? INDUSTRIES

CLAYTON STEAM
SYSTEMS
IN THE
POWER
INDUSTRY

THE POWER BEHIND THE POWER



THE POWER BEHIND THE POWER @ﬁ

1. Welcome to Clayton

2. Featured Projects

3. Clayton Steam Systems
4. Technical Data

5. Experience Lists

USA www.claytonindustries.com BELGIUM www.clayton.be FRANCE www.clayton.fr HOLLAND
www.clayton.nl
UK www.claytonindustries.co.uk GERMANY www.clayton-deutschland.de MEXICO

www clavtonmexico co mx




WELCOME TO CLAYTON ﬁ

HISTORY OF CLAYTON

Clayton Manufacturing Company

Clayton Steam Systems is a world leader in the design and manufacture
of high efficiency, rapid start systems that are safe to use and are of
advanced designs.

The Clayton Manufacturing Company was founded in 1935 to investigate

and develop new concepts in thermodynamic and mechanical products.

The Clayton Steam Generator was the first

1935 such product and was conceived as a packaged,

force circulation coil steam generator that could

automatically produce steam in five minutes from
a completely cold condition.

The Clayton Steam Generator represents one of
the most significant development in steam
production since the advent of boiler technology.
The revolutionary design eliminates the need to
contain large volumes of water and this principle
has proved itself over the years since there has
never been a steam explosion with any Clayton
Steam Generator.

In 1935 the company was reorganized under the
name of Cla.vton Manufacturing Company. The
Company officers were William Clayton, President; The energy saving features of the C|ayt0n Steam

L. F. Working, Vice-President; and J. E. St. Clair

as Secretary-Treasurer. A move was in order. .. Generator was of considerable interest to William

Lemon Street in Alhambra, shared with the Edison
Company.

Clayton who was concerned with fuel
conservation long before the modern day
awareness and effects of energy use.

Clayton Exhaust Gas Boilers operate on the same tried and tested
principles and have been produced to satisfy a variety of industrial and
marine applications to recover heat from waste gas.

Designs are continually being improved and developed as well as being
upgraded to incorporate the latest appropriate engineering technology and
techniques. The range of sizes have been add to over the years and it is
now no longer necessary to use the traditional fire tube boiler for outputs
up to 30 tonnes of steam per hour.

The many advantages of the design make it ideally suitable for any steam
application :
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WELCOME TO CLAYTON ﬁ

CLAYTON WORLDWIDE

Clayton Steam Systems is now a worldwide company with manufacturing
facilities, subsidiary companies and distributors throughout the Globe.
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The company’s world headquarters is in City of Industry, California with
other principle manufacturing facilities in Mexico and Europe. The
European Headquarters are in Bornem, Belgium and our other European

subsidiary companies are located in the UK, France, Germany and
Manufacturing Plants Holland.

LIFETIME CUSTOMER CARE

Service for Clayton Steam Generators and Exhaust Gas Boilers is
available worldwide in more than 100 countries. Our dedicated trained
specialist engineers can provide advice, commissioning, and operator
training and customised training courses can be arranged if required.




WELCOME TO CLAYTON ﬁ

The Clayton after sales service is second to none. Preventative
Maintenance Contracts are carried out for many of our customers and
these are based on regular visits by our engineers to undertake scheduled
maintenance tasks to ensure optimum performance and efficiency.

The Clayton
Corporate Mission & Commitment

Clayton Industries will continue to meet the needs of our
markets by providing the highest quality products and services,
Our goal is to exceed the expectations of our customers in all
aspects of our businesses. Our products will lead our industry
in safety, reliability, efficiency, and the reduction of air pollution.

Clayton will strive to deliver flawless products engineered,
manufactured, sold and serviced by the industry’s most
responsive, professional, talented and diligent team, using stat
of the art technology and equipment and each Clayton person’
commitment to excellence.

Uy

In support of its customers, Clayton will continue to invest in it$
sales and service organization worldwide to increase market
share, move into new territories and develop new market
segments. We will invest in technology to grow, expand our
products, improve our productivity and enhance our customer
service. These investments must provide a reasonable level of

profitability to serve our shareholders.

Clayton will create an atmosphere of challenge, enrichment angd
opportunity for its employees which will nourish teamwork,
encourage personal growth and foster a commitment to
excellence in customer service.
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Drogenbos Power Station

Electrabel e

Project Information

Power Station Name
Power Company
Contractor

Location

Year

Station Size
Generator Model
Number of Generators
Number of Pumps
Use

Net Heat Output Per Unit
Steam Flow Per Unit
Modulation

Operating Pressure
Steam Temperature
Fuel

Dimensions

The two Clayton Steam Generators at Drogenbos Power Station are capable
of providing superheated steam for steam turbine gland sealing and are also

Drogenbos 2 Power Station
Electrabel Suez

Suez Tractebel SA
Brussels

1993

460 MW

EOG-304-SH

2

1

Steam Turbine Gland Sealing
2943 KW

3400 kg/h

Yes

14 barg

311°C (Superheated)
Natural Gas / QOil

2745 x 1950 x 3490 mm

able to supply saturated steam at other times.

