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Load scenarios, requirements and materials

Load scenarios, requirements and materials
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Load scenarios, requirements and materials

Mechanical analyses

Design and operating pressures and Temperatures

@ Pressure:
@ PD=Vacuum / 2bar{g) 1 bar(g)
@ PO=Vacuum
@ PM=0 bar(g)
@ Temperature:
@ TD=80°C
@ TO=50°C
@ TM=352C

ESS-109482 Change of design pressure of Monolith Vessel.
(May 2019)
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Load scenarios, requirements and materials

Mechanical analyses

Load Combinations

@ ESS-0135130 KFM

Load scenarios

@ Analyzed: DO1, D04, DO5, D07, D09, D11.
@ Additionally: Hidrostatic test (PT)

5.4. Load combinations system part D
Combination Rule for combination Event Criteri Remarks
class a level

D01 (PD+TD+DW) SF1 A

D02 (PO+TO+DW+SF1_NL) SF1 A

D03 (PO+TO+DW+SF2_NL) SF2 A

D04 (PO+TO+DW+SF2_NL) + SF2_EQ  SF2 A

DO5 (PM+TM+DW) +SF2_ML SF2 A

D06 (PO+TO+DW+SF3_NL)+SF3_ TB  SF3 C
(PO+TO+DW-+ SF3_NL) +SF3_EQ  SF3 C

DO7 +SF3_TB

DOS (PO+TO+DW+ SF4_NL) SF4 D

D09 (PO+TO+DW+ SF4_NL) +SF4 EQ  SF4 D

Table 11. Load combinations for system part D
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Mechanical analyses

Loads considered

@ DW:
@ Weight of all components.
@ Shielding blocks of PBW System.
@ Half of the weight of Drift pipe.
@ Maintenance Loads:
@ Checking if 10t RH cask can be placed over the PBW-Vessel.
@ Confinement release:
@ 2 bar(g) overpressure
@ Nozzle loads:
@ 5 feedthorughs:
@ 2 load free: vacuum
@ 3 cabling and piping. Pipes connected to blank flange, only weight is considered (max diam=25mm<<DN250).
@ Temperature:
@ Reduced radiation levels: no secondary stress need to be checked (Materials Guide).
@ Only material properties affected.
@ Pressure (force) from PBW Pneumatic Seals.
@ Cooling circuit:
@ PD=5bar

@ PT=1.43 *5 bar
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Load scenarios, requirements and materials

Mechanical analyses

Loads considered

@ Seismic loads:
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Load scenarios, requirements and materials

Mechanical analyses

Special functional requirements

@ Pressure from PBW Seals

[FLIIIm
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Load scenarios, requirements and materials

Mechanical analyses

@ PB, Vessel, flanges, bellow, rigid struts and pipes:

@ SS316L: X2CrNiMo17 12-2 according to A3.3S RCC-MRx Appendix 03.
@ Bolts:

@ 25CrMo4 (changed acc. to manufacturer)=> 42CrMo4 according to A3.11S RCC-MRx Appendix 03.
@ Gaskets:

@ EPDM gaskets: 5 feedthroughs, 1 PBW-vessel to vessel cap. REMOVABLE

@ Spring energized (Helicoflex): 1 PB to PBW-Vessel. Properties from manufacturer. PERMANENT
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Analysis by analytical formulae

Analxsis by_ analxtical formulae
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Mechanical analyses

Appllcable design rules

Thickness of shells subject to pressure: according to RD 3332

Openings and their reinforcements: according to RD 3333

Evaluation of stress limits for primary loads: according to RD 3354 and RD 3355

Consideration of buckling: according to RD 3370

Bolted assemblies: according to RD 3380 (bolted flanges designed following the rules of Appendix A6).
Analysis of bellows: according to RB 3700 for single ply bellows.

Analysis Procedure

@ 2 step analysis:
@ First, design rules used to check and modify minimum thickness.
@ FEM evaluation to check mechanical stresses under code limits, and displacements.
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Analysis by analytical formulae

Mechanical analyses

Thickness against internal pressure

@ RD 3332.2 Subsection D and RB 3332.3 Subsection B

wall | PBW-Vessel

DN100CF (X48)
DN250CF (X49)
DN250CF (X50)
DN250CF (X51)
DN40OCF  (X52)

Nozzles| PBW-Vessel

Wall|pgy.pp

N3,  RD3332.2

Lid|cooling circuit (pew-pB)

