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Abstract: This document describes the Electrical Power System (EPS) considered as a
system belonging to the Conventional Facilities. Key functions of the system are here

presented, as well as interfaces with bounding facilities/systems, main design
assumptions and input data necessary for the design of the system.
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1. System Functions and Basic Configuration

1.1 System Functions

The Electrical Power System (EPS) has the following main functions:

It receives the AC power from the commercial transmission grid, transforms it to
appropriate voltage levels and distributes it to the IFMIF Facilities / systems
requiring steady state electric power. The total power of all connected loads is
estimated to be approximately 90 MVA.

In the event of loss of off-site power loop, the EPS incorporates on-site
emergency power sources (diesel generators, uninterruptible power supply
systems and DC batteries) to supply the loads classified as Safety Important
Components.

It compensates the reactive power consumed by the systems / components
supplied by the EPS.

It provides monitoring, control, and protection of electric power sources and
distribution including functions of start-up; recovery from interruptions, load
prioritization, sequencing, fault protection and fault isolation.

It provides control and protection of its own components and provides on / off
control of electrical power flow to the loads, but do not provide control or
protection of the loads themselves, which will be the responsibility of the
corresponding systems / components.

To accomplish the above-mentioned functions the EPS is composed by the following
three (3) subsystems: (I) Power System Substation; (II) Emergency Power System; and
(IIT) Electric Distribution System.

1.2 System Basic Configuration

The following Table 1-1 presents the broken down of the systems into its subsystems
(PBS L4).

PBS Number PBS Item

1 2 3 4 5
5 0 0 0 0 Conventional Facilities
3 0 0 0 PlantServices
2 0 0 Electrical Power System
1 0  Power System Substation
2 0 Emergency Power System
3 0  Electric Distribution System

Table 1-1: EPS PBS Location

1/71
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1.2.1 Power System Substation (PBS: 5.3.2.1.0)

Power System Substation is the system related to power receiving from commercial
grid. Under normal operating condition, IFMIF is fed through the commercial grid by
two (2) lines of redundant 66 kV (HV: High Voltage) electrical power; 100% * 2.
The receiving voltage is step-downed to 6.6 kV (MV: Medium Voltage) via HV/MV
power transformers, then being distributed to medium voltage switchgears (MV
SWGRs) which feed power to MV SWGRs of Emergency Power System and Electric
Distribution System. All the equipment related to this system is installed in the
dedicated Electrical Switchyard Building.

The system is further broken down as per the following Table 1-2,
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Table 1-2: Equipment List for Electric Power System 1/3

1.2.2 Emergency Power System (PBS: 5.3.2.2.0)

Emergency Power System is the system related to emergency power generation. In
case of grid power failure, emergency generators will be started and will feed electric
power to the loads classified as SIC-1 and SIC-2. Emergency Generators are provided
as a redundant system (50% x 2+2). Diesel engine is selected as the driver. The fuel
is diesel oil. Each generator and relevant equipment is installed in dedicated
buildings, namely: Emergency Power Building 1 and Emergency Power Building 2.
The system is further broken down as per previous Table 1-2.
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1.2.3 Electric Distribution System (PBS: 5.3.2.3.0)

Electric Distribution Systems covers power distribution within the IFMIF. All
electrical equipment / components excluding the ones under PBS 5.3.2.1 and PBS
5.3.2.2 are within the scope of this system.

The system is classified based on Safety Important Class (Ref. [1]) into three (3)
groups based upon the loads served:

o SR/Non-SIC loads : Single Power System

o SIC-2 loads : Power System + Emergency Power
System

o SIC-1 loads : Redundancy = Power System +

Emergency Power System

However, the load connected to Emergency Power System also exists by the
requirement of each facility besides the above.

Uninterruptible Power Supply (UPS), Direct Current (DC) Battery and Constant
Voltage Constant Frequency (CVCF) are needed with each facility are scope of each
facility.

UPSs, DC Batteries and CVCFs indicated here are only for Conventional Facility
(CF).

The system is further broken down as per the following Table 1-3 and Table 1-4:
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2. Interfaces (Boundaries)

PBS 5.3.2.1.0 Power System Substation

The coverage by the Power System Substation is from the 66 kV (HV) grid power-connecting
terminals to 6.6 kV (MV) switchgears (SWGRs) terminal end in Electrical Switchyard
Building.

Thus, the Power System Substation has to feed 6.6 kV (MV) power to the following MV
SWGRs:

1) Accelerator Facility

2) Emergency Power System
3) Electric Distribution System

PBS 5.3.2.2.0 Emergency Power System

Emergency Power System receives power from MV SWGRs of the Power System Substation
and feed power to MV SIC SWGRs of Electric Distribution System which feeds power to
SIC-1 and SIC-2 loads.

PBS 5.3.2.3.0 Electric Distribution System

Other electrical apparatus excluding PBS 5.3.2.1.0 & 5.3.2.2.0 are within Electrical
Distribution System scope. Electric Distribution System has to feed power to the following
Electric Power Board or sub system of Conventional Facility:

1) Lithium Target Facility : 6.6 kV (MV)
2) Test Facility : 6.6 kV (MV)
3) PIE Facility : 6.6 kV (MV)
4) Conventional Facility 6.6 kV (MV) /400V(LV)/
230V(LV)
e Heating, Ventilation and Air Conditioning (HVAC) System
e Heat Rejection System (HRS)
e Service Water System (SWS)
e Service Gas System (SGS)
e Radioactive Waste Treatment System (RWTS)
e Fire Protection System (FPS)
e Central Control & Common Instrumentation (CC&CI)
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e Access Control & Security Systems (ACSS)
e Radiation Monitoring for Environment & Safety (RAMSES)

Interface Tables

System A System B Title
Accelerator Facility Power System Power System Substation has to feed power to Electric Board of
Substation Accelerator Facility 6.6 KV (MV)
Lithium Target Electric Electric Distribution System has to feed power to Electric Board
Facility Distribution System  of Lithium Target Facility 6.6 KV (MV)
Test Facility Electric Electric Distribution System has to feed power to Electric Board
Distribution System  of Test Facility 6.6 KV (MV)
PIE Facility Electric Electric Distribution System has to feed power to Electric Board
Distribution System  of PIE Facility 6.6 KV (MV)
Conventional Electric Electric System has to feed power to each sub system of
Facility Distribution System  Conventional Facility 6.6 KV (MV)/400 V(LV)/230 (LV)

Table 2-1: Interface Table

2.1 EPS vs. Accelerator Facility (AF)

EPS supply 6.6kV power to Accelerator Facility through the:

e MYV Electric Power Board for Accelerator Facility
e LV Electric Power Board for Accelerator Facility

The boundary between EPS and AF is set at the terminal of the MV Electric Power
Board for Accelerator Facility.

The Power Board for Accelerator Facility including connecting terminal and all the
afterwards equipment are within the scope of the Accelerator Facility.

2.2 EPS vs. Lithium Target Facility (LF)
EPS supply 6.6kV power to the Lithium Target Facility through the:

e Electric Power Board for Lithium Target Facility
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The boundary between EPS and LF is set at the terminal of the Electric Power Board for
Lithium Target Facility.

The Power Board for Lithium Target Facility including connecting terminal and all the
afterwards equipment are within the scope of the Lithium Target Facility.

2.3 EPS vs. Test Facility (TF)
EPS supply 6.6kV power to Test Facility through the:

e Power Board for Test Facility

The boundary between EPS and TF is set at the terminal of the Power Board for Test
Facility.

The Power Board for Test Facility including connecting terminal and all the afterwards
equipment are within the scope of the Test Facility.

2.4 EPS vs. Post Irradiation Examination Facility (PIEF)

EPS supply 6.6kV power to Post Irradiation Examination Facility through the:
e Power Board for Post Irradiation Examination
The boundary between EPS and Post Irradiation Examination Facility is set at the
terminal of the Power Board for Post Irradiation Examination Facility.
The Power Board for Post Irradiation Examination Facility including connecting terminal

and all the afterwards equipment are within the scope of the Post Irradiation Examination
Facility.

2.5 EPS vs. Conventional Facility (CF)
EPS supply 6.6 KV (MV)/400 V (LV)/230 V (LV) power to Conventional Facility through the:

e HV Electric Power Board for Conventional Facility
e LV Electric Power Board for Conventional Facility
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3. System Design requirements

3.1 General Requirements

Input Data Requirements are identified as the data necessary to be defined in order to
enable a system design that respects all the needs of the interfacing components.
Currently a draft set of data has been proposed. This list is have been prepared and
assessed by the PT on the base of the current references, of the outcomes of the
Engineering Validation Engineering Design Activities (i.e. Accelerator prototypes) and
on the standard engineering practice.

Parameters identified as Input Data Requirements for EPS are, for each interfacing

component:

° Electric Load (Rated Power) : kW or kVA

° Power Supply Voltage : kVorV

o Load Efficiency : %

° Power Factor : 0-1(value)

. Operation Status : Normal /
Emergency / Maintenance

o Emergency Power System Necessary /
Not Necessary

° UPS or DC Battery Necessary / Not
Necessary

. Heat Dissipation : w

Heat Dissipation is important for design of HVAC, in this DDD, we have indicated the
rated electric load while for the HVAC proper value of electrical heating dissipation
(when available) have been considered, in the other cases when not available proper
assumptions have been taken.(based on the HVAC engineering practice)
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3.2 Engineering Requirements
3.2.1 Accelerator Facility (AF)

Table 3-1, Table 3-2, Table 3-3, Table 3-4 and Table 3-5 show Electric Load List for
Accelerator Facility, created based on its requirements.

The required electric power for Accelerator Facility is:

. For Rated Power : 52887 kVA
. For Emergency Power 411 kVA
. For UPS 411 kVA
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Electric Load List for Accelerator Facility

PBS No. ITEM No. Service — W“md%f'v T ﬂ%—"“"-’—m sic | Redundancy ";’;T'nl E(!J";xrl‘u? uPs Remarks
LT TH - - =
Injector-A 130 a0 B85 SIC-1 o
Injector-A Instrumentation 25 80 B85 Sic-1
Injector-A Water Cocling Box 20 40 BS HNo
RF HVPS for RFO-A- X 200kW RF Chains) 400 a0 B8.888 No 400KW HVIPS (500 kWA,
RF HVPS for RFO-A- X 2006W RF Chains, 400 80 B8 888 Mo © 400KW HVPS (500 kWA
RF HVPS for REQ-A-3 (B X 200KWY RF Chains) 400 B0 B8.889 No z 400KV HVPS (500 KVA
RF HVPS for RFQ-A-4 (B X 200kW RF Chains) 400 20 88880 No 400kW HVPS (500 kWA
RF HVPS for RFO-A- X 200KW RF Chains) 400 20 BB.880 No 400kW HVPS (500 kVA)
RF HVPS for RFQ-A- 200KW RF Chains) 400 80 B8.880 No 400KW HVPS (500 kVA)
RF HVPS for RFQ-A- 20060 RF Chains) 400 a0 B6.880 No 400kW HVPS (500 kVA)
RF HVPS for RFQ-A-8 (8 X 200kW RF Chains) 400 20 B88.880 No 400KW HVPS (500 kvA)
RFQ-A 85 80 85 No
RFQ-A Water Cooling Box 115 a0 8BS No
RF HVPS for MS-A (2 x 16kW RF Chains) 70 80 B85 No
MEBT-A 70 80 8BS No
MEBT-A Instrumentation 25 80 B5 No
MEBT-A Water Cooling Box 16 a0 BS Mo o
|RF HVPS for SRF Linac-A-1-1 (8 x 105kW RF Chains) 400 90 B8.889 No o 4006V HVP'S (500 kWA
RF HVPS for SRF Linac-A-1-2 (8 x 105k RF Chains) 400 80 B8.880 No 400K HVIPS (500 kWA,
RF HVPS for SRF Linac-A-1-3 {8 x 105k\W RF Chains) 400 S0 88.889 No 4006V HVPS (500 kA
RF HVPS for SRF Linac-A-1-4 {8 x 105k\W RF Chains) 400 80 B8.689 No 4006V HVPS (500 kWA
RF HVPS for SRF Li 2-1 {10 x 105kW RF Chains) 400 80 B8 888 Mo 40060 HVP'S (500 kVA
RF HVPS for SRF 2-2 {10 x 105kW RF Chains) 400 80 88888 No 4006V HVPS (500 kWA
RF HVPS for SRF -3 (10 x 105kW RF Chains) 400 a0 B8.880 No o 4006V HVPS (500 kWA
RF HVPS for SRF Linac-A-2-4 (10 x 105kW RF Chains) 400 o0 88.880 No 400kW HVPS (500 k\VA
]RF HVPS for SRF Linac-A-2-5 (10 x 105k\W RF Chains) 400 S0 B8.889 No 4006V HVPS (500 kWA
RF HVPS for SRF Linac-A-3-1 {12 x 200kW RF Chains) 400 80 88889 No 40060 HVPS (500 k'VA
RF HVPS for SRF Linac-A-3-2 {12 x 200kW RF Chains) 400 80 B6.689 No 400k HVP'S (500 kA
|RF HVPS for SRF Linac-A- -3 (12 x 200kW RF Chains) 400 80 B8 888 No o 4006W HVP'S (500 kWA
|RF HVPS for SRF Linac-A-3-4 (12 x 200KW RF Chains) 400 [:1] B88.888 No o 400kW HVPS (500 kWA
RF HVPS for SRF Linac-A-3-5 (12 x 200kW RF Chains) 400 a0 B88.880 No 2 400kW HVPS (500 kVA)
IRF HVPS for SRF Linac-A-3-6 (12 x 200kW RF Chains) 400 a0 B88.880 No 4006W HVPS (500 kVA)
RF HVPS for SRF Linac-A- - 512 x 200kW RF Chains) 400 80 BB.888 Mo o 400kW HVPS !500 WA)
RF HVPS for SRF 3-8 {12 x 200KW RF Chains) 400 a0 BB 888 Mo o 400KV HVIPS (500 K\VA
RF HVPS for SRE 3-8 (12 x 200KWW RF Chains) 400 B0 B8.889 No o 400KV HVPS (500 KVA
RF HVPS for SRF Linac-A-3-10 (12 x 200kWW RF Chains} 400 a0 B0 880 No c 4006V HVPS (500 kWA
RF HVPS for SRF Linac-A-3-11 (12 x 200kW RF Chains) 400 a0 B88.880 No 4006W HVPS (500 kWA
RF HVPS for SRF Linac-A-3-12 (12 x 200KV RF Chains) 400 20 B88.880 No 4006V HVPS (500 kWA
RF HVPS for SRF Linac-A-3-1 {12 x 200kW RF Chains) 400 80 B8.880 No 400KV HVPS (500 kA
RF HVPS for SRF Linac-A-4-2 {12 x 200kW RF Chains) 400 80 B6.889 HNo o 400K HVPS (500 kVA
RF HVPS for SRF -3 (12 x 200KV RF Chains) 400 80 B8 888 No o 400kW HVPS (500 kVA)
RF HVPS for SRF -4 (12 x 200kW RF Chains) 400 a0 B88.880 No 4006 HVPS (500 kVA)
RF HVPS for SRF Linac-A-4-5 (12 x 200kW RF Chains) 400 80 B8.880 Ho 4006V HVPS (500 kVA
[RF HVPS for SRF Linac-A-4-5 (12 x 200kW RF Chains) 400 a0 B8.880 No 4006 HVPS (500 kWA
RF HVPS for SRF Linac-A-4-7 (12 x 200kW RF Chains) 400 0 B8 880 No 40060 HVPS (500 kVA
RF HVPS for SRF Linac-A-4-8 (12 x 200kW RF Chains) 400 80 BB.B85 No 4006V HVPS (500 kA
RF HVPS for SRF Linac-A-4-8 (12 x 200kW RF Chains) 400 80 B6.689 No 400KW HVPS {500 kVA
RF HVPS for SRF Linac-A-4-10 (12 x 200kWY RF Chains) 400 80 B8 888 No 4006V HVPS (500 kVA)
|RF HVPS for SRF Linac-A<-11 (12 x 200kv4 RF Chains) 400 a0 B88.888 Mo o 4006W HVPS (500 kVA)
RF HVPS for SRF Linac-A-4-12 {12 x 200kWV RF Chains) 400 40 B8.880 No 4006V HVPS (500 kVA)
: SRF Linac-A (100 kW solencid LVPS + 50 kW other) 150 a0 B85 No
5 HEBT-A + Bearn Dump-A 500 80 [E No

Table 3-1: Electric Load List for Accelerator Facility 1/5

12/71




(FMIF

Electrical Power System
BA_D_23NCVY

Electric Load List for Accelerator Facility

Raled Power Efficien Power Factar Normal | Emergency
PBS No. ITEM No. Service Y T T"LT sIC | Redundancy “““"l ey | ues Remarks
48.1.00 HEBT-A Water Cooling Box 50 80 B85 No
4. Beam Dump-A Water Cooling Box 60 80 BS SR 9
4. He Compressor-A 600 a0 85 No
-1.0.0. Cold Box-A 40 a0 [: No
4.1.0.0. Cryo Plant-A (10 KW x 4 = 40 kW) 40 40 8BS HNo
.6.1.0.0. LV _for RF SET 1 RFC B1.855 a0 BS No LV for RF module
LV for RF SET 1 RFQ for emergency .06 80 B85 No LV for RF module
461000 LV _for RF SET 2 RFQ B1.855 80 B85 o LV for RF module
LV for RF SET 2 RFQ for emergency 06 80 B5 No LV for RF module
461000 LV for RF SET 3 RFQ 81.855 80 85 No LV for RF module
LV for RF SET 3 RFQ for emergency 06 80 BS No LV for RF module
46.1.0.0.0 LV for RF SET 4 RFC B1.855 a0 BS No LV for RF module
LV for RF SET 4 RFQ for emergency 80 B85 No LV for RF module
46.1.000 LV for RF SET 5 MEBT 62.73 50 B85 No LV for RF module
LV for RF SET 5 MEBT for emergency 3.06 a0 B85 Mo LV for RF module
461.000 LV for RF SET 6 Cryo module 62.73 80 85 Mo o LV for RF module
LV for RF SET B Cryo module 1 for emergency 3.08 a0 85 No 7 LV for RF module
461.000 LV for RF SET 7 Cryo module B2.73 a0 BS No LV for RF module
LV for RF SET 7 Cryo module 1 for emergency 3.08 80 B85 No LV for RF module
46.1.0.0.0 LV _for RF SET 8 Cryo module 6273 80 B85 No LV for RF module
LV for RF SET 8 Cryo madule 1 for emergency 3.06 a0 B85 No LV for RF module
4.6.1.0.00 LV for RF SET 8 Cryo module 62.73 50 BS Mo LV for RF module
LV for RF SET 8 Cryo module 1 for emergency 3.06 80 85 Mo LV for RF module
461.000 LV for RF SET 10 Cryo module 2 62.73 a0 B85 No LV for RF module
LV for RF SET 10 Cryo module 2 for emergency 3.06 80 85 No LV for RF module
4.56.1.0.00 LV for RF SET 11 _Cryo module §2.73 a0 B85 No LV for RF module
LV for RF SET 11_Cryo module 2 for emergency 3.06 a0 B5 No LV for RF module
461.000 LV for RF SET 12 Cryo module 62.73 80 B No LV for RF module
LV for RF SET 12 Cryo module 2 for emergency 3.068 a0 85 Mo LV for RF modube
461.000 LV for RF SET Cryo module 62.73 a0 85 No LV for RF module
LV for RF SET 13 Cryo medule 2 for emergency .06 a0 BS No LV for RF module
461.000 LV for RF SET 14 Cryo module B1.855 50 [H No LV for RF module
LV for RF SET 14 Cryo medule 2 for emergency .06 a0 BS No LV for RF module
461.000 LV _for RF SE Cryo module B1.855 80 B85 No LV for RF module
LV for RF SET 15 Cryo module 3 for emergency .06 80 B85 No LV for RF module
461000 LV for RF SET 16 Cryo module 81.855 80 85 No LV for RF module
LV for RF SET 16 Cryo module 3 for emergency .06 a0 85 Mo ] LV for RF module
461000 LV for RF SET 17 Cryo module 81,855 80 B85 No LV for RF module
LV for RF SET 17 Cryo module 3 for emergency .06 80 85 o LV for RF module
4.6.1.0.0.0 LV for RF SET 18 Cryo module B1.855 80 85 o LV for RF module
LV for RF SET 18 Cryo module 3 for emergency .06 80 85 Na LV for RF module
461000 LV for RF SET 18 Cryo module B1.B55 80 85 No LV for RF module
LV for RF SET 18 Cryo module 3 for emergency .06 a0 B5 Mo LV for RF module
461.000 LV for RF SET 20 Cryo module B1.855 an 85 No LV for RF module
LV for RF SET 20 Cryo module 3 for emergency .06 a0 B85 No LV for RF module
461.000 LV for RF SET 21 Cryo module 4 B1.855 80 BS No LV for RF module
LV for RF SET 21 Cryo module 4 for emergency .06 80 85 No LV for RF module
461.000 LV for RF SET 22 Cryo module 81.855 a0 B85 No LV for RF module
LV for RF SET 22 Cryo module 4 for emergency .06 B0 B85 No LV for RF module
461.000 LV for RF SET 23 Cryo module 4 B1.855 a0 85 No LV for RF module
LV for RF SET 23 Cryo module 4 for emergency .06 40 BS No LV for RF module
46.1.000 LV for RF SET 24 Cryo medule 4 B1.855 a0 BS No LV for RF module

Table 3-2: Electric Load List for Accelerator Facility 2/5
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Electric Load List for Accelerator Facility

Rated Power Efficiency | Power Factor Normal | Emergency
PBS No. ITEM No. Service SIC | Redundan . UPS Remarks
56 K (k) | 400V i) % % pid Cierahnnl Generatar _:
LV for RF SET 24 Cryo module 4 for emergency .06 80 B85 No c 3 LV for RF module
461.000 LV _for RF SET 25 Cryo module 4 B81.855 S0 B85 No o LV for RF module
LV for RF SET 25 Cryo module 4 for emergency .06 80 BS No o 3 LV for RF module
461.000 LV for RF SET 26 Cryo module B1.855 80 BS No [ LV for RF module
LV for RF SET 26 Cryo module 4 for emergency .06 &0 B85 No E [ . for RF module
EER RF Water Coolng-A (150 kW x 8.4/2 6= 485 kW 485 a0 [E] No Ig RF moduled = 150 kKW
451 Instrumentation-A 15 80 B85 SR 3
448 50 80 B85 No
Injector-B 130 80 B85 SIC-1
Injector-B Instrumentation 25 a0 85 Sic-1
Injector-B Water Cooling Box 20 80 85 No _
RF HVPS for RFQ-B-1 (8 X 200kW RF Chains) 400 40 B8.880 No 4006W HVPS (500 k'VA
RF HVPS for RFQ- X Z00KW RF Chains) 400 50 58.889 No [400KW HVPS (500 KVA
Iy RF HVPS for RFQ-B-3 (8 X 200kWY RF Chains) a00 80 [ No [400KW HVPS (500 KVA
4. RF?ﬂf_SfﬁrRFCL -4 (B X 2006\ RF Chains) 400 80 BB.B88 No 400KV HVP: (_599_(\."\
(X RF HVPS for RFQ-B- X 200kW RF Chains) 400 80 B8 888 No 4006W HVPS (500 KVA)
4. RF HVPS for RFQ-B-6 (B X 200kW RF Chains) 400 a0 B8 880 No 4006W HVES (500 kva)
4. RF HVPS for RFQ-B-7 (8 X 200kW RF Chains) 400 80 88889 No J400kW HVIPS (500 k\VA)
4. RF HVPS for RFQ-B-8 (8 X 200kW RF Chains) 400 50 B8 885 o 400kW HVIPS (500 kVA)
RFO-B 85 80 BS o
49. RFO-B Water Cooling Box 115 80 B85 o
4 RF HVPS for M5-B (2 x 16kW RF Chains) 70 80 85 Mo )
4. MEBT- i a0 B85 Mo o
Instrumentation 25 a0 85 No
4 Water Cooling Box 1 80 B85 o
4 for SRF Linac-A-1-1 (8 x 105W RF Chains) 400 80 BB_88 o 4000V HVPS (500 kVA)
4 S for SRF Linac-A-1-2 (8 x 105kW RF Chains) 400 80 B8 880 il 0 400kW HVIPS (500 kVA)
4 PS for SRF Linac-A-1-3 (B x 105kW RF Chains) 400 80 B8 888 Mo a 4006W HVPS (500 kKVA
'S for SRF Linac-A-1-4 (8 x 105kW RF Chains) 400 a0 B8 888 Mo o 400KW HVPS (500 kVA
PS5 for SRF Linac-A-2-1 (10 x 105kW RF Chains) 400 a0 B88.880 Mo 400kW HVPS (500 kWA
PS5 for SRF Linac-A-2-2 (10 x 105kW RF Chains} 400 20 B88.880 No 400KV HVPS (500 kWA
10 x 105k\W RF Chains) 400 80 BB.B8Y Mo o 400kW :VPS {500 kVA
PS for SRF Linac-A-. 10 x 105KV RF Chains) 400 a0 B8 888 No o 4006V HVP'S (500 kWA
PS for SRF Linac-A-2-5 (10 x 105KV RF Chains) 400 B0 B8.889 No o [400KW HVPS (500 KVA)
12 x 200kW RF Chains) 400 an 88 880 No c 4006 HVPS (500 kWA
12 x 200kW RF Chains} 400 40 80.880 No ) 400KW HVPS (500 kVA)
12 x 200kW RF Chains} 400 80 B88.880 No c 400KW HVPS (500 k\VA)
PS for SRF Linac-A-3-4 (12 x 200kW RF Chains) 400 20 B8.880 No ] 400KW HVPS (500 kVA)
'S for SRF Linac-A- 12 x 200kW RF Chains) 400 80 BB.888 No 400 HVPS 500 kWA
12 x 200kW RF Chains) 400 a0 88883 No a 4006 HVPS (500 kVA)
12 x 200kW RF Chains) 400 a0 B8 880 No 4006W HVPS (500 kVA)
12 x 200kW RF Chains} 400 20 BB.880 No 4006V HVPS (500 kWA
12 x 200KW RF Chains) 400 a0 B88.880 No 4006W HVPS (500 kA
-10 (12 x 200KV RF Chains) 400 90 B8.880 No o 4006 HVPS (500 kWA
-11 {12 x 200KWV RF Chains) 400 80 88889 No 400kW HVPS (500 k\VA
2 -12 (12 x 200KV RF Chains) 400 80 BB.88Y No o 4006V HVPS (500 kWA
-1 (12 x 200KW RF Chains) 400 a0 | esgen Mo a 4006 HVPS (500 kWA
12 x 200KW RF Chains} 400 a0 B8 880 No o 4006 HVPS (500 kVA
} (12 x 200kW RF Chains) 400 40 B88.880 No - 4006V HVPS (500 kWA
i i3 (12 x 200KVV RF Chains) 400 50 58.869 No 400KV HVPS (500 KVA
RF HVPS for SRF Linac-A-4-5 {12 x 200kW RF Chains) 400 0 BB B8 No [ 4006 HVPS (500 kA

