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The Control and Instrumentation of the

Reactor HIFAR
By G. Page*

A brief description of the reacting core of HIFAR is given, together with some data

on the reactivity balance. The principles of the coarse, fine and safety control systems are

outlined. Mention is made of the various installed thermal neutron flux measuring channels.

The electrical safety and interlock circuits and the ways in which they influence the operation

of the reactor are discussed. An outline is given of the other associated instrumentation

such as health monitors and general industrial instruments.

INTRODUCTION
HIFAR is a high ux thermal reactor, moder- ‘m.,,_,,

ated and cooled with heavy water. The design ;:§‘=~;:;;g;T] °“"°'
and construction of the reactor is described I‘ I \

§l

and
_$

elsewhere by Roberts (1958). \
It uses 2.5 kgm. of highly enriched uranium ~

235 as fuel, and is designed to run at a maxi- .

mum heat power of 10 megawatts, when the
maximum thermal neutron flux is 101* neutrons _. 4; " “ Mm
per sq. cm. per sec. The reacting core, approxi- 93 i" "-'

mately cylindrical in shape, is located centrally -I—- __i
in an aluminium tank containing the heavy »;;s_r-»- m
water reector. There are 25 vertical fuel -'-l —' “
elements in a 4, 6, 5, 6, 4 array arranged on a. ,
15 cm. lattice pitch. The maximum burn-up 4
of the fuel is approximately 20 per cent., the
average being 10 per cent. The average rating
of the fuel is 4 kW. per gm. The minimum ,

number of fuel elements for divergericy is 11 ,...,.°,
(see Watson-Munro (1958)).

expefimentel facilities and 25 fuel elements is either the walls or bottom of the reactor alu-
approximately 15 per cent The reactivity ab- minium tank, it was decided to instal and 0per-
sorbed by the experimental facilities is approxi- ate the neutron absorbing coi-iii-01 system V

mately 4~5 Del‘ cells and ls made up 0f bs°1'P- through the radiation shielding plug in the
tion in the vertical thimbles in the heavy water, top Qf the aluminium i;ank_ The general lay-
including voids (approx. 3.3 per cent. total), gut of the top of this plug is Shawn in Figure
that in the horizontal thimbles in the heavy 1_

water, including voids (1.0 per cent. total), and The comm-,1 system is divided into four pm-ts;

that in the vertical and horizontal holes in the (i) Combined coarse contmi and Simt_ i
graphite, (02 per cent. total), giving an over- down sySi;em_

all total of approx. 4.5 per cent. (ii) Fine com-,i-01 sys|;em_

If the average temperature rise of the heavy (iii) Safety system. _§

' water is 30° C-1 this Wm aeeeunt 5°!‘ the 9'bs°1'P" (iv) Partial dumping of the heavy water re- i
tion of approximately 1.0 per cent. of reactivity. eci;°r_
Long-lived ssion product poisons (mostly 1-he “"5, wsiem
Sm 149) 81’-l$01'b appwximtely 1.2 P61‘ 0EI1t- Of The combined shut-of! and coarse control sys- .

Yeivity B-ii eql-1i1ib1‘i11m- X91101?! D°iS°11i11g at tem consists of a total of six signal arm type
equi1i_b1fium_is_ approximately 3-6 per cent of cadmium absorbers (see Figures 1 and 2). e

reactivlty. slvms a total of approximately 5-8 These are placed three on opposite sides of the ~

Del‘ Cells Of _1’e9~etiVit¥ abs01'Dl?i°1'1- reactor core in such a Way that four of the
F01‘ mere 1nf°1'mat1°!1 °n the 1‘ea°s°I' Physics arms move in the spaces between rows of fuel

or H1FAR.see Hicks (1951). elements, the other two being outside, but “
close to the core The arms are moved from

THE CONTROL SYSTEM the horizontal down to an angle of 56° from 1.

The °°““°1 system was p“r°h“s°d mm H‘ the horizontal In this latter position a total l
¥;,,g1§g'§§f’“ Ltd" °f w°1"°m“mPt°n' United of 11,500 sq. em. of cadmium is inserted into

Because of mechanical design problems asso_ the reactor core, causing an absorption of

ciated with water and gas rotating seals in ggggxggztigaxir eggégé (;_fea*;§§'°.ttivity§ if‘ ivi y o e .

: A Ha Atom. E commissio Res arch core is about 15 per cent., a considerable safety "
ustra n ic nergy n _

Establishment. Manuscript received March 17, i958. factor has been DT°Vlded- 3
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The excess reactivity of the cold unpoisoned, FIGURE 1 3

undepleted reactor containing only horizontal '



1

s

»<

K

v

L
>

i
i

1; X

L » v

Kl

kU‘ |‘

A
1L4

L l

i i
1

s

»:

,<

.

1

.
1 1

F

‘The whole coarse control system is designed
with suicient accuracy so that the position of

“"""""°"“ each arm is repeatable to one minute of -arc.

GEAR
QEDUCTION

DATUM STOP
LEVER

SHOCK ABSORBER
§P|l|NGS

‘pl.
\;z

4..vs-
K {Ml

—i-""=‘“““rs
-<'I_,i

éQ—
_v_II___.a _!_

.1-E‘

._ i";'§_.\ Figure 1).
1 ‘u'.- _ _

A - .§'*r, ;;_:.- The rod can be driven in and out at a con-

Coarse and ne indication of the position of the
Amusrmascnsw arms is provided by a maaslip system with a

sensitivity of approximately 1/100 of a degree
of arc of the arms.

A coincidence magslip system is also provided,
(i) to give meter indication of misalignment

of up to two minutes of arc between con-
ELECTHOMAGNEY trol arms,
(’°° “""’“7 (ii) to shut down the reactor if the misalign-

ment exceeds one minute of are between
any arms.

