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Abstract 
 
Neutrinos are one of the basic subatomic particles among electrons, protons and many more, 
which build all matter. Neutrinos appear in three different types. Sources of neutrinos are the 
sun and nuclear power plants. But the type of neutrinos created there is not exactly known and 
the type changes between their creation to their detection, so only assumptions can be made. 
This change of type is called “neutrino oscillation”. In order to enable the nuclear physisists to 
find out more about the neutrinos and the neutrino oscillation, a neutrino factory will be built 
which will produce a high intensity neutrino beam with exactly known parameters like 
number of particles and type of neutrinos. This neutrino beam can then be used to investigate 
the properties of the neutrinos at near and far detectors. 
 
In cooperation with other laboratories CERN has started a study of some of the many 
technological challenges of a neutrino factory. A major issue of the facility is the pion  
production target where pions are produced by shooting a proton beam onto matter (target). 
These pions then decay into neutrinos. At CERN the choice was made to concentrate on the 
development and investigation of a liquid metal target, particularly mercury.  Experiments 
were fixed to show the feasibility of a  liquid metal target. The experiments should cover 
ejection and capture of the jet, hydrodynamics, distortion of the jet by proton beam 
interaction, behaviour of the mercury jet in high magnetic fields and handling liquid metals. 
 
In this dissertation theoretical studies have been collected and analysed as well as 
experimental studies have been performed. The main part consists of the preperation and 
performance of the experimental studies. To use a liquid metal target is a completely new 
technology and there exists no experience in this field. The experiments are an important part 
of the whole project as they should verify the validity of the theoretical studies and 
consequently confirm the definitive feasibility of a liquid metal target station. 
 
The first part of this dissertation explains the motivation for and the goal of the project, an 
overview of the theoretical background of nuclear physics and a description of the future 
neutrino factory. 
 
The next part describes some theoretical studies concerning the evaluation of models for the 
target and their behaviour at intense proton beam impact, located in high magnetic fields. 
Theoretical models should show the understanding of the liquid metal target, especially  
concerning the hydrodynamics including cavitation on proton impact. 
 
After that the main part describes the experiments which will provide benchmarks for 
theoretical models of the behaviour of liquid metal under the given circumstances and gives 
details about their realization. The experiments consist of setups which are used to place 
mercury inside very strong magnetic fields and in the line of proton beams. The reaction of 
the mercury to these inducements is observed optically by recording high speed videos of the 
events. These videos are used to evaluate some key parameters like the velocity and direction 
of escaping droplets when the mercury is disrupted due to the impacts. 
 
The concluding parts eventually include the results of the experiments and the extrapolated 
consequences for the final neutrino factory target design. The experiments show that the 
simulations are not very far from the reality. The effects on the mercury correspond widely to 
the simulations and they are considerable. Nevertheless the effects are within a range that a 
neutrino factory based on a mercury jet target seems to be feasible. 



Abstrakt 
 
Neutrinos sind neben den Elektronen, Protonen und anderen Teilchen die grundlegendsten 
subatomaren Teilchen, die unsere gesamte Materie bilden. Trotzdem sind sie erst wenig 
erforscht. Neutrinos kommen in drei verschiedenen Arten vor. Einige der Quellen von 
Neutrinos sind die Sonne und Kernkraftwerke. Jedoch ist nicht bekannt, welche Typen von 
Neutrinos dort entstehen, es können nur Annahmen getroffen werden. Es ist bekannt, dass 
Neutrinos ihre Art von ihrem Entstehungsort bis zu ihrer Detektion ändern. Dieses Phänomen 
nennt sich „neutrino oscillation“. Um den Physikern eine weitere Erforschung der Neutrinos 
und der neutrino oscillation zu ermöglichen, soll eine Neutrino Factory gebaut werden. Dies 
ist eine Einrichtung, um einen intensiven Neutrinostrahl zu erzeugen, bei dem die Art der 
Neutrinos bekannt ist. Dieser Neutrinostrahl kann dann genutzt werden, um die Eigenschaften 
der Neutrinos in nahen und fernen Detektoren zu erforschen. 
 
