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1 Purpose

The purpose of this load specification is to define and prescribe the loads used for the Integrity
Justification of the 55.E4 Divertor Impurity Monitor (DIM) components on Divertor Cassette.
Specifically, this document provides the following:

A report of the SSCs classification (Safety, Quality and Seismic).

The description of all states of the SSCs during their life (e.g. assembly, start-up,
operation, maintenance, shut-down, et cetera).

A report of the applicable codes and standards (e.g. ASME sect. III, B31.3, RCC-MR
etc.) that will be used for the assessment of the design.

The correlation between load categories and damage limits and the correlation between
the damage limits and the structural design criteria (e.g. ASME Service Levels) in the
applicable codes.

The description of all events expected in each state (including normal, incident and
accident conditions if needed).

The specification of all load values to be considered to verify the structural integrity of
the system and their categorization.

The list of all load combinations to be considered to verify the structural integrity of the
system and their categorization.

The number of occurrences of each event during the life of the system and the number of
load cycles.

2 Scope

The scope of this document is the PBS 55.E4 component installed on the divertor cassette #4,
which is the mirror box.

The components other than the mirror box are not in the scope of this load specification.
The scope does not include PICs.

This document is prepared for PDR.

3 Scope of Reviewers

Reviewer Scope

De Bock Maarten 55.E4 TRO

Ye Ce QA RO

Ferrand Laurent Interface loads with Divertor Cassette
Roccella Riccardo Electromagnetic loads

Ruiz Pedro IEA representative, SLS expertise
Zhang Xiaotan Seismic loads

Loarte Alberto SID expertise

Jourdan Thierry PE/MPE representative

Ducarre Olivier DI RO

Tian Kuo SI RO

Reich Jens MAP representative

Table 1 — Scope of the reviewers
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v4.9)
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55.NE) and PBS 55 client diagnostics (U2AKLY v2.10)

IS-55.NE-55.E4-001 Interface Between the Diagnostics Electrical Services (PBS 55.NE)
and Divertor Impurity Monitor (55.E4) (HXU9XS v2.9)

Load Specification for the ITER Divertor System (CORF33 v1.2)

55.E4 - DIM Neutronics Analysis on Divertor Cassette (CCANGT v1.1)

55.E4 - Plasma Radiation Heat Loads on Divertor Cassette (COBDK7 v1.0)

Part 1 CB Subparts 1.3-1.4 (Contract 43-1389 Final Report Phase 4) (YUCB3S v1.2)
Displacements map of CB at CBIP at Room Temperature (9E2XU4 v1.0)
Displacements map of CB at 7710s (9E2PW3 v1.0)

Displacements map of CB at 9000s (9E2WES v1.0)

Displacements of CB for Baking Regime #1 (A4J8WQ v1.0)

Temperature data for CB at EoB t=7710s (934ZS5 v1.0)

Temperature data for CB at EoP t=9000s (93CMTK v1.0)

Stray RF power modeling in the Tokamak during EC operation (4D377D v3.1)
[S-52-55-001 Functional Interface Sheet between EC and Diagnostics (Stray RF power
management) (U3CPP8 v2.4)

Evaluation of neutral heat loads to DIM (W6SPQ v1.0)

5 System Classifications

The system classification of the components in the scope of this load specification is defined in
BIR [6] and is summarized in Table 2.

Safety | Quality | Seismic Vacuum | Tritium | RH
Component ESP/ESPN
Class Class Class Class Class Class
Water cooled Cat.I1 / level N2
omponens C QCl1 SC (Mirror box) QC-1A C-1A /A
; Non-PI N VQC- TC- N
(Mirror box) Cat.0 / level N2
(Connecting pipes)
Conventionally cooled
components
. Non-PIC QCl1 NSC N/A VQC-1B | TC-1A | N/A
(Fixing elements, Shutter,
Limit switch, etc.)

Table 2 — System components classification
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6 Codes and Standards & Structural Design Criteria

6.1 Codes and Standards

SDC-IC [4] is used for designing the component on the divertor cassette. According to Codes
and Standards for ITER Mechanical Components [5], the SDC-IC is applicable for irradiated

items.

6.2 Structural Design Criteria

BIR [6] specifies the damage limits applicable to the components on the divertor cassette, and

the damage limits are given by Table 3.

Category I: | Category II: | Category III: Category IV: e
Component Operational/ Likely Unlikely Extremely Loadi
. . oadin
Design Loading Loading Loading Unlikely Loading :
Water cooled N |
components Normal Normal Normal N/A /%r:;f
(Mirror box)
Conventionally cooled
components
o Normal Normal Normal N/A N/A
(Fixing elements, Shutter,
Limit switch, etc.)

Table 3 — Damage Limits for Loading Condition Categories (adapted from [6])

Table 4 gives the structural criteria formulated in terms of service level assigned to the damage

limits, in accordance with the SDC-IC.

Damage Limits

SDC-IC Service Level

Normal A
Emergency C
Test C

Table 4 — Applicable structural criteria for the system components
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7 Definitions

7.1 Units

All loads are provided using the International System (SI) base and derived units. The only
exception to this rule is that degrees Celsius may be used instead of Kelvin. The complete list of
units used in this document is provided in Table 5.

Quantity Unit name | Unit In SI base
symbol units

Length Meter m
Mass Kilogram kg
Time Second s
Temperature Kelvin K

Celsius °C
Acceleration m/s?
Angular acceleration rad/s?
Angular velocity rad/s
Density kg/m?
Energy, Work Joule J N-m
Entropy N-m/K
Force Newton N kgm/s?
Frequency Hertz Hz 1/s
Moment N'm
Second moment of area m*
Power Watt W N-m/s
Pressure Pascal Pa N/m?
Stress Pascal Pa N/m?
Young’s Modulus Pascal Pa N/m?
Thermal flux density W/m?
Velocity m/s

Table 5 — List of Units used in this Load Specification

7.2 Coordinate systems

Unless stated otherwise all loads are specified in the ITER Tokamak Global Coordinate System
(TGCS) [3]. The main direction and the nomenclature used in this load specification are shown
in Figure 1.

Vertical

Poloidal

Toroidal

Figure 1 — Definitions of tokamak directions and global cylindrical coordinate system.
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Some load conditions are defined in the local coordinate system, for example Floor Response
Spectra (FRS). So, in accordance with necessary, the local coordinate system is defined to apply
the loads.

7.3 Abbreviations

All abbreviations used in the document are listed in Table 6.

For a complete list of standard abbreviations, see ITER Abbreviations (ITER_D 2MU6WSY).

DIM Divertor Impurity Monitor

EM Electromagnetic

EoB End of Burn

EoP End of Pause

FRS Floor Response Spectrum

ICE Ingress of Coolant Event

IVC In-Vessel Components

LOCA | Loss of Coolant Accident

LOFA | Loss of Forced Flow Accident
MD Major Disruption

MFD | Magnet Fast Discharge

NSC Non-Seismic Class

PDR Preliminary Design Review

PIC Protection Important Component
SL-1 Seismic Level 1

SL-2 Seismic Level 2

SMHYV | Séismes Maximaux Historiquement Vraisemblables
SSC System, Structure and Component
THB Thermal Baking

THO Thermal Load Condition in Normal Operation
VDE Vertical Displacement Event

VvV Vacuum vessel

Table 6 — Abbreviations.
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8 Types of Loads

The following type of loads are covered in this Load Specification:

Inertial loads: these are caused by accelerations of masses induced by gravity, seismic
events and displacements of supporting structures imposed by plasma disruptions.
Electromagnetic (EM) loads: volumetric forces and moments generated by the interaction
between electric currents flowing through conductive materials and magnetic fields or by
the presence of ferromagnetic materials.

Pressure loads: forces distributed over surfaces due to coolant fluid or atmosphere acting
on evacuated volumes or external pressure conditions caused by accidental events.
Thermal and nuclear loads, due to direct irradiation from the plasma or due to the
presence of radioactive/irradiated materials.

Assembly or installation loads due to pretension and live loads.

9 Main Loads

The main loads prescribed in this load specification are listed in Table 7:

Load case Chapter | Characteristic loads

Dead Weight §13.1.1 | Gravity acting on components masses (DW)

Test Loads §13.1.3 | Internal coolant channel water pressure during test

Coolant Pressure §13.1.4 | Inlet pressure load and temperature of coolant water during
each operation

Seismic Loads §13.1.5 | Seismic accelerations of SL-1, SMHV, SL-2 events

EM Loads due to §13.1.6 | The dominant load is the electromagnetic (EM) load associated

plasma transient events with plasma disruptions.

Thermal and Nuclear §13.2 Nuclear heat load, radiation heat load, temperature of coolant

Loads water, inlet pressure load of coolant water during normal
operation

Interface Loads §13.3 Loads induced due to deformation of supporting structures

Table 7 — Main loads acting on the system/components
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10 Path of the Main Loads
The path of the main loads is shown in Figure 2.

55.E4 Mirror Box

Divertor Cassette

Vacuum Vessel

Pedestal Ring

Basement/Building

Figure 2 — Path of the main loads
11 System Description

11.1 Design Status and Geometry
The current design phase of the SSCs in the scope of this load specification is PDR.

Figure 3 shows the Enovia tree of the component in the scope of this document, where a Detailed
Model (DM) will be uploaded.

Figure 3 — Snapshot of the 55.E4 Model Enovia Tree
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11.2 System Design Description

11.2.1System, Components, Parts

Figure 4 shows the 55.E4 mirror box placed on the divertor cassette. Figure 5, Figure 6 and
Figure 7 show overview and inside of the mirror box. Figure 8 shows anchor points of the mirror

box.

E4 Mirror Box

Divertor Cassette

Figure 4 — 55.E4 Mirror Box on the Divertor Cassette
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Cooling Channels

Cooling water pipe
from DC

Figure 5 — Overview of Mirror Box
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y

Cooling Channels

Cooling water pipe
from DC

Figure 6 — Inside of Mirror Box
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Mirror Base Plate

Figure 7 — Mirror base plate structure

InnerSide

Figure 8 — Anchor points of Mirror Box
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11.2.2 Fabrication and Assembly

Fabrication process:

Given the status of development, these questions have not been addressed yet.

Assembly process:

Assembly process is defined by interface sheet (IS-17-55-000 General Interface of Diagnostics
in CAs [8]). Four tabs are used to fix the 55.E4 mirror box (see Figure 9).

6.2.4 Hinge Attachments for Diagnostic Mounts

1755-000i03-R.
lug) type attachment.

The Diagnostic Mounts will be attached to the CB using a hinge (CB lug to DS

The four hinge attachments for the Mount are under the Dome.

Figure 6: CB and DS Lugs

11.2.3 Functions

Figure 9 — Assembly procedure described in [8]

(1) To collect and transmit visible & ultraviolet light waves from the divertor plasma region.
(2) To cool optical components in order to minimize thermal deformation.
(3) To protect mirrors against neutral particles during discharge cleaning.

11.2.4 Interfaces

Interfaces Control Documents (ICD) and Interface Sheets (IS) which are realted to the 55.E4
mirror box on the cassette are listed in Table 8 below.