Fine control system
Fine control of the power level of the reactor

is achieved with a movable vertical rod con-
taining 205 sq. cm. of cadmium (see Figure 4)

Hm, CONCRETE and located just outside the reacting core (see

” -reex eh" ' ‘ co~~w1~<= aw tinuously variable speed through a gearbox by
<‘ “ Tr‘ a special 1/10 h.p. two phase servomotor (see
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Figure 5). A D.C. permanent magnet tacho-
generator on the same shaft as the motor pro-
vides feedback information for the speed con-

DOUBLE trol equipment, which consists of a combined
5"“ electronic and magnetic amplier. Provision

HELIUMSEAL has been made in the speed control system for
the later addition of equipment for the auto-
matic control of the reactor power level by
means of ne control rod position.

At maximum speed, 61 cm. travel of the rod is
covered in 20 seconds. By careful design the
friction and inertia of the system have been

SUD,“ kept as low as possible, in order to allow the
s‘rA|NLess s*resL rod to be moved fast enough to compensate for

reactor surges.
The maximum reactivity absorbed by the rod

is 0.17 per cent.
Since the rod moves in a “thimble," light

water cooling is necessary to remove several
m,m_Ess “Eu kilowatts of heat resulting from neutron and

. wmwm FILLED gamma absorption.
CONTROL mm
APPROX.4FT.l,|H5.LONO safe“, rod syem

“M "'“L"'" ’°s"'°" To safeguard against an unforeseen gain in
reactivity, particularly during a reactor shut-

HGURE 2- down, two vertical safety rods are provided
b . ag L,

. 1

5*;

M»
\Pm.“

; mg heavy Wtel mto the reactor core, corresponding to the ab-
»-=:~.=<» \ ; The six control arms are mechanically Sm-ption of 1 per cent of reawivity, 1_e_, 3,

.i§'iT>%§».

coupled to six Slave gea1”b°¥°5- which F1‘? driven total of 2 per cent. of reactivity for both rods.
. , by a selsyn synchronous link transmission sys- E h d . nn ted b means of 3| stainless

(see Figure 6). They are located Just outside
t The arms d° 11°‘? Peed any _5P_e°ia1 F°°1m3- the reacting core (see Figure 1), and each is
~ ; because they are all immersed in the circulat- capable of inserting 359 sq_ ¢m_ of cadmium

L tem from a single master gearbox in the con ac r° 15 °° ec Yta.-xv.» ' .

i
“ - -

., trol room (see Fi ure 3). “S1ow-in” or “slow- steel cable .t’° 9‘ gearbox‘ contalmng an electm“
, l out” electric moto€s move the six control arms tnigngzl winch; °n re§a'se' au9?s Fhe1§°%t°;g'g
. 5 - = - in e reac or un er gravi y in eco .

. i; t1-n'°ugh- the“ mu 56 travel’ m -or out. resli‘-ac» The kinetic energy of the rod is absorbed by
;._,_ tively, in 25 minutes. An additional ‘fast in . t .th t “ . ,,

* motor is provided to drive in the arms in ve a’ cam and Sprmg sys em W1 °u Snaggmg
T mmuteS_ ;~ of the cable.

W

, ‘ In the case of an emergency, allithe control Even though the safety rods move in
. arms can be simultaneously released e1ectro- “thimbles” in the reactor, no special cooling is

'5r.,.=..
i

g§7"~‘§';‘}‘~ > .
he . 3, )

is,

‘E135

A

:1 1 ere ~

magnetically to drop mto the core under gravity required because the rods are normally right
jg W11‘. E6-at

4 ; in approximately 0.8 seconds. Under these out of the reactor or right in the “shut-down"
" conditions, ring springs are used to absorb the reactor. The heat generated in each rod is no

1‘, K ‘=
s K I

kinetic energy of the arms. more than 15 watts.

‘ RESEARCH REACTORS PAGE 381
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FIGURE 3
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Control summary
roe mo sow TOM
uni‘! swircnes Absorption of the control systems:

mm Coarse and shutdown system 25%
COOLING WAYER Flue system

Safety system 2%°""“ Partial heavy water dumping 3%

Approximately 30 %

1 , /. xenon POISONING
~. W _ /'f' With all thermal reactors having fluxes of 10“
‘ "?5.»5I‘-°»<§-‘°-;5,-YWQ; ‘?~'<>3§-°.'*?'-“'2'?-"»‘é.' n/sq. cm./sec., and higher, the large thermal

_5.€'-_e-.’-_e-.Q._'i;; pg, ¢;%,'%”.’?_';',". D neutron capture cross-section of two_ of the

SCR£w _' _'
. ¢'

l

0 0

’ \
1

t 0

ROYIIIV DRIVE NUY

0 0 0 0 0 0 0 0 e;

.‘v2e2e2eZe2e2:Z2222e2§;///////A :2

(‘SK

-3

:.'!‘.§§~

H" gm; “so, ‘ '.°;.i>, é;§;;5., -~ ssion pioducts, xenon 135 and samarium 149,
J .9_;°, _,°wG,cM have always to be borne in mind. This is

Rb, smzio discussed in detail by Cox and Walker (1956),Ff Q‘

i '6'” 19!?-Q?-'q'_._,.3._ Glasstone (1956) and Glasstone and Edlund
' -‘?2i;'¢:'<>,-.-.v. -§fo;<}".QL§-’:b.' (1956).

