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_Aexperlence with them 1s descrlbed in another paper

“The Unlted Klngdom has tnree general purpose high flux research reactors v :
DIDO, PLLTO and DMIR. All are very -similar, us1ng enriched uranlum-alumlnlum-l‘
alloy plate fuel elenents, w1th heavy water serv1ng as ‘the coolant moderator

and re:lectoz.v They operate at a maximum power of 15MW. produ01ng a max1mum .
thermal flux of ~ 2 X 101hh em 251 and a max1mum fast (flSSlon) flux of

1.

0.7 x 10 " cm sf1. Some “of the more 1nterest1ng of the w1de varlety of :,~.

,_'d651gns of. 1n-p11e experlments have been chosen to 1llustrate the experlmental

eoulpment assoclated w1th these reactors. The use of. the reactors and our .

[]

Non~Fissile Materlals Irradlatlon Rig

~“hls is: one of the most successful types of rigs to be developed and used

in the United Kingdom. It ‘was conceived in 1958 to study the varlatlon of -
: Astored “energy, conduct1v1ty and growth of graphlte as a functlon of fast
'neutron dose in the temperature range 150°%C - 350 C and was de51gned for the

2 1n. dlameter experlmental holes in the centre of the fuel elements, where

-the -ray heatlng is about A W/g. The rig, see Fig. 1, consists of a shield

plug from which are suspended three magazine drums, one above the other 1n a -
vertical articulated arrays BEach drum accommodates nine specimens, one‘cooaltvfpigf:

- and one nickel flux monltor, and three thermocouples. A heater is woundvoan ‘

a-layer of alumina cement,;ns1de each drum and its leads with those of the '

-thermocouple pass through the central tube via a seal to a terminal block at”‘.“'bﬁ

&

the top of the rig.

*UKAEA, Atomic Energy Ressarch Establishment, Harwell, Berkshire. .
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The performance of the rig depends on the,belance between heat loss from
thevdrum to the experiment thimble and the heat generation by +-ray and
electrical heating.' The heat loss is determined by a gas filled ammulus’
between the specimen drums and the thimble, which veries, depending on the
specimen temperatures required, from 0.007 1n. to O. 070 ‘in. Accuracy and
constancy of the gap is. achieved by precision machlning of the drum, by ‘
grinding locating spigots on.each drum and by honing the inner surface of the .
thimble. The electrical heating is about. 25% of the total heat generation and,A
provides accurate temperature control of the drums 1n the presence -of 1ocal o
variations in ybray heating due to changing flux patterns in the . reactor. . '
The gross temperature can be controlled by varying the gas fllllng, helium
and neon, or mixtures: of both are used to obtain the‘correct heat 1oss from
the can. , - ; .

In the early rigs, failures of the heater suppl& leads occurred'due to
hydrogen embrittlement. This problem has been overo%me and a.nimonic alloy
is used in the latest high temperature (900°C) rigs% The position of the
heaters in the drums has.been varied. Initially, they were positionedl '
between the specimens and.the axis of the drum, whilst some later rigs have
“the heaters outside the speoimens near the periphery of the drum. The latter
position provides the optimum 1rrad1ation conditions but access is difficult
for changing specimens. ~ ' ‘ . g ! o,

‘ More than 200 rigs of the above design have already been built and have
been most successfully used in the United Kingdom for 1rradiat1ng graphite,
stainless and mild steel, beryllium and beryllia... : X
‘ : From the above design, by several substantial modifications, has evolved

a rig for irradiating specimens at temperatures in the range 1200°C = 1400 C.
In this rig no electrical heating is provided, the de31red operating tempera-
ture being obtained with nuclear heating only and by the use: of. neon gas and
polished low-absorpt1v1ty surfaces. Control of the: temperature is achieved

by vertically adausting the p051tion of the specimen capsule within the,
thimble. At present only graphite specimens have been used. They are held

in a graphite drum inside a niobium oapsule. The oapsule and specimen tempera-
tures-are monitored by four Pt ~ 13%1Rh/Pt thermocouples with four chromel/
alumel thermocouples in a cooler location as alternatives. After one cycle of

operation of the reactor ( a-h.weeks) the rig is controlled on. these latter

i
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thermocouples to avoid errors due to 1rrad1atlon effects on the Pt-Rh thermo-

couples. Five of these rigs have been successfully operated durlng the 1ast :

year.:

Fissile Materials Rig

The first flSSIIG irradlations in DIDO- and PLUTO were extensions. of_

' experlmental designs used for the Windscale productlon reactors[ ],_ Althoughn," e

capable of fulfllllng a w1de range of experlmental reculrements these ° rlgs
‘suffered from a dlsadvantage that the separate llght water cooling 01rcu1ts l

made them costly to manufacture and test.

