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Introduction

three calculators in COMET.
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Figure 1: Elements included in the online calculator,
totaling 92 elements and 760 nuclides.

Yellow: all naturally occurring isotopes plus isotopes 5
required for activation-decay chains were included

Orange: Only those isotopes needed to complete
activation-decay chains were included 7

White: element not included in the calculator

Equation (2) A, = A,N,, where N, =

fraction of each component.
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Multiple steps were necessary to collect the data needed for these calculators:

1. Calculate multi-group neutron flux profiles for multiple positions in test reactors available to
NSUF users. MCNP models of test reactors were used to compute these flux profiles (F4 tallies).

2. Calculate displacement damage cross sections for multiple groups for chosen elements (Fig. 1).
The standard tools for these calculations are SPECTER and the HEATR module of NJOY, which
both use the Norgett-Robinson-Torrens (NRT) method for DPA calculations (Eq. 1 below). Both
displacement energy (E;) and available energy (E,) were provided by SPECTER and NJOY.
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NSUF is developing an online expert system called the Combined Materials Experimental Toolkit
(CoMET) to facilitate research project design and proposal writing. COMET connects NSUF resource
databases with proposal-writing and scoping tools, including reference material, to facilitate
collaborative, informed proposal writing. Among the tools included are three scoping calculators. The
first is a Neutron Damage Calculator, which estimates the material damage (DPA) incurred based on
time spent in a specific reactor position. Using this irradiation time, the second, a Radioactivity
Calculator, estimates the radioactivity levels and gamma dose rates of sample materials post-
irradiation. The third calculator also uses output from the Neutron Damage Calculator to estimate
temperatures reached within experimental capsules during irradiation. This poster will focus on these

3. Calculate the capture cross-sections for the chosen elements. The RECONR module of NJOY
was used for this, which uses a variety of methods described in the NJOY manual.

4. Calculate heat generation rates for each reactor position for the chosen elements. MCNP’s F6
tally and NJOY’s HEATR was used to compute heat generation rates for neutrons, prompt

1 1.008 2 40026
H He
HYDROGEN | 3 il 13 01& 14 S 18 WS 16 WA 17 4 | HELUM
3 694(4 90122 13 [} 5 1081|6 120117 14007(8 15999|9 18.998 |10 20.180
. TOMIC NUMBER m RELATIVE ATOMIC MASS (1)
Li | Be 81| RELATIVE/ B C N (0} F | Ne
LITHIUNM BERYLLIUM B BORON CARBON NITROGEN OXYGEN FLUORINE NEON
11 22.990 | 12 24.305 BORON —§ 13 26982 | 14 28.085 |15 30.974 (16 32.06|17 35.45(18 39.948
Na | Mg - Al | Si P S | ClI | Ar
ODIUM | MAGNESIUM | 3 ne 4 IWe § W 6 Wl 7 Wle 8 9 o 10 11 312 LUMINIUW |  SILICON | PHOSPHORUS | SULPHUR | CHLORINE ARGON
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 63546 |30 65.38 (31 69.723| 32 72.64| 33 74922 (34 78.971(35 79.904 |36 83.798
K |Ca|Sc | Ti |V [Cr Mn| Fe | Co| Ni [Cu|Zn | Ga| Ge | As | Se | Br | Kr
POTASSIUM CALCIUN SCANDIUM TITANIUM VANADIUNM CHROMIUM | MANGANESE IRON COBALT NICKEL COPPER INC GaLLiun GERMANIUM ARSENIC | SELENIUM | BROMINE KRYPTON
37 85.468 |38 87.62 |39 88.906 [ 40 91.224 (41 92,906 |42 959543  (98)| 44 101.07 | 45 102.91|46 106.42 |47 107.67 |48 112.41(49 114.82[50 118.71| 51 121.76 | 52 127.60| 53 126.90 |54 131.29
Rb| Sr | Y |Zr [ Nb | Mo | 7t [ Ru | Rh | Pd | Ag [ Cd | In | Sn | Sb | Te I | Xe
IDIUM | STRONTIUM YTTRIUM ZIRCONIUM |  NIOBIUM MCLYBDENUN | TECHNETIUM | RUTHENIUM RHODIUM PALLADIUM SILVER CADMIUM INDIUR TIN ANTIMONY TELLURIUM IODINE | XENON
§5 132.91(56 137.33| 57.7] |72 178.49|73 180.95 (74 183.84(75 186.21| 76 190.23|77 192.22|78 195.08 |79 196.97 | 80 20059 [ 81 20438(82 207.2|83 208.98|84 209)(85 (210) (86 (222)
Cs | Ba [Lalul Hf | Ta | W | Re | Os | Ir | Pt | Au | Hg | Tl | Pb | Bi | Po | At | Rn
CAESIUM BARIUM I id, HAFNIUM TANTALUM TUNGSTEN RHENIUM OsnMIum IRIDIUM PLATINUM GOLD | MERCUI RY THALLIUM LEAD BISMUTH POLONIUM ASTATINE RADOI
87 (223)(88 (226) | go.1(3 |104 (267)| 105 (268) (106 (271)| 107 (272)|108 (277)| 109 (276)| 110 (281)| 111 (280)| 112 {285} 113 (..} [ 114 (267)| 115 (..} |116 (2013117 (.. |118 (..
Fr | Ra |AcLr| 7 | Db | Sg | Bo | Bs | Mt | D¢ | Rg | Co | Uut | B | Uogp| Ly | Uns | Uoe
FFFFFFFF RADIUM Actinide RUTHERFCRDILN | DUBNIUM | SEABORGIUM |  BOHRIUM HASSIUM MEITNERIUM | OARMSTADT/IUM | ROENTGENIUM | COPERNICIUM | UNUNTRIUM FLEROVIUM UMU‘lFENT\UI-‘) LIVERMORILM IJhlJI»SEPﬂuHJ LHUNOCTIUN
Copyright & Eni General
LANTHANIDE
57 138.91|58 1401259 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
1Py
f La | Ce | Pr [Nd | % |Sm | Eu | Gd | Tb | Dy | Ho | Er | Tm | Yb | Lu
‘LANIHANUM CERIUN PRASEOCYMILA | NECDYMIUM | PROMETHIUM | SAMARIUM | EUROPIUM | GADOLINIUM | TERBIUM [DYSPROSIUM| HOLRIUM ERBIUNM THULIUM ERBIUI LUTETIUM
l l ACTINIDE
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)
. ST \ ) 10 AU . T AT N 7
www.periodni.com Ac | Th [ Pa | U | Np | Pm | A | o | BiR | CF | Bs | Fmo | Md | No | Lr
xe Aol Chel B, 265-201 (2 ACTINIUN THORIUM | PROTACTINIUK | URANIURM NEPTUNILM | PLUTONIUM | AMERICIUN CURIUM BERKELIUM | CALIFORNIUM | EINSTEINIUM | FERMIUM MENCELEVIUM | NOBELIUM | LAWRENCIUM

