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A.  INTRODUCTION 

This document is the E906 Target System Safety Report.  The E906 Experiment is a successor 
experiment to Experiment E866 and will re-use many of the designs and components that were 
used for that experiment.  For parts of the system where designs and components are directly 
re-used this document will copy sections of the E866 Target System Safety Report; these 
sections will be noted. 

The E906 target system will be located in the SeaQuest hall inside building NM4.  The liquid 
target system consists of three stainless steel flasks.  The flasks are 2.2 liters each in volume, 
with dimensions of 20 inches long by 3 inches in diameter.  One flask holds liquid deuterium, 
one holds liquid hydrogen and one is empty for background measurements.  One liquid flask 
and the empty flask share the same vacuum space; the other liquid flask is in an independent 
vacuum enclosure, reducing the likelihood of release of the entire 4.4 liters of liquid in case of 
an accident.  Upper vacuum tanks are built of stainless steel.  The lower sections, containing the 
flasks, are built of aluminum, with titanium-alloy windows. E906 will re-use many E866 vacuum 
components, and, at least initially, the E866 flasks.   

The liquid targets are cooled by independent cryocoolers.  Each cryocooler consists of a 
coldhead connected to a compressor package with flexible stainless steel hoses.  The coldheads 
each cool a condenser assembly, which is connected to a flask with stainless steel tubes. The 
E866 cryocoolers were not re-useable, so new cryocooler systems were purchased from 
Cryomech, Inc. and, because of configuration differences between the old and new coldheads, 
new condenser assemblies were designed and fabricated. 

 The target temperatures are controlled with heaters on the condensers to a pressure of about 
14.7 psia, slightly above atmosphere.  The primary relief valves protecting the liquid flasks will 
have computer-controlled setpoints of about 17 psia.  Backup mechanical relief valves will have 
setpoints of 10 psig. 

The liquid targets and 3 solid targets will be mounted on a motion table by built by Daedel.  The 
targets will move horizontally into and out of the beam.  A complete specification for the 
motion system is in Section B of this report. 

The target control system, which will monitor temperatures and pressures, control condenser 
heater power, and control the table motion, is based on a Siemens APACS Programmable Logic 
Controller (PLC). 

 The tent design is based on calculations from E866. 
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B. MAJOR SUBSYSTEMS 

Cryorefrigerators 

Two cryorefrigerators, Cryomech model AL230, will be used for E906.  They have a rated 
cooling power of 25 W at 20 K.  50-foot flexible hoses were purchased from Cryomech to 
connect the coldheads to the water-cooled compressor packages.  These refrigerators have no 
controls for cooling power or temperature.  We will control the condenser temperature with 
heaters on the condenser assembly. 

Custom inserts into the hoses were purchased from Cryomech.  The inserts at the coldhead 
ends will allow hanging loops of hose to accommodate target movement in the restricted space 
of the target enclosure.  Inserts at the compressor ends will have pressure transducers for 
remote monitoring of helium pressures and reduce floor space needed to direct the hoses 
toward the target enclosure. 

Condenser assemblies 

Condenser assemblies are shown schematically in Fig.1.  Each body consists of two machined 
110 copper parts brazed together.  Inside dimensions of the two condenser bodies are the 
same, but after successful testing of the first body, a design with improved braze joints was 
adopted for the second.  Inside each body are two cylindrical copper fins, brazed into the 
condenser bottom, to increase condensation area.  A coil of copper tube wrapped around the 
upper cylinder provides precooling of hydrogen gas during filling. 

Vent tubing and the tubing connecting the condenser to the flask consists of ½ inch O.D. x 0.028 
inch wall 304L stainless steel with Swagelok bellows, Swagelok VCR fittings with silver-plated 
stainless gaskets, and Braze-tite adapters.  The filling tube is ¼  inch O.D. x 0.020 inch wall 304L 
stainless steel with Swagelok bellows and a machined brass connector to the precool coil.  All 
joints are brazed with 45% silver brazing material, other than vendor-welded joints in the 
Swagelok bellows. 

Flasks 

The E866 flasks are shown in vacuum jackets in Fig. 2.  Cylindrical walls are 0.003 inch 304 
stainless steel and the end caps are 0.002 inch.  They were pressure tested in March 2009 to 
~16 psig while inside a vacuum jacket pumped to the micron level.  They were then checked 
with a He leak chaser sensitive to ~ 10-9 stdcc/sec and no leaks were detected.  New flasks with 
the same dimensions are being fabricated as spares.  They will pass the same tests as the E866 
flasks before installation. 
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Vacuum Systems 

Most vacuum components used in E866 will be re-used in E906.  The main new parts are the 
top plates which carry the refrigerators and condensers.  Diffusion pumps and mechanical 
pump carts are being refurbished 

Tent 

Above, below and on either side of the target will be shielding blocks.  Downstream of the 
target will be shielding blocks and the magnet FMag, which will serve as a focusing magnet for 
dimuon pairs and the beam dump for the primary proton beam.  Fabric walls will be installed to 
reduce diffusion of vented hydrogen into gaps around FMag.  Upstream of the target will be a 
curtain to complete a target enclosure.  A helium filled beam pipe will go through this curtain to 
reduce scattering of the proton beam.  This tent will have an exhaust fan to clear hydrogen. 
Venting calculations, following those from E866 are given in Section K. 

Target Control System 

The E906 targets (two liquid targets (LH2, LD2), an empty target, 3  solid targets, and an empty 
solid target) will be placed on a remotely controllable translation table such that the targets can 
be changed between beam pulses.  All instrumentation, such as temperature/pressure sensors, 
valves, heaters, and flow meters as well as vacuum pumps, cryo-compressors, air compressors, 
and water chillers will be installed inside the experimental hall.  The E906/SeaQuest target 
control system will be placed outside the experimental hall, and will be able to remotely 
monitor and control the cryogenic and solid targets.   

The target control system is a Siemens APACS Programmable Logic Controller (PLC) which 
consists of I/O modules to send/receive signals from the various target instruments such as 
sensors and valves, and a CPU which processes the I/O signals to determine the appropriate 
action needed for the safe and continuing operation of the target.  Some of these actions are 
automated commands (interlocks) directly sent from the PLC to the target via the I/O modules, 
while others (such as alarms) require an operator response.  The software for the PLC is written 
in functional block diagrams and sequential text language.  The Graphical User Interface (GUI) 
for the target control system will be the Windows-based GeFanuc iFIX/iHistorian software 
which is capable of accessing the PLC process variables through a point-and-click interface in 
order.  The system components are: 

- ACM – PLC CPU.  Programmable.  Controls the rest of the I/O modules via the PLC 
MODULRAC backplane.   
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- Resistive Temperature Module (RTM) – An input module capable of measuring the 
resistance of metallic temperature resistors with a linear calibration curve.  32 channels. 

