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1. Project initiation 

At the Jungfraujoch atmospheric research station, the current main 
inlet for trace gas observations was installed in 1994 next to the 
sphinx cupola, about 5 m above the upper research platform and 
about 10 m above the tourist platform (Photograph 1). It is a heated 
stainless steel inlet reaching approximately 2 m above the labora-
tory roof with an inner diameter (ID) of 90 mm and a very high flow 
rate of 50 m3 h−1. The air stream temperature at the lower end of 
the main manifold is kept at 10 °C. In the laboratory, the inlet is 
equipped with a manifold, where individual instruments draw 
sample air. About 10 years ago, it was realized that local emissions 
from the nearby tourist infrastructure are occasionally contami-
nating the atmospheric samples.  

 

Photograph 1. Preexisting air inlets at Jungfraujoch: Left) Main air 
inlet for trace gases next to Sphinx cupola. Right) Inlet for aerosols. 
Both inlets remain active. Photographs: left, Empa, right, M. 
Vollmer. 

2. Preliminary inlet system 

Thus, in August 2012, a custom-built air inlet (called 2012-Mönch 
inlet) was placed to the end of the ridge, ~30 m NE of the tourist 
platform (Photograph 2). The inlet served for halocarbon measure-
ments (HALCLIM / CLIMGAS-CH projects) and eliminated the signi-
ficant contaminations of the hydrochlorofluorocarbons (HCFCs) 
HCFC-22 and HCFC-142b that were previously observed at the main 
cupola inlet system.  

 

Photograph 2. Aerial view of Jungfraujoch from north. The main air 
inlet is positioned ~1 m to the left of the cupola (solid arrow). The 
2012-Mönch inlet is visible as a small structure in the snow to the 
very left at the edge of the ridge (dashed arrow). It was replaced by 
the 2020 inlet at the same location. Photograph: Jungfrau Railways. 

In its latest design, the 2020-Mönch inlet consisted of a cone-
shaped aluminum head which held the sampling tube in place (no 
filters used), and which was protected by a reversed aluminum cup. 
It was mounted on a vertical bar, fixed in the rock, and extended to 
about 1.5 m above the rocky ground to prevent the inlet cup from 
being covered in snow. The sampling tube (1/2" OD Synflex 1300) 
was unprotected and unheated, and led along the ridge and under 
the tourist platform to the N-facing wall of the Sphinx, from where 
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it extended vertically and through the pump room exhaust pipe into 
the laboratory on the 2nd floor. Overall, this inlet system allowed 
meaningful measurements of HCFC-22 and HCFC-142b. However, 
occasional difficulties arose, such as physical damage and snow up, 
the latter leading to depletion of halogenated compounds (mainly 
CH3Cl and CH3Br) or complete clogging by snow and ice.  

3. Project description 

In 2019, the need for an improved, heated inlet system and 
additional sampling lines led to the design of the new 2020 inlet. 
This new system consists of three heated bundles of three sampling 
tubes each in a flexible pipe for physical protection. 

All air sampling tubes were originally ~100 m long. Seven of them 
are SERTOflex (12 mm OD, 8.1 mm ID, Serto AG, Frauenfeld, 
Switzerland), which is of identical structure than Decabon / Synflex 
1300, with an innermost ethylene copolymer coating on a slit 
overlapping aluminum layer, and an outer high-density polyethy-
lene jacket. One tube is made of perfluoroalkoxy alkane (PFA) 
polymers (12 mm OD, 10 mm ID, purchased at PKM SA, Lyss, 
Switzerland; manufacturer: Camitec, Recklinghausen, Germany), 
and the last tube is an antistatic polytetrafluoroethylene (PTFE) 
tube (12 mm OD, 10 mm ID) (purchased at Walter Krebs Labor-
technik + Handel, Maintal, Germany; manufacturer: Bola). The 
latter two were added for sampling of reactive gases (PFA) and 
aerosols (antistatic PFTE). 