System PBS ICD IS

Divertor 17 | ICD-17-55  Interface  Control | IS-17-55-000 General Interfaces of
Document (ICD) for Diagnostics | Diagnostics on CAs [8]
and Divertor [7] IS-17-55-016 Impurity Influx Monitor

[9]

Diagnostics | 55 | ICD-55.NE-55 Interface Control | IS-55.NE-55.E4-001 Interface Between
Document for Diagnostic Electrical | the Diagnostics Electrical Services (PBS
System (PBS 55.NE) and PBS 55 | 55.NE) and Divertor Impurity Monitor
client diagnostics [10] (55.E4)[11]
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12 States of System and Components

With regards to the main loads referred in previous Sections, the applicable states/sub-states of
the system for the loads allocation as well as for the identification of the limiting load cases
defining the transient events to be considered in the assessment against Ratcheting and Fatigue
damage, the following states and sub-states of the system are considered:

e Operation
a) Cool-down
b) Warm-up
c) Standby between plasma pulses
d) Normal plasma operation
e) Plasma instabilities
f) Baking
g) Shut-down for maintenance and upgrade
h) Incident and accident
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13 Single Load Cases
13.1 Mechanical Loads
13.1.1 Dead Weight

The mass of the latest mirror box design is listed in Table 9, where Gxyz are the coordinates of
the centre of gravity, relative to the coordinate system TGCS, defined in §7.2.

Part Mass (kg) Gx (m) Gy (m) Gz (m)
Mirror Box 130 4218.888 2440.926 -4341.156

Table 9 — Inertial properties of the system parts

13.1.2 Assembly and Pretension Loads

The anchor points of the mirror box are shown in Figure 8. For positioning purpose, the mirror
box is fixed by inserting spring between the tabs of the cassette body. The spring restoring force
is loaded onto the mirror box and the tabs as preload. The restoring force value is under study
and final value will be available during the Final Design phase.

13.1.3Test Loads
13.1.3.1 Hydrostatic pressure test
The hydrostatic test pressure Prest shall be the maximum value of:

"  1.43 X Pyesign = 7-15 MPa: not depending on the pressure-boundary material

S (T,
= 1.25 X Pyesign X —Sm*(nT(d:SiZ)
where:
- Pdesign: Design pressure =4.4 + 10% = 5.0 MPa
- Sm (Test): Design stress intensity at test temperature 20 °C (Room
temperature)
- Sm(Tdesign): Design stress intensity at baking temperature 240 °C
The ratio %ﬁ;) shall be “the lowest ratio for the pressure-boundary materials”

(excluding bolting materials, see SDC-IC [4] IC 3123.1 “Hydrostatic test”).

Pressure boundary materials in the mirror box are 316 L(N)-IG and 316L for the
tubes. The values of hydrostatic test pressure, corresponding to the ratio for each
material, are shown in the table below:

Pressure-boundary Ratio —>mTtest) Hydrostatic test
materials Sn(Tdesign) pressure [MPa]
316 L(N)-IG 1.215 7.6
316 L “for the tubes” 1.114 7.0

Table 10 — Hydrostatic test pressure for pressure boundary materials
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The lowest ratio for the pressure boundary materials is 1.12 for 316L tubes. So, the corresponding
pressure 7.0 MPa shall be compared with 1.43 X Pyegign = 7.15 MPa.

It gives finally, that the hydrostatic test pressure for the 55.E4 mirror box shall be performed at
Ptest =7.15 MPa.

13.1.4 Coolant Pressure

The coolant pressure and temperature in different operations are summarized in the following
Table (data derived from [8]):

. Pressure Allowable Inlet Water
Operation
[MPa] Pressure Drop [MPa] Temperature [°C]
Normal operation 33 0.64 110
Baking 4.4 - 240
Hydrostatic pressure test 715 20
(§13.1.3.1) ) (Room temperature)

Table 11 — Coolant pressure and temperature at different operations

13.1.5Seismic Loads
13.1.5.1 Load categories of seismic loads

Seismic load excitation corresponds to the site for the ITER construction (Cadarache). For
components that are classified in seismic class 1 and 2 (SC1 and SC2) three levels (SL-2, SMHV,
SL-1) of ground motion are considered.

The classification for the seismic conditions is:

e SL-2: Category IV (Extremely Unlikely)
e SMHYV: Category III (Very Unlikely)
e SL-1: Category II (Likely Event)

According to Table 2, since seismic class of the components in the scope of this document is
NSC (non-seismic class) and non-PIC, only SL-1 is required. For NSC components the seismic
requirement is defined by Eurocode 8 and associated French Order.

Category 1V Seismic Loads (SL-2): SL-2 corresponds to the seismic level required by French
nuclear practice. In this event, it shall be demonstrated that all safety functions are maintained.
For ITER site (Cadarache) the SL-2 (also called SSE — Safe Shutdown Earthquake) Design
Response Spectra (DRS) is defined by two spectra: SMS and PALEO spectra. Both types of
spectra (or the envelope) need to be analysed.

Category Il Seismic Loads (SMHV): SMHV (Séismes Maximaux Historiquement
Vraisemblables = Maximum Historically Probable Earthquakes) is the most penalizing
earthquakes liable to occur over a period of about 1000 years.

An SMHV Seismic Event load is taken to be 0.73 of an SL-2 load, unless a complete SMHV
analysis is performed.
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Category Il Seismic Loads (SL-1): SL-1 corresponds to an event with a probability in the order
of 10-2 per year and represents an investment protection earthquake level (following the
Nuclear Pressure Equipment regulation it corresponds to a foreseeable event). The facility has
to be designed to restart and operate after an SL-1 event without special maintenance or test.
As this event has a return period of more than 100 years it is expected to occur only once in the
machine life. If required by investment protections and the sake of project risk reduction, SL-1
event shall be assumed to occur a maximum number of 5 times because, otherwise, no further
operation may be allowed after its occurrence without the additional demonstration that the
plan has not degraded the safety level of operation.

An SL-1 Seismic Event load is taken to be as a first approximation 1/3 of an SL-2 load. See
below.

13.1.5.2 Floor Response Spectrum (FRS) in category IV (SL-2)

The following paragraphs summarize the applicable response spectra at the location in which
the component under study is placed for the SL-2 event.

The Global Tokamak Seismic Analysis report [2] calculated FRS (Floor Response Spectra) at
several locations distributed along the VV and ports. The location of VV named points are
shown below.

Figure 10 — Locations of the VV where FRS are reported

Table 12 shows Zero Period Acceleration (ZPA) at VV characteristic points related to Divertor
Cassette.

Point on VV Perimeter | Ax [m/s’] Ay [m/s?] Az [m/s?]

Divertor inboard point

o _ 1.54 1.42 27.70
(Div_in: Point K)

Divertor outboard point

. _ 2.70 1.44 14.30
(Div_out: Point J)

Table 12 — Maximum Acceleration of Divertor [2] (¥)
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(*) Values in the Table correspond to the results from the FE model. The factor of 1.25 to take
into account the possible changes on the Building and Tokamak design is not applied.

In the figures below, the FRS for the relevant interest points are presented. Please note that the
uncertainty factor of 1.25 should be applied to all the FRS values as well.

Spectra at Divertor inboard point (Div int: Point K in Figure 10)

BroadRESP_¥_comk (1) AnsYs 12.1
MAR 1% Z0L1

08:34:20

PLOT WO. 1

bl

Lesp, n/ls

T Frogueray, 3z

ErcadRESF X (rad) Triax. Damgp_4 PointDiv_int 3.82, 2Z.7E-05, -3

Figure 11 — SL-2 Triaxial, damp 4%; Broadened FRS at Divertor internal point in radial
direction, m/s2
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Figure 12 — SL-2 Triaxial, damp 4%; Broadened FRS at Divertor internal point in
toroidal direction, m/s2
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Frequency, Hx

ErcadRESF T (ver) Triax. Damp_4 PointDiv_int 3.62, Z.7E-05, -3

Figure 13 — SL-2 Triaxial, damp 4%; Broadened FRS at Divertor internal point in
vertical direction, m/s2
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Spectra at Divertor inboard point (Div out: Point J in Figure 10)

BroadRESF_X_combki(l) ANSYS 1Z.1
MAR 1% 2011

07:45: 26

PLOT WC. 1

Resp, m/=s2

Frequency, Ha

ErcadRESF X (rad) Triax. Damp_4 PointbDiv_ext 7.17, 2Z.7E-05, -4.1

Figure 14 — SL-2 Triaxial, damp 4%; Broadened FRS at Divertor external point in radial
direction, m/s2
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s
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Figure 15 — SL-2 Triaxial, damp 4%; Broadened FRS at Divertor external point in
toroidal direction, m/s2
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Figure 16 — SL-2 Triaxial, damp 4%; Broadened FRS at Divertor external point in
vertical direction, m/s2

13.1.6 EM Loads

13.1.6.1 EM volumetric loads during plasma disruption

The rapidly changing magnet fields associated with plasma disruptions induce electrical eddy
currents in the surrounding mechanical (metallic) structures which then interact with the
remaining magnetic field, thus producing forces and torques. EM analyses using disruption
scenarios mentioned below will be carried out to calculate the distribution of Lorentz force
applied to the E4 mirror box.

The most severe disruption scenario applied to the mirror box was selected from Divertor Load
Specification [12] which gives summary of EM analyses. Regarding Category II event, the
largest torque occurs in the scenario “VDE II Fast Down with linear current decay 36 ms”.
Regarding Category III event, the largest torque occurs in the scenario “VDE III Fast Down with
linear current decay 36 ms”.

13.1.6.2 Inertial loads during plasma disruption

Inertial VDE loads in the ITER Tokamak are currently under finalization. Prior to these loads
are baselined, IEA can, at the request of PBSs, define loads that can be used to create a provision.
(See Figure 17 to Figure 20.)
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Such provisional loads come from dynamic analyses performed on the tokamak machine under
non-rotating VDE II and III excitations, both symmetric and asymmetric (dashed line in figure
VDE II and figure VDE III).

To cope with asymmetric rotating VDE excitations of moderate severity, the solid lines in figure
VDE II and figure VDE III have been proposed, where the acceleration above the peak has been
flattened at the maximum value. In the case of VDE IV, the FRS curve is taken conservatively
as twice that of VDE III (see figure VDE IV).

Since the classification of the E4 mirror box on the divertor cassette is “non-PIC” and “NSC”,
only VDE-II is required.

VV_UPE1, VV_UPE4

___veu VV_UPE2, VV_UPE3
vv_B k VV_UPrt2

VV_UPIg2® / 9\

\/ j} VV_REP1
|| W_EPIgI%
N \ —\ 1

VV_EPD1, VV_EPD4

VV_EPIg2 A

—_ VV_EPD2, VV_EPD3
e

vV, LP’s

VV_LP1 VV_LPE1, VV_LPE4

>/ M m — o
\
W_supT AV P
A VV_LPE2, VV_LPE3

°
VV_supB

VVF‘—

Figure 17 — Locations of the VV where FRS are reported
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Figure 19 — FRS at VV_F for VDE-III events
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Figure 20 — FRS at VV_F for VDE-IV events
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13.2 Thermal and Nuclear Loads

Coolant water temperatures and pressures are shown in §13.1.4 and summarized in Table 11.

13.2.1 Nuclear Loads

A neutronics assessment has been made for the mirror box in [13].. The result is as follows.

TEM (high-quality molybdenum) based mirror

— Parts made of TEM (mirrors and mirror base plates): <2.34 W/cc
— Parts made of SS316 (plates for mirror box): <1.47 W/cc
— Parts made of Aluminium Nitride (ceramic Insulator for mirror): <8.88x10™' W/cc

The analysis result of nuclear heat generation shown in below figure. (See [13] for more details.)