- Standard Analog Module (SAM) – Analog I/O.  Can be configured for 24VDC, 0-20mA or 
4-20mA input/output.  32 channels. 

- Standard Digital Module (SDM) – Digital I/O.  Can be configured for 24VDC digital pulse 
input/output.  32 channels. 

- Voltage Input Module (VIM) – Voltage input.  Can be configured for 0 to 5VDC, 0 to 
10VDC, -5 to 5VDC, or -10 to 10VDC input.  16 channels. 

- CERN signal conditioner (LHC ACR STMS1) – Converts temperature sensor resistance 
into 2 signal outputs:  

o Signal 1:  Analog output (24VDC, 4-20mA).  Scales linearly with resistance. 

o Signal 2:  Voltage output.  Voltage specifies the resistance range. (6V = 30 Ω to 

250 Ω, 4V = 250 Ω to 2500 Ω, 2V = 2500 Ω to 25000 Ω). 

- Watlow DA10-24F0-0000 SCR – Analog input (24VDC, 4-20mA).  Line/Load voltage = 100 
to 240V.    4-20mA input scales linearly with 0-100% throughput of load voltage (e.g 
12mA = 50% throughput).   

The PLC is powered by two Sola Hevi-Duty SDN-10-24-100P 24VDC/10A power supplies 
connected to an APC 2200XL (2200VA-rated) uninterruptable power supply (UPS).   

 

Target Motion Table 

The E906 motion table will re-use the table used for the E866 experiment, and the basic setup, 
therefore, will be similar to the E866 experiment.   However, the motor used to drive the target 
table will be that of a higher torque than that used for the E866 experiment.  The list below 
shows the items that are part of the target table: 

- 1  Anaheim Automation 42D212S  1575 oz-in torque stepper motor 

- 1  Anaheim Automation MLA10641 Motor Driver 

- 1  Anaheim Automation PLC601USB single axis stepper motor controller 

- 1  Anaheim Automation #CPL-KTR-14GS-0.375-2.0  shaft coupling 
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- 1  Anaheim Automation CPL-KTR-14GS-0.625-2.1 shaft coupling 

- 1  Anaheim Automation CPL-KTR-SPDR-14GS-98R  coupling spider 

- 1 Dynamics Research Corp C152-4211000120SS453 encoder  

3 Hamlin 5802 proximity switches mounted on the table frame and a magnet mounted on the 
table 
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D.  INTERLOCK/ALARM LIST 

Interlocks 

1. Hydrogen Insulating vacuum pressure PT-01-V > 0.1 torr or                                                                                
foreline pressure PE-FPVACH > 75 microns  

a. EP-HIVACH valve is closed, and roughing valve EP-RUFVLVH is opened.  This switches 
pumping from diffusion pump/forepump system to roughing pump.   

b. Cryocooler shutdown. 

c. Beam will be shutdown. 

2. Deuterium Insulating vacuum pressure PT-101-V > 0.1 torr or                                                                                  
foreline pressure PE-FPVACD > 75 microns  

a. EP-HIVACD valve is closed, and roughing valve EP-RUFVLVD is opened.   This switches 
pumping from diffusion pump/forepump system to roughing pump. 

b. Cryocooler shutdown. 

c. Beam will be shutdown. 

3. Hydrogen flask pressure PT-H2VENT > 1000 torr  or PT-H2SUP>1000torr 

Hydrogen vent valve, PV-H2VV, is opened.  Beam is turned off.  Heater is turned off. 

4. Deuterium flask pressure PT-D2VENT > 1000 torr or PT-D2SUP>1000torr 

Deuterium vent valve, PV-D2VV, is opened.  Beam is turned off.  Heater is turned off. 

5. TSH-01-W high 

Factory set temperature switch.  Shuts down compressor if the gas outlet temperature is too 
high. 

6. TSD-01-W high 

Factory set temperature switch.  Shuts down compressor if the gas outlet temperature is too 
high. 

7.  Tent Fan Failure 

 Target Table motor will turn off.  Beam will turn off. 

 

17



Alarms 

1. Hydrogen insulating vacuum pressure HIHI and HI.  PE-FPVACH or PT-01-V will trigger alarm.  

2. Deuterium insulating vacuum pressure HIHI and HI.  FPVACD or PT-101-V will trigger alarm.  

3. Hydrogen rough pump failure.  PE-RPVACH HI will trigger alarm. 

4. Deuterium rough pump failure.  PE-RPVACD HI will trigger alarm. 

5. Hydrogen diffusion pump failure.  PE-FPVACH pressure will decrease, while PT-01-V will 
increase.  PE-FPVACH LO will trigger alarm.  PT-01-V HI will trigger alarm. 

6. Deuterium diffusion pump failure.  PE-FPVACD pressure will decrease, while PT-101-V will 
increase.  PR-FPVACD LO will trigger alarm.  PT-101-V HI will trigger alarm. 

7. Hydrogen cryocooler failure.   

a. A decrease in cooling power will show up as a decrease in condenser heater power.  
Heater power LO will trigger alarm.   

b. Cryocooler compressor failure would result in reduction of He high line pressure PT-
HCOMP.  He line pressure PT-HCOMP LO will trigger alarm.   

8. Deuterium cryocooler failure.   

a. A decrease in cooling power will show up as a decrease in condenser heater power.  
Heater power LO will trigger alarm. 

b. A complete failure would result in reduction of He line pressure PT-HCOMP.  He line 
pressure PT-DCOMP LO will trigger alarm.   

9. Hydrogen flask pressure. PT-H2VENT LOLO, LO, HI, and HIHI states will trigger alarm (PT-
H2VENT HI also to Main Control to shut off beam) 

10. Deuterium flask pressure. PT-D2VENT LOLO, LO, HI, and HIHI states will trigger alarm (PT-
D2VENT HI also to Main Control to shut off beam) 

11. Hydrogen compressor cooling water flow LOLO, LO, HI, and HIHI and temperature HI and 
HIHI will trigger alarm. 

12. Deuterium compressor cooling water flow LOLO, LO, HI, and HIHI and temperature HI and 
HIHI will trigger alarm. 

18



13. AC Power failure.  Control system will be on UPS.  UPS will alarm during power failure. 

14. Fan flow.  A detector will trigger an alarm if ventilation fan flow falls below the LOLO and LO 
set value   

15. Table motion.  Problems with table motion (e.g., encoder not agreeing with steps sent) will 
trigger an alarm (also to Main Control to shut off beam).   

