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01 | Short description of MELCOR WWER-1000/V 320 model

Hydraulic model of reactor
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01 | Short description of MELCOR WWER-1000/V 320 model

Primary circuit model

Single/triple loops:

= 4 control volumes each

J % T = 6 flow paths
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01 | Short description of MELCOR WWER-1000/V 320 model

Hydraulic model of pressurizer

y " Tan
T orr &.ﬁfﬁ\/ﬁ){% = 1 control volume for the surge line
Z AN e J\l\;ﬂj\ rrtrane connecting PRZ with single hot leg;
. o | ome|1 O = 3 control volumes for pressurizer;
7T | gl = 1 control volume for bubbler tank;
‘ i o = 4 flow paths for pressurizer and surge
Z{AAN 8l line;
[EIES T = 3 flow paths for PRZ pilot operating relief
AN m—f} valves;
ik : = 1 flow paths for rupture disk between
T bubbler tank and containment;
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Short description of MELCOR WWER-1000/V 320 model
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01 | Short description of MELCOR WWER-1000/V 320 model

Secondary circuit model
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01 | Short description of MELCOR WWER-1000/V 320 model

Hydraulic model of Containment

= 21 control volume

= 51 flow paths




01 | Short description of MELCOR WWER-1000/V 320 model

Reactor core model

HS10201 HS10203 HS10205

Upper  unheated
117 217 317 [H510224 jpart of the reactor
core

116 216 316 |HS10222 [Fuel part of the
115 215 315 [HS10220 freactor core

114 214 314 [HS10218
113 213 313 |HS10216 1 1
Tt 3 radial rings
111 211 311 [Hs10212
110 210 310 [HS10210

109 209 309 10208
S EE 17 axial sections

Hottom  unheated
part of the reactor]

106 206 306 [HS10202 rore above i

[structures
105 205 | 305 [HS10108
104 204 04 - Elements of reactor
103 205 | 303 - barrel bottom and
102 202 302 - hupport structures
101 201 301 -
N DR QRN i 2 3
Reactor




02 | Conversion procedure and models main changes

Converting Melcor 1.8.5 model for Melcor 1.8.6:

D Detailed Lower head Model

2 Core nodalization changes (re-noding axial segments for detailed LH model, add radial rings

for cylindrical part of LH)

2 RN, HS changes connected with changes in number of LH segments




02 | Conversion procedure and models main changes
Lower head Model changes
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Conversion procedure and models main changes
CORE Model changes

Bottom Top Section
elevation, m | elevation, m| height, m
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02 | Conversion procedure and models main changes
CORE hydraulics model changes

MELCOR 1.8.5 reactor nodalization MELCOR 1.8.6/2.1 reactor nodalization MELCOR 1.8.6/2.1 reactor nodalization
with one core CV with one core CV with 18 core CVs




02 | Conversion procedure and models main changes

Conversion of MELCOR 1.8.6 model to MELCOR 2.1

2 Conversion to MELCOR 2.1 code version using SNAP software

2 Change of incorrectly converted parts of the model MELCOR 1.8.6

> Verification of MELCOR 2.1 model




03 | Problems identified during conversion

MELCOR 2.1 requires two arguments for MULTIPLY function

CF23600 "FW_ENTS'
CF23610 1.0 0.0

! cfname

CF_ID "FW_ENTS 2"

! cfacal

CF_S5AI 1.676ED
! icflim
CF_ULB DEFAULT
! gize

CFARG 1 'n

MUOLTIPLY 1

CFVALU. 230

icfnum
236
cfadcn
0.0

0.0

cfarg

1 CF-VALU('TEZ0_RATE 4")

1.676E+05

cftype
MUOLTIPELY

0.0

aracal
1.0

0.0

aradcn

I cfname icfnum citype
CF_ID "FW_ENTS-2° 236 MOLTIFLY
! cfacal cfadcn
CF_5AT 1.676ES 0.0
! icflim
CF_ULBE CEFAULT 0.0 o.a
! size
CF_ARG 'n cfarg arscal aradcn
1 CF-VALU('TX20_BRTE-4") 1.0
| 2 EXEC-TIME 0.0 1.0




03 | Problems identified during conversion

The CV names with double quotes need to be replaced with single quotes

Cwoo300 "HR-1" 2 2 1
cCwoos01 o 0

¥

! CVIATE icvnum

- ! cvname icvnum
CV_ID "wHA-1 ™ 5

CV_ID YEA-1" 5

"




03 | Problems identified during conversion

User material names 'ALUM', "ALUM" before conversion need to be replaced with '"ALUMINIUM

HS30201201 PAINT 1 . !

