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1 In tro duction and Scope

This Experiment Safety Assessment Document mostly follows the outline for this docu-
ment as given in Section3120-Cof the Je�erson Lab EH&S Manual, and will describe
speci�c hazardsexisting with the \Base" Equipment in Hall C, and the speci�c mea-
suresinstalled for hazard mitigation. Furthermore, responsible personnelare outlined.
This document does not attempt to describe the function or operation of the various
subsystems.Such information can be found in various standard referenceson particle
and nuclear physics instrumentation and in the Hall C Operating Manual.

The principal equipment available for usein electronscatteringexperiments in JLab's
Hall C are the two magnetic spectrometers,the Short Orbit Spectrometer (SOS) and
the High Momentum Spectrometer (HMS). In addition, the Hall C \Base" Equipment
includes beam line equipment, a scattering chamber with either solid or cryogenichy-
drogen and/or deuterium targets, and specializednon-magneticdetector systemslike
neutron detectors. The speci�c subcomponents and their regular operation procedures
are described in more detail in the \Hall C Howtos and References",accessiblefrom the
Hall C web page(http://www.jlab.org/Hall-C/), or, in somecase,in the older Hall C
Operating Manual [1]. For someof the major subsystemsexplicit safety reviewswere
required beforeinitial operation. Examplesare the 1994HMS SuperconductingMagnet
Safety Review [2, 3] and the 1995Hall C CryogenicTarget Safety Review. The Safety
Analysis calculationsfor the HMS SuperconductingMagnetswill not be repeatedin this
ESAD, but we refer to the documents associated with thesereviewswhich aresituated in
the Hall C Counting House.The Safety Analysis calculationsfor the CryogenicTargets
are included in this ESAD. In view of the variousdi�erent safety hazardsassociated with
theselarge subsystemsthey will be dealt with in speci�c Sections.

2 Description of Hall C and Hall C Equipmen t

2.1 In tro duction

The following subsystemsare consideredpart of the Hall C BaseEquipment

� Hall C BeamlineEquipment, including

1. Arc Beam Energy Measurement System

2. Raster Systems

3. ChargeMeasurement Systems

4. M�ller BeamlinePolarimeter

� Hall C Scattering Chamber, including

1. Hall C LH2 and LD2 CryogenicTargets

2. Hall C 3He and 4He CryogenicTargets

3. Solid Target Systems
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� High Momentum Spectrometer

� Short Orbit Spectrometer

� Non-MagneticNeutron Detection System

� Hall C Counting House,including

1. Counting HouseElectronics

2. LaserPulser System

3. Upstairs auxillary electronicsroom

Many of thesesubsystemsimposesimilar hazardssuch as thoseinducedby magnets
and magnet power supplies,high voltage systemsand cryogenicsystems. Note that a
speci�c subsystemmay have many di�erent hazardsassociated with it.

2.2 General Issues

The EH&S manual canbefoundon the webat http://www.jlab.org/ehs/man ual/EHSbook-
1.html . The principal contacts for the JLab EH&S group are

Bert Manzlak - x7556(PhysicsEH&S )

Charles High tower - x7608(PhysicsEH& S )

2.3 Flammable Gas Systems

Hall C usesseveral 
ammable gas systems. Most notable are the hydrogen and deu-
terium 
ammabe gas systemsassociated to the cryogenic targets. Thesesystemswill
be discussedin detail in the speci�c subsectionon the Hall C cryogenictarget system.
Furthermore, the GasHandling System(GHS) providing gasfor the HMS and SOSdrift
chambers usesa 50:50mixture (by volume) of argon and ethanegas. The gasis mixed
in a specially-built GHS which passesthe mixed gas through an alcohol (isopropanol)
bubbler beforepassingit to the chambers. The gas 
o w is approximately 300 SCCM.
Ethane is a 
ammable gasand should be treated accordingly. The Hall C gasmixing
shedand both detector huts have gasmonitors which are sensitive to Ethane gasleaks.
If a leak is detected,an alarm will go o� in the Hall C Counting Houseand the main
valvesfor ethaneand argon supply in the gasmixing shedwill be automatically closed.
Argon is suppliedin an A-cylinder under high pressureP � 2000PSI. This con�ned high
pressuregas represents a tremendousamount of stored energy. Care should be taken
when handling thesehigh-pressurebottles.

Furthermore the GasCerenkovs in both HMS and SOSutilize small amounts of gases,
typically CO2 or N2 at sub-atmosphericpressure,C4F10 or Freon-12(CCl2F2).
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2.4 Electrical Systems

Hazardsassociated with electrical systemsare the most commonin the Hall C environ-
ment. Almost every subsystemrequiresAC and/or DC power. Due to the high current
and/or high voltage requirements of many of thesesubsystemsthe power suppliesare
potentially lethal.

2.4.1 A C Power

Asidefrom the resettingof circuit breakersyou shouldnot attempt to solveany problems
associated with AC power distribution without consulting responsiblepersonnel.

An yone working on A C power in Hall C must be familiar with the EH&S
manual and must contact one of the responsible personnel.

Bill Vulcan - x6271

Joe Beaufait - x7131

2.4.2 Remote Con trol Systems

The remote control systemsto operate the the cryotarget lifter, the M�ller detector
collimators and the HMS and SOScollimator boxes are all located at the back side of
the SOSpower supplies(closeto the entrance door to Hall C). Regularoperation occurs
through RS232(or RS485)communication with the respective stepper-motors or BDS5
motors/actuators. Brake cablesareaddedto prevent vertical laddersfrom falling in case
of a power loss. All systemsare equipped with emergencybuttons.

2.4.2.1 Hazard Mitigation All non-routine maintenance shall be performed in
strict accordancewith the Je�erson Lab EH&S Manual, and in particular, with the
chapters on Lockout, Tagout, and Electrical Safety.

2.4.3 High Voltage

The Hall C detectorsin generalrequireHigh Voltage,up to 3000Volts, drawing currents
up to a few mA. Thesevoltagesare typically provided by a CAEN SY403high voltage
supplies,which can deliver up to 3000Volts at up to 3 mA current per channel. In rare
cases(beam lossesmonitors, neutron detectors) the voltages are provided by LeCroy
1450high voltage supply, with similar voltagesand currents per channel. The following
detector systemsrequire this kind of voltages:

1. HMS and SOSDrift Chambers (about 2700V)

2. HMS and SOSScintillator Hodoscopes(about 2500V)

3. HMS and SOSShower Counters (about 1500V)

4. HMS and SOSGasCerenkovs (about 2500V)
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5. SOSAerogeland Lucite Cerenkovs (about 2000V)

6. HMS AerogelCerenkov (about 1500V)

7. Beam LossMonitors in the Hall C Beam Line (about 1200V)

8. M�ller Hodoscopesand Shower Counters (about 1000and 1300V, resp.)

9. Large Non-MagneticDetectors like Neutron Detectors(about 2000V)

Note that in addition the cold cathodegaugeswhich areusedto measurethe pressure
in the spectrometersand/or beamline utilize high voltage!

2.4.3.1 Hazards TheseHigh Voltagesrepresent a potential hazard to personnelas
well as a potential sourceof ignition.

2.4.3.2 Hazard Mitigation Cable and SHV connectorsare shieldedand meet ex-
isting EH&S standards. Common guidelinesfor safe operation have been established
and areoutlined in the Hall C Operating Manual. The operating policy is to turn o� the
CAEN High Voltagesbeforework occurs around the detector that doesnot absolutely
require the HV. DO NOT attach/remove HV cableswhen voltagesare present on the
channels(a red LED above each channel indicates the presenceof a voltage). Turn o�
the main HV supply when attaching/removing HV cables.

Several safety measuresare taken to prevent the voltagedivider basesfrom becoming
sourcesof ignition:

� Current limiting and trip on overcurrent at the CAEN HV supply.

� The basePC boards are made of non-
ammable materials (note that at most 9
Watts of power is available) and are enclosedin a metal housing.

� The basesof the HMS and SOShodoscopeshave a 1/4 Watt resistor `fuse' in the
base.

2.4.4 Coun ting House Electronics

Most of the electronicsrequireDC power. TheseDC voltagesare provided by the power
suppliesof the crates in which the modules sit. There are 8 powered NIM crates,each
with a power supply that requires115VAC input and providesapproximately 200Watts
of power on +/- 6, 12, and 24 VDC output lines. There are 4 CAMA C crates which
also require 115VAC input, and provide a maximum of 400-500Watts. There are also
3 VME crates,whosepower suppliesprovide approximately 500W. Theseall run o� of
cleanpower, which is provided from power strips installed in the racks, and usestandard
power cords.

