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The Design and Construction of HIFAR
By W. H. Roberts*

A brief description is given of the design and construction of the Australian Atomic EnergyCommission's reoctor HIFAR, locoted near Sydney or Lucas Heights. The design is based on thatof the British DIDO, o high ux, heavy water moderated and cooled reactor having a maximumthermal neutron ux of IO“ neutrons/sq. cm/sec., and a maximum heat output of l0 megawatts.

INTRODUCTION also reduces the physical size of the reactorIn April 1955 it was announced that a large core and, therefore, in general, overall costs.
research reactor was to be erected with the The British DIDO appeared to suit our re-Commission’s laboratories then being planned quirements, and it was decided to adopt thefor a site near Sydney. same design with some changes to suit ourThe reactor was to be virtually the same as own requirements.the British DIDO, a heavy water moderated and Later, while HIFAR itself was in emu-Se ofcooled reactor, producing a maximum thermal construction, advantage was taken of epera_ux °f 10“ neut!'°n5/sq~ cm-/sec-= and 3' heat tional experience obtained on DIDO to incor-output of 10 M.W. Further data on HIFAR poi-ate in I-IIFAR some modications to theare listed in the appendix. original designAt the beginning of November 1955, a start
was made on clearing the Lucas Heights site, Basic designand in June 1956 erection of the reactor itself AS mentioned above’ the reactor is been
was,°°mmen°ed- moderated and cooled with heavy water. TheNmeteen .m°nths .h'?ter.’ on January 26' 1958* design can be understood by referring to FiguresHIFAR a°h1°"°d °"'°1<=a11tY- 1 and 2. An aluminium tank <1) err. rm.

internal diameter, contains heavy water to aCONSTRUC1-l°.N ARRANGFMENTS depth of 6ft. The 25 fuel elements (2), arrangedHIFAR may be dwlded °°nvemently mm tW° vertically with a horizontal lattice pitch of 6in.,Paris» namely“ are supported on a horizontal header plate (3)(1) the reactor proper, and
(ii) the associated buildings and services. xed to the tank bottom’The eonetmetien of the reactor itself has Because the active portion of each elementbeen earned out through Head Wrightson P1-e_ is actually a box of thin vertical parallel plates

cesses of London, with International Combus- 2ft'_high (Figure 59- th‘? _$$l°n heal; is C911‘tion (Aust.) as their main sub-contractor. g§:1°£gZnf';$?V;gt$e%_§;g“$63Lgzgfggggh ' '1 ' - t 1frermedi'.is;3::dkg11g1§1r$.%vY§é§ elgctgi the elements, out into the main body of theMinistry of Works) by Hutehersen Bree as fluid, and then through overow pipes (3.4)
giéimlel contractgrsntro the consulting architects, t°;:te1'n§1lheatE:°h:ngir5-

ell BHSOII an »ner. e w oe of e 5 eernen s are con ainThe Wh0le of the work was superintended by within a horizontal plane approximately 2ft.the Commission’s ocers, most of whom had 3in. by 2ft. 10in. (Figure 2). Because in generalspent some time at Harwell. good moderators are good reectors, the 2ft.
(a rox.) of heavy wate between the elem ntsmic DESIGN or RiA¢T<>R PRQPER J5” the tank wall wi reect back a Sub-Throughout the text, any two numbers, thus stantial proportion of the neutrons which tend2:3, refer to Fig. 2, Item 3. to escape from the system. Outside the tank,||-||-y°d|_|¢|-ion 2ft. of graphite (2:5) serves as a further neu-HIFAR is an experimental reactor, i.e., a tron reector, and provides a fairly large sourcelaboratory device erected to provide a strong of thermal neutrons for experimental purposes.neutron (and gamma) source for experimental- Those neutrons that manage to penetrate theists and research teams engaged in various reectors will be mostly considerably reduced inaspects of atomic energy _work. energy, but because they have escaped fromIt can also be used to give experience in re- the reacting system they now become an em-actor construction and operation to design and barrassment. The graphite is accordingly sur-operating personnel. Eounded by a thin l_ayer_of an absorbing materialBecause the obiect of the reactor is to pro- bor_al (2:6), which is a complex of boronduce radiation, thet attendant heat gegerated czgbide and alumitriiumf lioron htes a htglhis an embarrassmen . For a given ux ensity, 3 OPP 1011 @1055-Sec 101'! 01‘ S OW 11611 T0118 Wi -however, the heat rate can be reduceud by en- Ol-lg tlhe production of hard capture gammariching the fuel, and this course as been ra 19- 1011-

adopted for HIFAR. Enrichment of the fuel Actually, the boron is studded to the interior
of a steel tank (2:7) in which the graphite is

‘Australian Atomic Energy Commission Research stackei The aluminium he?!-VY Water tankEstablishment. Manuscript received March 14, 1958. hangs by lts top ange from the Ting (2-8):
RESEARCH REACTORS

PAGE 363
,. ‘s
a

,1‘.



