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Abstract
Thecoreoutput of PowderWaywill be a roadmapwhich
shows the state of the art for PM manufacturingand
coating processes,their potential application in the
nuclearindustry,their potential benefitsanda clearview
of the gapspreventingcommercialuptake coupledwith
the stepsneededto closethosegaps.

Thiswill provide a clear guide for the nuclear industry,
showingwhat canbe gainedby uptakeof PMandwhat is
required before PM tech can be used. It will help focus
future R& Din a clearandprioritisedfashion.
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Why?

ÅNear net shape manufacture

ÅWeld removal

ÅImproved microstructure

ÅEnhanced inspectability

ÅReduced property scatter

ÅIsotropic characteristics

ÅAlternative manufacturing route

ÅNew reactor designs
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Consortium

Å AREVA FR

Å AREVA DE

Å CEA

Å EDF

Å UoS(Nuclear AMRC)

Å PNB

Å SWEREA
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WP1
ωMANAGEMENT

WP2

ωDETERMINATION OF TECHNOLOGY PULL

ωEnd user requirements defined (priority list of components determined)

ωMaterial properties collated for priority list

WP3

ωSTATE OF THE ART OF PLAUSIBLE PM TECHNOLOGY PROCESSING

ωAssessment of processing capabilities

ωSupply chain evaluation

WP4

ωTESTING & CODE ACCEPTANCE

ωAscertain known and unknown property determination & comparisons

ωDetermine status of code acceptance

WP5 & 
6

ωROADMAPPING

ωDISSEMINATION

Work Package Descriptions
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NUGENIA+ Schedule
Deliverable Description Work 

package

D6.12 Candidateprocesses identified WP3

D6.13 Website creation WP1

D6.14 Enduser requirement definition WP2

D6.15 6M report WP1

D6.16 Processcapabilities determined WP3

D6.17 Materialproperties of candidate components determined WP2

D6.18 12M report WP1

D6.19 Applicationown-selection& supply chain identification WP3

D6.20 Properties, inspection, testing& code acceptance WP4

D6.21 Comparison withexisting processes WP4

D6.22 Roadmap WP5

D6.23 Dissemination and exploitation WP6

D6.24 Final report WP1 6



WP2
ωDETERMINE TECHNOLOGY PULL

German code

US & 

international 

codes

RCCM RCCM-RX KTA Code ASME
Improve 

design

Improve 

mechanical 

properties

Reduce 

welds

Resistance to 

wear and 

friction

Durability 

(fixed 

lifetime)

Improve 

control

Reduce the 

manufacturing 

time

Reduce the 

manufacturing cost

Reduce the 

part cost

PNB

t²wΥ w9tΣΧΣ 

BWR, SMR, 

GenIV, 

L¢9wΣΧ

Secondary / 

Primary

rolled and 

welded tubes, 

unstretched, 

in austenitic 

water 

circulation 

(e.g. vapor, 

condensation

rolled and 

welded tubes for 

condensers,  

heater BP & HP, 

cylindrical and 

rolled welded 

tubes 

Diameter : 12,7 to 38 

mm // Thickness : 0,4 

to 2,1 mm // Length : 

5 to 42 m. Tubes 

austenitic stainless steel 

όŜΦƎΦ олпΣ омсΣ 9b мΣппофΣ ΧύΣ 

ferritic stainless steel (e.g. 

TP 439L), brass (e.g. 

laser welding / TIG, 

ailetage by mechanical 

deformation, bending, 

passivation, non-

yes

to study 

according to 

product 

specification

to study 

according to 

product 

specification

yes yes yes no yes yes yes yes yes yes

PNB NA Secondary

Titanium 

plated sheet 

for 

condensers

metal sheet 

for the 

manufacturing 

of condenser 

NA plaque 3600x5000x50 mm
steel+ Titanium or stainless 

steel+titanium
plating by explosive no no yes ADW8 yes B898 no yes no yes yes no no no yes

PNB ITER
termination 

boxes of coils

Plated sheets 

Copper/stainl

ess steel

NA NA parallelepiped 750x50x70 mm Copper + 316 L or CuCrZR
plating by 

explosive+machining
no no no no yes no no no no no no no no

PNB La hague tubular joint

butt welding 

pipe 

Zr/stainless 

steel

NA cylindrical diam 50 x100 Zr / Ta / 316 L
plating by 

explosive+machining
no no no no yes no no no no no no no no

PNB
Bugey & 

Fessenheim
Security

heat 

exchangers 

plates EAS 

for exchangers 

of safety 

circuits

NA cylindrical Dia 1200 Titanium / 316L
plating by 

explosive+machining
no no no no no no no no yes no no no no

PNB 900 Mwe Secondary frame dryer
Dry steam 

(finisher)
frame dryer cylindrical Ø3.5 m x 2 m Steel P265GH SA516 GR60 Chaudronnerie yes no no yes ? Cf Areva ? Cf Areva ? Cf Areva ? Cf Areva ? Cf Areva ? Cf Areva ? Cf Areva ? Cf Areva ? Cf Areva