There are also 2 Fastbus crates which require 208 VAC input, and can provide a
maximum power output of roughly 4000W. While the NIM, CAMA C, and VME crates
contain their own power suppliesand aretherfore fairly well protected, the Fastbuspower
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supply is separatefrom the crate and doesnot provide intrinsic protection for the power
leadsand connections.Extra precautionsmust be taken to usethesecratessafety. There
will beshieldsinstalled over the back of the fastbuspower supply to prevent contact with
the power leads. The racks in which they aremounted have rear doors that will beclosed
at all times when the Fastbuspower supply is on.

2.5 Fire Hazards

Fire Hazardsare associated with the previouslymentioned Electrical Hazardsdue to the
power useageof the electronics. Furthermore, there are Fire Hazardsassociated with
the useof 
ammable gasesand/or materials.

Flammable gasesare discussedseparately (Section 2.3 and 2.13). All hodoscope
materials and neutron detector materials are in principle 
ammable. While encasedin
aluminum foil, if exposedto a direct 
ame theseplastic materialswould eventually melt.
The elements would lose structural integrity, sag or fall to the 
o or, and the melted
elements would likely be exposedto air and burn.

The largest quantit y of 
ammable material in Hall C is the insulation on the many
power and signal cables. The hazard is minimized by using insulation that meets the
required 
ammabilit y codesand installing it in an approved manner. Still, workersmust
be aware of the presenceof this large volume of fuel.

2.5.1 Hazard Mitigation

The spectrometers(and Hall C in general)are protected by a VESDA smoke detection
system. The headsensitivity of the VESDA is 0.15to 0.003%, which meansthe systemis
sensitive to a few moleculesper liter of air. The spectrometerscleanpower is interlocked
with this VESDA system. In addition, there aresprinkler systemson both spectrometers
and in the counting housethat are temperature actuated by heat sensors.

The SOSmagnet coils are protected from overheating (and hence�re) by a set of
Klyxons (temperature-sensitive switches) which are interlocked to the power supplies.

Both detectorhuts have gasmonitors which aresensitive to Ethane gasleaks. Similar
sensorsare installed in the gasshedand inside the junction box wherethe gaslines �rst
enter the hall. If a leak is detected,an alarm will go o� in the Hall C Counting House
and the main valvesfor ethaneand argon supply in the gasmixing shedwill be closed.

In the experimental Hall four 
ammable gasdetectorsare installed to provide early
detection of hydrogen/deuterium leaks(one above the target area,oneabove the bu�er
vessels,and two above the gashandling panels). All are interlocked with the Hydrogen
alarm systemand with beamdelivery to Hall C.

2.6 Magnets and Magnet Power Supplies

Hall C utilizes a large number of electro-magnets,both resistive and superconducting.
The HMS is a QQQD spectrometer. All HMS magnetsusesuperconductingcoils with
the capability to bend particles with momenta up to 7.3 GeV/c. The SOSis a normal-
conducting QD �D spectrometer with a maximum central momentum of 1.7 GeV/c. In
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Table 1: Voltagesand Currents for the Hall C Magnets

Magnet Current [A] Voltage [V]

SOSQuad 1000 160
SOSD1 1000 250
SOSD2 1000 160

HMS Q1,Q2,Q3 1250 10
HMS Dipole 3000 10

M�ller Small Quad 300 30
M�ller Large Quad 1500 150

M�ller Solenoid 120 10
Raster Magnets < 100 300-600(AC)

addition, Hall C contains a number of magnetsalong the beamline, notably the M�ller
polarimeter and the RasterMagnets. In Table1, we givean overviewof possiblevoltages
and currents for the main Hall C magnets.

The magnets in the experimental areasare typically energizedby remote control.
During major down times the magnetsare powered down for personal safety reasons
as well as to reduceelectrical power consumption. During short interruptions of beam
delivery, with hall personnelentering the hall in the controlled accessmode, the magnets
are typically left energized. The main reasonis that the time constants of large size
magnetsare long (of the order of hours), and frequent ramping or cycling will lead to
ine�cien t operation. Also, every ramp of a largesuperconductingmagnet involvessome
risk of permanent damageto the magnet coil.

The principal hazardsassociated with the magnetsare:

Electrical All the spectrometermagnets,and someof the beamline magnets,are high
current devices(I max � 3000Amps). The power suppliesthat provide this current
are potentially lethal. The most exposedand hencemost dangerousplacesare
inside the suppliesthemselvesand at the magnet power leads.

Magnetic The spectrometermagnetsproducelarge�elds (Bcentr al � 10 kG). The mag-
nets all have return yokesand thus the external �elds (near the magnets)are not
nearly as large as the central �elds but they may still be signi�cant (up to about
1 kG). The raster magnetsdo not have a return yoke and may have external �elds
of a few hundred Gauss.Personnelworking in the proximit y of energizedmagnets
are exposedto the following magnetichazards:

� dangerof metal toolscominginto contact with exposedleads,shorting out the
leads,depositing a large amount of power in the tool, vaporizing the metal,
and creating an arc.

� danger of metal objects being attracted by the magnet fringe �eld, and be-
coming airborne, possiblypinching body parts.
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� danger of cardiac pacemakers or other electronic medical devicesno longer
functioning properly in the presenceof magnetic �elds.

� dangerof metallic medical implants (non-electronic)being adverselya�ected
by magnetic �elds.

� lose of information from magnetic data storagedriver such as tapes, disks,
credit cards.

LCW The magnetcoils in the caseof the SOSand the magnetpower suppliesfor both
spectrometersas well as the current leadsof the HMS are all cooled by the Low
Conductivity Water, LCW, system. This is a high pressuresystem,P = 240PSI,
and an uncon�ned stream of water at this pressurecould causeinjury.

Fire There also exists a potential �re problem associated with the high current power
supplies.A short in oneof the coils, or insu�cien t water cooling may lead to a �re
in the power lines or the coils.

2.6.1 Hazard Mitigation

Two di�erent modes of operation need to be distinguished: (1) routine operation in-
volving work in the vicinit y of the magnets,but not in closeproximit y to the electrical
connections,and not involving any work that could result in purposelygetting into con-
tact with the coils or the leads,and (2) non-routine operation involving work on or near
the exposedcurrent conductorsor connections(typically requiring removal of the shield)
or any work that could result in contact, intentional or otherwise,with the coils or the
leads.

2.6.1.1 Routine Op eration The following measuresshall be takenby the cognizant
hall engineer(or his designee)to mitigate the hazardsduring routine operation:

� The current carrying conductorsmust be protected against accidental contact or
mechanical impact by appropriate measures(e.g. run cablesin grounded metal
conduits or cabletrays).

� All exposed current leads and terminations shall be covered by non-conductive
or grounded shields in such a manner as to make it impossiblefor personnelto
accidentally touch exposedleadswith either their body or with a tool (the electrical
connectionsat the SOSquadrupole, \easily" accessibleat the Hall C pivot point
have been covered with a plexiglassbox). Personnelshall be instructed not to
reach inside the shields. Warning signsshall to be placedon the shields;the signs
shall read:

DANGER
THIS GUARD MAY ONLY

BE REMOVED BY
AUTHORIZED PERSONNEL

UTILIZING JLAB
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LOCKOUT - TAGOUT
PROCEDURES

� Whenever a magnet is energized,a 
ashing light on the magnet or on the magnet
support structure must be activated to notify and warn personnelof the associated
electrical and magnetic �eld hazards.

� Administrativ e measuresshall be implemented, asappropriate for the situation, to
reducethe dangerof metal objects being attracted by the magnet fringe �eld and
becomingairborne. (Note that for most magnetsstrong magnetic �elds are only
encountered within non-accessibleareasinside the magnet.) Areas where these
measuresare in e�ect shall be clearly marked.

� To reducethe dangerof magnetic�elds to peopleusingpacemakersor other medical
implants, warning signsshall beprominently displayed at the entrance to each hall.
The sign shall read:

DANGER
SAFETY HAZARDS MAY EXIST FROM
THE MECHANICAL FORCES EXERTED

BY THE MAGNETIC FIELDS UPON
MEDICAL IMPLANTS

NO PACEMAKERS

2.6.1.2 Electrical Work Restrictions are establishedaccording to hazard class
and mode of work.

The mode of work is determinedby the nature of the work:

1. de{energized

2. energizedwith reducedsafety and restricted manipulative operations

3. energizedwith manipulative operations

The hazard class is determined by the type work (electrical or electronic) and the
combination of voltage and current.

� Anyoneworking on the HMS or SOSpower suppliesmust complywith the Standard
Operating Procedure(S.O.P.). They must be trained and quali�ed and obey the
new arc 
ash and shock hazard procedure.