Table 3-3: Electric Load List for Accelerator Facility 3/5

14/71




(FMIF

Electrical Power System
BA_D_23NCVY

Electric Load List for Accelerator Facility

PES No, ITEM Mo. Senvice W‘m’“’fm—w%— qu: 3ol | sic | Redundancy :N ::'a':n'nl Eé"e:f::':u? uPs Remarks
4 RF HVPS for SRF Linac-A-4-6 (12 x 200kW RF Chains) 400 80 B8.889 No 0 400kW HVPS (500 k\VA)
RF HVPS for SRF Linac-A-4-7 (12 x 200kW RF Chains) 400 80 B6.889 No 400kW HVPS (500 k\VA)
RF HVPS for SRF Linac-A-3-8 {12 x 200kW RF Chains) 400 20 B8.880 No 40060 HVPS (500 kVA)
4 RF HVPS for SRF Linac-A-<4-8 (12 x 200kW RF Chains) 400 80 B8.880 No 400KW HVPS (500 kVA)
RF HVPS for SRF Linac-A-4-10 (12 x 200kW RF Chains) 400 80 B6.680 No 4006 HVPS (500 kVA)
RF HVPS for SRF Linac-A-3-11 (12 x 200kW RF Chains) 400 80 BB.880 No 4006 HVPS (500 kVA)
RF HVPS for SRF Linac-A-4-12 (12 x 200KV RF Chains) 400 80 B6.880 No 400KW HVPS (500 k\VA)
SRF Linac-B (100 kW solengid LVPS + 50 kW other) 150 20 85 No
HEBT-B + Beam Dump-B 500 a0 B85 No
HEBT-E Water Cooling Box 50 a0 85 No
Beam Dump-B Water Cooling Box 60 a0 85 SR
He Compressor-B 800 a0 85 No
4. Cold Box-B 40 80 8BS No
4.2.0.0. Cryo Plant-B (10 kW x 4 = 40 kW) 40 a0 85 No
16.1.0.0. LV for RF SET 1 RFQ 81.855 80 B85 No LV for RF module
LV for RF SET 1 RFQ for emergency 06 a0 85 Mo LV for RF module
461.000 LV for RF SET 2 RFQ 81.855 80 BS [ LV for RF module
LV for RF SET 2 RFQ for emergency 06 80 85 Mo LV for RF module
461000 LV _for RF SET 3 RFQ B1.855 80 B85 Mo LV for RF module
LV _for RF SET 3 RFQ for emergency .06 80 B85 No LV for RF module
461.000 LV _for RF SET 4 RFC B1.855 80 B85 No LV for RF module
LV _for RF SET 4 RFCQ for emergency 06 80 85 No LV for RF module
461.000 LV for RF SET 5 MEBT 62.73 80 85 No LV for RF module
LV _for RF SET 5 MEBT for emergency 3.08 80 BS Ne LV for RF module
4.6.1.0.0.0 LV for RF SET 6 Cryo module 62.73 80 85 Mo LV for RF module
LV for RF SET 6 Cryo module 1 for emergency 3.08 80 85 No LV for RF module
46.1.000 LV _for RF SET 7 Cryo module §2.73 80 [H No LV for RF module
LV for RF SE for emergency 3.06 80 85 No LV for RF module
461.000 LV _for RF SE 6273 a0 B85 No LV for RF module
LV for RF SE for emergency 3.06 20 BS No LV for RF module
461.000 LV for RF SE 62.73 a0 B85 Mo LV for RF module
LV for RF SE for emergency 3.06 a0 85 Mo LV for RF module
461.000 LV for RF SET 10 Cryo module 2 §2.73 a0 B85 Mo LV for RF module
LV for RF SET 10 Cryo module 2 for emergency 3.06 (1] 85 Mo o LV for RF module
461000 LV for RF SET Cryo module 62.73 80 B85 Mo o LV for RF module
LV for RF SET Cryo module 2 for emergency 3.06 80 85 o LV for RF module
461000 LV for RF SET Cryo module 62.73 80 B85 Mo LV for RF module
LV for RF SET Cryo medule 2 for emergency 3.06 80 B85 i} LV for RF module
4.6.1.0.0.0 LV for RF SET 13 Cryo module 62.73 a0 85 No LV for RF module
LV for RF SET 13 Cryo module 2 for emergency &0 85 No LV for RF module
4.6.1.0.00 LV for RF SE' Cryo module B1.855 80 B85 No LV for RF module
LV for RF SE' Cryo module 2 for emergency 80 B85 No LV for RF module
46.1.0.0.0 LV _for RF SET 15 Cryo module B1.855 80 85 No LV for RF module
LV _for RF SE Cryo module 3 for emergency a0 85 No LV for RF module
461.000 LV _for RF SE Cryo module B1.855 80 85 No LV for RF module
LV Cryo medule 3 for emergency 06 a0 85 No LV for RF module
461.000 LV Cryo module B1.855 a0 BS No LV for RF module
LV for RF SET 17 Cryo medule 3 for emergency 06 80 85 No LV for RF module
46.1.000 LV for RF SET 18 Cryo module B1.855 20 B5 No LV for RF module
LV for RF SET 18 Cryo medule 3 for emergency 06 a0 B85 No LV for RF module
461.000 LV for RF SET 19 Cryo module B1.855 a0 BS No LV for RF module
LV for RF SET 18 Cryo module 3 for emergency 06 an B5 Mo LV for RF modube
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P Rated Power Efficiency | Power Factor Normal | Emergency
PBS No. ITEM No. Service B 61V () | 400V (o) % s SIC | Redundancy Operatian] Genentor UPs Remarks
& — —— e
46.1.000 LV for RF SET 20 Cryo module 3 B81.855 a0 85 No : LV for RF module
LV for RF SET 20 Cryo module 3 for emergency 3.06 a0 85 No LV for RF module
46.1.0.00 LV for RF SET 21 Cryo module 4 81.855 a0 85 No LV for RF module
LV for RF SET 21 Cryo module 4 for emergency 3.06 a0 85 No LV for RF module
46.1.0.00 LV for RF SET 22 Cryo module 4 B81.855 a0 85 No LV for RF module
LV for RF SET 22 Cryo module 4 for emergency 3.06 a0 85 No LV for RF module
4.6.1.0.0.0 LV for RF SET 23 Cryo module 4 81.855 a0 85 No LV for RF module
LV for RF SET 23 Cryo module 4 for emergency 3.06 a0 85 No LV for RF module
4.6.1.0.0.0 LV for RF SET 24 Cryo module 4 81.855 a0 85 No LV for RF module
LV for RF SET 24 Cryo module 4 for emergency 3.06 a0 85 No LY for RF module
4.6.1.0.00 LV for RF SET 25 Cryo module 4 81.855 a0 85 No LV for RF module
LV for RF SET 25 Cryo module 4 for emergency 3.06 20 85 No LV for RF module
4.6.1.0.00 LV for RF SET 26 Cryo module 4 81.855 90 85 No LV for RF module
LV for RF SET 26 Cryo module 4 for emergency 3.06 a0 85 No LV for RF module
4.06.20.00 RF Water Cooling-B (150 kW x 8.4/2.6= 485 ki) 485 a0 85 No 9 RF moduled = 150 kW
4.9.20.00 Instrumentation-B 15 a0 85 SR
4.9.2.0.0.0 PC Box-B 50 a0 85 No
491.0.00 AF Control System-A 10 a0 85 Sic-2
4.9.20.00 AF Control System-B 10 a0 85 sic-2
Total 32040 8953.33

Table 3-5: Electric Load List for Accelerator Facility 5/5
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3.2.2 Lithium Target Facility (LF)

Table 3-6 and Table 3-7 show Electric Load List for Lithium Target Facility which
was created based on requirements from Lithium Target Facility.
The required electric powers for Lithium Target Facility are:

o For Rated Power : 2595 kVA
. For Emergency Power 823 kVA
o For UPS 167 kVA
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Electric Load List for Lithium Target Facility

Efficiency | Power Factor Normal | Emergency
ITEM No. ITEM No. Service E -1 5 sic | Redundancy il Cenein | . UES Remarks
Heater for Dump Tark “g 00 100 e
Heater for Quench Tank o4 100 100 SIC- o
Heater for Surge Tank 38 100 100 SIC- 0
Heater for Cold Trap-A 40 100 100 SIC- o
B 40 100 100 SIC-,
[ 100 100 SIC- 0
Economizer Heater for Cold Trap-B G 100 100 SIC-
Heater for N-Hot Trap-A 80 100 100 SIC-. 0
[Heater for N-Hot Trap-B 80 100 100 SIC-,
Economizer Heater for N-Haot Trap-A 12 100 100 SIC- 0
Economizer Heater for N-Hot Trap-B 12 100 100 SIC-.
Heater for H-Hot Trap-A 80 100 100 SIC- 0
Heater for H-Hot Trap-8 80 100 100 SIC-,
Heater for No.1 Mist Trap 100 100 SR a
Heater for No.2 Mist Trap 100 100 SR 3
Heater for No.3 Mist Trap 100 100 SR 0
Heater for No.4 Mist Trap 100 100 SR
Heater for No.1 Vapar Trap 100 100 SR 0
Heater for No.2 Vapor Trap 100 100 SR [
Heater for No.3 Vapor Trap 100 100 SR 0
Heater for Li Sampling Unit 100 00 SIC- 0
Heater for Main Loop 24 100 0o SIC- 8
Heater for Vacuum Line 107 100 00 SIC- o
[No.1 Heater for Purification L 20 100 oo SIC-, 0
[No.2 Heater for Punfication L 10 100 00 SIC- 0
Heater for Impurity Monitoring Loop 10 100 [i1] SIC-. [
[Heater for Moter Valve 95 100 00 SIC- 0
00
3.2.2.0.0.0 Heater for Organic Ol Loop 330 100 0o SIC-1 ]
323000 Heater for Intermediate Water Loop 35 100 0o SIcC-1 0
Blower for Cold Trap (INV 75 75 75 SIC-. o
P i} i SIC-, ]
a5 50 B5 SiC- 3
45 a0 3 SIC- 0
[Vacuum Pump Unit for Beam Duct-1 234 80 85 SR a
acuum Purnp Unt for Beam Duct- ) 50 85 SR ]
[Vacuum Pump Unit for Bearn Duct-3 224 80 5] SR 0
‘acuum Pump Un#t for Beam Duct-4 224 80 85 SR 0
[Vacuum Pump Unit for Beam Duct-3 74 50 65 SR 5
‘acuum Pump Unit for Beam Duct-¢ 224 80 85 SR 0
E 1] (3 SR
4 50 [H] SR 7
E ag 85 SR
E 50 85 SR
4 a0 85 SR ]
A 50 85 SR o
352000 Vacuum Pump Unit for Quenchi Tank A7 100 75 SR 0
352000 [Vacuum Pump Untt for Surge Tank K 100 ] ]
35.2.0.0.0 Vacuum Pump Unit for Dump Tank 5 100 75 SR 0
3.21.00.0 iEEdﬂ'c Magnet Pump for Main Loop 260 a0 §2.22 SIC-1 a

Table 3-6: Electric Load List for Lithium Target Facility 1/2
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Electric Load List for Lithium Target Facility

ITEM No. ITEMMNo. Senvice = WR':';“* P‘;"‘;‘u{; : Ef““;"“‘ P“"‘e'q: actor S| Redundancy "‘;";";:nl Emergency | upg Remarks
3.3.1.000 14 a0 §2.222 SIC-2 o
i |Pressufe Relief Valve for Argon Gas 0.55 60 60 SIC-
No.1 Valve for DP| Between QT & DT 0.55 60 [01] SIC- 0 o
No.2 Valve for DP| Between OT & DT 0.55% 80 60 SIC- o :
\alve for Argon Gas Inlet of Li Leak Drain Collecting Tank 0.02 60 &0 SIC-
Valve for Cooling Air Inlet of Cold Trap. 0.025 1] 0] SR o
.2.1.0.0/ Valve for Quench Tank Cutlet 0.9 (1] 60 SIC-
.2.1.0.0.) Valve for inlet of Main Loop .68 60 [1] SIC- o =
1.0.0. Vent Valve for Main Loop .23 60 60 SIC-
i No.1 Injection Valve for Purfication Loop .23 60 [:i] SIC- ]
Mo.2 Injection Valve for Purfication Loop 0.23 B0 0] SIC-. 0
Valve for Punfication Loop Inlet 0.23 60 60 SIC-.
\Vent Valve for Purification Loop 023 60 [:i] SIC-.
Valve for Purification Loop Qutlet 0.23 B0 [1] SIC-.
Valve for Quench Tank Over-Flow 0.23 60 B0 SIC-1
\alve for Surge Tank Cutiet 0.23 60 1] SIc-1 o
Valve for Main Loop Returm 0.23 B0 60 SIC-1 0
0. Drain Valve for Purification Lot .23 60 60 SIC-.
i IDmin Valve for Cold Trap-A .23 B0 &0 SIC-; o ©
0 Drain Valve for Cold Trap-B 23 50 1] SIC- 5
.0, Drain Valve for H Hot Trap-A .23 [1] &0 SIC-,
0 |Dmin alve for H Hot Trap-B 23 60 60 SIC-
0 Drain Valve for N Hot Trap-A .23 60 60 SIC-;
. | Drain Valve for N Hot Trap-B .23 60 80 SIC-,
0 Valve for impurity Monitoring Loop Inlet .23 1] [01] SIC- o
.3.0.0. Vent Valve for Impurity Monitoring Loop .23 60 1] SIC- 0
3.0.0 \alve for Impurity Monitaring Loop Qutlet .23 60 60 SIC-.
0 [Communication Valve Between DT & QT 0.5 B0 [)1] SR o
0.0, [Communication Valve Between DT & ST 0.5 60 60 SR
.2.0.0. \alve for Argon Gas Inlet of Quench Tank .55 60 60 SIC-
-2.0.0. Valve for Argon Gas Inlet of Surge Tank .55 1] B0 SIC-
2.0.04 Valve for Argon Gas Inlet of Dump Tank .55 60 60 SIC-
3.2.1.0.0.0 Solenoid Valve for Target Assembly Inlet {100V 0.01 100 100 SIC-1
3.21.000 Ilsmmoid Valve for Target Assembly Bypass (100V) 0.01 100 100 SIC-1
3.5.1.0.0.0 ICclntru! Board (100V) 76 100 100 SIC-1
35.1.000 (Control System (100V) 8.3 100 100 SIC-1
3.5.1.00.0 {100V} 24 100 100 SIC-1
322000 Organic Oil Loop Circulation Pump 160 100 75 SR 5
3.23.000 Intermediate Water Loop Circulation Pump ] 100 Fi] =R o
3.4.0.0.00 ILasEr Oscillator for Welding & Cutting 5 80 85 SR
340000 Drive Unit for Laser Head 04 80 85 SR
Total 600 1803.669

Table 3-7: Electric Load List for Lithium Target Facility 2/2
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3.2.3 Test Facility (TF)

Table 3-8 show Electric Load List for Test Facility which was created based on

requirements from Test Facility.
The required electric power for Test Facility are:

o For Rated Power : 3689 kVA
. For Emergency Power 238 kVA
. For UPS 67 kVA

NOTE:

For the next step of EPS engineering design and regarding to the Helium compressors for TF
system we noted that its power supply could be most probably 400V rather that 6.6 KV as
indicated on present DDD (this point was not clearly defined by the TF system since the TF
engineering study was not synchronised with the present EPS DDD). However, this issue
needs probably revision during engineering construction design.

In other words, and to be more clear, the interface point between CF and TF has been
identified at the delivery point of 6.6 KV, hence He compressor 400 V power supply is
downstream to the CF interface point and will be managed by TF by means of TF dedicated
transformers and related LV power boards.
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Electric Load List for Test Facility

PES Mo. ITEM Ho. Service — WR:‘::“ P:"[‘]:{( Efficlancy | Powsrfactor 1 «1r | mediridancy oND:':t::Inl i”:‘f;‘:r" UPS Remarks
27.0.1.00 TC diagnostics and conral system 5 50 55 E2A s : 5
12.1.0 Fast evacuation system 15 90 85 SR s
71220 [Continous evacualion g 1 90 85 SR
271310 TC GIMS high pressure comprasser sysiem (w/ buffer) 30 90 85 SR &
271410 TC atmesphere circulation blower 11 90 85 SIC-2 g s
TC atmaesphers gas analysis system 5 30 85 SIC-2
TC-WCE Water circulation pump 75 90 85 SiC-2 &
Watar conditionin: sterm 90 85 SR C
Plping sections. valves and filtings 30 85 SR
Instnimentalion and local control system a0 B3 SIC-2
Helium cemprassor array 2 parallel machines J00 90 85 SR
Helium compressor for Emergency (ILis a par of above.) 35 90 &5 SR is'x. of Hellum compressor
4. nstrumentation 90 85 SIC-2
VIT loading&transpor system 90 85 SR
TC RH control system 90 85 SR
Hellumn compressor aray. $ parallel machines 1446.5 90 @5 SR 5
Helium cempressor for Emergency (11 is a par of above.) 73 a0 85 SiC-2 E'ﬁl of Hellum compressar
272140 Instrumentation 1 90 85 SIC-2 5 o
272190 Feed helium purification system (O#l(?) and air, water remaval) 30 90 85 SR
2721110 TM inlet gas condiioning equipment (healers. valves. instrumentation) 150 a0 &5 SR 3
272300 TRTMELEVM tritium anakysis station (TM-TAS) 5 a0 85 SR =) =3 =
273100 TM Experimenis Uszer Interface (TM-UI) 5 90 85 SR B = 5
273200 [HF TM Control Systern (HF ThM-CS) : Heater 108 90 &5 SR E Heater : 108 kKW
HF TM Control System (HF TM-CS) : Control System 5 30 85 SR g = Control System : Sk
273300 [CFTM Control System (CFTM-CS) - Heater 10 90 85 SR = Heater : 10 kW
[CFTM Control System (CFTM-CS) : Conirol System 5 90 85 SR B s 5 Contrel System : SkW
273400 TRTM Contral Syslem (TRTM-CS) : Healer a 20 85 SR - Heater : 8 kW
TRTM Control System (TRTM-CS) : Controf m 5 90 85 SR = o © Control System : Sk
273500 LBVM Control System (TRTM-CS) : Healer 10 90 85 SR o Heater : 10 kW
LEWM Control System (TRTM-CS) : Cantrel System ) 20 85 SR = e Caontrel System : SHW
273600 LF T Control System (LFTM-CS) : Healer 20 90 85 SR = Heater : 20 kW
LFTI Control System (LFTM-CS) : Conirol Sysiem 5 a0 85 SR o o Control System : 5kW
273700 Test Cell User Interface (TC-LII) 1 90 85 SR B
273800 Access Cell User Interface (AC-LIL) 2 90 85 SR S g
Heavy Repe Overhead Crane (HROC) 30 90 85 SR |50 ton Crane
24 Access Cell Mast Crane (ACMC) 5 30 85 SR | Auxiliary Hoist (3 ton)
Small Lniversl Robot System (SURS) 4 90 85 SR Auiliary Small Hoist (2 ton)
Others 81 90 86 SR
Tolal 22545 5675

Table 3-8: Electric Load List for Test Facility
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3.2.4 Post Irradiation Examination Facility (PIEF)

Table 3-9 show Electric Load List for Post Irradiation Examination Facility that was
created based on requirements from Post Irradiation Examination Facility.
The required electric powers for Post Irradiation Examination Facility are:

° For Rated Power : 1013 kVA
. For Emergency Power 13 kVA
. For UPS 13 kVA
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Electric Load List for Post Irradiation Examination Facility

7 Rated Power Efficienc Paower Factor Mormal | Emergency

PES No. ITEM No. Senvice SRV (4, | 400V 7Y T’—i% SIC | Redundancy | em‘ml ey | s Remarks
|Ma@ pulator 100 100
0.0.00 Crane 100 100
[i] ] Transfer System 100 100
.0.0.00 esting Equipment for Tensile 100 100
[i] [i] esting Equipment for Fracture Toughness 00 100
0.0.0.0 esting Equipment for Charpy Impact [1.1] 100
0.00.0.0 esting Equipment for Fatiuge [£] 100
0, [i] esting Equipment for Creep Deformation 00 100
0000 esting Equipment for Creep Rupture 00 100
0.00.00 esting Equipment for Crack Growth Measurement 100 100
0. 0 esting Equipment for SSRT/SCC 100 100
00000 esting Equiprant for Compression 100 100
0. 1] esting Equipment for Small Punch 100 100
[i] [i] esting Equipment for Hardness 100 100
00000 esting Equipment for Micro-Vickers 100 100
0, [i] esting Equipment for Mane-indentaion 100 100
600000 esting Equipmant for Microstructure Observation 100 100
00000 esting Equipment for Aoutmatic Radicgraphy & Micro Gamma Scanning 100 100
0, [i] esting Equipment for Chemical Analysis (Gas Element Analysis) 100 100
[i] ] esting Equipment for Chemical Analysis (Materials Analysis) 100 100
00000 Culting Instrument 100 100
0, [i] Griding & Etching Instruments 100 100
0. [i] ipment 100 100
00000 Extraction Residue Device 100 100
0.0.0.0 Testing Equipment for X-Ray Radography 100 100
[i] [i] Testing Equipment for Micro Gamma-Scanning 100 100
.0.0.0.00 Testing Equipment for Eddy Current 100 100
[} ] Leak Detector 100 100
0. [i] Mazs ctrometer 00 100
.0.0.0.00 Dessity Mesurment Equipment 00 100
0, [i] Testing Equipment for Magnectic Property 00 100
0. [i] esting Equipment for Electromagnetic Induction Mathod 100 100
.0.0.0.00 Testing Equipment for Liquid Penetrant 100 100
0, 0 esting Equipment for Electron Conductivity 100 100
100 100
50.0.0.0.0 [PIE Contral System 10 50 85
6.0.0.0.0.0 Others 100 100

Total 1] 1Mo

Table 3-9: Electric Load List for Post Irradiation Examination Facility
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3.2.5 Conventional Facility (CF)

Table 3-10, Table 3-11, Table 3-12, Table 3-13, Table 3-14 and Table 3-15 show
Electric Load List for Conventional Facility which was created based on
requirements from Conventional Facility.

The required electric powers for Conventional Facility are:

. For Rated Power 24697 kVA
° For Emergency Power 4992 kVA
. For UPS 359 kVA
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Electric Load List for Conventional Facility

= Rated Power Efficiency | Power Factor Normal | Emergency
PBS No. ITEM No. Service 1 ndan
B 6Ky ) | 400V | % % SIC_| Redundancy | operation| Generator | UPS EOmaS
Air Handling Unit for Nuclear HVAC 250 80 85 SR 100%x 2 o In Industrial HVAC Room-2
K [Air Handiing Unit for Nuclear HVAC 250 (L 85 SR_| "
Air Handling Unit for Nuclear HVAC 250 a0 85 SR 100%x 2 o "
Air Handling Unit for Nuclear HVAC 250 80 5 SR_| "
|Air Handling Unit for PIE Nuclear HVAC 250 80 5 SR_| 100%x2 o In Industrial HVAC Room-1
|Air Handiing Unit for PIE Nuclear H VAC 250 a0 85 SL [
Air Handling Unit for Industrial HVAC 110 80 85 SR_| 100%x2 o "
Air Handling Un for Industrial HVAC 110 a0 85 SR [
53110 5.3.1.1.0-K-001A [Exhaust Fan for Nuclear HVAC *C1"” 110 80 (5] SIC-1 100% % 2 o In HYAC Blower Room
K-0018 |Exhaust Fan for Nuclear HVAC "C1” 110 a0 85 Sic- "
}-K-002A |Exhaust Fan for Nuclear HVAC *C2° 200 a0 85 SiC- i 50% x 4 o o a
-K-002B [Exhaust Fan for Nuclear HVAC "C2" 200 a0 85 SIc-1 | "
-K-002C |Exhaust Fan for Nuclear HVAC "C2° 200 80 85 sic-1 | [ o "
-K-0020 |Exhaust Fan for Nuclear HVAC "C2” 200 a0 85 SIC-1 | "
}-K-003A [Exhaust Fan for Nuclear HVAC "C2" 132 80 85 SIC-1] 100%x 2 o "
-K-0038  [Exhaust Fan for Nuclear HVAC "C3" 132 80 85 Sic- "
}-K-004A  |Exhaust Fan for Nuclear HVAC "C4” 18.5 a0 85 SIC-11 100%x2 o o "
K-004B |Exhaust Fan for Nuclear HVAC "C4” 18.5 80 B SIC- "
-K-005A |Circulation Fan for Accelerator Area 7 a0 85 SIC- 50% x4 [ o e creulaton Biower Foam- |
1.0-K-0058 |Circulation Fan for Accelerator Area 7 a0 85 SIC- : "
0-K-005C _|Circulation Fan for Accelerator Area 7 a0 85 SIC- o o "
3 -K-0050 |Circulation Fan for Accelerator Area 7 a0 5 SiC- "
J-K-006A_|Exhaust Fan for Accelerator Area 18, 80 85 SIC-1]| 50%x4 o o in Vault Recsreudation Bowes Room-2
}K-0068 [Exhaust Fan for Accelerator Area 18 a0 85 SIc-1 | "
0-K-D0BC__|Exhaust Fan for Accelerator Area 18. a0 85 SIC-1 | o o "
3.1.1.0-K-0060 |Exhaust Fan for Accelerator Area 18. a0 85 Sic- | "
.0-K-001A |Exhaust Fan for PIE Nuclear HVAC "C1" 11 80 85 SIC-1] 100%x 2 o o In HYAC Blower Room
0-K-001B _|Exhaust Fan for PIE Nuclear HVAC "C1* 11 a0 [ SIc-1 | [
A }-K-002A |Exhaust Fan for PIE Nuclear HVAC "C2" 18 20 85 Sic- 100% x 2 o [ 0
3.12 3.121.0-K-002B |Exhaust Fan for PIE Nuclear HVAC "C2° 18 a0 85 SIC-1 | [
.0-K-003A [Exhaust Fan for PIE Nuclear HVAC "C3" 18 a0 85 SIC-1 1 100%x2 o ) "
0-K-003B__|Exhaust Fan for PIE Nuclear HVAC "C3° 18. a0 85 SIC- "
0-K-004A  [Exhaust Fan for PIE Nuclear HVAC "C4” a0 a0 85 SiC- : 100%x 2 o "
-K-004B _[Exhaust Fan for PIE Nuclear HVAC "C4° 80 a0 85 Sic-1 | "
3 -K-001A |Exhaust Fan for Industrial HVAC 132 80 85 SR 100%x 2 o In Industrial HVAC Room-1
-K-D018 _ [Exhaust Fan for Industrial HVAC 132 a0 85 SR [
A 1.4.0-HC-001A_|Chiller for Cooling / Heating 300 80 85 SR o Cutside on Ground
A4, -HC-001B | Chiller for Cooling / Heating 300 90 85 SR 0 "
Al -HC-001C_[Chiller for Cooling / Heating 300 80 85 SR o "
A4 -HC-001D _|Chiller for Cooling / Heating 300 20 B85 SR o "
14 4.0-HC-001E_|[Chiller for Cooling / Heating 300 20 85 SR o "
1.4 .0-HC-001F _[Chiller for Cooling / Heating 300 80 85 SR o 0
14 FHC-001G [Chiller for Cooling / Heating 300 20 85 SR [ "
1.4 -HC-001H _|Chiller for Cooling / Heating 300 80 8BS SR o i
14 0-HC-0011_[Chiller for Cooling / Heating 300 a0 85 SR o "
.4 FHC-001.J | Chiller for Cooling / Heating 300 80 85 SR o i
REX FHC-001K_[Chiller for Cooling / Heating 300 a0 3 SR o "
RE -HC-001L _|Chiller for Cooling / Heating 300 20 B85 SR o i
14, 5 0-HC-001M_[Chiller for Cooling / Heating 300 a0 @5 SR (Spare) "

Table 3-10: Electric Load List for Conventional Facility 1/6

31/71




(FMIF

Electrical Power System
BA_D_23NCVY

Electric Load List for Conventional Facility

PBSNo. TEMNo Senice Wwpfm}—%’—m SIC | Redundancy[ noma! | Smersency | yypg Remarks
53140 | 53.1.4.0HC-002A [Chiller for Healing 210 1] &5 SR_| 100%x2 Outside on Ground
53140 | 53.1.40HC-0028 [Chiller for Heating 210 &0 85 SR "
EX .3.1.4.0-P-001A  |Cooling / Hot Water Pump 45 [ 85 SR o Cutside on Ground
A .3.1.4.0-P-001B__|Cocling / Hot Water Pump 45 80 85 SR o
EX .3.1.4.0-P-001C _[Cocling / Hot Water Pump 45 80 85 SR o i
A .3.1.4.0-P-001D i 45 99 85 SR o "
4 .3.1.4.0-P-001E 45 20 85 SR o
A .3.1.4.0-P-001F 45 20 85 SR "
EX .1.4.0-P-001G 45 80 85 SR o "
4 3.1.4.0-P-001H 45 0 85 SR "
A .3.1.4.0-P-0011 45 0 85 SR o o
4 .3.1.4.0-P-001J 45 80 85 SR "
4 .1.4.0-P-D01K 45 80 85 SR o
A .3.1.4.0-P-DO1L 45 90 85 SR [
4 3.1.4.0-P-001M 45 0 85 SR (Spare) i
EX .3.1.4.0-P-002A 2 20 85 SR 100% x 2 [
4 .1.4.0-P-0028 2 20 85 SR 4.
3.0-PAC-D01A |Packaged Air Conditioner (For HP Panel Room) 0.88 &0 85 SR_| 100% %2 o Cutside on Roof
.0-PAC-001B |Packaged Air Conditioner (For HP Panel Room) 88 80 85 SE' "
C- Packaged Air Conditioner {For Contol Room) 51 0 85 SR_| 100%x2 "
C-D028 |Packaged Air Conditioner (For Contol Room) 51 80 85 SR "
C-D03A |Packaged Air Conditioner .P Supply Area-1) .88 20 85 SR_| S50%x4 "
C-D03B |Packaged Air Conditioner .P Supply Area-1) .88 80 85 SR_| "
C-003C |Packaged Air Condtioner .P Supply Area-1) .88 20 85 SR "
C-0030 |Packaged &Condﬂ_oner P Supply Area-1} .88 0 85 SR_| "
Packaged Air Conditioner .P Supply Area-2) .88 &0 8BS SR_| S50%x4 "
Packaged Air Conditioner P Supply Area-2) .88 20 85 SR il
Packaged Alr Conditioner (For LV E.P Supply Area-z) B8 B0 85 SR W
Packaged Air Condtioner (For LV E.P Supply Area-2) 88 &0 85 SR ol
Packaged Air Conditioner {For Control Room 50 B85 SR_| 100%x2 "
1. Packaged Air Conditioner (For Control Room) B0 85 SR_| "
-3.0-PAC- ged Air Conditioner (For Power Receiving Area-1) 0 85 SR_| S50%x4 o "
.1.3.0-PAC-006B Air Conditioner (For Power Receiving Area-1) o0 85 SR "
1.3.0-PAC-006C ‘Air Conditioner {For Power Recewing Area-1) 50 85 SR_| > O
.3.0-PAC-008D ged Air Conditioner {For Power Receiving Area-1) 0 85 SR "
-3.0-PAC-00TA ged Air Conditioner {For Power Receiving Area- 80 B85 SR S0% x4 "
.3.0-PAC-007B aged Air Conditioner (For Power Receiving Area-2) 80 85 SR i
3.0-PAC-007C ged Air Conditioner {For Power Receiving Area-2) 80 B85 SR_| "
0-PAC-0070 Air Conditioner {For Power Receiving Area-2) 80 85 SR "
{0-PAC-D0BA ir Conditioner (For UPS Room-1) 50 85 SR_| 100%x2 0
.1.3.0-PAC-DDEB ed Air Conditioner (For UPS Room-1) 20 85 SR_| "
.1.3.0-PAC-009A ed Air Conditioner (For UPS Room-2) &0 85 E‘L' 100% x 2 "
-3.0-PAC-D0DB ed Air Conditioner (For UPS Room-2 20 85 SR_| i
L O-PAC-010A ged Air Conditioner (For Utilities) &0 85 SR S0% x 4 0
.1.3.0-PAC-0108 ed Air Conditioner (For Utilities: 80 85 SR "
3.1.30-PAC-010C ged Air Conditioner (For Utillies) %0 85 SR_| W
31,3 0-PAC-D10D | Packaged Air Conditioner (For Utiities) 50 85 SR_| [

Table 3-11: Electric Load List for Conventional Facility 2/6
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Electric Load List for Conventional Facility

Packaged Ar Conditioner (
jed Air Conditioner

Local Control Rack-
Local Control Rack-

Local Control Rack-

- Rated Power Efficiency | Power Factor
Senice —————1 SIC | Redundanc Remarks
- 56V (R | 400V (i) Y
Packaged Air Condifioner | ocal Contred Rack-1) 16.1 S0% x4 Qutside on Roof