Bundles of 2 × 3 SERTOflex tubes and one with the remaining three 
tubes were assembled to heated bundles (Bundles, A, B, and C, 
respectively) at Hillesheim GmbH (Waghäusel, Germany). Three 
tubes and a self-regulating heating band (HBR-Illw-10) were 
wrapped with a steel mesh for improved heat conduction, followed 
by an insulation layer, and covered with a polyamide (PA6) mesh 
(Photograph 3). Two PT-100 temperature sensors were originally 
installed after about 20 m and 80 m in each bundle. The bundles 
are protected by a flexible corrugated polyamide tube (Hillesheim, 
PA12, 54.1 mm OD). The heated end at the inlet side is sealed to 
prevent humidity from entering the bundles. At this end, the 
polyamide mesh covering heating tape, tubes and insulation form 
a sling to facilitate the installation on the rock. The bundles weigh 
each about 100 kg.  

       

Photograph 3. Details for heated bundles. Left) Heating band (light 
blue), metal mesh, and insulating tissue (white) for one bundle of 
three tubes. Right) PT-100 sensors. Photographs: M. Vollmer. 

Further protection is provided by a polyethylene high-density 
(PEHD) corrugated pipe (Mauderli, Schachen, Switzerland, UG-
Agroplast SN4, DN 150, 0.96 kg m−1) with 140 mm ID, 160 mm OD.  

4. Assemblage and Transport 

The Covid-19 pandemic caused largely reduced tourist traffic, 
allowing for the use of the Grindelwald Grund tourist bus parking 
lot for insertion of the three bundles into the protective pipe 
(Photograph 4). The bundles were individually marked at 1 m 
intervals with colored tape. In addition to the three bundles, an 
electrical power cable (3 × 2.5 mm2) and an additional pulling rope 
were inserted into the pipe. The entire tube/pipe assemblage 
(~400 kg) was coiled and transported to the Jungfraujoch tourist 
platform by helicopter (Photograph 4).  

       

Photograph 4. Assemblage and transport of the air inlet tubing: 
Left) Insertion of three bundles of heated tubing into protective pipe 
at the Grindelwald Grund tourist bus parking lot (photograph 
M. Vollmer). Right) Transport of coiled assemblage to Jungfraujoch 
(photograph: R. Käser). 

5. Installation 

Installation of the inlet line assemblage was conducted by Rock Tec 
(Schattenhalb, Switzerland) on 6/7 May 2020, in collaboration with 
employees of the Jungfrau Railways, Empa scientists, HFSJG 
research station personnel, and others. The projected path for the 
tubing is shown in Photograph 5. 

 

Photograph 5. Projected routing for the assemblage consisting of 
the protective pipe with the nine inlet tubes. Photograph: Rock Tec. 
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The inlet-side was drawn onto the ridge extending NE from the 
tourist platform (Photograph 6) and secured to the rock with 
clamps (Photograph 7). Following this, the building-side end was 
uncoiled and fitted onto the T-beams underneath the tourist 
platform. Next, the inlet line assemblage was fed into the building 
through a core-drilled hole into the Sphinx basement room ad-
jacent to the door-accessible upper part of the old elevator shaft 
(Photograph 8).  

The protective pipe was removed from the indoor section, leaving 
~75 m of protected outdoor pipe. There is a pipe union at 50 m 
from the inlet, connecting the two individual pipe sections. 

 

Photograph 6. Uncoiling the air inlet tube assemblage from the 
tourist platform to the inlet at the end of the ridge. Photograph: 
M. Guillevic. 
 

 

Photograph 7. Tube assemblage. Photograph: M. Vollmer. 

The three bundles were routed into the old elevator shaft and 
mounted vertically on its SW wall and through an obsolete duct in 
the wall to the 1st floor into the original 'dark' room (earlier used 
for photo film development), adding a length of about 11 m. The 
custom-made heating control system is also in this room. The 
remaining bundles' ~7–10 m long heating mesh, insulation and 
corrugated PA tubing was removed, leaving ~9–12 m of bare 
sample tubing to be routed to the individual end-point uses. 
Temperatures were found in the range 9–11 °C in the basement 
and 4–6 °C in the elevator shaft for the measurement period 1–15 
April 2020. 

 

 

Photograph 8. Feedthrough of inlet assemblage from outdoor (left) 
into Sphinx basement, and feedthrough to the old elevator shaft 
(right). The three bundles of heated inlet tubes and the electrical 
cable (grey) are routed to the first floor. A spare pull-through string 
(yellow) was left in the pipe. The brake-through to the outside and 
the protective pipe end were foamed, the latter fitted with a small 
(outside capped) tube (black, downward facing) for potential air 
purging of the protective pipe. Photograph: M. Vollmer.  