With experience in the’ use of the reactors and in the de31gn of rlgs the .

‘ technlque used for the non-fissile materials rigs of. reaectlng heat dlrectly /fQ”"'“

“to the D20 moderator was employed. This, coupled w1th an increase of the.

. permitted heat fluxes 1nto the moderator, led to the elimination of the water-‘u :

. Jacket., This development has resulted in the so-called Unit Irradiation Rig;.

‘the detall of which is shown in Fig. 2. Adaptor shield plugs allow rigs.- to -

ve installed in 2 in. or &4 in. experimental holes and other.special adaptorsif“

allow 3 rigs in a 6 in. hole, each rig accommodating up. to five specimen cans

of average complexity. The specimens are immersed in‘liquid'sbdium, which is ...~

maintained at a steady temperature with electrical heaters.  Heat loss as w1th "j.

the nonrflsslle rig is through a helium gas gap to a thlmble in tne heavy

water. The rig leads to.a,better usage of the reactors, ‘in a 6 1n. “hole the

'failure of one rig means removing five capsules only;fthe other ten: 1n‘the two

other rigs remain. Considerable development work has been put into'the'l!
grooved former, in which the‘seruice leads run, and its surrounding'envelope;
-Vthe heat-transfer characteristics of the rig, eud the possibiefeffect of
- vibration due to the turoulence of the D 0. ” | - -'Q_ﬁ
This rlg has also been used for nonrf1551le specimens and has certaln s
advantages over the non-fissile materials rig previously mentlonea in that
specimens are irradiated with smaller temperature gradients. The rig is also
- very robust and. can withstand rougher handling, but the serious dlsadvantage

is that it cannot be used for repetltlve irradiations.

An extension of the principle of the prev1ous rig has been used for testing
fissile specimens at fast-reactor ratings (up to 400‘%/cm ) by nucleate b01ling
of D0 in a thimble with double thermal convective heat transfer to the D20,1n

" the reactor tank through the thimble wall.




Figure 3 shows the principle of the‘cepsuies used. Up to six containers,
each with a specimen can be accommodated in a 7 in, vertlcal _experimental hole
position.” A further development is env1saged to allow internal nucleate boiling’
of the liguid sodium to be used. to control the surface 'temperature of the
specimen and hence ensure that the specimen is in a near isothermal zone in
spite of possible neutron fluf variations. - : ‘

High Pressure water Loop in DIDO - ‘
The High Pressure Water Loop in DIDO was 1nstalled in 1957/58 to enable .

irradiation experlments to be cerrled out in support of the U.K.A.E. A. water
programme. When 1t became. operational in late 1959 1t served one 6 in,
vertical eyperlmental hole. The loop normally operates at 2000 p.s.i., 300°C
and pH 10.5 with a heat removel capacity of 100 kW, however, changes in these
parameters can be made at the request of experlmentallsts.

The loop is made malnly of mild steel w1th selected items in stalnlessv
steel. Its baszs ‘is a unit contalnlng the pumps, heaters, cooler and ‘surge
tank, which is contained w1th1n a ventilated shlelded room w1th 2 ft. thick -
concrete walls, roof and floor.' Circulation is by two canned. rotor pumps -
connected in serles. 5ulk—water temperature is controlled by electric loop
heaters and a water-cooled heat exchanger. Dump valves and quench and catch
tanks empty the loop safely and qulckly if this is requlred under serlous
fault conditions, and follow1ng a dump emergency Water coollng automatlcally :
comes 1nto operatlon to. cool all the fissile rigs. Chemlcal purlty of the
watér is controlled by leBdeed ion exchangers in a bypass clrcult and the
correct pH is maintained by the addltlon of ammonia.. ) ' '

Recently the loop has been modified to serve up to four parallel clrcults
~ from 1nlet and outlet manlfolds. With the pumps in series, the high pressure -
dif ference across the manlfolds enables two or more experlments to be connected
in series in each parallel 01rcu1t. Fine control of temperature in each '
circuit is achieved by heaters and coolers. leflcultles can occur with this
shared system in that the presence of gross f15810n products in one clrcult,

either from specially defected fuel elements or. from unplanned fuel-element .

