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1. Introduction
DIMPLE is a water-modarated zero-power reactor, located at AEC

Winfrith. Ten to twenty years ago it was used to validate water reactor

calculational methods and, in particular, to support the design of the

WinErith Steam Generating Heavy Water Reactor. Recently the plant has been

refurbished to validate the methods and data applied to assess criticality

hazards arising in the manufacturer transport, storage and reprocessing of

reactor fuel. Operation of the reactor in its new role began in Sep. 1983.

Descriptions of the plant, the first series of experiments and future plans

are outlined below.

2. Description

The overall layout of the plant is illustrated in Fig. 1. The reactor

consists essentially of a large aluminium tank, 2,6 m in diameter and 4 m

high. It is enclosed in a steel-lined concrete block shield, which-provides

a secondary containment. Stainless steel pipes link the reactor tank,

through dump valves, to dump tanks located in a pit. These accommodate the

moderator when the reactor is shut down and are also enclosed in a steel-

lined secondary containment. Additional circuits allow heating, cooling and

clean-up of the moderator.

To maintain clean core geometries in the present work, the reactor is

controlled by water level alone, Initially, water is added to the reactor

tank by means of a coarse pump. hibs is inhibited at a predetermined level.

below the fuel, and water is then added or removed in precisely regulated

amounts by a fine pump. A weir, external to the reactor tank, dictates the

maximum water level that can be achieved. The depth is monitored by a range

of probes, the most accurate of these giving readings to ± 0.1 mm.

The reactor power level is monitored by a series of boron detectors

located in sub-,ersible pods adjacent to the core. These cover the range of

seven decades from shut-down up to the maximum operating power, which

corresponds to a peak power density of 20 watts kg-' of 235U. If the

reactor power exceeds this maximum value or if the rate of change of reactor
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Fig. 1 General view of DIMPLE reactor

power exceeds a pre-set level the reactor is automatically shut down.

Shut-down is achieved by means of a fast dump system. This lowers the

water level in the reactor tank by 30 cm in about 1 s, which is sufficient

to compensate for the most extreme transients which could be induced by

incorrect operation of the plant. The principal features of the fast dump

system are illustrated in Fig. 2. It consists essentially of a bubble of

air, trapped in a 2 m diameter stainless steel bell jar located under the

core. To shut down, the bubble is vented through fast dump valves to the

air space at the top of the reactor tank. Draining of the reactor tank, via

partial dump and main dump valves, then follows automatically.

Approximately 4 tonnes of uranium oxide fuel, in the form of 10 mm

diameter sintered pellets, is available for use in DIMPLE. The enrichments

range from 2% to 7%, with most of the fuel being at 3% enrichment. Some

mixed-oxide fuel is also available to provide a simulation of irradiated
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Fig. 2 DIMPLE fast dump system

conditions. Fig. 3 shows a typical arrangement of a pin lattice core. It

also shows the fast dump system and the submersible pods housing the boron

detectors. The fuel pins are supported rigidly and very accurately on

lattice plates located on U-shaped beams which span the reactor tank and

which in turn are supported by a chassis secured to the tank. Normally

these lattice beams arc preassembled and loaded with fuel in an adjacent

building and transported to and from the reactor using a monorail system.

3. Experimental Programme

3.1 Aims

In the early years of the nuclear industry, a somewhat artifical

distinction was drawn between criticality experiments and reactor core

performance studies, and the two tended to develop on separate lines. This

distinction has begun to diminish as codes and data validated in reactors

are used increasingly in the criticality field. However, some caution is

necessary in the application of these methods. Many of the early criticality

experiments againsp which they have been tested were relatively inaccurate,

and the reactor studies from which they are derived lack the extremes of

geometry and composition encountered in the criticality field. The amount

of precise experimental information available on the criticality problems of

today in the fields of fuel manufacture, storage, transport and

reprocessing, is relatively small. There are few realistic mock-ups,
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Fig. 3 General arrangement of core

virtually no extreme accident simulations and little diagnosis of the

sensitivity of the calculated results to any residual deficiencies in the

nuclear data in the codes. Thus if the demands of a cost-conscious industry

to reduce margins in error are to be met, then further high accuracy

experiments guided by calculation and backed up by diagnostic measurements

are important. To meet these requirements, the primary aims of the DIMPLE

experimental programme are then to:

