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pinnacle of his physics career when he shared a
Nobel Prize with two other scientists on
“Unification of Electromagnetism and the Weak
Nuclear Force”. The most revealing of it was the
existence of a new particle at extreme energies —
the conditions that would be similar to the few
moments in the birth of the universe. These
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Chapter 1

Nuclear Power Plant Facilities and Regulatory
Guides

1.1 General Introduction

A number of nuclear power stations exist worldwide. This chapter concentrates
on British, American, Canadian and European research and commercial reac-
tors and nuclear power stations. The directory exists on the past, present and
future planning for the NPS and are continuously being updated. In this
chapter carefully selected nuclear stations with various design parameters
have been clearly dealt with. British research and commercial nuclear power
stations are first named. Various design and other parameters are given with
reasonable artwork explaining the concepts behind the research and commer-
cial reactor stations. Listings are provided for BWR, AGR, BHWR, PWR and
FBR types and others in major countries of the world. Those countries that
have designed and supplied the respective systems are named together with the
suppliers. This chapter ends with relevant references for those who can carry
out an in-depth study for initiating and planning of next generation of nuclear
power stations. Owing to restrictions, some have been listed without explana-
tory notes and designs.

1.2 British Commercial Nuclear Power Station — Commissioned
and Non-commissioned

1.2.1 General

The following well-known stations have been constructed and commissioned:

Berkeley (275 MW) — decommissioned
Bradwell (300 MW) — decommissioned
Latina (200 MW)

Dungeness A (550 MW)

Dungeness B (500 MW)

Oldbury (600 MW) — decommissioned
Hinkley A (500 MW)

M.Y.H. Bangash, Structures for Nuclear Facilities, 1
DOI 10.1007/978-3-642-12560-7_1, © M.Y.H. Bangash 2011
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Hinkley B (550 MW)
Hartlepool (550 MW)
Wylfa (550 MW)

Sizewell B PWR (1300 MW)

Ther are many others which are mentioned later on in the text.

1.2.1.1 Berkeley NPS

They have two units:

Unit 1 reactor on power: 12 June 1962
Unit 2 reactor on power: 2 November 1962

These are gas-cooled reactors, graphite moderated using natural uranium as
fuel and are equipped with one-load charge/discharge machinery. Each reactor
is associated with light heat exchangers which supply steam to 4No. 83 MW
dual-purpose turbo alternators. Plate 1.1 shows the pictoral view of the Berke-
ley N.P.S. and Plate 1.2 gives an outline of the sectional elevation of this
situation. The station was designed by TNPG — a consortium of engineering
firms for the then Central Electricity Generating Board (CEGB).

Plate 1.1 A pictoral view of Berkeley nuclear power station
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T

Plate 1.2 A sectional elevation of Berkeley nuclear power station

The station parameters:

Station net electric output
Heat per reactor
Moderator
Diameter of active core
Height of active core
Fuel
Rod diameter
Rod length
No. of fuel channels
No. of fuel elements per channel
Weight of fuel per reactor
Reactor vessel
Internal diameter
No. of standpipes Control
Charge
Blowers
Coolant
Reactor gas inlet temperature
Reactor gas outlet temperature
Power per blower
Boilers
Overall height
Diameter

275 MW

560 MW
Graphite
13.1m
7.45m
Natural uranium solid rod in Magnox can
27.9 mm

0.48 m

3265

13

230.8 t

Steel cylinder
152m

133

60

8 per reactor
Carbon dioxide
160°C

345°C

2.34 MW

8 per reactor
21.3m

53m
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(continued)
Fuel handling On load
Turbo alternators 4
Speed 3000 rpm
Rating 80 MW
Steam conditions (at stop valve)

HP Flow 70.5 kg/s
Pressure 21.8 kg/cm? abs
Temperature 316°C

LP Flow 32.6 kg/s
Pressure 5.1 kg/em? abs
Temperature 316°C

Station status: Completed life service and decommissioned

1.2.1.2 Bradwell

Bradwell has two gas-cooled graphite-moderated reactors fuelled with natural
uranium. There have been two units commercially operated:

Reactor 1 on power: 1 July 1962
Reactor 2 on power: 12 November 1962

Each reactor has six heat chambers supplying steam at two pressures to six
52.4 MW turbo alternators. For on-load refuelling universal charge and dis-
charge machines are used. Plates 1.3 and 1.4 show the pictoral view and outline
sectional elevation of the station, respectively.

Plate 1.3 A pictoral view of Bradwell nuclear power station (with compliments of CEGB)
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Plate 1.4 A sectional elevation of Bradwell nuclear power station (with compliments of CEGB)

The station parameters:

Station net electric output
Heat per reactor
Moderator
Diameter of active core
Height of active core
Fuel
Rod diameter
Rod length
No. of fuel channels
No. of fuel elements per channel
Weight of fuel per reactor
Reactor vessel
Internal diameter
No. of standpipes Control
Charge
Blowers
Coolant
Reactor gas inlet temperature
Reactor gas outlet temperature
Power per blower
Boilers
Overall height
Diameter Top
Bottom

300 MW

531 MW
Graphite
122 m

7.90 m
Natural uranium solid rod in magnox can
29.3 mm
091 m

2564

8

239t

Steel sphere
20.3 m

168

88

6 per reactor
Carbon dioxide
180°C
390°C

2.47 MW

6 per reactor
28.1m
5.8m

6.1 m
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(continued)

Fuel handling On load

No. of charge machines 2 per reactor
Main turbo alternators 6

Speed 3000 rpm

Rating 52 MW
Auxiliary turbo alternators (blower
drive)3 3

Speed 3000 rpm
Steam conditions (at stop valve)

HP Flow 43.1 kg/s
Pressure 52.4 kg/cm? abs
Temperature 371°C

LP Flow 15.9 kg/s
Pressure 13.7 kg/cm? abs
Temperature 371°C

Station status: Completed life service

1.2.1.3 Latina

The power station is located some 40 miles south of Rome and was designed and
constructed by TNPG in collaboration with refinements in the reactor design. It
is a single refined gas-cooled graphite-moderated reactor which supplies steam

to 3No.70 MW turbo alternator.

Reactor on power: 12 May 1963

Plates 1.5 and 1.6 show the pictoral view and outline sectional elevation of

the structure, respectively.

The station parameters:

Station net electric output
Reactor heat
Moderator
Diameter of active core
Height of active core
Fuel
Rod diameter
Rod length
No. of fuel channels
No. of fuel elements per channel
Weight of fuel
Reactor vessel
Internal diameter
No. of standpipes
Blowers

200 MW
705 MW
Graphite
12.7m
7.88m
Natural uranium solid rod in magnox can
29.3mm
0.91m

2929

8

268t

Steel sphere
20.3m

197

6
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Plate 1.5 Pictoral view of Latina (with compliments from TNPG a part of Mcalpine
consultants)

Plate 1.6 Outline of the sectional elevation of Latina
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(continued)

Coolant Carbon dioxide

Reactor gas inlet temperature 180°C

Reactor gas outlet temperature 390°C

Power per blower 3.06 MW

Boilers 6
Overall height 24.1m
Diameter 5.6m
Fuel handling On load
No. of charge machines 2
Main turbo alternators 3
Speed 3000 rpm
Rating 70 MW
Auxiliary turbo alternators (blower drive) 2
Speed 2263 rpm
Steam conditions (at stop valve)

HP Flow 57.6 kg/s
Pressure 52.4 kg/cm? abs
Temperature 371°C

LP Flow 21.1 kg/s
Pressure 13.7 kg/em? abs
Temperature 371°C

Station status: Completed life service

1.2.1.4 Dungeness A

The TNPG, a consortium, installed two gas-cooled graphite-moderated
type, using natural uranium as fuel with on-load refuelling. The number of
gas circuits has been reduced to four back pressure steam turbines providing
gas circulator drive. The turbine house contains 4No. 142.5 MW turbo
alternators.

No. 1 reactor in power: 21 September 1965
No. 2 reactor in power: 18 November 1965

Plates 1.7 and 1.8 show the pictoral view and the outline elevation of the
station, respectively.
The station parameters:

Station net electric output 550 MW

Heat per reactor 840 MW

Moderator Graphite
Diameter of active core 13.9m
Height of active core 7.47 m

Fuel Natural uranium solid rod in magnox can
Rod diameter 27.9 mm
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Plate 1.7 A pictoral view of the Dungeness A nuclear power station (with compliments of
CEGB)
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Plate 1.8 Outline of the sectional elevation of the Dungeness A nuclear power station (with
compliments of CEGB)
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Reactor vessel
Internal diameter
Blowers

Coolant Carbon dioxide
Reactor gas inlet temperature 250°C
Reactor gas outlet temperature 410°C
Power per blower 7.16 MW
Boilers 4 per reactor
Overall height 229 m
Diameter 7.2m
Fuel handling On load
No. of charge machines 2 per reactor
Turbo alternators 4
Speed 1500 rpm
Rating 142.5 MW
Steam conditions
Pressure 41.5 kg/em? abs
Temperature 393°C

(continued)
Rod length 0.972 m
No. of fuel channels 3876
No. of fuel elements per channel 7
Weight of fuel per reactor 300t

Steel sphere
19.1m
4 per reactor

Station status: Under service operation

Commissioning date:
Reactor number 1: July 1965
Reactor number 2: 2 September 1965

The station is situated on the coast on the western side of Dungeness in Kent.
There are two reactors, housed in spherical-type pressure vessels of 62.5 ft mean
diameter, constructed of steel plates having a general thickness of 4 in. Each
reactor has four boilers. Generating plant comprises four 1,500 rpm turbo
alternators each with rated output of 142.5 MW at 0.8 power factor (lagging).
The total guaranteed net output of the station in megawatts is planned as
550 MW which was expected to be achieved by the end of 1965.

Location:

Reactor type:

Reactor power:

Designer:

Builder:

Fuel element:

Data for each
reactor

Number of elements:

Moderator:

Dungeness Point Kent

Magnox

840 MW (Th.), 275 MW (E) net from each of two reactors
The Nuclear Power Group

The Nuclear Power Group

Natural uranium bars in Magnox cans

27,515 in 3932 channels.
Total 300 t natural uranium
1500 t graphite
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(continued)
Coolant: Carbon dioxide, outlet temperature 410°C
Core size: 24 —sided prism: 13.83 m diameter, 7.39 m high
Specific power: 2.78 kW/kg uranium
Control: 91 bulk rods; 9 sector rods; 8 trim rods of boron steel in stainless
steel sheath
Shielding: Biological: 167.6-289.6 cm concrete

(With compliments from TNPG)

1.2.1.5 Dungeness B Advanced Gas-Cooled Reactor Station

The pressure vessel built in concrete, i.e. the PCPV, has been thoroughly
investigated in this test.