0

0

59

0® i@@1

l"= /

r

6- e

/
:'1

l!ll!kf. 1‘ B _\\{\\\\\

l ' I

,1”,

,\//.
W,

_

H a e“ l 1:1’

e

\‘ ‘-\ \ \\s

ll

._- ?i'l'l\//;_ 1-*,s\sr§i|l,\..\\ vl,g¢/4'//._._:¢w/////1////1/1/,s\m l;\ ; 5.9;»; ;_
'=¢5=E= :15/ |_..- /<"||;;:=~='=2:s

-. />,
, l

l’

6

@\\.

@\~“\-..“

If

.. \ :5

W i\\
"" /43 .@

'=- agelssssaaa m._ s .:=£= -. > //4/4%“:-nI!1I‘_MI A
» . -. I ._. "I i" '__v

In ~‘ ‘H
I \

* ‘ ~ " -v‘l ' ' '> ' ,
. .=:",;<=s ' 1/

1:-ta, .1;-:,;;;: ' A "
\~\ vi /

1; ,|-_g-=. _

, -< . _ . ..-v,_
-},~:=|

'1 GD I ‘ 'E1§/ .2

ll 1"-:-K \ “
ll \ :.\_: 131*-

:» H1

.-=:':; I '_-.:|

\\\

s

"1x‘ "

-—-"1

2

‘_$7311,

§

my
\§;--

\
7

.\\‘Y“
I ' 3-:

.. “-\ ‘wig!\/ 1?:

\<<?

~¢{"}

‘I-'.'\"‘_

 .

/
, .:-‘.".=;a-=r~r

w " l
'1 A s >2”

.. ,¢,j,
‘ "f.W.>;

A.
.. 'J

-.-L .__%|
~ \~ :~"-: - :1-\)~. » l‘./__ ____'_ -

\\\\\

: 
, .4. - - '~ 1 ) O Lu-'}\~.-' ‘;'L‘.‘;‘: ‘~.='. ’ :7.” O 1;; .- .._.._..._.. _-.-5 A, , ]'_'-—:‘_' ‘ “ ' :1:."v: .1‘ »’ y ’ l /

..%

\\\\\

.'p-""“'
_;A.q‘;’. -“.‘ 0

‘4q:.\_~S'_
_. ._.. ~

_,_ . _. j. ._

r Y. ~ l;L\_;; ......... _- ~- an '

‘-4.,

he

u

3- ‘f .
- - \‘."-i. |_ 2_-I 1-‘. 79 A
; ; ._.., i. -. -.3 1 ,

.->' ,
5 ,

0

nu
l

~ 4

1 l

ig

Ir": *II--u__n In '

—r-ITW

i-O

»'TT5‘1-“-‘=- E3?-""=*-=5 |9..... l2'l a’ HORIZONTAL FAc:L|Tv
A " ‘i "' J 2o..... 2" VERTICAL FACILITY

22...- 6' VERTICAL FACILITY

I
5“

(R

lie

="=E l

_A.d.

‘\
E
_-

5 I

1.

G

5m

’\"§
>~1'

_ 

»:~‘;\'_

_ 

i
-{-

‘Q

a:5:

iiiiii

l/
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_ ' ~ "'~ 2s..... COARSE CONTROL ARM
2a...- HEAT exculmcens
29_____TOP PLATE

FIGURE l:—Sectiono| elevation of reactor.

which itself is supported by the top of the (2:11) is erectedinorder to reduce the radiation
steel tank. intensity to about 1/10th tolerance on the out-A 4in. Water-cooled lead gamma shield (2:9) side surface.
is xed to the outside of the steel tank. The Radiation shielding at the top of the reactorcooling coils in this shield cope with the heat is provided by the shields (2:12), (2:13) andproduced in the graphite, boral and lead by (2:14).the slowing down and absorption of neutrons A helium atmosphere is maintained over theand gamma radiation. Approximately %in. of top of the heavy Water and in the graphitelead (2:10) is poured between the graphite and space. It is necessary to use such an inertboral to improve heat conduction by providing substance because irradiated air-water mix-
a metallic bond. tures form nitric acid, which would corrodeFinally, outside the lead gamma shield, a the aluminium tank.further shield of heavy concrete 5ft. thick Horizontal and vertical experimental facili-
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FIGURE 2:—Port section plan of reactor core
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ties (15-23 in Figures 1 and 2) consist of alu- ating level (if the standby pump is not started
minium tubes of various sizes into which the after a given period). If both stop, as in a 3'

materials to be irradiated can be inserted. A failure of mains power, the reactor is shut
E

graphite thermal column (1:24) provides a ux down automatically but, because a considerable ‘

of slow neutrons‘ in the horizontal holes that amount of heat is still being generated by the
penetrate it. ssion products, continued circulation of the

Control of the reactor is achieved by means water is necessary. This is achieved by the im-
of six cadmium “signal” arms (2:25) that move mediate starting-up of one of the emergency
vertically between the elements (coarse con- pumps (3:8), operating from a “guaranteed”
trol), together with one ne control rod (1:26). power supply, the arrangement of which will
Two safety rods (1:27) are arranged to drop be described later. If this pump fails, the
vertically into the reactor in case of an emer— second is arranged to start, and in the remote
gency. contingency of this second pump failing,‘ one

of the main pumps can be brought back into
COOLING WATER C|RCU|T$ operation from a diesel power supply, which

Heavy wage; ¢i|-¢ui(- will start automatically upon failure of mains
The arrangement adzogtedt for removing the P°We1'-

10MW of heat genera e a maximum ux is
shown diagrammatically in Figures 3 and 4. Figure 6 shows the rate of ssion pmduct
The m°der9't°r heavy water’ °per3‘tmg between heat release plotted against minutes after shut-
maximum temperature limits of about 44°C‘ down following operation at 10MW for 30 days.
and 51°C“ is circulated in 3 Qmsed circuit Apart from the ability to close the reactor
through the 7in. diameter pipes (3:4) (Figure down rapidly by means of control arms and .