Neuclear Heat (W/cc)

10

5.0e-1

0.0e+00

Figure 21 — Nuclear heat distribution on E4 mirror box

13.2.2 Plasma radiation heat loads

A plasma radiation heat assessment has been made for the mirror box in [14]. Some plasma
scenarios (including both inductive and non-inductive) were assessed and a worst-case scenario
was identified. The maximum plasma radiation heat load is 0.701 W/mm? on the outer plasma
facing surface (see figure below). However, note that these analysis results assumes 70%
absorption.
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Figure 22 — Plasma radiation heat distribution on E4 mirror box (worst case scenario,
assuming 70% absorption)

13.2.3 Background Power due to Electron Cyclotron Heating

Calculations estimate that during start-up, background Electron Cyclotron (EC) power in the
vacuum vessel can reach up to 40 mW/mm? per injected MW. In a worst-case scenario with a
small opening and blanket present, this could result in the output flux of 268 kW/m? for 6.7 MW
injected during 5.5 seconds. [22]

The actual load on sensitive components depends on layout and surface absorption characteristics.
Although such high loading won't occur everywhere in the vessel, the estimated value should be
treated as a conservative upper bound. And it is assumed as the background power. [23]

13.3 Interfaces Loads

13.3.1 Mechanical Displacement at Interfacing Points of Divertor Cassette
The displacement values of the divertor cassette during each state can be seen in [15] and are
provided in [16] to [19] as follows;

e At room temperature including initial loading (dead weight, preloads and internal
hydraulic coolant pressure): [16]
e At operating temperature of the EoB (end of burn) of plasma pulse (7710 sec): [17]
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e At operating temperature of the EoP (end of pause) of plasma pulse (9000 sec): [18]
e At Baking (Cassette Body is at 240 °C): [19]

The E4 mirror box shall be compliant with those displacement scenarios of the cassette body.
STEP=3 PLOT NO. 1

USUM (AVG)

MK =6.33289
SMN =.003417
SMX -6.33289

62962

.003417 1.40997 2.81652 4.22307 2 _
6.3328

S
706692 2.11324 3.51979 4.92634

Figure 23 — Displacement (total) of Divertor Cassette at room temperature including
initial loading (Unit: mm) [15]
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.92532 15975 5.39418 8.6286 .863
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Figure 24 — Displacement (total) of Divertor Cassette at operating temperature of the EoB
including initial loading (Unit: mm) [15]
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13.3.2 Temperature at Interfacing Points of Divertor Cassette
The temperature values of anchor points during the plasma operation can be seen in [15] and are
provided in [20] and [21] as follows;

e Operating temperature at the EoB of plasma pulse (7710 sec): [20]
e Operating temperature at the EoP of plasma pulse (9000 sec): [21]

EOB End of Pause

Figure 25 — Temperature in the anchor points of cassette body at the EoB (left) and EoP
(right) (Unit: °C) [15]

13.4 Not Significant Load Cases

13.4.1 Magnet fast discharge

In general, the electromagnetic load acting on the IVCs due to Magnet fast discharge (MFD) is
considered very small because the IVCs are not electrically connected in the toroidal and poloidal
direction. Besides, the load due to MFD is not really superimposed on the disruption load because
the current decay of MFD is much longer than the plasma disruption. As for the DIM in-vessel
components, therefore, the loads due to MFD can be neglected.

13.4.2 Loads due to incident and accident

The following incidents and accidents related to cooling water and vacuum may happen in the
vacuum vessel:

Ingress of coolant event (ICE)

Loss of coolant accident (LOCA)
Loss of forced flow accident (LOFA)
Loss of vacuum accident (LOVA)

b=

The maximum pressure possible in the vacuum vessel is 0.2 MPa ([1]) in the cooling water
accidents, which is negligible for the components that are designed to bear PLO, PLB, and
inertial loads during disruption.
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13.4.3 Helium ingress in the gallery

Not relevant to in-vessel components.

13.4.4Fire loads

Since it is specified that no fire event will occur inside the bio-shield according to Ref [1], fire
loads are not applicable to the DIM in-vessel components.

13.4.5 Maintenance

There is no information about the maintenance load; it must be typically smaller than other
acceleration load such as EM load and seismic load. It can be neglected.

13.4.6 Charge-Exchange Neutrals

The heating load by the charge-exchange neutrals (CXN) is negligible compared with the plasma
radiation heat fluxes. [24]

13.4.7 Corrosion, wearing and internal vibration

The mirror box has no moving and motorized parts, which means wearing should be negligible.
Also, no internal vibration will be generated. Being constructed fully out of stainless steel and
other non-corrosive materials, while also being in vacuum so not exposed to oxygen most of the
time, also corrosion is expected to be negligible. Heat loads due to mirror cleaning operation are
expected to be enveloped by the other heat loads (e.g. baking or neutron heating).
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14 Load Combinations

14.1 Categorization of Load Combinations

Table 13 is based on the template provided in Table 4-2 of [1], and provides the damage limits
that apply to each part in the scope of this load specification.

Component Safety Class | Cat. I Cat. I1 Cat. 111 Cat. IV Test

Mirror box Non-SIC Normal Normal Normal P NA ? Test

Table 13 — Damage limits applicable to the scope of the load specification.
Notes:

1) Maintenance of this component is not possible since the component will not be
accessible and therefore criteria that are more stringent have been selected.
2) Category IV events are not applicable to Non SIC/PIC - Non SR.

Table 14 shows the correlation between damage limits and the service levels defined by the codes
prescribed in §6.

Damage Limit SDC-IC Service Level

Normal A
Emergency C
Test C

Table 14 — Correlation between damage limits and SDC-IC Service Levels

14.2 List of Load Combinations

Based on load cases and load combinations defined in the ITER load specification document [1],
applicable load combinations for the 55.E4 DIM components are summarized in Table 15 and
Table 16. Ignored loads will be explained in § 13.4.

Ié‘:;g Category gf:;?ttii)nngs EM event Seismic events Nélxzf:ﬁ?f
1 I DW, CP, THO 30,000
2 I DW, CP, THB 500
3 I DW, CP, THO MD I 2,600
4 11 DW, CP, THO VDE II 300
5 I DW, CP, THO MD I SL-1 549
(50 cycles)
6 11 DW, CP, THB SL-1 549
(50 cycles)
7 il DW, CP, THO VDE III ;
87 il DW, CP, THO | MD II / VDE II > SL-1 _
99 0| DW, CP, THB SMHV -
TEST ;

Table 15 — List of events and load cases
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Notes:

1) When the loads combinations are to be considered in the static cases, it is necessary
to take into account the inertial effects. Dynamic Amplification Factors have to be
taken into account.

2) Category II scenarios are used in order to reduce the total number of executions of
EM analyses.

3) The more severe load case between MD and VDE will be applied.

4) As SL-1 event has a return period of more than 100 years, it is expected to occur
only once in the machine life. But as required by the investment protection, it shall
be assumed to occur at maximum number of N=5 times.

5) Unless a detailed dynamic analysis is performed and the number of cycles per event

is directly calculated, it is recommended to assume for each seismic event N=10
equivalent maximum stress cycles whenever a fatigue or a cycle load analysis is
required.
For disruption and VDEs, unless dynamic analyses performed showed that the
stress - strain excursions during successive oscillations associated to the
electromagnetic event may be reduced, N=5 cycles per VDE event can be
conservatively assumed.

6) For the cycled loads, the load is cycled between the operating condition with and
without the stated initiating + concatenated event.

7) Selected VDE, this case was enveloped by Load Case 4.

8) Because the classification of the E4 mirror box on the divertor cassette is “non-PIC”
and “NSC”, only SL-I is required.

Load | Limiting Limiting Load Number of Category Comments
Case Load Condition 2 Events
Condition
1
T1 DW, CP DW, CP, THO 30,000 I
T2 DW, CP DW, CP, THB 500 I
T3 DW, CP, DW, CP, THO, MD/VDE 11 3,300 II
THO
T4 DW, CP, | DW, CP, THO, SL-1, MD/VDEII | 5 (50 cycles) I
THO
T5 DW, CP, DW, CP, THB, SL-1 5 (50 cycles) I
THB

Table 16 — List of transient events and load cases for fatigue assessment
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1 Purpose

The purpose of this load specification is to define and prescribe the loads used for the Integrity
Justification of the 55.E4 Divertor Impurity Monitor (DIM) [1] components on Diagnostic Rack
of Lower Port 2 (LP02). Specifically, this document provides the following:

e A report of the SSCs classification (Safety, Quality and Seismic).

e The description of all states of the SSCs during their life (e.g. assembly, start-up,
operation, maintenance, shut-down, et cetera).

e A report of the applicable codes and standards (e.g. ASME sect. III, B31.3, RCC-MR
etc.) that will be used for the assessment of the design.

e The correlation between load categories and damage limits and the correlation between
the damage limits and the structural design criteria (e.g. ASME Service Levels) in the
applicable codes.

e The description of all events expected in each state (including normal, incident and
accident conditions if needed).

e The specification of all load values to be considered to verify the structural integrity of
the system and their categorization.

e The list of all load combinations to be considered to verify the structural integrity of the
system and their categorization.

e The number of occurrences of each event during the life of the system and the number of
load cycles.

2 Scope

The scope of this document is the PBS 55.E4 components installed on the Diagnostic Rack,
which consist of the mirror units.

The components other than the mirror unit are not in the scope of this load specification.
The scope does not include PICs.

This document is prepared for PDR.
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3 Scope of Reviewers

Table 1 — Scope of the reviewers

Reviewer Scope

De Bock Maarten 55.E4 TRO

Ye Ce QA RO

Giacomin Thibaud 55.L2 TRO, Port Integrator
Roccella Riccardo Electromagnetic loads

Ruiz Pedro IEA representative, SLS expertise
Zhang Xiaotan Seismic loads

Loarte Alberto SID expertise

Jourdan Thierry PE/NPE representative
Ducarre Olivier DI RO

Haibo Liu SRO

Tian Kuo SIRO

Reich Jens MAP representative
Subhash Puthanveetil Nuclear Loads

4 References
55.E4 - System Design Description (DDD) (RYRFCU v1.0)

]
[2] Load Specifications (LS) (222QGL v6.3)
[3] Global Tokamak Seismic Analysis Report (33W3P4 v2.1)
[4] ITER Coordinate Systems (2A9PXZ v3.7)
[5] 55.E4 - SLS Basic Information Record - Diagnostic Rack components of LP2 (9ZVPQQ

v1.0)
[6] ICD-55.L2-55 Interface Control Document for Lower Port #2 Integration and all PBS-55
Tenant Diagnostics (V3EJRR v1.0)
[7] [S-55.L.2-55.E4-001 Interface between 55.E4 Divertor Impurity Monitor and 55.L2
Lower Port #2 integration (VQFIP2 v1.2)
[8] Interfacing Loads with tenant in LP02 (CJZP7J v1.0)
[9] Significant EM Load Cases for the ITER Blanket with DINA-2010 scenarios (33J5R4
v1.0)
] 55.L2/L8/LE Lower Port Nuclear analyses for PDR (5JSMRD v1.0)
[11] Port Plugs Environmental Tests Procedure on the PPTF (33AB4B v1.7)
] WP4.16 & 4.18. Update of IBED PHTS & DYS water hammer analyses (3S3YGB v7.0)
] 55.L2 FRS Derivation Analysis Report for Lower Port 02 (FC6DLZ v1.0)

5 System Classifications

The system classification of the components in the scope of this load specification is defined in
BIR [5] and is summarized in Table 2.
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Table 2 — System components classification

Safety Quality | Seismic ESP/ Vacuum | Tritium RH
Component

Class Class | Class ESPN Class Class | Class
Water cooled components
(Central optics relay Cat.0/ RH-2
mirror unit 1, Side-Low Non-SIC QC1 NSC Level N3 VQC-1A | TC-1A oré
optics mirror unit) (TBD)
Conventionally cooled
components
(Central optics relay Non-SIC QC1 NSC N/A VQC-1B | TC-1A Rol;léz
mirror unit 2, Fixing
elements, etc.)
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6 Codes and Standards & Structural Design Criteria

6.1 Codes and Standards

RCC-MRx 2012 is used for designing the component on the diagnostic rack. The justification
for using this code is that the components in scope are not plasma facing, and generally the

nuclear load is small on them (see §13.2), so there no need to consider a code taking into account
irradiated material conditions.

