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SUMMARY

The current status of the Sizewell 'B' PWR programme and the effect
on it of the proposed privatisation of U.K electricity generation is
reviewed.

Departures from and additions to the Standard Nuclear Unit Power
Plant System (SNUPPS) reference plant design are given. These
include Reactor Coolant System overpressure protection and the
addition of an Emergency Charging System and an Emergency Boration
System. Improvements in monitoring Reactor Coolant System water
level during refuelling and maintenance shutdown operations are
presented.
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INTRODUCTION

Now in the 22nd month (JUNE 90) of its construction programme the

Sizewell 'B' Nuclear Power Station in Suffolk (U K) is the first of a

series of four pressurized water reactors (PWRs) originally planned to

be built in the United Kingdom by the Central Electricity Generating

Board, the other stations being Hinkley Point 'C', Wylfa 'B' and,

Sizewell 'C'. The public enquiry into the application to build the

second PWR station (Hinkley 'C') was in progress in November 89.

In preparation for Government plans to privatise the U K electricity

generation industry a re-examination of the generating cost of nuclear

power including those associated with decommissioning the Magnox

stations had already been carried out and led to the Government

announcement in July 1989 that Magnox stations would remain under

Government control. Later discussions on financing the new PWR stations

resulted in the Government decision to include the English Advanced

Gas-Cooled Reactors (AGR's) and Sizewell 'B' in this arrangement. A new

Government owned company, Nuclear Electric, was set up in November 1989

with the responsibility for operating all CEGB's nuclear stations and

for constructing and operating new nuclear stations. CEGB's fossil

fuelled stations would be allocated between the two private companies

National Power and PowerGen as previously announced.

Nuclear Electric took over and has continued the construction of

Sizewell 'B', but plans for the other three PWRs have been suspended

pending a Government review in 1994 ito the prospect for nuclear power

in the United Kingdom. Despite this obvious setback in the short term,

Nuclear Electric has re-affirmed its commitment to completing Sizewell

'B' to schedule and within the revised cost estimate and to working

towards ensuring the further development of nuclear power on a sound

economic and environmental basis.
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The main objective of this paper is to describe the aspects of the

Sizewell 'B' fluid system designs which depart from the Standard Nuclear

Unit Power Plant System (SNUPPS) used as the design basis. The

reference plant selected was the SNUPPS 1110 MWe 4 loop design which has

been used for the Callaway unit in Missouri (USA) built for the Union.

Electric Company of St Louis, and the Wolf Creek Station in Kansas built

for Kansas Gas and Electric and Kansas City Power and Light. To take

advantage of over 30 years of worldwide PWR design experience,

component construction, operating experience and research and

development programmes it was obviously desirable to limit departures

from the SNUPPS design to only those special features necessary to meet

British licensing requirements.

Three areas of significant difference from the SNUPPS NSSS design have

been implemented these being in the provisions for Reactor Coolant

System (RCS) overpressure protection, and the provision of two new

systems, an Emergency Charging System (ECS) and an Emergency Boration

System (EBS).

The RCS overpressure protection provisions for SIZEWELL 'B' have been

described in REFS (1) and 2 and entail the use of SEBIM valves for

safety grade overpressure protection. These valves have been used for

this purpose in about 30 French nuclear plants and operate

satisfactorily REF (3). The ECS and EBS is dealt with in more detail

below together with a description of provisions for Mid Loop Water Level

Monitoring at SIZEWELL B.

EMERGENCY CHARGING SYSTEM

Background

RCS heat removal requires the use of a large electrically driven pump in

each reactor coolant loop whose drive shaft penetrates the primary

circuit pressure boundary and must therefore be sealed against the

system pressure by a controlled leakage seal. This is kept cool and

lubricated by water pumped from the Chemical and Volume Control System
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(CVCS). Cooling is effected by ensuring that the seal injection rate

from the CVCS is higher than the teal leak-off flowrate thereby ensuring

that there is a net influx of cool water into the RCS. In the event of

loss of the seal injection supply following a CVCS charging pump failure

the cooling duty is taken over by a thermal barrier cooling coil

supplied with Cmponent Cooling ater (CCW) which ensures that as hot

reactor coolant rises past the Reactor Coolant Pump (RCP) shaft its

temperature is reduced to a level acceptable to the seal materials.