1.2.1.6 Oldbury

An advancement is made on the gas-cooled reactor design. Each of the two reactor
does have its core, boilers and gas circulators enclosed in a prestressed concrete
pressure vessel. Natural uranium used as a fuel. In a turbine house unit generating
sets are used, each one rated at 313 MW. It is four miles from Berkeley.

Both reactors on power in 1966/1967

Plates 1.9 and 1.10 show pictoral view and an outline elevation of the station,
respectively.

Plate 1.9 A pictoral view of the Oldbury nuclear power station (with compliments of
Mr. Ghalib of TNPG)
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Plate 1.10 An outline sectional elevation of the Oldbury nuclear power station (with compli-
ments of Mr. Ghalib of TNPG)

Station parameters:

Station net electric output 600 MW
Heat per reactor 892 MW
Moderator Graphite
Diameter of active core 12.8 m
Height of active core 8.53m
Fuel Natural uranium solid rod in Magnox can
Rod diameter 27.9 mm
Rod length 0.972 m
No. of fuel channels 3308
No. of fuel elements per channel 8
Weight of fuel 292 t
Reactor vessel Prestressed concrete cylinder
Internal diameter 23.5m
Internal height 18.3m
Blowers 4 per reactor
Coolant Carbon dioxide
Blower drive Back pressure steam turbine
Reactor gas inlet temperature 250°C
Reactor gas outlet temperature 411°C
Power per blower 4.9 MW




1.2 British Commercial Nuclear Power Station 13

(continued)
Boilers 4 annular per reactor
Height over banks 11 m
Width of annulus 3.1m
Fuel handling On load
No. of charge machines One per reactor
Turbo alternators 2
Speed 1500 rpm
Rating 313 MW
Steam conditions
HP Flow 190 kg/s
Pressure 98.3 kg/cm? abs
Temperature 393°C
LP Flow 149 kg/s
Pressure 49.5 kg/cm? abs
Temperature 393°C

Station status: Originally completed life service

1.2.1.7 Hinkley

The station has a capacity of 1300 MW (c) twin reactor of AGR. It is similar to
Oldbury for the internal arrangement of core and boilers. The significant
features of the design are

(a) Gas pressure 42.5 kg/cm? (600 psia)
(b) Fully encapsulated gas coolers, removable under pressure
(¢) Boiler shield walls of calcium hydroxide

The station is located in the north Somerset on the Bristol Channel.

Plates 1.11 and 1.12 show pictoral view and outline sectional elevation of the
station, respectively.

Station parameters: Similar to Oldbury N.P.S.

Recent improvements in the design of the core have been given a mean fuel
rating 30% higher than the figure published for Dungeness ‘B’. The reactors are
refuelled on load. No axial or radial shuffling of the fuel is required during its
life in the reactor.

The overall performance parameters of the station are as follows:

Electrical output (net) 2 x 630 MW (+ 40 MW from gas turbines)
Reactor heat output 1500 MW

Fuel rating 5.14 MW (e)/t

Thermal efficiency 42.0%

Station status: Completed life performance
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Plate 1.11 A pictoral view of the Hinkley ‘B’ nuclear power station (with compliments of
Mr. Ghalib of TNPG)

Reactor core

Supporting grid

Gas balfle

Circulator outlet gas duct
Boiler

Thermal insulation
Reheat steam penetrations
Main steam penetrations
Hoiler feed penetrations
Cable stressing gallery
Gas circulators

HE e b b

-

Plate 1.12 A sectional elevation of the Hinkley ‘B’ Nuclear power station (with compliments
of Mr. Ghalib of TNPG)
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1.2.1.8 Other British Reactors: Commercial and Research Types
General Information

The reactors mentioned in this section are collected from a number of sources.
The information given herein is for research and advanced commercial reactors
which are listed as under:

Each of the above station is supported by the respective station parameters.
Some of them have completed their expected life with the possibility of demoli-
tion or replacement.

Gleep

Graphite Low-Energy Experiment Pile

Commissioning date: 15 August 1947

A thermal heterogeneous reactor, using natural uranium as fuel: graphite
moderated and reflected, air cooled.

The reactor is formed from a graphite cube of 21 ft (6.4m) side width made
of 682 channels. Natural uranium bars and aluminium clad, are placed in
these channels to provide the fuel.5 ft (1.52m) thick barytes concrete forms
biological shield. The listings of the other NP stations are first listed
underneath.

Location: A E R E Harwell Berkshire

Reactor type: Thermal, heterogeneous

Reactor power:  Variable up to 4.5 kW (Th.)

Designer: Ministry of Supply

Builder: Ministry of Works

Fuel element: Natural uranium bars in plain aluminium cans

Number of 11,594 in 682 channels, total 32.5t natural uranium

elements:

Moderator: 505t graphite

Coolant: Air at ambient temperature

Core size: Cylindrical 552 cm diameter, 518 cm long

Specific power:  0.14 kW/t uranium

Control: One safety rod and two sets of three shut-off rods; one fine, four
coarse control rods of boron carbide in stainless steel annulus

Shielding: Biological: concrete 152 cm thick. No thermal shield

(Data provided by the Late Lord Marshall of UKAEA 1989)

Bepo

British Experimental Pile Operation

Commissioning date: 5 July 1948

A thermal heterogeneous reactor with natural or low-enrichment uranium as
fuel, graphite moderated and reflected, air cooled.
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Gleep A
Bepo
Lido
Dido
Pluto
DMTR
Horace
Herald
Zenith

Vera

Research Reactors

Nestor
Hero
Daphne
Dimple
Zebra v
Hector

Jund

Tokaimura

Calder Hall A
Chapelcross

Hunterston
Hinkley Point A
Trawsfynydd

Magnox
Reactors

Dungeness A v

Sizewell
Wylfa
Hartlepool

AGR

Dungeness B

SGHWR, Winfirth
DFR

Dragon

HTGFR,
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The reacting core is a cylinder 20 ft diameter by 20 ft long and there are 20
fuel elements in each of 880 channels. Fuel is canned in aluminium, finned to
improve heat transfer. Air is drawn at sub-atmospheric pressure through the
core and is discharged from a high chimney. Shielding consists of a 6 in. cast
iron thermal shield and 6% ft of barytes concrete.

Location: A E R E Harwell Berkshire

Reactor type: Thermal heterogeneous

Reactor power: 6 MW (Th.)

Designer: Ministry of Supply

Builder: Ministry of Works

Fuel element: Natural or low-enriched uranium in finned aluminium cans

Number of 16,558 in 830 channels total 39 t natural uranium

elements:

Moderator: 863 t graphite

Coolant: Air outlet temperature 120°C

Core size: Cylindrical 610 cm diameter, 610 cm long

Specific power:  0.15 kW/kg uranium

Control: Two vertical shut-off rods: four horizontal control rods (falling under
gravity) of hollow steel lined or filled with boron carbide

Shielding Biological: concrete 198 cm thick. Thermal: cast iron 15.2 cm thick

(Data provided by the Late Lord Marshall of UKAEA 1989)

Lido

Commissioning date: 20 September 1956
Thermal heterogeneous swimming pool type, enriched uranium fuel, H,O
moderated and cooled.

The concrete tank has 7 ft thick walls and is 28 ft long, x 8 ft wide and 24 ft
deep internally and contains light water. Three large aluminium ‘windows’ are
fitted in the tank and these allow heavy shielding experiments to be set up
outside. Three beam holes are also fitted. The reactor core is made up of
uranium/aluminium plates clad in aluminium; it can be moved through the
water into position on the inner side of any window. The water is circulated for
cooling and cleaning.

Location: A E R E Harwell Berkshire

Reactor type: Thermal heterogeneous swimming pool

Reactor power: 100 kW (Th.)

Designer: UKAEA

Builder: Vickers Armstrong

Fuel element: MTR-type curved plates 46% enriched uranium alloyed with

aluminium; clad in aluminium

Number of 22 standard elements, 4 control rod elements, a few partial elements,
elements: total 3.47 kg U-235

Moderator: 155,000 1 demineralised water
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(continued)
Coolant: Water outlet temperature (core) 45°C
Core size: Rectangular prism 46 cm square, 63.5 cm high
Specific power: 29 kW/kg U-235
Control: Two safety rods, one shim rod; one regulating rod of cadmium strip
clad in stainless steel, all rods operating in special fuel elements
Shielding: The water is contained in a concrete tank 213 cm thick

(Data provided by the Late Lord Marshall of UKAEA 1989)

Dido Pluto DMTR

The authority has three Material Testing Reactors essentially of the same
design: Dido and Pluto at Harwell and DMTR at Dounreay. Their main
purpose is to test fuel, coolants and materials which may be used in future
rectors, principally to study the effects of radiations under reactor conditions.
Dido and Pluto are also used for the production of isotopes of high specific
activity and for research in physics, chemistry and metallurgy.

Dido: Deuterium oxide-moderated reactor i.e. D,O or DDO

Pluto: Loop Testing Reactor

Commissioning dates:

Dido: 7 November 1956

Pluto: 28 October 1957

Location: Dido and Pluto: A E R E Harwell Berkshire
Reactor type: Thermal heterogeneous, MTR
Reactor power: 15 MW (Th.)

