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ABSTRACT
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OBJECTS OF THE EXPERIMFNT

1 The experiments being. carried out in DIMPLE were initially intended to achieve -
the following objectives.

(1) a ocontirmation of the correctness of the present caloculated enridhmente
in the propoeed S.G.H.W. power reaotor.

(11) an examination of the effeot of coolant voidage on reaotivity and, if
possible, on stability.

(111) +the determination of such other parameters of the system as can be com-
pared with the refined oaloulations ‘whioh will be developed for the S.QG.
H.W. reaotor,

The time available for the experiments in DIMPLE is limited and the experiments
have been designed to use fuel originally intended for the A.G.R. experimental
physios programme. Furthermore it is not possible to generate steam water mixtures
in DIMPLE. The results of the experiments in DIMPLE will therefore. require careful
interpretation before thay ocan be applied to & full scale power reactor. In some
respects it may not prove possible -to fulfil the objeotives listed above because of
differences between the experiment in DIMPLE and the oonditions in & large, irradi-
ated, hot reactor with two phase coolant flowe.

'Three types of experiment are proposed for the S.G.H.W. experimentsi:-

(1) " measurements of the macroscopic flux distributions in ‘a region of the
reaoctor core having & similar ocomposition to the power reactor. From
these measurements the material buckling of the given lattice may be
deduced, provided that it oan be shown that an equilibrium neutron
spectrum exists over a sufficiently large region.

(11) measurement of the small changes in reactivity brought about by local
variation of the composition or density of coolant in the core regiony

"(i41) measurements of the fine and hyperfine flux distribution (at different
neutron energies) and measurements of the ratios of -different reaction
rates. From the measurements it is hoped that the fast fission factor,
resonanoe esocape probabllity, converslon faotor and thermal spectrum
hardening may be deduced.

2. DESIGN OF THE DIMPLE CORE

The experiment in DIMPLE was designed with the objeot of reproducing, as far
a8 possible, the nuclear characteristics of the core proposed for the boiling
region of the S.G.H.W. power reactor design study. The parameters of the power
reaotor core and those of the DIMPLE core are compared in detail in A.E.E.W. Memo. 64

(H. R. McK. Hyder 1960)

The design of‘ the DIMPLE core was restricted by the need to make use of U02
fuel designed for the A.G.R. experiments. Three different types of U02 fuel were
- available and their relative merits and disadvantages are compared below. All
the different type of fuel were available in the form of cylindrioal pellets olad
in aluminium to form rods of 14" overall length with & contained fuel length of



about 12.5". The three types of fuel and the chief factors affocting their use
are a8 followsps-

(1) .1.28 C, W0, pelletss 0.5" diemeter.

The fuel is approximately the same diameter as the fuel rods proposed for
the power reactor, which would render measurements of the resonance escape
probability easy to interprets. The amount of oledding also ocorresponds .
closely to that in the proposed power reactor. Csloulations showed however
that & lattioce of 1.28 Cp fuel would be very unreactive and that in order to
achieve oriticality & driver gone of very high reaotivity would be required.
This would detract from the accuracy of materiel buckling measurements énd
render perturbation measurements’ diffioult to interpret. The use of 1.28 C,
fuel 1n & two zone oritioal experiment was therefore rejected. 4An exponen~
tial experiment using 1.28 Cp fuel was also considered but was rejeoted for
the same reasons as the 1.6 COp exponentiel which. is, in any ocase, & better
simulant of the power reactor.

(11) 1.6 Cp, UOp pelletss 0.3" diemeter.

This was a marginal case but it seemed likely that a laftioe of this fuel
would not be oritical at dimensions which could be accommodatéd in the DIMPLE
tank. There were thus two possibilities remainings '

(a) & set of exponential experiments could be ocarried.out at different
- pltoches. From the measured relationship between pitoh and material buock-
ling it would than be possible to deduce values form eff and the effective
resonance integrale. This teohnique ‘has been extensively used on low
enriohment, graphite, gas-cooled lattices (sée e.g., AE.R.E. B/R 2771)
but it is unsuitable for the S.0.H.W. oore design where the presence of
H20 -coolant results in the lattice parameters being relatively insensitive
to ohénges in pitoch.