]
1

rupture, can completely upset experiments in other circults. Such situations

have to be carefully con31dered, but usually with the! addltion of extra 1nstru-

mentation and some compromlse a worklng arrangement 1s ~possible.
The use of the loop is summarised in Taeble (1). In the first serles of

experlments the pressure vessel was dlrectly welded to the loop unlt, but this

by
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caused suostantlal delays to the reactor operatlng cycles when a vessel was-

'changed, ow1ng to the number oi welds and the 1nspectlon requlred. Demountable

couplings are now used enabllng pressure vessel changes to be made ea51ly

during the normal reactor snutdown perlod of four days. ; -“‘ .17~

The work‘that has been done with the loop can be d1v1ded 1nto the follow1ng

categorles : lA R

»

-4+ . Experiments which rely ‘on nost-lrradlatlon studles. Examples are shown \.;ﬂ;»a?'“

in Table (1) (196h b, ¢, d,“e, f)A The main requlrement is for steady operatlon

under known conditions. A number OL such experlments can be carrled out 51mult-
R N Y " I B 8

a.rleouSly. V-H,. . : o

u.2‘ 'Experiments which 1nvolve sampling from the loop outside the reactor., ‘43;T!H;;V.‘

This type of experlment has been carried out extensively in the loop (Taole 1,

1959-1962) with the object of studying (a) the distribution of actlvated 7QJ“

- corrosion products throughout the systen ’h](b) the rate of emlss1on of fls-=ip

,sion products from defected:fuel (¢) distrloutlon of fission products 1n‘thls

system. Only one programme of this type can be carrled out at a tlme./

3. Experlments which 1nvolve observing the behaviour. of spec1mens durlngpthe

course of irradietion. nxperlments of this klnd are in Table (1) under 1963

~and 1964(3) There are two alternatlves, elther the samples | Can repeatedly ;'

be removed, have measurements made on them, and then be replaced, or a large

~number of samples can be- used and a few at a tlme unloaded for measurements.;

The latter method is preferred if all the samples can be exposed to comparaole"'

. conditions, as the” former'method can create conslderaole actlve-handllng
4 i ' . Lo

difficulties.
HoeTeGoCo LOOP in PLUTO

This loop was conceiued in the early daystof the pre-DRAGON, HighiTemp;”
erature Reactor Project as a means of tesling ;ear-full-size core units-
suitable for the Reactor Experiment. Heavy emphasis was placed on the control
of emitted fission products, since there was at that time no guarantee that
f1ss1on-product—reta1n1ng 1ue1s were practicable. The de51gn was for a three
foo+ long fuel specimen to be subject to an effectlve thermal~neutron flux of '
" about 3.1013n cm 2 -1

of nuclear heat. A separate purging stream is drawn off from the interior of

and to dissipate into a helium coolant stream about 30 kW

the graphite tube contalnlng the fuel so that emltted fission gases and

vapours are swept away to a clean-up section, 1n which also chemical 1mpur1t1es

T are removed and a Stream of cleaned helium 1s returned to the heat-removal

4
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circuit. Figure 4 illustrates the main features of the loop.

To facilitate.post-irradiation examination, the whole specimen together
with its shielding and termlnatlon arrangements was designed as a demcuntable
and expendable capsule enclosed in its own hlgh-pressure tube. The tube is
joined during 1rrad1at10n to the heat-removal equlpment, which is wheel-
mounted so that it moves the specimen at will into or out of the neutron flux,
thus achieving the required degree of separstion betﬁeen the reactor and loop
faults and failures. | f

The possibility of high gas act1v1ty and circuit oontamlnatlon poses
serious saf'ety problems. The entire circuit, with a few 11m1ted exceptions is
formed of welded stainless steel tubes and a very hlgh standard of leak tlght-
ness is set (less than .01% of” tne contents per day). In addition the
components are divided into units, each of which is surrounded by an air tight
lead-shielded containment box.d Finally, all equipmentfis housed in two.shielded
and ventilated rooms to which entry is not normally aliowed during operations

Coolant clean-up is performed in several stsges,aconsisting of in-pile
and out~of-pile charcoal traps and a liquid-nitrogen oold trap. After passing
through these traps a stream of clean helium is returned to the main circuit.

