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D6rr7nt ,,M, Don97CtXY  

• Mat7ria;s E7st station
• ,ast n76tron sC79tr6:
• Oon< t7r: irradiations 

•? MW OGN>D+
  Rto Cro=id7 Z[ dCa R,7S \ ,UPS 
• *n sit6 TYray /] Cro^7s
• +K sit6 TYray / Croton Cro^7s
• Vot 97;;s   
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FACILITY FUNCTION CUSTOMER COST COMPLETION STATUS

LANSCE Multipurpose neutron
science center

Multiple Operational On – Line Aging 

LANSCE-R Adds reliability & 20
year lifetime to existing
facility

NNSA $150M 2014  ? LANL
presume
s this will
happen

Materials
Test Station
(MTS)

Fast neutron
irradiation facility

Office of Nuclear
energy

$100M LANSCE-R
completion
+1 year?

Depends
on
national
politics

LANSCE
Power
upgrade

Increases damage rate
to , at least, IFMIF
levels

Office of fusion
energy,  ?
Office of nuclear
energy   ?

$150 M ? MaRIE-
FFMF

MTS in situ &
ex situ X-ray
& proton
probes in hot
cells

Unique probes of
reactor level neutron
fluence +  state of the
art tools for
radiological materials

Multiple   ? $100M   +
Fraction of
light source
cost

? MaRIE -
FFMF

`  G;; 9osts   aY bZ[M -      G;; inHor:ation s6^c79t to Co;iti9s 
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 Advanced test reactor 

W"y no2]        Ur7=ai;in< :at7ria;s dis9o=7ry Caradi<: d9oo4 / ;oo4e

Hot Cells
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W"y no2]     Ei:7 is ri<"t

600 US coal plants 104 US nuclear plants
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)7a9tor :at7ria;s 9"a;;7n<7s / ,,M, r7;7=an97

•PWR/BWR

•Gen IV Reactors
•SFR
•LFR
•VHTR
•SCWR
•MSR
•FGR

•Fusion

•Experiments with FFMF/MaRiE to address challenges

>t6art Gf Ma;oy
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)7a9tor Mat7ria;s D"a;;7n<7s

 UW)\5W)

 W7n *_ )7a9tors

• I!L

• L!L

• VE7L
• ICOL

• "IL

• !TL

 ,6sion

 +KC7ri:7nts 2it" ,,M,\Ma)i+ to addr7ss 9"a;;7n<7s
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Ur7ss6rig7d 2at7r RUW)S / 5oi;in< Wat7r )7a9tors R5W)S

Reactor Conditions

•Water coolant (~215-330C)
•Thermal spectrum

Materials Issues

Cladding-
•  Pellet clad mechanical
interaction
•  Fuel clad chemical
interaction
•  Hydride formation
•  Zircaloy corrosion

Coolant piping
•  Stress Corrosion Cracking
•  IASCC

Pressure Vessel
•  Aging Dorrosion in n69;7ar C;ant r7a9tor ;id
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Mo;t7n >a;t )7a9tor

Lea%tor Con,ition9
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+KC7ri:7nts 2it" ,,M,\Ma)i+ to addr7ss 9"a;;7n<7s

 Microstructural Evolution
• Void measurements under irradiation
• Interstitial/vacancy cluster formation under irradiation (in situ

resistivity/positron annihilation measurements)
• Second phase formation under irradiation (e.g. aging of a

pressure vessel steel)
• Monitor intergranular stresses under irradiation

 Mechanical Properties
• Irradiation Creep
• Irradiation-assisted Crack Growth Measurements

 Corrosion
• In situ corrosion measurements in water
• In situ corrosion measurements in Pb, LBE or Na

 Fuels microstructural changes
• Formation central void
• Fuel clad chemical/mechanical interaction
• Thermal conducitivity measurements under irradiation