3), the pumps (3:7), the heat exchangers (3:6) Safety rods, a further emergency shutdown ‘

and the fuel elements (3:2). Two of the three facility exisw The valve (3.11) (Figure 3) can
pumps and tw° °f the three heat exchangers be opened quickly to dump the top 2ft. of the
Wm c°pe Wm,‘ the heat 1°ad- 5° that °ne “mt reactor heavy water into the partial dump tank
1“ each case 15 spare" (3:10). This reduces the thickness of the top

Should one of the pumps fail, the control reector, thereby allowing sufcient neutrons
arms are lowered rapidly to reduce the oper- to escape to prevent the further operation of
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FIGURE 4:—Bcisic H20 circuit. ~

the reactor. Heavy water leaking past the valve Detectors have been tted at all the anged
(3:11) during normal operation is returned to joints to give warning in the control room of
the system by the transfer pump (3:13). heavy water leaks.

In order to keep the heavy water at a con- Light mm, dun“,
stant level in the reactor, one of the level . - -

pumps (3'12) continually circulates a few The hght (or ordmary) Water clrcmts MEH ‘ - t h - .5 d shown diagrammatically in Figure 4. Hea
ga) ‘ms per mllmtaegg '9“§h?§§P1P°iI1‘3sL1c§§n brought to the heat exchangers (4:2) by thes rage vesse : in 0 ma. . . .

header. Failure of this pump automatically heavy. Wale? 15 passed .°n to 3’ clrcmt “'15)
- contaming light water circulated by the pumpsstarts the second pump, and failure of the latter .

Shula down the §§;*Z1ei€gZ§éi1%%°‘;2E.J$2"€£i$36131;Z§“€Zi%‘tFv’5
The ion exchanger (3:19, arranged on a of heat generated in the reactor, and require

by-pass circuit. removes all impurltles from the at this load 9, make-up of about 80,000 gallonsheavy water, including nitric acid arising from per day_
the irradiation of the small traces of nitrogen Qnly three of the pumps (4;4) are required
present. It does not, however, remove ordinary at maximum 109,1 F9__i1u1-e Qf one pump runs
Watel

~ in the control arms if the standby pump has
The whole of the heavy water circuit outside not been started after a certain time. Failure

the aluminium tank, including pipes, valves, of all three (e.g. mains failure) causes one 01'
vessels and pumps is constructed from stain- the two emergeny Dumps (4:5) to Start fr0m
less steel to reduce corrosion to a minimum. the guaranteed D0WB1i $\1DD1y- Earih Of theThis is importan , because irradiated corrosion emergency pumps is arge enoug o remove
products raise the general level of activity in shut-down ssion product heat.
the water circuits. A subsidiary circuit (4:16) circulates cooling

Moreover, to minimise the parasitic absorp- water to the two "heat exchangers (4:6) and
tion of neutrons by impurities and to avoid the (4:9). The former extracts up to 500kW of
preferential corrosion of aluminium by the heat from a system provided for the cooling of
presence of such elements as copper, all sur- experiments associated with the reactor. De-
faces wetted by the heavy water were subject to mineralised water is pumped through this sys-
stringent cleaning procedures, and considerable tem by one of the pumps (4:7), failure of which
care had to be exercised during construction starts the second pump. Should the latter also
to prevent contamination. fail, the reactor shuts down,_ and one oi the

All welds in this circuit were radiographed emrgencl’ 1111111115 _(4:1’7) is automatically
to ensure that leakage of the expensive heavy brought into operation from the guaranteed
water could not occur at these locations. Dower supply.
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The exchanger (4:9) and pumps (4:10) pro- tained by a gasholder at 6in. water gauge to
vide cooling for the lead gamma shield around prevent the inward leakage of air. The expan-
the steel tank (referred to under “Basic de- sion vessel provides sufcient volume to keep

sign”) and for a ne control rod cooling system the helium pressure below 32lb./sq.in. in the

(4:19). event of a reactor power excursion. To pre-

The pipework of the circuits (4:15) and (4:16) vent the gasholder from being subjected to a

is of mild steel, while that of the experimental pressure which might damage it (e.g., during
and ne control rod circuits is of stainless steel a reactor excursion), two automatic valves are

because this water would become active from set to close at 12in. water gauge-
irradiation of the products of corrosion. The helium purication unit has two mm-

tions:—
HELIUM CIRCUITS (i) to recombine any oxygen and deuterium

A5 m°nti°ned m_‘de1'_“B9*$i° design?’ 3 helium that becomes dissociated due to the irra-
a'tm°spheIe is mamtamefi over the. mp °f the diation of the heavy water in the reactor,
heavy water and graphite space in order to and