16. Pneumatic gas pressure. PT-PN2SUP LO (air compressor LO) and LOLO (Nitrogen pressure 
LO) will trigger an alarm. 

17. Heater power LOLO, LO, HI, and HIHI will trigger an alarm. 

18.  Current switch ISLFPH HI and HIHI will trigger an alarm. 

19.  Current switch ISLFPD HI and HIHI will trigger an alarm. 

20.  Current switch ISLRPH HI and HIHI will trigger an alarm. 

21.  Current switch ISLRPD HI and HIHI will trigger an alarm. 
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E.   OPERATING PROCEDURES 

 

TARGET INSTALLATION LOG 

E906 – Liquid Hydrogen Target System 

The basic design of the E906 Liquid Hydrogen Target System will be identical to that of the E866 
Experiment, with the exception that the E906 cryocooler will not need an external helium 
source during operation.   

 By  Date 

1. _____  _____  Target placed into position in beam line. 
2. _____  _____  H2 Pump Cart in position. 
3. _____  _____  Ground connection to target. 
4. _____  _____  Foreline connected to target. 
5. _____  _____  H2 supply line connected to target. 
6. _____  _____  Roughing line connected to target. 
7. _____  _____  Refrigerator gas lines connected and leak checked. 
8. _____  _____  Hydrogen & pneumatic lines connected to pump cart. 
9. _____  _____  Pressure transducer cables connected to both transducers, 

    PT-H2SUP and PT-H2VENT. 
10. _____  _____  Discharge gauge connected (gauge powered only when  

    hydrogen is not present) 
11. _____  _____  Connect target table controller cables to target table. 
12. _____  _____  Cryostat instrumentation cables connected to cryostat.   
13. _____  _____  Pump cart control cable connected. 
14. _____  _____  Diffusion pump and high vacuum valve cable connected. 
15. _____  _____  220 Volts 3 phase 60 amp disconnect checked for 15 amp  

fuses.  Replace fuses if they are larger. 
16. _____  _____  Plug pump cart into 220 volt receptacle. 
17. _____  _____  Plug hydrogen compressor power cable to 220 volt   

    receptacle. 
18. _____  _____  Connect pump cart cable to breakout box. 
19. _____  _____  Connect PT-01-V gauge cable to breakout box. 
20. _____  _____  Connect refrigerator cable to compressor   

     package.  
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21. _____  _____  Connect water hoses to hydrogen compressor package. 
22. _____  _____  Cryostat instrumentation cables connected to breakout 

box. 
23. _____  _____  Connect Flammable Gas detector cable to control rack. 
24. _____  _____  Tie down all cables and lines, check for interference with  

    target table motion, correct where necessary. 
25. _____  _____  Do general housekeeping around target area. 
26. _____  _____  Install guards over cables and lines when necessary. 
27. _____  _____  Remove guard on target windows when appropriate. 
28. _____  _____  Install rotating warning lights in vicinity of target and in  

    pump cart area. 
29. _____  _____  Install warning signs at designated locations. 
30. _____  _____  Leak test all gas connections with Nitrogen or Helium.   

    Test Hydrogen line with Helium gas. Reconnect Hydrogen  
    when tests are completed. Secure all cylinders and tag  

properly. 

COMMENT : 

Initial manual valve status prior to hydrogen target starting procedure. 

Open:  MV-04-H, MV-06-H, MV-10-H, MV-12-H, MV-02-He, MV-03-He, MV-01-N, MV-02-N, MV-04-N, 
MV-05-N, MV-06-N, MV-08-N, MV-09-N, MV-10-N 

Closed: MV-01-H, MV-02-H, MV-05-H, MV-07-H, MV-11-H, MV-13-H, MV-03-N, MV-07N, MV-01-V, MV-
02-V, MV-03-V 

- Regulators backed off 
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Control Console 

 By  Date 

1. ______  ______  All cables connected to rack. 
2. ______  ______  Power on to programmable logic controller.   
3. ______  ______  Power on to target control system computer. 
4. ______  ______  Power to Flammable Gas Detector.  Test alarm whooper  

    and reset. 
5. ______  ______  Check housekeeping in area around control console. 
6. ______  ______  Check that UPS is operational. 

 

Cylinders and System Regulators Installation  Note: Keep cylinder valves closed at this time. 

1. ______  ______  Nitrogen cylinder installed with RV-01-N for pneumatic air  
    backup. 

2. ______  ______  Air compressor installed with RV-02-N for pneumatic air  
    supply. 

3. ______  ______  Check compressor helium pressure (200-210 psi). 
4. ______  ______  Hydrogen cylinder installed with RV-01-H for liquid   

    hydrogen target purge and fill. 
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LH2 TARGET STARTING/RESTARTING CHECK LIST 
Target Area 

By  Date 

1. ______ ______  No physical damage to equipment. 
2. ______ ______  No Physical damage to lines. 
3. ______ ______  No Physical damage to cables. 
4. ______ ______  Alignment check. 
5. ______ ______  Target windows intact. 
6. ______ ______  Vacuum pump oil level normal. 
7. ______ ______  All lines connected to target and pump cart. 
8. ______ ______  Rotating lights turned on. 
9. ______ ______  Both disconnects and all circuit breakers on. 
10. ______ ______  Nitrogen pressure is OK. 
11. ______ ______  Air compressor is operational. 

Note: Steps 12 and 13 should be performed in step 17 of Target Starting Procedure during 
initial startup of system. 

12. ______ ______  Open hydrogen cylinder, set pressure to 5 psig (RV-01-H).                    
    Note pressures______   ______.  Close cylinder valve. High          
    pressure gauge must show no noticeable drop for 5 minutes.  If no 
    leaks are present, reopen cylinder valve.   

13. ______ ______  Set RV-02-H to 3 psig (RV-01-H may then be set to 10 psig).  Note  
    Pressure ________. 

14. ______ ______  Open Nitrogen cylinder, set pressure to 50 psig (RV-01-N).  Note  
    pressures______   ______.  Close cylinder valve.  Test for   
    leakage as above.  Reopen cylinder valve if no leaks are present. 

15. ______ ______  Start Air Compressor and open MV-05-N.  Set pressure to 60 psig 
    (RV-02-N).  Note pressure ______. 

16. ______ ______  Install covers over cylinders where necessary. 

17. ______ ______  Hydrogen detector in place. 

18. ______ ______  Housekeeping in area around target is good. 

19. ______ ______  All warning signs in area prominently displayed and unobstructed.  
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TARGET STARTING PROCEDURE 

1. _______  Close hand valve, MV-01-V, at roughing pump port vent and cap;  Close  
Hand valve, MV-02-V, at forepump port vent and cap.  

3. _______  Check oil level in vacuum pumps. 