Clayton Steam Generator
Model : EOG-304 SH
Quantity : Two

Year : 1993

Power - EOG-304 SH DPS



Sterlington Power Station

Project Information

Power Station Name
Power Company
Contractor

Location

Year

Station Size
Generator Model
Number of Generators
Number of Pumps
Use

Net Heat Output
Steam Flow
Modulation
Operating Pressure
Steam Temperature
Fuel

Dimensions

Sterlington Power Plant
Cogentrix Energy Inc
SNC - Lavalin
Louisiana

2002

825 MW

EG-604 Low Nox

One

Two

Steam Turbine Gland Sealing
5881 kW

9409 kg/h

Yes

17 barg

99.5% Dry Saturated
Natural Gas

3251 x 3225 x 5251 mm

Clayton Steam Generator
Model : EG-604
Quantity : One

Year : 2002

The Clayton Steam Generator is used as an auxiliary boiler for gland
sealing on the steam turbines to advance start up time for the power plant.
This is a Combined Cycle Cogeneration Power Plant with three GE
Condensing Steam Turbine Generators.

Power - EG-604 LN SPS



Castleford Power Station

Project Information

Power Station Name
Power Company
Contractor

Location

Year

Station Size
Generator Model
Number of Generators
Number of Pumps
Use

Net Heat Output
Steam Flow
Modulation
Operating Pressure
Steam Temperature
Fuel

Dimensions

Castleford Cogeneration
E.ON UK

E.ON UK

Yorkshire

2006

56 MW

EG-354

One

One

Turbine Gland Sealing
3433 kW

5480 kg/h

Yes

25 barg

99.5% Dry Saturated
Natural Gas

2745 x 1950 x 3490 mm

Clayton Steam Generator
Model : EG-354
Quantity : One

Year ;2006

The E.ON Power Station at Castleford is a Cogeneration system at the
chemical plant of C6 Solutions and can supply the sites entire electrical and
steam requirements. The Clayton Steam Generator is used for start-up.

Power - EG-354 CPS DS TRIES



Medway Power Station

" Scottish and Southern
( Energy

Clayton Steam Generator
Model : SEG-504 SH
Quantity : One

Year : 1999

Project Information

Power Station Name . Medway Power Station

Power Company . Scottish & Southern Energy plc
Contractor . Mitsui Babcock Energy Services Ltd
Location : Kent

Year : 1999

Station Size : 688 MW

Generator Model . SEG-504 SH Low Nox

Number of Generators : One

Number of Pumps : Two

Use : Turbine Gland Sealing and Pre-Warming
Net Heat Output ;5052 kwW

Steam Flow : 9390 kg/h

Modulation ©Yes

Operating Pressure . 17 barg

Steam Temperature : 269°C (Superheated)

Fuel : Natural Gas

Dimensions : 3200 x 2200 x 6500 mm

The Clayton Steam Generator is used as an auxiliary boiler to reduce
starting time of the power plant. The time saved per start is approximately
1.5 hours. Based on electricity generation alone this produce a saving
equivalent to £25,000 on every start (based on 1999 electricity prices).

Power - SEG-504 SH LN MPS NS TRIES



The Endicott Plant

Project Information

Power Station Name
Power Company
Contractor

Location

Year

Station Size
Generator Model
Number of Generators
Number of Pumps
Use

Net Heat Output
Steam Flow
Modulation
Operating Pressure
Steam Temperature
Fuel

Dimensions

Clayton Steam Generator
Model : EO-300
Quantity : One

Year ;1982

The Endicott Plant
Michigan South Central Power Agency
MSCPA

Michigan

1982

60 MW

EO-300

One

One

Start-Up of Coal Boiler
4564 kW

2940 kg/h

Yes

10 barg

99.5% Dry Saturated
Medium Fuel Qil

2500 x 2060 x 4570 mm

The Clayton Steam Generator has been in operation for 25 years and is use
frequently to start-up the 24 tonne B&W coal fired boiler. The plant
personnel consider the main advantages of the Clayton design is reliability

and rapid start-up from cold.

