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1 Description

The experiment will be performed in the ISAC II experimental hall, utilizing the TUDA scattering
chamber, filled with Hy gas at a pressure of 250 Torr. Beam intensities of 1 x 108pps are expected with
energies in the region of 70MeV. Hydrogen will be supplied from the gas shack through stainless-steel
flammable-gas lines. The chamber will be separated from the accelerator beam line by a 2.5um thick,
8mm diameter nickel window mounted on a re-entrant flange (similar windows (2um) have previously
been shown to hold differential pressure of 1 atm). The presence of this window will require a bypass valve,
such that the volume between the window and the first upstream gate valve can be evacuated/vented.

Several silicon detectors will be placed within this gas volume along with their associated electronics
(pre-amplifiers). These electronics will be cooled by a water coolant system operating at 5-10 °C, in
place of the conventional ethanol coolant. The beam will be stopped in a magnetically shielded Faraday
cup mounted immediately behind the second detector. A four-vane beam monitor will be positioned in
front of the Faraday cup. We plan to place a pressure relief system on the chamber to relieve pressure
build-up in the event of ignition (see section 3.1.1). A diagram of the experimental set up can be seen
in figure 1 and a schematic of the gas/vacuum handling system is shown in figure 2.
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Figure 1: Schematic diagram of the proposed experimental set up.

2 Definition of Hazards

The dominant hazard in this experiment is the formation and combustion of a flammable gas mixture.
The TUDA chamber has an internal volume of ~195 litres, hence when filled to 250 Torr will contain
~65 atm-litres of hydrogen (i.e. ~b5 grams). Assuming this is ignited with a stoichiometric mixture of
air (approximately 30% Hs to 70% air—this is approximately the ratio produced if a large leak brought
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Figure 2: Schematic diagram of the gas/vacuum handling system for TUDA. New elements to be added
for this experiment are indicated in red.

the pressure up to 1 atm), the total chemical energy available is <750kJ. If this were to combust as
a deflagration, the flame would propagate with a velocity of the order of 30ms~!. This flame has the
potential to ignite other materials, leading to secondary fires. Contained within a stout vessel, the peak
pressure reached would be ~8 atm.

For a detonation, the flame speed may be two orders of magnitude higher, and peak pressure ~4
times larger. However, the detonation induction distance (or run-up, i.e. the distance a deflagration
wave must propagate to achieve sufficient pressure build-up to initiate detonation) is estimated to be
significantly larger than the TUDA chamber.

2.1 Leak Scenarios

Significant hydrogen leaks out of the TUDA chamber are considered unlikely due to the under-pressuring
of the chamber. Furthermore, due to the high mobility of Hy and the frequent air refresh rate within the
ISAC II experimental hall (min. every 110 minutes), any such leaks are unlikely to result in a flammable
hydrogen/air mixture.

Air ingress into the chamber is a greater concern, either by a slow leak or sudden, fast leak. Leak
tests performed by filling the chamber with 200 Torr of air, switching off pumps and monitoring the
pressure indicate a leak rate of 1.5 Torr/day. Given the upper flammable limit (UFL) of hydrogen is
75% by volume, in air (at atmospheric pressure, this value is believed to reduce with pressure), in order
for a flammable Hy/air mix to form >83 Torr of air must leak into the chamber, assuming no loss of Hs.
At the observed leak rate, the chamber can be safely operated for at least 7 weeks before a flammable
Hs /air mix is produced (N.B. the experimental proposal only requests 10 days of beam time).

Several possibile scenarios leading to a sudden, fast air-leak into the chamber have been identified:

1. failure of a flange plate,
2. damage to the upstream bellows,

3. failure of a valve,



4. damage to the window bypass line,

5. damage to gas lines/connectors,

6. damage to target ladder Conflat connections,
7. failure of the end plate/pressure relief.

Scenarios 1 and 2 are considered highly unlikely due to the robust construction of the TUDA chamber.
Each flange plate is constructed from ~20mm stainless steel and normally secured with at least 14 M8
bolts. The chamber itself is securely fixed to the support platform which forms a stable base (estimate
300-400kg), thus eliminating any risk of damage from knocking into the chamber. Similarly, the stable
support of the chamber prevents any mechanical stresses being applied to the bellows.

Regarding scenario 3, the only valves ultimately open to air are in the roughing line. These would
require the failure of multiple valves, as well as the roughing pump itself or a ruptured line, in order for
air to leak into the chamber, hence is not considered a likely scenario. The hydrogen and nitrogen fill lines
will be equipped with both a remote and a manual valve, in series, such that both must fail/be opened
in order to allow a leak into the chamber. All the roughing lines and valves are located underneath the
TUDA support structure which will act to protect them from external influences. Similarly, the window
bypass lines will be routed underneath the chamber, hence scenario 4 is unlikely. Hydrogen and nitrogen
lines will enter through the top flange of the chamber. Here, the height of the support structure and
chamber drastically reduce the possibility of disturbing these lines/connections, thus mitigating the risks
presented by scenarios 5 and 6. Scenario 7 is discussed in section 3.1.1.

In the event of a power failure, all valves close, thus such an event is not considered a potential leak
scenario.

2.2 Sources of Ignition

The energy required to ignite a stoichiometric mixture of hydrogen and air at latm is estimated to be
0.02mJ (this increases by an order of magnitude at 333 Torr). Several potential sources of ignition have
been identified.