� All maintenanceshall be performed in strict accordancewith the Je�erson Lab
EH&S Manual, (6220and 6230)and with Lock Tag and Try (LTT). The following
referencesshould be consultedbeforepower supply maintenanceor operationsare
attempted: 1) the operating procedureprovided by the manufacturer (Inverpower
for the SOSor Danfysik for the HMS [4]) 2) the simpli�ed magnet power supply
maintenanceprocedure.
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� Removal of any protective shield or cover for an electrical conductor shall be per-
formed using administrative lockout procedures. The lockout shall be performed
by the cognizant hall engineer(or his designee).The administrative lock shall not
be removed until the protective shield or cover hasbeenfully re-installed.

2.6.1.3 Power-on Main tenance There will be no mode 3 (\hot work") on any
power supply in Hall C. Mode 3 work is de�ned as manipulative operations that are
conductedwith equipment fully energizedandwith someor all normal protectivebarriers
removed.

2.6.1.4 Emergency Situations There are crash buttons in the counting house
which are interlocked with a key (one for each spectrometer). When the keysare locked
o�, in crashmode, the power suppliescannot be energized.The keys to the crashbut-
ton are controlled by W. Vulcan (SOS), and S. Lassiter, M. Fowler, P. Brindza, and W.
Vulcan for the HMS. The crashbuttons are certi�ed by Hall C electrical personnel.

2.6.1.5 Conclusion The practice of keeping electro-magnetsenergizedin the ex-
perimental areasduring short accessesprovides substantial bene�ts to the quality and
e�ectivenessof the physics program. The resulting hazards have been mitigated by
a combination of protective shields, personneltraining, warning lights and signs, and
administrative procedures.

2.6.1.6 LCW Hazard Mitigation The LCW water systemfor the SOSdipole and
quadrupoles has been plumbed using hosesrated for 600 PSI. These hoseshave been
testedduring the magnetmapping. The power supply cooling water hoseshave a similar
safety margin.

In caseof problems with LCW contact one of the responsible personnel listed in
Section4.

2.7 Cry ogenic and Oxygen De�ciency Hazards

2.7.0.1 Equipmen t Hazards The energystoredin the HMS superconductingquadrupoles
is su�cien t to causean unrecoverablequench if all the energystored is dumped into the
magnets. The sameis true for the M�ller superconducting solenoid. The HMS dipole
has beendesignedto achieve cryostability up to a �eld of 2 T, and this property has
beenextensively tested up to a �eld of 1.11 T. Note that a quench can only happen if
the superconductingmagnetshave their helium level dropped below the coil, and their
coils energized.

2.7.0.2 Equipmen t Hazard Mitigation In all casesquench protection circuit are
incorporated. The dipole cryostable coils are equipped with an energyremoval circuit
to cover the possibility of an unrecoverablequench.
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2.7.0.3 Hazards Contact with cryogenic 
uids presents the possibility of severe
burns (frostbite). The releaseand subsequent expansionof cryogenic 
uids presents
the possibility of an oxygen de�ciency hazard. Rapid expansionof a cryogenic
uid in a
con�ned spacepresents an explosionhazard. Cryogenicsin Hall C are present in the su-
perconductingHMS magnets,the scatteringchamber with its cryogenictargets (� 12,000
STP liters of hydrogen), and the M�ller superconducting solenoid. In the caseof the
superconductingHMS magnetsand the cryogenictargets the ODH hazard is minimal,
apart from the area above the Hall C crane. The M�ller solenoidcontains < 2000STP
liters of target 
uid. However, this solenoidis located in the alcove thus enhancinga
possibleODH hazard.

Apart from cryogenic
uids, the gasin the HMS and SOSgasCerenkovs posealsoa
potential oxygen de�ciency hazard for accessinside thesedetectors.

2.7.0.4 Hazard Mitigation Normally accessibleareasof Hall C are listed as an
Oxygen De�ciency Hazard areaof Class0. No unescortedaccessis allowed without an
up-to-date JLab ODH training.

All volumes in the cryogenicsystemswhich can be isolated by valves or any other
meansare equipped with pressurerelief valvesto prevent explosionhazards.

All issuesconcerningthe safeoperation of both the HMS cryogenicmagnet system
and the Hall C cryotarget systemswere reviewed by outside panels.

No onemay enter the Cerenkov tanks while there is radiator gasinside thesetanks.
The tanks shouldbe pumped out and �lled with air beforeaccessto the interior of these
tanks is permitted. Possible leaks do not impose an additional hazard, e.g the total
enclosedvolume of the SOSGas Cerenkov is 30 cubic feet, while the air conditioning
unit in the hut replacesthe air at a rate of 1100cfm.

The responsible personnelfor accessto an ODH-area are the principal contacts for
the JLab EH& S group:

Bert Manzlak - x7556(PhysicsEH& S )

Charles High tower - x7608(PhysicsEH& S )

2.8 Radiation Safety and the Personnel Safety System

CEBAF's high intensity, high energy electron beam is a potentially lethal radiation
sourceand hencemany redundant measuresaimed at preventing accidental exposureof
personnelto the beamor exposureto beam-associated radiation sourcesare in place.

When the hall is in an accessiblestate, all beamline or target chamber equipment
requiring machining or disassembly, and all components which needto be removed from
the Hall, must be surveyed by an ARM or a member of the Radiation Control Depart-
ment (RadCon). Only RadCon can approve unrestricted releaseof items from the hall
(ARMs surveysmay allow relocation, under the ARM's direction, but not release).

The radiation safety grouip at JLab can be contacted as follows:
For routine support and surveys,or for emergenciesafter-hours,call the RadConCell

phone at 876-1743. For escalationof e�ort, or for emergencies,the RadCon manager
(Keith Welch) can be reached as follows:
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O�ce: 269-7212
Cell: 876-5342
Pager 584-7212
Home: 875-1707

2.9 Vacuum and Pressure Hazards

The greatest safety concernfor the vacuum and/or pressurevesselspossibly in use in
Hall C are the thin Aluminum or kevlar/mylar windows that closethe entrance and/or
exit of thesevessels.Examplesare the HMS and SOSGas Cerenkov tanks, the HMS
and SOSspectrometervacuum cans,and the Hall C Scattering Chamber. The Hazards
associated with the Hall C Scattering Chamber will be dealt with in the Section on
the Hall C cryotargets. Note that the HMS Gas Cerenkov can operate both above and
below atmosphericpressure.All work on vacuumwindowsin Hall C must occur under
the supervision of appropriately trained Jlab personnel.

2.9.1 HMS Gas Cerenk ov

The HMS Cerenkov Detector is a 1.5 m long by 1.5 m diameter cylinder made of 0.5
inch thick aluminum walls with two photomultiplier tube (PMT) ports and a pump port.
When in operation, the vesselis evacuatedand then �lled with a gas,typically CO2, N2,
or C4F10 at underpressure,or Freon-12(CCl2F2) at overpressure.

The greatestsafety concernsfor the Cerenkov Detector are the thin aluminum win-
dows that close o� the ends of the tank. These windows must be thin to minimize
multiple scattering of the particles we are trying to observe, but thick enough to be
structurally safe. The yield strength for the type 2024-T3 aluminum we are using is
50000psi, and the ultimate strength is 70000psi. If using the HMS Gas Cerenkov at
overpressure(underpressure)60 (40) mil thick window will be used. According to stress
calculationsat the maximum overpressureof 35 psig, the load on a 60 mil thick window
will be 36770psi and will causea center de
ection of approximately 3.5 inches. For the
14.7psi underpressurecase,the load on a 40 mil thick window will be 20356psi with a
de
ection of 4 inches. Comparing theseloads with the yield and ultimate strengths of
the material shows that there is a considerablesafety margin. In addition, the windows
have beenhydrostatically preformedto the shape they will assumeunder stress[1]; this
procedureforcesthe load to be purely tensile, and is known to enhancethe strength of
the material. Extensive pressuretestsof both the tank and the windows wereperformed
prior to installation of the tank in the HMS Detector Hut [5].

2.9.2 SOS Gas Cerenk ov

The SOSGasCerenkov Counter is a box, approximately 1 cubic meter in volume, made
of 0.5 inch thick aluminum walls. There are two endwindows each composedof onelayer
of 0.010inch lexan(for gastightness)anda thin layer of tedlar (for light tightness). There
are four ports for photomultiplier tubes(PMTs), six holesfor gasI/O, and two 0.5 inch
thick aluminum accesswindows. When in operation, the vesselis 
ushed with nitrogen
and �lled with Freon-12at atmosphericpressure.
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Becausethe detector is designedto run at zerooverpressure,the bursting of the lexan
windows is of minimal concern.The gassystemincoporatesa large bladder that allows
for over and under{pressurerelief. The gaspressureof the cerenkov is monitored closely
by shift personneland experts areon call in the event that the pressuredeviatesby more
than 0.025PSI relative to atmosphericpressure.Calculationsshow that the stressin the
lexan is approximately 800 PSI at a typical overpressureof 0.125PSI. Given DuPont's
failure rating of 8000PSI for lexan, this seemsto be quite adequate.