Power — EO-300 MSCPA



STAG Power Station

Clayton Steam Generator
Model : EOG-304 SH
Quantity : Two

Year ;1994

Project Information

Power Station Name : STAG (Steam and Gas)
Power Company . SPE

Contractor . Suez Tractebel SA
Location . Seraing

Year : 1994

Station Size : 460 MW

Generator Model .  EOG-304 SH

Number of Generators : Two

Number of Pumps . Two

Use . Steam Turbine Gland Sealing
Net Heat Output T 2943 kw

Steam Flow : 3400 kg/h

Modulation o Yes

Operating Pressure : 14 barg

Steam Temperature : 311°C (Superheated)
Fuel : Natural Gas / Oil
Dimensions : 2745x 1950 x 3490

The Clayton Steam Generators at the Société de Production d'Electricité
Seraing Power Station are for turbine gland sealing on start-up.

Power - EOG-304 SH SPS NOUSTRIES
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TransL\Ita

Campeche Power Station

Project Information

Power Station Name
Power Company
Contractor

Location

Year

Station Size
Generator Model
Number of Generators
Number of Pumps
Use

Net Heat Output
Steam Flow
Modulation
Operating Pressure
Steam Temperature
Fuel

Dimensions

Campeche Power Plant
Transalta Campeche SA de CV
ICA Fluor Daniel

Campeche, Mexico

2002

252 MW

SEG-404 SH

One

Two

Steam Turbine Gland Sealing
3434 kW

4389 kg/h

Yes

15 barg

322°C (Superheated)

Natural Gas

2921 x 1930 x 4622 mm

The Clayton Steam Generator is used as an auxiliary boiler for gland
sealing during start-up. Campeche Power Plant is TransAlta’s first plant in
Mexico and the Clayton Steam Generator design was selected by ICA Fluor

Daniel.

Clayton Steam Generator
Model SEG-404 SH
Quantity : One

Year : 2002

Power - SEG-404 SH TCSACV


http://www.transalta.com/transalta/webcms.nsf�

Jenks Power Station

Project Information

Power Station Name
Power Company
Contractor

Location

Year

Station Size
Generator Model
Number of Generators
Number of Pumps
Use

Net Heat Output
Steam Flow
Modulation
Operating Pressure
Steam Temperature
Fuel

Dimensions

Jenks Power Plant
Cogentrix Energy Inc
SNC - Lavalin
Oklahoma

2001

825 MW

EG-604 Low Nox

One

Two

Steam Turbine Gland Sealing
5881 kW

9409 kg/h

Yes

17 barg

99.5% Dry Saturated
Natural Gas

3251 x 3225 x 5251 mm

Clayton Steam Generator
Model EG-604
Quantity : One

Year : 2001

The Clayton Steam Generator is used as an auxiliary boiler for gland
sealing on the steam turbines to advance start up time for the power plant.
This is a Combined Cycle Cogeneration Power Plant with three GE
Condensing Steam Turbine Generators said to be one of the cleanest
sources of electricity in the world.

Power - EG-604 LN JPS



Bressoux Power Station

Electrabel e

Project Information

Power Station Name
Power Company
Contractor

Location

Year

Station Size
Generator Model
Number of Generators
Number of Pumps
Use

Net Heat Output
Steam Flow
Modulation
Operating Pressure
Steam Temperature
Fuel

Dimensions

Bressoux Power Plant
Electrabel Suez
Electrabel Suez

Liege

1991

SEG-304

Two

One

Peak Shaving

2943 kW

4697 kg/h

Yes

16 barg

99.5% Dry Saturated
Natural Gas

2745 x 1950 x 3490

The Clayton Steam Generators at the Electrabel Power Plant at Bressoux
are used as peak shavers since they can respond rapidly to alterations in

steam demand.

Clayton Steam Generator
Model SEG-304
Quantity : Two

Year 1991

Power - SEG-304 BPS



Peterborough Power Station

-
.y S +] Clayton Steam Generator
3 Model : EO-150
= -y
8 Quantity : One
- 'l; !
4 Year » 1991
| I =B
| "'-._—= b % i L -|
Project Information
Power Station Name Peterborough Power Station
Power Company Centrica PG Ltd
Contractor Hawker Siddeley Power Engineering
Location Peterborough
Year 1991
Station Size 360 MW
Generator Model EO-150
Number of Generators One
Number of Pumps One
Use Standby Steam
Net Heat Output 1471 kW
Steam Flow 2349 kg/h
Modulation Yes
Operating Pressure 10 barg
Steam Temperature 99.5% Dry Saturated
Fuel Qil
Dimensions 2550 x 1950 x 3165 mm
Peterborough Power Station has two gas turbines and one steam turbine.
The facility is used to help meet peak demand and typically starts up and
shuts down on a daily basis.
Power - SEG-504 SH LN MPS NS TRIES



British Energy

Heysham Power Station

Project Information

Power Station Name
Power Company
Contractor

Location

Year

Station Size
Generator Model
Number of Generators
Number of Pumps
Use

Net Heat Output
Steam Flow
Modulation
Operating Pressure
Steam Temperature
Fuel

Dimensions

Heysham 1 Power Station
British Energy

CEGB

Heysham

1981

1150 MW

EO-150

Three

One

Standby Steam

1471 kW

2349 kg/h

Yes

7 barg

99.5% Dry Saturated
Oil

2550 x 1950 x 3165 mm

Clayton Steam Generator

Model EO-150
Quantity : Three
Year 1981

Heysham 1 Power Station is an AGR station with two reactors.

