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Nuclear Science User Facilities (NSUF)

 NSUF offers unparalleled research
opportunities for nuclear energy
researchers.

« Users are provided access to:
= world-class nuclear research facilities,

= technical expertise from experienced
scientists and engineers, and

= assistance with experiment design,
assembly, safety analysis and examination.

« Access is awarded through a competitive
peer-reviewed process.

« 369 total projects awarded ($216MM)
= 69 large CINR projects
= 300 smaller RTE projects




Experiment Process

Light
Source

NUCLEAR FUELS &
MATERIALS LIBRARY

Is Approved
Project

Reactor
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Sample Id Code
Capsule

Packet

Material Code
Material Name
Material Description
KGT Num
Specimen Type
Dimensions (mm)
Number Of Samples
Specimen Availability
Availability Date
Certification
Storage Facility
Notes

Planned Temp (°C)
Planned Dose (DPA)

Planned Flux (n/cm?s)
Planned Environment
As Run Total Dose (DPA)

True

Irradiation Test Plan for the Advanced Test
Reactor National Scientific User
Facility/University of Wisconsin Pilot Project

ATR

East Flux Trap
024-08-331
Capsule 1
500LOA

N5

800H

Austenitic SS

276

TEM

3dx.2
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Yes

November 26, 2014
Yes

Hot Fuel Examination Facility

only 1 tensile specimen each for 800H and
800H-TMP per irradiation condition

500.00

3

9.7E+13

Helium/Argon

464

151E+22
Fe-30Ni-19Cr-0.15A1-0.15Ti-0.05C

Metallic Alloy, Alloy, Metal, Austenitic Alloy,
Steel, Stainless Steel, INCOLOY Alloy, Ferrous,
Control Rods, High Temperature Gas Reactor
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Small Specimen Tensile Testing Challenge

 Tensile testing has long been an important method al Dose Rate -

. . . . . oy pa
for determining the material properties of different T=0 | T=365
structural steel components. SA 508 112 97

] o 625 75 28
» The effect of irradiation on these steel components 718 6.2 0.13
is of particular interest to the nuclear power o0 15 | o010 |R/hr@ 30em
IndUStry' 316L 3.8 0.10
. . Grade 91 2.3 0.09
« The large (E8) specimens typically used are not
. . . L 304L 3.8 0.09
efficient for test reactor irradiations. They also
usually require a hot cell for performing post-
irradiation examination.
» Research into using small-scale tensile specimens e
has been of great interest in the nuclear industry for "’"”\ .
quite some time. N
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Calculator Data Flow

NNDC ENDF |Nuclide Constant§l User Input SPECTER
° N eu t ron D am ag e C a | Ccu | ato r Neutron Cross- Atomic Mass Desired Material Displacement
Section Libraries | |Natural Abundance| | Damage (DPA) | | Damage-Energy
= |n P ut Half-Life ot Cross-Sections
Activation Product Material Threshold
° 1 Daughter Product Composition Displacement
D esire d D PA Gamma Factor ° Energies
* Material Composition N .
- O utp Ut v Neutron Damage Calculator
. NJOY
* Days to desired DPA 252-Energy
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* Reactor Positions St Composition

Reactor
Position

252-Energy
Group Neutron

Fluxes

« Radioactivity Calculator
= |nput
* Irradiation time
* Material composition

v A y

= Ou’[put Radioactivity Calculator
* Radioactivity at set decay times .
Sample Sample
* Gamma Dose Rate Radioactivity] | Gamma Dose
Rate
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Web Application Development

« Neutron Damage Calculator (Python) and & —
Radioactivity Calculator (MATLAB) converted to C# !) nsur

* Cross-sections and constant database created
 Calculators will be available on nsuf.inl.gov

ABOUT US
ANNOUNCEMENTS

USERS ORGANIZATION

CALL/SOLICITATION
INFORMATION

RESOURCES

MY NSUF

& BRENDEN HEIDRICH

SH1SUrE



Web Application — Position Selection

NSUF Calculator » Representative reactor positions for:
= INLATR

ORNL HFIR

MITR-II (coming soon!)