6.2 Structural Design Criteria

BIR [5] specifies the damage limits applicable to the components on the diagnostic rack, and the
damage limits are given by Table 3.

Table 3 — Damage Limits for Loading Condition Categories (adapted from [5])

components

Category I: Category II: | Category III: Category IV: Test
Component Operational/ Likely Unlikely Extremely Loadi
. . oadin
Design Loading | Loading Loading Unlikely Loading &
Water cooled Normal Normal Normal N/A Normal
components /Test
Conventionally cooled Normal Normal Normal N/A N/A

Table 4 gives the structural criteria formulated in terms of service level assigned to the damage
limits, in accordance with the RCC-MRx.

Table 4 — Applicable structural criteria for the system components
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7 Definitions

7.1 Units

All loads are provided using the International System (SI) base and derived units. The only
exception to this rule is that degrees Celsius may be used instead of Kelvin. The complete list of
units used in this document is provided in Table 5.

Table 5 — List of Units used in this Load Specification

Quantity Unit name | Unit In SI base
symbol units

Length Meter m
Mass Kilogram kg
Time Second s
Temperature Kelvin K

Celsius °C
Acceleration m/s’
Angular acceleration rad/s?
Angular velocity rad/s
Density kg/m?
Energy, Work Joule J N-m
Entropy N-m/K
Force Newton N kg-m/s?
Frequency Hertz Hz 1/s
Moment N-m
Second moment of area m*
Power Watt N N-m/s
Pressure Pascal Pa N/m?
Stress Pascal Pa N/m?
Young's Modulus Pascal Pa N/m?
Thermal flux density W/m?
Velocity m/s

7.2 Coordinate systems

Unless stated otherwise all loads are specified in the ITER Tokamak Global Coordinate System
(TGCS) [4]. The main direction and the nomenclature used in this load specification are shown
in Figure 1.

Regarding the Floor Response Spectra (FRS), these are applied in the local cartesian coordinate
(X, Y, Z) which are defined by referring to TGCS. In this local coordinate, the Y=0 plane
corresponds with the vertical cross section of the center of LP02. The direction of Z coordinate
is the same as the vertical direction in TGSC. The direction of X coordinate corresponds with
the radial direction of ITER. The direction of Y-coordinate is perpendicular to X, Z coordinates,
and corresponds with the toroidal direction of ITER.
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Vertical

Poloidal

Toroidal

Figure 1 — Definitions of tokamak directions and global cylindrical coordinate system.

7.3 Abbreviations

All abbreviations used in the document are listed in Table 6.

For a complete list of standard abbreviations, see ITER Abbreviations 2ZMU6WS5 v1.19).

Table 6 — Abbreviations.

DIM Divertor Impurity Monitor

EM Electromagnetic

EoB End of Burn

EoP End of Pause

FRS Floor Response Spectrum

ICE Ingress of Coolant Event

IVC In-Vessel Components

LOCA | Loss of Coolant Accident

LOFA | Loss of Forced Flow Accident

LP Lower Port

MD Major Disruption

MFD | Magnet Fast Discharge

PDR Preliminary Design Review

PIC Protection Important Component
SL-1 Seismic Level 1

SL-2 Seismic Level 2

SMHYV | Séismes Maximaux Historiquement Vraisemblables
SSC System, Structure and Component
VDE Vertical Displacement Event

VvV Vacuum vessel
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8 Types of Loads

The following type of loads are covered in this Load Specification:

e Inertial loads: these are caused by accelerations of masses induced by gravity, seismic
events and displacements of supporting structures imposed by plasma disruptions.

e Electromagnetic (EM) loads: volumetric forces and moments generated by the interaction
between electric currents flowing through conductive materials and magnetic fields or by
the presence of ferromagnetic materials.

e Pressure loads: forces distributed over surfaces due to coolant fluid or atmosphere acting
on evacuated volumes or external pressure conditions caused by accidental events.

e Thermal and nuclear loads, due to direct irradiation from the plasma or due to the
presence of radioactive/irradiated materials.

e Thermal loads due to coolant temperature or temperatures imposed by interfacing
components or accidental events.

e Assembly or installation loads due to pretension and live loads.

9 Main Loads

The main loads prescribed in this load specification are listed in Table 7:

Table 7 — Main loads acting on the system/components

plasma transient events

Load case Chapter | Characteristic loads
Dead Weight §13.1.1 | Gravity acting on components masses (DW)
Test Loads §13.1.3 | Internal coolant channel water pressure during test
Coolant Pressure §13.1.4 | Inlet pressure load and temperature of coolant water during
each operation
Seismic Loads §13.1.5 | Seismic accelerations of SL-1, SMHV, SL-2 events
EM Loads due to §13.1.6 | The dominant load is the electromagnetic (EM) load associated

with plasma disruptions.

Thermal and Nuclear §13.2
Loads

Nuclear heat load, radiation heat load, temperature of coolant
water, inlet pressure load of coolant water during normal
operation

Interface Loads §13.3

Loads induced due to deformation of supporting structures
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10 Path of the Main Loads
The path of the main loads is shown in Figure 2.

55.E4 components

Diagnostic Rack

Divertor Radial Rail

Vacuum Vessel

Pedestal Ring

Basement/Building

Figure 2 — Path of the main loads
11 System Description

11.1 Design Status and Geometry
The design phase of the SSCs in the scope of this load specification is PDR.

Figure 3 shows the Enovia tree of the Detailed Model (DM) of the DIM components and their
space reservation in the scope of this document.

Figure 3 — Snapshot of the 55.E4 Model Enovia Tree
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11.2 System Design Description

11.2.1System, Components, Parts

Figure 4 shows the PBS 55.E4 components installed on the Diagnostic Rack. These mainly
consist of mirror units mounted on the diagnostic front rack and the back rack. Figure 5 to Figure
7 show each mirror unit.

Front Mirror Unit

(see Figure 5)

Mirror Units on Back Rack
(see Figure 7)

Central Optics Relay Mirror Unit

(see Figure 6)
Figure 4 — 55.E4 Mirror Units on the Diagnostic Rack

Figure S — Front Mirror Unit
(Side-Low Optics Mirror Unit and Central Optics Relay Mirror Unit 1)
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Figure 6 — Central Optics Relay Mirror Unit 2

Figure 7 — Mirror Units on Back Rack
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Figure 9 — Snapshot of the 55.BACK RACK Model Enovia Tree
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11.2.2Fabrication and Assembly

Given the status of development, these questions have not been addressed yet.

11.2.3Functions

(1) To collect and transmit visible & ultraviolet light waves from the divertor plasma region.

(2) To cool optical components in order to minimize thermal deformation.

(3) To protect mirrors against neutral particles during discharge cleaning. (For front-end mirrors.
Side-low and Side-up optics shutters perform this function.)

11.2.4Interfaces

Interfaces Control Documents (ICD) and Interface Sheets (IS) which are related to the 55.E4
components on the diagnostic rack are listed in Table 8 below.

Table 8 — Interfaces of the 55.E4 components on the diagnostic rack

System PBS ICD IS
Diagnostics | 55 | ICD-55.L.2-55 Interface Control | IS-55.L.2-55.E4-001 Interface between
Document for Lower Port #2 | 55.E4 Divertor Impurity Monitor and
Integration and all PBS-55 Tenant | 55.L.2 Lower Port #2 integration [7]
Diagnostics [6]

12 States of System and Components

With regards to the main loads referred in previous Sections, the applicable states/sub-states of
the system for the loads allocation as well as for the identification of the limiting load cases
defining the transient events to be considered in the assessment against Ratcheting and Fatigue
damage, the following states and sub-states of the system are considered:

e Operation
a) Cool-down
b) Warm-up
c) Standby between plasma pulses
d) Normal plasma operation
e) Plasma instabilities
f) Baking
g) Shut-down for maintenance and upgrade
h) Incident and accident
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13 Single Load Cases
13.1 Mechanical Loads
13.1.1Dead Weight

The mass of the latest design of each mirror Unit is listed in Table 9, where Gxyz are the
coordinates of the centre of gravity, relative to the coordinate system TGCS, defined in §7.2.

Considering possible future design developments, including supports, cooling tube routing
modifications, etc., a mass uncertainty factor of 1.2 shall be applied for load assessment purposes.
The factor will be reviewed and updated as the design matures.

Table 9 — Inertial properties of the system parts

Mass
Part Gx (m Gy (m Gz (m
) (m) y (m) (m)

Front mirror unit (Side-low optics
mirror unit and Central optics 130 5458.2mm 3208.6mm -4766mm
relay mirror unit 1)

. . . 3968.8
Central optics relay mirror unit 2 220 6907.4mmmm mm -4726.9mm
Side-low optics mirror SL- 5658.3
MO5unit on back rack 28 10082.5 mm o - 4767.4 mm
SlQe—low optics mirror SL-M06 175 9039.5 mm 5031.4 _ 44443 mm
unit on back rack mm
Central optics optics mirror DC-
M09 unit on back rack 26 9973mm 5728.9mm -5228.7mm
Central optics optics mirror DC-
M10 unit on back rack 81 9216.7mm 5275.1mm -4964.3mm

13.1.2 Assembly and Pretension Loads

Bolt pretension needs to be taken into account. However, the pretension force value is under
study.

Some specific assembly and maintenance loads will act on the Diagnostic Rack and services and
need to be taken into account. At the time of the writing of this document these loads are not
available yet.

For structural assessment purposes, those loads are assumed to be applied at a reference room
temperature of 22 °C. The actual assembly temperature may vary depending on installation
conditions.
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13.1.3Test Loads
13.1.3.1 Hydrostatic pressure test

According to tests procedure on the Port Plug Test Facility (PPTF) [11], the hydraulic circuit of
the port components will be tested at 7.6 MPa at room temperature.

Pressure test by a manufacturer will be carried out under the same condition.

13.1.4Coolant Pressure

The coolant pressure and temperature in different operations are summarized in the following
Table (data derived from [7]):

Table 10 — Coolant pressure and temperature at different operations

. Pressure Allowable Inlet Water
Operation
[MPa] Pressure Drop [MPa] Temperature [°C]
Normal operation 4.0 (-0.2/+0.6) 0.9 70 (+/-5)
Baking 4.4 (+/-0.4) - 240 (-5/+0)
Hydrostatic pressure test 76 20
(§13.1.3.1) ’ (Room temperature)

13.1.5S8eismic Loads

FRSs due to seismic event at the interface points with the diagnostic rack have been provided by
the port integrator [8] and are shown in Figure 9 and Figure 10. These FRSs are due to SL-2. As
shown in Table 2, since the seismic class of the DIM components installed in the diagnostic rack
1s NSC, only SL-1 is applied for those components as the seismic load, Therefore, the seismic
load can be obtained by multiplying factors of 0.33 to FRS of SL-2.

On the other hand, it should be noted that, a factor of 1.25 will be multiplied to FRS taking into
account the possible changes on building and VV support design as per recommendations of [3].

