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ENEA BWR Activities Framework

 The ENEA activities related to the MELCOR code are oriented to
the simulation and evaluation of severe accident evolutions and
source term for “safety assessment”, mainly focusing on the
characteristics of NPPs located at the Italian border.

d Concerning BWRs, in order to start this activity, a general,
investigative work and code simulations of the Fukushima accident
will be performed.

1 In order to develop the FUKUSHIMA unit 1 MELCOR Nodalization,
following the SANDIA approach reported in the Fukushima Dai-ichi
Accident Study (SAND2012-6173), the nodalization will be based
on the Peach Bottom reactor (different power but similar reactor).

 The activity is part of a work planned in the ambit of a national
project funded by the Economic Development Ministry (ENEA-MSE
agreement).
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BWR MELCOR Nodalization References

d The references used to develop the BWR Peach Bottom
nodalization are :

= BOILING WATER REACTOR TURBINE TRIP (TT) BENCHMARK,
Volume I: Final Specifications,

NEA/NSC/DOC(2001)1

= Severe Accident Source Term Characteristics for Selected Peach
Bottom Sequences Predicted by the MELCOR Code,

NUREG/CR-5942



BWR MELCOR Nodalization References

AGENTIA NATIONALE
FER LE NUOVE TECNOLOGIE, LENERGIA
E LO SVILUPPO ECONOMICO SOSTENIBILE

NEA/NSC/DOC(2001)1 NUREG/CR-5942

Figure A1 RETEAN nodalization diagram
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COMPUTATIONAL TOOLS INFORMATION's

Severe Accident Code

Symbolic Package

MELCOR 2.1.5310

SNAP 2.2.6

Plotting Tools

APTPLOT 6.5.1

Operative System

Window 7, 64 bit




Use of the GRAPHYCAL USER INTERFACE

PER LE HUOVE TECNOLOGIE, CLENERGI
E LO SVILUPPO ECONOMICO SOSTENIBH

In relation to the code assessment ( thermal Hydraulic or severe accident

code), in order to reduce the unavoid user effect influencing the validation
results, documented in the

1000

Qa0

e User effect on the transient system code calculations,
NEA/CSNI/R(94)35, January 1995

e Good practices for user effect reduction,
NEA/CSNI/R(98)22, November 1998

 Approaches and Tools for Severe Accident Analysis for Nuclear Power
Plants, IAEA Safety Reports Series No 56, 2008

8O0

700

Cladding termperature at 201 m (K)

&0

500

The CSNI suggestion are followed:

CSNI
- : : : : : i1 55 User training
0 50 100 150 200 250 300 350 400
Time (s) Improved user guidelines
—— Experimental data == -~ RELAP (Switzerland) USGF_dISCI p“ne
---- RELAP (Finland) — — RELAP (Italy) Qudlity assurance
— — RELAP {Sweden) Code improvement

Graphical user interfaces | Allow the code users more time to check the input deck, interpret the

User Effect: different results for the cladding data, and run time control

temperature in the ISP25 test from different users
adopting the same code and BIC

Hindawi Publishing Corporation Science and Technology of Nuclear Installations Deve op input decks by eliminati ng inconsistent choices
Volume 2008, Article ID 874023, 16 pages do0i:10.1155/2008/874023 GUI WOUld a|SO Ig)l ate the COde users from the Computatl Onal eng| ne
automatically preventing the user from selecting an option.

START TO USE MELCOR DIRECTLY WITH SNAP




BWR MELCOR Nodalization Description

RPV

AGENIIA NAZIONALE
PER LE HUOYVE TECNOLOGIE, CENERGIA
E LO SVILUPPO ECONOMICO SOSTENIBILE
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BWR Modelling features

’ AGENTIA NATIONALE
PER LE NUOVE TECNOLOGIE, CENERGIA
E LO SVILUPPO ECONOMICO SOSTENIBILE

Equivalent heat struct — Allow the heat transfer to both phases
r r re: . .
quiva .e.n core hea S_ ucture reducing the numerical problem
Critical Pool Fraction : L Pomo— —
Right Boundary Type ||Convective Condition -
CPFPR: 0'05 Right Boundary Mass | ® True () False ™ P
CPFAR 095 Rt BoundaryVol.  |ES CV 100 (CORE_EQ) @‘B‘?
— Right Boundary Flow |[1]E}€temal Flow |'|“'a'?I
Right Minimum Poal || CPF_POOL_UP_CORE(0.05)| (—)E Nl
Right Maximum Pool || CPF_ATM_UP_CORE(0.95)| (—)E ™Y
Numeric option of SNAP has been used
Equivalent Separator model: A momentum exchange length of zero can be
Momentum exchange length : used to model a perfect separator
XL2PF : O
- i % N
Upper Downcomer @ & P ® & @ Steam separator