PNB 1300 Mwe Secondary frame dryer
Dry steam 

(finisher)
frame dryer cylindrical Ø3.75 m x 2 m Steel P265GH SA516 GR61 Chaudronnerie yes no no yes ? Cf Areva ? Cf Areva ? Cf Areva ? Cf Areva ? Cf Areva ? Cf Areva ? Cf Areva ? Cf Areva ? Cf Areva

PNB
1450 Mwe 

(N4)
Secondary frame dryer

Dry steam 

(finisher)
frame dryer cylindrical Ø4.0 m x 2 m Steel P265GH SA516 GR62 Chaudronnerie yes no no yes ? Cf Areva ? Cf Areva ? Cf Areva ? Cf Areva ? Cf Areva ? Cf Areva ? Cf Areva ? Cf Areva ? Cf Areva

PNB
1850 Mwe 

(EPR)
Secondary frame dryer

Dry steam 

(finisher)
frame dryer cylindrical Ø4.2 m x 2.2 m Steel P265GH SA516 GR63 Chaudronnerie yes no no yes ? Cf Areva ? Cf Areva ? Cf Areva ? Cf Areva ? Cf Areva ? Cf Areva ? Cf Areva ? Cf Areva ? Cf Areva

PNB 900 Mwe Secondary cyclone block
Dry steam 

(primary)
cyclone block cylindrical Ø3.5 m x 2 m

Steel P265GH SA516 GR64

Stainless steel 304L
Chaudronnerie yes no no yes ? Cf Areva ? Cf Areva ? Cf Areva ? Cf Areva ? Cf Areva ? Cf Areva ? Cf Areva ? Cf Areva ? Cf Areva

PNB 1300 Mwe Secondary cyclone block
Dry steam 

(primary)
cyclone block cylindrical Ø3.75 m x 2 m

Steel P265GH SA516 GR64

Stainless steel 304L
Chaudronnerie yes no no yes ? Cf Areva ? Cf Areva ? Cf Areva ? Cf Areva ? Cf Areva ? Cf Areva ? Cf Areva ? Cf Areva ? Cf Areva

PNB
1450 Mwe 

(N4)
Secondary cyclone block

Dry steam 

(primary)
cyclone block cylindrical Ø4.0 m x 2 m

Steel P265GH SA516 GR64

Stainless steel 304L
Chaudronnerie yes no no yes ? Cf Areva ? Cf Areva ? Cf Areva ? Cf Areva ? Cf Areva ? Cf Areva ? Cf Areva ? Cf Areva ? Cf Areva

PNB
1850 Mwe 

(EPR)
Secondary cyclone block

Dry steam 

(primary)
cyclone block cylindrical Ø4.2 m x 2.2 m

Steel P265GH SA516 GR64

Stainless steel 304L
Chaudronnerie yes no no yes ? Cf Areva ? Cf Areva ? Cf Areva ? Cf Areva ? Cf Areva ? Cf Areva ? Cf Areva ? Cf Areva ? Cf Areva

PNB 900 Mwe Secondary
Roof beam 

envelope

steam 

distributor

Roof beam 

envelope
cylindrical Ø3.5 m x 2 m Steel P265GH SA516 GR68 Chaudronnerie yes no no yes ? Cf Areva ? Cf Areva ? Cf Areva ? Cf Areva ? Cf Areva ? Cf Areva ? Cf Areva ? Cf Areva ? Cf Areva

PNB 1300 Mwe Secondary
Roof beam 

envelope

steam 

distributor

Roof beam 

envelope
cylindrical Ø3.75 m x 2 m Steel P265GH SA516 GR69 Chaudronnerie yes no no yes ? Cf Areva ? Cf Areva ? Cf Areva ? Cf Areva ? Cf Areva ? Cf Areva ? Cf Areva ? Cf Areva ? Cf Areva

PNB
1450 Mwe 

(N4)
Secondary

Roof beam 

envelope

steam 

distributor

Roof beam 

envelope
cylindrical Ø4.0 m x 2 m Steel P265GH SA516 GR70 Chaudronnerie yes no no yes ? Cf Areva ? Cf Areva ? Cf Areva ? Cf Areva ? Cf Areva ? Cf Areva ? Cf Areva ? Cf Areva ? Cf Areva

PNB
1850 Mwe 

(EPR)
Secondary

Roof beam 

envelope

steam 

distributor

Roof beam 

envelope
cylindrical Ø4.2 m x 2.2 m Steel P265GH SA516 GR71 Chaudronnerie yes no no yes ? Cf Areva ? Cf Areva ? Cf Areva ? Cf Areva ? Cf Areva ? Cf Areva ? Cf Areva ? Cf Areva ? Cf Areva

PNB PWR Primary Valve
To stop the 

fluid
Valve cylindrical

Diam from 8 to 50 

mm, height from 10 

to 50 mm

base material 316 L + 

STELLITE 6

Turning + Milling + hard 

deposit
yes yes no yes yes yes yes yes yes 60 ans yes yes yes yes

PNB PWR Primary Valve
To stop the 

fluid
Valve Disc

Diam from 50 mm to 

250 mm, Height from 

30 to 100 mm

base material 316 L + 

STELLITE 7

Turning + Milling + hard 

deposit
yes yes no yes yes yes yes yes yes 60 ans yes yes yes yes

PNB PWR: REP

Primary / 

Secondary / 

Tertiary

tap DN8 to 50

device to stop 

or change the 

water flow

Valve cylindrical
diam from 10 to 100, 

height from 10 to 100

nickel-based alloy, Stellite, 

iron alloy base
CIC + machining yes no no yes yes yes yes yes yes yes yes yes yes

