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Abstract

TECHNICAL AND ECONOMICAL ASPECTS OF A LARGE AND A1SMALL PLANT FOR
IRRADIATION OF LIQUID WASTE

Description of the further development of the irradiation plant

for sewage sludge which is in operation at the sewage water

treatment plant of the Abwasserverband Ampergruppe at Geiselbullach.

Taking into consideration the operating experience, the conception

of the plant was optimized, the design was simplified. The loading

and reloading of the radioactive sources could be now carried out

during operation of the plant. The economical aspects were con-

sidered too and the calculated cost of the treatment was summarized

in a table.

The purpose of this paper is to give you an idea of the further

development and of some economical aspects of our Gamma Irra-

diation Slants for sewage-sludge treatment.

The effect of ionizing radiation on bacteria and microorganisms

are or will be discussed in a more detailed way by other authorsi

the survey we will give you concernes principally the technical

part and especially the mechanical part. The actual plant at Gei-

selbullaeh was developed in cooperation with the "Bundesministerium

fur Porschung und Technologie", the planning office of the '•Ab-

wasserverband Ampergruppe" and the "Bayerische Landesanstalt fiir

Bodenkultur und Fflanzenbau". It was designed for an initial capa-

city of 30 E3 sewage-sludge a day, but the capacity of the plant

vas increased during last winter as much as fourfold without any

major structural or design modification and can still be increased uc

to 150 m3 a day. Only the activity of the source was modified

and c;n reach a maximum of 650*000 Curie.

Taking into consideration the operating experience, the conception

of the plant was optimised with the aim to simplify some operations,

that means to equip the plant simultaneously for trouble free

continuous operations, as we will show, and to lower the specific

sewage-sludge costs to a minimum.

The plant at Geiselbullach consists essentially of:

- a sludge irradiation shaft with a built-in central pipe (slides

1 bis 5)
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- a recirculation system, consisting of an accessible pump shaft

where all circulation and vacuum pumps as well as their control

elements and valves are located.

A few words about radiation protection and safety precautions in

this plant: the irradiation chamber is located about 8 m, the

radiation source about 5,5 m below the surface of the ground.

The irradiation shaft is surrounded by soil on all sides. In

this way, the shielding on the building side could be reduced

to a minimum, and this is reduced to 10,5 tons of concrete shielding

Even in the most unfavourable case, with an empty irradiation

container, no dosis of irradiation could be measured on the con-

crete cover, in the pump shaft, or along the pipes connected

with the shaft.

Especially the shield cover and the pipes were subjected to

critical analysis. Above all we wanted to optimize these two

points since the heavy shield cover requires an adequately sturdy

lifting tackle, which in most cases must be integrated permanently

into the plant and consequently evokes an increase in plant costs.

This problem has been solved by providing a chamber filled with

radiation shielding liquid (water) above the irradiation chamber

with the central pipe. This chamber is sealed off tightly agains

the irradiation chamber. Openings exist through which the liquid

can circulate into the interior of the central pipe that contains

the radiation sources. With this polution a second advantage has

been attained: cooling of the sources can be done without a cool

water circulation with circulating pump.

Moreover, manipulation of the radiation sources is simplified

with the above-mentioned new design.
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Actually, loading or reloading with radioactive sources in the

plant of Geiselbullach requires several operations: the central

pipe has to be removed, special containers for the temporary

storage of-the sources are built in and then the transport con-

tainers are brought down. The sources from the transport contai-

ners are removed by a remote controlled manipulator and brought

to lateral boxes. Then the transport container is removed and

the central pipe must now be built in again. The sources are now

brought from the lateral boxes into the annular space of the

central pipe, and after the containers for the temporary storage

are removed, the concrete cover stab is put in place and the

procedure is concluded.

In the new plant the chamber will be enlarged on one side and

provided with a pit intended for the storage of the source

transport container. Thus, changing of the radiation sources

can be carried out during operation of the plant.

With the circulation within the irradiation chamber, piping for

the circulating system will be eliminated: as feed equipment a

heavy-sludge pump, of which the impeller extends into the central

pipe, would be more advantageous. In this way it is assured that

the sludge is always in the radiation field.

