mass flow
rate)e ZFsoE, AFAFeL JARFREEH Ton JHATG
Chocked flow EHold AE&§2 Yatst 71A9 JALFRETELS T5H
o] EA®TH

F

oo

Wy.c= (80— 60DAwid v.Pu o1 (22)

a7 A y,=C,/C, = heat capacity ratio
6= el ¥F

vy = vena contracta parameter

._21_




Chocked flow E oA &F=AYAe} 71H EFEL st o]47A
(heavy ideal gas)® HFH &&= 2 AFHFTETo] A At ghef
F2E 53 22¢ %59 BHEAFHTE H A9 dAAFFEES 2
o, 59 AFRFTEL dARAFRTES TuL AT wpA T
°f F2E B3 z2& f%Fol YAFS(choked flow)olHH 5 mhar&A
(friction loss)& 4 (21)9] flow loss coefficient Crcoll 93] F&E WH= A 0]
otz 4] (22)9 vena contracta parameter v;°l 23 J%& L=t

ditx oz =AZFER VA EFEY =5 EYEY AFREFE
7 fEEUZ(flow density)ZHE FHAH, o] ALl 7|AY} =HEFED
FA 3ol Rz JIAHY HEd B S22 AT A EH &
Mgt

[V‘“

2.4, (23)

Vei=Vay=

A7lelA otdl A go} de A 7IA S} =R EES T

CONTAIN ZEZ=dAME MELCORoIA$t o] Had matXe DCH
A4+ Al HPME event®] debris dispersal phase® FAMet7] 93t AL8-A7t
A A= source tabled AHEE = Qlth

DCH Trapping Model

AGAENY FREH 258 £ FTZXEd BRAHAY Fo 97 2
FF3l5o2 fgx4lo] F2EY oA AAH= H#AHEL trappingolEt T

- 22 -



t}. =0l AJAAH YN &FA trappinge ThEF 2L first order
rate equation°l] <& &H$gtl

dm,»,,
WocH, rap = [ T] o= —AinMin (24)

Wochuap © time rate of change of airborne debris mass in a field

A Aol A ha= AoAAH iol A9 field nol HF trapping rate®l ™. Trapping
rates Zt AMAMNHAAN ZzZte] YA fieldol wat thE F oy, FoiA
fieldst A ANAAE YAE) thF trapping rate hin2 ZTIL 7HHHH,
AlZboll WE trapping rate Mne YA T FPR T TR ALEAIZEZEA 0|
A2 FojATA Fojzl AAAZIAN W) field n, cell i14 &3 kol
)38 HF trapping ratet T3 B |

(25)

[ dmd.i,n,k] . [ 1—exp(—A;.4t)]
dr wap My in k a1,

9 Ao A trapping rate A;,2 AH&RC Q& FolAAY e AojAHU 9
7], de-entrain®le x=AE&E9] 54 23 &8xAF 71A9 inflow
rateS-9} A wal A4k F, CONTAIN Ad4§7] FAH7td 84 =24
= o3} & 47}A trapping option®] UTH.

- USER trapping model : User-specified trapping rate
-~ GFT trapping model : Gravitational fall time
- TFI trapping model : Time to first impact and fall

- TOF/KU trapping model : Time of flight/Kutateladze criterion

USER trapping 29¢ 713 7198t n%E Al $3 < (parametric) 2E2

_23_




A, AFRA7E ZHzbe] AlojA & o] thel trapping rate ME ZHe3] PO, At
£ 217} A 93t trapping rates AoIA AWM ztzte] YA fieldoll didl FY
Al Aeselol gtk &, ZE YA field noll thstd kin = W7t HmH, o] 7
$ tapping ratet 2Z+zte] fieldollA Yate] A9} AEe g3 IS ¢A
A o] hE trapping model® TEEFo] ATt AlEA A9 trapping
rates YurH o2 YAHE AR user tabled AME-3t] Alzte] waEl W=
trapping rateg ¥ &= ot

GFT trapping 29X trapping ratec AIAZHW th7]dA x4
£ EEL 79 Oz NAHEY FHol 43 3Hgravitational fall rate)ell
g Aolges Aoz 7FHY, b Po] RHEAT

9 Aol A
verin = AIAA WY field n S8=4E YA terminal fall
velocity
Lg, = AAAR WY §8x=4E U] T 9T 33l w0

(characteristic gravitational fall height)

o] 2o trapping ratet 7|49 UEe HE f8x=49 U= Ozly ¢
o) A7lel JFg won, YAEL FHo|H tr]e A A= l(stagnant) 3
I JYAEL st 5 AR A gL 8HA g Her UFHT
=g

TFI trapping 29L& &840l FZEEA €A &3 W F=
Fol FHol 9 Higdoez HojAue JMAAl ZlZstn em, TFI
trapping rate= YA A HA FXEH FEI|ZHAY vBAT FH
o5 vatete A7t e Ho| Hol, o3 Zo] EAHH.
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A=—1 27