In Zusammenarbeit mit anderen Forschungszentren hat CERN eine Studie über die 
technologischen Herausforderungen einer Neutrino Factory ins Leben gerufen. Eine der 
Hauptaufgaben einer solchen „Anlage“ ist das Pion Production Target. Hier werden Pionen 
durch Beschuss von Materie mit einem Protonenstrahl erzeugt. Diese Pionen zerfallen darauf 
in Neutrinos. Am CERN einigte man sich darauf, bei den weiteren Studien sich auf die 
Entwicklung eines Flüssig-Metall Targets, insbesondere auf Quecksilber zu konzentrieren. Es 
wurden Experimente festgelegt, um die Umsetzbarkeit eines Flüssigmetall Targets zu zeigen. 
Diese Experimente sollen die Erzeugung und das Auffangen des Flüssig-Metall Strahles, 
Hydrodynamik, Verzerrung des Strahles durch Proton Strahl Interaktion, Verhalten von 
Quecksilber in starken magnetischen Feldern und die Handhabung von Flüssig-Metallen 
beinhalten. 
 
Im Rahmen dieser Arbeit wurden sowohl theoretische Studien gesammelt und diskutiert als 
auch experimentelle Studien durchgeführt. Der Hauptanteil besteht aus der Durchführung der 
experimentellen Studien. Die Verwendung eines Flüssigmetall Targets ist eine völlig neue 
Technologie und es besteht praktisch keine Erfahrung auf diesem Gebiet. Die Experimente 
bilden einen wichtigen Teil des Gesamtprojektes, um die Gültigkeit der theoretischen Studien 
zu überprüfen und somit die endgültige Umsetzbarkeit einer derartigen Target Station zu 
bestätigen. 
 
Der erste Teil der vorliegenden Diplomarbeit stellt eine Einführung dar, welche die 
Motivation und die Aufgabenstellung für das Projekt, eine Übersicht über theoretische 
Grundlagen der Teilchenphysik und eine Beschreibung der zukünftigen Neutrino Factory 
beinhaltet. 
 
Der folgende Teil widmet sich einigen Simulationen die sich mit Modellen von Flüssig-
Metall Strahlen und deren Verhalten unter Einfluss eines Protonenstrahls sowie in starken 
Magnetfeldern. Diese theoretischen Modelle sollen das Verständnis von Flüssig-Metallen in 
den gegebenen Umfeldern insbesondere deren Hydrodynamik inklusive Kavitation zeigen. 
 
Im Anschluss werden die Experimente, welche die Gültigkeit der Simulationen bestätigen 
sollen, aufgelistet und detailliert auf deren Umsetzung eingegangen. Die Experimente 
bestehen aus Aufbauten, um ruhendes Quecksilber und einen Quecksilberstrahl in einen 
Protonenstrahl zu platzieren und einen Quecksilberstrahl in ein Magnetfeld zu schießen. Die 
Reaktion des Quecksilbers auf diese Einwirkungen wird optisch mit einer digitalen 
Hochgeschwindigkeitskamera beobachtet. Die gewonnenen Videos können dann ausgewertet 



werden um Parameter wie Geschwindigkeiten und Richtungen der Tröpfchen zu bestimmen, 
wenn das Quecksilber durch den Protonenstrahl zerrissen wird. 
 
Die beiden abschließenden Kapitel beinhalten die Ergebnisse der Experimente und eine 
Diskussion der aus den Ergebnissen abgeleiteten Konsequenzen für das endgültige Neutrino 
Factory Target Design. Die Ergebnisse haben gezeigt, dass die vorangegangenen 
Simulationen nicht allzu weit von der Realität abweichen. Die Effekte entsprechen 
weitgehend den Erwartungen und beeinflussen das Verhalten des Quecksilbers zum Teil 
erheblich. Jedoch bewegen sich die Effekte in einem Bereich, der die Realisierung einer 
Neutrino Factory basierend auf einer Flüssigmetall Target Station aufgrund der 
Experimentergebnisse nicht ausschließt. 
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wkh suhihuuhg vshoolqj ri wkh zrug �Rujdql}dwlrq� lq Eulwlvk Hqjolvk lv zlwk d �}�> lw lv dq

h{fhswlrq wr wkh uxoh wkdw �0lvdwlrq� lv vshoohg zlwk dq �v�1 Uhfhqwo| erwk irupv kdyh ehfrph

dffhswdeoh1 Wklv vshoolqj zdv qrw lq xhqfhg e| XV sudfwlfh= vhh Wkh R{irug Hqjolvk Glfwlrqdu|/

