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TABLE A - CONDITIONS MITIGATED BY SNS EQUIPMENT PROTECTION SYSTEMS

Notes:

EPS = Equipment Protection System (i.e. all SNS equipment protection systems combined)

FPS = Fast Protect System 

BPES = Beam Pulse Enable System

RPS = Run Permit System (omitted for now)

FE = Front end protection system (by WBS 1.3)

Event number format explanation, e.g. "4.01a" :

4 indicates WBS responsible for detection (in this case WBS 1.4 Linac)

01 = arbitrary event number assignment

"a" distinguishes between different event detectors and EPSs that respond to the same condition.

QA level 1:  >$500K potential loss, severe impact on operations, severe environmental impact, etc.

QA level 2:  >$50K but <$500K potential loss, etc.

QA level 3:  <$50K potential loss, minimal impact

Event No.
Event
Cause
Frequency of EPS challenges
Consequence if not mitigated by EPS
Detected by:


EPS
Req’d. response time
QA level req’d











3.01
LEBT chopper failure: Beam continuously diverted to LEBT chopper electrode
LEBT chopper voltage fails on
Infrequent
LEBT chopper electrode damaged.
[Front-end-supplied diagnostics?]
FE?

3

3.02
LEBT chopper failure: No beam chopping
LEBT chopper power supply fails off
Infrequent
[MEBT chopper target damaged due to too much beam power?  Other?]
[Front-end-supplied diagnostics?]
FE?

3

3.03
MEBT chopper failure: Beam continuously diverted to chopper target
Chopper plate voltages become fixed at a constant voltage that diverts beam to chopper target
Infrequent
[MEBT chopper target damaged?]
[Front-end-supplied diagnostics? Chopper target temperature?]
FE?

2

3.04
MEBT chopper failure: No beam chopping
Chopper plate voltages go to zero due to power supply failure, modulator failure, etc.
Infrequent
Radioactivation of equipment; [Other?]
Beam loss monitors at ring injector [actually supplied by WBS 1.5]; [Front-end-supplied diagnostics?]
FPS
20 usec
3

3.05
Beam loss in front end [Is this serious enough for front end to warrant connection to FPS?]
Magnet power supply failure; Magnet failure; RF system failure; Vacuum system failure; Beam steering error; [Other?]
Frequent
Equipment damage; radioactiviation of equipment; prompt radiation
[Beam loss monitors?]; Magnet current monitors; "RF system OK / not OK" signal from RF systems; Vacuum gages 
FE?

3

3.06
Beam power too high for end-of-MEBT beam stop 
Beam power too high due to high current, duty cycle too long, chopper failure, etc.; Beam stop not ready (e.g. cooling water off)
Infrequent
End-of-MEBT beam stop damaged
Beam power calculation derived  from beam current monitor; "Beam stop ready" signal from front end control system; [beam stop temperature or beam stop cooling water temperature?]
BPES
Next macro-pulse
3

3.07
Beam current density too high for end-of-MEBT beam stop
MEBT quad failure; failure of beam defocusing function
Infrequent
End-of-MEBT beam stop damaged
Magnet current monitors
BPES
Next macro-pulse
3

3.08
Beam operates while front end in-line vacuum valve is closed
Vacuum valve failure
Infrequent
Vacuum valve destroyed
"Vacuum valve open" limit switches ("not open" => shut off beam)
BPES
Next macro-pulse
2











4.01a
Beam loss in Linac
Magnet power supply failure; Magnet failure; RF system failure; Vacuum system failure; Beamline configuration error; [Other?]
Frequent
[Quenching of SRF cryomodule where beam is lost?]; equipment damage; radioactiviation of equipment; prompt radiation
Beam loss monitors
FPS
20 usec
3

