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CO, DISTRIBUTION IN THE ATMOSPHERE AND NOISE SURMVEY
AFTER BLOW-OUT IN ALFINA | WELL, NORTHERN LATIUM,
ITALY™

G. C. FERRARAY and G. STEFANII

TChemico-physical Laboratory, Geothermal Research Centre, ENEL, Larderello, Ttaly T Mining Division, Production and
Transmission Sector, Florence Dept.. ENEL, Florence Italy

Abstract—A water-dominated geothermal reservoir, with a gas cap (mainly CO,) on the reservoir roof. was
individuated in Torre Alfina zone., northern Latium, about 30 km south-east of Monte Amiata.

The first exploratory well (Alfina 1), drilled in 1973, blew-out spontaneously so that no production casing
could be inserted.

After well shut-in several surface gas manifestations appeared which were considered of some risk to the
environment.

This paper describes the methods used to determine the degree of pollution and the total area involved.

The study of the gas dispersion in the atmosphere, the noise resulting from production. and the
meteorological conditions in the area. was used in drawing up a disposal plant project; this plant will be
assembled on future wells as a safety measure where large quantities of fluids are involved.

INTRODUCTION

Some geothermal areas are characterized by a certain degree of natural pollution caused by
surface manifestations such as fumaroles, thermal springs, etc. However, it cannot be denied that
industrial exploitation of these areas, by considerably increasing the quantity of fluid produced,
may cause changes or variations in the natural biological equilibria.

Up to now very little has been known on the effects of pollution; exploitation of geothermal
fields is a rather new and limited phenomenon and it is only recently that our ecological conscience
has been wakened. Although the pollutant effects of industrial exploitation are normally felt in the
long term, there are particular conditions in which this problem has a more immediate effect on the
environment. For example, there are geothermal fields that produce naturally contaminating
fluids. either because of their saline content in the liquid phase or their constituents in the gas
phase.

This situation becomes particularly critical when exploration begins in a new field where some
doubt still exists as to the type of fluid in the reservoir.

Torre Alfina zone can be taken as an example of what has just been said (Fig. 1).

In this zone, in northern Latium about 30 km south-cast of Monte Amiata, a water-dominated
geothermal field was individuated having a gas cap (mainly CO,) on the roof of the reservoir.

After the first cxploratory well was drilled gas began escaping to the surface so that its chemical
composition had to be examined and a systematic survey made of the degree of environmental
pollution.

WELL HISTORY

The first exploratory well (Alfina 1) was drilled in correspondence to a small outcrop of
trachybasaltic lava. After crossing about 20 m of volcanites it met the flysch formation of the cap
rock, consisting of alternations of shales, marls and limestones. On 7th June 1973, having reached

*This paper was presented at the Simposio Internacional Sobre La Energia Geotermica en America Latina, Guatemala,
18-23 October. 1976.
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Fig. 1. Location of Torre Alfina geothermal area.

663 m depth near the reservoir roof, it blew out spontaneously, producing over 300 t/h of fluid
made up almost entirely of gas.

The unexpected and uncontrolled blow-out of the well meant that the production casing could
not be lowered so that the well was left uncovered except for the first 100 m cased previously.
Because of the high degree of pollution, the relative risks and high noise-level involved, the well



CO, Distribution in the Atmosphere and Noise, Alfina 1 Well, Italy 165

was shut-in after discharging to the atmosphere more than 25.000 tons of gas; well-head pressure
in this phase rose to 33 ata, then decreasing sharply to 29 ata when shut-in was almost complete.
Some hours after shut-in several gas escapes were noted in the area surrounding the well,
increasing in number within a short time. At the same time well-head pressure decreased sharply
once again to reach a value of 24 ata. The appearance of the surface manifestations was a result of
the lack of production casing and of the lithology of the cover formation.

After well shut-in the pressurized gas found an escape route upwards through the permeable

horizons in the flysch and. due to the high permeability of the volcanic cover, could reach the
surface (Fig. 2).
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Fig. 2. Sketch of gas blowing-up around the Alfina 1 well.

Although the chemical analyses* ascertained that no poisonous constituents existed in the
gaseous mixture, the presence of large amounts of CO, was of some danger to the rig technicians
and to the inhabitants of the nearby cottages.

