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DEMO plant

. Parameter Unit Nominal
Case study examples from. T ——— - o
EUROFusion Nuclear Fusion —— m 2 883
DEMOnStratlon plant FW/Blanket life years n.a.
Divertor life years n.a.
] . Fusion power MW 2000
Fusion Device concept: Plasma current, Ip MA 19.07
* magnetic confinement Thermal power L 1900:(WeLL)
. including n- 2000 (HCPB)
fUS|0n multiplication in blanket
. Plant electricity output MW 500
Tokamak Cacatili
* Deuterium / Tritium plasma Installed auxiliary
. . heating/current drive MW 50
Breeding Blanket Water s

Cooled Lithium Lead
/Helium Cooled Pebble
Bed

Source terms:
H3, HTO, ACP, W-dust
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CONTEXT: DEMO Plant Design Extension Condition

DEC in Fusion: context Defense in Depth

» Accident sequences focus on multiple independent failures

« Common causes analyses

» Cliff-edge effects: «severely abnormal plant behavior caused by an abrupt transition from
one plant status to another following a small deviation in a plant parameter»

V'V penetrations
h

First Confinement Second Confinement /
InVV LOCA BBy building

exVV LOCA

Loss Plasma
Shutdown System

Loss Decay Heat
Removal System
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DEMO Building

Galleries
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DEMO Building confinement

Room

Leak rate and pressure

Tokamak Complex: PHTS equipment room, lower and

Tokamak Complex : Gallery rooms (rooms

containing vacuum vessel pressure suppression system,
volumes containing piping for fuelling and vacuum
pumping between port cells and tritium plant building,
all galleries at all levels, and Cryostat space room)

Tokamak Complex : Port cells

upper pipes chases and all pipes shafts, guard pipes).

<5.5 volume %/day at 0.3 kPa pressure differentia

<100 volume %/day at 100 kPa pressure differenh

<100 volume %/day at 0.3 kPa pressure differenti
<820 volume%j/day at 20 kPa pressure differentia

Tokamak Complex : Drain Tanks Room <5.5 volume °7o7aay 2t 0.3 kPa pressure differentia

<100 volume %/day at 100 kPa pressure differenti
<100 volume %/day at 0.3 kPa pressure differenti.
< 1420 volume%/dav at 60 kPa pressure differenti

W

1%vol./day if pw > peryostat (DEMO assumption)

cryostat

1%V0|/day |f pcryostat > pcryostat space(DEMO assumpti(
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Postulated DEC Events: 2 independent failures

CONCEPT Coolant P [MPa] Tin [C°] Tout[C°]  V PHTS [m3] T°t?|'(3';ass T°ta'['i'];a'phy

Blanket BZ WCLL water 15,5 295 328 563 785385 2,06E+09
Blanket FW WCLL water 15,5 295 328 159 221805 6,24E+08
DIVertor —-CAS WCLL / HCBP water 35 180 210 130 226590 3,77E+08

DiIVertor -PFU WCLL / HCBP water 5 130 136 114 213066 2,40E+08

1. An ex-vessel LOCA for DEMO WCLL BB. The PIE assumes a double end guillotine pipe break
co-occurring both in FW and BZ HTS coldleg/cold rings in UPC room.

2. Double-break LOCAs in the PHTS area of the TOKAMAK building from both the FW and BZ
loops (e.g., DEGB in FW and BZ cold legs)

3. Simultaneous LOCA in the LPC - CAS divertor loops and PHTS area - BZ loop

Double-break LOCAs in the LPC from both CAS and PFU divertor cooling loops

5. Wet confinement bypass events, involving two independent failures: a large (or
subsequent) in-vessel LOCA combined with a failure of a line connecting VV with the
TOKAMAK building.

