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@ Two Component Nuclear Power System
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|'|| Introduction of MSR into the Russian nuclear power as an
A4 integral element help to solve the problem of minor actinides

Container material HN8OMTY alloy

Fuel salt, mole% LiF-BeF,+1TRUF,
Used fuel Waste Temperature, °C 620-720
conditioning
‘ , Core radius/height, m 1.4/2.8
‘ Q Core specific power, W/cm?3 130
Removal time for soluble FP, yr 1-3

l LW
Solvent, Feed Loading | TRU/MA,
mole % MA/TRU | (EOL), t kg/yr
73LiF-27BeF, 0.1 3.9 730/73

73LiF-27BeF, 0.35 13.9 730/260
73LiF-27BeF, 0.45 23.2 730/330

Fresh U, P
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Uranium ‘
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In most cases the base-line fuel salt is lithium-

beryllium fluoride salt as it has best properties

* Low neutron cross section for the
solvent

 Thermal stability of the salt

* Low vapor pressure

* Radiation stability

* Adequate solubility of fuel and FP
components

 Adequate transport properties

* Compatibility with construction
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Динамика растворения

		

				Расчет динамики растворения трифторида церия (расчет весовым методом, прикидка до отбора на анализ)

				Молек мас		Масса пустой трубки		Исходная масса таблеток с трубкой,г		Изменение массы таблеток с трубкой,г		Масса растворившегося PuF3		Соотношение масс		Масс%		Масс.% для Pu		Кол-во в-ва		Мольн доля		Мольн доля %

		FLINAK		41.6927										1.2		34.7051508228				0.028782017

		AmF3		300		8.0787		10.5637		8.306		2.2577		2.2577		65.2948491772		46.4150621906		0.0075256667		0.2072747669		20.7274766868

														3.4577		100				0.0363076837

														Соотношение масс

														1.2

														0.8377

														2.0377





График растворимости

		550		1.4		0.14

		600		2.5		0.25

		650		3.7		0.37

		700		5.4		0.54





График растворимости

		



Температура,0С

Растворимость AmF3, мольн. %
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Динамика растворения

		

				Расчет динамики растворения трифторида церия (расчет весовым методом, прикидка до отбора на анализ)

				Молек мас		Масса пустой трубки		Исходная масса таблеток с трубкой,г		Изменение массы таблеток с трубкой,г		Масса растворившегося PuF3		Соотношение масс		Масс%		Масс.% для Pu		Кол-во в-ва		Мольн доля		Мольн доля %

		FLINAK		41.6927										1.2		34.7051508228				0.028782017

		AmF3		300		8.0787		10.5637		8.306		2.2577		2.2577		65.2948491772		46.4150621906		0.0075256667		0.2072747669		20.7274766868

														3.4577		100				0.0363076837

														Соотношение масс

														1.2

														0.8377

														2.0377





Расчет по анализу

		

				Молек масс		Масс. Доля америция (анализ)		Масс. доля AmF3				Кол-во в-ва		Мольн доля

		FLINAK		41.6927						62.9615569853		1.510133836

		AmF3		299.9262		30		37.0384430147		37.0384430147		0.1234918557		0.0755937277

										100		1.6336256917

		Обработка альфа-спектров

				Масса навески, г		Объем р-ра навески, мл		Объем р-ра на мишени, мл		Альфа-счет, Бк		структура Альфа-спектра, доли от 1						Активность на изотопы америция на мишени, Бк				Полная активность на изотопы америция в пробе, Бк						Массовая доля америция, %

												Am-243		Am-241		Cm-244 (пренебрег)		Am-243		Am-241		Am-243		Am-241		Всего америция, г

		5 (550 град)		0.0209		1000		0.1		19675		0.346		0.211		0.443		6807.55		4151.425		6.81E+07		4.15E+07		9.55E-03		45.6794702629

		6 (600 град)		0.0779		6250		0.05		8004		0.346		0.215		0.439		2769.384		1720.86		3.46E+08		2.15E+08		4.86E-02		62.3612386073

		7 (650 град)		0.0464		6250		0.1		9754		0.345		0.215		0.44		3365.13		2097.11		2.10E+08		1.31E+08		2.95E-02		63.6160759091

		7/ (650 повтор град)		0.0148		2582.5		0.1		8004		0.351		0.222		0.427		2809.404		1776.888		7.26E+07		4.59E+07		1.02E-02		68.8371151604

		8 (700 град)		0.0189		6562.5		0.1		3980		0.354		0.214		0.432		1408.92		851.72		9.25E+07		5.59E+07		1.30E-02		68.5868116098

				Средняя атомная масса америция

				Am-243		96.55		0.9655		243		234.6165

				Am-241		3.45		0.0345		241		8.3145										Удельная активность Am-243 равна 7,384 E+09 Бк/г