Nim———RB-3339-3

Flement {ID4) mm (°TC) mmmm

1010 0.8425(") 7 (in 3D model) /
30 310 120 06757 10.(th|ckn.ess
considered in the
700 0.5839 calculations)
104 0.0868 5
250 0.2085 7
80 250 120 0.2085 7
250 0.2085 7
37 0.0309 5
| =475 13.7121 27
80 120
=425 =6566% +&
3542 |=22 122 1.2197 2
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Mechanical analyses

Thickness against external pressure

@ Appendix A12

T (ID2) L (ID2) Paa
(mm) (mm) (bar) (bar)

1030 2503 1030/10  2503/1030  0.00058 55.2 1

Walllpgy veseer 830 10 985 830/10 985/830  0.00190 81.7 13.7 1
720 10 348 720/10 348/720  0.00480 85.1 223 1

(X48): 108 5/2 (X48): 156 108/2 156/108 0.0038 84.2 273 1

(X49): 256 7/3 (X49): 199 256/3 199/256 0.0023 82.4 143 1

(ORI  (X50): 256 7/3 (X50): 199 256/3 199/256 0.0023 82.4 143 1
(X51): 256 7/3 (X51): 199 256/3 199/256 0.0023 82.4 143 1

(X52): 40 5/1,5 (X52): 103 40/1.5 103/40 0.0034 83.8 53.1 1
I TP . ./ > 28
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Mechanical analyses

Bolted Assemblies

@ Appendix AO6
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Analysis by analytical formulae

Mechanical analyses

Bolted Assemblies

@ Appendix AO6

81— Bo

1 : one-piece flanges with the cylindrical shell

Operating _
load wmz2 =n.b.G.y

Hydrostatic G2
force H=n.

Minimum
service load

H, =2.b.n.G.m.pP

Minimum mw_,
tightening = (2)H+Hp= W
load to apply

bolk
on BOES Use the greater of the

two (1) or (2)

Special calculation for Helicoflex gasket

AS.M.E. Section VIII
Division | Technetics Group

Fj=n.DjY,

Fm= n.Dj.¥Ym

_ Ym, =Y,

an2 = Yz PuG

Use the greater of the two

Use the greater of
the two (1) or (2)
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Mechanical analyses

Bolted Assemblies

@ Appendix AO6

Vessel Cap-Flange

Stress value Limit [MPa] PB-Flange [MPa]

[MPa]
MA=WA'hG [N-mm]
kF*GH 1.55 = 180 139,74 2,00
kF*or S =120 29,05 0,13
kF*o0 =120 22,41 0,47
kF*(oH+or)/2 S =120 84,39 1,07
kF*(oH+08)/2 S=120 81,08 1,24 Limit [MPa] PB [MPa] Ve;;ep'ac]ap PB [MPa] Velsléleplz;ap
| Mop (Homio) [NoWR] _
kF*GH 1.55 = 180 43,32 51,16 N-mm] Ak Lo
e 10 =2 o kF*oH 180 (A) / 216 (C) 179,36 126,11 178,12 135,68
o o0 o e kF*or 180 (A) / 216 () 37,29 10,78 37,03 11,60
ot o0 T s F*ob | 180 (A) /216 () 28,77 25,14 28,57 27,05
KF*(oH+08),2 S =120 25,13 31,56 — WSi-ho [N-mm]
kF*oH 180 (A) / 216 (C) 178,14 113,17 176,39 117,17
' ' ' KF*o0 180 (A) / 216 (C) 28,57 22,56 28,29 23,36
kF*or 1.55 = 180 36,70 8,99
kF*o0 1.55 = 180 28,32 31,66
| Ma=WSithg [Nmm]
KF*GH 1.55 = 180 174,16 114,50
KF*or 1.55 = 180 36,20 7,60
KF*o0 1.55 = 180 27,93 26,76
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Mechanical analyses

Dished Head

@ Spherically dished head with bolted flanges RC 3332.25 — Thickness check

Dimension ‘ Value

h[mm] | 1.4 <5.0(current)
Mo [N-mm] 2,015E+07
Hp application line Hr [N] 14.841,5
Full penetration hr [mm] 36,5
weld — h He [N] 398.550,2
Center of gravity h>5.P.L/(6.8) he [mm] 25
‘ 5 Hp [N] 158.258,5
) T H>F +yF2 +J ho [mm] 48
T b B V1.2 B2 Hr [N] 136.672,5
F= hr [mm] 15
TR 8-S (A - B) B1 [rad] 0,528423494
\__ Appropriate gasket Jo Mo (A + BJ
‘ S-B (A-B
(ArE)4 > Mo A+B
» A/2 % P -B\V412 — B2
. . . F = = 1.491 mm
a Progressive transition of welds on each side 8§ - (A — B)