Designer: UKAEA
Builder: Head Wrightson Processes Ltd.
MTR-type plates 80% enriched uranium alloyed with aluminium;
Fuel element: clad in aluminium
Number of Dido: 25 arranged in rows 4, 6, 5, 6, 4 Total 3.75 kg U-235
elements:

Pluto: 26 arranged in rows 4, 6, 6, 6, 4 Total 3.9 kg U-235
Moderator: 10 nt D,O
Coolant: D50 outlet temperature 53°C (bulk)
Core size: Approximate vertical cylinder, 61 cm high
Dido: equivalent diameter 84 cm
Pluto: equivalent diameter 87.5 cm
Specific power:  Dido: 4,000 kW /kg U-235
Pluto: 3,850,000 kW/kg U-235
Control: Coarse control/shut-off: six arms (Pluto seven arms) cadmium in
stainless steel sheath, two vertical safety rods, one vertical fine control rod

of cadmium in stainless steel tubes, D,O reflector dumping
Shielding: Dido: 0.65 cm boral, 10.2 cm lead (water cooled) surrounded by

152 cm barytes concrete
Pluto: 0.65 cm boral, 10.2 cm lead (water cooled) about 45 cm, iron

shot concrete (variable thickness) followed by not less than 120 cm of
barytes concrete

(Data provided by the Late Lord Marshall of UKAEA 1989)
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Horace

H,O Reacot Aldermaston Critical Experiment
Commissioning date: May 1958
A zero energy reactor, H,O moderated, with MTR-type fuel

The reactor core is a duplicate of the research reactor Herald core and is used
for reactivity measurements required for the operation of Herald and the safety
assessment of experiments.

Location:
Reactor type:
Reactor power:
Designer:
Builder:
Fuel element:
Number of
elements:
Moderator:

Coolant:
Core size:

Specific power:
Control:
Shielding:

A W R E Aldermaston Berkshire

Thermal heterogeneous swimming pool

SMW (Th.)

UKAEA

A W R E Aldermaston

80% enriched U-235 in uranium—aluminium alloy in aluminium plates

Up to 70 in various configurations made up of elements, beryllium
reflectors and mock-ups of incore rigs

Light water

Light water
Maximum approximately 68.6 cm x 58.4 cm x 61 cm high

Zero energy
six flat absorbers, cadmium in stainless steel, with aluminium followers
Screening wall 366 cm high, 30.5 cm thick of aggregate concrete blocks

(Data provided by the Late Lord Marshall of UKAEA 1989)

Herald
Location: A W R E Aldermaston Berkshire
Reactor type: Thermal heterogeneous swimming pool
Reactor power: 5 MW (Th.)
Designer: A E l-John Thompson Nuclear Energy Co. Ltd. and AWRE
Builder: A E I-John Thompson Nuclear Energy Co. Ltd.
Fuel element: Aluminium MTR type 14 fuel plates per element
Number of Up to 50 fuel elements, total 6 kg U-235
elements:
Moderator: Light water
Coolant: Light water up to 50°C
Core size: 68.6 cm x 58.4 cm x 61 cm high
Specific power: 800 kW /kg U-235
Control: Six flat cadmium sheet absorbers in stainless steel with aluminium
followers operating together
Shielding: Biological: 61 cm iron shot concrete and 122 cm barytes concrete

Thermal: 10.2 cm lead cast in aluminium segments

(Data provided by the Late Lord Marshall of UKAEA 1989)
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Zenith

Zero Energy Nitrogen-Heated Thermal Reactor

Commissioning date: December 1959

A thermal, near-homogencous, reactor with variable fuel-graphite moder-
ated and reflected. Nitrogen is used as heating gas.

Zenith is designed for the study of the physics of high-temperature gas-cooled
systems. Circulation of nitrogen gas over a 250 kW heater at the base of the core
allows the core and side reflector regions to be heated to 800°C and 400°C
respectively.

Location: A E E Winfirth Dorset

Reactor type: Thermal near-heterogeneous variable fuel

Reactor power:  Zero energy [max. 200 W (Th.)]

Designer: UKAE and General Electric Company Ltd.

Builder: General Electric Company Ltd.

Fuel element: 93% enriched uranium or plutonium alloy containing 97.5% Pu-239,
2.4% Pu-240 and 0.1% Pu-241

Number of 235 fuel elements made of pallets in graphite tubes giving a variable

elements: core loading

Moderator: Graphite (in the fuel element tubes)

Coolant: Nitrogen is used as heating gas to give 800°C maximum core
temperature

Core size: Cylindrical 183 cm high, 122 cm diameter

Specific power:  Not applicable

Control: 1-10 motorised boron carbide safety rods; 3—6 motorised boron
carbide shut-off rods; 1 fine, 1 coarse boron carbide control rod

Shielding: 1.91 cm thick mild steel pressure vessel in contained pit of 122 cm
thick barytes concrete

(Data provided by the Late Lord Marshall of UKAEA 1989)

Vera

Versatile Experimental Reactor Assembly
Commissioning date: 22 February 1961

A zero-energy fast reactor built on a lattice plate which is separated into two
halves for convenience and safety on loading. Fuelled with U-235 or Plutonium
and designed for research in fast reactor physics, particularly for the purpose of
checking nuclear data and calculation methods.

Location: AWRE Aldermaston Berkshire

Reactor type: Fast, zero energy

Reactor power: 10 W (Th.)

Designer: UKAEA

Builder: UKAEA

Fuel element: U-235, square plates unclad, sprayed with lacquer. Pu-239 square
plates clad in soft-soldered copper
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(continued)
Number of Normally 40—60 in a maximum of 144 channels — the remainder,
elements: containing standard elements of reflector material

Moderator: Variable (graphite, steel, polythene etc.) in square plates or blocks

Coolant: None

Core size: Maximum 55.8 cm cube. A typical core is a 35.6 cm isometric pseudo-
cylinder

Specific power:  Not applicable

Control: Four safety rods of standard fuel reflector elements, three control
rods of similar elements

Shielding: No integral shielding — the reactor is located in a shielded laboratory

(Data provided by the Late Lord Marshall of UKAEA 1989)

Nestor

Neutron Source Thermal Reactor

Commissioning date: September 1961

A thermal heterogeneous reactor, fuelled with highly enriched uranium, light
water moderated and cooled, graphite reflected.

The Nestor reactor provides a source of neutrons and accordingly has a number of
special features. It consists of an annular core structure containing highly enriched
uranium—aluminium alloy as fuel plates immersed in water. Graphite fills the centre
of the annulus and surrounds it externally. The graphite serves two important
purposes. It reduces the amount of uranium required to obtain a self-sustaining
chain reaction in the core. In addition, it screens the reactor from the experimental
assemblies and ensures that the power level, control and safety of the reactor are not
significantly affected by rearrangements in the experimental assemblies.

Location: AEE Winfirth Dorset

Reactor type: Thermal heterogeneous (modified Jason type)

Reactor power: 10 kW (Th.) rising to 30 kW in 1964

Designer: Hawker Siddley/Nuclear Power Co. and UKAEA

Builder: Hawker Siddley/Nuclear Power Co. and Turriff Construction
Corporation Ltd.

Fuel element: MTR-type plates containing 80% enriched U-235 in aluminium
alloy clad in aluminium

Number of 16-24 channel spaces not occupied by fuel elements are filled by

elements: aluminium-clad graphite blocks. Total 4.6 kg uranium

Moderator: Demineralised water

Coolant: Demineralised water at 35°C

Core size: Fuel elements from an annulus 15.24 cm wide and 76.2 cm mean
diameter in cylindrical aluminium tank

Specific power:  2.18 kW/kg U-235

Control: Two safety plates of cadmium clad in stainless steel; two similar
control plates. Water moderator can be dumped

Shielding: 76 cm of iron shot concrete

(Data provided by the Late Lord Marshall of UKAEA 1989)
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Hero

Hot Experimental Reactor of 0 (zero) power
Commissioning date: 5 February 1962

This zero-energy reactor was designed to complement the Advance Gas-
cooled Reactor at Windscale in providing physics information on the AGR
system.

The graphite-moderated core is cylindrical, both height and diameter
being 18 ft and the design is such that it can be dismantled and re-assembled
so that it could be used to study a verity of core geometries but as planned
the reactor is mainly used for testing lattices at the AGR lattice pitch.
Carbon dioxide is circulated through the core and external heaters are
provided which can heat the gas to give core temperature up to 500°C,
thus enabling operating conditions of the temperature of the AGR to be
simulated without the development of residual radioactivity, which would
hamper experimental work.

Location:
Reactor type:

Windscale Cumberland
Head lattice test reactor

Reactor power: 3 kW (Th.)

Designer: UKAEA

Builder: UKAEA

Fuel element: Enriched UO, (1.8% U-235) clad in stainless steel

Number of Variable 325 channels (maximum) are variable for use
elements:

Moderator: Graphite, raised to 500°C by electrically heated CO,

Coolant: CO,

Core size: Vertical axis cylinder 549 cm high, 554 cm diameter

Specific power:

20 x 1073 kW/kg

Control: Variable; up to 6 boron steel safety rods, 2 fine control and 16 coarse
control rods dependent on the experiment
Shielding: 122 cm high-density concrete
Daphne

Dido and Pluto Handmaiden for Nuclear Experiments
Commissioning date: 20 February 1962

A thermal heterogeneous reactor, fuelled with enriched uranium. D>,O mode-
rated and cooled, D>O and partial graphite reflectors.

Designed to provide basic physics support to Dido and Pluto and therefore is
very similar to these reactors in the main design features. It can be loaded with
fuel elements, rigs and beam tubes to stimulate Dido, Pluto or other reactors of
this class. The reactor operates at powers up to 100 W and is shielded by 4 ft
thick concrete blocks.
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Location: AERE Harewell Berkshire

Reactor type: Thermal heterogeneous

Reactor power: 100 W (Th.)

Designer: UKAEA

Builder: UKAEA

Fuel element: MTR-type plates 80% enriched uranium alloyed with aluminium;
clad in aluminium 1

Number of 25 for Dido simulation (3.75 kg U-235), 26 for Pluto simulation

elements: (3.9 kg U-235)

Moderator: D,0 at 7 t at ambient temperature

Coolant: D,0 at ambient temperature

Core size: Approximate vertical cylinder 61 cm high, equivalent diameter about
86 cm

Specific power: 27 kW/t U-235

Control: Four safety rods cadmium in stainless steel sheath in hollow fuel
elements, vertical fine control rod (same type). Control is by
variation by D,O level and/or reactor fine control rod. Signal-type
coarse control arms (cadmium in stainless steel sheath) may be
adjusted when sub-critical to stimulate coarse control/shut-off
arms in Dido and Pluto

Shielding: 120 cm Portland concrete

(Data provided by the Late Lord Marshall of UKAEA 1989)

Dimple

Deuterium-Moderated Pile of Low Energy

Commissioning date at Winfirth: 18 June 1962

A thermal heterogeneous reactor, with fuel and moderator variable; remo-
vable graphite reflectors no coolant.