Mi9rostr69t6ra; Q7=7;oC:7nt in an
MKid7 H67; 6nd7r Hast r7a9tor

irradiation

_oid d7=7;oC:7nt in VEYh- 8ZZ dCa
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DG)OM> EMM+
Unique model validation opportunities

 20
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Mod7;in<X H6t6r7 and 7KC7ri:7nta; r7A6ir7:7nts

Approach
Relate microstructure evolution
with macroscopic response

Issue
Characterize microstructure
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 Data at 76K
 Data at 150K
 Data at 300K
 Data at 450K

Measurement Issues
•In-situ
•Reduce measuring times (~ 1 sec)
•Characterize small domains (<1
micron)
•Characterize 3D structures
•Temperature capabilities
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Mod7;in<X H6t6r7 and 7KC7ri:7nta; r7A6ir7:7nts

Gr7as 2"7r7 :od7;in< 9an ^7n7Hit Hro: ad=an97d 7KC7ri:7nta; inYsit6
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Clad Deformation

Irradiation effects:

• Clad materials swell under irradiation, occasionally
leading to severe deformation and even rupture.

• Chemical constituents (elements, compounds)
segregate and/or   precipitate, leading to hardening of
the cladding.

• Changes in microstructure modify the effective
thermal conductivity of the clad, reducing heat
transfer.

• Anisotropy of mechanical properties, such as elastic
constants, favors stress concentrations.

1L. K. Mansur, J. Nucl. Mater., 216 (1994) 97-123.

Photograph of 20% cold-worked 316
stainless steel rods before (left) and after
(right) irradiation at 533°C to a fluence of
1.5×1023 neutrons m-2 in the EBR-11
reactor.1

Importance:
• Deterioration of clad materials is one of the main
reasons for replacing the fuel element.
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Dr77C

Irradiation Effects:
• In the reactor, thermal creep and irradiation creep produce dimensional changes of the fuel element.
• Anisotropy of mechanical properties, promotes stress concentrations.
•Because primary creep relaxation takes place in short times (minutes), fast diffraction techniques are
required for characterization.
• Mapping local stresses and their evolution with time under irradiation and temperature conditions
would help in reactor material design and in safety assessment.

Importance:
Creep is the slow deformation
of a material under the long
term influence of stresses
(mechanical or thermal) that
are below the yield strength of
the material.
Creep can lead to severe
deformation and reactor
accidents.

1E. Chino et al., Creep Failure of Reactor Cooling System Piping of Nuclear Power Plant under Severe Accident
Conditions, Proc. of the 7th International Conference on Creep and Fatigue at Elevated Temperatures (CREEP7), Jun. 3-
8, 2001, Tsukuba, Japan, 107 (2001).

Creep failure of a reactor pipe subjected tot 15 Mpa
internal pressure, at 1000 ºC1
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>tr7ss r7;aKation ^y 9r77C at t"7 tiC oH a not9"

Issue: can stresses at a crack tip be relaxed by combined irradiation and thermal creep?

In this particular application for Zr-Nb the stresses where measured
by neutron diffraction and modeled for a Compact Tough Specimen

Problem: fast data acquisition required for capturing the stress
evolution at the tip of the notch

relaxation simulation
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>t6dy oH t2inYCar7ntYn7i<"^or"ood int7ra9tion ^y C"oton diHHra9tion

Goal: Measure stress state in individual grain and twin as a
function of strain

Approach: in-situ X-ray diffraction (APS at Argonne) on a Mg
polycrystal under compression

DIFFRACTION PATTERN

110
102

103

101

002
100

R

Identify grain:
hkl spots give
grain orientation
and lattice strain

Spot pattern:
~50 grains in the
beam

Center grain (G1) in the beam and
obtain 100 spot patterns for 100
angular positions of Ω.
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• Choose parent orientation  calculate spot position of all twin variant orientations.
•  If twin spots appear  twin variant starts forming
•  Spot intensity increasing  twin volume fraction increases  quantify !
•  Combine info of ~25 (hkl) patterns to derive elastic strain tensor in twin and parent !