The existing system relies on the presence of a c power to operate

either a CVCS charging pump or a CCW circulating ump to prevent damage

to the RCP seal and the consequent leakage of primary coolant to the

containment. This is the current situation in most PWR designs. Total

loss of a c power is a postulated design condition for Sizewell 'B',

that is no off-site or on-site diesel power would be available. To cope

with this postulated fault the ECS has been added to Sizewell 'B'.

Revised Design

The ECS design has the following features:-

- independence of all a c power supplies, therefore all solenoid

valves are powered from essential battery supplies

- provides emergency cooling to the RCP seals

- provides a long term boration and makeup capability to the RCS

which can achieve the cold shutdown concentration and maintain

pressurizer level

Description and Operation

Fig shows the ECS flow diagram. Boric acid of 3000ppm concentration

is contained in a stainless steel storage tank of 492m3 usable

volume. From this, independent redundant tra'ins take suction each
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containing a steam turbine driven positive displacement pump and

filter. The turbines steam supply is normally obtained from the main

steam system, but connections are also provided from the auxiliary steam

system for test purposes. Discharge lines enter the reactor building

via separate penetrations provided with containment isolation valves and

are then combined into a header from which ECS injection lines are run

to join the four RCP sea] injection lines normally supplied from the

CVCS. The flow to each RCP is balanced and adjusted by a manual

throttling valve in each ECS injection line, the flows being monitored

by the CVCS instrumentation in the normal seal injection line.

Each ECS pump has a capacity of 9m3/h which is sufficient to meet the

requirements for RCP seal cooling and provides adequate boration flow to

the RCS for at least two days, meeting the total coincident boration and

make-up requirements during reactor cooldown. Periodic pump test

facilities are provided by Iines downstream of each ECS filter by which

pump test flow is returned to the storage tank via pressure reducing

orifices and trimming valves.

The storage tank is sited outside the auxiliary building in an area

remote from both the CVCS boric acid storage tanks and the borated

refuelling water storage tank. It is insulated and maintained above a

minimum temperature of 16'C by steam heating coils supplied from the

auxiliary steam system. This temperature is the minimum permis sible for

RCP seal operation. Boric acid of 3000ppm concentration for filling and

make-up as necessary is supplied by a dedicated boric acid batching tank

in the auxiliary building. Batches are transferred to the storage tanks

by a transfer pump through a trace heated line. The batching tank is

provided with an electric heater and stirrer and can if necessary

produce batches of 7000ppm to augment the filling of the CVCS boric acid

tanks during commissioning.
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The start signal for the ECS pumps is initiated by a low flow signal

from the RCP sea] injection lines. The signal opens the steam isolation

valves in the supply line from the main steam system to the ECS pump

turbines and the outer containment isolation valve downstream of the

filter. If the system happens to be under periodic test it closes the

recirculation line isolation valve, and then opens the stop valve to

admit steam to the duty ECS pump turbine.

When satisfactory seal injection flow is achieved the high flow signals

from the RCP seal injection line flow transmitters cancel the start

signal to the standby ECS pump. If the cancellation signal is not

received within 10 seconds, the standby ECS pump starts. Subsequent

failure of the duty pump will also start the standby pump.

EMERGENCY BORATION SYSTEM

Background

This new system provides a secondary shutdown capability by rapidly

injecting a 000ppm boric acid solution into the RCS loops in the event

of control rod cluster assemblies failing to drop into the core when

required. The rate of boric acid injection achieved is sufficient to

mitigate the worst Anticipated Transient Without Trip (ATWT) fault

coincident with the loss of off-site power and the subsequent coastdown

of two or more RCP's.

