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 Three different units belonging to the
same family

« Not much available information and quite
scattered

Start First Commercial Electric Reactor

Containment . R . R Architecture Construction Fuel
construction criticality operation power supplier
. October 10, | March 26, General .
Fukushima | -1 BWR-3 Mark | July 25, 1967 1970 1971 460 MW Electric Ebasco Kajima LEU
Fukushima | -2 BWR-4 Mark | June9,1969 | M3V 10 150y 18,1974 | 784 MW R Ebasco Kajima LEU
1973 Electric
. December 28, [ September |March 27, . . .
Fukushima | -3 BWR-4 Mark | 1970 6, 1974 1976 784 MW Toshiba Toshiba Kajima LEU/MOX




FUKUSHIMA PLANT DATA

« Started collecting free data on the web,
open literature, similar plants...

 Created a folder with useful data for
creating a MELCOR input deck

e Draw some sketch in CAD

 Created a Dropbox folder that can be
shared on request
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Decided to use SNAP to create the input deck in order to
better explain the nodalization

D Model Editor 2.1.1
File Edit Tools Window Help
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FUKUSHIMA PLANT D

Decided to use SNAP to create the input deck in

order to

better explain the nodalization

File Edit Tools Window Help
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Decided to use SNAP to create the input deck in order to
better explain the nodalization
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Decided to use SNAP to create the input deck in order to
better explain the nodalization
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Decided to use SNAP to create the input deck in order to
better explain the nodalization

D Model Editor 2.1.1
File Edit Tools Window Help
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Decided to use SNAP to create the input deck in order to
better explain the nodalization

) Model Editor 21.1
fl}a Edit Toc!IE erndruw Help -

welvrEEslow . |

AGENTIA NATIONALE
PER LE HUOVE TECNOLOGIE, LENERGIA
E LO SVILUFPPO ECONOMICO SOSTENIBILE

) i A~
¢ -4V E B|Uosut. KM BBYELFENQ . a~(O)\
(B Fukushima,_Animation_marca. med - {unamed) _) b T : NN m
B Fukus E

8¢ Fuel Dispersal [0]
% Hydrogen Recombiners [0]
B Fan Coolers [0]

& Containment Sprays [0]
> Flow Paths [14]

| ccF Model [o]

I Transfer Package [0]

lief \Valve 4
4% Sensitivity Coefficients [0] 3-786ba
15 Cases [1] = O
L
i T
=-E8 Job Streams [3] h'\ <
> Twostep_Stream

>

5 Relief Val
T14-74

5
HYST

Stream Steps [2]

i) MELGEN Step 1 (MG_Step)
- (] MELCOR Step 2 (MC_Step) C

- Input Switches [0}
Files [0]

- Model Nodes [2] <
-3 Melgen_Orly
> Melcor_Cnly
[ 4 Connections [59]
(-4l Numerics [5]
CZheeta o (AN -

@ Fukuahima_stead& @gﬁékuswm LNIT 1)

A )}

Relief /alve 1
70.5-73.6 bar

\\VJ A

lo Selection

Relief|/alve 2
same|as V1

4 .
HYST

w General [ Show Disabled

Mo Properties Avalzble

00

|pow\1nberacﬁva CF | Gap/Clad information | FP Tnventory | TwoStep_Stream | cavity | CVH-Containment | CVH-COR | Containment | Core Axial Drawing | COR Cell Geometry | COR geometry | Melgen_Only | Melcor_Only
.
I




FUKUSHIMA PLANT DATA —

PER LE NUOVE TECNOLOGIE, LENERGLA
E LO SVILUPPO ECONOMICO SOSTERIBILE

Simple animation to visualize the results

D Mode! Editor 21,1
File Edit Tools Window Help
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STEADY STATE

INo operating parameters available for
Fukushima Daiichi Unit 1

IModel Validation performed using public
data from Santa Maria de Garona NPP
(Spain)

» Similar unit: BWR-3, Mark I, 1380 MWth

pARAMETER | plantparameter |

Core Thermal Power [W) 1.38E+09
RPV dome pressure (MPa) 6.98
Total mass flow (Kg/s) 5622
Bypass flow (Kg/s)

Recirculation line mass flow {I-r.g.fﬁ} 1308
Steam Lines total mass flow {Hgﬂ'ﬁ} 685.7
Reactor Level {m above the TAF) 4.109
FW mass flow (Kg/s) 677.5
FW Temperature (°K) 452




STEADY STATE

How to reach a steady state?
Best way to initialize all variables?