PNB PWR: REP

Primary / 

Secondary / 

Tertiary

tap DN8 to 51

device to stop 

or change the 

water flow

seat cylindrical
diam from 10 to 100, 

height from 5 to 30

nickel-based alloy, Stellite, 

iron alloy base
CIC + machining yes no no yes yes yes yes yes yes yes yes yes yes

PNB PWR primary Control rod
control rod 

mechanism

control rod 

mechanism
tube

from 44.5 x Di 22 mm

L 6500mm
Z12C13 filage TTH rectif oui no no oui no oui no no no no no oui oui 

PNB PWR primary Guided tube
control rod 

mechanism

control rod 

mechanism
tube 304L filage oui no no no no oui no no no no no oui oui

PNB PWR primary plate
control rod 

mechanism

control rod 

mechanism
stretched profile  60x12mm 304L  filage puis etirage yes no no no no oui no no no no no oui oui

PNB PWR tertiary Profile
Waste 

management

Waste 

management
stretched profile 100 x 50 mm x 5 mm 

 spinning/heat 

treament/stretching
no no no no no yes no no no no yes yes yes

PNB PWR tertiary Profile
Waste 

management

Waste 

management
stretched profile 101 x 50 mm x 5 mm 

1.4542

martensitic stainless steel

 spinning/heat 

treament/stretching
no no no no no yes no no no no yes yes yes

PNB PWR secondary
Tubular block 

In600
Exchanger Exchanger tube 50x10mm Inco 600 spinning yes no no no no no no no no yes yes no no

PNB PWR secondary
Tubular block 

In 690
Exchanger Exchanger tube 50x10mm Inco 690 spinning yes no no no no no no no no yes yes no no

PNB PWR secondary
Round block 

In600
Exchanger Exchanger rod 50mm Inco 600 spinning yes no no no no no no no no no no no no

PNB PWR secondary
Round block 

In690
Exchanger Exchanger rod 50mm Inco 690 spinning yes no no no no no no no no no no no no

PNB ITER secondary

Hollow 

squared tubes  

316LN ITER

Magnets Magnets
Stretched hollow 

profile
50x50mm di30mm 316LN spinning and stretching no no no no no no no no yes no yes no yes

PNB ITER secondary

Hollow 

squared tubes 

316LN JT

Magnets Magnets
Stretched hollow 

profile
30x30 Di22mm 316LN spinning and stretching no no no no no no no no yes no yes no yes

PNB ITER  primary

Spinning tube 

for fuel 

cladding R&D 

POUDRES ODS

fuel cladding fuel cladding tube 44x27mm spinning no no no no no yes no no yes no no no no

PNB PWR  primary
tube 316 Jules 

Horowitz R&D

sheath for 

irradiation

sheath for 

irradiation
tube 44x4mm 316LN spinning no no no no no no no no no no no no no

PNB ITER secondary

Hollow 

squared tubes  

ITER

Magnets Magnets tube 50x50mm di30mm spinning and stretching no no no no no no no no yes no yes no yes

PNB R militaire  primary Hafnium
neutron 

absorbing

neutron 

absorbing
round Hafnium spinning no no no no yes no no no no no no no no

PNB PWR 
Primary or 

secondary
body damper body body DA10-12

Blind cylinder 

with eyelet

Diam ext 500 to 900, 

length 700 to 1000
42 CD4 Forging + machining yes no no yes yes no no no yes yes yes yes yes

PNB PWR
Primary or 

secondary
piston body piston body piston DA1-DA12 Blind ylinder Diam ext 50 to 750 42CD4 Forging + machining yes no no yes yes no no no yes yes yes yes yes

PNB PWR
Primary or 

secondary
rod eyelet rod eyelet

rod size from 1 to 

12

Cylindrical rod 

with eyelet at 

the end

Diam 20 to 400, 

length 300 to 800

Stainless steel Z20C13 or 

4418
Forging + machining yes no no yes yes no no no yes yes yes yes yes

Safety CompetitivenessShape of the part
Function of 

the part

Reference of the 

part

Requirements on Mechanical properties 

French codesSize of the part

Goals

Company
Type of 

reactor
MaterialsType of partCircuit Manufacturing processes

German code

US & 

international 

codes

RCCM RCCM-RX KTA Code ASME
Improve 

design

Improve 

mechanical 

properties

Reduce 

welds

Resistance to 

wear and 

friction

Durability 

(fixed 

lifetime)

Improve 

control

Reduce the 

manufacturing 

time

Reduce the 

manufacturing cost

Reduce the 

part cost

PNB

t²wΥ w9tΣΧΣ 

BWR, SMR, 

GenIV, 

L¢9wΣΧ

Secondary / 

Primary

rolled and 

welded tubes, 

unstretched, 

in austenitic 

water 

circulation 

(e.g. vapor, 

condensation

rolled and 

welded tubes for 

condensers,  

heater BP & HP, 

cylindrical and 

rolled welded 

tubes 

Diameter : 12,7 to 38 

mm // Thickness : 0,4 

to 2,1 mm // Length : 

5 to 42 m. Tubes 

austenitic stainless steel 

όŜΦƎΦ олпΣ омсΣ 9b мΣппофΣ ΧύΣ 

ferritic stainless steel (e.g. 

