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1. .Introduction - ‘lr ‘ . ,\ o S < '“,. v

When the first: two C E G.-. nuclear power qtatlons commerced aeneratlon

Cin June 1962, the objectlves whlch the operators had before them were,,ln order df f,

vriority. . ~ | P SR E
‘“.(1) to demonstrate both ths de31aned nuclear safety of the statlons SR f'i7{
. and the operators' abllzty to exercnse full ccntrol ‘. SRR w

S (2) to deronstrate the relisbility of nuclear generstlon' - -;:' S 3"7 kS ffi
‘(3)>‘to achisve the deelzn outpu+ of the statlon. o o 7 : i >eo ,1, « .

The fnrst of" these obJectlves was' paramount. ' The. staffs ot both
4
s+at10ns were carefully selected and trnlned g7 for nuclear 0peratlon and

durlng the flrst w1nter at power (1962/63) demonstrated their ab11:ty to operate

safplv under both normal and guite abnormal condltlons - the latter, coused by A"ni‘lki”_
severe nesther condltlons, J.roluded periods of extreme :mstablllty of the :

electrical network voltage. ' The second objective, the demonstration of the ’;'t;f’

. )

¢ reliasbility of nuclear generatlon has been made clear during the w1rters of - _:5;;f
1962/63 and 1963/6L; the performance statistics for these perlods are reoorded in =~ i
Table I, ’ ‘ : ST %

The performance during the whole period since stert-up of each statioﬂ;V

¢+ - ‘July 1962 - February 1964, is presented in Teble II in terms of the utilisatioﬁ/

: factor which is defined as - Units sent out x 100’

MU

4
%

- Design sent out capacity x Time

- ILK, Centrsl Electricity*deherating Board,
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TABLE I ‘ e
Penformance durlng Peak Loadlng of c. E G B. System
Berkeley , * Bradwell
: ~Nov, -Feb. Nov.—Feb. Nov.~-Feb. " Nov.-Feb.
Performance _ 1962/63 1963/64 1962/63  1963/6L
Design S.0. Capacity . - . 275 - - ‘275 © 300 . 300
Maximum S.0. Capacity achleved 231 ‘\241 - 278 S X
Units sent out kth10 528 - . 557 552 807
Utilisation factor 67 . | 70 64 93
Limitations on Output : |
Restricted permissible’ nuclear : 5 ; :
fuel element temp. MW 16 - SR 22 -
Excessive steam pressure drop { ‘
in H.P.& L.P.Superheaters MW 28 .- - -
Turbine restriction : MW o= 1 34 - -
On_power dates ' : R1 June 1962 R1 June 1962 .
' - R2 Oct. 1962 R2 Nov. 1962 -
‘ | | © TABLE IT’ ,
Analysis of .Performance from Start-up to February 1964
. \ . Berkeley, Bradwell
‘ Al ?1 ’ 0
- UTILISATION FACTOR - = : 52 * 60
UTILISATION LOSSES - ‘ L .
(a) Output Restrictions' , - ‘ oo
zig Nuclear fuel temperature 4.8 ° 5.8
(ii) Non nuclear pressure drop - o
in Superheaters , . 8.0 ’ 0
(b) Plant Non-Availability . I ‘
315 Nuclear . ) b = 3 L
. Reactor Trlps o Ok : - Ouh
Spurious Reactor Trips 1.1 i 0.6
Flux Scan Tube failure .0 é 1.8
Absorber, fuel, ete. B ‘ ‘ -
‘movements off load . 2.6 ‘ 2.1
. Fuel failures  ° ' 0.7 : 4.8 _ 0.4 5.3
(ii) Non nuclear o ; ‘ ‘
' Modification of S'heaters 9.6 . . . 0
Turbines, Boilers, etec. 6.3 ..15.9 1.0 7.0
Planned Maintenance’ ‘ . i 3.6 9.0
gdi External Causes ' ' © 0.2 0.3
All other causes (load
changing, start-up, fuel ‘ L
integrity tests, ete.) - ; 10.7 12.6
100%. 100%
-2-
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2. Generatlon Costs