H530201201 ' BAINT" 1 HS30301201 PAINT 1
[HS30201202 ALUM 2 | 530301303 "Batipas’ Zl [HS30301202 'ALUMINIUM" 2|
HS30201203 Bst3ps5 € HS30301203 'Bst3ps5’ €

H5_ND 31 'n n ¥i tempin matnam
1 1 0.0 - "BEATINT"
2 2 1.9E-4 - "ALUMINIUM'
3 3 4.4E-4 - '"Bat3ipas’
4 4 5.4E-4 - 'Bst3pss’
5 5 1.56E-3 - 'Bst3pss’
&€ © 2.93E-3 - 'Bst3pss’




03 | Problems identified during conversion

Parameters for variables "RNVL", "RNAL", "RNVG", "RNAG" need to be changed manually since
no automatic conversion possible

RNVG435 109 1. 9.84E-07 0. 0. 6.84E-08 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
RNAG436 109 2 1. 5.58E-06 0. 0. 0. O.
RNAG437 109 3 1. 6.02E-11 0. 0. 0. O.
RNAG438 109 4 1. €.16E-07 0. 0. 0. 0. RN1 VG 2 ! NSTR IVOL ICLSS RFRAC XMASS
RNAG439 109 6 1. 3.58E-12 0. 0. 0. O. - . . 1.0 9.84E-07
RNAG440 109 8 1. 1.38E-11 0. 0. 0. O. 1 '"PRZ_TOP' XE 1. - 04E-
RNAG441 109 9 1. 4.16E-09 0. 0. 0. O. 2 "PEE ToP' T2 1.0 £.84E-08
!
' RHl_I—iG 6 ! NSTE IVOL ICLSS EFEAC XMRSS
1 'PRZ_TGP' s 1.0 5.58E-0g

k iwol iclss rfrac xmassl xmass? xmass3 xmassd xmasss 2 'PRZ_TC'P' BR 1.0 ©.02E-11
RNRGOOO 109 2 1.0 5.58E-¢ 0.0 0.0 0.0 0.0 3 'PR7Z TOP' I? 1.0 6.16E-0T7
RNRGOOL 109 3 1.0 §.02E-11 0.0 0.0 0.0 0.0 -
RNRGOOZ 109 4 1.0 6.16E-7 0.0 0.0 0.0 0.0 4 '"PRZ_TOP' RU 1.0 3.38E-12
RNAGOO3 109 € 1.0 3.58E-12 0.0 0.0 0.0 0.0 2 '"PRZ TOP' CE 1.0 1.38E-11
RNEGOO4 109 g 1.0 1.38E-11 0.0 0.0 0.0 0.0 6 '"PRZ TOP' LA 1.0 4.16FE-0C
RNAGOOS 109 5 1.0 4.1E-% 0.0 0.0 0.0 0.0 -




03 | Problems identified during conversion

Number format "3E-11" shall be changed to "3.E-11" (with decimal point)

RNALO38 105 3 3E-11 » RNALOOL 0 0 Unknown Unknown »
» 66 '"GT BYPASS' BA 1.0 3zE-11




03 | Problems identified during conversion

In MELCOR 2.1 the argument "AE" in steam part of Pressurizer could not be read. This argument
was replaced with "PE"

Cv105cCl MAS5.2 1091 3
cvloscz RARE 1141 3

¥

CV_SOU 2 'n ctyp interp iessrc srcname idmat Cv_s50U 2 In ¢typ interp lessrg srehname idmat
1 MASS RATE CF 'ON/OFF SPR' 'FOG' 1 MRSS EATE CF 'OH,-"’GFF_SPR' 'FOG!
2 [AE] RaTE CF 'SPR_IN' 2 RATE CF 'SPR_IN'




05 | Problems identified during conversion
Verification MELCOR 2.1 model

" Line-by-line review of input data of the MELCOR version 2.1 model and comparison
with input data for the MELCOR version 1.8.5 model;

= Additional verification of the MELCOR version 2.1 model in the process of creating
nodalization diagram of operation systems using the software SNAP and comparing
with nodalization schemes of MELCOR version 1.8.5 model;

= Verification of the MELCOR version 2.1 model in the process of test calculation

(verify masses of core materials, systems operation logic etc.)



