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1/ Thetentative researcstudiesn FLNP in 20152017 ithas been
shown that pulsed sources of slow neutto&sed on the fission
reaction (pulsed reactors and pulsed boostershay be

competitive with spallation neutron sources and even significantly
(by an order of magnitude) exceed them in peak-sleutron

fluxes using already mastered nuclear technologies. The time
average vector density of the thermal neutron flux can reach

~2 10" n/cn¥/s (in terms of an angle op2 the secalled "2-
equivalent flux") at a reactor power of-20 MW.

2/ Pulsedoooster(superboostérsuits the purposes of neutron
spectroscopy best, and it was concluded in Booklet of FLNP 2018.
The most advantage (and soonér just single one)of
superboostewith Np-237 loaded multiplying target of proton

from linear accelerator up to 1GeVgeneration ofhort thermal
neutron pulsesd 20-30 mks



Why NEPTUN, not
Superbooste?

Short thermal neutron pulse® 20-30mks -

Is singladvantage of Sbecause periodicall
pulsed reactor based on Np provides

the same convenience for neutron spectros
except inelastic scattering

But safety aspects?

Cost




Peak criticality
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Superboostanode was regarded unsafe and more reliable
because peak factor neutron multiplication f&aslower unity.
However, safety is determined not by factor itself but its stability.
Reallyproton beamof high energy is not in fact stable.
Short-termloss of proton pulse leads to a decrease in tempefature
reactor target, andccordingly, to an increase in reactivity.
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Figure displays magnitudes of abnormal energy release in the first
neutron pulsgeneratelly the restored proton beam after loss of

beam for several seconds.
Each emergency pulse causes long interruption in reactor operation

for restoratiorof nominal regimeéSsow e ¢ a nsuperob@osads | d e r
of operation as reliable one



Satisfies in a great degree the wo r | HeSts

The most distinCtive gemands for thermal  and cold  neutron
properties of pUISed reac®pyimental investigations ,

conception:

IBR, IBRBO
19602001

Power = 120 kW

Feasible configuration & construction,
Safety operation, reliability
Not so expensive.

Follows the evolution and continuity of pulsed
neutron facilities of FLNP.,

Np-237

Power = 1Q15MW

Evolution & Continuity
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Why Neptunium? AN
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Np-237in contrast to conventional nuclear fuels based28bl@dnd P239, has a threshold character of
the fission crossectionThe effective fission threshold about\de¥/ is below the fission threshold of U
238, and this makes it possible to create a critical mas287(Near 40 kg).

There ardour important positive consequences of using neptunium in the core of a pulsed reactor

1. Lifetimeof generation of fast neutrohs the neptunium core is much lower than in the plutonium core
(9ns instead of G&s at IBR. Duration of pulse in NEPTUN expected to be shorter than i2N8R.50
mksvs 240mks For fast pulsed reactor of high powerI50MW) loaded with P2B9modulatedvith

moving reflectordurationpulseis estimated to l#es long aS00-700mks

2. Thebackground power of a pulsed source is proportional to the effactiemof delayed fission
neutrond , which in the neptunium zone is expected tob&0 3- 1.8times lower than the same
value fomplutonium239. Background in NEPTUMould be as low as 2%
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3. The third consequence of the threshold
character of neptunium fission is the
possibility of using neutremoderating
materials for the reactivity modulator. In
the neptunium cordnydrogenserves as
effective absorber of fast neutrons,
therefore substitution titaniutmydrid for
void provides high positive reactivity

effect. _
4. Neptunium nuclear fuel has one more

remarkable property: in sucbactorthere
will be no reduction in the multiplication
factorwith neptuniunburnup, which is
usual for uranium anglutonium reactors.
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NEPTUN Fuel Elements

~ 1000 pcs,
~0.4 kg NpN per one FE

Liquid sodium cooling




Ensembié fuel elementy,(FE
only core @bkingemoved)
+ moderators

Red is fuel part of FE, green is nickel ref
part of FE.




Fuel part of the reactor core
d NpN onlyshown
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Moderators inside of reflector v
and one scheme of beam extraction of many
other possible




Neutron flux from wing-type water
moderator of NEPTUN
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<~ Table. Basic parameters of NEPTUN ~

Thermal neutron flux density, time-average: (0.561.5)A0% n cm2 st
(depends on moderator and power)

Peak density of tpositionand typehermal neutron flux: (3- 6)@016
Half-width of fast/thermal neutron pulse: 150/ 200-300 ns
Pulse repetition rate: 10 Hz

Number of neutron beamlines 18- 21
Number of moderators 4-5

Thermal power 10-15 MW
Maximum fuel temperature 1500 K
Coolant temperature 250 - 450 d
Coolant flow rate up to 200 ms/h
Reactor service life (in respect to fuel burnup) 20,000-25,000 MW/days

Neptunium nitride loading ~350-400 kg
Total efficiency of reactivity modulator ~6 % K g
Prompt neutron generation lifetime 9ns

Effective fraction of delayed neutrons 1.2 10 3K4
Background power (percentage of the average) 2-2.5%
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< Conclusion <

In result of closer consideration it became evident that operational stability

of the facility will depend of stable operation of accelerator. Basing on practice

of proton linear accelerators in operation, it is sure that operation of SNS is not reliable

in the sense of stable supply target with proton beam.

If for nonmultiplying target this is not dramatic, it hardly acceptable for superbooster

mode of IBR-3. Besides that, cost of superbooster realization near factor 3 more than
NEPTUN.

From all the above, it seems reasonable that the new neutron source for JINR

should be pulsed reactor with Np-237 as nuclear fuel. Its parameters satisfies

in great degree the w o r |bdsbdemands on thermal and cold neutron experimental technics.

NEPTUN realization schedule: Cost of creation:

Start of the project 2018 Reactor 8200 Mi

Start of constructiod 2027 Complex of cold moderatord 50 M
Power startip - 2036 Engineering infrastructudel00/200 M

Total: 350/450 Mi
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Single-pulse source brightness as a function of time ata wavelength of 1.5 8 at ESS, ILL, SNS, ]-PARC and ISIS Target Stations 1and 2. D :
In each case, the thermal moderator with the highest peak brightness is shown. "
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