H>=F+.F?+]=41.0mm
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Mechanical analyses

Bellow

@ General rules for design of bellows in RCC-MRx - RB 3700

Figure RB 3742.12a: single layer bellow with U identical convolutions

Dimension
h [mm] 0,4
h1[mm] 0,4
h2 [mm)] 0,4
De [mm] 252,9
Di [mm] 220,1
Dm [mm] 236,5
r [mm] 3,95
H[mm] 16,4
b [mm] 3,95
| (4r) [mm] 15,8
L [mm] 16,59
n0 10
Es [Mpa] 193000
poisson rat 0,3
P [Mpa] 0,1
Al [mm] 2,37
Ax [mm] 6
Au [mm)] 4
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Analysis by analytical formulae

Mechanical analyses

Rigid Struts

@ Force reactions in each scenario.

Calculated Force Reactions (N)

Part of vessel i
- DO1 D04 DO5 D07 D09 D11 Hydraulic
j 1T Test
= i O Strut 1 1929 149259 147521 4094  56946.7 | 1760743 143.0
T ® 5.9 147912 145795 2779  56847.7 | 176014.0 59.9
w

7|
M
il

+ zusiqlich ischen Aufschlag suf
2 [Rigid Stxut [3s8103 | [ 1] 16.00]
1 |Weld-on 558959 I =l

) | p_Tvp = ] p_Anc{ kg ] F_Material
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Analysis by analytical formulae

Mechanical analyses

Feedthroughs
@ Feedthroughs dimensioned according to parameters in table.

LLLLLL < LT T
A I T
t3
B c Z
b R LA O TS
— ‘ cq
Ny Nozzle TYPEB | ]
DETAILE Transition 1:3
oD |B C t2 T3 Cc2 B2 Transition
Nozzle |DN (mm) [ (mm) | (mm) | (mm) |(mm) |(mm) |(mm) |(mm)
X49 aX51 | 250CF | 304.8 | 250 | 256 3 7 194 60 14
X48 100CF | 1524 | 104 | 108 2 5 151 35 10
X52 40CF | 69.9 37 40 15 5 98 25 11
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Mechanical analyses

Shielding Blocks

@ Worst case: seismic loads.
@ Calculated overturning of blocks, and re-stabilization forces.

LATERAL SURRCUNDING SHIELDING

25+-3mm

Shielding block stabilization
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Mechanical analyses

. « e
J O I nt CO effl C I e nts 2012 Afcen RCC-MRx Code Section Il - Tome 1 — Subsection B: class N1g, reactor components and supports

Designed to allow volumetric inspections allowed in every component. Table RB 3334.4a: definition of types welded joints
o o Examples Definition of types welded joints
Only the PB cooling channels cannot have vol. inspect.

] ) two sides
:EI 11 |buttwelding full penetration accassble back welding

In service inspections don’t have same req. as in workshop. 2 |otweng aipeneiaton 0SS gaseous bac prtecion o
Example: vessel feedthroughs (RT or UT). W ]

on temporary backing strip can be

13 |butt welding full penetration two sides inspected after removal of the
accessible o

back side gaseous protection with or without

m 1.1 butt welding  full penetration inaccessible insert
T e S Of We | d .2 |buttwelding full penetration back side permanent backing strip
inaccessible :

@ Type |.1 welds commonly used.
@ Only Type lll.1 will be used in Feedthroughs (RT feasible). [ﬂ]

two sides
accessible
back side
inaccessible

.1 filletor T full penetration back weld or back machining

m.2 |filletorT full penetration gaseous back protection

back side

m3 |filetor T full penetration inaccessible

permanent backing strip

Table RD 3355.1a: coefficient of welded joint J

. . Type of welded
Type of welded joint authorized e ,
P J joint tolerated V.1 |filetor T partial penetration 20Dl opening double bead

Examinations fv2 |buttwelding preparation
. o ) . 111213 1213

Volumetric examination : radiographic or ultrasonic L1 1.2 Vil

Surface examination: liquid penetrant or magnetic particle -1 VVvvi

Wolumetric examination +
Surface examination after welding (both sides)