Within the TUDA chamber:

e MSL type $2-500 DSSSDs (130V),
e photodiodes (30V),
e preamplifiers (£15V).
In the beam line:
e pressure gauges (<2V),
e Faraday cups (~300V).

Faraday cups only have power supplied whilst directly in the beam line, i.e. during beam tuning. There
are no ignition sources in the gas exhaust lines or pumps.

3 Safety Measures

A number of safety measures are proposed in order to minimise the risks and effects of the hazards
described above.



3.1 Hardware

1. The conventional preamp ethanol coolant system will be replaced with a water based system
operating at 5-10°C.

2. A magnetically shielded Faraday cup will be installed instead of the electrically shielded Faraday
cup.

3. Two valves (manual and remote) will be installed on all gas lines entering the chamber to safeguard
against failure leading to air ingress.

4. A pressure relief system will be installed (see section 3.1.1).

5. A fast acting valve (FAV) is in place at the wall where the beam line enters the ISAC II hall. This
device has a response time of ~12ms — cf. time for flame to reach the FAV is >250ms (at typical
deflagration flame speed).

6. Personal protective equipment (i.e. protective goggles/face visor and ear defenders) will be used
by those working on the chamber when Hs is in use.

3.1.1 Pressure Relief

In the event of ignition of a flammable gas mixture within the TUDA chamber a device to relieve pressure
in a controlled manner is desirable. We propose utilising the downstream end-plate flange to this end.
After filling the chamber with hydrogen up to 250 Torr the securing bolts can be removed, leaving the
flange held in place by the external pressure (equivalent to ~870kg). In the event of ignition within the
chamber, the pressure rise will push back the end plate, opening an area larger than 1200cm?. This will
provide effective pressure relief at a little over latm, thus preventing significant pressure build up. The
end-plate is fixed to rails which will confine the direction of travel away from personnel.

The possibility of a rapid leak into the chamber through the end plate (scenario 7) is only likely if
the chamber becomes over-pressured as a result of overfilling from either the hydrogen or nitrogen lines.
Filling with hydrogen or nitrogen will only be done during venting and filling cycles, during which all
ignition sources within the chamber will be switched off.

3.2 Interlocks

The pressure within the chamber will be monitored throughout the experiment using an MKS Baratron
gauge. As well as providing a measure of the pressure (and hence leak rate) which can be monitored
both by experimenters and beam operators, this gauge will provide the trigger for interlocks to make the
chamber safe if a predefined pressure is exceeded. This device has two programmable set points with
relays, allowing power supplies (as itemised in Section 2.2) to be cut and gate valves closed independently
of the EPICS/PLC control system.

3.3 Commissioning

Prior to the experiment a commissioning phase will be undertaken to investigate the various features of
the system. During this period the interlocks will be tested by initiating pressure rises using an an inert
gas (e.g. nitrogen, helium) and the efficacy of the pressure relief system will be investigated. This will
enable us to set high/low pressure interlocks to within a tight margin of nominal operational pressure.
Throughout these tests, the accelerator will be protected by a gate valve.

3.4 Procedures

1. Beam tuning will never be performed whist the chamber is filled with hydrogen.

2. If cup readings are required upstream of the chamber during running, gate valve SEBT1.IV4 must
be closed.

3. The manual valve on the roughing line must be kept open to allow remote evacuation of the
chamber.



4.
5.

The overhead crane must not be operated during the experiment.

In order to prevent a flammable mixture forming within the chamber during venting and filling,
the following procedures will be followed.

Fill Procedure

ensure all power supplies off, gate valve closed and bypass valve open,

pump chamber with roughing, turbo and cryo. pumps until P< 7 x 10~5 Torr,
flush with nitrogen,

pump nitrogen with roughing pump until P<200 mTorr,

monitor pressure to ensure no leaks,

close bypass valve,

fill with hydrogen to operating pressure (250 Torr),

enable hydrogen interlocks (see below),

remove end plate flange bolts,

switch on powers supplies,

open gate valves (interlock bypass required).

A needle gauge is in place on the chamber (sensitive from 0-1000 Torr and requiring no electricity) which
can be used during the filling process.

Vent Procedure

switch off power supplies and close gate valves,

replace end plate flange bolts,

pump hydrogen out with roughing pump (<200 mTorr),
disable interlocks,

open bypass valve,

flush chamber with nitrogen,

pump out nitrogen with roughing pump (<200 mTorr),

vent chamber to air.

4 Definition of Responsibilities

The Experiment Leader is responsible for ensuring that during the experiment:

1.
2.
3.

there is no unattended operation,
there is always two people on shift,

everyone on shift is aware of the safety hazards and procedures in place (i.e. has read and under-
stood this report),

. no procedures (as described in section 3.4) are carried out during night shifts (unless essential to

make the chamber safe),

tick lists are made available to ensure the procedures described in section 3.4 are observed.



5 Decommissioning or Disposal

No non-standard decommissioning or disposal procedures are required following this experiment.

Appendix: Properties of Hydrogen

Table 1: Physical and chemical properties of hydrogen.

Density of gas at NTP™ (g/cm?) 8.345x107°
Stoichiometric fraction in air (vol %) 29.53
Flammability limits in air (vol %) 4175
Minimum ignition energy (mJ) 0.019
Auto-ignition temperature in air (°C) ~585
Heat of combustion (kJ/g) 135.4
Deflagration pressure ratio (in a confined volume) 8.15
Detonation induction distance (Length/diameter) ~100

(1) NTP (Normal temperature and pressure): 293 K, 101325 Pa.