—1 L
30 50 &5 SR_]
30 ) B0 85 SR_|
30 y El 85 SR_|
30 For | ) 80 85 SR_|
30 For Local Control Rack-2) a0 8s SR 50% x 4
3.0 Local Control Rack-2) 1 a0 a5 SR_|
30 Local Control Rack-2) .1 =] a5 SR
30 For Local Control Rack-2} 1 90 a5 SR_|
30 iV E.P Supply Area-1) 88 20 85 SR | 33%x6
3.0 'V E.P Supply Area- 88 20 a5 SR_|
3.0 iV EP Suﬂz Area- 28 a0 a5 SL'
30 V E P Supply Area- 8 50 S SR_|
30 Packaged Air Conditioner (For HV E P Supply Area- 88 90 a5 -i'
30 3F [Packaged Air Conditioner (For HV EP Supply Area-1) 28 50 85 SR_|
30 Packaged Air Conditioner (For HV E P Supply Area-2) 88 20 85 SR_| 33%x6
30 4B |Packaged Air Conditioner (For HV E.P Supply Area-2) 88 20 a5 SR_|
30 [5313 4C |Packaged Air Conditioner (For HV E.P Supply Area-2) .88 20 a5 SR_|
3.0 1.3 -0140 |Packaged Air Conditioner (For HV E.P Su) Arga-2| 88 a0 a5 SR
30 : 4E |Packaged Air Canditioner (For HV EP Summa-\?:] 28 20 85 SR_|
30 | C- ged A Conditioner (For HV E.P 88 20 a5 SR
30 C : E b 0 20 85 SR_| 100%x2
3.0 i 2 .0 1] a5 SR
30 0 20 85 SR 100% x 2
i [Fackaged A Contner : ; ] 50 85 SR_|
30 7A |Packaged Arr Conditioner (For Computer Roorm) 5 50 85 SR_| 100%x2
30 Packaged Air Conditioner (For Computer Room) 5 80 85 SR
0.0 Codling Tower a0 85 SR
5] Codling Tower 20 a5 SR
00 OWer 80 a5 SR
0 Codling Tower 20 85 SR
0.0 ing Tower 80 as SR
0.0 Tower 20 85 SR
i] Codling Tower 20 85 SR
00 - CWer 20 a5 SR
1] ing Tower (and Phase) 20 85 SR
1] B If.‘odi g Tower i2nd Phase) 20 85 SR
0 T-201A ing Tower 44 20 85 SR
0 OWEr 44 20 85 SR
0.0 ower (2nd Phase) 4 20 a5 SR
1] oWer 74 20 a5 SR
00 ower 74 80 a5 SR
0.0 ower (Znd Phase} 74 a0 a5 SR
00 A _|Primary ChwW Chiller 398 20 25 SR 100% % 2
0 B |Primary ChW Chiller 398 20 a5 SR
00 A |Secondary ChW Chiller 460 90 a5 SR 100% % 2
0.0 B _|Secondary ChW Chiller 480 20 85 SR

Table 3-12: Electric Load List for Conventional Facility 3/6
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Electric Load List for Conventional Facility

o Rated Power Efficienc Power Factor Momal | Emergency
ITEM No. Sence 56 RV (kW) | 400V () Tr 5% SI_C Redu:dancy Operati_on' Ganarados UPs Remarks
-3.0.0-P-001A | Secondary CW Pump 400 80 85 SR 100% % 2
.3.3.0.0-P-001B | Secondary CW Pump 400 80 85 SR
.3.3.00-P-111A _ [Secondary CW Pump 85 20 85 SR 100% % 2 o
.3.3.0.0-P-111B__ | Secondary CW Pump 185 80 85 SR
.3.0.0-P-201A |Secondalycw7u_me 110 90 85 SR 100% % 2
.0.0-P-2018 | Secondary CVW Pump 110 80 85 SR
L0 S0 a0 85 SR 100% % 2
0.0+ 80 80 85 SR
0.0 120 20 85 SR 100% % 2 o
.0.0 120 80 85 SR
[iY 0 a0 85 SR 100% % 2 o
90 20 85 SR
75 o0 a5 SR 100% % 2 i
79 80 89 SR
i 75 a0 85 SR 100% % 2 [
0 il 20 85 SR
.3.4.1.0 2.3.4.1.0-U-001  |Portable Water Supply Unit (200V) 3 20 85 SR [ 1.5KWx2
3420 5.34.20P-021 |Demineralized Water Supply Unit {(200V) 3 o0 85 SR 1.5KWx 2
.3.4.20 2.3.4.2.0-P-031A _[Industrial Water Pump 37 20 85 SR 100% % 2 @
3420 53.420P-0318B [industrial Water Pump 37 a0 a5 SR
.3.51.0 5.3.5.1.0-U-003 _ |Argon Purification System B85 o0 a5 SIC-2
.3.9.1.0 .3.9.1.0-K-0044_ |Argon Recirculation Blower 45 20 i) SIC-2 100% x 2
.1.0 0-K-004B _|Argon Recirculation Blower 45 o0 85 SIC-2
1] K-201A  |Instrumentation Air Compressor 281 20 &5 SIC- 100% x 2
Q K-2018 |Instrumentation Air Compresser 281 80 85 SIC-
5. 0 .3.5.3.0:U-211A _|E Air Supply Unit 15 20 85 SIC- 100% % 2 o
530 535.3.0-U-211B IEIethable Air Supply Unit 15 a0 &5 SIc-1
1.0 £.1.0-U-0024 VDS Electrolysis Cell 0.4 a0 85 SIC-1] 100% %2 [0
1.0 £.1.0-U-0028  |VDS Electrolysis Cell 04 80 85 SIC-
1.0 3.6.1.0-HE-003 |VDS Eleciric Heater-1 .2 100 100 SIC- o
1.0 5.3.6.1.0-K-007A_ [VDS Blower-1 0.14 80 85 SIC-1 100% x 2 o
1.0 1.0-K-0078 (VDS Blower-1 0.14 20 85 SIC-
1.0 B£.1.0-HE-0M12 |VDS Electnc Heater-2 3 100 100 SIC-
1.0 0-K-016A |VDS Blower-2 12 30 85 SIC-1] 100%x2 o
1.0 O-K-0168 VDS Blower-2 12 30 85 SIC-
(O-HE-017 VDS Regeneration Electric Heater 44 100 100 SIC-
O-K-019A VDS Regeneration Blower 12 20 85 SIC-1] 100%x2
1. OD-K-0198 VDS Regeneration Blower 12 20 85 SIC-
.1.0 0-P-0224 VDS Tritiated Water Transfer Pump 0.75 i) 85 SR 100% % 2
1.0 0-P-0228 VDS Tritiated Water Transfer Pump 075 0 &5 SR
1.0 3.6.1.0:U-023A  [VDS Chilled Water Supply Unit 0.8 0 85 SR 100% % 2
1.0 5.3.6.1.0U-0238 |VDS Chilled Water Supply Unit 0.8 ] 85 SR

Table 3-13: Electric Load List for Conventional Facility 4/6
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Electric Load List for Conventional Facility

3

Rated Power iency | Power Factor sic

o Momal | Emergency
PES No. ITEM No. Senice 5
BV () |_400V 1) % % Sio | Redungaey Ogetahml Generator | Y75 Rowarky
Xl 36.1.0-HE-101_|EDS Electric Heater 28 100 100 Sic- ) ]
1.0-K-105A |EDS Blower F 0 85 SIC-1 | 100% %2 o
1.0-K-1058_|EDS Blower 25 %0 B85 SIC-1 |
1.0-K-106A_|EDS Ven! Blower 0.4 %0 85 SIC1 | 100%x2
1.0-K-1068_|EDS Ven! Elower 0.4 El 85 SIC-
1.0-K-100A|EDS Regeneration Blower F) o0 85 SIC1 | 100%x2
1.0-K-1008_|EDS Regeneralion Blower F 80 85 SIE-
3 36.1.0-HE-107_|EDS Regeneration Electric Heater 52 100 100 SIC-1 |
.1.0-P-112A_|EDS Tritiated Vvater Transfer Pum 0.75 %0 85 SIC-1| 100%x2
1.0-P- EDS Triliated Vater Transfer Pum 0.75 80 85 Sic1 |
1.0-P- 25 B0 B5 SIC-1 | 100%x 2
.1.0-P- 2.5 20 85 SIC-
535.1.0HE201 |GDS Elecinc Heater £ 100 100 SIC-
53.61.0-K-207  |GDS Blower 25 a0 a5 SIC-; VSO
53,6 1.0K-208__|GDS Veni Blower 023 o0 85 SIC-;
536.1.0-HE-208 [GDS Rggenerahun Electric Heater-1 130 100 100 SIC-; o
5361.0K211_|GDS Regeneration Blower- F £ B85 SIiC- m VSO
536.1.0HE-214 |GDS Regeneration Eledric Heater-2 5 00 100 SiC- -
53.6.1.0K216__|GDS Regeneration Blower- 5 0 85 SIC- 5 VS0
53510P-217 |GDS Tritiated Water Transfer Pump 50 85 SIC-2 | ]
536.1.0U221A |GDS Electolysis Cell o0 85 SIC2 | S00%x2
5361002218 |GDS Electrolysis Cell 2 0 85 SIC- ] ]
536.1.0HE-301_|HDS-1 Electic Heater 173 100 100 SIC-
53.61.0K-005_|HDS-1 Blower 55 80 5 SiC ) VSO
5.3, O-1-306 HDS-1 Vent Blower 0.14 S0 85 SiC-. o
536.1.0-HE-307 |HDS-1 Regeneration Eleciric Heater 327 100 100 SiC-
5.3.6.1.0-K-308 HDS-1 RgEneialicm Blower 55 a0 a5 SIC-; o VSO
5361.0P-312 |HOS-1 Tritisted Water Transfer Pump 0.5 o0 85 SIC- o
5361 0HEA01 |HDS-2 Electnc Heater 173 00 00 SIC-
53.81.0-K-405__|HDS-2 Blower 55 0 85 SIC-; > 1 VSD
53.61.0K-408 |HDS-2 Vet Blower 014 o0 B5 SIC-2 )
5361.0HE407 |HD5-2 Regeneration Electric Heater 327 100 100 SIC-
53.6.1.0-K-400 _|HDS-2 Regeneration Blower 55 o0 85 SIC- VS0
53.61.0.P-412 _|HDS-2 Tritiated VVater Transfer Pump 05 0 85 SIC-
536.1.0-HE-501 |HDS-3 Electric Heater 104 100 100 SIC-.
53,6 1.0-K-505__|HDS-3 Blower, 55 50 85 SIC- VS0
HDS-3 Vent Blower 0.23 Q0 a5 SIC-] C
HDS-3 Regeneration Electric Heater 196 100 100 SIC- o
5.3.6.1.0-K-509 HDS-3 R neration Blower 55 20 a5 SIC-. o VsD
53.61.0P-512 |FHDS-3 Triliated VVater Transfer Pump 0.5 0 85 SIC- I
536.1.0HEB01_|GDSV Elednic Heater 35 100 100 SIC-:
GDS-V Blower F3 20 85 SIC-; VSO
TGOSV Vent Blower 023 B0 B85 SIC-2
GDS-V Regeneration Electic Heater 65 100 100 SIC- ]
5.3.6.1.0-K-600_|GDS-V Regeneration Blower F3 80 B85 SIC-2 ] VSO
53.6.1.0P-612_|GDS-V Tritiated Water Transfer Pump 0.5 0 85 SIC-; ]

Table 3-14: Electric Load List for Conventional Facility 5/6
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Electric Load List for Conventional Facility

: Rated Power Efficien Power Factor Nomal | Emergency
PES No. ITEM No. Service SERT () [ S0V T"LT SIC | Redundancy| oM | EIETSCY | jpg Remarks
53610 5.3.6.1.0-HE-701_ |GDS-E Electric Heater 12 100 100 Sic-2 =]
5.3.6.1.0 5.3.6.1.0-K-705  |GDS-E Blower 25 290 85 SIC-2 o VSD
10 5.3.6.1.0-K-706  |GDS-E Vent Blower 014 90 85 SIC-2 o
1.0 9.3.6.1.0HE-707 |GDS-E Regeneration Electric Heater 23 100 100 SIC-2 ]
1.0 5.3.6.1.0-K-709 |GDS-E Regeneration Blower 25 S0 85 SIC-2 VSD
] 5.3.6.1.0-P-712_|GDS-E Tritiated Waler Transfer Pump 0.5 0 85 SIC-2
53620 5.3.6.2.0-P-002A |Activated Cooling Water Pump 75 90 85 SIC-2 | 100%x 2
2 .2.0-P-0028 _ |Activated Codling Viater Pump 7.5 30 85 SIC-2
2 .2.0-P-012A _ [Tritiated Water Transfer Pump 075 30 85 SIC-2 100% x 2
.24 .2.0-P-0128  [Tritiated Water Transfer Pump 0.75 0 85 SIC-2 |
2 2.0-P-022A |Liquid Waste Transfer Pump 5.5 90 85 Sic-2 100% x 2 o
P-022B |Liquid Waste Transfer Pump 5.5 80 a5 5IC-2
.2 .3, P-032A  |Chemical Waste Water Transfer Pump 075 90 85 SIC-2 | 100%x2 o
2 P-032B  |Chemical VWaste Waler Transfer Pump 0.75 20 85 SIc-2
5.3.6.2.0 53.620-P-0428 [Mon-aguecus Liguid Waste Transfer Pump 0.75 90 85 SIC-2 | 100%x 2 o
5.3.6.20 5.3.6.20-P-042B |MNon-aquecus Liquid Waste Transfer Pump 075 0 85 SIC-2
3.7.1.0 5.3.7.1.0-P-001A _ |Firewster Jokey Pump ikl 30 85 SIC-2 | 100%x2 Skid Mounted
,3.7.1.0 5.3.7.1.0-P-001B |Firewater Jokey Pump 11 30 85 SIC-2 "B" is a spare
3710 5.3.71.0-P-002  [Motor Driven Firewater Pump 150 0 85 SIC-2 UL Approval / FM Listed
3710 5.3.7.1.0-P-00: Diesel Driven Firewater Pump SIC-2 Diesel Engine Pump
Fire Protection System 20 90 85 SIC-2 o
Central Control S 100 0 85 SR
Central Control System for Emergency 50 0 85 SIC-1
Instrumentation 30 0 85 SR
Instrumentation for Emergency 25 0 85 SIC- o
Monitoring and Security Camera 50 0 85 SIC- o o
Access Control & Security System 50 a0 85 SIC- o o
RAMSES 100 &0 85 SIC- o
Handiing System (Crane, Telemanipulators, etc) 400 90 85 SR
Building Utility (Lights. Sokets. etc.} 400 80 85 SR
Building Utility {Lights, Sckets, etc.) for Emergency 400 80 as SIC-2 o
Total 10184 £120.81

Table 3-15: Electric Load List for Conventional Facility 6/6
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3.2.6 IFMIF Total Electric Load
Table 3-16 show Total Electric Load for IFMIF.
° For Rated Power : 84880 kVA
o For Emergency Power 6478 kKVA
. For UPS 1017 kVA
Total Bated Power Maorenal Operathon Power !rrl-lf!-urrr Geraratar Ups
£ | = 4 z i T |l | 2 | =
s | 2| S| 2| 2|2 |5|2| 5 |2[5[E]5|2[5|2|5
= = = . = = = e = | 5] = il 35 | ] [l
s1§1al§1s]§la! 8 181813]§1s18]s!f
s coleraton Tacdiny apoan| s9s3] a11m3] 1174 3zsen| =esa] anama] 1iroe] o 3w of s3] of 3]  of 413
ithium Target Facility | 6o0] 1904 915 wﬂ poof 1sa0] sas] aveal asof ssal asA)  sasl sof 29 120] 47
Tatt Facility 155 ] TR Tk FE T T [TH T 5] 14l gl o 51 ol &7
lPosz inrsdiation Faciliy = T | [ ETIE | of ond ol wmsl &) 10 i E] I Ll::l o] 13
fconwentional Facility 1onEd] sazi] 13:3] 1i3me  ges?]  vsna]| Ems]  oaeof ees] 35eF] aca] anral o] vl of as
Tatal as57e| 21605] sease| resral a23sal 19e2a| s361s|  pa3ni| ssa| asas] 1247] sx3o] oo| srel 120f san]

Table 3-16: Total Electric Load of IFMIF

3.3 Safety Design Requirements

The general Safety approach for the design execution of EPS is based on the general
Safety specification for the Engineering Design Activities of IFMIF.

e The IFMIF Safety objectives, principles and criteria.
e The Hazard evaluation techniques, have been implemented on RAMI and
EFMECA analysis.

The entire document is uploaded on DMS: Safety Specifications (Ref. [2]) and following
updating. At the present time the Engineering Design for EPS follow the Safety approach
mentioned on the guideline document, nevertheless it can be subject to some deviation or
weaves according the final IFMIF site selection. As well as the safety authority could
gives some further requirements.
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3.4 Operation and Maintenance

3.4.1 Operation

Operation of Electric Power System is usually automatically controlled and
performed from IFMIF Central Control Room. Grid change in an emergency and
starting of the emergency generator are also automatically performed from Central
Control Room.

The operational status of Electric Power System, voltage values, and current values
are monitored and recorded in IFMF Central Control Room.

In addition, the operational status of Electric Power System, voltage values, and
current values are shown on the front panel of each electric power board.

At an emergency or the time of maintenance, the manual operative method can be
carried out from each electric power board.

HV and MV electric power board

From safety point of view, HV and MV electric power board should be considered so
that people may not come close during operation.

3.4.2 Maintenance

Integrative maintenance plan is not yet described on this DDD. It shall be defined
clearly and in detailed after having selected all the components for Electric Power
System, preferable the maintenance plan shall be prepared by the suppliers, as well as
regulatory maintenance requirements must properly identified.

Minimum information required within the maintenance plan here listed:

Scheduled Operation
Controls

Checks

Adjustments
Calibrations
Overhauls
Replacements

Information provided from safety specification (Ref.[2]), and of course will be
implemented and identified as necessary by the supplier in order to ensure the best
operation of Electric Power System within its intended operational scenario.

That may impact IFMIF availability and become essential to evaluate and to
introduce an additional important support of recommended spare parts list, (provided
by the suppliers) procedures, training, tools and test equipments, infrastructures.

The design of Electric Power System shall accommodate long-term maintenance
activities required to support IFMIF plant operation. For maintainability and
inspectability, Electric Power System shall be designed in such a way that it can
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facilitate maintenance and, in case of failure, easy diagnostics safe repair or
replacement and re-calibration. The maintenance of Electric Power System must be
an ongoing endeavor. Any lapses in regular maintenance can result in system
degradation and obvious loss of efficiency, which could arose to serious health issue.
Maintenance requirement for Electric Power System and equipments mast be
conform to the maintenance period defined for the IFMIF plant (particularly for the
facilities that are not reachable during operation period)

3.5 RAMI requirements

Electric Power System have been designed for all modes of IFMIF plant operation, as
well as shut down period. Electric Power System should be reliable for continuous
operation, easily accessible for the purpose of operation and maintenance. The EPS have
been designed in a way that; maintained and operated will meet the reliability and
availability requirements, in a preliminary way identified on the conventional facility
safety report. RAMI specification guide documents Ref. to doc.22HA3G from J.M.
Arroyo Feb.2012 [3]and further preliminary study presented during the DDII RAMI
status for CF availability was 98 % ref. BA_D_229V7H [6]

Further detailed RAMI analysis has been performed by Tractebel, dedicated to the EPS,
ref. doc. [7] dividing into different load groups to which the IFMIF system are
associated:

Groups M11, M12, M21, M22, M23

Groups P11 to P14 and P21 to P24

Groups C11 to C14 and C21 to C24

Ungrouped users (Accelerators, [&C, TF, LF ...)

The EPS model is structured following these EPS groups:

F2 -Provide
electrical powe

1

Provide electrical Provide electrical
power to groups only power togroups
fed by normal power fed by normal and
No EMErgency power, emergency power

ElProvide powe
to graups M2i|

IlProvide powe

to groups P2i

P rovide powel o ptm‘:'de pmg;.
to groups P1i 0 groups -4

Provide powe
to groups M1i

Provide powe
to groups C1i
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These groups are located on the normal power systems or on the emergency power systems.
All these items are written on the P&IDs.

The detailed list of these functions and their associated criticality group/recovery time is
provided in the following table 22 (Only the functions having an impact on IFMIF availability
are listed on table 22)

Table 17: List of functions

Normal Electrical Load Criticality Systems supplied
/Emergency Group Group
Normal Group C11 E2 CF HVAC-SR
Normal Group C12 E2 CF HVAC-SR
CF HRS-SWS-
Normal Group C13 A3 EGDS - SR
CF HRS-SWS-
Normal Group C14 A3 EGDS - SR
Normal Group M11 E2 CF HVAC-SR
CF HRS-SWS-
Normal Group M12 A3 EGDS - SR
Normal Group P11 E2 CF HVAC-SR
Normal Group P12 E2 CF HVAC-SR
CF HRS-SWS-
Normal Group P13 A3 EGDS - SR
CF HRS-SWS-
Normal Group P14 A3 EGDS - SR
Normal 1&C SR E2 CF I&C-SR
Normal LF SR T1 LF SR equipments
Power to
Normal Accelerator 1 A3 ll)ower to Accelerator
unavailable A3
Power to
Normal Accelerator 2 A3 12)0wer to Accelerator
unavailable A3
Normal TF SR E2 TF SR equipments
Fire Protection
Emergency FPS E3 System
Emergency Group C21 E5 SIFC?GS_EGDS B
Emergency Group C22 ES gchiGS—EGDS -
Emergency Group C23 ES CF SGS-EGDS-

LWTS-SIC2
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Normal Electrical Load Criticality Systems supplied

/Emergency Group Group

CF SGS-EGDS-
Emergency Group C24 ES LWTS-SIC2
Emergency Group M21 SIC1 | ES LF/TF SIC1
Emergency Group M22 SIC1 | ES LF/TF SIC1
Emergency Group M23 SIC2 | ES LF/TF SIC2
Emergency Group P21 E5 gchfGS_EGDS B
Emergency Group P22 E5 gchfGS_EGDS B

CF SGS-EGDS-
Emergency Group P23 ES LWTS-SIC?

CF SGS-EGDS-
Emergency Group P24 ES LWTS-SIC?
Emergency LF SIC1 T3 LF SIC1
Emergency LF SIC2 T3 LF SIC1
Emergency TF SIC1 ES TF SIC1
Emergency TF SIC2 ES TF SIC1

IFMIF equipments
Emergency UPS load ES for safe shutdown

3.5.1 Recovery time

A recovery time of the IFMIF facility has been added to the MTTR of each EPS components.
Logically, a recovery time should be associated to a loss of an EPS function. However, it is
not possible to directly allocate a recovery time to a function in Risk spectrum. In the model,
the recovery time associated with a function has been introduced in the MTTR of all the
components that are used to fulfil the function. In case a component is used in different EPS
functions with different associated recovery times, the longest time is used. The component
recovery time considered is coded in its name.

3.5.2 Specific model assumptions

The generic model assumptions are discussed in the folio O of this note. The additional
assumptions specific to the EPS model are hereunder listed:

e The electrical cables have been neglected in the model since the exact
information is not available. However, the cable connectors that have a
higher failure rate than the cables themselves are included in the model.

e The protection systems of the EPS are not considered in the model. Such
protection systems (for example overvoltage protection, differential
protection ...) can produce some unavailability if they fail. It is assumed
that this failure mode is included in the reliability data of the electrical
component (transformers, switchgears ...).
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3.5.3 Results

The reparation time of some electrical equipment can be very long or very
short, depending on the failure considered. For example, a small failure in
a transformer can induce a very short down time, whereas a major short
circuit can result in the total destruction of the transformer and a huge
down time since there are in general no spare parts for such components.
For that reason, for the high voltage transformer and the high voltage
switchgear a long failure and short failure have been considered in the
model.

It is assumed that the diesel generators are safeguards and that failure of a
diesel generator cannot induce IFMIF unavailability. However, these
components have been taken into account in the model in order to increase
the availability seen by the consumers, thanks to the emergency system.
Based on the FMECA, the emergency power system towards the SIC-1
consumers is fully redundant. Practically, it means that

o The MC-EG1/2 switchgear are powered by normal power or by
both emergency generators group 1 or 2;

o The 6.6 kV SIC-1 consumers are connected on both MC-021 and
MC-022 switchgear that can be powered by both MC-EG-1 and
MC-EG2 switchgear;

o The 0.4kV SIC-1 consumers are connected on both PC-021 and
PC-022 switchgear that can be powered by both MC-021 and MC-
022;

o The UPS SIC-1 consumers are connected on both UPS-A and
UPS-B that can be powered by both PC-021 and PC-022.

The availability of the external grid is assumed as 100% since external
events are not considered in the first RAMI iteration.
A diesel generator can deliver 50% of the emergency load.

This case considers that the equipments associated with a long recovery time (>A3/E3) are
supplied by the emergency power similarly to any SIC1 or SIC2 equipments.

The availability results are described in the following table:
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power (no
emergency power)

Time
R‘;ﬁlft’?gm Description Ulr?fvf’;?f;‘llitty Availability %
(TD Mean)

CEP-0-

GENERAL EPS 3.76E-03 99.624
Provide electrical

CEP-1- power to groups

EMERGENCY [fed by normal and 3.24E-03 99.685
emergency power
Provide electrical
power to groups

CEP-1-NORMAL |only fed by normal 1.28E-03 99.883

The results related to the EPS sub-groups normal and emergency are informative since these

sub-groups are not independent.

In this case, the EPS availability is higher than the general CF availability requirement equally
allocated among the CF systems (99.6%) thanks to the high redundancy of the emergency
distribution system. It should also be noted that the external event (i.e. external grid power
supply) is not considered in the first RAMI iteration. It means that the availability of the
external power supply is 100%, limiting the difference between the availability of the normal

and emergency power supply.

3.5.4 Components and parameters susceptible to be problematic

From the minimal cut set list, it can be seen that the critical equipments are those required to
fulfil the functions linked with the SIC2 equipments since these equipments combine the

lowest redundancy with the highest recovery time:

Group M23 - E5

Groups P23 and P24 — ES
Groups C23 and C24 - E5
Lithium facility SIC2 — T3
Test facility SIC2 — ES

It was indeed assumed that the loss of power to these SIC2 load groups could lead to the
highest recovery time, and that these equipments are not powered by the UPS.
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The transformers are the critical equipments among the equipments required to supply these
SIC2 groups since transformers have the highest unavailability. About 50% of the EPS
unavailability is generated by the unavailability of the following transformers:

e  MTR-01 supplying indirectly the group M23

e TR-023 supplying the groups P23 and C23

e TR-024 supplying the groups P24 and C24
Based on the importance analysis results, it is obvious that the failure rate and mean down
time of these components are critical for the availability calculation. A variation of these

parameters will lead to a significant improvement or degradation of the availability.

These components should consequently be carefully designed to ensure a high availability of
the EPS systems.

3.5.5 Sensitivity and Degraded cases

In order to assess the model and challenge some uncertainties, different sensitivity cases have
been computed.

3.5.6 No recovery times

In order to assess the availability of the EPS as a stand-alone system, the FTA model was run
after removing all IFMIF recovery times in the components’ MTTR/MDT.

The availability results for the stand-alone system are given in the following table:

Time Stand
RiskSpectrum Description Dependent Alone
Fault Tree p Unavailability [Availability
(TD Mean) Y%
CEP-0-
GENERAL  [EPS 4.88E-04]  99.9512

3.5.7 Transformer reliability parameters

The transformer failure rate is an important parameter in the model. In order to assess its
sensitivity, two cases have been analysed with some variation of the failure rate:

1. Transformer failure rate multiplied by 10
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Time
RiskSpectrum | Seserigiten Dependent [Availability
Fault Tree Unavailability %
(TD Mean)
CEP-0-
GENERAL EPS 2.14E-02 97.86

2. Transformer failure rate divided by 10

Time
RiskSpectrum | Seserzitton Dependent |Availability
Fault Tree Unavailability| %
(TD Mean)
CEP-0-
GENERAL EPS 1.97E-03 99.803

These components are very important for the IFMIF availability and should consequently be
carefully designed and maintained to ensure a high availability of the EPS systems.

3.5.8 Critical equipments supplied by normal power
This case considers that the equipments associated with a long recovery time (>A3/E3) are
supplied by the normal power: these equipments are powered by the MC-012 or MC-013

switchgears.

The availability results are described in the following table:

Time
RiskSpectrum Description Dependent | Availability
Fault Tree p Unavailability %
(TD Mean)
CEP-0-
GENERAL EPS 3.56E-03 99.644
Provide electrical
CEP-1- power to groups
EMERGENCY |[fed by normal and 2.59E-03 99.741
emergency power
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Provide electrical
power to groups
CEP-1-NORMAL |only fed by 9.74E-04 99.903
normal power (no
emergency power)

Compared to the first results, the difference is negligible since the external events are not
considered in this first iteration (i.e. the external power supply is 100% available). This
assumption is not conservative since the external power supply should be a model component
with one of the worst failure rate.

By considering the unavailability of the power supply, the normal power availability figures
of this case would be negatively impacted. For instance, for one external grid failure per 5
year lasting more than 3 hours (leading to a high criticality), the availability figure would be
the following:

Time
RiskSpectrum . Dependent R
Fault Tree e L R
(TD Mean)
CEP-0-
GENERAL EPS 3.56E-02 96.44
Provide electrical
CEP-1- If););" lfr ;gr%rrlzrps 7.68E-03 99.232
EMERGENCY Y : '
and emergency
power
Provide electrical
power to groups
CEP-1- only fed by
NORMAL normal power (no 3.31E-02 96.69
emergency
power)

If we add the sensitivity of the transformer failure rate, we obtain the following availabilities:

1. Transformer failure rate multiplied by 10

. Time o
RiskSpectrum Sessiisien| Depsud Availability
Fault Tree S %
Unavailability|
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(TD Mean)

CEP-0-
GENERAL EPS

5.42E-02 94.58

2. Transformer failure rate divided by 10

GENERAL EPS

Time
RiskSpectrum | Seserzitton Dependent |Availability
Fault Tree Unavailability| %
(TD Mean)
CEP-0-

3.37E-02 96.63

For the emergency power, the availability is maintained thanks to the redundancy brought by
the diesel power supplies. In such configuration, the availability of the diesel generators is

important to ensure a high EPS availability.

3.6 Applicable Codes and Standards

Applicable Codes and Standards for EPS as follows,

1) International Electro-technical Commission (IEC)

2) European Standards (EN)
3) ANSI/EE Standards

4) IFMIF safety specification for EDA : BA_D_22AB9R
5) Electrical Power supply needs from the nuclear safety point of view : BA_D_22GZSB
6) RAMI Specifications : BA_D_22HA3G
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4. System Design Description

4.1 Design Summary

Electric Power System is designed based on the requirements (Sec.3.), IFMIF
specifications, codes and standards. Result of design is shown Sec.1 and Key One Line

Diagram.

The Electric Power System supplies electric power to facilities, sub systems and
equipments in I[FMIF. It has to be taken into account safety requirements, receiving
power conditions, safety margin, SIC specifications, etc.

4.2 Safety

Refer to Safety specifications for the Engineering design Activities of IFMIF (Ref. [2]),
Safety Important Class — SIC Methodology (Ref.[1]) and Electrical Power supply needs

from the nuclear safety point of view (Ref.[4]).

