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ABSTRACT

The materials buckling of four BeO moderated U235/zluminium alloy fuelled systems
having BeO/U235 ratios of 1465, 2930, 5860, and 8790 have been measured by the exponential
method. Relative fission ratesof U235, U233, and Pu239 were also measured in the equilib—
rium spectrum region of the same assemblies. The experiments are described in detail, and
the results compared with the predictions of a simple spectrum model (Westcott) pending anal—
ysis using mote complex calculational models,
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1. INTRODUCTIDN

The A,A.E.C.’s feasibility study of a BeO moderated high temperature gas—cooled reactor
system requires survey calculations using computer codes capable of dealing in detailed manner
with the neutron energy spectrum throughout the range from fission to thermal energies, Codes of
this type (GMAC, SKATE, and MULGA) have been developed for this purpose at Lucas Heights,

Experimenta] data on beryllium—moderated systems, against which these codes and the
adequacy of the nuclear dataused herewith may be checked, have to date been restricted to meas—
urements of the materials buckling or reactivity in a number of U235 fuelled systems (for example
Kloverstrom et al, (1959) and (1960), Kloverstrom and Kraft (1960), Morton et al. (1962), Finke
(1962)). The present series of experiments was carried out to augment the existing data by provid—
ing integral spectrum measurements to test the adequacy of the spectrum calculations, and to check

the techniques of buckling measurement as a preliminary to proposed future experiments incorporating
resonance absorbers (U238, Th232).

2. MATERIALS

The beryllium oxide and measurement of its diffusion properties for thermal neutrons, have
been described by Brittliff et al, (1963),

The U235/aluminium alloy contained 23.4 ¥/o of uranium enriched to 89,41V in the 235
isotope, and was in the form of strips, 24 in. long by 1.330 in. wide by 0.040 in. thick, each contain—
ing approximately 14.5g of U235, A total of 144 strips was available and used for these experiments,

Lattice plates to retain the fuel strips in the required configuration were made by milling slots
1.4" wide by 0.050" deep on a 2" pitch in 0.080" thick 99.95 per cent. pure aluminjum sheets. Sheets
24" x 18" and 24" x 6" were available, thus enabling stack widths of either 18" or 24" to be obtained.
Details of the alloy strips and lattice plates are given in Appendix V.

3. EXPERIMENTAL ARRANGEMENTS

The four lattices in which measurements were made were chosen to give BeO/U235 atomic
ratios of:

I 1460
IT 2930
I 5860
v B790

For Lattices I and II, the stack was approximately 18" x 18.3" x 24" high; for Lattices III
and IV, the stack was approximately 24" x 25" x 24" high, The fuel strips were in all cases
orientated with long dimension vertical, that is, perpendicular to the source plane. A typical section
of each lattice is shown in Figures 1 to 4, and the composition of each is detailed in Appendiz V,

A 16" high graphite plinth of slightly larger dimensions (1" each way) than those of the stack
to be built, wasplaced centrally over the IR—1 stringer hole of the Argonaut—-type reactor MOATA
(Marks 1962}, This plinth was supported approximately }{" clear of the concrete top face of the
reactor shield by 2" wide x %4 " thick strips of steel under two of its extreme edges. This made it
possible to slide a cadmium sheet beneath the assembly for ‘background flux’ measurements without
having to dismantle the stack, The plinth was surrounded by cadmium sheet and lead bricks to reduce
the thermal neutron and y-radiation in the vicinity to acceptable levels.

The BeO stack with the required lattice plates was constructed centrally on the graphite plinth.
The top and sides of the stack were then clad with cadmium sheets. In addition, aluminium sheets
were placed in contact with the cadmium cladding of the stack sides, andthe whole assembly was
clamped firmly together by means of a light aluminium angle frame retained in position by external
threaded steel tie—rods, A general view of acompleted stack before addition of the top cadmium
sheet is shown in Figure 5. Diagrams of the two stacksused, showing positions of horizontal and
vertical flux scanning holes, are given in Figures 6 and 7.
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The entire experimental area surrounding the stack was enclosed in apolythene *‘tent’’, con-—
structedon alight Dexion framework. The tent was fitted with filtered air extract equipment. and
effectively checked any spread of beryllia contamination within the building. Thére was no neutron—
reflecting material within 3 feet of the free boundaries of the stack, and even at these distances, the
quantities were insignificant. All significant reflectors (building structure) were at least 20 feet from
the sides and top of the stacks, ' '

4. MEASUREMENT OF THE MATERIALS BUCKLING

Measurements were made of the vertical and horizontal flux distributions in the stack using %"
diameter BF 5 proportional counters (20th Century Electronics Ltd. ~ Type SEB/6). Except for
measurements on Lattice I for which mains—frequency controlled time intervals were used, each count
was made with reference to a pre—determined number of pulses from a 1" diameter BF 4 chamber
positioned in the reactor shield tank water, In this way, the effects of drifts in reactor power were
eliminated. Furthetmore, the counter was frequently returned to a fixed “‘monitor’’ position in the
stack asa check on drift in sensitivity of the counters and their associated electronic equipment,

4.1 Extrapolated Widths

Horizontal scans were made at two different heights in each stack (~ 12" and ~ 18" above the
top face of the plinth) in both x and y directions, Measurements were also made with the counter
covered by cadmium to easure that only measurements made in the region of equilibrium spectrum
were included in the subsequent analysis.