This situation led to the decision to cement the well completely for safety reasons. At the end of
this operation well-head pressure reached 6 ata and the gas manifestations disappeared in some
places, remaining slightly active in others. In order to reduce the concentration of CO, at ground-

* Average analysis of gas produced in Alfina 1 well (values given in % in volume): CO, = 98-55;CH, = 0-15; N, = 1:30,
H,S <0-001.
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and 10 m respectively. thus creating preterential routes for the gas produced trom the volcanic
formation.

Only one of these three boreholes was successtul. causing the disappearance of the nearby
manitestations. whercus the other two gave no satisfactory results.

Duc to the persistence of these surface manifestations some systematic analyses were made ol
the CO, concentration n the atmosphere. in view of the possible accumulation of gas in the
morphologically depressed zones and i particular metcorological conditions

This survey had two objecuves:

(a)  todchneate the arca with u CO, concentration exceeding the aceeptance value (3000 ppm) in
every meteorological condition:

(b)  to study gas dispersion in the atmosphere: the results of this study would then be used in
designing disposal plants for later weils. thus ensuring maximum satety conditions during
large-scale fluid production.

SURVEY METHOD AND DATA COLLECTED

The survey covered all the area containing the manifestations and a surrounding arca of more
than 2530 m diameter around Alfina | well, over a total period of 53 davs.

After an initial experimental sampling, 34 stations were selected for regular gas sampling over
about 4 weeks.

Immediately after this phase the number of stations was reduced to 11 of the more important
ones and sampling continued for another 3 weeks. The CO, concentration values were measured
twice daily, between 6.00 and 9.00 a.m. and 6.00 and 9.00 p.m. at fixed distances of 10 and 80 cm
from ground-level.

The apparatus used was a Driger gas detector. consisting of a pump and CO, detector tubes
which permit an immediate read-off of the concentration (°, in volume).

For a real evaluation of the degree of pollution in this area we had to ascertain the CO, content
normally present in the environment. To obtain this some measurement points were selected at a
considerable distance from the study area. Air samples were taken in different meteorological
conditions which. after laboratory analysis using a steam phase chromatograph, gave a range of
concentrations between 0:036 and 0-050° ) in volume. These values correspond to the natural
atmospheric ones.

At the same time as the CO, systematic measurcments were being made. a series of
meteorological data was collected. including those on wind velocity and direction. atmospheric
thermal gradient, thermoigrographical and barographic recordings. These data were used to check
whether and how much the variations in atmospheric physical parameters influence the trend of
the CO, concentration in the study zone. especially as regards time and space variations.

EXAMINATION OF RESULTS

As already mentioned in the previous paragraph, 4 daily samples were taken in the area around
Altina 1 well throughout the whole period of the gas leakage. Maps were then drawn of the CO,
distribution for euch possible meteorological condition.

Figures 3. 4 and 5 represent some examples of the CO, distribution in the most frequently
occurring meteorological conditions. An examination of these figures shows that the gas
concentration is always higher at 10 em from ground level. independent of sampling time or

atmospheric conditions. This is casily explained it we consider that the gas discharge pressure was
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Fig. 3(a).  CO, distribution 10 ¢m from ground-level around Alfina I well. (Measured on 28 July. 1973 from 7.00 10 9.00
am) 1. CO, measurement station. 2. Alfina I well. 3. Meteorological station. 4. CO, concentration curve
(", by vol.). 5. Elevation a.s.l. (m).

negligible and therefore the density difference between air and CO, was the determining factor.

Of the atmospheric agents, the wind plays an important part in distributing the CO,
concentration. In fact, although it has the greatest effect at 80 cm above ground-level, a percentage
variation in the CO, content 1S more noticeable at lower levels.

In this regard it is interesting to note that the gas manifestations began during a summer period
characterized by some of the most unfavourable atmospheric conditions as, for example,
uniformly high pressures with weak wind force (maximum velocity 4 m;s) or none at all (Fig. 6).

Consequently, winds of such a small force are almost completely hindered in their action by the
morphology of the zone. In fact. the isoconcentration curves, especially at the lowest levels,
normally present a trend equal to that of the morphology and not to wind direction (Figs. 3 and 4).

Generally, however, the wind has the effect of diluting the CO, concentrations and spreads the
gas over wider areas than are atfected in static air conditions. Thus the zones with a low CO,
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Fig. 3(b). CO, distribution 80 ¢cm from ground-level around Alfina 1 well. (Measured on 28 July, 1973 from 7.00 to 9.00
a.m.) For explanation of legend see Fig. 3(a).

concentration become more extensive and those with a high concentration become smaller. The
effect is even greater the stronger the wind force in play.

