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1 Introduction  
 
The 900 MW pump-storage plant of Nant de Drance has been under construction in the Valais region in the 
Southwest of Switzerland since 2009. The plant connects the two existing lakes of Vieux Emosson (upper reservoir, 
max. water level 2’225 m a.s.l. after heightening) and the lake of Emosson (lower reservoir, max. water level 1’930 
m a.s.l.) through two parallel tunnel and shafts systems, as follows: 2 concrete lined upstream pressure tunnels with a 
length of 255 meters, 2 concrete lined, 444 meter deep vertical shafts, the powerhouse cavern (194 x 30.5 x 52.7 m) 
with 6 reversible Francis pump-turbines and 2 downstream pressure tunnels of 1.23 km length till Lake Emosson. 
The first-filling of a plant is one of the most critical load cases for this type of structure. Hydraulic jacking, cracks 
and infiltrations are often the consequences if the filling of the tunnels and shafts is carried out too quickly. 
In the literature, few articles have analysed this subject, especially for large plants such as this one. 
This paper reviews the realization of the project Nant de Drance, the design features and the technical characteristics 
of the plant and outlines the first-filling with a special focus on the monitoring that was implemented. The 
noteworthier events and the response of the monitoring system are the main subjects of this article, with the aim of 
providing new knowledge which will be of practical use for similar future filling operations.  
 
2 The plant of Nant de Drance  

2.1 Construction and Main Characteristics of the Caverns and the Waterways 

A 3D-view of the NDD-hydropower scheme is shown in Fig. 1. The most relevant structures are presented in the 
following sections. 

 

 
Fig. 1: Caverns and waterways elements location in the Nant de Drance PSP Scheme.  



2.1.1 Caverns Upstream of the Vertical Shafts KSO – KDSV 

The design of the upper valve chamber, KSO, (built in 2011-2012) is a cavern of about 72x18x16 m (LxWxH).  Two 
butterfly valves with a bypass, bypass valves and maintenance valves were installed. For the installation of the 
hydromechanical equipment, additional space for the manoeuvres was required (crane). The excavation was executed 
by drilling and blasting. Encountered geological conditions were favourable: mainly gneiss (Lithology Orthogneiss - 
Massif des Aiguilles Rouges). During the excavation work, some minor water infiltrations were recorded some of 
which have persisted until today (August 2020).  

 
The two caverns named KDSV, built in 2011-2012, are two caverns of about 58x12x16 (LxWxH) each. Their main 
purpose is to provide access to the vertical shafts. A manhole is embedded in the concrete at the top of each shaft. 
The KDSV were excavated by drilling and blasting. The geological conditions were the same as those encountered 
during the excavation of the KSO. 
 

  
Fig. 2.: KDSV transition between steel lining (butterfly valve and elbow) and concrete lining (vertical shafts) (left); in red, long 

injection rings executed in the steel-lined section at the bottom of the vertical shaft, upstream of the powerhouse (right).  

2.1.2 Vertical Shafts DSV123 and DSV456 

The vertical shafts (DSV, built in 2013-2014) have an excavation diameter of 8 m and are more than 400 m high. 
The DSV were built using the Raise Boring method (a pilot borehole from the top to the bottom was drilled first, 
followed by a widening phase from bottom to top to 2.40 m and the final phase from top to bottom with drilling and 
blasting up to 8 m diameter). A 0.5-m thick concrete lining was built, leaving an internal diameter of 7 m. No 
particular treatment was undertaken to maximise the imperviousness of the two contact surfaces between steel lining 
and concrete lining, located at the top (el. 2’115 m a.s.l.) and at the bottom (el. 1’714 m a.s.l) of each shaft. During 
the excavation and construction phase, the geological conditions found were favourable and no major problems were 
encountered. 

 
In 2006, more than 5 years before the excavation of the DSV started, 5 vertical investigation core-borings were 
drilled, one of which, the 660 m deep TSB5 had the purpose to get familiar with the geomechanical and 
hydrogeological characteristics of the rock mass surrounding the DSV ahead of their construction (Fig. 3 left). The 
borehole was equipped with a piezometer and sealed at the top. Over the entire period prior to and during the 
construction, and especially also during the impounding of the upper reservoir and the first-filling of the waterway 
system, the piezometer provided useful data regarding the evolution of the ground water level (Fig. 3 right). 



 

 

Fig. 3: position of the investigation borehole TSB5 between the two vertical shafts DSV (left); evolution of the groundwater table 
in TSB5 in function of time since the beginning of real-time measurement (right).  