R
N
K3
=
N

a
A9
R
o
=

Trapping rate= 78 A, 4A fieldd §4(=271, 4£%) 12 71 A 2}
ggrale] fYAHdl 9¥e vt TFI 2d3 TOF/KU 2d& AR
o o8 HAAE F2S EF VA §¥=AY AFHEES AHEFH a3
o2 ASRE Agsr] ARG A9 AA ALY A% &8
FEo e K25 FYs) Folok Tt

TOF/KU trapping 292 TFI 243 trapping rate7} th7]1¢] e,
A} fields] E4(Z7), AES) 2T 7% S84 KU TS
won fgixio] TEE I FE F YA re-entrainment’t POt
sl AAS7] 989 Kutateladze entrainment criterions AHE-FT. whef,
re-entrainment”} YojutA Getid, 84S TEE EEHEl trapping
rate= TFERE7HA S vk o] BTk TOF/KU trapping 24L& F 7t
2o 2E Wale] nEHEHPS™, TOF/KU trapping rates e M7ARAF 3}
Uz Addn.

a) trapping on the first impact
b) trapping on the second impact

¢) no trapping or re-entrainment after the second impact

TOF/KU trapping EAA 919 A 7tA A$F o= ZHol 23t dA
o} 7He &=, vAAYS g FFS T Kutateladze number®l] < &
AA gt}
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AZ (28)

Niw= V (pa— pggo

TOF/KU trapping =9 9A trapping rates 99 Al 71A A9 o

3 o537 Zol EAETH

_ 1
a) A= min(ts,lv tgﬂ)

_ ]
b A=

_ 1
e (R Y W)

F 5 A SFE7AY A A
| WA SE7MAQ dYe Az

I“HT

HH 5
WA F

0:1710“/\-] ts,Z

mln
X

o3

o] g Kutateladze numberg AAt3l7] 9135t 7|A 9} §8xA &,
A F ZAHR &3ln, TOF/KU EdolA default Kutateladze

number Nxu cutoff valuetx 10°] AAIH1 glth
A&7 AH7ME ¥4 trapping RdolAME UHR= AL

}o %

=

T3
23t 7] st v 2L 39 ¥R Ayt FolAG

Amin = slowest allowable trapping rate(default = 0.0)

= fastest allowable trapping rate(default = )

)\-max

Amu = trapping rate multiplier(default = 1.0)

e ATEL A4Y filedlA A2 E£E A4t o3 g3 Zo] B

olg W

il
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e

A:maX{min[/‘max.(/l'/lmul )], /1min} (29)

DCH Chemistry Model

oto} WE g S84 fielddl ¥4 SEAE EASIE AEAEW
15 b B g sl Ao, AdEr] FPAE dAFES oS
I e FEA4E AghEkg o] dojdth

4
o
N

Zr+ 02 - Zr02

Al+ Oz - A101 5
Cr+ 71— 0, = CrOy 5

Fe+—%- 0, — FeC
Zr+2H20 - 2702+H2

HzO — Alol_s + i

3
Al+ 9

7 H,
crid 3
r+ 9 Hzo - C701.5+ 9 Hz

Fe+ Hzo A FeO-’er

ol s WLEL Zr, Al Cr 28l Fed &£22 ¢3}3(hierarchica)22 ¥t
28 Yoyl Aoz HREH, Akre F719 HhEe FAY PP Tt
g gk AAY timestepF &8xAl fielde) F&/GECl nZETH, F
JlEThe Abro Fehubgo] Myt 7 wge 2ZE §8xA fielddl Tl
o £aFoz AP, Z fieldo] thet] AssEe gL fieldhel A=
o £x, AE 1a3lm AV|Sd oFEdng Yurger A2 E & UTh 2
2l3 CONTAIN Z=u¢ DCH chemistry @& airborne debris drops®] 3t
sturgwt 12 3th =, trapped debris®] #eHikge 1E3A Gt

N
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CONTAIN Z=u9 DCH chemistry 2Ed<& 23 & yrje &
o2 FAHY.

a) airborne debris drops EH o2 9] 7|39 o]Fd gk =dl
: gas-side transport limitationoll 71Z 3lol| fieldol Ue F&AFEN
uk-8 A] ZHeffective reaction time)©] f+E=¥®T}

b) drop-side transport =&
. drop-side transport limitationdl 71& 3&ol fielddl Ue F&EAAEN o
3l W8 A 7Heffective reaction time)o] =R Tt

¢) gas-side®} drop-side?] w39 AYY

d) 3etkg oz Qs AAHE T4 AATH

DCH Heat Transfer Model

DCH heat transfer EdL §8x4oz2RE 7|29 d{FIAE, &
A A ¥ 3§31, airborne debrisd @A ET 13