Power - SEG-504 SH LN MPS



British Energy

Hartlepool Power Station

Project Information

Power Station Name
Power Company
Contractor

Location

Year

Station Size
Generator Model
Number of Generators
Number of Pumps
Use

Net Heat Output
Steam Flow
Modulation
Operating Pressure
Steam Temperature
Fuel

Dimensions

Hartlepool Power Station
British Energy

CEGB

Hartlepool

1981

1210 MW

EO-150

Two

One

Standby Steam

1471 kW

2349 kg/h

Yes

7 barg

99.5% Dry Saturated
Oil

2550 x 1950 x 3165 mm

Clayton Steam Generator

Model EO-150
Quantity : Two
Year 1981

Hartlepool Power Station is an AGR reactor plant. The two Clayton Steam
Generators at the station have been in operation since 1981. They are a vital
part of the operation since they are used as standby units to provide steam
for vaporising carbon dioxide that is used as primary cooling for the

Power - SEG-504 SH LN MPS



Corby Power Station

Project Information

Power Station Name
Power Company
Contractor

Location

Year

Station Size
Generator Model
Number of Generators
Number of Pumps
Use

Net Heat Output
Steam Flow
Modulation
Operating Pressure
Steam Temperature
Fuel

Dimensions

Corby Power Station
E.ON/ESB

Hawker Siddeley Power Engineering
Corby

1991

350 MW

EO-154

One

One

Standby Steam

1471 kW

2349 kg/h

Yes

10 barg

99.5% Dry Saturated
Oil

2550 x 1950 x 3165 mm

Corby Power Station is a combined cycle station designed for maximum
operating flexibility. Shutdown of one turbine heat recovery is unit possible
while the other remains at full power. The plant has two Frame 9F gas
turbines and an additional turbine driven by steam from two HRSGs.

Clayton Steam Generator
Model EO-154
Quantity : One

Year 1991

Power - SEG-504 SH LN MPS



Sellafiel Nuclear Site

Project Information

Power Station Name
Power Company
Contractor

Location

Year

Station Size
Generator Model
Number of Generators
Number of Pumps
Use

Net Heat Output
Steam Flow
Modulation
Operating Pressure
Steam Temperature
Fuel

Dimensions

Sellafield Nuclear Site
British Nuclear Fuels plc
BNFL

Sellafield

2003

Fuel Re-Processing Facility
EO-125

One

One

Emergency Standby
1226 kW

1957 kg/h

Yes

7 barg

99.5% Dry Saturated

Oil

1755 x 1300 x 2405 mm

The Clayton Steam Generator at the Sellafield site is used as an emergency
back-up steam supply and is designed to withstand a seismic event. Steam
is used in emergency for eductors to transfer liquid.

Clayton Steam Generator
Model EO-125
Quantity : One

Year : 2003

Power - SEG-504 SH LN MPS



CLAYTON STEAM SYSTEMS 5,"

CLAYTON IN THE POWER INDUSTRY

In the power industry Clayton Steam Systems has gained and enviable
reputation where superheated steam, high pressure steam and rapid start
capability combined with the inherent safety of the design have significant
benefits.

Clayton Power Station Steam Generators allow the plant to be brought
on-line and achieve baseload significantly sooner after a shutdown by
providing steam to seal the glands on the steam turbine long before the
HRSG becomes available. The seal permits vacuum conditions to be
established on the steam condenser and reduces the time for
synchronisation of the gas and steam turbines. The advantages to the
power plant can include:-

Lower Emissions

Less Fuel Consumption

Less Water Consumption

Lower Chemical Consumption

Lower Electricity Consumption
Increased Revenue

Commercial Advantages of Faster Start

OO0OO0OO0OO0OO0O0o

The other ideal applications for Clayton Steam Generatora are for peak
shaving, back-up steam and any saturated, superheated or high
pressure duty.

Advantages

The advantages of The Clayton Steam Generator is due to the unique
and advanced design which has many operational and process
benefits. High efficiency and rapid start-up capability are combined
with high steam quality and fast response to load changes. In
addition, the low blowdown requirement saves energy, water and
treatment chemicals.

