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1. INTRODUCTION

The zero-energy fast-thermal coupled reactor STEK has been built in

order to perform integral measurements of fission product cross sections

in several different fast reactor spectra. An accurate knowledge of

these neutron energy spectra is required for the correct interpretation

of the integral scross section measurements.

A significant fraction (up to 90%) of the total reactivity effect of a

complete fission product mixture sample is calculated to be caused by

neutrons in the energy range below 5 keV. This implies that measure-

ment of the neutron energy spectrum in this range is particularly of

interest the more so as spectrum calculations show considerable

uncertainties due to heterogenity effects, etc.

In order to obtain detailed spectrum information over this range it was

decided to use the time-of-flight method on STEK. For this time-of-

flight experiment the subcritical fast zone of STEK will be periodically

injected with 14 MeV neutrons from an external pulsed neutron-generator.

A short reactor pulse is essential to obtain an adequate resolution.

Therefore the grapuite around the fast zone will be removed, while the

thermal zone will be empty during the measurements.

The upper limit of the neutron energy range, which can be measured with

the desired energy resolution of 'v 20%, is determined by the length of

the flight path. The neutron energy spectrum from 1 MeV down to a few

keV will be measured by the proton recoil technique using a hydrogen-

filled proportional counter [l]. Since it is essential to have a region

of overlap between the energy ranges covered by both techniques a

flight path of 50 m was chosen.

The lower limit of the energy range is depending on the source strength

of the pulsed neutron generator. A neutron generator with an output

rate of ъ 10
1 2
 sec"' during the pulse was found to be desirable.

In this paper the experimental set-up of the time-of-flight experiment

will be described.
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2. DESIGN FEATURES OF THE TIME-QF-FLIGHT EXPERIMENT

A general lay-out of the set-up of the time-of-flight experiment on

STEK is shown in figure 1.

The evacuated flight tube, having an overall length of 55 m, consists

inside the reactor-hall of 6 quickly removable aluminium tube sections.

The flight tube increases in diameter with increasing distance from the

reactor. The first part, consisting of 4 sections, has an overall t&Rgtfo

of 276 cm and a diameter of 15 cm, followed by 2 sections with an

overall length of 190 cm and a diameter of 30 cm.

Outside the reactor-hall the flight tube consists of a steel tube

section with an internal diameter of 120 cm and a length of 49m.

This relatively large diameter is required since a well-shielded

neutron detector unit, which can be moved on a rail, will be used.

This construction of the detector unit provides a simple transport of

the neutron detector to the counting positions, which are foreseen at

10 m, 30 m and 50 m. The supply wires together with two"plastic tubes

for the air cooling of the detector electronics are guided via a small

so-called "stretch-car" behind the detector unit to the service station,

located against the wall of the reactor hall. In this service station

the vacuum pumps are placed too. The flight tube can be evacuated to

about 1 Torr within one hour.

All colliinators will be mounted within the tube sections inside the

reactor-hall and the through-hole in its concrete wall, since this wall

-with a thickness of 1 meter- is an excellent shield for the neutron

detector against scattered neutrons» The collimators will be made of

borated paraffin.

The evacuated flight tube extends into one of the beam holes of the

thermal zone of the reactor and has an end window of 0.4 mm thick

aluminium. The neutron detector is mounted behind a window of 1 mm

thick aluminium. The removal of neutrons by scattering in these two

aluminium windows and the 77 cm of air in the beam between the end

window and the center of the fast zone will be insignificant.

The pulsed neutron source to be used is the SAMES T400 electrostatic

neutron generator (rotor type), operating at 400 kV and about 10 mA

ion current during the pulse, while producing 14 MeV neutrons by the
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(D-T) reaction. The ion source is a duoplasmatron. The pulse length can

be varied between 0.2 and 8000 \is, the pulse repetition frequency

between 1 and \0
4
 Hz.

The neutron output rate within the pulse is expected to be •v» 10
1 2
 sec .

The drift tube of the neutron generator penetrates via a beam hole in

the thermal core tank perpendicular to the direction of the flight tube

into the fast zone. A horizontal section of the arrangement of drift

tube and flight tube in STEK core 4000 is shown in figure 2.

The extract beam hole in the fast zone will have a cross section of

25 cm
2
 or 50 cm

2
. According to the results of similar experiments on

the VERA reactor the spectrum distortion, caused by the presence of the

beam hole, is expected to be small [2]. Nevertheless this effect will

be checked by measuring e.g. u
2 3 8

/U
2 3 5

 fission rate ratios in the core

with and without the presence of a beam hole.

3. NEUTRON DETECTION

As neutron detector has been chosen a lithium glass scintillator. A

hexagonal array of seven glasses of 8.9 cm diameter and 2.5 cm thickness

will be used, each viewed by an EMI 9531 R photomultiplier. The overall

diameter is 30 cm. Six of the glasses contain 7.7 w/o lithium enriched

in
 6
Li to 95% (type NE912) and one contains 8.3 w/o lithium depleted in

6
Li giving 99.99%

 7
Li (type NE913).

These detectors have a very low background of less than 20 c.p.m. per

100 g of glass. The
 7
Li glass detector will be used for the measurement

of the time-dependent y~background, since the
 6
Li glass detectors are

sensitive for both neutron and Y~
e v e n

t
s
« The choice of several detectors

with separate photomultipliers has some advantages over the use of one

large detector as simultaneous recording of the time-dependent neutron

and -y-events and a better pulse height resolution [з]. The detectors are

mounted inside an air-filled container at a pressure of ъ 1.3 atm. Thus

corona discharges which occur at flight tube pressure are impossible and

moreover the detector electronics can be cooled. The detectors are

shielded against cosmic rays etc. with concentric annular cylinders of

8.5 cm lead and 25 cm borated paraffin (fig. 1).
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The signals of the two groups of detectors are put into two preampli-

fiers positioned within the detector container and each connected again

with a separate main amplifier and single channel analyzer in the on-

line computer room of STEK.

