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The HIFAR Oscillator
By K. P. Nicholson and A. W. Pryor*

A description is given of a pile oscillator which will enable thermal absorption cross-
section measurements to be made on HlFAR. The apparatus is in course of construction.
The principal design factors are discussed, with particular reference to the effects of scattering
by the sample, and the extension of the range of cross-section measurements to include
moderators such as graphite and beryllium.

|N1'R0|>U¢1'|QN absorption. By placing the sample at the centre
A pile Oscillator for the measurement of of the reactor core, considerable sensitivity can

thermal neutron absorption cross-sections on be obtamed‘
the HIFAR reactor is at present under construc- The accuracy of the Danger Ceelelehli
tion. The apparatus is usable over a wide range methfxl 15 11_l'1'ed by Shell-term Changes 111

of heutmh ux, so that work can commence reactivity which occur in the course of_ the ex-
during the present low power operation of the De1'1h'lenl3- The eeeli Of these uellue-P1_°1:15 °_9~h
reactoh be reduced and hence the overall sensitivity in-

This apparatus is part of a genera; program creased by a factor of about 20 by oscillating the
to provide facilities for a range of material Sample ih ehd ellli Of the 1’ea°li°1‘- This meihed
cross-section measurements. A later phase will has been investigated l°Y Weinberg and Schwinn‘
probably include the construction of a high 161‘ (1943), and used by I-'ahg5d°rf @943)» 0°11‘
resolution time-of-ght spectrometer intended diti°n5 are arranged 5° the-lthe Pile P°1‘i°d is
for partial cross section measurements over the lehg eempered With the De1‘1°d Of the 10l1Ee9li
energy range 1 eV to 10 keV. A time-of-ight delayed neutron aroulm The‘ amplitude of
machine of this type can he adapted to absorp- oscillation of the reactor powe; is then directly
tion cross section measurements at thermal proportional to the absorption area _of iljs
energies; however, when the absorption cross- Sample under test All absolute Value ls age-111
section’ is much less than the potential obtained by reference to a standard absorber. A

scatterin cross-section errors in the measure- wen'kn°Wn oscillator of this type is that one .

ment of ca will be fairly large. In addition, cor- §1Lf£§hg1f:a§,:§fm?;pg§*ZS an ‘mp°’t““"" part
. g -

reclmns may have to be made for Bragg seal" An alternative oscillator was developed at
tering. The values of thermal obtained in Oak Ridge by Hoover et at (1943) for measm-e_

this way are not sufoionily aoourato for use ments on small samples. A similar apparatus
in thermal reetr desigfh was that operating on BEPO (Small and Spur-

Whereas a time-of-ight spectrometer is essen- way 1954). The HIFAR oscillator will be of this
tially a beam experiment, a. pile oscillator is general type. Here the material under test is
ideally operated in an isotropic neutron ux oscillated with a comparatively small amplitude
where the eects of scattering are greatly re- in a region removed from the core of the reactor,
duced. Under suitable conditions a very high such as the thermal column, and the local ux
discrimination of the order of 1,000 or more can depression produced by the sample is observed
be achieved, enabling measurements to be made in a nearby counter or ion chamber.
on moderators and materials of importance in If the ux depression is small, the oscillations

. .
1‘eaet0I' e01"1$tl‘11e10Il- T1115 diSe1‘imil1al1i0!‘l observed will be directly proportional to the neu
against scattering is a fundametnal feature of tron absorption area. of the sample. This
the pile oscillator. method is about 10 times more sensitive than

On completion, the HIFAR oscillator will be the Langsdorf oscillator. It has the additional
available for testing samples of local construc- advantage that it makes few demands on the
tional materials intended for pile experiments, as reactor, and can be operated in conjunction
well as samples of moderator-fuel mixtures with other experiments, provided the reactor

i i
which are to be irradiated as part of the high power is fairly constant.