TP 439L), brass (e.g. 

laser welding / TIG, 

ailetage by mechanical 

deformation, bending, 

passivation, non-

yes

to study 

according to 

product 

specification

to study 

according to 

product 

specification

yes yes yes no yes yes yes yes yes yes

PNB NA Secondary

Titanium 

plated sheet 

for 

condensers

metal sheet 

for the 

manufacturing 

of condenser 

NA plaque 3600x5000x50 mm
steel+ Titanium or stainless 

steel+titanium
plating by explosive no no yes ADW8 yes B898 no yes no yes yes no no no yes

PNB ITER
termination 

boxes of coils

Plated sheets 

Copper/stainl

ess steel

NA NA parallelepiped 750x50x70 mm Copper + 316 L or CuCrZR
plating by 

explosive+machining
no no no no yes no no no no no no no no

PNB La hague tubular joint

butt welding 

pipe 

Zr/stainless 

steel

NA cylindrical diam 50 x100 Zr / Ta / 316 L
plating by 

explosive+machining
no no no no yes no no no no no no no no

PNB
Bugey & 

Fessenheim
Security

heat 

exchangers 

plates EAS 

for exchangers 

of safety 

circuits

NA cylindrical Dia 1200 Titanium / 316L
plating by 

explosive+machining
no no no no no no no no yes no no no no

PNB 900 Mwe Secondary frame dryer
Dry steam 

(finisher)
frame dryer cylindrical Ø3.5 m x 2 m Steel P265GH SA516 GR60 Chaudronnerie yes no no yes ? Cf Areva ? Cf Areva ? Cf Areva ? Cf Areva ? Cf Areva ? Cf Areva ? Cf Areva ? Cf Areva ? Cf Areva

PNB 1300 Mwe Secondary frame dryer
Dry steam 

(finisher)
frame dryer cylindrical Ø3.75 m x 2 m Steel P265GH SA516 GR61 Chaudronnerie yes no no yes ? Cf Areva ? Cf Areva ? Cf Areva ? Cf Areva ? Cf Areva ? Cf Areva ? Cf Areva ? Cf Areva ? Cf Areva

PNB
1450 Mwe 

(N4)
Secondary frame dryer

Dry steam 

(finisher)
frame dryer cylindrical Ø4.0 m x 2 m Steel P265GH SA516 GR62 Chaudronnerie yes no no yes ? Cf Areva ? Cf Areva ? Cf Areva ? Cf Areva ? Cf Areva ? Cf Areva ? Cf Areva ? Cf Areva ? Cf Areva

PNB
1850 Mwe 

(EPR)
Secondary frame dryer

Dry steam 

(finisher)
frame dryer cylindrical Ø4.2 m x 2.2 m Steel P265GH SA516 GR63 Chaudronnerie yes no no yes ? Cf Areva ? Cf Areva ? Cf Areva ? Cf Areva ? Cf Areva ? Cf Areva ? Cf Areva ? Cf Areva ? Cf Areva

PNB 900 Mwe Secondary cyclone block
Dry steam 

(primary)
cyclone block cylindrical Ø3.5 m x 2 m

Steel P265GH SA516 GR64

Stainless steel 304L
Chaudronnerie yes no no yes ? Cf Areva ? Cf Areva ? Cf Areva ? Cf Areva ? Cf Areva ? Cf Areva ? Cf Areva ? Cf Areva ? Cf Areva

PNB 1300 Mwe Secondary cyclone block
Dry steam 

(primary)
cyclone block cylindrical Ø3.75 m x 2 m

Steel P265GH SA516 GR64

Stainless steel 304L
Chaudronnerie yes no no yes ? Cf Areva ? Cf Areva ? Cf Areva ? Cf Areva ? Cf Areva ? Cf Areva ? Cf Areva ? Cf Areva ? Cf Areva

PNB
1450 Mwe 

(N4)
Secondary cyclone block

Dry steam 

(primary)
cyclone block cylindrical Ø4.0 m x 2 m

Steel P265GH SA516 GR64

Stainless steel 304L
Chaudronnerie yes no no yes ? Cf Areva ? Cf Areva ? Cf Areva ? Cf Areva ? Cf Areva ? Cf Areva ? Cf Areva ? Cf Areva ? Cf Areva

PNB
1850 Mwe 

(EPR)
Secondary cyclone block

Dry steam 

(primary)
cyclone block cylindrical Ø4.2 m x 2.2 m

Steel P265GH SA516 GR64

Stainless steel 304L
Chaudronnerie yes no no yes ? Cf Areva ? Cf Areva ? Cf Areva ? Cf Areva ? Cf Areva ? Cf Areva ? Cf Areva ? Cf Areva ? Cf Areva

