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EUGENIO BOEGAN AND HIS CONCEPTION ON 
THE HYDROLOGY OF THE KARST IN THE BOOK 

“IL TIMAVO”: COMPARISON WITH CURRENT 
IMAGE ON THE HYDROGEOLOGY OF THE AREA

Rino Semeraro1

ABSTRACT
The book “Il Timavo” by Eugenio Boegan, published in 1938, represents, at least in the following quarter 
century, the summa of fundamental knowledge on the Timavo/Reka River and, especially, on the karst 
hydrology model conceived for the Karst (Classical Karst). The research, in the late fifties and the sixties 
by Bidovec, Mosetti and others, introduced the concept of the water contribution by the Soča/Isonzo 
River to the springs of the Timavo. They followed a long series of studies on the chemistry of water 
(natural tracers), research on the hydrodynamics of the karst aquifer through continuous monitoring 
and a series of modern tracer tests. Current, the data on hydrogeology of the Karst are extraordinarily 
more numerous than those of the Boegan, however, the karst water circulation model is not much more 
advanced, since it appears still too tied to commonly and acritically accepted paradigms.
Key Word: Eugenio Boegan, Speleologist and hydrologist from Trieste, Book “The Timavo”, Concept of 
the karst aquifer in 1938, Modern aquifer concept of the Classical Karst.

RIASSUNTO
Il volume “Il Timavo” di Eugenio Boegan, edito nel 1938, rappresentò, almeno nel quarto di secolo suc-
cessivo, la summa delle conoscenze fondamentali sul fiume Timavo/Reka e, specialmente, sul modello di 
idrologia carsica pensato per il Carso (Carso Classico). Le ricerche verso la fine degli anni Cinquanta e de-
gli anni Sessanta da parte di Bidovec, Mosetti e altri introdussero il concetto del contributo da parte del 
fiume Isonzo/Soča all’alimentazione delle risorgive del Timavo. 
Seguirono una lunga serie di studi sulla chimica delle acque 
(traccianti naturali), ricerche sull’idrodinamica dell’acquifero 
carsico mediante monitoraggio in continuo e una serie di mo-
derni test di tracciamento. Oggi, i dati sull’idrogeologia del Car-
so sono straordinariamente più numerosi rispetto a quelli del 
Boegan, tuttavia, il modello di circolazione carsica non è molto 
più avanzato, poichè appare ancora troppo legato a paradigmi 
comunemente e acriticamente accettati.
Parole chiave: Eugenio Boegan, Speleologo e idrologo triestino, 
Libro “Il Timavo”, Concetto di acquifero nel 1938, Concetto 
moderno di acquifero del Carso Classico.

NOTES ON LIFE
Eugenio Boegan’s speleological and hydrological formation 
is sufficiently known, referring to the main articles dealing 
with his life (Gortani, 1939/40; Medeot, 1940, Guidi & 
Vianello, 1963, Guidi, 1990). Eugenio Boegan was born 
in Trieste on October 2, 1875 and died here on November 
18, 1939 (Fig. 1). The Boegan family, of modest origins, 

1 Address author: rinosemeraro0@gmail.com

Fig. 1 - Photographic portrait of Eugenio 
Boegan of 1936. Courtesy Archive of the 
Commissione Grotte “E. Boegan”.
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was originally from Chioggia in 
the Veneto region, therefore they 
were Italian citizens established in 
Trieste in the Empire of Austria and 
Hungary, where the young Eugenio 
completed his studies at the Italian 
Lyceum. At fifteen, in 1890, he began 
speleological activity. He therefore 
founded the Club dei Sette, which 
was closed by the Austrian police 
in 1894, and thus passed to the 
Società Alpina delle Giulie where 
he became the official “Speaker”. In 
1904, with the untimely death of the 
engineer Guido Paolina president 
of the Commissione Grotte of the 
Società Alpina delle Giulie, he took 

over the presidency he held until his death. After his scholastic studies, for his speleological and 
scientific knowledge on the underground waters of the Karst, which at the time were very few, he 
was first employed by the company that built and managed the plants for capturing the coastal 
karst springs of Aurisina to serve the new aqueduct for Trieste, he was later employed by the 
Municipality of Trieste, where he worked as a hydrologist in the technical office, until his death 
at the age of 64. In the period up to the beginning of the First World War he published his major 