Previous PWR designs have been provided with systems similar to EBS to

provide rapid boration following accidental cooldown transients. These

utilised pumped injection of high concentration boric acid (21,000ppm)

from an injection tank in the auxiliary building. They relied on the

availability of a c power to drive high head injection pumps which

flushed the boric acid into the reactor core. Rates of boron injection

achievable by this method are insufficient to satisfy the British safety

assumptions.
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Design and Operation

The EBS flow diagram is shown in Fig 2 Each RCS loop has a 3000 litre

tank full of 7000ppm boric acid solution connected between the cold leg

and cross-over leg, The total tank capacity is calculated on the

assumption that a single active failure occurs following an EBS

actuation so that the injection of only three tank contents provides

sufficient negative reactivity to mitigate ATWT faults combined with

loss of off-site power. Tank contents are flushed into the RCS via

150mm dia injection lines using the pressure difference between the cold

leg and cross-over leg developed by the RCPs.

During normal reactor operation the tanks are at low temperature and

pressure and are isolated from their respective loops by normally closed

gate valves at inlet and outlet. These valves open automatically on

receipt of an EBS actuation or signal. This signal is generated by

the failure of two or more Rod Cluster Control Assemblies (RCCA) to drop

into the core when demanded, or a signal showing the coastdown of two or

more RCP's plus the failure of two RCCAs to enter the core.

The use of motor operated actuators for the EBS storage tank isolation

valves is precluded because of the lack of a guaranteed a c power supply

during loss of off-site power. Consequently the valves are operated by

stored energy actuators, pneumatic/hydraulic devices having their own

gas reservoirs independent of the station air supply system. In

addition to automatic actuation initiated by an E' signal each valve is

provided with control switches in the main control room by which they

can be stroke tested during normal operation.

The EBS is normally maintained in a water solid condition at low

temperature and pressure by a 2000 litre head tank at an elevation above

the highest point of the storage tanks and injection lines. The head

tank operates at atmospheric pressure and mutt be isolated from the RCS

when the EBS actuates pressurizing the system up to RCS operating

pressure. This is achieved by closing redundant solenoid operated

valves in the filling line on receipt of the 'El signal. A pressure

relief valve discharging to the head tank protects the EBS against

overpressure due to thermal expansion of it contents if the system is

isolated from the head tank.
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Following an EBS actuation the tanks will contain boric acid at the same

concentration as in the RCS loops. After closing the isolating valves

and allowing the system to cool it is refilled with 7000ppm boric acid

from the head tank this being replenished from the CVCS boric acid

storage tanks. The system is kept water solid during this operation,

the low concentration boric acid being simultaneously drained to the

reactor coolant drain system. Boric acid concentration is monitored

during this process by the Nuclear Sampling System (NSS). Pairs of

redundant solenoid operated valves are provided in the sample and drain

lines which close on receipt of an 'El signal.

Substantiation of Performance and Mechanical Design

The effectiveness of the EBS depends on the rapid injection of the

storage tank contents into the RCS and their rapid mixing with the

reactor coolant. The latter is assured by the high degree of turbulence

in the loop flow as it passes through the RCP, and tank flow can be

calculated and verified during commissioning. Mixing in the EBS storage

tank slows down the rate of boron injection and should be minimizedto

obtain the most rapid addition of negative reactivity.

RCS fluid entering the top of the storage tank has a lower density

(about 073) than that already present mainly due to the temperature

difference. This difference produces a buoyancy force tending to keep

the fluids separate, but the inertia velocity from the RCS promotes

mixing.

To verify mixing model calculations, tests on a one-third scale tank

were made using water as the injection fluid and brine in the tank.