2.9.3 M�ller Vacuum System

The spacebetweenthe M�ller target and the two-arm detectorsis evacuatedto minimize
multiple scattering. At the target the vacuum furthermore isolatesthe cold coil vessel
from room temperature. Thesevolumesrepresent an implosionhazard. This is especially
true at the exit of the two arms in front of the M�ller detectors where thin vacuum
windows are mounted. The vacuum volume is 1.5 m3 representing a stored energy of
1.5� 105 Joule. The diameterof the exit windowsis 20cm. Experiencefrom HMS window
testing is usedand applied to the Aluminum windows. Despitethis, it is recommendedto
wear ear protection plugs, which are available at the entrancesto the alcove. If working
within 3ft. of the vacuum windows the wearing of ear protection plugs is mandatory.

2.9.4 HMS Vacuum System

The spacebetweenthe magnetpolesof each spectrometeris evacuatedin order to dimin-
ish multiple scattering. The HMS alsohasvacuumvolumeswhich are usedto thermally
isolate the cold coils from room temperature. All of thesevolumesrepresent an implo-
sion hazard. The hazard is particularly seriousat the entrances and exits of the main
spectrometer volumesas theseare covered by relatively thin vacuum windows. Catas-
trophic window failure would generatea signi�cant shock wave as air rushed to �ll the
evacuatedvolume. It would also causea loud noisewhich could causehearing damage
to anyone in the immediate vicinit y.

The HMS spectrometervacuumcanhasa volumeof approximately 6 m3, representing
a stored energyof 6 � 105 Joules. The exit window is a circle with a center-to-center
bolt hole diameter of 40 inches and a 38 inch diameter vacuum opening. It is located
in the HMS detector hut and is the largest vacuum window required for Hall C. Under
vacuum, this window must support 16,785lbs (74,425N).

The vacuum window material is composedof 0.020 inch titanium. Bolt holes are
cut into the material and it is then mounted on a ring 
ange using the standard O-ring
vacuum seal technique. The ring 
ange is mounted on the 8" long HMS hut vacuum
extensionpiece. This window hasbeenusedsuccessfullyin the HMS, holding a vacuum
of � 10� 5 Torr.

The HMS entrance window is located near the pivot and hasa center-to-center bolt
holediameterof 10:5 inches. It must support a load of 6200N (1400lbs). As the load for
theseentrance windows is far lessthan that on the exit windows, the vacuum window
material is in this casecomposedof 0.0045inch ballistic Kevlar 29 style 713 (31x 31
count, plain weave) with 0.002inch Mylar on both sides.
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2.9.4.1 Hazard Mitigation An interlock prevents accessto the HMS detector hut
unlessoneinch thick aluminum safety shutter hasbeenmovedto its `down' position, such
that it covers the vacuum window. This is to prevent peoplefrom accidentally touching
the large vacuum window. Installation of vacuum windows can only be done by the
responsiblepersonnelfollowing detailed instructions in the Hall C Operating Manual [1].
The vacuum windows are replacedperiodically to prevent accidents due to structural
damageof the window material over time.

2.9.5 SOS Vacuum System

The SOSspectrometervacuum can has a volume of approximately 2 m3 representing a
stored energyof 2 � 105 Joules. The entrance window (near the pivot) is round and has
a diameter of 9 inches. It must support a load of 929lbs. In somecasesa small vacuum
extension snout is used to minimize the air distance between the scattering chamber
vacuumand the SOSspectrometervacuum. In that casea rectangularentrance window
is usedwith even smaller load. The vacuumwindow material is composedof 0.0045inch
ballistic Kevlar 29 style 713(31x 31 count, plain weave) with 0.002inch Mylar on both
sides.

The SOSexit window is the secondlargestwindow in Hall C. This window is located
in the SOSdetector hut. It is rectangular. The opening hasa length of 30 inchesand a
width of 10 inches. The SOSexit window must support a load of 4; 400 lbs (19; 687N)
under vacuum. The vacuum window material is composedof 0.015inch ballistic Kevlar
29style 713(31x 31count, plain weave) with 0.004inch Mylar on onesideand 0.001inch
thick Mylar on the other. Bolt holesare cut into the material and it is then mounted on
a ring 
ange using the standard O-ring vacuum sealtechnique.

Catastrophic window failure would generatea signi�cant shock wave as air rushed
to �ll the evacuatedvolume. It would alsocausea loud noisewhich could causehearing
damageto anyone in the immediate vicinit y. Extensive testing has beenperformed to
minimize the likelihood of such an occurrence[1].

2.9.5.1 Hazard Mitigation Installment of vacuum windows can only be done by
the responsiblepersonnel(Thia Keppel or Paul Hood) following detailed instructions in
the Operation Safety Procedures[1]. The vacuum windows are replacedapproximately
every 6 months to prevent accidents due to structural damageof the window material
over time. The wearing of earplugsis required when accessingthe SOSshield houseto
work closerthan 3ft. from the SOSvacuum exit window.

2.9.6 Evacuated Beam Dump Line

The Hall C beam dump line has been changed to an evacuated beam line, although
specializeddump lines with Helium may still be used for low-current polarized target
experiments. In the evacuatedbeamdump line con�guration there will be no Be window
separatingthe scatteringchamber vacuumfrom this beamdump line. Rather we will use
a thin foil with hole to allow for di�erential vacuum. The endwindow of the beamdump
line will be an Al window, with inner 3.75 inches consisting of 30 mil Be. The beam
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dump line hasbeenstrengthenedwith bracesto prevent collapseduring evacuation (the
safety factor in the present con�guration is morethan �v e). Calculationshave shown the
Be window to reach a peaktemperature of 270F, even whenthe unlikely scenariooccurs
of an unrastered,180� A beamcurrent hitting the window with no target in place. Such
a scenariois unlikely, aswe will have lessthan 100� A beamcurrents, and the fast raster
is in the acceleratorfast shutdown system. The safety factor in the mentioned unlikely
situation is still a factor of three. A Be beamdi�user residesat the entrance of the beam
dump alcove, to enlargethe beamspot a the beamdump.

2.9.6.1 Hazard Mitigation A beaminterlock prevents beamdelivery with the fast
rastero�. This interlock is properly checkedat the endof a long (installation) down time.
In addition, an administrative cureent limit is imposedon beamdelivery conditions, as
given in the acceleratoroperational restrictions
(seehttp://op web.acc.jlab.org/internal/ops/ops webpage/restrictions/opsrestrictions.php).

2.9.7 Working Near Vacuum Windo ws

Beforeentering the detectorhuts or pivot area,all personnelshouldcheck the spectrome-
ter and/or scatteringchamber vacuumgauges.The HMS gaugeis locatedunderandnear
the Q3 quadrupole. The SOSgaugehangsfrom the carriagebeneath the quadrupole.
The scattering chamber vacuumgaugeis under the pivot point. Pleasenote that if Hall
C usesa polarizedtarget specialsafety rules restrict accessto the pivot area(seeSection
on Polarized Target).

If the spectrometersand/or scattering chamber are under vacuum:

1. Before entering the detector hut or pivot area, put on hearing protection. It is
recommendedthat nobody should be closerthan 3 feet from the windows without
ear protection and that only those personnelwho needto approach the windows
be in their immediate vicinit y.

2. If entering the pivot area, check both spectrometer windows visually (from a dis-
tance greater than 3 feet if possible). If entering the SOS detector hut, check
the SOSexit window visually. If entering the HMS detector hut, verify the HMS
shutter is really down in front of the vacuum window. If you observe any of the
following problems,vacatethe areaand contact oneof the responsiblepersonnel:

� Visual defects,particularly wrinkles, discoloration, or uneven �b er stress.

� Date of removal on tag near spectrometer window indicates a date near or
after current date.

� HMS shutter malfunction (troubles opening or closing).

� The pre-tracedring drawn onto the window perimeter has moved away from
the perimeter.

3. Never touch the vacuum windows, neither with your handsnor with tools.

14



4. Never attempt to bypassthe HMS shutter interlock system.

5. Usecareful judgement if it is necessaryto work near the vacuumwindows. Do not
placeobjects so that they may fall on the windows, etc.

6. Do not work near the windows any longer than is absolutely necessary.

2.10 Conventional Hazards

2.10.1 Crane Op eration

If construction work occursin Hall C, the wearingof a hard hat is obligatory. SinceHall
C is not normally in a \construction" state, signswill be postedat the entrance to the
hall when a hard hat is mandatory.

If one must work in the immediate vicinit y of the Hall C cranewhen it is in use,a
hard hat is also required.

2.10.2 HMS and SOS Carriage

The carriagesare the support structures of the spectrometers. First and foremostas it
is a multileveled structure it is important to keepin mind that peoplemay be working
above you. This meansthat the wearing of hard hats in Hall C is strongly advised.
Taller individuals should be mindful when using the 
igh t of stepsleading towards the
higher levels due to the limited head room at somepoints. Safety railings have been
installed everywherealong the carriageperimeters. Be aware that someof thesemay be
removed during the experimental data taking to enablespectrometer rotation and will
needto be installed (or you needto wear a safety harness)beforeaccessingtheseareas.

