FEEDBACK FROM TWO PROGLACIAL LAKE RISK SITUATIONS
IN FRENCH ALPS
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ABSTRACT

Glacial retreat leads to the formation of new lakes which may represent new natural hazards due to their drainage potential. This paper pre-
sents the management measures for two recent cases of proglacial lakes in the French Alps, in the Mont Blanc massif (Bossons Lake) and in
the Vanoise massif (Rosolin Lake). We present the way in which these two situations emerged and in which they were managed in contexts
that have strong similarities. These two cases illustrate the responsiveness required to manage emerging natural risks in environments that

are changing rapidly as a result of global warming.

INTRODUCTION

Climate change and global warming induce rapid changes in glacial environment increasing the number and size of glacial lakes (Taylor et
al., 2023). A consequent number of scientific papers focused their attention on glacial lake outburst floods (GLOFs) these last decades (Em-
mer et al., 2022). Using very simple, and mostly conservative estimates, 15 million people are potentially exposed to impacts from GLOFs
around the world (Taylor et al., 2023). In the Alps, 301 events with recorded impacts have been reported and at least 393 deaths can be
attributed to these past events (Carrivick & Tweed, 2016). Generally, most of the events originated from ice dammed lakes and, to a lesser

extent, from moraine dammed lakes (Carrivick & Tweed, 2016; Haeberli, 1983).

In 2021, the RTM department (restoration of mountainous areas) from the French national forest office (ONF) completed a french data
base initiated by the INRAe research institute. The study found information on 15 GLOFs located in the French Alps from 1807 to nowadays.
Without exceptions, all these events took place during summertime. Whereas only few events have been recorded these last decades (in
comparison to torrential floodings for example), a special attention is given to risk assessment originated from glacial lakes. To our knowl-
edge, risk management related to GLOFs in France is rare and we only account for two recent cases: the Arsine lakes in 1986 (Vallon, 1989)
and Rochemelon lake in 2004 (Vincent et al., 2010).

In 2023, to reduce the risks caused by two ice-dammed lakes at the front of the Bossons and Grande-Motte glaciers, specific works have
been carried out. This paper presents these two cases to share our experience of these unusual situations with risk managers and decision

makers.

THE BOSSONS LAKE

The Bossons glacier is located in the Chamonix valley (France). This vast glacial system (ca. 10 km2) flows from the top of the Mont Blanc.
The front of the glacier tongue is now located at an altitude of about 1 650 m. It has tended to recede and especially to lose thickness in

recent years.

Until August 2023, the glacier was drained by 3 torrential emissaries: the Creuse, the Crosette and the Bossons torrents. The Bossons torrent

has the lowest torrential activity so far. Its fan is highly urbanized.

Glacial retreat led to the formation of a lake in the lower part of the glacier, which was reported at the end of 2020. This lake was fed by a
subglacial torrent and overflowed in the Crosette torrent. The lake, partially dammed by ice, raised fears of a GLOF scenario by subglacial

drainage.
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Figure 1: location and drone photography of May 30, 2023 of Bossons Lake (Latitude drone — municipality of Chamonix)

Figure 2: photograph of Bosson Lake on June 28, 2022

Ground Penetrating Radar (GPR) measurements were carried out to evaluate the bedrock position. It confirmed that the lake would continue
to expand and, above all, deepen in the future. Initial analyses indicated that the volume of the lake, which was 3 700 m3 in July 2021, could
reach 21 000 m3 (+/- 8 000 m3) by the end of summer 2022 (IGE, 2021).

GPR data also showed that a sudden drainage of the lake towards the Bossons torrent was possible. The probability of GLOF occurrence
was not quantified but was characterized as increasing as the lake deepened, and the thickness of the ice tongue decreased. The glacier

loses an average ice thickness of 6 to 7 m each year in this area.

The question was then to specify what the risks could be in case of a GLOF, for different drainage volumes (RTM, 2021). Downstream the

glacier, the Bossons torrent goes through a flat area which had the capacity to regulate some solid inflows. However, for some scenarios, the
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hydraulic analyses highlighted that a debris flow could reach some stakes. Another important aspect was that once the lake had drained,

the diverted flows from the Crosette into the Bossons torrent would irreversibly increase the flows (RTM, 2021).