- — |



BWR Modelling features
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Equivalent jet pump: BN « e
Though | have considered the divergent | need to had = C
a pump input data with control function in order to have ) = .
the correct mass flow rate in the core : <
2 2| E
g 0 E T
E ((é 5
| | - >_
= [FL_PMP] Pump Input Data o0 |y
Enable ® True () False al Al )
Recirculation Pump &
Fump Mame |jet | \ai 7
Pump Type [QAUICK-CF] Control Function || v
Pump Function X[Y CF 2 (JP) el
-
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BWR MELCOR Nodalization Description

Primary Containment

PER LE HUOYVE TECNOLOGIE, CENERGIA
E LO SVILUPPO ECONOMICO SOSTENIBILE

AGENIIA NAZIONALE

| MOD
HEAL
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Table 4.2. Volumes used in the primary and secondary contalnment

Lower

Volume Volume Volume Volume gas Volume liquid Temperature Pressure
No. name L )! [e_(m’) [ (m?) [F_(K)]  [psa (MPa))
100 Drywell-In-pedestal 8,546 (242) 8,493 (240.5) 534 (L.5) 145 (336) 157  (0.108)
101 Drywell-Ex-pedestal 101,618 (2,878) Full o 145 (336) 15.7 (0.108)
102 Drywell-Top 36,605 (1,037) Full 0 145 (336) 157 (0.108)
103 Drywell-Annulus 2,788 (719) Full 0 261 (400) 157 (0.108)
150 Vent pipes 19953 (565) 19,183 (543) 770 (22) 145 (336) 157 (0.108)
200 Werwell 251,880 (7,133) 112,018  (3,172) 139,881 (3,961) 90 (306) 144 (0.099)
401 Torus room 191,612 (5,426) Full 0 90  (306) 142 (0.097)
402 South 135 level 182,011 (5,154) Full 0 82 (301) 147 (0.101)
403 North 135 level 182,011 (5,154) Full 0 82 (o1 147 (0.101)
404 South 165 level 83,201 (2,356) Full 0 80 (300) 147 (0.101)
405 Remain 165 level 249,532 (7,066) Full 0 80 (300) 147 (0.101)
406 South 195 level 86,591 (2.452) Full 1] 80 (300) 147 (0.101)
407 Remain 195 level 171,840 (4,866) Full "] 80 (300) 14.7 (0.101)
408 Refueling Bay 1,096,444 (31,048) Full 0 80  (300) 147 (0.101)
409 Turbine Bldg. 5,255,677 (148,825) Full 0 80 (300) 147 (0.101)
410 Environment 3.5 x 1011 (1010 Full 0 80 (300) 147 (0.101)

- Plenum

This valu is (or & dry cavity. For a flooded cavity this liquid volume is 1032.6 03 (20.24 m3).
is value is for a dry cavity. For a flooded cavity this liquid volume is 2826 13 (30.0 m?).

NUREG/CR-5942
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BWR MELCOR Nodalization Description |
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BWR MELCOR Nodalization Description

AGENTIA NATIONALE

Flow Path Reference R A

Problem Definition Problem Definition
Table 4.3. Flowpaths used in the MELCOR model of Peach Bottom Table 4.3, Flowpaths used in the MELCOR model of Peach Bottom (cont.}

P e s s Pl Cou o o st Fracmonn Conrd
10 100 101 In-Pedesal o Ex-Pedestal 926 1.0 405 403 409  Level-135 South to Turbine Bldg. .1 0.0 Yes
11 101 102 Ex-Pedestal 1o Top-Drywell 673.7 LO 106 403 410 Leak 1o Environment of Level-135- 03 1.0
12 101 150 Vent Opening to Legs 288.5 LD North
1 101 103 Ex-Pedestal io Annulus 23 10 407 404 406  Level-165 to Level-195-Shaft 3574 10
14 100 103 In-Pedesial to Annulus 344 1.0 408 404 405  Level-165-South o North 471.5 1.0
15 102 103 Top-Drywell 1o Annulus 56.9 1.0 409 404 410 Leak to Environment of Level- 03 1.0
0 150 200 LegsExit 2863 10 165-South