=;§;itf2§2i1iIi1i1i¢i1§§ P, In the case of HIFAR, at equilibrium the
ts '§§t1:323:¥:12$t'~:°¢§2$21a. xenon 135 absorbs 3.6 per cent. of reactivity and

”///4M'J/ the samarium 149, 0.86 per cent. When the
reactor is shut down after prolonged operation

_______ _. '_____i_>i_<3 ;.5;g_.¥e_ at 10 MW the xenon 135 builds up as its parent,
‘~ — K‘ § “""‘ iodine_135 (half-life, 6.6 hr.) _decays, _thereby

»

s g
£

>

e

M 1
X l

absorbing more and more reactivity until, aboutz .

u<;m'wA'rea <1, E snunuzss steer 10 hours after shut-down, a maximum reac-
i’ cool-we e~A~~ELs F; FINE ce~fe<>l- eve tivity of over 25 per cent. is absorbed. Because

2 i . . . . .°°"“""“° °‘°"““’"‘ this 1S more negative reactivity than can be olf-
‘§ .§‘j‘§'5".,',".,',‘1;§, set by all the fuel elements, it is impossible

to start the reactor under these conditions.
i 1-~~ -‘ ' The xenon 135 concentration then decays away

, ~ :_.
/ i

6| EMS YRAVEL

10 Fuu.'v"m"
i lg eosmou

<» . ,
e} ‘ s;

7 ~‘-'—-—————~—— 9"." shield as far as the graphite reecton They
L .,;
“

A . if

is...-~~:»'. * — e.5, §>7

>
£7 K .._,

1

1

¢

(half-life 9.4 hr.) until at about 36 hours after
the shut-down it is possible to withdraw the
coarse control arms and make available sui-
cient reactivity to enable the reactor to diverge
again.

ALUMINIUM YHOMBLE

Three pairs of holes penetrate the biological

kg sorrow or -e. nun are located symmetrically on either side of the
////////////1Y/////////////I/I/ thermal column. Suitable holes have been left

.E,~,i HGURE 4_ in the boral lmmg (Roberts, 1958), to allow
a reasonable ux of thermal neutrons to be

The partial dump facility available for measurement.
A f th , th d f - Into these holes are inserted boron-containing

reactivlity irointigegiitxeis (by Fedufilgvtgg 1°msat1°n chambersi types RG1 and RC2 as
- described b Abson and Wade (1956).thickness of the heavy water reector above the Y . .

fuel elements, thereby allowing neutrons to The RC1 cpambers are ned Wm‘ ennchedboron triuoride and have a thermal neutron

§

in 1 ‘i:~i>*. i

it

;' \-ij I :
la».-;e;:¢..~ .. E

5 E

T ' i
M... .. . .-w _ . ,

-,~..,_.._

s
e»

w ’ ir “

.._....,.

ii,»3,;'‘e.;
"5.1‘

_ i

o‘_W

kg! i;&>:s=: r . ::~
. 7 (K

F - ~ 'leak out of the reacting core. . . . 1 _u / / /
A stainless steel tank is available for the Sensmvlty °f 127. .x. 0 ampsmn sq cm sec‘d - .. in 150 seconds of the top 2ft of and a gamma-sensitivity of 9 x 10- amps/r/hr.

uhupmg t - th t 1 m-m m ténkj The RC2 chambers are coated with boron 10,
t e envy W8‘ er m e realc or 3' u 1 ‘é t f and lled with hydrogen to a pressure of 15cm.st, ' .

m1w~\.._u i 5 S" ~ - - e -; This is e ui lent to a oss of reac ivi 0 .
1 q Va t 1y of mercury and have a thermal neutron sensi-

i~‘=:. ' ' '
ggggtpgr legt at a rate of abou per tivity of 1.7 x 10-1‘ amps/n/ sq.cm./sec., and a

A push button in the control room breaks the gamma"S°nSitivity °f 3'3 X 10-“ amp”17hr‘
circuit to an electromagnet holding closed a Each ionisation chamber can be _moved ap-
gravity operated valve controlling the heavy Drximately 1- 12 Cm-, D1‘0Vidi!1€ 8-dlllslimlt 111

water flow in a 3in. diameter pipe to the ux Of a fctr Of 8-b0l1t three-
dump" tank.
No more than 2ft of heavy water can be Reactor power error meter (E. K. Cole type 1462A)

dumped,” because at no time must 'the heavy The ionisation chamber is an RC2, which
water level fall low enough to uncover any part is placed in the top left hole where the neutron
of the actual fuel elements. This is because flux is between 1.7 and 5.2 x 101“n/sq.cm./sec.
gas convection cooling of part of an “old” at 10 MW power. A lead “muff” surrounds the

5 burnt-up fuel element is not suicient to remove chamber in order to reduce to a minimum any
“ §- the ssion product heat, so that serious damage current due to gamma-radiation, particularly

could occur to the fuel elements. when the reactor is shut down.
, ,
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CONTROL DESK

FIGURE 5.

In this instrument, eetively, the Current Mulli-range linear recording of nuclear powerfrom the ionisation chamber is backed off by The ionisation chamber is an R02, which isthe current from a battery. The former current pieced in the top right hole where the neutronis proportional to reactor power and the latter ux is between 1_7 and 5_2 x 101°n/5q__cm_/sec,is the “demanded” power. The error between at 10 MW pewei-_ A iead “muff” is used herethe two is displayed on a centre zero meter of elsehigh sensitivity. The demanded power is vari-
‘able in 100 KW steps from 100 KW to 12 MW. In this instrument, the D.C. ionisation cur-The stability of the centre zero meter is a rent is fed into a special high impedance mech-measure of the stability of the operating power anical chopper followed by A.C. amplicationlevel of the reactor. A signal is available from with display on a fast linear pen recorder (2this equipment for future use in the automatic seconds full-scale deection). This is a sys-control of the re-actor power level. tem made by Geo. Kent Ltd., of Luton.
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, i ' FIGURE 6.