2.1.3 Headrace Penstock DSPO-VLO 

At the bottom of each vertical shaft, a headrace penstock (DSPO) guides the water towards a sequence of two 
bifurcators (VLO), before it reaches one of the six Francis pump-turbines. A grouting campaign was executed in the 
DSPO. The concept comprised three about 35 m long rings, executed at 5 m distance from each other (Fig. 4). 
Furthermore, each 3 m, 4-m deep consolidation grouting was carried out at the transition between rock and concrete. 
Finally contact grouting was also executed (transition between steel pipe and concrete lining).  
During the excavation and construction phase, the geological conditions found were favourable and no significant 
problems were encountered. 

 

  
Fig. 4: Penstock DSPO under construction (left); grout curtain in DSPO between BKOW and DSV (right).  

2.1.4 Assembly Cavern Downstream of the Vertical Shafts BKOW 

The BKOW (built in 2012) is a cavern of about 85x12x12 m (LxWxH). This cavern was used for assembly and 
erection of the steel lining of DSPO and VLO. During operation access to the head race penstock is provided by two 
a manhole to each of the DSPO and VLO. 

During the first-filling process, numerous measurements such as water infiltration flow, pH, conductivity and 
temperature were taken in the BKOW (see chapter 3.4). 



2.1.5 Downstream Pressure Tunnels DSU 

Following the tailrace penstocks (VLU-DSPU), two pressure tunnels DSU (built in 2013-2015) connect the 
Powerhouse cavern KMA with the lower reservoir of Emosson. The DSU were built with an internal diameter of 
7.70 m, a total length of 1’230 m and with an average slope of 11%. They cross the following caverns, two of which 
are also used as a permanent access to the tunnels: 

 BKUW (lower assembly cavern) –  closest to the powerhouse, equipped with a pressure door to inspect 
DSU123; the cavern was used for the tailrace penstock assembly and the excavation of the DSU. At the end 
of the construction phase, it was completely filled with concrete. 

 BDSU3 – just upstream the downstream gate chamber (KSU). Equipped with a pressure door (BDSU2) to 
inspect DSU456. At the end of the construction phase, it was completely filled with concrete. 

 KSU – lower gate chamber located close to Lake Emosson, housing the gates and by-passes. 
 

2.1.6 Construction and Main Characteristics of the Powerhouse Cavern (KMA) and the Transformer 
Cavern (KTR)  

Extensive geomechanical investigations using the 5 core-boring drills in depths below terrain surface of up to 660 m, 
including hydraulic fracturing testing, allowed to create a detailed model of the in-situ rock mass conditions in the 
region of the KMA and KTR caverns (located at around 600 m overburden). The results of the investigations were 
used in the design of the caverns. 

 

 

 
Fig. 5: Support system and the excavation stages of KMA cavern (left). Formwork of the roof arch (top right) and parallel 

excavation works (bottom right). 

The excavation works for both caverns began in August 2011, and encompassed nine stages, from the top to the 
bottom of the cavern. During each stage, the excavation consisted in 3 to 4 different phases. The observational 
method was consistently used during construction and the observations back analysed so as to improve the models 
and the measures taken during construction, such as the type of temporary support and the spacing of rock bolts. To 
this end, five cross-sections of the KMA cavern were equipped with convergence measurement points (punctual 
measurement, at regular intervals) and three cross-sections were equipped with extensometers (continuous 
measurement (the extensometer measurements have also been regularly analysed during the first-filling phase). 
During excavation, individual water inflow discharges from fractures were very low (below 0.1 l/s), in line with 
predictions.  
The first construction stage consisted in excavating the vault area, by drilling and blasting, using shotcrete and rock 
bolts for temporary support. From autumn 2012 to spring 2013, the concrete works on the final roof vault were 



performed, and construction started on the support beams (which would eventually support the vaulted roof and the 
construction-stage workshop crane) and the anchors supporting the support beams during construction. Once this 
first stage was completed, the excavation of the cavern started and took place in 8 further steps. 
 
In total, a volume of 235 000 m3 of rock was excavated between August 2011 and March 2014 for the KMA. For the 
KTR, the corresponding volume was 24 000 m3. 
The concrete works in both caverns began as soon as excavation works were finished and lasted until April 2015 
(KTR) respectively August 2016 (KMA). In total, over 60'000 m3 of concrete were batched on site for the 
construction of the KMA cavern. 

