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The most ancient geothermal e
energy exploitation in the
world was in 1905

Larderello
near Larderello (ltaly)

Two areas of Tuscany Region
are considered
geothermal areas (AGE)
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Geothermal plants in Tuscany

per la protezione ambientalel
della Toscana

34 production plants
with a total of 37
production Units are
managed by ENEL
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About 6000 GWh
are produced by
geothermal plants

30% of the regional
energy demand



per la Protezione

Almost all the in operation power plants are based on direct cycle

The steam comes from production wells and is fed directly into a
steam turbine

The geothermal fluid may be:
> a superheated steam

> saturated steam
> two-phase fluid (2—-10% wt content of Non-Condensable Gases)

REGIONE
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After the steam expansion, where power is produced, the steam is condensed in
a mixer condenser through the use of cooling water

\Turbo-alternator
The and the
Cooling tower are fed to a wet

ﬁ cooling tower.
/

-
Steam
Water
Separator Condenser
Water @
Production well Cooling water pump Re-injection
REGIONE
TOSCANA

Re-injection well
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The wet cooling tower

About 50 — 70% of the inlet flow of
the condensed steam is stripped and
emitted with the heated air

About 30 — 50% of the condensed steam flow
Tscans 1S re-injected into the reservoir

REGIONE
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In the mixer condenser, the
gas is separated from the
condensed steam and is fed,
through a gas extractor, to an
abatement system: A.M.L.S.
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AMIS abates both
mercury and hydrogen
sulphide

1. by means of specific
sorbents such selenium or
activated carbon

2. by means of catalytic oxidation to SO, followed by a wet
scrubbing with an alkaline solution
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High enthalpy geothermal plant
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A typical Italian gedthermal plant (San Martino geothermal poWer.rzfant)f
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NORM residues E%g@-o
== in a high enthalpy geothermal plant

Water content in geothermal fluid is very low (a few percent at maximum).

Scales deposits are really poor

Radionuclides contribution mostly depends on

radon-222 and its progeny content
REGIONE
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NORM residues E%g@-o
== in a high enthalpy geothermal plant

Mainly 3 different types of NORM residues:

o notreusable exhausted sand and dust from abatement filter of the ventilation
system of the sandblasting cabin; both of them are mixed with scales deposits

o exhausted adsorbent and filtering materials, employed in AMIS to trap mercury and
hydrogen sulphide from gas

o solid residue in the collection tank at the base of the cooling tower (tower sludge)

REGIONE ,
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Italian legislation: %%8@
Leg.Decree 101/2020

In Italy, the Legislative Decree 101/2020 (the transposition of the Council Directive
2013/59/EURATOM into the national legislation) included medium and high enthalpy
geothermal energy production plants, in particular as regards the maintenance of the
plants, in the list of practices involving NORM

The Decree 101/2020 requires the radiological characterisation of all solid materials
involved in the practices, including residues

Consequently, practices may be exempted from notification directly, on the basis of
compliance with exemption levels, defined in terms of activity concentration

REGIONE
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Italian legislation: %%8@
Leg. Decree 101/2020

Radionuclides Exemption levels Clearance levels (*) (*) in alternative
(kBq/kg) (kBqg/kg) the respect of the
U-238 chain 1 0,5 limit of the effective
dose of:
Po-210, Pb-210 5 2.5
o1 mSv/y for workers
Th-232 chain 1 0,5 .0,3 mSv/y for a
K-40 10 5 member of the public

Practices involving NORM with activity concentrations below the
exemption levels are subject only to repeat activity measurements

o every three years,

REGIONE

TOSCANA « in case of changes concerning raw materials or the industrial 5
-
- process. \Nﬂ M
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radiological characterisation
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A radiological characterisation protocol of geothermal energy production pIants fit for purpose has been
developed. ey

Both in operation plants and under maintenance plants are
' included.
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A radiological characterisation

ra )
m‘a’n\{erlals

residues

effluents

Sample

Condensed water
Geothermal fluid
Tower sludge
Scales deposits
Exhausted sand

Sandblasting dust

Adsorbent and
filtering materials

Reinjection water

protocol
In In
maintenance operation
X
X
X X
X
X
X
X
X
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Radionuclides

U isotopes, Ra-226
y ray emitters — in-situ spectrometry
y ray emitters (Pb-210) + Po-210
y ray emitters (Pb-210) + Po-210
y ray emitters (Pb-210) + Po-210
y ray emitters (Pb-210) + Po-210

y ray emitters (Pb-210) + Po-210

U isotopes, Ra-226, Po-210
y ray emitters (Pb-210)
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A radiological characterisation %%@m
protocol

About 100 samples from plants representing the two different geothermal areas
(Larderello and Mount Amiata) were measured in 2021.

During maintenance from 5 to 20 samples for each plant (depending on scales
depositing) were collected and analysed.