Ten equivalent maximum stress cycles shall be considered for each seismic event whenever a
fatigue or a cyclic load analysis is required.
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Figure 9 — FRS (SL-2, 4% damping) at attached point with the front mirror unit (Side-
low optics mirror unit and Central optics relay mirror unit 1) [8]
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Figure 10 — FRS (SL-2, 4% damping) at attached point with the mirror unit on back rack
8]

13.1.6 EM Loads

13.1.6.1 EM volumetric loads during plasma disruption

The rapidly changing magnet fields associated with plasma disruptions induce electrical eddy
currents in the surrounding mechanical (metallic) structures which then interact with the
remaining magnetic field, thus producing forces and torques. EM analyses using disruption
scenarios mentioned below will be carried out to calculate the distribution of Lorentz force

applied to the E4 components.

The most severe disruption scenario applied to the LP in-vessel components was selected from
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[9] which gives summary of EM analyses. Regarding The largest torque occurs in the scenario
“VDE I Fast Downward with linear current decay 36 ms”.

13.1.6.2 Inertial loads during plasma disruption

FRSs due to plasma disruption at the interface points with the diagnostic rack have been provided
by the port integrator [8] and are shown in Figure 11 to Figure 12.

4000 5000
3500 —X-direction 4500 —X-direction
—Y-direction 4000 —Y-direction
E 3000 — Z-direction F 3500 —Z-direction
| s K4
2 2500 E 3000
=l =
= =
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500 500
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50 100 150 200 250 300 50 100 150 200 250 300
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(a) VDE-II (b) VDE-III

Figure 11 — FRS (4% damping) at attached point with the front mirror unit(Side-low
optics mirror unit and Central optics relay mirror unit 1) [8]
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Figure 12 — FRS (4% damping) at attached point with the mirror unit on back rack [8]

13.1.7Structural Loads due to Component Operation
Not applicable.

The system on the diagnostics racks doesn’t contain active or moving components that generate
structural load during operation.
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13.2 Thermal and Nuclear Loads

Coolant water temperatures and pressures are shown in §13.1.4 and summarized in Table 10.

Plasma radiation heat on the diagnostic front rack and the back rack is negligible, because both
are not plasma facing and generally the plasma heat load is quite small on them.

13.2.1 Nuclear Loads

A neutronics assessment has been made for the generic design of the diagnostic front rack and
the back rack in [10]. Figure 15 shows the nuclear heating distribution of the DIM components
installed in the diagnostic rack and the back rack. Maximum nuclear heat load is less than 0.1
w/cm® at the front end of the diagnostic front rack as shown in the figure below. For a
conservative approach, the maximum load of each mirror unit is applied to the entire system of
each mirror unit.

Nuclear heafing density in 85 (W/cm2)
10e-06 1le5 00001 0001 001 1.0e0l

“ﬂlm L L LI |1[‘“

Figure 15 — Nuclear heating distribution on diagnostic rack and back rack [10]
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13.3 Interfaces Loads

13.3.11Interface Loads at Interfacing Points of Diagnostic Rack

Some interface loads (temperature and displacement) will act on the diagnostic rack and services
and need to be taken into account. At the time of the writing of this document these loads are not
available yet. Preliminary assessment is under study and will be available during the Preliminary
Design phase.

13.4 Not Significant Load Cases

13.4.1 Magnet fast discharge

In general, the electromagnetic load acting on the IVCs due to Magnet fast discharge (MFD) is
considered very small because the [VCs are not electrically connected in the toroidal and poloidal
direction. Besides, the load due to MFD is not really superimposed on the disruption load because
the current decay of MFD is much longer than the plasma disruption. As for the DIM in-vessel
components, therefore, the loads due to MFD can be neglected.

13.4.2 Loads due to incident and accident

The following incidents and accidents related to cooling water and vacuum may happen in the
vacuum vessel:

1. Ingress of coolant event (ICE)

2. Loss of coolant accident (LOCA)

3. Loss of forced flow accident (LOFA)
4. Loss of vacuum accident (LOVA)

The maximum pressure possible in the vacuum vessel is 0.2 MPa ([2]) in the cooling water
accidents, which is negligible for the components that are designed to bear PLO, PLB, and
inertial loads during disruption.

Water hammer waves can form in the cooling lines as a result of category II LOCA isolation
events or category III pump seizure events. The order of magnitude of the category II LOCA
isolation loads is a pressure gradient of 12000 Pa/m ([13]) applied on the wetted area of each
cooling line/channel segment. In the case of pump seizure loads of Category III, the loads are
estimated conservatively assumed to correspond to a pressure gradient of 14000 Pa/m ([13]).

13.4.3 Helium ingress in the gallery

Not relevant to in-vessel components.

13.4.4Fire loads

Since it is specified that no fire event will occur inside the bio-shield according to Ref [2], fire
loads are not applicable to the DIM in-vessel components.

13.4.5 Maintenance

There is no information about the maintenance load; it must be typically smaller than other
acceleration load such as EM load and seismic load. It can be neglected.
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14 Load Combinations

14.1 Categorization of Load Combinations

Table 11 is based on the template provided in Table 4-2 of [2], and provides the damage limits

that apply to each part in the scope of this load specification.

Table 11 — Damage limits applicable to the scope of the load specification.

Component Safety Class | Cat. I Cat. II Cat. 111 Cat. IV Test
Water cooled Non-SIC Normal Normal Normal NA D Test
components

Conventionally Non-SIC Normal Normal Normal NA D N/A
cooled components

Notes: 1) Category IV events are not applicable to Non SIC/PIC - Non SR.

Table 12 shows the correlation between damage limits and the service levels defined by the codes

prescribed in §0.

Table 12 — Correlation between damage limits and Service Levels

Damage Limit

RCC-MRx Service Level

Normal A
Emergency C
Test C

14.2 List of Load Combinations

Based on load cases and load combinations defined in the ITER load specification document [2],
applicable load combinations for the 55.E4 DIM components are summarized in Table 13 and

Table 14. Ignored loads will be explained in § 13.4.

Table 13 — List of events and load cases

Load Operating S Number of
Case Category Conditions EM event Seismic events Events ©
1 I DW, CP, THO 30,000
2 I DW, CP, THB 500
3 I DW, CP, THO | MBI/ VDE I1 2% 3,300
4 11 DW, CP, THO | MBIAVDE I1 29 SL-1 549
(50 cycles)
5 11 DW, CP, THB SL-1 549
(50 cycles)
6 I DW, CP, THO | MDHL/VDE III -
Enveloped by 11 DW, CP, THO MBH/VDEII SL-1 2
Load Case 4
Enveloped by il DW, CP, THB SMHV .
Load Case 57
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TEST -

DW: Dead Weight
CP: Coolant Pressure
THO: Temperature values and thermal loads (Nuclear Heating) during operation

THB: Temperature values and thermal loads during baking
TEST: Test Load

Notes:

1) When the loads combinations are to be considered in the static cases, it is necessary
to take into account the inertial effects. Dynamic Amplification Factors have to be
taken into account.

2) Category II scenarios are used in order to reduce the total number of executions of
EM analyses.

3) The more severe load case between MD and VDE will be applied. As described in
Sec. 13.1.6.1, VDE is the severest EM load for the DIM components installed in the
Diagnostic Rack. There for VDE is applied for the load combination.

4) As SL-1 event has a return period of more than 100 years, it is expected to occur
only once in the machine life. But as required by the investment protection, it shall
be assumed to occur at maximum number of N=5 times.

5) Unless a detailed dynamic analysis is performed and the number of cycles per event

is directly calculated, it is recommended to assume for each seismic event N=10
equivalent maximum stress cycles whenever a fatigue or a cycle load analysis is
required.
For disruption and VDEs, unless dynamic analyses performed showed that the
stress - strain excursions during successive oscillations associated to the
electromagnetic event may be reduced, N=5 cycles per VDE event can be
conservatively assumed.

6) For the cycled loads, the load is cycled between the operating condition with and
without the stated initiating + concatenated event.

7) Because the classification of the E4 components on the diagnostic rack is “non-SIC”
and “NSC”, only SL-I is required.

Table 14 — List of transient events and load cases for fatigue assessment

Load Limiting Load Limiting Load Number of Comments
Case Condition 1 Condition 2 Events

T1 DW DW, THO 30,000

T2 DW DW, THB 500

T3 DW, THO DW, THO, MD/VDE II 3,300

T4 DW, THO DW, THO, SL-1, MD/VDE II 5 (50 cycles)

TS DW, THB DW, THB, SL-1 5 (50 cycles)
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1 Purpose

The purpose of this load specification is to define and prescribe the loads used for the Integrity
Justification of the 55.E4 Divertor Impurity Monitor (DIM) [1] components on the 55.E4 DIM
components installed on the ISS, PCSS, and in the port cell of Lower Port #2 (hereinafter referred
to as the “DIM LPO02 ISS, PCSS and port cell components™). Specifically, this document provides
the following:

A report of the SSCs classification (Safety, Quality and Seismic).

The description of all states of the SSCs during their life (e.g. assembly, start-up,
operation, maintenance, shut-down, et cetera).

A report of the applicable codes and standards (e.g. ASME sect. III, B31.3, RCC-MR
etc.) that will be used for the assessment of the design.

The correlation between load categories and damage limits and the correlation between
the damage limits and the structural design criteria (e.g. ASME Service Levels) in the
applicable codes.

The description of all events expected in each state (including normal, incident and
accident conditions if needed).

The specification of all load values to be considered to verify the structural integrity of
the system and their categorization.

The list of all load combinations to be considered to verify the structural integrity of the
system and their categorization.

The number of occurrences of each event during the life of the system and the number of
load cycles.

2 Scope
The scope of this document is the DIM LP02 ISS, PCSS and port cell components.

Note:

The components installed on the ISS and PCSS are 55.E4 diagnostic equipment which
consist of optical systems and shielding materials

The components installed in Port cell are Fibre box (storage or connectors), trays, and
conduits with fibres.

The components other than those on the DIM LP02 ISS, PCSS and port cell components
are not in the scope of this load specification.

Shielding assembly on the ISS and PCSS are classified as a non-PIC, but Safety Relevant
(SR).

Components related to fibre bundle in the port cell are also classified as a non-PIC, but
Safety Relevant (SR). because those components cross multiple barriers separating
different fire and radiological sectors

All other components under the scope of this SLS are non-PIC and also non-SR.
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3 Scope of Reviewers

Table 1 — Scope of the reviewers

Reviewer Scope
De Bock Maarten 55.E4 TRO
Ye Ce QA RO

Giacomin Thibaud
Roccella Riccardo

55.L2 TRO, Port Integrator
Electromagnetic loads

Ruiz Pedro IEA representative, SLS expertise
Zhang Xiaotan Seismic loads

Loarte Alberto SID expertise

Jourdan Thierry PE/NPE representative

Ducarre Olivier DIRO

Tian Kuo SIRO

Reich Jens MAP representative

4 References

[1] 55.E4 - System Design Description (DDD) (RYRFCU v1.0)
[2] Load Specifications (LS) (222QGL v6.3)
[3] Global Tokamak Seismic Analysis Report (33W3P4 v2.1)
]
]

[4 ITER Coordinate Systems (2A9PXZ v3.7)
[5 55.E4.L0 - SLS Basic Information Record — ISS/PCSS/Port Cell components in LP2
(FN285B v1.0)
[6] MinutesActions#Fibre Safety class Fluor-doping_meeting#2018.01.11 (VYQZLC).
[7] ICD-55.L2-55 Interface Control Document for Lower Port #2 Integration and all PBS-55
Tenant Diagnostics (V3EJRR v1.0)
[8] [S-55.L.2-55.E4-001 Interface between 55.E4 Divertor Impurity Monitor and 55.1L2
Lower Port #2 integration (VQFIP2 v1.2)
[9] Design Seismic Floor Response Spectra in the Tokamak Complex (SVBRJZ v1.1)
[10] Significant EM Load Cases for the ITER Blanket with DINA-2010 scenarios (33J5R4
v1.0)
[I1] Accident Analysis Report (AAR) Volume I - Event Identification and Selection
(2DPVGT v1.4)
[12]  Accident Analysis Report (AAR) Volume II - Reference Event Analysis (2DJFX3 v4.10)
[13] Accident Analysis Report (AAR) Volume III - Hypothetical Event Analysis (2E2XAM
v4.9)
] Guideline for Port Cells fire risk management (WM7PYF v2.2)
] Safety assessment of fire risks in port cells and interspace (TLCXT8 v2.0)
[16] Safety Requirement Roombook (KF63PB v2.16)
] Appendix 1 to FF92TR — Nuclear Safety Defined Requirements (QDs) — Tokamak
Complex PBS 62.11,12,14,19,74 inc. PBS 65 (QE7VTS v4.9)
[18] 55.L2/L8/LE Lower Port Nuclear analyses for PDR (5JSMRD v1.0)
[19] Port Plugs Environmental Tests Procedure on the PPTF (33AB4B v1.7)

5 System Classifications

The system classification of the components in the scope of this load specification is defined in
BIR [5] and is summarized in Table 2.