4.2 Relaxation Lengths

Vertical scans were made in at least two positions, one close to the centre of the stack, and
the others at positions about one—third of the distance between the stack centre and a corner. Cad—
mium ratio measurements were again made as for the horizontal scans. In addition, further vertical
scans were made with two sheets of 0.030" thick cadmium placed between the IR—1 hole and the
reactor plinth, By subtraction, it was then possible to obtain the vertical flux distribution due to the
required source below the stack alone, unperturbed by contributions from any in—leakage of fast
neutrons through the sides and top of the assembly, or to yY—n neutrons produced by direct gamma radia-
tion from the reactor core.

4.3 Errors
The following sources of error were considered in assessing the error on the flux measurements

at each position in the stack, The magnitude of each source is given as its contribution to the error of
the measured flux,

(a) Counting Statistics: Not less than 40,000 counts were accumulated at each position,
giving a maximum error contribution of 14 per cent,

(b) Control Channel Statistics: The control channel counts were never less than 400,000
whilst accumulating the data at any position. The control channel statistical error therefore con—
tributed always less than 10,16 per ceat, '

(¢} Counter Positioning: The accuracy of location was apptoximately +%,” . The counter
was independently located not less than twice in obtaining the flux at each position. The correspond—
ing contribution to the error varies from lattice to lattice up to a maximum of +0.35 per cent,

(d) Paralysis Time; The maximum correction for paralysis—time counting losses was 0.4 per
cent. The paralysis time was knewn to within *25 per cent., giving amaximum error contribution of
10.1 per cent,

{e) Counter Drift: Checks carried out in fixed positions over extended periods, suggested that
the error due to relative drifts in sensitivity between the experiméntal and centro] channel was about
10.3 per cent, : ' '
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(f) Backsround Measurements: In relaxation length measurements, the background to be

subtracted was approximately 40 per cent, of the total flux, and was measured to better than + 1 per
cent,

The above sources of error are independent, and combine quadratically to give errors of
0.5 — 0.7 per cent, for horizontal scan fluzxes, and 0.7 — 1.2 per cent, for vertical scan fluxes,

4.4 Results
The measured flux distributions for each lattice are given in Appendices I to IV,

4.4,1 E-W Widths (X—widths)

Flux measurements were made at 1" intervals to within approximately 4" of the stack edges,

This region was confirmed to be of adequately constant spectrum by subsequent cadmium ratio meas—
urements.

Owing to the heterogeneity of the lattices, it was necessary in all cases except Lattice II,
for which analysis was straightforward, to make fine—structure corrections to the measured horizontal
flux scans before fitting the data to cosine distributions. This was done as follows:

Lattice I. A set of measurements taken at 1" intervals was split into two interleaved sets
of 2" interval scans. Each set was then composed of fluxes at corresponding points of successive
2" lattice cells, and could be analysed in the normal manner.

Lattice III. Measurements were again split into two interleaved 2" interval sets. The ‘even’
set, A, was then of the same type as aLattice'l 2” interval set. Set B was then composed of two
interleaved 4" interval sets, B1 and B2, corresponding respectively to the peaks and troughs of the
fine—structure flux variation in successive lattice cells for which correction wasmade before analysis,

Lattice IV, In this case, the stack comprised too few lartice cellsto allow splitting into
“‘corresponding point’® setsof data. The.data were therefore analysed to yield & fine—structure func—
tion (found to be about 10% peak to trough amplitude) which wasused to correct the data to a single
set for cosine fitting. The error in the resulting points was increased to allow for uncertainties in
the fine—structure function correction factors,

The least—squares fitted values of the extrapolated X—widths for each stack are given in
Table 1. Good agreement is obtained in all cases for the extrapolated width at the two different
levels of the stack, confirming freedom from higher harmonics in the X—direction,

4.4.2 N—S§ Widths (Y --widths)

Since a reasonably large bulk of moderator was always present between the counter and the
nearest fuel strip, only relarively weak fine—structure variations were observed in y—width scans.
For L.attices I and I, the symmetry was such that no corrections were required, while for Lattices
I and IV, breaking into interleaved 2" interval sets of data, reduced the remaining fine—structure
‘ripples’ to negligible proportions (total amplitude ~ 1 per cent,), This was covered by an increase
in the errors assigned to the flux measurements for these runs,

The least—squares fitted values of the extrapolated Y—widths for each stack are given in
Table 2. Whilst agreement between the widths measured at 12" and 18" levels was good for stacks
III and IV, -the discrepancies for stacks I andIl suggested strongly the presence of a higher harmonic
component in the y—direction flux distribution. This conclusion was supported by disagreement
observed between relaxzation lengths measuredin the centre and the corner hole positions, before
hammonic corrections were applied. Since the fitted widths displayed no significant asymmetty,
the major higher harmonic contribution was assumed to be the third, andthe 12" level data were
therefore re—analysed by least—squares fitting to the functions

¢ = A cos m—+Bcos M
ay ay
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where ay is the extrapolated y~width,
¥ is thé ‘centre’ of the distribution,
¢ is the flux,

and A and B are amplitude coefficients,

The revised values (12" level) of a,, for Lattices I and II are given in Table 3, and are in
excellent agreement with the 18" level measurements for which the harmonic content is negligible,
The coefficients (B) of the third harmonic component derived from the 12" level measurements
enabled the calculation of correction factors to reduce the observed vertical flux distributions for
these lattices to the fundamental mode contribution only.

4.4.3 Relaxzation Lengths

The vertical flux distributions for each lattice were least squares fitted to the function:

@ = A sinh 'I‘DZ ,

11
where ¢ is the flux,
A is an amplitude coefficient,
h is the extrapolated height of the stack,
and b1y is the relaxation length of the fundamental mode.
Thus the relaxation lengths and extrapolated heights shown in Table 4 were derived. For Lattices
I and II, the centre—hole flux values used in this analysis had been pteviously corrected to the
fundamental mode using the harmonic coefficients derived in Section 4.4.2, It was arbitrarily
decided to reject measurements for which the harmonic correction exceeded about 2 per ceat.

