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abstract

The evolution of the on-site electric#! power sources is described, 
operational experience is reported and shortcomings are identified. 
Disturbances in the external power supplies to the reactors are listed for 
the past 25 years and failure probabilities are derived from this historical 
data. The 132 kV overhead supply to the Harwell site is identified as the 
source of nearly 90% of the disturbances*

RÉSUMÉ

L'auteur décrit l'évolution des sources d'énergie électrique implantées sur le 
terrain du Centre de Harwell, rend compte des expériences de leurs 
exploitation et an indique les imperfections. Il présente une liste des 
perturbations de l'alimentation électrique des réacteurs à partir de sources 
externes pendant les derniers 25 a n s , d'où il déduit dos probabilités de 
défaillance. Les lignes aériennes d'alimentation I  132 kV sont R l'origine de 
presque 90% des perturbations. I
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1. Introduction

Harwell has operated research reactors since 1947 and the first reactor 
built in Europe, GLEEP is still operating there. As a low power, stable 
reactor it has no need for emergency cooling but it has an alternative supply 
for instrumentation from the site standby electrical system. The larger 
Materials Testing Reactors (MTR) have always had individual standby 
generators in a variety of systems. This paper deals with the experience at 
the two similar MTR’s currently operating, DIDO and PLUTO, which have 
together accumulated over 57 reactor years of operation.

2. Reactor Description
The reactors are heavy water (D2O) moderated and cooled at low pressure 

and a temperature of 70°C. The operating power is 25 MW thermal from 25 
highly enriched aluminium clad fuel elements giving neutron fluxes of 
2.101* cm-2s-1 thermal and 1.5.101** cm“2s"’ 1 fast. Although the total power 
output is insignificant in comparison with power reactors, the power density 
in the core is 80 MW m-3, which is comparable. The requirement for shutdown 
or emergency core cooling (ECCS) is therefore similar in intensity although 
much smaller in scale and complexity.

Three glandless pumps circulate the D2O in a closed circuit through 
heat exchangers. They have a rundown time to zero flow of approximately 
three seconds when the electrical supply is switched off. During this period 
one of two Shutdown Pumps starts automatically and maintains a cooling flow 
for the removal of fission product decay heating. These shutdown pumps are 
fed from a guaranteed on-site supply and so still operate if the main pumps 
stop due to failure of the normal mains electrical supply. Emergency Core 
Cooling (ECCS) is provided by a further three pumps, also fed from the 
guaranteed supply, which return leaked D20 from the plant room to the reactor 
vessel above it.

3. Electricity Supply to Harwell Reactor Site

The supply is by twin overhead lines at 132 kV, which is derived from 
the 400 kV Supergrid system at a sub-station near Oxford. At AERE there are 
five 132/11 kV transformers two of which supply the reactor site sub-station 
via an 11 kV ring main. There are four 11 kV/415 V transformers at the 
reactor site, two of which supply DIDO and two PLUTO. There is thus full 
duplication of supply right through from the CEGB Supergrid to the reactor 
electrical plantroom. All 11 kV and 415 V distribution on the Harwell site 
is by underground cable.
4. Reactor Electrical Supplies

There are three categories of supply to the reactor, all 415 V,
3 phase, which in the terms used at Harwell are described as follows:
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Normal Mains

j This is the supply described in section 3 and it is the only supply 
available for ouch of the reactor plant.
Guaranteed (No-break)

A supply which is designed to continue without interruption when the 
normlal mains fails. It is ultimately derived from local diesel generators. 
This' supply feeds all vital plant.

Standby

A supply which is normally fed from the normal mains and which is 
restored within 10 seconds from their failure and isolation, by an 
automatically started and switched local diesel generator. This supply feeds 
plant which is indispensable but which can be allowed to have a short 
interruption in supply without detriment to the safety of the reactor.

ij The above supplies are independent for each reactor and there is no 
provision for cross connection. The only common plant is an additional 
mobile diesel generator which can be connected to the standby switchboard as 
a replacement for the installed generator*

Originally all these supplies were concentrated in plant rooms 
adjoining the containment building? which gays the risk of total electrical 
failure in the event of a fire.