PI°"°.1“ the .ac°umu1ati°n °f nitlfic a9id frqm (ii) to remove gaseous impurities and heavy
mjathated mtr°g°n' a'n.d t.° 3'v°1d dlmcumgs water vapour which collects during opera-
arismg from the activation of atmospheric tic in a drie1._ads0rber unit

11

a‘rg°n' The recombination unit operates whenever
The arrangement of pipes and vessels may the reactor is operating, although it is customary

be conveniently divided into three sections.—- to run the adsorber when the reactor is shut
'» (i) the main expansion and displacement down. This latter apparatus rst condenses

circuit associated with the reactor core the heavy water vapour content of the helium
itself, in a freezer, and then adsorbs the gaseous im-

, K
(ii) the helium purication circuit, and purities by allowing the helium to pass over an
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(iii) the graphite space expansion and dis- activated carbon bed cooled with liquid nitrogen.
Placement circuit. The graphite space is pressurised with helium

Because the heavy water storage tank (3:9) from a separate gasholder. There is, of course,
and the partial dump tank (3:10) are connected no need for the presence of an elaborate puri-
to the reactor aluminium tank through the fication apparatus in this circuit.
heavy water circuit, the air in these vessels is All piping and vessels in the helium circuits
replaced With he1il1l11- are constructed from stainless steel, and the

The pressure in the main circuit, con- same stringent cleaning procedures as for the
sisting of the reactor, partial dump tank, heavy Water circuits were adopted during con-
storage tank and an expansion vessel, is main- struction to prevent contamination.
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~ A slightly different scheme holds above the mental facility is lusgrated by Figure 9, which‘ z
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, layer of cadmium inside the bottom of the
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REACTOR SHIELD AND REFLECTOR Particular care had to be taken with the

The shielding of a reactor is substantially the b°t'5°m °f the Steel tank» U-D011 Whwh @1118

determined by the nature of the gamma, and layer sat, were not transferred upward. Accur-
neutmn ux In general, heavy substances ate measurements of the contour of the tank
mve to be good gamma shields‘ and light Sub_ bottom were therefore made, and the amount

p d eutron S1-elds An an round and angle of cut on each block determined
stancgs go‘? n . ' ' - ' - to ensure that the tops of the blocks all lay in
material suitable foi both purposes is ordinary
concrete. However, although this provides per- a h°1‘1Z°nl?a1 Plane-

haps the cheapest form of shield, it has proved During stacking of the graphite, considerable

more economic to surround the reactor with care was exercised to keep it as clean as possible,

more expensive denser concretes, because this because extraneous material absorbs neutrons,

decreases the thickness required and reduces and this is obviously not desirous at this loca-

the diameter of the surrounding building for a tion. In particular, boron from welding uxes

given clearance between it and the reactor face. could become an embarrassment. A canopy

Two types of concrete were used-one in was accordingly erected above the reactor space

which the aggregate of ordinary concrete is and personnel working inside the steel tank
replaced with barytes and the other in which provided with special clothing.
the aggregate is replaced with steel shot. Ap- Graphite block clearances in the vicinity of

proximately, the thickness of 9, gamma shield the core had to be suitably proportioned to

for the kinds of reactor gamma energies ex- allow for Wigner growth, i.e., increase in the
pected is inversely proportional to the density volume of the graphite due to fast neutron bom-

and the densities of these two concretes are:- bardment.
Barytes concrete--3.5.
Steel shot concrete—5.6. EXPERIMENTAL FACILITIES

(Ordinary concrete-2.4.) General

Proceeding from the reactor core outwards The facilities provided in the reactor for the

in a radial direction, the reecting and shield- irradiation of materials consist for the most

ing arrangements consist of (Figures 1 and part of blind-ended vertical and horizontal

iii 2)'- hollow tubes with internal diameters varying
Heavy water--24in. from 2in. to 10in. (Figures 1 and 2), into which
Graphite-24in. the experiments are placed.
Lead—%in. These facilities may be grouped conveniently
Boral-iin. as follow:
Steel—%'_<in. Thus some 58 holes (28 vertical) are avail-
Lead—4in. able for experimental purposes.
steel--gin, An idea of the variation of neutron ux can

Steel shot conci'ete—18in. be obtained from Figures '7 and 8. These show

Barytes concrete--42in, the approximate estimated thermal and fast

Steel—sin. distribution over one vertical plane through the
centre of the reactor. The distribution over

This combination of materials results in a
radiation tolerance on the outer face of the a1?Y “her vertlcal plane thr°ugh the cemle
reactor of about 1/10 of the maximum per- W111 be Substantially the $me-

missible level. This produces a suitable back-
ground for both personnel and instrumenta- Construction of facilities

'9i°I1- The method of construction of an experi-

reactor Core. NO graphite reectlf iS used. A Shows a typical cr°ss_Sectj_on Suitable for a

aluminium tank top shield (1.12) and the
tom annular shield (1:13) is followed by 4in.
lead and then steel shot concrete only. is —————Z—Q—~

The cadmium is used as an absorber of neu-
' trons in preference to boral beneath the alu-

minium tank shield, because it was felt that
;_ Q’ the neutron ux density was suiciently high

,5 to make the rate of production of helium from
:1 the B (n, a.) Li reaction a signicant factor

in the disintegration of the boral. The 14in.
thick mild steel reactor top plate (1:29) com-
pletes the vertical shielding arrangements.