BR-2

OSURR

NCSU Pulstar

Desired DPA

1

Material Composition

Fe-18Cr-8Ni-2Mn-0.75Si-0.1N-0.045P-0.03C-0.03S

Calculate

Select a row to calculate radioactivity and gamma dose rate:

Select Reactor Position Diameter (cm) Days Cycles Years Thermal Fluence Fast Fluence
O ATR Al 16 68.2 1.2 0.2 3.73e+020 3.10e+020
O ATR A13 16 779 14 0.2 3.55e+020 2.92e+020
O ATR B1 22 1239 23 0.3 6.06e+020 3.16e+020
O ATR B9 38 402.5 73 11 8.35e+020 3.81e+020
O ATR I 127 8024.7 145.9 22 1.26e+021 4.18e+020
O ATR 13 83 82276 1496 225 1.75e+021 3.85e+020
O ATR 15 8.3 9833.6 178.8 26.9 1.76e+021 3.26e+020
O ATR 121 38 6699.3 121.8 154 3.96e+021 4.33e+020

———— TN T T R



Web Application — Final Results

Your sample contains Fe-9.6Cr-0.03Y-0.01C-0.003N

Position B1

AT R Diameter (cm) 2.2

Days 1239
Cycle 23
Years 03
Thermal Fluence 6.06e+020 “A”" Positions

Fast Fluence 3.16e+020 Fuel assembly

The activity of your sample is as follows:
after 0 days: 2.47E+11 Bq/g or 6.66 Ci/g “B” Positions

after 30 days: 5.42E+10 Bg/g or 1.47 Cilg

after 60 days: 2.64E+10 Bg/g or 0.714 Cilg
after 90 days: 1.33E+10 Bq/g or 0.359 Cilg
after 180 days: 2.67E+09 Bq/g or 0.0723 Ci/g
after 3098 days: 1.87E+08 Bq/g or 0.00505 Ci/g

Flux trap
guide tubes

Neck shim rods

Neck Shim

The effective gamma dose rate of the sample at 30cm: Rod Housing

after 0 days: 882 mrem/hr/g "H* Positions
after 30 days: 431 mrem/hr/g
after 60 days: 213 mrem/hr/g
after 90 days: 107 mrem/hr/g

after 180 days: 14.8 mrem/hr/g “I" Positions /

after 3098 days: 0.000901 mrem/hr/g

Outer shim
control cylinders

oss | oss | os7 In-pile tubes

05-10 | OS-11 | 0512

Capsule
Irradiation Tank
0513 | 0514 | 0s-15 | 0518 | 0517

05-18 | 05-19 | 05-20 | 05-21 | 05-22

Select a different position
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Radioactivity Calculator Validation

o Utilizes 252- -energy group « Added a Safety factor to improve
neutron flux and activation accuracy.
cross-sections (JEFF) L
_ « Only neutron activation/capture
* Improvement over available reaction included
online calculators and previous
calculator iterations » Meta-stable states not included

Calculator Comparison
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https://webapps.frm2.tum.de/intranet/activation/

Desired Impact
1. Provide an easily accessible, user-friendly calculation tools for
DPA and Radioactivity

2. Inform researchers and technical staff of experiment
requirements and time frames

3. Flag any potential safety issues
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Activation-Decay Chain

* Only daughter products with highest
branching ratio were included

 Calculator does not include meta-
stable states or spontaneous fission

Natural
Nuclide

Activation
Product

A\ 4

Daughter
Product

A\ 4

Daughter
Product

E—— Y =

Activation
Product

Activation
Product

Daughter
Product
Daughter Activation
Product Product
v
Daughter Daughter
Product Product

Activation
Product

Activation
Product

Daughter
Product

Daughter Activation
Product Product
Daughter Daughter
Product Product

Activation
Product

Activation
Product

Daughter

Product
Daughter Activation
Product Product
v
Daughter Daughter
Product Product
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Elements Included

" PERIODIC TABLE OF THE ELEMENTS ...

a 1 1008 2 40026
° elements 2
,2,24 1 H GROUP NUMBERS GROUP NUMBERS He
[ worocen | 5 14 TUPAC RF.(,(OMMF.NDA‘I'IO\N (‘jF,MI(‘ALARSTIﬁ{)AL,T SERVICE 13 UA 14 WA 15 VA 16 VIA 17 WilA | Heaum
. e 2
] 760 | d 3 694(|4 90122 13 A 5 1081(6 120117 14.007|8 159999 18.998|10 20.180
n u C I e S 2 Li Be ATOMIC NUMBER — 5 40,81 |— RELATIVE ATOMIC MASS (1) B C N 0 F Ne
LITHIUM | BERYLLIUM SYMBOL B BORON CARBON | NITROGEN | OXYGEN | FLUORINE NEON
11 22.990 | 12 24.305 BORON —— ELEMENT NAME 13 26.982| 14 28.085 |15 30.974|16 32,06 (17 35.45(18 39.948
N R
* Yellow: all naturally 2 Na | Mg Al S| P | s| | ar
SODIUM | MAGNESIUM | 3 IER e VB 6 MB 7 Vi 8 | 9 i 10 ! mn le 12 |/ | ALUMINIUM |  SILICON | PHOSPHORUS | SULPHUR | CHLORINE ARGON
. . N
OCCU rrl n ISOtO eS 19 39.098 |20 40.078 | 21 44.956 | 22 47.867 | 23 50.942 | 24 51.996 | 25 54.938 | 26 55.845 (27 58.933 28 58.693 [ 29 63.546 [30 65.38 |31 69.723 |32 7264 |33 74.922|34 78.971|35 79.904|36 83.798
g p 4 K [ Ca | Sc | Ti V [Cr  Mn| Fe | Co| Ni | Cu| Zn | Ga | Ge | As | Se | Br | Kr