4.   _______  Note Pneumatic Supply Pressure on pump cart gauge, PI-05-N, ______   
  psig.  Pneumatic system valves should be positioned as follows: MV-01-N,  
  MV-02-N, MV-04-N, MV-05-N, and MV-08-N should be open.  MV-03-N    
  and MV-07-N should be closed.   

5.  _______  Turn on roughing pump.  Pressure should reach 20 microns on PE-   
  RPVACH in 2 minutes.   

6. _______  Turn on forepump.  Pressure should reach 20 microns on PE-FPVACH 
  in 2 minutes.   

7.  _______  Open fore line valve EP-FORVLVH. 

8.  _______  Open roughing valve EP-RUFVLVH to target insulating vacuum. 

9.  _______  Turn on power to diffusion pump. 

10.  _______  Enable high vacuum valve, EP-HIVACH.  The HIVAC valve on/off switch  
  will blink until target insulating vacuum pressure is low enough for it to  
  open. EP-RUFVLVH closes automatically.  This occurs at 75 microns. 

11.  _______  Be sure that MV-04-H, MV-06-H, MV-10-H and MV-12-H are open. 

12.  _______  Be sure that MV-05-H, MV-07-H, MV-11-H and MV-13-H are closed. 

13.  _______  Check that the PLC interlock is enabled for the vent valve, PV-H2VV.  

14.  _______  Open purge valve EP-H2PURGE; open target fill valve PV-H2FILL.  Note 
  that the PLC interlocks will not allow PV-H2SUP and EP-H2PURGE to be  
  open at the same time.  

15.  _______  Notify operations center(?) that SeaQuest target is being purged to 
  Hydrogen.   

16. _______           Secure the target tent and the area around the target.  Close   
              access gates if provided.  Start controlled access into area. 
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17. _______  Be sure MV-01-H and MV-02-H are open. 

18. _______  Perform steps 12 and 13 of the Target Starting/Restarting Check List now.   

19.  _______          Verify that EFV-01-H is positioned correctly.          

20.  _______  After the hydrogen supply line and cold trap are pumped out to 30  
  microns, close purge valve, EP-H2PURGE.  Open hydrogen supply valve  
  EP-H2SUP (hydrogen fill valve, EP-H2FILL, is already open).  Be sure the 
   hydrogen pressure is set to 3 psig with the pressure regulator RV-02-H. 

21.  _______  Target pressure read on pressure transducer PT-H2VENT should reach  
  approximately 17.5 psia. 

22.  _______  Close hydrogen supply valve PV-H2SUP.  Open purge valve EP-H2PURGE;   
  Wait for PE-RPVACH to reach 30 microns.  Pump and purge the circuit 
   three times.  End the pump and purge procedure by leaving PV-H2SUP 
  open and EP-H2PURGE closed. 

23.  _______  Cool down the Hydrogen cold trap.   

24. _______ Turn on hydrogen compressor. 

25.  _______  Turn on heater and heater control circuit to reach 14.5 psig.  

26.  _______  Monitor condenser temperature. 

27.  _______  Monitor progress of the target on the upper and lower resistors, TE-  
  H2FLUP and TE-H2FLDWN. 

28.  _______  Continue to fill the target with 1.89 liters after TE-H2FLUP sees liquid.   

29.  _______  Close the hydrogen supply valve, PV-H2SUP, and the hydrogen fill valve, 
  PV-H2FILL.  Close the hydrogen cylinder supply valve and the manual 
  valves.   

30.________          Gradually adjust the flask pressure to 14.7 psig. 

31.  _______  Close MV-06-H (MV-05-H is already closed).  Remove the cold trap from 
  the liquid nitrogen. 

32.  _______  Pump out the cold trap by opening EP-H2Purge and PV-H2Fill.  Evacuate 
  cold trap until warm. 
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33.  _______  After trap is warm, close EP-H2PURGE, and PV-H2FILL. Open MV-06-H. 
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TARGET SHUTDOWN PROCEDURE 

       1.  _______  Turn off the hydrogen system refrigerator. 

2. _______  Turn off temperature controller. 
3. _______  The liquid inside the hydrogen/ target flask is empty when the hydrogen 

  upper and lower resistor temperatures, TE- H2FLUP and TE-H2FLDWN,  
  exceed 23 K.   

4. _______  The hydrogen circuit will continue to hold some amount of hydrogen gas 
  unless complete shutdown is required for certain target maintenance.   

For complete target shutdown, do the following:         

5.   _______           Hook up a helium cylinder to MV-07-H, check MV-14-H ,MV-05-H open 
and backfill the hydrogen circuit with helium to 1 psig. Check PT-H2VENT 
is 15.5 psig.  

6.   _______  Close PV-H2SUP.  Open PV-H2FILL and EP-H2PURGE.  Pump out the target 
hydrogen circuit.  The hydrogen gas is vented through the roughing pump. 

7.   _______  Confirm that the hydrogen cylinder supply valve is closed. 

NOTE: BACKFILLING OF CIRCUIT MUST OCCUR IN THIS ORDER TO AVOID CRUSHING THE 
TARGET FLASK. 

8.  _______  Close high vacuum valve EP-HIVACH; turn off diffusion pump heater 
power.  Allow 20 minutes for diffusion pump to cool down. 

9.  _______  Close fore line valve EP-FORVLVH; turn off power to fore pump. 

10. _______   Turn off power to roughing pump. 

11. _______  Uncap and open roughing line vent valve at pump cart, MV-01-V, to vent 
the vacuum space to atmosphere. 

12. _______  Turn off electric circuits at the pump cart. 

13. _______  Close all gas cylinder valves connected to the target system. 

14. _______   Disable the Flammable Gas detector as necessary for 
 welding/brazing repairs. 

Date _______________________   By ___________________________________ 

27



TARGET RESTART AFTER POWER OUTAGE OCCURS 

1. _______  After power is restored, open hydrogen system roughing valve EP-
RUFVLVH and fore valve EP-FORVLVH. 

2. _______  Enable high vacuum valve EP-HIVACH.  When pressure in the insulating 
vacuum is low enough (PT-01-V<75 microns), EP-HIVACH will open and 
EP-RUFVLVH will automatically close. 

3. _______  After system analysis by a hydrogen target expert, turn on compressor 
flow and refrigerator if permitted. 

4._______               Turn on heater controller and be sure the set pressure is 14.5 psia. 

5. _______  Check the hydrogen circuit upper and lower resistors as some hydrogen 
may need to be added to the hydrogen circuit. 

6. _______  If required, open cylinder and manual valves, open PV-H2SUP and PV-
H2FILL to add hydrogen.  Use the cold trap while adding hydrogen as 
instructed in the TARGET STARTING PROCEDURE. Check SV-02-H has 
been lifted and resealed. 