 
3 Preparation of the First-Filling and Monitoring 
 

3.1 First-Filling Procedure 

The first-filling procedure, carried out considering the technical and hydrogeological requirements of the structures 
as well as the commissioning phases of the plant, comprises 5 different phases:  
Phase 1: Filling of the first waterway system up to the level of the lower reservoir level; 
Phase 2: Filling of the second waterway system to the level of the lower reservoir level; 
Phase 3: Complete filling of both systems in parallel, i.e. up to the level of the upper reservoir; 
Phase 4: Partially re-emptying of the second system down to the level of the lower reservoir level; 
Phase 5: Complete refilling of the second system to the level of the upper reservoir. 
 
The maximum filling velocities, based on past experiences, were: 

 Shafts: 10 m head/h, with a saturation break of 12 hours every 100 m; 
 Downstream tunnels: 1.5 m head/h.  

 
In the period between Phases 1 and 2 and phases 4 and 5, partially critical situations were reached for the structure, 
which culminated in a state with one shaft partly full and one empty and one shaft full and one partly full, 
respectively. 

3.2 Monitoring 

The monitoring concept for the first-filling and emptying of the waterways involved several engineering companies. 
AF-Consult Switzerland Ltd. (now AFRY Switzerland Ltd.) was responsible for the coordination of the whole 
operation, while BG Consulting Engineers Ltd. was in charge of the concept for the KMA and KTR caverns and 
Pöyry Switzerland Ltd. (now AFRY Switzerland Ltd.) was in charge of the concept for the waterways and other 
underground structures (most notably the BKOW cavern). 
 
The goals of the monitoring concept were: 

 To detect any anomalies in the system and to analyse local and global responses of the various structural 
components; 

 To minimize the risk of incidents that can endanger the safety of people or damage parts of the system and 
its structural integrity; 

 To give a feedback and to define recommendations for filling and emptying during operation. 
 
The monitoring concept was structured into three levels which are closely correlated: 

1) Infiltration flow and conductivity measurements at predefined locations of the hydropower scheme, carried 
out since March 2012 by the project hydrogeologists; 

2) Monitoring of the convergence of the various caverns, in particular the main powerhouse cavern (KMA) 
and the assembly cavern just downstream of the vertical shaft (BKOW); 

3) Special measurements related to the first-filling (flow + pressure) and visual inspections. Visual 
observations remain a critical element of a monitoring campaign, as they allowed the detection of the 
majority of the extraordinary events. 
 



3.3 Monitoring Convergence Concept for the Different Caverns: BKOW, KSO, KMA and KTR 

3.3.1 Monitoring Concept for Downstream Shafts’ Cavern (BKOW) and Upper Valve Chamber (KSO) 

The final monitoring concept includes the following instrumentation in the BKOW and the KSO: 
 BKOW: Geomonitoring of 7 sections with an automatic theodolite; 
 KSO: Geomonitoring (manual measurement). 

 
As the BKOW is considered one of the most sensitive areas, the implemented geomonitoring which was installed 
during the construction phase and is still ongoing and delivering measurements, allows to transmit the information 
over a web-based platform, where the data can be analysed in real-time.  
The measurements are transmitted and simple, visual analysis-tools allow to take quick action if needed.  

3.3.2 Monitoring Concept for Powerhouse Cavern (KMA) and Transform Cavern (KTR) 

First of all, a site visit was conducted to ascertain the current state of the two caverns, in particular with regard to 
existing instrumentation, concrete cracks and water inflows and humidity. 
 
The final monitoring concept includes the following instrumentation in the KMA: 

 21 extensometers (3 cross-sections with 7 extensometers each; each extensometer takes measures at the 
following depths: 4 m, 8 m, 12 m and 16 m); 

 9 sensors for measuring the temperature and humidity in the cavern; 
 Pendula on the northern cavern gable wall; 
 Laser scan observations of three vaults and the upstream niche of the KMA; 

 
The measurements are centralised by the site engineers, transmitted and analysed rapidly, allowing to take quick 
action if the need arises. Intermediate reports are produced at regular intervals to formalise the monitoring process. 

3.3.3 Thresholds Values and Interval of the Measurements 

For each of these measurements and the others flow and pressure measurements (see chapter 3.4) the concepts define 
warning, alarm and intervention thresholds as well as measurement intervals. The latter could be adapted depending 
on the evolution of the response to the first-filling process. Measures to be taken after reaching the thresholds were 
also defined in the concepts. 

3.4 Special Measurements Related to the First-Filling and Inspection Tours 

Starting from the available data and considering the monitoring concept for the different caverns, 14 monitoring-
points were implemented on site (see Fig. 6) and inspection tours were carried out respecting the following intervals: 

 Every 4 hours during the filling activity and the day after the end of each phase; 
 Twice a week from one week after the end of each phase onwards. 