5. Guaranteed Supply

In the original system this was fed directly from the normal mains.
One pf two motor-generators floated on the busHbars, the D.C. motor being 
supplied from a 220V battery. The battery was in turn continuously charged 
by a rectifier fed from the normal mains. On mains failure the guaranteed 
switchboard was isolated and the supply was maintained without interruption 
by the motor-generator, with a battery endurance of 30 minutes at full load.

Within this period the standby diesel generator, which started 
automatically, could be manually synchronised with the guaranteed switchboard 
to maintain the supply in the longer term,

: The main shortcoming of this system was that the guaranteed supply was 
subject to all the disturbances on the normal mains supply. On one occasion 
the mains failure transient was so severe that it tripped the guaranteed 
motor-generator and the supply was completely lost. On many occasions 
voltage transients were sufficient to trip the reactor via the nucleonic 
instrumentation but the mains supply did UPt actually fail. There was also 
only one diesel generator and if this failed the guaranteed supply battery 
would be exhausted in less than one hour.

The lack of reliability, segregation and redundancy, the need for 
operator action to synchronise generators and the maintenance of a lead acid
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battery and D.C. motors, added up to a generally unsatisfactory system. It 
was replaced after six years by multiple "No-break" generators.
6. No-break Supply

Three identical sets are installed In a separate building to give 
segregation from the other electrical supplies. Each set consists of:

An Induction motor, flywheel and generator on one shaft
A diesel engine with a magnetic clutch to the same shaft.

The motor is fed from the normal mains and drives continuously the 
flywheel and generator. The guaranteed supply is thus isolated from the 
normal mains and the inertia provided by the flywheel smooths out transients, 
so that the reactor instrumentation is not affected by disturbances on the 
mains. The induction motor drive means that the guaranteed supply frequency 
is approximately i hz less than the mains frequency, which is acceptable in 
view of the advantage described below.

When the mains fail, the guaranteed supply is maintained by the energy 
stored in the flywheel, while the diesel engine automatically starts and 
clutches on to the shaft. This is accomplished within 3 seconds, with a drop 
in supply frequency of less than 1 hz, depending on the generator load.

When the mains supply again becomes available the diesel engine stops 
automatically and the induction motor drive is resumed without any need for 
synchronisation. The system can therefore cope with mains failure and 
resumption without requiring any action from an operator.

Two sets are operated in parallel so that should one fail the other is 
able to carry the load and motor the other set. This is satisfactory under 
normal mains supply but has caused difficulty under engine power. If one 
diesel is clutched on but fails to deliver power then the other diesel tries 
to keep it turning and this leads to instability and disruption of the 
supply. Reverse power protection has been applied to overcome this 
difficulty by de-energising the clutch.

A shortcoming of the system is that should both diesel engines fail, 
there is insufficient energy storage in the flywheels to allow time for 
operator action to avoid an interruption in the supply. At half load the 
generator will maintain its output voltage down to a frequency of 34 hz, when 
it collapses. This decline occupies a period of approximately 50 seconds, 
which is too short for effective action, as the diesel generator plant room 
is not continuously manned.
7. Standby Supply

This is a straightforward system in which after failure of the normal 
mains, a diesel generator automatically starts and switches itself on to an 
isolated section of the bus-bars, to restore a supply to a limited amount of 
indispensable plant. It was generally satisfactory in operation, the 
majority of the running time was incurred during the 4 weekly test runs on
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load* However both engines suffered catastrophic failure during a standard 
test run, PLUTO's after 21 years and DIDO's after 25 years. The failures were 
due to fracture of a piston/connecting rod which broke through the cylinder 
and çtacked the main frame of the engine. The total number of starts of each 
engine would have been between 300 - 400 with a total operating time of about 
1000 hours.

The wreckage was such that no Initiating defect could be identified.
The pnly recommendation from the engine manufacturers was that during testing 
the {generator should always be run at full load to achieve maximum 
temperatures.

A portable generator was hired immediately after each accident to 
provide the standby supply while new diesel generating sets by a different 
manufacturer were ordered and installed.