The cost -of generation per unit- sent; out, presented in Table III hasfillﬂjs {_

i been assessed assuming that, a fuel target irradiation of 3000 MWD/Te will be ISR

achieved. c ';;.; : ;Q;. . . : . R ‘,c ;f.”;,jguff
- o TABLE IIT SRS T
~Period July 1962 - Februaty 1964 inclusive - 3/«1: S t: .f*zja}ﬂi ?l*'?ﬁ'w
. Costs of Generation (mills/kWh) | Berkeley - Bradwellia'ilv'l
Capital charges - = - : 9.7 .- - 9.0
Fuel replacement cost, other ) j j‘.' S
‘works costs, insurance ‘and ) O A . 1. SR RECEESE T
~indirect costs : . e — e s
. ‘ - : 1l+0'1 ,- “ - o 1205 A; 1. "~~ s ::::' . -
QAssumed lifetime load factor 75% Y A e

Assumed useful life . 20 years .
. Works coste have been adjusted to a 75% lifetime load factor
1'Capital ‘charges based:on an annuity over useful life at 1nterest
‘ rate of 73% p.a.

The dncentive under present conditions in the U K. to maintain both
maximum power and maximum availability of nuclear stations using natural uranium

P C— ©

is made clear by the replacement generation cost per day for Bradwell, which was f; :”_“’*

£27 000 in January 1963. and: £13 000 in July 1963. ) (The replacement cost is the
ﬁ-incremental fuel cost per day of the next available statlon(s) in the order of
merit needed to replace Bradwell's 300 ML) o L

Nuclear generation 1s mov1ng from the stage where the empha81s and ;o ‘
interest is on "nuclear"” to the 8tage where "generation" is recognised to be the, co :
‘:true objective. The cost: figures quoted above show the incentive to review bothjjf§
the operational limits and operatlonal procedures which are reported below. : -
However, it is appropriate to point out that Table II makes clear that failures in’ :
conventional parts of the nuclear power stations have led -to losses in utilisatlon-
‘.4 during this early oPerational stage. Experience with conventional equipment in
. nhuclear enterprises in the U.K. would appear- to be very similar to that reported

_in the U.S.A. by Vice-Adnitel H.G.Rickover VA 3_7

' 3, Operational Experience o BRI

3.1, Nuclear Fuel f»L S ' R SRS

The magnox canned natural uranium fuel elements manufactured for the PR

’C E.G.B. by the U.K., Atomic Energy Authority have performed very well to ‘date. S
’-Post—irradiation examinations carried out in the Board's Berkeley Nuclear Labora-‘ll

'tories and in the U K A, E A.tlaboratories, of fuel with channel average irradiationxiu*‘

g

.




up to 550 MWD/Te have not 1nd1cated -any feature llkely 4o 11m1t 1rrad1at10n to
below a channel average of 3000 MWD/Te,_ Such an assessment because of the
extrapolation 1nvolved, must be treated with caution; ‘however it is in line with
the performance predicted‘from U.K.A.E.A, irradiation trials‘at Calder Hall and
Chapelcross and with out of reactor rig tests. - A fuel target irradiation of 2506
MWD/Te was acoepted when the reactors were first set to work in 1962 and ralsed to
3000 MAD/Te in 1963. Confldence is growing that it Wlll be pOSSlble to operate
this class of fuel to its react1v1ty linit of aoout &, 500 ﬂﬁn/Te. Table IV

records the main fuel per‘ormance statlstlcs.

TBIE IV - . : S

L . o "Berkeley ~ Bradwell
Nuiber of fuel elements ' 84,877 S R,02
Failed during integrity tests ' N '

whilst commissioning ‘ . 5 2L
Failed during integrity tests after ‘ | ‘ .
.off-load refuelling 5 0 -

Slow failure . . ) 3

‘Fast 'failure . ' ‘ 1 3
" Max. channel average 1rrad1at10n : S,
MiD/ Te R1/R2 P . -100;3/96_8 : 1111./1069

The fuel fallures fall into three categorles, those detected by 1ntegr1ty tests
performed durlng comm1351on1ng and after off-load refuelllng periods and those T‘
failing during normal operation elther as "slow" or as: "fast! fallures, the latter
demand a rapld shut down of the reactor. The fast fallure is the most serious é
type and is generally caused by damage to an end cap weld resulting’ in a long leak
path, enabllng carbon dlox1de to enter the ma gnox can and produce a uranium oxide
mound wnich grows until the can ‘ruptures. However no dlfficultles ‘have been ’ '
experienced ‘to date in handllng failed fuel and no permanent contamination of the
reactors has occurred , ,