410 405 410 Leak 1o Environment of Level- 0.3 L0
21 200 150 Vacuum Breaker 20,0 0.0 Yes 165-North
3@ 310 320 Inact Recirculation Pump 37 1.0 a1 406 408  Level-195 1o Refueling Bay 3574 Lo
312 310 320 Iniemal Jer Pumps 7.3 1.0 412 406 407 Level-195-South 1o North BO3.0 1.0
323 320 330 Lower Plenum 1o Bypass 66.2 0.0129 413 406 410 Leak 1o Environment of Level- 0.3 1.0
24 320 30 Lower Plenum o Channel 85,5 0.6174 Yes 195-South
335 330 350 Bypass 1o Steam Separators 6.2 L0 414 407 410 Jl.gNu;:j:nvlronmm of Level- 0.3 L0
345 30 350 Channel 10 Steam Separators as.5 0.6756 415 406 410 Blowoul Pancls of Refueling Bay 240.0 0.0 Yes
356 350 360 Steam Separators 1o Dome 513 10 416 408 410 Leak o Environment of Refueling 12 1.0
361 360 310 Dome o Downcomer 281.0 1.0 Bay
362 360 200 Auwmatic SRVs 13 0.0 Yes 417 409 410 Leak to Environment of Turbine 31 1.0
3634 360 M0 Manual ADS (5 SRVs) 05 0.0 Yes Bl
3640 360 200  Manual | SRV 0.1 0.0 Yes e e bt e e o b ecuences
ki 3o 100 Leakage of Recirculation Pumps 20105 0.5
3704 310 101 LOCA 1 392 1.0
imn 320 100 Leakage of Control Rod Pumps 36 107 0.5
3724 310 101 LOCA 2 392 1.0
398 106} 408 Drywcll Head Seals Failure 0.4 0.0 Yes
390 320 100 Vessel Breach 0.1 00 Yes
400 200 401 Wewwell Cont, Failure 70 0.0 Yes
401 401 402 Torus o Level-135 916 1.0
402 402 404 Lewel-135 o Level-165 3574 1.0
403 402 403 Lewvel-135 South 1o Naorth 260.0 1.0
and 402 410 Leak w Environment of Level-135- 03 1.0
South
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BWR MELCOR Nodalization Description

AGENTIA NATIONALE
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Steady State Analyses
SNAP Job Stream ronis o iSRS

Two-Step MELGEN/MELCOR Stream

Submit |

Melcor Case @
2 MELCOR
SR MELCOR Step F
. 2 MC _Step
MELGEN Step restart [ =
- -\ 1 MG Step input autput f ==
MELCORZX model @ message
_1 MELGEN restart —1 8L oot diag [
melgen ——{) input autput ‘l—“" pll:-t|h
MED .!:} message ‘[.ﬁ-
\ = diag [
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Steady State Analyses

SNAP Animation Model: Fluid Conditions

AGENTIA NATIONALE
FER LE NUOVE TECNOLOGIE, LENERGIA
E LO SVILUPPO ECONOMICO SOSTENIBILE
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Steady State Analyses

’ AGENTIA NAZIONALE
PER LE NUOVE TECNOLOGIE, CENERGIA
E LO SVILUPPO ECONOMICO SOSTENIBILE

SNAP Animation Model: Table with selected parameters

PARAMETERS MELCOR REF POWER transferred to the fluid
Total jet Pump Flow 12848.86 12815 Kois

Jet Pump A Head 22.98 23195 m

Jet Pump B Head 2298 23195 m .
Jet Pump A differ exit velocity 4.26 m/s 46634 mis l_L““""“"""T _______ lﬁumw 4_E
Jet Pump B differ exitvelocity 4.26 mis 4 6634 mis i i P

! e -

RC PUMP A Head 208.965 216408 m |_1 i E i
RC PUMP B Head 208.965 216408 m i i i
RCPUMP A Mass Flow Rate 2154.00 ko/s 2154 .56 Kols VT i E i ;
R PUMP B Mass Flow Rate 2154.00 ko/s 2154.56 Kogis ‘*“‘““"“““'“‘““ il i
Flow velocity at purmp A sunction 243 mis 8387 mis i
Flow velocity at pump B sunction 843 mis 3.382 mis '
Sunction Pressure A 7120379.0 Pa 7115389 Pa HS-QFLUX-POOL (NameHS,sn):

Sunction Pressure B 7120379.0 Pa 7115389 Pa Heat fIUX to p00| at boundary Surface sn Of

C_me onBipess " b heat structure Name HS

Tinlet core 552.714 K 551 45 K

RC* 567 6.63 HS-QFLUX-ATMS(NameHS,sn):

Core Bt Qualiy™ 0 o Heat flux to atmosphere at boundary surface sn of
Dome Pressure 7057256.5 Pa T.033EG Pa

FW mass flow rate 1690.37 kg/s 1679 kgls heat StrUCture NameHS'

Fower to the core fluid 3224251392 I 3 aEg W HS-POOL-FRAC(NamEHS,Sn)

Fraction of boundary surface sn of heat structure
NameHS in the pool of its boundary volume.
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ENEA PWR Activities Framework

O In the framework of the European Project CESAM (Code for
European Severe Accident Management) WP40-SAM., ENEA is
involved in the development of a “PWR 900 like” with MELCOR
code for benchmark the ASTEC code.

dIn the framework of the ENEA-MSE agreement, our activities
related to the MELCOR code are mainly related to the evaluation
of severe accident source term for “safety assessment activity”,
mainly focusing on the characteristics of NPPs located at the
ltalian border.

