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Abstract

THE PILOT PLANT IN GEISELBULLACH FOR THE GAMMA IRRADIATION OF SEWAGE SLUDGE
- DESIGN, OPERATION EXPERIENCE AND COST CALCULATIONS

The pilot plant for sewage sludge irradiation in Geiselbullach near
Munich had continuously been in operation from July '73 to October '75
with a capacity of 30 m3 per day. Successful experiences during this period
resulted in an increase of the installed radiation energy and in several
improvements for the technique and the efficacy. From December 1975 on the
plant has been operating with a daily capacity of 120 m3 of sludge per day.

The experience with this plant brought several problems which caused
Interruptions of the continuous operation and that had to be dissolved with
new measures. But although the facility at Geiselbullach is a pilot plant
the availability was more than 350 days per year. Due to the simple design
of the plant and of the ful1 automatic operation no special trained personal
is necessary for the maintenance. Beside the effect of the hygienization
the irradiation caused improved sedimentation properties of the sludge.
Presently investigations are undertaken to prove better mechanical sludge
dewatering properties.

Cost calculations resulted in about DM 2,30 for operating expenses
and DM 2,25 for capital costs per m3 of sludge for the fully charged
plant. The capital costs will be less in commercial plants. The conditioning
effect on the sludge by the irradiation means savings of about DM 1,00
per m3.

The irradiation of sewage sludge proved to be possible at about equal
costs compared to the weliknown heat treatment (pasteurization at 70°C
during 30 minutes).

Further investigations have to be done to overcome the contrary
developments of the plant capacity, limited by the decaying radiation energy
and the normally arising sludge quantities of a sewage water treatment plant.
It has to be pointed out,'that the irradiation of sewage sludge is only
useful when sewage sludge must be treated during the whole year.
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In 1972/1973 a pilot plant for the gamma irradiation of sewage

sludge had been built at the, sewage water treatment plant of

the Abwasserverband Ampergruppe, 10 km west of Munich.

This research projekt has been supported by the German

ministry of research and technology.

Digested sewage sludge has some value in organic; and anorganic

substances, therefore more and more efforts are being under-

taken for a recyling. As the digested sewage sludge contains still

microbes, worm eggs and viruses, its application to agricultural

land is not allowed during the vegetation period. Beside this the

content of the toxic substances of the sludge must not lead to

a contamination of soil, plants and food. Therefore normally

only the sludge of mainly domestic sewage water is qualified

for an application to agricultural areas.

A widely used method for destroying pathogenes is a heat treat-

ment. In this prceeding the sludge ist heated up to between

65 C and 80 C and is kept at this temperature for between 15

and 30 minutes. Several studies stated that an irradiation of

sludge with a dose of about 300 krad has equivalent results in

the killing rate of pathogenes as the thermic treatment, £ 1;6J -

Beside the hygienic research aspects this irradiation plant in

Geiselbullach was intended as well to* find out

- if a sludge irradiation plant can be operating with the

staff and maintenance possibilities of a sewage water

treatment plant
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- if the irradiation plant can be operating with a high

availability

- what personel is necessary for the daily service and

repairs

- at which costs an irradiation plant can be operating.

DESIGN

The irradiation plant in Geiselbullach now has been operating

for about 3 years J_3; 4; 5j . It is designed lor a capacity of

about 150 in per day and an exposure dose of 300 krad. For

testing purposes this plant has been operating during the first
3

28 months with a capacity of about 30 in per day with an in-

stalled radiation energy of about 110 000 Ci. Since December

1975 the plant is loaded with 450 000 Ci, which is sufficient

for a daily capacity of about 120 m of sludge. This means

that all the sludge of the sewage water plant in Geiselbullach

is irradiated for an agriculture application.

Today Cobalt-60 is used as radioactive source.The use of high-

level radioacitve wastes from reactors is possible and intended

as soon as they are available as commercial sources.

Fig. 1: Schema of the irradiation shaft

The plant consists of two underground components:

- the irradiation shaft, shielded by a heavy concrete slap and

- the always accessible pump shaft

each with a depth of about 8 m. By installing the irradiation
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chamber underground the irradiation protection was achieved

with few costs.

The irradiation shaft is subdivided into two channels by a built

- in central tube which contains the radioactive sources between

its double walls.

All mobile components - pumps, valves, instruments - are

installed in the pump shaft. So service and inspection is possible

at any time without any particular safety precautions.

The building above ground houses a metering silo, the regulating

equipment, the control instruments, a heavy crane and a small

laboratory. The crane is necessary for the handling of the 11 to

concrete slap and the source containers.