DCH Hi5gdg

fgxcAozrny 72 YRFIEALLE ZAUFZE 71ASH, Fo47
field n, cell idlA dFIAGEL ot 2o

d iLn
dDCH, conv = [ %'_] mnv= hi,nAd, i, n( Td. in— Tg, i) (30)

oA7]eNA ot HA go dE 47 71A S} §FF=AHES uFHh
agn FoiA ALARTA At it dFIAZA g3 §Fx=He=
He di7]2 Agd AR FL ol e}t 2
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AQC=[ i%ﬁ] 4, (31)

DCH EAlE A 1=

Z0]7A field n, cell idlA §§xAo2RE tr]|2e HAIEAEES
oS3 Zoh

dl in
qDCH.md.gz[ _‘%{t_] r”dv=5d~g6Ad.i,n(T?i.i.n - T;.i) (32)

£4-, ' black body radiation multiplier for debris-gas radiation

9 A ok ZHT-EET Afolw oty FA gt de ZF 1A &
§rAEe 9uat

AR RALcM FUAT A Aggr] AHsEE Aol thE 49
Azte) W3 AzFZ FaAdd mEl USNRC(United States Nuclear
Regulatory Commission)®] ¥91© 2 SNLel SURTSEY DCH d4¥ZA7t A
Z5 A SURTSEY A433AE 1¢ =485 £3An A A3
Aggr] AA7G A4S dFEr Pt AA dAYLAL I FLR
8 (scale model)e o2 48 #33gon, NRC DCH @+ Z=21d
o] Z2AL AGgr WG Bl o8 AGAEY gzt dAFel o
§ B84 4 (uncertainties) & B2 BTt AdE7) APtE @S BE
3 o&3s Holth. ARAEY AWHEL FAF At AL £F
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AQAE GETH TE ASl U

O AgHded 27 A=A

@ FAHERZ E2He §8=4dEy ¥

@ F29 A47 A=

@ z7) dH2PE dolMe AddEe F3Hload) HH

® AHEM AGHEZ HEFE §8=4 nAdAS byl F 71A4
7Y €AdE

® &¥=4He FEHEN dE ek

@ AddERS FEEo] &84 HE v ¥

A B E9 %

o33 EGAAR AAEY FTE dotry] et 199237 H IET 4
5ol EAMA FYH 231 Yok 28 12 SNLS| SURTSEY H3FA
E Agdoz Jegd Folth a¥ 1A AAFZE g3 1A= U=
A=Y Yo FLXEo] SURTSEY vessel2EA Z71'd4 7], 922 d4g=
T S84 e Ad8RrlE RARID itk £ dFdA=  SURTSEY
vessel 3tE9l A FR 7] 7|Aut=to 2 HE crane wall, operating decks<
2ARLL Qe TEZREEL subcompartment® 9342, subcompartment
£ A3 ZE FEE SURTSEY vesselelgt 3ttt

IET 492 Ad87] HA7IE Aol i Adas 4dPso ust
o, 7H3AHQA 19 =AHREE EEAILE BARREY A7 FH3E a4
7 PHEE AGAEY AR g FFAHAYA AFE 371 A%t SNLY
SURTSEY vesselllolAl IET-1& Al#ez HI7HA] AP i ot
IET A3dA 9AZ sI8Els Zion |2 @A 1110 A ¥ F A7 2 (linear
scale mode)Z AZERon, Zion A2 FHHE W Rl Zion plant 7]H]
g uigte] Y45 X A Z2AS U 4EES AAEES o,
A2 ItERe AF A HEHT =4HEEFES ZARH] A8t 43kgd] A/
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FanF/d2oge] EF2o] AHREHUTH SNLY IET 4852 &4 v
e 2 g zryjzAcR FYPHYTH

42.1. IET-1#% IET-1R

IET-13 IET-1R 431719 53L& Ad87] ARHE el oA
o] subcompartmentl® TZEEY IFL nAII] Hdte FIHILH
SURTSEY vesselll®] thrle AY Aax2 FA4= vk IET-IRAAM=
[ET-18th 7] BAEE £%719 ¢8-S o @A 43¢ A o= A
28 7] Z2AS0] AL R IET-19A = driving gas® %7] AUdd
71MPa, 440g.mol®] 4%71& Atgstgen, IET-1RAAME 27] HFUYY
6.3MPa, 477g.mole] FF7]1& A8t

Ay A, £8x48 SURTSEY vessell2 ZAMAII7] $id FF71 o
8] SURTSEY vesselthol 4 IET-1914] 98kPa, IET-1R%IAl 110kPa A=< 48 F
7b7b YRt ™, steam/metal ¥-goll 9% 4 @A IET-194 223g.molo]
3 IET-1RAIME 252g.mol BE7t ©& gas grab sample analysis2 & <
Ak o] AYL B ¥ 5 UYY AL IET-1% IET-1RNA &84
Jgas®] FAYE subcompartment TZEWS flight pathell &3 A=
Roltt.