18



PWR MELCOR Nodalization References

[ The references used to develop the PWR900 like MELCOR
nodalization are :

= L. FOUCHER, ASTEC V20R3, PWR900 like ASTEC Input Deck,
Rapport n PSN-RES/SAG/2013-451.

= |. FOUCHER, ASTEC V20R3, PWR90O0 like ASTEC Steady state
calculation, Rapport n PSN-RES/SAG/2013-466.

19



COMPUTATIONAL TOOLS USED

Severe Accident Code

MELCOR 2.1.5310

Symbolic Package

SNAP 2.2.6

Plotting Tools

APTPLOT 6.5.1

Operative System

Window 7, 64 bit
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PWR MELCOR Nodalization Description

Details of RPV and LOOP 1

RPV Nodalization Details Loop 1 Nodalization Details

RPV

SG1 o LOOP
N L Lddrad
: o " 5 £ PRZ

T. S g g 14 gjc §
o p sl =i &l ]2
: 2 o osllslll:
o @© 2 %) = =
o o a - =
C ( o D
3 @ s |, ” >
O 0

Lower Plenum
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PWR Modelling features

AGENTIA NATIONALE
FER LE NUOVE TECNOLOGIE, LENERGIA
E LO SVILUPPO ECONOMICO SOSTENIBILE

Equivalent SG ascending side heat structure:
Critical Pool Fraction :
CPFPR: 0.05
CPFAR: 0.95
Equivalent SG descending side heat structure:
Critical Pool Fraction :
CPFPR: 0.05
CPFAR: 0.95

v General "] 8how Disabled | *
Equivalent PRZ model: = o
Number | 8| ™ P
Thermodyn. Switch: Dasaimion a9
EQUIIIbI’Ium Themodyn. Switch | |11] Equilibrium Raliak
Flow Flag |[U]NotDeﬁneG |v| B
Type O pehh g
Pool Fog Switch |[0] Pool, fog allowed |'| ﬁ ?
Active/inactive 0] Active Raliak s
Vel. of Atmas. [l mis) D P
Velocity of Pool il :I kAl
Flow Area Default BB
Thermodynamic Input [3] Pool and Atmosphere B2k
Pool Flag 131 Both Baliak
Water State 0] Saturateq Rk s
Vapor State 0] Saturated Bal=k ¢
Legacy IC Format r True ® False il




Steady State Analyses - Steady state operating point

parameters of the MELCOR VS ASTEC code

PARAMETERS ASTEC MEL COR (at about 7000s of
calculation)
Pressurizer Pressure (bar) 155.16 155.63
Pressurizer Level (%) 50 ~ 50
Cold Leg 1 Flow Rate (kg/s) 4735.6 4781.7925
Core Flow Rate (kg/s) 13928.0 13808.121
Upper Head Flow Rate (kg/s) 275 269.2
Inlet Core Temperature (K) 560 564
Outlet Core Temperature (K) 594.5 596
Separator Pressure (bar) 58.023 58.359
SG MFWS Flow Rate (kg/s) 512 510
Recirculation Ratio 4.15 4.1

24



Steady State Analyses

SNAP Animation Model: Fluid Conditions

AGENTIA NATIONALE
FER LE NUOVE TECNOLOGIE, LENERGIA
E LO SVILUPPO ECONOMICO SOSTENIBILE

Fluid Condition

l'+1U.U (K)

- Sat. Steam
Sat. Liguid
-100(K)

505.4367 kg/s

503.66443 kg's

B

b 503.66437 ka's

FRZ TSAT(FY:
PRZT:

6183727 K
B18.3727T K

TIME: 6928.0 s

5835911.5 Pa

|4 N

509.8776 ka/s

+ 596.0734 K
-

H

I . -
. 4781.2876 kais

4
3 3
508.8535 ka/s
596 0735 K

4?81 3066 ka/s
0.0029174562

4

5835901.0 Pa

l l 596.07355 K

|

508.8535 ko/s

4781.589 ko/s

Fressurizer Pressure;

Core flow rate:

Cold leg 1 flow rate:

Inlet core temperature:

Outlet core temperature:

Upper head flow rate:

SG recirculation ratio:

15563175 Pa
13808.121 kg/s
4781.7925 kgis
564K

596 K

269.2 kgis
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Steady State Analyses

SNAP Animation Model: Pressure conditions
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CONCLUSIONS

J Research activities in which ENEA uses MELCOR code are in
progress and mainly focused on PWR and BWR “safety
assessment studies”.

1 These research activities are developed in the ambit of an Italian
project and in several International research frameworks.

d A conceptual study of Small Modular Reactors with MELCOR is
planned.

d ENEA plans to give an active contribution in CSARP and EMUG.

27