PNB 900 Mwe Secondary
Roof beam 

envelope

steam 

distributor

Roof beam 

envelope
cylindrical Ø3.5 m x 2 m Steel P265GH SA516 GR68 Chaudronnerie yes no no yes ? Cf Areva ? Cf Areva ? Cf Areva ? Cf Areva ? Cf Areva ? Cf Areva ? Cf Areva ? Cf Areva ? Cf Areva

PNB 1300 Mwe Secondary
Roof beam 

envelope

steam 

distributor

Roof beam 

envelope
cylindrical Ø3.75 m x 2 m Steel P265GH SA516 GR69 Chaudronnerie yes no no yes ? Cf Areva ? Cf Areva ? Cf Areva ? Cf Areva ? Cf Areva ? Cf Areva ? Cf Areva ? Cf Areva ? Cf Areva

PNB
1450 Mwe 

(N4)
Secondary

Roof beam 

envelope

steam 

distributor

Roof beam 

envelope
cylindrical Ø4.0 m x 2 m Steel P265GH SA516 GR70 Chaudronnerie yes no no yes ? Cf Areva ? Cf Areva ? Cf Areva ? Cf Areva ? Cf Areva ? Cf Areva ? Cf Areva ? Cf Areva ? Cf Areva

PNB
1850 Mwe 

(EPR)
Secondary

Roof beam 

envelope

steam 

distributor

Roof beam 

envelope
cylindrical Ø4.2 m x 2.2 m Steel P265GH SA516 GR71 Chaudronnerie yes no no yes ? Cf Areva ? Cf Areva ? Cf Areva ? Cf Areva ? Cf Areva ? Cf Areva ? Cf Areva ? Cf Areva ? Cf Areva

PNB PWR Primary Valve
To stop the 

fluid
Valve cylindrical

Diam from 8 to 50 

mm, height from 10 

to 50 mm

base material 316 L + 

STELLITE 6

Turning + Milling + hard 

deposit
yes yes no yes yes yes yes yes yes 60 ans yes yes yes yes

PNB PWR Primary Valve
To stop the 

fluid
Valve Disc

Diam from 50 mm to 

250 mm, Height from 

30 to 100 mm

base material 316 L + 

STELLITE 7

Turning + Milling + hard 

deposit
yes yes no yes yes yes yes yes yes 60 ans yes yes yes yes

PNB PWR: REP

Primary / 

Secondary / 

Tertiary

tap DN8 to 50

device to stop 

or change the 

water flow

Valve cylindrical
diam from 10 to 100, 

height from 10 to 100

nickel-based alloy, Stellite, 

iron alloy base
CIC + machining yes no no yes yes yes yes yes yes yes yes yes yes

PNB PWR: REP

Primary / 

Secondary / 

Tertiary

tap DN8 to 51

device to stop 

or change the 

water flow

seat cylindrical
diam from 10 to 100, 

height from 5 to 30

nickel-based alloy, Stellite, 

iron alloy base
CIC + machining yes no no yes yes yes yes yes yes yes yes yes yes

PNB PWR primary Control rod
control rod 

mechanism

control rod 

mechanism
tube

from 44.5 x Di 22 mm

L 6500mm
Z12C13 filage TTH rectif oui no no oui no oui no no no no no oui oui 

PNB PWR primary Guided tube
control rod 

mechanism

control rod 

mechanism
tube 304L filage oui no no no no oui no no no no no oui oui

PNB PWR primary plate
control rod 

mechanism

control rod 

mechanism
stretched profile  60x12mm 304L  filage puis etirage yes no no no no oui no no no no no oui oui

PNB PWR tertiary Profile
Waste 

management

Waste 

management
stretched profile 100 x 50 mm x 5 mm 

 spinning/heat 

treament/stretching
no no no no no yes no no no no yes yes yes

PNB PWR tertiary Profile
Waste 

management

Waste 

management
stretched profile 101 x 50 mm x 5 mm 

1.4542

martensitic stainless steel

 spinning/heat 

treament/stretching
no no no no no yes no no no no yes yes yes

PNB PWR secondary
Tubular block 

In600
Exchanger Exchanger tube 50x10mm Inco 600 spinning yes no no no no no no no no yes yes no no

PNB PWR secondary
Tubular block 

In 690
Exchanger Exchanger tube 50x10mm Inco 690 spinning yes no no no no no no no no yes yes no no

PNB PWR secondary
Round block 

In600
Exchanger Exchanger rod 50mm Inco 600 spinning yes no no no no no no no no no no no no

PNB PWR secondary
Round block 

In690
Exchanger Exchanger rod 50mm Inco 690 spinning yes no no no no no no no no no no no no

PNB ITER secondary

Hollow 

squared tubes  

316LN ITER

Magnets Magnets
Stretched hollow 

profile
50x50mm di30mm 316LN spinning and stretching no no no no no no no no yes no yes no yes

PNB ITER secondary

Hollow 

squared tubes 

316LN JT

Magnets Magnets
Stretched hollow 

profile
30x30 Di22mm 316LN spinning and stretching no no no no no no no no yes no yes no yes

PNB ITER  primary

Spinning tube 

for fuel 

cladding R&D 

POUDRES ODS

fuel cladding fuel cladding tube 44x27mm spinning no no no no no yes no no yes no no no no