Nioi¢

}\.2 + 0L X0,

[1 _ e—(7\2+0'2<.0)t] and

4. Heat rate/g of material was generated in step 4 above. That heat rate is #tul
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With data collected, the calculators can function. The process is as follows (outlined in Fig. 2):

1. The user inputs a composition and desired amount of damage (or irradiation time)

2. DPA/day was generated by Eq 1 above. Dividing the desired amount of damage by this value
gives the number of days needed to reach that DPA in each reactor position.

3. Time from (2) is passed into the radioactivity calculator, which considers activation for 3 activity
stages (daughter and granddaughter products, see Fig. 3). The number density for each isotope
(N_x) is multiplied by decay constant (Eqg. 2 below).
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The DPA calculations were compared to accepted values in the SPECTER manual and previous work at
INL. Activity was first compared to other online calculators. However, because those calculators
consider only one activation stage, and due to variations in energy profile for different reactor
positions, additional comparisons with previous INL work was necessary. ORIGEN and SCALE was also
used to compare activation, and the decay trends match well between the new radioactivity calculator
and ORIGEN (see Fig. 4 as an example). Validation for heat generation rates is currently being
undertaken using experimental data from INL experiments. Generally, DPA and activity calculations
compare and trend well compared to previous work and experimental data.
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Figure 2: Data flow diagram of inputs required by and outputs from the Neutron Damage

Calculator and the Radioactivity Calculator.
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5. The results are printed in a table for each reactor position available to NSUF users.

Figure 3: Activation-decay chain followed
by the Radioactivity Calculator for naturally
occurring nuclides.

Amount of

Damage Incurred

‘ Reactor
Position
252-Energy .
Matenal
Group Neutron "
EhDEs Composition

Significance
The web-based radioactivity and neutron damage calculators provide an easily-
accessible, user-friendly way for NSUF users and others to determine the
feasibility of their experiments and obtain estimates for father calculations and
experiment planning. Other web-based activation calculators do not have the
specific flux profiles of user facility reactors, and only include one activation stage,
which can miss a great deal. For example, ®°Co in stainless steel is a long-lived,
powerful gamma emitter, and only considering the first activation stage misses
four of the five activation paths (see below).
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Figure 4: Decay trend comparison between ORIGEN and the 252-energy group calculator for the
single element Barium and alloy HT-9.
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These tools provide a considerable improvement over available online calculators,
and provide reasonable estimates for data that would normally require expert
analysis, empowering users and freeing up NSUF staff to provide further support
to users in their proposal-writing process.