.rtrs
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, ' Graphite reflector
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aluminium tank was built up from over 800 "W mi“ §""*°°W" I" MIWTES

separate blocks, each machined to close toler-
ances to ensure correct tting around the net- FIGURE 6:--Approximate fission product heat

work of experimental facilities that penetrate re|eq59 rare; qfter Qperqhcjn qt 10 MW for 30

the graphite. dQy5_
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Max. Thermal Max. Fast
Flux Flux ,

n/sq. cm/sec n/sq. cm/sec i

1. PENETRATING D,O (X 10“) (x 10") “

Vertical—- 2in. dia. holes (9 off) . . . . . . . . . . . . .. 0.6-0.8 0.1-0.5
4in. dia. holes (5 off) . . . . . . . . . . . . .. 0.3 0.01
6in. dia. holes (4 off) . . . . . . . . 0.7 0.2

Horizontal— 3.35in. by 0.85in. hole (1 o) . . . . .. 0.9 0.4 1

(passes completely through reactor)
4in. dia. holes (6 off) . . . . . . . . . . . . .. 0.5-0.8 0.03-0.11
6in. dia. holes (1 off) . . . . . . . . . . . . .. 0.8 0.6

1-Oin. dia. holes (1 o) . . . . . . . . . . . . .. 0.7 0.2

2. PENETRATING GRAPHITE ONLY
.

Vertical— 4in. dia. holes (2 Off) . . . . . . . . . . . . .. 0.03 0.0002 ~

6in. dia. holes (6 off) . . . . . . . . . . . . .. 0.03 0.0002
10in. dia. holes (2 off) . . . . . . . . . . . . .. 0.03 0.0002

Horiz0ntal— 6in. dia. holes (10 off) . . . . . . . . . . . . .. 0.09-0.1 (0.007-
12in. by 8in. holes (2 off) . . . . . . . . . . . . 0.07 (0.002
(pass from one side to other under- 0.002
neath steel tank)

3. THERMAL COLUMN
Horizonta1— 4in. by 4in. holes (9 off) . . . . . . . . . . .. 0.0007 0.00004

horizontal hole such as (2:17). Experimental handling
An aluminium thimble (9:14) is clamped Experiments are introduced into or with-

against the end (9:6) °f the xed lmer (9:4) drawn from the reactor when the latter is shut
by means °f the .b8'y°t1et mitmg (9:8): The down. Nevertheless, there may still be, even
experiment .t° be lrmdlated ls placed In ns under these conditions, considerable ssion pro- ;
thn.nb1e' whlch is ‘Pad? rem°V.ab1‘? t° 9°98 Wm‘ duct gamma radiation that must be allowed ff,accidental contamination of its interior. for when the Shielding plug is removed from

To protect personnel from radiation, a con- an experimental facility. Moreover, an_ irradi-
crete and iron plug (3:15) tisbeirisertgd in tlée ated 6Xp8I‘iII1E€'1l2 may itself possess considerable
liner (9:4), a gas-tigh join ing en -ma e gamma ac ivi y. .-by the ring (9:20) and the plate (9:19)). The A th f ~ - - ts f. »
end °f the Plug is tted with 9" “ml Plate horizoxggalogreigitiée?s1o‘sl3>€1vne}:lIi€1g?:iiiIinatic$l§1l g;(9:16), which acts as an absorber of thermal in Figure 10_ A 20_ton castnron hollow ask
neutr°n5' (1026) (whose walls may be up to about 20in.

A thermocouple tube (9.22) is provided for thick) contains an electromagnet (1027) which ~temperature measurement of the inner end of may be m°l/ed 510118 the hollow barrel by thethe plug, and cooling water pipes (9:23) are screws (10:12) operated through gearing from 3,
included to maintain this liner end at any de- the hand-wheel (10:10). Two gear 1_‘9$1°5_9Iesired temperature. available by sliding the hand-wheel spindle in a

Air can be purged from the facility through longitudmal due°t1°n' ..the line (9:21), which is connected to the The ask has a removable section (10:5) in "reactor building extract ventilation system, and which slides a lead door (1024). When an ex-carbon dioxide may be introduced through a periment and its plug are to be removed, thesimilar cormection. The formation of radio- ask is oered up to the outer face of theactive argon and nitric acid from irradiated reactor, the door (10:4) and door (4a) in thenitrogen can thus be kept to a minimum. ask body itself are raised, and the plug and 3The thermal column, shown in Figures 1 experiment withdrawn into the barrel by means ‘and 2’ supplies 3, comparatively weak source of the electromagnet. The lead doors are then
of thermal neutrons for special experiments. It 1°W"~‘red t° °°"'e1' the face °f the faclmyr theconsists of stacked graphite blocks penetrated removable section (10:5) is detached from theby nine 4in_ by 4in_ holes, shielding being ask and left on the face of the reactor, while rprovided by a composite door formed from the ask and contents are transferred _to a Y
lead, steel and a. hydrogenous material, “jabroe." shlelded $t°1‘Ee block, Where the experiment ~The metal casing of the column is lined with and plug are left until suitable arrangements
boral sheeting to absorb escaping neutrons, and have been Set up W W°1'1< °n them-cooling coils are provided in the adjacent con- The reverse procedure is adopted when re-crete of the biological shield to remove any placing the plug.
heat generated. For vertical facilities, a similar arrangement
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FIGURE 7:—Appro><im<:|te estimated undisturbed thermal neutron distribution over o vertical plane
through centre of reactor (neutrons/sq.cm/sec. x I0“).