, Five ranges are provided for full scale de- sented on a high speed pen recorder scaled from
K Y ection of 1.5 KW, 15 KW, 150 KW, 1.5 MW 10 W to 20 MW on a special logarithmic chart.1 and 15 MW. The log output of the amplier is also fed into

L

E

§ 1

Log power and reactor period rneler (E. K. Cole another special amplier where it is electric-lype 1513A) ally differentiated and amplied, thereby giv-
Q The ionisation chamber is an RC2 which is ing an output that is proportional to the reac-

> \ placed in the middle left hole where the neut- tor period, i.e., the time taken for the power‘ rm ux is between 1.1 and 35 x101°n[sq.cm./sec. of the reactor to increase or decrease by a fac-\ at 10 MW power. A lead “mu" is also used tor e = 2.718.
6 here. This is presented on a meter scaled in reactor

= The D.C. ionisation current is fed into a doubling time from -20 secs. through innity
V special feedback D.C. amplier with a logarith- to +5 seconds. Also included in the reactor
K ‘ mic characteristic such that the output volt- period amplier is a relay circuit which canage is proportional to the logarithm of the be preset to control the reactor if the periodA1 input voltage over six decades. This is pre- is too short either on positive or negative
1 3 RESEARCH REACTORS e PAGE ass
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periods. A signal is also available from the out again to the previous operating position.
reactor period amplier either to reed a re- The nine conditions that initiate a control re-
corder or to be used with other equipment versal are:
for the automatic start-up of the reactor. (1) Contra; arms all at top limits, i.e., hori-
Single range linear measurement of nuclear power Zente-1;
with mechanical power/time integration (ii) heavy water plant room doors open;

The iomsation chamber is an R91, which is (iii) reactor helium gasholder less than 5 per
placed in the bottom left hole where the neut- cent of full capacity;
ron flux is between 1.8 8a 6.3 x 10°11/sq.cm./sec. (iv) 11° heavy Water ew d°Wn °Ve1‘f1°W Pipe;at 10 MW power. A lead “mu” is not used (v) ne control rod secondary coolant ow
here, as one is not interested in trying to ac- lees the-I1 75 Del‘ eeI1l7- Of normal-
curately measure low nuclear power under shut— (Vi) ne e°11i?!‘°1 red Primary @0019-I171 tem-down conditions, perature greater than 80°C.;

The no. ionisation current is fed into a (vii) only two (Out of three) cooling water
special high impedance mechanical chopper DIIIHDS running;
followed by A.C. amplication and display on a (V311) hee-VY W9-tel‘ ew thfellgh Tee-etel‘ lessfast linear pen recorder (two seconds full scale than 90 Del‘ ¢eI1t- Of Ilermel;
deflection) scaled 0 to 15MW. Mechanical (ix) only one (out of two) heavy water pumps
power/time integration is presented on dials in Il1I1I1iI1€-
megawatt hours. Trip
High flux reactor shut-down amplifiers (Isotope A5 was mentioned above, the coarse gontrol
DeYe|ePme'll' |-l'd- Tillie 1461A) arms are lifted through electromagnets. WhenFour RC1 ionisation chambers are placed in any of the 16 conditions listed below occurs,the beiltem Tight hole where the neutron ux then these electromagnets are de-energised,is between 1.8 and 6.3 x 10'n/sq.cm./sec. at 10 allowing the coarse control arms to drop intoMW P°WeI‘- E9-eh is independently edlllstable the reactor under gravity in about 0.8 seconds
ever about i 12 e!I_1- from the horizontal position, and proportionallyD']é'h8f lionisaiiiign cur1i;_e1"g; lis fled into a less time from other angles. At the same time,

- - e 9'0 9-mp er, W 1c as en care- the fine control rod is driven fast into thefully dgsligned to incorporate “fail safe” fea- reactor core,
ures. is amplier operates relays which shut - - -down the reactor when the nuclear power ex- (1) Glljeater thantone mmute -of arcbm15'

ceeds a pre-set value. It also operates a meter a lgnment the ween that 5;: com medscaled in percentage of trip level at winch the _- coarse con ml and shu '0 a‘-mm‘
is "U isms. 2?§t.1.§.€;..3v2i$ZZ°21<§ZZ§“’“This general type of reactor instrumentation . . '

has been discussed by Gillespie (1956). <1“) Tégetggtigl Jédcggémgynoiggnt °w
5AF5TY 0|: THE REACTOR (iv) Only one (out of three) cooling waterMore than 200 relays are employed in cir- pumps running.

cuits to ensure, as far as humanly possible, that (v) Heavy water outlet temperature greaterthe reactor is operated in a safe manner. In than 58°C.
almost all cases, fault and warning conditions (vi) Heavy water reactor inlet/outlet tem-open-circuit contacts and de-energise relay coils perature dierence greater than 8°Cin “fail to safety" arrangements. (vii) Heavy water flow less than 30 per cent.Mention will rst be made of warnings and of normal.
fe-1111? e°I11'1iti°I1$- (viii) No heavy water pumps running (outSome forty “WARNING” conditions are in- of two).dicated by lights in the control room. To pre- (ix) Failure of mains supply to reactor build-vent a later automatic reactor shutdown, it is ing.
necessary to take immediate corrective action. (x) Two out of four ux trip channels high.Typical of these conditions are: (xi) Dump valve open.

i (i) Reactor helium gasholder less than 10 (xii) Safety rods No. 1 and No 2. not up.
Per cent. full. (xiii) Reactor power doubling time less than

3 (ii) Reactor helium gasholder greater than eight seconds.
9° Pe1'_ cent. full. (xiv) Emergency reactor shutdown buttons

(111) Instrument _compressed air supply less pressed.
than 30 IJ-S-1-€- (xv) Low head of cooling water at cooling

. (iv) Too high gamma-activity in the heavy towers (indicates a broken pipe).