studies on the groundwater of the Karst, in particular related 
to the research he carried out at the spring of Aurisina and 
the Grotta di Trebiciano where the underground Timavo 
flowed (Boegan, 1905/6, 1909/10, 1921) (Fig. 2). At the same 
time he carried out a very important speleological activity, 
exploring and surveying numerous caves and publishing 
papers, studies and books, and realizing the speleological 
cadastre of Venezia Giulia. In the period of its existence it 
was the greatest speleologist of Italy.
In 1938, a year before his death, he published the book “Il 
Timavo”, subtitled “Study on subaerial and underground 
karst hydrography”, Essay published by the Italian Institute 
of Speleology (Boegan, 1938), that together with the book 
“Duemila Grotte” (Bertarelli & Boegan, 1926), is his major 
work (Fig. 3).
“Il Timavo” by Eugenio Boegan, at least in the following 
quarter century, represented the summa of fundamental 
knowledge about the Timavo/Reka River basin and the 
Karst underground waters. This work by Boegan is very 
important because it is explain the first rational model of 
karstic hydrology designed for the Karst (Classical Karst).

ORIGIN OF THE UNDERGROUND TIMAVO CONCEPT  
FOR EUGENIO BOEGAN
Eugenio Boegan’s concept of Timavo underground of 1938 derives from his previous studies, 
those cited for the springs of Aurisina and the Grotta di Trebiciano (Boegan, 1905/6, 1909/10, 
1921), therefore with a further collection of data for fifteen years. Since 1921, that is from the date 

Fig. 3 - Frontispiece of the book “Il 
Timavo” published in 1938.

Fig. 2 – Eugenio Boegan in 1920 at the shack above the entrance to 
the Grotta di Trebiciano, in his last years of study of the underground 
Timavo in this cave. Courtesy Archive of the Commissione Grotte 
“E. Boegan”.
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of the last important work by Boegan on the subject Timavo, if there was no new speleological 
discovery of particular importance on the underground basin of the river there was however 
the appearance in Europe of modern studies on underground karst hydrology that aroused 
his interest. The study, instead, of the superficial basin of the river Timavo/Reka, with the 
hydrological data, goes back mostly to the latter period.
The present hermeneutic analysis is intentionally summarized, to be subdivided into three 
fundamental sub-concepts: i) the pathway of the subterranean river, ii) the subterranean river 
galleries, iii) the image of the karstic aquifer.
It is also necessary to keep in mind that for Boegan the models of karstic hypogean hydrology 
were, substantially and from the beginning, those of the French school Eduard Alfred Martel, 
of the Bohemian Alfred Grund and Serbian Jovan Cvijic (Martel, 1894; Grund, 1903; Cvijić, 
1918), as indeed it was for all the European scholars of the time. Often, the vision of the karst 
hydrology of Eugenio Boegan has been associated, for me inappropriately, with the so-called 
mediated between Grund and Martel expressed by the Italian Luigi De Marchi (De Marchi, 
1916), in particular sought by Michele Gortani (Semeraro, 2017). In my opinion it is a forcing 
of the time, since De Marchi’s contribution on the subject was minimal, even banal, but in the 
climate of nationalism we wanted to find an Italian of reference that would be an alternative 
to French and German scholars. As regards, instead, the thought of Eugenio Boegan on the 
underground Timavo it must be said that it was discussed on several occasions in Trieste by 
Fabio Forti, but he could not benefit from the most recent discoveries and interpretations on the 
hydrogeology of the Classical Karst (Forti, 1989, 2002).

THE PATHWAY OF THE SUBTERRANEAN RIVER
Certainly, since the dawn of the Trieste’s speleology of one of the main questions, or the main, 
was to understand, or better to imagine, where the underground Timavo, after being captured in 
the Grotte di San Canziano/Škocjanske jame, flowed in the depths of the Karst. Eugenio Boegan 
did not escape the problem and, on the basis of the widespread conviction that there was a good 
relationship between the great epigean and hypogean karst phenomena disseminated in the 
territory and the great underground river, in this way he traced his hypothetical subterranean 
pathway in his book “Il Timavo” (Fig. 4). At the time of Boegan the pathway of the subterranean 

Fig. 4 – The subterranean pathway of the Timavo in the hypothesis of Boegan. Part of Table 7 of “Il Timavo”.