7. _______  Close PV-H2FILL and PV-H2SUP. 
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E906 – Liquid Deuterium Target System 

The basic design of the E906 Liquid Deuterium Target System will be identical to that of the 
E866 Experiment, with the exception that the E906 cryocooler will not need an external helium 
source in order to operate the refrigerator.   

 By  Date 

1. _____  _____  Target placed into position in beam line. 
2. _____  _____  D2 Pump Cart in position. 
3. _____  _____  Ground connection to target. 
4. _____  _____  Foreline connected to target. 
5. _____  _____  D2 supply line connected to target. 
6. _____  _____  Roughing line connected to target. 
7. _____  _____  Refrigerator gas lines connected and leak checked. 
8. _____  _____  Deuterium, & pneumatic lines connected to pump cart. 
9. _____  _____  Pressure transducer cable connected to both transducers,  

    PT-D2SUP and PT-D2VENT. 
10. _____  _____  Discharge gauge connected (gauge powered only when                    

    hydrogen is not present) 
11. _____  _____  Connect target table controller cables to target table. 
12. _____  _____  Cryostat instrumentation cables connected to cryostat. 
13. _____  _____  Pump cart control cable connected. 
14. _____  _____  Diffusion pump and high vacuum valve cable connected. 
15. _____  _____  220 Volts 3 phase 60 amp disconnect checked for 15 amp 

    fuses.  Replace fuses if they are larger. 
16. _____  _____  Plug pump cart into 220 volt receptacle. 
17. _____  _____  Plug deuterium compressor power cable to 220 volt  

receptacle. 
18. _____  _____  Connect pump cart cable to breakout box. 
19. _____  _____  Connect PT-101-V gauge cable to breakout box. 
20. _____  _____  Connect refrigerator cable to compressor package. 
21. _____  _____  Connect water hoses to hydrogen compressor package. 
22. _____  _____  Cryostat instrumentation cables connected to breakout 

    box. 
23. _____  _____  Connect Flammable Gas detector cable to control rack. 
24. _____  _____  Tie down all cables and lines, check for interference with 

    manipulators, correct where necessary. 
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25. _____  _____  Do general housekeeping around target area. 
26. _____  _____  Install guards over cables and lines when necessary. 
27. _____  _____  Remove guard on target windows when appropriate. 
28. _____  _____  Install rotating warning lights in vicinity of target and in 

    pump cart area. 
29. _____  _____  Install warning signs at designated locations. 
30. _____  _____  Leak test all gas connections with Nitrogen or Helium.   

    Test deuterium line with Helium gas. Reconnect deuterium 
    when tests are completed. Secure all cylinders and tag 
    properly. 

COMMENTS: 

Initial manual valve status prior to deuterium target starting procedure. 

Open:  MV-104-D, MV-106-D, MV-110-D, MV-112-D, MV-02-He, MV-03-He, MV-01-N, MV-02-N, MV-04-
N, MV-05-N, MV-06-N, MV-08-N, MV-09-N, MV-10-N 

Closed: MV-101-D, MV-102-D, MV-105-D, MV-107-D, MV-111-D, MV-113-D, MV-03-N, MV-07N, MV-
101-V, MV-102-V, MV-103-V 

- Regulators backed off 
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Control Console 

 By  Date 

1. ______  ______  All cables connected to rack. 
2. ______  ______  Power on to programmable logic controller. 
3. ______  ______  Power on to target control system computer. 
4. ______  ______  Power to Flammable Gas Detector.  Test alarm whooper  

    and reset. 
5. ______  ______  Check housekeeping in area around control console. 

Cylinders and System Regulators Installation  Note: Keep cylinder valves closed at this time. 

1. ______  ______  Nitrogen cylinder installed with RV-01-N for pneumatic air 
    backup. 

2. ______  ______  Air compressor installed with RV-02-N for pneumatic air 
    supply. 

3. ______  ______  Check compressor helium pressure (200-210 psi). 
4. ______  ______  Deuterium cylinder installed with RV-01-H for liquid  

    deuterium target purge and fill. 
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LD2 TARGET STARTING/RESTARTING CHECK LIST 
Target Area 

By  Date 

1. ______ ______  No physical damage to equipment.  
2. ______ ______  No physical damage to lines. 
3. ______ ______  No physical damage to cables. 
4. ______ ______  Alignment check. 
5. ______ ______  Target windows intact. 
6. ______ ______  Vacuum pump oil level normal. 
7. ______ ______  All lines connected to target and pump cart. 
8. ______ ______  Rotating lights turned on. 
9. ______ ______  Both disconnects and all circuit breakers on. 
10. ______ ______  Nitrogen pressure is OK. 
11. ______ ______  Air compressor is operational. 

Note: Steps 12 and 13 should be performed in step 17 of Target Starting Procedure during 
initial startup of system. 

12. ______ ______  Open Deuterium cylinder, set pressure to 5 psig (RV-101-D).  Note   
    pressures______   ______ .  Close cylinder valve. High pressure 
    gauge must show no noticeable drop for 5 minutes.  If no leaks 
    are present, reopen cylinder valve.   

13. ______ ______  Set RV-102-D to 3 psig (RV-101-D may then be set to 10 psig).   
    Note Pressure ________ 

14. ______ ______  Open Nitrogen cylinder, set pressure to 50 psig (RV-01-N).  Note 
    pressures______ ______  Close cylinder valve.  Test for 
    leakage as above.  Reopen cylinder valve if no leaks are present. 

15. ______ ______  Start Air Compressor and open MV-05-N.  Set pressure to 60 psig 
    (RV-02-N).  Note pressure ______ 

16. ______ ______  Open MV-13-He and set RV-04-He to 3 psig.  Note pressure  
    ______ 

17. ______ ______  Install covers over cylinders where necessary. 

18. ______ ______  Flammable Gas Detector in place. 
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19. ______ ______  Housekeeping in area around target is good. 

20. ______ ______  All warning signs in area prominently displayed and unobstructed.  
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TARGET STARTING PROCEDURE 

1. _______  Close hand valve, MV-101-V, at roughing pump port vent and cap;  Close  
Hand valve, MV-102-V, at for pump port vent and cap.  

2.   _______  Close MV-103-V, EV-101-He and MV-102-He.  MV-102-He is to be capped. 

3. _______  Check oil levels in vacuum pumps. 

4.   _______  Note Pneumatic Supply Pressure on pump cart gauge, PI-105-N, ______   
  psig.  Pneumatic system valves should be positioned as follows: MV-01-N, 
  MV-102-N, MV-04-N, MV-05-N, MV-108-N should be open.  MV-03-N and 
  MV-07-N should be closed. 