For each operating plant,
v'water coming from different points:
— condensed water at collector,
— cooling water from the tank at the base of the cooling tower
— reinjection water
v'tower sludge
REGIONE were sampled and measured.
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A radiological characterisation %%@m
protocol
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A radiological characterisation

protocol: results

Number U-238 chain Pb-210 Po-210(*) Th-232 chain K-40

Geothermal area of samples|  (Ba/kg) (Bq/ke) (Bq/kg) (Ba/kg) (Ba/kg)

ARPAT 17 1-50 10 - 1900 - 1-42 10 -390
Lar’gerello
rea
L.B. Servizi 49 3-60 63 —590 9-2070 3—-47 23 - 640
ARPAT 11 1-24 5—-134 - 1-26 5-450
AR\iata
rea
L.B. Servizi 11 1-25 80 315 8 —-27 30-410

REGIONE

(*) alpha-spectrometry measurements by IAF-Radiodkologie GmbH “%
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A radiological characterisation
protocol: results

IN MAINTENANCE PLANTS -
sandblasting residues

U-238 Th-232

_ _ *
Laboratory NUTIDEL i chain P92 PO ) chain

samples g o) (Baka)  (Baka) gy

ARPAT 12 20-360 - - 20-370

L.B. Servizi 2 58-270 3-98 24-225 80-290

REGIONE - (*) alpha-spectrometry measurements by IAF-Radio6kologie GmbH
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K-40
(Ba/kg)

30 —370

1-47



A radiological characterisation

protocol: results

Number U-238 Th-232
Matrix Type of chain (Zb'/zkl 0) P‘()éz}g ()* ) chain

samples  (Bq/kg) b GXE!  (Ba/kg)
Sludge 12 0,5-50 25-430 15-504 1-75
Water 31 0,5-50 25-180 - 0,5-25
Scales 9 0,5-50 42 — 50 - 2-50

REGIONE - (*) alpha-spectrometry measurements by IAF-Radio6kologie GmbH
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IN OPERATION PLANTS - L.B. Servizi S.r.l.

K-40
(Ba/kg)

30-110
94 -108

12 -190



A radiological characterisation

istema Nazionale

protocol: results

Measurement place Number of measurements = Gamma dose
for each plant rate
(nSv/h)
collector 5 70-110
condenser 10 50-100
turbine 5 70-90
compressor 5 60—100
AMIS 10 60— 130
collection tank below the cooling tower 10 50-100

REGIONE
TOSCANA
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Conclusions | %

A radiological characterisation protocol of geothermal energy production plants
has been developed.

The protocol considers plants under maintenance as well as in operation: in both
cases, the radiological content of NORM is determined by means sampling and
measurements

All data both from in operation and in maintenance plants comply with the
exemption levels/clearance levels set in the Italian transposition of Council
Directive 2013/59/EURATOM.

Therefore, according to the Italian law these NORM residues are exempted and
can be disposed in conventional landfills.

REGIONE
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Conclusions Il %

All the surveyed geothermal plants are exempted practices, which are subject
only to repeat activity measurements:

* every 3 years or

* in case of different raw materials or something changes in the industrial
process

A similar conclusion is not applicable to the geothermal energy production
activity in general because the radioactivity content of materials and
residues can vary, also accounting for the geothermal fluid and other
working parameters of each plant (e.g. the nature and the quantity of the
tower sludge depend on the working parameters of the plant).
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Conclusions Il %

per la Protezione
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For the sake of comparison: radionuclide concentrations in geothermal energy production
US-EPA, 1993 in residues Medium enthalpy binary plant
IAEA TRS n. 419, 2003 _— \ Italy — ISPRA 2013

Nuclide Activity (Bq/kg) Nuclide Activity (Bq/kg)
Th-228 930 Th-228 <170
Ra-228 3440 Ra-228 <100
Ra-226 4880 Ra-226 600 - 7200
Po-210 3550 Pb-210 <60 - 19000
Pb-210 3550 K-40 <250 - 600

The difference with present paper data can be probably mainly due to the different
water content in the geothermal fluid entering the plant. m

REGIONE
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Conclusions 1V

This work has been developed in the framework of a research project
supported by the National Institute for Insurance against Accidents at
Work (INAIL): Protocols and computational methods to support
stakeholders of NORM-related industrial sectors in Italy.

The radiological characterisation program is still going on with a
systematic application to in maintenance plants.

The protocol is continuously upgrading in order to consider new results
and specific aspects.

REGIONE

a May 9-13, 2022 NORM X - Utrecht (the Netherlands) 26

istema Nazionale

per la Protezione
dellAmbiente



e

ARPAT 25-years of NORM Symposia. Future: residues applied in a circular economy
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della Toscana dellAmbiente

AUTHORS

L. BALDASSARRE, G. SIMONE
L. B. Servizi per le Aziende S.r.l., Rome, Italy

A. LENZI, M. PACI
ENEL, Enel Green Power S.p.A. (EGP) Operation & Maintenance, Pisa, ltaly

2

Green Power
C. NUCCETELLI

National Institute of Health (ISS), National Center for Protection and Computational Physics, Rome, Italy

R. TREVISI
National Institute for Insurance against Accidents at Work (INAIL), DIMEILA, Monteporzio Catone (Rome), Italy

I.PERONI, A. DE STENA, S. BUCCI I N ‘.‘ I L

ISTITUTO NAZIONALE PER LASS\CURAZIONE

ARPAT, Environmental Protection Agency of Tuscany, Florence, Italy CONTRG GLIINFORTUNI SUL LAYORO

REGIONE
TOSCANA

May 9-13, 2022 NORM X - Utrecht (the Netherlands) 27




25-years of NORM Symposia. Future: residues applied in a circular economy

Thank you for your attention
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Dr. Ivano Gartner and Dr. Simone Magi — ARPAT — Geotermal Energy Sector
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