4.01b
Beam loss in Linac
Magnet power supply failure; Magnet failure; RF system failure; Vacuum system failure; Beamline configuration error; [Other?]
Frequent
[Quenching of SRF cavity where beam is lost?]; equipment damage; radioactiviation of equipment; prompt radiation; [quenching of SRF cavity where beam is lost?]
Magnet current monitors; "RF system OK / not OK" signal from RF systems; Vacuum gages; [Beam current accounting system?]
BPES
Next macro-pulse
2

4.03
Beam operates while linac in-line vacuum valve closed
Vacuum valve failure
Infrequent
Vacuum valve destroyed
"Vacuum valve open" limit switches ("not open" => shut off beam)
BPES
Next macro-pulse
2

4.06
In linac: insertion device inserted in beam path when more beam power is permitted than the device can stand
Insertion device control system failure.  (Insertion devices are supposed to know when they shouldn't be inserted and respond accordingly)
Frequent
Insertion device damaged or destroyed
"Insertion device not retracted" position switch + operating mode
BPES
Next macro-pulse
3

4.08
RF in linac cavity while vacuum not high
Vacuum leak; Vacuum pumping system problem
Infrequent
[X-rays? Damage to RF equipment?  Damage to cavity?]
Vacuum gages
RF sys I/L



4.09a
Spark in beamline RF cavity
???
Frequent
Cavity damaged or destroyed
Arc detector
RF ctrls
20 usec
2

4.09b
Spark in beamline RF cavity
???
Frequent
Beam loss (assuming RF is cut off automatically by RF controls)
"RF system not OK" signal from RF control system
FPS
20 usec
3











5.01a
Beam power too high for linac dump
Beam current set too high for linac tuning mode; Beam duty cycle set too long for linac tuning mode; HEBT dipole failure during high-power operation; Dump not ready (e.g. cooling water failure)
Infrequent
Beam dump damaged
Beam loss monitor (i.e. radiation monitor) near dump
FPS
20 usec
3

5.01b
Beam power too high for linac dump
Beam current set too high for linac tuning mode; Beam duty cycle set too long for linac tuning mode; HEBT dipole failure during high-power operation; Dump not ready (e.g. cooling water failure)
Infrequent
Beam dump damaged
Dedicated temperature sensor(s) on cooling water return or on dump; "Dump ready" signal from dump control system; Beam power calculated from beam current monitor reading (in front of linac dump)
BPES
Next macro-pulse
2

5.02a
Beam center position error on linac dump [Ref. Tgt IDD]
Magnet failure; power supply failure;  or misalignment
Infrequent
Linac beam dump damaged
Beam position monitor
FPS
20 usec
3

5.02b
Beam center position error on linac dump [Ref. Tgt IDD]
Magnet failure;  power supply failure; or misalignment
Infrequent
Linac beam dump damaged
Magnet current monitor
BPES
Next macro-pulse
3

5.03
Beam current density too large or too small for linac dump [Ref. Tgt IDD]
Magnet failure; power supply failure
Infrequent
Linac beam dump damaged
Magnet current monitor; Beam profile monitor (harp in front of dump)
BPES
Next macro-pulse
2

5.04a
Ring Injection system fails
Injection septum power supply out of tolerance; Injection dump septum power supply out of tolerance; Injection kicker charging power supplies out of tolerance; Injection kicker PFN cap bank out of tolerance 
Infrequent
Equipment damage; Equipment radioactiviation
Beam loss monitors
FPS
20 usec
3

5.04b
Ring Injection system fails
Injection septum power supply out of tolerance; Injection dump septum power supply out of tolerance; Injection kicker charging power supplies out of tolerance; Injection kicker PFN cap bank out of tolerance 
Infrequent
Equipment damage; Equipment radioactiviation
Magnet current monitor; Power supply diagnostics
BPES
Next macro-pulse
3

5.05a
Point beam loss in HEBT, Ring, or RTBT
Magnet power supply failure; Magnet failure; RF system failure; Vacuum system failure; Beamline configuration error; [Other?]
Frequent
Equipment damage; radioactiviation of equipment; prompt radiation
Beam loss monitors
FPS
20 usec
3