116

SOPRA E SOTTO IL CARSO 2025 PROCEEDINGS OF THE ALCADI 2020
Gorizia (Italy) sept. 3-4-5, 2021

Timavo was reduced to reach the 
Martel cavern   (in lower water level 
up to the Dead lake) in the Grotte 
di Canziano/Škocjanske jame (Fig. 
5), to observe a water level at an 
altitude of 141 m a.s.l. in the Abisso 
dei Serpenti/Kačna jama at the 
bottom of the shafts of the Zahodni 
rov and the invasion of the water of 
the cavern that extends southeast 
of the bottom of the large initial 
shaft during the floods, finally at the 
bottom of the Grotta di Trebiciano. 
While the pioneered tracer tests 
performed by Guido Timeus before 
the First World War (Timeus, 
1912a, 1912b, 1928) had proved the 
connection between the Grotte di 
San Canziano/Škocjanske jame, 
the Grotta di Trebiciano and the 
resurgences of the Timavo. Of this 
we are sure, even if the instruments 

and systems used provoked doubts results in other points (Semeraro, 2012a).
Among the various hypotheses, it is worth mentioning that of Mühlhofer (1908) who supposed 
an subterranean river coming from the Matarsko podolje (high Istria) that joined the Timavo 
in the Trebiciano area, then the hypothesis deduced from the gravimetric deficit along an axis 
from Lokev/Corgnale to Trebiciano (Soler, 1934). In the first case, the modern tracer tests have 
indicated that the underground waters of the north-west area of Matarsko podolje drain towards 
the karst springs of Risano and Ospo, in the second case as to that gravimetric deficit are not 
associated with the caves in which the subterranean Timavo is later discovered (e.g. Jama 1 v 
Kanjaducah). Perhaps the gravimetric anomaly would be related to the modern gravity model of 
the area (Coren et al., 2006) and that is to the geological structure.
The hypothesis of the supposed pathway of the subterranean Timavo, in a single channel, 
reported by Boegan in 1938 is therefore coherent with the conceptions of the time derived 
from the scarcity of knowledge. The idea that there was a correlation between the underground 
pathway of the Timavo and the great karst phenomena (large dolines, very extended or deep 
caves), was consolidated in thought, so that a few years the death of Boegan, the young scholar 
of Trieste Antonio Marussi (after the Second World War one of the greatest scientists of geodesy) 
published original and innovative karstological researches on the Karst (Marussi, 1941a, 1941/b; 
Semeraro, 2011) supporting Boegan’s conception of the Timavo. It is interesting to note that 
Boegan does not take into account the cartography of the Bohemian Adolf Schmidt in the 
mid-nineteenth century (Schmidt, 1851) that shows the blowing cavities, instead marking the 
hypothetical pathway of Timavo abruptly turning west after the Abisso di Monrupino: this would 
indicate the preferential idea of the correlation between the great cavities known at the time and 
the position of the river in depth. In the period between the 20th and the 21st century, however, 
the speleological explorations confirmed the validity of Schmidt’s cartography and his intuition.

THE SUBTERRANEAN RIVER GALLERIES
Eugenio Boegan, in the book “Il Timavo” and in the previous papers, does not give importance to 
the structure and morphology of the river galleries, but rather to their altitude and their position 