						100		1				242.931

																						Удельная активность Am-241 равна 1,2669 E+11 Бк/г

		Молекулярная масса		AmF3		299.926209				1.0988071757

				550 градусов

				Молек масс		Масс. Доля америция (анализ)		Масс. доля AmF3				Кол-во в-ва		Мольн доля

		FLINAK		41.6927						43.6027974363		1.0458137141

		AmF3		299.9262		45.68		56.3972025637		56.3972025637		0.1880369323		0.1523984551

										100		1.2338506464

				600 градусов

				Молек масс		Масс. Доля америция (анализ)		Масс. доля AmF3				Кол-во в-ва		Мольн доля

		FLINAK		41.6927						23.0094231201		0.5518813394

		AmF3		299.9262		62.36		76.9905768799		76.9905768799		0.2566984041		0.3174682598

										100		0.8085797435

				650 градусов

				Молек масс		Масс. Доля америция (анализ)		Масс. доля AmF3				Кол-во в-ва		Мольн доля

		FLINAK		41.6927						21.4538085135		0.5145699011

		AmF3		299.9262		63.62		78.5461914865		78.5461914865		0.261885062		0.3372830035

										100		0.7764549631

				650 градусов повтор

				Молек масс		Масс. Доля америция (анализ)		Масс. доля AmF3				Кол-во в-ва		Мольн доля

		FLINAK		41.6927						15.009119429		0.3599939421

		AmF3		299.9262		68.84		84.990880571		84.990880571		0.2833726449		0.440452847

										100		0.643366587

				700 градусов

				Молек масс		Масс. Доля америция (анализ)		Масс. доля AmF3				Кол-во в-ва		Мольн доля

		FLINAK		41.6927						15.3301192684		0.3676931278

		AmF3		299.9262		68.58		84.6698807316		84.6698807316		0.2823023822		0.4343143573

										100		0.6499955099





График растворимости

		550		1.2		0.12

		600		2.1		0.21

		650		3.1		0.31

		700		4.3		0.43





График растворимости

		



Температура,0С

Растворимость PuF3, мольн. %



Загрузка эксперимента

		

		FLINAK

		LiF		25.939		0.45

		NaF		41.988		0.12

		KF		58.0967		0.43

								41.692691

		AmF3		300

				Молек масс				Кол-во в-ва		Мольн доля

		FLINAK		41.6927		15.67		0.3758451719

		AmF3		300		84.31		0.2810333333		0.427831526

						99.98		0.6568785053

						Мольное соотношени		Масса		Масс доля		Навески

		FLINAK		41.6927		55		2293.0985		0.1451962387		14.5196238724		0.2

		AmF3		300		45		13500		0.8548037613		85.4803761276		1.1774461498										49.5822171

						100		15793.0985		1		100

		550 градусов 1 таблетка масса 0,25 г

						Мольное соотношени		Масса		Масс доля		Навески

		FLINAK		41.6927		86		3585.5722		0.4605406138		46.0540613829		0.2

		AmF3		300		14		4200		0.5394593862		53.9459386171		0.2342722314				14

						100		7785.5722		1		100

		600 градусов 2 таблетки масса 0,5 г

						Мольное соотношени		Масса		Масс доля		Навески

		FLINAK		41.6927		75		3126.9525		0.2942473395		29.4247339489		0.2

		AmF3		300		25		7500		0.7057526605		70.5752660511		0.4797002833				25

						100		10626.9525		1		100

		650 градусов 3 таблетки масса 0,75 г

						Мольное соотношени		Масса		Масс доля		Навески

		FLINAK		41.6927		66		2751.7182		0.2124597028		21.2459702837		0.2

		AmF3		300		34		10200		0.7875402972		78.7540297163		0.7413549832				34

						100		12951.7182		1		100

		700 градусов 4 таблетки масса 1 г

						Мольное соотношени		Масса		Масс доля		Навески

		FLINAK		41.6927		59		2459.8693		0.1666592874		16.6659287423		0.2

		AmF3		300		41		12300		0.8333407126		83.3340712577		1.0000531329				41

						100		14759.8693		1		100






|"| MSR design options with homogeneous core and fuel salt
€2 with high enough solublllty for TRU are examined
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The MOSART is expected not to be seriously challenged by the major, unprotected
I'.ll transients such as ULOF, ULOH, overcooling, or even UTOP. The system was shown
WY to buffer reactivity insertion of up to + 1.5S. System temperatures are expected to

rise only ~300C above nominal under this severe transient conditions. The

mechanical and structural integrity of the system is not expected to be impaired
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Iy Safety Analysis In Early
ol Stages of Development