A new inlet head and cup were designed by Empa and installed 
along with the new tubing. The cone-shaped aluminum head is 
1.3 m above ground and fits nine tubes. A reversed aluminum cup 
(20 cm diameter, 26 cm height) is mounted onto the inlet head for 
protection. The head is fitted to a stainless steel mounting pole 
(36 mm ID, 3.2 mm wall thickness), which is put over a steel bar that 
is placed in a ~1 m pre-drilled hole. The mounting pole is anchored 
with wires (Photograph 9). These also serve as lightning conductor 
as does a metal band, which is mounted on top of the inlet cup and 
connected to the wire mesh in place for rock fall prevention. 
Unused tubing is capped (12 mm nylon caps) at both ends to 
prevent contaminated air flow from the laboratories to the inlet. 
The inlet is currently not heated and the sampling tubes are not 
fitted with any filters. However, observations of occasional wind-
induced accumulation of snow/ice on the inlet cup have led to 
ongoing discussions on a potential future heating of the inlet head 
and cup. 

At the inlet side, the tube heating ends about 1.5−2 m before the 
inlet head, i.e. just before the pole. The tubing is protected by PA12 
flexible polyamide tubes, which are wrapped around the bare 
12 mm OD tubing. The entry of the heated bundles into the protec-
tive pipe (Photograph 10) is plugged with a cotton towel. 

       

Photograph 9. Left) Inlet with cup removed, showing the head with 
the tubes fitted through, and the structure above for mounting the 
cup. Right) Inlet with cup installed. See also Photograph 8. 
Photographs: M. Vollmer. 
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The outdoor section of the installation includes an undesired 
syphon about 20 m from the inlet. We considered the risk of sample 
tube clogging (primarily by water) as low. However, if this problem 
arises, it would potentially require dismantling the assemblage on 
the inlet side and lowering it over the rocks to drain the water. To 
prevent water from accumulating in the protective pipe in the 
syphon, several drainage holes were drilled into lowest section of 
the pipe. 

Using GPS devices, the new inlet coordinates were measured as 46° 
32' 51.96" N, 7° 59' 9.18" E, (GPS accuracy 2.5 m). This suggests that 
the inlet is 32 m north and 67 m east of the Meteo Terrace geodetic 
point (46° 32' 50.9375" N, 7° 59' 6.0268" E, WGS 84, 3578.31 m asl). 
Using map coordinates and aerial photographs, the latitudinal 
displacement appears too large, while the longitudinal one seems 
reasonable. The altitude of the inlet cup was estimated (using GPS, 
barometer, and rope lengths) by referencing against the visitor 
platform altitude (3571.8 m asl) and determined as 3561 (±2) m asl. 
By comparison, the main cupola inlet is at 46° 32' 51.18" N, 7° 59' 
6.65" E, (accuracy 4 m) and 3585.7 m asl. 

      

Photograph 10. Air sampling inlet on ridge ~30 m NE of tourist 
platform. Left) Nine sample tubes are fitted into the inlet head. 
Right) Inlet showing the protective pipe (clamped to the rock) and 
the three bundles of three sample tubings each. Note that only the 
ground-layed sections of the bundles are heated, the vertical 
sections are unheated PA tubes wrapped around the sample tubes 
(for physical protection). Photographs: M. Vollmer 

6. Functional tests 

On June 9/10 2020, the installed sample tubes were checked for 
potential leaks. The tubes were capped at the inlet and pressurized 
with nitrogen gas to 2.5 bar. Pressure declines for the individual 
tubes (tested over 2 min after equilibration time) were found 
≤2 mbar min−1, confirming the absence of major leaks. Using a 
Picarro 2401 analyzer, ambient air was drawn from the inlet and 
measured for carbon dioxide (CO2), methane (CH4,), and carbon 
monoxide (CO). Mole fractions for each of these gases agreed 
between the nine tubes within the precisions and small ambient  

 

 

 

 

 

fluctuations at the time. Using a soda lime CO2 scrubber attached 
to the inlet side on a few selected tubes resulted in vanishing CO2 
concentrations, thereby supporting the above finding of the 
absence of leaks. Finally, the tube heating was turned on (to 
setpoints 10 °C and 20 °C) while the gas concentrations were moni-
tored on one tube. Changes in gas concentrations, which could 
have potentially been assigned to heating and/or degassing, were 
of the same magnitude as typical 1 hr natural fluctuations (~2 ppm 
for CO2, ~2 ppb for CH4, and ~10 ppb CO). Overall, we conclude that 
the system conserves sample integrity, at least for these three 
gases. 