The use of a
 10
B-loaded liquid scintillator detector has been considered

but in spite of a somewhat higher detection efficiency of this detector

the lithium glass detector has been selected because of advantages as

reliability, superfluity of y~n pulse shape discrimination, etc.

The lithium glass detector efficiency will be calculated as a function

of energy using a Monte-Carlo programme. These calculations will be

checked by calibration measurements to be carried out with monoenergetic

neutrons and by comparison of a time-of-flight spectrum with that of a

calibrated detector.

In order to increase the detector efficiency at higher energies the use

of a polythene disk in front of the glass detectors is considered. When

using a disk thickness of e.g. 1.27 cm the efficiency at 30 keV will

increase with a factor 3, while the increase in detection time will be

still acceptable in comparison with the flight time [4] •

The data of the time-of-flight distributions will be collected by use

of a DDP-516 (= P9202) digital on-line computer having a 16K memory,

which is equipped with a time-of-flight module. Since the use of this

computer is subject of a separate paper [5] it has only been mentioned

here.
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4. ANALYSIS OF THE SPECTRUM MEASUREMENTS

The fast-thermal coupled STEK cores are not very suitable for the time-

of-flight experiments, due to the long neutron lifetime caused by the

presence of the thermal zone and the graphite reflector between fast

and thermal zone. Therefore these experiments will be performed with

the fast inner zone only while the thermal zone will be unloaded and

the graphite reflector will be removed. Since the к
 f f
 of the fast zone

becomes rather low after these changes a number of fuel elements will

be added. A typical example of the calculated improvement of the life-

time and the corresponding decay period a after snch modifications

is given below for the fast zone of the STEK-1000 core (SZ-1000) with

a C:U atom ratio of 22:1.

SZ-1000

SZ-1000 without graphite filter
+ 12 extra fuel elements

k
eff

0,90

0.87

l(ys)

3.1

0.36

a (us)

31.0

2.8

The neutron lifetime of the STEK fast zones with larger C:U atom ratios

is expected to be considerably longer.

It will be clear that the spectrum of the fundamental static mode dis-

tribution in the modified subcritical fast zones will differ from the

critical fast-thermal coupled STEK cores. This is shown in figure 3

for the STEK 1000 spectrum, The lower limit of the energy range to be

measured is ъ 20 eV. For this energy the difference is only % 20%. It

is expected that the spectra of the critical systems can be derived

from the measured subcritical spectra after application of computed

correction factors.

The neutron energy range to be covered by the time-of-flight method is

with regard to the upper limit determined by the resolution requirement

of 20%, while at the lower limit the ratio of signal-to-background is

of importance.
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The energy resolution is given by:

f = 2 ф - 2(£!> (4.1)

When an energy resolution of 20% is required then the upper limit of

energy ranee Е (eV) is found from:
max

Е = 52.3 a
2
L

2
 (4.2)

max

with L = the length of the flight path (m), and

a = the decay constant (ps~l).

According to this relation the upper limit Е is ranging from 0.2 -

17 keV for the different fast cores for a flight path of 50 m. The

upper limit will increase when a resolution correction is applied.

According to calculations performed with the code TOFTEST, written by

Pater son [6] , the upper limit with resolution correction applied will

be ranging from ъ 0.4 - 150 keV. The latter upper limits are restricted

by the time-dependence of the neutron spectrum during the reactor pulse.

This time-dependence of the neutron spectrum which is a serious problem

due to the core composition, consisting of С and U, has been calculated

by Oei usinn the time-dependent diffusion code TEDDI-T and is subject

of a separate paper [7]•

The expected upper limits of the energy range are for most of the

different fast cores sufficiently high to give the required region of

overlap with the energy ranges to be covered by the proton recoil

technique. However, a region of overlap is always attained when an

energy resolution of > 20% is accepted.

The lower limit of the energy range to be covered is determined by

the ratio of the prompt neutron signal-to-background caused by y~

events and delayed neutrons. Since a statistical accuracy of 1% for

the prompt neutrons detected within a time interval ut = a is

required during а measuring period of ma.-.imal 12 hours a lower limit

ranging from 4 - 20 eV for the different fast cores is expected.
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5. DISCUSSION

It has been shown in the foregoing that the STEK time-of-flight expe-

riment, according to the design presented in this paper„ will be a

suitable tool for the determination of the neutron spectra of the fast

zones of STEK within a sufficient wide energy range. The experimental

determination of the neutron energy spectra is of special interest since

calculations can show important uncertainties. When taking into account

the experimental errors due to the spectrum distortion caused by the

beam extraction, the correction for the difference in spectrum in the

critical core and the subcritical fast zone, the inaccuracy in. the

detector efficiency and the statistical error, the overall accuracy of

the derived neutron spectrum for the critical reactor is expected to

be 'v» 10%. According to the present time-schedule the spectrum measure-

ments start at the end of 1970.
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