2.10.3 Hall C piv ot area

The pivot area is the platform giving accessto the Hall C scattering chambers. The
Hall C pivot area is to a large extent part of the SOScarriage, and as such accessto
this pivot area requiresalso installment of the safety railings or the wearing of a safety
harness.Furthermore, if the scattering chamber is pumped down ear plugs will needto
be worn when working closerthan 3ft. from the vacuum windows. This is also true if
you needto work within 3ft. from the HMS and/or SOSspectrometervacuumwindows
if thosespectrometersare under vacuum.

In casea polarized target is used, special safety measuresare taken to be allowed
accessto the pivot area.

2.10.4 Fall Hazards

It cannotbeoveremphasizedthat oneof the most signi�cant hazardsin hall C is a simple
fall. Even standard accessroutes such as stairs or ladders can lead to seriousinjury if
proper care is not taken. The risk is multiplied if the individual is carrying a load of
equipment such as oscilloscopes.
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Another fall hazard exists in the form of non-standard accessroutes. Generally
speaking, theseare to be avoided. An egregiousexamplemight be climbing a rickety
chair on the HMS platform to accessthe pivot area. However, use of a non-stndard
accessroute such as a well-securedladder may occassionallybe necessary.

Certain areason the pivot and the HMS carriage will have the handrails removed
during experiment operations. When acessto theseareasis required,usefall protection
as mandatedby the EHS manual.

2.10.5 Spectrometer Rotation

The obvious problem with spectrometer rotation is that one rotates a many-ton object
which will crushwhatever is in its way. Rotation of the spectrometeris accomplishedby
usingthe two motors on the carriageitself (the motors on the shieldhousebogiesarenot
usedin the present rotation system). TheseAC motors are controlled by synchronous
pulse width modulated drives which are mounted near the bottom of the shield house
steps. The spectrometer motors may only be controlled by trained personnel. At least
two peopleare required for manual spectrometer rotation, one to run the motors and
at least one spotter. Prior to rotating the spectrometer a visual inspection of the area
shouldbe madeto insure that there is nothing in the spectrometer'spath or on the rails.
The spotter should pay special attention to the cableswhich run from the spectrometer
to the target motor controller to make surethat nothing is hung up or stretching. After
the possibleangle range of both HMS and SOShave beenveri�ed by the Hall C engi-
neeringsta�, limit switches will be installed at forward and backward angles. Remote
spectrometer rotation occursby PLC computer. Commandscan be issuedto this PLC
(TexasInstruments 5000),which executesthesecommandsfollowing algorithms stored
in its memory. The veri�ed minimal anglebetweenthe HMS and SOSspectrometershas
beenloaded into this PLC. The PLC is situated at the �rst level of the HMS carriage,
opposite to the magnet power supplies. The CPU of this PLC is located in the HMS
Detector hut. The advantagesof using the PLC are:

� No direct accessby usersto the algorithms, preventing unsaferotation attempts
(instead, the algorithms have to be loadedlocally into the PLC).

� Rotation of both HMS and SOSby the samesmart controller, enabling security
checks of both angle decoders. This renders a better handle on the minimum
allowed angle in betweenboth spectrometers.

The PLC communicatesdirectly with the control electronicsof several limit switches,
proximit y switches,and decoders. Next to the limit switchesalsohard limit switchesare
installed on the 
o or, in the event of failure of the PLC limit switches.

2.10.6 Slit Systems

The HMS and SOSslit ladderseach consistof three heavy densimetblocks, two collima-
tors and onesieve slit. The total weight for each slit ladder amounts to 350Lbs (160kg)
and can easily causeseriousdamageto body parts. Install a metal supp ort under
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the slit ladder when you work with your handsunder it. The remote control systems
are equipped with a brake cableto prevent the slit laddersfrom sliding down in caseof
a power failure, but this must not be relied upon for personnelsafety.

2.10.7 SOS Shield House Do ors

The shield houseinterior accessis covered by a two piecedoor. The two halves coun-
terweight against each other, opening vertically. The bottom door (30 tons) is 5 tons
heavier than the top door. Thus, the door will want to open naturally if unconstrained.
The door control systemis usedto keepthe doors closed.

The valves in the control system are set by a PLC that residesin a box mounted
beneaththe stairs at the rear of the spectrometer. The useroperatesthe door electron-
ically via a control box mounted along the walkway near the door (or from the panel
beneaththe stairs). The main hazardsare associated with di�erential motion of the two
hydraulic cylinders enabling the door motion. This can bend or destroy thesehydraulic
cylinderscausingmajor down time. Alternativ ely, onehasto be careful with body parts
in betweenthe two door parts when closingthe door.

2.10.7.1 Hazard Mitigation

� With the lossof electrical power all valvescloseautomatically. This will stop all
movement of the door. The 
uid in the cylinders may slowly leak past the seals
causingthe door to open.

� Hydraulic pressureindicators in the systemwill stop the systemif lossof pressure
is detected.

� The solenoidvalveshave lifetimes of many thousandsof cycles. If a valve fails, the
two pressureindicators will start to di�er, soon resulting in a too large di�erence
between the two decoders (one for each side of the door), causing the motion
mechanism to stop.

� In the unlikely event of a cylinder failure, the door will slip slightly to oneside in
the track and any motion will stop.

� The hydraulic pump has two motors that are independently switched. Either will
provide adequatepower to operate the SOSdoor hydraulics. The motion of the
door is monitored by the control system. Linear displacement encoders on each
cylinder provide analog signalsto the controls. The two cylinders must move at
the samerate or the control system will stop the door progress. The doors will
stop if the di�erence betweenthe cylindersbecomesmorethan 0.020". The control
systemwill attempt to level the door and continue. Massive skewing of the door
will causethe door to wedgein the track.

� A sectionof handrail is attached to the downstreamendof the 
ip-do wn sectionof
walkway. It is advisedto stay behind this handrail until the doorsopencompletely
and the 
ip-do wn walkway can be rotated over the lower door.
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2.11 Hazardous and Toxic Materials

Someof our target materialsmay posea serioussafety concern.At this moment the only
two special target materials we own are ceramicBeryllium-Oxide (BeO) and Beryllium
(Be). In solid form, BeO is completelysafeunder normal conditionsof use. The product
can be safely handled with bare hands. However, in powder form all Beryllia is toxic
when airborne. Overexposure to airborne Beryllium particulates may causea serious
lung diseasecalled Chronic Berylliosis. Beryllium has also been listed as a potential
cancerhazard. Furthermore exposure to Beryllium may aggravate medical conditions
related to airway systems(such as asthma, chronic bronchitis, etc.). Sinceberyllia are
mainly dangerousin powderedform, do not machine, break, or scratch theseproducts.
Machining of the Beryllia can only be performedafter consulting the EH&S sta�. It is
good practice to wash your handsafter handling the ceramicBeO. If handling the pure
Beryllium target wear gloves and an air �lter mask. Thesetarget materials are stored
in the yellow target storagecabinets,either in the back room of the counting houseor
in the black safedownstairs in the Hall C experimental area.

Note that the lead shielding blocks we use also form a potentially toxic material.
Unwrapped or painted lead blocks may only be handled by certi�ed lead workers who
have undergonelead worker training. Gloves must be worn when handling uncovered
blocks (this excludesblocks that are completely painted or wrapped in Heavy-Duty
Aluminum Foil). Lead worker training is not required for the handling of lead bricks
contained plastic bags. However, steel{toed shoesmust always be worn when handling
lead bricks of any type. Do not machine lead yourself, contact the EH&S personnelor
the Je�erson Lab workshopto ask for the procedureto machine lead.
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2.12 Hydrogen and Deuterium Cry ogenic Targets

The potential hazardsassociated with the operations of cryogenictargets in Hall C are
reviewed and the e�orts to ameliorate thesehazardsare described.

2.12.1 In tro duction

The Hall C cryogenic target system typically consistsof two completely instrumented
targets, normally containing cryogenic H2 and D2. In addition a third target loop is
installed in the scattering chamber but thesecellsare usually not connectedto a full gas
handling system. This third loop is usedas a spareor asa Helium target.

The hydrogen and deuterium targets present a number of potential hazards. The
most notable of these are associated with the �re/explosion hazard of the 
ammable
gas, the hazards connectedwith the vacuum vesseland those of handling cryogenic
liquids (ODH and high pressure).In this document the hydrogentarget will be referred
to but the deuterium target is essentially identical and almost all comments apply to
both targets.