>t6dy oH t2inYCar7ntYn7i<"^or"ood int7ra9tion ^y C"oton diHHra9tion

Parent is oriented
for twin activation

Twin is formed in the 20 to 40 MPa interval.

Peak position gives strain in twin.
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>t6dy oH t2inYCar7ntYn7i<"^or"ood int7ra9tion ^y C"oton diHHra9tion

GPo'3tion of 9=ear %om2onent9 on tRin 2'ane %ommon to 2arent an, tRin

Shear stress on twin plane of
parent increases with loading until
twin appears.

At such point twin activity relaxes
parent stress and keeps it steady.

Initial shear in twin has opposite
sign, and remains much smaller
than the parent shear !

What we see here is the reaction to the
twin shear from the surrounding medium !!
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IGDl >VOGDVE+)
Gd=o9atin< ,,M, / d7Hinin< r7A6ir7:7nts

 31



MaRIE Fission fusion materials facility

W"at is t"7 96rr7nt stat6s oH t"7 ,ission ,6sion ,a9i;ity]

Define frontier
experiments that are
killer apps

Help quantify the
requirements for
future science

Analyze the
technical
alternatives

Propose preferred
alternatives

Initial ideas exist for each step, but this process
is iterative and evolving

Initial ideas exist for each step, but this process
is iterative and evolving
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1.0 Messaging

2.0 Marketing and Sponsorship

3.0 Building the Science Case

4.0 Determining the Proposed Facility

5.0 Integration

+sta^;is"in< t"7 Mission N77d Hor Ma)*+ r7A6ir7s a CroCosa;
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>9i7n97 ,ronti7r +KC7ri:7nts Hor ,ission ,6sion ,a9i;ity  RFf[S

Eo 7na^;7 Hronti7r 7KC7ri:7nts in m

May r7A6ir7 in-situ :7as6r7:7nt oH mf

One can consider a very wide range of techniques …..

Dorrosion >27;;in< >tr69t6ra; int7<rity U"as7 >ta^i;ity E"7r:a; EransCort

Dorrosion
   Gr*+t, rate
   O0idati*n rate

_oid \ 56^^;7
   T*tal 4*lume
    Nu7leati*n
    Gr*+t, rate & si9e
    S;atial distri<uti*n

M79"f  CroC7rti7s
    =ree; strengt,
    Tensile strengt,
    Residual stress

U"as7
  =*m;*siti*n
  Mi7r*stru7ture
Wrain
   Gr*+t, rate & si9e

E"7r:of CroC7rti7s
   Aeat 7a;a7itB
   =*ndu7ti4itB
   DiDDusi4itB

Oay7r
   T,i7Eness
   =*m;*siti*n
,67;\9;addin<
  Intera7ti*n t,i7Eness

Q7H79ts
   Num<er
   TB;e
   G*lume

Dra94s
   Si9e
   G*lume
   S,a;e

,ission Urod69t
    Distri<uti*n
    Segregati*n
    A77umulati*n

E7:C7rat6r7
   Distri<uti*ns

 34
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Deliverables for each:- Problem Statement
Theory, Modeling, & Simulation Requirements Statement
Solution Impact Statement
Identify User Community
Outreach
Inreach
Scientific Functional Requirements
User Team Creation
First Experiments Document

56i;din< t"7 >9i7n97 Das7 Hor :7as6r7:7nt in 7Ktr7:7 radiation 7n=iron:7nt

• Dorrosion Wordon Iar=in7n 
\ >27;;in< E6ra^ Ooo4:an
\ >tr7n<t" and >tr69t6ra; *nt7<rity >t6 Ma;oy
\ U"as7 >ta^i;ity Mi47 Nastasi
\ E"7r:a; transCort  Mari6s >tan
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,6n9tiona; r7A6ir7:7nts Hor dia<nosti9 :7as6r7:7nts RFf[S
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>Catia; r7so;6tion E7:Cora; r7so;6tion
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1.0 Messaging