Page 6 of 30


https://user.iter.org/?uid=RYRFCU&version=v1.0
https://user.iter.org/?uid=222QGL&version=v6.3
http://user.iter.org/?uid=33W3P4
http://user.iter.org/?uid=2A9PXZ
https://user.iter.org/?uid=FN285B
https://user.iter.org/?uid=VYQZLC
https://user.iter.org/?uid=V3EJRR&version=v1.0
https://user.iter.org/?uid=VQF9P2
https://user.iter.org/default.aspx?uid=SVBRJZ&version=v1.1
https://user.iter.org/?uid=33J5R4&version=v1.0
https://user.iter.org/?uid=33J5R4&version=v1.0
https://user.iter.org/?uid=2DPVGT
https://user.iter.org/?uid=2DJFX3
https://user.iter.org/?uid=2E2XAM
https://user.iter.org/?uid=2E2XAM
https://user.iter.org/?uid=WM7PYF
https://user.iter.org/?uid=TLCXT8
https://user.iter.org/?uid=KF63PB
https://user.iter.org/?uid=QE7VTS
https://user.iter.org/?uid=5JSMRD&version=v1.0
https://user.iter.org/?uid=33AB4B&version=v1.7

Table 2 — System components classification

Diag Component Safety Seismic | ESP/ESP | Quality | Vacuum
Class Class N Class Class Class
Components on ISS
Optical relay and compensation VQC-
system assemblies Non-PIC NSC N/A QC-3 N/A
Electrical cables internal to ISS | Non-PIC NSC N/A QC-3 \I/\IQ/E_
Shielding assembly SR! SC2! N/A QC-1! \I/\I?g-
Components on PCSS
Collection optics assembly Non-PIC NSC N/A QC-3 \I/\IQ/IS_
Spectrometers assembly Non-PIC NSC N/A QC-3 \;Q/g_
Electronics cubicle Non-PIC NSC N/A QC-3 \1/\32_
Electrical cables and optical VQC-
fibre internal to PCSS Non-PIC NSC N/A QC-3 N/A
Shielding assembly (incl. fibre vQC
connectors and Local Air SR! SC2! N/A QC-1! N/ A_
Cooler)
Component on Port Cell ceiling
Fibre bundle support structure I I 1 VQC-
and conduits SR SC2 N/A QC-1 N/A
Fibre connector/storage box VQC-
(attached to fibre bundle SR! SC2! N/A QC-1! N/A
support structure)
Fibre bundle (main bundle) SRU | NSC™ | NaA | Qe | YO

I Classification driven by requirement of non-aggression to nearby PIC components.
T Classification driven by confinement function as per agreement [6].

I Because the fibre bundle supports are classified as SC-2, the fibre bundles itself can be
classified as NSC.

Page 7 of 30



6 Codes and Standards & Structural Design Criteria

6.1 Codes and Standards

RCC-MRx 2012 is used for designing the component installed on the ISS and PCSS. The
justification for using this code is that the components in scope are not plasma facing, and
generally the nuclear load is small on them (see §13.2), so there no need to consider a code taking
into account irradiated material conditions.

RCC-MRx 2012 is, however, most suitable for rigid, steel components and less suitable for
flexible tubing, such as the cooling pipes used for the spectrometers assembly and the fibre
bundle. For this the ISO standards ISO 10380 “Pipework — Corrugated metal hoses and metal
hose assemblies” and ISO 10807 “Pipework — Corrugated flexible metallic hose assemblies for
protection of electrical cables in explosive atmospheres or atmospheres where there is risk of
fire” are more applicable.

Based on the above-mentioned considerations the Codes and Standards approach used for the
different components under the scope of this SLS is given in Table 3 below.

For the spectrometers assembly, the cooling water pressure shall be considered according to the
applicable provisions of RCC-MRx 2012.

Table 3 Component installed in the ISS/PCSS and Port Cell

Component installed on the ISS and PCSS RCC-MRx 2012
Component on Port Cell ceiling ISO 10380 (general)

ISO 10807 (fire)
Cooling pipes for spectrometers assembly ISO 10380

6.2 Structural Design Criteria

BIR [5] specifies the damage limits applicable to the components on the ISS and PCSS, and the
damage limits are given by Table 4.
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Table 4 — Damage Limits for Loading Condition Categories (adapted from [5])

Diag Component Catl: Cat I1: Cat I11: CatlV:
Operational Likely Unlikely Extremely
[Design Loading Loading Unlikely
Loading Loading |
Components on ISS
Optical relay gnd compensation Normal Normal Faulted™ N/A
system assemblies
Electrical cables internal to ISS Normal Normal Faulted'!" N/A
Shielding assembly Normal Normal Emergency | Faulted'
Components on ISS
Collection optics assembly Normal Normal Faulted™ N/A
Spectrometers assembly Normal Normal Faulted'!" N/A
Electronics cubicle Normal Normal Faulted" N/A
Electrlcal cables and optical fibre Normal Normal Faulted™ N/A
internal to PCSS
Shielding assembly (incl. fibre |
connectors and Local Air Cooler) Normal Normal Emergency | Faulted
Component on Port Cell ceiling
Fibre bundle support structure and Normal Normal Emergency | Faulted!
conduits (IO scope)
Fibre  connector/storage  box
(attached to fibre bundle support | Normal Normal Emergency | Faulted!
structure)
Fibre bundle (main bundle) Normal Normal Emergency | Faulted"

' No damage to neighbouring PIC

T At least on leak seal intact

' Not impacting “Emergency” damage limit of surrounding Shielding assembly

Table 5 gives the structural criteria formulated in terms of service level assigned to the damage
limits, in accordance with the RCC-MRx.

Table 5 — Applicable structural criteria for the system components

Damage Limits

Normal A
Normal A
Emergency C
Faulted D
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7 Definitions

7.1 Units

All loads are provided using the International System (SI) base and derived units. The only
exception to this rule is that degrees Celsius may be used instead of Kelvin. The complete list of
units used in this document is provided in Table 6.

Table 6 — List of Units used in this Load Specification

Quantity Unit name Unit In SI base
symbol units

Length Meter m
Mass Kilogram kg
Time Second s
Temperature Kelvin K

Celsius °C
Acceleration m/s?
Angular acceleration rad/s?
Angular velocity rad/s
Density kg/m3
Energy, Work Joule J N-m
Entropy N-m/K
Force Newton N kgm/s?
Frequency Hertz Hz 1/s
Moment N-m
Second moment of area m*
Power Watt W N-m/s
Pressure Pascal Pa N/m?
Stress Pascal Pa N/m?
Young’s Modulus Pascal Pa N/m?
Thermal flux density W/m?
Velocity m/s

7.2 Coordinate systems

Unless stated otherwise all loads are specified in the ITER Tokamak Global Coordinate System
(TGCS) [4]. The main direction and the nomenclature used in this load specification are shown
in Figure 1.

Vertical

Poloidal

Toroidal

Figure 1 — Definitions of tokamak directions and global cylindrical coordinate system
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Regarding the Floor Response Spectra (FRS), these are applied in the local cartesian coordinate
(X, Y, Z) which are defined by referring to TGCS. In this local coordinate, the Y=0 plane
corresponds with the vertical cross section of the center of LP02. The direction of Z coordinate
is the same as the vertical direction in TGCS. The direction of X coordinate corresponds with
the radial direction of ITER. The direction of Y-coordinate is perpendicular to X, Z coordinates,
and corresponds with the toroidal direction of ITER.

7.3 Abbreviations

All abbreviations used in the document are listed in Table 7.

For a complete list of standard abbreviations, see ITER Abbreviations 2MU6WS5 v1.19).

Table 7 — Abbreviations.

DIM Divertor Impurity Monitor

DW Dead Weight

EM Electromagnetic

EoB End of Burn

EoP End of Pause

FRS Floor Response Spectrum

ICE Ingress of Coolant Event

IS Inter Space

ISS Inter Space Structure

IvC In-Vessel Components

LOCA Loss of Coolant Accident

LOFA Loss of Forced Flow Accident
LP Lower Port

MD Major Disruption

MFD  Magnet Fast Discharge

PC Port Cell

PCSS  Port Cell Support Structure

PDR Preliminary Design Review

PIC Protection Important Component
SL-1 Seismic Level 1

SL-2 Seismic Level 2

SMHV Séismes Maximaux Historiquement Vraisemblables
SSC System, Structure and Component(s)
VDE Vertical Displacement Event
\'A% Vacuum vessel
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8 Types of Loads

The following type of loads are covered in this Load Specification:

Inertial Loads due to Dead Weight (DW): The dead weight of the ex-vessel
components must be considered.

Inertial Loads due to Seismic Events: Seismic load excitation corresponds to the
specific selected site (Cadarache) for the ITER construction. The ground acceleration can
be both in the horizontal and in the vertical direction and typically has a spectra content
which leads to some level of support reaction load amplification.

Plasma Disruption Electromagnetic Loads (MD and VDE): Outside the vacuum
vessel the actions derived from the electromagnetic (EM) transients should not lead to
significant structural loads. For the DIM components on the ISS the EM fields could,
however, impact the functioning of electronic components.

Incident and Accident Loads: Correspond to accidental events during or outside the
operation of the machine. The most critical accident is a fire event. Other
incident/accident events that could impact ex-vessel components are pipe breaks and
leakages near the ex-vessel components (ex-vessel loss of coolant accident or LOCA)
leading to potential pipe whipping loads and potential internal flooding.

Thermal Loads: Thermal loads on the ex-vessel components in the scope of this SLS
come from the environmental conditions, where the highest environmental temperatures
are reached in the interspace during baking of the vacuum vessel. Thermal loads lead to
(differential) expansion and associated thermal stresses.

Nuclear Loads: Nuclear loads could lead to heating, damage and component activation
of the 55.E4 parts and supporting structures in the interspace and port cell. However,
specifically the heat load is not considered significant for the ex-vessel components.
Interface loads: They correspond to loads transmitted through the surrounding structures
like vibrations and the relative displacements between anchorage points of the different
components.

Assembly or installation loads: due to pretension and live loads.