1

i

water, etc. (xvi) Low level of water in cooling tower basin.If the Warnings are ignored, sooner or later - - - -a condition Wm develop that win cause thl-Even l€thehf&ll1t_ 1S cleared l.I!il€18l_IllB.t8ly after
automatic reactor shut_down_ This is brought e reac or as been tripped, 1 _is necessary
about in the fonawmg ways: to wait for the magnets to be driven down to

pick up the control arms. Then it is possiblec°lI"°| PeYel"$¢| to withdraw the coarse control arms from theThe coarse control arms are driven fast (13.4 core only at the slow rate of 56° in 25 minutes.minutes or arc/sec.) into the reactor. If the Thus, a spurious trip can cause a delay of upfault is cleared, then it is possible to reverse to 30 minutes before the reactor is back to itsthe motion of the control arms and move them original operating condition.
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Complete shut-down (v) Three "out of four ux trip channels

The reactor is tripped as above, but in ad- high-
. . - 5

:;%:;;:**:.;%§§;: ':::;1;zi2‘:,°P§*:,$; ‘::;";::p;:: is by a we in
nd the inlet; and (“met seal valves in the control room, and also by one in the emergency

a

The conditions that initiate this type oi shut- button also sounds off_ eight sirens located in the
down are; reactor grop of bu;ld1nlgs._1'gl'us is tolwfaiirli peogle

- t th_ to eave t e reac or ui mg an o ow e

?§ia§t‘§r 21212;“ gglligure grea er an “scram” drill. The scram sirens can be tern-
__ ' porarily stopped by a spring-loaded switch 1n
H) Centre fuel elemfnt surface temperature the control room in order to allow the public

greater than 98 address system to be used. The scram con-
(iii) High gamma activity by c0nt1‘01 1'°°m- dition can be cancelled and reset only with
iv) High gamma activity in N_o. 1 or No. 2 a special key normally housed in the emergency

extract filters in ventilation system. control room.
+s0v o.c.

~ RELAY COIL X-Pl

. 1 I-P2 R5557 x-Pu co~nc1
CONTACTS

CONTAC1’

nsuum
ansssuas SAFETY aoos

""3" RELEASE SWITCH

cswrne sun. SAFETY ROD
ELEMENT ELECTROMAGNETIC

°\!k.L°=.°=2z

i» -> "'6" r-P2 councv

;:t -~ ANY a our or-' 4 —> men I '1? CONT-vi’

1»,-,~,;.7 ,, ' ""' nssew
. -l 3, s ,

we»-~ _. -. .—-_;

x‘

"133 ~/ 1 Z ,
, < =

I ' ‘, .

°~1.

FLU x MONITORS

conncvs

nscnv con; X - P 2

1 -a
~;

I? N--' °;;* Q», l»

FIGURE 7.

RESEARCH REACTORS PAGE 337

§*~".,l'"i~ .(ma? 1

my ‘xv-‘- s
:4;

W . ,.
W:
on

“



\ I

'.u:¥ - ‘A

1 ‘<
7? ~ t»ix.

grit: _) ,H;

‘». L

»

K.
_-g4

Y‘ B

+50 V D.C.

HIGH

Ir

HIGHCENT“ men-1 men
, macros V FUEL * '_“’ /"\_ —>’“ 5'1"" $'"T¢" HELIUM euemam ' "'5“}7"" NEUTRON FLUX

PRESSURE feuweanfuas ‘¢""V"" IN ANY 3 WT
I-‘C .

,a

61';-,

1
=

*1 2:

#9 2*»,1 11- V»

L?/1
K’
F5

s

‘P

f
* 1

,¢

‘IE4

1

‘ 1

:5: Q 1 ;~A‘

WA

», 1 1
X‘

K3» 1',»

Q»

“U

»

»

1,

>,_ , 1W

RELAY

TIFZ

or 4 ‘|=|.ux
momrons

/1 “SE1, L‘, RESET RESET RG85‘!ms-z
HQ’-1 -z

SCR — A RESET /L

cows scn-1 mos-z Tll-Z “'5-1 -1

+ 50 V D.C

RELAY X‘-ll
COIL

, » x-2, nssev

-.

§\,(~'E"

»
1

* 1

» , »

5 y
>

I I

couucrs _ON sca z

QELAVS

51 ~ >; mes-2
3“ H ‘

I’ll—l

HF-l

F“ 1 9-1‘ ,‘ 1-

3

g;

1; '<-11 asssv
4/‘
‘

“ ‘ RE LAY X - 2
MY

u
»,,_» ‘
1

1

¢

a‘
V

m
.

n4

» ;
9 »

P

>

V

K’ W
Li‘

>

PAGE 388

COIL
2

FIGURE 8.