(a) validate the methods under development for criticality predictions and

to establish realistic estimates of the associated uncertainties;

(b) define benchmarks in areas where experimental data are sparse and where

the need for precise data is likely to become of increasing importance

to designers;

(c) undertake close simulation of particular designs, under normal and

accident conditions, to minimise uncertainties in the assessments for

these designs.

Experiments will be designed not only to establish the critical size or

k-value, but also to probe for possible compensating errors in the methods



and data applied in the predictions. This is important it the conclusions

from the relatively idealised geometry of the experiments arc to be applied,
with a high level of confidence, to the more complex geometries normally

encountered in plant fnd flask destgns. These additional experiments wilt

include measurements of the reaction rates of prine importance to the

neutron balance, fine structure monsurements and reaction rate distributions

through the assemblies. The programme will Include both critical and

subcritical experiments to extend the range of lattice parameters and to

allow mock-ups of practical configurations. This subcritical work provides

an ideal opportunity to pursue a further aim of investigating the

feasibility of developing a reliable, mobile plant instrument for monitoring

subcriticality.

3.2 Assembly SO)

The first series of experiments in this new programme was based on

arrays of steel clad 3% enriched uranium oxide pins in light water. For the

first assembly, a rebuild of an earlier(l) DIMPLE benchmark Rl/IOOH, the

pins were arranged in a simple cylindrical configuration, with a high

neutron leakage (about 20% of the neutrons leaking from the core). These

studies served a dual purpose: they allowed the benchmark data to be

reassessed using up-to-date experimental techniques; and they also provided

a clean geometry reference assembly for the subsequent programme, where

about 20% of the neutrons were absorbed in a boron steel walled CAGR skip.

The lattice loading for assembly SOI, which is illustrated in Fig, 4,

comprises an array of 1565 pins with a fuel length of just under 700 mm on a

square 13.2 mm pitch. The results from this first assembly are currently

being compared with prediction and have been instrumental in identifying a

number of errors in standard calculation methods. Some preliminary values

are shown in Table 1, where it can be seen that the most striking difference

between the present and earlier values is in the measurement of the 235U

capture rate relative to the fission rate in 235U. Investigation has

revealed that this difference, which is just over 3%, is due to an under-

estimate of the fission product correction to the 238U capture results.

At the request of BNF plc some measurements of the worth of hafnium

were included in the programme. These show good agreement with WIMS data

within the accuracy of the measurements (see Table 2).
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Fig. 4 One quarter of cylindrical geometry pin lattice, 3% enriched
uranium, 13.2 mm pitch

3.3 Assembly S02

The second DIMPLE assembly S02 makes use of a 20 compartment, boron

steel walled CAGR skip insert. This provides a realistic environment for

generic studies and for the development of subcritical monitoring

techniques. Similar skips are used by the CEGB for the transport of

irradiated fuel, and BNF plc is assessing their use for the long term

storage of CAGR fuel.

The first of the CAGR skip configurations, a critical array with 3%

enriched uranium oxide pins, was loaded in March this year. This

represented a gross overloading of a flask and provided a suitable reference

for the subsequent subcritical studies, which are more typical of normal

transport and storage arrangements.
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Table 1