 
Visual inspections were conducted by the site supervision team and summarised in reports sent to key stakeholders. 
During these inspections, water inflow discharges were estimated at various locations and changes in behaviour was 
taken note of and analysed. 

Table 1 - Points of the inspection tours 
Nr. Site Structure Inspection / Measure  Nr. Site Structure Inspection / Measure 

1 KMA, valves Visual  8 BKOW Visual 

2 KMA, lowest room Visual  9 KTR Visual 

3 
KMA, drainage 
channel 

Flow, conductivity, pH, 
temperature 

 
10 KMA, vault Visual 

4 BKOW 
Total outflow, conductivity, pH, 
temperature 

 
11 KMA, upstream niche Visual 

5 DSPO123 
Inflow empty shaft 123: flow, 
conductivity, pH, temperature 

 
12 

Pressure door 
DSU123 

Visual, flow, pH, temperature 

6 BKOW Visual 
 

13 
Pressure door 
DSU456, KSU 

Visual 

7 DSPO456 
Inflow empty shaft 456: flow, 
conductivity, pH, temperature 

 
14 KSO, KDSV Visual  



 

 
Fig. 6: Map showing the points of the inspection tours (points 5 and 7 until the beginning of phase 1, respectively phase 2). 

In addition, other automatic parameters were continuously measured and analysed: 
 Total outflow of the site; 
 Outflow out of the upper valve chamber KSO/KDSV; 
 Deformation of the assembly cavern downstream of the vertical shafts BKOW (see chapter 2.1.4); 
 Pressure in borehole TSB5 between the 2 vertical shafts (see chapter 2.1.2); 

 Pressure exerted on the lining of the shafts via piezometer installed between lining and rock. 
 
4 First-Filling 
 
The first-filling phase of the water conveyance systems of Nant de Drance started on 25 November 2019 and 
finished on 16 July 2020.  
In the following chapters significant events for each phase are reported and analysed in detail.  
 
The shift between the curves (especially for the downstream tunnels) in Fig. 7 are also due to the behaviour and the 
first tests of the commissioning equipment (not treated in this paper). 

 
Fig. 7: First-filling: phase 1 (left) and phase 2 (right). 



4.1 Phase 1: Filling of the First System up to the Level of the Lower Reservoir Level 

Phase 1 of the first-filling started on 25 November 2019 and finished on 10 December 2019 at water level 1’920 m 
a.s.l. with the equalization of the pressure with the lower reservoir level (see Fig. 7). This pressure was kept until the 
beginning of phase 3. 

4.1.1 Assembly Cavern Downstream of the Vertical Shafts (BKOW) 

Immediately after exceeding a water level of about 1’800 m a.s.l., i.e. about 85 m above the lower transition concrete 
-steel (1’714 m a.s.l.), different water spots appeared on the upstream face of the BKOW cavern around the 
DSPO123 (see Fig. 8). The observed increase of the infiltrations was well correlated to the increase of the pressure in 
the shaft and reached a maximum value of 2.7 l/s at the end of this filling-phase (see Fig. 13). In addition to the 
increased outflow, the conductivity and the pH measured values were also relatively high. The cause was most likely 
the massive grout curtains executed during construction (see chapter 2.1.3), from which part of the cement were 
washed out by water flowing through the previously dry cracks.  
For safety reasons, the average filling rate was reduced to 7 m/h, as opposed to the 10 m/h initially foreseen. 
As expected, after the end of Phase 1, the size of the water spots and the infiltrations diminished continuously, most 
probably due to clogging of the seepage paths of the water (see Fig. 13).  
Concerning the area downstream of the second shaft, no changes were detected during this phase; the area remained 
completely dry and the measured inflow into the empty shaft (point 7 of the inspection tours – see chapter 3.4) 
remained completely unaffected by the fact that the first shaft was partially filled with water, leading to the 
conclusion that with this pressure difference (230 m) and up to a water level 1’920 m a.s.l., the two shafts remain 
absolutely independent from each other from a hydrogeological point of view. 

  
Fig. 8: Water spots: before the filling (left), 2 days after the end (center) and 45 days after the end of the 1st phase (right). 