is adopted. except that the eleetromaenet is Four tubes are brought from the mp of the

replaced With 9» h00k 01' eye-bolt shield plug down to the fuel element proper.
One contains a. thermocouple lead (5:6) to

FUEL 5|-EMENT5 measure the temperature of the fuel plates.

The €_eI1.e1‘9;1 design Of the fuel elements is Another (5:7) is a special cooling tube, through
shown In Figure 5- The complete assembly which heavy water may be sprayed over the
(Figure 5a) is some 10ft. 4Si1'1- 10118, and 0011- fuel plates should the element during removal

$i'$t$ Of fl Stainless Steel tllblllal‘ Shieldmg D1118 from the reactor become stuck in a location
tted Wlth Steel $171011 @0I1¢1‘Bte (5-1), i°1I1ed at where there is no alternative method of remov-

the <=°l1P1iI18 (5:2) to a hollow almninium tube ing ssion product heat--a condition which
(553). _ThiS aluminium tube forms a welded cguld result in meltmg of the fuel plates.
unit with the fuel element proper (5:4) and A third tube (5.8) is connected to the top

The active section (5:4) is built up from 10 the heavy water1eve1_ Gaseous ssion products

%§ Q plaftes (Figure 5'3) int“ the mm‘ °f a‘ ]?°x tend to collect in the cone, and samples may

‘" (gure 5°)’ the gaps betwefm the.p1a‘tes bemg be taken through (5:8) for analysis. Finally,3 used as passages f°r the °1r°u1at1°n °f heavy the tube (5:9) is arranged to pass through the

fit‘ I
11... -V. <

lf;J\' I ‘Li’!

ewf

_..ir.-.~i.e‘M

“ater and °°n5eq“ent heat rem°Ya'1' as cone, and is fastened to the outside of the
desctlbed earner‘ Each pl?“ °°ntan'i‘S 9'1?‘ fuel element box. It contains leads from a

pr°x1mate1y 10 grams °f ennphed “r9’n“.m?- In neutron ux measuring device attached to the
the form of UA1. in a matrix of aluminium. fuel element
This alloy is “canned” between twolaluminium

t;3i1i;liI _
. .

plates to prevent contamination of the heavy CONTROL AND ‘NS-|-RUMEN1-A-"ON
. water by ssion products. The plates in each

ti 2
1‘ ,

K
X

_box are all slightly curvedin the one direction A description of the reactor control and in-
to prevent any signicant irregularities of the strumentation will not be given here, because

gap between plates arising from expansion or it forms the subject of another paper being
contraction of the metal. presented at this symposium by Mr. G. Page.

, ~»
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FIGURE 9 be|0w):—-Typical horizontal experimental facility.
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...._THIMBLE SECURING SCREWS 22 THERMOCOUPLE TUBE

.FRON\' RING I3 .- ADJUSTING SCREWS

FRONT PLATE 14.. ALUMINIUM THIMEILE

STOP SECURING SCREWS l5~».SHIELD PLUG

‘PLUG LINER |6_..'EORAL PLATE
»-PURGING ‘LINE CONNECTION I7.... OUTER SEALING PLATE SCREWS

I8.MALE BAYQNET . EYE BOLT
‘CQMPNG SET SCREWS I9 .OUTER SEALING PLAYE
.FEMALE' aivouer 20 ._...SEALING RING
..THIMBLE LOCATING RING 2I .. PURGING LINE
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FIGURE 10:-—Hond|ing of horizontal experimen’rs—diogrommo’ric arrangement.

REACTOR BUILDING might require the removal of the concrete to

Structure reduce the radio-activity to acceptable levels,

It was decided to house the reactor in the the 9°1".and wane ef the Pit were sprayed

same t pe of structure as was used for DmO_ w1th_l1quid envelope (p.v.c.) to a thickness of

a cyligdrical steel diameter In fact, all cOnCrete at 01' about
h

and '10 ft. high, completely sealed from the ground omf 1eve1.ha’s been wvereii Wm? t e

outside except for three personnel and one Sam? matena‘1' wmeh can be ready “upped

vehicle access locks. The object of this arrange- ° 1f necessary-

ment is to contain any radioactive gases or Reference to Figure 11 shows that the pit

particles that might accidentally escape from and some of the adjacent space have been sur-

the reactor or its experimental rigs. rounded with steel shot concrete ~walls. These

Figure 12 shows an east_west diagrammatic are 9in. to 18in. thick, and enclose the whole

vertical section through the building. Ten sets °f the .hea’vy ‘.”a'ter.°n'°u“'e and equipment"

of columns (12:10) form, together with a con- Such emeldmg 15 memly necessary because °f
tinuously welded internal steel shell (12:14) a the ham g°'m.“?“~ “'="d‘“."1°n (6-1 Me.“ P’9d“°°§{

structure of sucient strength to withstand from the <11S1"'=°gmt1?n of r9‘d1°'e*°t“'e N

the load from a 20-ton circular crane (1229) folfmed during .°pemt‘°n‘ H°W°".°I1 beeaiuse

and the internal-external pressure differential this has 3' half me of enly 7'3 .se°s" It ‘S pesslble

due to barometric variations or accidental gas t° enter thee?”-ee 3- Sh°1't “me after 1'°”'°t°"
1.e1ease_

shut-down without undue hazard.