9 Main Loads

The main loads prescribed in this load specification are listed in Table 8:
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Table 8 — Main loads acting on the system/components

Load case Chapter  Characteristic loads

Dead Weight §13.1.1  Gravity acting on components masses (DW)

Assembly and ¢§73.1.2 Internal coolant channel water pressure during test (Not

Pretension Loads applicable for DIM

Coolant Pressure §13.1.3  Inlet pressure load and temperature of coolant water during
operation (applicable only to the spectrometers assembly)

Seismic Loads §13.1.4  Seismic accelerations of SL-1, SMHV, SL-2 events

Load in Incident and §73.2 Fire loads, LOCA
Accident Events

Thermal and Nuclear §73.3 Thermal environment load, nuclear heating,

Loads

Interface Loads §13.4 Loads induced due to displacement between supporting
structures

10 Path of the Main Loads

The path of the main loads is shown in Figure 2.

(@ (b)

(" Inertial loads: Gravity and ) ([ Inertial loads: Gravity and A
seismic accelerations | seismic accelerations
3 .
55.E4 LP02 1SS or PCSS | ([ 55.EA4 Fiber bundle and
L components ) | Fiber connector/storage box |
[} , 4 y
1 ) 55.E4 Fiber bundle support
LPO02 ISS or PCSS structure | structure and conduit
4
LP02 Interspace and
L Port Cell rail )
1
B11 B1 Floor [ B11 Bl Celling ]
4 ¥
Basement [ Basement ]

Figure 2 — Path of the main loads (a) ISS/PSCC components, (b) Port Cell component

11 System Description

11.1 Design Status and Geometry
The design phase of the SSCs in the scope of this load specification is FDR.

Figure 3 shows the Enovia tree of the Detailed Model (DM) of the DIM LP02 ISS, PCSS and
port cell components and their space reservation in the scope of this document.
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Figure 3 — Snapshot of the 55.E4 Model Enovia Tree

11.2 System Design Description

11.2.1S8ystem, Components, Parts
Figure 4 shows the PBS 55.E4 components installed on the ISS and PCSS of LP02.

PCSS components
(see figure 6)

ISS components
(see figure 5)

Figure 4 — 55.E4 Mirror Units on the Diagnostic Rack
Figure 5 shows ISS components. They consist of the optical relay and compensation system

assemblies, the shielding assembly and the electrical cables and optical fibre. The electrical
cables and optical fibre are not shown in Figure 5.
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the optical relay and
compensation system assemblies

Figure 5 — ISS components

Figure 6 shows PCSS components. They consist of the collection optics assembly, the
spectrometers assembly, the electronics cubicle, the shielding assembly and the electrical cables
and optical fibre. The electrical cables and optical fibre are not shown in Figure 6.

The spectrometers assembly is water cooled during operation.

Shielding assembly

Electrical cubicle

Spectrometers assembly
Collection optics assembly

Figure 6 — PCSS components

Figure 7 shows components on the Port cell celling. They consist of Fiber bundle support
structure and conduits, Fiber bundle and Fiber connector/storage box.
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Fiber bundle
Fiber bundle support structure

and conduits

Fiber connector/storage box

Figure 7 — Components on Port cell ceiling
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11.2.2Fabrication and Assembly

Only standard manufacturing and assembly techniques (milling, bending, welding, bolting ...)
are needed for the 55.E4 ex-vessel components. The critical activities are related to optical
alignment.

11.2.3Functions

(1) To collect and transmit visible & ultraviolet light waves from the divertor plasma region.
(2) To distribute and detect visible & ultraviolet light waves

(3) To provide diagnostic alignment

(4) To provide diagnostic calibration

11.2.4Interfaces

Interfaces Control Documents (ICD) and Interface Sheets (IS) which are related to the 55.E4
components on the diagnostic rack are listed in Table 9 below.

Table 9 — Interfaces of the 55.E4 components on the diagnostic rack

System PBS ICD IS
Diagnostics 55  ICD-55.L2-55 Interface Control [S-55.L2-55.E4-001 Interface between
Document for Lower Port #2 55.E4 Divertor Impurity Monitor and
Integration and all PBS-55 Tenant 55.1.2 Lower Port #2 integration [8]
Diagnostics [7]

12 States of System and Components

With regards to the main loads referred in previous Sections, the applicable states/sub-states of
the system for the loads allocation as well as for the identification of the limiting load cases
defining the transient events to be considered in the assessment against Ratcheting and Fatigue
damage, the following states and sub-states of the system are considered:

e Operation
a) Cool-down
b) Warm-up
¢) Standby between plasma pulses
d) Normal plasma operation
e) Plasma instabilities
f) Baking
g) Shut-down for maintenance and upgrade
h) Incident and accident
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13 Single Load Cases
13.1 Mechanical Loads
13.1.1Dead Weight

The mass of the latest design of each mirror Unit is listed in Table 10, where Gxyz are the
coordinates of the centre of gravity, relative to the coordinate system TGCS, defined in §7.2.

Table 10 — Inertial properties of the system parts

Mass

Part Gx (m Gy (m Gz (m
= (m) y (m) (m)
-4877.1
Components on ISS 1990 12981.2 mm 7496.7 mm mm
-4621.4
Components on PCSS 16361 17569.2 mm 10142.1 mm mm
Components on Port cell ceiling 261 20115.5 mm 11347 mm _2;:&61'2
Mass
Part Gx (m Gy (m Gz (m
(o) (m) y (m) (m)
Components on ISS
Optical relay and compensation 2313 123141 mm  71241mm  -5267.8 mm
system assemblies
Electrical cables internal to ISS 13.5 134559 mm  7826.5 mm -5063.8 mm
Shielding assembly 1745.2 13066 mm 7543.5 mm -4823.8 mm
Components on PCSS
Collection optics assembly 492 168252 mm  9733.7 mm -5122.4 mm
Spectrometers assembly 1022.6 16275.7mm  9190.4 mm -4953.1 mm
Electronics cubicle 268.3 183264 mm  10466.4 mm -4714.3 mm
Electrical cables and optical fibre 623.5 184711 mm 108614 mm  -5182.1 mm
internal to PCSS
Shielding assembly (incl. fibre 139546  17561.6mm  101462mm  -4547.1 mm
connectors and Local Air Cooler)
Component on Port cell ceiling
Fibre bundle support structure and 209.8 20107.6mm  11397.4mm  -2355.5 mm
conduits (IO scope)
Fibre connector/storage box
(attached to fibre bundle support 37.3 200404 mm 107064 mm  -2710.8 mm
structure)
14 20433.1 mm 12294.1 mm -2353.3 mm

Fibre bundle (main bundle)
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13.1.2 Assembly and Pretension Loads

Bolt pretension needs to be taken into account. However, the pretension force value is under
study and final value will be available during the Final Design phase.

Some specific assembly and maintenance loads will act on the Diagnostic Rack and services and
need to be taken into account. At the time of the writing this document these loads are not
available yet.

13.1.3 Coolant Pressure

The structures under the scope of this SLS are passively cooled and heated through the
conduction or radiation from the surrounding environment.

However, the spectrometers assembly installed on the PCSS requires active water cooling in
order to maintain the operating temperature within allowable limits.

Therefore, coolant pressure (TBD) loads shall be considered only for the spectrometer.

13.1.4Seismic Loads

Though it is planned that the FRSs due to the seismic event at the interface points on the ISS and
PCSS will be provided by 10, they have not yet been provided.

On the other hand, the FRSs for the seismic event (SL-2) have already been provided by [9].
Therefore, based on the following assumptions, SL-2 is applied to assess the effects by the
seismic event.

The FRSs of SL-2 are extracted at the relevant points of IS and PC on the Lower Port 2 in
the tokamak complex (B14) as shown in Figure 9.

Those FRSs are not provided at the interface points with the DIM components because ISS
and PCSS were not taken into account.

Considering the above, the conversion factors specified in [3] to convert SL-2 to SL-1 are
not applied in order to avoid underestimation.

The relevant points for ISS and PCSS are shown in Figure 9. The FRSs at those points are shown
in Figure 10 and Figure 11, respectively.

Ten equivalent maximum stress cycles shall be considered for each seismic event whenever a
fatigue or a cyclic load analysis is required.
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Figure 11 — FRS (SL-2, 4% damping) at the relevant point for PCSS [9]

13.2 Loads in Incident and Accident Events

An overview and reference analyses for incidents and accidents are provided in the Accident
Analysis Report [11][12][13]. In the subsections below the relevant incidents and accident loads
for the DIM LPO02 ISS, PCSS and port cell components are discussed in more detail.

13.2.1Fire loads

As defined in [2], internal fire is considered a Category IV event. As such:

It applies to the fibre bundle as it is a non-PIC (SR) component that needs to maintain
its confinement function during and after the event.

It applies to all other DIM LP02 ISS, PCSS and port cell components only to ensure non-
aggression to neighbouring PIC components.

Fire loads should be specified as maximum possible temperatures in components due to the
increase of temperature in rooms.

The load temperatures, in case of fire, in the port cells, are given in Figure 12 ([14]). The DIM
components located in the interspace and before the bioshield (optical relay and compensation
system assemblies, electrical cables internal to ISS and Shielding assembly) will be exposed at
300 °C for 2 hours. Components in the port cell, but not on the ceiling (collection optics assembly,
spectrometers assembly, electronics cubicle, electrical cables and optical fibre and shielding
assembly), will be exposed to 805 °C for 2 hours. Finally, components near the ceiling of the
port cell (fibre bundle support structure, fibre connector/storage box and Fibre bundle) will be
exposed to 875 °C for 2 hours.
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Figure 12 Fire load conditions [14]

For the non-PIC (SR) fibre bundle, however, a more conservative fire load should be considered,
because in fibre bundle is likely to be outside the validity domain of the calculations presented
in [15]: As the fibre bundle is routed near the ceiling, it could be above or in the flame or in the
hot zone a few cm from the ceiling. It is also routed not only in the port cell but equally in the
gallery and diagnostic building.

Therefore, the (conservative) fire load to consider for the fibre bundle is based on the Safety
requirement Roombook [16], which states for the locations in which the fibre bundle is located
(B11-B1-C02)

Table 11 Fire event loads for locations of fibre bundle as defined in the Safety
requirement [16]

Port Cell
B11-B1-C02
AP (Pa) 5000
T (°C) Eurocode 2h

Hereby, the Eurocode 2h corresponds to a 2-hour exposure to 1000°C.

13.2.2 Ex-Vessel Loss of Coolant Accident (LOCA) in Port Cell

Ex-vessel LOCA has an effect on the DIM LP02 ISS, PCSS and port cell components and are
listed in Table 12 below. The values for the temperature and pressure load conditions for these
events are taken from the Safety requirement Roombook [16]. They depend on the location where
the LOCA takes places. As a result, the LOCA in the port cell itself (X8) has the largest loads in
the port cell, whereas the load in the gallery is less. The load of a large DV ex-vessel coolant
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pipe break has the lowest effect, despite being a category IV event, because it cannot take place
in neither port cell nor gallery and has only a secondary effect there. The DIM components in
the diagnostic building are not affected by ex-vessel LOCA events.

Table 12 Ex-vessel LOCA events applicable to DIM LP02 ISS, PCSS and port cell
components

LOCA III — X8 Loss of coolant

in Port Cell
Category I
Components Fibre bundle (part in port cell)
affected ISS/PCSS components
AP (Pa) 60000
T (°C) 145

The (dominant) LOCA III — X8 event is described in detail in section 3.3.5 of the Accident
Analysis Report — Volume II [12]

Note that the LOCA III — X8 could be accompanied by an impact load on the ISS/PCSS
components of DIM.