5.  _______  Turn on roughing pump.  Pressure should reach 20 microns on PE-  
  RPVACD in 2 minutes. 

6. _______  Turn on forepump.  Pressure should reach 20 microns on PE-FPVACD  
  in 2 minutes. 

7.  _______  Open fore line valves EP-FORVLVD. 

8.  _______  Open roughing valve EP-RUFVLVD to target insulating vacuum. 

9.  _______  Turn on power to diffusion pump. 

10.  _______  Enable high vacuum valve, EP-HIVACD.  The HIVAC valve on/off switch  
  will blink until target insulating vacuum pressure is low enough for it to  
  open.   EP-RUFVLVH closes automatically.  This occurs at 75 microns. 

11.  _______  Be sure that MV-104-D, MV-106-D, MV-110-D and MV-112-D are open. 

12.  _______  Be sure that MV-105-D, MV-107-D, MV-111-D and MV-113-D are closed. 

13.  _______  Check that the PLC interlock is enabled for the vent valve, PV-D2VV. 

14.  _______  Open purge valve EP-D2PURGE; open target fill valve PV-D2FILL.  Note 
  that the PLC interlocks will not allow PV-D2SUP and EP-D2PURGE to be  
  open at the same time. 

15.  _______  Notify operations center that SEAQUEST target is being purged to   
  deuterium.   
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16.________        Secure the target tent and the area around the target.  Close   
            access gates if provided.  Start controlled access into area. 

       17. _______  Be sure MV-101-D and MV-102-D are open. 

18.  _______  Perform steps 12 and 13 of the Target Starting/Restarting Check List now.   

19. _______           Verify that EFV-101-D is positioned correctly. 

20.  _______  After the deuterium supply line and cold trap are pumped out to 30  
  microns, close purge valve, EP-D2PURGE.  Open hydrogen suppy valve EP- 
  D2SUP (hydrogen fill valve, EP-D2FILL, is already open).  Be sure the  
  deuterium pressure is set to 3 psig with the pressure regulator RV-102-D. 

21.  _______  Target pressure read on pressure transducer PT-D2VENT should reach  
  approximately 17.5 psia. 

22.  _______  Close hydrogen supply valve PV-D2SUP.  Open purge valve EP-D2PURGE;   
  Wait for PE-RPVACD to reach 30 microns.  Pump and purge the circuit  
  three times.  End the pump and purge procedure by leaving PV-D2SUP 
  open and EP-D2PURGE closed. 

23.  _______  Cool down the Deuterium cold trap. 

24. _______  Turn on deuterium compressor. 

25.  _______  Start the deuterium system compressor flow and refrigerator.   

26.  _______  Monitor refrigerator temperature. 

27.  _______  Monitor progress of the target on the upper and lower resistors, TE- 
  D2FLUP and TE-D2FLDWN. 

28.  _______  Continue to fill the target with 1.89 liters after TE-D2FLUP sees liquid. 

29.  _______  Close the deuterium supply valve, PV-D2SUP, and the deuterium fill valve, 
  PV-D2FILL.  Close the deuterium cylinder supply valve and manual valves.   

30.  _______  Turn on heater and heater control circuit to reach 14.5 psig.  

31. _______           Gradually adjust the flask pressure to 14.7 psig. 

32.  _______  Close MV-106-D (MV-105-D is already closed).  Remove the cold trap  
  from the liquid nitrogen. 
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33.  _______  Pump out the cold trap by opening EP-D2Purge and PV-D2Fill.  Evacuate  
  cold trap until warm. 

34.  _______  After trap is warm, close EP-D2PURGE, and PV-D2FILL. Open MV-106-D. 
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TARGET SHUTDOWN PROCEDURE 

1.  _______  Turn off the deuterium system refrigerator. 
2. _______  Turn off temperature controller.  
3. _______  The liquid inside the deuterium target flask is empty when the deuterium  

  upper and lower resistor temperatures, TE-D2FLUP and TE-D2FLDWN, 
exceed 23 K.   

4. _______  The deuterium circuit will continue to hold some amount of deuterium  
   gas unless complete shutdown is required for certain target maintenance. 

For complete target shutdown, do the following: 

 

5.   _______  Hook up a helium cylinder to MV-107-D, check MV-114-D,MV-05-D are 
open and backfill the deuterium circuit with helium to 1 psig. Check PT-
D2VENT is 15.5 psig. 

6.   _______  Close PV-D2SUP.  Open PV-D2FILL and EP-D2PURGE.  Pump out the target 
deuterium circuit.  The deuterium gas is vented through the roughing 
pump. 

7.   _______  Confirm that the deuterium cylinder supply valve is closed. 

NOTE: BACKFILLING OF CIRCUIT MUST OCCUR IN THIS ORDER TO AVOID CRUSHING THE 

TARGET FLASK. 

8.   _______  Close high vacuum valve EP-HIVACD; turn off diffusion pump heater 
power.  Allow 20 minutes for diffusion pump to cool down. 

9. _______  Close fore line valve EP-FORVLVD; turn off power to fore pump. 

10. _______   Turn off power to roughing pump. 

11. _______  Uncap and open roughing line vent valve at pump cart, MV-101-V, to 
vent the vacuum space to atmosphere. 

12. _______  Turn off electric circuits at the pump cart. 

13. _______  Close all gas cylinder valves connected to the target system. 
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14. _______   Disable the Flammable Gas detector as necessary for welding/brazing 
 repairs. 

 

Date _______________________   By ___________________________________ 
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TARGET RESTART AFTER POWER OUTAGE OCCURS 

1. _______  After power is restored, open deuterium system roughing valve EP-
RUFVLVD and fore valve EP-FORVLVD. 

2. _______  Enable high vacuum valve EP-HIVACD.  When pressure in the insulating 
vacuum is low enough (PT-101-V<75 microns), EP-HIVACD will open and 
EP-RUFVLVD will automatically close. 

3. _______  After system analysis by a deuterium target expert, turn on deuterium 
compressor if permitted. 

4. _______  Turn on the heater controller and be sure the set pressure is 14.5 psia. 

5. _______  Check the deuterium circuit upper and lower resistors as some deuterium 
may need to be added to the deuterium circuit. 

6. _______  If required, open cylinder and manual valves, open PV-D2SUP and PV-
D2FILL to add deuterium.  Use the cold trap while adding deuterium as 
instructed in the TARGET STARTING PROCEDURE. Check SV-102-D has 
been lifted and resealed. 