Em EMUG 2026 - VTT 6

»



WCLL Breeding Blanket HTS Input Model

Sub-System Water
15.5 MPa and inlet/outlet temperatures of 295 °C and 328 Coola:;t Inv.
m
= & 260.4
w ? 188.1
3 3 BZ PRZ 53.0
0 3
0 o Hot leg 2 60.5
— ! 93.7
"""""" | FWPRZ | 25.0
"""" 680.7
——— W—— S Source term inventory
—
| HTOkg | ACP[kg]
O=H O0=M Oo=n (30.54+70g) -
=0 =0 | E=l BB-BZ 73%
INBOARD INBOARD IND BB-FW 0 295 (3054+709) )
' 27%
(=8 =8 =
(*) 0.015g-T /m3 cool.inv.

=0 H=EH = b=A

%%
8 DEMO Sectors 7 DEMO Sectors 1 DEMO Sectors ( )

m EMUG 2026 -VTT (**) Modified from UNISAPIENZA BB Melcor model 7



Divertor HTS Input Model

Source term inventory

R
Z””er - HTOkg | ACP [kg]

VERTICAL SHAFT

PIVEYS] 3.12E02 (%) 1.17E-01

7 DIV-PFU [ER I NN

(*) 0.015g-T /m3 cool.inv.

8 sectorslumped [=o=] 8 sectorsdetailed

DIV PFC PHTS main data

otal water volume [m3] 188.8 | wsss st
130/136 °C im o .0 =
71 MW

DIV CB PHTS main data

otal water volume [m3] 156.8
180/210 °C

’ reak
hermal power 92.5 MW im o [] i .;,_= =
— “ n‘“ﬂ-708725
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Two-runs approach

1rst run

$ § 3 & 3 il] =
T acn B s & s et W.i" 3

i -
e o [|Ewie

detailed
™
-
B
-
=
e
=

Melcor v1.8.6 fusion adapted.

BB Model +
PIE room model

Coolant Releases (EDF)

Il G- L
R s g

==E~_--~ Div Model
+ PIE room model
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1. ExVV BZ+FW LOCA in UPC room

Pressurization Pattern Coolant release in PHTS at t=0.s

Sensitivity analysis on relief panel cross-section and sprays.

p —— BZ break flow path
CASE TAG Relief UPC-TCSW [m"] Relief TCSW-dome Heat Sink [MJ/s] 400004 | ! | | = FW break flow path
Baseline 4 4 z
4xFlaps 16 16 = 000
16xFlaps 32 32 . 3
Air Cooler 4 4 100 é 20000 4
.
UPC pressurization 10000
800000 : :::‘.\::
gsnoooo = :\:l;::; D 1
3 0 20 40 60 8 100 130 140
E.monoa Time [s]
: i eD e = £ HTO/ACP Releases
TCWS-PHTS pressurization
400000 : :::‘l::
: = - Room HTO [kg] ACP [kg]
;“m Initial Inventory in HTS Loop
N\
£ 200000 : LPC / UPC/ VS 4,71% Second
100000 . ; v . . ! PHTS - Vault 5,17% 1,06% |confinement
0 100 200 300 400 500
Teals) PC/ Galleries / Dome 0,00% 0,00% | Third Barrier
250000 e — S-VD from PHTS VAULT 0,02%  0,00% | cermled
225000 — 4 ; 5" releagse [Filtere
7 20000 = %’EE: S-VD from Galleries / Dome 0,30% 0,00% sosse) |
g 175000 Uncontrolled
f 150000 Env Leaks 0,32% 0,00% release - Leaks
125000
100000

L] 100 200 300 400 500

Tima fel
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2. ExVV BZ+FW LOCA in PHTS room

Coolant release in PHTS at t=0.s

40000

35000

30000 A

[ka/s]

25000

20000 1

150004

Mass Flow Rate

10000

5000 A

0

BZ break flow path
FW break flow path

N

300000

250000 /-

200000

150000

Mass [kg]

100000 f

50000 It

Pressurization / Room WallTemp Pattern

0

20 40 60 80 100 120 140
Time [s]

LPC
700000 upPC
— V§
600000 TCWS
DOME
E 500000
g
a 400000
&
300000
200000
100000
0 50 100 150 200 250

EINEIA

Time [s.