Measurements are made throughout the loop of pressure, flow and temperature,
and there are a very large number of” instruments measurlng ancillary. quantities
connected with:loop, operation, ‘but not of direct sclentlflc 1nterest.

A series of built-in y-ray ‘scintillation crystalkheads is prov1ded at
various points in the loop'so that fission-product activity cen be mbnitored,

but the main measurements of radioactivity are performed on samples extracted
| from the loop in special shielded probes.

Seven fuel charges for DRAGON have been 1rrad1ated in the loop since 1t
became operatlonsl in December 1961. The'flrst two charges were earxy concepts
. of fuel copiously emitting gaseous fission products at)wbrking temperatures.
They gave useful experience in sampling and other,operetions on a highly radio-
active circuit and data on the'efficiency of the cleaneup circuits. The

following two charges were some of thé first of the fission-product-retaining

fuels with of course relatively low fission-product emission, and the methods  of

analysis mere‘adequate to-measure it. The fifth and six charges used low-
permeability graphite, a "sweep-back" purging stream belng drawn through the
fuel-tube walls. The final specimen in the DRAGON programme was a string of

compacts. of coated particles without any enclosure in a special graphite tube




and w1th a separate purglng stream.‘ The max1mum operating temperatures var1ed
from 1150 % in the first 1rrad1atlon to 1400 % 1n the final experlment w1th
the mean burn-up in one specimen reaching 10jc. : ‘

In general the loop has been very successful in ach1ev1ng 1ts main /‘a'- 1
~objectives of 1rrad1at1ng hlgn-temperature gas—cooled fuel unlts under reactor
condltlons, and in assessing- the behav1our and fate of f1s51on products under i»
these condltlons. A wealth OI data has emerged\ln partlcular from post-

irradiation radlochemlcal analy31s of samples from the dismantled fuel elements

but the extraction of data from the loop durlng‘runnlng suffers a 11ttle from - m‘

4

the early design phllosophy of coping with large releases.

_ Bulldlng and comm1551on1ng the loop from nomlnally—flnlshed components ’

Atook some nine months, a great deal of time belng consumed by 1nstallat10n and s

testlng of electrlcal circuits. (malnly safety clrcults) By use of pre-tested

" components and sub—assembly, in-situ welding was reduced to & minimum and few )

leaks were dlscovered on proof testlng. Since then, the clrcult has shown no j":

tendency to. develop leaks. _ ; _
 The 1oop has caused remarkably little 1nterference with the normal worklng

of the reactor over and above those detailed worklng demands whlch ‘any large

experlment is entltled to make. Barly dlfflculties in the first few days of ;~,[ﬂi"* .

operatlon were due.entirely. to inadequate 1nstruments in a part. of the

anclllary circuits; the eercts on the reactor of the 1nev1table initial faults

and troubles -in the loop durlng operatlon have been almost completely ‘
eliminated by the ablllty to move the speclmen rapldly in and out of the

reactor.

'Cold' and 'Hot‘ Neutron Sources and Neutron Beams L ,

" Beams of 'cold' ( ~30%K) and 'hot! ( ~ 1600° K) neutrons are requlred for
studying the solid and liquid states of matter, and the problem of produclng‘~‘ :
such beams has been considered at Harwell for several years; To produce neutrons
in a given energy range probably the best technique is to allow them to come
'into thermal equilibrium with a moderator at a temperature close to that
correspondlng to the required neutron energy. For beams of neutrons with an
energy of L meVa modera.tor at a temperature about. that of 11quid hydrogen is '
therefore required. Liquid hydrogen is also one.of the most suitable moderators
.and it has been successfully employed in the BEPO and DIDO reactors.for
several years® 5]