7. _______  Close PV-D2FILL and PV-D2SUP. 
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F.  EMERGENCY PROCEDURES 

The emergency procedures for both of the liquid target systems are included below.  This is 
acceptable since the systems are identical.  Valves associated with the hydrogen system are 
identified with an H in the tagname.  Those associated with the deuterium system are identified 
with a D in the tagname.  That is, EP-HIVACH is the HIVAC valve in the hydrogen system and EP-
HIVACD is the HIVAC valve in the deuterium system.  Furthermore, the tagnames identified 
numerically are distinguished as follows:  Tags number 0 through 99 are part of the hydrogen 
system and tags 100 and greater are part of the deuterium system.  The only exceptions are 
some nitrogen and helium valves which are shared by both systems (see P&I Diagrams to 
confirm valve/instrument function). 

 
1.  LOSS OF AC POWER 

Indications:    

- All equipment shuts down. 

- Controls continue working with Uninterruptible Power System. 

a.   All vacuum valves close.  Vacuum pumps stop.  Compressors and refrigerators 
 stop.  Insulating vacuum starts to spoil. 

b. Depending on the amount of time the power is off, the hydrogen and deuterium 
will vaporize.  Hydrogen and deuterium will be vented outside of the target tent.  
No operator action needs to be taken to ensure the safety of the target.  No one 
is allowed inside the tent while power is off. 

c.   The UPS will keep the control system alive, which will open pressure valves PV-
H2VV/PV-D2VV in order to allow the venting of hydrogen and deuterium through 
CV-01-H/CV-101-D.  In the event that the control system shuts down and the 
above pressure valves are not opened, the gas will be vented through safety 
valves SV-03-H/SV-103-D. 

d. When power returns, the vacuum system will try to automatically restore the 
insulating vacuum for the target.  The ventilation fan will resume running.   

e. If the power has been off for only a few minutes, the compressors and 
refrigerators may be restarted to restore the targets to full operation.  A small 
loss of hydrogen/deuterium will not affect the operation of the targets. 
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f. A longer power outage will mean a larger loss of hydrogen/deuterium from the 
targets.  It will be necessary to refill them after refrigerators are restarted.  The 
amount of hydrogen/deuterium to add may be estimated by looking at the 
temperatures of the upper and lower resistors in each target; TE-H2FLUP, TE-
H2FLDWN, TE-D2FLUP and TE-D2FLDWN. See TARGET RESTART AFTER POWER 
OUTAGE OCCURS section. 

g. Compressors and the heater power supply will be restarted through operator 
control.  

h. The target motion controller will be restarted through operator control once the 
hydrogen/deuterium flasks are filled. 

 

2.  HYDROGEN/DEUTERIUM LEAK 

Indications: 

- Increase in insulating vacuum pressure. 
- Hydrogen reading on the flammable gas detector. 

 
a. A flammable gas alarm is sent to FIXDMACS.  The O.D. operators are notified of 

FIXDMACS alarms.  The alarm is also sent to FIRUS.  An alarm on the flammable gas 
detector alone will not require the fire department to respond.  However, if coupled 
with a spoiled insulating vacuum pressure, the fire department will respond to 
assess the situation.  No one is allowed inside the target tent while the flammable 
gas detector is in alarm.  

b. The target is surrounded by a tent.  The tent is vented into the hall through a large 
fan.  The fan is continuously running. 

c. In any situation where a hydrogen leak has occurred, the entire system must be 
rechecked for system integrity before restarting the target.  One should not confuse 
venting of a target through its vent valve or relief valve with a leak in the system.   
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3.  LOSS OF AIR/NITROGEN FOR VALVES 

Indications: 

- PT-PN2SUP goes into alarm. 
- Valves don’t respond. 
- Insulating vacuum spoils. 

 
a. Loss of air/nitrogen will cause all vacuum valves except the high vacuum valve to 

close.  The high vacuum valve will remain in its previous position. 
b. Change nitrogen cylinder.  Re-establish vacuum system. 
c. Check for leaks.    
d. Perform required maintenance to air compressor system. 
e. Check target operation indicators.  Hydrogen/Deuterium may need to be added.  

Refill as necessary. 
f. Loss of air/nitrogen does not cause a safety problem, but will prevent operation of 

all pneumatic valves.  .   
 

4.  LOSS OF REFRIGERATION 

Indications: 

- Heater power demand decreases. 
- Target pressures start to rise. 

 
a. Check for vacuum problems. 
b. After the target with the poor refrigeration has been shut down and emptied, 

repairs to that refrigerator may be performed while the other target is full, provided 
a written procedure is provided to the safety panel and is approved by them, prior 
to performing the work. 

c. Each liquid target (hydrogen and deuterium) has its own cryocooler and compressor.  
Loss of refrigeration on one would not cause a loss of refrigeration on the other.  A 
loss of refrigeration on one target may cause that target to warm up and vent 
through the vent 
 

5.  LOSS OF THE VENT FAN FROM THE TARGET ENCLOSURE 
Indications:  

- Alarm on FIS-TENTFAN 
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- Power Outage 
- Failure of the flow sensing device 

a. Beam is turned off.   
b.  If the vent fan or sensor for the SeaQuest hall has failed, the fan should be replaced.  

Spares are available. 
c. Target table motor is turned off. 
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H.  WHAT-IF ANALYSIS 

The what-if analysis for both of the liquid target systems is included below.  This is acceptable 
since the systems are identical.  Valves associated with the hydrogen system are identified with 
an H in the tagname.  Those associated with the deuterium system are identified with a D in the 
tagname.  That is, EP-HIVACH is the HIVAC valve in the hydrogen system and EP-HIVACD is the 
HIVAC valve in the deuterium system.  Furthermore, the tagnames identified numerically are 
distinguished as follows:  Tags number 0 through 99 are part of the hydrogen system and tags 
100 and greater are part of the deuterium system.  The only exceptions are some nitrogen and 
helium valves which are shared by both systems (see P&I Diagrams to confirm valve/instrument 
function). 

(1)  Loss of Insulating Vacuum 

Initiation: 

a. Forepump failure. 
b. Foreline hose rupture. 
c. Roughing line hose rupture. 
d. Diffusion pump failure. 
e. Vacuum leak in system. 

Automatic Responses: 

a. EP-HIVACH/EP-HIVACD valve is closed, and roughing valve EP-RUFVLVH is 
opened.  This switches pumping from diffusion pump/forepump system to 
roughing pump.   

b. If fore pressure as read on PE-FPVACH/PE-FPVACD exceeds 200 microns, 
diffusion pump heater turns off and EP-FORVLVH/EP-FORVLVD closes.   

c. The heater will be shutdown via PLC.  