These tests showed that buoyancy forces due to density difference

dominated the inertia forces and that mixing was not sensitive to

density difference changes. Tests were also performed to simulate RCP

coastdown for various initial tank flow-rates to verify the conservatism

of the model calculations. The reduction in mixing resulting from the

use of tank baffles was not found to be sign ificant.
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Following a system actuation the EBS storage tanks become part of the

primary system pressure boundary, and therefore are designed and

constructed to ASME III Class standards. System actuation produces a

rapid increase in tank pressure followed by a thermal transient from

containment ambient temperature of about 45'C up to core inlet

temperature of approximately 286'C. For this reason extensive fatigue

analyses and fracture mechanics analyses in addition to the normal

analyses required by the code have been performed to ensure that the

integrity of the RCS pressure boundary is not reduced by the addition of

the system.

MID-LOOP WATER LEVEL MONITORING

Background

The current visual method of determining RCS water level during drainage

to mid-loop level prior to removing the reactor vessel head is to

observe the level in a transparent plastic hose (Tygon hose) connected

between a drain connection on a RCS cross-over leg and a drain

connection on a pressurizer relief valve loop seal.

This method has the disadvantage that the level can only be observed

locally and the water level is difficult to see. Also an instance has

been reported in Ref 4 where level indication was lost when the Tygon

hose collapsed under vacuum because nitrogen was not admitted to the

pressurizer at a rate compatible with the reactor coolant pumpdown rate.

More serious incidents have been reported in which the loss of suction

to the Residual Heat Removal (RHR) pumps and consequent loss of residual

heat removal from the core have occurred due to inaccurate measurement

of mid-loop water level in the hot legs from which the RHR pumps take

suction (Refs (5) and 6.
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Problems with inaccurate and incorrect level measurement have been

reported from the Tihange PWR station in Belgium because loop level

measurements were determined using connections on the crossover leg

instead of the hot leg. The levels in these two legs were found to be

different when RHR pumps operate due to the effect of diffusers in the

RCP bowls which stop the hot and cold leg water levels being

communicated to the crossover leg if it falls below mid-loop level.

To prevent loss of RHR pump suction Ref 6 recommended improvements in

instrumentation and operating procedures. Those associated with

instrumentation are as follows:-

- the provision of accurate level instrumentation design for reduced

vessel level operations

- the provision of alarms in the main control room for low decay heat

removal flow and low water level.

Design Requirements

The objectives of the design implemented at Sizewell 'B' are to provide

permanently installed accurate level instrumentation for use when the

RCS level is at or near mid-loop water level and for use when draining

the RCS from the water solid condition to the mid-loop level, ensuring

that these measurements are not affected by the drainage rate or by the

gas pressure above the liquid surface. In addition it is necessary to

provide a rapid means of instrument calibration against observed water

levels and provide local indication and remote indication and alarms in

the main control room.

DescriQtion

A diagram of the system is shown in Fig 3 The level instrumentation

consists of two groups:-

- two narrow range mid-loop level gauges having a range of - Im

connected to the hot legs of loops and 3.
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one wide range level gauge (O - 25m) connected to the loop 3 hot

leg to monitor the RCS level in the range from the mid-loop level

to the top of the pressurizer. This is backed-up by the

traditional Tygon hose facility which also serves as a means of

calibrating the wide and narrow range instruments.

While one of the design objectives was to measure the loop level only in

the loops from which the RHR pumps take suction, which for Sizewell 'B'

are numbers I and 4 there was no suitable nozzle in loop 4 to which to

connect the narrow range instrument. The most suitable nozzles

available were those serving the Reactor Vessel Level Indication System

(RVLIS) on the hot legs of loops and 3 As there is no flow through

these nozzles the accuracy of the narrow range instruments cannot be

affected. Their position permits loop levels to be measured from 126mm

below the loop centre line to 874mm above the loop centre line.