) straight edges or
1 ﬂ v filletor T g?g?'pgig‘::;ig?‘n single opening double bead

preparation

Surface examination during welding +

surface examination after welding (one side) 0.85 085 05 0.5 flietor T single openin
. . . Vi butt weldir partial penetration reg'aratpon 9 single bead
Surface examination after first pass + 07 07 05 05 ult welding preparats
surface examination after welding (one side) ’ ’ i ’
Surface examination after welding (one side) 05 05 05 05
|t o straontedges single bead single bead
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Analysis by analytical FEM

Analysis by FEM

R. Vivanco (ESS-Bilbao)
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Mechanical analyses

Analysis by FEM

@ General design rules are used, according to class N3Rx (MQC3) RCC-MRx components — RD 3200.
Stress analysis to compare with material limits for level A, C and D scenarios.

Buckling analysis

Shell elements for the PBW-Vessel.

Solid elements for the PB.

Bolts simplified as bonded contacts.

Displacements of PBW sealing surfaces and PB bottom surface for PBI

@ Mechanical displacement of sealing surfaces is calculated.
@ Thermal analysis is presented in later CDR section.
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Mechanical analyses

FEM Model

@ Meshing
@ Shell mesh for the PBW-Vessel.
@ Solid mesh for the PB.

0,000 1,200 1,400 () S aanie
I || ]

0,100 0,300

0,000 1,000 2,000 (m)
| |

0,500 1,500
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Analysis by analytical FEM

Mechanical analyses

FEM Model

@ Shielding blocks inside modelled as point masses. Attached to surfaces depending of the movement during load scenario.

[&] Remote Point TaM Shield X
[B] Remote Point B Shield X

Horizontal seismic acceleration

Tters: 10 of 17 indicated
03/04/2019 18:26

[&] Point Mass T&M Z
. Point Mass BZ

. Paoint Mass 3

. Paoint Mass 4

. Point Mass 5

. Paoint Mass 6

. Point Mass 7

IE] Acceleration: 0,7 m/s®

[ Paint Mass Tém X
[ Paint Mass Tém

0,000 1,000 2,000 (m)
| I ]

0,500 1,500

Seismic acceleration in Y axis
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Mechanical analyses

FEM Model

@ Nozzles. Point masses in DN250 to represent Cabling and media weight. ‘
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Mechanical analyses

PBW Seal forces

@ Nozzles. Point masses in DN250 to represent Cabling and media weight.
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Mechanical analyses

Buckling analysis

@ Rigid struts modelled as remote points.
@ Point masses with inertia properties for shielding blocks.
@ Assessed by analytical calculations.

Q: Buckling Operacion + Sismo Nivel A 0:D07 - CARGA DE MANTENIMIENTO
gARGA‘:S ESTATICAS OPERACION CASO DE MANTENIMIENTO
ime:ls Time: 1, 5
Iterns: 10 of 27 indicated Items: 10 of 18 indicated
03/04/2019 18:07 03/04/2019 18:17
] Eorehe T [&] Point Mass Tém Z
. Pofnt Mass BZ . Paint Mass BZ
BB e B
Point Mass 4
. Pressure: 1,e+005 Pa . Point Mass 5
. Pressure 2: 3,5e+005 Pa - Paoint Mass 6

. Pressure 3: -1,e+005 Pa

[H] Standard Earth Gravity: 9,8066 m/s®
. Point Mass 5

. Point Mass 6

- Point Mass 7

[H] Point Mass Taum X
. Point Mass T&M Y
. Point Mass B X

L

0,000

2,000 (m)
]

0,000 2,000 (m)

0,500 1,500 0,500 1500
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Mechanical analyses

RESULTS - Buckling analysis

@ 100 eigen modes are simulated.
@ Minimum load multiplier for all cases of 62.7.
@ There is margin despite being linear calculations.
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Mechanical analyses

Stress analysis for Type P damages

Sl ‘ Membrane + Bending S| |
Membrane

A Time:
Custom Custom
Maxi 7,3331e7 Max: 4,7287e7
Min: 8,3104e-9 i

in: 2,866e-
03/04/2018 18:59 03/04/2018 18:04
733317

—gy 472877
6,5183¢7 4,2033e7
5,7035¢7 3,6779e7
48887e7 3,1524e7
407397 2,627e7
3,2591e7 2,1016e7
2,4444e7 1,5762¢7
1,6296¢7 1,0508¢7
8,1479¢6 5,2541e6
8,3104e-3 - 25668