 

Figure 1. Electrical heating power as a function of temperature. The 
custom-built control unit shuts off the heating at 10 °C (solid line). 
The dashed line represents the characteristics of the HBR-Illw-10 
heating band according to the manufacturer. 

The temperature control system was custom-made at Empa and is 
designed to control each individual tube bundle separately (Photo-
graph 11). Because ~10 m of the heating structure was removed 
during the installation, the temperature sensors are now 
positioned at ~10 m and ~70 m from the control unit. Therefore, 
the first sensors are located indoors (in the basement or in the 
elevator shaft), while the second sensors are outdoor, ~20 m from 
the inlet. The self-regulating heating line (Figure 1) of each bundle 
can be individually switched on/off by the temperature controller, 
based on one predefined (~10 m or ~70 m) sensor output. So far, 
this control is set to 10 °C and monitored by the indoor sensor. In 
addition to this functionality, the temperature control system also 
displays the instantaneous power consumption of each bundle and 
the cumulative power consumption of all bundles. 

As an example, a heating cycle for Bundle A was recorded on 26 
January 2021, when outdoor temperature was −24 °C and the 
protective pipe partially covered with snow. For a set temperature 
of 10 °C, heating was initiated at ~9.8 °C (with ~7 kW and quickly 
declining) and lasted ~1 min. Temperatures overshot to 11.8 °C and 
slowly declined to 10 °C in another 8 min, before the next cycle 
started. Electric power consumption was ~0.1 kWh. Shortly before 
the restart of the heating, the temperature for the outside sensor 
was recorded at 0.5 °C.  
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Photograph 11. Heating control system (Sphinx building, first floor). 
Control box (left), box with lid removed is the connection to the self-
regulating heating components, with three bundles exiting at top, 
and nine individual air inlet tubes exiting at bottom. Bundle A (red) 
B (yellow) C (white). Photograph: M. Vollmer. 

7. Sampling start 

By the end of 2020, the two instruments “jungfraujoch-medusa” 
and “empa-aprecon” were sampling through this system (both 
Bundle A). The design of the air-sampling modules of these 
instruments is such that a continuous flow of air through the 
individual tubes is ensured. Backflow of contaminated laboratory 
air to the inlet, and subsequent draw-in through a tubing in use has 
been show to occur (when some of the unused tubes were still 
uncapped) and to potentially falsify the measurements. It is there-
fore crucial to maintain continuous sampling flows, or prevent 
backflow through shut-off valves. Failures of these systems need to 
be communicated to other instrument operators, and systems no 
longer in use require the inlet tubes to be plugged at both ends. 

In conclusion, in May 2020, a new air inlet system was installed at 
Jungfraujoch. An unheated inlet head/cup was installed at the edge 
of the ridge ~30 m to the NE of the tourist platform at coordinates 
46° 32' 51.96" N, 7° 59' 9.18" E, and at an altitude of 3561 (±2) m 
asl. The inlet tubes are not fitted with any filters. Nine air sampling 
tubes are assembled, three each in an insulated and heated 
(nominal temperature 10 °C) bundle protected by a polyamide 
tube. The total inlet tubes length is 100 m, consisting of two heated 
sections (77 m outdoor and 11 m indoor) and a remaining unheated 
section (9−12 m). Seven of the air sampling tubes are SERTOflex 
(12 mm OD, 8.1 mm ID), one is a perfluoroalkoxy alkane (PFA) 
polymer, (12 mm OD, 10 mm ID), and one is an antistatic polytetra-
fluoroethylene (PTFE) tube (12 mm OD, 10 mm ID). The inlet next 
to the cupola and the aerosol inlet remain operational, especially 
for reactive gases and aerosol sampling, for which short residence 
times from the outside to the analyzer are crucial.  
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