3
The sludge is irradiated in batches. 5,6 m digested sewage

sludge is led from the digesting tower to the above ground

metering silo and is stored there until treatment.

For irradiation the sludge is led into the irradiation shaft whero

it also fills the pipework of the recirculation system.

As soon as the recirculation pump starts working the sludge

recirculates and is forced to flow past the radiation sources on

both sides of the central tube.

When the irradiation dose is reached after a preset time the

recirculation is stopped and the sludge is pumped out to drying

beds by evacuation pumps.

The process sequences are repeated at preset time intervals

and are running fully automatically during 24 hours a day. No

special surveyance is needed except on occasion.
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The radioactive sources between the double walls of the central

tube are cooled and controlled by a particular circuit running

with softened water. The softened water leaving the central tube

passes activity monitors for a detection, then a filter which

retains particles of a size higher than 5 microns and then is cooled

and Sored in a buffer tank before it returns to the source space.

Fig. 2: View into the open radiation shaft with the central

tube

Operation Experience

Some weeks after starting the operation the filter of the cooling

circuit became clogged. In the cooling water some species of

Ath ro bacter and about 5 - 10 % Bacillus mycoides were found

with a density of 10 organisms per m 1.

After a mercury salt with a concentration of 1 ppm had been

added no further disturbances occured.

At the beginning certain difficulties arose with the valves.

Pneumatically driven valves and pneumatic crush - valves

proved to cause trouble and were not suitable for permanent

operation. The motor - driven valves proved to be reliable but

they need relatively long time for the opening and shut- off-

sequences. New constructed pneumatic driven valves are intended

to be used.

The originally built - in recalculation pumps proved to be so

strong that vibrations in the central tube occured. After reducing

the motors and changing the wheels of the recirculation pumps

there had been no further difficulties in this respect.
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The evacuation pumps were built - in at too high a level at

the beginning so that the flow of liquid in the pipe broke before

the total evacuation was achieved. By building in the pumps at as

low a level as possible and by installing other pump wheels, the

evacuation is now possible with relatively liquid sludge.

When the valve between the digestor and the metering silo failed

to close on one occasion, the sludge ran out of the silo and

flooded the whole plant in an few minutes. In the meantime a

new overflow - pipe and an additional valve in the inflow - pipe

with a seperate control system have been installed which prevents

the danger of a reoccurence.

After seven month of continous operation of the plant, reduced

irradiation effects wore not:

sludge had been irradiated.

irradiation effects wore noticed. At the time about 6 500 m of

Examination of the plant registered deposits with a thickness

of several cm in places and even on the moving wheels of the

pumps.

Fig. 3: Deposits of about 3 cm in the irradiation plant

Chemical analysis found that the deposits consisted of Mg (NH.)

PO4. 6,4 H2O

Fig. 4: Formula of the deposits

These deposits were mainly caused by the escape of CO. gas

during the recirculation which meant an increase of the pH-

value from 7.1 to 8. 0. These deposits are not specific for the

irradiation process as they can be observed in many sludge pipes

on the sewage water treatment plant.
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The forced ventilation of the radiation chamber was turned off

and thereafter only a slight change of the pll-value from 7.1 to

7. 3 could be observed.

The deposits could be dissolved with 5 % formic acid within 30

minutes, the pH-value of the acid mounted during the cleaning

process from 1.8 to 3.2. Two cleaning processes were necessary.

Because of the low loss of CO.?-gas deposits today are much fewer.

Nevertheless a cleaning process with 5 % formic acid is necessary

once in two years. To protect the concrete against the corrosion

by the acid the radiation chamber had to be coated by a layer

of stainless steel.

The studies of the hygienic effects on the sludge showed that

dead zones in the pipework caused a steady reinfection during the

recirculation. The pipework was then changed and new valves were

built in so that at branches only a minimum of dead zones exist.

The hygienic effect improved significantly by these moderations.

Although our plant is a pilot plant and every improvement was

executed tiie facility had operated during the first thousand days

on about 915 days. 60 of the about 85 failure days during the

last three years were due to moderations to the plant and only

25 days were due to repairs and sei-vicing. For the future we are

calculating \frth an availability of more than 350 days per year.

The irradiated sewage sludge proved much better sedimentation

effects in the drying beds than untreated or heat - treated sludge.

The improvement of the sedimentation is probably partly lost by

the mecanical strain of the recirculation pumps. The experiments

with new pumps, which should treat the sludge more tenderly are

not completed, but it seems that they have not the expected

influence on the improvement of the sedimentation properties.
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Other experiences

The irradiation of sewage sludge showed beside the hygienic

effect some secondary effects:

1. The sludge has considerable better sedimentation properties

Fig. 5: Sedimentation of differently treated sewage sludge in

drying beds

This effect is extremely interesting for sludge handling, as

f. i. after 8 days of sedimentation in drying - beds only about

50 % of irradiated sludge has to be transported to the fields

compared with heat - treated sludge.