5.05b
Point beam loss in HEBT, Ring, or RTBT
Magnet power supply failure; Magnet failure; RF system failure; Vacuum system failure; Beamline configuration error; [Other?]
Frequent
Equipment damage; radioactiviation of equipment; prompt radiation
Magnet current monitors; "RF system OK / not OK" signal from RF systems; Vacuum gages; [Beam current accounting system?]
BPES
Next macro-pulse
3

5.05c
Total beam loss in HEBT, Ring, or RTBT exceeds 2E10 protons per macropulse
Beam at injection is grossly off energy; ring dipole magnets incorrectly set; linac energy off design; injection problems; extraction problems; space charge blow-up; etc.
Frequent
Radioactiviation of equipment
Beamloss monitor readings summed, averaged, and displayed to operator
Operator action

3

5.06
Beam operates while HEBT, ring, or RTBT in-line vacuum valve is closed
Vacuum valve failure
Infrequent
Vacuum valve destroyed
"Vacuum valve open" limit switches ("not open" => shut off beam)
BPES
Next macro-pulse
2

5.07a
Extraction system equipment failure
Extraction septum power supply out of tolerance; Extraction kicker charging power supply out of tolerance (14 units); Extraction kicker PFN cap bank out of tolerance (14 units); Magnet failure
Infrequent
Equipment damage; Equipment radioactiviation
Beam loss monitors
FPS
20 usec
3

5.07b
Extraction system equipment failure
Extraction septum power supply out of tolerance; Extraction kicker charging power supply out of tolerance (14 units); Extraction kicker PFN cap bank out of tolerance (14 units); Magnet failure
Infrequent
Equipment damage; Equipment radioactiviation
Power supply diagnostics; magnet current monitors
BPES
Next macro-pulse
2

5.08
Extraction kicker PFNs not charged up in time for next macropulse
[A consequence of operating close to the min. rise time of the system?]
Infrequent
Equipment damage; Equipment radioactiviation
Check voltage before next macropulse starts
BPES
Next macro-pulse
2

5.09
In Ring, HEBT, or RTBT:  Insertion device inserted in beam path when more beam power is permitted than the device can stand
Insertion device control system failure.  (Insertion devices are supposed to know when they shouldn't be inserted and respond accordingly)
Frequent
Insertion device damaged or destroyed
"Insertion device not retracted" position switch + operating mode
BPES
Next macro-pulse
3

5.10a
Beam power too high for ring injection dump
Stripper foil failure; Beam current too high during injection tuning; Beam duty factor too high during injection tuning; Magnet failure during high-power operation; Dump not ready (e.g. cooling water off)
Frequent
Ring injection beam dump damaged
Beam loss monitor (i.e. rad monitor) near dump
FPS
20 usec
3

5.10b
Beam power too high for ring injection dump
Stripper foil failure; Beam current too high during injection tuning; Beam duty factor too high during injection tuning; Magnet failure during high-power operation; Dump not ready (e.g. cooling water off)
Frequent
Ring injection beam dump damaged
Dedicated temperature sensor(s) on cooling water return or on dump; "Dump ready" signal from dump control system; Beam power calculated from beam current monitor reading upstream of injection dump
BPES
Next macro-pulse
2

5.11a
Beam-on-injection-dump center position error  [Ref. Tgt IDD]
Magnet failure or misalignment
Infrequent
Ring injection beam dump damaged
Beam position monitor
FPS
20 usec
3

5.11b
Beam-on-injection-dump center position error  [Ref. Tgt IDD]
Magnet failure or misalignment
Infrequent
Ring injection beam dump damaged
Magnet current monitor
BPES
Next macro-pulse
2

5.12
Beam-on-injection-dump current density too large or too small [Ref. Tgt IDD]
Magnet failure
Infrequent
Ring injection beam dump damaged
Magnet current monitor; Beam profile monitor (harp in front of dump)
BPES
Next macro-pulse
2