The narrow range instruments consist of float type level gauges with

local magnetic level indication and remote indication derived from a

line of reed switches. Each instrument's stainless steel tube, which

contains the float and magnet, also carries the local level indicators

and the reed switches for remote indication. A connection is made at

the bottom of the float tube via a removable spool piece and isolating

valve to a RVLIS nozzle below loop water level. A pressure balance line

runs from the top of each float tube to a valve and removable spool

piece connected to a safety valve loop seal at the top of the

pressurizer. As the water level in the pressure balance line stands at

the same height as in RCS, when it falls below the top of the float tube

the float falls and registers the level in the RCS. The Tygon hose used

for visual indication and calibration is connected between the same two

points.

The wide range level instrument consists of a differential pressure

transmitter whose high pressure side is connected to one of the RVLIS

nozzles. Pressurizer gas space pressure is communicated to its low

pressure side via a gas balance line which joins the pressure balance

line for the narrow range instruments above the maximum pressurizer

water level. The gas pressure balance line is provided with a small

reservoir and drain valve to ensure it is kept free of water which if

allowed to accumulate would cause spurious wide range level readings.
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System Operation

During normal operation the system is drained and isolated from the RCS

by removing 3 spools. Prior to draining the RCS, after reactor cooldown

and depressurization, the MLWLM system can be filled, vented and the

instruments calibrated against observed water levels in the Tygon hose

before it is connected to the RCS. This is achieved by fitting the two

spool pieces to the narrow range instrument connections and opening a

vent to atmosphere at the top of the pressure balance line. Water for

calibration can be supplied from an external source or from the RCS

loops by cracking open the isolation valves connected to the RVLIS

nozzles. Correspondence between readings from narrow range instruments,

the wide range instrument and the Tygon hose can be checked before RCS

drainage is started.

Alarms are provided as follows:-

- LO alarm

During RCS drainage, when water level falls to metre above the

loop centre line.

- HI and LO alarms

During operation at mid-loop level, if water level is outside the

range 186mm to 306mm above the loop centre line.

- HI alarm

During filling, when the level reaches 20m above loop centre line.

Indications are provided as follows:-

- Remote

Narrow and wide range levels in the main control room.
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Local

Visual indication on each narrow range instrument.

Visual indication from the Tygon hose.

System Layout

The accurate measurement of mid-loop water level and RCS level during

draining and filling operations depends on ensuring that instrument

lines intended to be water filled do not contain gas pockets, and gas

filled lines are laid out to eliminate low points in which water can

collect. Careful siting of instruments is necessary to avoid long

horizontal pipe runs, and where these are unavoidable generous slopes

are provided to ensure rapid drainage back into the RCS. Strategically

placed drains and vents ensure that the system can be filled and vented

in accordance with a written procedure and that all the level channel

readings agree before the system is put into service.

DISCUSSION

PWR technology applied in the U.K has required some special development

in detailed fluid system design to satisfy British requirements. The

opportunity presented in designing Sizewell 'B' has allowed some long

standing PWR concerns to be addressed. Care has been taken in proposals

to solve these not to detract from proven PWR reliability.

This has been achieved in the examples mentioned or dealt with in detail

in this paper by:-

- the -use of SEBIM valves and associated equipment in the RCS

overpressure protection system for which substantial PWR design and

operating experience are available;

- the use of equipment and system design principles in the.provision

of an ECS which do not involve new technology and which have been

employed successfully in previous CVCS and auxiliary feedwater

system designs;
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in the case of the new EBS, by verification of the system design

principles using model tests, and by careful component design to

ensure their lifetime integrity; and

the use of rugged uncomplicated istruments for the improved MLWLM

system, together with careful pipework layout and the provision of

detailed operation and calibration procedures.

FIGURE LEGEND.

IC - INSIDE CONTAINMENT

OC - OUTSIDE CONTAINMENT

D - DRAIN

V - VENT

P - PRESSURE

DP - DIFFERENTIAL PRESSURE

T - TEMPERATURE

F - FLOW

L - LEVEL

LT - LEVEL TRANSMITTER

FF - FAIL FIXED

FS - FAIL SHUT

OD - OVER DATUM

HTR - HEATER
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