[s]
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BZ Water Coolant release in UPC
FW Water Coolant release in UPC

0 20 40 60 80 100 120 140

Time [s]

Room

312.5 4

310.0

307.5 T/ =

Temperature [K]
w w w
i=3 =3 o
S N w
(=3 w o

297.5 1

295.0

292.5 4

LPC-FLOOR-TEMP
LPC-WALL-TEMP
UPC-FLOOR-TEMP
UPC-WALL-TEMP
VS-WALL-TEMP
TCWS-FLOOR-TEMP
TCWS-WALL-TEMP

Initial Inventory in HTS Loop
LPC / UPC/ VS
PHTS - Vault

PC/ Galleries / Dome

HTO/ACP Releases

ACP [kg]
35,3631

Second
Barrier

19,93%

Third Barrier

S-VD from PHTS VAULT 0‘00% Controlled release
S-VD from Galleries / Dome - [Filtered 99.95)
Env Leaks 0,10% r:ln::sn:f::::s

100

200 300 400
Time [s]




3. ExXVV LOCA CAS divertor HTS in LPC + BZHTS in

PHTS

400004 BZ break flow path 300000 e . —
=
35000 - DIVCAS break flow path /
_ 300001 : 250000 - /
oolant : | |
2 25000 { 200000 4
i \
] \ —
release x| |
o \ # 150000 4
& 15000 1 { o
— b A
at t_o .S = 10000 - 100000 1/
5000 Y o
. 50000 - e
0 — ey — [ BZ Water Coolant release in PHTS
0 20 40 60 80 100 120 140 o — —— DIVCAS Water Coolant release in LPC
Time [s] T T T T T T r
0 20 40 60 80 100 120 140

Time [s]

Pressurization / Room Walls Temp Pattern

= — — LPC
500000 AL\ 3:::
- 3107 LPC-FLOOR-TEMP \ TCWS
. s LPC-WALLTEMP DOME
g UPC-FLOORTEMP .. 400000 4
23957 .+ upcwaLLTEMP 7
g VS-WALLTEMP / =
£ TCWS-FLOOR-TEMP 5
T 3009 « TEWS-WALLTEMP & 300000 1
4
&
/ — Opening UPC-> PHTS at 120kPa (with
— — 200000 4
0

100 200 300 400
Time [s]
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4. ExVV LOCA Divertor Cassette + PFU HTS in LPC

room

Coolant release at t=0.s

Mass Flow Rate [kg/s]

Pressurization / Room Walls Temp Pattern

Pressure [Pa]

5000 4

4000 4

3000 4

2000 4

1000

—— DIVPFU break flow path
DIVCAS break flow path

Mass [kg]

130000

125000

120000

115000

110000

105000

100000

0 100 200
Time [s]

300 400

Temperature [K]

0 50 100

150 200 250

Time [s]

(= B = RN
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120000

100000

80000

60000

40000

20000

I —— DIVPFU Water Coolant release in LPC
DIVCAS Water Coolant release in LPC

0 100 200

Time [s]

T
300

400

HTO/ACP Releases

Room HTO [kg] ACP [ke]
Initial Inventorn 1,096 35,3631
LPC f UPC/ VS I - _ R
PHTS - Vault | : oreiir
PC/ Galleri
: Dir::es : 11,51% 19,93% Third Barrier
5-VD from
PHTS VAULT G035 0,00%
Controlled release
S-VD from [Filtered 99.95)
Galleries / - 2]
Dome
Env Leaks 1,48% 0,10% Uncentrolled

release-Llesks

3151
-
310
LPC-FLOOR-TEMP
«  LPCWALLTEMP
UPC-FLOORTEMP
3051 . UPC-WALLTEMP
VS-WALLTEMP T
TCWS-FLOORTEMP ™™
3001 « TCWS-WALLTEMP
205 P —
L =
0 100 200 300 400
Time [s]




5. InVV LOCA BZ + ex VV RD line to VVPSS in RD

room

PIE1: inVV LOCA — Double End Guillottine Break (DEGB) BZ feeder

=344t water mass in BZ loop
(>50% inVV) 295°C /328 °C at
15.5 MPa.