422. IET-3

IET-3 43[8le IET-1& #H%¥ ZHe& SURTSEY vesseldl
0.09MPa®] F71¢t 0.1MPasl HAA 7t£g Hol Z#AH22 AvEUAM F
71Zuk(steam explosion)e] YoldAl R&HA & zto] Sele FUT 27 =
A AT IET-1 AYA F71Edo] dojuts T4 ol ABE
ule] Wzt4e] 243 713 (vaporization) d4o]l WAL H, Adre F4E
A2 gurs] 2AAA IET-10149 98kPas Hla @ o 423 & 246kPaclt=

¢

By
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24 FIME oA H I, steam/metal ¥Hgol old AAQE 223mole] T4
186mole] FAAH UL W, 37mole]l ¥H&3] g3 dol Utk IET-3 482 AY
£7] FH719d Aol SURTSEY vesselle] A RE F4E daAd F
Atk A¥H FAE AAEGA

of

423. IET-4

IET-4 A#[191% IET-3°] Hla) <zb @2 9.59mol%(ET-3X =
9.0mol%)2] AtA7} SURTSEY vesselWoll wl2] ZAJ313L crane wall W52
basement floor®ll Zion planttle] §&d Wz £&¢ Tlkgdl E°] Ad=
A ol9dle IET-3% 5UF 27| AEANAN FPHUTL o] 4d A,
IET-1914 % 7]Z 4 (steam explosion)®] WAsHE Aol FLF Aol A
29 F71Edo] AnElielA EAsH e, w2 SURTSEY vesselol F
H Ahes 3uE 4o dAE JdoH [ET-10149] 98kPa, IET-3°1A 2] 246kPad}
Hayg o A9I3) F 262kPaclgte HuYHY F7HE °kr|AZA L, steam/metal W
fo] 93 AAHE 297g.mold] F42%F 236g.molel d4EHAL W, 6lg.mole] ¥HE3}HA]
%31 SURTSEY vesseltloll dob Atk IET-3 A¥o], A&7 AL @3l
FAE A SHEA 924 5 Utte 4383 FAE FUUY, [ET-4 482
o] A& AMFAAIR AFoltt

424. IET-5

IET-5 4¥[20]& AYHO 2 inertd @HolA HPME®] 23 4 &
429 FHZE Yolry] $gte P Aotk EFxA4FAFE(molten
thermite)o] 6.0MPa2] F7]o] <& AAZAUEINRZ WEHH, inertd #7
< F7] 9% 758mol%e CO; 169mol%e Ni 4.4mol%el 0 231
28mol%e HoZ FYF A olddE IET-49 A FTUF 27 A& A%
st
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I[ET-1% IET-4o1 A steam explosiono] doivb= AlzZtthel Ao L A
o] A2 steam explosion®] ¥ojtkA|gt [ET-49 B4 75.8mol%S CO7t 4
o] dAAE YgAAIIER, HuYHY F7hE= 103kPa FEe|R, o|u] SURTSEY
vesseltol ZA 3= 202g.mole] 4 ¢} steam/metal HHgoll &3 | 313g.molel
44 % 9F 50g.mole] YAHYT oF 465g.mole] ¥HE-5A] ¥l SURTSEY vessell
ol ol ATk o] Yol Folgutgt ¥ M= A3 optical pyrometer7t 53
3 crane wallel 2%=7 o 2250KE, oA AP chute exitd] 2E& FAH37I
98t A=A optical pyrometer’t subcompartment FZEA 9 aerosolEel <3
FEFL WS HAE F A HA

42.5. IET-7

IET-7 482112 SURTSEY vesseldlol mlg] EAste F471 A
871 AA7E 4ol nAE 9EE dotEy] g Aot FF=AYALE
(molten thermite)e] 59MPagl Z 7ol <& ¥z sHEZ WEHH, Zion
cored| A Zirconium® &< Atste]l aF 471 SURTSEY vessel
o ZASE AL AdstnE IET-49 A9 93 7] 248 AU
ma} A, SURTSEY vesselt] 7] %7] 7442 859mol%S] N, 9.57mol% 9
0: 1383, 397mol%2 H:2 o] FoiA Ut

SURTSEY vesseltle] 7] Aoi¢d& 201kPacl, AEE §8xAda ¥
2-7ke] ¥rg(Fuel/Coolant Interaction, FCI)ol 7HulElelr #A3te] SURTSEY
vesselll® Bt o] 271kPa7tx| Z7}st¥th. Gas grab sample analysisg& %3+
oln] ZAPY 284g.molel §4 ¢, steam/metal W3-l o3 A4HEY 27lgmol o T
A %, HPMESl 93 AAY 27lgmolirth B %9, &F 32lg.molo] ALHAR <F
234gmolel We3tx @3  SURTSEY vesseltlol dol Itk FAniEls
subcompartmentoll 4 $§x=4l2 Az o8 AHE FLE FZENA domelE
w2 U7 e A diffusion flame 2 A4HAT 2, FHE H1U4H L 321g.mol°]
ghe ko $adio) sFste AWE 2RA 2A FkEAE gUTh 274 T4

