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Why fission reactor ?

* High neutron flux (~ ZipxP)
 Large irradiation area (~- large core volume)
* High heat removal capability (- cooling for nuclear fuel)

* Excellent energy balance (** Energy not consumed but produced)

Why commercial LWR ?

 Stable supply (- stable operation with high capacity)
* High neutron fluence (~~ high capacity factor & longer cycle)
* No need for specialized facility (- existing plant owned by utilities)

* Fit for “full cost recovery” policy (- Almost all capital, fuel and O&M cost
covered by electricity sales)



Target Loading Method into PWR for
Mo/Tc and Lu-177 production

* Use instrumentation tube which penetrate s
the pressure vessel.

* The tube is originally equipped for movable . | | .
in-core sensors (fission chambers) to detect A00

. . . . [ | {1 |
axial neutron distribution once a month. T —
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* For Lu-177 production, 1 tubes for 2 week irradiation.




Mo Pellets and °°’Mo Production Rate
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* Mo pellets are linked together by FSEE——T—
flexible connector S f& : K95mm
* The total length: 3600mm E 2 gjggfﬁ
* The total weight of Mo pellets SRR A AR
in 4 strings : 520g (MoO:: 780g ) Wire
* Enrichment of ®Mo : 98%
(°8Mo in natural Mo : 24.1%) ﬁ
2
Production rate after 7 days irradiation Mo Pellet
- 275 GBqg/g-%Mo
- 600 [6-days calibrated Ci/week] ! 2 Capsule

60% of annual demand
(1000 Ci/week) in Japan
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Lu-177 production experiment using JRR-3M
(Aug.-Sep.2023)
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Fig. JRR—-3M and the core

Target material

Lu-176

(64. 3% Enriched)
Mass 0. 094mg
Irradiation position HR-1
Neutron flux at HR-1 1.3% 10" [/cm? - sec]
Irradition period 14days




Target capsule and PIE
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Fig. Target Capsule Fig. Lu—177 production in JRR-3M



Estimated production of Lu-177
in commercial PWR

[Yb irradiation produces less 7’Lu 10000
. . . 177
but satisfies the purity as n.c.a.”"Lu. Peptide Receptor Radionuclide Therapy (PRRT) with
Enriched 177Lu-DOTA-peptides requires 177Lu with high specific
El Yb-176 activity (SA) and values >740 GBq 7’Lu/mg-Lu*.
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é 100./] Lu-176 | Irradiation of Lu gains larger amount of !’’Lu but
o v / does not meet the criteria of specific activity under
S Yb / /! PWR irradiation condition even using enriched 77Lu.
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£ | Target mass 0.1mg oLt * Assuming 100g of 17¢Yb target,
] Loading position: Instrumentation tube 25TBq of 177Lu pI’OdUCEd by 14 days irradiation.
(% Enrichment for Yb-176 and Lu-176: 70%
Total neutron flux: 1.3 X 10'*[/cm?2sec] . .
Irradiation period: 14 days ) * 25TBq X 24 irrd./y = 600TBq/y (=81,100doses =13,500patients)
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Ra-223

11.4d

Ac-225

10.0d

Ra-224

3.66d

225Ac production methods in fission reactors

Fast neutron path: 226Ra(n,2n)??Ra->225Ac

» Joyo has potential to efficiently produce Ac-225 by this path?)
(about 60GBq/y by 60days X 3times/y irradiation)

» Demonstration of Ac-225 production (by 10mg Ra-226 target) is
planned just after its restart planned in 2026.

Pa-230 Thermal neutron path:

226Ra(3n,2B)?2°Th->22°Ra->»2?°Ac
» Commercial LWRs are applicable to

17.ad

Th-228 Th-229

rotsey | .+ 7920y produce Th-229 which is a permanent
| cow nuclide of Ac-2252),
Ac-226 Ac-227 Ac-228
1.224d 21.772y 6.15h

y———————- -y 1.Daiki Iwahashi *,Kota Kawamoto,Yuto Sasaki andNaoyuki Takaki, "Neutronic Study on Ac-

Ra-225 | # Ra-226 N\ Ra-227 225 Production for Cancer Therapy by (n,2n) Reaction of Ra-226 or Th-230 Using Fast

1 Reactor Joyo", Processes 2022, 10(7), 1239; https://doi.org/10.3390/pr10071239
1600y 1l 222m 2.Daiki Iwahashi *,Yuto Sasaki,Tomoatsu Shinohara andNaoyuki Takaki, ""Semi-Permanent
V4 Mass Production of Ac-225 for Cancer Therapy by the (3n,x) Reaction in Pressurized
- s’

Water Reactor", Processes 2024, 12(1), 83; https://doi.org/10.3390/pr12010083



225Ac production in commercial PWRs
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* Wet Annular Burnable Absorber (WABA) £

2022/NFCM-0016, Westinghouse Electric |

Loading method:
* One or several thimble plugs of hold
down assembly are replaced by capsuled

= | rods for irradiation.
— &
an O VOB nn . 226 . .
b 1g of ““°Ra is loaded in pellet or powder

| - | form.
Thimble plug _: % il H * The fuel assembly is shuffled 3 times and

discharged after 4 cycle irradiation to the

T : .
I ll cooling pool as same as usual assemblies.
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Th-229 production in PWR

1 cycle(PWR) = Operation 390 days-+cooling 90 days
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Th-229 production through 4 cycle irradiation
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> After the irradiation,
60% of the Ra remains
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Indonesia Research Reactor (RSG-GAS)

First Working Core
Configuration!3!
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Fig. 3. First working core configuration of RSG-GAS.

Running Specifications

Fuel 19.45%U - U30s-Al fuel plate

Thermal Power 15MWt
Standard Fuel Element 2
.uc+
. Neutron Flux 1.0E+13 [n/cm?/s] (thermal
neutron)
Al Doy e Code OpenMC
S Nuclear Data ENDF/B VIII.O
Irradiation Time 26 days
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Modified LEU Electroplating Capsule

7.6cm

7.3cm

Target

Helium __ Ro50.088cm
S\

>
Water
o

40cm

@3cm

i#

30cm

e Capsules with 0.02 cm LEU

layer thickness are used for
Mo-99 production from
fission reaction.

Simultaneous production of
Ac-225 and Mo-99 by loading
Ra-226 target into
electroplating capsules is
possible.

In this research, the different
thickness was considered,
ranging from 0.01-0.25 cm.
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Neutron Spectrum in Helium Gas

* This proved the main idea

7.00E+12 ) .
rutelness — for this study, that the
+ Ocm

poo l em  Neutron spectrum was
preose wzen— observed harder if the LEU
L Thick 0.03cm o .
g o i o  lAyer was thicker, which was
£ sz —o0sem favorable for Ac-225
S p— —zfi: prOd uction.
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Ra-225 and Mo0-99 Production

225 Activity [Bq]

Ra
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~68.27%
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0.25 03

Reference Thickness
(0.02 cm)

Mo-99 = 6 days irradiation
Ra-225 = 26 days irradiation

 The method to change the

LEU layer every 6 days
should be taken into
consideration for
simultaneous production to
occur.

Ra-225 production at 0.25
cm increased by ~68.27%
compared to 0.02 cm.

Meanwhile, Mo-99
production at 0.25 cm was
approximately 400% higher
than 0.02 cm.
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Conclusion

Existing fission reactors, Joyo and especially LWRs, have
potentials to work as excellent facilities for producing medical
iIsotopes, as by-products of electricity generation without needs
for new facility construction and extra energy consumption.
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