Corrections to the corner~hole fluxes were less than 0.05 per cent. and were therefore neglected,

4.4.4 Cadmium Ratio Measurements

Boron cadmium-—ratio traverses were made along x, y, and z directions of each stack, and
confirmed that within the experimental accuracy (approx. *2 per cent.), the ratio was in all cases
constant over the measuring range included in the analysis of the experiments.

4.4.5 Stack Dimensions

The overall dimensions of each stack were measured for each layer of tiles, and the mean
values are given in Table 5. The quoted errors are due to irregularities in the building and clamp-
ing of the stacks. : '

4.4.6 Extrapolation Lengths

The extrapolation length Ay or Ay for each horizontal flux scanis givenin Tables 1, 2, and
3. The extrapolated heights Ay , from the vertical flux scans, are given in Table 4. The errors
quoted do not include those due to uncertainties in the physical dimensions of the stacks (Table 5).

Table 6 gives the mean values of A, Ky, Ay for each lattice. Although there is socme
suggestion that A, and ?\y may be increasing slightly as the spectrum softens, within the errors
of the measurements, the trend is not significant, and the individual values are compatible with

the overall mean values A, , ?\Y . and Xh given in Table 6.

When allowance for the uncertainties in the stack dimensions is made;')\x, )\y, and Ay are
consistent and give an overall mean extrapolation length:
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A = 1.77 £0.1cm ,

which is in agreement with the value found in diffusion length measurementsusing these BeQ tiles
(Brittliff et al, 1963),

4.4.,7 The Materials Buckling

The buckling components calculated from the measured values of extrapolated widths and
relaxation lengths for each lattice are given in Table 7, The ‘fitting’ errors on the mean extrapolated
widths have been increased to £ 0.3 cm where no fine—structure or harmonic effects are involved, and
to 0.5 cm for the remainder, to allow for possible residual systematic effects (for example departure
from true cosine distributions approaching the stack boundaries) whose presence may be indicated
by the rather larger scatter of individual measured widths than would be expected from the statist—
ical fitting errors. As a further consequence, width errors will be treated as non—independent in
deriving the errors of the materials buckling.

Owing to the heterogeneous nature of the stacks, andthe considerably longer transport mean
free path in aluminium than in BeO, the migration area M, in directions (x and z) parallel to the alumin—
ium fuel location plates is expected to be greater than that, M7 , for the perpendicular (y) direction.
L]
Under these conditions:

where
K is the materials buckling of an homogeneous lattice of the same composition as the
experimental stack (neglecting the effects of fine—structure flux depressions),
M?* s the'migration area in the corresponding homogeneous lattice,
and M) , M{ are the migration areas for the experimental lattice, respectively parallel

and perpendicular to the slabs.

2 2

No satisfactory method for the calculation of (M"/M) of (M-L/M) in slab geometry has
been published and two—orientation method measurements of M /Mi would not be sufficiently accurate
to be justifiable in the present lattices where the asymmetry can confidently be expected to be small.
However, in the case {(as in the present experiments) where the gaps are small compared with Ag for
the solid moderator, and the ‘cell’ width (2.74 cm) is small compared with the migration length (~ 12 cm
for the most heavizly absorbing lattice}, Keane (1963 unpublished) has suggested a simple method for
estimating II/IM.L , and we may assume without significant error that M_ﬁ =M*.

. Assuming the aluminium/fuel region to be replaced by vacuum, Keane’s method gives
My /Mf = 1,034 for Lattices I andII, and 1,017 for Lattices IIl and IV, Whensome attempt is made
to allow for the presence of fuel and aluminium in the gap by uniform smearing, these figures are
reduced to ~ 1.02 and 1,01 respectively.

Even if the higher asymmetry figures calculated above for vacuum in the fuel region are
assumed to apply to the fuelled lattices, in no case does the correction to the materials buckling
as calculated directly from the measured components exceed 0.4 of the experimental standard devia—
tion. In practice, the required corrections are likely to be even smaller than this andno corrections
for asymmetry have been included in the experimental materials buckling values given in Table 5.
Corrections for neutron flux fine—structure must be caleculated and applied to homogeneous system
calculations before comparing them with these experimental data., The uncertainties in such correc—
tions are expected to be larger than those due to neglecting the migration area asymmetry.



5. INTEGRAL SPECTRUM MEASUREMENTS

Measurements of the relative fission rates of U235, U233, and Pu239 in the lattices provide
useful information regarding the adequacy of neutron—energy spectrum calculations both in the near—
thermal and the epithermal energy ranges, The method used in the present measurements follows
closely thatof Campbell et al. (1958), and compares the relative reaction rates of %" djameter by 1"
active length U235, U233, and Pu239 coated fission chambers in the lattice spectrum, and in a thermal
column spectrum. The overall gain of the counting system was checked and fixed throughout the
course of the measurements by use of amercury pulser giving pulses of highly stable amplitude.

5.1 Lattice Measurements

The position of the active length of each fission chamber was determined by measurement
of its X—radiograph. The chamber was then firmly attached to a 2~-feet long aluminium extension
tube on which was machined amark exactly 35 c¢m from the centre of the active volume of the chamber,
A polythene collar was then firmly fixed at the mark, thus ensuring that the depth of insertion of the
counters in the vertical hole of the lattice was accurately reproducible. Accurate radial positioning
~was assured by the close fit of the aluminium extension tube in the vertical holes,

Two vertical holes were used in each lattice, position A being immediately adjacent to a fuel
strip, and position B being as remote from the fuel as possible (Figure 8). Each lattice relative

teaction rate measurement was ‘‘sandwiched’® between two thermal column measurements.