PIE2: exVV release — DEGB
Rupture Disk line to VVPSS

URPERPORT

RUPTURE DISK

BLEED UNES.
RUPTUREDISK LINES

SMALL LEAKAGES

Mass Flow Rate (ka/s)

Release PIE1: InVV BZ LOCA

Release PIE2: ExVV VVPSS pipe rupture RD Room

300000

250000

200000

150000

100000

50000

0

— NO ISV
— ISV_CL-HL
—— ISV_Feeders

250000

200000

150000

pressure [Pa)

100000

50000

o 1,000 2,000 3,000 4.000
Time [s]

Pressurization VW

— NO ISV
— ISV_CL-HL
—— ISV _Feeders

o 20 40 60 80
Time [s]

Mass [kg)

70000 §

60000

50000

40000 5

30000

20000 1

10000 §

— NO ISV
— ISV _CL-HL
—— ISV_Feeders

0

1e7

5,000 10,000 15,000

Time [s]

20,000 25,000

Pressures in BZ Loop

L

— PRZ

—— Feeder break

—— ColdLeg

—— Hotleg
CLRing

P<70%Nominal

Pressure [Pa]

)

0.8

20 20 6 8 100 120
Time [s]

sensor located on loop ex-VV)

ISV trigger: 70% of nom. Pressure ISV closure at about 70s (based on
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PIE DEBG of BZ feedeers wit

UPC-VDS opens
Peak pressure in VV [Pa] 241071.

Initial Inventories
First Confinement

Bleed Line opens

Rupture disk Bleed Line opens 2.95 2.95

Aggravating failure: DEBG of RD line 2.95
towards VVPSS

Peak pressure in RD room [Pa] 151372.

VV-UP

Source Terms

1039,0

N

2
6
6
1

| Time o] |
0.

(VW and
extensions)
VVPSS
PHTS Rooms 2,722% 2,544% 3,191%)
Port Cells 2,729% 0,434% 0,542%)
Galleries 0,029% 0,176% 0,256%)
To Env Filtered 0,002% 0,000% 0,000%)

0,007% 0,022% 0,027%)|
To Env (Leaks)
earlydose
(ground level) at1 1,85E-01 7,95E-01 1,05E-01
km [mSv]
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Conclusion / Design feedback

e Accidental Analysis with Melcor code have proven useful tool for assessing building confinement
model in terms of accidental loads to be recorded in DEMO safety roombook

e Accl/../Accd
* Breaks of 2 loops (either both from BB or 1 from BB and 1 from DIV) lead to significant

pressurization in building rooms > 7bar in short time. Evaluate both enlarging effective
sections of relief and implementation of air coolers.
* In case of independent accidents both in UPC/LPC and in PHTS, evaluate the opening set of
relief UPC->PHTS to be based on differential pressure, rather than AbsPressure in UPC.
* Acch5
* Instudied case ISV upstream rings (on hot/cold legs) were considered.
* ISV closure based on Detection on Pressure on CL/HL takes 70s.
e ISV at every brench downstream the rings are needed to reduce the inventory, though

implying a significant number of SIC valves + sensors (order of 100 ISV more
considering single failure criterion requirement -> spurious closure risk (FR=1E-7/h =»

Freq>1E-2 /y incident category).
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Modeling sensitivity: EDF data