A local loss of coolant from the spectrometers assembly cooling system may occur, however it
does not introduce governing mechanical loads.

13.3 Thermal and Nuclear Loads

Thermal loads consist of the calculated temperature distributions from thermal analysis. The
presence of thermal gradients will lead to thermal stresses that have to be considered in the
structural integrity evaluations.

The origin of the thermal loads used to calculate the temperature distributions in the region of
interest is diverse.

13.3.1 Thermal environmental Loads

The standard thermal load conditions in the rooms where the DIM LP02 ISS, PCSS and port cell
components are located are defined in [17] and summarized in below Table 13. They apply to
both maintenance, operation (THO) and baking (THB) conditions.

Table 13 Environmental thermal conditions in the rooms where the DIM LP02 ISS, PCSS
and Port Cell components are located

Port Cell
(excluding interspace)

T min. (°C) 5
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T max. (°C) 35

The atmosphere of the interspace is shared with the Port Cell which itself is cooled by local air
coolers to keep its temperature below the above mentioned 35°C.

The temperature in the interspace, however, depends on a number of factors such as:

The condition of the tokamak: maintenance, operation or baking
The thermal isolation of the port closure flange

A detailed analysis of the interspace thermal load is beyond the scope of this SLS and will be
provided through upgrades of this SLS when available.

13.3.2 Nuclear Loads

A neutronics assessment for the DIM LP02 ISS, PCSS and port cell components has not yet been
performed. On the other hand, that for the generic design of the diagnostic front rack and the
back rack (in the LP02 port plug) has been made as shown in [18]. Figure 15 shows the nuclear
heating distribution of the DIM components installed in the diagnostic rack and the back rack.
As shown in Figure 13, The nuclear heating rate in the rear part of the back rack is 1.0 x 107
W/cm? or less. The DIM components installed in the ISS and PCSS, which are within the scope
of this SLS, are located farther from the plasma than the back rack. Therefore, the nuclear heat
generation rate in these components will be lower than this value. For this reason, the nuclear
heat generation in the DIM components installed in the ISS and PCSS can be regarded as
negligible.

Back rack

Front rack

Nucear heating density in 83 (A/em3)
10806 125 00CO1 0001 001 10ed

“I.III‘ L IIJI“

Figure 13 — Nuclear heating distribution on diagnostic rack and back rack [18]

Page 24 of 30



13.4 Interfaces Loads

13.4.1Interface Loads at Interfacing Points of ISS and PCSS components

The ex-vessel DM components under the scope of this SLS are anchored to either the ISS or
PCSS (in 11-L1-CO08), to the cable tray system (in 11-L1-02W) through several supports. In these
cases, apart from the maximum inertial loads seen by the component, additional stresses may be
induced by the relative displacements between supports.

Relative displacements between the attachment point for each component have been taking into
account for thermal loads considering steel for ISS. For Seismic events, these interface loads are
expected to be low due to the small distance between the nodes location in ISS used to extract
the FRS results and the attachment points of the components. Therefore, the interface loads for
the components within the scope of the SLS are negligible.

13.5 Not Significant Load Cases

This section includes events that may act on the ex-vessel DIM components, but those effects
are not significant for the structural integrity assessment.

Events that don’t generate mechanical loads on the ex-vessel components are considered out of
scope and are not included in this section.

13.5.1EM Loads Due to EM Transients and static fields

Electromagnetic loads will occur in ITER due to transient events such as Major Disruptions
(MD) and Vertical Displacement Events (VDE). Disruptions in ITER are simulated with the
DINA code and the results of the DINA simulations for ITER are stored in IDM [2].

The specification of loads caused by EM events on ex-vessel components may be divided into
several parts:

Volumetric loads from eddy currents (induced to conserve the magnetic fluxes crossing
conductive parts in structures). Outside the Vacuum Vessel (VV) halo currents (intercepted
by the plasma facing components of the first wall during the EM event and forming
composite loops through the VV and the plasma edge) do not apply.

Dynamic amplification effects due to the evolution of the EM event.

Inertial loads associated to ISS/PCSS movements, who are also subject to EM loads
themselves and transfer those loads (similar to seismic loads) to the DIM components.
Interface loads due to the fact that the ISS/PCSS are deformable bodies which could lead to
relative displacements between the anchorage points of DIM components.

Eddy loops might occur in the components however the magnetic field in the interspace is
relatively low, therefore these currents are expected to be low and also the components may
be grounded to the ISS.

The EM loads due to EM transient only apply to the DIM components in the interspace and (to
much lower extend) the port cell. The main fibre bundle and the components in the diagnostic
building are too far from the tokamak to have any impact from EM transients. Nevertheless, EM
Loads due to EM Transients (VDE, MD, MFD) are considered not significant for the DIM LP(02
ISS, PCSS and port cell components, given the small magnetic fields and magnetic field
transients are the location of the DIM LP02 ISS, PCSS and port cell components.
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Note that apart from structural loads, the EM fields — both static and transient — could also affect
the operation of electric/electronic components in the interspace and port cell. The compatibility
of the components and subsystems to the external magnetic environment must be taken into
account.

13.5.2 Loads due to incident and accident

The following incidents and accidents related to cooling water and vacuum may happen in the
vacuum vessel:

Ingress of coolant event (ICE)

Loss of coolant accident (LOCA) in Gallery and Diagnostic Building
Loss of forced flow accident (LOFA)

Loss of vacuum accident (LOVA)

b=

The maximum pressure possible in the vacuum vessel is 0.2 MPa ([1]) in the cooling water
accidents, which is negligible for the components that are designed to bear PLO, PLB, and
inertial loads during disruption.

13.5.3Loss of Power

Not applicable in principle for the major part of the components. To be analysed if this event
could damage any electronic equipment. Therefore, out of the scope of the SLS.

13.5.4Internal Flooding

Following [2] internal flooding (Category IV) does not affect the design of component in the
tokamak complex.

13.5.5 Helium ingress in the gallery
Not relevant to ISS/PCSS components.

13.5.6 External Loads Acting on the Nuclear Buildings

All load events listed in Table 14 are reacted by the building in such a way that no loads are seen
in these events by the internal components.
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Table 14 External loads on nuclear buildings

Load Event Description

External fire The external building walls are designed to withstandthe specified
external fire event
External flooding The foundation of the tokamak building is designed to withstand the
specified water table and the specified type of external flooding.

Water table
External explosion The external building walls are designed to withstand an overpressure
of 50 mbar
Airplane crash The external building walls are designed to withstand the general
aviation.
Accidental Although an airplane crash event can cause an internal fire event, any
temperature propagation of fire is avoided through the collection of the fuel

13.5.7ECH stray radiation

It has been reported that the amount of radiation that reaches the vacuum window is low and not
expected to extend outside the vacuum vessel. Therefore, the ECH stray radiation is not
significant for the ex-vessel DIM components.

13.5.8 Maintenance
There is no information about the maintenance load; it must be typically smaller than other
acceleration load such as seismic load. It can be neglected.

13.5.91Internal explosion

The category IV internal explosion events are only defined in the vacuum vessel (section 1.2.5
of the Accident Analysis Report — Volume III [13]) and in the tritium plant (section 1.2.11 of the
Accident Analysis Report — Volume III [13]), and are hence out of the scope of this SLS for the
ex-vessel DIM components.
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14 Load Combinations

14.1 Categorization of Load Combinations

Table 15 is based on the template provided in Table 4-2 of [2], and provides the damage limits
that apply to each part in the scope of this load specification.

Table 15 — Damage limits applicable to the scope of the load specification.

Diag Component Catl: Cat II: Cat I1I: CatlV:
Operational Likely Unlikely Extremely

[Design Loading Loading Unlikely
Loading Loading

Components on ISS

Optical relay gnd compensation Normal Normal Faulted™ N/A

system assemblies

Electrical cables internal to ISS Normal Normal Faulted N/A

Shielding assembly Normal Normal Emergency | Faulted!

Components on ISS

Collection optics assembly Normal Normal Faulted™ N/A

Spectrometers assembly Normal Normal Faulted™! N/A

Electronics cubicle Normal Normal Faulted'!" N/A

Electrlcal cables and optical fibre Normal Normal Faulted™ N/A

internal to PCSS

Shielding assembly (incl. fibre I

connectors and Local Air Cooler) Normal Normal Emergency | Faulted

Component on Port Cell ceiling

Fibre bundle support structure and I

conduits (IO scope) Normal Normal Emergency | Faulted

Fibre = connector/storage  box

(attached to fibre bundle support | Normal Normal Emergency | Faulted'

structure)

Fibre bundle (main bundle) Normal Normal Emergency | Faulted"

Notes: 1) Category IV events are not applicable to Non SIC/PIC - Non SR.

Table 16 shows the correlation between damage limits and the service levels defined by the codes

prescribed in §6.2.
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Table 16 — Correlation between damage limits and Service Levels

Damage Limits RCC-MRx Service Level

Normal A
Normal A
Emergency C
Faulted D

14.2 List of Load Combinations

Based on load cases and load combinations defined in the ITER load specification document [2],
applicable load combinations for the DIM LP02 ISS, PCSS and port cell components are

summarized in Table 17. Ignored loads will be explained in § 13.5.

Table 17 — List of events and load cases

(50 cycles)

Ié(:;g Category CO (f)rf;?ttiglfs EM event Seismic events Nlli:r‘rfl:gtrsof
I-1 I DW, CP ®, THO 30,000
I-2 I DW, CP 9, THB
1I-1 II DW, CP © THB SL-1

-1 i pw,cpO,THO  LQTA POt

1112 I DW, CP 9. THO SMHV

IV-14% v DW, CP ®, THO SL-2 Internal Fire

DW: Dead Weight

CP: Coolant Pressure

THO: Temperature values and thermal loads (Nuclear Heating) during operation
THB: Temperature values and thermal loads during baking

Notes:

1) As SL-1 event has a return period of more than 100 years, it is expected to occur
only once in the machine lifetime. However, as required by the investment
protection, it shall be assumed to occur at maximum number of N=5 times.

2) Unless a detailed dynamic analysis is performed and the number of cycles per event
is directly calculated, it is recommended to assume for each seismic event N=10
equivalent maximum stress cycles whenever a fatigue or a cycle load analysis is

required.

For disruption and VDEs, unless dynamic analyses performed showed that the stress
— strain excursions during successive oscillations associated to the electromagnetic
event may be reduced, N=5 cycles per VDE event can be conservatively assumed.

3) Applies to ISS components
4) Envelops “SL-2 only” and “SMHYV plus fire”.

5) Not concomitant, applies only to the Fibre bundle (safety relevant component)

6) Coolant Pressure (CP) loads apply only to the spectrometers assembly.
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14.3 Fatigue Cycles

For the assessment of ratcheting and fatigue damages, the following transients defined by their
limiting load conditions as well as the number of occurrences in Service Level A will be
considered (Table 18). Non-signification load cases for the ex-vessel DIM components have

again been excluded.

Table 18 — List of transient events and load cases for fatigue assessment

Load Limiting Load Limiting Load Number of Comments
Case Condition 1 Condition 2 Events

Tl DW DW, THO 30,000

T2 DW DW, THB 500
T3? DW, THO DW, THO, VDE I D 3,300

T4 DW, THO DW, THO, SL-1 5 (50 cycles)

T5 DW, THB DW, THB, SL-1 5 (50 cycles)

1): The loads due to VDE-II are negligible at the locations of IS and PCSS components for fatigue
assessment.

2): T3 is effectively represented by T1, as after removing VDE-II no additional load variation is
introduced (DW, THO — DW, THO).
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