2.0 Marketing and Sponsorship

3.0 Building the Science Case

4.0 Determining the Proposed Facility

5.0 Integration

+sta^;is"in< t"7 Mission N77d Hor Ma)*+ r7A6ir7s a CroCosa;
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Gna;ysis oH H6t6r7 Ha9i;iti7s to id7ntiHy C7rHor:an97 <aCs RJf[S
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IFMIF
1  Fusion development facility , after R.D Stambaugh ; ReNeW Mtg UCLA 2009
2  e.g. Gas dynamic trap D-T neutron source , after Simenon ; ReNeW Mtg UCLA 2009

Jules Horowitz Reactor (100 MWt
LWR) at Cadarache



MaRIE Fission fusion materials facility

Q7t7r:inin< t"7 UroCos7d ,a9i;ity RJf[S

\ Qia<nosti9 Cro^7 ^7a:s and t79"niA67s nQon 5ro2no
\ *rradiation 7n=iron:7nt +ri9 Uit9"7r
\ Q7t79tors  n E5Q o
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W"at ar7 int7r:7diat7 st7Cs to Ma)*+]
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Lab-scale PIE

Lab-scale PIE

q  6!"6!  r

US Triple ion
beam facility?

JaNNuS

e.g. Ion
beam

facility at a
synchrotron

X-ray
source?

e.g. Measure
highly

radioactive
samples at a

neutron or X-
ray source?
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MG)l 5M@)l+
First Experiments and Open questions
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7K sit6

Ma)*+ ,,M, L 9on97Ct6a; ;ayo6t

in sit6
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,irst +KC7ri:7nts L Monitor t"7 >tr69t6r7 7=o;6tion oH an oKid7 H67; Cin

A:- Pre-start-up
•200 μm voids
•10 μm grains
•….

B:- Immediately on start-up
• Thermal shock cracks
• Reduction in thermal
conductivity

C:- First weeks
• Formation of central void
• Columnar grain growth
• Grain boundary carbide
precipitation
•….

G:- 5 years (mid life)
•1% Void swelling
• Recrystallization
• Clad derived inclusions
• Ductility decrease (He at grain boundaries)
• ….

H:- 10 Years (end of
life
•  Clad swelling up
to 10%
•  Clad ductility to
zero
•  Voids 75 to 1000 A
•….
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F
• Ductility decrease due to grain
boundary He (T>Tm)
•….
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7f<f Vasy;a^p TY)ay diHHra9tion p 8:: t"i94 EiG; p 8[[l7_ p q: sa:C;7 to d7t79tor

,irst 7KC7ri:7nts L 7f<f :onitor int7r<ran6;ar str7ss d6rin< a ;oad t7st
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7f<f +>),p TY)ay to:o<raC"y p D6 J[kn ?U^p ?::F p i[l7_p _oK7; ?`?`? μ: 

,irst 7KC7ri:7nts _ 7f<f :onitor 9a=itation d7=7;oC:7nt
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7f<f GU>p >i:6;tan7o6s diHHra9tion / >GTp 5MWp qql7_p 8 :: t"i94p F[ s79 r7so;6tion

,irst 7KC7ri:7nts L 7f<f si:6;tan7o6s diHHra9tion and s:a;; an<;7 s9att7rin<
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Ma)*+ ,,M, mf MC7n A67stion L "o2 Har 9an 27 ta47 Croton radio<raC"y ]
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7f<f Uroton radio<raC"y oH "aHHnia s6rro<at7 H67; C7;;7ts
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Mor7 MC7n A67stions  