The Zero-Energy Reactor, Dimple, which was used at Harwell until late
1960, has been extensively modified and rebuilt at Winfirth. Dimple can now be
used to study the physics of reactor systems moderated by light or heavy water
or by an organic moderator. Containment and monitoring equipment have
been provided to permit the use of plutonium-bearing fuels. A wide variety of
coarse structures can be built into Dimple ranging from large pressure tube
systems to small close packed systems moderated with H,O or H,O/D,O mix-
tures, which are of interest in the field of marine propulsion. The reactor may be
heated uniformly to about 90°C.

Location: AEE Winfirth Dorset
Reactor type: Thermal heterogeneous variable moderator and fuel
Reactor power: 100 W (Th.)
Designer: UKAEA
Builder: UKAEA
Fuel element: Uranium or plutonium as required
Number of Variable
elements:
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(continued)
Moderator: Liquid; variable in amount and composition
Coolant: None
Core size: Variable: A maximum 259 cm diameter 249 cm high
Specific power:  Negligible
Control: Safety rods: either two separate banks containing up to 10 rods per

bank (variable in size and composition) or fast internal moderator
dump into cavity within tank. Coarse and fine control rods of
variable composition and number, the difference being achieved by
different gear speeds

Shielding: 122 c¢m thick concrete block construction

(Data provided by the Late Lord Marshall of UKAEA 1989)

Zebra

Zero-Energy Breeder Reactor Assembly
Commissioning date: 19 December 1962

A fast reactor fuelled with plutonium and/or highly enriched uranium, enrich-
ment variable; no moderator; reflector composition variable but commonly
natural uranium; no coolant.

To date, experimental fast reactors have compromised very small highly
enriched cores. For example, the core of the Dounreay experimental fast reactor
is about 2 ft diameter and 2 ft high. For power producing fast reactor to be used
in electricity generating stations much larger reactors with lower enrichment are
envisaged.

The neutron physics of the reactor will be studied in Zebra.

Location: AEE Winfirth Dorset

Reactor type: Zero-energy fast breeder

Reactor power: 100 W (Th.) maximum

Designer: UKAEA

Builder: UKAEA

Fuel element: Plates: initial experimental programme provided 350 kg U-235 as

93% enriched uranium, unclad; 150 kg U-235 as 36%% enriched
uranium, unclad; 100 kg plutonium clad in thin layers of copper
Number of Variable

elements:
Moderator: None
Coolant: None
Core size: Variable
Specific power:  Variable
Control: Nine control rods: five screw type operated from below; four cable type

operated from above; two screw type used as safety rods; two groups
of cable type used as shut-off rods: three screw-type rods used as
regulating rods; one (of smaller worth) is used for fine control

Shielding: 106 cm Portland concrete; 2 heavy concrete doors roll back to give
access to the top of the reactor

(Data provided by the Late Lord Marshall of UKAEA 1989)
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Hector

Heated Experimental Carbon Thermal Oscillator Reactor

Commissioning date: 10 March 1963

A zero-energy thermal reactor; two-region core; graphite moderated and
reflected with carbon dioxide heating and cooling.

Hector is designed for obtaining information on the physics of power reactors
by means of experiments using small quantities of material. A sample of the
material is introduced into the centre of the reactor and the observed rate of
change of the reactor power gives a measure of the neutron absorbing proper-
ties of the sample. An alternative technique is to move the sample in and out of
the reactor periodically and to observe the resultant fluctuation of the power
level. The reactor lattice in the neighbourhood of the sample is adjusted so as
to simulate the conditions existing in a power reactor.

The rector core consists of two regions. The outer region is an annulus of
graphite containing fuel in the form of plates of an alloy of highly enriched
uranium and aluminium. This is known as the ‘driver’ region. Within this
annulus is a central region which may be heated to a temperature of up to
450°C by a stream of electrically heated carbon dioxide gas. A variety of
assemblies of fuel and moderators may be lodged into this region.

Location: AEE Winfirth Dorset
Reactor type: Zero energy thermal
Reactor power: 100 W
Designer: Fairey Engineering Ltd. to AEA specification
Builder: Fairey Engineering Ltd.
Fuel element: Central core region: variable.
Outer core region: Dido-type flat plates
Number of Central core region: 128 channels
elements:
Outer core region: 216 channels
Moderator: Graphite
Coolant: CO; used to heat the central region and cool the outer region
Core size: Central: octagonal graphite stack 91.1 cm across flats by 285 cm high
with outer diameter 359 cm and octagonal hole 123 cm across flats
along axis
Specific power:  Very small
Control: All control and safety rods are B.C packed in steel tubes; six safety
rods and six shutdown rods; two coarse control rods and one fine
Shielding: control rod; up to eight temperature rods

122 cm concrete with shield doors which open to expose whole top
surface of reactor vessel

(Data provided by the Late Lord Marshall of UKAEA 1989)
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Juno
Commissioning date: April 1964

Juno is a dual-purpose assembly for the study either of compact liquid-
moderated cores or of pressure tube-type liquid-moderated lattices in critical
configurations. It may alternatively be used as an experimental system, driven
external neutron sources, for the study of pressure tube-type cores.

It will be used for the study of the physics of the reactor systems moderated
by light or heavy water supplementing the work of the reactor Dimple to which
it bears many similarities.

When required, it may be modified to permit the use of plutonium-bearing
fuel. A wide variety of core structures can be built into Juno ranging from
critical cores of closed pack fuel assemblies moderated by light or heavy water
(of interest of marine work) to large cores of Steam-Generating Heavy Water
type. These may be studied exponentially if required.

When in use as a compact critical assembly, emergency shutdown is provided
by a rapid internal dump system which is ideally suited for the study of close
packed cores where the provision of control rods involves an unacceptable
perturbation of the core.

Location: AEE Winfirth Dorset

Reactor type: Thermal, heterogeneous, variable moderator and fuel

Reactor power: 100 W (Th.)

Designer: UKAEA

Builder: UKAEA

Fuel element: Uranium or plutonium as required

Number of Variable

elements:

Moderator: Liquid; variable in amount and composition

Coolant: None

Core size: Variable — maximum 190 cm diameter, 350 cm high

Specific power:  Negligible

Control: Fast shutdown: Internal moderator dump into cavity within tank for
compact cores. Two banks of thermal absorbers may be fitted for
pressure tube-type lattices.
Fine control: Variation of moderator level or insertion of fine control
rods

Shielding: 4 ft thick concrete block construction

(Data provided by the Late Lord Marshall of UKAEA 1989)

Tokai Mura Nuclear
Commissioning date: estimated July 1965

This Japan Atomic Power Company’s Tokai nuclear power station is situated on
the Pacific coast about 70 miles north-east of Tokyo. The station is a single reactor
housed in a skirt-supported spherical pressure vessel having a mean diameter of
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18.4 m (60.4 ft) and made from steel plates 92 mm (3.6 in.) and 80 mm (3.16 in.)
thick. There are four steam-raising units feeding two 85 MW turbo generators.
Also operating from the main HP steam circuit are four 8700 hp back-pressure
turbines which drive the centrifugal coolant-circulators. Of particular interest are
the special design features introduced because of the potential earthquake hazard.
These include substantial reinforcement of the concrete foundation raft and super-
structure; additional restraints at the top of the reactor vessel and steam-raising
units; an earthquake-resistant support system for main gas ducts; a new type of core
restraint structure and a specially designed brick and key system of core construc-
tion. In addition, there is a secondary shutdown system capable of operating even if
damage to the core should prevent normal functioning of the control rods.

Location: Tokai Mura, Ibaraki-ken, Japan

Reactor type: Magnox

Reactor power: 585 MW (Th.), 157 MW (E) net from one reactor
Designer: GEC/Simon-Carves Atomic Energy Group

Builder: British General Electric Company of Japan Ltd. The First

Fuel element:

Number of
elements:

Moderator:

Coolant:

Core size exclude
reflector:

Specific power:

Reactor control:

Shielding:

Atomic Power Industrial Group (Japan)
Natural uranium hollow rods in Magnox cans with graphite sleeves
16,357 in 2048 channels. Total 187 t natural uranium

870 t graphite
Carbon dioxide; outlet temperature 390°C
Cylinder mean diameter 11.72 m, height 6.63 m

boron steel
} Stainless clad

mild steel

3.14 kW/kg uranium

9 Safety rods

63 Coarse (Shim) rods

10 Sector (Auto) control rods
16 flattering and trim rods

44 secondary shutdown
Devices

Biological: 3.1 m concrete

Stainless clad

}boron steel balls.

(With compliments of Japan Atomic Power, CO, Tokai, Japan 1970)
(Also to CEGB, England)

Calder Hall and Chapelcross
Commissioning date: Calder Hall: October 1956, Chapelcross: May 1959

Each station consists of four reactors housed in cylindrical mild steel pressure
vessels which are 70/71 ft high and 37 ft in diameter. Six fuel elements are
stacked vertically in each of the 1696 channels per reactor. Each reactor has four
heat exchangers generating high- and low-pressure steam simultaneously. Gen-
erating plant comprises eight 3000 rpm turbo alternators.

Design study work began in 1951, and construction work on Calder site
commenced in August 1953. The first reactor became critical in May 1956 and
power was first fed to the National Grid in October 1956. Construction at
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Chaplecross had begun in October 1955. Heat and electricity output had been
increased in stages at both stations to well beyond the design figures. Present
heat output per reactor is 235/240 MW compared with the design output of
180 MW, a 30% improvement. The turbines have been rebladed to utilise this
additional power. The Calder reactors also supply the steam requirements of
the adjacent Windscale factory for space heating and for the operation of the
chemical plant.

