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NOTES

1. The working languages of the Conference are English
and French. All papers contributed are reproduced in one
ur other of these two languages. Where a paper has been
reproduced in both working languages for the convenience
of a rapporteur, both language versions are provided as
part of the Conference documentation.

2. Where any paper has been contributed in one of the
official languages of the UN other than English or French,
then it has been made available to the conference in that
language. A translation of such papers in either English Qr

French (according to the request of the relevant rappor­
teur) is provided.

3. Summaries of all papers, as presented by the au­
thors, will be available in both working languages-English
and French. Summaries will not include diagrams and
photographs and should be read in conjunction with the
paper proper, which will bear the same reference number
as the summary.

4. Papers and summaries will not be generally avail­
able for distribution to other than participants and contri­
butors to the Conference until after the Conference, under
publication arrangements to be announced.

1. Les langues de travail de la Conference sont I'angtars
et le francais, Tous les mernotres presentes sont repro­
duits dans I'une ou l'autre de ces deux langues, Lorsqu'un
memotre est reproduit dans les deux langues de travail
sur la demande d'un rapporteur, la version anglaise et la
version francatse du memotre font toutes deux parties de
la documentation de la Conference.

2. Lorsqu'un memotre est presente dans une langue
officielle de l'ONU autre que l'anglais ou le francats, 11
est publie dans cette langue, Les memotres appartenant a
cette categorte sont en outre publtes en traduction anglaise
2Y francaise (selon la demande du rapporteur charge du
sujet consldere),

3. Des resumes de tous les rnemotres, etablis par les
auteurs eux-rnames, seront publies dans les deux langues
de travail: anglais et trancais, Les resumes ne contien­
dront ni diagrammes ni photographtes, et il conviendra de
les rapprocher du memoire Iui-rname, qui portera le m~me
numero de reference que le resume.

4. Les memcires et les resumes ne pourront en gene­
ral ~tre distrfbues a des personnes autres que les partici­
pants et les auteurs qu'apres la Conference et selon des
modalttes de publication qui seront annoncees ulterteure­
rnent,
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RESUME

, ,
1 - SCHEMAS D'EXPLOITATION DE LA VAPEUR ENOOGENE.

On illustre brievement les diverses installations

geotharmoelectriques et les relattfs cycles d 'exploi-

tation. On donne les caracteristiques de cons~mmation

tant pour lea turbinea a decharge atmospherique que

pour lea turbines a condensation, a vapeur directe.

Pour les groupes a decharge atmeaph ~rillue on decrit

1e8 ameliorations obtenues par una premiere roue a
action 4ans lea turbines a reaction, qui permette le

r~lage par admission partielle pour utiliser la vapeur

naturelle a des pressions entre 1 et 11 ata, aveo les meil­

~eurs rendements.

Pour un groupe de 15.000 kW a condensation, a vapeur

directe, on donne le bilan energetique, dans une con­

dition de fonctionnement.

2 -APPAREILS PRlNCIPAUX.

On decrit et analyse dsn8 leur exploitation s

- deRurateurs de la vapeur endogene, c'est-a-dire

filtrea mecaniques, tours de lavage (Kitte1), cy­

olones axiaux ;

- tours de refrigeration en ciment arme, a tirage

naturel s d'une tour aveo un d(bit de 9.000 mc!h

d'eau, on donne lee oourbea de refroidissement;
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- condenseurs a. m~lange, en fonte ou en acier plombe ;

- pompes principales pourla circulation d'eau a O~

pose en evidence les evantagea r~al1seB avec

l'adoption recente des pompes h~licocentrifuges a
axe vertical, a. deux temps. aveo des palettes r~­

glables;

- extracteuro de gaz (compresseurs ). mus par des

motem's eleotriques ou de peti tes turbines a con­

densation : on examine la n~ceBsite de r~gler la

oaraoteristique des machines aux conditions variables

d'exploitation 4'une centrale geothermo-

electr1ql,-e.

3 - RECHERCHE DE L 'OPTIMUM POUR LES AUXILIARES

On analyae 1 'importanoe de bien regler lea aux1l1a1res

princ1pales (pompes et extracteura de gaz). la oons~m­

mation uauelle e'tant de 8 a 14 % de l' energie produ1te.

Apr~s lea rapports entre la temperature de l'eau de

circulation, la temp~rature du gaz aspire par le oom­

presseur , ltenergie de pompage et de compression. la

pression realisee a. la d~oharge de la turbine, pour un

groupe de 15.000 kW! a une condition de fonctionnement,

on trace un diagra.mme qui permet. de trouver le d abi t

dteau et le vide loonomique, en fonotion de la tempEtra­

ture de lteau froide.

Pour le groupe oons1der~, la press10n d'4ohappement
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e~onomique varie entre 0,074 ata ( eau a 20 °C ) et

0,123 ata (eau a 36 ~) : un degre centigrade de varia­

tion de la temperature de l'eau de circulation apporte

une variation moyenne de 100 kW a la puissance utile.

4 - EXPLOITATION ET CO:llPORTEMENT DES OOUFFLARDS.