Pralitninary comparison of SOl results with the R1/lOOH values
and WIMS predictions

~~~I C E
Parameter /100l Sol I (Sol)

_ _ __ .

Critical water height
(cm)

Axial buckling (m-2 )

k-value

Water height coeff.
(dk/k per cm)

Central reaction rate
ratios:

238U fission/235U

fission

238U capture/235U
fission
(lattice/thermal)

239PU fission/235U
fission
(lattice/thermal)

235U fission fine
structure (relative
to fuel):

fuel can

moderator

48.$ * 0.1I 49.4 i 0.1

24.51 ± 0.19

0.248 + 0.011

24.09 i 0.10
(fisslon chamber)

24.20 ± 0.20
(activation
foils)

0.243 ± 0.012

1.000 i 0.001

1.082 ± 0.054

0.0029 + 0.000310.00307 ± 0.0001510.928 ± 0.046

4.15 ± 0.03

1.589 + 0.010

1.130 ± 0.009

1.261 ± 0.013

4.29

1.607

1.112

1.221

± 0.02

± 0.010

+ 0.007

+ 0.007

0.973 ± 0.0061.

0.989 ± 0.006

1.008 ± 0.006

1.013 ± 0.006

Notes: (1) Both modified diffusion theory GOG and transport theory TWOTRAN
using two-dimensional models with the experimental buckling
applied yielded the same C/E for the k-value.

(2) The water height coefficient was calculated using COG, the
central reaction rate ratios were obtained with TWOTRAN, and
CACTUS was used for the fine structure calculations.
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Table 2

Comparisoa of central reactivity worth measurements
with LWR WIMS predictions

.Sample Percentage change in reactivity
measured calcuLated C/9

four fuel pins out +0.219 ± 0.007 +0.237 1.08 ± 0.03

one 10 mm diameter -0.374 t 0.039 -0.395 1.06 t 0.10
boron/aluminium rod in

one 5 mm diameter hafnium -0.265 t 0.019 -0.268 1.01 ± 0.07
rod in

four 1 mm diameter hafnium -0.104 ± 0.012 -0.113 1.09 ± 0.12
wires in

Note: Only the random errors are shown above. There is also a systematic
error of about ± 5%, arising from delayed neutron uncertainties in
the absolute reactivity calibration.

A total of seven fully flooded subcritical arrays, with simulated fuel

clusters, have been studied so far. These have been used for investigating

the influence of cluster size and, at the request of BNF plc, the influence

of the radial location of the cluster within a compartment. The Modified

Source Multiplication technique(2) has been used throughout to establish the

k-values, which are in the range of 0.8 to 0.9, and the experimental

uncertainties in the k-values are currently estimated to be about 0.01.

Some exploratory cross-correlation and auto-correlation noise analyses have

also been completed to cross-check the k-values obtained.

Preliminary comparisons of the results obtained so far with WIMS and

MONK6 predictions show reasonable agreement (to within ± 0.02 in the k-

value) although there is some evidence that calculation tends to

overestimate the reactivity changes as the clusters are moved radially

within the compartments.

3.4 Future Experiments

The programme with the skip insert has aroused wide interest, and

measurements will continue next year. This future work will include the



introduction of voids between the clusters and the boron steel walls which

can produce large increnses in reactivity, the introduction of boron

poisoning in the water and the use of higher enrichment fuel. The

fenitbtbility of introducing severe power distribution asymmetries by

simulating a major loading error in the skip, with 7X enriched uranium oxide

pins, is also under Lnvestigncion. These experiments are being planned in

collaboration with the CEA (Fonteniay-au-Roses and Valduc) and are expected

to attract Cl-C funding.

Other experiments in the criticality field which are currently under

investigation include measurements with hafnimn in a plutonium environment

and studies of the influence of fuel burn-up. The first of these relates to

plutonium separation column design. The second, although meeting a specific

request for information relevant to the design of fast reactor fuel

dissolvers, represents an area that is likely to expand and become of

increasing importance in future criticality assessments. To meet other

requests, future feasibility studies will also include uranium and plutonium

solutions and mixed-oxide fuels with small amounts of hydrogen moderation.

4. Conclusion

The DIMPLE plant and the current programme of criticality experiments

have been outlined. The response of the nuclear industry to this work has

been encouraging and confirms the need for a continuing programme in this

area.

(1) W.A.V. Brown et al. report AEEW-R 502.

(2) J.M. Stevenson et al. Experience with Sub-Critical Monitoring in Large
Critical Assemblies, Symposium on Fast Reactor Physics, Aix-en-
Provence, 1979.
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