4<69 dqg 4<94/ Yro1YLL/ s14<8> Wkh R{irug Hqjolvk Glfwlrqdu|/ 5qg hglwlrq/ 4<;</ Yro1[/ s1<561

Exw doo wklv lv shukdsv luuhohydqw= wkh ohjdo qdph lv zlwk d �}� ehfdxvh wkdw lv zkdw lv zulwwhq
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SUMMARY 
 
In total 40 recommendations were made in the study. The results of the HAZOP study 
are shown in Section 4 of the report with a complete listing of the HAZOP minute 
sheets given in Appendix I. A description of the HAZOP technique can be found in 
Appendix II. 
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1. INTRODUCTION 
 
This report discusses the conclusions of the Hazard and Operability (HAZOP) 
study of the Mercury in Magnetic Field Experiment. The original flow chart used 
for the HAZOP study is shown in Figure 1. The Flow Chart with the modifications 
resulting from the study is shown in Figure 2. These diagrams are only intended to 
show the flow of materials between the different items of equipment. They do not 
represent the geographical location of the different equipment in relation to each 
other. Other drawings showing details of the equipment used in the experiment are 
included in Appendix III. Appendix IV is an equipment schedule containing 
details of the experimental equipment whilst Appendix V gives further details on 
the Nordson piston pump and ball tip valve used in the experiment. 
 
For the HAZOP study the process was divided up into sections (called nodes) 
which are then studied using the HAZOP technique. The nodes considered are 
listed in section 2. 
 
Finally a material safety data sheet for mercury is given in Appendix VI. 
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2. SCOPE 
 
The purpose of this study was to identify potential hazards or operability problems 
with the process that had not previously been recognised. The process was divided 
up into 5 nodes. These are listed below: 
 
1. Mercury Reservoir 
2. Mercury Reservoir to Experiment Chamber 
3. Experiment Chamber 
4. Argon gas purge line to Experiment Chamber 
5. Compressed air system 
 

3. DESCRIPTION OF EXPERIMENT 
 
This experiment will be used to study the response of a mercury jet injected into a 
magnetic field. Measurements of the jet formation/deformation and timing of the 
jet will be made by using a high-speed video. In order to be able to “see” what 
happens inside the bore of the magnet, a fibrescope, which guides the pictures to 
the high-speed camera, will be used. 
 
The main parts of the experimental setup are the NORDSON 25B piston-pump, 
the NORDSON A7A ball tip valve, an injection nozzle, an experiment chamber 
and a Mercury reservoir. The air driven pump sucks the mercury out of the 
Mercury reservoir and pressurizes it. On the high-pressure output line from the 
pump is a ball tip valve which when triggered (by compressed air) directs the jet 
through the nozzle into the experiment chamber. From there the mercury flows 
back into the reservoir by gravity. 
 
The experiment chamber is designed to a high level of safety to prevent mercury 
escaping from the system. It is an airtight rectangular Plexiglas chamber 
surrounded by a Plexiglas tube that fits into the bore of a magnet. This tube is an 
additional protection if the inner chamber leaks.  In principle it too is airtight, but 
there are two feedthroughs at mid-height through which the fibrescope and the 
light guides for illumination will be placed. These “holes” are closed by rubber 
with an “x-cut” to provide protection if the inner chamber leaks. 
 
The rear side of the inner chamber, where the mercury jet hits the wall is shaped in 
such a way that the jet will be deflected and flow back into the reservoir as fast as 
possible.  
 
There is a secondary housing containing all the plumbing as well as the flexible 
high-pressure hoses, the hose for the back flowing mercury from the experiment 
chamber and the trigger valve. 
 