*Mass.1/2/3

Sensitivity of peak pressure on EDF modeling: CV830C1 MASS.1 INTEGRAL EDF.1.1 1.0
-as mass sources vs water-mass allowing total mass CvB30C2 ENERGY.P INTEGRAL EDF.1.8 1.0
. \ . ‘e CV830C3 MASS.3 INTEGRAL EDF.1.3 1.0
associated with ith water source, to be partitioned CV830C4 ENERGY.A INTEGRAL EDF.1.9 1.0
i H CV830C5 MASS.1 INTEGRAL EDF.2.1 1.0
among pool, fog, and vapor according to the flashing V83006 ENERGY P INTEGRAL EDF 2.8 1.0

model described above and controlled by sensitivity CV830C7 MASS.3 INTEGRAL EDF.2.3 1.0
coefficient array 4500. CV830C8 ENERGY.A INTEGRAL EDF.2.9 1.0

Water mass

CVv831C1 WATER-MASS.1 INTEGRAL EDF.1.1 1.0
CVv831C2 WATER-ENTHALPY.1 INTEGRAL EDF.1.8 1.0
CV831C3 WATER-MASS.2 INTEGRAL EDF.2.1 1.0
CV831C4 WATER-ENTHALPY.2 INTEGRAL EDF.2.8 1.0
CVv831C5 WATER-MASS.3 INTEGRAL EDF.1.3 1.0
CV831C6 WATER-ENTHALPY.3 INTEGRAL EDF.1.9 1.0
CV831C7 WATER-MASS.4 INTEGRAL EDF.2.3 1.0
CV831C8 WATER-ENTHALPY.4 INTEGRAL EDF.2.9 1.0
SC00020 4500 1.0 -1 0.0065 0.0050 5.32

220000 A
200000 +

180000 -

160000 -
*Mixed EDF
CV830C1 WATER-MASS.1 INTEGRAL EDF.
CV830C2 WATER-ENTHALPY.1 INTEGRAL EDF.
CV830C3 MASS.3 INTEGRAL EDF.1.3 1.0
e CV830C4 ENERGY.A INTEGRAL EDF.1.9 1.0
LR CV830C5 WATER-MASS.2 INTEGRAL EDF.2.1 1.0
Wit Nshs CV830C6 WATER-ENTHALPY.2 INTEGRAL EDF.2.8 1.0
100000 -
| ‘ , | | | , ; CV830C7 MASS.3 INTEGRAL EDF.2.3 1.0
-10 0 10 20 30 40 50 60 CV830C8 ENERGY.A INTEGRAL EDF.2.9 1.0
Timerksl CV830F1 20.97 0.0

CVB30F2  20.97 0.0
ENEN  eviue 2026 vt 16

CV Pressurization [Pa]

140000 - 1.1.1.0
1.8 1.0

120000 1 —— baseline




CV Pressurization [Pa]
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Sensitivity of peak pressure and walls
tempertature on HS modeling:
Number and spacing of nodes

Modeling sensitivity: HS nodalization

1e6

—— 2-nodes .
S-nodes )
7-nodes
14-nodes

0 200 400 600 800
Time [s]

1,000
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HS-WALL Temperature [K]
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325

3004

—— 2-nodes
5-nodes
7-nodes
14-nodes

(4]

10,000

20,000 30.000

Time (s]

40,000

T
50,000 60,000

* 7 nodes un-evenly spaced

HS83020000
HS83020001
HS83020002
HS83020100
HS83020101
HS83020102
HS83020103
HS83020104
HS83020105
HS83020106
HS83020200

7 1 0
'HS_PHTSwall'
11. 0.9

-1 1 00
0.005 2
0.015 3
0.05 4
02 5

05 6
10 7

-1

* 14 nodes equally spaced

HS83020000
HS83020001
HS83020002
HS83020100
HS83020101
HS83020102
HS83020200

14 1 0
'HS_PHTSwall'
11. 0.9

-1 100
0.001 2

1.0 14

—_
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Thanks for your attention

danilo.dongiovanni@enea.it

Disclaimer:
The presentation provides examples of safety analysis for practical design support activity
in fusion plants/research facilities components.

Reference to EUROFusion DEMO-plant systems is provided to merely exemplify specific
cases of safety support to design.

The content here presented reflects the views only of the authors.
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