The operating principle of the Clayton Steam Generator has
eliminated the need to contain and heat large quantities of water.
Consequently all generator models are small in size and weight and
can be accommodated within a limited space which is a significant
advantage when considering either a new installation or additions to
an existing plant.




CLAYTON STEAM SYSTEMS 5,"

The major safety advantage of the low water storage requirement is that
there is no possibility of a steam explosion from a Clayton Steam
Generator.

The Clayton Steam Generator can be provided for unattended operation
and a separate boiler house is not required. In addition, operation is
completely automatic and the Clayton Steam Generator has a reputation
for reliability and low maintenance.

Principle of Operation

The reason for the many advantages of the Clayton Steam Generator is,
what we call, the Forced Circulation Monotube Coil Concept. This
operates on a simple but ingenious principle.

The boiler feedwater is pumped by means of a
specially designed Clayton Pump and is forced

g through a single heating coil. The steam/water mixture
e from the outlet of the coil is then passed to a high
& efficiency centrifugal separator. Steam quality from a
Clayton Steam Generator is up to 99.5% dry
saturated.
p Idﬁ
SEPARATOR

Superheated Steam

(F;;USE |t] SUPETRHEAEMATED
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FEED
WATER
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SEPARATOR

STEAM
GENERATOR

On Superheated Clayton Steam Generators dry steam produced
in the primary stage is fed into an additional superheat coil
section. As with all Clayton Steam Generators, feed water is
directed to the topmost layer of coil from where it spirals
downwards through each level to the lower part of the boiler. In
this lower section, the tube forms a cylindrical shield around the
combustion chamber. As the water passes through the steam
generator it picks up heat and steam is produced at the outlet
from where the flow is directed to a pressurised centrifugal
separator vessel. The required superheat is then obtained by
feeding this dry steam back to the steam generator where it is

passed through the integral superheat coil.

USA www.claytonindustries.com BELGIUM www.clayton.be FRANCE www.clayton.fr HOLLAND
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CLAYTON STEAM SYSTEMS 5,"

High Pressure

Because of the unique water tube coil design the Clayton Steam
Generator can operate at high pressure without substantial increase in
size or weight. Standard units are tested at a pressure of 60 barg and
higher pressure systems are available up to 200 barg.
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CLAYTON STEAM SYSTEMS 5,"

THE MAIN COMPONENTS

The Clayton Coil

The coil of a Clayton Steam Generator is of a unique design which has
been developed for optimum heat transfer at all steam output levels.

The caoil is a single water tube which is stacked in spirally wound layers in
the upper section of the Clayton Steam Generator and forms a ‘water wall’
‘ around the combustion chamber of the lower section. The
ool - configuration of the coil as well as the variation in the tube

S = diameter, spacing between layers and spacing between tube
¢ 0 07 turns in different temperature zones of the coil are all carefully
7| designed to maximise efficiency and thereby minimising fuel

consumption.

The spiral construction of the coil is extremely robust and

counteracts the effects of expansion during rapid heating and

cooling cycles. The coil also undergoes in-house heat
treatment to eliminate stresses and each coil is tested
at high pressure.

An added advantage of the single coil design is that the internal condition
can be monitored by observing the pressure of the feedwater at the coil
inlet. In the case of oil fired units, sootblowing facilities are provided to
remove deposits from the outside of the coil.

The Clayton Pump

The Clayton Pump is of a remarkable design and is manufactured
specifically to provide the forced circulation through the coil of a
Clayton Steam Generator.

The pump is a positive displacement type which ensures flow
stability over a wide range of varying pressure conditions and it
has a number of mechanical advantages. In particular The
Clayton Pump does not rely on mechanical seals, packing rings or
glands to separate the water being pumped from the drive

M:-'- mechanism. Operation is completely unaffected by relatively high

water temperature and the construction of the Clayton Pump is
extremely robust. The Clayton Pump is also very reliable and low in
maintenance.
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CLAYTON STEAM SYSTEMS 5,"

Pumping action is produced by the movement of a diaphragm which acts
against a column of water on one side of the diaphragm. The rise and fall
of the water column causes spring loaded inlet and outlet check valves at

the top of the column to open and close and this produces flow through
the pump.
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CLAYTON STEAM SYSTEMS 5,"

The diaphragm is driven on the other side by the movement of a piston
which is semi-submersed in an oil bath. The piston crankshaft is driven by
a motor and v-belt drive. On the smaller model Clayton Steam Generators
(E10, E15 and E26) the diaphragm is direct driven.