Another observation comes from the particular atmospheric conditions usually found in the
morning between 6.00 and 7.30 a.m.: no wind, great humidity, rather low temperature. In this case,
the CO, which is at a general standstill, accumulates in spots that are topographically more
depressed and sheltered and especially near the gas escape points where it reaches concentrations
of more than 409, in volume.

Figure 3(a) shows an example of this situation relative to 10 cm from ground-level; the highest
concentrations were measured at stations No. 1, 7, 8, 12, 16, 25, 26 and 30. These stations are
almost all escape points as well. t

A survey made on the different measuring stations (Fig. 7) shows that the amount of gas
dispersed in the atmosphere tends to decrease with time, resulting in a gradual reduction of the
areas with a high CO, concentration, as can be seen by comparing Figs. 3, 4 and 5.
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Fig. 4(a).  CO, distribution 10 ¢cm from ground-level around Alfina | well. (Measured on 31 July. 1973 from 6.00 to 8.40

a.m.) For explanation of legend see Fig. 3(a).

NOISE SURVEY

When large quantities of fluid (especially gas) are produced in geothermal wells considerable
problems arise with regard to noise. This problem had. of necessity. to be solved in view of the
programme to continue exploration in Alfina geothermal area. A noise survey was therefore
required as the basis of a project for the silencer plants.

During the period between blow-out in Alfina | well and its shut-in, a series of noise
measurements were made using an industrial MSA noise meter, type 965. with immediate read-off
and capable of detecting noise level in dB (from 70 to 140).

After this first survey a study was made of the noise pressure levels per octave band in dB and
dBA in different production conditions. To be more exact, the noise measurements were made
with fluid flow-rates of 80, 200 and 280 t/h in points near the well and in the surrounding areas,
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CO, distribution 80 ¢m from ground-level around Alfina 1 well. (Measured on 31 July, 1973 from 6.00 to 8.40
a.m.) For explanation of legend see Fig. 3(a).

with particular attention paid to residential zones. Finally, after well shut-in the area background
noise could be measured.

Figure 8 gives a diagram of the noise pressure level distribution as a function of its frequency
with a flow-rate of 80 t/h.

The apparatus used in this second survey was a Bruel-Kjér precision noise meter for impulse
measurements, type 2209.

CONCLUSIONS

The uncontrolled blow-out of Alfina 1 well caused environmental problems connected with gas
leakage and high noise levels.
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Fig. 5(a).  CO, distribution 10 ¢m from ground-level around Alfina 1 well. (Measured on 7 September. 1973 from 6.00 to
7.30 a.m.) For explanation of legend see Fig. 3(a).

The problem, where the gas was concerned, became more complicated when the manifestations
appeared in the arca surrounding the well.

The study programme was mainly directed at keeping the CO, concentration within safety
limits for men and beasts. A more detailed ecological survey was not required as the gas
emanations disappeared after about 2 months.

A longer and more detailed study was carried out, on the other hand, on the meteorological
conditions in the zone. From this study we obtained the so-called < parking level > at which the gas
from later wells should be dispersed ideally to obtain immediate dilution in the air with no ground
fall-out.

The data from the noise survey were used in the silencer project.

The results of all these surveys were used in designing the first disposal plant, comprising a 40 m
high chimney, coupled to two Stopson silencers.
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With this plant a later well. Alfina | Bis, was able to produce continuously for more than 1
month, ensuring maximum safety conditions for the environment. A chemical and noise test at a
flow-rate of 280 t/h proved that no gas fell on the ground and that the noise was reduced by 10 dB
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(scale A) at 30 m from well-head and by about 20 dB (Scale A) 450 m away.

4 X
Average meteorological conditions

: Relative "
Wind TemperaturejBarometric pressure hﬁrgié\(’ry Thermal gradient| Conditions of
Direct Vel m/sec °C mm Hg % 2-10mGL Soil Sky
0 I7.5 721 74 +0.15 | Dry | Clear
I N 3
2 ‘ O.l/
m
o) 50 100 _—500" 5
|

Fig. 5(b).

7.30 a.m.) For explanation of legend see Fig. 3(a).

CO, distribution 80 cm from ground-level around Alfina | well. (Measured on 7 September, 1973 from 6.00 to
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