5.2 Thermal Column Measurements

A convenient source of well—thermalised neutron flux is provided by the water shield~tank
at the West end of the MOATA reactor (Marks 1962). At regions of sufficiently high flux, however,
the gradients in this tank are very severe, and it was necessary to provide a “‘flattened’’ flux region
by fixing an air—filled aluminium box 12" x 12" x 6" a fewinches in front of the aluminium “‘window"’
which divides the graphite reflector from the shicld tank, Access to the centre of the box was then
obtained via an aluminium extension tube passing through, and fixedto it. This tube protruded well
above the water level of the tank, and was closed at its lower end, By this means the fluz gradients
at the measuring depth were reduced to approximately }; per cent. per cm along the tube and approx—
imately 2 per cent, total variation from contact with the ‘‘back’’ wall of the tube to contact with the

- “front’’ wall for a % " diameter fission chamber.

For “‘thermal calibrations’’, the chambers were located by use of a long aluminium tube, which
was attached by means of a grub screw to the 2—feet extension tube described in the last section,
Radial location within the access tube was achijeved by a small slip—~on polythene collar which could
be located a few inches above the fission chamber. The depth of insertion was fixed by a collar held
by grub screw to the extension tube, and resting on the open end of the access tube.

5.3 Errors

The sources of random error contributing to the error of the measured lattice and thermal column
fission—chamber count—rates are listed below. The magnitude of each is given as its contribution to
the measured count—rate. In addition to these random errors, it is necessary to take account also of
a number of possible sources of systematic error when assessing the absclute accuracy of the final
fission ratios in the lattice spectra.

5.3.1 Random Errors — Thermal Calibration

(a) Statistical error

Approximately 100,000 counts were taken with each chamber, giving an error contribution of
™~ 0.35 per cent. )

(b) Reactor power and counter sensitivity drift

Counting was carried out against a mains controlled timing unit, or against a pre—set number
of counts from a BF 5 proportional counter in the reactor shield tank. In either case, the error due to
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drifts in reactor power or relative sensitivity of BF 5 counter compared with the fission chamber
is approximately +0.35 per cent.

{c) Counter positioning

Uncertainty in the radial position of the chamber within the access tube contributed an
error of approximately £ 0.5 per cent. to the count ratio, The axial positioning was accurate to
better than 2 mm, contributing < + 0.1 per cent. to the ratio.

(d) Overall gain of counting equipment

Drifts were observed in the gain of the equipment equivalent to approximately 2 volts
in discriminator bias setting, Two sets of fission chambers wereused during this series of meas—
urements, For Set 1, this drift corresponded to < £ per cent, error in the count ratios, and for
Set 2, the corresponding error was in the range 1 to t 1.4 per cent,

(e) Counter dead—time

For these small fission counters, the dead—time is much smaller than the paralysis time of
the A,A,E.C. type 2A scaler fast decade input unie (2.5 £ 0.5 1 s), The maximum dead—time correc—
tion was 2 per cent, so the resulring error did not exceed * 0.4 per cent, of the count ratio,

Combination of the above independent sources of error gives the random error of a single
thermal calibration ratio in the range of 0.9 — 1.6 per cent. Fifteen sets of measurements were

made for the first set of chambers, and ten for the second set,

5.3.2 Random Errors - Lattice Measurements

The same sources of error were'considered as discussed above in Section 5.3.1, The principal
differences were that the statistical error and the positioning error were now each of the order of 0.6
per cent., and the dead—time corrections were negligible,

5.3.3 Systematic Errors

In deriving the relative fission rate per fissile atom in the latrice spectrum from the fission
chamber data, a number of effects giving rise to systematic errors must also be considered.

(a) Neutron absorption in the chamber walls

The wall absorption for each chamber will, in general, be different in the thermal column than
in the lattice spectrum. This effect is normally corrected for by experimentally determining the wall
depression by addition of successive sleeves of the wall material round the active length of the
chamber. Unfortunately, in the present experiments this was not possible, as the wall-material,
(NILO K), was unobtainable in Australia on the required time scale. However, measurements at
AE.E., Winfrith, with similar fission chambers having stainless—steel walls {(Symons 1962 unpub-
lished) showed that neglect of wall corrections in rather harder spectra than those of the present
lattices could give systematic errors in the Pu239/U235 fission ratio of up to 1Y per cent. Since
Symons’ data didnot include U233, and NILO K has somewhat different scattering/absorption prop-
erties to stainless steel, the error due to neglect of wall corrections has been taken as +2 per cent,

(b) Position of Active Volume

There is an uncertainty of approximately %1 mm in the positions of the centres of the active
lengths of the chambers., Since the themal calibrations are carried out in an effectively uniform
flux whilst the gradient in the lattices was of the order of 5 per cent. per cm, this uncertalnty con-
tributes possible systematic errors to the fission ratios per fissile atom of 0.7 to I per cent, '

{c) Fission Cross Section Data

To obtain the fission ratios per fissile atom, it'is necessary to use published Maxwellian -
averaged fission cross sectionsin conjunction with the thermal column measurements,. These data
were taken from Westcott (1961) and the relative accutacy is approximately + I per cent,