Q7t79tor oC7ration

>C79tra; 7HH79ts
 
U6;s7d 7HH79ts

U*+ =s *n sit6

*on ^7a: irradiation
 
Dan 27 6s7 t"7 ti:7 str69t6r7

D"ara9t7r oH ,,M, ;i<"t so6r97 

OGN>D+ Co27r 6C<rad7 
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Wor4s"oCs on t"7 )oad to 8?\[h

 Fan -Z0--D -ZZb sLe9ear%= !rontier9 an, Ca2aAi'it) Ta29 for
Contro''in; an, 1e9i;nin; !3n%tiona' "ateria'9

 I6;y ?hYF8- ?[[h d>tr69t6ra; >ta^i;ity oH Mat7ria;s @nd7r +Ktr7:7
Donditionse

 >7Ct ?8Y??- ?[[h dMCCort6niti7s Hor st6di7s oH a9ti=at7d sa:C;7s at
nationa; 6s7r Ha9i;iti7se

 >7Ct ?FY?Z- ?[[h d?8st D7nt6ry N77ds in Do:Cr7ssion >9i7n97e

Slide 49

• Culminating in12/09 workshop on “Decadal Challenges for
Predicting and Controlling Materials Performance in Extremes”
•  Outcomes to be documented in a publically available workshop
report

• Culminating in12/09 workshop on “Decadal Challenges for
Predicting and Controlling Materials Performance in Extremes”
•  Outcomes to be documented in a publically available workshop
report
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"aHin; t=e "aL6G !!"! %a9e  0 o^UL EGLK JGG1G1ttt
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*d7ntiHy t"7 dli;;7r GCCs

,7asi^i;ity
• Q7:onstrat7 2"i9" s9att7rin< t79"niA67s H7asi^;7
• Q7:onstrat7 d7t79tor =ia^i;ity
• Gss7ss r7;ati=7 :7rits oH Croton - TYray R7;79tronS  radio<raC"y
• M7rits oH dC"asin<e to i:Cro=7 si<na; to nois7

UortHo;io
• +sta^;is" 7n7r<i7s and ^7a: 9"ara9t7risti9s Hor CroCos7d s6it7 oH too;s
• *d7ntiHy 9o:C;7:7ntary ion- C"oton- and Croton irradiation oCCort6niti7s

@niA67 oCCort6niti7s
• Gss7ss =a;67 oH Ci9o s79ond int7rro<ation 6s7d in 9onc6n9tion 2it" n76tron C6;s7s as a

Cot7ntia; too; to 7Ka:in7 d7H79ts

Nationa; 9ont7Kt / a;t7rnati=7s
• Gss7ss :7rits oH a997;7rator 6C<rad7 Cat"s to Z[ dCa\HCy
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5GDl@U>
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)adiation da:a<7 7HH79ts

Dorrosion in n69;7ar C;ant r7a9tor ;id Dra94s in n69;7ar H67;

U"as7 7=o;6tion in n69;7ar 2ast7 ,M)+_+)Y=7ss7; at :7;t 7c79tion

>t77; Cr7 / Cost irradiationF
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>9i7n97 ^as7d ;i97nsin< mf

To enable trustworthy  modeling and simulation insight…

Requires in-situ measurement of  e.g. …

One can consider a very wide range of techniques …..

Dorrosion
   Gr*+t, rate
   O0idati*n rate

_oid \ 56^^;7
   T*tal 4*lume
    Nu7leati*n
    Gr*+t, rate & si9e
    S;atial distri<uti*n

M79"f  CroC7rti7s
    =ree; strengt,
    Tensile strengt,
    Residual stress

U"as7
  =*m;*siti*n
  Mi7r*stru7ture
Wrain
   Gr*+t, rate & si9e

E"7r:of CroC7rti7s
   Aeat 7a;a7itB
   =*ndu7ti4itB
   DiDDusi4itB

;ay7r
   T,i7Eness
   =*m;*siti*n,67;
9;addin<
  Intera7ti*n t,i7Eness

Q7H79ts
   Num<er
   TB;e
   G*lume

Dra94s
   Si9e
   G*lume
   S,a;e

,ission Urod69t
    Distri<uti*n
    Segregati*n
    A77umulati*n

E7:C7rat6r7
   Distri<uti*ns

 53

>DD si:f MfQf si:f  R?[ l7_ 9as9ad7S ,+  E7:C7rat6r7 si:f
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E"7 Ma)*+ ,,M, oCCort6nity mm