~ The failed cartridge‘detectioﬁ system is simﬁlar to that installea in
the Calder reactors with the important difference at the Berkeley station that
data logging and alarm printing equlpment is’ 1nstalled The latter prlnts out
any channel or channel group count which falls out51de preset llmits for either
an absolute value or a differential valus between successive counts. The equip-
ment, which couprises mechanlcal printers, transistorised dlgltal clrcults and
magnetic drum "memories", after some initial faults, has. proved to be extremely
reliable. The presentation 1s good since data is printed out in a format which

is sonvenisnt to analyse, even for long term changes. - The time of an event can
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Jbe'established ea311y from the prlnt-outs whlch enable burst and spurlous alarm
~data to be analysed accurately ‘This aystem 1s a marked 1mprovement on eariler L
point recorder systems where 1t was pQssible to overlook occa31onal hlgh counts -
and the dlfferentlal alarm system has 1ncreased alarm sen31t1vity. '

3.2. On—load Refuelllng ‘
The on-load refuelllng fa0111ty is the maaor dlfference between the

. nuclear power stations operated by the C.E.G. B. and the earlier U K.A.E, A.‘ :
h stations at Calder Hall and Chapelcross. The on-load concept calls for a machlne:
which will’ operate at reactor pressure, certaln parts at reactor temperature and -
contalnlng adequate prov151on for thermal coollng<and radloactlve shieldlng of the »
fuel as 1t is withdrawn from the reactor. The machines have met all of -the -
. pressure and radioactive shleldlng requlrements. ; Much careful proving work
accompanled by adjustment and modification has been necessany to ensure the correct
‘p031t1oning and movement of charge chutes through Whlch the fuel is guided -to the
channel belng reloaded and to: ensure the correct 0peration of the grab plcking up
and putting down the fuel elements. On-load recharglng was commenced at Bradwell ‘f;
in mid-April 1963, after a careful proving programme calling for the successful -

-

N S

handllng both of steel react1v1ty absorber cartrldges (at varying pOWers. up to ;\;, L

full power) and fuel elements (with the reactor shut down) - Fuel was removed A
successfully at reactor powers of 100 MY(H) and 300 MW(H) before proceeding to the _i,

‘ full power stage, 400 - 500 WW(H). Provided that adequate time, about 30 mlnutes,
was allowed for all parts of the chute to reach thermal equilibrium before chute

: operation began, the chute.performed entirelyfsatdsfactorily. The’fuei eiementf“ o

grabs did not invariably pick up the fuel elements at.the first attempt and as a . . .
consequence of an unirradiated fuel element beingédr0pped,whilst being positioned .

in the machine storage tube,'on-load refuelling operations were suspended from
May to November 1963. During this time the grab tolerances were altered to ,
- reduce sticking and to provide positive direct indication of the grab jaws'

position, Previously indication of jaw position had been given by inference from‘-'pk.‘

.the electrical current operating'the Jjaw locking bolt.

Partlcular attention was paid to the weight~sensing device 1ncorporated “'T;'

in the dlscharge machine to indicate if two fuel elements were being raised at

.the same time, There was no evidence of any sticking occurring between'the oup

_and. cone of adjacent fuel elements. During refuelling the channel gas sample sdgnai f»ﬂ

is continuously monitored and has been observed to decrease and increase during
. the unloading and loading of each fuel element, It: :is hoped that an indication _
of fuel abnormallty may be obtalned from such 31gnals durlng refuelllng. “To date ;f.
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no such abnormel signal has been obgerved but neither has any fuel loaded on-load .

failed., The fuel, graphite and outlet gas temperatures and the reactivity
control have all proved satisfactory during onrload/refuelling... SincelNovember
1963 the rate of on-load refuelling has steadily improved the rate necessary to
maintain the equilibrium fuel cycle, 60- channels per month has been achieved.
During February 1964, 72 and 92 channels” were refuelled in Reactors 1 and 2
respectively.' ‘ ! ' ‘

At Berkeley the refuelling equipment was extenslvely tested off—load
during the summer of 1963, whilst the reactors were shut down for boiler super-
heater modifications, some 530 -channels being refuelled. On-load refuelling was'
commenced towards the end ‘of January 1964, at 300 MW(H), one channel was removed
successfully but either a positioning error and/or posltloning 1nd1cation error :
led to a fuel element from- the second channel being trapped and the graphite
support struts associated W1th the fuel element (Berkeley is the only station with
this design of magnox fuel) were broken. The recovery of the pieces of graphite
from the reactor necessitated a reactor shut-down, By mid-March 1964 a further

=z

10 channels had been refuelled on-load successfully.