The experiment chamber will be flooded with argon to prevent oxidization of the 
mercury. For this purpose there is a connection point mounted to the experiment 
chamber. A flow control valve and flow indicator will be installed on the argon 
line. 
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Before performing the experiment with mercury, a bottle of argon will be 
connected and the experiment chamber will be flooded. The gas flows via the hose 
for the back flowing mercury to the mercury reservoir. There is an additional pipe 
connected to the reservoir, which leads out of the safety housing. This pipe can be 
used for evacuating the reservoir if the experiment chamber is located lower than 
the mercury reservoir to pump the mercury back into the reservoir. The air exits 
through this pipe, when the experiment chamber and the mercury reservoir are 
flooded with argon. 
 

4. RESULTS OF HAZOP STUDY 
 
The complete results of the HAZOP study are shown in Appendix I. In total 40 
recommendations were made in the study. Those concerning the design of the 
experiment are shown in Table 4.1. Recommendations concerning maintenance 
and inspection/testing of equipment are shown in Table 4.2, whilst those regarding 
administrative safeguards (e.g. operating procedures) are given in Table 4.3.  
General safety recommendations are listed in Table 4.4. 
 

Table 4.1 – Recommendations from HAZOP Study 
(Design) 

 
RECOMMENDATION (and No.) 

 
REF. 

7. Consider having all lines in stainless steel. Node 1, Page 2. 
10. To reduce vibration in pump adversely affecting reservoir 
consider damping and use of flexible line between reservoir and 
pump. 

Node 1, Page 2. 

19. Consider connecting hose and box such that fan draws air 
from entire system. Remove line I. Opening to atmosphere on 
safety hose (sized to relieve possible supplied air). Check 
whether there is a need, based on the size of the fan, for either a 
safety bubbler or a hinged/flap valve on box such that air enters 
system if low pressure in box. 

Node 1, Page 8. 

23. Remove manual valve V3 from system. Node 1, Page 8. 
25. Ensure clean, dry, filtered compressed air is used. Node 1, Page 8. 
29. Choose a valve with a high reliability for V4. Node 2, Page 13 
32. Set Safety Relief Valve V7 to operate at a safe pressure 
below chamber design pressure. 

Node 3, Page 15 

37. To ensure redundancy, have pressure regulator S1 reduce 
the pressure to the safe operating pressure of the pump then 
regulator R2 will be used to adjust/reduce the pressure still 
further. 

Node 5, Page 17 

38. Set the operating pressure of Safety Relief Valve V6 to 
operate well below the maximum safe operating pressure of the 
pump is reached. 

Node 5, Page 18 
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Table 4.2 – Recommendations from HAZOP Study 
(Maintenance and inspection/testing of equipment) 

 
RECOMMENDATION (and No.) 

 
 

REF. 

4. Ensure mercury detector is calibrated before start-up. Node 1, Page 1. 
5. All lines to be cleaned using non-degrading techniques. Node 1, Page 2. 
9. Mechanical support to be tested beforehand (for maximum 
weight of mercury than can be delivered). 

Node 1, Page 2. 

17. Inform Fire Brigade and carry out an inspection with Fire 
Prevention Section beforehand (for both experimental locations). 

Node 1, Page 6. 

18. Set Safety Relief Valve at a safe pressure below the design 
pressure of the reservoir. Test pressure of reservoir with 
Mechanical Section of TIS. 

Node 1, Page 7. 

22. Establish maintenance schedule for filters. Node 1, Page 8. 
24. Check with Mechanical Section/TIS whether reservoir can 
withstand vacuum. If it cannot install a vacuum breaker on 
reservoir. 

Node 1, Page 9 

27. Pressure test lines with Mechanical Section of TIS. Node 2, Page 13 
30. Ensure that pressure reducers and safety relief valves have 
been tested by TIS. Establish a maintenance schedule if necessary. 

Node 2, Page 13 
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Table 4.3 – Recommendations from HAZOP Study 

(Administrative Safeguards) 
 

RECOMMENDATION (and No.) 
 

REF. (and Notes) 

1. Ordering procedures to be established. Node 1, Page 1. 
2. Establish a filling procedure that mentions the need 
to maintain a watch of experiment during initial cycle 
and at intervals thereafter. Establish a logbook for 
recording comments. 

Node 1, Page 1. 

3. During filling switch mercury detector manually 
between box and hose to check for leaks (Filling 
Procedure). 

Node 1, Page 1. 
See also Recommendation 21, 
which if adopted will affect this 
Recommendation. 