In 1964 an average load factor in excess of 92% was achieved at both stations
and full load was maintained for 98% of the time during the severe winter of
1962/1963. Up to 28 February 1965 the total electricity supplied to the national
grid from each station has been as follows:

Calder 8280 million units
Chapelcross 7020 million units

Location: Magnox

Reactor power: Calder Hall: 235 MW (Th.) 45 MW (E) Net. Chapelcross: 235/
240 MW (Th.) 45 MW (E) net from each of four reactors

Designer: UKAEA

Builder: Various contractors

Fuel element: Natural uranium in Magnox cans

Data for each reactor
Number of elements: 10,176 in 1696 channels
Total 127 t natural uranium

Moderator: 650 t of graphite in 58,000 bricks

Coolant: Carbon dioxide, outlet temperature 340°C

Core size: Polygonal prism: 9.45 m diameter, 6.40 m high

Specific power: 1.35 kW/kg uranium

Control: 48 rods also used as safety rods (8 inner zone, 16 outer zone); any 4

can be selected as time-regulating rods of boron steel in stainless
steel tubes

Shielding: Biological: 213 cm concrete
Thermal: 15.25 cm steel

(Data collected from Natural Grid 1956)

Hunterston

Commissioning date:
Reactor number 1: February 1964
Reactor number 2: July 1964

The South of Scotland Electricity Board’s nuclear generating station at Hun-
terston, on the Ayrshire coast, is one of the first three civil stations — each with
an electrical output of about 300 MW from two reactors — to be built under the
government’s nuclear power programme of 1957.

The design of the station embodies several features which are not available in
other early stations and which should increase output, operational economy
and safety.
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These features include the charging and discharging of fuel from the bottom
of the reactor vessels where the temperature is lower, the provision of separate
fuel-handling machines at the top of the vessels if required and the provision of
remotely adjustable rods for the maintenance of reactivity balance.

In addition each fuel element is separately contained and supported within a
graphite sleeve — a refinement which eliminates bowing and the sticking of the
elements and gives protection against the build-up of Wigner energy.

Each reactor at Hunterston is associated with a group of eight steam-raising
units feeding three 60 MW turbo alternators. The station operates on the base
load and feeds electricity into the 275 kV grid at Nielston, Renfrewshire.

Location: Hunterston Ayrshire Scotland
Reactor type: Magnox
Reactor power: 535 MW (Th.), 150 MW (E) net from each of two reactors
Designer: GEC/Simon Carves Atomic Energy Group
Builder: General Electric Company Ltd. (Main)
Fuel element: Natural uranium bars in Magnox cans, with graphite sleeves
Data for each
reactor
Number of 32,880 in 3288 channels.
elements: Total 251 t natural uranium
Moderator: 1200 t graphite
Coolant: Carbon dioxide, outlet temperature 395°C
Core size: Right cylinder: 13.5 m diameter, 7.01 m high
Specific power: 2.13 kW/kg uranium
Control: 8 safety rods; 130 coarse regulating rods; 18 fine regulating rods of
stainless steel with 4% boron
Shielding: Biological: 282 cm of concrete

(Data provided by GEC/Simon Curves Atomic Energy Group, U.K. (1972))
Hinkley Point ‘A’

Commissioning Date:
Reactor number 1: February 1965
Reactor number 2: 2 April 1965

Hinkley point is located on the north coast of Somerset on the Bristol
Channel, some 8 miles north-west of Bridgewater. The ‘A’ station consists of
two reactors housed in steel spherical pressure vessels of 67 ft diameter, made of
plates 3 in. thick. Each reactor has six boilers. Generating plant consists of six
3.5 MW turbo alternators and three 33 MW turbo alternators to provide
auxiliary supplies. Total output of the station is 500 MW, which is fed into
the 75 kV Supergrid system running between Melksham and Taunton.

Hinkley Point ‘B’

Extensive land reclamation was carried out, and in view of the advantages
of the site, the circulating water system was designed to cater for a further station,
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Hinkley ‘B’ to be built at some later date. The Minister of Power has given his
consent for ‘B’ station about 1000 MW output. It is identical to Hartleypool NPS.

Location: Hinkley point Somerset

Reactor type: Magnox

Reactor power: 971 MW (Th.), 250 MW (E) net from each of two reactors

Designer: English Electric—Babcock & Wilcox—Taylor, Woodrow
Atomic Power Group

Builder: English Electric-Babcock & Wilcox—Taylor, Woodrow
Atomic Power Group

Fuel element: Natural uranium bars in Magnox cans

Data for each reactor
Number of elements: 36,000 in 4500 channels.
Total 376 t natural uranium

Moderator: 2475 t graphite

Coolant: Carbon dioxide, outlet temperature 378°C

Core size: 24-Sided prism, 14.9 m diameter, 7.63 m high

Specific power: 2.55 kW/kg uranium

Control: 130 control rods in 12 zones; 15 safety rods of boron steel tubes
Shielding: Biological: 22.8 cm + 297 cm concrete

(Data with compliments from Taylor Woodrow Atomic Power Group, Southall, Middlesex)

Trawsfynydd

Commissioning date:
Reactor number 1: January 1961
Reactor number 2: 2 March 1965

Trawsfynydd is situated on the artificial lake of that name created some 30
years ago as a storage reservoir for the Maentwrog hydroelectric power station
and lies within the Snowdonia National Park, North Wales. The station con-
sists of two reactors, housed in spherical-type pressure vessels made of steel,
3 % in. thick, with an internal diameter each of 61 ft. Each reactor supplies heat to
six boiler units. Generating plant comprises four 3000 rpm turbo alternators
each with a rated output of 145 MW at 0.8 power factor (lagging). The total
guaranteed net output of the station in megawatts sent is 500 MW.

Total cost of the power station, including the plant and the roadworking,
etc., is estimated at £68.5 million, giving a capital cost of £137 per kilowatt sent
out, and an estimated cost per unit of 0.96d.

Output from the station is fed into the 275 kV grid system, the main
connection being to Connah’ Quay and Ffestiniog. Some output will also
reinforce the 33 kV main distribution system, North Wales.

Location: Trawsfynydd Merionethshire Wales

Reactor type: Magnox

Reactor power: 860 MW (Th.), 250 MW (E)net from each of two reactors
Designer: Atomic Power Construction Ltd.
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(continued)

Builder: Atomic Power Construction Ltd. (now part of the United Power
Company Ltd.)

Fuel element: Natural uranium bars in Magnox cans

Data for each

reactor

Number of 33,480 in 3720 channels

elements: Total 280 t natural uranium

Moderator: 2090 t graphite

Coolant: Carbon dioxide, outlet temperature 394°C

Core size: Cylinder: 13.56 m diameter, 7.31 m high

Specific power: 3.11 kW/kg uranium

Control: 185 control rods arranged in 9 sectors; 12 safety rods of boron steel
in stainless steel tubes

Shielding: Biological: 304 cm concrete

(Data provided by Atomic Power Construction Ltd, 1967)

Sizewell A

Commissioning date:
Reactor number 1: August 1965
Reactor number 2: February 1966

Sizewell is situated on the Suffolk coast between Aldeburgh and Southwold.
The station has two reactors housed in spherical-type pressure vessels 63 ft 6 in.
in diameter and formed from mild steel plates 4% in. thick. Each reactor has four
boilers. Generating plant comprises two 3000 rpm turbo alternators, each with
a rated output of 324.7 MW at 0.85 power facoter (lagging). The total guaran-
teed net output of the station on megawatts sent out is planned as 580 MW,
estimated to be achieved by spring 1966.

Reactor type: Magnox
Reactor power: 948 MW (Th.), 290 MW (E) net from each of two reactors
Designer: English Electric-Babcock & Wilcox—Taylor Woodrow Atomic
Power Group
Builder: English Electric-Babcock & Wilcox—Taylor Woodrow Atomic
Power Group
Fuel element: Natural uranium bars in Magnox cans
Data for each
reactor
Number of 26,600 in 3800 channels
elements: Total 321 t natural uranium
Moderator: 2237 t graphite
Coolant: Carbon dioxide, outlet temperature 410°C
Core size: 24 — sided prism: 13.7 m diameter, 7.92 m high
Specific power: 2.96 kW/kg uranium
Control: 99 control rods in 9 zones; 8 safety rods of boron steel or mild steel
Shielding: Biological: 304.8 cm concrete

(With compliment of Taylor Woodrow and English Electric, UK.)
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Sizewell BPWR

It is the pressurised water reactor station. The containment vessel has been
analysed in this text against all eventualities.

WYLFA

Commissioning date:
Reactor number 1: 1968
Reactor number 2: 1969

Wrylfa is situated on the North-West coast of the Isle of Anglesey at WYLFA
Head. The station is found on rocks and large blasting programme was
entailed in its construction. Each of the two units comprises a prestressed
concrete pressure vessel, reactor core and internal shielding, boiler and
gas circulator. The pressure vessel has a spherical internal shape of 96 ft
diameter and a minimum wall thickness of 11 ft. The boilers, one to each
vessel, are single pressure one through type with four associated gas circula-
tors. Generating plant consists of four 3000 rpm turbo alternators each with a
rated output of 370.22 MW at 0.9 power factor (lagging). The total guaran-
teed net output of the station in megawatts sent out is planned as 1180 MW,
the most powerful nuclear power station under construction anywhere in the
world.

Location: Wylfa Point Anglesey North Wales

Reactor type: Magnox

Reactor power: 1,875 MW (Th.), 590 MW (E) net from each of two reactors
Designer: English Electric-Babcock & Wilcox—Taylor Woodrow Atomic
Builder: Power Group

English Electric-Babcock & Wilcox—Taylor Woodrow Atomic
Power Group

Fuel element: Natural uranium bars in Magnox cans
Data for each
reactor
Number of 49,200 in 6150 channels.
elements: Total 595 t natural uranium
Moderator: 3740 t graphite
Coolant: Carbon dioxide, outlet temperature 414°C
Core size: 16-sided cylinder: 17.3.7 m diameter, 9.14 m high
Specific power: 3.16 kW/kg uranium
Control: 167 control rods in 16 zones; 18 safety rods of boron steel or mild
steel
Shielding: The prestressed concrete reactor pressure vessel is 353.3 cm thick

(With compliments of English Electric, WYLFA and Taylor Woodrow, Southall, Middlesex,
1966)
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SGHWR

Steam-Generating Heavy Water Reactor (SGHWR)
Commissioning date:Late 1967
SGHWR is a steam-generating heavy water moderated reactor

The core of the reactor consists of a bank of pressure tubes which pass through
vertical tubes in a calandria, or tank, containing the heavy water moderator.
Fuel is contained within the pressure tubes and the heat generated is removed by
light water passing up these tubes and being partially turned into steam. After
separation into steam drum, most of the steam passes directly to a turbine; the
rest is passed through eight super-heat channels which will raise the steam to an
outlet temperature of about 1000°F. This steam is then mixed with main steam
flow before being fed to the turbine.