Fig. 6: BOD of the sludge water of differently treated sludges

2. The sludge water of irradiated sludge has a much lower

BOD than the sludge water of untreated or pasteurized sludge,

which means a relief of the waste water treatment plant.
t

3. The specific filter resistance of sewage sludge is significantly

reduced by the gamma-irradiation £ 2 j .

4. Measurements of electrophoretic mobilities showed that the

negativ electrostatic charge of collodlal sludge particles

was reduced by the gamma-irradiation, whereas the heat -

treatment increased this negative charge [2j .

5. Observations were made that heat - trerted sludge, which was

mixed to 50 % with irradiated sludges, had nearly the same

good sedimentation effect compared with the irradiated sludge.

So the conditioning effect of the gamma-irradiation cannot be

neglected in the cost calculations.
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I
Fig. 6

BOD-Burden of Sludge Water of differently treated Sludges

of the Sewage Water Treatment Plant in Geiselbullach
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6. As the irradiation process takes place at a temperature

of 25-30 , irradiation does not induce a breakdown of

organic nitrogen compounds, so that there is no generation

of obnoxious smells. Irradiated sludge can therefore be

placed on fields near to inhabited areas.

7. Due to the low temperature the corrosion of the plant

components is reduced and a longer service of the plant

is taken into the calculation account.

8. The farmers in the suroundings had never been afraid

of the irradiated sludge and today they prefer to get irradiated

sludge of our plant instead of untreated. This is probably

because of the studies, which were done by the Bayerische

Landesanstalt fur Bodenkult-ur und Pflanzenbau and of which

they were informed, and because of a great esteemed farming

'restitution, in the neighbourhood to our plant which applies

regularly the irradiated sludge.

9. The main disadvantage of the gam ma-irradiation treatment

is the steady decay of the energy sources, as on the other

hand the sludge quantities of sewage water treatment plants

normally increase. Siudies are just being undertaken to

overcome this contrary developments of the plant capacity

and the arising sludge quantities.

10. It must be pointed out, that the gamma -radiation energy

cannot be "svitched off" like the energy in a heat treatment

plant. Therefore the irradiation treatment of sewage sludge

is only useful if sewage sludge must be treated during the

whole year.

- 176 -



DM

DM

DM

DM

DM

191

144

119

610

75

000 , - -

0 0 0 , - -

0 0 0 , - -

000 , - -

000 , - -

COST CALCULATIONS
o

Cost calculations for the irradiation treatment of one m of

sludge in our plant were made for the capital costs, for the

operation costs and for the total costs.

Fig. 7: Capital for the irradiation plant in Gciselbullach
(1972/1973)

The invested capital for the irradiation plant in Geiselbullach

was in 1972/73 for

Underground buildings

Works against subsoil water

Above ground building

Technical installations

Monitoring equipment

Sum of investments DM 1 139 000,--

in addition to this imestments the costs for the radioactive

energy, which remains in the plant and that is necessary for

a certain capacity should as well be taken into account.

The capital costs were calculated under the supposition of an

amortization of 20 years and 8 % interests.

The running costs were calculated on the basis of the following

factors:

Electric power 0,07 DM/kWh (day and night average)

Control and service 18,-- DM/day (1 hour per day)

Radioactive sources 1,20 DM/Ci

The radiation energy, which has to be added regulary, is taken

into account corresponding to the decay of Co-60 by about 12. 5 '%

per year.
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Fig. 7 CONSTRUCTION COSTS OF PILOT PLANT FOH Till:
IKHAUIAT1ON OF SKWAGli SLUIXiU
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Fig, 8 COST CALCULATION FOR THE PILOT PLANT FOR
IRRADIATION OF SEWAGE SLUDGE WITH eoCo (DM/nrM

Daily capacity CmVd)

1. Capital cosrs
(annuity (or DM 1 13!' 000)

interest 19T> plus

amortisation (Z0 years)

2. Operation cost!:

radiation eneigy from »'Co

electric powei, repairs,
servicing

total operation costs

3. Total cost*

30

11.62

1.90

l.?S

3.F5

15.47

100

3.36

1.C5

O.f/j

2.4S

ISO

2.24

1.E0

o.s-

2. IP

\

• Pa

30 100 150
daily capacity

operolion costs

100 150
laily capacity

Fig. 9 Oo«ts calcvilatfon fot v
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Fig. 8: Cost calculation for the irradiation plant in

Geiselbullach (1975)

The cost calculations were done for a fixed dose of 300 krad

•e
3

3
in three cases: 30, 100 and 150 m of sludge per day, corres-

g to a yearly capacity of 10 000, 34 GOO and 51 900

of sludge.