PNB PWR  primary
tube 316 Jules 

Horowitz R&D

sheath for 

irradiation

sheath for 

irradiation
tube 44x4mm 316LN spinning no no no no no no no no no no no no no

PNB ITER secondary

Hollow 

squared tubes  

ITER

Magnets Magnets tube 50x50mm di30mm spinning and stretching no no no no no no no no yes no yes no yes

PNB R militaire  primary Hafnium
neutron 

absorbing

neutron 

absorbing
round Hafnium spinning no no no no yes no no no no no no no no

PNB PWR 
Primary or 

secondary
body damper body body DA10-12

Blind cylinder 

with eyelet

Diam ext 500 to 900, 

length 700 to 1000
42 CD4 Forging + machining yes no no yes yes no no no yes yes yes yes yes

PNB PWR
Primary or 

secondary
piston body piston body piston DA1-DA12 Blind ylinder Diam ext 50 to 750 42CD4 Forging + machining yes no no yes yes no no no yes yes yes yes yes

PNB PWR
Primary or 

secondary
rod eyelet rod eyelet

rod size from 1 to 

12

Cylindrical rod 

with eyelet at 

the end

Diam 20 to 400, 

length 300 to 800

Stainless steel Z20C13 or 

4418
Forging + machining yes no no yes yes no no no yes yes yes yes yes

Safety CompetitivenessShape of the part
Function of 

the part

Reference of the 

part

Requirements on Mechanical properties 

French codesSize of the part

Goals

Company
Type of 

reactor
MaterialsType of partCircuit Manufacturing processes

German code

US & 

international 

codes

RCCM RCCM-RX KTA Code ASME
Improve 

design

Improve 

mechanical 

properties

Reduce 

welds

Resistance to 

wear and 

friction

Durability 

(fixed 

lifetime)

Improve 

control

Reduce the 

manufacturing 

time

Reduce the 

manufacturing cost

Reduce the 

part cost

PNB

t²wΥ w9tΣΧΣ 

BWR, SMR, 

GenIV, 

L¢9wΣΧ

Secondary / 

Primary

rolled and 

welded tubes, 

unstretched, 

in austenitic 

water 

circulation 

(e.g. vapor, 

condensation

rolled and 

welded tubes for 

condensers,  

heater BP & HP, 

cylindrical and 

rolled welded 

tubes 

Diameter : 12,7 to 38 

mm // Thickness : 0,4 

to 2,1 mm // Length : 

5 to 42 m. Tubes 

austenitic stainless steel 

όŜΦƎΦ олпΣ омсΣ 9b мΣппофΣ ΧύΣ 

ferritic stainless steel (e.g. 

TP 439L), brass (e.g. 

laser welding / TIG, 

ailetage by mechanical 

deformation, bending, 

passivation, non-

yes

to study 

according to 

product 

specification

to study 

according to 

product 

specification

yes yes yes no yes yes yes yes yes yes

PNB NA Secondary

Titanium 

plated sheet 

for 

condensers

metal sheet 

for the 

manufacturing 

of condenser 

NA plaque 3600x5000x50 mm
steel+ Titanium or stainless 

steel+titanium
plating by explosive no no yes ADW8 yes B898 no yes no yes yes no no no yes

PNB ITER
termination 

boxes of coils

Plated sheets 

Copper/stainl

ess steel

NA NA parallelepiped 750x50x70 mm Copper + 316 L or CuCrZR
plating by 

explosive+machining
no no no no yes no no no no no no no no

PNB La hague tubular joint

butt welding 

pipe 

Zr/stainless 

steel

NA cylindrical diam 50 x100 Zr / Ta / 316 L
plating by 

explosive+machining
no no no no yes no no no no no no no no

PNB
Bugey & 

Fessenheim
Security

heat 

exchangers 

plates EAS 

for exchangers 

of safety 

circuits

NA cylindrical Dia 1200 Titanium / 316L
plating by 

explosive+machining
no no no no no no no no yes no no no no

PNB 900 Mwe Secondary frame dryer
Dry steam 

(finisher)
frame dryer cylindrical Ø3.5 m x 2 m Steel P265GH SA516 GR60 Chaudronnerie yes no no yes ? Cf Areva ? Cf Areva ? Cf Areva ? Cf Areva ? Cf Areva ? Cf Areva ? Cf Areva ? Cf Areva ? Cf Areva

PNB 1300 Mwe Secondary frame dryer
Dry steam 

(finisher)
frame dryer cylindrical Ø3.75 m x 2 m Steel P265GH SA516 GR61 Chaudronnerie yes no no yes ? Cf Areva ? Cf Areva ? Cf Areva ? Cf Areva ? Cf Areva ? Cf Areva ? Cf Areva ? Cf Areva ? Cf Areva

PNB
1450 Mwe 

(N4)
Secondary frame dryer

Dry steam 

(finisher)
frame dryer cylindrical Ø4.0 m x 2 m Steel P265GH SA516 GR62 Chaudronnerie yes no no yes ? Cf Areva ? Cf Areva ? Cf Areva ? Cf Areva ? Cf Areva ? Cf Areva ? Cf Areva ? Cf Areva ? Cf Areva