03 | Problems identified during conversion
Additional changes based on the results of calculation SA

Low mass of ejected debris after LH failure
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03 | Problems identified during conversion
Additional changes based on the results of calculation SA

Adding support structures to the fourth ring

Radius, m
?0,0 0.102030405060708091.01.112131415161.7 18192021 22
1.
=] H
1.6 —esze] wall
1.5 =—segm |
- —a—segment
—ring |
E —ring 2
1.3 [ —ring3 -
12 —segment 4 LH failure
—segment 5
1.1 ——segment 6
——segment 7 <:|
I ko ——segment §
——segment 9
09 BE- egment 10 \ /
——segment 11
g ——segment |
0.7
0.6 !
y A g
o 7/
0.3 '—'—'—'—'—'—'—'—'-'——————.—_
0.2
0.1

0




04 | Comparative SA calculations

Scope of analysis:
= Analysis with Melcor 1.8.5 and 2.1 version
= Analysis with different Melcor 2.1 Release version

= Analysis with different time step

Analysis was made for SA scenarios:
= Blackout
= LB LOCA with Blackout



05 | Comparative SA calculations with MELCOR 1.8.5 and MELCOR 2.1

Type of calculation

= Melcor 1.8.5 model with 1 core CV
= Melcor 2.1 (revision 6342) model with 1 core CV
= Melcor 2.1 (revision 6342) model with 18 core CVs



05 | Comparative SA calculations with MELCOR 1.8.5 and MELCOR 2.1

Blackout
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05

Comparative SA calculations with MELCOR 1.8.5 and MELCOR 2.1
Blackout
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[]5 ‘ Comparative SA calculations with MELCOR 1.8.5 and MELCOR 2.1
Blackout

! | | | 25000 | | | | | | [
J G—6€ COR-MSX-TOT_M185 i i i | [(3—& COR-MIX-TOT_M185 '
3000 1V 1| B - COR-MSSOX-TOT MZ1 _ 7 & -0 COR-MZRO2-TOT_M21
A V=¥ COR-MSSOX-TOT_M21_detail CVCOR ' ¥—% COR-MZRO2-TOT_M21_detail_CVCOR
. : | | | 20000 ===t
Wi I :
i IR
2500 ! I i ;
TR il
3 : I : : 15000 { !
< 2000 . - = o |
w0 | ! -H " I
a 1 T+ i @ / : !
= : T; o = 10000 -t
1500 - -~ i I. i
| . .
Pl L
1 BN ; L1
1000 i -4 --— >000 ! Nk
) v ! Ry
! \Jﬂ ) Iy
500 L L. e ‘Egv = R o g =
0 10000 20000 30000 40000 50000 60000 70000 80000 90000 0 10000 20000 30000 40000 50000 60000 70000 80000 90000
Time (s)

Time (s)

Mass change of steel oxide Mass change of zircaloy oxide




05 | Comparative SA calculations with MELCOR 1.8.5 and MELCOR 2.1

Blackout
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05 | Comparative SA calculations with MELCOR 1.8.5 and MELCOR 2.1

Blackout
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05

Comparative SA calculations with MELCOR 1.8.5 and MELCOR 2.1
LB LOCA
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05 | Comparative SA calculations with MELCOR 1.8.5 and MELCOR 2.1
LB LOCA
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Comparative SA calculations with MELCOR 1.8.5 and MELCOR 2.1

Calculation results
Blackout:

> Melcor 2.1 model with detailed core shows increased oxidation of the zirconium structural
elements and mass of hydrogen for In-Vessel phase;

» Melcor 2.1 model with detailed lower part of the core (LH, Support structures) shows increase the
oxidation of the support steel structural elements;

» SA Ex-Vessel phase for Melcor 1.8.5 and Melcor 2.1 models are different for melt spreading and
core-concrete interaction between cavity models.

LB LOCA:

» Melcor models with one core CV shows at the start of SA increase the cladding temperature by the
reason of fast pool drain and delayed refloodding;

» Melcor 2.1 models show faster failure of core structures and earlier LH failure;

» SA Ex-Vessel phase for Melcor 1.8.5 and Melcor 2.1 models are different for melt spreading and
core-concrete interaction between cavity models.
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Scope of calculation

Melcor 2.1.6342 for model with 18 CVs for fuel part of core
Melcor 2.1.8512 for model with 18 CVs for fuel part of core
Melcor 2.1.9319 for model with 18 CVs for fuel part of core
Melcor 2.1.9541 for model with 18 CVs for fuel part of core
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Blackout
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Comparative SA calculations with different MELCOR 2.1 Release version