POTASSIUM | CALCIUM | SCANDIUM | TITANIUM | VANADIUM | CHROMIUM | MANGANESE |  IRON COBALT NICKEL COPPER ZINC GALLIUM | GERMANIUM | ARSENIC | SELENIUM | BROMINE | KRYPTON

"
InCI u d ed y pI u S any 37 85468 |38 87.62|39 88.906 | 40 91.224 |41 92.906 |42 95.95 43  (98)[44 101.07|45 102.91|46 106.42|47 107.87 |48 112.41|49 114.82 (50 118.71|51 121.76 |52 127.60|53 126.90|54 131.29
. S5IRb | Sr | Y | Zr |[Nb |[Mo| %€ | Ru | Rh | Pd | Ag | Cd | In | Sn | Sb | Te I | Xe
r e u I r ed for a n RUBIDIUM | STRONTIUM | YTTRIUM | ZIRCONIUM | NIOBIUM | MOLYBDENUM | TECHNETIUM | RUTHENIUM | RHODIUM | PALLADIUM |  SILVER CADMIUM INDIUM TIN ANTIMONY | TELLURIUM |  IODINE XENON
55 1329156 137.33 72 178.49 | 73 180.95 | 74 18384 |75 186.21|76 190.23|77 192.22| 78 195.08 |79 196.97 | 80 20059 | 81 204.38| 82 207.2 |83 208.98|84 (209)|85 (210)| 86 (222)

57-71
Cs | Ba |Lalul Hf | Ta | W | Re | Os | Ir | Pt | Au | Hg | TI | Pb | Bi | Po | At | Rn

. . . 6
aCt I Vat I O l I - d e C ay CI l al I l CAESIUM AR |L HAFNIUM | TANTALUM | TUNGSTEN | RHENIUM | OSMIUM IRDIUM | PLATINUM GOLD MERCURY | THALLIUM LEAD BISMUTH | POLONIUM | ASTATINE RADON

87 (223)|88 (226)| gg_103 [104 (267)[105 (268)|106 (271)| 107 (272)|108 (277)| 109 (276) (110 (281)| 111 (280)| 112 (285)| 113 (. 114 (287)[ 115 (.) [ 116 (291|117 () | 118 (..)

7| Fr | Ra [AcLr| RE | Db | Sg | Bh | s | Mt | Dy | Rg | Co | Unt | Fl |Uup| Ly | Uus | Uue

Y ran e L] n O n at r aII FRANCIUM |  RADIUM | ACtinide | puneoconnun| DUBNIUM | SEABORGIUM | BOHRIUM | HASSIUM | MEITNERIUM | DARMSTADTIUH | ROENTGENUM | COPERNICIUM | UNUNTRIUM | FLEROVIUM | UNUNPENTIUM | LERMORIUM | UNUNSEPTIM | UNUNOCTIUM
] u Copyright © 2016 Eni Generali¢

. . LANTHANIDE
OCCu rrl n ISOtO eS 57 138.91 (58 140.12|59 140.91| 60 144.24 |61 (145)| 62 150.36 | 63 151.96 | 64 157.25 65 158.93 | 66 162.50 | 67 164.93 | 68 167.26 |69 168.93 |70 173.05| 71 174.97
g p ’ La | Ce | Pr | Nd |[m | Sm | Eu | Gd | Tb | Dy | Ho | Er | Tm | Yb | Lu
LANTHANUM CERIUM PRASECDYMIUM | NEODYMIUM | PROMETHIUM | SAMARIUM EUROPIUM | GADOLINIUM TERBIUM | DYSPROSIUM | HOLMIUM ERBIUM THULIUM YTTERBIUM LUTETIUM
therefore only those l
l 89 (227)| 90 232.04 |91 231.04 |92 238.03|93 (237)|94 (244)| 95 (243)[96 (247)|97 (247)|98 (251)[99 (252)| 100 (257)|101 (258) (102 (259)|103 (262)

needed to Complete www.periodni.com Ac | Th | Pa | U | Np | Pu | Am | Cin | Bk | Cf | Es | Fm | Md | No | Lr
R =) [l B o e B ol ol et Bl el

any activation-decay

chain were included

 White: element not
included in the
calculator
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leactor Positions - ATH

Full Core of ATR Northeast section of ATR

T
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Reactor Positions - HIFR

Outer Core Positions

Central Core Positions

of HIFR

Full Core
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