2.12.2 Flammable Gas

Hydrogen and deuterium are colorless,odorlessgasesand hence not easily detected
by human senses.Hydrogen air mixtures are 
ammable over a large range of relative
concentrations: from 4 % to 75 % H2 by volume. Detonation of explosionscan occur
with very low energyinput, lessthan 1

10 that required by mixtures of air and gasoline.
At temperatures above -250� C hydrogen gas is lighter than (STP) air and hencewill
rise. At atmosphericpressurethe ignition temperature is approximately 1000degreesF
but mixtures at pressuresof 0.2 to 0.5 Atm can be ignited at temperaturesaslow as650
degreesF. Hydrogenmixtures burn with a colorless
ame [6].

The total volume of liquid hydrogen in the target dependson which type of target
cell is installed. For the typical machined cell designwith a 4 cm and a 15cm cell in each
loop, the total liquid volume is about 7.5 liters per loop. The volume changesbetween
the liquid state and gasat STP by a factor of about 800. Thus �lling the target requires
about 6,000STP liters of hydrogen (roughly the contents of a standard high pressure
gascylinder).

Each target is attached to a large, 1000 gallon (3800 liter) recovery tank. These
tanks are charged to 50 PSIA (3.4 ATM) when the targets are warm. Each target is
thus connectedto about 13000STP-liters of inventory. In addition, there is usually a
partial high pressurecylinder of target gasin the racks behind the gaspanels. The total
explosive gasinventory associated with the targets is thus quite substantial.

The basicideabehind safehandling of any 
ammable or explosive gasis to eliminate
oxygen (required for burning) and to prevent exposureto any energysourcethat could
causeignition. In the Hall C environment the most likely sourceof oxygen is of course
the atmosphereand the most likely ignition sourcesare from electrical equipment.
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2.12.3 Electrical Installation

Hall C contains a lot of electrical equipment and almost all of it could serve as an
ignition sourcein the presenceof an explosive oxygen and hydrogenmixture. We have
madean e�ort to minimize the dangersfrom the equipment that is most likely to come
into contact with hydrogengas.

There are a number of electrically powered devicesassociated with the target gas
handling system. The solenoidvalveson the gaspanelsareapprovedfor usein a hydrogen
atmosphereas are all the pressuretransducersin the system. The AC power for the
solenoidsis carried by wireswhich arecontained in either hard or 
exible conduit. There
are alsoLED's on the gaspanelsthat provide an indication as to the status of the valve
solenoids.Theseare poweredby a 24 Volt DC supply (of which the power leadsare not
shielded). The readoutsfor the pressuretransducersare mounted on the gaspanelsand
the AC power for thesereadout units is in conduit. All the pressuretransducershave
4-20mA outputs.

In addition to the electrical devicesin the gashandling systemthere are a number
of devicesinside of or mounted on the scattering chamber.

All the deviceswhich are in the scattering chamber must have their power delivered
to them by wires in vacuum. The insulation of thesewires shouldbe radiation resistant,
so Kapton hasbeenusedwhereavailable.

The following electrical items are in closeproximit y to or areactually in the hydrogen
system.

Axial Circulation Fan The fans which circulate the hydrogen in the target are AC
induction motors and therefore contain no brushesand are practically immune
to sparking. The three phasepower for these fans is delivered to them by 18
gaugestranded copper wire with Kapton insulation. The power for these fans
is supplied by commercialpulse width modulated variable frequencycontrollers.
These controllers are located in the target control racks behind the gas panels.
The input power for thesecontrollers is three phase480 V. They should only be
servicedby the experts. The current and voltage drawn by the fans is monitored
by the control system. Typical valuesare3 Amps at 30 Volts for 60 Hz operations.

Fan Motor Tachometer The fanshave a tachometerassociated with them which con-
sist of a coil that views the 
ux changecausedby a permanent magnet attached
to the motor rotor. The tachometersignalsare carried on 22 gaugestranded wire
with Kapton insulation. This is a low power signal. The control systemmonitors
the frequencyof the fans.

High Power Heater This is a \hair dryer" style heater that is immersedin the hydro-
gen. The heater is madeof 0.051inch diameter Nichromewire with a resistanceof
0.2544
s per foot wrapped on a G10or an anodizedaluminum carrier board. The
maximum power available to this heater is of order 800 Watts. The heater has a
DC resistanceof 2 
s and is driven by a 40 Volt, 25 Amp power supply. The cur-
rent and voltage supplied to this heater are monitored by the control systemand
there is a software power maximum enforcedon the power setting of this heater.
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The heater is connectedto the outsideworld by 8 gaugestrandedwire with Te
on
insulation. The lower portion of this wire is encasedin a �b erglasssheathwhich
will serve as additional insulation should the Te
on be damagedby exposure to
radiation. No noticeabledeterioration of the insulation occurred in the �rst two
yearsof running.

Resistors There are two Carbon and three Cernox resistors immersedin each target
loop. Theseresistorsprovide temperature measurements of the target 
uid. The
temperature controllers that read them usea constant current of 10 � A to excite
them (into up to 7500
). The Cernox resistorsare connectedto the outsideworld
with quad strand 36 gaugephosphor bronze wire with Formvar insulation. The
Carbon resistorsare wired with 30 gaugeKapton insulated copper stranded wire.

Target Lifter An AC servo motor provides the power to lift the target ladder. This
motor is powered by three phase208 Volt power and is equipped with fail safe
brakes (the brakes are released by a 24 Volt DC control voltage) and a 50 to 1
gear reducer. On power up there is a delay relay that insuresthat the motors are
always energizedbeforethe brakesare released.

Vacuum Pumps The scattering chamber is evacuated by a Leybold 1000 liter per
secondturb o pump that is backed by a Leybold 65 cfm mechanical pump. The
turb o pump is powered by 120 Volt AC power while the backing pump requires
three phase208Volt AC power. The motor on the backing pump is explosionproof
and approved for usein NEC Class1, Division 1, Group D (hydrocarbonsbut not
hydrogen) environments. An identical mechanical pump is usedin the pump and
purge systemof the gaspanels.

Vacuum Gauges The chamber vacuum is monitored by a MKS cold cathode gauge.
This gaugeoperatesat 4000Volts with a maximum current of 133� A. The pressure
at the entrance to the roughing pump is measuredby a pair of Hastings thermo-
couplegauges(modelsDV-6 and DV-4D). The DV-4D requires0.009Watts (0.029
AC Amps and 0.32 AC Volts). The DV-6 requires0.008Watts (0.021 AC Amps
and 0.38AC Volts).

A vacuum interlock is now part of the target system. This interlock is triggered
whenever the vacuum in the scattering chamber crossesabove 5-10 Torr. It kills the
power to the target high power heater, to the cold cathode gauge,and it closesthe gate
valve to the turb opump.

2.12.4 Flammable Gas Detectors

There are four 
ammable gas detectors installed to provide early detection of hydro-
gen/deuterium leaks. Thesedetectorsare sensitive (and calibrated) over the rangefrom
0 to 50 % Lower Explosive Limit (LEL) of hydrogen. The electro-chemical sensorswere
manufactured by Crowcon Detection Instruments LTD and the readout (four channels)
waspurchasedfrom CEA Instruments, Inc (The GasMaster Four System). The readout
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unit provides two alarm levels per channel. The low level alarm is tripp ed at 20 % LEL
while 40 % LEL activates the high level alarm. These detectors require perio dic
calibration . This calibration is checked by the Polarized Target Group. Each channel
has a relay output for both low and high level alarm states and there is also a set of
commonrelays for both alarm levels (these commonrelays respond to the \logical or"
of the sensorinputs). The commonrelays are connectedto the Fast Shut Down System,
FSD, which removesthe beamfrom the hall.

2.12.5 Pressure

The most important aspect of hydrogensafety is to minimize the possibility of explosive
mixtures of hydrogen and oxygen occurring. To this end the gas handling systemhas
beenmade of stainlesssteel components (wherever possible)and as many junctions as
possiblehave beenwelded.

The pressurein the gas handling system is monitored in numerous places. Most
importantly the absolutepressureof the target is viewed by two pressuretransducers,
oneon the �ll line, PT9013for H2 and PT9083for D2, and oneon the relief line, PT9023
for H2 and PT9093for D2. Thesepressuresarealsomeasuredby manual gauges.The �ll
line gaugesare PI9031 for H2 and PI9101 for D2. The relief line gaugesare designated
PI9013,H2 and PI9083,D2.

2.12.5.1 Target Cells The target cells themselves represent the most likely failure
point in the hydrogen system. The outer wall and downstream window of each cell is
typically made of � 0.004 to 0.005 inch thick 3004 aluminum (Coors beer cans in a
former incarnation). There are usually two cells connectedwith metal gaskets to each
cell block, one 15 cm long and one 4 cm long. Both cells have an outer diameter of
approximately 2.5 inches. The upstreamwindows of the cellsare madefrom 0.0028inch
thick 5052 aluminum. These windows are machined out of 1.75 inch diameter (0.065
inch wall) upstream window tubes which are in turn connectedto the cell block with
metal gaskets.