Exponentiel experiments would also involve major engineering diffi-

oulties in modifying DIMPLE to eliminate the D20 and graphite reflectors.

- Furthermore each change of pitoh would involve the manufacture of & new:
set of lattice plates and & delay of 3-4 weeks to cover the drying out
of the DIMPLE tank and the total dismentling and re-assembly of the core.
Finally, the choioce of a sub-oritiocal system, with its necessarily
limited flux, renders resonanoe esoape.probability, fast fission faotor
and certain thermal neutron speotrum measurements impossible.

(b) & two zone critiosl reactor experiment could be consiruoted, the
inner zone consisting of 1.6 Cp fuel arranged ito simulate the power

- reactor, while the outer. zone would contain high enrichment fuel arrang-
ed, so far as possible, to matoh the spectrum in the inner zone. This

* -arrangement offered & number -of adrantages. It was believed that the
inner zone ocould be made large enough to obtain an equilibrium neutron
spectrum which was independent of the characteristics of the driver
region. The use of a critiocal system would permit small changes in
readtivity to be measured and the high fiux levels obtainable would per-
mit & wide range ‘of activation measurements to be undertaken.



(111) 2.5 Co UD2 pellets. 0.3" diameter.

. Celculations on a lattice of this fuel suggested that it was too reactive’
for the present experiments. It was estimated that & core of only 20 or 30
channels would be critical. Such a core was considered to be too small ‘to
permit useful measurements to be made in a region of oonstant neutron spectrum
and experiences with the DIDO mock up in DIMPLE suggested that the determina-
tion of leakage would be diffiocult. .

The inadequacy of cores loaded with 1.28 Co or 2.5 Co fuel and the disad-
vantages of sub-oritical experiments in an exponential stack led to the choice
of a iwo region critical core, the inner region containing 1.6 C; oxide fuel
disposed B0 as to simulate the conditions in the power reactor, the outer
(driver) region being made up of high enriohment fuel in pressure and calandria
tubes identical to those in the inner region.

Although it would assist interpretation of the experiments to maintain
the composition of the  outer driver gzone unchanged as the inner zone is varied,
the overriding requirement is to keep the critiocal D20 height within safe
limits. Consequently it might be necessary to alter the amount of fuel in
the driver zone as the inner zone is changed.

Haviné chosen the enrichment and dismeter of the fuel the core parameters
whioh could be varied in order to reproduce the nuclear oharacteristics of the
power reactor weres-

(1) 1lattice pitch and type of lattice (square or hexagonal)

(i1) number. and arrangement of U02 fuel rods in each fuel oluster.

(111) total 'coolant' volume

(iv) height of core

' (v) nature and composition of ocoolant.

Because the size of the calandria tubes was fixed, the amount of D20 per
lattice cell was determined solely by (i). The coolant volume is determined

only by (ii) and the detailed design of the fusl supports, sinoe ‘the pressure
tube size was also fixed.

The objective in designing the inner region of ‘the core was to reproduce
the neutron spectrum of the power reaotor by achieving similar values of the

ratios,

barns of equivalent ;-absorption

ocoolant atom

‘ 1
end ) Rp .barns of equivalent - absorption

moderator atom



in the two systems. For a given fuel loading &and fuel channel design RD
depends only on pitch. With the 1.6 Co 0.3" diameter rode available for

the DIMPLE experiment it was neocessary to reduce the pitch to B8.375" in
order to reproduce the value of Rp corresponding to a power reaoctor with a
9.5" pitoh. For this arrangement it did not prove possible to design the
fuel channel so that By for the two systems was equal with both channels
full of water of p = 1 gm/om3. However the range of Ry to be expected in
the power reactor could be reproduced in DIMPLE by appropriate mixtures of
D20 and H20 in the pressure tubes, treating the D20 as Ho0 of reduced
querating power in the caloulation of By and ignoring it in ocalculating Rp.

The height of core was eventually ohosen to be 7', corresponding to six
oclusters of _U02 rods in each channel. The height was determined by the emount
of fuel available, the highest point to whioh the safety rod banks could be
ralsed and the desire to have as tall a core asr possidle in order to improve
the accuracy of axial buckling measurements.

