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Geometry

 Surface Area of interior of torus accounting for elliptic shape and no 

triangularity
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Materials

 ODS steel wall – 18mm

 Lasts twice as long as SS316

 More brittle than SS316

 Withstands radiation better than SS316

 Beryllium Coating – 10mm

 Outer layer of first wall

 Pollutes the plasma less than other materials

 Copper heat sink – 22mm

 Copper alloy between ODS and Be to prevent some heat from reaching the 
ODS



Materials - Visual

ODS Be

Side view

Cu 

alloy



First Wall Specifications

 Similar to ITER, panels are about 1m x 1.5m depending on location

 Approximately 426 panels will be required

 6-8 months to replace first wall

 HIP (Hot Isostatic Pressing) to fabricate panels 



Hot Isostatic Pressing

 Process used to make metals less porous

 Subjects a component to elevated temperature and isostatic gas 

(typically Argon) in a high pressure containment vessel.



Lifetime of the First Wall

 Average Neutron Flux on the First Wall

 Dpa Analysis and Formulation

 Lifetime of Wall as a Result of Current Specifications



Average Flux on First Wall

 Average flux onto FW considering surface area

Γ𝑛=
0.8𝑃𝑓𝑢𝑠

4𝜋2𝑅0𝑟𝑤
1
2
1+𝜅2

Γ𝑛=1.14𝑀  𝑊 𝑚2



Dpa Analysis

 We derived our dpa analysis from the class text in conjunction with online 

resources.

 We constructed a conservative linear regression of 11.42 MWy/m2

 This estimate remains a conservative estimate until upwards of 15 MWy/m2



Dpa Formulation

 ODS Steel has been shown to have a lifetime of approximately 100 dpa

 Steel is subject to approximately 11.42 dpa/(MWy/m2)
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Problems Faced by the First Wall

 Swelling

 Constant neutron collision on the first wall will cause erosion and structural 

changes over time, this is one of the primary constraints for the first wall

 Replacement

 When the first wall reaches its load limit and must be replaced, the reactor must 

be shut down for the entire 6 to 8 month period that this will take



Optimization

 A lifetime of more than 7 years is far more than necessary

 An assumption of a conservative 3 years of operation for the first wall 

results in the following limits in terms of plasma and surface area

𝑃𝑓𝑢𝑠<2559𝑀𝑊

𝑆𝐴>274𝑚2



What Stands to be Changed

 We have assumed no triangularity for our reactor, this is certainly a 

simplification.  Taking triangularity into account would result in certain 

patterns of the FW panels



Shielding



Shielding Considerations 

 Must reduce neutron fluence on the magnets to <10^18

 Must be able to accommodate .9m NBI port

 Must be able to accommodate access to plasma chamber



Pertinent Information
Shield Material SS 50%    B4C 50%

E-folding Shield .11m

Shield Thickness (Inboard) 1m

Shield Thickness (Outboard) .75m

Shield Material W 50%    B4C 50%

E-folding Shield .082m

Blanket Thickness (Inboard) 0m

Blanket Thickness (Outboard) .57

E-folding Blanket .15m

Distance to Magnet 3.1m

Maximum Allowable Fluence on Magnet 10^22 n/m^2



Shield Location Thickness Material

Inboard 1m W 50%    B4C 50%

Outside 1 .25m SS 50%    B4C 50%

Outside2 .5m W 50%    B4C 50%

NBI .4m SS 50%    B4C 50%



Assumptions

 Isotropic plasma

 Homogenous materials

 Ignoring effects of the first wall
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The process was repeated for the inboard yielding  years of 37.7 years of

continuous use. 

The life time assuming .75% availably is 47.6 years. 
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=1.16∗109𝑠= 35.7 years of continuous operation 



Proposed Shield From ITER

.6m In length

ITER will have ~8,000 of these blocks
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Other Shield Openings not Addressed 

 Plasma chamber access ports

 Antennae ports

 Vacuum ports

 Diverter Ports

 Instrument Ports 



Plug for service port
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Sources - Kenyon

 Course text

 https://www.iter.org/mach/blanket

 http://www.neimagazine.com/features/featurefabricating-iters-first-wall-4551656/

 http://www.iter-industry.ch/wp-content/uploads/2010/05/Overview-of-ITER-Blanket-FW_Indutry-ppt.pdf

 http://www.iaea.org/inis/collection/NCLCollectionStore/_Public/10/471/10471613.pdf

 http://www.energy.gov/sites/prod/files/2013/09/f2/DOE-Materials-FCRD-7-13.pdf

 http://mathworld.wolfram.com/Torus.html

 http://scitation.aip.org/content/avs/journal/jvst/12/1/10.1116/1.568576

 http://lhc-collimation-project.web.cern.ch/lhc-collimation-project/ph2_meeting_files/ICFRM%20Barabash-ITER%20materials.pdf

 http://www.iter-industry.ch/wp-content/uploads/2010/06/F4E-Blanket-info-day-ITER-Blanket-FW-technical-presentation.ppt-Compatibility-Mode.pdf

 http://www.iter-industry.ch/wp-content/uploads/2010/05/Overview-of-ITER-Blanket-FW_Indutry-ppt.pdf

 http://aries.ucsd.edu/raffray/publications/SOFE/24_SOFE_Raffray.pdf

 http://aei.ucsd.edu/~arr/publications/FED/ISFNT_4_Ioki.pdf

 https://en.wikipedia.org/wiki/Plasma-facing_material

 http://www.iaea.org/inis/collection/NCLCollectionStore/_Public/36/108/36108760.pdf

 ITER technical basis

https://www.iter.org/mach/blanket
http://www.neimagazine.com/features/featurefabricating-iters-first-wall-4551656/
http://www.iter-industry.ch/wp-content/uploads/2010/05/Overview-of-ITER-Blanket-FW_Indutry-ppt.pdf
http://www.iaea.org/inis/collection/NCLCollectionStore/_Public/10/471/10471613.pdf
http://www.energy.gov/sites/prod/files/2013/09/f2/DOE-Materials-FCRD-7-13.pdf
http://mathworld.wolfram.com/Torus.html
http://scitation.aip.org/content/avs/journal/jvst/12/1/10.1116/1.568576
http://lhc-collimation-project.web.cern.ch/lhc-collimation-project/ph2_meeting_files/ICFRM Barabash-ITER materials.pdf
http://www.iter-industry.ch/wp-content/uploads/2010/06/F4E-Blanket-info-day-ITER-Blanket-FW-technical-presentation.ppt-Compatibility-Mode.pdf
http://www.iter-industry.ch/wp-content/uploads/2010/05/Overview-of-ITER-Blanket-FW_Indutry-ppt.pdf
http://aries.ucsd.edu/raffray/publications/SOFE/24_SOFE_Raffray.pdf
http://aei.ucsd.edu/~arr/publications/FED/ISFNT_4_Ioki.pdf
https://en.wikipedia.org/wiki/Plasma-facing_material
http://www.iaea.org/inis/collection/NCLCollectionStore/_Public/36/108/36108760.pdf
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