About 13% of the light water which is circulated over the fuel elements in the
most highly rated boiling channel is converted into steam to give a turbine a
stop valve pressure of 900 psig. The heavy water moderator has its own cooling
and purification circuit and the light water coolant has circuits for water
treatment and the detection of fuel element can failure.

Construction began at Winfirth in 1963 and the reactor will have an electrical
output of 100 MW.

Location: Winfirth Heath Dorset

Reactor type:

Reactor power:

Designer:
Builder:

Fuel element:

Steam-generating heavy water moderator (SGHWM). Direct cycle
pressure tube

294 MW gross thermal. 100 MW gross electrical

UKAEA

Main contractors: Turriff, AEI, International Combustion, Fairey
Aviation

Boiling channels: UO, pellets clad in zircaloy-2.

Superheat channels: UO, pellets clad in stainless steel

Number of Boiling: 3744 fuel pins, 36 pins per assembly. 1 assembly per channel,
elements: 104 boiling channels, one of which is connected to an independent
cooling circuit for testing fuel. Total 21,100 kg uranium.
Superheating: 184 fuel pins, 24 pins per assembly, 1 assembly per
Moderator: channel, 8 superheat channels. Total 950 kg uranium
Heavy water in calandria (some moderation also in boiling light
Coolant: water coolant)
Direct cycle light water, boiling channel outlet temperature 283°C,
Core size: superheat channel outlet temperature 504°C
Cylinder: 311 cm diameter (excluding D,O reflectors), 366 cm long
Control: (excluding D,O reflectors)

Specific power:

Shielding:

Boiling channels 19.7 kW /kg.

Superheat channel 15.3 kW/kg

Shutdown: Boric acid solution in interlattice tubes, plus D,O dump.

Control: D,0 height for power control. Boric acid concentration in
moderator for long-term reactivity changes. Flooding groups of
interlattice tubes for spectral shift flux control

Water and steel plus concrete biological shield, 282 cm thick
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DFR

Dounreay Fast Reactor
Commissioning Date: 14 November 1959

The reactor has been designed to establish the feasibility of the fast breeder
system and to provide information and operating experience needed to design a
prototype reactor for full-scale power production.

The reactor core is hexagonal, 21 in. high and 20%1'14. across the flats,
containing 324 fuel channels, with a central hexagon 5 in. across the flats,
which can accommodate experimental fuel pins or sub-assemblies. The core is
surrounded by a breeder blanket of 1872 channels. A number of channels in
both the core and the blanket are also used for experimental fuel elements.
Control and shutdown are provided by 12 groups each of 10 fuel elements
around the edge of the core, mounted in carriers which can be raised or lowered.
Liquid sodium—potassium alloy is used as coolant and transfers heat from the
fuel to secondary liquid metal circuit in 24 heat exchangers set around the
reactor vessel within the biological shield. This field is in the form of a concrete
vault 90 ft in diameter and 5 ft thick and occupies the lower half of the steel
containment sphere, 135 ft in diameter.

The principal use of the rector is now as a testbed for plutonium-based fuels
for the prototype power fast reactor, in relation to both performance and to the
effects of high burn-up.

Location: DERE Dounreay Scotland

Reactor type:

Reactor power:

Designer:
Builder:

Fuel element:

Fast breeder

60 MW gross (Th.); 13 MW (E)

UKAEA

(Main) John Thompson Ltd., Motherwell Bridge and Engineering
Co. Ltd., Whatlings Ltd. and others

45.5% enriched U-235, seven rods per element with 15 cm natural
uranium as a top blanket. Cladding niobium

Number of Variable according to the experimental programme. The driver
elements: charge coantains approximately 200 kg U-235

Moderator: None

Coolant: Liquid sodium potassium alloy (NaK) at 350°C (outlet)

Core size: Hexagonal prism 52.5 cm across flats, 52.5 cm high

Specific power:

Approx. 300 kW/kg U-235

Control: 12 groups of fuel elements comprised of 6 regulating groups, 4 shut-
down and 2 safety groups
Shielding: Biological: concrete 152 cm thick.

Vessel: 120 cm of borated graphite
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Plate 1.13 DFR. Dounreay Fast Reactor. The photo provided by SSEB Scotland 1988

Dragon
Commissioning date: 22 October 1964

The chief purpose of the reactor experiment is to demonstrate the principles on
which any high-temperature gas-cooled reactor must be based. The entire
power station is now dismantled.

The main features of the reactor, arising from the high operating tempera-
ture in the core, are the use of helium as a coolant with the fuel elements made
from impermeable graphite containing uranium and thorium dicarbide mixed
with graphite in a suitable ceramic form. Each element consists of a seven-rod
cluster, provision being made from fission products which escape from fuel
inserts by passing a fraction of the total coolant through a system of fission
traps, and coolant circuit is expected to be slightly radioactive.

The steel reactor vessel consists of main cylindrical portion 11 ft 6 in.
diameters, containing the core and reflector, with a ‘neck’ 6 ft 3 in. diameter
through which the fuel elements are inserted and removed. The whole reactor,
with its shielding, primary coolant circuit and much of the ancillary plant, is
enclosed in the containment vessel with an inner shell of steel 66 ft diameter, 81
ft high and an outer shell of concrete 110 ft diameter, 86 ft high with wall 2 ft
thick.
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Location:
Reactor type:

Reactor power:

Designer:
Builder:
Fuel element:

AEE Winfirth Dorset

High-temperature reactor project

20 MW (Th.)

OECD high-temperature reactor project

Contractors in signatory countries

Outer annular region (27 elements) pyrolytic carbon-coated U-235/

zirconium monocarbide spherical particles consolidated in graphite
matrix, to form inserts, 30 per fuel rod. Inner central region (10
elements) pyrolytic carbon and silicon carbide-coated U-235 thorium
carbide spherical particles. Zr:U-235 ratio 8:1 Th:U-235 ratio 10:1

Number of 37 elements, 259 rods
elements: Total weight: 14 kg U-235 uniformly distributed

Moderator: Graphite, integral with fuel elements

Coolant: Helium, outlet temperature 750°C

Core size: Equivalent diameter of assembly 107 cm. Length of core 160 cm

Specific power: 1.4 kW/kg

Control: 24 symmetrical granular boron carbide absorber rods are provided.
Three or 4 are used as safety rods, 1 is an automatic regulator, 19 or
20 remainder can be used manually as regulators

Shielding: Primary: 92 cm graphite reflector, 5 cm steel baftle, 5 cm steel

pressure vessel, 38 cm thermal shield (alternate layers of steel and
water) 175 cm concrete.
Secondary: 61 cm (minimum) concrete

1.3 Reactor Power Stations Based on BWR, PHWR and PWR
1.3.1 Boiling Water Reactors (BWR)

All boiling water reactors in Scandinavia are of Asea-Atom design. Contain-
ment is based on the pressure suppression (PS) principle, i.e. at a major pipe
rupture the steam is led from the upper part, dry well, through a number of
pipes to the lower part of the containment, wet wall, with a water pool, where
condensation takes place. This principle of the volume of the containment has
been kept small, about one-fifth of that of a dry containment with the same
design pressure.

The layout of the containments varies from plant to plant. The fuel element
pools, together with the pool for the storage of reactor internals, rest on the
containment proper, which is statically independent from the pool structure
and from the surrounding outer reactor building which houses the reactor
auxiliary systems. For Ringhals 1 the containment vessel has been built more
integrally with the fuel element pools. In later designs the external circulation
pumps have been replaced by internal circulation pumps, where the motor
housing forms an integral part of the reactor vessel. Consequently, the layout
of the containment can be simplified to cylinder with a solid partition slab
between the dry-well and wet-well compartments.
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he PS containments are all prestressed horizontally and vertically, the latter
for internal gas pressure minus the overlying weight. The design pressures are
between 460 and 550 kN/m? (absolute pressure). In most cases the fuel element
pools, which are partially cantilevered, are provided with prestressing tendons
in the side walls. The top of the containment over the reactor vessel has to be
removable for the refuelling operation and is designed as a steel dome.

A further development of the layout of the containment and adjoining struc-
tural units is showing the Asea-Atom current design. Consideration has also been
taken to earthquake and airplane crash loading. The structural connection
between the fuel pools and the containment proper has been further simplified.

ALL BWR plants, except Barsebdck 1 and 2, are founded on rock. In
Barsebéck 1 and 2 the bottom of the containment consists of a thick slab on
hard moraine-clay.

Six BWR plants exist in Japan at present. Table 1.1 gives a summary of BWR
stations and structures associated with them.

1.3.2 Pressurised Heavy Water Reactors (PHWR)

Generally this system is based on ‘CANDU’. Table 1.1 shows six of them built
in Canada and six of them built in India; one of them exists in Romania, one is
constructed in South Korea and one is in existence in Pakistan.

1.3.3 Pressurised Water Reactors (PWR)

PWR nuclear plants, Ringhals 2, 3 and 4, are all standard Westlinghouse
design, except for the arrangement of the liner. They are provided with a dry
containment in the shape of a cylinder with a dome roof, both in prestressed
concrete. The design pressure is 510 kN/m?.

1.3.3.1 Design Details

A special feature in the design of the Scandinavian reactor containments is that
the steel liner is usually embedded in the concrete. The internal concrete cover,
approximately 250 mm, serves as an efficient protection for the liner against
missiles during an accident while at the same time the liner is protected against
corrosion. Furthermore, thermal expansion of the steel liner due to the elevated
temperatures (155-180°C) during the initial phase of an accident is avoided,
resulting in a saving of prestressing steel. The disadvantage of the embedment is
that if leakage occurs during a test it may be difficult to locate and repair. For
that reason the liner in some of the State Power Board plants has been provided
with steel channels along all welds. The channels are connected in sections and
with the outside, whereby leaking gas, if any, can be located and vented.
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1.3.3.2 Design Criteria

The containment is designed for a sudden rupture of one (or in some cases two)
of the main pipes. Diagram of transient pressures and temperatures in different
parts of the containment for two conditions at Forsmark 1. It is conservatively
assumed that 5% of the cladding metal in the fuel elements reacts with water
causing generation of hydrogen gas. Maximum design temperature is 180°C.