PNB
1850 Mwe 

(EPR)
Secondary frame dryer

Dry steam 

(finisher)
frame dryer cylindrical Ø4.2 m x 2.2 m Steel P265GH SA516 GR63 Chaudronnerie yes no no yes ? Cf Areva ? Cf Areva ? Cf Areva ? Cf Areva ? Cf Areva ? Cf Areva ? Cf Areva ? Cf Areva ? Cf Areva

PNB 900 Mwe Secondary cyclone block
Dry steam 

(primary)
cyclone block cylindrical Ø3.5 m x 2 m

Steel P265GH SA516 GR64

Stainless steel 304L
Chaudronnerie yes no no yes ? Cf Areva ? Cf Areva ? Cf Areva ? Cf Areva ? Cf Areva ? Cf Areva ? Cf Areva ? Cf Areva ? Cf Areva

PNB 1300 Mwe Secondary cyclone block
Dry steam 

(primary)
cyclone block cylindrical Ø3.75 m x 2 m

Steel P265GH SA516 GR64

Stainless steel 304L
Chaudronnerie yes no no yes ? Cf Areva ? Cf Areva ? Cf Areva ? Cf Areva ? Cf Areva ? Cf Areva ? Cf Areva ? Cf Areva ? Cf Areva

PNB
1450 Mwe 

(N4)
Secondary cyclone block

Dry steam 

(primary)
cyclone block cylindrical Ø4.0 m x 2 m

Steel P265GH SA516 GR64

Stainless steel 304L
Chaudronnerie yes no no yes ? Cf Areva ? Cf Areva ? Cf Areva ? Cf Areva ? Cf Areva ? Cf Areva ? Cf Areva ? Cf Areva ? Cf Areva

PNB
1850 Mwe 

(EPR)
Secondary cyclone block

Dry steam 

(primary)
cyclone block cylindrical Ø4.2 m x 2.2 m

Steel P265GH SA516 GR64

Stainless steel 304L
Chaudronnerie yes no no yes ? Cf Areva ? Cf Areva ? Cf Areva ? Cf Areva ? Cf Areva ? Cf Areva ? Cf Areva ? Cf Areva ? Cf Areva

PNB 900 Mwe Secondary
Roof beam 

envelope

steam 

distributor

Roof beam 

envelope
cylindrical Ø3.5 m x 2 m Steel P265GH SA516 GR68 Chaudronnerie yes no no yes ? Cf Areva ? Cf Areva ? Cf Areva ? Cf Areva ? Cf Areva ? Cf Areva ? Cf Areva ? Cf Areva ? Cf Areva

PNB 1300 Mwe Secondary
Roof beam 

envelope

steam 

distributor

Roof beam 

envelope
cylindrical Ø3.75 m x 2 m Steel P265GH SA516 GR69 Chaudronnerie yes no no yes ? Cf Areva ? Cf Areva ? Cf Areva ? Cf Areva ? Cf Areva ? Cf Areva ? Cf Areva ? Cf Areva ? Cf Areva

PNB
1450 Mwe 

(N4)
Secondary

Roof beam 

envelope

steam 

distributor

Roof beam 

envelope
cylindrical Ø4.0 m x 2 m Steel P265GH SA516 GR70 Chaudronnerie yes no no yes ? Cf Areva ? Cf Areva ? Cf Areva ? Cf Areva ? Cf Areva ? Cf Areva ? Cf Areva ? Cf Areva ? Cf Areva

PNB
1850 Mwe 

(EPR)
Secondary

Roof beam 

envelope

steam 

distributor

Roof beam 

envelope
cylindrical Ø4.2 m x 2.2 m Steel P265GH SA516 GR71 Chaudronnerie yes no no yes ? Cf Areva ? Cf Areva ? Cf Areva ? Cf Areva ? Cf Areva ? Cf Areva ? Cf Areva ? Cf Areva ? Cf Areva

PNB PWR Primary Valve
To stop the 

fluid
Valve cylindrical

Diam from 8 to 50 

mm, height from 10 

to 50 mm

base material 316 L + 

STELLITE 6

Turning + Milling + hard 

deposit
yes yes no yes yes yes yes yes yes 60 ans yes yes yes yes

PNB PWR Primary Valve
To stop the 

fluid
Valve Disc

Diam from 50 mm to 

250 mm, Height from 

30 to 100 mm

base material 316 L + 

STELLITE 7

Turning + Milling + hard 

deposit
yes yes no yes yes yes yes yes yes 60 ans yes yes yes yes

PNB PWR: REP

Primary / 

Secondary / 

Tertiary

tap DN8 to 50

device to stop 

or change the 

water flow

Valve cylindrical
diam from 10 to 100, 

height from 10 to 100

nickel-based alloy, Stellite, 

iron alloy base
CIC + machining yes no no yes yes yes yes yes yes yes yes yes yes

PNB PWR: REP

Primary / 

Secondary / 

Tertiary

tap DN8 to 51

device to stop 

or change the 

water flow

seat cylindrical
diam from 10 to 100, 

height from 5 to 30

nickel-based alloy, Stellite, 

iron alloy base
CIC + machining yes no no yes yes yes yes yes yes yes yes yes yes