5.13a
Beam power too high for ring extraction dump
Beam power too high (during extraction tuning); Magnet or power supply failure (during neutron production); Dump not ready
Infrequent
Ring extraction beam dump damaged
Beam loss monitor
FPS
20 usec
3

5.13b
Beam power too high for ring extraction dump
Beam power too high (during extraction tuning); Magnet or power supply failure (during neutron production); Dump not ready
Infrequent
Ring extraction beam dump damaged
Dedicated temperature sensor(s) on cooling water return or on dump;  "Dump ready" signal from dump control system; Magnet current monitor; Beam power signal calculated from beam current monitor
BPES
Next macro-pulse
2

5.14a
Beam-on-extraction-dump center position error on dump [Ref. Tgt IDD]
Magnet failure; magnet pwr. supply failure
Infrequent
Ring extraction beam dump damaged
Beam position monitor
FPS
20 usec
3

5.14b
Beam-on-extraction-dump center position error on dump [Ref. Tgt IDD]
Magnet failure; magnet pwr. supply failure
Infrequent
Ring extraction beam dump damaged
Magnet current monitor
BPES
Next macro-pulse
2

5.15
Beam-on-extraction-dump current density too large or too small [Ref. Tgt IDD]
Magnet failure; magnet pwr. supply failure
Infrequent
Ring extraction beam dump damaged
Magnet current monitor; Beam profile monitor (harp in front of dump)
BPES
Next macro-pulse
2

5.16
RF in ring, HEBT, or RTBT cavity while vacuum not high
Vacuum leak; Vacuum pumping system problem
Infrequent
[X-rays? Damage to RF equipment? Damage to cavities?]
Vacuum gages
RF sys I/L



5.18
Beam power too high for mercury target
Front end operating outside current envelope; Timing system failure results in large duty factor
Infrequent (impossible?)
Target damage
Beam power calculation derived from beam current monitor
BPES
Next macro-pulse
2

5.19a
Beam-on-target current density too high
Magnet failure; Magnet power supply failure
Infrequent
Target damage
Magnet current
BPES
Next macro-pulse
2

5.19b
Beam-on-target current density too high
Magnet failure; Magnet power supply failure
Infrequent
Target damage
Beam profile monitor (harp at end of RTBT)
BPES
Next macro-pulse
2

5.20
e-p instability
[We wish we knew…]
Unknown
Radioactiviation of equipment; prompt radiation
[What beam instrumentation?]
FPS
20 usec
3











6.03a
Major target mercury leak
Target pressure boundary failure
Infrequent
None.  (Target Protection System will trip on this condition). BPES trip will provide defense in depth for the TPS
Mercury pump discharge pressure [REB says use other diverse signals instead]
BPES
1 sec.
2

6.03b
Minor target mercury leak
Target pressure boundary failure
Infrequent
Mercury contamination of primary cooling water circuit; loading of mercury removal equipment in HVAC system
Mercury leak detectors
BPES
1 sec.
2

6.04
Major target shroud water leak
Target pressure boundary failure
Infrequent
Beam energy vaporizes water; vapor released to environment
Target shroud water pump discharge pressure
BPES
1 sec.
2

6.05
Target mercury cooling inadequate
Primary cooling loop loss of flow (pressure boundary failure, pump trip, etc.); Secondary cooling loop failure (pressure boundary failure, pump trip, etc.)
Infrequent
None.  (Target Protection System will ultimately trip on this condition). FPS trip will provide defense in depth for the TPS and prevent challenges to TPS in some instances.
Mercury pump discharge pressure; Mercury temperature; Secondary cooling loop water pump discharge pressure
BPES
Next macro-pulse
2

6.06
Proton window cooling inadequate
Proton window cooling loop failure (pressure boundary failure, pump trip, etc.)
Infrequent
Proton window failure; subsequent pressure wave into RTBT; water vapor into RTBT.
Proton window water pump discharge pressure; Window discharge water temperature; [Water flow?]
BPES
Next macro-pulse
2