The cell block components have been pressuretested hydrostatically at CEBAF.
Several beer cans have been pressuretested to over 100 PSIG. Upstream windows of
both 5052and 6061aluminum have beentested to similar pressures.Finally, the entire
completedcell block assemblies werepressurizedto 75 psig with helium gas,> 1.5 times
the maximum pressureexpected(50 psia) during a suddenlossof vacuum incident.

2.12.5.2 Pressure Relief The gashandling and controls systemhave beendesigned
to prevent excessive pressurebuild up in the systemin order to protect the target cells
from rupture. The relief line of the target leads directly to the large recovery tanks.
Thesetanks act ashugeballast and tend to damp out pressureexcursions.In the event
of a target disruption, such as lossof coolant, the gasevolved during boilo� goesto the
recovery tanks. There are two setsof manual valvesbetweenthe target and the recovery
tanks which are usedto isolate the tanks when the target is not in use. These valves
must be locked in the open position before the targets are �lled .
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In addition to the tank there are a number of other pressurereliefs in the system.
Under normal conditions (and even pretty abnormal conditions) these will never be
neededbut they are provided for extra safety.

All target pressurereliefs are connectedto a dedicatedhydrogen relief line 2 inches
in diameter. The relief line is inerted with helium provided by the ESR 300K supply.
The relief line leadsto an elevated stack outside, on top of the Hall C domebehind the
recovery tanks. On top of the stack is a parallel plate relief set at about 2 psi. Thus any
vented target gasis placedin an inert environment until it is releasedoutsideof Hall C.

In addition to the reliefson the gashandling systemdescribed above, the scattering
chamber itself has a one PSIG relief, RV9064. This is the path that the hydrogen will
take in the event of a cell failure.

2.12.5.3 Scattering Cham ber Vacuum Failure The scatteringchamber is always
leak checked before service but obviously the possibility of vacuum loss can not be
eliminated. The most likely sourcesof vacuum failure are:

1. Spectrometer Windo ws: The scattering chamber has two aluminum windows,
one for each spectrometer.

2. Beam Exit Windo w: There is a thin beamexit foil, typically 0.03inch beryllium,
at the downstreamend of the beamlineat the entrance to the dump tunnel.

3. Target Cell Failure: This is a multiple loop system. If a target cell fails then
the remaining targets will have their insulating vacuum spoiled.

The two spectrometerwindows are both madefrom aluminum. The SOSwindow is
�fteen incheshigh and subtends77 degrees(24� to 101� ). The window diameter on its
frame is 47.5 inches. The SOSwindow is madeof 0.020inch thick 2024T3 Aluminum
clad foil. The HMS window is eight inches high and subtends 97.5 degrees(5.5� to
103� ). The window diameter on its frame is 45.0 inches. This window is madeof 0.016
inch thick 2024T3 Aluminum clad foil. Thesescattering chamber windows have been
hydrostatically tested to 28 psig (1.9 atm), well above the required safety factor of 1.25.

The small beam exit window has an even larger safety margin according to stress
analysis. This window was purchasedfrom a commercialvendor (Brush-Wellman).

In the unlikely event of a catastrophic vacuum failure it is important that the relief
line of the targets be sizedsuch that it can handle the mass
o w causedby the sudden
expansionof its cryogeniccontents due to exposureto the heat load. A calculation has
beenperformedwhich modelsthe responseof the systemto suddenvacuumfailure. That
calculation indicatesthat the relief plumbing is sizedsuch that the 
o w remainssub-sonic
at all times and that the maximum pressurein the cellsremainswell below their bursting
point. The calculation is presented in detail at https://p olweb/hallc/Cry otarget. How-
ever, that document was created in 2004,before the upgrade to the Hall C scattering
chamber and target loopstook place. The subsequent upgradeessentially madethe new
Hall C scattering chamber and target loopsidentical to thosedescribed in the document
for Hall A. Therefore,the calculationsappropriate for the larger Hall A volumesshould
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be used,not thoseappropriate for the older Hall C systemwhich is no longer in useas
of spring, 2007.

The calculation was performedby following methods in an internal report from the
MIT Bateslaboratory [7]. The formulasand algorithm in the report wereincorporated in
two computer codesand thosecodeswereable to reproduceresults in the report (hence
they represent an accurateimplementation of the Bates calculation).

The calculation can be logically broken into two parts. First, the massevolution rate
is calculated from geometricinformation and the properties of both the target material
and vacuumspoiling gas. The principal resultsof this �rst stageare the heat transferred
per unit area, q, the boilo� time, t b, and the mass evolution rate, w. Second, the
capability of the plumbing to handle the mass
o w is checked. The principle result of
this secondstep is the maximum pressurein the target cell during the discharge, P1.
The calculationsindicate that the reliefs are adequate.

The referencedocument referredto above alsodescribesthe safety calculation for po-
tential over-pressurizationof the Hall C scatteringchamber. The scatteringchamber can
vent through relief valvesand a burst disk into the dedicatedhydrogenvent in the even
of a cell rupture. The maximum pressureinside the � 1900liter scattering chamber in
an event of this type, asdescribed in the HydrogenTarget Safety Assessment Document
is expected to be only about 4 psig.

In the unlikely event that a line which carries helium coolant were to rupture the
large chamber relief valve is capableof handling the full coolant 
o w rate.

2.12.6 Temp erature Regulation

This is really more an issueof target stabilit y than one of safety. However, a target
with a carefully regulatedtemperature will presumablynot undergoworrisomepressure
changes.

The targets arenormally temperature regulatedusinga software PID loop that takes
as input the temperature as given by oneof the Cernox resistorsand outputs a control
voltage to the power supply of the high power heaters.

2.12.7 Target Freezing

Solid hydrogen is more densethan the liquid phaseso freezingdoes not endangerthe
mechanical integrity of a closedsystem. The chief hazard is that relief routes out of the
systemwill becomecloggedwith hydrogenice making the behavior of the systemduring
a warmup unpredictable.

The freezingpoint of deuterium is higher than that of hydrogenand higher than the
temperature of the gasusedfor cooling.

Experiencehas shown that it is di�cult to freezethe targets as the e�ciency of the
heat exchangersis ruined by even a small amount of ice. Still care needsto be taken
to keepthe targets free from air or water contamination and a trained operator should
always be present.
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2.12.8 ODH

The total volume of the targets is relatively small with the entire scattering chamber
containing only 6500STP liters of target 
uid when both targets are full. As the scat-
tering chamber is located in the middle of Hall C (ie. not in a con�ned area) which has
a volume of approximately 26 x 106 leters, the ODH hazard is minimal.

2.12.9 Con trols

The target controls have been implemented with the EPICS control system and with
hardware very similar to that employed by the accelerator.The basiccontrol functions
resideon a VME basedsingle board computer. The graphical interfacesto the control
systemrequire oneof the Hall C computersto be present as well.

All of the instrumentation for the target is downstairs in Hall C. Most of the equip-
ment (in fact all of the 120 V AC equipment) is on an Uninterruptable Power Supply
(UPS). The equipment whosepower is not on UPS is

� The scattering chamber vacuum pumps and the gaspanel backing pump.

� The target lifting mechanism

� The target circulation fans.

This is a 7 kVA zero switching time UPS which is dedicatedto the target. The target
computer in the counting house is on an UPS as well. The target's dedicated UPS
provides18 minutes of power at full load (or 50 min at onehalf load). The status of the
UPS, online or o�ine, is read by the control system.

The principal functions that the control systemperformsare:

Pressure Monitoring The pressureat various placesin the systemis monitored and
alarm states are generatedif a transducer returns a value that is outside user
de�ned limits.

Temp erature Monitoring The temperature of the target is read from resistorsand
vapor pressurebulbs and alarm statesare activated when any temperature sensor
returns a value outside the userde�ned limits.

Temp erature Regulation The control system allows the target temperature to be
regulated.

Solenoid Valve Con trol The gassystemshave a number of solenoidvalvesthat must
be switched.

J-T Valve Con trol The 
o w of coolant through the heat exchangersis controlled by
a set of three J-T valves. Thesevalvescontrol the total helium 
o w to each target.

Circulation Fan Monitoring and Con trol The fanswhich circulate the target 
uid
are monitored (current, voltage, frequency). The voltage supplied to the fans is
adjustableand alarm statescanbeseton out of rangefrequency, voltageor current
values.
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Vacuum Monitoring The scatteringchamber vacuumis monitored by the control sys-
tem. Unacceptablevalueswill generatean FSD and closethe upstreamscattering
chamber valves.

Target Lifter The target lifting mechanism is controlled by the computer. This allows
one to placethe desiredtarget in the beam.