1 IIII!IIII
l To Turbine

DOWNCOMER
LIPPERPLENLIM

(110 ¢
CHANMEL
Y
o[iF] 2
;]
Feedwater temperature

LOWER
PLENUM ﬂ &
= [ N
EQUALS h

EXTERNAL SOLRCE

‘ 14
Eouals [

Feedwater massflow

Time dependerg: flow path type flag

BY¥PASS
]

[LP]
13

jetpump

Use tabular Function tof define velocity versus time.

AGENZIA NAZIONALE
PER LE NUOVE TECNOLOGIE, LENERGIA
E LO SYILUPPO ECONOMICO SOSTERIBILE
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Attempt #1
Start with all operating steady conditions

B ov 112 (o) i
v General [ | Shaow Di
Mame DC
Mumber 112
Containment =
i i <
{ Temperature K ) e Description I “none |E_|
00,0 +30.0 (K) Themodyn. Switch [2] Mon-Equilibrium -
. Flow Flag [0] Mot Defined -
Type [ | = Inactive =
—Sat. Steam e 5
Pool, Fog Switch [0] Pool, fog allowed -
Active/Inactive [0] Active -

~— Sat. Liquid Vel. of Atmos.

Velocity of Pool

Flow Area Default

Thermodynamic Input | | [3] Pool and Atmosphere -

Pool Flag [3] Both -

Water State || [o] Saturated =

Wapor State [0] Saturated -

Legacy IC Format ") True (@) False

Pool Pressure

7.086 | {Pa) [q__b|

Partial Pressure Flag

Pool Option -
Pool Elevation 30.0 | {m) |§|
T RS T Pool Void Fraction 0.0 dL‘_
Relative Humidity 10| [4b
Fog Flag
Geometry Rows: 3 [20.0,0.0],[25.5,58.6],[36.0,248.6] |E_"
External Sources [0} Sources Defined ||:__"
Water Source [0] Water Sources |E__"
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Attempt #1
Start with all operating steady conditions

S0

starting

Containment

Temperature K
Gis3 ’ Fluid Condition

l+30.q (k)

—35at, Steam

500.0

—Sat. Liguid

Wetwell TVAP 37.7 °C



STEADY STATE v

Attempt #1
Start with all operating steady conditions

-

osec £ After 70 sec

Containment

Meltdown!

5
(3

Wetwell TVAP 37.7 °C

Wetwell TLIQ 37.7 °C

--
e
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STEADY STATE

Attempt #2
Start with no power, vessel full

-

Valve B cv 112 (o) g
¥ General [] Show Disi
closed

Mame DC i
i

Containment s 112
(Emperararl Eliid Eondiion Description <nonez__ i

500.0 1
+30.0 (K} Themodyn. Switch Gl] Equilibrium) v i
Flow Flag j[D Mot Defined =

S Type [ |« Inactive =
Pool, Fog Switch | [0] Podl, fog allowed - | y
Active/Inactive :[0] Active - ‘
—5at, Liquid .

s Vel. of Atmos. ] 0.0 (m/s) [ap] [
velodity of Pool | 0.0 (m/s) [db| [
Flow Area Default ql [

-30,0 (K) . .
Thermedynamic Input || [3] Pegl and Atmesphere - | y
Pool Flag f11] only Pool\ - ‘
Water State \u Subcooley =

 —
Legacy IC Format ) True (@) False P i
Pool Pressure / 1.0ES (P i
Pool Temperature \ 300.0 i
R 5 S —— i
Partial Pressure Flag | [[] | < Inactive =
Poal Option :Deﬁne Pool Elevation - | i
Pool Elevation ] Unknown | {m) (4| [f
Pool Void Fraction (] 0.0(() [4k|[
Wetwell TVAP 37.7

Fog Flag [ | < Inactive = '
Geometry Rows: 3 [20.0,0.01,[25.5,58.6],[35.0,243.6] f
External Sources [0] Sources Defined i
Water Source [0] Water Sources i
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Attempt #2
Start with no power, vessel full

E LO SVILUPPO ECONOMICO SOSTERIBILE

After some sec

Conkainment
( Temperature K ) Fluid Condition
= ' +30:0(K)
64 bar!