4.3 Assumptions

Receiving Power Conditions from commercial grid are assumed as follows,

Current Type

Cabling System

Feeding System

Incoming Voltage

Voltage Permissible Range

Supply System

Frequency

Frequency Permissible Range
Supply Voltage Stop (<10sec,)
Supply Voltage Drop (<20 %,< 1sec)

Supply Voltage Generation Type (Ideal) :

Harmonic current (in feeding wire)
Grid Shortcut Intensity

Max. Reactive Power/Active Power
Min. kW/KVA
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Alternating Current

Three - Phase Three Wire

2 Feeding System (Primary and Secondary)
66 kV

+7 %

Steel Tower with OverHead Cables

50 Hz

+2 Hz

Less than 1 per year

Less than 5 per year

Coal Thermal or Gas Thermal or Nuclear
as lower as possible

kA

Coefficient (By the Power supply Company)
kW/kVA
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4.4 Detailed Design Description
4.4.1 Power Supply Voltage Classification

International Standard IEC 60038 defines a set of standard voltages for use in low
voltage and high voltage electricity supply systems.
The definition of voltage level is as follows:

1) Alternating Current (AC)

. High Voltage (HV) : > 1000 Vrms

] Low Voltage (LV) : 25-1000 Vrms

° Extra Low Voltage (ELV) <25V rms
2) Direct Current (DC)

. High Voltage (HV) : > 1500 V

° Low Voltage (LV) : 60-1500 V

. Extra Low Voltage (ELV) : <60V

In IFMIF, AC Power Supply Voltage is defined as follows,

. High Voltage (HV) : > 66000 Vrms
. Medium Voltage MV) 6600 Vrms
] Low Voltage (LV): 230-400 Vrms

4.4.2 Equipment Margin and specifications

A safety margin for the EPS equipment has been assumed according to the standard
engineering practice.

In general a margin in the design has to be assumed in order to allow some flexibility
to the system.

In particular:

¢ For all equipment except circuit breaker, margin takes into account +10 to 20 %
of the rated power.

e For circuit breaker, margin does not take into account. But it is selected
according to the electric load capacity of the equipment connected downstream.

® A shortcut circuit calculation shall be taken into consideration to define circuit
breaker KA (Icu max) peak capacity to prevent permanent damage to these
protection equipment in the event of a short-circuit.
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4.4.3 SIC Classification

According to the classification proposed in Safety Specifications (Ref.[2]) and Safety
Important Class-SIC, Methodology, Classification & Requirements (Ref. [1]).

But, SIC is not specified when it thinks Electric Power System independent.
However, Electric Power System have to be designed according to the SIC class of
facilities, sub systems and equipments connected to it.

4.4.4 Redundant Equipment

Redundancy of the equipment should contribute to the target availability value of the
Conventional Facilities (stated into 99.7 % as mentioned in CDR (Ref.[5]).but was
not possible to reach such high level of reliability due to the complexity of the
systems.

According to the new assessment by J.M. Arroyo, availability of CF is now 98%, ref.
BA_D_229V7H (Ref. [6]). At this stage of the project a complete RAMI Analysis
have been performed and confirmed the value of 98% for the CF availability, while
for the present EPS the availability stated on the latest RAMI analysis results
99.624%, based on Tractebel RAMI analysis (Ref.[7]) and well described on RAMI
requirements chapter 3.5.

Accordingly, from view point of availability, following measures shall be taken.

e Redundant Emergency Generators (50% * 2 ¥ 2) shall be installed.

4.4.5 Power System Substation (PBS: 5.3.2.1.0)

Power System Substation was designed based on Electric Load List (Sec.3.2)
The power supply capacity required from each facility is as follows:

AF : 529 MVA
LF : 2.6 MVA
TF : 3.7MVA
PIEF: 1.0 MVA
CF : 247 MVA
Total 84.9 MVA

From the result of above, 30MVA x 3 transformer (66kV/6.6kV) were installed.
In consideration of the stole of the external commercial grid, two-line power
receiving of the commercial external grid was adopted.
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4.4.6 Emergency Power System (PBS: 5.3.2.2.0)

Emergency Power System was designed based on Electric Load List (Sec.3.2)
The emergency power supply capacity required from each apparatus is as follows:

AF : 411kVA
LF : 823kVA
TF : 238kVA
PIEF: 13kVA
CF : 4992 kVA
Total 6478 kVA

From the result of above, 4000 kVA x 2 emergency power generators were installed
and 4000kVA x 2 emergency power generators were prepared as full back-up.

The reason 4000 kVA emergency generator was chosen is flexible as commercial
products. Emergency power is supplied through Electric Distribution System to
equipments which classified SIC-1 and SIC-2.

4.4.7 Electric Distribution System (PBS: 5.3.2.3.0)

Electric Distribution System was designed by requirements of SIC classification as

follows:
o SR/Non-SIC loads : Single Power System
. SIC-2 loads : Power System + Emergency Power
System
. SIC-1 loads : Redundancy = Power  System +

Emergency Power System

4.5 System Performance Requirements

Not applicable at this engineering stage, anyhow the system performance basic functions
are indicated on Key One Line Diagram as follows:

. Figure 6-1 : Key One Line Diagram 1/2
e Figure 6-2 : Key One Line Diagram 2/2
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4.6 System Arrangement
4.6.1 Equipment Arrangement Drawings

Equipments arrangement for EPS is as follows:

e Electric Power Boards for LT, TF and CF are installed in same room of “R303-
2 LV Elect. Power Supply Area-2”.

e UPS and DC Batteries for LT, TF and CF are installed in same room of “R302-
1/2 UPS Room-1/2".

e Electric Power Boards including UPSs, DC Batteries and CVCF for PIE F are
installed “R162 PIE-Electric Room”.

e For AF, Transformers for RF HVPS are installed on the roof of the IFMIF
building. Electric Power Boards including UPSs, DC Batteries and CVCF for
AF are installed “R201-A1-1/2 High Voltage Electric Power Supply Area-1/2".

Equipments arrangement drawings for EPS is as follows:

o Figure 6-3 : IFMIF Outdoor Overall View, Switchyard, Emergency
Generators
° Figure 6-4 : Equipment Layout for Electric Power System 1/6
o Figure 6-5 : Equipment Layout for Electric Power System 2/6
o Figure 6-6 : Equipment Layout for Electric Power System 3/6
o Figure 6-7 : Equipment Layout for Electric Power System 4/6
° Figure 6-8 : Equipment Layout for Electric Power System 5/6
o Figure 6-9 : Equipment Layout for Electric Power System 6/6

4.6.2 Equipment Lists (Parts/Components)

Refer to Sec.1.2 System Basic Configuration.

S. List of Reference
5.1 List of Reference
[1] Y.Le Tonqueze, Safety Important Class - SIC Methodology, classification &
requirements. BA_D_228V5Q.

[2] Y.Le Tonqueze, Safety Specification for the EDA of IFMIF. BA_D_224X48.
[3] J. Arroyo, RAMI Specifications. BA_D_22HA3G.
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[4] Y.Le Tonqueze, Electrical Power supply needs from the nuclear safety point of
view. BA_D_22GZSB.

[5] IEA, IFMIF Comprehensive Design Report.

[6] J.M. Arroyo, Availability of CF is 98%, ref. BA_D_229V7H

[7] RAMI analysis EPS 99.624 %, Tractebel Ref. IFMIF/4NT/276784/002/01
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Figure 6-4: Equipment Layout for Electric Power System 1/6
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Abstract: This document describes the Heat Rejection System (HRS) considered
belonging to the Conventional Facilities. Key functions of the system as well as:
interfaces with other (facilities/systems, PFD, P&ID’s, equipment layout,

equipment list, flow diagrams, piping layout and input data requirement for the
design of the system.
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Figure 8-15: D-1225-016- P&ID HRS 6/10

Figure 8-16: D-1225-017-P&ID HRS 7/10

Figure 8-17: D-1225-018-P&ID HRS 8/10
Figure 8-18: D-1225-019-P&ID HRS 9/10

Figure 8-19: D-1225-020 P&ID HRS 10/10

Figure 8-20: D-1225-053-HRS Equipment Layout (room R014)

Figure 8-21: D-1225-054- HRS Equipment Layout (room R106-1)

Figure 8-22: D-1225-056 Equipment Layout HRS (room R164)

Figure 8-23: D-1225-057- Equipment Layout HRS (room R169)

Figure 8-24: D-1225-058- Equipment Layout HRS (room R174)

Figure 8-25: D-1225-059- Equipment Layout HRS (room R179)

Figure 8-26: D-1125-060- Equipment Layout HRS (room R228)
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Figure 8-27: D-1225-061- Equipment Layout HRS (room R229) 3
Figure 8-28: D-1226-501- Layout Plan for Main Piping (HRS Basement Floor) 3
Figure 8-29: D-1226-502- Layout Plan for Main Piping (HRS 1* Floor) 3
Figure 8-30: D-1226-503- Layout Plan for Main Piping (HRS 2" Floor) 3
Figure 8-31: D-1226-504- Layout Plan for Main Piping (HRS 3" Floor) 3
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1. System Functions and Basic Configuration

The main function of the Heat Rejection System (HRS) is to be capable of transferring
heat from the Cooling water System of the different components of the process
facilities. The HRS is thus designed to perform the following key functions:

o Prepare and supply coolant to the primary and secondary cooled and chilled loops.

o Transfer the heat generated in the different systems / components of the process
facilities to the coolant.

o Maintains coolant temperatures, pressures and flow rates to ensure component
temperatures and thermal margins are maintained during the operating
campaign.

o Provide the capability to drain and refill the HRS components for maintenance,
The HRS is designed as an open system consisting of cooling towers, circulation
water pumps, heat exchangers, chillers, valves and instruments including sensors
and interconnected piping.

HRS is an important system for IFMIF project, its fault or low efficiency could
compromise the all IFMIF process system, for these reasons, HRS system have been
designed with enough margins in terms of heat sinks. The components characteristics
and the solution of series parallel configuration have been adopted in order to allow an
easily maintenance even when the plant process are in operation.

The main components as pumps and cooling towers are redundant and several by-pass
on piping configuration allow the HRS operation even during scheduled maintenance.
Figure 1-1: HRS PFD (Heat Rejection System, Process Flow Diagram).
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Figure 1-1: HRS PFD (Heat Rejection System, Process Flow Diagram)
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1.1 System Functions

The HRS is thus designed to perform the following key functions:

¢ Prepare and supply coolant to primary and secondary cooled and chilled loops;

¢ Transfer the heat generated in the different systems/components of the process
facilities to the coolant;

¢ Maintain coolant temperatures, pressures, and flow rate to ensure components
temperatures and thermal margins maintained during the operation campaign;

¢ Provide the capability to drain and refill the HRS components for maintenance.

The HRS is designed as an open system consisting of cooling towers, circulation water
pumps, heat exchangers, chillers, valves, water storage tank and instruments, including
sensors and interconnected piping.

The HRS comprised the following four (4) groups of cooling water towers here below
described and shown on Figure 8-1: Overall View, outdoor cooling Tower main
configuration. :

1)The Water cooling Towers Group 1 serves cooling water for accelerator 1 and
2, to the secondary water cooling loop for heat exchangers of all components
inside the Vault. This loop is shown on PFD (cfr. Ref. Figure 8-8: D-1223-D-
013-Process Flow Diagram HRS (Accelerator Facility) 3/4

2)The Water cooling Towers Group 2 serves cooling water to the secondary water
cooling loop for the heat exchangers of: TF (Test Facility), LF (Lithium
Facility), PIE (Post Irradiation Examination facility) and CF (Conventional
facility) the loop is shown on PFD (Process Flow Diagram) (cfr. Ref. D-1223-
011-Figure 8-6: D-1223-011, Process Flow Diagram HRS (TF-LF-PIE-CF) )

3)The Water cooling Towers Group 3 serves cooling water tower to the secondary
water cooling loop for the heat exchanges of the 2 Accelerator’s components
inside the vault with potential risk of water activation, i.e. Beam Dump and
HEBT. This loop is shown on PFD (cfr.Ref. Figure 8-9: D-1223-D-014- Process
Flow Diagram HRS (Accelerator facility) 4/4

4)The Water cooling Towers Group 4 serves cooling water tower to the secondary
water cooling loop for the heat exchanges of the components outside the Vault.
This loop is dedicated for: RF chain plus HVPS, He compressors for Cry plant
common cooling skid (for Cold box, Injector LVPS, HEBT LVPS, RFQ cryo
compressors, HEBT compressors and vacuum system). It is shown on PFD
(cfr.Ref. Figure 8-7: D-123-012- Process Flow Diagram HRS (Accelerator
Facility) 2/4

The circulation water pumps shall be used to pump water from the Cooling Tower to the
Heat exchanges for the subsystem to cool down. The cooling Tower basin acts as a first
buffer to meet the heat load fluctuations.

The hot water return to the C.T. spray header that is located near the top of the Cooling
Tower. The ancillary system include blow down system, make-up water system, water
storage reserve tank, (1000 m3) suitable filtration system and chemical dosing
arrangement. The chemical dosing system shall be capable to prevent the corrosion,
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(since due to the huge consume of water for evaporation we selected industrial water
and not demineralized water) scaling and biological growth (including legionella) by
adding anti-corrosive, anti-scaling chemical, pH control additives and biocides in the
Cooling tower basin water.

1.2 System Basic Configuration

Here below summarized in Table 1, HRS PBS.

PBS Number PBS Item
1/2/3|4|5|6
5/0/0| 0| 0| 0 Conventional Facilities
3101(0/|0 | O |Plant Services
310 0 | O |HeatRejection System (HRS)
1 | 0 | 0 |Accelerator Facility
2 | 0 | 0 |Test Facility
3 | 0 | 0 | PIE Facility
4 | 0 | 0 |Conventional Facility
5 | 0 | 0 |Piping layout

Table 1: HRS PBS (Project breakdown structure)

2. Interfaces (boundaries)

The interfaces with other systems may be physical and functional or both. Additional
information about HRS interfaces is provided in Systems Interface (Ref. Table 2 :
Interface table) Characteristics of the components for the HRS is indicated on the
Equipment List (cfr.Ref. Table 11: S-1224-001- HRS Equipment List) There is a
multiple interface between HRS, Facilities (hosted mainly in the Heat Exchanger
rooms) and Building. A generic multiple interface was defined to overcome this issue.
HRS system interfaces at the same time with Conventional Facilities (in the sense of the
Building) and with the equipment hosted in the rooms (that can be part of the
Accelerator, Lithium, Test, PIE and/or of the Conventional Facilities themselves). The
sharing of responsibilities will be clarified case by case, but at list this general triple
interface includes all the requirements that HRS needs in order to proceed with the
design, here below are summarized (at first level) the interfaces related to the HRS .
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System A

Test Facility

PIE Facility

Lithium Target
Facility

Accelerator
Facility

Main Building

Cooling Tower
Area

Electrical Power

System

Service Water
System

Service Gas
System

Exhaust Gas
Processing
System

Liquid waste
Treatment
System

System B

Heat Rejection
System

Heat Rejection
System

Heat Rejection
System

Heat Rejection
System

Heat Rejection
System

Heat Rejection
System

Heat Rejection
System

Heat Rejection
System

Heat Rejection
System

Heat Rejection
System

Heat Rejection
System

Title

Heat Rejection System has to provide secondary cooling
water to: Test Facility

Heat rejection System has to provide primary cooling water
to: PIE Facility.

Heat Rejection System has to provide secondary cooling
water to: Lithium Target Facility

Heat Rejection System has to provide secondary cooling and
chilled water to: Accelerator Facility

Main building has to accommodate heat exchangers, chillers,
piping and pumps of: Heat Rejection System and water
storage tank (1000 m?)

Cooling Tower area has to be accommodate cooling towers
and pumps of: Heat Rejection System

Electric Power Supply has to provide electric power to: Heat
Rejection System

Service Water System has to provide demineralized and
industrial water to: Heat Rejection System

Service Gas System has to provide instrumentation air and
nitrogen gas to: Heat Rejection System
Heat Rejection System has to provide primary chilled water
to: Service Gas System
Heat Rejection System has to provide primary chilled water
to:

e VDS ( Vent Gas Detritiation System)

e GDS-V(GDS for 1" stage VDS)

e EDS (Emergency Detritiation System)

* GDS-E (GDS for EDS)

e HDS (Hot cell Detritiation System)

e GDS (Glove box Detritiation System) of Exhaust Gas
Processing System

When contamination in water of primary cooling and chilled
water loop of Heat Rejection System is detected, the waste
water has to be sent to: Liquid waste Treatment System
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Table 2 : Interface table

2.1 HRS System vs. Lithium Facility

The boundary between HRS and LF is set at the interception flanges of the Tertiary
Heat Exchanger, interception valves and all the downstream components are within the
scope of the Lithium Target Facility.
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bearm 50 *C {Pﬂsj--!j ; I :II - g Fiaiet

i
i | e
| T:":, Al ek il e
i seintre  Secondary Loop [3.2.2] Tertiary Loop [3.2.3]
T e Hm ik (Therm-S 900) (Therm-S 600)
" ] a8 i 75°C 38.8°C
130 gy 130 kgs 239 hgs

B5ILfs g Secondary ABLMS 109 Tert : TaLLS

98°C HX Tp
45,7 ks . 1B\ op ipe
s 108 —) | LU —
L0Bin Erorm
aT-EME ' o CF-HRS
T/ From «==-- — — 18.8%C
s O T @ b B
Contral 18 ién : 24005
ENFMA 135°C Pump 50°C Pump =
Systam 1304kg/s 2304gfs I I
[3.3] i 14BLfs 235U -
Dump =
Tank | o 8- -_) T —
Ol Dump Tank Ol Dump Tank Water Dumg Tank
(CF-HRS)

Figure 2-1: Heat mass balance of Heat removal (Extracted from LF.DDD)

6/78




BA_D_23NEQR

IFMIF- .
) llr/ Heat Rejection System

2.2 HRS System vs. Accelerator facility'
HRS will serve the Accelerator Facility through the:

e RFQ chiller skid

¢ RF & Auxiliary cooling skid (Out Vault Equipment)

¢ In Vault Equipment cooling skid

e Beam Dump Scrapper & HEBT-BTR-RIR cooling skid

Ref. to Figure 2-2: Accelerator Heat loads scheme (cfr. Ref. [6])
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Loads and Temperature's range for secondary loop

Figure 2-2: Accelerator Heat loads scheme

' According to the same approach used in the Accelerator prototype it has been considered that the
primary cooling loop (the ones in direct contact with the Accelerator’s components) of the
Accelerators belong to the Accelerator facility.
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2.3 HRS System vs. Test Facility
HRS shall serve the Test facility through the:

e Test cell water exchanger for to cool the concrete shield wall

¢ Test cell Helium exchangers for to cool the test module.

e Test cell argon and Helium exchangers for to cool TC atmosphere argon/helium
blower.

e Test cell water exchanger for to cool TC liner (cooled by water, new concept
progress of DDD I concept with Helium cooling system)

The boundary between HRS and TF is set at the interception valves of the cooling
exchanger’s interception valves and all the afterwards equipments are within the scope
of Test Facility (Ref. to Figure 2-3 : Test Facility HRS, (Extracted from PFD-D-1223-
011).
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2.4 HRS System vs. Post Irradiation Examination Facility

(Ref. Figure: 2-4: PIE Facility, HRS (Extracted from HRS PDF-D- 1223-011) Extract
from PFD, D-1223-011.

Figure 2-3 : Test Facility HRS, (Extracted from PFD-D-1223-011)
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Figure: 2-4: PIE Facility, HRS (Extracted from HRS PDF-D- 1223-011)

2.5 HRS System vs. Conventional Facilities
Heat Rejection System has to provide primary chilled water to:

e VDS ( Vent Gas Detritiation System)

e GDS-V(GDS for 1* stage VDS)

¢ EDS (Emergency Detritiation System)

e GDS-E (GDS for EDS)

e HDS (Hot cell Detritiation System)

e GDS (Glove boxe Detritiation System) of Exhaust Gas Processing System

(Ref. Figure 2-5: Conventional Facility HRS (Extracted from HRS-PDF D-1223-011),
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Figure 2-5: Conventional Facility HRS (Extracted from HRS-PDF D-1223-011)

3. System Design Requirements

3.1 General requirements

Input Data Requirements are defined as the data necessary to be defined in order to
enable a system design that respects all the needs of the interfacing components.

Currently a draft set of data has been proposed. This list is partially complete and
assessed by the PT on the base of the current references, of the outcomes of the
Engineering Validation activities (i.e. prototypes) and on the standard engineering
practice.

Parameters to be defined as Input Data Requirements for the HRS are, for each
interfacing component:

e Heat load to be removed: (MW);

¢ Cooling media: (chilled/cooled water);
e Inlet water temperature: (°C);

e Temperature tolerance: (£°0);

e AT= (outlet temp) — (inlet temp): (°O);

e Supply water pressure: (MPa);
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e Water Pressure drop after the passage in the skid: (MPa);
e Coolant Flow*: (m’/h).

The following sections describe in detail the logic that brought to the selection by the
PT of the current set of parameters.

Here below are listed the Input Data Requirements:

¢ Figure 3-1: Input data requirements for LF Heat Loads

¢ Figure 2-2: Accelerator Heat loads scheme

¢ Error! Reference source not found.

e Table 5: Input Data Requirement for PIE Facility Heat Loads.

¢ Table 6: Input Data Requirement for Conventional Facility Heat Loads.

3.2 Engineering Requirements
3.2.1 Lithium Facility

The current status of LT Facility input data requirement are indicated on the Ref. Figure
3-1: Input data requirements for LF Heat Loads, the value has been assessed by the
Project Team according to:

e Facility Description of CDR (ref. [3])

¢ Standard engineer practice

e LF DDD III, HRS Heat mass balance of Heat removal (Extracted from DDD III,
IFMIF LF Ref. BA_D_22QUE —v 1.1) [12]

2 Coolant flow is a consequences of the definition of following parameters:
1. Cooling media
2. Heat loads
3. AT
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Note valid for CF only:

Heat Exchanger, Heat Removal System (tertiary HX) = Water/Qrganic oil

Thermal loads = 10.MW (the total loads have been increase to 13.00kW, 20% increased
for better efficiency to avoid risk of tubing clogging {fouling factor]) The design of
companents will be thus for 13.8MW but they will operate at reduced regime.

3.2.2 Accelerator Facility

Figure 3-1: Input data requirements for LF Heat Loads

The current status of both Accelerators Facility input data requirement are indicated on
the Ref. Table: 3 (The values indicated on the Table are referred to one Accelerator
only) the values have been assessed by the Project Team according to:

e Facility Description of CDR (ref. [3])
¢ Standard engineer practice.
¢ Heat loads scheme (Ref. to Figure 8-2: Accelerator's Heat Loads scheme. [6])
¢ Accelerator Facility heat Loads (Ref.[4])
o Sect. 4.3.2.6.(cfr. Ref.[4]) RF Power System- Water Cooling System
o Sect. 4.3.2.9.1.8. (cfr. Ref. [4]) LHe Cryogenic System
o Sect.4.3.2.9.2.8.(cfr.Ref.[4]) Cryoplant
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Accelerator #1 "In Vault-Components” Heat Loads ]
Comments and Assumptions
Secondary loops Water Conditions [from Heat Ezxchanger to Cooling System] | Heat loads and W ater kemperatures considered here are the one belonging to the "secondary loop'.
ltem Water temperatures
Component Reference Unitary Heat Load Quantity| To Load From Load | Heat Load Water Flow Rate
1 Injector « LEET 100 kW 1 270C 3T 100 k'w Amth] Same Heat Load and Temperature of the Prototype
2 FRF 1000 kw 1 nc 16°C 1000 k'w! 172 m*h| Same Heat Load and Temperature of the Protatype
3 IMEET Bouncher 20 kv 2 N 16°C 40 kW 6.9 m*th| Same Heat Load and Temperature of the Prototype [new design of buncher - 20 k'Wibuncher)
4 MEET Cluadrupoles 3 kY 5 2TrC il 15 kW 1.3 m*th| Same Heat Load and Temperature of the Prototype [ 5 Guadrupoles cooling, 3 kwWiGpole ]
SRF LINALC #1 antenna [Gto 9
b e AT g nc 16°C 24 kw 4 mth] Same Heat Load and Temperature of the Prototype [each antenna needs a 3 kW cooling)
SRF LINAC #2 antenna [3 o Each antenna needs a 3 kW cooling. The number of antennas comes from the "Superconducting HwWF alternative pdf”
E 14.5 M) AT 10 nc 1E°C 30k 5 mth| document discussed with Accelerator Facility people
SRF LINAC #3 antenna [14.5 1o Each antenna needs a 3 kW cooling. The number of antennas comes from the "Superconducting HWH alkernative pdf”
7 26 Me'] AT 12 nc 16°C 36 kW E mth| document discussed with Accelerator Facility people
SRF LINAC #4 antenna [14 1o Each antenna needs a 3 kW cooling. The number of antennas comes from the "Superconducting HWH alkernative pdf”
g 40 Met] JkwW 12 1 16°C 36 kw E m*'h| document discussed with Accelerator Facility people
HEET FacusingdShaping The Heat value comes from discussion with Accelerator Facility people. Probably a bit overestimated but as |
] Elements A00 kW 1 27 arc A00 kw 43im'h| do not have any magnet power value today, it is wise to let like this, We will update for the
COR considers a Beam dump Capable of 5 MW [in order to stop all the beam), but nowadays the IFMIF beam dump
will be dimensioned an the given walue of 1200 k' [discussion with Accelerator Facility Peaple)
Beam Oump use will be limited to beam start-up periods, 50 a dedicated cooling scheme far this item seems a
resonable zolution. It has to be considered also that the limited power of this item forces the accelerator bo work at a
reduced duty Factor [pulsed working regime). Even 1200 k'Y is probably overestimated, We will probably
use the beam dump with duty cycles lower than 10-2 but today it is not formally decided, It is
Eeam Oump Ao Pratotype 1200 k' 1 275 3T 1200 kw 103 m*th] thus preferable to let like this, It will be updated later.
Total Heat Loads in Vault components 2981 kW
Accelerator #1 "Out-Vault Components” Heat Loads = -
omments and Assumptions
Heat loads and W ater temperatures considered here are the one belonging to the "secaondary loop’, whereas the
Secondary loops Water Conditions [from Heat Exchanger to Cooling System] | "Frimary Loop” .
Water temperatures
Unitary
Component Reference Support to [Heat Guantity| To Load From Load |Heat Load Water Flow Rate
10 Injector LVFS Ao Prototype Injec:tor 15 kW 1 27T 3T 15 k' 1m?th] Part of the commun skid
1 FRFG Cryo Compressor A Protatype RFG 36 kW 1 27T rC A0k 3mh| Part of the commun skid
12 Cold bow A Prototype Cry plant 40 kW 1 27T 3T 40 k. Jmth) Part of the commun skid [considered 4 times bigger than LIPA.c)
13 HEET Compressor A Prototype HEET 40 kW 1 27 3T 40 k. 3 mth] Part of the commun skid [considered double than LIFAc)
14 He Compressor A Prototype Cryoplant 150 kW 4 27T 3T BO0 kW 52 m'th| LIPAc 150 KW [ we considered al least 4 times bigger 60 0 KW probably we will need only
FRF@ = AF Chaing: 360kW 20,8 4 8 Chainzs = 1400kW,
IMEET FF Chains: 24k 2 0,5 82 chains = 24KW
Cryomodule 1 BF Chains : 170kW % 0,5 % 3 Chains = B30 kW
Cryomodule 2 BF Chains : 170kW % 0,5 % 10 Chains = 850 k'w
EFQ-MEET- Cryomodule 3 RF Chains : 310kW 1 0,5 % 12 Chains = 1860 kW
15 |RF Chains Ace Frotatype SRFLinae | BET4kW| e T BET4 K/ 51 3mefh] criemadule s Bk Fhans: Si0kwa0ay 12 Chains = 1860 k!
Thermal power o be dizsipated for each source is around 20k % 41 for each Linac =820 kw.
RF&-MEET-
16 HYFS A Protatype SHRF Linac B20 b 1 27T 37T B2 kw 70 m*th
Total Heat Loads out Vault components 8224 kW
Grand total for each accelerator (Heat Loads ) 11205 kw ~11,3MW

Table 3: Input data requirements, Accelerator Heat Load
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3.2.3 Test Facility

The current status of the Test Facility input data requirement are indicated on the Table
4, the values have been assessed by the Project Team according to:

e Facility Description of CDR (ref. [3])
¢ Standard engineer practice.

¢ Heat loads scheme Figure 3-2(Ref [7])
¢ Test Facility Utility Room DDD III (Ref. [7] )
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Figure 3-2: TF Cooling scheme
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Test Facility Input Data Requirements {HRS)
Prymary loop Secondary Water loops
Reference Unitary Heat Type of fluid Type of fluid
Item |Cooling system Quanti Toload |From Load To Load From Load Heat Load Water Flow Rate
R (KIT scheme) |Load ty or gases or gases
Test Cell . Concrete shielding , Water cooling system [to remove [KIT-DDD | (1)
1 from the concrete nuclear heat generated) HX 1 Attachment 2 360 kW 1 40°C 80°C Water 7°C 12°C|Cooled water 360 kw 62 m*/h
Test Cell . Concrete shielding , Water cooling system (to remove |KIT-DDD | {1)
2 from the concrete nuclear heat generated) HX 2 (use 0,00274) Attachment 2 360 kw il 40°C 80°C Water 2C 37°C|Cocled water 360 kw 31 m3/h
Test Cell . Concrete shielding , Water cooling system (to remove |KIT-DDD | {1)
3 from the concrete nuclear heat generated) HX 3 (use 0,0137) Attachment 2 30 kw 1 40°C 80°C Water 27°C 37°C|Coocled water 30 kw 3 m?/h
Test C ell Liner Water cooling system. Helium compressor (2 KIT-DDD | (2)
4 parallele machine } Attachment 3 175 kW 1 Water 27°C 37°C|Cooled water 175 kw 15 m?*/h
Test C ell Liner Water cooling system. Precooling HX 1 KIT-DDD | (2)
5 (compressoion heat removal} Attachment 3 525 kW 1 Water 27°C 37°C|Cooled water 525 kW 45 m3/h
KIT-DDD | {2)
6 Test C ell. Liner Helium cooling system. Final cooler HX 2 Attachment 3 30 kw 1 Water 7°C 12°C|Chilled water 30 kw 5.2 m*/h
Test C ell Liner water cooling system. Emergency return cooler HX|KIT - DDD | (2)
7 3 (protect compressor for excess T1 ) use 0,0137 Attachment 3 30 kw 1 Water 27°C 37 C|Cocled water 30 kw 2.6 m*/h
Test Cell atmosphere circulation blower (Supply inert gas (Ar.) for
a protective "curtain” to prevent ingress/accumulationof reactive
gases inside TC, when the TC is opened to the AC. Supply of He
when test cell is closed, after proper purge of all Ar. gas {(Circulation|KIT - DDD | (3)
8 cooler 8+1) Attachment 1 9 kw 1 30°C 25°C| Argon or helium 27°C 37°C|Coced water 9 kw 1m/h
Test Module helium cooling system (Helium compressor 5 KIT-DDD | {4)
9 parallele machines) Attachment 4 362 kW ik Helium 27°C 37 C|Cooled water 362 kw 31 m3/h
Test Module helium cooling system (pre-cooler HX1 (compression (KIT - DDD | (4)
10 heat removal) Attachment 4 954 kW 1 Helium 27°C 37°C|Coocled water 954 kW 82 m*/h
KIT-DDD | (4)
11 Test Module helium cooling system {control system) Attachment 4 113 kW 1 Helium 27°C 37°C|Cooled water 113 kw 10 m3/h
Discrepances between Conventional Facility and Tractebel: ; .
s ¥ : X Discrepance |———> | 185kW | chiledwater | 390 KW 575 kW
Conventional Facility have to consider:
To increase 185 KW heat loads for Chiller water. . L
Discrepance -807 kW | cooled water | 2558 kW 1751 kW
Reduce 808 kW heat loads for Cooled water

Table 4: Input Data Requirement TF Heat Loads
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3.2.4 Post Irradiation Examination Facility (PIE)

The current status of PIE Facility input data requirement are indicated on the Table 5:
Input Data Requirement for PIE Facility Heat Loads. The values have been assessed by
the Project Team according to:

e Facility Description of CDR (ref. [3])
¢ Standard engineer practice.