7} ZAsA  @gd  ET-48 Hlzsl BEH, $£4294%FL  [ET-4dAMT
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79.5%(236g.mol)°] 2, IET-79lA & 57.8%(321g.mol)e] Usten Hagtge Zs1=
IET-490 A 262kPa, IET-7°lA & 271kPaz 2thx] 2 o)y} gles & 4 9ok
Basement flooroll W2t4=7F Qlo] H¥3 IET-3, IET-63% HuyHe vas By
IET-3¢lA 246kPa, IET-6914 279kPa2 viz7txlz2 2 ztolzt gloh. o 7)A,
basement floore] Wzts9] EA4 QRE HuPPe Fvlol ¥4 o] gl & 5
At

4.26. IET-8A¢} IET-8B

IET-8A A3 EAH2 1a A%l AU4Ed 8§43 P47t
g AGAEe Fi3g @] fAsiMeln, IET-8B 4¥9 Z3HL HPME
AYZF] 8= Yt Ben AGAEY Ris 47 ot
[22). o1& FAE +3y3t7] st IET-8ANME {§x=44AHE(molten
thermite)°] F¥7te] P& 2 (1.6MPa) melt generatorol UE holed E3)
A2 AHEZ FHUA SR, [ET-8BAIME £8x44AHE (molten
thermite)& 6.3MPa®] F7]d 93 HEAZAT 2 o 2HL F AHo| A9
FU3H, FHul el Y2ho o] 62kg(” o] 14cm), SURTSEY vesseld] ¢
Z7] Huldgo] 0.2MPa, 27] gas9] AEo] 85mol%S] N 9.8mol%2] O
4.3mol% S H> 121 0.03mol%9] CO2te AL AYslie g2 AYES3 A
o] Y =S AHE3IY T

FAZANUE R 4HE FAFOEZAR T AYPN §LF S84
o @zheziel whgo] dolds & & AR Y FstE IET-8A
A 87kPa, IET-8BNME 243kPaZ o]d e AYSo) vlg) okt Fe Az}
Ut 3 o2& F 7HA sbsAel dAHEH, AAE Augue Y4
7 8o dAAvRE ZaAYE JHsAdel 32, EXE HPME A €
Hx4 plumed] W3 +3F719) inertingd&o] o]A9] AYESHT $£Ai9 A
a7t d ¥dojd F githe Aot

AFHo 2 IET-8A ZHE EY, §8547 Y47t Higo] U
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oi}7] AEE 30% ¥ steam/metal §Hg-o 28] 107g.mole] A7t TA A
31, 114g.mole F47t AAFHA L™, 15417 F ek 176g.mole] 471 &
AetH R, 153g.mole] F47F AAFHAS. ol HPMECl 9% SURTSEY
vessel?l ¢ F7l= 0087TMPazt 8ot old A#AZ §8x=4Ad Y59
2 AWk 4 d29 SURTSEY vesseld ¢4 F7iet= A @A 7
RS & & A2, AANEUS g Y4+ SURTSEY vessell €] ¢+
ol o9 F 7IA AvtsEe AA4E JHRYE AL A48 + U Gas9
L= §8x4lo] MY ElY subcompartment®] WYZFE FEAIFIHA Hel
UAE mstzloz Q3] A3 #AeA Hu AAHoE HudEHe FaA
1A, FdE £& A 4 F7AIIA He Holth o] AWt F A3
2 Q8 Hugye g2 AYR o HRIA oA FHol ol2F AN
o] FjulEll e W AGHEY dddd avxA F8F %S HAA
Zga A& + vk

43. A=

In
o
o
ofo
rt
o
—
>
i)
A
1>

¥ A7 AE MELCOR Z=9 CONTAIN ZE=ul¢} DCH =d ¢} 7
%2 93t SURTSEY vesseldl 9] th7] A& <ele A9 &27] A¥xA0]
98 SNLY IET-1, IR, 3, 4 28z 7 438€ ti4o=2 DCH 84S 34
st APEY Z7ZAL R 19 FoljA ow, 7] APZAAA EAL
21 (Z7)9 &8, % 2 SURTSEY vesselti¢] ti7] A& dl= Aol7t §l
t} 223 MELCOR ZE9} CONTAIN ZE=o) AME-® IET 439 Y¥rd
2 Y 29 o] o7t Aold AojAH 2 fZ(flow path)Z o] FA U
Ag4r) FANE 84 A AGAEUY a2 AAF ¢ oln EA =
(pre-exist) FAst Ataol %o AGEr] AP L 43I FIAA
AGASZ AR AHAd AAI Gge vF F genz B dFdANE
AGASY nlg EAE AL F4 g ojazeaFe div] 4Eel A
g7 Agsta w4 A Agase Add nAE dge FRHo2 HAY
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st