2.12.10 Target Op erators

Whenever hydrogen (or deuterium) is condensedin the system, a responsible person
must beon duty in the counting house.This individual is designatedthe target operator.
He/she must be authorized to operate the target and the local target expert must keep
a list of all the authorized individuals. In order to becomeeligible to act as a target
operator a personmust �rst be trained by oneof the target experts, and then sit at least
a few hours with an already trained target operator as a practical. The training from
one of the experts forms the \theory" part of the training and consistsof a prepared
talk given by the expert during which questionsare strongly encouraged.The practical
training typically takesplacein the Hall C counting houseand consistsof a guidedwalk
through of the controls system.

Target Operators must be familiar with the documents
http://www.jlab.org/~smit hg/ targ et/t arget_o perator. ps which describesthe things
a target operator should know how to do, and
http://www.jlab.org/~smit hg/ targ et/t gt_howtos.p s which describeshow to do those
things. An extensive sourceof information of assistanceto the target operator is pro-
vided at
http://www.jlab.org/~smit hg/ targ et/H all_ C_Cryot arget.ht ml#Standard- Pi vot- Targets
Pump-purgeprocedures,cooldown procedures,and emptying proceduresare the respon-
sibilit y of the JLab Target Group. In caseof problemsthe Target Operator's �rst point
of contact is oneof the Target Experts, typically the Hall C Contact Person�rst, then
the target experts not belongingto the JLab Target Group, then the JLab Target Group
members. Namesand pager/phonenumbers are included in the above links.

2.12.11 Conclusion

The principal problem in hydrogen safety is the prevention of explosive hydrogen and
air mixtures. The mechanical aspects of this system have been built to minimize the
possibility of a hydrogen release.The components that are most susceptibleto failure
have beentestedand the resultsof thesetests indicate that the systemshouldstay intact
under the most extremeconditions that are likely to be encountered.

In the unlikely event that hydrogenis released,a mechanism is in placeto detect its
presencequickly and remove at least the beamas a possibleignition source.

A control system has beendeveloped to allow the careful monitoring of the target
systemsbehavior and it will respond to any aberrant behavior in order to minimize the
consequences.Essentially the entire control systemhas beenplacedon uninterruptable
power so that short power outagescan be waited out.
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2.13 Helium Cry ogenic Targets
3He and 4He gas targets are sometimesused instead of the more usual LH2 and LD2
target con�guration. The helium targets are typically operated at 5.5K and 200 psia.
Clearly, the primary concern associated with LH2 and LD2 targets discussedin the
previoussection,namelythe 
ammable gashazard,is not a problemwith helium targets.

Thesetargets are contained in a scatteringchamber, sothin vacuumwindow eye and
ear protection is still required in the vicinit y of the pivot while the scattering chamber
is evacuated.

The high pressureassociated with thesetargets also presents a hazard. The target
cells are pressuretested to 1.5 times the designoperating pressureof 15 atm. Pressure
relief valves(set to 400psi) can be found on every sectionof piping that can be isolated.
The primary pressurerelief is a solenoidvalve tied to a pressureswitch, in parallel with
260psi relief valves,a 300psi rupture disk, and a 400psi relief valve.

Finally, new deliveries of 3He are checked for tritium contamination. The JLab
radcon group has insured that the tritium concentration in the current 3900STP liter
3He inventory is lessthan 15 � Ci.
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3 Exp erimen t Readiness Checklist

A Checklist on safety and operational items shall be completed before an experiment
can start data taking. The following items must be included in the pre experiment
checklist. The Hall C Physics Liaison is responsible for ensuring that the checklist has
beencompleted.

[ ] VESDA systemactivated?

[ ] Hydrogensni�ers not past calibration date?

[ ] Manual valves between cryogenic targets and recovery tanks locked in the open
position beforethe targets are �lled?

[ ] All magnetsequipped with functioning warning beacon?

[ ] All magnet current leadscoveredby non-conductive or groundedshields?

[ ] All of above shieldsequipped with properwarning signs?

[ ] All magnet power supply doors are closedand properly interlocked?

[ ] All power leadsof fastbuspower suppliescoveredby shields?

[ ] Visual inspection of all vacuum windows performed?

[ ] Dates of removal on tags of vacuum windows not expired or closeto expiring?

[ ] Proper warning signsinstalled closeto all thin vacuum windows?

[ ] Ear plugs available closeto all thin vacuum windows?

[ ] HMS shutter in HMS detector hut operational?

[ ] Air-conditioning on in both HMS and SOSdetector hut?

[ ] Hardware switchesinstalled to limit spectrometer rotation?

[ ] HMS and SOShardware angle limitations veri�ed?

[ ] HMS and SOSanglerangesloadedin rotation PLC?

[ ] No oil leaksin SOSdoor hydraulics?

[ ] Safety rails removed wherethey con
ict with requiredanglerangesby experiment?
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4 Responsible Personnel

General

ODH Bert Manzlak 7556
CharlesHightower 7608

Radiation Safety On{call cell 876-1743
Keith Welch 7212

AC Power Bill Vulcan 6271
Joe Beaufait 7131

LCW Operations Joe Beaufait 7131
Bill Vulcan 6271
Walter Kellner 5512

Fire Dave Kausch 7674
Bert Manzlak 7556
CharlesHightower 7608

Cryogenics On{call pager 6393
Walter Kellner 5512

Mechanical On{call pager 6393
Walter Kellner 5512

Beam Line

Raster Systems Chen Yan 7349
William Gunning 5017

Superharp Systems Chen Yan 7349
Mark Jones 7733
Steve Wood 7367

M�ller Polarimeter Dave Gaskell 6092
BremsstrahlungRadiator Dave Meekins 5099

Bill Vulcan 6271
Current MeasuringDevices Dave Mack 7442
Scattering Chamber Mike Seely 5036

Dave Meekins 5434
Andy Kenyon 7555

CryogenicTargets Mike Seely 5036
Greg Smith 5405
Dave Meekins 5434
Thia Keppel 7580
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continued...

HMS

Magnetsand Power Supplies Paul Brindza 7588
Steve Lassiter 7129
Mike Fowler 7162
Bill Vulcan 6271
Joe Beaufait 7131

Vacuum System Andy Kenyon 7555
Walter Kellner 5512

Slit System Bill Vulcan 6271
Carriageand Rotation System Steve Lassiter 7129

Mike Fowler 7162
Paul Brindza 7588

Shield House Walter Kellner 5512
High Voltage Supplies Bill Vulcan 6271

Joe Beaufait 7131
Dave Mack 7442
Steve Wood 7367

Drift Chambers Bill Vulcan 6271
Joe Beaufait 7131
Howard Fenker 7431
Dave Mack 7442

Scintillator Hodoscopes Dave Mack 7442
Hamlet Mkrtchyan 7860
Howard Fenker 7431
Bill Vulcan 6271

GasCerenkov Bill Vulcan 6271
Howard Fenker 7431
Andy Kenyon 7555

Lead GlassShower Counter Dave Mack 7442
Hamlet Mkrtchyan 7860
Howard Fenker 7431
Bill Vulcan 6271
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continued...

SOS

Magnetsand Power Supplies Bill Vulcan 6271
Joe Beaufait 7131
Steve Wood 7367
Steve Lassiter 7129
Paul Brindza 7588

Vacuum System Walter Kellner 5512
Andy Kenyon 7555

Slit System Bill Vulcan 6271
Dave Gaskell 6092

Carriageand Rotation System Walter Kellner 5512
Steve Lassiter 7129
Mike Fowler 7162
Bill Vulcan 6271

Shield House Walter Kellner 5512
Bill Vulcan 6271

High Voltage Supplies Bill Vulcan 6271
Joe Beaufait 7131
Dave Mack 7442
Steve Wood 7367

Drift Chambers Howard Fenker 7431
Bill Vulcan 6271
Dave Mack 7442
Joe Beaufait 7131

Scintillator Hodoscopes Dave Mack 7442
Howard Fenker 7431
Bill Vulcan 6271

GasCerenkov Bill Vulcan 6271
Howard Fenker 7431

Lead GlassShower Counter Hamlet Mkrtchyan 7860
Howard Fenker 7431
Dave Mack 7442
Bill Vulcan 6271

AerogelDetector Hamlet Mkrtchyan 7741
Howard Fenker 7431
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continued...

Spectrometers- General

Vacuum Windows Thia Keppel 7580
Walter Kellner 5512
Andy Kenyon 7555

GasMixing System Howard Fenker 7431
Brian Kross 7022
Bill Vulcan 6271
Dave Mack 7442

Counting House

Electronics Mark Jones 7733
Steve Wood 7367
Rolf Ent 7373

Data Acquisition Steve Wood 7367
Mark Jones 7733
Dave Abbott 7190

LaserPulser Bill Vulcan 6271
Hamlet Mkrtchyan 7860
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