5.3.4 Total Error
When all the foregoing sources of etror are taken into account, the error in the fission ratio
per fissile atom for any lattice is approximately +2Y per cent. The error in the fission ratio at
position A relative to that for the same atoms at position B in any lattice is *1 per cent.
5.4 Results
The relative fission rates of the chambers used are given in Appendix VI for each lattice
and for the thermal column, These values arenormalised to the fission rate for the U235 chamber

of each set,

The principal derived results are summarised in Table 8,

6. COMPARISON OF EXPERIMENTS WITH THEORY

Detailed calculations are in progress using multigroup transport and diffusion theory codes,
and taking account by a number of models of the actual lattice geometries used, This work has been
slowed by difficulty of access to an adequately large computer, and in otder to avoid further delays
in publication of the experimental data, the detailed experimental/theoretical comparison will be
reported separately at a later date, Therefore as an interim measure only, simple spectrum calcula~—
tions have been carried out for each lattice assuming a Mazwellian component of temperature:

T, = T, (1 +1.84 752%3) ;

(Coveyou et al. 1956) plus a *1/E’ epithermal tail of strength

S

£2s

These parameters wereused with the ‘g’ and 's’ values of Westcott to derive the effective fission
cross sections of U235, U233, and Pu239 in the experimental lattices. The calculated ratios for
both the A, and A, forms of Westcott’s joining function are compared with the experimental fission
tatios in Table 9. The degree of agreement of each form with experiment is similar, except for the
Pu239/U235 fission ratio in the harder spectra of lattices I and II where the A, form is markedly
superior,

(Westcott, 1961),

r =

In order to calculate k,, for each composition, the above A, spectrum parameters were used
to calculate the neutron utilisation of the fuel over the complete energy range, and the effective
value of 7. The (n,2n) enhancement was taken as 1.058 for all lattices, following Pollard (1963
unpublished). A U238 resonance escape probability was calculatedin the usual way.

The Fermi Age was assumedto be that for the smeared moderator, peglecting the presence
of other materials, based on 7 = 110 cm® for p= 2.8 g/cm® The diffusion area, L?, was taken as
that for smeared—density BeO times 'the ratio of BeO absorption to total absorption in the lattice.
The calculated materials buckling was then given by

BMZ'T
k= (1 +L2BM2)E .

4]
These values are compared with the measured bucklings in Table 9.

7. CONCLUSIONS

The materials bucklings of the four chosen BeO/U 235 lattices have been measured to an
accuracy of approximately I 4 per cent. Relative fission ratios have been measured to approximately
13 per cent, To within % 1 per cent, no differences were observed between the fission ratios meas—
ured in contact with a fuel strip, and in aposition in the lattice cell asremote fromthe fuel as possible.
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Simple calculations have been made of the fission ratios and materials bucklings of
homogeneous systems of the same composition as the experimental lattices. The agreement with
the experimental results is surprisingly satisfactory in view of the limited applicability of the
calculations to the conditions of the experiments, and the neglect of any allowance for fine—
structure flux depressions, It is of interest to note that Westcott’s A, cut—off model gives sub—
stantially better agreement with the plutonium reaction rate in the harder spectra of Lattices I
and Il than doesthe A, model. It is however dangerous to conclude that this is the better model
to use for prediction of temperature effects in BeO moderated lattices, since the elevation of
neutton temperature and the r—values appropriate to Lattices I and II exceeded by substantial
amounts the limits given by Westcott for therange of validity of these spectrum assumptions. It
is considered unprofitable therefore, despite the measure of agreement with the present experimenis,
to pursue these methods of calculation further, since little if any confidence could be placed in
their predictions of temperature and long term reactivity effects, particularly for systems incorpor—
ating significant quantities of resonance absorbers.

A comparison of the experimental data with the results of refined calculations will be made
at a later date in a separate report,

8. ACKNOWLEDGMENTS

Miss E. Kletzmayr's assistance in all aspects of data processing on the IBM 1620 computer
is gratefully acknowledged. Thanks are due also to Mr. J. Griffiths and the MOATA operations team
for counting and general assistance in the experimental work,

9. REFERENCES

Brittliff, E,, Duerden, P., and McCulloch, D.B, (1963). = AAEC/TM203.
Campbell, C.G., Freemantle, R.G., and Poole, M.J. (1958). — AERE R/R 2398,
Coveyou, R.R., Bate, R.R,, and Osborn, R.K. (1956), — J. Nucl. Energy 2: 153,
Finke, R.G. (1962). — UCRL 6980,

Kloverstrom, F.A., Deck, R.M.R, and Reyenga, A.]. (1959). — UCRL 5369, Pt. L.
Kloverstrom, F,A. and Kraft, D.E. (1960). — UCRL 5369, Pt. IL.

Kloverstrom, F.A., Deck, R.M.R., and Reyenga, A.J. (1960). — Nucl. Sci. and Engng. 8, No. 3,
Sept. 1960,

Marks, A.P. (1962). — Atomic Energy, 5 (4):9—21. Australian Atomic Energy Commission.