'temperature gas-cooled reactor research pro- In a region removed from the core of the
gram. The oscillator can also be used for reactor the ratio of thermal to epi-thermal ux

\ work on radioactive samples, provided suit-able will in general be high, hence the thermal
sample changing facilities are provided. absorption will be measured with little interfer-

The measurement of ca by the oseiuator ence from resonance absorption. In the earlier
5 ~ method is based on the early Danger Coefcient method the sample ls oscillated thr°l.'lgh the

. . tre of the core thus large corrections formethod (Anderson, Fermi, Wattenburg, well, °°n . ' .and Zinn 1947), in which the sample under test resonance absorption would often be required to
is placed at the centre of a low power reactor obtain the therma'1value'

E.

vi

lzif

and the change in reactivity is measured. The DESCRIPTION OF Tl-IE APPARATUS
change is then calibrated using samples of known A section of the reactor showing the general

arrangement of the oscillator is shown in Figure
‘Australian Atomic Energy Research E‘.sta.bllsl'l- 1' It conslsts .of.two a'Ssemblies"_the plug as-

ment. Manuscript received May 2, 1958. sembly, Whleh 15 111 the expernental hole. .nd
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by means of a nylon thread. The push-rod
complete with sample is oscillated so that the
sample moves from the centre of the chamber
to a point 20 to 30 inches above the chamber.
The push-rod extends through the chamber at

M'¢R°5""Tc'"'E5 all times so that there will not be any appreci-
°“ cR°55"'E‘° able output signal when the push-rod is in

motion.‘
The ion chamber has an active length of

18in., and consists of four concentric thin-wall
GEARED MOTOR aluminium tubes. The inner and outer are 3ln.

and 5m. diameter, and are soldered to end
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plates, forming a demountable gas jacket sealed
with neoprene rings. Two cylindrical electrodes
are mounted in the container, the inner being
coated on the outer surface with 2 mgm/sq. cm.
of boron dag. The chamber is lled with carbon
dioxide and maintained at a slight positive
pressure via a polythene tube connected to a
lling apparatus situated in the reactor gallery.

jg. 5
oSc|LLA‘|’|NG mg Annular graphite blocks are placed at both

' ' . '1; . ends of the chamber to help in keeping the
neutron ux as uniform as possible.

The push-rod is coupled to the drive rod with
a solid screw type coupling placed so that it will
be just clear of the reactor top plate at the bot-
tom of the stroke The driving unit is based on

ll; *.".'_~‘-I '; -

‘Q l lb -=-——- -', EHIELD a s h.p. geared electric motor operating the
vertical drive rod through a crank and con
necting rod. The complete driving unit is
mounted in a light metal frame, which is
studded to the reactor top plate to permit easy
removal when other work is in progress.

The main features of the recording equipment
are shown in Figure 2. The output current from
the ion chamber is fed to an electrometer head
unit having a variable input resistance. The
lowest ux for satisfactory operation is 10‘
n/cm—"/sec—1. Under these conditions, the ion
chamber current will be 0.05 /L A and the input

‘ON CHAMBER resistance will be about 10' ohms. By decreasing
the input resistance the operating flux level can
be increased up to a maximum of about 101° n
cm—’ sec-1. The electrometer head unit has a
voltage gain of 2, and a long term stability re-
ferred to the input of i 2 mV. The output is

i ELEMENTS A.C. coupled to a high gain D.C. amplier, the
gain of which is adjusted to produce an output

/RAv“J,E signal of approximately 20 V peak to peak.
REé|_ .¢1 R For the BEPO oscillator, the change in io_n

current produced by 0.5 sq. cm. of absorber is
ll 1

- Q-1-.| 0.15 per cent. (Small and Spurway, 1954). As-
' hilg ' I ~ - I. Q ~ -

' Q ;__‘-_‘ -_.' j" .--." '_ _.~;‘;-'_;_',I summg a similar gure for the HIFAR mac ne,
if ' -~ - ' '- - ' *' " -' ' an overall voltage gain of 10‘ (D.C. amplier

FIGURE l: Section of oscillator, showing moin gain 51000) 5h°u1d make it p°S5ib1e 17° measlére
items of equipment in 6VGR experimental role. gigtggalgxgugg azbiiiguxangngoggpIlgggera or