Sans faire des hypotheses au sUjet dee originee de la

vapeur endogene, on analyse la oomportament des soufflards

suivant le temps et pendant les ope:r.'a.tions principa-

lea de geotion:

- eruption d 'un puits ;

- variation de la pression a I'orifice de sortie;

- perturbation du regime d 'un soufflard provoquee

par un nouvea~ forage: variations du debit dans

le temps ;

- fermeture de S soufflards.

Dtapres les observations recuelllie.s jusqu'ici, on

tire des oonsequences pratiquesl

- necessite de relever lea caracteristiques des va­

peurs apres lea phases de paroxysma, quand la va-

peur se prc'B~nte completement seche et le debit eat

presque constant ;

- utilite d'exploiter rap1dement, pendant ce temps,

la vapeur naturella en groupes de constructi.on mo­

nobloc, a decharge libre ;

- limitation des putts dans la ~me zone;
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- opportunit~ de fermer un soufflard une foie paasee

la phase de paroxy~, aprea 1 teruption.

5 - TRANSPORT DE LA VAPEUR mDOGENE.

Donnees lea COJlrbe. deb1't-preas1on et temperature­

press10n du 80ufflard d'embrancher et du champ vapori­

phere preexistant, connttes lea caraot~rist1que8 de

consommation et de pro~~ction de la Centrale, ~n traoe

le procede pour ca.lculer le di~tre optimum de la con­

duiteet l'epa1sseur bpt1mum de l'1so1ant thermique.

On analyse d'apres, le probleme mecan1que des con­

duites et on fait relever lea divers systemea ut11ises

pour la compensation des dilatations thermiques des tu­

bages.

iv - G/68s



REMARKS ON TEE OPERATION OF THE GEOTHEBMAL POWER STATIONS

1\T LARDERELLO AND ON THE TRANSPORTATION OF GEOTHERMAL

FLUID
1

By

Engineer Pietro Di Mario
Manager, Larderello, Ltd., Pisa, Italy

SUMMARY

I - SCHEMES OF NATURAL STEAM EXPLOITATION

The author briefly illustrates the various geothermal power plants and their
operating cycles; giving the consumption curves for both the atmospheric turbines
and condensing direct-steam turbines.

For the atmospheric units he describes the improvements obtained by means of
an additional sta~e in the reaction turbines, permitting regulation by partial
admission, to utilize the natural steam at a pressure of 7 to 11 atm, at the
optimwn efficiency.

For a condensation or direct steam units working at 15,000 kw, the paper gives
the power developed under various operating conditions.

2 - PRINCJPAL AUXILIARIES

These are described and analyzed., natural steam purifiers, i.e. mechanical
filters, scrubbing towers, axial cyclones;

- refrigerating towers of reinforced concrete, operating by natural draughts;
refrigerating curves of a tower with a water flow of 9000 m3/n;

- cast-iron or lead-plated steel mixing condensers;

- main pumps for water circulation; emphasis is laid on the advantages realized
by the recent adoption of two-stroke helicocentrifugal pumps with vertical axis
and adjustable blades;

_ gas extractors (compressors), driven by electric motors or small condensation
turbines: noting the need of regulating operation of these units according to the
various operating conditions of the geothermal power station.

<,

3 - RESEARCH ON THE OP'rJML'M FOR AUXILIARIES

The paper analyzes the importance of satisfactory regulation of the main auxili­
aries (pumps and gas extractors) which usually consume 8 to 14 per cent of the
energy generated.

G/68
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After ~lvlng the reloticrs tetween the circulation water temperature, the
temferoture of gas excsusted by the cccpresscr, the f~ping and ccmpression energy,
aLd the pressure due to the turbine eXhaust, for a group working at 15,000 kW.
the author presents a diagram for finding the water flew and the economic vacuum
frcD the temferature of the cold water.

For the group considered above, the economic
atm (water at 20 Co) to 0.123 (water at 36 CO):
water tewperature causes an average variation of

exhaust pressure ranges from 0.074
IOC change in the circulation
100 kw in useful power.

4 - EXPLOITATION AND FUNCTIONING OF INTERMITTENT STEAM JETS

Without hypotheses on the origin of the natural steam, the author analyzes the
operation of the successive intermittent steam jets and during the main operations:

well b.Low-out j

varying pressure at exhaust nozzle;

disturbance of the functioning of an intermittent vapor jet
caused by a new nozzle; variation of f'Low with time;

closing down an intermittent steam jet.

From these observations, the practical conseQuences are drawn:

- need to survey the steam properties after the superheating phase,
when the steam is completely dry and the flow is almost steady;

- utility for rapidly exploting; during this time, the natural steam
in monoblock groups, with free exhaust;

- limited number of holes in the same area;

- possibility of closing down an intermittent steam jet follow­
ing superheating, after the blow-out.

5 - TRANSPORTATION OF NATURAL STEAM

Given the flovl-pressure and the temperature-pressure curves of the intermittent
steam-jet branch and the pre-existing vaporized field, and knowing the characteristics
of a station's consumption and generation, it is possible to calculate both the
optimum diameter of the pipeline and the optimum thickness of the insulating
material.

Finally, the author analyses the mechanical problems of pipelines and notes the
different systems utilized to ccmpensate for the thermal expansion of the pipes.
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