E dFdA IET 4¥E& MELCOR ZEZ A4E o 13dxe ¢
FAY, vNAs BAMo W42 airborne debrisd AFSA MM (Tox)= 0.025,
airborne debris2 %5 th7|2¢9 HHGAIFF(Tur)Ee 042 Ao 2
21 airborne debris9] settling AT (Tst)= AHIE A= 015, chuteol
AE 035 subcompartmentolAl= 025 18]31 SURTSEY vessel® upper
domed A& 06022 ztzh Fojstdth. MELCORS CONTAIN Z=9| 4z}
g 29 option2 AFSAIZHGETE 4o goer HHULBE 4t Zr, Al
a3 steeld] 22 APE= TAHU(sequential) AH8tA o] AL EH Y
2283 MELCOR =9 AMgukgrde AkAot F7]9] o] & E(availability)
oA o3 F& A3yt AFHER Fld AT Az AoAM AR A4t
FE3] ZASHA oFs BTt AArE®, CONTAIN ZE=dqAME AL F
716l o8] FAle AtgHtgo] dojuts Ao AT W [ET AHE
S CONTAIN ZE=Z A48 d+= trapping rate?} th7]e] A, YA} field2]
E4 o=l 71 §8xAHY #YdHd s 9L T= TOF/KU
trapping Z9-& A-8-34th

a9 37 4% IET A¥E9 baseline test] IET-1 432 MELCOR
=9 CONTAIN =& A4 subcompartment el A9 =9
SURTSEY vessel\lolA8] 43 Hstg BoFEtt 1g o2 8E MELCOR 2
= o AAAA A" #%FA A LA st=w ¥l CONTAIN ZE=9
AANADDE 27] 2E44S MELCOR Z=9 A4 zt3 48 grt ¢ =
Al 7338, SURTSEY vesseliolA e ¢gd<=E Axtz ez MELCOR A
Ab @ 43 R 9 A A4dE B 5 ok o3 Abd2 MELCOR
Fx=9] 742 SURTSEY vesselolA 3&|2 IET d¥Ed sl "3t A4
FEE 1AFES dFdNA FE3] F M 7] dE CONTAIN ZE=9
B4Rt Andde o A2 dFsa e HAFT

a¥ 5% 62 IET-1 4%#$& AM&Elreplication)dt IET-1IR A E9
MELCOR =9} CONTAIN Z=9] AAIo|th [ET-1 4834 A9 Fd
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F ¥z AtmsA A, IET-19 Z$9 A9 dAstes AXdas B
dez2M MELCOR ZE=¢t CONTAIN ZE=9 AlArAzTe] HulFol BlFAL
A & AUtk

28 77 82 SURTSEY vesseldlol m]a] EA3e 449 JL ¢
olr 7] 943 IET-3 439 MELCOR ZE=¢ CONTAIN Z=9] AALZAd} o
t}. Subcompartment®] LEHIE HoFE 1Y 794 IET-13 IET-1R
o] AstAztet vzslx 2 CONTAIN Z=9 Z$ MELCOR ZzHu ¥
2719 =4S RAFH, £33 CONTAIN Z= 9 AAMZAINA Aln F
BrEo FA% 2245 S B 4 Sled, ol CONTAIN ZEW e wd A
SURTSEY vesselt]9] 4bA o] 93] th7]FolA dAHES ZZAA o2 <
T 2EAFEE FEY F Yt Ao 42 4 Uk wHd, SURTSEY
vesselll 9] W3S HoFe 18 8ilAE 238 MELCOR Z=¢| A4t
#tol 4¥ @3 CONTAIN ZEQ A4dATRED #2& 2L 8 F At o=
MELCOR =E=7} SURTSEY vesseltloll 4tA7t ZAste A$ $£48
CONTAINE T B & @o] dadle 3o 74]43}&1 ¢4 o =A «d&5%

F YvE AS BHAFE

1% 99 102 SURTSEY vesseltl9] 449l <o IET-3 A¥Ed o
A W IET-4 4% AdAze|tt IET-3 A¥9 AAIZAe} np3rixz
CONTAIN Z=9] AAZATNA subcompartmentdl A& Al Futio) Z2A
3 2=45S B 4 02, SURTSEY vessel9 &8 = MELCOR =7}
A¥ %I CONTAIN ZE= 9o AstdzEt o ¥4 «42¢eE 2 & doh
IET-4901A ¢ 48 AAZA", MELCOR ZE7} vesselWol] 447} &4 A ¢
gS o =2 AT F dSS AL AAFT