I
the drive unit, which is mounted on the reactor The output waveform is fed to the integrator

' top plate. via microswitches, which are mounted on the

it i
The plug assembly consists of a modied drive unit and actuated by the cross head. The

shielding plug, which supports an annular boron selected portion of the output is integrated over

it coated ionization chamber on three aluminium about 50 oscillations, the total output being

1

rods. Passing through the centre of both plug shown on a 100 mV recorder.
‘ and ion chamber is a 2in. diameter aluminium The neutron ux of the reactor is monitored

Q
push-rod, which is guided by sets of rollers at continuously by measuring the output of the
opposite ends of the plug. electrometer head_ unit on another recorder.

gt The sample to be tested i_s attached to a small The electrometer in turn is checked for drift
ii» cylindrical cage, which is inserted into the rod every 50 oscillations by removing the HT from
E‘ from outside the reactor and slid into position the ion chamber.

l
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ELECTR- | 0.c. GAHNG INTEGRATOR
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7‘ MONWOR

GATING SIGNALS
‘ "ROM MICROSWITCHES

FIGURE 2: Oscillator recording apparatus.

_The programming will be done automatically then be shown that the cadmium ratio, R., of a
- with a counter based _on uniselectors. In prac- 1

tice, the apparatus will be left to operate over ___ absorber such as boron is given by:
* a period of é to 1 hour depending on the V

9 accuracy required. The exact accuracy to be R _ 25 ¢,l
/ expected is diicult to estimate as one of the _ -

;;;;» main limiting factors is expected to be reactor ‘pi
' gluctuations which will vary with operating con-
i itions. Ne lectin fluctuations, it shoul . . .

possible to ibtainga comparison accurac‘; ‘Z? The cadmium who for 3‘ V_a‘bs°rber is thus
’ ; about 1 per cent. by oscillating for 1 hour. 3,400. The cadmium ratios of a number of ele-

:*.1";,.;;:;g ‘ ments can then be estimated using the results
c|-|0|¢5 9|: 5)(pER|MEN-|-A|_ |:A¢||_|-|-Y of Harris, Muehlhause, and Thomas (1950).

51;; ‘ These are shown in Table 1.
e The following properties are desirable for the
~ proper operation of the oscillator: It can bef seen that for ngost ?13.lleI‘i3.%?1 the
' . . . correction or resonance a sor ion W e
h (1) tghe r€'t1° °f thermal '5? epbthemtal new negligible for measurements in 1:. 6VGR hole.

ron ux must be as hlgh as p°ss1b1e- Even for the strong resonance absorbers such as
1" (ii) The thermal neutron flux in the hole must Inn‘ an All“ the ¢01‘1'e@ti°I1 W111 be 1855 than
Vi be as uniform as posSib1e_ 1 per cent., which corresponds to the limit of
f (iii) There must be suicient depth to allow accuracy offered by the method‘

" . the push-rod to project through the cham- Recent measurements in 6VGR—2 show that
gf < I ber at all times. the cadmium ratio for 0.12 cm Cd thickness is in

~ The rst condition is best satised in the the region ef 1°‘- This is felthe minimum 0°"
thermal column However, for the HIFAR size of ll elements. Corrections to a complete

hf. reactor there is only 2f(;_ 10ih_ of graphite in core indicate that the gures are possibly a little
which to work. In -addition, there is a large hlsher than those elven 1n Table 1-
ux gradient so that both the second and third

i conditions are not satised.
The best compromise is the use of a vertical

‘ commodate the push rod The thermal neutron
. ux along the 6VGR-2 hole is given in Figure

.-;;»;;;; 3, which shows a region where the ux gradient
is quite small. It is proposed to place the ion

‘ chamber as near as possible to this position.