Calculation results

Blackout:

>

Melcor 2.1.6342 calculations compared with other M2.1 version for In-Vessel phase show the later failure of
core claddings structures which cause the increase the zirconium structural elements oxidation and gives
greater mass of hydrogen for In-Vessel phase;

>  Melcor 2.1.9319 and Melcor 2.1.9541 show the faster failure of LH and start core-concrete interaction which
cause hydrogen mass generation increase compared to Melcor 2.1.6342 and Melcor 2.1.8512;

»  SA Ex-Vessel phase for various Melcor 2.1 versions are different for melt spreading and core-concrete
interaction between cavity models (differences between the Melcor 2.1.9319 and Melcor 2.1.9541 are not quite
significant).

LB LOCA:

»  The heating and cladding failure are almost identical between versions MELCOR 2.1.9319 and 2.1.9541. This
SA phase have similar behavior for Melcor versions 2.1.6342 and 2.1.8512;

»  Melcor 2.1.6342 calculations compared with other M2.1 versions for In-Vessel phase show greater mass of
hydrogen for In-Vessel phase;

»  SA Ex-Vessel phase for various Melcor 2.1 version is different for melt spreading and core-concrete interaction

between cavity models (differences between the Melcor 2.1.9319 and Melcor 2.1.9541 are not quite significant).



0/ Comparative SA calculations with different time step

Scope of calculation

Blackout:
= Melcor 2.1.6342 and time step 0.01

= Melcor 2.1.6342 and time step 0.05

= Melcor 2.1.6342 and time step 0.116
= Melcor 2.1.6342 and time step 0.5

= Melcor 2.1.6342 and time step 1.

LB LOCA:
= Melcor 2.1.6342 and time step 0.05

= Melcor 2.1.6342 and time step 0.116
= Melcor 2.1.6342 and time step 0.5
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Comparative SA calculations with different time step

Calculation results
Blackout:

» Cladding failure time is almost identical for all calculations. But for time step 0.116 cladding failure
started in other core rings compared to other time steps;

» Increasing the time steps causes the earlier time of support base plate and LH failure ;

»  Calculations with the time step 0.01 and 0.05 show the maximum mass of steel oxides. Also after
the LH failure for these time steps less molten fragments masses are left in reactor;

» The greatest total mass of hydrogen for In-Vessel phase was generated for time step 0.01, 0.05
and 1.0. The lowest mass of hydrogen for In-Vessel phase was obtained for time step 0.5;

Calculation with the time step 0.116 shows the greatest mass of hydrogen for Ex-Vessel phase;

SA Ex-Vessel phase for various time steps behaves differenly in cavity melt spreading and core-
concrete interaction.

Y VYV
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Comparative SA calculations with different time step

Calculation results
LB LOCA:

> Increasing the time steps caused the increasing the time of claddings failure;

» Time support plate failure was earlier for time step 0.116. For different time step support plate
failure started in different rings.

» Calculation with the time step 0.5 shows the maximum mass of steel oxides (for blackout scenario
it was for steps 0.05 and 1.0);

»  Calculation with the time step 0.116 show the maximum mass of zirconium oxide;

» The greatest total mass of hydrogen for In-Vessel phase was generated for time step 0.116 and
0.5 (for blackout scenario it was for steps 0.01, 0.05 and 1.0).

»  Calculation with the time step 0.116 shows the faster LH failure
» Increasing the time steps caused the decreasing the hydrogen generation for Ex-Vessel phase.

» SA Ex-Vessel phase for various time steps behaves differenly in cavity melt spreading and core-
concrete interaction.



08 | Conclusions

» During the conversion of the Melcor model 1.8.5/1.8.6 to version 2.1, it is necessary to
perform its detailed verification.

» The propagation of molten fragments into the LH and LH failure needs further detailed
modeling with different approaches for LH and support structures modeling for WWER
type reactor.

> |t is needed to perform sensitivity and uncertainty analysis in relation to MELCOR code
version and timestep for specific SA analysis;

» Uncertainty in Ex-Vessel melt spreading for cavities models and core-concrete interaction
depends heavily on MELCOR code version/revision and timestep. This issue can be
refined by using separate CAVITY models with initial conditions for melt, and also by use
of special melt spreading codes (for example, LAVA).



SSTC | State Scientific and Technical Center -
NRS for Nuclear and Radiation Safety . i '
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Thanks for your attention
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Temperature (C)

Comparative SA calculations with different time step

Blackout
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