a9 113 329 125 SURTSEY vesseldlol A8l AtA9l £409
FgE dotrr] H3 IET-7 4¥<9 MELCOR ZE=<9 CONTAIN ZE=¢9 A
Atd oty 2@ 11914 MELCOR = E3 CONTAIN ZEZ9} o] Atz
FikRo|  subcompartmenttle FZA3 L2=A4%E Holodl, SURTSEY
vesselHlol Ataet FA27F 2A%= 79 MELCOR 2= =3
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subcompartment] el A} 44 © Ab4 o FAFT AALE AFFS AT 5 3
t}. 2% 12014 SURTSEY vesseltlol] AtA ol =471 EAdtes A $, [ET-3
s} 4 A¥m EUsA MELCOR ZE=7F CONTAIN Z=e A% gut
SURTSEY vesselll9] ¢3& o A 3= AL RAEH.

ad 338 ¥ 1271A¢ EA A3, subcompartmentt] 9] &% 3l
g dZolAe SURTSEY vessellle] Atx R 49 ZAd TAIgle] A
gt o2 MELCOR ZE9) Aitel A% @3} A9 dAst= ZAE Holw,
SURTSEY vesseltl9] & ZoA= SURTSEY vessellloll A4t F4F
o] A= IET-3, 4 28z 7 489 7$olA MELCOR IZE¢] Ao
238 CONTAIN Z=9] ALET o &4 deve 2L £ § A4S E
3 MELCOR ZEZ9| 7% SURTSEY vesselloll &7t ZA3h= [ET-744]
AlnFutBo) F2ZAF subcompartmenttld] 2E=A4SES B F ANeH,
CONTAIN HZE¢] 79l SURTSEY vesseldiol] Atx Ev 471 EA 3%}
£ IET-3, 4 282 7oA AlzFwEol subcompartmentl e F
£2 B 4 AdAY. MELCOR Z=s8t CONTAIN ZHto AHAitAI A
SURTSEY vesselloll Za]3}= —’Fﬁ‘_ g 4tA47F SURTSEY vesseldlo] &%
o Y AsAAezA AdEr] AHNE B 48E %S A F
A Ao AdFE 5 UL, A7y 4 9 449 FYPo] F =M
A gz2A vdede R B o, 4 2= 484 R daEdo] ME
g2t 22 4% 4 Utk MELCOR ZE9 CONTAIN =AY o
229 AGAENY iy R disl dg9 5 7HA ghgel diE ALS
g

Hz+%'02 - Hzo

co+42— 0, - CO,

MELCOR$} CONTAIN Z=2 34 IET 43859 SURTSEY vesseldjel
£ CO7t A9 ZAHA ¢goernz B ATdis danhg Al AN A



ZA5s o] At AAHE Fio il ATt WE HIFE
Abg) BTt

2%  13& MELCOR =2E=¢ CONTAIN @ ZE=2A4 A
subcompartment] ol A ] A|Zbol] W& 2o WIFE HAFH 2HoRY
B Ao CONTAIN Z=9 A4belA subcompartment &] 4 o]
MELCOR Z=¢ AAZ#AED o A dFd< 8 F Ut °l=
CONTAIN Zz=¢9] AAtmdoe] MELCOR ZERth ZAd87] FF7E A
Al i AATL T A ALY o2 s FadA: L FIAAA
subcompartmenttl¢] £=% MELCOR Z=9 A4t g 48 @2t o =
A dasts 2857 AT £ AeE gngth o] MELCOR 2=}
CONTAIN ZE=¢] DCH A9 F&¢ 4astndels MELCORS 7% At4gt
F47ke] Abslubgo] £AaMAL dode FUet FE3Y Aghikgol A%
st Hhsle), CONTAIN ZEAME 4o F7ld A% g5 Abseke
o] Ao FaElEg, o]2 <lsld CONTAIN Z=7} MELCOR ZERT &
AL o =4 dZ3td, 9 Zo] CONTAIN ZE 2=A 4ol ¥
A=A AANEE AL dA & Aok =3, MELCOR Z=9 7% IET-7
oA 22T CONTAIN ZE9 A$E IET-3, 4 223 79 ALZAFHNA
subcompartmentt] @] 7t LEASS B AN FAY F4LF H
22 B 4 e, olE o AHAA F29 diubgol dojitEE ornist
™ subcompartmentt} ] LEAIE0] $49 A2l FPHoZ JAFE B
=tk