Morton, J.R., Shen, E.J., Weirich, T.F., Gardner, L.L. (1962). — UCRL 6729,






02°0F ¢<°T ¢'1 GTOF ¥6°TE | O¥°0F $9°99 8 g | 1707 syt 98 0¢°0F €L°1¢ | I30F ¥$°9%90 g8 | g
¥I0F €L 9% | 0Z'0F €8'T¢ | 8TOF $0°L9 6 v | #1°07F 89°1 67¢ 0Z°0F 12°1€ | 8T0F $6'99 6 \s Al
T°0F 8L°1 ¥'9 0£°0F 60°Z¢ €¥°0F €1°L9 8 g [ Z7°0F 89'1 I¢ 0¢°0T 08°1¢ | €£V°OF ¥6°99 8 d
PT°0 F 65°T 1' | 0Z°0F ¢0°z¢ LZ0F 9L°99 6 v | ¥1°0F 6%'1 00T | 0Z°0F 8L°TE | L2°0F 9¢°99 6 v Il
6Z°0F ¥€'1 "1 0%°0F 9F'¢L LSOF SE°6% 6 IT0F 62T 0°9 I1€°0F €2°¢T | ¥¥°0F ST'IS 6 I
CZ'0F $T'1 z°8 YCOT IVET | GF0F LIGH 6 g | 61°0F 06°C 8L | 9TOF €0°6T | 8E0F LFTS 6 q
9°0F ¥9'1 60 CE0F 6L°EC | ZSOF $676F 6 v | 0z0F 08¢ ¢ LT0F €1°¢T | OF°0F 8T°Z¢ 6 v I
(w2) o (wd) (wd) surod (w2) (wo) (w>) s3urod
by =X £ 4z joroN | 39S £y ﬂ%w £ 4 jo *oN| 95| some
1343 81 1243] 71
‘ SHIAIA-X 41V 10dVaLXa
¢ H1dVL
Z€0F LI 0'81 | 0Z°0F 8¢'0¢ €9'0F 95°€9 ¥I T€0F 961 €07 | 0Z0F T¥0¢ | ¥9°0F €1°S9 ¥1 Al
1Z°0F 95'1 "1 0Z°0F ¥$°0¢ 17°0F €99 8 d 12°0F 68°1 'y 12°0F 9%°0¢ | Z¥0T 8699 8 g
91°0F 66'1 '8 | ¥I°0F 1L°0¢ 1£°0F 61°69 8 v 9T°0F 86°1 €9 YIOF €S0 | 1€°0F 91°69 8 v I
6107 86'1 0°CI | 81°0F 9L7TT 8¢"0 T £8°6¥ 11 61°07F L8°1 9 8I°0F 18°2Z | 8£0F 19°6F 1 11
ZE0F €L°1 01 82°0F L9°TT Y90 F £€°6F < q SI0F 0%°1 €1 €C0F 19°7C | 1S°0F 89°8¥ ¢ g
6T°0F 0<°1 L1 L1°0F 66°22 LE0F L8°8p 9 v CI°0F 06T 6T | ¥1°0F ¥6°2Z | 0£'0F 89°6y 9 v 1
(w>) (w2) (ws) s3uT0g (wo) (md) (w2) swuTog
X L X N < 2 .
Y =3 X ® joroN | 39§ Y = 3 z e jo *oN| 335 |edte]
12427 , 81 2431 71

SHLAIA-X GHLV

I 471dV.L




St 11 | €ST0F 61729 TS0FSETIT | LoL 1T { 09707 91°€9 | 9¥°0F $6°0T - AL
sl 6 €9'0FyL'T9| 6'1FST'8T| €78 6 | 99°0F L1'€9 | 8IFO0L'SE I
66T | I1 | $6°0F69°¢9| I€0FO0L 91| T°S| TIT | SL°0F £2°29) 2€°0F728'91 | ¥'6 0T | $6°0F €0°€9 |0%°0F 0.791 It
9L 9 | 80°T¥ZSE9| 19°0F €102 69| 9 | OT'IF$9°€9| 9S°0F 89°61 | ¢°¢ 9 | PIIFC8°€9 |0L°0F 0¥°61 I
saarod (w@2) (w3) saurod (w2) (w>) s3uTo (wm2) (w2)
22X | 300N 7. T 2| 30N q Tq | Z2T |30 "N q Ttq | somye]
2
1S3y [Eanog Isey qUON
S3]0Y IAUIOT) 3[OH NUID
SIHOTEHUALY 10dVELXd ANV SHIONA1 NOILVXV 198
v A9V
¢'0F 8¢'1 9¢ ¥OF $2°€T 9'0F Y96y 9T —~ 08¥61 6 i
ST0TF 191 FAVA| CE°0F 20°€C $OF 68°6Y yo1 — ¥yL6 6 g
STOF 9¢°1 6T SE'0F ¥T¢T $'0F 0F°6¥ 1°L1 - 9968 6 v I
(wo) - (w2) s1910g
4 o < 4 4 4 Ty 3o "oN g | samie

ININOdHNOD DINOWIVH QIIHL HLIA SHIQA~X (THATT ,21) 0 ANV I S2OILLY I

€ H'19v.L




07 961 = Uy or0F 8s°1 = &y 10T ¥8T = nK SUEIR [[e1240
TV0F €51 60°0F ¥9°T $T0F 9077 Al
9%'0F €£°T 60°0F 09°1 60°0F 68°T o
0S'0F £L71 1Z°0F 9¢°1 <107 6’1 i
€9'0F 1$°2 €1°0F 371 0T°0F 69'1 B

{w2) (m2) (w2)
Ty h.& *y IanIE]
SHIDNA T NOILV TOdVi1IXd JOSANTVA NVAN
941Vl
00T €0'19 SI'0F 89C°€9 0T°0F 1219 Al NV I
S0°0F <0°19 <170 F 89°9F 01°0 F 88°S¥ I GNV 1
(w2) (w2) (m)
3oy (0 s-N (X) a3 anwE]