Mat7ria;s t7st station at OGN>D+ 9an Crod697 n76tron H;67n97 and sC79tra; 9"ara9t7risti9s
Hast r7a9tor

G Hr77 7;79tron ;as7r 9;ass ;i<"t so6r97 9o6;d Cro^7 ME> 7n=iron:7nt

Do:C;7:7ntary Croton radio<raC"y 9o6;d 9"ara9t7rig7 sa:C;7s

m 7na^;in< in sit6 9"ara9t7rigation oCCort6niti7s m

TG,>-
TGN+>
+;79tro9"7:i9a;
i:C7dan97
sC79tros9oCy

>:a;; an<;7 TYray
s9att7rin<
@;traHast TYray
t79"niA67s

)adio<raC"y /
Eo:o<raC"y
    T- C- 7- n
D6sto: ;oad d7si<ns

8[[l7_ TYray
diHHra9tion
QiHH6s7 s9att7rin<

E"7r:o9o6C;7s
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E79"niA67 57a: D"ara9t7risti9s Q7t79tor Do::7nt

Eo:o<raC"y W"it7 RUin4S 57a:
Q+\+r8[s

,ast DDQ 9a:7ra \ >a:C;7 rotation
n797ssary

\ Uositionin< a996ra9y
r7A6ir7d

\ 8 9: aC7rt6r7 Hor ^7a:
rast7r

\  >a:C;7 to d7t79tor
distan97]

U"as7 and t7Kt6r7
7=o;6tion

W"it7 RUin4S 57a: rZ[Y
8[[l7=

+n7r<y s7nsiti=7 W7
Coint d7t79tor

\ +n7r<y disC7rsi=7
diHHra9tion

\ >79ond d7t79tors

)7sid6a; >tr7ss and
E7:C7rat6r7f

Mono9"ro:ati9 57a:
ri[ l7_

Oar<7 Gr7a DDQ or UiK7;
Grray Q7t79tor

\Gn<6;ar disC7rsi=7
diHHra9tion

\ >79ond d7t79tor

\ E7:C7rat6r7 sta^i;ity
and 6niHor:ity i:Cortant

7t9 7t9 7t9 7t9

QS 5'ternatiPe9 ana')9i9 Kart d 0 *n sit6 :7as6r7:7nts 7f<f RJ oH JS
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QS 5'ternatiPe9 ana')9i9 Kart d Y  Qos7 rat7 / sC79tr6:
 *on ^7a:

a dCa \ ti:7 rat7

Y >"a;;o2 da:a<7 d7Ct"

Y Not n76trons

Y No Hission Crod69t Crod69tion- No <as ^6^^;7 Crod69tion R2\sin<;7 ^7a:S
mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmf

E"7r:a; r7a9tor RsC79tr6: :odiHi7dS
a GE) / V,*) a=ai;a^;7 no2
• V7 to dCa ratio ;i:it7dR27;; s6it7d Hor Hission S

>Ca;;ation so6r97
a MCCort6nity Hor inno=ation
• V7 to dCa ratio 2id7 R27;; s6it7d Hor H6sionS

Y G997;7rator triCs and r7s6;tin< sa:C;7 t7:C7rat6r7 7K96rsions

,ast r7a9tor 

Y Non7 96rr7nt;y a=ai;a^;7 in @>

Y V7 to dCa ratio s:a;; RoCti:a; Hor HissionS

,6sion 9on97Cts n*,M*,- QEN>- ,Q,- mfo
Y Dost \ )is4
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>C79tra; 7HH79ts Y  QiHH7r7nt r7a9tor tyC7s R8 oH JS
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I2e%tra' effe%t9 0 ME>- *,M*,- *E+) sC79tra L ;o< RF oH JS
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MTS IFMI