PNB PWR primary Control rod
control rod 

mechanism

control rod 

mechanism
tube

from 44.5 x Di 22 mm

L 6500mm
Z12C13 filage TTH rectif oui no no oui no oui no no no no no oui oui 

PNB PWR primary Guided tube
control rod 

mechanism

control rod 

mechanism
tube 304L filage oui no no no no oui no no no no no oui oui

PNB PWR primary plate
control rod 

mechanism

control rod 

mechanism
stretched profile  60x12mm 304L  filage puis etirage yes no no no no oui no no no no no oui oui

PNB PWR tertiary Profile
Waste 

management

Waste 

management
stretched profile 100 x 50 mm x 5 mm 

 spinning/heat 

treament/stretching
no no no no no yes no no no no yes yes yes

PNB PWR tertiary Profile
Waste 

management

Waste 

management
stretched profile 101 x 50 mm x 5 mm 

1.4542

martensitic stainless steel

 spinning/heat 

treament/stretching
no no no no no yes no no no no yes yes yes

PNB PWR secondary
Tubular block 

In600
Exchanger Exchanger tube 50x10mm Inco 600 spinning yes no no no no no no no no yes yes no no

PNB PWR secondary
Tubular block 

In 690
Exchanger Exchanger tube 50x10mm Inco 690 spinning yes no no no no no no no no yes yes no no

PNB PWR secondary
Round block 

In600
Exchanger Exchanger rod 50mm Inco 600 spinning yes no no no no no no no no no no no no

PNB PWR secondary
Round block 

In690
Exchanger Exchanger rod 50mm Inco 690 spinning yes no no no no no no no no no no no no

PNB ITER secondary

Hollow 

squared tubes  

316LN ITER

Magnets Magnets
Stretched hollow 

profile
50x50mm di30mm 316LN spinning and stretching no no no no no no no no yes no yes no yes

PNB ITER secondary

Hollow 

squared tubes 

316LN JT

Magnets Magnets
Stretched hollow 

profile
30x30 Di22mm 316LN spinning and stretching no no no no no no no no yes no yes no yes

PNB ITER  primary

Spinning tube 

for fuel 

cladding R&D 

POUDRES ODS

fuel cladding fuel cladding tube 44x27mm spinning no no no no no yes no no yes no no no no

PNB PWR  primary
tube 316 Jules 

Horowitz R&D

sheath for 

irradiation

sheath for 

irradiation
tube 44x4mm 316LN spinning no no no no no no no no no no no no no

PNB ITER secondary

Hollow 

squared tubes  

ITER

Magnets Magnets tube 50x50mm di30mm spinning and stretching no no no no no no no no yes no yes no yes

PNB R militaire  primary Hafnium
neutron 

absorbing

neutron 

absorbing
round Hafnium spinning no no no no yes no no no no no no no no

PNB PWR 
Primary or 

secondary
body damper body body DA10-12

Blind cylinder 

with eyelet

Diam ext 500 to 900, 

length 700 to 1000
42 CD4 Forging + machining yes no no yes yes no no no yes yes yes yes yes

PNB PWR
Primary or 

secondary
piston body piston body piston DA1-DA12 Blind ylinder Diam ext 50 to 750 42CD4 Forging + machining yes no no yes yes no no no yes yes yes yes yes

PNB PWR
Primary or 

secondary
rod eyelet rod eyelet

rod size from 1 to 

12

Cylindrical rod 

with eyelet at 

the end

Diam 20 to 400, 

length 300 to 800

Stainless steel Z20C13 or 

4418
Forging + machining yes no no yes yes no no no yes yes yes yes yes

Safety CompetitivenessShape of the part
Function of 

the part

Reference of the 

part

Requirements on Mechanical properties 

French codesSize of the part

Goals

Company
Type of 

reactor
MaterialsType of partCircuit Manufacturing processes

Industrial survey

Å Applicable codes
Å Safety improvements
V Design
V Mechanical 

properties
VWeld reduction
VWear resistance
V Durability
V Control

Å Improved efficiency
V Manufacturing time
V Manufacturing & 

part cost reduction

Results
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WP2

ωDETERMINE PRIORITY COMPONENTS 
& SUPPLY CHAIN
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Zinkle, 2013 

V Composition
V Mechanical 

performance
V Controls

WP2
ωDETERMINE PROPERTIES

9



Essa2015 

WP3
ωPM Manufacturing: Hot Isostatic Pressing (HIP)
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Benefits
VWeld removal
V Near net shape
V Improved mechanical 

properties
V Comparable corrosion 

resistance
V Fine grain size
V Low ultrasonic scattering
V Repeatability
V Low performance scatter
V Low compositional 

segregation
V Alternative manufacturing 

route

Sulley2011 | Burdett 2004 | Burdett 2012 

WP4
ωTESTING: HIP
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Known complications
! Deformation
! Grain growth
! Furnace size limitations
! Raw material traceability
! Inclusions & oxides
! Transgranularto intergranular

mode of fracture

Wei 2014 | Cooper 2016 | Rao2003  

WP4
ωTESTING: HIP
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