ALY those concerned with on~load refuelling have achieved a maJor :

.
[

success in making the -on-load concept a reality.
3.3, Reactor Incidents SR . ,{
-Two incidents have occurred during this 1nit1al 0perational phase, one -

at each station, which are worthy of comment

During the return to service of ‘No.2. Reactor at Berkeley in March 1963,

a power excursion occurred: when a faulty aux111ary contactor sw1toh spring caused
the gas circulator speed to rise although the control sw1tch was in the "off"
position, The speed of the gas circulators increased from 1000 to 3000 r.p. m, in
1% minutes causing a power 1ncrease from 170 MW(H) to 290 MW(H) at which stage the
neutron flux protection initiated a reactor scram. The fuel element temperatures
fell from‘380°c to 535°C during. the incident immediately prior to the scram, It
is worth noting that during reactor start-up the operators continuously reset the
trip levels of the excess neutron flux protection equipment and consequently
during this incident may have raised the power at Whlch the trip ‘occurred by some

- 25 MW(H). Modification to prevent recurrence. has been made to the switch

In May 1963 at Bradwell a 3 om. diameter tube used to guide a neutron
flux plotting wire from the: tOp of the reactor pressure vessel into the graphite
core became detached from the standpipe assembly. The. defect was observed when
a standpipe assembly, which 1ncludes a standpipe shield plug, was being replaced
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aaaer a-routine. neutron absorber change. The. assembly could not be correctly

positioned and a controlled reactor shut-down was initiated. Inspect:.on 'of the .-

' standp:.pe assembly revealed that some 6 metres of‘ the 3 ém. tube. was, miss:Lng

within the reactor.: By using a. CO cooled TV camera the m:.ss:.ng tube was" 1ocated :

in two pieces, a short straight piece about 1 metre long, together w:.th the longer
" piece lying on top of the reactor core. Special grabs were made to retrieve ‘the

sections of pipe and after the pipe had been successfully grappled, l:.ft:.ng Was done (

by pile cap orane through a weigh:mg machine. The latter ensured that the lifting
force was known and that further damage would not be caused by contmu:mg to l:.ft
the tubing if it became entangled with gas sampl:.ng pipework within the reactor. : “
_rIn w:.thdraw:mg the two pieces o:f' tube some 25 cms. broke off the longer plece and “
fell back :mto the reactor. ; Search in fuel element channels oy ™ camera’ located

this piece which was w:.thdravm by a remotely dr:.ven clamp:.ng tool attached to the , }

bottom of' the TV camera. The incident was caused by the failure of one or more of S

- the three welds attaching the tube to the standpipe assembly. ~ The detached tube
was then able to be broken 1nto pieces as the standpipe assembly was. w:.thdrawn
through the standpipe. An improved attachment was designed and all flux plotting
guide tubes were modified. As a result of this recovery exercise which caused
the loss of 18'days generation, renewed attention is being pa:.d to 1n-reactor

illumination. Radiation and oontam1nat10n controls supervised by the Station '"‘\

Health Physicist ensured freedom :f‘rom over exposure and from the spread. of' radio- 4 C

active contamination, . o

3.k . Gas Circulators -
The types of gas circulators at Berkeley and Bradwell dif'fer from those
at Calder Hall, which are of the centrifugal type running at about 1000 r.p.m.
with a Ward Leonard speed control. - Berkeley and Bradwell .use 1nduction motor
drives at speeds close to 3000 r.p.m. and axial blowers. .

At Berkeley speed control is effected by adjustment ot" the scoop settlng

in, the ‘Sco0p ‘controlled hydraulic coupling between the motor and blower shafts.:

' This equipment and the circulator plant as a whole have proved very satisf'actory in® '(

service. Some difficulties have, however, been experienced with the performance
‘of the shaft oil seals on the circulators. There is evidence that a small

quant:l.ty of o:x.l leaks :mto the seal space and forms a mist which finds its way :mto W

the blower casing and ‘hence mto the reactor core. Steps are being ‘taken to stop
“the leakage by better sealing, by prov:.d::.ng additional baffling and by creating a

| ccntrolled positive flow of" gas through the blower glands to the outsn.de. Sl ,