NOTE‘-Canteen arc anon-
in the uondltign for
normal _r>c"v.-actor

opcrul-Ron

SECTION 3



>/‘F44av

s

, l

J?

it
A

L

:14|:.‘:“i“-‘-!'$":€~*'*r>»

ll

l
n

I: - tor if the gamma level is high in both unitsin rel XP1 X-1 - - - '
nected in series with the safety rod electro-

% magnet so that the opening of any of these Fast neutron monitors (E. K. Cole Ll-d.
»

1
5 e

5 is divided into two main sections. When the a preamplier which can be mounted anywhere
ll g.

laéisf-uh

l.
ii l
l

1?

it

5! RESEARCH REACTORS

Safety when shut down One set of ‘contacts from each relay is com
When the reactor is shut down for main- netted in series to form the secondary guard

tenance or loading or unloading experiments, m0I11t°1'1I1g ¢h1I1_ With mnltotmg relay cons
the safety rods are held out of the core and xfzl and x'Z2 111 3 Yer! slmllal‘ Way to the
will be automatically dropped in if for any D1‘1m%}1'Y E119-1'5 m°I11t°1'1H€ chain already
reason the shut down power should rise to d6S¢!'1bBd-
10 kW, or if a reactor power doubling time of HEALTH INSTRUMENTATION
1°55 than 9131“ 5e°°nd3 5h°u1d °°°m'- Permanently installed in suitable locations are
Relay circuits 16 gamma health monitors and six fast neutron

The basic principles or the relay circuitry_are m°I11t°1‘$-

;“‘;?.'i§3§i‘i€‘.A“$Zi§?J.§s.I’f‘i.’?.‘i *.;.£.£‘;.:§r.t::.;i.:: $;;~;;;~;;=;~-=
system.) The relay power supply s + 50-volt -

DC" and most of the relays are GPO‘ Type iorzglgiogfchgtgir §(§1§1;§=agfp11t1¥§- egg3000, made to inter-service specications. The be mounted anywhere around the lleactor m1_
circuits are all designed to incorporate failure to lowed by a logarithmic amplier which is
§a‘.fety features‘ F91. each condition that mounted in or near the control room.

‘ “Qmates an a“l.°m=*'°*°t shutgovzn °f.t%° reagt The ionisation chamber is made entirely of
t ere are pr°v“%ed amleas “f° m epen “P materials of low atomic number in an en-
cha’n§e'°ver ‘ion acts“ at are,,m°°rp°mted .m deavour to make it an equivalent air-wall so
the ptmiary and secondary guard circuits that dose-rate readings are independent of
respectwe y‘ . . ,, . energy over a wide range of gamma-ray energies.

Refining .t°. gure 7' 9‘ typmil . pr.m.‘ary The output current is proportional to gamma-guard circuit, it will be seen that it is divided ux the sensitivity being 6 x 10_12 amps for a
, into two main sections. At the left there is ',, . . ,, . dose rate of 10 mr./lir.
' ‘f,%‘;er:;?:gPrég§in°hain' and at the “gm the The ionisation current is fed into a D.C'.

consider the ,,monito1_mg,, Chaim The 1 t ._ feedback amplier with a logarithmic charac-
. . e 6° '1 teristic to give a. ve decade mdication of dosecal contacts on the measuring mstruments are t t 1 . t . h_

all connected in series. It will be noted that rnigaltg 3.01516 §’t§°§0Edn§.§§§’x‘$‘§ee§;,L°g,§"§he
; the fault condition open-circuits the chain

ll At either end and in series with the chain there 1°g°'mhm‘° “ale 1-S *3°hi-“ed by mac g t°_ _ _ the wall of the ionisation chamber a weakare the coils of_the two monitoring relays X-P1 ga_mma_som.ce .equiva1ent to a dose rate of
and X-P2. It is necessary to have both relays lmr/hr and calibrating the meter to give true

/ so that an earth fault part way down the chain readings of any further gamma_radiation_
wlut °I€em§e ‘me °r the °the1' 1'°19'Y- H°1ding An output is provided to drive a recorder and

, con ac s rom relays X-P1 and X-P2 are - st 1 - t ts -

also inserted in series with the chain, so that 31:: 1(;,u?$toof 13 ofdthe m fhled ms mmen ls_ _ _ p y n recor ers in e control room.
,1 restoration of a fault condition does not aut0— Two relay trip circuits are pl-ov1ded_ Qne

matically complete the chain To energise -
_ - is a low-level adjustable trip, usually set at

:ifa~;- X-P1 and X'P2 relay °°115' the reset ‘§°nt9'°t$ about the international health tolerance levelmust be momentaril closed b th - - - -Y Y Pressmg ° f 7.5 h Tm 1o im'/ r s gives ony a waming m
ll Sn in _ef°m1'91 1'°°m- the control room if the gamma level is ex-Now consider the operating chain. To re- ceeded_ The other trip is 3, highqevel one

lease any of the reactor neutron ux control and can be set anywhere between 19 and 105
m°°ha11i$m$- it is necessary t° de"°I1e1'gi$° the mr/hr For certain locations two-head units

it appropriate _e1e_ctr0magnets- Here. one of the are installed alongside each, other and this
5 safety_1-ods is illustrated. Contacts_from both hi h-1eve1 t1-- - 1; t h 1;-d th _g ipisse osu own ereac

the primary and secondary guard chain momtor
.. 5 ays» " - Z » X P2’ X Z21 are 0°11 at the same time.

contacts breaks the circuit. Type 1463A)
Referring to Figuf 3- 9- typical “SBC0I1da1'S' Each of these consists of two parts, a pro-

§11a1'd” ircllit. it Will be Seen that this 9'89-in portional counter sensitive to fast neutrons and

electrical contacts on the measuring instruments around the reactor, followed by a linear rate-
are closed (i.e., normal reactor operating con- meter, which is mounted near the control

§.; ditions), each contact operates an mdividual re- room.
lay through a relay holding contact with reset The proportional counter is lined with poly-
contacts. For instance, when the “SCRAM” thene, a hydrogenous material with which the

