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1/ The tentative research studies in FLNP in 2015-2017 it has been
shown that pulsed sources of slow neutrons based on the fission
reaction (pulsed reactors and pulsed boosters) may be
competitive with spallation neutron sources and even significantly
(by an order of magnitude) exceed them in peak slow-neutron
fluxes using already mastered nuclear technologies. The time-
average vector density of the thermal neutron flux can reach

~2 10 n/cm?/s (in terms of an angle of 2r — the so-called "27-
equivalent flux™) at a reactor power of 15-20 MW.

2/ Pulsed booster (superbooster) suits the purposes of neutron
spectroscopy best, and it was concluded in Booklet of FLNP 2018.
The most advantage (and sooner — just single one) of
superbooster with Np-237 loaded multiplying target of proton
from linear accelerator up to 1GeV is generation of Short thermal
neutron pulses — 20-30 mks



Why NEPTUN;, not
Superbooster?

Short thermal neutron pulses — 20-30 mks -

is single advantage of SP — because periodically
pulsed reactor based on Np provides

the same convenience for neutron spectroscopy,
except inelastic scattering..

But safety aspects?

Cost
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Peak criticality
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Superbooster mode was regarded unsafe and more reliable

because peak factor neutron multiplication factor K is lower unity.
However, safety is determined not by factor itself but its stability.
Really, proton beam of high energy is not in fact stable.
Short-term loss of proton pulse leads to a decrease in temperature of
reactor target, and, accordingly, to an increase in reactivity.
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Figure displays magnitudes of abnormal energy release in the first
neutron pulse generated by the restored proton beam after loss of

beam for several seconds.

FEach emergency pulse causes long interruption in reactor operation
for restoration of nominal regime. So, we can't consider superbooster mode

of operation as reliable one
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. AR : Satisfies in a great degree the world's best
The most distinctive demands for thermal and cold neutron

properties of pulsed reactor experimental investigations,
Conception: Feasible configuration & construction,
Safety operation, reliability
Not so expensive.

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

IBR, IBR-30
1960-2001

Np-237

Power = 10+15MW
Power = 1-20 kW

Evolution & Continuity




Why Neptunium? {\
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Np-237 in contrast to conventional nuclear fuels based on U-235 and Pu-239, has a threshold character of
the fission cross section. The effective fission threshold about 0.4 MeV is below the fission threshold of U-
238, and this makes it possible to create a critical mass of Np-237 (near 40 kg).

There are four important positive consequences of using neptunium in the core of a pulsed reactor:

1. Lifetime of generation of fast neutrons 7in the neptunium core is much lower than in the plutonium core
(9 ns instead of 65 ns at IBR). Duration of pulse in NEPTUN expected to be shorter than in IBR-2M -150
mks vs 240 mks. For fast pulsed reactor of high power (10-15 MW) loaded with Pu-239 modulated with
moving reflector , duration pulse is estimated to be as long as 500 -700 mks.

2. The background power of a pulsed source is proportional to the effective fraction of delayed fission
neutrons Berr, which in the neptumum zone is expected to be 1.2- 1072 - 1.8 times lower than the same
value for plutonium-239. Background in NEPTUN would be as low as 2%




3. The third consequence of the threshold
character of neptunium fission is the
possibility of using neutron-moderating
materials for the reactivity modulator. In
the neptunium core, hydrogen serves as
effective absorber of fast neutrons,
therefore substitution titanium hydrid for
void provides high positive reactivity

effect. _
4. Neptunium nuclear fuel has one more

remarkable property: in such reactor there
will be no reduction in the multiplication
factor with neptunium burnup, which is
usual for uranium and plutonium reactors.
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NEPTUN Fuel Elements
~ 1000 pcs,
~0.4 kg NpN per one FE

Liquid sodium cooling
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Ensemble of fuel elements (FE),

only core (all casings removed)
+ moderators

Red is fuel part of FE, green is nickel reflector
part oS EHE:
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Fuel part ot the reactor core

— NpN only shown
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Moderators inside of reflector
and one scheme of beam extraction of many
other possible
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Neutron flux from wing-type water
moderator of NEPTUN
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- Table. Basic parameters of NEPTUN -

Thermal neutron flux density, time-average: (0.5+1.5)-10* ncm=? s1

(depends on moderator and power)

Peak density of tposition and type hermal neutron flux:

Half-width of fast/thermal neutron pulse:

Pulse repetition rate:

Number of neutron beamlines

Number of moderators

Thermal power

Maximum fuel temperature

Coolant temperature

Coolant flow rate

Reactor service life (in respect to fuel burnup) 20,000-25,000 MW/days
Neptunium nitride loading

Total efficiency of reactivity modulator

Prompt neutron generation lifetime

Effective fraction of delayed neutrons
Background power (percentage of the average)

(3:6)-1016

150/ 200-300 ps
10 Hz

18- 21

4-5

10-15 MW

1500 K

250 - 450 °C

up to 200 ms/h

~350-400 kg
~6 % K g

9 ns

1.2 103k,
2-2.5%



< 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 world’s best demands on thermal and cold neutron experimental technics.