The speed of the circulatcrs at Bradwell is controlled by changing the |

ot \"'
o Yy
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freouency of “the electrical supply to the A C. motors the power for which is %
generated by three varlable frequency auxiliary steam turbo-alternators. This
method of speed control has also proved very satisfactory in-service. Some
difficulties have been encountered with the method of fixing the inlet gulde vanes
at the entry to the 1mpeller. Inltlally the gulde vanes carried shroud- rings
which were bolted into the vanes wlth nuts locked byﬁnylon inserts., During
commissioning tests the nuts worked loose andvvibration loosened the:stator blades.
The design of the shroud ring on all circulators was modified to enable them to be
fixed directly to the circulator casing,instead_of to the stator vanes.. This
alteration appeared to be effective. In December 1963, a circulator on No.1
reactor was shut down following‘the;sound of an.impact and thie onset of severe
vibration, It was discovered that five_inletﬂguidefvanes'and packing pieces had
worked loose and had dropped to the bottom of the caeing; one paséed through the

“impeller. Inspection- of ‘the eircuit showed little damage'but the circuit affected
isAnow isolated and -the reactor is operating on_five‘coolant circuits. The
performance of the other blowers at the station is‘being_closely observed for .
signs of similar trouble. - It has been decided to alter,the method of fixing.the

inlet guide vanes to an integral welded ring, vane and shroud assembly. Mod1fica—'

tions to all clrculators will be carried out durlng this summer's shut—down.

3.5 Start-up - Load FOllOWlng :
A cautious approach to start-up. at Berkeley and Bradwell has been
' maintained. The time required to reach near- max1mum ‘power from the completely
shut down zero xenon state is about 30 hours. Threé factors dominate this time:
the permlsslble rate of temperature 1ncrease the rate and sequence of withdrawal
of the safety, stability and bulk control rods, and the xenon state of the core.
At Berkeley the fuel element can temperatures are ralsed at 1 C per minute’ and at
Bradwell at 4 C per mlnute. Con51derat10n is be1ng given to a step by step
increase of these rates w1th1n the. Operatlng Rules, whlch specify a limit of 10 %
per minute. At present it is necessary to Operate the safety, stability and
bulk control rods in group sequence, the movement of each group having to be
completed before the next movement is conmenced. ' This movement of the safety and
stability systems takes about nine hours in all, By meking'these systems‘move
together this time may be approximately halved. It is anticipated that these
quite simple alterations willfpermit a start-up time‘from‘zero xenon of about’
17-20 hours. Other more conplex changes which may require modifications to the
installation are being'considered but will require the most detailed safety
studies before their adoption. ' - ' %

~ _g .-
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f g ) The C. E G.B. nuclear power statlons because of their low operatlng cost
have been‘used as. base load statlon,, and, as a direct consequence, the number of .
times when load following has ‘been demanded are fe”, but on each occa31on very '
satlsfactory experlence has boen obtained. The very large. thermal mass cf the
graphlte moderated reactor cOres and the larpe b011=rs tynlcal of these plants

ef fectively buffer short term changes in electrlcal load In veneral load

following is achieved by adgustment of coolant; gas 'flow whilst the reactor temper— ':'

atures are malntalned very nearly constant by control rod adgustment."

,{'
I

The most. notewortq; occ331on when appreclable load changes~vere demanded

was durdng the ma jor system fault on the morning of 26th Januery 1963, when severe :;:'|}

voltage. surges were experlenced caused by flashover on hlgh tension insulators -
~which had bcen affected by the severe weather condltlons obtaining, at tnat tlme., :
Parts of the national. grld were dlsconnecced and considerable voltage 1nstab111ty

was exper19nced durlng wnlch 1t became necessary to reduce power- rapldly at ~Q4Q

'Berkeley. ' The station output was satisfactorily- reduced as shown 1n the table'1°2 f,;"

below.
. ! Berkeley Station 26.1.63 1 el
o Units sent out - Average Output | - B ’ 4ﬂf{_1f{;l
Time . N R A e

B 06.00 - 06.30 113,900 |7 - 228
‘ 06.30 ~ 07.00 74,700 .} 149

~07.00 - 07.30 } 59,200 . |- - 118

07.30.- 08.00 y8,300 . 97

The output of both reactors was satlslactorlly halved 1n the flrst hour

when a most untlmely spurious’ excess llux trlp occurred on Reactor 1: However,

Reactor. 2 continued to run satisfactorily and: 1ts output was then raised to;

| compensate for the loss of reactor 1.