Fig 5 – The Martel cavern in the Grotte di San Canziano/Škocjanske 
jame in 1924, with a low water level of the Timavo/Reka, towards the 
Marchesetti cavern and Dead lake in a photo by Sergio Gradenigo. 
These were the years when Eugenio Boegan took an interest in 
San Canziano, after the cave had become the property of the 
Società Alpina delle Giulie. Courtesy Archive of the Commissione 
Grotte “E. Boegan”.
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with respect to the piezometric level of 
the groundwater. This is attributable, 
perhaps in an equivalent way, to 
the scarce studies of existing karst 
geomorphology and to the fact that 
he himself has never dealt with this 
branch of speleology with interest. In 
essence, the studies on speleogenesis 
and the evolution of karstic conduits 
had yet to come, although there are 
some scientific rudiments in the 
book “Grundriß der theoretischen 
Speläologie” of the Austrian Georg 
Kyrle, a speleology scholar known 
in Trieste (Semeraro, 2012b), which 
however is not mentioned in the 
Bibliography of the “Timavo”. The 
image of Boegan of the Timavo galleries is essentially the canyon of the Grotte di San Canziano/
Škocjanske jame and of the entrance gallery of the river to the Grotta di Trebiciano (Fig. 6) 
and imagining them similar to the “fossil” 
galleries of the Abisso dei Serpenti/Kačna 
jama attributed to the Timavo who abandoned 
them (Boegan, 1909/10, 1921, 1924).
The altimetry of the galleries is the one 
deduced, by calculation, from the gradients 
between the water table from the Dead Lake 
to the Abisso dei Serpenti/Kačna jama, to 
the Grotta di Trebiciano and from this to 
the springs of the Timavo, according to the 
measured piezometric heights (Fig. 7).
Of considerable interest, however, is the 
conviction of Eugenio Boegan that the 
galleries of the river developed on two levels. 
He summarizes the concept in the Conclusions 
on p. 126, where in point 2) says: “The Timavo, 
from San Canziano to the mouths of San 

Fig. 6 – The Timavo gallery at the bottom of the Trebiciano Cave 
leading to the entrance siphon of the river (Timeus lake). The 
rockfall on the right is probably the one in 1842. Photo: Alberto 
Righetto and collaborators, courtesy Gruppo Grotte Treviso.

Fig. 7 - Table 32 on page 73 of “Il Timavo” showing the 
altimetry of the galleries in which the subterranean 
Timavo flows.

Fig. 8 – “Il Timavo”, Tav. 39 
pag. 75 caption “Schema 
del presunto percorso 
del Timavo dalla Grotta di 
Trebiciano alle foci. Nella 
parte superiore b-d-a con 
una serie di sifoni. Nella 
parte inferiore b-c-a con 
un canale unico sotto il 
livello del mare” / “Sche-
me of the presumed 
path of the Timavo from 
the Trebiciano Cave to 
the springs. In the upper 
part b-d-a with a series of 
siphons. In the lower part 
b-c-a with a single chan-
nel below sea level”.
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Giovanni di Duino, flows within a complex of underground 
galleries and caverns (e.g. the Grotta di Trebiciano) 
connected by siphons, many of the which, in the lower 
part of the river, are probably also found below the sea 
level”. Where Boegan, however, goes even further in his 
hypothesis is in Tab. 39 on p. 75, in which he draws, in 
the area from the Grotta di Trebiciano to the resurgences, 
a hypothetical single channel below sea level and totally 
submerged, below another channel, characterized by 
siphons, vadose galleries and caverns located at a higher 
altitude and corresponding to the water table (Fig. 8). The 
subject, for Boegan, is not new because he had previously 
pointed out the losses of the river to the Martel cavern, in 

the last part of the Grotte di San Canziano/Škocjanske jame, drawing a hypothetical submerged 
underground gallery (Fig. 9).
I believe that this hypothesis of the submerged channel was taken from the Boegan by the study of 
Otto Lehmann’s 1932 book “Die Hydrographie des Karstes”, which since its appearance aroused 
not only great interest but also detractors (Semeraro, 2012c). It is undoubted that Boegan read 
it, since he quotes it at n. 129 of the Bibliography of “Il Timavo”. The drawing of Table 39 is 
similar, in a singular way, to Abb. 21 in the § 45 of the text of the Viennese Lehmann professor at 
the University of Zurich (Lehmann, 1932) (Fig.10). Not only in France the geomorphologist De 
Martonne (1933), in the review of the book, he expressed how the text was too theoretical, even in 
Italy the geologist Michele Gortani, in his report to the 1st National Congress of Speleology held 
in Postumia/Postojna and Trieste, had expressed doubts on the concepts “too” advanced for the 
time. In fact, Lehmann’s book conceived for the karstic hydrology networks of phreatic conduits 
developed in the saturated zone, in line with what will be the school of the American phreatic 
karst between the two world wars (Semeraro, 2014). In Boegan’s “Il Timavo” the reference 
to Lehmann is found exclusively in the Bibliography. This suggests, perhaps, Boegan did not 
want to go against the scientific opinions of Gortani who was Head of the Italian Institute of 
Speleology and with whom he had good relations. Boegan, moreover, in the Italian Institute of 
Speleology was in charge of Director of the scientific journal “Le Grotte d’Italia”.