4.1.2 Pressure Door First Downstream Pressure Tunnel (BDSU1-DSU123) 

Immediately after the water level in the DSU123 reached the pressure door of the downstream tunnel DSU123, some 
leakages appeared through the concrete plug surrounding the door. The monitoring team installed a leakage flow 
measurement system in order to quantify the losses as well as the pH and the conductivity.  
As expected, the infiltrations increased with pressure. Once DSU123 was completely filled, the situation stabilized. 
Moreover, pH and conductivity values remained low.  

  
Fig. 9: Infiltrations at the pressure door, first moments (left) and after 1 month (right) – outward movement of the infiltrations. 



4.1.3 Leakage from DSU123 to (empty) DSU456 through Assembly Caverns BKUW and BDSU3 

On 28 November 2019 a significant increase of infiltration water was detected by the monitoring team in the 
drainage channel of the Powerhouse Cavern (point 3 of the inspection tours – see chapter 3.4). The flow, about 2-3 
l/s before the filling started, reached 12 l/s after 3 days. The reason was a major loss through the two concrete-filled 
caverns BKUW and BDSU3, which had formed a connection between the DSU (see chapter 2.1.5). On 10 
December, due to the increase of the pressure in DSU123 (1’920 m a.s.l. against 1’708.5 m a.s.l. – approximately 21 
bar), the water losses reached 50-55 l/s, a value that then stabilised and subsequently decreased due to the annual 
decrease of the Emosson reservoir level. On 9 March 2020, immediately before the start of the 2nd filling-phase, with 
a reservoir level of 1’879.8 m a.s.l., the infiltrations were 43 l/s.  

  
Fig. 10. Infiltrations detected on 28.11.19 at the filled connection between the tunnels (left), situation at block 18 (BKUW) of the 

empty downstream pressure tunnel (right). 

4.1.4 Powerhouse (KMA) and Transformer Caverns (KTR) 

During this phase, most the powerhouse cavern and the transformer cavern remained dry.  
No significant deformations were detected in the powerhouse cavern. 
 

Table 2 – Main changes during the phase 1  

Site Structure Situation Actions taken 

BKOW 
Infiltrations and higher 
values of pH & 
conductivity. 

Reduction of the filling rate to 7 m/h. 
Increased surveillance (reduction of the interval between inspections 
tours). 

Pressure door DSU123 Infiltrations. 

Increased surveillance, installation of an outflow measurement. As the 
situation was stable during months, a small injections campaign was 
done in March 2020. This campaign reduced the infiltrations to very 
negligible values. 

Downstream pressure 
tunnel (BKUW/DSU456) 

Infiltrations trough the 
two-connecting 
concrete-filled caverns. 

Increased surveillance (point 3 inspection tours – chapter 3.4).  

4.2 Phase 2: Filling of the Second Water Conveyance System to the Lower Reservoir Level 

The phase 2 of the first-filling started on 9 March 2020 and finished on 12 March 2020 with the equalization of the 
pressure between the second system and the lower reservoir level (1’879.5 m a.s.l. at that moment – see Fig. 7). This 
pressure was kept until the beginning of Phase 3.  

4.2.1 Assembly Cavern Downstream of the Vertical Shafts (BKOW) 

As expected, the same behaviour as during the first phase appeared along the upstream wall of the cavern, around the 
second pipe (see Fig. 8). Once again, the situation changed rapidly starting when the water level in the vertical shaft 
reached an elevation of 1’800 m a.s.l. The infiltrations reached a peak of 1.7 l/s, then, as expected, they slowly 
decreased with time. 
Concerning the area downstream the first shaft, no changes were observed during this phase; wet spots remained the 
same, leading to the conclusion that up to this level, i.e. to about 1’900 m a.s.l., no interaction between shafts is 
taking place in hydrogeological terms.  



4.2.2 Pressure Door Second Downstream Pressure Tunnel (BDSU2-DSU456) 

As expected the same behaviour noted during the first phase (see chapter 4.1.2) was observed at the position of the 
second pressure door. However, since this pressure door is higher than the first (1’760 m a.s.l. against 1’715 m a.s.l.), 
the pressure that acts on the door is lower, and possibly also because of a higher imperviousness of the backfilling 
concrete, the infiltrations are significantly lower.  

4.2.3 Powerhouse (KMA) and Transformer Caverns (KTR)  

A few days after the end of the filling of DSU456, some humid areas and infiltration appeared in the transformer 
cavern (KTR), especially in the vault and at the lowest point, known as the “cable cellar”.  
The 1st phase of the filling, with the pressurization of the first downstream tunnel (DSU123), did not cause any 
significant changes to this cavern. It was therefore possible to conclude, in a first analysis, that this part of the rock 
mass most likely contains more fractures.  
Some more water was seen seeping into the KMA through cracks in the concrete. Spots with small jets were also 
observed and were treated with local grouting.  
No significant deformation was detected in the powerhouse cavern during this phase. 
 