The shell itself consists of specially selected The exterior of the building was painted

mild steel plates varying in thickness from with a special type of white paint capable of

13/ 16in. at the bottom to 9/16in. at the top. reecting 80 per cent. to 90 per cent. of inci-

The plates were butt-welded, and all welds dent solar energy of all wavelengths. The

radiographed. In order to prevent gases from heat ow into the building (or from the build-

passing through the concrete oor of the bui1d- ing in cold weather) is also reduced by a layer

ing a continu.ous steel diaphragm (12:15) was of poly-urethane 2in. thick glued to the inside

embedded in the concrete and welded to the of the shell and protected from mechanical

main shell. damage by an outer covering of tempered

The capacity of the 20-ton circular crane hardboard. Joints between the hardboard were

was decided by the weight of the container covered with a standard type of expansion tape

(“flask”) into which the spent fuel elements and the whole of the surface was sprayed with

are withdrawn from the reactor. Because the liquid envelope, which can be stripped o if
elements are highly radio-active, heavy shield- required.
ing is needed around the ask. The operating oor (12:16) is 15ft. above

The reactor stands in the pit (1312), which ground level, and upon this will be collected

is of sufcient capacity to hold the whole of most or all of the experimental equipment. The

the heavy water in the event of a major leak control room (12:8) is situated also at this level.

from the reactor or its piping and vessels. In As mentioned above, there are four locks

order also to prevent the water in such an through which access can be obtained to the

event from soaking into the concrete. probably building. One of these permits the entry of

taking with it radio-active material, which vehicles, and consists merely of a tunnel with

RESEARCH REACTORS
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FIGURE 11:-—Ground oor plan of reactor equipment. ‘
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a power-operated vertically sliding door at each this ever become necessary. It does not norm-
end. ally operate, the dampers (13:11) and (13:12)

The three personnel locks (see Figure 11) have being usually closed and the seals (13:3) ooded.

a similar arrangement, except that the doors When required, air is drawn through the
are operated by hand. damper (13:12) and the water scrubber (13:27)

in ' th im i ' are remo e and re-
VENT“-A110" t(\1rnZgmt1o thee billlditrllzs through ‘tlf: damper

Normal air conditioning and ventilation of the (13:11). If expedient, air can be discharged to

reactor building (Figure 13) is by a conditioned atmosphere through the lters (l3:20a) and

air supply from the conditioners (13:'7). It is fan (13:25).
delivered to the building at the rate of about
4,500 cu.ft. per minute, and removed from E‘-5cTR|c|TY SUPPLY

various locations by one of the fans (13:22). Supply of electricity to the reactor is com-

There are, in addition, six space conditioners plicated by the fact that a continuous supply

evenly spaced around the circumference of the must be provided to certain apparatus at all
building. These automatically remove or sup- times. For example, emergency heavy and

ply heat, depending on extemal weather condi- light water cooling pumps, reactor liquid level

tions and the amount of heat radiated from pumps, control room services, emergency lights,

the reactor and experimental equipment. and some experiments require a guaranteed

The “water seals” (13:1) and (13:2) are source of power.
merely vertical U-bends in the air ducting and, The arrangement adopted is shown diagram_

of course, normally do not contain water. In maticany mmgure 14 This is basically the same

the event of an incident necessitating tempor- as the DID0 system‘ although there is some

ary evacuation of the building, these U-bends difference in detail ’ -

are ooded by means of a push-button in the '

control room, and thus prevent escape of gases Duplicate 415V feeders from the reactor sub-

through the ventilation system should the pres- ggggg salcggggggg if1°tg:eaLgitalifiz 1;1;1:5€1;_‘:)1;

sure in the building rise above amospheric.
The dampers (l3:9) and (13:10) back up these (11127)-
seals and are operated remotely, but this aspect Number 2 Board (in Figure 14) is concerned

will b8 discussed 11-rider “Emergency Control- exclusively with the provision of a guaranteed
Room." supply, and normally operates with the circuit

A separate “cleansing system” has also been breaker C/B 2 closed and C/B 3 open, thus

provided for removing gaseous and solid im- deriving the power from one of the substation

purities from the building atmosphere, should feeders. Under these conditions, one of the
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(iv) remove heat at a suitable rate to prevent by the fact that it may be necessary to isolate
a build-up of pressure inside the reactor some circuits, but at the same time provide a
b ildin and guaranteed supply to cooling water pumps inu g,