For the PIE facility a proper value was not available, since now PIE function
requirements and layout arrangement (for optimization) is still under study,
nevertheless an assumption have been made and the value of Heat load have been
summarized on the Table 5: Input Data Requirement for PIE Facility Heat Loads.
Represented on PDF ref. Figure 8-6: D-1223-011, Process Flow Diagram HRS (TF-LF-
PIE-CF)
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Table 5: Input Data Requirement for PIE Facility Heat Loads.

3.2.5 Conventional Facility (CF)

The current status of Conventional Facility input data requirement are indicated on the
Ref. Table 6: Input Data Requirement for Conventional Facility Heat Loads. These
values have been assessed by the Project Team according to:

e Facility Description of CDR (ref. [3])

¢ Standard engineer practice.

e Heat loads scheme (Ref to Table 6: Input Data Requirement for Conventional
Facility Heat Loads. and Figure 2-5: Conventional Facility HRS (Extracted
from HRS-PDF D-1223-011)

HRS for CF is referred to the following systems:

¢ Exhaust Gas Detritiation System
e Service Gas System (Argon/Helium heat exchanger’s cooling)
¢ Central Vacuum System
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Table 6: Input Data Requirement for Conventional Facility Heat Loads.

3.3 Safety Design Requirements

The general Safety approach for the design execution of HRS is based on the general
Safety specification for the Engineering Design Activities of IFMIF

¢ The IFMIF’s Safety objectives, principles and criteria.
¢ The Hazard evaluation techniques, to be implemented on the next design phase

The entire document is uploaded on DMS: Safety Specifications Ref. doc.
BA_D_224X48 Ver.4.0 (cfr. Ref. [2]) and following updating. At the present time the
Engineering Design for HRS follow the Safety approach mentioned on the guideline
document, nevertheless it can be subject to some deviation or weaves according the
final IFMIF site selection. As well as the safety authority could gives some further
requirements.

3.4 Operation and Maintenance

Integrative maintenance plan is not yet described on this DDD , shall be defined clearly
after having selected all the components for the HRS plant, preferable the maintenance
plan shall be prepared by the suppliers, as well as regulatory maintenance requirements
must be identified.

Minimum information required within the maintenance plan is listed below:

¢ Scheduled operation:

o Controls
Checks
Adjustments
Calibrations
Overhauls
Replacements, etc.

O O O O O
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Information provided from safety specification, Ref. doc. BA_D_224X48 Ver.4.0 (cfr.
Ref. [2]) and of course will be implemented and identified as necessary by the supplier
in order to ensure the best operation of the HRS system within its intended operational
scenario.

¢ Critical unscheduled operations:
o Replacements repair etc.

That may impact IFMIF availability and become essential to evaluate and to introduce
an additional important support of recommended spare parts list, (provided by the
suppliers) procedures, training, tools and test equipments, infrastructures.

The design of HRS shall accommodate long-term maintenance activities required to
support IFMIF plant operation. For maintainability and inspectability, HRS system shall
be designed in such a way that it can facilitate maintenance and, in case of failure, easy
diagnostics safe repair or replacement and re-calibration. The HRS’ maintenance must
be an ongoing endeavor. Any lapses in regular maintenance can result in system
degradation and obvious loss of efficiency which could arose to serious health issue.

Maintenance requirement for HRS system and equipments mast be conform to the
maintenance period defined for the IFMIF plant (particularly for the facilities that are
not reachable during operation period)

3.5 RAMI Requirements

RAMI Specifications guide documents Ref. to doc. 22HA3G from J. Arroyo Feb. 2012
(cfr. Ref.[10]) and the updating analysis from J.M. Arroyo showed availability of CF
98%, ref. BA_D_229V7H (cfr. Ref. [9]). The HRS system have been designed to
operate during all modes of IFMIF plant operation as well as shut down period HRS
should be reliable for continuous operation, easily accessible for the purpose of
operation and maintenance. Detailed RAMI analysis devoted to HRS has been
performed by Tractebel (cfr. Ref. [11]) the results are here below described, the same
values of 98% availability for the general CF system have been archived.

The HRS model is structured following the HRS system functions, the CF HRS model
is based on the P&IDs D-1225-011 to D-1225-020.
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Table 7: List of Functions

Function ID Function Criticality
group

Remove the heat from the process

4.1 Remove the heat from Lithium Loop

411 Remove the heat form the Li vacuum T2
system

412 Remove the heat form the Li tertiary T
Hx

4.9 Remove the heat from the

' Accelerator Facility

491 Remove the heat from the AF HE AS
compressor

4.2.10 Remove the heat from AF1 RFQ A2

4.2.11 Remove the heat from AF2 RFQ A2
Remove the heat from AF1 MEBT

4.2.16 (buncher) A2
SC-HWR linac
Remove the heat from AF2 MEBT

4217 (buncher) A2
SC-HWR linac

4718 Remove the heat from AF1 beam A2
dump + scrapers

4219 Remove the heat from AF2 beam A2
dump + scrapers
Remove the heat from the RF chains +

4.2.2 HVPS (Accelerator 1) Al

4.2.90 Remove the heat from AF1 HEBT, BTR, A
RIR

4991 Remove the heat from AF2 HEBT, BTR, A
RIR

4297 Remove the heat from AF1 vacuum A
system
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4.2.23

Remove the heat from AF2 vacuum
system

A2

4.2.3

Remove the heat from the RF chains +

HVPS (Accelerator 2)

Al

4.2.4

Remove the heat from (Acc 1):
Cold Box/HEBT

LVPS injector

PFQ cryo compressor

HEBT compressor

A2

4.2.5

Remove the heat from (Acc 2):
Cold Box/HEBT

LVPS injector

PFQ cryo compressor

HEBT compressor

A2

4.2.6

Remove the heat form AF1 injector
LEBT

A2

4.2.7

Remove the heat form AF2 injector
LEBT

A2

4.2.8

Remove the heat from AF1
MEBT/HEBT Q poles/triplet

A2

4.2.9

Remove the heat from AF2
MEBT/HEBT Q poles/triplet

A2

4.4

Remove heat from Test facility

44.1

Remove heat from TF: test cell
concrete shilding HX2

E5

4.4.10

Remove heat from TF: test cell liner
water cooling system HX2

El

4.4.11

Remove heat from TF: test cell
concrete shielding HX1

El

4.4.2

Remove heat from TF: test cell
concrete shilding HX3

E5

44.3

Remove heat from TF: test cell liner
water cooling system (HX1)

E5

4.4.4

Remove heat from TF:test cell liner
water cooling system (HX3)

E5
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Remove heat from TF: test cell liner
4.4.5 . ES
HE cooling system (compressor)

Remove heat from TF: test cell
4.4.6 . . E5
atmosphere circulation blower

Remove heat from TF: test module
4.4.7 . . E5
liner HE cooling system (HX1)

4.4.8 Remove heat from TF: test module HE E5
o cooling system (compressor)

Remove heat from Conventional

4.5

facility
4,5.1 Remove heat from CF VDS A2
45.4 Remove heat from CF GDS-V A2

3.5.1 Recovery time

A recovery time of the IFMIF facility has been added to the MTTR of each HRS
components. Logically, a recovery time should be associated to a loss of an HRS
function. However, it is not possible to directly allocate a recovery time to a function in
Risk spectrum. In the model, the recovery time associated with a function has been
introduced in the MTTR of all the components that are used to fulfill the functions. In
case a component is used in different HRS functions with different associated recovery
times, the longest time is used. The component recovery time considered is coded in its
name.

3.5.2 Specific model assumptions

The generic model assumptions are discussed in the folio O of this note. The additional
assumptions specific to the HRS model are hereunder listed:

¢ For every HRS cooling loop, one cooling tower group is considered as
a spare. At minimum two cooling towers must be unavailable in
order to lose the heat removal function.

e The distance between the cooling towers and the client facility is
considered as ~200m of piping.

e Some valves were assumed pneumatic: the valves at outlet of the
cooling tower, and the valves at the interface between the CF HRS
and the “client” facility or system.

e For the manual valves, only the leakage failure mode has been
considered. An error of position configuration after maintenance or
an erroneous actuation by an operator is not considered. The MTTR
of such operator errors would also be very low.

e The check valves are not supposed to fail.
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3.5.3 Results

e If the MTTR of a component is lower than 5Sh, it is assumed that the
inertia of the cooling system will limit the recovery time. The
“short” recovery time is used in these cases (i.e. one category lower
compared to the “long” recovery time). The 5h time threshold has
been discussed with the designer during the FMECA session. The
generic short/long thresholds defined in the folio O are consequently
not applied for this HRS system.

The availability results are described in the following table:

RiskSpe_Ic_::;L;m Ll Description TISneasg?ae;ﬁfynt Availability %
(TD Mean)

CHR-0-GENERAL HRS 3.90E-02 96.1

CHR-4.1 HRS for LF 9.97E-03 99.003

CHR-4.2 HRS for AF 1.09E-02 98.91

CHR-4.4 HRS for TF 2.77E-02 97.23

CHR-4.5 HRS for CF 9.97E-03 99.003

The results related to the HRS functions 4.1, 4.2, 4.4 and 4.5 are informative since these
functions are not independent.

With this first model, even the general CF availability requirement (98%) is not

fulfilled.

This result is conservative since it does not consider the potential degraded case with
one accelerator available and the other one unavailable; resulting in a 50% availability
of IFMIF (0% availability is considered in case of failure of one AF). Since both AF are
cooled by the same loops, most of the failure will lead to the loss of both AF. Analyzing
the 50% availability degraded case will consequently not improve significantly the

results.

3.5.4 Components and parameters susceptible to be problematic

From the minimal cut set list, it can be seen that the critical equipments are those
required to fulfil the functions with a highest recovery time:

¢ Remove heat from the TF TC (liner, concrete shielding, ...) - ES
(function identified as critical in FMECA)
e Remove heat from the TF TM (helium, ...) - E5
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¢ Remove the heat from the AF HE compressor - AS

The loss of these functions have been identified as critical for IFMIF recovery since the
unavailability can cause damage to the TF or a heating up of the AF.

More than 70% of the HRS unavailability is generated by single event cut sets linked to
these functions. The main single event cut sets are:

e The basic events associated with the 200m water pipes of the HRS
loop that supports the above critical functions (FR = 9.84E-9 /h/m =
3.94E-6/h for ~400m of pipe)

e The motorized butterfly valves at the interface between the CF HRS
and the supported facility or system (FR = 4E-6 /h).

The failure of one of these components that have a relative high failure rate will directly
lead to a long period of unavailability due to the associated recovery time.

Based on the importance analysis results, it is obvious that the failure rate and mean
down time of these components are critical for the availability calculation. A variation
of these parameters will lead to a significant improvement or degradation of the
availability. The reliability parameters of the cooling towers are also important with the
advantage that there is a spare cooling tower in every HRS cooling loop.

These components should consequently be carefully designed to ensure a high
availability of the HRS systems.

3.5.5 Sensitivity and Degraded cases

In order to assess the model and challenge some uncertainties, different sensitivity cases
have been computed.

3.5.6 No recovery times

In order to assess the availability of the HRS as a stand-alone system, the FTA model
was run after removing all IFMIF recovery times in the components’ MTTR/MDT.

The availability results for the stand-alone system are given in the following table:

RiskSpe;:;c:;m Fault Description TIlTnea\?aei?aeg:ﬁteynt Availability %
(TD Mean)

CHR-O-GENERAL  |HRS 1.2E-03 99.88

CHR-4.1 HRS for LF 1.27E-04 99.99

CHR-4.2 HRS for AF 6.83E-04 99.93
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CHR-4.4 HRS for TF 3.74E-04 99.96
CHR-4.5 HRS for CF 1.86E-04 99.98

3.5.7 Failure rate of critical components

As explained, the pipe and motorized valve failure rate is an important parameter in the
model. In order to assess its sensitivity, two cases have been analyzed with some
variation of the failure rate:

Failure rates of pipe multiplied by 10

Time Dependent
Description Unavailability Availability %
(TD Mean)

Risk Spectrum Fault
Tree

CHR-0-GENERAL HRS 2.06E-01 79.4

Failure rates of pipe divided by 10

Time Dependent
Description Unavailability Availability %
(TD Mean)

Risk Spectrum Fault
Tree

CHR-0-GENERAL HRS 2.24E-02 97.76

Failure rates of motorized valve multiplied by 10

Time Dependent
Description Unavailability Availability %
(TD Mean)

Risk Spectrum Fault
Tree

CHR-0-GENERAL HRS 1.63E-01 83.7

Failure rates of motorized valve divided by 10

Time Dependent
Description Unavailability Availability %
(TD Mean)

Risk Spectrum Fault
Tree
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‘CHR—O—GENERAL ’HRS ‘ 3.41E-02 97.36

3.5.8 TF Test Cell cooling loops success criteria

There are six interfaces between the HRS and the test cell cooling system (3 for the
concrete shielding and 3 for the liner cooling) corresponding to the different test cell
heat exchangers. During the FMECA, it was not defined how many of these exchanger
are required to ensure the TC cooling in normal operation. The first model described
above assumes that every of these interfaces should be available to ensure sufficient
cooling of the TC.

If we assume a 2 out of 3 redundancy of these cooling systems, meaning that the loss of
one interface on 3 is acceptable, the availability figure becomes:

Time
RiskSpectrum Fault Description Dependent | Availability
Tree P Unavailability %
(TD Mean)

Remove heat
CHR-0- (degraded case/
GENERAL_D-1 redundancy) 2.61E-02 96.89
CHR-4.1 HRS for LF 8.26E-03 99.003
CHR-4.2 HRS for AF 8.46E-03 98.91

Remove heat from

TF degraded case/
CHR-4.4 D redundancy 1.72E-02 98.02
CHR-4.5 HRS for CF 8.25E-03 99.003

3.5.9 Redundancy of the cooling loops

In the DDD 1II (Reference document for RAMI analysis) design, some components of a
cooling loop are redundant (for example the circulation pumps or the chillers unit) but
other components of the loop are not (for example the water pipes, the valves at the
interface between the HRS and the other IFMIF facilities ...).
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In order to determine the availability improvement potential of more redundant cooling
loops for the cooling of the critical functions, a case has been simulated in Risk
spectrum that simulates two independent cooling loops for the critical functions. This

case does not consider the previous sensitivity regarding the success criteria.

The figure below schematically shows the current design configuration for the TF
concrete and liner cooling (P&IDs D-1225-011 and D-1225-012), and the redundant
configuration model for this sensitivity analysis case. In the redundant case, the critical
functions are cooled by two independent lines, excepted for the cooling towers. This
model case corresponds to a situation where the critical equipment is cooled by two
independent cooling loops. The interface between the HRS and the critical systems are
consequently redundant.

Cooling

—

—

Pump

Pump

Cooling towers

Critical

1 23456

functions

Pump Pump
INNEENEEEER
1 23 456 1 23 456
Critical functions Critical functions
(loop 1) (loop 2)

Current design
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Compared to the first results, the availability figure becomes:

Time
. Dependent | Availability
Description Unavailability %
(TD Mean)

CHR-0-GENERAL HRS 1.13E-02 98.57
CHR-4.1 HRS for LF 8.26E-03 99.003
CHR-4.2 HRS for AF 8.46E-03 98.91
CHR-4.4 Remove heat from
(redundant) TF facility 2.45E-03 99.681
CHR-4.5 HRS for CF 8.25E-03 99.003

The increase of the HRS availability is significant. By applying the same design for the
cooling loop to the AF Helium compressor (criticality = A5), the unavailability of the
AF cooling could also decrease.

3.5.10 Applicable Codes and Standard Requirements
International standards have been selected for the design of the HRS in particular:

* The equipment for (HRS) shall be designed according to safety specification for
the engineer design activities [IFMIF ref. BA_D_224x48 (Le Tonqueze Y.[2]) in
accordance with the pressure equipment directive (PED) 97/23Ec. and following
the most restrictive directive adopted in EU and in Japan.

* Code and standards for HRS mechanical components shall follow the general
IFMIF specification: Applicable Codes and standards for the CF design, in
addition the following codes and standards shall be applied:

— ASME/ANSI B16.34-Valves, flanges, threaded and welding end.

— ASME B31.3- process piping.

— ASME/ANSI B.16.25- Pipes, valves, fittings and flanges butt weld ends.
— 1SO 4427 and DIN 8074-HDPE pipes.

— ASME B73.2M-Vertical in-line pumps.

— CTI standard-Cooling Towers.

— ASME section IX- welding and brazing qualification.

— ASME section V- non destructive examination.
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— API 510- testing of valves.
— EN 13445 — Pressurized Vessels design;

— EN 13480 — Metallic Piping;

4. System Design Description

4.1 Design Summary

For this section you can refer to the System Functions and Basic configuration (cfr.
Sect. 0-1.1)

4.2 Safety

Refer to Safety specifications for the Engineering design Activities of IFMIF ref. doc.
BA_D_224X48 Ver. 4.0 and following updating (cfr. Ref. [2])

4.3 Assumptions

4.3.1 Reference Outdoor Conditions

The design of a Heat Rejection System is related to the outdoor summer conditions that
indeed have strong influence on the selection of the equipment to reject the removed
heat in the environment (cooling towers)

The most constraining summer conditions were taken from ASHRAE Handbook (cfr.

ref [1]):
v’ Summer Dry Bulb Temperature: 30.2°C;
v’ Summer Wet Bulb Temperature: 23.8°C;
v'Time during the year exceeding the above conditions: 0.4%

4.3.2 Equipment Margin

A safety margin for the HRS equipment has been assumed according to the standard
engineering practice; generally, the design has to be assumed in order to allow some
flexibility to the system.

In particular:

v'For pumps, margin takes into account the heat generated by the pumps
themselves. This has been quantified in a +10% of the flow rate;

v'For heat exchange equipment, margin takes into account the partial clogging up of
the heat exchange surfaces (pipes and/or plates). This has been quantified in a
+10% of the exchanged heat.
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4.3.3 Environment-Water Heat Exchangers Main Features

The main characteristics of the equipment designated to transfer heat from the cooling
media to the environment have been selected according to the standard engineering
practice and considering the reference outdoor conditions (cfr. Sect.4.3.1)

In particular main assumptions are referred to the:

e Equipment typology:
o Open circuit Cooling
Tower

¢ Equipment configuration:

o Modular Layout of
Cooling System (Cooling Towers in Parallel (cfr.Ref: Error! Reference
source not found.) mainly divided into 4 (four) main loops as follows:

a) Loop 1 Accelerator
(components inside Vault) Cooling Towers 1, capacity 1.8 MW referred
to the first phase only for 1 accelerator.

b) Loop 2 for LF-TF-
PIE-CF Cooling Towers 2, capacity 22.1 MW one phase only)

c) Loop 3 for
Accelerator’s Beam Dump & scrapers and HEBT-BTR-RIR (risk of
contamination) Cooling Towers 3, capacity of 2.0 MW referred to the
first phase only, for 1 accelerator.

d) Loop 4 for
Accelerator auxiliaries (i.e. He. compressor, RF& HVRS and common
skid) Cooling Towers 4, capacity of 10.0MW referred to phase one
only, for 1 accelerator.

€)
4.3.4 Water Chillers Main Features

The main characteristics of the equipment designated to supply chilled cooling media to
the different components have been selected according to the standard engineering
practice.

In particular main assumptions are referred to the:

¢ Equipment typology: Water Condensed Chillers.

e Chiller compressor type:
o Centrifugal >700 kW
o Reciprocal <500 kW
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4.3.5 Water/Water Heat Exchangers main characteristics

The main characteristics of the equipment designated to transfer heat from one heat
removal loop to another one has been selected according to the standard engineering
practice.

In particular main assumptions are referred to the:

e Equipment typology;
o Plate Heat Exchanger

4.3.6 Accelerator Heat Removal Skids

The different heat exchange stations that supply the Accelerator Facility has been
selected following the same approach that is characteristic of the accelerator prototype.

In general, the current design considers that there are different heat removal skids for
the different part of the accelerator. The main reasons of this choice are:

e to respect the differences in the cooling parameters of each accelerator component
¢ To isolate the potentially activated loops from the ones that do not present water
activation hazard.

According to the above statements, the following skids have been considered:

e RFQ Chilling skid: Radio Frequency Quadrupole (this
needs a very precise supply
temperature and accuracy);

e RF & He C. &Auxiliaries cooling skid: RF Chains and all the auxiliaries
located outside the vault;

¢ In Vault Equipment Cooling skid: all the equipment located inside the
vault that doesn't need a precise
water temperature and/or accuracy;

¢ Beam Dump and HEBT Cooling skid: Separate skids for High risk of
contamination.

4.3.7 SIC Classification

According to the classification proposed in Safety Specifications (cfr. ref [2]) and
Safety Important Class-SIC, Methodology, Classification & Requirements (cfr. Ref. to
Doc. BA_D_228V5Q Version 1.2 ref [8]

The system has been classified as SR/ non- SIC

4.3.8 Redundant Equipment

Redundancy of the equipment should contribute to the target availability value of the
Conventional Facilities stated into 98% (cfr. Ref. Tractebel report RAMI analysis 98%
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ref, [IFMIF/4NT/276784/000/01[11]). The following assumptions have been made based
of RAMI analysis and the standard engineering practice.

Simple redundancy to components that can cover 100% of the requirements ;(100%
X 2).

Multiple redundancy is considered when requirements can be fulfilled by a set of
components (n components) working together ([100%/n] * [n+1]).

4.4 Detailed Design description

According to the classification proposed in CDR (cfr. Ref. [3]) a further HRS System
subdivision has been proposed with slightly changes to meet the safety regulations and
system flexibility:

The HRS has been selected into two main category of cooling tower’s Loops:

¢ Potential risk of water contamination

o Beam Dump
scrapers cooling skid, HEBT-BTR-BTR-RIR cooling skid. For these
cooling skid and intermediate Heat exchanger was necessary in order to
avoid the possibility of water cooling contamination due to accidental
leakages (due to foreseen height activation of these primary cooling
water loop) Intermediate heat exchanger will act as effective new safety
barrier to prevent such situation of water contamination.(see drawing
Figure 8-9: D-1223-D-014- Process Flow Diagram HRS (Accelerator
facility) 4/4)

o Lithium Facility,
Tertiary water exchanger. This exchanger is not part of the HRS, HRS
have the interface point to the inlet out let valves of the heat exchanger
(Tertiary Heat Exchanger), nevertheless the contamination protection is
ensured since the tertiary heat exchanger for the cooling Lithium loop
use water as coolant fluid into close circuit and the heat is extracted from
the oil loop which in turn the oil extract heat from liquid metal Lithium
by means of another heat exchanger Ref. to Figure 8-6: D-1223-011,
Process Flow Diagram HRS (TF-LF-PIE-CF) ) and the Figure 3-1: Input
data requirements for LF Heat Loads

¢ Low risk of water contamination

o Accelerator’s
components cooling skids Inside the vault: Injector, RFQ, MEBT
(Bunchers) SRF Linac antennas and Accelerator’s components cooling
skids outside the vault: Helium compressors, RF chain &HVPS, Cold
box, Injector’s LVPS, HEBT, LVPS, RFQ and HEBT Cryo compressors,
Vacuum system, Ref. Figure 8-8: D-1223-D-013-Process Flow Diagram
HRS (Accelerator Facility) 3/4 and Figure 8-7: D-123-012- Process Flow
Diagram HRS (Accelerator Facility) 2/4
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4.5 System Performance Requirements

Not applicable at this engineering stage, anyhow the system performance basic
functions are indicated on the P&ID’s of HRS designs Ref:

e Figure 8-10: D-1225-011- P&ID HRS 1/10
¢ Figure 8-11: D-1225-012-P&ID HRS 2/10
e Figure 8-12: D-1225-013-P&ID HRS 3/10
¢ Figure 8-13: D-1225-014-P&ID HRS 4/10
¢ Figure 8-14: D-1225-015- P&ID HRS 5/10
e Figure 8-15: D-1225-016- P&ID HRS 6/10
¢ Figure 8-16: D-1225-017-P&ID HRS 7/10
® Figure 8-17: D-1225-018-P&ID HRS 8/10
¢ Figure 8-18: D-1225-019-P&ID HRS 9/10
® Figure 8-19: D-1225-020 P&ID HRS 10/10

4.6 System Arrangement

4.6.1 Equipment arrangement Drawings
Refer to the next (Ref. Sect.4.7) Component Design Description

4.7 Component Design Description

For this purpose we have detailed the list of the HRS components necessary for the all
HRS system of IFMIF plant, the information are integrated on the document called
Equipment List HRS system referred to PBS 5.3.3.3 Ref. Table 11: S-1224-001- HRS
Equipment List. The Equipment List represents all the HRS components, on the list
following detailed information are provided:

e Jtem NO

e Service

e QTY

e Material type

¢ Type of component

e Specification

® Main Dimension

¢ Electrical output rate (kW)

¢ Location on the IFMIF Building (Area/room’s number)

4.8 Instrumentation and Control

HRS Central Control System (CCS) shall be conforming to standards, specifications
and interfaces as documented in the CC&CI — DDD document ref. BA_D_23RU2B.

CC&CI will ensure the integrated supervision control of overall IFMIF plant and plant
system operation. These functions will be available in master control room HRS shall
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have its own plant control system (PCS) (MPS) machine protection system that shall
integrate the individuals control system of each of the HRS subsystems.

Information from the data is available in the HRS local control system (MPS) shall be
transferred to CC&CI to allow a complete and reliable operation of the HRS. The
instrumentation and control components shall include all Computers hardware and
software required to control the HRS plant system, including input/output (I/0)
interfaces and plant system interlocks. These requirements shall be established based on
the preliminary design of the HRS. Sufficient instruments shall be included in HRS
plant system to monitor components performance within the design envelope and to
alarm plant operators on the onset of operation outside design margin (particularly for
the water leakages detection and water quality conditions). Instrumentations shall
include pressure and temperature flow sensor to measure/monitor performance and
allow independent control of components for the system. Also, instruments shall be
installed to monitor water chemistry, temperature of blow down and the Cooling Tower
basin, the instrumentations indicated is descriptive but not limited, specific
instrumentations and control requirements for HRS system shall be established on due
course. We can refer to the HRS P&ID (Ref. documents D-1225- 011 to 019 Figures:
6:10 to 6:19)

4.9 Status of R&D activities and future plans
Not applicable for this system.

5. List of references

5.1 References

[1] 2009 ASHRAE Handbook Fundamentals

[2] Y. Le Tonqueze, Safety Specifications for the EDA of IFMIF, BA_D_224X48

[3] IEA, IFMIF Comprehensive Design Report

[4] Accelerator System Group, Ref. BA_D_22NF7C v1.0

[5] G. Pruneri Heat Loads Input data In Vault components.

[6] G. Pruneri /Pierre-Yves Beauvais: Accelerator Heat Rejection System Scheme

[7] F.Arbeiter Test Facility Utility Room DDD doc. BA_D_22BWBP rev. 4.0

[8] Y.Le Tonqueze, Safety Important Class-SIC Ref. BA_D_228V5Q rev. 1.2

[9] .M. Arroyo, Availability of CF is 98%, ref. BA_D_229V7H

[10] RAMI Specifications guide documents Ref. to doc. 22HA3G from J.M. Arroyo

Feb. 2012

[11] Tractebel report RAMI analysis 98% ref, IFMIF/ANT/276784/000/01

[12] HRS Heat mass balance of Heat removal (Extracted from DDD III, IFMIF LF
Ref. BA_D_22QUE -v 1.1)
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6. Appendices
6.1 List of Documents
6.1.1 Drawings (PFD’s, P&ID’s 2D drawings & Excel file)
6.1.2 Layout Plan for HRS

This section reports the preliminary HRS layout, main components outdoor Cooling
Towers. The layout is divided by floor and is represented the overall dimensions of the
HRS’s piping and equipment. These layouts enable the Building designer to validate the
size of the technical shafts, corridors, HRS’s technical rooms and all the area where are
foreseen heat exchangers and HRS component’s installation.

These drawings together with CF piping layout should help to have a clear picture of the
components that take part in the system definition and of the main interactions among
them.

Layout Plan for HRS is considered as a preliminary document for the system design,
could be slightly modified by an updating in the input data or IFMIF layout changes.
Ref. to Figure 8-1: Overall View, outdoor cooling Tower main configuration.

6.1.3 HRS’s Heat Loads scheme.

In the Figure 6-1 to 6-5 are shown the different configurations selected for each HRS
based upon the engineering design have been developed.

6.1.4 Process Flow Diagram (PFD)
Ref to Figure 6-6 to 6-9

6.1.5 Equipment List HRS System
Identified on Table 11: S-1224-001- HRS Equipment List

6.1.6 HRS P&ID

The basic design for the major HRS components is identified on these drawings. The
components have been checked and confirmed their dimensions based on the
performance and availability on the HRS commercial market. The Basic design of
HRS’s Equipment layout is identified from (Figure 6-10 to 6-19) Figure 8-10, Figure
8-11, Figure 8-12, Figure 8-13, Figure 8-14, Figure 8-15, Figure 8-16, Figure 8-17,
Figure 8-18 and Figure 8-19.

6.1.7 Equipment Layout, displaced on Conventional room.

These Figure 8-20, Figure 8-21, Figure 8-22, Figure 8-23, Figure 8-24, Figure 8-25,
Figure 8-26 and Figure 8-27, show various components of HRS i.e. located in a
different technical rooms of IFMIF plant, mainly Heat exchangers, pumps etc. that are
also clearly identified by type on the List of Equipment and are belong to the HRS,
some of them as part of the Detritiation system but still served by HRS System . (Ref.
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to: Figure 8-20, Figure 8-21, Figure 8-22, Figure 8-23, Figure 8-24, Figure 8-25, Figure
8-26 and Figure 8-27.)