The choice of coolant simulant was determined prinoipally by cost and -
the short time available to develop methods of displecing water from  the
coolant region in the pressure tubes. The possibility of using a foamed
rlastio of low density to simulate steam voids was considered but labora-
tory tests showed that it would be impossible to mould the only practicable
material (partially expanded polystyrene) around the 90 rod clusteérs of 002
fuel. The estimated cost of fabricating matrioces of polystyrene was prohi-
bitive if up to five sets of different densities were required. Other
: objections to the use of polystyrene at intermediate densities were its
unknown water absorption and thermal neutron scattering properties.

It was eventually decided to use mixtures of HpO and D20 in the pressure
tubes. It was caloulated that the thermal utilization and resonance esoape
probability to be expected in steam/hater mixtures could be closely repro-
‘duced by appropriate volume ratios of. D0 and Hp0. The availability of D0
and the comparatively low cost of recovering degraded materiel were contri-
butory feotors. in the ohoice. It was recognized that the presence of the
D20 would render certain measurements in DIMPLE diffioult to interpret and
properties of the power reactor which depend on the moleoular scattering
properties of the coolant, on its temperature and on its spatial distribu-
tion and on the voidage in the pressure tube will not be reproduced in

DIMPLE,

The design of core inner region finally ohosen has the fbllowing para-
meterss— ’

(1) square lattice of pitoh 8.375"
-(41) 90'rdds of 1.6 Co oxide per ocluster

(111) all the volume of the pressure tube not ocoupied by fuel rods or.
aluminium end plates (designed to reduce axial fine struoture) is

flooded with coolant.

(iv) height ~ 6 fuel olusters (7!')



(v) ocoolant ~ Air, D20, 5% D20 - 25% HpO, 50% D0 - 50% Hp0, 25%
D20 - 75% HeO, EgO.

The inner region contains 52 fuel channels and is surrounded by 24
channels containing highly enriched 'spikes' of U/Al. alloy (93V, 20% U wt.).
The spikes are 28" long and are mounted in speocial frames. Three such frames
one above the other are the same height as the inner region core. The number
of spikes in each frame is adjusted to maintain criticality at nearly constant
D20 height as the composition of the inner zone veries. :

The arrangement of the ocore and of the oxide fuel olusters and 'spike!
frames are shown in figures 1-8. The location of safety rods and search tubes
is shown in fiture 3 and the sealing arrangements, by means of which the
pressurg tubes may be loaded and unloaded without opening the D30 vessel, in
figure . '

3. MEASUREMENTS OF REACTIVITY

DIMPLE is designed for control by variation of heavy water height. Two depth
probes (acourate to 0.1 mm) enable small charges in D50 height to be measured and
reproduced while the control pump, whioh is a reversing variable speed, positive
displacement device, enables the operator to produce small changes in reactivity
at will. Onoce a calibration soale relating reactivity to Do0 height has been
neasured for a partiocular core, the reactivity worth of safety rods, fuel or
absorbers oan be determined simply by observing the ohange in D20 height required
-to maintain oritiocality. :

The oelibration of the reaotivity/DzO height scale will be obtained initielly
by doubling time measurements. These measurements require knowledge of the effeo-
tive delayed and photo neutron fractions. The latter is affected by the irradiation
history of the fuel and it will be necessary to ensure that the fuel is relatively
inactive before the oalibrations are performed. It is also affeoted by the amount
of D20 in the core and it may be expected to very appreciably as the composition
of the coolant simulant in the pressure tubes changes. The effeotiveness of the
delayed neutrons in the S.G.H.W. core is likely to be greater thun in & one: rexion
oore of the same overall dimensions because of the inoreased leakage of fast
neutrons from the spiked region near the core boundary. An attempt will be made to
caloulate. this change in effeotiveness. Reactivity calibration by doubling time
measurement is limited to & range of reactivity corresponding to a doubling time
of 20 secs. (i.e. about 0.2%). Thus it will be possible to oalibrate over & range
of height of 3-10 cms. in one stage.before perturbing the core to alter the
oritical height. '

It is possible in principle to measure sub-critical valugs of reaotivity by
the source jerk technique. This method depends oritically for acouracy on a low
inherent source strength in the reactor and may not prove to be practioal in the
S.G.H.W. experiment because of the photoneutron source whioch.will develop in
operation. If possible it will be used to supplument the resulis of the doubling

@ime calibrations..

