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Effect of concrete type on containment during MCCI process
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Abstract [Background] Molten corium-concrete interaction (MCCI) would cause the containment to lose its
protection function and result in considerable radioactive fission products release into atmosphere. [Purpose] This
study aims to assess the potential failure risk of containment during MCCI process by investigating and analysis the
effect of concrete type on the MCCI phenomenon. [Methods] The integrated containment and cavity models for large
power passive reactor were built with MELCOR 2.1 code, a fully integrated, engineering-level computer code for
severe accidents. The interactions of molten corium with typical basaltic concrete and limestone-sand concrete were
investigated, respectively. The potential failure risk of containment due to the MCCI phenomenon was evaluated.
[Results] The analysis results show that the ablation rates of those two typical kinds of concrete are apparent different
during MCCI process, and the basaltic concrete has higher ablation rate on the side of the cavity than the
limestone-sand concrete whilst the letter has more non-condensible gas production. [Conclusion] The failure time of
containment basement far exceeds 24 h after MCCI starts, independent of the concrete type. All the calculation values
of the containment pressure are below the pressure load level "C", which satisfies the goal in protection the fission
products boundary for 24 h.
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Table 3 Gas mass from MCCI process

Ak ZEIRE L ARAT-Vb IR

Gas Basaltic concrete / kg Limestone-sand
concrete / kg

Vapor 30108 70749

CO, 118053 317039

H, 2075 789

CO 3092 21100

ZlA R B AR IR L
Basaltic concrete Limestone-sand
concrete
C BARBIE S >168 h >168 h
Pressure load
level "C"
24h 45k 7)) 0.416 MPa 0.456 MPa
Containment

pressure after 24 h

32 RERASEASD

R ARSI MCCI i FE 5 80 % 4
FoIE I N 2 S, T B X A TR A K A -
R E L MCCI P AR SR T 0. K3 N
MCCI SRR S, CO,w Hy, F1 CO )R
SO LG I LE R A, PR SSRR - S A
SN AR B SARTE R B E AR R R ZE . Hdh A Ik
-V I B R R AR KRR L CO, AT CO IR
I KT XA Rl AR AR &

NS MCCI 77 A [ SR % A T A5
W, e B 22 4 5E N SR IR BE R AR B AT b, 2
W& 22 455 NHTREAFE R N, F1 O, HIREI .. 1 7 %
FENIKFES S COsn Hy M1 CO Y BE IR 405 EE
Bl 7(a)y NZEIRIE R AT N N BE R 8. TR 19548 0%
BT, S ik R S A EIFRIER BT DA AR IR R
IR SR BT, BEE AEREBh % AR EH RGN
il 22 A FE A 2, Z8VRTE A 50 N BE T At [R1 30
M TTER BB R, HEGU & A KEMIR 4
HA, IERRA ENFR R A KRB, Z8VR B IRy
BB —RIE(H . BEE MCCI HHRERIHFEE, BT
B4 FEAIMEETH R B A H R AR R B S AR 1 77 A
FRIRBE IR BUZHT R %, ek fed, dRfesh %
TR BN R B LA TEINRE A A E, TRES
SR EFTHNERE SR, 25Tk
ARG o

K 7(b)F1(d)7 3N CO, Al CO FIEE IR 4y A0t
o AN 7(b) AT 50, A KA -0 TR - A Bk AH B
TERF= 4 KEMAES K CO, CO, TEF AR
W5 & B RAERE RN, R CO. KA1 IREE
TR FE 2 AN CO, HIEE R B KN 0.57,
TERT Z R A RS AT RN 0.11. FRAES
P RSN 22 A 5E AN W - P 1 B S e TR 3R

Bl 7(c) N % a5 N Hy [ BE IRy 4. TR
RERE R AR K EK 2R F R I e, 5 AR
Vb &R RSB, P24 Hye HTEA K
AR, KEM H, R 27N R TR SE.
R WA R A AR Hy, FREADTKESL COo,
Al co g, WaasiIt KRR, H
IKZEA S Hy M O, FIAFTERT BE 2 K AR Hy AR B 1R
BR, W& SRR AR, A0 B Sk
wmEHEAAE A

JE I U R A VR Y R A TSR R R R %
A5 N SR EE R A, 13 IS R 5 0 KA -V TR
T EAE A AR S AR T 2 T R e TR
o, DRI AE TR B IR AT RS AR R R 22 42 588
(1 JRUSS o

040603-5



o R

2018, 41: 040603

1.0

—— Basaltic Concrete (a)
0.8 —=— Limestone-sand Concrete

06§
0.4 K

0 1 2 3 4 5 6 7
Time / d

Vapor Mole Fraction

—o— Basaltic Concrete (c)
—— Limestone-sand Concrete

H, Mole Fraction

0 1 2 3 4 5 6 7
Time / d

[=)

=]
o0

—— Basaltic Concrete (b)
—=— Limestone-sand Concrete

o
=

o

CO; Mole Fraction
~

»),_o——*r——cr—cw
T L ) L
1 2 3 4 5 6 7
Time / d
—— Basaltic Concrete (d)