6.1.8 Layout Plan for main piping of Conventional Facility
(Ref. Figure 2-1, Figure 8-29, Figure 8-30, Figure 8-31)

6.2 List of Computer Programs
Not applicable

7. Others
Not applicable

8. Note, IFMIF configuration

The following tables Table 8, Table 9 and Table 10 are necessary to explain that the
evolution of the FMIF design has brought to some changes on room characteristics and
its layout configuration. In the following tables; 8-9 and 10 you can identify these
changes that will have to be considered at the final construction engineering phase of
IFMIF. Nevertheless the HRS concept configuration and preliminary calculation
analysis included on this DDD are in line with the IFMIF HRS heat loads calculations
and components allocation.
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Figure 8-2: Accelerator's Heat Loads scheme.
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Figure 8-8: D-1223-D-013-Process Flow Diagram HRS (Accelerator Facility) 3/4 (CT 1)

47 of 78




Heat Rejection System
BA_D_23NEQR

N \ |
- ] o !
- I LAccelergior=1) i {Acceleratoe ‘i' {
ot B e ol CF | Azcelerotor Facilily | | CF_ | Accelerator Focaly i
(S——1] (i Bl 25 Bk’ I—-::Ilu:'l - | B :
. ;—"f—;_ _. e o o2 A7 oy i 7 i 4 |
T . X e T8 = e TR = |
[l S _ . —— | E ' Tavagrn E | . ]
=4 onig8leoNN—o T le e N @ P
¢ D.;L.:n_w thdaglh "'Q ?.E;! [ Témt] .5 ﬁnlE::-r- i wm-:-- d
ke ) "y wonm man | [ ., S
w i e
E=d 3T R :
] : : e
] : T m:";'. [ : I
1 | g i | 1
O P et [ Py |
[Dnerersl : :
| et Lt I I
Lo~ | |
i 1 i
] H ]
| | :
1 - I
i e Tt R T
1 2 3 4 s | B ] ] g 10 *1 Wey Bub 23.6°C. Approach 32°C
Fluid Industrial  |Secondary (Secondwy |Secondary |Secondary |Sscondary |Secondary |Secondary |Secondary |Secondary
Coolng Caoling Cooling Cooling Coolng Cooling Cooling Canling Cooling
Water Water Water Water Water Water Water Water Winter Water
ma_ﬂm_lmih 6.5 16 142 142 142 142 284 284 284 | 384
Temperature  |°C AME 26 *1 28 38 76 36 26 36 27 a7
Pressure _ [MPa |- 0.5 05 0.5 0.5
Remarks 1.65 MW 1.65 MW 3.3 MY 3.3 MW
Conc. Ratic dT
4 - 1%
11 12 13 14 15 18 21 22 23 24 25 26
Fluid Secondary |Secondary |Seconday |Secondary |(Secondary |Secondary Secondary |Secondary |Seconday |Secondary |Secondary |Secondary
Cooling Cooling Coolsng Cooling Coclng Cooling Cooling Cooling Coolng Cooling Cooling Cooling
Water Water Water Water Water Water Wiater Wiatar Water Watsr Water Water
Mater Flow |n\r-"'h 1419 1419 103.2 1032 38.7 387 141.9 141.8 103.2 103.2 as.7 38.7
Temperature  |°C 27 iy 27 a7 27 a7 27 37 27 a7 27 ar
Pressure IMPa 06 05 05 0.5 o |
Hemarks 165 MW 1.2 MW 045 MW 1.65 MW 1.2 MW 0.45 Y |

Figure 8-9: D-1223-D-014- Process Flow Diagram HRS (Accelerator facility) 4/4 (CT 3)
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Equipment List for 5.3.3.0.0. 1333.333333
No [TEM No. SERVIGE aTy MATL TYPE SPEGIFICATION MAIN DEMENSION | RATED OUTPUT ACCESSORIES 2‘3‘3'&1": REMARKS
T5. 3. 3. 0. 0.- HT - 001 AteE [Gooling Tower 2| Carban Stesl Open Exchanged heat guantity: 23.3MW [WTTO0OXLI000XHE000 [FAN Outdoor  |Wet bulbe 205 C
Secondary GW  Flow rate: 2200m3 h 37kW x 3/ Unit BAG's VXT-1200
Tamperaturs: 35.8=—27°C [400v)
20%X5+1
Zl 5. 3. 3 4] .- P - 001 A/B Secondary OW Pump 2lGarbon Stesl Cantrifugal 2200m3 b, 50m_ 100%X2 WIGD0XL4000XH 1700 [400kW (6 6kV) Outdaor i
3 5. 3. 3 0 0. = HX = 011 Primary CW Heat Exchangar I} Stainless Staal Plata Exchanged heat quantity: 4. 2MW WTB0XL3S00XH2300 - R106=1 ALFA LAVAL's T20
Secondary GW  Flow rate: 360m3/h
Temperature: 27—37°C
Primary  GW  Flow rate: 360m3./h
Temperature: 30—40°C
Araa of heat transfer surface: 470m2
45, 3, 3. 0 0. -PFP - 011 A/B_|Pomary CW Pump 2{Stainless Staal Centrifugal A40mds b, 50m. 1008X2 WIB0XLI1650XHT180  [132KwW (400V) R106-1 =
506, 3. 3. 0. 0,- ¥ - 011 Primary GW Expansion Tank 1}|Stainless Stesl = 1rnd © 1000442000 t6 = R307 =
6l 5. 3 3 a 0. = HG = 021 A/B [Primary ChW Ghiller 2|Cu, Garbon Steel |Centrifugal Exchanged heat guantity: Z.5MW WZII0XL4380XH2640  [460KW [6.6kY) R106=1 DAIKIN'S HTE0OME
Secondary GW  Flow rate: 520m3/h
Temperature: 27—32°C
Primary  ChW Flow rate: 440m3/h
Temparature: 12—7°C
1005%X2
Il 5 3. 3 0. 0. - P - 021 AB Primary GhW Pump 2lStainless Steel Centrifugal 270md . 50m. 100%X2 WISDXL 1400XH 1000 20kW (400V] RID6-1 -
Bl & d., 3. 0. 0= Y = 7 Primary CUhWW Expansion Tank 1] Stainless Staal = 1m3 D 1000XH2000 t6 - R307 -
ol 5 3. 3. 0. 0.- HT - 101 A/B/C|Codling Tower 3| Carbon Steel Open Exchanged heat guantity: 10.0MW 'W11000XL3I0D0OXHS000 |FAN Wet bulbe 23 8°C
Secondary GW  Flow rate: B60m3/h 3TRW x 3/ Unit BAG's VXT-1200
Temperature: 37—27°C (400v)
25% K7+ |
5. 3. 3. 0. 0.= HT = 102 A/B |Gooling Tower {Znd Phasa) 2|Carbon Steesl Open Exchanged heat quantity: 10.0MW W11000XL3I0DOXHS00D |FAN Qutdoar  |Wet bulbe 238°C
Secondary CW  Flow rate; B60m3/h ATEW x 3/ Unit BAGC's WXAT-1200
Temperature: 37—27°C 400V
255X2
11465, 3 3. 0. 0.-PFP = 101 AB |Secondary CW Purmp 2 Carbon Stesl Centrifugal B60md b 50m. 100%x2 WIODXL2Z00XH 1100 185kW (8 Bl Outdoar |~
1205, 3. 3. 0. 0, - HT - 201 A/B |Gooling Tower | Carbon Steel Open Exchanpged heat gquantity: |.EMW WESDOXLI000XHE000 [FAN Outdoor  [Wet bulbe 23.8°C
Secondary GW  Flow rate: 290m3/h 22kW x 2/ Unit BAC's VXT-560
Temparature: 32 4—27°C (400
50%X1+1
13| 5. 3, 3. 0. 0. = HT - 202 GCooling Tower (Znd Phase) I|Carbon Steal Qpen Exchanged haat guantity: 1| BMW WESD0XLI000XHS000 [FAN Outdoor _[Wet bulbe 23.8 C
Secondary CW  Flow rate; 290m3/h 22kW x 2/ Unit BAC's WXT=560
Temperature: 324—27°C (400Vv)
50%X1
415, 3.3, 0. 0, - P - 201 A/B |Secondary W Pump 2lCarbon Steal Centnfugal S80md/h, 50m, 100% X2 WIS0XL1B00XHE50 X2 |1 10kW (400V) Qutdoar |-
8|5, 3. 3. 0. 0,- HG- 211 A/B |Secandary GhW Chiller 2|Cu, Garbon Steel  |Gentnfugal Exchanged heat guantity: 2 6MW W2II0XL4380XH2640 [460KW (6.6kY) R106-1 DAIKIN'G HTBOOME
Secondary CW  Flow rate: 540m3/h
Temperature: 27—32°C
Secondary GhW Flow rate: 450m3/h
Tamperature: 11—167C
100%X2
16] 5 3, 3.0, 06,-P - 31 A/B |Secondary ChWw Pump 215tainless Steal Cantrifugal 450ma3/h, 50m, 100%X2 WI00X L 1600XHI00 SOkW (400Y) R106-1 =
1715, 3. 3. 0, 0,=- N = 21 Secondary GhW Expansion Tank 1|5tainless Steal ~ Im3 P 1000XH2000 t6 = R307 =
18l 5. 3. 3. 0. 0.~ HT - 301 AB |Gooling Tower 2| Carbon Steel Open Exchanged heat quantity: 2.0MW WT4000XLI00OXHS000 [FAN Outdoor  |Wet bulbe 23 8°C
Secondary CW  Flow rate; 170m3/h A7kW x 2/ Unit BAG's VX1-B00
Temparature: 36—267C (400
S0%X1+1
@5, 3, 3, 6., 0,- HT - 302 Gooling Tower {Znd Phass) I Garban Steel Open Exchanged heat quantity: 2 0MW WT4000XLI000XHS000 |FAN Outdoor  |[Wet bulbe 23 8°C
Secondary GW  Flow rate: 170m3/h ITHW x 2/ Unit BAG's VXI-800
Temparature: 36—28°C [400V)
50%X1
200 6. 3 3. 0. 0.=P = 301 A/B |Tertiary CW Pump 2|Carbon Steal Centrifugal 340m3/ k. 50m. 100% X2 WESDXL1500XHTS0 75k (400V) Qutdoor |-
215, 3 3. 0. 0,- HX - 311 Secondary CW Heat Exchanger I|5tainless Steal Plate Exchanged heat guantity: 4 0MW WIIS0XL5200XH3100 |- R106-1 ALFA LAVAL's M30
Secondary GW  Flow rate: 340m3/h
Temperature: 26—36°C
Secondary GW  Flow rate: 340m3/h
Temperature: 37—27°C
Araa of heat transter swface: 1330m2
221 6. 3. 3. 0.0, - P - 311 A/B |Secondary CW Pump 2|Stainless Steel Centrifugal 340md h, 30m. 100%X2 WEOOXL 1400XH 1200 |T5kW (400v] R106-1 =
231 5. 3. 3. 0. 0.=- Vv = 311 Secondary GW Expansion Tank 1|Stainless Steal - Im3 D 1000XH2000 t6 - R307 =
24
25

Table 11: S-1224-001- HRS Equipment List
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Figure 8-10: D-1225-011- P&ID HRS 1/10
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Figure 8-11: D-1225-012-P&ID HRS 2/10
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Figure 8-12: D-1225-013-P&ID HRS 3/10
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Figure 8-14: D-1225-015- P&ID HRS 5/10

54 of 78




Heat Rejection System
BA_D_23NEQR

[E
K
i
]

i

ot
:

¥

;

i

5
g

ndl Ll | ]

[ MTT-EIL] REES § . LCHT
C¥
HEIEIII;:" — e F'E: }
B=1Es =015 Ezat
Luckurper
Ualzl
(]
R
Honl
Eactmrger
Uit s
s 2o Chy g e
b= |01 #.:?ﬂ § T i
Crd
::.nn-n-.: Rz

X

Anifs

Chie-3UE
I

1el6<] | o]
b

g
LR ]
7

=]

LT
h-|225-0i7

Figure 8-15: D-1225-016- P&ID HRS 6/10

S550f 78




Heat Rejection System

BA_D_23NEQR

SECONDERY ChW

R e =

It
ac |l Ity

I|¢'E.-1t:l Phase

g

(aAcce lerator-22

404-CW-L3 J

e
2003100
2003%100

Acrrlora bor=2
G54-CW-L8 n n # InjJector
ht T 1 i L i
Unit 1, Unit 4 o 4%..\(:- \—EEL—JT
0-1225-016 Cw-C
SECONDERY Chi |
dccrlrstor? ; ”
eval Y G5A_CW-CS 40A-CW-CS \ . i
Uit 1, Unik 4 -
ﬁﬁﬁﬁ/ Chw-5U% Heal
,ﬁ
40A-CW-CS : e /o atess |
L’:r 1 " U L
- o L
Cw-CE
40A-CW-CS . |
sots ———po—et/ | B
CW-CS
Eschanger
; Unit 4
SECONIERY ChW 6 0
Rore bieca-f 2O00A-ChW-SUS 100A-ChiW -SUS P ]
oy : e " ‘s
Unit 2./t 3 L 1&~ My cxglers)
I-1BE5-016 Chw-3us
SECONIERY ChW |
Nere e, 200A-Chw-SUS L00A-Chi -SUS il RFQ
| it 2lnit3 g g 100A= ~ - [-Lnifvioap
DI=-1225-016 al @ | Chw=-3Us
| >
i -
E
™1 "liooa-crv-sus

)
4

Chiw-%

LI0A-ChW-SUE

Y e
|

us

>OX

with

3

L00A-Ch'W-SUS L

{[w.f
ChW-SUS

| twith ot

1| 1k al I
%M. .!\.1 <|]ﬁ couplersd
Chw-5US
0A-ChWw-SUE ...‘H! L " RFG@
100A L il | twith cousl
Chw-SUS Heat
Exchanger
Lnitg
S0a-Crw=5U3S \ i 1 ¢ Bunchers)
’m' J'BD‘II.S: SC=H Linmar
Chiw=5US
HiA-Cn'w'-SUS j ! m " 4 )
s M
Chw-3U% Heat
Exchonger
Unit 3

Figure 8-16: D-1225-017-P&ID HRS 7/10
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Figure 8-24: D-1225-058- Equipment Layout HRS (room R174)
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1. System Functions and Basic Configuration

1.1 System Functions

1.2 System Basic Configuration
The Service Gas System (SGS) stores, supplies and distributes service gases in
sufficient quality, quantity, and at sufficient pressure to client’s systems which required
such supply within IFMIF Site.
To accomplish the above mentioned functions the SGS is composed by the following
main four (4) subsystems:
° Argon Supply System (Ar.)
o Helium Supply System (He.)
o Compressed Air Supply System (Included; Breathable Air and Compressed Air)
. Nitrogen Supply System (N)

PBS, proposed for the plant, and summarized in Table 1: SGS PBS location, locates the
SGS System within the Conventional Facilities/ Plant services.

PBS Number PBS Item
1 (2 |3
510 |0
310

5

Conventional Facilities

Plant Services

Service Gas System (SGS) (Ar, He, Air, N)
Argon Supply system

Storage Tanks

Evaporators

Fans and Blowers

Coolers

Purification Equipment

Valves & Piping

Instruments & sensors

Helium Supply System
Compressed Air Supply System
Breathable Air Supply System
0 | Nitrogen Supply System

BS location

[l KR e R I °N

=] ) fol ol o] fo) fol fo) o) Nl el Nl el ) - )}

N

MO IO |O N NN AW =IO ||

Table 1:

|72}

GS

1.2.1 System Basic Configuration Argon System (Ar. S)

Argon supply System stores, supplies and distributes Argon in sufficient quantity,
quality, and at sufficient pressure to client systems which require such supply within the
IFMIF Site in order to create the corresponding fire risk free atmospheres. The function
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is accomplished by a liquid Argon storage system (tank), a recirculation and cooling
system, and a purification system.

o Liquid Storage and Gas Supply System: Fluid Argon is transported by a truck to a
liquid Argon tank with vacuum insulation. Charged into gaseous form by an air heating
evaporator, the Argon is supplied to the following components:

o Ar. filled cells: Lithium loop Cell; Lithium Trap Cell; Air Lock chamber for
HRWTC, Target Interface Room, Li. Impurity monitoring room for gloves boxes,
Li. Sampler, plugging meter and organic loop room for cold trap cooling circuit.

Vacuum Cell (Test Cell)

Argon curtain for Access Cell in correspondence to the Test cell Plug during
maintenance while the plug is removed.

PIE facility

(TF responsibility) The Argon filling of CHC (in case of failure (e.g. broken
capsule of HFTM)), in that case, Argon is also needed to remove decay heat from
HFTM-capsules; RHC (regularly to blow out the Nak from the capsule), RAC
(regularly during filling the capsule with NaK, Argon curtain is needed)

o O

o O

o
Before operation the argon is supplied to replace the atmosphere of the Ar.-filled cells
from air to Argon. During operation and to hedge a fire risk at Lithium leakage, fresh
Argon is supplied to keep an impurity concentration of the atmosphere below a defined
value cfr. Ref. Table 17-Table 18 and Table 19.

Argon recirculation and cooling system for atmosphere of Ar. filled cells; to maintain
temperature below a defined value, atmosphere of the cells is re-circulated and cooled
by chilled water.

Argon purification system for atmosphere of Ar.-filled cells, Impurity concentration can
be maintained only by continually supplying fresh argon, the Argon consumption would
be very high under one-through configuration. Therefore a fraction of the Argon
atmosphere cooled by chilled water and purified by argon purification system is
recycled.

1.2.2 System Basic Configuration Helium Supply System (He. S)

Helium supply System stores, supplies and distributes Helium in sufficient quantity,
quality, and at sufficient pressure to those client systems which require such supply
within the IFMIF Site. The function is accomplished by one or several gas bottles
(indoor) and storage tank outdoor (buffer tanks for Accelerator Cryoplant) the system
includes related distribution system, piping, valves, instrumentations, etc. (until the
subsystem; Accelerator Helium compressor station, Test Cell storage tank for Tritium
release module, test cell atmosphere and test modules cooling system.

Helium gas is transported by a tank truck and filled to the helium storage tanks located
outdoor the IFMIF Building, one tank dedicated to the Test facility (one x 25 m3) and
the other storage tanks dedicated to the Cryoplant for the accelerators (buffer storage
tank 4 x 100m3) He in the buffer tanks is stored from the high pressure pure Helium of
the cycle compressor. The pressure is varying depending on the quantity of He. being
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stored or sent back to the loop. For IFMIF Cryoplant, the maximal compressor pressure
would be 16 bars, and usually pure helium buffer are calculated to hold 20 bars.
The helium gas is supplied to:

o TRTM (Tritium Release Test Module) in the test Cell technology room during
operation.

Test Cell Atmosphere during operation

Test Module Cooling System.

Test Cell Lower Shielding plug

PIE Laboratory

Accelerators Cryo plant

Li. Loop area for plug cooling

TC for target assembly structure cooling

LBVM

1.2.3 System Basic Configuration Compressed Air Supply System &
Breathable Air Supply System (CAS) & (BAS)

1.2.3.1 Instrumentation Air Supply System
Instrumentation air supply system supplies and distributes clean, dry and oil free
instrument air to client systems throughout the IFMIF Site. Compressors and dryers are
provided to make instrumentation air. The air is supplied through a buffer tank for
various instrumentation purposes (e.g. be among others for pneumatics actuators
controls or insulation valves as well as switches and circuit breakers operations or
maintenance purpose for flushing or drying)

1.2.3.2 Breathing Air System

Breathing Air System supplies and distributes “Breathing quality” compressed air to a
number of consumers throughout the IFMIF Site, to enable personnel wearing
pressurized suits or respirators to enter and work in contaminated areas. Breathing air is
used also by workers bearing respirators when entering enclosed work locations having
inadequate ventilation. This function is accomplished by compressors, air receivers, air-
dryers, air distribution, filters, accumulator and air quality devices and other control
instrumentations.

1.2.4 System Basic Configuration Nitrogen Gas System (N2S)

Nitrogen Supply System supplies and distributes nitrogen to those client systems which
require such supply within the IFMIF Site. Liquid Nitrogen is transported by a tank
truck to a liquid nitrogen tank with vacuum insulation. Nitrogen Supply System
provides:

¢ Liquid Nitrogen:
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o Cold Boxes for the Accelerator’s system cold box Helium pre-cooling and
for LN2 thermal shield cooling for the Cryostats (SRF Linac Accelerator’s
modules)

o A liquid nitrogen trap of the Accelerator vacuum line of the vacuum system

o Oil Removal System (ORS) liquid nitrogen is required once in a year, to
perform the charcoal pot drying during its annual maintenance
period.(system belong to Accelerator’s Cryoplant) CF will deliver the
liquid nitrogen till the valves of o0il removal system (ORS)

¢ Gaseous Nitrogen:

o Glove Boxes for the Laboratory: to change atmosphere from air to nitrogen

o Glove Boxes Detritiation System: to regenerate a CU Catalyst

o Target Interface Room

o Dry Pump of each vacuum system for all facilities to purge shaft sealing
devices.

o Buffer tanks of primary cooling water loops of the accelerators to seal the
tanks off from the air; prevent oxygen from dissolving into the primary
cooling water; and to retard depletion of in-exchange resin cartridges by
easing corrosion environment

o Used along the Accelerator and the HEBT for venting to atmosphere the
beam pipes or cavities prior to make maintenance or repair. Nitrogen has
to fill the accelerator by means of a pipe following the same route than the
compressed air distribution

2. Interfaces (boundaries)

The interfaces with other systems may be physical and functional or both. Additional
information about SGS interfaces is provided in Systems Interface (Ref. Table 2:
Interface table Characteristics of the components for the SGS is indicated on the
Equipment List (Ref. Table 16)there is a multiple interface between SGS Facilities
(hosted mainly in Lithium loop and TF room) and Building. A generic multiple
interface was defined to overcome this issue. SGS system interfaces at the same time
with Conventional Facilities (in the sense of the Building) and with the equipment
hosted in the rooms (that can be part of the Accelerator, Lithium, Test, PIE and/or of the
Conventional Facilities themselves). The sharing of responsibilities will be clarified
case by case, but at list this general triple interface includes all the requirements that
SGS needs in order to proceed with the design, here below are summarized (at first
level) the interfaces related to the SGS.

System A System B Title
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Test Cell
Tritium Release
Module
Helium Cooling
System
Vacuum System

PIE Facility

Glove Boxes

Vacuum System

Lithium System

Cooling System
Vacuum System
Cryoplant
Main Building
Lithium loop
Cell

Lithium Trap
Cell

Air Lock
Chamber for
HRWTC

Service Gas
System
Service Gas
System
Service Gas
System
Service Gas
System
Service Gas
System
Service Gas
System

Service Gas
System
Service Gas
System

Service Gas
System
Service Gas
System
Service Gas
System
Service Gas
System
Service Gas
System
Service Gas
System

Service Gas
System

Table 2: Interface table

Argon with high purity (grade G3) shall be
provided to: Test Cell, Test Module Handling Cells
Helium shall be provided to: Tritium Release
Module

Helium shall be provided to: Helium Cooling
System of Test Facility

Nitrogen gas shall be provided to: Vacuum System
of Test Facility

Argon with high purity (grade G3) shall be
provided to: PIE Facility

Nitrogen gas shall be provided to: Glove Boxes of
PIE Facility

Nitrogen gas shall be provided to: Vacuum System
of PIE Facility

Argon with high purity (grade G3) shall be
provided to: Lithium System, also for LF
pneumatics valves (instead of Compressed air)
Nitrogen gas shall be provided to: Cooling System

Nitrogen gas shall be provided to: Vacuum System
of Accelerators

Liquid Nitrogen and Helium shall be provided to:
Accelerator’s Cryoplant

Main Building has to accommodate compressors,
blowers, and etc. of: Service Gas System

Argon with high purity (grade G3) shall be
provided to: RO16, Lithium Loop Cell

Argon with high purity (grade G3) shall be
provided to: Lithium Trap Cell adjacent to room
RO16 (Lithium Loop cell) and Li. Impurity
monitoring system

Argon with high purity (grade G3) shall be
provided to: Irradiation Radiation Waste Treatment
Cell (HRWTC)R007

2.1 Argon Supply System, Interface description
2.1.1 Ar. S vs. Lithium Target Facility

Ar. S will serve the Lithium Target Facility rooms:

° Lithium Loop Cell RO16-016bis(Electromagnetic pump &Dump tank)
. Lithium Trap Cell plus Li. Impurity monitoring system

° Air Lock Chamber for HRWTC R007
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o All the pneumatic valves and other pneumatic devices located on the Lithium loop
and in the area where there is lithium are served by Argon gas instead of common
Compressed air.

The boundary between Ar S and LF rooms is set at the internal part of the room walls.
Inlet/outlet grilles and backward equipment are within the scope of the Argon System.
ArS. Shall provide its service also to the:

° Lithium Loop( for maintenance purpose)

The boundary between Ar S and LF is set at the Argon feed and extraction plugs.
Connection flanges and afterward equipment are considered within the scope of the
Lithium Facility.

° Target Interface Room R129

The boundary between Ar S and Target Interface Room (TF) is set at the internal part of
the room walls. Inlet/outlet grilles and backward equipment for Ar. supply are within
the scope of the LF

2.1.2 Ar S vs. Test Facility

Ar S will serve:

o Test Cell R130

The boundary between Ar. S and TF is set at the Argon feed and extraction plugs.
Connection flanges and downstream equipment are considered within the scope of the
Test Facility.

2.1.3 Ar S vs. Post Irradiation Examinations Facility

Ar S will serve the Post Irradiation Examination Facility
The boundary between Ar S and PIEF rooms is set at the internal part of the room walls,
backward equipment are within the scope of the PIE Facility.

2.1.4 Ar S vs. Conventional Facilities

Ar S will serve some rooms of the IFMIF plant and eventually process enclosures
hosted in the rooms.

The boundary between Ar S and CF rooms is set at the internal part of the room walls.
Inlet and outlet grilles and backward equipment are within the scope of the HVAC
System.

The boundary between Ar S and CF enclosures is set at the external wall of hot
cells/glove boxes. Connection flanges and afterward equipment are considered within
the scope of the PIE Facility.

2.2 Helium Supply System Interface description

2.2.1 He Gas S vs. Lithium Facility
Not Applicable.
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2.2.2 He Gas S vs. Accelerator Facility
He Gas will serve the Accelerator Facility Cryoplant trough the He compressor

The boundary between He and AF enclosures is set inside the Helium compressor room
Connection flanges and afterward equipment are considered within the scope of the
Accelerator Facility.

2.2.3 He Gas S vs. Test facility

He gas will serve the TF Helium room for the tritium release test module system, Test
Cell atmosphere control during irradiation campaign and Test Module cooling System.

The boundary between He and TF room’s enclosures is set inside the Helium room of
the TF. Connection flanges and afterward equipment are considered within the scope of
the Test Facility and Test Cell: Lower Shielding Plug (LSP).

2.2.4 He Gas S vs. PIE Facility
He gas will serve the PIEF for the laboratory use.

The boundary between He and PIE Facility enclosures is set at the internal part of the
room walls. Connection flanges and afterward equipment are considered within the
scope of the PIE Facility.

2.2.5 He Gas S vs. Conventional Facility
He gas system will serve the CF dry pumps for the IFMIF vacuum system.

The boundary between He and CF Vacuum systems are set inside the CF vacuum
rooms. Connection flanges and afterward equipment are considered within the scope of
the CF.

2.3 Compressed Air Supply System, Interface description

2.3.1 CAS vs. Lithium Target Facility

CAS will serve the Lithium Target Facility (LF) rooms, only the area that is not
involved with Lithium metal liquid to avoid the possible reaction if occur a direct
contact of Lithium with air (In case of leakages or other circumstances) which may
contain unacceptable humidity level; Argon gas shall be provided in such areas.

The boundary between CAS and LF is set at the internal part of the room walls. The
equipment downstream of connection point is considered within the scope of the LF.

2.3.2 CAS vs. Accelerator Facility
CAS will serve the Accelerator Facility (AF) rooms.
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The boundary between CAS and AF is set at the internal part of the room walls. The
equipment downstream of connection point is considered within the scope of the AF.

2.3.3 CAS vs. Test Facility
CAS will serve the Test Facility (TF) rooms.

The boundary between CAS and TF is set at the internal part of the room walls.
Connections and the equipment downstream of connection point are considered within
the scope of the TF.

2.3.4 CAS vs. Post Irradiation Examination Facility
CAS will serve the Post Irradiation Examination Facility (PIEF) rooms.

The boundary between CAS and PIEF is set at the internal part of the room walls.
Connections and the equipments downstream of connection point are considered within
the scope of the PIEF.

2.3.5 CAS vs. Conventional Facility
CAS will serve the Conventional Facility (CF) rooms.

The boundary between CAS and CF is set at the internal part of the room walls.
Connections and the equipment downstream of connection point are considered within
the scope of the CF.

2.4 Nitrogen Supply System Interface description

2.4.1 N Gas S vs. Lithium Facility
Not Applicable.

2.4.2 N Gas S vs. Accelerator Facility

Nitrogen Liquid (LN2) will serve the Accelerator facility Cold box and a trap of the
accelerator vacuum line of the vacuum system.

Nitrogen gas (N) will serve the Buffer tanks of the primary cooling water loops of the
Accelerators to seal the tanks off from the air.

Nitrogen gas will serve the dry pumps for each vacuum system of the AF to purge shaft
sealing devices.

Nitrogen gas will be supply along the Accelerator and the HEBT for venting to
atmosphere the beam pipes or cavities prior to make maintenance or repair.

The boundary between N-LN2 and AF is set at the internal part of the room wall. The
equipment downstream of connection points are considered within the scope of AF.
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2.4.3 N Gas S vs. Test Facility

Nitrogen Gas (N) will serve the Test facility R110 Target interface room dry pumps for
vacuum.

Nitrogen gas (N) will serve Utility room/ helium room of the TF.

Nitrogen gas (N) will serve the Buffer tanks of the primary cooling water loops of the
TF to seal the tanks off from the air.

The boundary between N and TF is set at the internal part of the room wall. The
equipment downstream of connection points are considered within the scope of TF.

2.4.4 N Gas S vs. PIE Facility

Nitrogen gas (N) will serve the PIE Facility globe box, to change the atmosphere from
air to nitrogen.

The boundary between N and PIEF is set at the internal part of the room wall. The
equipment downstream of connection points are considered within the scope of PIEF.

2.4.5 N Gas S vs. Conventional facility

Nitrogen gas (N) will serve the CF globe box detritiation system to regenerate a Cu
catalyst.