  
Fig. 11. Infiltrations detected in the vault of the transformer cavern upon/following the filling of the second downstream tunnel. 

 
Table 3 – Main changes during the phase 2  

Site Structure Situation Actions taken 

BKOW 
Infiltrations and higher values 
of PH and conductivity. 

Increased surveillance (reduction of the interval of the 
inspections tours).  

Pressure door DSU456  Infiltrations. Increased surveillance. 

KTR 
Infiltrations especially on the 
vault. 

Increased surveillance. 

4.3 Phase 3: Complete Filling of both Systems in Parallel, i.e. up to the Level of Vieux Emosson 

Phase 3 of the first-filling started on 14 April 2020 and finished on 30 April 2020 with the equalization of the 
pressure of both systems with the higher reservoir level (at 2’225 m a.s.l. at that moment – see Fig. 12). This pressure 
was kept until the beginning of Phase 4.  
Phase 3 was considered the most critical one during the filling process, due to the fact that max. hydrostatic pressure 
was reached for the first time. 

4.3.1 Assembly Cavern Downstream of the Vertical Shafts (BKOW) 

As already performed in the first two phases, special surveillance was undertaken inside the BKOW. 
The inflow into the cavern increased significantly and abruptly, though always in correlation with the increase of the 
pressure in the shafts. The monitoring team also noticed a difference between the infiltrations quantities coming from 
the two shafts, with the second shaft DSV456 causing higher inflow than DSV123.  
After 3 days, on 16.04.20 at 15:00, with a level of 2’090 m a.s.l., the 3rd phase of the filling was paused, in order to 
cautiously analyse the evolution of the flow rates (see also Fig. 13). 



During the night from 17 to 18 April, without any changes of the shafts’ level, a sudden increase of the infiltrations 
(+4 l/s) was detected by the monitoring team. The cause of this increase was linked to leakages in the zone of the 
second shaft DSV456. The reason of this increase may be linked to the activation of an additional seepage path. 
Due to the different reactions of the 2 shafts and in agreement with the team of experts, the filling starting from level 
2’090 m a.s.l., was continued separately (see Fig. 12 and Table 4). 

 

Table 4 – Increase total outflow in BKOW considering a 
separate filling, starting from the level 2’090 m a.s.l. 

Shaft 
Upstream valves cavern (2’142 m a.s.l.) 

Date Increase outflow BKOW [l/s] 

DSV123 23 April ≈ + 0.7 l/s 

DSV456 24 April ≈ + 3.3 l/s 

Completely pressurized (2'225 m a.s.l.) 

Shaft Date Increase outflow BKOW [l/s] 

DSV123 27 April ≈ + 1.2 l/s 

DSV456 30 April ≈ + 4.0 l/s 
 

Fig. 12. First-filling: phase 3. 

As can be seen the leakages are divided as follows: DSV123 = 20-25%; DSV456 = 75-80%. 
The difference is most likely explained by the longer saturation break of the first shaft between Phase 1 and the 
beginning of the Phase 3. 
After completing Phase 3, increased surveillance was maintained for several months. 

4.3.2 Assembly Cavern Upstream of the Vertical Shaft KDSV123 and KDSV456 

When the pressure reached the level of the higher reservoir level, some inflow occured in both KDSV. On 27 April, 
2.0 – 2.5 l/s were measured after completing the filling in KDSV123. 3 days later, on 30 April, a similar observation 
could be made in KDSV456. These infiltrations stabilized immediately after the end of the filling. 

4.3.3 Powerhouse (KMA) and Transformer Caverns (KTR) 

The transformer cavern has become much drier after the downstream pressure tunnel DSU456 was completely empty 
(due to a problem with a valve, emptying had to be started on 6 April; it finished on 9 April 2020). In addition, 
infiltrations in the powerhouse cavern, at level -4 near the second system (456) stopped during this phase, even 
though the second vertical shaft (DSV456), after the end of the phase 3, remained completely full. This clearly 
indicates that the infiltrations in these areas came from the second downstream gallery (DSU456). The team of 
experts came to the conclusion that if the infiltrations reappeared once DSU456 would be filled again, remedial 
works might have to be implemented to protect electrical equipment from the water. 
There were no significant changes during this phase in the powerhouse and the transformer cavern. 
 