The ratio of thermal to epi-thermal neutron
,: i’ ‘ ux is lower for a GVGR hole than for the ther-
e’ Xi} mal column. It is estimated that this ratio is
;‘~ ' 136 when the reactor has a full core. However,

FLUXRELATVE

‘iii.
ACTIVE LENGTH at

GHAMIEI

to graphite hole which is sufficiently long to ac- I

I 0 1 I 1 1

O I 2 3 4 5 6

K; tn» ‘ it_ can be shown that this value is suiciently DISTANCE FIIOM aorrom oe THIMBLE (F11)
high for accurate measurements. Let the inte-

Hj , grated thermal ux be ¢,, and the epi-thermal FIGURE 3: Relative thermal neutron flux in
X it _; ; ,, ux in the 1'9-I186 0-36V 150 2 MBV be ¢=- It C9-I1 6VGR-2 hole for minium core of ll elements.
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TABLE 1:-ESTIMATE'D CADMIUM RATIOS IN
GVGR HOLE.

Element R Type of Absorber,

1B1° 3,400 pure —ii.
V

1Na” 3,300 approx. —i"
Y

A1” 2,050

Mn“ 1-579 resonanceCo“ 1,140 absorbers

AE‘°' 153
strong

I111“ 155 resonanceAum 137 absorbers

DISCRIMINATION AGAINST SCATTERING
One of the most important properties of thepile oscillator is its ability to discriminateagainst the scattering component of the totalcross section. If the neutron ux were per-fectly isotropic, one would expect negligibleeffect from scattering. However, for the OakRidge type oscillator, where the measurements

are taken remote from the core, there is a fluxgradient across the chamber which causes anasymmetry in the distribution of scattered neu-trons. The net eect is that of a very smallabsorption. When the sample is just outside thechamber, neutrons will be scattered back, result-ing in a small increase in the chamber currentand giving a change of sign for the signal due toscattering alone. An idealised version of thescattering and absorption signals expected isshown in Figure 4. By adjusting the gating in-terval shown, it should be possible to obtainalmost complete cancellation of the scatteringsignal over an interval in which the absorptionsignal is large. A scattering discrimination ofabout 2,000 is desired for the HIFAR machine
so that measurements can be made on modera-tors

A series of experiments, using an almost purescatterer such as D20, in which the position of theion chamber in the hole, the centre, and ampli-
tude of oscillation, and the gating interval arevaried, will be necessary to nd the optimumconditions for cancellation of the scattering sig-nal.

METHODS OF COMPARISON AND
INTERPRETATION OF RESULTS

In accordance with previous work, gold has
been chosen as a standard to’ obtain absolute

1
absorption areas. Gold is an almost pure -

1

Vabsorber in the thermal region, and its absorp-tion cross section is very accurately known. In

The effects of self-shielding can be partially
overcome by the use of a sub-standard such asboron, which has similar geometry to the sample.This technique is particularly eective withliquids.

It is important to consider the exact nature
of the comparison performed by the oscillator sothat the results may be interpreted correctly.
The apparatus is placed in a thermal neutron
spectrum which has a Maxwellian distribution
of velocities at the temperature of the graphite
reector. Now this spectrum will be slightly
hardened by the boron in the ion chamber and
the constructional materials, so that the com-A8“" 620 parison of sample and standard absorbers isI 4:

-
made in a spectrum of higher average energy

Fortunately, no correction is necessary for
1

this eect if the sample has a — absorption

cross section, as both sample and standard ab-sorption cross-sections will have the same varia-tion with energy. If the 2,200 m/sec cross-sec-
tion is used for the standard, then the compari-
son will yield the 2,200 m/sec cross-section for

1the sample. However, if the sample is not a —
vabsorber a knowledge of the cross-section varia-tion with neutron energy is required to cor-

CHAMBERCURRENTMOTONOFSAMPLE

-0-—-oi;-+

"1

CENTRECENTRE

CHAMBEROSCLLATON

i 
-_-— 

INTERVAL

TIME-P
--- SCATTERING
— ABSORPTION

practice, two gold foils with absorption areas FIGURE 4: Ideolised form of scattering andslightly less and slightly greater than the sample absorption signals from ion chamber over onewould be required for an accurate measurement. cgmplefe Qggillqgn Qf the §qmp|e_
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rect the results back to 2,200 m/sec. This is not R5|:5REN¢5sa. great disadvantage in practice as the thermal ANDERb SON, H. L., FERMI, 13., wA-1»;-E
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