Nitrogen gas (N) will serve the CF vacuum system dry pumps.

The boundary between N and CF is set at the internal part of the room wall. The
equipment downstream of connection points are considered within the scope of CF
Exhaust Gas Processing System.

3. System Design Requirements

3.1 General requirements
Input Data Requirements are defined as the data necessary to be defined in order to
enable a system design that respects all the needs of the interfacing components.
Currently a draft set of data has been proposed. This list is partially complete and
assessed by the PT on the base of the current references, of the outcomes of the
Engineering Validation activities (i.e. prototypes) and on the standard engineering
practice.
Parameters to be defined as Input Data Requirements for the SGS are, for each
interfacing component:

° Argon grade (G3)
o Purity (>99.999%)
002 (<0.2 ppm)

o Dew point
Cooling media:

(<-70 °C)
(chilled/cooled water)
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] Temperature: °O)

] Temperature tolerance: (£°0)

° AT= (outlet temp) — (inlet temp): °O)

o Supply Gas pressure: (MPa)

e  Flow: (Nm>/h)
° Change rate (Vol./h)

The following sections describe in detail the logic that brought to the selection by the
PT of the current set of parameters.

Here below are listed the Input Data Requirements:

cfr. Ref.Table 8: Argon Input Data Requirements 1/4

cfr. Ref.Table 9: Argon Input Data Requirements 2/4

cfr. Ref.

Table 10: Argon Input Data Requirements 3/4

cfr. Ref.Table 11: Argon Input Data Requirements 4/4

cfr. Ref.Table 12: Helium Input Data Requirements

The IFMIF Safety objectives, principles and criteria.

The Hazard evaluation techniques, to be implemented on the next design phase
The entire document is uploaded on DMS: Safety Specifications Ref.doc
BA_D_224X48 Ver.4.0 (cfr. Ref. [1]) and following updating. At the present time the
Engineering Design for SGS follow the Safety approach mentioned on the guideline
document, nevertheless it can be subject to some deviation or waves according the final
IFMIF site selection. As well as the safety authority could give some further
requirements.

3.2 Operation and Maintenance

Integrative maintenance plan is not yet described on this DDD, shall be defined clearly
after having selected all the components for the SGS plant, preferable the maintenance
plan shall be prepared by the suppliers, as well as regulatory maintenance requirements
must be identified.
Minimum information required within the maintenance plan is listed below:
e Scheduled operation:

o Controls

o Checks

o Adjustments

o Calibrations

o Overhauls

o Replacements, etc.

Information provided from safety specification, Ref. doc. BA_D_224X48 Ver.4.0 (cfr.
Ref. [1]) and of course will be implemented and identified as necessary by the supplier
in order to ensure the best operation of the SGS system within its intended operational
scenario.
e (ritical unscheduled operations:

o Replacements repair etc.
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That may impact IFMIF availability and become essential to evaluate and to introduce
an additional important support of recommended spare parts list, (provided by the
suppliers) procedures, training, tools and test equipments, infrastructures.

The design of SGS shall accommodate long-term maintenance activities required to
support IFMIF plant operation. For maintainability and inspectability, SGS system shall
be designed in such a way that it can facilitate maintenance and, in case of failure, easy
diagnostics safe repair or replacement and re-calibration. The SGS maintenance must be
an ongoing endeavor. Any lapses in regular maintenance can result in system
degradation and obvious loss of efficiency which could arose to serious health issue.
Maintenance requirement for SGS system and equipments mast be conform to the
maintenance period defined for the IFMIF plant (particularly for the facilities that are
not reachable during operation period)

3.3 RAMI Requirements

Service Gas System have been designed for all modes IFMIF plant as well as shut down
period. SGS should be realized for continuous operation, easily accessible for the
purpose of operation and maintenance. The SGS have been designed in a way that;
maintained and operated will meet the reliability and availability requirements, in a
preliminary way identified on the conventional facility safety report. RAMI
specification guide documents Ref. to doc. 22HA3G from J. M. Arroyo Feb. 2012
[6]and further preliminary study presented during former preparative version for RAMI
status for CF, availability was 98% ref. BA_D_229V7H [2]

Detailed RAMI analysis devoted to SGS has been performed by Tractebel (ref. doc.[7])
dividing into different load groups to which the IFMIF system are associated.

The CF SGS model is based on the P&IDs D-1225-211 to D-1225-220 (ref to Figure
6-6 to Figure 6-9)

The SGS model is structured following the SGS system functions:

1 1 1 1
F7.2 -Provide
helinm gas

Only the functions having an impact on IFMIF availability are listed below Table 3:
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Table 3: List of Functions

Function ID Function Criticality group
F1.7 Provide the other fluids
F1.7.1 Provide compressed air
F1.7.12 Provide compressgc{ air A5
to accelerator facility
Provide compressed air EO
F1.7.1.4 to test facility,
conventional facility, etc
F1.7.2 Provide Helium Gas N/A
F.1.7.3 Provide Argon gas
Provide argon gas to T3
F1731 RO16bis (plF for
electromagnetic pump
and dump tank)
Provide argon gas to T3
Fl1.7.3.2 RO16 Lithium loop cell
F1.7.4 Provide Nitrogen
Provide liquid Nitrogen A2
F1.7.4.2 to Cryo plant and cold
boxes for accelerator 1
Provide liquid Nitrogen A2
F1.7.4.3 to Cryo plant and cold
boxes for accelerator 2

The FMECA analysis established that unavailability of the CF Helium gas system
would not impact on IFMIF availability. AF and TF have their own Helium source. It
was discussed during FMECA that the CF Helium system was a backup for the other
Helium systems. Therefore the CF Helium gas system has not been included in the

RAMI analysis.

The detailed list of functions included in the model and their associated criticality
group/recovery time is provided in the Table 3

3.3.1 Recovery time

A recovery time of the IFMIF facility has been added to the MTTR of each SGS
components. Logically, a recovery time should be associated to a loss of an SGS
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function. However, it is not possible to directly allocate a recovery time to a function in
Risk spectrum. In the model, the recovery time associated with a function has been
introduced in the MTTR of all the components that are used to fulfill the function. In
case a component is used in different SGS functions with different associated recovery
times, the longest time is used. The component recovery time considered is coded in its

name .

The choice of the recovery time is detailed hereafter:

e Compressed air supply system:

o Compressed air to AF is essential because it is assumed that
it supports cryogenic function for AF. Without compressed
air it is conservatively assumed that AF stops in safe
shutdown, with a significant restart time. Therefore
components having a repair time longer than 3 hours have
been assigned a recovery time A5 (1800 hours). When the
repair time is shorter, a recovery time A3 (24 hours) has been
assigned.

o Compressed air is supplied to other users (TF, CF, etc) for
pressure operated components. In this case it is assumed that
loss of compressed air supply would not lead to any IFMIF
recovery time, after repair of the component has been
completed. A recovery time EO has been assigned, i.e. 0
hours.

e Argon supply system: The argon constitutes the atmosphere of the

rooms RO16 (Lithium loop «cell) and ROl6bis (pit for
electromagnetic pump and dump tank), and is used to ensure also the
negative pressure of these rooms. The highest criticality T3 has been
chosen for the components which failure can cause damage due to
ingress of air in the system. It is assumed that this air will react with
the Lithium and damage the installations.

e Nitrogen supply system: in normal operation nitrogen is supplied

continuously to the cryogenic plant and cold boxes for accelerator 1
& 2, to compensate evaporation. It is assumed that in case of loss of
nitrogen supply IFMIF recovery time would be minimal, with
recovery times Al (1 hour) and A2 (4 hours) assigned (for a
component repair time less or equal to 3 hours, and more than 3
hours respectively).

3.3.2 Specific model assumptions

The generic model assumptions are here below described. The additional assumptions
specific to the SGS model are hereunder listed:

e Compressed air:
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o One instrument air compressor K-201A/B, plus its associated
instrument air dryer U-202A/B and butterfly valve is
considered as one item in the model, called an air supply
unit. The 2 air supply units have a 2 x 100% capacity.

o The pressure safety valve on air vessel V-203 is considered
as a safeguard, and not included in availability study.

o The same failure rate and MTTR values are used for globe
valves and butterfly valves.

o The common supply line from the air vessel V-203 to users is
assumed to measure 200m.

o Both pipes from the common line to AF and to other users
are assumed to measure 30m.

o The end cap on the main gas line has been modeled as a gas
pipe connector/flange, with the corresponding failure rate and
MTTR listed in the FEEL original database.

e Argon supply system:

o The model is limited to the loop providing argon gas to the
rooms RO16 (Lithium loop cell) and RO16bis (Pit for
electromagnetic pump). The liquid argon supply part has not
been considered as continuously required for the IFMIF
normal operation.

o The design of the Argon purification system U-003 is not
known. It has been assumed that the argon purification
system has the same global failure rate and time to repair as a
gas filter.

o The argon purification system U-003 and the connection to
the VDS are continuously required in order to maintain the
negative pressure of these rooms.

o The lithium pneumatic instrumentation use argon instead of
air. However, this function is not present on the P&ID and
the design is not known. This function of the argon supply
system has not been considered in the model.

e Nitrogen:

o Pressure safety valves and check valves are considered as
safeguards, and not included in the availability study.

o The length of the common liquid nitrogen pipe is assumed to
be 30m.

o Both pipes from the common nitrogen pipe to cryo plant and
cold boxes for accelerator 1 and 2 are assumed to measure

200m.
3.3.3 Results
The availability results are described in the following table:
Risk Spectrum — Time T,
Fault Tree Description SepEdaE Availability %
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Unavailability
(TD Mean)

CSG-0-

GENERAL SGS 2.57E-02 97.43
CSG-7.1 SGS — compressed air 1.73E-02 98.27
CSG-7.3 SGS — argon gas 8.40E-03 99.16
CSG-7.4 SGS — nitrogen 1.22E-06 99.99988

In this case the three SGS functions 7.1, 7.3 and 7.4 are independent and the overall
availability is the product of each function’s availability.

3.3.4 Components and parameters susceptible to be problematic

3.3.5 Overall service gas system

The overall minimal cut set list shows that, in the current model, the two air supply units
in the compressed air system are the most critical items in the overall SGS, with failure
of both units simultaneously accounting for 71.5% of overall unavailability, due to the
resulting long period of recovery for IFMIF of 2.5 months. This long recovery time is
due to the fact that in case of compressed air failure, cryogenic function will stop and
the accelerators will shut down. This in turn requires a long procedure to restart the
accelerators.

The next critical items are the argon system motor valves to and from HVAC (see
below), with 8.8% each (considering both failure modes: fail to control and leakage).

3.3.6 Compressed air supply system

In the current model 98% unavailability of the compressed air supply system comes
from failure of both air supply units simultaneously. They have been modeled as
compressors in parallel with 2 x 100% capacity, with a failure rate of 1.00E-04 per hour,
a basic MTTR of 10 hours, a detection/access time of 1 hour, and a significant IFMIF
recovery time of 1800 hours (AS).

Despite redundancy in the system, these components are shown to be critical for
operation in the current model. This is believed to be due to the conservative modeling
of ‘AND’ gate in Risk Spectrum, which is investigated in a sensitivity study (Ref.
section 3.3.9

3.3.7 Argon supply system

From the minimal cut set list, it can be seen that the critical equipments are the valves in
interface between the Argon supply system and the HVAC. Indeed, any failure of these
valves (spurious opening or internal leak) will lead to ingress of air and potential
damage to the lithium facility.

More than 90% of the Argon supply system unavailability is generated by the failures of
these valves in interface between the Argon supply system and the HVAC. The failure
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of one of these valves that have a relative high failure rate will directly lead to a long
period of unavailability due to the associated recovery time.

Based on the importance analysis results, it is obvious that the failure rate and mean
down time of these components are critical for the availability calculation. A variation
of these parameters will lead to a significant improvement or degradation of the
availability.

3.3.8 Nitrogen supply system

The largest contributor to unavailability of the nitrogen supply system is the liquid
nitrogen tank V-311, with 8.2% contribution. The next contributors are the twelve
globe valves, with 7.3% contribution each.

3.3.9 Sensitivity and Degraded cases

In order to assess the model and challenge some uncertainties, different sensitivity cases
have been computed.

3.3.10 Overall service gas system

In order to assess the availability of the SGS as a stand-alone system, the FTA model
was run after removing all IFMIF recovery times in the components” MTTR/MDT.

The availability results for the stand-alone system are given in the following table:

Time

bl Sy Description Dependent Sgizgﬁ)}ﬁrtle

Fault Tree p Unavailability % y

(TD Mean) ¢

CSG-0-
GENERAL SGS 9.05E-05 99.99095
CSG-7.1 SGS — compressed air 4.37E-06 99.99956
CSG-7.3 SGS - argon gas 8.54E-05 99.99146
CSG-7.4 SGS — nitrogen 6.97E-07 99.99993

An examination of the minimal cut set list shows that in this case the components with
the highest impact on SGS availability are the argon system motor valves to and from
HVAC, with 22.1% each (considering both failure modes: fail to control and leakage).
The next item is the Argon purification system U-003 with 17.9%. Together the three
Argon system motor valves and the Argon purification system make 84.3% of total SGS
unavailability in the stand-alone mode.
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3.3.11 Compressed air system

The compressed air supply units’ failure rate is an important parameter in the model. In
order to assess its sensitivity, two cases have been analyzed with some variation of the

failure rate:

1. Air supply units’ failure rate multiplied by 10 (i.e. failure rate of
1.00E-03 per hour)

Time e o @
Risk Spectrum " Dependent Ava!|lab|.I|ty %
Description s (air unit FR
Fault Tree Unavailability )
(TD Mean)
SGS — compressed
CSG-7.1 air 3.22E-01 67.8

2. Air supply units’ failure rate divided by 10 (i.e. failure rate of 1.00E-
05 per hour)

Time

Availability 9
Risk Spectrum " Dependent V?I abl. ity %

Description S (air unit FR

Fault Tree Unavailability Teueeead

(TD Mean)
SGS — compressed
CSG-7.1 air 4.09E-04 99.9591

Instead of having two air supply units in parallel (2 x 100%), increase redundancy with
three air supply units in parallel has been analyzed (3 x 100%). The results are shown

below:

Time T &
Risk Spectrum " Dependent AN
Description - (3 x 100%
Fault Tree Unavailability -
(TD Mean) pacity
SGS — compressed
CSG-7.1 air 1.75E-03 99.825
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Due to the significant impact on IFMIF with large recovery times, it is recommended to
improve the availability of the compressed air system (and therefore the availability of
the overall SGS) by either acquiring reliable air supply units (with a FR of 1.00E-05 per
hour) or increasing the redundancy of the air supply to 3 x 100% capacity

3.3.12 Argon supply system

A sensitivity case that considers two valves in series for each interface between the
argon supply system and the HVAC has been performed. The availability figure of the
argon supply system becomes:

Risk Time
S .. Dependent Availability
Spectrum Description U labilit o
Fault Tree navailability o
(TD Mean)
SGS - Provide
CSG-7.3 argon gas 4 .81E-04 99.952

The interface valves between the argon supply system and the HVAC should be
redundant in order to avoid any spurious ingress of air in the argon system and to
guarantee high argon supply system availability.

3.3.13 Nitrogen supply system

No sensitivity analysis was performed on the nitrogen supply system, as its overall
availability of 99.999 is already excellent.

3.4 Applicable Codes and Standard Requirements

International standards have been selected for the design of the SGS in particular:

e The equipment for (SGS) shall be designed according to safety specification for the
engineer design activities IFMIF ref. BA_D_224x48 (Le Tonqueze Y.[1]) in
accordance with the pressure equipment directive (PED) 97/23Ec.

e Code and standards for SGS mechanical components shall follow the general IFMIF
specification: Applicable Codes and standards for the CF design, in addition the
following codes and standards shall be applied:

— API 510- testing of valves.

— ASME B31.3- process piping.

— ASME B73.2M-Vertical in-line pumps.

— ASME section IX- welding and brazing qualification.

— ASME section V- nondestructive examination.

— ASME/ANSI B.16.25- Pipes, valves, fittings and flanges butt weld ends.
— ASME/ANSI B16.34-Valves, flanges, threaded and welding end.

— EN 13445 — Pressurized Vessels design

— EN 13480 — Metallic Piping
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— ISO 10648: Containment Enclosure:
o 10648-1:1997: Design Principle
o 10648-2:1994: Classification according to leak tightness and associated
checking methods.
— ISO 4427 and DIN 8074-HDPE pipes.

4. System Design Description

4.1 Design Summary
For this section you can refer to the System Functions and Basic configuration (cfr. Ref.
Section;1 )

4.2 Safety
Refer to Safety specifications for the Engineering design Activities of IFMIF ref. doc.

BA_D_224X48 Ver. 4.0 and following updating (cfr. Ref. [1])

4.3 Assumptions

General assumptions / requirements have been considered as per the following:

4.3.1 Argon Supply System PBS - 5.3.5.1

e Supplying Frequency

The supplying frequency of liquid argon to the main Argon Tank (25m?3) have been
assumed at once replacement with interval of 4 weeks or less times except for rare
cases.

e Supplying Conditions

Pressure 0,8 MPa (G)
Temperature Ambient (AMB)

e Degree of Purity
Argon will be provided Grade 3 for the two purposes:
o General purpose
o High purity

As per the following table:

Grade 3 Remarks

Purity > 99.999%
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N,
0, < 0.2ppm
Dew Point =-70°C
H,0 -

Table 4: Argon Grade 3, characteristics

In accordance with IFMIF Safety Specifications nitrogen; oxygen; and water vapors
is to be held under 5 ppm respectively.

¢ Enclosure Leak Tightness; in accordance with ISO 10648-2 (see below table)

Class 1 Leak Tightness is applied to Argon filled cells and glove boxes.

¢ Impurity concentration of the atmosphere of the Argon filled cells; in accordance

with IFMIF Safety Specifications the relative humidity is to be maintained at 2%
or lower at 21 °C.

4.3.2 Helium Supply System PBS - 5.3.5.2

e Supplying Frequency

o We have two Helium storage tanks: one for the Accelerator Cryo-plan

composed of 4 Helium storage tanks each of 100 m® and the second He tank
of 25 m?3 for to supply helium to the Test Cell and PIE Laboratory. Helium
storage tanks for the Accelerator have the function of buffer tank, there is no
a real consumption for these tanks. The He large capacity are necessary for
to recover all the purge He gas in case of the machine with a general
warming-up (all the liquid He is boiled off and transferred in these tanks)
Generally, for this type of He closed loop, a periodically re-filling could be
set every 6 months to compensate the small leak (compressors, temporary
purging for regeneration of Cold Box absorbers and so on) with an amount
of approximately 500 liters of liquid. The supply frequency of helium for the
other He tanks of 25m3® is assumed every two-three weeks, hence
approximately 20m3 per month or less except for rare cases.

o Supplying Conditions

o Pressure  14.7 MPa (G) (stored in the tanks)
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o Supply to the system at 0.8 MPa. (G)
o Temperature Ambient (AMB)

Degree of Purity
General Remarks
Purpose
Purity = 99.995%
N, = 20ppm
0, = 5ppm
Dew Point = -60°C
H,0 (= 5.3ppm)

Table 5 — Degree of Purity of Helium.

4.3.3 Compressed Air Supply System PBS - 5.3.5.3& Breathable Air System
PBS -5.3.54

o Supplying Pressure
o The assumed supplying pressure is 0.69 MPa (G) or higher.

o Supplying Conditions

o Pressure 0.69 MPa (G)
o Temperature Ambient (AMB)
o Flow rate 200 Nm?/h ( for instrumentations)
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o Flow rate 60 Nm%h (Breathable air Supply 0.085m3%min.pr person,
considered 10 at once)
Note: The breathable air distribution is independent and provided with efficient filter for
to ensure the high level of quality suitable for to be breathed. Details for the components
and its installation are shown on Table 16: S-1224-201- SGS Equipment List - PBS
5.3.5.0.0.And Figure 6-11: Compressed Air technical room, R307

Degree of Purity:
Instrumental Air Breathable Air Remarks
Qil Content Oil free -
Dew Point = -40°C 5°Cat 0.69MPa(G)
CO, - = 1000ppm
CcoO - = 5ppm
Odor - Not recognized

Table 6: Degree of Purity of Compressed Air
4.3.4 Nitrogen Supply System PBS - 5.3.5.4

Supplying Frequency

The supplying frequency of liquid nitrogen is assumed interval of 6 days for one
accelerator and 3 days for two accelerators (Considering the short term frequency filling
the tanks i.e. 3 days, could be analyzed the possibility to produce the nitrogen on site)
we have two tanks one of 50m3 for the accelerators without nitrogen evaporator and the
second one of 25m3 for the PIE facility (cold boxes, GDS) Conventional facility and for
the primary cooling system buffer tank’s seal. For the accelerators consumption of LN2
are not well known for the moment. It depends on the cryostats and cold box
consumptions. Nevertheless, a rough estimation leads to a maximum of 300 l/h
(including 2 * 130 I/h for He. refrigerator plus various utilities) Hence assumption of
two or three days of refilling the tank of 50m3.

For the other LN2 storage tank of 25 m3 we assume to refill with a frequency of one
month.
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o Supplying  Conditions:

o Pressure 0.8 MPa (G)
o Temperature Ambient(AMB)
Degree of Purity;
General Purpose Remarks
Purity = 99.995%
0, = 50ppm
Dew Point = -60°C

Table 7: LN2 degree of purity
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Figure 4-1: IFMIF overall view, outdoor SGS He-LLN2 and LAr storage tanks configuration.
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4.3.5 SIC Classification

According to the classification proposed in Safety Specifications (cfr. ref [1]) and
Safety Important Class-SIC, Methodology, Classification & Requirements (cfr. Ref. to
Doc. BA_D_228V5Q Version 1.2 ref [4] ;
The system has been classified as follows:

° SIC-1 for Argon Supply System. On former preparative version, we had two type
of Ar. Gas: General purpose and High purity (for the maintenance) for the present DDD
we have selected one type of Ar. gas belong to grade 3 that can satisfy both application
for the case of LF (High purity Argon System and General Purpose Argon) for this
reasons we kept the SIC classification as SIC-1, hence considered conservative solution
to avoid any possible risk that, Lithium may have a contact with an atmosphere not
suitable.

The characteristics of Ar.; Grade 3 are here below described:

o Argon grade (G3)

o Purity (>99.999%)
002 (<0.2 ppm)
o Dew point (<-70 °C)

SIC- SR/non-SIC for Helium Supply System
SIC-1 for Compressed Air Supply System
SIC-1 for Breathable Air supply System
SIC-SR/non-SIC for Nitrogen Supply System

4.3.6 Redundant Equipment

Redundancy of the equipment should contribute to the target availability value of the
Conventional Facilities (J.M. Arroyo, Availability of CF is 98%), ref. BA_D_229V7H
(cfr Ref. [2]). At this stage of the project a complete RAMI Analysis has not been
performed (due to the high variability of the parameters, such a procedure has not been
considered worthwhile) (Ref. to Sect. 3.3). By the way some assumptions have been
made on the base of the standard engineering practice.

Simple redundancy is addressed to components that can cover 100% of the requirements
(100% x 2).

Multiple redundancy is considered when requirements can be fulfilled by a set of
components (n components) working together ([100%/n] x [n+1]).
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4.4 Detailed Design description
According to the classification proposed in CDR (cfr. Ref. [5]) a further SGS System
subdivision has been proposed with slightly changes to meet the safety regulations and
system flexibility:

4.5 System Performance Requirements
The system performance basic functions are indicated on the P&ID’s of SGS (cfr. Ref.
Figure 6-6, Figure 6-7, Figure 6-8 and Figure 6-9

4.6 System Arrangement
4.6.1 Equipment arrangement Drawings
Refer to the next (Ref. Sect.4.7) Component Design Description

4.7 Component Design Description
For this purpose we have detailed the list of the SGS components necessary for the all
SGS system of IFMIF plant, the information are integrated on the document called
Equipment List SGS system (Ref. Table 16: S-1224-201- SGS Equipment List - PBS
5.3.5.0.0.) The Equipment List represents all the SGS components, on the list following
detailed information are provided:
. Item NO

Service

QTY

Material type

Type of component

Specification

Main Dimension

Electrical output rate (kW)

Location on the IFMIF Building (Area/room’s number)

4.8 Instrumentation and Control

SGS Central Control System (CCS) shall be conforming to standards, specifications and
interfaces as documented in the CC&CI - DDD document ref. BA_D 23RU2B.

CC&CI will ensure the integrated supervision control of overall IFMIF plant and plant
system operation. These functions will be available in master control room SGS shall
have its own plant control system (PCS) that will allow to know the status of the reserve
storage tanks, flow, pressure, purity conditions of the distributed gases (gaseous or
liquid conditions) SGS -PCS shall integrate the individuals control system of each of the
SGS and served IFMIF subsystems in the various facilities of the plant.

Information from the data is available in the SGS local control system (PCS) shall be
transferred to CC&CI to allow a complete and reliable operation of the SGS. The
instrumentation and control components shall include all Computers hardware and
software required to control the SGS plant system, including input/output (I/0)
interfaces and plant system interlocks. These requirements shall be established based on
the preliminary design of the SGS. Sufficient instruments shall be included in SGS plant
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system to monitor components performance within the design envelope and to alarm
plant operators on the onset of operation outside design margin (particularly for the Gas
leakages detection, leak tightness for the cells (in the case of Argon and helium) flow
rate, pressure rate, humidity level, purification efficiency, etc. Instrumentations shall
include: pressure and temperature flow sensor to measure/monitor performance and
allow independent control of components for the system. In addition, instruments shall
be installed to monitor all necessary parameters useful for the regular and safety
functionality of the SGS, the instrumentations indicated is descriptive but not limited,
specific instrumentations and control requirements for SGS system shall be established
on the next step of this document; now we can refer to the SGS P&ID (cfr. Ref. Figure
6-6, Figure 6-7, Figure 6-8 and Figure 6-9)

4.9 Status of R&D activities and future plans
Not applicable for this system.

5. List of References

5.1 References

[1] Y. Le Tonqueze, Safety Specifications for the EDA of IFMIF, BA_D_224X48

[2] J.M. Arroyo, Availability of CF is 98%, ref. BA_D_229V7H .0

[3] F. Arbeiter Test Facility Utility Room DDD III doc. BA_D_22XRTP

[4] Y.Le Tonqueze, Safety Important Class-SIC Ref. BA_D_228V5Q rev. 1.2

[5] IEA, IFMIF Comprehensive Design Report

[6] RAMI Specifications guide documents Ref. to doc. 22HA3G from J.M. Arroyo
Feb. 2012

[7] RAMI analysis SGS 97.43 %, Tractebel Ref. IFMIF/4NT/276784/005/01

6. Appendices
6.1 List of Documents

6.1.1 Drawings (PFD’s, P&ID’s 2D drawings & Excel file)
6.1.2 Layout Plan for SGS

This section reports the preliminary SGS layout, main components and outdoor Storage
tanks. The layout is divided by floor whenever the SGS components present and is
represented the overall dimensions of the SGS’s equipment (whenever considered
necessary) these layouts enable the Building designer to validate the size of the
components for SGS technical rooms and all the area where are foreseen SGS
component’s installation.

These drawings together with CF piping layout should help to have a clear picture of the
components that take part in the system definition and of the main interactions among
them.
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Layout Plan for SGS is considered as a preliminary document for the system design,
could be slightly modified by a updating in the input data or IFMIF layout changes.
(Ref. to Figure 4-1: IFMIF overall view, outdoor SGS He-LN2 and LAr storage tanks

configuration).

6.1.3 SGS’s Input data requirements.

Table 8, Table 9,
Table 10, Table 11, Table 12, Table 13, Table 14 and Table 15, are shown values
assumed for the elaboration of engineering design.

6.1.4 Process Flow Diagram SGS (PFD)
Ref to: Figure 6-1, Figure 6-2, Figure 6-3, Figure 6-4
6.1.5 Equipment List SGS System

Identified on; Table 16: S-1224-201- SGS Equipment List - PBS 5.3.5.0.0.
6.1.6 Equipment Layout, installed on the Conventional rooms.