5. Ensure good quality mercury is ordered. Node 1, Page 1. 
6. When experiment not in use set mercury detector to 
measure in ambient air. 

Node 1, Page 2. 

8. Experimental apparatus is never to be left 
unattended (include in operating procedures). 

Node 1, Page 2. 

11. Decontamination and Emergency procedures need 
to be established (Collect leaks or waste in non-metal 
containers). 

Node 1, Page 3. 

12. Operating Procedures to include a method for 
easily removing excess Mercury from system. 

Node 1, Page 3. 

13. An Emergency Shutdown procedure needs to be 
drafted. 

Node 1, Page 4. 

26. Include check in start-up procedure and after 
maintenance to ensure fan is connected the correct 
way around 

Node 1, Page 10 

28. Establish a troubleshooting checklist for this 
scenario, which may prevent the need to dismantle the 
apparatus. 

Node 1, Page 13 

31. Shut-Down procedure to state that compressed air 
pressure should be slowly reduced either: by use of 
pressure regulator and not by closing Valve V2; or by 
use of pressure regulator R1 and then closing valve 
V2. 

Node 3, Page 14 

33. Operator must continually monitor the image of 
the chamber on the screen (as a check that V4 is not 
failed open and chamber filling up). 

Node 3, Page 15 

34. It must be clear to the operator that shut-down in 
this instance must be very fast (see remark). Procedure 
must be prominently displayed. 

Node 3, Page 15 

39. Check valve V2 is open before start-up. Node 5, Page 18 
40. Establish a troubleshooting checklist for this 
scenario, which may prevent the need to dismantle the 
apparatus. 

Node 5, Page 18 
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Table 4.4 – Recommendations from HAZOP Study 
(General Safety) 

 
RECOMMENDATION (and No.) 

 
 

REF. 

14. Ensure a fire extinguisher is present. Node 1, Page 5. 
15. No smoking policy to be enforced. Place warning signs. Node 1, Page 5. 
16. Combustible materials in the vicinity of the experiment to 
be reduced to a minimum. 

Node 1, Page 5. 

35. Ensure safety relief valves are vented safely. Node 4, Page 16. 
36. Modify Flow Chart to show that C1 is a Flow Indicator, V5 
is a Flow Controller. 

Node 4, Page 16. 
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5. CONCLUSIONS 

 
The main recommendations of the HAZOP study are summarized below. 
 
1. For the design (Table 4.1), recommendations have been made regarding: 
 
i.) Changes to the configuration of the containment hose and box;  
ii.) Pressure regulators and safety relief of compressed air system; and 
iii.) Mechanical design of equipment items. 
 
2. The maintenance and testing of equipment items was determined to be critical 

and a number of recommendations were made (see Table 4.2). 
 
3. Recommendations were made regarding the writing of procedures for 

ordering, filling/start-up, operating, shut-down, emergency shut-down and 
decontamination. Also troubleshooting checklists should be drawn-up. See 
Table 4.3. 

 
4. Some general recommendations are also given in Table 4.4. 
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1. Purpose 

 
This procedure describes the steps to prepare and operate the mercury jet setup for the 
mercury in magnetic field experiment 
 
 

2. References 
Mercury Material Safety Data Sheet MSDS Nr. M1599 
International Chemical Safety Cards ICSC: 0056 
Operating manual mercury vapor detector VM-3000 
Operating manual Nordson 25B piston pump 
Operating manual Nordson A7A spray gun 
 
 

3. Precautions 
All work must be carried out by persons, instructed and authorized to work with mercury. 
 
 

4. Special Equipment 
!"Mercury vapor monitor 
!"Mercury spill collector or spill kit 
!"Protective gloves, safety glasses, light (disposable) breathing mask, respirator with 

mercury vapor filter, lab coat 
!"Funnel 
!"stainless steel or plastic tray 
 
 
 

5. Prerequisites 
!"The setup has been tested by the mechanical section of TIS 
!"Make sure, the mercury vapor detector is working properly and calibrate it (see 

manual VM-3000). 
!"Inform TIS and fire brigade. 
!"The room temperature should not be above 20°C 
!"Remove all sources of fire and flammable materials from the vicinity. 
!"Place the mercury spill collector and breathing mask nearby. 
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6. Procedure Steps 
 