The irradiation shaft is designed in such a way, that the sludge

passes the source in a turbulent flow: this guarantees an equal

dosis of radiation for every sludge particle. Like the first

design, the operation of the plant is a^atch process, divided into

a number of steps. The sludge can flow into the irradiation shaft,

when the discharge valve receives an order to open from the con-

troller. The built-in central pipe is divided in two channels, in

which the sludge is forced to flow in opposite directions and as

we say, under turbulent flow conditions. The sludge
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circulates continuously in front of the sources during a pre-

determined adjustable period until it has absorbed the required

dosis. Optimum radiation utilization and dose distribution is

thus obtained. After the above mentioned period the automatic

control stops the circulating pump, the control discharge

valve of the.circulating system opens, and the suction pump

begins to operate. The irradiated sludge is then discharged into a

storage tank or drying bed where it remains for a certain time

for the sludge and water to be separated. The sludge level gauges

indicate when the shaft is free of irradiated sludge.-The drain

valves of the irradiation shaft and the circulating system

are then closed, and the operation described above starts anew:

it is fully automatically controlled and repeats itself in un-

interrupted continuous sequences.

The same description of the operating steps is valid for the

small installation although the efficiency is not as good as with

the large one due to smaller dimensions (slide 3 ! ) • A first

plant of this type is now located at the research field of the

Bavarian Biological Research Institute at Grosslappen.

Loading and reloading of the small plant with radioactive

sources happens directly from a special transport container, which

is brought on the irradiator: with the help of a remote controlled

manipulator the sources are then brought into the corresponding

places located in the central pipe.

In both installations the source rods are housed in the tightly

sealed annular space of the central pipe: as a result the source

rods are encapsulated triply. Consequently, they do not come into

contact with the sludge.

The activity of the sources is maintained at the desired level by

replacing the spent sources or replenishing them with additional

ones at regular intervals (for Go-60 replacement cycle of 1 - 2

years),according to an optimal loading schedule.
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Besides the technical and hygienic problems the economics

are. one of the most interesting questions for this type of

plant. The price of the radiation treatment depends mostly

on the price of the radiation sources (the plant can be loaded

with Co-60, Cs-137 and/or*old fission products).

For the plant in Geiselbullach the total costs were calculated
by Mr. Lessel of the Abwasserverband Arapergruppe (see paper
held from the author during the International Symposium on the
use of high-level radiation in waste treatment - Status and
Prospect).From the obtained results it can be seen that the
capital costs amount to between approximately 75 % and approx.
50 % of the total costs. In this connection it must be pointed
out, that the building costs for this existing plant are higher
than normal because of the works against subsoil water. It
should also be mentioned that considerable costs for control
equipment, which are necessary for 'the first plant only, are
included, "as well as costs for the double installation*of pumps
and valves and for replacements and improvements which are to
be found only in a pilot plant.

The total costs (capital and operation) for m3 treated

sludge amount:

fer a daily capacity of 30 m3/day DM 15.42

100 m3/day DM 5.84

150 m3/day DM 4-42
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For the small and for the new plant we have calculated the

following hygienization copts, which include all equipment

and operating costs and are based, for the big plant, on the

following parameters:

Operation time:

Maintenance costs:

Service life:

Capital charges
(Interest):

Personnel costs:

Sources:

8400 h/year

about 1.7 % of the invested capital
( — 10'000 SFr.)

20 years

8

annuity 10,2 %

no additional personnel required

market prices c.i.f. European plant.
Minimum activity without amortisation, but
with interest paid at the rate of 8 %

Price of the plants

Small: mechanical part, ready for operation, but without

civil works, max. throughput about 20 ra3/day

about SFr. 300*000.--

Co-60-Sources

Transport, erection and
Commissioning

Civil works.

Total cost per m3:

SFr. 155'000.~

SFr.
SFr.

SFr.

40
20

•000
•000

10

^ _*•

• ™" ™

.75

Large; Mechanical part:

Transport, erection and
Commissioning

Civil works

about SFr. 400'000.—

SKr. 10'000.

SFr. 250'00Q.
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Daily Throughput:

Sources:

Activity Co-60

SFr./m3 (total
cost):

SFr.

Ci

30 m3

170'000

120'000

9.40

50 m3

275'000

195'000

6.60

100 m3

540'000

380'000

4.40

150 m3

840*000

595'000

3.80

200 m3

1'150'000

820'000

3.65

250 m3

l'300'OOO

930'000

3.50

Co-60-Price: 1.40 SFr./Ci

The average costs for the thermic treatment of sewage sludge are less than for hygienization

by radiation as far as the hygienic aspects are concerned. For example: by a daily throughput

of 100 m3, we "know that the costs amount at about DM 4,. 20.

The average advantage of the thermic treatment is at least partly lost if secondary effects

of the treated sludges are included in the cost calculation.