Q button is pressed, SCR-X relay coil is de- fast neutrons interact to produce energetic
L energised and the SCR-Z holding} contacts are recoil protons which are detected in a methanel

open circuited so that on releasing the button, argon lled proportional counter. The detector
4' we
§ ‘R relay coil SCR-Z is not re-energised until the responds to fast neutrons in the energy range
1 TRIP RESET" button is pressed. Additional 0.15 to 15 MeV, and the energy response is
” contacts on these relays are used to operate adjusted to be proportional within i 20 per
,§ T lights, bells, etc., in order quickly to localise cent. to the international biological dose per

faults. neutron.
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The ratemeter provides a stable E1-IT supply Temperatures are measured either with Roto-for the proportional counter. The ratemeter is therm type thermometers or by mercury in steel
a rather versatile instrument, and for this ap- thermometers.
plication the integrating time is set at 20 sec., Pump pressures are indicated on either dia-
the gain at 500 and the counting rate meter at phragm or Bourdon tube gauges.
3 counts per sec. full scale. The discriminator Stainless steel bellows are used to operate
is set at 30 V, which greatly reduces the gamma electrical contacts to provide liquid level in-
sensitivity of the equipment. formation.

A relay trip circuit is incorporated, and can Liquid ows are measured by orice plates
be preset to operate at any desired level, or and differential bellows instruments, or by
on failure of certain parts of the circuit. Rotameter type instruments.

The approximate overall sensitivity of the
fast neutron detector is: OTHER SPECIAL INSTRUMENTATION

Sensitivity to fast neutrons _(0.15 to 15 MeV_) = E | h | kxterna ecvy Water ea s

Y§.e1°°““e’se°' for maxlmum permlsslble All_tlie stainless pipes containing heavy water
-t- ~t d- : are Joined_by anges, usually tongued and

see‘? c‘ctiZtst;)s.e1ea/1~1}111~1 gammas grooved, with neoprene gaskets. Any heavy
Sesmvity to siow néutmns: water leaks will occur from these_anges. It

0.002 counts/sec. for maximum permissible is necessary cc detect. these. teeks lmmedmtelyi1eve1_ both because of a possible tritium health hazard,
The slow neutron sensitivity can be reduced and else because cf the hlgh ccst cf heavy

- - water (about £150 a gallon).
§I?i1fr‘:1r°s1l°,g]etsu;T11:;l;11?d€1§1i€,kshe counter wlth cad Accordingly, some 450 anges have electrical

sensmg elements tted and these are connected
|NDu5-|-R|A|_ |Ns'|'RUMEN1‘A'|'|QN in groups to a 100 channel detector unit.

K L The sensing element consists of a strip of
Enegs was supplied by Geo em of uton lter paper wrapped around the clean edges

. . . f ' ' t ‘n1 .

The term indwnal lnsrweniatlon» as gsed 3.e?a1"§?$é”§f‘la§§.?§ §f“$a§§‘f'_§§Z§Ld i?§§fm§fZ§here, covers the measurement of tempera ure, foil is next wrapped around the lter paper
uid pressures, ows, levels, etc. A -d b d with u - k 1 .1

In both the heavy water and reactor helium buclge eis nsggfiega 0:21.‘ the whoee-“go cezrfiioseit
circuits’ an parts °f instruments in ccntcct securely together and keep dirt out Electricalwith the uids must be made of either approved - - ' -
types of stainless steels, eg 18/8/l, or high contach istglade er; to the alummném eon’ and. . . . ' " . . norma y e ress anc (1. ., th
punt-Y e1ummmm' ‘Ylih glass bemg Permliied ange) is of the crder if aft 1:221?110° 011315. e‘n or t o l ca e An th
1 °“‘? W spec“! . s s" ° .er .requ‘“'e' If this resistance falls to 100,000 ohms or
aegggsgcgttfgm ";1:3;I;:g'st‘;ggcglgtgrguglseggfg less because of a leak of heavy water wetting
of 30 sig without leakage and a vacuum of the l-ter paper’ ~a Simple radiq Yalve operaeed
100 m1§'r<5ns' of mercury with, negligible leakage. r?e'y11skde'§nere1s;d’ttheléeby gqggif e’ ‘garnége
Ttzhese r‘,:s%icti‘1;1f1sta1°ne limit gee types cf in‘ eauetyeailange a¢§narqu?§k1ya'i‘§ locgzedeneroiiei
S rT'1e?rfp1eieat1?1iI'1es age ieiletesuredlscgither by Heracus outside the heavy Water plant room‘
€13;EeRg%%ia?el:_?!11 t:'?§§Sttg$'g1:€1§f:€§£egrin2g Leakage of heavy water into light water
stainless steel pockem The only place where this can occur is inPump pressures are indicated on schaeer one of the three heavy water/light water heat
type diaphragm gauges exchangers. It appears that the most sensitive

Pivoted stainless steel oats, magnetically method °f deteccmg these leak? is by tekmg
operating contacts through non-magnetic sta.in- a;d‘.'e‘nta‘ge cf the sh°rt'1“'ed mtmgen 16 ac‘
less steel diaphragms, are used to provide liquid twley rmed In the heavy water Whm the
level information to automatically stop and reectcr ls mn.mng at fun pcwen It ‘s.e' feststart pumps, light warning lights, etc. n°""°*? reaction Q16 (D43) N16' the _nm'°gen

Pneumatically operated differential pressure 16 hcvmg 9' half his °f 7-3 se°- emlttmg 9' 10transmitters (made by the Foxboro 00.), using Mev beee"pe‘rtie1e and e‘ Mev ge'mme"re‘y'
the force-balance principle, are used in con- Intc 9' wete? cy'pe‘ss lme ecrcss .ee‘ch heatjunction with suitable orice plates or Dall tubes exchanger. is .msereed 9' scdium icdlde crystal(improved type of Short venturi tube) to and scintillation head to detect the :7 MeV
measure liquid ows. These same transmitters ga"m“*'"?Y stem any mtrcgen 1c that Wm have
are also used to measure heavy water levels been carried ihmugll e’ leek by “PP: 1?e*“'Y Water‘in large tanks_ To achieve maximum sensitivity, it is