The first structural measures that were taken, under the project management of the municipality of Chamonix helped by a steering com-
mittee, consisted of digging the outlet to lower the lake level. This work, undertaken in June 2022, lowered the lake level by 1.25 m, which
represented a volume of around 4 000 m3. But this solution remained temporary insofar as the lake continued to expand, with a volume
that reached just over 12 000 m3 in September 2022 (IGE, 2022).

At the end of 2022, the ONF-RTM studied different work scenarios to drain the lake: pumping or siphoning off the lake, digging a tunnel,
filling the lake with rocks from the site, intercepting the subglacial torrent filling the lake, further lowering of the outlet, covering the glacier
with a geotextile to reduce ice melt and lake enlargement, or digging a channel in the ice. These reflections were carried out based on feed-
back from past experiences in France and in neighboring countries. The adopted strategy was to create a new outlet by digging an artificial
channel through the ice towards the Bossons torrent. The goal was to get ahead of this phenomenon, which would likely have occurred

naturally, under control and before the lake reached a critical volume.

The channel was designed with a longitudinal slope of 1% (average depth of 8 m, length of 120 m). The upstream input was set 50 cm
below the water level to initiate the flow into the channel. The idea was to use the erosive power of the water flow to deepen the channel
until the lake was empty. Questions then arose about the kinetics of the natural channel's digging, with a fear that a runaway phenomenon
could lead to high discharge rates, or on the contrary to a natural incision insufficient to allow the lake to be completely emptied. To this
end, the IGE has carried out work to model the overflow (IGE, 2023a).

The work, under the project management of the municipality of Chamonix, began at the end of June 2023. Two spider excavators intervened
in successive passes, keeping the channel out of water with an ice dam on the lake side. The channel was opened on the July 31 2023. The
channel incised as soon as the water flowed through, with a deepening by about 1 m per day. The lake was emptied 6 days later (June 8

2023). The site remains under surveillance today and will be the subject of visits next spring.

channel

Water incision

bedrock

Figure 3: (a) schematic diagram of channel digging on a cross-section and (b) photograph of channel excavation on July 18 2023
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THE ROSOLIN LAKE

The Rosolin lake (alt. 2 810 m) emerged at the front of the Grande-Motte glacier in 2018. It is located in a national natural reserve managed
by the national park of the Vanoise (PNV). A part of the glacier is popular for winter sports in the Tignes ski resort. These last years, the
glacier retreated about 20 m per year and the lake rapidly grew to reach an area of 33 000 m2 at the end of the summer 2022. Faced with
this rapid expansion and having already been alerted about the potential risk situation by the IGE, the Tignes municipality expressed the

need to study the risk induced by this emerging lake.

Figure 4: The Rosolin lake in (left) 2019 and (right) in 2022. Orthophotographies from the IGN.

Since its appearance, the lake outlet is located on a bedrock where the failure risk appears negligible. However, the east bank is dammed
by an ice dome approximately 600 m long and 20 to 30 m high above the water surface in 2022. The glacier thickness, and therefore the
bedrock position under the glacier, were partially known with GPR data acquired in 2011 and 2014. Thanks to this essential data, the sce-
nario of a GLOF through an ice tunnel was considered as possible. However, considering that the mass of ice was still important, a sudden

failure of the dam was discarded.

In May 2023, a first risk assessment was presented by the ONF-RTM (RTM, 2023) department to local authorities. From upstream to down-
stream, the issues identified in relation to the risk of flooding are the ski resort facilities and the village of Val Claret located at 2.5 km from
the glacier (alt. 2 105 m). Despite these worrying informations, one major element of risk assessment was missing and was still not resolved:

what was the probability of a such a scenario?

Rapidly, a steering committee was set up. In June 2023, new GPR data were acquired by the IGE to precise the bedrock topography beneath
the glacier. Using experimental GPR measurements on the frozen lake, combined with sampling, the IGE (2023b) estimated the volume to
be 150 000 m3. At the same time, while the probability of the risk was uncertain, the steering committee decided to investigate different
solutions to rapidly reduce the lake's volume during the summer. Technical, economic, and ecologic aspects were studied. The fastest and
most reliable solution was found to dig the existing outlet by about 6 m to reduce the lake volume. The work was carried out in 2 phases.
The first phase was rapidly initiated on July the 11th 2023 with the facilities of the ski resort (19-ton excavator). In the second phase, from
August 9th to September 14th 2023, work continued with an excavator and a bulldozer. A total of approximately 5 000 m3 of material was
excavated and spread to maintain an open landscape. At present, the lake still contains 20 000 to 40 000 m3 of water. This volume is bound

to increase over the next years and new work will probably be necessary as early as next year.
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Figure 5: Photography of the work that consists in lowering the outlet of the Rosolin lake by about 6 m.