F

Fusion
Reactor

dpa/fpy 3-35 20-55 20-30

appm He/dpa 4-25 10-12 10-15

appm H/dpa 20-
200

35-54 40-50

transmutations in
Fe

         appm Mn/dpa
10 37 20-24
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     >Ca;;ation so6r97s "a=7 "i<"7r r79oi;
7n7r<i7s- ^6t t"7s7 6;ti:at7;y yi7;d s6^Y
9as9ad7s si:i;ar to H6sion Hirst 2a;; and
*,M*,f

>C79tra; 7HH79ts Y ME>- *,M*,- *E+) sC79tra L ;in7ar RJ oH JS
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Uroton
:i9roC6;s7s

qat -ZdQ-Y "ES
a22rogQ dYZ ZZZ
mi%ro23'9e9 X
ma%ro23'9er

Uroton
:a9roC6;s7s

qd-Z ES D ePer)
et= 23'9e
,iPerte,r

Ei:7 str69t6r7 Y Uroton ti:in< R8 oH ?S
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+;79tron
:a9roC6;s7s

q- N=S r

+;79tron
:i9roC6;s7s

ql dZZZ
mi%ro23'9e9X
ma%ro23'9er

Ei:7 str69t6r7 Y +;79tron ti:in< R? oH ?S
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TYray C7n7tration- 7n7r<y d7C7nd7n97
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Don97Ct to Hi;; C7rHor:an97 <aCs L Ma)*+ ,ission ,6sion ,a9i;ity

8aS   *n sit6 Cro^7 ^7a:RsS
9"ara9t7rigation oH transi7nt
7HH79ts in ME> tar<7t

8^S   +K sit6 Cro^7 ^7a:RsS
9"ara9t7rigation oH C7rsist7nt
7HH79ts in a "ot 97;;  adca97nt
to ME>

?S     OGN>D+ Co27r 6C<rad7
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,6n9tiona; r7A6ir7:7nts on irradiation 7n=iron:7nt to addr7ss 6s7r n77ds
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*rradiation Ha9i;ity t"at Cro=id7s n76tron H;67n97 / sC79tra; 9onditions r7;7=ant to
Hast Hission / H6sion aCC;i9ations Hor ^ot" in sit6 / :6;tiC;7 sa:C;7 irradiations

  u!a9t          `iZQd "eVa
     7=erma'  `lZQe-Y eVa

*rradiation _o;6:7 t      8 ;it7r

N76tron H;6K <radi7nt o=7r
irradiation =o;6:7

u      8 s \ ::

Uri:ary r79oi; sC79tra Do:Cara^;7 to Hast Hission
or H6sion aCC;i9ations

Y

Qa:a<7 rat7    @C to Z[ dCa \ H6;; Co27r y7ar R,7 +A6i=fS

,ast \ t"7r:a;` 8[J N76tron H;6K ratio

,ast` n76tron H;6K t   ?    8[8Z n 9:Y? \ s79ond

G=7ra<7 Hast` n76tron H;6K t   F    8[?? n 9:Y? \ y7ar

V7;i6: to dCa ratio [f?  to  ?[ aCC:\dCa  R,7 7A6i=fS

,a9i;ity a=ai;a^i;ity t       q[s

,a9i;ity ;iH7ti:7           ?[ y7ars
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 Advanced test reactor  USA

JOYO Fast reactor , Japan 

1   Materials Test Station Compliance With Fast Neutron Irradiation Capability Requirements LA-UR-07-5429
2  Year of first criticality, core replaced every 7 years

Gna;ysis oH d7Kistin<e n76tron irradiation 7n=iron:7nts