These Figure shown various components for SGS i.e. mainly storage tanks, evaporators,
fans and blowers, coolers, purification equipments etc. that are clearly identified by type
on the List of Equipment and are belong to the SGS (Ref. to Figure 6-10: Argon
Purification System, Room 228 and Figure 6-11: Compressed Air technical room,
R307)

6.2 List of Computer Programs
Not applicable

6.3 Others
General consideration:
Compressed air (instrumentation) Nitrogen and Argon should be available in all
working areas as standard equipments except in those where a gas is specifically
excluded, it is cheaper to install the piping during construction than being requested to
do it during operation.
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IFMIF operational
state

Cells to be

served

Cell name

Referenceslassessment!
assumptions

Cell volume
[m*)

Ar atmosphere
change rate [wolth)

Ar flowrate
[Nm" k)

Leak tightness
of the cells

Leak rate
of air

(m"#h)

Mazimum
relative
humidity
tolerable”
=)

Ar flow
necessary Lo
respect the
relative
humidity in the
cell

(Nm h)

Argon
purification
system
wificiency

Recovered
argon flow
[Nm" k)

Fresh Ar
consumption
due to the Ar

purification
system

[Nm"#h)

Special
requirements

Oipeer ation

Fit for Electio magnetic
purng and dump tank,

- Dharing oper ation a continuous Sr
athmozphere i required

= Leak tightness and leak rate derived
From IS0 0648 clazsification [see
assumptions)

- Ar Armosphere change rate assomed
tentatively aeconding bo the stand sd
engineering practice

= Magimum FH assumed in sccordance
with = Saviedy Secifications for SO0 of
A5

- Ar flow necessan o respect the cell
atmosphete denved From the masimum
relative humidity admissibile inside Ar-
filled cells

- Fresh Ar conswmption derived
aonsidening the efficiency of the A
purifscation system

Fath

S.0E-04 b1

T

0. Mm3th

MNm3th

Ciperation

Lithim loop cell

As pe above

BOE-D4 -1

Fies

Operaton

Lithism trap cell

As pe above

510tk

5.0E-04 b1

e ]

T

Operation

FIE Facility

- Argon Flow should be an owcome of
the PIE Facility design

- Ohwring opeer ation a continuous Ar
athmosphere is required

- W ahue tentatively assumed

TBD

T

IFMIF operational
state

Cells to be

served

Cell name

Referenceslassessment!
assumptions

Cell volume
[m"]

Ar flowrate
(Mm " k)

Leak tightness of
the cells
L)

Leak rate
of alr

(m"th)

Mazimum
relative
humidity

tolerable”

Aun flow
necessan to
respect the
relative

Argon
purification
system

Recovered
atgon flow
(Nm"Ih)

Fresh Ax

consumplion
due o the Ar

purification

Special
requirements

el ankenane

Fit foe Electno magretic
pump and durmp tank

- Dhring maintenance Li Loop is not
watking, The oell will be ventilated with
air, 50 Ar Supply System is not in charge
of the service

1th

[Masntenance

Lithism loop cell

- Duating maintenanoe Li Loop i not
wiorking. The cell will be ventilated with
air, 50 Ar Supply System is not in charge
of the service

15dh
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= Dwring maintenance Li Loop i5 not
A : wotking The cell will be ventilated with
Maintenance Lithiurn trap cell &, 50 Ar Supply System is not in charge i 2 5 &
of the service
- It s bien azsumed that during
maintenance, no argon is supplied
Maintenance FIE F acility TED
= Argon Flow should be an outcome of Deuminy muainkenance,
thee Tegt F acility design when open the TC
- During maintenance 4 continuous Ar phug, argon Flow
Maintenance Test Call supply is asswmed to be required 4 = i camhain is required bo
= Flow tentatively assumed b wnimahe keeping
thee Separation from
TC - Acoess coll
Number of t
Mazimum air atmosphere H‘: ired Argon supply
IFMIF operational Cells to be Coll nain Referenceslasse ssment! Cell volume | concentration after changes to q-l — required Special
state serwed assumptions [m*) atmosphere change required to A R, (Mm*th for 2 FRequirements
[wol:x) change {dags) dags)™™"
atmosphere
- Magimum air concentr stion assumed
= Makimum time required to ohange
Armosphere change from Fit For Electro magnetic atmosphere tentatively assumed s 5 ik
Air to Argon pumip and dumg tank standatd engindering practice
= Maximum air concentration assumed
» Magimurm tme required Lo ohange
NmDTere::'uang?FrDm Lithium boop cell atmosphers tentatively assurmed ol 5 2d
e to Argon gtandard engineering practics
- Mlazimum air concentration assumed
» MAHIMAUIT Liffe Fequited Lo change
mmosp!.ierenhangefrcm Lithiurn trap cell mnspheret_ema::ﬂnlg assumed Tucl 5 2d
A Lo Argon Sandard engeneering pracise
- The assumption is that this room does
A.:m:.:pﬁiruhingﬂr:.m PIE Facility rect Lk part in the smosphers change 1ol % 5 *d
Hir to Argon
Damirg TC
Bumozphere change from SRV
gvphi el to.ﬁ.?::n Test Cell Twolx - modules replatement
e o¢ Mazimum time
atmosphere required
Cell voly
IFMIF operational Cells to be Cell Referencesfassessmentd me Ha dM ial changes 0 ohange A Sepsls Special
state served AsSUmMpions [m*) required to ST Requirements
change [:"P )
atmosphere e
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To eatinguisk the fire in caze of T galect the
accident, mainly caused by Metal Liquid systern; Lowal,
handing [we need o provide Argon gas dedicated or
G bl 0@l with &h dutomatio sprinkler in crnlttalized
cage of fire detection [ the Ar Supply
: sheuld be studied according to Fire
Operathon and manienange: CoolnglStorage Fit-1 Rl Analg s, magle lenal liguid khandling P& [IF=)
indiperident with dedicated As. gus
cylineder s o8 centralized with sprinkler
nigt]
To estinguish the fire in caze of To select the
socident, mainly caused by Metal Liquid systern; Losal,
hiandling [we need bo provide Argon gas dedicated or
o thee cell with an automatio sprinkler in cEnralized
case of hré detection [ the Ar Supply
Oparation and mainten e CoolngiStorage Pit-2 shodd be studied sccoiding to Fire Peflenal liguid bandling P& MA
protection analysis's, may be
independent with dedicated A gas
eylinders or centralized with sprinkles
k]
To eatinguish the fire in caze of T select the
aocident, mainly caused by Metal Liguid systerm; Local,
handing [we need bo provide Argon gas dedecated or
1 thie ol with an automatio sprinkler in cendralized.
Operation and maintenance CoolingfStorage Pit-3 case of fire detection [ the Ar. Supply Metal liquid handling RlA LA
should be studied sccording to Fire
protection analysis's, may be
independent with dedicated Ar. gas
cylineder 5 or centralized with sprinkles
To eatinguish the fire in caze of To select the
sccident, mainly caused by Metal Liquid Fystem; Loaal,
handing [we neesd bo provide Argon gas dedicated or
b e ol with &h automatio sprinkles in cendralized
Dperation and maintenance Tr. Hot Cell cage of fire detection | the Ar. Supply Metal liguid handling BLA 1]
should be studied soccrding to Fire
protection analysis's, may be
independent with dedicated fs gaz
cylineder s or centralized with sprinkler
To eatinguish the fire in caze of To select the
accident, Mmainly caused by Metal Liguid system; Local,
hiamding [we need o provide Argon gas dedicated or
Bt 8ll wnth ah automeatic sprnkler in centralized,
Dlperation and maintenance Component handing Cell case of fire detection | the Ar. Supply hetal liguid handling ES LA

should be studied socording to Fire
protection analysis's, may be
indipendent with dedicated A, gas
cylineder = of centralized with sprinkler
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Operation and maintenance

Access Cell

cue of fite detection | the Ar. Supply
shiould be studied according to Fae
profection anaslgsis's, may be
independent with dedscated Ar, gas
cylnders or centralized with sprinkber
niet]

Metal liquid handiing

T estiraguizh the Fire in case of To zebect the
acoident, maindy caused by Maetal Liquid system; Local,
hanedling [we need to provide Argon gas dedicated o
b e Coll with an automatic spankler in cefitrahzed,
Dperation and maintenance Fiig Handing Cell [RHC) case of fire detection | the Ar. Supply Mletal fiquid handling

should be studied according 1o Fie
protection anagsis's, may be
independent with dedicated Ar, gas
cylinders or centralized with sprinkler
T eutinguish the fire in case of Ta select the
aceident, maindy caused by Meta Liquid syshem; Local,
hisndlirg [we need to provide Argon gas dedicated o
to the cell with an automatic sprinkler in centralized.

| zase of fie detection] the Ar, Supply

Dperaticn and maintenance Test ModuletPig Asembing | should be stutied according to Fire Metad liquid handing
oell (RACITMAC) protection analysis's, may be

independent with dedicated Ar, s
cylinders or centralized with sprinkler
niet)
T extinguizh the fire in caze of T sebect the
actident, maindy caused by Meta Liquid system; Local,
handling [we need Lo provide Argon gas dedicated o
b e coll with an automatic sphnkler in centralized.
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Input Data Requirements SGS (He)

. : ) . References/assessment/assu| Helinum consumption . He consumed in the Special
Facility operational Equipment to be supplied : 3 Centralize storage tank e 3 i
state mptions {m™/h) supplyving interval (m”) | requirements
. A - Helium Flow chould be an
[ritium Helease Test Modules
Test Facility Cpetation TEAD outcome of the the Test Facility IBC Teslocal TBC 8 bar. to the TF
M desizn
i ot ot il ke 0m® e 100% 1 vear plus 10° G0m® h 100% 1 wear plus 107
2 L4l 3 = il o e bW = G
Test Facility Cperation Test cell atmosphere outcome of the the Test Facility t g p + Teslocal RAR p “ |8 bar. to the TF
: e - montly mtegraton oty integraton
esign
Test Faciitt Cireais Test modul tin TRAAE T SIS i i 16m*h 100% 1 year plus 10%% R B fm® h 100% 1 vearplus 109 it e TE
Test Facility eration Testmodule cooling svstem Tost Facilitir j A es/loc ] ; ar.to the TF
3 ¥ B gutGame of B he Test FacRly mortly ntesraton montly ntesraton
Aazion
- Helivin Flow should ke an IBC
Acceler. Facility Operation Cryo plant outcome of the the Accelerator Veslocal 400 m® Storage
Facility desizn
- Helium Flow should be an IBC
PIE Cperation Labotratory use outcome of the the PIE Faciliny Teslocal TBC 8 bar to the TE
design
IFMIF = c
o F - : References/assessment/assu| Volume to be supplied . .
Facility operational Equipment to be supplied : : : 3 Special requirements
T mpftions with Helinm {m”)
Trtium Release Test Modules g
Test Facility Maintenatice —anJ-T s ; WO supply
Test Facility MMaintenance  |Cooling of the liner N0 supply
Test Facility MMainitenance | Test cell atmosphete WO supply
TestFacility Maintenance | Testmodule cooling sivstem N0 supply
Acceler. Facility MDMamtenance  |Crvo plant N0 supply
PIE MDMaintenance |Laboratory use W0 supply

Table 12: Helium Input Data Requirements
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Reference Assesment /assumption; Value tentatively assumed for the whole plant according to a first assessment
based to the standard engineering practice
| Criteria Maximum number of people to | Air required for each person | Breathable air system capacity
- be supplied with Breathable Air (m®/min) Cm/b)
Breathable air S}rste-m Utilities to be served assumed
according to the standard snginesring 10 0.085 Nm3/min 51 Nm3/h
practice
Instrument air flow Instrument device's Breathable air system |Breathable air device's
Instrument air system o 3
{I\m J'lll] location cﬂpacin- ﬁm .Irh} location

PIE Facility 35. mih TBD TBD
Accelerators 80. m3/h 18D TBD
‘ 51. m3h
Other (TC -CF-etc.) 25. m3h TBD TED
Total (N\m?*/h) 140 |m3/h 51.m3/h
=

Table 13: Compressed Air Input Data Requirements
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Liquid Nitrogen Supply System Main Requirements/Assumptions Table
. r Cold Boxes heat loss ;
= : : References/assessment/assumpt | Cold Box volume Number of Cold z Special
Facility Equipment to be zupplied . 3 . l:‘?f"'n"n'l]l of N, 7
ions (m”/cold box) Boxes/accelerator 5 requirements

evaporated per day)

Accelerator DTL cold boxes

- Cold Boxes capacity should be an
outcome of the Accelerator Facility
design

- Cold Boxes volume assumed on the
base of JGC expenence

-It1s assumed here that the volume of
the cold boxes includes all the DTL
stages for each accelerator

-Heat loss due to N2 evaporation and
mitrogen circulating equipment assumed
according to the standard engineering
practice

- circulating compressors are assumed
to be one for each accelerator

LA
B
L]

]
L]
)
=
(4]
—e
L1

Table 14: Liquid Nitrogen (LN2) Input Data Requirements
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Gaseous Nitrogen Supply Svstem Main Requirements/Assumptions Table

Facility

Equipment to be supplied

Eeferences/assessment/assumptions

Glove hoxes volume [m‘!}

Number of glove boxes

AMaximum oxygen
concentration tolerable in the
glove boxes (Yval)

Time required to change the
atmosphere in the glove boxes

(h)

Gaseous nitrogen
consumption

(Nm’/h)

Special
reguirements

E.-136: Glove Box Laboratory

- Number & capacity of the glove boxes
sh the PIE Facili

ould be an outcoms of

- Glove Boxes Volume Assumed according
to JGC experience
- Number of Glove Boxes A szumed
according to JGC experience

- Maximum Oxygen Concentration assumed
according to JGC experience

- Time required to change atmosphers

tentatively azzumed

20 m3

Laa

th

30 Nm3ih

Facility

Equipment to be supplied

Eeferences/assessment/assumptions

Time requirad for
regenration ()

Gaseous nitrogen supply
required If_"-'m}.-’h]

Special requirements

CF

Glove Boxes Detrit

Catalyst regeneration

iation System

- Time required to change atmosphers

Facility

Equipment to be supplied

Beferences/assessment/assumptions

Nitrogen consumption of

each pump (Nm’/h)

Number of pumps

Gaseous nitrogen consumption

(Nm'h)

Special requirements

Dy Pumps for Central Vacuum system.

ary to purge shaft

- Mitrogen consumption of 2ach pump
azsumed accerding to JGC expariznes
- Mumber of pumps s=lz
the Cantral Vacunm Sys

cted according to

21 J220n
=

Facility

Equipment to be supplied

References/azzessment/assumptions

Buffer tanks capacity (m”)

Eatio of empty portion inside
each buffer tank (%)

Daily temperature fluctuation
(FCid)

Nitrogen
consumption

(Nm®/d)

Special
requirements

for buffer tanks of primary
1g water loop of accelerator

(=
-
=

i

to JGC experience and according

the accslzrat

actual design of of prototype
- Empty portion of the buffer tanks

assumed according to JGC experience

REQ Buffer Tank (m’)

=

4
[s
o

ST he o
-

Table 15: Gaseous Nitrogen (N) Input Data requirements
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Equipment List for 53500
Mo, [TEM Mo, SERVICE GTY MAT'L TYPE SPECIFICATION MAIN DEMENSION RATED QUTPUT ACCESSORIES [él;ta]:ﬁ\?:‘ REMARKS
o, 3. 5. 1. 0. ¥ 4] Liguid Argon Tank 1|Stainless Steel |Vacuum Flask [25md D Z700XHB000 Do Outdoor |-
5 3. o 0. HA 00z Liguid Argon Evaporator 1|~ Air Heating AD0Nm 3 WIS40XL 1540XH3026 |- Outdoor  [Nikkaki's CTAV-400-N
il & 3 il | 0. u 0a3 Argon Purification System |- PSASTEA BOMNm3 b, 100%X2 for Compressor and WT000E L | 5000 HSS00 65k R228 =
Chillar Unit Orily
Ab: e B e K 004 ASB  |Arpon Recirsulation Blower 2|Stainless Steel |Centrifugal 1A000Nm A /h, GkPa_100%xX2 WIGOOX L 2000XHT200  [45kW RZ23 =
6. 3. 5. 1. 0. HX - 005 Arpon Recirculation Cooler 1] Stainless Steel [Shell & Tube [Duby: SOKW @ 10001 2000 = RZZ3 -
o, 3, 5, 2, 0 i 101 Halium Tank 1|Carbon Steel |- 26ma b 2500 XHE000 = Qutdoor |-
Bl b, d- & 2o W W 11 A~D |Halium Tank 4 Carbon Steal |- 130m3 x4 @ 4000 XHBI00 = Outdoor |-
g e b B ol K 201 ASB _ |Instrumentation Air Compressor i Sorew 200MNm3sh, 069MPa, 100%X2 WIGE0X LS00 HTE00 |37 7Hr4=28 1kW Ran? KOBELCO's FESTOW-5-6
gl5. 3. 5. 3. 0. ] 202 AB  |lnstrumentation Air Dryer 21— P34 Dutlet 160Nm 3 h 1005X2 W22 L ET0XHT 600 = a0y KOBELCO's KEOGD
9] & 3. & 3. 0. W 203 Instrumentation Air Tank 1|Stainless Steel |= 3.5m32 P 1400XH2800 . RI07 =
M- 3. &, 3. . U 211 ASB Braathable Air Supply Unit 2= i G0MNm3 4. D69MPa, 100%XE WE30XL 1480XH 1520 T5KW R307 BAUER's W150-15-5
e, & b d. W W 301 Liguid Nitrogen Tank 1|Stainless Steel |Vacuum Flask |26m3 P 2700XHE000 = Qutdoor |-
1216, 3. 5. 4. 0. HA a02 Liguid Nitrogen Evaporator 11- Air Heating | TONm3sh WoT4X] 6TdXHE3A6 =l Outdoor  [Mikkaki's CAV-80
131 6. 3. 4. 4. 0. W an Liguid Mitrogen Tank 1|Stainless Steel |Vacuum Flask [S0m3 P 3500X H 10000 = Outdoor |-
14
15
14
17
18
19
20

Table 16: S-1224-201- SGS Equipment List - PBS 5.3.5.0.0.
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X :: >—m Chilled Water

( :;::)) K-004A/8
Arqgon . U"003
ReCirculation Blower Araon

9
T .
Chll|e<d >u‘xer ’ HX-005 (14000Nm” /h) Purification System
Argon
Retrculation Codler (80Nm 3/h)

(S0KkW) 0

VDS

Operation/Atmosphere Change (Air-Ar)
PIE Facility = 1 RO16bis Pit for Electro magnetic Pump and Dump Tank (133n)
» 2 R0O16 Lithium Loop Cell (1853m°)

vy

Lithium Loop for Maintenance
(It is supposed that the quality of ordinary liquid argon suffices for the purpose.
Howeve, please make sure the quality equal or higher than those shown in the remarks in the flow number 1.)

» 3 R130 Test Cell |

Nqonﬁ!{elium Test Facility
Back-up Gas Cylinders

Maintenance

Argon Curtain for Plug of Test Cell
for Maintenance
Maintenance

558 5ol

3 T » 4 R141  Cooling/Storage Pit-1 = \DS
<1> | # 5 R142  Cooling/Storage Pit-2 >

: ———»= § R143  Cooling/Storage Pit—3 -

I

I

Tank Truck

O—O—0 W 5

VA 2222
V-001 Argon Tank HA~002 Liquid Argon Evaporator
25 m3 (400Nm? /h)

0.3.5.1.0. Argon Supply System

Figure 6-1: Argon Supply System, PFD
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Flaw Mumbar 1 2 3 & 1 [ 11 12 13 |4
Flud Liquid &rgon Feliewad Liguid Argan dagon Gas frgon Cas Argon Cas Fesrculated Ar  |Exhaust from | Purfied Want Gas
to Ar-filled Cally |A—fillnd Colls [ Argon Cas
Florw Mm'h B1 m'fwaak 897 Nm'/d | 0031 m'/h 24 14000 BO00 £5 03 2447
|Euﬂ|:nuil:inﬂ M’ /h 24 7882 5492 24,00
N2 M’ .65 0.09 0.17
7 Bim’ . h - 1 623 008 020 |
HZD M’ /b 0.03 0.00 002 |
| S H2 a'll-h - T =
Main 02 2825 411 B147
Ingurities  |H20 prr 327 a8 Ba4
Aty HTDT  |Ba'h 1 | E+06 2 IE+08 | SBE-0%
1 HTODTO Bgh - =
[HTDOT  |Bg/cm’ 18E-02 IBE-G2 | ABE-02
| HTO DTO{Bg.sm’ - -
}gmn C - 1B6 AMB - 1B6 AME 30 20 A3
Pressurs MPa 08 08 08 08 - = 03
Ramarks Grade a3 Lér Tank Argon Purdication Voleras of cells  |Vialume of cells
Purity >88.988 % 2im Capacity B0 Nm'/h 1986 m" 1986 m'
Gy 0.2 Evap. rata Racovery rate Change rate Lask ruiw
Daw Paint 05 %/d ™% 70 Vol'h 8 E=04 /%
£-70 No. of Tanks
| Replanismant ]
[t rual
4 waalk

Table 17: Argon Supply System, Operation conditions
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Maintanance
Flow Number 1 2 3 & 5 [ 7 B ] 10 11 12 13 14
Fluid Liquid Argon Relievad Liguid Argon Argon Gas [Argon Gas Argon Gas |Argon Gas Argon Gas Argon Gas |Argon Gas |Recirculatad Ar  |[Exhaust from |Purified Vent Gas
Argon Gas _ to Ar—filled Cells |Ar—filled Cells |Arpon Gas
Flow Nm'/h 35 m"/month 97 Nm'/d | 003854 m*/h | 300 - I'TBD 30 |TBD |TBD TBD - - [~ =
Temperature °C —186 AMB -186 AMB AMB AMB AMB AMB AMB AMB = = = =
Prassure MPa 08 08 08 08 0.8 08 08 | 08 08 0.8 - = 3 =
Remarks Replenisment Im'/B
Intarval
7 month

e

i Inert gasthrjx\\ Pressure

e & ] by Fire S Relief Damper

r

A2 [
_g L ] Ar—Filled Areas R /
Heo1 (See below |ist) o
HVAC AHU (See below |ist) EA FAN »

IRE

Operation Mode A-O1 AO2 H-01 H-02 H-11 l|l|rD PD FD 1|I|TD
H-11 Eefore Ar Replacemant Glose Glose Open Open Glose
Start of Ar Replacemant Open Glose G lose Open Close R{]I-‘-‘- Detr |-t |Elt il:iﬂ FrDGESS Rl:ll:lm_l
Normal Operation Close |wriofetwn] Glose | Glose Glose
Air Replacement Glose Close Close | Close |wrmrert o E229 EDS-2
éﬂoill?ntene?ffad iating Rad. Wilsntsee Treaciclr:esnet Ce I{I]pen e —one : Mﬂ |ﬂtenﬂﬂﬁe Fer lDd
Note PD © Gas Pressure Actuated Damper

RO16 Lithium Loop ocell
RO16bis Pit for Electric Pump and Dump Tank

RIAZ ool ine/Starags Pit2
RI4S  Gool ng/Storags Pi1-3 DETAIL OF INERT GAS(Ar} SUPPLY TO CELL BY FIRE

DETAIL OF MODE CHAMGE BASED ON [NTERMAL ATMOSPHERE

R1S
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Table 18: Argon Supply System, Maintenance conditions and change-over mode to fresh air
Atmosphere Change (Air — Argon)
Flow Number 1 2 3 4 5 6 7 8 9 10 11 12 13 14
Fluid Liguid Argon Relieved Liguid Argon Argon Gas |Argon Gas Argon Gas |Argon Gas |Argon Gas |Argon Gas |Argon Gas |Recirculated Ar Exhaust from |Purfied Vent Gas
Argon Gas to Ar—filled Cells |Ar—filled Cells [Argon Gas

Flow Nm®/h 94 m’/d 97 Nm’/d 039 m3/h| 300 300 - - - - - 14000 - - -
Temperature °C -186 AMB -186 AMB AMB AMB 30 = = +
Pressure MPa 08 08 08 08 038 08 = - - -
Remarks Replenisment Atm. Change of cells

Interval Volume 1986 m*

2 day No. of change
Duration b-—
1.4 days Duration 14 d

Table 19: Argon Supply System. Atmosphere change (Air - Argon)
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» Intium Release
Test Module

-\water cooling loop |

» 1eat Cell
Atmosphere

» leat Module
Cooling System

# | aberatory use

CRCRCRCRC,

Cryo plant for

———a—p (Or Accelerator—1
D—@— i g AN for Accelerator—2
< Z

o ,

N %
V-101 Helium Tank V=111 A~D Helium Tank
(25m%) (100m® X4)

2.3.2.2.0. Helium Supply System

Figure 6-2: Helium Supply System, PFD
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O peration
Flow Number 31 32 33 34 35 36
Fluid Helium Gas Helium Gas Halium Gas Helum Gas He ilum Gas Helium Gas
Flow Rate P h 10.1 Nm’‘week 144 Nm'd 16 60 16 TBD
Temparsture |'C AMB AMB [AMB AME |AMB AME
Pressum MPa 0.8 08 4.8 .8 08 08
Remarks Replenishment Inventory Inventory Inventory
Interval T8D N T80 MNrn® T80 Mm®
2 week Replenizhment Raplenishment Replenishment
Consumption TBD %4 ‘month [TBD % month |TBD T8BD
20 Nm®
3 Cylinder

Table 20: Helium Gas Supply system (Operation conditions)
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V-203

o Ins“ Iugi ‘ Vessel
@_@_1 Z @ 53 PIE Facility

?

@_ Accelarator Facility
[
K-201A/B U-202-A/B
Instrumentation Air Compressor  Instrumentation Air Dryer
(200Nm 3 /h) (160m 3/h)
Others (Test Facility, CF, etc.
@—.
Users
U-2114/B
Breathable air Supply Unit
(60Nm” /h)

2.3.2.9.0. Compressed Air Supply System

Figure 6-3: Compressed Air Supply System & Breathable Air, PFD
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Flow Number 51 52 53 54 55 56
Fluid Comproszed Instrumentation Inztrumantation Inztrumantstion Inztrumantation
Aar Air Air Air Air
Fiow Rate Nem® 2909 160 35 50 25
Temparature |°C AMEB AMB AMEB AMB AMEB
Praszzum MPz 068 064 069 .68 69
Remarks Cew Point
-40 C
1 40 Buffer Yezsel
«imin}
0.52—0 44P3

Table 21: Compressed Air supply system (for Instrumentation) Operation conditions.
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@ » 136 Grove Box Loboratory
@ = (S
@ » R110 Target Interface Room

£ @ _ 5380-P-0054/8/C Dry Pump £, @ -

Seal Gas for Buffer Tanks
80 » of Primary Cooling System T Helium Compressor
of the Accelerator A for Accelerator

<a> 75 - L -

Cryan'!a;blct u?d (iuld ‘lBoxes
/93\ or Acce .f.[ﬂ or—

hoe &
for Accelerator—2
3 D
) YL @“ g 2

>

¢

\ L

77777 HA-302 Liquid Nitrogen Evaporator 777777

V=301 Liquid Nitrogen Tank (70Nm °/h) V=311 Liquid Nitrogen Tank
(25nt) (50m?)

5.5.5.4.0. Nitrogen Supply System

Figure 6-4: Nitrogen Supply System, PFD
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Flow MNumber 74 72 73 74 75 75 77 78 74 890
Fluid Liquid Mitrogen Refaved Liguid Nitrogen Nitrogen Ga:z Nitrogen Gas Nirogen Gaz Nitrogen Gas |Nitrogen Gas Mitrogen Gas
MNitrogen Gas
Flow Rste  |Nm™ h 56 m° week 81 Nm''d 0668 m'd £33 Nm' - d 50 21.3 - 18 14 Nem''d
Tempersture |C -186 AMB - 186 AMB AMB AMB AMB AMB AMB
Prezsurm MP3 0.8 08 0.8 048 d8 0.8 08 0.8 0.8
Remarks Reolemizment LMZ Tank Max. Arm. Change of GB Regenarstion N2 for 3 pump |Buffer Tank
Intersal 25 m° 70 Nm°h Volume B0 m? of Cu and CuQ 3 Nm - h 70 m°
4 wask Evap. rate Mo. of Change 5 - Catalyst No. of pumps Empty Volumae
{5 %d Durstion Bh For Bh ] 30 %
Mo of Tanks Fregusncy t v esvery 1B0d Temp. Fluctuation
1 20 °C

47 of 63

Table 22: Nitrogen Gas Supply Conditions
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91 92 93 94
Liguid Nitrogen Relieved Liquid Nitrogen Liquid Nitrogen
for an Accelarstor  |Nitrogen Gas
03 m’ h 162 Nm’/d |7 m’'d 1BD m - d
-186 AMB -186 -186
0.8 0.8 08 08
Replenish mant LN2 Tank
Intarval 50 m®
6 days Evap. rate
for an Accelerator 05%.d
3 days No. of Tanks
for two Accelerators 1

Table 23: Liquid Nitrogen (LN2) Operation conditions
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Operation
Flow Number 1 2 3 4 5 6 7] g ] 9 10 11 12 13 14 Flow Number 21 22
Fluid Liquid Argon Relieved Liquid Argon Argon Gas |Argon Gas Argon Gas |Argon Gas Argon Gas Argon Gas |Argon Gas |Recirculated Ar  |[Exhaust from |Purfied Vent Gas Fluid Chilled Chilled
Argon Gas to Ar—filled Cells |A—filled Cells |Argon Gas Water Water
Flow Nm*/h 6.1 m’/week 97 Nm'/d | 0031 m’/h | 2400 24 TBD - - - - 14000 80.00 55.03 2497 Flow m’/h 84 84
Composition |Ar Nm‘i/h 24 7882 5492 2400 Temperature |°C 7 12
N2 Nm'/h 0.85 0.08 077 Pressure MPa 0.35 0.35
02 Nm'/h o 023 0.02 0.20 Remarks
H20 Nm'/h 003 0.00 0.02
H2 Nm’/h - - -
Main 02 gem 2825 411 8147
Inpurities H2C pom 327 48 944
Activity IHTDT  [Bg/h B 3.1E+06 2 1E+06 9.6E+05
HTODTO|Bg/h - - [
HT.DT Elt'.‘lfl:;ma 38E-02 3.8E-02 3.8E-02
HTODTCO[Ba/cm’ = = =
Temperature ~-186 AMB -186 AMB AMB AMB 30 20 AMB AMB
Pressure MPa 08 08 08 08 0.8 08 - = 03 |-
Remarks Grade G3 LAr Tank Argon Purification Volume of cells  |Volume of cells
Purity >99.999 % 25 m’ Capacity 80 Nm’/h 1986 m’ 1986 m’
O, <02 ppm |Evap. rate Recovery rate Change rate Leak rate
Dew Point 05 %/d 0% 70 Vol h 504 /b
<70 °C  |No. of Tanks
Replenisment 1
Interval
4 waeh
Maintenance
Flow Number 1 2 3 4 5 6 7 8 9 10 i1 12 13 14
Fluid Liquid Argon Relieved Liquid Argon Argon Gas |Argon Gas Argon Gas |Argon Gas |Argon Gas |Argon Gas |Argon Gas |Recirculated Ar |Exhaust from |Punfied Vent Gas
Argon Gas to Arfilled Cells |Ar—filled Cells |Arpon Gas
Flow Nm®/h 3.5 m’/month 97 Nm’/d | 003854 m*/h | 300 |- TBD 30 |TBD TBD TBD - - - -
Temperature c -186 AMB -186 AMB AMB AMB AMB AMB AMB AMB = s = =
Pressure MPa 0.8 0.8 08 0.8 0.8 0.8 08 08 0.8 08 |- = - -~
Remarks Replenisment 3m/B
Interval
7 month
Atmosphere Change (Air — Argon)
Flow Number 1 2 3 4 5 6 | 7 8 9 10 11 12 13 | 14
Fluid Liquid Argon Relieved Liquid Argon Argon Gas |Argon Gas Argon Gas Argon Gas |Argon Gas |Argon Gas [Argon Gas |Recirculated Ar  |Exhaust from |Purfied Vent Gas
Argon Gas to Ar—fillad Cells |Ar—filled Cells | Argon Gas
Flow Nm’/h 94 m'/d 97 Nm'/d 039 m3/h | 300 300 - - - - - 14000 - - -
Temperature °C -186 AMB -186 AMB AMB AMB 30 = = =
Pressure MPa 08 08 08 08 08 08 | - - - = -
Remarks Replenisment Atm. Change of cells
Interval Volume 1886 m®
2 day No. of change
Duration i R
1.4 days Duration 14 d

Table 24: Argon supply system description table
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Figure 6-5: Helium- Nitrogen and Compressed Air, PFD with tables.
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Figure 6-6: D-1225-211- Argon Supply System - P&ID
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Figure 6-7: D-1225-212-Helium Supply System, P&ID
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Figure 6-8: D-1225-213-Compressed Air Supply System, P&ID
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Figure 6-9: D-1225-214- Nitrogen Supply System, P&ID
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Figure 6-10: Argon Purification System, Room 228
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Figure 6-11: Compressed Air technical room, R307
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Figure 6-12: Compressed Air piping's layout.
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