Note the section Procedures for Mercury Alarm 
 

Filling the Setup with Mercury 
 
This procedure must only be done in the mercury laboratory (3-1-031). 
Wear protective clothing 
 
1. Examine the setup (mercury pump, experiment chamber, connection lines) and look 

for any damages. 
2. Place the mercury vapor detector nearby that you easily can read the display. 
3. Switch on the fan. 
4. Take two flasks (0.5l each) out of the mercury storage cupboard, put them in the fume 

cupboard and write the amount of mercury taken out in the list placed at the door of 
the mercury storage cupboard. 

5.  Remove the protective hose from its mount on the confinement box and then remove 
the Rilsan-tube for the backflowing mercury from the feedthrough fitting (the fitting 
in the center of the mount for the protective hose). 

6. Put the funnel into the fitting and slowly pour 1l of mercury into the funnel. 
7. Put the empty flasks into the tray in the fume cupboard. Remove the funnel and put it 

into the tray in the fume cupboard. 
8. Install the Rilsan-tube again to the fitting and secure the security hose again. 
9. Remove the cap from the T-piece at the tube for the air outlet of the confinement box 

and connect the inlet of the mercury vapor detector to the T-piece. Watch the display 
for about 30 seconds. If the display shows a level above 0.05 mg/m3 # see section 
“Mercury Alarm”. 

10. If the monitor doesn’t show any contamination inside the confinement box, 
disconnect the inlet of the mercury detector from the T-piece and close it with the cap 
again. Watch the display again, if there is any contamination in the ambient air. If the 
display shows a level above 0.05 g/m3 # see section “Mercury Alarm”. 

 
 
 

Startup Procedure 
 
During the whole procedure do the steps 9 and 10 of the filling procedure 
 
1. Examine the setup again. 
2. Place the experiment chamber on a table (trolley) near the pump-box. 
3. Plug in the plug for the power supply 
4. Make sure that all pressure reducers are set to minimum pressure (knobs are in most 

counterclockwise position) and the shut off valve for the air motor of the piston pump 
is closed. 
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5. Flush the experiment chamber with Argon: Open the valve of the Argon bottle and set 
the first pressure reducer to 15 bar. Set the second pressure reducer to 50-100 mbar. 
Set the flow to about 2-5 l/min. 

6. Connect the pressurized air supply 
7. Set the pressure reducer for the trigger valve to 5 bar. 
8. Trigger the mercury valve a few times and check if it operates properly. 
9. Slowly open the shut off valve of the pump. 
10. Manually trigger the valve with the switch and leave it open 
11. Slowly turn the pressure reducer for the air motor clockwise until the piston starts to 

move. 
12. Look if there is mercury escaping from the nozzle. If there is no mercury coming out 

# see section “Troubleshooting”. 
13. Slowly increase the pressure until about 2 bar. (Test procedure) 
14. Decrease the pressure again (until the piston moves slowly) and wait until the piston 

reaches the uppermost position and the air valve of the air motor toggles (you can 
hear a loud “klick”). Then release the switch immediately. 

15. Set the pressure reducer to 2 bar and then trigger the valve with the pulse generator 
(set to single pulse, 500 ms pulse width). 

16. Repeat step 13 and 14 and increase the pressure by 0.5 bar each step until reaching 4 
bar (maximal pressure). 

17.  Make sure that the valve is clothing properly and the mercury is flowing back out of 
the experiment chamber. If not # see section “Troubleshooting”. 

18. If the mercury is not flowing out of the experiment chamber and one would continue 
to pump continuously, the chamber could be filled within 10 seconds (assumed that 
the pump works continuously with maximum speed – 60 strokes per minute)! 

 
 

Shut Down Procedure 
 

CAUTION 
If first the shut off valve of the air motor is closed and then the air 
pressure relieved by decreasing the pressure at the pressure reducer, 
then the pressure in the mercury system remains. This situation can 
cause serious injury when opening the pressure lines !!! 
 