B Operatlonal Limits .
Nuclear stations in the U.K. observe operating rules which are formulated

by the C.E.G.B. with the aid of U.K.A.E.A. advlsers, and are approved by the
Ministry of Power's Inspectorate of Nuclear Installatlons. Subsequent alteratibn

to the operating rules is possible only after: sanction by the C.E.G.B. Nuclear
Power Station Safety Committee followed by I. N I. acceptance and Mlnlsterlal |
approval The rules not only state what limits are to be observed but also, in
certain cases, the detalled method by which controls are to be exercised or- assess- .

ments made. The operatlng rules are legally: 1mposed restralnts and llmits,. they '

E2N

cannot be altered ea31ly.: The perm1331ble fuel element temperature and perm1551ble_"
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graphite temperature rules for Berkeley and Bradwell Have both been rev:med m

since operation at power ocommenced..

4.1. Fuel Element Temperature L:Lmitation . oo
The limitations on fuel element can temperatures are, detemlned by the
requirement that following a depressur:.sat:.on accident the. probabllity of one
channel of the whole core populat:.on ignitlng shall be less than 1 in 100. . A
channel fire 1s taken to arlse from the 1gn1t10n of the magnox cladd:.ng of‘ the
fuel, ' '

Dwring such an accident the fuel element cans experlence a tran31ent
rise in temperature the magnltude of which is partly determlned by the reactor
shut -down rate (fig,1). The second fastest tripping system is taken to prov:.de
the 1n1tiat1ng tr:Lp sequences A new design of control rod employing a rate of
change of pressure senmt:.ve link has been used in the Bradwell and Berkeley
reactors, enabling insertion of -2i% to -3% reactlvitx to be guaranteed in a:
period of less than two seconds, - The consequential'rf,easses.sment of the
BradwellQ fuel element temperature transient resultedA :m a reduction from 120%C
for a channel power of 267 kW to a value of 90°¢. . Slmllarly, the transient | .rise
for the Berkeley reactors became 110°¢ for a channel power of - 208 kW compared
' w:.th the prenous f:.gure of 140 C. ‘ o

Exper:unental work on the igm.tlon temperature of - the magnox cann:.ng
material under the condltlons prevall:mg during the trans:Lent "has enabled thls
temperature to be set at 645 C.and when allowance is made for poss:.ble f:m - ;l
deformation, 6w -C is taken to be the ma.xlmum pem1s31ble temperature during a
trans:.ent ‘an_ increase of 20 C over the prevlously assumed f'igure of 620 c. |

' The channel max:.mum fuel element can temperature ‘distribution (Tsm)
was deduced,. leadlng to the estimated fuel element temperature dur:.ng the . Lo
transient (T ) as ‘shewn in F:.gs 2a and 2b for Bradwell . An estimate was :
obtained of the uncertainty in the final fuel element temperature dlstribut:.on
at the peak of the accident transient. . The error da.stribution assoclated w1th
a typical value of T is shewn in Fig.2b. The total reactor risk was obtained
for any maximum assessed fuel element temperature (Fig 3 for Bra.dwell) with a

pessimistic. allowa.nce for random temperature var:.atlons o 15 C.4

From this it may be seen that the desired flre risk criter:Lon would be
met by a maximum assessed fuel element temperature of 483 °c for the Bradwell .
reactors. A permiss:Lble max:unum asseased fuel element temperature of 475 c was
conservatively adopted, an increase. of 25 ¥ over the previous limit For |

1286 - -0
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Berkeley, the permlited temperature was raleed 31m11arly from h57 C to h67 C

k.2, Graphlte Temperature leltatlon . '3?7i'“ﬂ::' iv7;f {
- The increased fuel element can temperatures requlred that the permltted | o ;

_ temperature °f the moderator. 5raph1te be reassessed also. The moderator temper-‘“jf*u;;;i<
ature is llmlted by con51deratlon of the graphite. behav1our follow1ng a-duet: - l'k’ R
rupture accldent.- Safety studles assume that air w1ll enter the reactor veseel iﬂf;.w';
and result in oxidation of the graphlte. This reactlon 13 exothermlc and its ;-;;i :
rate. increases repidly with 1ncreaslng temperature. If ‘theé initial moderator.,‘f'fﬁ?E» ;53

temperature is high enough an uncontrollable r1se of temperature- could occur.;‘

A fundamental parameter determlnlng the behav1our of thls graphlte :j ﬁf@ﬁpmw; N
temperature transient is the air oxidation rate of the ‘graphite. Measured iv’??]f.}fff
values of this parameter exhlblt a large stat13t1ca1 variation,* It had - ‘,:,;iffﬂ"if

i previously been the practlce to use the largest measured value for 1nclu51on in.