DISCUSSION
The Bosson and the Rosolin lakes are representative of risks that are accelerated by climate change. The glaciers are moving so fast that
the problems are growing just as fast: in a few years, glacial lakes can go from non-existent to problematic. Even if these lakes are small

compared to internationally known lakes, the close proximity of the urbanized areas makes the problem a matter of concern.

In both situations, decisions had to be made by local authorities with high uncertainties regarding the occurrence of a GLOF and the quan-
tification of the phenomena. The lack of knowledge was particularly strong for the probability of occurrence, and no estimates were made.
Regarding the quantification of the phenomena, the main difficulties were related with assessing the drainage dynamic hence the flow rate.
Potential flow discharge were computed with empirical relationships showing large dispersion in the results (i.e. Clague & O’Connor, 2021).
GLOF modelling also depends on other parameters that are very difficult to predetermine (dynamics of the rupture, type of solid transport

generated, nature of the flows, etc.). The decisions were therefore made with a significant amount of uncertainty.

In both cases, a steering committee was rapidly set up. It is made up of local actors (elected representatives, technical services), government
representatives (departmental authority, public security, risk managers) and experts (glaciology researchers and natural hazard engineers).
This committee plays a major role in decision-making and was reassuring for making concerted decisions. Hundreds of thousands of euros
have been engaged to study the sites (monitoring, modelling, pre-project studies) and to conduct the work. From an economic point of

view, decisions were facilitated by substantial financial support from the French government.

Communication strategy was also a sensitive topic of discussion. It is necessary to inform people about a potential risk. The challenge was to
alert and convince people of the benefits of the work without excessively alarming the population. Carrying out work on glaciers, symbols
of markers of global warming, should be well justified. On the other hand, it was decided to maintain the inhabitants and activities of these
valleys as there was no obvious sign of an imminent risk. In the Rosolin and Bossons cases, the communication strategy was shared within
the steering committee. During initial study phases, the inhabitants were informed through local media (newspaper, information meeting).
Wider distribution of the information was done during the work phases. In the end, these situations did not lead to overly critical debates

about the intervention choices made.

Finally, the Bossons and Grande-Motte glaciers are at different stages. Bossons Lake has been completely drained and a potential GLOF is

today discarded. However, the main challenge to come is to adapt the Bossons torrent to its new watershed. This new hydrographic and
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hydrologic situation will induce permanent change on flood characteristics and may justify a review of the risk management strategy. Other
hydrological changes are (potentially) expected and may complicate decisions that need to be taken for long term perspectives. Concern-
ing the Rosolin Lake, the situation is different and long-term hydrologic changes are not a key issue for future risk assessment. However,
the Rosolin Lake is only partially drained. A definitive solution, which would involve digging a channel through the ice, has not yet been
decided because the mass of ice is still significant (600 m long and 20 m high). It is also known that the Grande-Motte glacier lies on karst
terrain. Some of the glacier's meltwater disappears in moulins visible on the glacier's surface. A recent field visit of these moulins confirms
that the karst terrain is relatively close to the lake and that a potential drainage solution could be found underground. Different management

strategies are now being studied and new decisions need to be made to manage the GLOF risk in the short term.

CONCLUSIONS

Two recent cases of GLOF risk management have been presented. We decided to share these experiences as they are particularly rare sit-
uations. With climate change, the glacial lakes of Rosolin and Bossons were found to be growing rapidly in the vicinity of urbanized areas.
Although knowledge of GLOF is increasing (Emmer et al., 2022), decisions have to be made in a context of high uncertainty, in sensitive
and mediated environments. The management of such situations has been carried out with the help of technical support (glaciologists,
natural hazards engineers, local technical services, companies specialized in mountain works), local decision-makers (elected officials and
representatives of local institutions) and with a strong support and a significant financial contribution from the French state to share concert-
ed decisions. Finally, it should be noted that both situations were reported thanks to observations from field scientists. Anticipation of risk
situations is important for the prevention of glacial hazards, given that changes can be rapid. The French Ministry of Ecology, responsible

for the prevention of natural hazards, is funding an action plan to assess the vulnerability of various catchment areas to glacial hazards.
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