7 z
® @
0,000 0,200 0,400 (m) 0,000 0,250 0,500 (m) I >
I . I
0,100 0,300 0,125 0,375

Nozzle Stress Intensity. Membrane + Bending / Membrane — D01
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Mechanical analyses

Stress analysis for Type P damages

Sl | Membrane + Bending SI | Membrane

tf::q:ressiun:‘siwb‘_di‘k_'m +SRSS_H2_ M

xpression: Sint_op_TB+SRSS H3_TB
Unit: Pa

Time: 1 '_Ef'ih P;,
Custom me:
Max; 1,3202¢8 Custorn
Min: 7,7212e-7 Max: 5,0249e7
03/04/2019 18:12 Min: 1,7227e-7
03/04/2019 19:16
1,3202¢8
Tl e 1,952e7
m 1,7406e7
0 8,8800¢7 B —
u 7,4226e7 B 1‘3179e7
B 5,0552¢7 o
i ] 1,1065¢7
3020467 o 8,951e6
b 15537 6,8371e6
M 5 5626e5 4,7232¢6

2,6094e6
4,9549e5
o | Era ax 5.
I z ’ I 7 !:;
[ . \ )‘ ( "
0,000 1,000 (m) X ; bbb af
| I Bt

0,500

Vessel Stress Intensity. Membrane + Bending / Membrane — D09
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Mechanical analyses

Stress analysis for Type P damages

Sl | Membrane + Bending SI | Membrane

1,7496e7

g 53124e7
47233¢7 m
4,1343¢7 ] e

| e 1,1847e7
35452¢7 ]
|| | 9,964e6
_{ 295627
8,08LLe6
2,3671e7
oy §,1981e6
i 4315266
- 2,4323¢6
’ - 5 4936e5

N 109295

Vessel Stress Intensity. Membrane + Bending / Membrane — Pressure Test
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Mechanical analyses

Stress analysis for Type P damages

F: COMBINACIONES F: COMBINACIONES
DO5_PE Do5_PE

Expression: Sint_dis_PB+3R35_H2_PB Expression: Sint_dis_PB+SRSS H2 PR

Unit: Pa Unit: Pa
Tirme: 1 Time: 1
Custom Custom

Max: 3,9951e7 Max; 3,995 1e7
Min: 1,5634e5

Idin: 1,5634e5

03/0452019 19:22 03/04/2019 19:22

3,9851eT

3,995 LeT
3,5529e7 3,5529eT
3,1107e7 3,1107eF
2,f686e7 2,6606eT
2,2264eT 2,2264eT
LT843eT 1,7843e7
1,3421Le7 1,342LeT
8,9993e6 8,9905¢6
4,5773e6 457706
1,5634e3 1,5634e5

v

[ ]
1,000 0,300 {rm) % 0,000 0,300 (i) %
—— i e
X

1,150 0,150

Port Block Stress Intensity. — D04
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Mechanical analyses

Stress analysis for Type P damages

@ Supporting plate reactions.

450 mm

- 516mm "I
0,000 0,400 () v T, 0,400 ) ¥ A

I 0000

0,200 0,200
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Results

R. Vivanco (ESS-Bilbao)
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Results

Mechanical analyses

PBW-Vessel

@ RD3353.2 and RD 3355.

+ Level A: P,<J-S P <15-J-5 P, +P, <15.J-5 P +P,<15-J-5
+ LlevelC: P <15.J-5 P £18.J-5 P +P, £18.J.5 P +P,<18-J-8
« LevelD: P,<2-J-5 P <24-J-5 P, +P, <24-J-5 P +P,<24-J-5

Calculated / Allowable Stresses (MPa)

Combination Combination D04  Combination DO5 Combination Combination Combination Hydraulic Test

Type of DO1 —Level A —Level A _Level A DO7—Level A DO9—Level C D11-Level D _Level C

Part of vessel | Diameter
stress

SI|Ca|cu|ati SI|AII0wabI SI|Ca|cu|atio S|| SI|Ca|cu|ati SI|AIIowabI SI|Calculati SI|Allowabl SI|Ca|cu|ati SI|AII0wabI SI|Ca|cu|ati SI|AIIowabI SI|Ca|cu|ati SI|AIIowabI
Allowable

