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- Transient Reactor Test (TREAT)

* Unique characteristics
= Built in 1959
— Graphite moderated core, limited to 600 °C
— HEU fuel dispersed in graphite
-1 atom U per 10,000 atoms C
— One test position
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 Transient rods forcibly moved in
both directions

— Clipped pulses
— Shaped transients

» Purpose is “crash test” nuclear fuel
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- Transient Reactor Test (TREAT)

- Adiabatic and leaky

Half-slot or full-slot core designs

Reactivity insertions up to 4.2 %Ak/k (~$5.80)
— Larger insertions in wintertime in ldaho

Prompt neutron lifetime

- 880 ms

Neutron migration length

- ~ 2 meters
~3400 transients

80 kW steady-state

20 GW peak transient
Minimum 89 ms transient
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1E-1

Il Issue #1: Instrument Position ...

1E-3

* Neutron detectors located in bio shield

1IE4

« The power, and total energy released, is
unknown in TREAT.

Instead, power is referred by MW gear
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Normalized Neutron Fluence (n/cm?)
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—Spectrum After Filter
Thermal/Epithermal (0.5 eV)
Epithermal/Fast (500 keV)
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Standard Fuel

Compensation Accemblies
Rods x4 1E-9 '
1E-10 1E-9 1E-8 1E-7 1E-6 1E-5 1E-4 1E-3 1E-2 1E-1 1E+0 1E+1
Neutron Energy (MeV)
e P Fraction Reduction in Each Energy | Before After |Percentage
| R Tt fode Regime Filter | Filter | Change
i’;;f;me"t T TR Thermal (E <= 0.5 eV) 0.319 0.399 25.0
meE Epithermal (0.5 eV < E <500 keV) | 0.579 0.376 -35.1
. Fast (E >= 500 keV) 0.102 0.050 -50.8
Permanent Reflector Control Shutdown Total 1.000 0.825 -17.5
Rods x8




Bl Issue #2: Q-value Component Energy (MeV)
Fission Fragments 168
« ~200 MeV per fission is typical number found in Fission Product Decay ]
literature (1) Beta-rays .
- For TREAT computational modeling, 182 MeV/fission (i) Gamma-rays
m atch es Neutrinos 12
Prompt Gamma-rays 7
Prompt Neutrons 5
« Core is not airtight, so a “heat balance” is difficult Total 207

« Transient versus steady-state

« Repeated experiments have confirmed ability of
engineering, modeling, and diagnostics to predict
future reactor behavior.
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- Solution #1-2: There are ways around it

- Relative power is all that’'s needed

Power Coupling Factor:
— Joules of energy deposited in target fuel
= JIQUO /M rear
— A “calibration run” with exact fuel/coolant configuration
— Gamma spectrometry used to determine fissions

Power coupling factor is extremely sensitive
— Water in experiment capsule 2x multiplier

Transient versus static power coupling factor as well

* Neutron activation performed (~8-10 reactions) to ascertain
fluence spectrum
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- TREAT Reactor Conversion

« BUSTER to Big-BUSTER configuration

— Broad Use Specimen Transient Experiment Rig
- September 2023 Converted
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- TREAT Reactor Conversion

Fluence TREAT (Small)- :
Region B Fa TREAT Big-BUSTER "
Thermal 0.32 0.47 S 100
Epithermal 0.58 0.46 g,
Fast 0.10 0.07 S
8 10
% 10
g 10 Jh TREAT - Small BUSTER
L TREAT - Big BUSTER
" 019 1078 10 10 10 16°

Energy (MeV)
(Small)-BUSTER = 1.75 x 10 n/cm? per 2000 MJ

Big-BUSTER = 8.08 x 106 n/cm? per 2000 MJ
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Il Issue #3: Fission Split | s
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- Difference in fission yields for 23°U and 238U £ 10 3 ! %
- Specifically, 193Ru 2 e : ‘
 Approximately double in CFY for 238U compared E 6f
to 235U thermal or fast fission g )
- i .
il ?
0 : 2 3 4 5 6
Wire Number
: U235/U238 Fissions
Uranium Type :
TREAT (Small)-BUSTER | TREAT Big BUSTER
Depleted Uranium 11.5 29.3
Natural Uranium 41.5 106
Low-Enriched Uranium 238 608
HALEU 1,407 3,593
High Enriched Uranium 82,265 209,991




I Solution(?) #3:

- CTFW #4 (BUSTER):

- FFC (Big-BUSTER)

— 108Ru/®Mo: 1.13 +/- 0.03
- 1.09 derived from previous slide

- 103Ru/*°*Mo: 1.01 +/- 0.03
— 1.00 derived from previous slide)

— If ratio is equal to 1, 238U fissions
cannot be differentiated

Normalized Neutron Spectrum (n/cm?), Cross Section

 Improvement to '93Ru nuclear data
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— Uncertainty is already 1.34% in gamma
— Fission yield uncertainty is 1.4%
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- Summary

« TREAT's focus is nuclear fuel

* Improvements in fission yields and gamma-ray branching ratios would be useful

— Particular fission products that reveal differences between irradiation conditions is
most useful

 Positioning of instrumentation impacts the implementation of nuclear data for useful
measurements

* The list of new SMR demonstrations at INL in the next few years will present similar
challenges
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Battelle Energy Alliance manages INL for the U.S. Department of Energy’s Office of Nuclear Energy.
INL is the nation’s center for nuclear energy research and development, and also performs research
in each of DOE’s strategic goal areas: energy, national security, science and the environment.
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