It is usual to operate DIMPLE without topArefleotor since changes in Dp0

height can then be more easily interpreted in terms of variation of axial leakage
without the complication of an unknown and verying reflector saving. In S.G.H.W.

D



coresn however the presence of moderator in the pressure tube will make it necessary
to estimate the reflector savings in all the experiments except the first, in whioh
the presnure tubes do not contain moderator.

The oxide fuel rods in their cluster frames are. 14" long overall; however ‘the
fuel extends only over 12.6" and it is expeoted that increasing the D0 height over
the fuel-free region at.the end of an oxide rod will result in & small change of
reactivity whioch will be diffioult to oaloulate. For this reason it is proposed to
make all the reactivity measurements by varying the Do0 over the range of height
oorresponding to the fuel-bearing region of the top fuel element. The loading of

5 spikes in the outer region will be adjusted if necessary to ensure that the
oritical height remains within this range.

Because it is impradtioable to vary the moderator height in the pressure tubes.
with ochange of moderator height in the tank it has been deoided to fill the pressure
tubes with fluid to the top of the top fuel packs. This will enable the fluid height

to be checked visually without unloading fuel.

I+ is proposed that the following ohanges of reactivity should be measured
for each of the six cores, after calibration.of the D20 height/reactivity relation-
Bhip . :

(1) Initiel oritical height as a funotion of number of U235 spikes in outer
region. )

(11) Reactivity wovth of control rods and cadmium tubes throughout the UOp
- fuelled regions

(111) Statistioal weighting of various fuel rods.
(1v) Reaotivity worth bf a single fuul oluster.

(v) " Reactivity changy resulting from non-uniform coolant distribution in a
single channel (the coolant density deoreases as height increases in a
boiling channel). :

(vi) Reactivity change resuiting from non-uniform radial coolant distribution
in a single U0p tusl olustere.

‘4o MEASUREMENTS OF FLUX DISTRIBUTION

The meastirements of flux distributions and reaction rates are expected to
yield: .

(1) a value of the material buékling for the inner core region.
(ii) details of the fine structure and thermal utilisation.
(1i1) ‘estimates of spectrum hardening in the D20 and fuel cluster.
(iv) .m;asurements of fast fission factor and resonance escape.probability.

The majority of flux measurements will be made by foil activation but some
. preliminary macroscopic distributions will bé determined by the use of U235 frission

-6-



chambers, and the thermal spectrum hardehing will be measured at one characteristio
point by means of U235, Pu239 and U233 fission ohambers. :

Since the foil activation measurements will yield macroscopic and fine structure
distributions simultaneously the techniques are described in terms of the foils
employed rather than the results to be deduced.

(a) Au/Mn/Ni alloy foils.

The thermal and epithermal flux distributions will be deduced from the
manganese and gold activities induced in these foils. As the coolant compo-
sition in the centre zone is varied from air to D20 and then to H20 the
relative importance of thermal and epithermal activation will vary in both
the gold and manganese. In the .air filled core about 20% of the manganese
activity and 80% of the gold aotivity will be due to epithermal neutrons,
compared with 5% and 50% respectively in the H20 moderated oase.

.. The foils are absolutely oalibrated so that the total flux can be
derived from either the gold or manganese activity. The ratio of epithermal
to thermal flux (r on the Westoott convention) will be deduced from the
measured ratio of the two activities. This procedure will avoid the use of
cadmium. The foils are 0.25" dia., sufficiently small to cause little flux
perturbation and to permit detailed examination of fine structure. .

(v) M¥Mn/Ni alloy foils.

Hyperfine thermal flux variatlon (between adjacent W0, rods) will be
measured with thin ribbons of Mh/Ni alloy, whioch will subsequently be cut up
and ¥ counted. . ‘ '

(c)  Lu/Mn/MgO cermet pellets.