THE IMAGE OF THE KARST AQUIFER
For Boegan, the image of the karst aquifer is strictly linked to the concept of Grund (1903) 
which is superimposed by an underground river, like the Timavo, which has a main channel, 
typical of the concept of Martel (1921). This not only on the basis of the continuity between the 
sinkhole of San Canziano/Škocjan and the resurgences in San Giovanni di Duino ascertained 

Fig. 9 – “Il Timavo”, Tav. 29 pag. 69 caption 
“Le perdite del Timavo dalla caverna 
Martel” (The infiltrations of the Timavo 
from the Martel cavern).

Fig. 10 –The Figure at § 45 
of Otto Lehmann’s “Die 
Hydrographie des Karstes” 
of 1932. I think that from 
this scheme Eugenio Boe-
gan drew inspiration for 
the depiction of his sche-
me of the underground 
Timavo.
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by Timeus (1928) but also by the two tests carried 
out in October 1914 (Boegan, 1921) with the 
closing of the hatches to San Giovanni di Duino, 
thus blocking the outflow of the river, which after 
a few hours caused the elevation of the water level 
in the Trebiciano cave and the Aurisina springs, 
both connected with the subterranean Timavo. 
As regards the specific problem of the Timavo’s 
continuity between San Canziano/Škocjan and 
San Giovanni di Duino, the assessments of Boegan 
are important, because at the time, for example, 
Alfred Grund denied the hypothesis of this 
connection (Grund, 1910) but he was later denied 
by the experiments of Guido Timeus.
The model of karstic aquifer, by Boegan, is clearly 
illustrated in the book “Il Timavo” in Tav. 26 
pag. 64 “Schema del livello dell’acqua di base nei 
terreni calcarei” (Frame of the groundwater level 
in limestone rocks”) (Fig. 11). It is a model that 
considers the “large permeability” where, writes 
verbatim, “l’acqua occupa tutte le cavernosità e le 
fenditure esistenti al disotto della linea dell’acqua 
di base” (“the water invades all the cavities 
and joints existing below the water table”).The 
underground Timavo is therefore a flow within a 
channel connected to the base water level, even if 
there are inflows from the infiltration of the basin 
and lateral losses as in the case of the Aurisina 
springs. Basically, Boegan adopts the vision of 
Waagen (1911) that reconciled the French school 
with the German one, perhaps also partly joining 
the circulation in deep cavities of Katzer (1909) 
which initially also joined the Michele Gortani (Semeraro, 2017).
Boegan was the first speleologist who studied the fluctuations of groundwater levels in the Karst. 
During his work as a hydrologist, up until the First World War, he underwent long periods of 
surveys which, from what is 
known, were almost always 
carried out personally, 
reaching the bottom of the 
Trebiciano cave every day 
(Fig. 12). These surveys 
allowed, for the time, to 
draw up the first correlation 
diagrams between the 
water level fluctuations 
at Trebiciano and San 
Giovanni di Duino (Fig. 13). 
This allowed the Boegan 
to hypothesize, together 
with the observations and 
measures at San Canziano/

Fig. 11 – “Il Timavo”, Tav. 26 pag. 64 caption “Sche-
ma del livello dell’acqua di base nei terreni calca-
rei” / “Water table scheme in limestone rocks”.

Fig. 12 – Measurement of the water level of the 
underground Timavo in the Grotta di Trebiciano 
in 1920, along the line of hydrometers in the 
“Lindner cavern”, during the studies carried out 
by Eugenio Boegan. Courtesy Archive of the 
Commissione Grotte “E. Boegan”.