—=— Limestone-sand Concrete

e
h

CO Mole Fraction

E7 w42 FENKES(). CO,(b). Hy () CO (d)EE/R G HIN E
Fig.7 Mole fraction comparison of gas vapor (a), CO, (b), H, (c) and CO (d) in containment

4 EEVE

A VRI 5 A% FH [ B FH ™ 28 S i — b o AT AR
J¥ MELCOR 2.1 357 | KI) R AERE D) [ BiHE 22 4% 5¢
FERAE AL TSGR, DAHECA B W03 N HE ST
RNIBFEAE, BT IR S SO 2 s TR
AU IR A -V IR B A EAE L, VPl T %A X 22
A FR G R SR RN 2 A S TR BT SR I RS . 45 R
e F

1) JENIBERRG 240, ZRARE T 56K
F -V TR 1) R T AR BIA AN S IR, TR
5k R BT R R e A SRR PRI A 24 h [F)
Hws 3380 P21 ) K SRR 22 42 FE IR AR 2R &K
i [R)zE B I 24 hs

2) JE B RRRE 240, HAETE KT %
AW E 7T 0.544 MPa; TERRLHER 7d W, %
EFEARIBE] “C” YKERIE S

3) M XA R, MY S KA -
YIRE A EAE P R EA RS, AR
() AT RS AR IR 22 4= ST T 1) RS

Sk

1 RN, BRI, BN, & BZRNHEZ2M].
VU7 P ASE RS AL, 2004: 127-131.
ZHU Jizhou, XI Shuren, SHAN Jianqgiang, et al. Nuclear
reactor safety analysisfM]. Xi’an: Xi’an Jiaotong
University Press, 2004: 127-131.

2 Chai P H, Kondo M, Erkan N, et al. Numerical simulation

040603-6

of MCCI based on MPS method with different types of
concrete[J]. Annals of Nuclear Energy, 2017, 103:
227-237. DOIL: 10.1016/j.anucene.2017.01.009.

Li X, Yamaji A. A numerical study of isotropic and
anisotropic ablation in MCCI by MPS method[J].
Progress in Nuclear Energy, 2016, 90: 46-57. DOI:
10.1016/j.pnucene.2016.03.001.

Li X, Yamaji A. Three-dimensional numerical study on
the mechanism of anisotropic MCCI by improved MPS
method[J]. Nuclear Engineering and Design, 2017, 314:
207-216. DOIL: 10.1016/ j.nucengdes.2017.01.025.
Spenglera C, Foitb J, Fargettec André, et al. Transposition
of 2D molten corium-concrete interactions (MCCI) from
experiment to reactor[J]. Annals of Nuclear Energy, 2014,
74: 89-99. DOI: 10.1016/j.anucene.2014.07.009.

Tong L L, Cao X W, Li J X, et al. Model comparisons on
molten core-concrete interactions[J]. Nuclear Science and
Techniques, 2009, 20: 251-256.

W ZE . HERS R Al 5 TRk T AH BAE G R 3R 7y
Hr[D]. b RIFAZIE K, 2008.

YANG Yajun. Analysis of molten core-concrete
interactions and its influence[D]. Shanghai: Shanghai
Jiaotong University, 2008.

W%, B, RSO SR Y S R A
HAERIP]. R T RERFARIR, 2008, 42(5): 438441,
YANG Yajun, CAO Xuewu. Molten core-concrete
interaction under severe accident[J]. Atomic Energy
Science and Technology, 2008, 42(5): 438-441.



A7 4% MCCT i R R 2R R X 22 4 S i R i

10

EIRR. A% HLE S [F] P SEHUT A R ) MCCL K H 47
st E T[], %800 THE, 2007, 28(3): 103-106.
GAO Quanyuan. Calculations and analysis of molten
core-concrete interaction and its mitigation measures
under severe accidents[J]. Nuclear Power Engineering,
2007, 28(3): 103-106.

B, oAk, JiEF, 25 MCCI I FRBERLIF R S BGAE(T].
JETRERN AR, 2014, 48(5): 849-853. DOIL: 10.7538/
yzk.2014.48.05.0849.

WEI Wei, QI Kelin, WAN Shu, et al. Development and
verification of MCCI process model[J]. Atomic Energy
Science and Technology, 2014, 48(5): 849-853. DOI:
10.7538/yzk.2014.48.05.0849.

11

12

13

040603-7

T, A% AR B S R R A ELAE AR LD,
PR ZRFKSE, 2015.

YU Yingwei. Study on the interaction between sacrificial
concrete and melt corium (MCCI) in nuclear power
plants[D]. Nanjing: Southeast University, 2015.

Nuclear Regulatory Commission. Final safety evaluation
report for AP1000 related to certification of the AP1000
standard design[R]. Washington DC: Nuclear Regulatory
Committee, 2004.

Sandia National Laboratories. MELCOR computer code
manuals Vol.2: reference manuals[R]. Sandia National
Laboratories, Version 2.1.6840, SAND2015-6692 R, 2015.