Principal design criteria needed

Major phenomena have not been identified or ranked

Accident sequences and initiating events have not been identified in details
Qualified safety analysis tools are not yet available

o Identification of safety analysis codes (applicability of LWR and FBR tools?)
o Operational experience does not exist

> Nonprototypic (scaled) separate and integral effects tests need to be used
° Quality data and benchmarks need to be developed

> Need for test and prototype reactors (MSRE may be used for similar designs)
Mechanistic source term needs to be developed

Tritium control will be necessary

Fuel qualification process needs to be defined




IBNl To achieve fuel maintenance, (1) the fuel must be delivered to

S and into the reactor in a proper state of purity and homogeneity,
(2) the fuel must be sufficiently protected from extraneous
impurities, and (3) sound procedures must exist for provision of
the required redox potential in the system. They also include:

e continuous removal of Xe and Kr by the He sparging,

e addition of TRUs to replace that lost by burnup,

* recycling of all actinides,

* removal of soluble FPs (principally rare earths);

* removal of a portion of the insoluble noble and semi noble FPs.
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Methods for FP removal and actinides recycling in MSR

_lElement . [Time |
I Kr, Xe

Zn, Ga, Ge, As, Se, Nb, Mo, Ru, Rh, Pd, Ag, Tc, Cd,
In, Sn, Sb, Te

2 00000 |12y |

Pu, Am,Cm, Np, U

! Y, La, Ce, Pr, Nd, Pm, Gd, Tb, Dy, Ho, Er

Sr, Ba, Rb, Cs 5-10 yrs

_|li,Be ____________________________ [30yrs |

Separation factors related to Plutonium
LiF-BeF,/Bi | LiF-BeF,-ThF,/Bi LiF-NaF-BeF,/Bi
Pu 1 1 1
Am - 1,5 -
Cm 6 8 -
Nd 3000 1500 100
La 25000 2300 > 300




MSR waste and effluent management strategies
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Gen IV MSR Container Materials

The success of MSR is strongly dependent on the compatibility of the container materials with the
molten salts used in primary and secondary circuits

Fission

Combined environments

Metallic alloy

Corrosion
Redox, Heat
up, Velocity ...

i

Because the products of oxidation of metals by fluoride melts are quite soluble in corrodg media, passivation is precluded,
and the corrosion rate depends on other factors, including: Oxidants, Thermal gradients, Salt flow rate, Galvanic coupling




g-l!,l N-alloy Compatibility With Li,Be,U/F Depends on Redox Potential

u(v)/(u) EM-721, HNSOMTY,
enlargement X 160 enlargement X610

30

without
loading at
760°C

60

without
loading at
760°C

90

without
loading at
800°C




Il N-Alloy compatibility with Li,Na,K/F salt mixture
FLiNaK FLiNaK + 10mg/cm? Te
Cr depletion on
material surface as
result of uniform
corrosion

FLiNaK + 10mg/cm? Te after 200 hrs exposure

Te distribution




The construction of a large power MSR is proposed to be preceded by the
construction of 10 MWt test MSR unit to demonstrate the control of the reactor and
fuel salt management with its volatile and fission products with different TRU loadings
for start up, transition to equilibrium, drain-out, shut down etc.

Program plan for
R&D needs
Pre-conceptual
studies of the

Experimental
infrastructure

reactor plant and
processing unit
must be
performed to
establish the
MSR viability
(reactor and fuel
salt clean-up unit
to be optimized
together)

(radiation damage
tests and integral
forced convection
salt loops) are
required to
proceed further in
the mastering of
fuel / coolant salts
and materials
technology

Design
documentation
of the 10 MW}t

MSR for burning

TRU’s from SNF
at the MCC site

technologies and
equipment for
transmutation of
radwaste at the
experimental
infrastructure

Development of

Test 10 MWt
MOSART-E.

Full - scale
MOSART detailed
design

There are opportunities to further improve the efficiency of burning minor
actinides in MSR, which will be justified by the results of the experimental setup




@ Summary

* MSR concepts offer alternative options for the long lived waste incineration with the
added value of liquid fuel (fuel cycle flexibility, intrinsic safety features, simplified fuel
processing, in-service inspection, no fuel transportation and refabrication required).

* Significant progress has been made on the resolution (or cancellation) of critical
viability issues (material compatibility, salt physical & chemical properties, fuel salt
processing feasibility, intrinsic safety).

* Pre-conceptual studies of the whole reactor and processing unit must be performed to
establish the MSR viability (reactor and fuel salt clean-up unit to be optimized together).

* Experimental infrastructures (analytical and integral salt loops with real fuel salts) are
required to proceed further in the mastering of MSR technologies (e.g. tritium control)
and components (long shaft pump, heat exchanger, etc.) testing.

* MSRs will require a significant change in current regulations and guidance
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