On every Clayton Steam Generator the water supply is related to the
steam output. On step fired Clayton Steam Generator the output of the
pump is also stepped and on fully modulating units the pump is fitted with
a variable speed drive and pump output, burner firing rate as well as air
flow can be simultaneously modulated to provide greater efficiency,
accurate control and maximum response.

The Clayton Separator

The Clayton Steam Separator is a High Efficiency 4
centrifugal design which has no moving parts. The AT
very high steam quality is produced even under
variable load conditions.

The steam/water mixture from the Clayton Steam
Generator is directed to the inlet of the separator
where is separated by centrifugal force. The water
is collected and dry steam is discharged through
the top outlet.

Steam / Water

The Clayton Burner

The burner of the Clayton Steam Generator is specially designed to
ensure that the flame is confined to the combustion chamber and that
combustion is complete before the hot gasses are released over the coil.

To achieve this the air for combustion enters the
burner manifold at high velocity where it picks up fuel
in a whirlpool action to form a heart shaped flame
where the flame tip folds over into the low pressure
zone. Fuel and air are blended in precise ratios and
the burner fires upwards, which is the natural direction
for a flame.
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CLAYTON STEAM SYSTEMS 5,"

EFFICIENCY AND FUEL SAVING

High operating efficiency and fuel savings are inherent in the design of the
Clayton Steam Generator and control of the heating gasses, water
circulation and combustion of fuel ensure optimum heat transfer. Start-up
within five minutes from cold saves energy and also means that a Clayton
Steam Generator in standby mode is off and completely cold yet can be
operational at the flick of a switch or from a remote signal.

The counterflow coil principle means that the water flows in the opposite
direction from the hot gasses and this ensures a low stack temperature
which is an indication of efficiency. In fact the stack temperature can
actually be lower than the steam temperature on a Clayton Steam
Generator and the efficiency can increase as the output is reduced. This

EXHAUST IS an

<4 COIL FEED
WATER

C
C
C
C
| ey

STEAM / WATER
MIX DISCHARGE / \

BURNER HEAT

COUNTERFLOW PRINCIPLE

important advantage since boilers rarely operate at their maximum rated
output for most of the time.

The very low blowdown loss is due to the ability of the Clayton Steam
Generator to operate unaffected by high dissolved solids. In addition,
because of the high concentration of solids in the collected water, this is
the ideal point to evacuate a large amount of concentrated solids in a
small amount of liquid.

The many advantages of the Clayton Steam Generator are explained in




CLAYTON STEAM SYSTEMS 5,"

‘The Clayton Report’, is available on request. An independent university
report is also available which gives a summary of efficiency tests.
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CLAYTON STEAM SYSTEMS 5,"

SAFETY

Shell Boiler ﬁ
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WATER SURFACE

Unless you have experienced it personally, the enormous destructive
potential of steam is hard to imagine. In a shell boiler a large mass of
water is stored in a cylindrical vessel and heated to form steam. A faulty
shell boiler is just like a time bomb. It can produce a near instantaneous,
uncontrolled, release of energy.

Every year explosions of shell boilers happen all over the world
and some of these result in loss of life. Fortunately, due to
government legislation and established design codes as well as
proper operator training and modern control systems these
explosions are now much less frequent than in days gone by.
But there can be no cast iron guarantee that a disaster will not
occur.

% Overheating caused by low water is the most frequent cause of
J050° boiler explosions, or other damage. Statistics from the US

National Board of Boiler and Pressure Vessel Inspectors reveal
that in 1999 there were 397 accidents which were attributed to
low water conditions in steam boilers.

The most important rule for the safe operation of a shell boiler is to
maintain the correct water level at all times.

In contrast a Clayton Steam Generator does not have a water level and it
is not possible to have a steam explosion with the Clayton design.

Clayton famously demonstrated this when they tested a 500 boiler
horsepower steam generator to destruction after removing all of the
safety devices from the unit. This demonstration took place in front of
an invited audience, including inspectors from the Technical Standards
and Safety Authority of Ontario, Canada. The procedure was recorded
on video which can be viewed at www.claytonindustries.co.uk
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The operating principle of the Clayton Steam Generator is very different
from that of the common shell boiler. A shell boiler uses natural
convection and subsequently a large amount of energy in the form of hot
water must be stored within the shell. The Clayton Steam Generator, by
comparison, uses forced circulation of water though a helical coil which is
heated to produce steam. It follows therefore that there is relatively little
water in a Clayton Steam Generator contained within the caoil.

Even if the coil itself is damaged in any way this cannot
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produce a dangerous condition.
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STEAM GENERATING SYSTEM

The Clayton Open System

The Clayton experience and expertise has also been applied to the design
and selection of systems and ancillary equipment which ensures trouble-
free operation of the steam generating plant. Clayton offer a range of
accessories which match the selected steam generators and which are
designed and manufactured to the same high standards.
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The most common system is the Clayton Open System in which
condensate can be returned at atmospheric pressure.