Fig. 13 – “Il Timavo”, Tav. 51 caption “Diagramma dei livelli giornalieri a 
Trebiciano e al Timavo nell’anno 1913” / Diagram of daily levels in Trebiciano 
and Timavo in the year 1913. Upper whole line: Timavo hydrometer at 
the springs of San Giovanni di Duino. Lower dashed line at times lower: 
hydrometers in the Trebiciano Cave”.
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Škocjan, the phenomenon of anomalies in height reached by the piezometric level in the various 
caves affected by floods, describing the general principle in the chapter entitled “Della pressione 
idraulica nelle viscere del Carso” (“Hydraulic pressure in the depth of the Karst”).

THE COMPARISON WITH CURRENT IMAGE OF THE HYDROGEOLOGY 
OF THE CLASSICAL KARST
In the last twenty years several syntheses have been produced on the hydrogeology of the 
Classical Karst, both as regards the scientific problem (Civita et al., 1995; Ballarin et al., 2000a, 
2000b; Petric & Kogovsek, 2000; Grillo, 2012; Cucchi et al., 2015) that the critical and historical 
analysis of research (Galli, 1999, 2000a, 2000b, 2012a, 2012b). This allows, at least partially, a 
preliminary comparison between the Boegan model on the underground hydrology of the Karst 
and the current one.
The turning point on the area’s hydrology was after the Second World War, in the second half 
of the fifties, when Franc Bidovec of Hidrometeorološki Zavod SRS of Ljubljana, on the basis 
of hydrological balance, explained the thesis of the high contribution of the phreatic water of 
Isonzo River to the Karst’s groundwater by infiltration in the karstified limestone of the contact 
area south of Gorizia (Bidovec, 1957, 1961). Moreover, Bidovec also established, with a series 
of measures, the losses of the Vipacco/Vipava River in the Karst by calculating an average flow 
rate of 1 m3/s. I remember that already the Timeus in the tracer test of 1910 had ascertained the 
connection between the losses in the limestone of the Vipava/Vipava River, on the site already 
indicated by the Austrian geologist Guido Stache who took over the geological map “Goerz und 
Gradisca 1: 75.000” and then he studied the area, with the springs of San Giovanni di Duino. 
Bidovec reiterated his thesis on the contribution of the Isonzo after the results of the tracer test on 
the Timavo basin in 1962 by tritium (Eriksson et al., 1963; Bidovec, 1965). Bidovec’s evaluations 
were initially rejected by the Istrian geologist Carlo D’Ambrosi, refugee in Trieste after the end of 
the Second World War (D’Ambrosi, 1955, 1960, 1961), for two reasons: the first was that at that 
time conceived a very different vision from that of Boegan, the second was instead geopolitical, 
finding the world in full Cold War. For Italy, and in particular in Trieste, Tito’s Yugoslavia was a 
neighboring state with difficult relations and the state of the Eastern Bloc was planning to the 
water exploitation of the Reka. The Italian opinion was that a water exploitation of the Reka 
would have had significant repercussions on the flow of the karst springs in San Giovanni di 
Duino. The aqueduct of Trieste, at that time, did not yet capture the deep phreatic waters on 
the left of the Isonzo (project started in 1975 and built in the eighties) but still depended on the 
use of water at the springs in connection with the interdependent Aurisina, Sardos and Timavo 
springs with the works begun in 1857 and the various extensions in the years 1922, 1929, 1939 
and 1947-52 (Altran et al., 2015).
Numerous studies initiated by the Italian on the contribution of the Isonzo River to the 
Karst, which began in that period (e.g. Mosetti & D’Ambrosi, 1963; Morgante et al., 1966) 
and continued through the chemical characterization of waters (e.g. Cancian, 1987), led to 
acceptance of Bidovec’s thesis. Current, the Isonzo’s losses in the groundwater of Classical Karst 
are estimated to be about 10 m3/s average (Zini et al,, 2013), while during the lower flows of 
Timavo the contribution of the Isonzo would be around 50% (Doctor et al., 2006), but in this 
case (Doctor et al., 2008) the losses of the Isonzo towards the Timavo were estimated 19.8 m3/s. 
The new elements to be introduced in the hydrological balance, therefore, almost upset the 
concept of “Timavo” by Boegan. Current, 80 years after the basin balance calculated by Boegan 
in “Il Timavo”, even with the approximations to consider, for the hydrological balance of the 
Classical Karst the following data are evaluated (Gemiti, 1984a; Civita et al., 1995; Ballarin et al., 
2000a; Gabrovšek & Peric, 2006; Grillo, 2012; Cucchi et al, 2015). Rainfall effective infiltration 
in the groundwater of 20.6 m3/s. Reka average discharge of 8.26 m3/s, with lower flow up to 0.18 
m3/s and high flow up to 305 m3/s. Average discharge of the springs at San Giovanni di Duino of 
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29.3 m3/s, with a lower flow of 7.4 m3/s 
and a high flow of 158 m3/s, together 
with the northern karst springs (Sardos, 
Lisert, Sablici, Moschenizze ) an average 
discharge of about 35 m3/s. Estimated 
average water flow of the river at the 
bottom of the Trebiciano Cave (called 
Timavo underground) between 3.4 and 
4.6 m3/s (Boegan, 1909/10, 1921, 1939; 
Ballarin et al, 2000a, 2000b; Grillo, 
2012).
Mainly through the long-term monitoring 
of the parameters of hydrometry, 
temperature and conductivity of water 
in various underground sites of the Karst 
and the springs (Abisso dei Serpenti/
Kačna jama, Grotta di Trebiciano, San 
Giovanni di Duino etc.) and with new 
tracer test, the understanding of the 
functioning of the aquifer has improved. 
In particular, some tracer test, also 
occurred due to the accidental spillage 
of petroleum products, interpreted 
by Gemiti (Gemiti, 1984b, 1998) have 
allowed to hypothesize a bipartition of 
the galleries downstream of Trebiciano 
with a epiphreatic and deep water 
circulation, supporting the idea of 
Boegan, and confirming the transfer 
of Timavo in Sardos during the floods. 
By tracer test of the losses of the Reka/
Timavo river in Gornje Vreme, however, 
the concentration curve of the uranine 
was monotonous in the Jama 1 v Kanjaducah (Fig. 14), confirming however the calculated 
runoff time with flood pulses (Gabrovšek & Petric, 2006), while in Trebiciano the traces were 
scarce (Petrič et al., 2007), assuming an extensive network of deep or lateral canalizations. A 
subsequent test, always injecting Gornje Vreme, did not result in Trebiciano. The most recent 
traces have confirmed the connection between Jama 1 v Kanjaducah, Jama sežanske Reke, Grotta 
di Trebiciano and Grotta Lazzaro Jerko (Fig. 15), although many questions remain regarding 
the marked quantities of water that run through the individual caves and the volumes of the 
infiltration water.