8. Normal Mains Supply, Failures and Transients

The historical list of events given in the Appendix derives from 
records over the past 26 years. It covers all interruptions in the mains 
supply to the reactors, but not every voltage transient which has produced a 
noticeable effect.

Most of the events have been voltage transients or interruptions 
measured in seconds which have been restored by automatic reclosure of 
circuit breakers. The only interruption which would have caused concern over 
reactor cooling, if the single diesel generator of that time had not 
operated, was the first on the list, of 139 minutes. The second one of 30 
minutes would not have been of concern at the lower reactor powers of 1963, 
but under the same conditions of total failure of diesel generators, could 
today lead to bulk boiling in the D2O. Such failure is currently much less 
likely with 3 or 4 diesel generators available.

The effectiveness of the guaranteed supply motor-flywheel-generators, 
in isolating the reactor instrumentation from voltage transients can be seen 
in the numerous occasions when the trip was initiated by the deliberately 
delayed pump starter low volt trip (± sec approx) or the low D20 flow trip (1 
sec approx) and not the very sensitive nucleonic instrumentation.

9. Normal Mains Supply Failure Probability

In the period covered, from September 1959 to August 1985, there have 
been nominally 338 reactor operating cycles of 4 weeks each. Eight total 
interruptions are listed, with durations from 2 sec to 139 minutes. Thus the 
probability of total failure has been:

2.4 x lCT2 per cycle or 3.1 x 10“ 1 per annum.

Seven other events also resulted in DIDO and/or PLUTO tripping, giving 
a total of 15, so the probability of an electrical supply disturbance causing 
a reactor trip has been greater than:
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4.A x 10“ 2 per cycle or 5.8 x 10_1 per annum.

Of the 17 events listed, 15 (88%) arose on the 132 kV system, so the 
vulnerability of the extra-high voltage overhead supply by comparison with the 
underground 11 kV and 415 V distribution systems is clearly demonstrated.

The faults are summarised in a table at the end of the paper. This 
shows that 6 of the 8 complete interruptions were due to system faults, 
whereas 7 of the 9 transients were due to weather conditions. The overall 
picture therefore shows an approximately equal division, 8 events due to 
system faults and 9 events due to weather.
10. Proposals for Future Installation * 11

A design study is being carried out into the replacement of DIDO with a 
new reactor of similar design but operating at a power of 50 MW. The four
11 kV/415 V transformers at the reactor site sub-station will form the basis 
of a quadruple system. Four 415 V feeders will supply pairs of distribution 
switchboards at the reactor and each switchboard will have its own diesel 
generator and battery backed inverter Uninterruptible Power Supply (UPS).
There will thus be two segregated supply systems each completely duplicated 
to simplify switching for maintenance and alternative supplies.

On mains failure it is envisaged that the paired switchboards will 
separate, yielding four independant systems each supplied by its own diesel 
generator. Non essential plant will have been tripped by no-volt releases 
while vital plant fed from the UPS will have been undisturbed. Essential 
plant will be re-supplied after a short interruption while the diesels are 
starting.

The diesel generators will also form the long term energy source for 
the UPS which must have sufficient surge suppression, battery buffer capacity 
and smoothing to isolate the reactor instrumentation and control systems from 
any disturbances on the mains supply.

No-volt detectors on circuit-breakers in the distribution system and on 
starters and contactors for plant whose stopping or starting would cause a 
reactor trip, should have a time delay to reduce the number of unnecessary 
reactor trips caused by voltage transients on the mains supply.

The start sequence for the essential supply diesel generators should 
have a time delay, to prevent unnecessary starting. The generator circuit 
breakers must be electrically interlocked with their associated incoming 
supply and bus-section circuit breakers to ensure that the mains supply is 
isolated before the generators are switched on to the bus-bars.