The present llquld-hydrogen loop and moderator chamber has been in DIDO .
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)
for 2 years and’ it now operetes,continuously fcr'the usual L Weekly cycle of
the reactor. It is shown in outline in Figure 5. ‘The 200 c.c. of hydrogen
in the moderator chember is’ condensed by a separaté liquidehydrogen coolant
circuit, Ekcept fcrlthe'ﬁcderator chamber and its ﬁeed pipes, which are made
from msgnesium alloy the 1icuid-hydro'en CirCuit isiconstructed in copper and‘
there is a mechanlcal joint between the copper and alloy'out51de ‘the reactor.
" The cryogenic compressor haS an output of 150 watts and the total heat gene-
ration in the moderator chamoer is about 60 watts. _Apart from-occasional
random faults,operatlon of the 1oop is llmlted oy the life of the valves and
diaphragm of the compressor.' :

The in~-pile section contains separate vacuum sjstems for the liquid-
nitrogen-cooled beryllium filter, through which the neutrons pass before they
are used in the beam experiment; and for the moderator chamber. This is
desirable to prevent any leakage of commer01al—grade nitrogen from the fllter
_into the source volume; 1f this occurred the gas would condense on the cold
source and cause a potentlal explosion hazard due to the build up of ozone.

‘The 1nrp11e elements are surrounded by a magne51um alloy pressure vessel, which

can safely contain pressures up to 2000 p.s.i. and should prevent any fallure o

of the loop from damaglng the reactor core. . L
leferent problems ex1st for produ01né oeams of 'hct' neutrons. A 'hct'

‘source is belng constructed for DIDO[G]con51 sting of a cyllnder 5 in.- dlameter
and 4 1n. lcng, which will be ‘heated by the abscrptlcu of 1nc1dent thays frcm
the reactor. Surrounding the source block are molyodenum heat shields and the
temperature ( ~1600 K) is regulated by varylng the' comp051tlon of an atmos- -
phere of . hellum and’ argon.§ Beryllium and beryllla have been cons1dered for the
source block and tests have been started on some- beryllla blocks.

Both DIDO and PLUTO are used for neutron-bean experlments. On PLUTO the
beam holes pass completely through. the reactor and are tengentlal to the core.
The neutrons for the experlments are scattered out to the instruments from a
small "source block" of light water placed in the central hlgh-flux region of}
each hole. Such an ‘arrangement has the property of‘prov1d1ng a thermal-to—fast
neutron ratlo hlgher thén that in the reflector 1tsel;. The source block is.a
flat aluminium box, through Whlch the 11ght water 1s 01rcu1ated to provide
cooling. The optlmum size and shape of such source blocks has been experl—
mentally 1nvest?gﬁted and found to be a th1n slab placed in a Sldﬁtlng pos1tlon

7 ‘

across the hole
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In order to extend the range of the orystallographic investigaticns that
can: be oarried out with neutrons, automatic diff'ractometers intended for ~the

examination. of single crystal Specimens have been developed. | - An automatic "- SR

instrument [8] has been in continuous operation since mid-1965, and four more

flexible instruments[9] Qare to be installed in 1964’ These machines a.re

controlled by instructions punched. by a computer on paper tape and the results
. are recorded in the same medium ready for computer analysis. ' The specimen o
jorientation is adjustable, by rotation about three sepa.rate axes. ‘A- high R
accuracy of angular setting is achieved (- 0.01 °) with the use of a moire »
fringe system of sensings The flux of 1 X neutrons at the sample is about ;
3x 10611 cm 2s -1 » and the time taken to measure a typical reflection is one T

hour,' thus some 500 reflections (a typical mmber required for a 3-—dimensiona1

analysis) can. be measured in a reactor cycle 'of one month. SRR . \
A1l time-of-flight inelastic-scattering experiments at namen utilise a EE

' basic chopper unit which incorporates a magnetically lifted rotor spinning in
' vacuum about a vertical axis. . Angular velocities of 600 o/s are satisfaotorily

achieved and a pair of rctors mey be synchronized e.t these speeds to relative

angular . displacements of" within 0.2° ol10 11] R N s
0 i ’ L - r, 4 ’ ’ ) f’

Present Developments and Discussion : ‘

) The user requirements for the research reactors depend much upon future
power-reactor projects and there has been a constant demand for rigs to