These calculations ignore the capital costs for the radiation

energy, that remains in the plant. However these costs should be

added as 75 % of the initially installed radiation energy is not a

direct operation medium but an investment.

So the capital costs for the radiation sources have to be added,

which are

DM 1,10 per m3

for the three cases

The calculations assume that as much sludge is irradiated as

radiation energy is available.

It can be seen that the capital costs amount to between approx.

75 % and approx. 50 % of the total costs. In this connection

it must be pointed out again that for this existing plant in

Geiselbullach the capital costs are higher than normal because

of the works against of the subsoil water, the costs for the

additional control equipment and the double installation of

pumps and valves, which arc necessary only in a pilot plant.

The capital costs should be 15 % to 20 % less in commercial

plants of this type.
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Fig. 9: Cost comparison between irradiation and heat

treatment

If the results of the cost calculations for the irradiation are

compared with those published for a thermic treatment (nor-

mally performed at 70 C durin 30 minutes), it can be seen

that the average "of the total and the capital costs for the

thermic treatment of sewage sludge are less than for a

hygienization by irradiation as far as the hygienic aspects

are concerned.

The secondary aspects, which were mentioned before, influence

the real costs, but they could not yet be included in the cal-

culation:

- The conditioning effect of the gamma irradiation is

estimated to a value of about DM 1, 50 per m of sludge

compared with a heat treatment (savings in dewatering

facilities or chemicals or in transportation costs).

- As the irradiation treatment takes place at a temperature

of 25 to 30 C irradiation does not induce a breakdown

of organic nitrogen compounds, so that there is no

generation of obnoxious smells. Irradiated sludges can

therefore be deposited near to inhabited areas.

- Irradiation energy will be increasingly available

in future. The consupmticn of conventional energy is

reduced.

- The irradiation process offers a possibility of a gainful

use of waste products of the nuclear fuel cycle.
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- As the radiation energy cannot be switched off, super-

vising authorities can assume that irradiation plants

are in operation and that really hygienic sludge is brought

out onto the agriculture areas.

SUMMARY

The gamma-irradiation of sewage sludge is possible with

facilities of a simple design and a great availability; they can

be working full automatically 24 hours on 350 days a year or

more. No special trained service staff is necessary. The costs

for the sewage sludge gamma irradiation are slightly higher

than for a heat treatment, but several secondary effects are

more favourable for the irradiated sludge. The hygienization

of sewage sludge by gamma irradiation is normally only useful,

when sludge has to be disinfected during the whole year.

181 -



- 168 -

References:

1) EPP, C. Experience with a pilot plant for the irradiation of sewage
sludge. Experiments on the inactivation of viruses in
sewage sludge after radiation treatment. SM 194/607
"RADIATION FOR A CLEAN ENVIRONMENT" IAEA
Proc. Munich 1975

2) GRGNEMANN, A. F, : Effects of Gamma radiation al pilot plant level
compared with .the effects of pasteurization on the dewatering
of sewage sludges, SM 194/608 "RADIATION FOR A CLEAN
ENVIRONMENT" IAEA Proc. Munich 1975

3) LESSEL, T. , Motsch, H. , Hennig E. , Suess, A. , Rosopulo, A. ,
Schurmann, G. : Experience with a pilot plant for the irradiation
of sewage sludge. Design, operation experiences and cost
calculations after 18 months of continuous running. SM 194/604
"RADIATION FOR A CLEAN ENVIRONMENT" IAEA
Proc. Munich 1975

4) LESSEL, T. , Suess, A. : Erste Erfahrungen mit einer Versuchsanlage
zur Klarschlammhygienisierung durch Gammabestrahlung -
Korrespondenz Abwasser, 6_, 191 - 196 (1975)

5) SUESS, A. ., Mqtsch, H. , Bosshard, E. , Schurmann G. , Liischer, O. :
An experimental irradiation facility for the sterilization
of sewage sludge.
"KERNTECIINIK", 1£, 2, 65 - 70 (1974)

6) WITZ1GMANN, I. , Wiirsching, F. : Experience with a pilot plant for
the irradiation of sewage sludge. Bacteriological and para-
Sitological studies after irradiation. SM 194/606
"RADIATION FOR A CLEAN ENVIRONMENT" IAEA
Proc. Munich 1975

- 182 -