Local reactions and missile forces and jet impingement during design basis
accident are specified by the supplier of nuclear systems. Table 1.2 gives the
PWR system and VVER adopted in several countries. This system has been
widely used in the USA, France, Japan and Germany. In the Russian state, it is
with small variation, named VVER. This system is adopted in the Eastern
European countries. A typical pictoral view of the Tricastin Power Station
based on PWR is shown in Plate 1.14.

Plate 1.14 Tricastin power station, PWR nuclear power station (Central France)

1.4 Additional Advanced Reactor Stations
1.4.1 General Introduction

Recent events in the energy field have emphasised the need for more thoughtful
uses of energy and action on securing its transformation and its distribution.
The fast breeder reactor has its natural, reasonable rate of development. The
Dounreay prototype fast reactor has successfully ended its useful purpose in
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Table 1.3 Fast Breeder Nuclear Power Plant

Status/
Nuclear system Power erection/
Country ~ Name Type supplies (MW)  Unit commission
India FBTR FR Dept. of Atomic 15 1 1472/1985
Kalpakkam Energy

Japan Monju FR Power reactor and 280 1 1994/1985

nuclear fuel

development
Russia BN350 FR 150 1 1973/1969
Russia BOR360 FR 60 1 1973/1970
France PHENIX FR EDF 253 1 1973/1971
USA EBR II FR USAEC 62.5 1 1981/1975
USA LMFBR FR TVA/AEC 975 1 1981/1976
Germany KNK II FR 60 1 1972/1969

Note: The Indian and Japanese reactors are installed using single-walled PCPR. The minatom
of Russia reported installed power of 600 MW, the Japanese 280 MW stations.
Data collected from 15 years of Nuclear Engineering of Design, Elsevier, Holland.

Scotland. PHENIX in France went critical on 21 August 1973. The large
prototype reactor SNR300 developed jointly by Germany, Belgium and the
Netherlands did go critical on 1 January 1979. These projects gave around
800 MW.. The Italian 130 MW, PLC reactor does give considerable experience
in this type of reactor system. Table 1.3 gives a brief of these reactors. In
addition, British gas-cooled reactors are mentioned and other new diversified
reactors are identified which are under planning.

1.4.2 Fast Breeder Reactor

Apart from the ones mentioned regarding fast reactors, it is therefore necessary
to explain some technical aspects.

The design and construction and commissioning of PFR by the UKAEA on
14 December 1973 has in brief the following features:

® Reactor contained within a concrete vault situated between ground level.

® Possibility of raising and lowering the leak jacket during various stages of
reactor construction.

e An existence of support lower around top of the vault and a system for
jacking the roof structure offers a correct positioning for welding the diagrid
support structures and primary tank to the roof, filling the top strake in
solutions and welding the leak jacket to the roof. The diagrid was proof
loaded to simulate the core and neutron shield rods.

e Commissioning sequence:

® Primary circuit
— Heat and purge and prepare sodium fill
— Dynamic running and sodium cleanup
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— Vibration tests and functional testing of charge machine
— Fuel loading

Zero energy test

— Hot dynamic running

Run up to power

e Secondary circuits

— All the above

— Hot helium leak test
Commission water side
— Hydrogen detection system tests

e Turbine and ancilliaries
— Commissioning temporary boilers
— Runup power

1.4.2.1 Fermi I Project

The Enrico Fermi project on fast breeder reactor was formally committed on 8
August 1955. In its 17-year history, the Fermi project has made significant
contributions to fast rector technology. The following reports summed up
Fermi I project.

(a) Alexanderson E.L. et al. Enrico-Fermi Atomic Power plant operating
experience through 900 MW, ANS-101, April 1967.

(b) Duffy I.G. et al. Operating experience with major components of the
Enrico-Fermi Atomic power plant. IAEA-SM-127/40, Vienna, 1970.

1.4.2.2 British Gas-Cooled System

The advanced gas-cooled reactor systems are given in Table 1.4. The reactor
pressure vessels are made cither in prestressed concrete pressure vessels or in
double PCCV.

The high-temperature gas-cooled reactors have been installed in Europe. Typi-
cal multi-cavity vessels have been thoroughly analysed in this Chapter.

Table 1.4 British system

Country Name Type MW No. Erection
Great Britain Heysham AGR 660 4 1987
Great Britain Sizewell B PWR 1258 1 1995
Great Britain Tomess PT 1 AGR 582 2 1987

1.4.3 New Diversified Systems

The following new systems have been planned.
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MHI has developed the EU-APWR based on 1538 MW planned for the PS
using power station units 3 and 4 for the Japan Atomic Power Company.

1.4.4.1 PBMR

China is planning to develop the world’s first commercially operated pebble bed

nuclear power reactor of 195 MW, station in Shandong Province.

1.5 Regulator Guides

The following are some of the useful guides for structures and appartances in

nuclear power stations:
(a) US Nuclear Regulatory Commission

Issued year/

Title Rev. month
Net positive suction head for Emergency core cooling and 70/11
containment
Heat removal system pumps (safety guide 1)
Thermal shock to reactor pressure vessels (safety guide 2) 70/11
Assumption used for elevating the potential radiological . 70/11
consequence of a loss-of-coolant accident for boiling water 1 73/06
reactors 2 74/06
Assumption used for elevating the potential radiological . 70/11
consequence of a loss-of-coolant accident for pressurised water 1 73/06
reactors 2 71/03
Assumption used for elevating the potential radiological 71/03
consequence of a steam line break accident for boiling
water Reactors (safety guide 5)
Independent between redundant standby (onsite) 71/03
power sources
and between their distribution systems (safety guide 6)
Control of combustible gas concentrations in . 71/03
containment following 1 76/09
a loss-of-coolant accident 2 78/11
Personnel selection and training . 71/03
1 75/09
I-R  77/05
Selection, design and qualification of diesel generator units used as 71/03
onsite electric power systems at nuclear power plants (for comment) 78/11
Mechanical (cad weld) splices in reinforcing bars of category 1 e 71/03
concrete structures 1 73/01
Instrument lines penetrating primary reactor containment (safety 71/03

guide 11)
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(continued)
Issued year/
Title Rev. month
Supplement to safety guide 11, backfitting considerations 72/02
Instruments for earthquakes . 71/03
1 74/04
Spent fuel storage facility design basis (for comment) . 71/03
1 75/12
Reactor coolant pump flywheel integrity (for comment) e 71/1075/08
1
Testing of reinforcing bars for category 1 concrete structures . 71/10
1 72/12
Reporting of operating information—-Appendix A technical .. 71/10
specifications (for comment) 1 73/10
2 74/09
3 75/01
4 75/08
Protection of nuclear power plants against industrial sabotage . 71/10
1 73/06
Structural acceptance test for concrete primary reactor . 71/10
containments 1 72/12
Non-destructive examination of primary containment liner welds . 71/12
safety Guide 19 1 72/08
Comprehensive vibration assessment programme for reactor . 71/12
internals during preoperational and initial startup testing 1 75/06
2 76/05
Measuring, elevating and reporting radioactivity in solid wastes . 71/12
and releases of radioactive materials in liquid and gaseous 1 74/06
effluents from light-water-cooled nuclear power plants
Periodic testing of protection system actuation functions . 72/02
(safety guide 22)
Onsite meteorological programmes (safety guide 23) . 72/02
Assumption used for elevating the potential radiological . 72/03

consequences of a pressurised water reactor gas storage tank

failure (safety guide 24)

Assumption used for elevating the potential radiological . 72/03
consequences of a fuel handing accident in fuel handling and

storage facility for boiling and pressurised water

(safety guide 25)
Quality group classifications and standards for water-, steam- and ... 72/03
radioactive-waste-containing components of nuclear power plants 1 74/09
(for comment) 2 75/06
3 76/02
Ultimate heat sink for nuclear power plants (for comment) . 72/0374/0376/
12 01
Quality Assurance programme requirements (design and . 72/06
construction) (for comment) 1 78/03

Seismic design classification .. 72/06
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(continued)
Issued year/
Title Rev. month
1 73/08
2 76/02
3 78/09
Quality assurance requirements for the installation, inspection and 72/08
testing of instrumentation and electric equipment (safety guide 30)
Control of ferrite content in stainless steel weld metal . 72/08
1 73/06
2 77/05
3 78/04
Criteria for safety-related electric power systems for nuclear power ... 72/08
plants 1 76/03
2 77/02
Quality assurance programme requirements (operation) . 72/11
1 77/02
3 78/02
Control of electric weld properties 72/12
In-service inspection of ungrouted tendons in prestressed concrete ... 73/02
containment structures 1 74/06
2 76/01
Non-metallic thermal insulation for austenitic stainless steel 73/02
Quality assurance requirements for cleaning of fluid systems and
associated components of water-cooled nuclear power plants 73/03
Quality assurance requirements for packaging, shipping, receiving, ... 73/03
storage and handling of items for water-cooled nuclear power 1 76/10
plants
2 77/05
Housekeeping requirements for water-cooled nuclear power plants ... 73/03
1 76/10
2 77/09
Qualification test for continuous-duty motors installed inside the 73/03
containment of water-cooled nuclear power plants
Preoperational testing of redundant on-site electric power 73/03
systems to verify proper load group assignments
(withdrawn — See 41 FR 11891, 3/22/.76) .
Control of stainless steel weld cladding of low-alloy steel 73/05
components
Control of the use of sensitised stainless steel 73/05
Reactor coolant pressure boundary leakage detection systems 73/05
Protection against pipe whip inside containment 73/05
Bypassed and inoperable status indication for nuclear power 73/05
plant safety systems
Design limits and loading combinations of seismic category 1 73/05
fluid system components
Power levels of nuclear power plants 73/05

73/12
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(continued)
Issued year/
Title Rev. month
Control of preheat temperature for welding of low-llloy steel e 73/05