THE MODEL OF THE KARST UNDERGROUND WATER CIRCULATION 
FROM BOEGAN TO CURRENT
Some modern considerations can summarize, from the conceptual point of view, the Karst 
aquifer model and the water circulation connected to the underground Timavo. The first, 
exposed before medium and long-term monitoring of the parameters of stage, temperature and 
electrical conductivity of groundwater (Ballarin & Semeraro, 1997), assimilates the epiphreatic 
zone and at least the upper part of the phreatic one to a network of conduits with variable 
geometry and with different age of formation. The conduits are not hydraulically equalized, they 

Fig. 14 – The subterranean Timavo in the Kanjaduce cave 
(Jama 1 v Kanjaducah). Courtesy: photo Peter Gedei.

Fig. 15 – The subterranean Timavo in the Lazzaro Jerko Cave. 
Note the horizontal beds of the Cenomanian dolomites. 
Photo: Louis Torelli, courtesy Archive of the Commissione 
Grotte “E. Boegan”.
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are alternated with submerged 
and semi-submerged cavities, 
only partially interconnected 
and in continuous expansion 
for the karst dissolution but 
at the same time they undergo 
sedimentation and evolutionary 
interruptions. In these 
conditions the piezometric and 
the relative hydraulic gradients 
are consequently non-
homogeneous. The second, 
after the period of medium and 
long-term monitoring (Grillo, 
2012), considers the hydrology 
of the karst as a binary system, 
regulated mainly by the 
contributions of the Reka and 