(v) provide some means of cleansing the 01'der to remove reactor ssion product heat
‘ ' ' " ‘- ' - ' ' vailablebuilding air from outside the building. iirespective of whether mains power l.S a

When evacuation of the building is necessary, or not.
the “Scram” button is pressed in the control As a result of this it was found that some
1'°°m- This button Operates Circuits Which“ circuit-breakers must be remotely controlled

<1‘ mm in the ne and coarse Control arms from the emergency control room, because there
_ and drop the s?fet.y rods’. a.nd is a possibility of gamma radiation from the(ii) ood the ventilation building seals by reactor building rendering uninhabitable the

Operating DC" driven owing pumps’ plant room which contains the main switch-and itop the input and extract ventila- boards (Figure l1)_
tion ans. ‘

0u0uu_

The rst shuts the reactor down and the The removal of heat at a suitable rate to
second ensures that gas escape to the outside prevent an unduly hlsh pressure In the reactor
atmosphere is prevented, building: is expected to_ be met by the operation

Certain of the reactor Operating staff p1.O_ of the six space conditioners reftrreti tD€32.l‘11f€l‘,
ceed to an emergency control room, which is a bec_3'use these .319 very conserva We y m" ed orshielded compartment located near the reac- nolmal opemnon‘
tor building, and from which the air-tight - » . in‘ t
dampers <1a:9> and (13:10) may be operated Ve§§§t§,*;{‘“°‘§§§,§;;,§e (F§;‘f,:.‘;t’
1‘em°te1Y- briefly described earlier can be operated to

The building iS HOW wmpletely Sealed 05, remove suspended matter, active or otherwise,and the state of all ventilating equipment can from the building atmosphere when tests in-
be determined from a, recording panel in the dicate that the activity in the bunding has
emergency control room. Here also are located been reduced to 3 suigab1y 10w level, the air
instruments indicating the reactor building an‘ can be discharged to atmosphere thrgugh the
pressure and level of heavy water in the reac- lters (133%) and (13;20a) and the fan
@913 and a diagram Similal‘ 3° Figure 141 Show (13:25). When the internal pressure falls toing the relationships of the various power cir- approximately atmospheric pressure, the input
¢\1it$- system can be started and the building slowly

Power supply to the building is complicated purged.
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FIGURE I5:—Diogrommotic vertical section through storage block No. 1.
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FINAL REMARKS (a) Barytes concrete -500 tons
1; ~ (_b) Shot concrete —100 tons

egckptigghgt tI:I1Ia1?'Al€<'.?(3§iat‘;¥1i1?:r?gas£nall{;§plixgiltg 1'ea$:'gto1:_r°pe€0p _ 21“-

itesgixrfgorgtggl lgasqlllilgfl a{7O‘a‘|§§e0i_lI?l2ot‘(:3l_1f; of m‘ T(;1;(l)VsVegr?11€Il;1 ——36ft. 6in.
It is hoped, however, that suicient mforma- .tS 4 1% eac °1 on 1tion has been presented to give a clear picture 1. °° “mus _ '40“ t°n5f the reactor Weight steel tank —64 tons

' Size steel tank —13ft. high x 11ft.
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dus and Mr. Creef, of the Commission's Re- 58°search Establishment, for the help given in A“ mtmg U235 mthe preparation of the diagrams for this paper. Tcteritre fuel element?’ d _4>300 W/gm
o a power genera e

REFERENCES by centre element —480 KW
GROUT, H. J. (1956).—J0urnal Brit. Nucl. Energy Heavy Water temp. into

Conference, Vol. 1, No. 1, P.35. tank —44°C
armour, 1-1. J. and mmume, F. w. <19ss).1 H84-WY Water temp outGeneva Conference Papers, A/Cont. 8/P/402. Of tank —51°C
WATSON-MUNRO, c. N. (195'7).—Australian Jour- Heavy Water 0W 1‘at6— 285,000 gals-/hlHal of Svielwe. V0. 19, N0- 4, P.133. Light water ow rate —-306,000 gals./hr.PAGE, G. (1958).—-Proceedings of this Symposium. Water evaporated in(Control and Instrumentation). cooling towers at

10MW —~80,000 gals./dayAPPENDIX Normal rate of power
C0l’lSl.lII1pl2l0Il» — 550 KVA

SOME REACTOR DATA FUEL ELEMENTS
STEEL BUILDING HOUSING REACTOR Nvi elements -25

- To a weight U235 —5elb.gggter No. plates per element —10_
MS. plate -9/16in. to 13/16in. ‘,;‘-t“ element pr°p°" '“2?“"

»No. Personnel locks -3 R1 2 1 1 _'6m'No_ vehicle locks __1 a e remova e ements
Operating oor level ; 4 at IOMW -1/3 l':°ta1 per 2above ground - 15ft. wee SMass concrete in foun- CONTROL

dations -Approx. 3,000 tons. No. coarse control arms --6
No. ne control rods --1REACTOR DIMENSIONS AND WEIGHTS No_ safety rods _.g

Outside “diameter” — approx. 22ft.Thickness C 0 n C 1. e t 8 EXPERIMENTAL FACILITIES
shield — 5ft. No. horizontal holes -— 30Material shield No. vertical holes -- 28
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