I operate at higher temperatures and a build-up of interest in high-pressure water L

pystefise A unit type of water loop designed to be installed in any suitable A
vertical experiment hole 1s being considered. The specimens, circulating we.ter

and pump are contained in‘a pressure vessel coupled by a small-bore pipe to a.n 'j ?_v

external pressurising system, the principle again being one of rejecting heat
to the reactor D2 e Such units could be simple and quickly built, and should
_ms.ke reactor utilisation more flexible. '
‘In DIDO a rig has recently been commissioned for operation at 1900 C to ]
study fission-product 8as releese. The design embodies three furnaces » only

one of which will be operated at a time, the others being available when-failures R

occur due to the limited heater life at this high temperature. Bs.ch furnace is
'construoted. around a central molybdenum tube which contains the specimen (-vlg.
‘uranium oxide) and consists of a tungsten heater surrounded by molybdemim .
radiation shields. The specimen tempereture is measured and controlled by a ' /

tungsten/tungsten 26% rhenium thermocouple whilst helium gas is used as the o S PR

carrier for the gaseous fission products released. ,'v ’ E e e
The rigs described in this paper, -with mny others, have been developed

over the years. : The accunmlated experience has_ resulted in rigs reaching the
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high standard of reliability required for an importa.nt research programme.
By oollecting together the design resources and research requiremente it has
been possible to produce the minimum mumber of really reliable types of” r‘igs
and is an argument in favour of such an organieation.

A large loop because ot' its size and complexity ‘cannot be developed in .
the same manner as a rigs . It ta.kee 80 long before it is operatione,l that it
is advieable for its design to precede the design of the reactor, whose )
development it will support. Nevertheless, eoolant-technology loope - eerving

‘a wide sphere of intereste heve proved valuable in covering a range of o

> - problemse o oo . A - N ‘
: oknowleggemente - | o . ' AR S
A large mumber of etaff i‘rom the U.K.A.E.A. Establishmenta at Harwell e.nd

Dounreay have contributed to. this paper and the author's principal task hae ,_

been the editins of these contributione. In partioular the help and a.dvice of A

W. F. Wood, I. Everson, H. Bulloch, D. Williams, D. G. Pearce, D. B. Eallidey,
G. N. Walton, P. Sterry, N. Hancock, G. E. Low, P. A. Egelstaff and

- T. M. Willis of Harwell and J. R. Atkinson and J. R. Robertson of Dounreay
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T - Description of . Expefiment In-pile
Date Experiment Specimens. . .- Hole vessel
. ) Used Material
1959 1+ Irradiation-damage Mild and low-alloy - 6V=l Low-alloy
- | embrittlement steel. steel (CRN2) -
2+ Corrosion of" mlld-steel : v '
system . ,
1960 | As above, but including | As above with - . 6V-h - | Stainless
corrosion of stainless steel | stainless steel and ' steel vessel
: and Zircaloy specimens. Zircaloy 2 S } s '
1962 " |'1. As above, " U "Fissile stainless- = " 6V-4 | Stainless ~ ¢
: 2. F1331on-product chemlstry | steel-clad UOo/iron_ | ' | steel vessel
, cermet ‘ ’
1963 1. COrrosion'expéfiments on . |Fuel plates B V-l ‘Stainless’
' plate type elements. S steel vessel
2. Fission~product chemistry :
with defected fuel plates * . A
| 1964(a) |1+ Creep of Zr/Nb alloy As above 6V-i Zr 23740
. - 2+ Fuel-plate corrosion— - -} oo oo o s e e 2 S e
3. Control materials '
4 | &+ Fission-product chemistry ‘ :
1964(b) - | Marine-reactor fuel pins Marlne—reactor fuel - V-3 | Immac 5
- o pins - - B . T
1964(c) . | Fuel-plate irradiation .| Fuel plates . V-8 Immac 5
1964(d) | Control materials irradiation |Plates , V-9 Immec 5
1964(e) | 1. Cresp of Zircaloy 2 Zirc. 2 and Zr/Nb .Hollow fuel |Zircaloy 2 °
: 2. Corrosion of Zircaloy 2 : : - element : '
. and Zr/Nb alloy Lo . | ‘
- 1964(f) 1. Creep of- Z:ch/Nb alloy . As above Hollow fuel |Zirc/Nb alloy |.

- element

 Table (1)

' Use of DIDO High PreSsﬁie5WateriLOQpni