safety studies. The sample;e on whloh the oxldatlon measurements have been : -_..; S o
© carried out are very much smaller‘than a moderator brick and it -did not," ,ff =?i7‘7ﬂ».f;f!
| therefore, necessarily 1nolcate that the mean oxidation rate of a complete e f“fﬁ{.j,if‘
brick would show the same amount of variation. Whilst large var1at10ns of” 1..;' ~{i;_~5

oxidation rate occur within a brick the varlatlon of mean oxidation rate from ;
- briek to brick is much less., .= Statistical analy31s 'of these results enabled a . *
lower value of oxidation rate corrected for the effects of three years' 1rrad1a- R

i tion to be used in computer kinetic studies. At Bradwell the permiSS1b1e - 'fj§_:ﬁ,, ;f'{
. |

graphite temperature has been 1ncreased from 410 C to 427 °c.

At Berkeley, chemlcally active carbon dep031ts found on graphlte core ,
samples and believed to have arisen from the oil 1ngress referred to in para.3 h_t”“/
have not permitted a similar increase. ' ' :
- 5. Operational Procedure , _ :
. The incentive for improving availability is great and has led to‘a
reassessment of the time the reactor and its associated turbo-alternators must.. -

! be off load for maintenance]and inspection purposes. . It was possible to . f<", "ﬂi':;
f combine the maintenance period with the period required for off-load refuelling - % =~ .=
at Calder Hall [ 47/. The C.E.G.B. reactors however refuel on load-and the down: }?“'1”'

time is therefore determined by the maintenance and inspeotion deemed to be . -

necessary.
5.1. Boiler Tube Failures - foL ~ 5
Leakage of boiler water into the reactor prlmary coolant gas. clroult
has occurred once at’ Berkeley and on.a number of occa81ons ‘at Bradwell. The{ ;
1nfra red gas analysers fltted to each b011er enable the faulty boller to be’

L , 1"%-,11-
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identified, 1solated and dralned the reactor remaining on power with the Sﬁﬁ
'gremalnlng five boilers. 'In thls condltlon, with the gas side of the faulty ‘
boiler still pressurised the steam and water headers are tested 1nd1v1dua1ly i
for carbon dioxide, the presence of which 1dent1f1es the faulty section of the o
boiler. ‘ Further exploratlon with a probe enables the defective tube to be -
looated and it is then plugged. This whole operatlon takes approxlmately 20
hours w1th the technlques which have been develoPed at Bradwell. However, the
Berkeley b01ler headers have welded caps and detection and 1solat10n of the one '
tube 1eak whlch has been experienced there took rather longer. } L ',.v-lﬂ‘{"f

5 2 ‘Control Rod Mechanlsms P
It is a clear safety requlrement to test the insertion character- ‘
istics of control rods following a trip signal and, in the case of a reactor‘ad
refuelling off'-load, there is sufficient time for -control rods to be teeted.v
singly in a specially 1nstrumented rig external to the reactor. In the case" .
of a reactor refuelllng on-load, this method may also be used if equlpment for

remOV1ng control rods on load is provided. , = - o S o

At Bradwell thereuis not an on—loed control rod removal feoility ' o'.“'
surmount this difficulty a technlque has been evolved whereby all the control
rods are tripped simultaneously 1nto the reactor when it is belng shut down. on
schedule. A cine film record is taken of the control rod indicators in the
control room and from this the necessary information on drop characterlstics

of each control rod may be obtained.

- 6. Present Performance

' The Bradwell station is now operating at or slightly above the design
output of 300 MW s.o. with a margin of 5°C on the new permissible fuel element
teuperature end a 10°C margin on the new permissible graphite temperature; a

maximum of 311 MW s.o. has been achieved.

The Berkeley station is operating at some 241 MW 8. 0. (cf. design
275 MW s.o.) with the output limited by the turbines. Remedial work will
commence after the winter of 1963/6l, following which there is little doubt -
that design output will be achieved.
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