In the Open System, boiler feedwater is directed from an atmospheric
Hotwell to the Clayton Pump and is fed to the Clayton Steam Generator.
Steam flows from the separator outlet nozzle through a backpressure
regulating valve and the condensate from the separator is re-circulated
back to the hotwell. The small amount of blowdown required on a Clayton
Steam Generator is taken from the recirculation line since the
concentration of dissolved solids is highest at this point.

The make-up water supply can be passed through a water softener and
chemicals can be dosed directly into the hotwell. Other tried and tested
designs include the Clayton Closed and Semi-Closed Systems which are
used where energy savings from condensate heat recovery is required.
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SKID MOUNTED PACKAGES

The Clayton Steam Generator System can be supplied as separate
modular items for installation on site or the equipment can be supplied as
pre-assembled packages which save installation time and on-site costs.
The Clayton packaged steam plants are supplied as standard units or
custom built designed to suit client’s individual requirements.

Typical skid mounted packages include the Clayton Steam Generator as
well as the hotwell, water softener and chemical dosing system complete
with all necessary on-skid interconnecting pipework, on-skid wiring, valves
and fittings supplied as a pre-fabricated and factory tested unit. More than
one Clayton Steam Generator can be packaged in this way and it is
possible to ship a complete boiler plant in one consignment.

These packages are extensively used on offshore oil platforms where
space and time are at a premium. On larger systems, or for convenience it
is also possible to package the feedwater equipment separately.
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THE CLAYTON EXHAUST GAS BOILER FOR CHP PLANT

The Clayton Exhaust Gas Boiler was developed following the success of
-~ the Clayton Steam Generator and the design is based on the same
tried and tested operating principle. This results in an Exhaust Gas

— Boiler of small size and weight which can produce steam of very
T _"“"-ﬂ_ high quality.

I —— 3 An added advantage of the Clayton Forced Circulation Monotube
| Coil Concept is that is not necessary to rely on any type of fins on
the tube surface to assist heat transfer and this reduces the
—gzams  possibility of clogging with  exhaust gas deposits. The
configuration of the Clayton plain coiled tube is designed to
W maximise performance and allow free flow of hot gas over the tube in
the opposite direction to the water flow in a counterflow pattern for
maximum efficiency.

Due to the small size and weight of the Clayton Exhaust Gas Boiler a
number of installation options are possible and the boiler can be fitted into
the exhaust gas ductwork to suit the client’s requirements.

Applications

The Clayton Exhaust Gas Boiler can produce steam using the heat in
the waste gases from diesel engines, small gas turbines, incinerators,
glass furnaces, enamel ovens, stress relieving ovens and other suitable
applications.

Diesel engines on electrical generators of sizes up to 15 MW of
electrical power are ideal for heat recovery using the Clayton Exhaust
Gas Boiler these include light and heavy oil fired engines, gas fired
engines and dual fuel units of 4-stroke and 2-stroke design.

On other applications the Clayton Exhaust Gas Boiler is ideally suitable
for gas flows and temperatures within the following ranges:-

Gas Inlet Temperature Gas Flow Rates
200 - 650 °C 680 - 59,000 kg/h
650 -1400 °C 400 - 30,000 kg/h
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Construction

The Clayton Exhaust Gas Boiler is of a modular design and a range of
standard coil sections have been developed to suit a wide range of
process conditions. The sections are chosen for optimum
performance by computer programme, based on the heat
available, the steam output required and the allowable pressure
drop.

Because of the modular
construction of the Clayton Exhaust
Gas Boiler assembly is a straightforward
matter since the standard coil sections are
bolted together and coned transition pieces
are then added onto each end for connecting
to the exhaust ducting. The water
connections between each coil are made on
the outside of the boiler shell and an effective
sootblowing system is built into every Clayton
Exhaust Gas Boiler.

Exhaust Gas Boiler Systems

Clayton have developed systems to suit numerous processes. On all
designs the water is pumped through the steam generating coil and the
steam/water mixture produced at the outlet of the boiler is directed to a
vortex separator which can be housed in a steam drum (or accumulator).

More than one Clayton Exhaust Gas Boiler can be connected to a single
steam drum. A feature of every system is that means are provided to
avoid dew point corrosion of the tubes to prolong the life of the boiler.
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GAS BOILER ﬁ

CONDENSATE

Ai
MAKE- UP WATER
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STEAM BASICS
Enthalpy, Sensible Heat and Latent Heat

Rapid steam production in a Clayton Steam Generator begins
when heat energy from combustion of fuel is transferred to the
feedwater being pumped through the specially designed coil.
Energy content of water and steam is termed Enthalpy and is
taken as zero at atmospheric pressure and a temperature of 0°
Centigrade.