Delayed tripping is thus of very much greater importance for the 
systems proposed for DIDO 2, in which a voltage transient on the mains will 
escalate to a total mains failure if it trips the supply circuit breakers. 
Without adequate delays the number of total failures and thus demands on the 
diesel generators to start, could be at least the higher figure, of 5.8 x 
10“* per annum, of section 9.
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11. Conclusions

The on-site UPS and essential power generation has been provided by 
various configurations of diesel-generators. Failures of the system have 
occurred but recovery has always been achieved by manual Intervention within 
a short time, such that the safety of the reactor has not been challenged.
The source of most of the electrical supply disturbances is the 132 kv 
overhead supply to Harwell, which will not bè influenced by any provisions 
for on-site standby generation. However proposals are being made to improve 
the diversity of this generation to provide a reliability which is consistant 
with current fault tree analysis and probability studies.

SUMMARY 6t APPENDIX

System Interruptions 
due to

Weather Faults

Transients 
due to

Weather Faults

132 kV 2 4 7 2

11 kv 1

415 V 1

9
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APPENDIX

DISTURBANCES AND FAILURES OF HARWELL ELECTRICAL SUPPLY
AFFECTING REACTOR OPERATION

DATE DURATION CAUSE EFFECTS

Sept. 1959 139 minutes Sub-Station 1 Protective 
Equipment Fault

DIDO and PLUTO 
tripped. DIDO 
lost all power 
for 10 mins.

May 1963 30 minutes Earth fault on the single 
grid supply in service.

DIDO and PLUTO 
tripped.

7/ 8/70 13 seconds Violent thunderstorm. DIDO and PLUTO 
tripped.

29/ 5/73 2 seconds H.V. cable fault from Sub 
Sta. 15.

DIDO and PLUTO 
tripped.

29/ 5/76 30 seconds Grid fault between Harwell 
and Steventon.

DIDO and PLUTO 
tripped.

9/ 6/76 Voltage
Transient

Thunderstorm. GLEEP tripped.

14/ 6/77 Voltage
Transient

Violent thunderstorm. GLEEP tripped. 
DIDO l^O pumps, 
fans and other 
plant tripped at 
different times. 
No reactor trip.

13/11/78 14 minutes R-B phase fault both grid 
lines at Drayton, OCB's 
failed to re-close.

DIDO and PLUTO 
tripped.

23/ 6/80 10 seconds One grid line out for maintce. 
Lightning struck other.

PLUTO and GLEEP 
tripped. DIDO on 
scheduled shut
down.

27/ 1/81 Severe Flashover of generator CB DIDO trip via
voltage
reduction

at Didcot (foggy). ECCS actuator 
relay, PLUTO did 
not trip (relay 
slugged).
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DATE DURATION CAUSE EFFECTS
25/ 4/81 Repeated

voltage
transients

Snow and high winds* 
Prolonged power failures 
in district 12-24 hrs.

DIDO 2 D20 pump 
operation. Trip 
from low flow. 
DIDO standby 
diesel failed to 
start - started 
on manual.

13/12/81 Repeated
voltage
transients

Severe winter weàther, snow 
and sub-seto temps.

DIDO and PLUTO 
poisoned out.

14/ 7/82 Repeated
voltage
transients

Local thunderstorm* PLUTO tripped, 
low D20 flow. 2 
pumps on, but 
pumps did not 
stop.

20/10/84 Sub-Station 
11 No* 1 
transformer 
switched out, 
then No. 2 
transformer 
tripped*

Inadvertent during mainten
ance . 30 minutes

Intermittent 
partial & total 
loss of 415 V 
supplies to 
PLUTO, which 
tripped.

4/ 1/85 Severe 
voltage 
reduction 
due to fault 
thrower one 
phase, to 
Trip Drayton 
line No.l and 
reclose after 
isolating T2A.

Grid trans T2A false trip due 
to control wiring fault from 
aux earthing transformer 
Bucholts protection*

»

DIDO and PLUTO 
tripped, low 
D20 flow.

10/ 1/85 Repeat of 
4/1/85

Ditto DIDO tripped on 
low D2O flow; 
PLUTO on sched
uled shutdown.

20/ 5/85 Voltage
transient

Violent thunderstorm. DIDO tripped, D20 
Flow. Other 
plant stopped as 
well. GLEEP 
tripped.

PLUTO on sched
uled shutdown