the Isonzo according to the hydrological conditions, as well as by precipitations. Depending 
on the flood conditions of one or the other river, transfers are activated in the area of the San 
Giovanni di Duino springs. The contribution of diffuse infiltration of rainwater is important 
and gives differentiated input from area to area since it is a basin of over 900 km2. The aquifer 
is characterized by a network of dominant drains, intercepted by interdependent drains, i.e. a 
system of large conduits with large cavities characterized by a high hydraulic gradient.
The frame of Karst hydrology, seen thus, is not unlike that of Eugenio Boegan in 1938, except for 
the great contribution due to the losses of the Isonzo River, which he did not imagine. This water 
contribution is probably dominant in the aquifer of the entire north-western part of the Karst, 
given that in Klariči pumping station, where there are the wells of exploitation for the Slovenian 
aqueduct, the water from the Isonzo was well chemical-physically and isotopic characterized 
(50-60% Isonzo water).
In fact, the question is much more complex. First of all because of the old problem of the 
Timavo underground pathway (Fig. 16), this crosses carbonate rocks apparently characterized 
by different karstifiability, or so considered in the past, whose role, perhaps insignificant, is 
not yet understood. In Trebiciano the underground river flows in the dolomitic facies of the 
Albanian-Cenomanian Povir Formation (Jurkovšek et al., 2016), and so in all the known points 
of the central area (Grotta Lazzaro Jerko etc.). However, these are dedolomites, and modern 
studies on dedolomites have shown that these rocks are characterized by a high porosity, which 
would allow the good observed karstifiability (Semeraro, 2018), as found in petrographic and 
karstic studies in the Grotta di Trebiciano (Forti et al., 1979). Overall, the scenario of hydrology 
in the epiphreatic area of the central part of the Karst (Škocjanske jame, Kačna jama, Jama 1 
v Kanjaducah), is also reaffirmed by recent studies using numerical models (Gabrovšec et al., 
2018). The complexity and adaptation of the hydrogeological system in the Classical Karst are 
typical of areas that have had intense orogenesis, which is still active, combining important 
fluctuations in the level of the Adriatic Sea, and we know that the response of underground karst 
is very sensitive to these events. To give an example, only considering the isotopic stages 8, 6, 4 
and 2 (from the middle Pleistocene to the Holocene) there have been sea level variations from – 
120 m to –80 m and recent diving in the siphons of the Jama sežanske Reke (Fig. 17) and of the 
Grotta di Trebiciano, loops up to 40 meters under the water table have been explored.
In conclusion, the concept of Boegan on the Timavo of 1938, excluding the refinement on the 
knowledge of the aquifer that in eighty years of research has given us a great number of physic-
chemical and isotopic data, and above all thanks to the monitoring in caves and springs of the 

Fig. 16 – The Classical Karst with the main “windows” on the underground 
Timavo, elaborated by Karst Research Institute of Postojna, taken from 
F. Gabrovšek and B. Peric B. (2006), modified by F. Gabrovšec, B. Peric 
and G. Kaufmann (2018). P1. Škocjanske jame, P2. Kačna jama, P3. Jama 
1 v Kanjaducah, P4. Jama sežanske Reke, P5. Grotta di Trebiciano, P6. 
Grotta Lazzaro Jerko.
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parameters of stage, temperature 
and specific electric conductivity 
hydrographs, and so for the numerous 
tracer tests carried out, presents 
excellent elements of collimation with 
the current one (Zini et al., 2014; 
Gabrovšek et al., 2016; Petrič et al., 
2016). Naturally the problem of the 
great contribution to springs from 
the losses of the groundwater of the 
Isonzo River, at the time of the Boegan 
never imagined, was fundamental for 
the understanding of the scenario. 
If Boegan, in the book “Il Timavo”, 
while remaining on strictly technical 
and scientific tracks allowed himself 
to offer hypotheses, current however, 
despite having available numerous 
data, the karst water circulation model 
of the Classical Karst is not much 
more advanced, Current, the model 
appears too tied to commonly and 
acritically accepted paradigms. In essence, on the problem of the underground Timavo we tend 
to deviate from hypothesis or prediction, even if it could be done on scientific bases (Semeraro, 
2018), and this does not lead to those benefits that arise from an open debate. The proof is 
that, in hermeneutical analysis, the Boegan hypothesis concerning the submerged channel has 
stimulated thought instead.
These considerations once again place the figure of Eugenio Boegan, a speleologist and 
hydrologist from Trieste, among the major ones in the history of speleology. 
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