E-3

2" 14 MELCOR ==s$ CONTAIN =z2 Ad
subcompartmentt]©] AtA9] W& HoFh Subcompartmenti & 5429
WagoA] HaE 7% nAslA2 MELCOR ZE9 #A-$ IET-79A,
CONTAIN 2T 9] AAME IET-3, 4, 238 7oA AlnFubid FAF
Axe] dAE B 4 9lon, subcompartmentoll A8l AtA el dAVl 2EE
S §93e ¢ 4 Yok T3, 18 14914 CONTAIN Z=9] 3¢ AL %
¥lio] MELCOR ZETRT} AAel o] AA3] HE g ¥ F Uth o=
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CONTAIN 2= A}ZAzY 79, 34 §8x47 Aol Asugo 93
subcompartmenti o] 2%=7} 45 F USE uiditl = Azt @ A
A9t 49 HIes F83 IS dln Yot
old] wat B dAFAE SURTSEY vessellollAe] 44 @ AbAe
EA A% AgEr] AR F JFL Lolwy] 918 MELCORS}
CONTAIN Z=2X SURTSEY vesselte] 249 Abio] wWglars Ak
Bttt 39 159} 16& SURTSEY vesselloll AbAsl $450] Aol Zxa}
A %= IET-13 IET-1R A¥lX ¢ SURTSEY vesselll9] 449 wils
HoEt 29 159 1692 RE IET-1R(6.3MPa)Y) A$ IET-1(7.1MPa)dl
Hl3 &&x=A 7] B&tgo] Yo, =& IET-18 HE 4o 84
©] SURTSEY vessell2 #UHAUSAE IET-1820 © B SArgAze
Hol=H|, o] IET-1RIAN E&HE F7]9 %o] IET-12t o Hold, &
FrAdd Wgdls F719 Yol § 7 YEez BoEw, MELCORY =
ol M= CONTAINFE 22 484 4A3) AsA7In, T3 thr]Z9
S84 UAETE oty settling® SFATAE AEIL L AL£Ey] G
o, o] A% FAaA/do] MELCOR ZE=oA ©f & Aoz 73 dth Ee
IET-19] 3¢ 444 Fo] CONTAIN Z=o AAZATS Ao ZAHs T,
IET-1R& MELCOR ZE9] AiATe} Ao ZHIWA AY gro] T A4
Ax Atold USE& B 4 gled o]2X2EH MELCORSt CONTAIN ZE=7}
[ET 495l thaf vlna F&3 AL 539 4+ AL B2 4 Ut
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IET-1 IET-1R IET-3 IET-4 IET-7
Steam
pressure 7.1 6.3 6.1 6.7 59
(MPa)
gteam temperature
(K 600 585 585 555 599
Steamn
driving gas 440 477 456 583 416
(g.moles)
Cavity
water 3.48 3.48 3.48 3.48 3.48
(kg)
Surtsey pressure
(MPa) 0.200 | 0.197 0.189 0.200 0.200
Surtsey
temlzer?mfe 295 275 280 295 303
K
Initial | N, 99.90 | 99.78 90.60 90.00 85.95
gas
07
compositi| 0.03 0.19 9.00 9.59 9.57
on in C;Z 0.00 0.02 0.00 0.00 3.97
Surtsey
noton | oter | 001 0.00 0.02 0.02 0.03
0.06 0.01 0.38 0.39 0.48
Initial hole
diameter 35 35 35 35 35
(cm)
Iron oxide 29.26 kg
Thermite Chromium 465 kg
composition Aluminum 9.09 kg
Thermite  43.00 kg
1. IET test®] %7]27A (SNL)
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SURTSEY Vessel Pressure (10°Pa)
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SURTSEY Vessel Pressure (103Pa)
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SURTSEY Vessel Pressure (103Pa)
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T T T T T T T T !

525 | 7

475

425 ~eo

375

325

275
—— IET—4(MELCOR)

225 —8— [ET-4(CONTAN)
--©-- [ET-4(DATA)

175

0 4 8 12 16 20
Time (s)

2% 10. IET-4 A¥dA 9 SURTSEY vesseldollA e 4wz}



Subcompartment Temperature (10°K)

0 MELCOR & CONTAIN Assessment —— SNL IET Tests

¥ 1 ! 1 1 L ] !

—&— IET-7(MELCOR)
—8— IET-7(CONTAIN)
--©-~ ET-7(DATA)

ad 11

IET-7 Ad¥AM 9 subcompartmentWj ol A 9) & 3}

_61_




SURTSEY Vessel Pressure (10°Pa)
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Hydrogen Mass in Subcompartment(10~ 'kg)
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Oxygen Mass in Subcompartment(kg)
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Total Hydrogen Mass in SURTSEY Facility(10~ 'kg)
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Total Hydrogen Mass in SURTSEY Facility(10~ kg)
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Total Oxygen Mass in SURTSEY Facility(10™ *kg)
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Total Oxygen Mass in SURTSEY Facility(10~ 'kg)
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Total Hydrogen Mass in SURTSEY Facility(10~ 'kg)
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Total Hydrogen Mass in SURTSEY Facility(10~ 'kg)
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Total Oxygen Mass in SURTSEY Facility(kg)
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Total Oxygen Mass in SURTSEY Facility(kg)
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Oxygen Mole Fraction in SURTSEY Vessel(10™")
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