(withdrawn — see 40 FR 30510, 7/21/75)
Design, testing and maintenance criteria for post-accident

engineered- e 73/06
safety-feature atmosphere cleanup system, air filtration and 1 76/07
adsorption units of light-water-cooled nuclear power plants 2 78/03
Application of the single-failure criterion to nuclear power plant ... 73/06
protection systems
Quality assurance requirements for protective coating Applied to . 73/06
water-cooled nuclear power plants
Concrete placement in category 1 structures . 73/06
Maintenance of water purity in boiling water reactor (for e 73/06
comment) 1 78/07
Design limits and loading combinations for metal primary reactor ... 73/06
containment system components
Qualification of nuclear power plant inspection, examination and .. 73/08
testing personnel
Design basis floods for nuclear power plants . 73/0876/0477/
12 08
Design response spectra for seismic design of nuclear power plants ... 73/10
1 73/12
Damping values for seismic design of nuclear power plants . 73/10
Manual initiation of protective actions . 73/10
Electric penetration assemblies in containment structures for e 73/10
light-water-cooled nuclear power plants 1 77/05
2 78/07
Quality assurance requirements for the design of nuclear power e 73/10
Plants 1 75/02
2 76/06
Material and inspections for reactor vessel closure studs e 73/10
(withdrawn — see 42 FR 54478, 10/06/77 e
Installation of overpressure protection devices . 73/10
Initial test programmes for water-cooled reactor power plants . 73/11
1 77/01
2 78/08
Preoperational and initial startup testing of feedwater and
condensate systems for boiling water reactor power plants . 75/12
1 77/01
Initial startup test programme to demonstrate remote shutdown . 77/01
capability for water-cooled nuclear power plants 1 78/08
Standard format and content of safety analysis reports for nuclear ... 72/02
power plants 1 72/10
2 75/09
3 78/11

Welder qualification for areas of limited accessibility e 73/12
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(continued)
Issued year/
Title Rev. month
Spray pond piping made from fibreglass-reinforced thermosetting ... 73/12
resin 1 78/01
2 78/11
Qualification test of electric valve operators installed inside the
containment of nuclear power plant 74/01
Quality assurance terms and definitions 74/02
Physical independence of electrical system e 74/02
1 75/01
2 78/09
Design basis tornado for nuclear power plants 74/04
Assumptions used for evaluating a control bed ejection accident
for pressurised water reactors 74/05
Assumptions for evaluating habitability of a nuclear power plant
control room during a postulated hazardous chemical release 74/06
Preoperational testing Of emergency core cooling system of . 74/06
Pressurised water reactor 1 75/09
Preoperational testing of instrument air system 74/06
Shared emergency and shutdown electric systems for multi-unit e 74/06
nuclear power plants 1 75/01
Sumps of emergency core cooling and containment spray systems 74/06
In-service inspection of pressurised water reactor steam generator ... 74/06
tubes 1 75/07
Code case acceptability — ASME section 11 design and fabrication 74/06
e 76/03
Protection against low-trajectory turbine missiles 1 77/07
Quality assurance requirements for installation, inspection and . 76/07
testing of mechanical equipments and systems O-R  75/05
e 76/07
Tornado design classification 1 78/04
Periodic testing of electrical power and protection systems . 76/06
1 77/11
2 78/06
(withdrawn — see 42 FR 33387, 6/30/77) .
Fire protection guidelines for nuclear power plants (for comment) ... 76/06
1 77/11
Bases for plugging degraded PWR steam generator tubes (for 76/08
comment)
Development of floor design response spectra for seismic design of ... 76/10
floor-supported equipment or components 1 77/07
Quality assurance requirements for control of procurement of items ... 76/10
and service for nuclear power plants 1 77/07
Overhead crane handling for nuclear power plants (for comment) 76/02
7511
Instrument set points 1 76/11
Thermal overload protection for electric motors on motor-operated 75/11
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(continued)
Issued year/

Title Rev. month
valves 1 77/03
Qualifications for cement grouting for prestressing tendons in . 75/11
containment structures 1 77/02
Periodic testing of diesel generator units used as onsite electric . 76/08
power systems at nuclear power plants 1 77/08
Calculation of annual doses to man from routine releases of reactor ... 76/03
effluents for the purpose of evaluating compliance with 10 CFR 1 77/10
Part 50, Appendix 1
Cost—benefit analysis for radwaste systems for light-water- cooled ... 76/03
nuclear power reactors (for comment)
Methods of estimating atmospheric transport and dispersion of . 76/03
gaseous effluents in routine releases rrom light-water-cooled 1 77/07

reactors
Calculation of releases of radioactive materials in gaseous and . 76/04
liquid effluents rrom light-water-cooled power reactors 1 77/05
Estimating aquatic dispersion of effluents from accidental and .. 76/05
routine reactor releases for the purpose of implementing Appendix 1 1 77/04
Guidance on being operator at the controls of a nuclear power e 76/02

plant

1 76/01

Service limits and loading combinations for class 1 linear-type e 76/11
component supports 1 78/01
Physical models for design and operation of hydraulic structures . 77/03
and systems for nuclear power plants 1 78/10
An acceptable model and related statistical methods for the analysis ... 77/03
of fuel densification 1 78/03
Inspection of water-cooled structures associated with nuclear ... 77/04
power plants 1 78/03
Installation design and installation of large lead storage batteries . 77/04

for
nuclear power plants 1 78/10
Maintenance, testing and replacement of large lead storage . 77/04
batteries for nuclear power plants 1 78/02
Service limits and loading combinations for class 1 plate-and-shell- ... 77/07
type component supports 1 78/10
Qualification test of electrical cables, field splices and connection ... 77/08
for light-water-cooled nuclear water plants (for comment) . 77/09
Site investigations for foundations of nuclear power plant (for . 77/09
comment)
Loose-part detection programme for the primary system of light- . 77/09

water-
cooled reactors (for comment)
Medical certification and monitoring of personnel requiring . 77/09
operator licences (for comment)
Normal water level and dischcarge at nuclear power plant (for . 77/09

comment)
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(continued)
Issued year/
Title Rev. month
Material for concrete containments . 77/11
1 78/10

Fuel-oil systems are standby diesel generator (for . 78/01

comment)
Laboratory investigations of soils for engineering analysis and . 78/04
design of nuclear power plant (for comment)
Guidance for residual heat removal (for comment) . 78/05
Design, testing and maintenance criteria for national ventilation . 78/03
Exhaust system air filtration and adsoprption units of light
water-cooled nuclear power plants (for comment)
Containment isolation provisions for fluid systems (for . 78/04

comment)
Safety-related concrete structures for nuclear power plants (other e 78/04
than reactor vessels and containments) (for comment)
Design guidance for radioactive waste management systems, e 78/07

structures and components installed in light-water-cooled nuclear
power plants (for comment)

(b) American Nuclear Society, Nuclear Standard Projects of Prime Interest to
Structural Engineers

ANS 2
ANS 2.1

ANS 23

ANS 2.4
ANS 2.7

ANS 2.8
ANS 2.10

ANS 2.11

ANS 2.12

ANS 2.14

ANS 2.19

Site elevation

Guidelines for determining the vibratory found motions for the design
earthquake for nuclear facilities

Standards for estimating tornadoes, hurricanes and other extreme wind
parameters at power reactor sites

Guidelines for determining tsunami criteria for power reactor sites

Guidelines for assessing capability for surface faulting at nuclear power
reactor sites

Standards for determining design basis flooding at power reactor sites

Guidelines for retrieval, review, processing and elevation of records
obtained from seismic instrumentations

Guidelines for elevating site-related geotechnical parameters at power
reactor sites

Guidelines for combining natural and external man-made hazards at
power reactor sites

Determination of the shape of the response spectra for use in
nuclearFacilities design

Guidelines for elevating site related parameters for independent spent fuel
storage facilities
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ANS 4 Criteria, control and dynamics

ANS 4.1 Design basis criteria for safety system in nuclear power generating stations

ANS 58.1  Plant design against missiles

ANS 58.2  Design basis for protection of nuclear power plants against effects of
postulated pipe rupture

ANS 58.5  Probabilistic risk assessment

ANS 51 Pressurized water reactor

ANS 51.1  Nuclear safety criteria for the design of stationary pressurized water
reactor plants

ANS 51.7  Single failure criteria for PWR fluid systems

ANS 52 Boiling water reactor

ANS 52.1  Nuclear safety criteria for the design of stationary boiling water reactor plants

ANS 58.9  LWR single failure criteria

ANS 53 High-cooled gas-cooled reactor management committee

ANS 53.1 Nuclear safety criteria for the design of stationary gas cooled reactor plants

ANS 53.6 Gas-cooled reactor plant containment system

ANS 53.21  Gas-cooled reactor plant secondary coolant systems

ANS 54 Liquid metal fast breeder reactor

ANS 54.1 LMFBR general design criteria

ANS 543 Principal design criteria for LMFBR containments

ANS 54.6 LMFBR safety classification and related requirements

ANS 54.10 Risk limit guidelines for LMFBR design

ANS 54.11 application of risk limit guidelines for LMFBR design

ANS 54.12 Event categorisation guidelines for LMFBR design

ANS 55 Fuel and radwaste

ANS 57.5 Away from reactor’s spent dual-storage facilities

ANS 56 Containment

ANS 56.3  Overpressure protection of low-pressure system connected to the reactor
coolant pressure boundary

ANS 54.6  Pressure/temperature transient analysis for LWR containments

ANS 56.8  Reactor containment leakage testing requirements

ANS 56.9  Environmental envelopes to be considered in safety-related equipment

Subsections NCA-NG, boiler and pressure vessel code section 111, division
I-nuclear power plant components

Boiler and pressure vessel code section I11, division 2—subsection CB and CC
concrete reactor vessels and containment

Section XI boiler and pressure vessel code—fuels for inservice inspection of
nuclear power plant components
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N626.3-1978 Qualification and duties of personnel engaged in ASME boiler
and pressure vessel code section I1I divisions 1 and 2 certifying activities

N626.0-1974 Qualifications and duties for authorised nuclear Inspection

N626.1-1975 Qualifications and duties for authorised inservice Inspection

N626.2-1976 Qualifications and duties for authorised nuclear inspection
(concrete)

N45.2/N45.2-1977 Quality assurance programme requirements for nuclear
facilities QA-76-2

N45.2.5-1978 Supplementary Quality assurance requirements for installa-
tion, inspection and testing of structural concrete and structural steel, sails
and foundations during the constructional phase of nuclear power plant
QA-76-5

N45.2.6-1973 Qualifications of inspection, examination and testing person-
nel for the construction phase of nuclear power plants QA-76-6

N45.2.10-1973 Quality assurance Terms and definitions QA-76-10

N45.2.11-1974 Quality assurance requirements for the design of nuclear
power plants QA-76-11

N45.2.20 Supplementary quality assurance requirements for subsurface
investigation prior to construction phase o