on e n on e on e on e on e on e
1010  Membrane P, 106 120 18.1 120 15.2 120 185 120 429 180 122 240 154 180
Membrane —p ., 593 130 658 180 4055 180 463 180 103 216 205 288  53.12 216
+ Bending
Flange @810 Membrane P, 12.1 120 23.7 120 15.6 120 27.2 120 44.6 180 100.5 240 17.5 180
junction with
vessel shell Membrane —, ., 171 180 767 180 264 180 81 180 1329 216 2818 288 296 216
& any Shell +Bending
@700  Membrane P, 1512 120 24.7 120 19.5 120 26.1 120 39.8 180 825 240  15.9 180
Membrane —, ., 343 180 795 180 4220 180 939 180 993 216 1654 288 2413 216
+ Bending
1010  Membrane P, 144 120 19.3 120 25.4 120 12.1 120 5044 180 139 240 213 180
Perforated
head or shell Membrane +P, 20 180 20 180 29 180 1227 180 64.9 216 176 288 29.5 216

+ Bending m
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Mechanical analyses

PBW-PB

@ RD3353.2 and RD 3355.

Calculated / Allowable Stresses (MPa)

fth (VEYdut:] Combination DO1 ~ Combination D04  Combination DO5 Combination Combination Combination Hydraulic Test
Partofthe | g oo —Level A —Level A —Level A DO7-Level A D09-Level C D11-Level D —Level C
Port Block
ort Bloc
Intensity
SI|Ca|cu|ati SI|AIIowa SI|Ca|cu|atio SI|AII . SI|Ca|cu|ati SI|Allowab SI|Ca|cu|ati SI|AIIowab SI|Ca|cu|at SI|AIIowab SI|Ca|cu|at SI|AIIowab SI|Ca|cu|at SI|AIIowab
on ble n owanie on le on le ion le ion le ion le
Port Block Max
Top Flange Stress 24.36 120 55.3 120 30.6 120 58 120 84.6 180 167.42 240 28.3 180
Junction Intensity
Port Block Max
walls Stress 31.9 120 46.4 120 40 120 29.6 120 84.4 180 216.6 240 38.7 180

Intensity

04 July, 2019
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Results

Mechanical analyses

Connecting Pipe

@ Internal overpressure and vacuum.
@ Cooling circuit pressure (in pictures, results from PT).

B: Static Structural
Equivalent Stress
Type: Equivalent (von-Mises) Stress
Unit: MPa

Time: 2
25/06/2019 19:45

2,4755 Max
2,2004

1,9254

1,6504

1,3754

1,1004

082536

055035

027533
0,00031775 Min

RIS
KRR

SRAEE

D: Static Structural

Equivalent Stress

Type: Equivalent (von-Mises) Stress
Unit: MPa

SRS

2700

YV, %)

v
i

Tim
03/07/2019 3111

21,133 Max
18,786
16,439
14,091

Vacuum

B: Static Structural
Equivalent Stress
Type: Equivalent (von-Mises) Stress
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Mechanical analyses

Sealing surface displacement

@ Maximum relative displacement within the same surface is < 35 microns.
@ Maximum relative displacement with respect to the PBW Seal surface is < 13 microns.
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Conclusions

R. Vivanco (ESS-Bilbao)
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Conclusions

Mechanical analyses

Conclusions

The PBW-Vessel, with increased 10mm thickness, 5 feedthroughs on top, a dished head of 5mm, 2 reinforcement rings and 2 flanges; can
withstand all mechanical loads. Particularly, the overpressure/vacuum scenarios, and dead weight from PBW-System shielding.

The PBW-PB, with two openings for the proton beam, 1 flange to connect to the PBW-Vessel, variable thickness in walls; can withstand all
mechanical loads. Particularly, supporting the full dead weight transmitted by the PBW-Vessel.

The PBW-PB sealing surfaces are stiff enough to guarantee proper countersurface for the PBW-Sealing system.

The PBW-PB bottom is stiff enough to control the deformations far below 0.5 mm for the PBI.

There are two main gaskets on top and bottom, materials selected are EPDM and Helicoflex, designed to work under both overpressure
and vacuum scenarios. Guarantee from provider for leak tightness.

The PBW-PB plates that cover the cooling channel are thick enough to withstand coolant pressure. By manufacturer recommendation, they
will be increased to 5-6mm.

The design is prepared for inspections in welds to use weld Joint coefficients=1.0, except only for the PB cooling cover plates, where a <1
coef. applied to foreseen 5-6mm is enough to withstand pressure loads. Borescope option as in Inner Shielding.

Connecting Pipe permits decoupling from MV loads, specially seismic ones. In addition, key feature during operation, to absorb thermal
displacements. The full pipe withstands all mechanical loads.
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