- The thermal spectrum hardening will be characterized by the use of these
pellets. The foils, which have been calibrated in & known speotrum, exhibit
& ratio of.Lull? (6.7 day activity) to Mn96 activity which depends sharply on
the effective neutron "temperature' of the thermel group of neptrogs. For
near-Maxwellian.speotrs the ratio of activities varies by 1% for 3”C change in
effective temperature. Assuming a spectrum model for the thermal group
(initially the Wigner Wilkins spectrum will be chosen), it will be possible
to oharacterize the spectrum as a function of position in the lattice cell to

& reasonable ACOUracy.
(d) Eh foils.
The fast(>0.2 MeV) flux will be measured by irradiating pure Rh metal
" foils and counting the X X-rays resulting from the decay of the 57 min isomerioc

state excited by inelastio soattering of fast neutrons, using the measured oross
seotion for the Eh103 (n, n') Rh103m reaction.

(e) 1.6 Co uranium and depleted uranium foils.

Measurements will be méde  in the D20 filled oore, of the 0238/U235 fiesion
ratio and the U238 capture/0235 fission ratio in & number of UO2 rods in a 90

e



rod cluster. The measurements will be made by the Industrial Power Reactor
Division. The measurements will lead to values of the fast fission factor
and conversion factor and it is hoped that it will be possible to.extend the
measurements 10 include irradiations under Cd from which the resonance esoape
Probability may be obtained. ~

It is intended subsequently to use these techniques, or modifications of
them, to measure the same quantities in the following oorese

From the irradiations desoribed in §§ a - ¢ 1t will be possible to obtains

(1) +the axial and radial limits of the region of constant neutron
speotrum in the core inner region.

(11) +he macroscopic axial and radial flux distribution in this region,
from which the material buokling oan be derived by one group .analy-
sis. :

(1i1) the exial and radial fine struoture of thermal, epithermal and fast
. flux.

(iv) +the hyperfine thermal flux struoture in the fuel oluster.
(v) the U238 resonance ocapture distribution in the fuel.

(vi) the radial variation of thermal epectruﬁ hardening across a lattice
cell.

(vii) some limited information about flur and speotrum in the outer core
region and in the region of non-equilibrium spectrum from which it
mey be possible to correlate the multi-group multi-region critica-
lity ocaloulations. ’

5. INTERPRETATION OF THE RESULTS

In view of ‘the differences between the Dimple experiments and ocurrent propo-
sals for the S.0.H.W. itself, few, if any, of the results will be directly :

applicable to the power reactor. The valueg of the experiment lies in the feoct
that it provides an opportunity to test methods of caloulation under conditions

‘approximating to_the power reaqtor..

It is not possible at this stage to see the degree of elaboration which will
finally be required in the reaotor physios caloulations and trial caloulations
are in progress with & number of schemes. The situation in the S.G.H.W. is
evidently more complex than in systems previously encountered due to the presence
of two different moderators at different physical temperatures. In the Dimple
oxperiment the two moderators are at the same physical temperatures: +thus, since
the thermal neutron spectrum depends on the physical temperatures and since flux
peaking depends on the spectrum, there are faotors influencing power re&ctor désignm
which ocannot be studied in the present series of Dimple experiments.

It is nevertheless essential to have available some theoretiocal scheme for
the immedlate correlation and guidanoce of the experimental measurements, It is
therefore proposed that this shall be attempted on the following basisi-

8-



(1)

(11)

(111)

Lattice oaloulations will be made on the basis of few (2-4) group
diffusion models. These will enable the reaction rates of the various
activation materials discussed above to be calculated as a function of
position in the lattice cell. Comparisons of experimental results and
predioctions based on models containing various amounts of detalil should

.show which features it is necessary to inoclude in the calculations.

Slowing down and thermal diffusion calculations will also be made.
When these are combined with the lattice parameters it will be possible
to estimate the material buckling. .This can be compared with the
measured buckling derived from the macroscopic flux distribution. 1In
varticular the changes in bucking with effective coolant simulant
density oan be compared with theory. This will show how well the
proposed theoretical methods can be expected to estimate -changes in
reactivity with coolant density in a power reaoctor.

A theoretiocal investigation of the dependerice of the thermal neutron
spectrum on position within the lattioce cell using the free gas model
for neutron moderation is in progress. This will throw light on the
effeocts of the difference in temperatures between D20 moderator and
H20 coolant in the power reactor and should show how these are likely
to influence flux peaking factors. It is evident that this method
must be shown to account for the Dimple flux peaking and neutron
spectrum measurements before confidence can be placed in its use in
power reactor caloulations. '
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