= —5Sat. Steam
T

—Sat. Liquid

Wetwell TVAP 37.7 °C

Wetwell TLIQ 37.7 °

<o
=
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STEADY STATE

Attempt #2 bis
Start with no power, vessel full

-

Valve B oo q
open ¥ General [] Show Disi
p Mame DC i
i
Containment s 112
(Emperararl Eliid Eondiion Description <nonez__ i
500.0 1
+30.0 (K} Themodyn. Switch Gl] Equilibrium) v i
Flow Flag j[D Mot Defined =
S Type [ |« Inactive =
Pool, Fog Switch | [0] Podl, fog allowed - | y
Active/Inactive :[0] Active - ‘
—5at, Liquid .
s Vel. of Atmos. ] 0.0 (m/s) [ap] [
velodity of Pool | 0.0 (m/s) [db| [
Flow Area Default ql [
-30,0 (K - .
Thermedynamic Input || [3] Pegl and Atmesphere - | y
Pool Flag f11] only Pool\ - ‘
Water State \u Subcooley i

Wetwell TVAP 37.7

Legacy IC Format

—
) True (@) False

N\

Pool Pressure

/ 1.0E5 (P

Pool Temperature

\ 300.0

Partial Pressure Flag

[ | < Inactive =

TS

Poal Option :Deﬁne Pool Elevation - |
Pool Elevation ] Unknown | (m) [4p] [
Pool Vaid Fraction (] 0.0/ [ep] [

Fog Flag

[ | < Inactive =

Geometry

Rows: 3 [20.0,0.0],[25.5,58.6],[36.0,248.6]

External Sources

[0] Sources Defined

Water Source

[0] Water Sources
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Attempt #2 bis
Start with no power, vessel full

I Valve
open

100 s After some sec

Containment

1.4 bar - 37C o | @ K

i‘_}.
7

Wetwell TVAP 37.7 °C

Wetwell TLIQ 37.7 °C

5138 s e=a s
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Attempt #2 bis
Start with no power, vessel full

. / Valve

closed 21secd 300 sec
Containment
( Temperature k) Fluid Condition

+30.0 (K)
Pres. Increases! '

—Sat. Skeam

iSat Liquid
=300 (K)

Wetwell TVAP 37.7 °C

Wetwell TLIQ 37.7 °C
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Attempt #2 bis
Start with no power, vessel full

ﬁ / Valve

Fluid Condition

I+30.u (]

—S5at, Steam

'Sat. Liquid
-30,0(K)

s0a1 sel. 0000 sec

Containment
( Temperature K )

Wetwell TVAP 37.7 °C

Wetwell TLIQ 37.7 °C



STEADY STATE

Attempt #3

Start with no power, vessel full, valve open,
power increasing slowly

AGENZIA NAZIONALE
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Valve always B o 1209 q
open ¥ General [ Show Disi
p Mame DC d
i
Containment Mumber 112
(Temperziuie ) Fluid Condition Description <Nong d

500.0
Themodyn. Switch

Gl] Equilibrium) v: ‘

[0 NetDefned =

l+30.0 (k)

Flow Flag
S Type [ |« Inactive = *
Poal, Fog Switch :[0] Poal, fog allowed - y
Active/Inactive :[0] Active v: ‘
R Vel. of Atmos. ] 0.0 (m/s) [ap] [
Velocity of Pool (] 0.0|@m/s) (4] [
o Flow Area F)efault . y
Thermedynamic Input || [3] Pegl and Atmesphere - | y
Pool Flag 1] Only Pool\ v: ‘
Water State \u Subcooley =