SNOISNAINIA XDVLS GIIOSVIN

S 418Vl




6000 F 966°0 G000 F ¥00°1 €O0F €0°T ¥O0°0F 9¢°T €0"0T £0°1 .;wo.oﬂ FAS | Al
G000 F €66°0 G000 F 166°0 ¢0'0F E0°T ¥0°0F 89°1 ¢0°0F m.o..H .q\..0.0H 99°T 11
G000 F ¢00°T 600°0 F 000" c0°0F 011 C0"0F 98°1 €00 F IT'T C0'0F 9381 I
GO00T0F 000°1 600°0F ¥66°0 ¢0°0F 9271 CO0F ¢1°¢C ¢0'0F 92°'1 CO°0F ¢t I
cezn/eeTn cezn/e6eTad cezn/eezn . “gezn/6eend cezn/eczn cezn/eeznd
. . somIrE
d 91saTIBI3I ¥ d NOILLISOd ¥ NOILISCd
SOILVY NOISSId ddYNSYHAN 3HL
g HTdV L

0°'1F 8°2C PLOF WM..NN m.m.oH 80°C¢ FPEOF T1°¢C Al

0°TF T°¢¢ 690 F GN.N.H CEOF C1°CE 90 F Ig°¢2 In

9'TF 0'¢¥ 06°0F £L°6¢ 1807 Nm.ow. 8% 0F ¢€6°6¢ I

8'1TF 6%¢ €1F 06°6Z GLOF TI1°0¥F 0S¢0 F So°CF I

G_wm A (=) L*Tq/7) (,_m %A«\Ru (z_m) N«\tv aarrE

ONITIDONG STVIMIIVN IHL

L ATEVL




6¢ O..H T 8tz 00°1 ¢0'0F €0°1 681 ¥<°1 Y00 F 0o¢°1 Al
FA% 0°'IF T°¢¢ €0°1 cO'0TF €071 891 291 Y0'0F L9'T II1
i 4 9'TF 0°¢C¥ FI°1 €070 F O1°1 86°1 €81 SO0 F 98°'1 I
0¢ 8'1F 6°%¢ ce'l ¢0°0F 92°1 €¢z LT°C CO'0F Z1'2 I
vy puedy vy v
(pw) (=) .
i goTIE[noED) womwyradxyg wone{naren imswnradxy
goTIBINI2]E JCa2WTIadX
HEIROTED et ccz/55z cez/661 it

DONITIDNA STVINALVHN

SOILVY NOISSIA

6 d'1dV.L

SNOLLVINDIVD ATINWIS HLIA SLIASTY TVINANIYAdXHT 40 NOSIHV dNOD




APPENDIX I

LATTICE I FLUX MEASUREMENTS

(a) Widths (E—W)

127 level
x (cm) ¢ o
9.91* 8159 41
12.45 9636 48
14,99 * 10680 53
17.53 11580 38
20.07 * 12000 60
22,61 12140 61
25.15* 11860 59
27,69 11520 58
30,23 % 10730 54
32.77 9659 48
35.31¢% 8631 43

NOTE * and plain values form two interleaved sets of data,

(b) Widths {(N-S)

12" [evel (A) 18" level (A)

y (cm) o) o ¢ o
12.09 6892 35 3941 26
14.83 7738 39 4462 30
17.58 8297 42 4846 32
20,32 8627 43 5086 34
23,06 8783 44 5189 35
25.81 8746 44 5088 34
28.55 8389 42 4906 33
31.29 7796 39 4548 30
34,03 7015 35 4038 27

12" level (B)

¢
7621

B518
8975
9376
2603
9533
9146
8448
7544

o

38

43
45
47
48
48
46
42

38

(continued)

18" level
¢ o
2522 17
3001 20
3316 22
355d 24
3717 25
3778 25
3729 25
3578 24
3379 23
3012 20
2670 18

18" level (B)

¢
4286
4836
5232
5629
5677
5663
5375
4981
4425

a
29
32
35
38
38
38
36
33
30



APPENDIX I (continued)

(c) Relaxzation Lengths

Centre Hole Corner Hole (NE) Cornér Hole (SW)
z {(cm) ¢  Harmonic. o ¢ o . d’ o
Correction
(Add)
22.95 ' - - - 17390 167 17410 173
28.03 15319 335 130 13170 126 13020 143
33.11 11816 128 107 10090 112 9970 116
38.19 8697 50 84 7690 94 7740 94
43,27 6447 20 52 5400 55 5540 55

48,35 4485 8 40 3850 43 3860 43



APPENDIX II

LATTICE II FLUX MEASUREMENTS

(a) Widths (E-W) _ (b) Widths (N-S)
129 level | 18" level ‘ 12" level 18" level
x. {cm) ¢ o ¢ o y (em) ¢ o ¢ bod
9.91 18180 136 5097 38 12,45 15120 113 2357 18
12,45 20720 155 5906 44 15.19 17000 128 | 2643 20
14.99 23000 173 6553 49 17,93 18420 138 2869 22
17,53 24760 186 6895 52 20.68 19100 143 3013 23
20.07 25840 194 7258 54 23.42 19040 143 3045 23
22.61 26370 198 7428 56 26,16 19010 143 2979 22
25.15 26210 197 7310 33 28,90 17980 ];35 2843 21
27.69 25240 190 6992 52 31.65 16800 126 2601 20
30.23 23470 176 6640 50 34.39 ‘ 14940 112 2307 17
32,77 21240 159 6073 46
35.31 18446 138 5131 39
(c¢) Relaxation Lengths
Centre Hole Corner Hole (NE) Corner Hole (SW)
sem g Mmee o9 o s .
(Add)
24,15 - - - 17760 173 17880 176
26.69 17290 349 195 15400 157 15110 147
29,23 14490 216 164 13050 137 12850 131
31.77 12660 134 138 11100 115 10670 114
34.31 10800 83 122 9536 109 9194 107
36.85 _ 9326 51 106 8141 97 ’ 7989 92
39.39 7645 32 89 6906 82 6830 79
41,93 6422 20 74 3677 77 5883 74
44,47 5428 - 12 65 4711 61 4792 58
47.01 4520 7 56 3828 51 3866 49
41

