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= Facilities:
= JINR- the pulsed reactor IBR-2, beam line #11b, set-up "IZOMER-

M?” for the investigation of delayed neutron yields and decay
curves from the thermal neutron induced fission of heavy nuclei.

= IPPE- the electrostatic accelerator EG-2.5, set-up for investigation
of delayed neutron parameters in fast neutron induced fission of
heavy nuclei including neutron detectors, data processing system,
sample transportation system and computers for experimental
data processing

R VIVIIEF- the tandem electrostatic accelerator EGP-10 in pulsed
regime, 4r=detector of neutrons, the experimental facility for the
measurements of delayed neutron yields from the charged particle
induced fission of heavy nuclei
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Motivations

- An )/ concept of the nuclear waste transmutation or disposal
will to a large extent depend on the accuracy of our
knowledge of the basic nuclear data for MA.

: The fundamental role of delayed neutrons in the safety
operation and time-dependant behavior of nuclear reactors
has been well known and is now a matter of practical
exp%ience in hundreds of nuclear installations around the
world.

E A satisfactory evaluation of the macroscopic effects of the
delayed neutrons following fission in a nuclear reactor
requires, among other data, an accurate knowledge of the
delayed neutron data.
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Those data that of great importance to the kinetics and
safety operations of nuclear reactors (including the ADS)
are the absolute yield of DN (delayed neutrons), relative
abundances of DN, half-lives of their precursors, and
energy spectra of DN.

In spite of great efforts devoted to the investigation of
delayed neutron physics, these fundamental delayed
neutron characteristics of even the most common
fissionable isotopes encountered in reactor systems are
still insufficiently known and are now under investigation

For example, the experiments conducted at IPPE
accelerators have shown that the relative abundances and
half-lives of DN incorporated into ENDF/B-VI library and
obtained on the basis of the summation techniques
systematically deviate from appropriate experimental data
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. Reactor experiments have shown that ENDF/B-VI group
parameters for 235U underestimate the reactivity by 2 to 47% in
Zhe range from +0.80 to —0.80% as compared to experimental
ata.

. Especially large discrepancies are found for plutonium and
americium lsot?!:es. Such results point out to the need for
lmplro Vte_ment of accuracy of experimental data as a basis for
evaluation.

E The experimental studies of the total delayed neutron yields from
neutron induced fission of 237Np made at IPPE and JINR show
the prominent energy dependence of this value in the energy

ral;ge above the threshold of the (n,f) reaction . This gives the

definite indication that the constant value of the total DN yield
accepted for the energy range from thermal to 4 MeV in the

ENDF/B-VI data base for all elements must be carefully tested.
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m The energy .7(pectrum of the delayed neutrons is probably
the poorest known of all input data required in the
calculation of effective delayed neutron and fractions
which largely determines the kinetic behavior and control
margins of any fission chain reactor.

7 The energy spectrum of dela red neutrons incorporated in
ENDF/B-VI data library is calculated using known fission
charge and mass distribution and the knowledge of
neutron emission probabilities and energy spectra from
individual DN precursors.

E However as this summation method used in deriving the
DN spectra needs in serious testing.

= Therefore at present the most reliable data related to the
DN spectra for any fissionable spices including MA nuclides
are connected with experimental determination.
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= Main objective of the Project #2253
(including successfully completed the first stage 01.01.2004 - 31.12.2004)
is the measurements of

the total delayed neutron yields, the relative yields and half-lives
of separate delayed neutron groups from the fast neutron induced
fission of 232Th, 233U, 234,236U, 241,243Am

A the energy spectrum of delayed neutrons from the thermal
neutron induced fission of 235U and the fast neutron induced
fission of 237Np,

- the total delayed neutron yields from the thermal neutron
induced fission of 237Np and 245Cm

- the total delayed neutron yields from the proton and deuteron
Todgclfld |1/’l.<;.<;lon of 232Th and 238U in the energy range of ~10-
A e
m It should be noted that the content of primary plan of the project was
)‘(fanded. The additional isotopes 241Am, 235,236U and 239Pu have been

e
added to the list of nuclides to be investigated in the frame of 2253.2
project.
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As a result of implementation of the ISTC project #2253.2
the following experimental data have to be obtained:

- the total delayed neutron yields from the thermal neutron induced
fission of 245Cm (JINR&VNIIEF);
x the absolute total delayed neutron yields from proton and

deuteron induced fission of 232Th and 238U at one energy point
in the energy range from ~10 MeV to 10.5 MeV (VNIIEF);

m the absolute total delayed neutron yields, relative yields and half-
lives of delayed neutron groups from neutron induced fission of
236U in the energy range from ~1.0 MeV up to 5 MeV (IPPE);

: the absolute total delayed neutron yields, relative yields and half-
lives of delayed neutron groups from the fast neutron induced
fission of 234U, 243Am (IPPE&VNIIEF);

E the integral energy spectrum and spectra of separate delayed
?Ie;lFt"Bn groups from the fast neutron induced fission of 237Np
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Main results of ISTC projects #2253

and preliminary results of the project #2253.2
(completion on 31.07.2007)

=  TASK 1 - JINR (+ VNIIEF —active target 245Cm)

= TASK 2 — VNIIEF

=  TASK 3 - IPPE (+ VNIIEF — targets 234U, 243Am)
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Layout of IZOMER-M facility: 1 — IBR-2 reactor, 2, 3 — collimators, 4 — bended
mirror neutron guide, 5 — Cd-shutter, 6 — chopper, 7 — detection assembly, 8 — 3He-
counters, 9 — Cd-screen, 10 — sample
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Layout of fission ionization chamber
with 245Cm. 1 - Ni-anodes with
isotope 245Cm, 2 - anode with
isotope 235U, 3 - Ni-cathodes, 4 -
framework, 5 - pressure gauge, 6

— jacket of the chamber.
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Experimental delayed neutron activity measured after the end
of irradiation of 233U, 239Pu, 232Th and 241Am samples by
fast neutrons
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Fractional cumulative yield:

FCY(A,Z) - 1, (4,2) ]

F,(4,2)Y(4)

Y(A) — the chain yields (from literature),

Y, (A Z) [<=>a; ]- the relative abundance of delayed neutrons

( obtained in this experiment)

P.(A,Z) - the delayed neutron emission probability corresponding to
precursor (A,Z) (from literature),

v, — the total delayed neutron yield per one fission (obtained in this
experiment).

Cumulative yields CY is related to FCY(A,Z) by expression
CY(A,Z) = FCY(A Z)* Y(A)
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2 Fractional independent yield FIY(A,Z) determines charge
distribution for any isobaric A chain:

) i v[J

FIY = Jexp- ——~0Z- Z,)
N i
A Taking into account a relation of FCY and FIY it’s possible to

estimate the most probable charge in given isobaric chain:

Z <Z*‘/‘> -(n-2Z,)0, v [ I Vo
FCY=Y (FIY), : exp———Lrdn: 2+ fo(Z- Z +/; ]
L P R ] e ey S L
slx]= DI eXpDD; gda
Y O
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(1- present data, 2- Nethaway, 3- Wahl-
evaluation, 4- Waldo, 5- Wahl's
experimental data).
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: Perspectives of the project 2253/2 completion

- Task 1 — measurements are practically completed
7 Task 2 — all planned target are produced,
measurements at EGP-10
have to be performed
2 Task 3 — all remaining measurements will be made

: All planned papers will be presented for publication
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