S —
Legacy IC Format ) True (@) False

N\

/ 1.0E5 (P‘
\ 300.0 ‘

Pool Pressure

Pool Temperature

) 5 —— i
Partial Pressure Flag | [[] | < Inactive =
Poal Option :Deﬁne Pool Elevation - | i
Pool Elevation ] Unknown | {m) (4| [f

Pool Vaid Fraction (] 0.0/ [ep] [

Wetwell TVAP 37.7

Fog Flag [ | < Inactive =

Geometry Rows: 3 [20.0,0.0],[25.5,58.6],[36.0,248.6] I

External Sources

[0] Sources Defined

4

Water Source

[0] Water Sources




STEADY STATE

Attempt #3

Start with no power, vessel full, valve open,
power increasing slowly

-

75900 sec

Containment

Reasonable
values

[ o s>
I~ =

--7--""'-.____33; 7 i o

Wetwell TVAP 37.8 °C 3
o Wetwell TLIQ 37.7 °C
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Attempt #3
How to fine-tune the steady conditions?

PARAMETER [ plant parameter |

Core Thermal Power (W) 1.38E+09
75900 sec RPV dome pressure (MPa) 5.98
Total mass flow (Kg/s) 5622
Containment
{ Temperature k. } i Canditan BVF:IESS flow {Kg.*'s}
500,0 +30.0 () Recirculation line mass flow (kg/s) 1308
l Steam Lines total mass flow (Kg/s) 685.7
Reactor Level (m above the TAF) 4.109
- Sehtma FW mass flow (Kg/s) 677.5
FW Temperature (°K) 452

- —5at, Liquid

Defining interactive
variables

Interactive Variable:
Channel setto CRVALLL_1T
Yariable setto "feedwtrontr!”

)

Wetwell TVAP 37.8 °C ] H20 MFLOW FP2 = 649
s Result: CF16 = 648

Wetwell TLIQ 37.7 °C




STEADY STATE e

Attempt #4

Start with all operating steady conditions
and smaller time step

v General [ | Shaow Di

Mame DC

Mumber 112

Description “none E?

Containment
{ Temperature K ) Themodyn. Switch [2] Non-Equilibrium -

+30.0(K) Flow Flag [0] Mot Defined -
Type [ | = Inactive =

Fluid Condition
500.0

Pool, Fog Switch [0] Pool, fog allowed -
—Sat. Steam -

Active/Inactive [0] Active -

Vel. of Atmos.

—Sat. Liquid Velocity of Pool

Flow Area Default

Thermodynamic Input | | [3] Pool and Atmosphere -

Pool Flag [3] Both -

Water State || [o] Saturated =

Wapor State [0] Saturated -

Legacy IC Format ") True (@) False

Pool Pressure

7.086 | {Pa) [q__b|

Partial Pressure Flag

Pool Option -
Pool Elevation 30.0 | {m) |§|
Pool Void Fraction 0.0 () |[4p
Wetwell TVAP 37.8 °C Relative Humidity 10|10 \]z
Fog Flag
Geometry Rows: 3 [20.0,0.0],[25.5,58.6],[36.0,248.6] |E_"
External Sources [0} Sources Defined ||:__"
Water Source [0] Water Sources |E__"




STEADY STATE

Attempt #4

Start with all operating steady conditions
and smaller time step

0 sec

it With a smaller (0.01)
maximum allowed
timestep the calculation
runs fine from the very
beginning!!

7.8°
""IIII‘ f;';;“ll ‘e‘h\}l
-7""--,.______7‘.;‘& I i o
Wetwell TVAP 37.7 °C ] s
= &
5
g
g L5
= 1 i

Wetwell TLIQ 37.7 °C



CONCLUSIONS

 Time step has crucial importance

« Some code behaviours are unexplainable
(ex. Valve closing)

« Interactive variables are very useful

e Join our folder-in-the-cloud and share
information






Some bugs??

Supporting structures can’t h
be just made of Zircaloy
Spacer grids

Phebus Bundle