The total amount of heat that must be added to the feedwater to

produce steam is made up of two parts. Sensible Heat which is

the heat supplied to raise the temperature of water to it's boiling

point and Latent Heat which is heat required to evaporate the
water into steam.

Enthalpy per unit mass (h) is the specific enthalpy and is measured in
kd/kg K. To determine the total enthalpy (hg) in the steam it is necessary
to add together the two types of enthalpy which are required to produce
the steam

The heat supplied to raise the temperature of water to its boiling point is
called sensible heat because the change of temperature is sensible to the
touch and can be measured on a thermometer. This sensible heat is
known as the enthalpy of saturated water (hy).

The heat, which is then added to turn the water into steam, does not raise
the temperature and is called latent heat for this reason. Latent heat
loosens the forces between molecules to produce the change of state
from liquid to gas. This latent heat is known as the enthalpy of evaporation

(hig).

Note: In calculations, the specific enthalpy (h) is used since this is the
enthalpy per unit mass (ie per kg) rather than the total enthalpy (H).

Calculating the Enthalpy of Saturated Steam

The specific enthalpy of saturated steam is the sum of:-

(Total Heat) = (Sensible Heat) +  (Latent Heat)
hg hf hfg
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INDUSTRIES
Steam Tables

Steam tables usually show specific enthalpy in kJ/kg °C for different
pressures with pressure shown as absolute pressure. Gauge pressure
(barg) is absolute pressure minus 1.013 bar. For convenience, however,
the Clayton Steam Tables attached are given for gauge pressure (barg)
and the enthalpy is shown as kcal/kg.

Enthalpy of Wet Steam

If insufficient heat has been added to convert all of the water into steam
then small water droplets will be present in suspension in the steam
space. In this case a dryness fraction must be taken into account. The
dryness fraction of steam (x) is calculated by:

Mass of Dry Steam
Total Mass of Steam & Water

and hg = hs — (thg)

The Clayton Steam Generator produces steam quality that is a minimum
of 99.5% dry saturated at all loads.

Superheated Steam

If heat is added to saturated steam which is maintained at a constant
pressure, the temperature of the steam will rise. The steam is then said to
be superheated. The degree of superheat is the difference between the
steam temperature and the saturation temperature at the same pressure.

So for steam with a saturation temperature of 133.5°C which is heated to
180°C the degree of superheat is 46.5°C

The specific heat capacity of superheated steam (c) varies with
temperature and pressure and ranges from 1.98 to 2.7 kJ/kgK. The
specific enthalpy of superheated steam is enthalpy of dry saturated steam
plus c(Syp - t).




STEAM TABLES

P T Enthalpy (kcal/kg Specific Specific
Barg °c water evapora- steam volume weight
tion heat m®/kg Kg/m®
0.0 100.0 99.7 539.4 639.1 1.6940 0.590
0.1 102.3 102.4 537.7 640.1 1.5490 0.646
0.2 104.8 105.0 536.1 641.1 1.4280 0.700
0.3 107.1 107.3 534.6 641.9 1.3250 0.755
0.4 109.3 109.5 533.2 642.7 1.2360 0.809
0.5 1114 111.6 531.8 643.4 1.1590 0.863
0.6 113.3 113.6 530.6 644.1 1.0910 0.917
0.8 116.9 117.2 528.1 645.4 0.9772 1.023
1 120.2 120.6 525.9 646.5 0.8854 1.129
1.2 123.3 123.7 523.9 647.5 0.8098 1.235
1.4 126.1 126.5 522.0 648.5 0.7465 1.340
1.5 127.4 127.9 521.0 648.9 0.7184 1.392
1.6 128.7 129.2 520.1 649.3 0.6925 1.444
1.8 131.2 131.7 518.4 650.2 0.6460 1.548
2 133.5 134.1 516.8 650.9 0.6056 1.651
2.2 135.8 136.4 515.2 651.6 0.5700 1.754
2.4 137.9 138.5 513.7 652.3 0.5385 1.857
2.6 139.9 140.6 512.3 652.9 0.5103 1.960
2.8 141.8 142.6 510.9 653.5 0.4851 2.061
3 143.6 144.5 509.6 654.0 0.4622 2.164
3.5 147.9 148.9 506.4 655.2 0.4132 2.420
4 151.8 152.9 503.4 656.4 0.3747 2.669
4.5 1555 156.7 500.7 657.4 0.3425 2.920
5 158.1 