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ABSTRACT

The delayed neutron parameters and methods used for calculation in reactor safety
tudies are verified by measurement of the effective delayed neutron fraction in the coupled
ast-thermal system 'HERBE'.

NTRODUCTION

The main aim of the 'HERBE' system is experimental verification of reactor design-

mented methods [1]. Complexity of the 'HERBE' system arises from strong heterogeneous

jffects related to its design.

The fast core is loaded with the natural uranium fuel elements. It is surrounded by

i neutron filter and a neutron converter. The neutron filter contains a cadmium layer (1.6

nm) and the natural uranium fuel elements. Thermal core is composed of the 80 % enriched

JO2 in the 12 cm square lattice cell, moderated and reflected by heavy water. A vertical

ihannel is placed in the centre of the system.

Methods applied in the calculation and interpretation of measurement of the effective

lelayed neutron fraction in the coupled fast-thermal system 'HERBE' are described in this

>aper.

:ALCULATION OF THE EFFECTIVE DELAYED NEUTRON FRACTION

In kinetics calculation, the integral measured delayed neutron six group data and

>hotoneutron nine group data given by Keepin [2] are used. Evaluated delayed six group

leutron spectra are adopted according to Saphier et. al. [3]. The photoneutron spectra are

evaluated by using simplified method based on isotropic emission of neutron and proton with
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equal energies.

The flux and adjoint neutron flux are obtained by using: assembly spectrum codes

DENEB [4] and VEGA [5], ID reactor code AVERY [6] based on muhigroup integral

transport equation and 2D diffusion code GALER [7]. Program DENEB is based on spectrum

and spatial calculation in ID cylindrical geometry. It is capable of dealing with geometric

configuration typical for HERBE system, which cannot be described by standard cell

calculation. The program start at the microgroup (44 library group) level, where the flux is

evaluated to be used for group condensation and space homogenization. The library contains

the shielding factors as a function of more variables to account for the resonance interference

between nuclides 235U, 238U and 239Pu. The standard Benoist theory [8] is used to calculate

diffusion coefficients. Problem comes when vertical channel are present. The neutron leakage

through the vertical channel is substituted by buckling-dependent effective absorption cross-

section determined by Monte Carlo method so that escape probability from the channel is

equal to absorption probability in the channel. This calculation is followed by a few group

(4-25) entire system calculation (AVERY code) to describe the actual coupling between fast

and thermal cores. The resulting flux is used to further condensation to few macrogroup (2-4)

that are used as input to the 2D reactor program GALER.

MEASUREMENT OF THE EFFECTIVE DELAYED NEUTRON FRACTION

The effective delayed-neutron fraction has been determined from measurements of the

fission rate, the adjoint neutron flux and the reactivity worth of a calibrated *"Am-Be neutron

source. The expression for P e f f is expressed as [9],

) fit) (1)

where are: S absolute M1Am-Be neutron source strength, $*x (?) average importance of a

fission neutron at the source position (?) , p / p e f f apparent reactivity effect of theMIAm-Be

source neutrons, V average number of neutrons/fission, F total fission rate in the system,

and correction factor f(f) which is calculated as ratio of the average importance of the
MIAm-Be neutron source to average importance of fission neutron at point f.

The M1Am-Be neutron source strength is verified by flux density method. Hie two

group neutron flux distribution is measured by irradiation of the Au foils (diameter 10.0±0.1
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mm, thick 20.0 + 0.2 ^m) with and without Cd cover (average thick 0.74 + 0.02 mm).

Absolute gamma activity of the Au foils is measured by calibrated coaxial Ge detector. The

foil's gamma spectra are measured long time, enough to obtain good statistical condition for

automatic peak (411.80 keV, p=95.57%) search and fit. The absolute gamma activity of Au

monitor foils is calculated by APOGEE computer code [10]. This values of activity were

provided calibration of automatic beta counting system with flow P-10 gas proportional

counter of high efficiency.

In this experiment few local perturbations of neutron flux are introduced. The

following cases can be envisioned: (1) insertion of the channels and Al supports for

irradiation of the activation foils, and (2) insertion of the foils and Cd covers. Influence of

the first effect is calculated by DENEB code. New computer program NSD [11] is developed

to account for the second effect. The NSD code is based on the collision probability method

in the slab geometry. It uses the shielding factor concept for cross section calculation. The

limitation of this concept comes because it contains no information on distribution of the

resonance of one particular nuclide within an energy group. For these reasons in the FOIL

code an enhanced method is applied only in resonance groups of foil material. In these

groups is assumed that the remaining nuclides behave as narrow-resonance scatterers with

effective cross sections equal to their multigroup shielded cross sections. This assumption

allows that the flux and cross sections for foil material can be calculated by numerical

slowing-down method with ultrafine group structure.

The results of neutron flux measurements in the HERBE subcritical system with the
24IAm-Be neutron source, and the results of calculation are shown in Figure 1. Neutron flux

from GALER code is normalized so that calculated and measured average flux of thermal

neutrons in the HERBE thermal core is the same.

Value of the <t>£ (f) is determined by measurement of two group adjoint neutron flux

distribution [12]. These distributions are derived from measurements of flux densities and

reactivity worths of absorbing (Cd) material and fissioning (UO2,80 * 235U) sample. The

results of adjoint neutron flux measurements and calculation are given in Figure 2.
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Figure 1. Measured and calculated neutron flux distribution
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Legend:

No. HERBE region:

1 Vertical channel
2 Fast core
3 Neutron filter
4 Neutron converter
5 Inner reflector
6 Thermal core
7 Outer reflector

Figure 2 Measured and calculated adjoint neutron flux
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The measured reactivity of the extraneous 241Arn-Be neutron source (pm) consists of

two parts. One part is reactivity (p0) resulting from neutron interactions in the 2"Am, Be

and its container. The second part is the apparent reactivity (p) with the emission of

neutrons. This second part varies inversely as the neutron flux while the first part is

independent of flux. Following, p has been found by measuring the reactivity at several

different power level, Figure 3. For each measured value pm, a constant power level is

maintained, so the reactor has been subcritical by an amount required to compensate for the

effect of the neutrons emitted from source.

-0.1
0 00 005 0 10 0.15

1/P (1/mW)
0.20

Figure 3 Reactor response to "'Am-Be neutron source

Relative fission rates is obtained by measurement of space and energy distribution of

the absolute neutron flux (at a power level where the effect of the extraneous source is much

enhanced) and calculated fission cross-sections. Absolute fission rate is measured by counting

the significant gamma ray emitted from nuclide 140La. Fission nuclear data for nuclides l40Ba

and 140La are adopted according to data files ENDF/B-V.

The value of v" is determined from a two-dimensional calculation by GALER code.

Value of the correction factor f(r) = 0 . 9 7 is calculated by using assembly

spectrum code VEGA and ID reactor code AVERY. The 24lAm-Be neutron source spectrum

is taken from ref. [13].
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RESULTS

The values of each of measured and calculated quantities and an estimate of their

uncertainties are given in Table I.

Table I P e / / Results

Quantity

S (n/s)

P/Pe«
v

F (fissions/s)

$gff (calc)

Value

1.79 x 10*

0.22564

2.4421

4.2146 x 108

1.057

0.970

0.00791 ± 0.00028

0.00787

Estimated
error

± 2.0

± 1.5

± 0.5

± 2.0

± 1.0

+ 1.0

The experimental value for P e f f are only slightly higher than the calculation.
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