49.55 3591 5 48 3139 41 3137



(a) Widths (E-W)

X (cm)

10.23
15.31
20.39
25.47
30.55
35.63
40.71

45,79

* Fine—structure corrected,

— APPENDIX INI

LATTICE III FLUX MEASUREMENTS

12" level
ol o
11160‘ 56
15020 75
17760 89
19480 97
19900 100
19480 97
17690 88
14880 74

(b) Widths (N-8)

y {cm)

10.95
16.23
21.52
26.80
32.08
37.37
42,65
47.93
53.21

12"

¢
11710
15660
18780
20600
21330
20380
18450
15040

11330

level

o
82
110
131
144
149
143
129
105
79

18" level

P
5241
7045
8475
9189
9488
9262
8421

7144

18"

level

4864
6532
7809
8638
8905
8681
7775
6503
4849

o
26

35
42

46
47
46
42
36

34
46
55
61
62
61
54
45
34

x (cm)
12,77
17.85
22.93

28.01

33,00

38.17
43.25
48.33

y (em)

13,69
18,97
24,26
29.54
34.82
40.11
45.39

50.67

12" level *

o) o
13180 92
16840 115
18040 133
20050 140
19780 139
18670 131
16500 116
13060 92

12" level

ol o
13910 97
17530 123
19720 138
21120 148
20980 147
19470 136
16890 118

13410 94

{continued)

18" level *
o] o
6186 43
7812 55
8940 63
9463 66
0485 66
8914 62
7820 55
6163 43
18" level
ol o
5785 40
7305 51
8208 57
8884 62
8794 62
8324 58
7160 50
5745 40



APPENDIX Il (continued)

{c) Relaxation Lengths

Centre Hole Corner Hole

z (cm) ¢ o ¢ o

29,23 , 13270 106 7974 74
31.77 12100 88 6996 68
34.31 los6o 85 6279 55
36.85 9402 78 5585 52
39.39 - 8377 75 4866 47
41.93 7373 59 4336 43
44.47 6285 59 3684 33
47.01 5309 49 3124 28

49.55 4455 44 2562 25



(a) Widths (E-W)

x (cm)
12,77
15,31
17.85
20.39
22,93
25.47
28.01
30.55
33.09
35.63
38.17
40,71
43.25
45.79

APPENDIX 1V

LATTICE IV FLUX MEASUREMENTS

* After correction for fine —structure,

(b) Widths (N-8)

y (cm}
13.95
16.23
21,52
26.80
32,08
37.37
42.65
47,93
53,21

127 level

@ o
9702 68
13130 92
15360 108
16980 119
17360 122
16690 117
15020 105
12650 89
9245 65

12"

¢
11280
12410
13680
14570
15590
16270
16900
16950
16920
16380
15530
14570
13660
12400

18" level

¢
3601
4748
5647
6308
6419
6217
5601
4677
3457

o}
25
33
40
44
45
44
39
33
24

level #

o
113
124
137
146
156
163
169
169
169
164
155
146
137
124

y (cm)

13.69
18.97
24,26
29,54
34.82
40.11
43.39
50.67

12"

P
11410
14380
16160
17370
17190
15810
14030
10830

level

18 " level *
e o
4782 48
5353 54
5838 58
6217 62
6656 67
6913 69
7204 72
7231 72
7277 73
7024 70
6695 67
6286 63
5891 59
3353 54
18"
o ¢
80 4218
101 5330
113 6043
122 6452
120 6405
111 5989
98 5238
76 4110

(continued)

level
o
30
37
42
45
45
42
37
29



(c) Relazation Lengths

z (cm)

24,15
26.69
29.23
31.77
34.31
36,85
39.39
41,93
44.47
47.01
49.55

APPENDIX IV

{continued)

Centre Hole

¢
17270

14990
13120
11520
10110
8873
7644
6513
5470
4686
3776

o
137
116
108
101
20
80
73
62
50
46
38

Corner Hole

¢
9073
7896
7094
6097
5349
4624
4053
3420
2912
2436
1955

o
B2
70
68
57
52
45
39
35
29
25

20



APPENDIX ¥

LATTICE MATERIALS

(2) Composition of Homogeneously Smeared Experimental Lattices in Atoms per cm?

Lattice

Material I I I v

BeO 6.378 x 10% 6.378 x 10* 6.641 x 10% 6.641 x 1022
Al 3.885 x 102 3,191 x 10* 1.662 x 10%* 1.541 x 10*
U235 4,353 x 10*° 2.177 10 1.133 x 10*° 7.555 x 10
U238 3,072 x 10** .1.536 x 10*° 7,996 x 10" 5.332 x 10Y7
U236 1.597 x 10'® 7.986 x 107 4.156 x 107 2,772 x 10V
U234 4,868 x 10" 2.435 x 10V 1.267 x 10"7 8.450 x 10*¢

(b) Mean Fuel Strip Data

Dimensions: 24.0" x 1.330" x 0,040"
Composition: Aluminium 53.11 g
Uranium 16.24 o

Isotopic Composition of Uranium (atom per cent.).

U234 U235 U236 U238
1,00 89.41 3.28 6.31

{¢) Aluminium Lattice Plates

Material: 99.95 per cent. Pure Aluminium.
Dimensions: (i) 24" x 18" x 0.080" -~ weight 860 z.

or

(ii) 24" x 6" x 0.080" -— weight 287 g,
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FIGURE 5 GENERAL VIEW OF STACK FOR LATTICE I
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