Gas ow in the reactor helium circuits is necessary cc 1Ps*a11 lead shleldmg mllnd themeasured with Rotameter type instrumenm detectors, particularly because by the time _theAn the above mstmmentation applies only water reaches the detector, up to two half hves
to the heavy water and reactor helium circuits. °f the "*“.°$°n 16 may have elapsed due to theThe other liquid coolant circuits use deminer- ew Velccltles
allsed water, except the main cooling tower cir- The head unit feeds into a linear ratemeter
cuit, which uses ordinary mains water, Hence (E.K.-Cole Type 1463A) identical to that usedthe instrumentation is ¢onvention9,1_ with the fast neutron detectors mentioned
PAGE 390 SECTION 3
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above. Due to the high gamma-energy to be For general information on infra-red methodsdetected the discriminator level can be set up of heavy water isotopic analysis see Gaunt;to reduce the background count rate by a con- (1953).siderable fraction.
Y

‘ |s°‘,°pic Purity of ‘he heavy We, Gamma-activity of the circulating heavy water
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T d a 1. cu it 105 in the h av _0ne of the gamma-health monitors men-
wat(er,n:itui(se nercgssag cgnginuoiisly to moisitog t1gn'i’g]a¥°v° L:-h1°‘}a"5°dli‘5 n°a'1'15; eqmistant asthe light water content. This is done by an P 55 e mm e °Pu'. eavy W9‘ er .°u.1et pipes- fr _r bso non a amtus the TRLNON of the reactor aluminium tank. It indicates on1“ a ed a '1’ pp ' ' d in tn tr a tmanufactured by the Perkin-Elmer Corp., 3' r°°9r der d e °°n °1t1:°%m gin 1?; ects b°th
U's'A‘ 1 1 th t %£1a,ur1e;icléce195(l§)an:a1n1:-aasgl gnyinlargg 133:2:The basic princpes of e ins rument as , . .used for hydrocarbon gas analysis are described %1o§!ss;?Iag}1;%‘:,‘::Sft1%€°eggggsgvy water °°°1amby Woodhull et al. (1954). 'The infra-red radiation from a suitable la-
ment is split into two parts and “chopped” at
13 cycles/sec. by a rotating shutter. Into one wggkrtgg)path is introduced a continuously owing heavy ' ~' 1 - -'— ea‘ 1’ ° °"Water sample about 0-1mm- thick §>‘l‘;§'§»'r°1i~io.1°2‘?>§si§“1t»‘i’.n M‘§§§§b§§§e 5t%%e§.dmgS I'M"B°°°'“s° 9'11 tn‘? light Water in the 11°a_1‘1Y cox, R. J., and WALKER, J. (1956).—The controlpure heavy water is In the f01'm Of HDO, which of nuclear reactors. Proceedings I.E.E. Paper No.has a distinct infra-red absorption band at a. 2068 M- March. 1956 (1033)-wavelength of about 2.8 microns, energy is GAUNT, J. (1953).—The isotopic determination orabsorbed in this path Into the other path a_ water by infra-red spectrometry. A.E.R.E. C/R1264.wedge attenuator is driven by a servomechanism G11-1-E5PIE. A- B- (1956) -—The control and instru-controlled by the detector. This is a chamber §;°§;.°'t1{§§1 $58“ 1\f“°1{,f§fc§°“f§‘§§‘ (1%§%°)e°dmgS LEE‘containing ammonia vapour, which also has ' ' ' ,, 'an infra-red absorption band at about a wave- R§f,‘t“},‘,?s‘_'1§,’,§1‘l;ee§;n,g‘,¥956{i\E§Z§%§§§’1°i °%:oFu§.l§g:length of three microns. Energy from both London.)paths falls alternately at 13 cycles/sec. on to GLASSTONE, s., and EDLUND, M. c. (1956) .-the detector, which experiences a uctuatin “The Elements Qf Nulear Reactor Theory-"g M ill & L d Lotemperature change due to energy absorption ( £218“; (1923; ind°':‘)at three microns, unless both beams are of the - - -— ‘Per men 5 Wsame energy. Temperature changes are trans- m°°k'ups m DIMPLE‘ A'E'R‘E‘ R/R 2337'lated into electrical ca acit ha h LAURENCE, G. C. (1956) .—Sh1e1ding 101' l'EBCtO!'5p y c nges W C British Journal. Appl. Phys. Supplement No. 5:.operate the servomechanism adjusting the s54-s59.attenuator until both beams are of equal mten- R°BERTs' w_ H_ (1958)___-1-he ‘design and Mm-‘ sity. The isotopic purity 1S a function of the structlon of HIFAR- (Paper presented at this, position of the attenuator which drives an e1ec- sYmP°51u:n-)

‘ - trical potentiometer the output of which actu- WATS‘-N-MUNRQ» 9- N- (1958 --D1"Yg°X1°Y Data1 ates a linear potentiometric pen recorder in the 1°!’ HEAR‘ Ammm Energy 1' N°' 2' Mum’ 1958‘t ‘ control room with a scale ran e of 99.0 t 100 WOODHUH" E' H" SEGLER E- H" ‘ma SOBCOVg ° H (1954) —Senslt1sing Nondisperslve Injra-red’111018 Del‘ ¢eI1t- D=0- Analyser. Ind. at Eng. Chem., 4s:1a9s-1400.
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