# Always relieve the pressure from the mercury lines by 
!"triggering the mercury valve after closing the shut off valve or 
!"first relieve the air pressure and then close the shut off valve of the air motor. 
!"(it is recommended to trigger the valve anyway before opening a connection on the 

mercury pressure lines) 
 
After relieving the pressure: 
1. Set all air pressure reducers to 0 bar. 
2. Remove the pressurized air supply. 
3. Plug out the supply of electricity. 
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4. Set the pressure reducers of the Argon flushing to 0 bar, close the flow control valve 
and close the valve of the Argon bottle. 

5. Remove the fan box from the filter and close both filter outlets with caps. 
 
 

7. Procedures for Mercury Alarm 
 

The maximum concentration of mercury in ambient air is 0.05 mg/m3 (average 
over 5 days, 8 hours each). 
The absolute maximum high level is 0.1 mg/m3. 

 
Mercury vapor detector shows a value between 0.05 and 0.1 mg/m3 in ambient air 
 

1. Wear disposable mask. 
2. Tell all other people around to leave the area. 
3. Stop the setup (see shut down procedure). 
4. Try to locate the source of the contamination by using the detector as a sniffler. 
5. If there is a leakage which can not be fixed immediately, check if the setup can be 

transported to the mercury lab without any risk. 
6. If this is impossible, call the fire brigade and get suitable tools to fix the leak. 
7. If there are mercury spills # see section “Mercury Spills”. 

 
Mercury vapor detector shows a value between 0.1 and 0.5 mg/m3 in ambient air 
 

1. Wear respirator with mercury vapor filter. 
2. follow steps 2 –7 of previous procedures. 

 
Mercury vapor detector shows a value above 0.5 mg/m3 in ambient air 
 
The respirator with the mercury vapor filter is designed for a contamination up to  
0.5 mg/m3 

 
1. Wear respirator with mercury vapor filter. 
2. Stop the setup (see shut down procedure). 
3. Leave the area, call the fire brigade. 
4. Be sure that nobody enters the area until the fire brigade arrives. 

 
Mercury vapor detector shows a value above 0.05 mg/m3 in confinement box 
 

1. Stop the setup (see shut down procedure). 
2. Make a measurements of the ambient air. 
3. Close the air inlet at the confinement housing around the mercury valve with a 

cap. Remove the fan box and close the filter outlet with a cap. 
4. Try to see, if there is a leak inside the security hose.  
5. If possible (no visible leak), transport the setup to the mercury lab 
6. follow instructions for leakages 
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8. Mercury Spills 
 
 
For small spills, a mercury collector (mercury absorbing sponge) is available at the 
mercury lab. 
The mercury collector consists of a sponge, which is glued to the lid of a plastic can. 
To pick up small mercury spills: 
 

1. Check the ambient air with the mercury vapor detector. See “Procedures for 
Mercury Alarm”, if a respirator must be worn. 

2. Wear protective gloves. 
3. Unscrew the lid of the can and slightly press the sponge against the surface where 

the mercury was spilled. 
4. Check if there are any spills left. Mercury spills very often can be much smaller 

than a pinhead!  
5. Remove the sponge from the lid and place it in a plastic bag. Label the bag and 

bring it to TIS. 
6. Glue a new sponge onto the lid and screw the lid back onto the can. 
7. Check the area where the mercury was spilled with the mercury vapor detector, if 

there is any contamination left. 
 
If larger spills occur, the fire brigade must be called.  
They have a mercury vacuum cleaner.  
 

1. Make sure, that nobody enters the area.  
2. Check the mercury level in the air. If there is a high level (>0.05 mg/m3), a 

respirator must be worn.  
3. Wait until the fire brigade arrives. Assist the firemen cleaning up the spill by 

monitoring the mercury level in the air.  
4. Also check the mercury level at the outlet of the vacuum to be sure, that the 

mercury filter works properly. 
 
 

9. Leakages 
 
If there is a leak inside the confinement box (the mercury vapor detector detects mercury 
inside): 
 

1. Stop the setup (see “Shut Down Procedure”). 
2. Check the mercury vapor level in the ambient air. 
3. If there is no mercury in the ambient air, transport the setup to the mercury lab. 
4. Wear a breathing mask. 
5. Lift the cover of the setup. 
6. Continuously monitor the mercury vapor level. 
7. Find the leakage and fix it. 
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8. If there is a larger amount of mercury in the confinement box, try to collect it with 
a pipette and fill it into a flask in the fume cupboard. 