Table 5 – Main changes during the phase 3  

Site Structure Situation Actions taken 

BKOW Infiltrations. 
On 16.04 stop filling at the level of 2’090 m a.s.l. for 1 week. 
Increased surveillance. Start studying options for injection 
campaigns to reduce the leakages. 

 KDSVs  Infiltrations. 
Increased surveillance. Injections tests immediately after the 4th 
phase (partially emptying of the 2nd shaft). 

4.4 Phase 4 and 5: Partial Emptying of the Second Shaft up to the Level of Emosson and Complete 
Refilling 

Phase 4 of the first-filling started on 22 June 2020 and finished on 25 June 2020 with the equalization of the pressure 
of the second shaft with the lower reservoir (at 1’903 m a.s.l. at that moment – see Fig. 15).  
During this process, the downstream tunnel DSU456 was filled again, after having been empty since 9 April 2020. 
Phase 5 began on 13 July 2020 and finished on 16 July 2020 after the complete refilling of the second shaft. 
As the pressure level of shaft DSV123 remained constant (2’225 m a.s.l.), these two phases are analysed 
simultaneously, given that the occurred changes have been strictly correlated. 



4.4.1 Assembly Cavern Downstream of the Vertical Shafts (BKOW) 

As expected, with lowering of pressure in the vertical shaft, the infiltrations in BKOW decreased. Again, DSV123, 
and in general the zone of the first system, remained stable without any changes. 
During refilling, the water losses increased again, reaching practically the same magnitude as after the completion of 
Phase 3 (see Fig. 13). 
 

 
Fig. 13. Infiltrations of the BKOW related to the level of the shafts, pressure in the borehole between the shafts. 

 
 
 

 

Fig. 14: Total outflow BKOW during the 3rd, 4th and 5th phase with 
DSV123 at 2’225 m a.s.l.. 

Fig. 15: Interaction DSV456/pressure borehole TSB5. 

 
 
 
 



4.4.2 Assembly Cavern Upstream of the Vertical Shaft (KDSV456) 

As expected, when the water level dropped below the cavern of the upstream valves, infiltrations disappeared. As 
planned during the Phase 3, a small injection test campaign was performed in KDSV456 to reduce the water losses. 
However, after the refilling of DSV456, the situation of the infiltrations worsened again, and the flow quantities were 
approximately the same again after Phase 3, around 2.0 – 2.5 l/s. The test allowed to confirm that for the injection 
campaign to be efficient, it is necessary to empty the shaft well below the elevation of the floor of the KDSV. 

4.4.3 Pressure in the Borehole Between the two Vertical Shafts (TSB5) 

Up to Phase 3 of the first-filling, no clear interaction between the water level in the borehole and the pressure in the 
shafts could be determined. However, as soon as the max. level of the two shafts was reached (2’225 m a.s.l. - end of 
Phase 3 on 30 April 2020), an increase of 10 m in the water level of the borehole was observed over a period of 
approximately 1 month (see Fig. 13). The pressure values reached were the highest since 2017. In conclusion, as the 
pressure levels in the shafts reach the level of the upper reservoir, an impact of the filling on TSB5 becomes 
apparent. As the permeability of the rock mass is low, the effect was not / is not immediate: slowly the water 
percolates from the shafts to the TSB5 in the unsaturated zone and the load levels tend to equalize, with an effect of 
cone of depression; the further away from the shafts the more the level reaches the natural load level of the aquifer. 
However, during the 4th and 5th filling-phase, the reaction of the pressure in the TSB5 was small but practically 
instantaneous (see Fig. 15): 

 Phase 4: immediately after the beginning of the partial emptying of the second shaft, the pressure in the 
borehole reacted. The pressure drop was relatively small, about 7 m, but clearly correlated to the reduction 
of pressure in the shaft DSV456. It is also interesting to remark that the pressure in the borehole was 
affected up to a level of the DSV456 of approximately 2’000 m a.s.l. (see Fig. 15). 

 Phase 5: During the refilling of the 2nd shaft, the same behaviour was detected in opposite direction, with an 
increase in pressure (approximately 4 m) due to the increase of pressure in DSV456. Again, the interaction 
started at a level of about 2’000 m a.s.l. (see Fig. 15). 

The behaviour of the pressure in the borehole TSB5 can be explained as follows: 
 The stabilization around the 2’000 m a.s.l. can be explained by the piezometric line connecting the two 

lakes. The drainage effect of the caverns and the underground galleries is not sufficient to lower the water 
level down to the invert of the KMA. 

