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Abstract

SEWAGE SLUDGE IRRADIATION WITH ELECTRONS

The desinfection of sewage sludge by irradiation is discussed

very intensive in the last few months. Powerful electron acce-

lerators are now available and the main feature of the irradi-

ation of sewage sludge with fast electrons are discussed and

the design parameters of such installations described.

AEG-Telefunken is building up an irradiation plant with a

1.5 MeV, 25 mA electron accelerator, to study the main feature

of electron irradiation of sewage sludge.

Introduction

The desinfection of sewage sludge by irradiation as a

highly effective and favourable method was intensive

discussed in the last few months. Many studies were made

with radioactive isotopes such as Co (1-4).

In the past few years new electron accelerators have been

built, which have the following advantages:

. variable high-power output

. high reliability

• low costs

Contineous process lines for handling large amounts of

sewage sludge can now be established. Therefore one starts

to discuss the main feature of the irradiation of sewage

sludge with fast electrons.
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Design Parameters

Recent studies have shown that the desinfection with

electron irradiation produces good results (3,5).

With a dose of *t00 krad desinfection rates up to 10
ft

to 10 can be achieved.

The high power of the electron accelerators permits

contineous irradiation of sewage sludge. The penetration

of electrons in sewage sludge is a function of their

energy. This limits the thickness of the sewage sludge

during irradiation. For example, the possible thickness

of the sewage sludge irradiated with 1 MeV electrons is

about 3 nun with an overdose ratio less than 1.7.

Consequently the particle size in the sewage sludge should

be less than 1 mm.

In view of the limited electron penetration into the

material it is desirable to use high energy electrons

up to 1.5 MeV, whereas from an economical standpoint it

may be better to use 500 KeV electrons. In the latter

case a good mechanical homogenization and a special

handling system is necessary. The cost of these systems

increase with decreasing electron energy.

Therefore an economical process line must be a good

compromise between electron energy, mechanical homo-

genization and handling system.

Another parameter to be considered is the beam power for

handling the sewage sludge for different amounts. Under

the following assumption:

• required dose (tOO Krad

• content of solids 5-8 %

• beam efficiency 50 %

• irradiation time 20 hours per day

• 1000 people are equal 1 m sewage sludge per day.
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one needs for example for 250,000 people an electron beam

power of 27.5 kW. This can be handled by a commercial 1 MeV/

jO ntA electron accelerator.

For the same amount of sewage sludge a Co source of about

1,000,000 Ci is necessary.

Electron accelerators have the following advantages for

the treatment of sewage sludge:

• machine source and therefore radiation

can be switched off

- • maintenance and cleaning without radiation

hazards

• high reliability and flexibility

« variable beam output, that means easy

• high dose rate

• low capital and operation coat

• compact design and easy shielding

• energy saving process against

thermal pasteurization

These feature permit large scale application. Economical

process lines with regard to location and local capacities

can be achieved.

Radiation Source

The Oynamitron III high power electron accelerator is an

ideal radiation source* This accelerator is built by the

US-firm Radiation Dynamics Inc., Westbury and was specially

developed for industrial irradiation treatment. In the region

of 0.5 to 1.5 MeV power outputs up to 100 kW are available,

which allows to treat sewage sludge amounts of 1,000,000

people with one machine.
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The Dynamitron III electron accelerator is a DC-accelerator.

The high voltage is generated by a cascaded solid rectifier

system.

The high reliability and the economical operation and main-

tenance were demonstrated in the meantime in more than

30 industrial irradiation plants around the world.

Irradiation Facility

For the construction of a commercial process line following

parameters have been considered:

• limited penetration of electrons into the material

• beam power of electron accelerators required for

sewage sludge treatment

• economics of the process with regard to electron

energy,power, and homogenization of the material

• safety aspects

To study all these parameters in more detail, AEG-Telefunken

builds up an irradiation facility, equipped with a Dynamitron

1.5 MeV/ 25 mA electron accelerator. This machine can be

operated between 500 KV and 1.5 MV with a maximum beam power

of 37.5 kW.

Fig. 1 shows the layout of this plant. The accelerator is

of right-angle configuration, that means that accelerator

tube and power supply are separated. The area of the plant

is about 400 m and the height is about 10 m.

Fig. 2 shows the experimental sewage sludge handling system.

The mechanical homogenized sewage sludge is pumped through a

pipe into a box which has a funnel-type bottom. A roller

system transports the sewage sludge in a defined thickness

on a conveyor, bringing the sewage sludge under the scan horn,

where the sludge is irradiated. At the end of the conveyor the

sludge is stripped into a container box and pumped out.
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Fig.1

Schematic Lay-out of AEG-Radiation-Service-Center

Fig.2

Experimental Sewage Sludge Handling System
(AEG-Radiation-Service-Center)
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This system will be in operation still in this month. The

development is performed under contract with the German

Government.

Conclusion

The irradiation of sewage sludge for desinfection is a

highly effecient method. The use of high power electron

accelerators as radiation source makes this treatment

economic. This type of treatment will undoubtedly by the

preferred method for large scale applications in the years

to come.
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