9. Collect smaller spills with the mercury collector (see “Mercury Spills”). 
10. Lower the cover back onto the confinement box and tighten the screws. 
11. Make a test run while monitoring the atmosphere inside the confinement box. 

 
If there is a leak inside the security hose: 
 

1. Stop the setup (see “Shut Down Procedure”). 
2. Check the mercury vapor level in the ambient air. 
3. If there is no mercury in the ambient air, transport the setup to the mercury lab. 
4. Wear a breathing mask. 
5. Remove the security hose from its mount to get access to the leakage. 
6. Continuously monitor the mercury vapor level. 
7. Fix the leakage. 
8. If there is a larger amount of mercury on the cover plate of the confinement box, 

try to collect it with a pipette and fill it into a flask in the fume cupboard. 
9. Collect smaller spills with the mercury collector (see “Mercury Spills). 
10. Remount the security hose. 
11.  

 
If there is a leak inside the safety housing around the mercury valve: 
 

1. Stop the setup (see “Shut Down Procedure”). 
2. Check the mercury vapor level in the ambient air. 
3. If there is no mercury in the ambient air, transport the setup to the mercury lab. 
4. Wear a breathing mask. 
5. Open the top lid of the safety housing. 
6. Continuously monitor the mercury vapor level. 
7. Fix the leakage. 
8. If there is a larger amount of mercury inside the safety housing, try to collect it 

with a pipette and fill it into a flask in the fume cupboard. 
9. Collect smaller spills with the mercury collector (see “Mercury Spills). 
10. Put the top lid back again. 
11. Make a test run while monitoring the atmosphere inside the confinement box, the 

security hose and the safety housing around the mercury valve. 
 
If there is a leak at the experiment chamber: 
 

1. Stop the setup (see “Shut Down Procedure”). 
2. Check the mercury vapor level in the ambient air. 
3. If there is no mercury in the ambient air, transport the setup to the mercury lab. 
4. Wear a breathing mask. 
5. Put a tray under the experiment chamber and its safety tube. 
6. Remove the safety tube carefully. 
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7. Be sure that the mercury in the tube flows into the tray and put the experiment 
chamber in the tray. 

8. Put the safety tube into the fume cupboard. 
9. Probably there is no way to fix a leak at the experiment chamber easily. Decouple 

the chamber from all hoses and the nozzle. 
10. Put it into a plastic bag and store it in the fume cupboard. 
11. If there has to be built a new chamber, label the bag and give it to TIS. 

 
 

10. Troubleshooting 
 
No operation 
 

1. Check the power and air supply. 
2. Check all pressure reducers, if they are set correctly. 
3. Is the pump shut off valve open? 
4. Check the pressurized air plumbing. 

 
The piston of the pump has moved a little bit, but there comes no mercury out of the 
nozzle, when triggering the mercury valve 
 

1. Check the pressure reducer for the valve, if it is set correctly. 
2. Check the power supply. 
3. Check if the electro pneumatic valve operates properly. 
4. Relief the air pressure by turning the pressure reducer for the pump 

counterclockwise. 
5. Trigger the mercury valve a few times. Look at the rear end of the valve, if the 

little axle coming out of the valve housing is moving. 
6. If the valve opens then, open the pressure reducer again and trigger the valve. 
7. If the valve doesn’t open, check the plumbing. 
8.  If you can not find any causes, transport the setup to the mercury lab, dismantle 

the valve and fix the bug. 
 
The mercury is not flowing back out of the experiment chamber 
 

1. Stop the setup immediately (see “Shut Down Procedure”)! 
2. Is the experiment chamber located higher than the mercury reservoir? 
3. Carefully put the experiment chamber out of the magnet bore and hold lift it. 
4. If then the mercury won’t flow back, the setup has to be transported to the 

mercury lab. 
5. Wear a breathing mask. 
6. Continuously monitor the mercury vapor level. 
7. Dismantle the connection line between the experiment chamber and the pump. Be 

sure that all eventual spilling mercury will be collected by a tray put under the 
point where you open a fitting. 

8. Find the blockage and clean it properly. 