6.07
Target peripheral component (moderators, etc.) cooling inadequate
Target component cooling loop failure (pressure boundary failure, pump trip, etc.)
Infrequent
Target peripheral component (moderators, etc.) damage
Target component water pump discharge pressure; Target component discharge water temperature; [Water flow?]
BPES
Next macro-pulse
2

6.08
Reflector D2O cooling inadequate
Reflector D2O cooling loop failure (pressure boundary failure, pump trip, etc.)
Infrequent
Reflector damage
Reflector D2O pump discharge pressure; Reflector D2O discharge temperature; [D2O flow?]
BPES
Next macro-pulse
2

6.09
[Hydrogen leak?]








6.10
[Keep?:]  Target Protection System trip
Target failure; Target cooling system failure; TPS equipment failure
Infrequent (~2/yr)
None, but does contribute to  reliability of TPS outputs
"TPS OK / not OK" signal from TPS system
BPES
Next macro-pulse
3

6.12
[I think we should get rid of this, I.e. it shouldn't require an EPS response:]  Loss of mercury in target results in loss of radiation shielding
Target or target cooling loop pressure boundary failure
Infrequent
PPS challenged.
Dedicated rad monitor














9.01
Crash switch actuated in central control room
Operator actuates crash switch due to perceived problem
Infrequent

Crash switch contacts
BPES
Next macro-pulse
3

9.02
[Keep?:]  Linac PPS trip
Personnel  violate access controls; PPS equipment failure; Excess radiation in areas where people are; Improper beamline configuration; etc.
Infrequent (~2/yr)
PPS will cut off beam itself, so only reasons for FPS to cut off beam are: (a) cut off beam faster (b) to improve the reliability of PPS beam cut-off (c) maybe soften the impact of the harsh PPS cutoff.
PPS OK / not OK signal from PPS system
BPES
Next macro-pulse
3

9.03
[Keep?:]  Ring PPS trip
Personnel  violate system; Equipment failure; Excess radiation in areas where people are
Infrequent (~2/yr)
PPS will cut off beam itself, so only reasons for FPS to cut off beam are: (a) cut off beam faster (b) to improve the reliability of PPS beam cut-off (c) maybe soften the impact of the harsh PPS cutoff.
PPS OK / not OK signal from PPS system
BPES
Next macro-pulse
3

9.04
[Keep?:]  Target PPS trip
Personnel  violate system; Equipment failure; Excess radiation in areas where people are
Infrequent (~2/yr)
PPS will cut off beam itself, so only reasons for FPS to cut off beam are: (a) cut off beam faster (b) to improve the reliability of PPS beam cut-off (c) maybe soften the impact of the harsh PPS cutoff.
PPS OK / not OK signal from PPS system
BPES
Next macro-pulse
3

9.05
Timing system failure
Timing system hardware or software failure
Infrequent
Many possibilities;  [potentially a sustained beam, or does FE have overrides to prevent this?]
Timing system diagnostics; [external watchdog?]
BPES
Next macro-pulse
3

9.06
Control system failure
IOC failure;  Comm. link failure
Frequent
Equipment damage
Watchdog timers; System diagnostics
BPES
Next macro-pulse
3

9.09
Master chopper phase gets "ahead" of 60 Hz line phase, and so calls for extraction before end of macropulse
Chopper drive problem, etc.
Infrequent
Extraction occurs too soon, so tail of macropulse is lost in ring.  [Also, if line sync signal is driven by chopper:  Linac klystron performance shifts, changing tuning.]
"phase error" signal from timing system
BPES [or tim sys?]
Next macro-pulse
3

9.09
Master chopper phase gets "behind" 60 Hz line phase, and so calls for extraction too late.
Chopper drive problem, etc.
Infrequent
Extraction occurs too late, so beam has more opportunity to go unstable  in ring.  [Also, if line sync signal is driven by chopper:  Linac klystron performance shifts, changing tuning.]
"phase error" signal from timing system
BPES [or tim sys?]
Next macro-pulse
3
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