NEPTUN realization schedule: GoitoRtie ion:

Start of the project -- 2018 Reactor — 200 M€

Start of construction — 2027 Complex of cold moderators — 50 M€
Power start-up - 2036 Engineering infrastructure — 100/200 M€

Total:  350/450 M€
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height 4.5 cm
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TermAOruAPaBATYIECKIE TAPAMETPEL

peaxkropa
HayaAbHOS TEeMnepaTypa 250
TENAOHOCUTEAS, °C
[MOAOTPEB TEMAOHOCUTEAS 130
Mpu pacxoae, m3/4 250
MOLLLIHOCTb HO MPOKAYKY, KBT 14
MOKCUMOABHQAS TEMNEPATYPA 1100
TOMNAMBQA, °C
MaKCHMMAABHOS TEMNEPATYPA 400
0B0OA0YKM, °C
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Pulsed I.NPh reactors and ESS

Parameter Neptune reactor | Pu high flux IBR--2 ESS

reactor
Uliieits elele 1.5.10"* 3.5-10" 1013 (2+3) 10"
Peak neB{ng:ﬁux 6 1016 710% 6-10% | (0.5+1) - 10%
Thermal power 15 MW 2 MW 2 MW 5 MW
Pulse freguency 10 Hz 10 5 14
Pulse duration 201 mks > 400 MmKs 240 Mmks 3 Ms
Background 32% 7-8% 7.5 %
power
Number of 20-22 14 14 ~20

neutron beams
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HeWTpoHHO-pU3UYecKMe NapameTpbl UMMYSbCHBIX peakTopoB

MapameTp Henryn , 10 MBr UBP-2,2 MBr
Bpems# xusHn mokoAeHNna HERTPOHOB 9 HC 70 HC
Kpuradaeckas Mmacca m o0ObeM a.3. 300350 xr / 30+36 A ~80«kr /20 A
YacTtoTta nmnynbcoB mowHocTn | 10 I 5-10 I'x
MonywmnpuHa umnynsca 206 Mkc (325 mxc) 240 Mxc
KpyTusHa mogynsiumm 107* cm~2 1073
pPeaKkTUBHOCTU

A deKkTMBHOCTL MoAynaTopa 4.4 % 2.9 %
HaaxpuruasocTs B MITyABCE 1,24 10~* Ky 1073 Kadd
VmiryAbcHAS AOAA 3.H. 3107> (1.6 1073) 1.5107*
TemrmeparypHbiit Koadburment 0.7+ 0.9 107> /K ~107°
peaxruBHOCTH TBD

ITpeaeA EMITYABCHON YCTOMYUBOCTH 10 +15 MBr 7-8 MBT
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MukpoceyeHus aeneHus
HenTyHus- 237

AeAnTca TOABKO Ha
OBICTPBIX HEUTPOHAX.

[Tosromy Bpemsa
reHeparnum HCI'z'ITpOHOB
MaAO - wMeHee 10 HC

Db dexTuBHAA AOAS
3AITa3ABIBAFOIIINX
HEHUTPOHOB - 2/3 oT
IIAYTOHUA

MuamMmasbHAS KpUTMacca
40 kr; B peakrope
OOABITION MOITIHOCTH —

300-350 kr.
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Yro AaéT MOPOTOBBIN XapaKTEP ACACHHUA?

1. Manoe spemsa XU3HU HEIATPOHOB AereHus

10 Hc BmecTOo > 100 HC

2. Pacwupsget BO3MOXHOCTU moaynaumu peaktueHoctU (¢ 2-3 % Kapop ao 4-
6% )

3. YMeHbluaeTca A0NS 3anasabiBaroWmx HemTpoHos B 1.4 pasa

OTU PAKTOPLI BeAyT K CHUXEHUFO ANUTeNbHOCTU umnynbea (B 2-3 pasa) U
¢poHoBow mowHocTu (B 2.5 pasa).

Co3aaTb UMNYJSIbCHBIWM PpeakTop Ha BbICTPLIX HEMTPOHAX HA MJYTOHUU C
TAKUMU NAPAMETPAMU - HEBO3MOXHO. TonbKo cynepbycTep, HO y Hero
HeAOCTATKM - YacTaa neperpysKka U 6onblioe Bpems XU3HU HeTpOoHa. .
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mnynbcHbIe UCTOYHUKMU C
npeaenbHBIMU NOTOKAMU

HermrryH, IMITyABCHBIH PEAKTOP

u cyuepoycrep (1+1.5) 10714
AnutenbHocTb UMnynbca 20- 200 mkc,
MOLLHOCTb GKTUBHOWU 30HLI A0 15 MBT
MouwHocTb nyyka - < 50 kBt

CymrepOycrep, Pu (DANS)
(LSS t0ald

OHeprusa npoTtoHos 1 M3B, mowHOCTL Nyyka
100 kBT, ANUTENbHOCTL UMNYSIbCA NPOTOHOB
100 mkc, HeuTpoHoB - > 200 MKC;

MOLUHOCTb GKTUBHOM 30HbI 20-30 MBT).
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Neptune,
the periodically
pulsed reactor

conception design
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Principles of method to attack the problem :

We should follow the highway of LNPh, that
is fission based pulsed sources.

Facility should be as economical as possible,

But : not to be inferior to the world
leading neutron sources



Complexity of the current task -
too many parameters for optimization:

Flux time averaged
Peak flux

Pulse duration
Pulse frequency
Background
Economy

Safety