 There is a transfer of pressure which takes place instantaneously, at significant pressure difference, between 
the shaft and the borehole TSB5 (hydraulic link). However, as the permeability of the rock mass is very 
low, the flows rates are also very low, but are sufficient to fill or empty the small volume of the TSB5 
borehole relatively quickly, though without any significant short-term effect for the shafts.  

In the case of a situation with one shaft full and one empty during the operation phase of the plant, it is proposed to 
strictly monitor the variation of pressure in TSB5, if possible together with the infiltration into the empty shaft. 

4.4.4 Powerhouse (KMA) and Transformer Caverns (KTR) 

After the downstream pressure tunnel DSU456 was filled again during the Filling-Phase 4, some of the water 
puddles in the KMA which had disappeared in April reappeared. The same behaviour was observed in the KTR 
where a plastic sheeting was installed to protect sensitive equipment, as well as to collect the water dropping from 
the cavern ceiling in order to guide it to the plant’s drainage system.  
No significant deformation was detected in the KMA during this phase. 

 
Fig. 16. Transformer cavern: water falling from the ceiling (left), measures to protect sensitive equipment (center and right). 



 
Table 6 – Main changes during phases 4 and 5  

Site Structure Situation Actions taken 
BKOW Infiltrations. Increased surveillance. 

KDSV456 Infiltrations. 
Increased surveillance. Injections tests immediately after the 4th 
phase. However, no significant results were obtained. 

KTR Infiltrations. 
Increased surveillance. Protective measures for the sensitive 
equipment. 

Pressure borehole TSB5 Interaction DSV456-TSB5. 
Increased surveillance and analysis behaviour compared to 
previous years (see chapter 4.4.3). 

 

5 Conclusions and Recommendations for the Operation Phase of the Nant de Drance 
PSPP 
 For the vertical shafts, the filling rate of 10 m head/h with saturation breaks of 12 hours every 100 m, is 

relevant. During plant operation, every time one of the two shafts or both will be emptied or filled, 
monitoring of the assembly cavern downstream of the shafts (visual inspections, flow, pH and conductivity) 
is mandatory. 

 The initially defined filling rate of 1.5 m head/h in the downstream pressure tunnels DSU was considered 
being conservative and relevant in terms of duration of the emptying- and filling-process. As no major 
incident except the infiltration through the two connecting, concrete-filled caverns (considered irrelevant 
during normal plant-operation), were detected (see chapter 4.1.3), and given the much lower pressures at the 
downstream side of the hydropower scheme, a filling/emptying rate of 4 m/h is acceptable.  

 During the first-filling phase, no interaction between the shafts was observed. For the critical phase, i.e. the 
situation with one shaft full and the other completely empty, a special monitoring system must be 
implemented. In fact, although no dependency between shafts was observed, the interaction between the 
borehole TSB5, located between the shafts, and the second shaft was clearly observed at higher shaft 
pressure levels. 

 
6 Lessons Learned 
The following lessons were learned from the first-filling of the PSPP of Nant de Drance: 

 Close coordination and collaboration between all parties and stakeholders (Owner, Contractors, Engineers, 
Geologists and Safety Officers) must be achieved and maintained before the beginning of the first-filling 
procedure. In addition, during the monitoring period, a reliable system of transmission of information – 
ideally in real time – needs to be implemented in order to manage and monitor the large number of 
parameters during the filling process in the best possible way both technically and economically. 

 Most likely the long period of time between the end of Phase 1 and the start of Phase 3, has led to a 
situation with a much more impervious lower part of vertical shaft DSV123 compared to DSV456. In fact, 
at the end of the first-filling, the infiltrations are approximately distributed as follows: 25% coming from 
DSV123, 75% coming from DSV456. In addition, this long pause has allowed to take into account the 
lessons learned up to that moment, adapt the monitoring system as required, etc. Hence, if the 
commissioning phase of a hydropower plant allows it, a prolonged break is doubtlessly technically and 
economically favorable. 

 Borehole TSB5 allowed to obtain useful information regarding the evolution of the groundwater table, both 
during construction and during the first-filling of the waterway system; thanks to its short distance from the 
vertical shafts, potential interaction between the shafts can be detected very quickly. 

 The experience made so far and the current knowledge acquired in the process of first-filling of the NDD 
PSPP allows the conclusion that the system presents two “weak points”, namely the two contact zones 
where the steel lining goes over into a concrete lining (or vice versa – see chapter 2.1.2). It appears that 
these areas, of large dimensions and difficult to access during the operation phase need special treatment 
aiming at maximizing their water tightness. 
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