Results of Failure: 

a. Refrigerator remains on, supplying cooling to target.  
b. Refrigeration will not be able to keep the target cool because of the condensing 

air heat load.  At a pressure of 21 psia, the hydrogen vent valve, PV-H2VV/PV-
D2VV, will open.  If PV-H2VV/PV-D2VV were to fail, SV-02-H/SV-102-D and SV-
03-H/SV-103-D will open at a pressure of 10 psig to relieve the 
hydrogen/deuterium flask. 
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c. Tent exhaust fan operates continuously.  FIXDMACS alarms and FIRUS alert 
appropriate personnel. 

(2) Cold flask failure, Cryostat windows intact 

Initiation: 

a. Flask overpressure. 
b. Cold leak in flask or plumbing. 

Automatic Responses: 

a. If the FPVAC pressure is above 75 microns, alarms will be triggered on the target 
control system, alerting shift personnel.  A signal will be sent to Accelerator Main 
Control to shut off beam.   

b. When vacuum reaches 100 microns as measured on PT-01-V/PT-101-V, high 
vacuum valve EP-HIVACH/EP-HIVACD closes.  Both the cryocooler compressor 
and condenser heater will be shutdown. 

c. When the vacuum jacket reaches 0.5 psig, SV-01-V/SV-101-V and SV-02-V/SV -
102-V open and vents the hydrogen/deuterium to relieve the insulating vacuum 
jacket. 

Results of failure: 

a. Any hydrogen/deuterium pumped by the vacuum system will be vented into the 
Tent. 

b. All hydrogen/deuterium from a flask failure is vented from the tent through 
ventilation ducting. 

 
(3) Failure of H2/D2 supply cylinder valve or cylinder regulator 

Initiation: 
a. Leaking cylinder valve. 
b. Leaking cylinder regulator. 

Automatic responses: 

None.  No hydrogen detector will be used outside in the cylinder storage area for 
this experiment. 
 
 

 Results of failure: 
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Hydrogen/Deuterium gas will vent into the area outside where the cylinders are 
stored. 

 
 

(4) Failure of H2/D2 supply line between cylinder regulator and PV-H2SUP 
Initiation: 

a. Rupture of line. 
b. Leak in line due to physical damage. 
c. Leaking fittings in line. 

Automatic responses:  

The excess flow valve, EFV-01-H/EFV-101-D, will stop the flow of 
hydrogen/deuterium.  The excess flow valves are located outdoors, near the 
supply cylinders. 

 Results of failure: 

a. Supply lines for this experiment are copper tubing which run along the concrete  
shielding blocks.  They are well protected against physical damage. 

b. If a failure occurs during filling, hydrogen/deuterium would escape into the NM4 
building.  Small leaks would be undetected.  A maximum of about 200 standard 
cubic feet (scf) of hydrogen/deuterium would be caught in the ceiling of Building 
from this failure. 

c. The hydrogen/deuterium cylinder is valved off at all times except during filling 
limiting any amount of hydrogen/deuterium available during such a leak. 
 

(5) Failure of H2/D2 supply line from pump cart to target. 
Initiation: 

a. Leak in fittings. 
b. Physical damage to lines. 
c. Rupture of lines. 

Automatic Responses: 

a. Target hydrogen/deuterium pressure will drop to 14.3 psia regardless of heater 
controller setting. 

b. If the leak is large enough or directly under the hydrogen detector, it will alarm 
to alert the operators of the problem.  At most a leak will release 200 scf of 
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hydrogen into the NM4 building or the Tent.  The tent is equipped with a 
ventilation fan with a capacity of 1300 cfm air.  

 
Results of failure: 

a. Supply line to the target is made of ¼” copper tubing, stainless steel flex lines, 
and fittings.  The lines are generally routed along the wall and damage is unlikely.   

b. If failure occurs during filling, hydrogen/deuterium would escape into the NM4 
building.  Small leaks would be undetected.  A maximum of about 200 scf of 
hydrogen/deuterium would be caught in the ceiling of Building from this failure. 

c. The hydrogen detector in the ceiling of the tent may see the leak and warn the 
operators and FIRUS.   

 
(6) Loss of AC Power 

Initiation: 
a. Power outage in area (scheduled or unscheduled). 
b. Power outage on Main site. 

Automatic Responses: 

a. Uninterruptible Power System (UPS) allows control of PV-H2VV/PV-D2VV. 
b. All other electronically controlled valves close. 
c. All vacuum pumps, compressors, and refrigerators stop. 
d. The proton beam will stop. 
e. Target motion stops. 

Results of failure: 

a. Insulating vacuum begins to spoil.  No refrigeration is available. 
b. Liquid in the targets begins to vaporize.  SV-02-H/SV-102-D and  SV-03-H/SV-103-

D protects system from increasing in pressure higher than 10 psig. 
  

(7) Restoration of AC Power 

Initiation: 

a.  Power restored to area. 
 

Automatic Responses: 
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a. Vacuum system will attempt to restore itself. 
b. Refrigerators and compressors remain off. 
c. Target table motion will not restart. 

Results of failure: 

a. Unless the power outage is of very short duration and the refrigerators are 
restarted, hydrogen/deuterium will be vented. 

b. Pressures in the target flask volumes must be checked to determine if SV-02-
H/SV-102-D and SV-03-H/SV-103-D have lifted and, if so, re-seated.  If the 
pressure in the target is near 14.3 psia, then the valve must be re-seated and the 
target re-purged before filling.  This scenario is now much less likely since the 
addition of PV-H2VV/PV-D2VV.   

c. The control system will attempt to restart itself if the duration of power loss was 
longer than what the UPS would have allowed.  The control system PC remains 
off and will need to be restarted.   

d. The heater controller will attempt to restart itself, but power to the heater will 
be set to zero initially.  The control system will not automatically restart the PID 
control. 

 

(8) Loss of valve operating gas (air/nitrogen) pressure. 

Initiation: 

a. Leakage in the valves, lines, or fittings or excessive use of the valves.  See also, 
E906 Emergency Procedures: Loss of Air/Nitrogen for Valves. 

b. Failure of air compressor and depletion of nitrogen bottle. 

Automatic Responses: 

a. An alarm will sound to notify shift operators that the pneumatic pressure is low.  

b. When the pneumatic pressure is less than 20 psig, EP-H2PURGE/EP-D2PURGE, 
EP-RUFVLVH/EP-RUFVLVD, and  EP-FORVLVH/EP-FORVLVD close.  Valves close 
due to force of actuator spring.  EP-HIVACH/EP-HIVACD (high vacuum valve) 
remains in the open state. 

c. PV-H2SUP/PV-D2SUP and PV-H2FILL/PV-D2FILL close.  Valves close due to force 
of actuator spring.   
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 Results of failure: 

a. Vacuum in the target vacuum jacket will spoil, increasing heat load to the target. 
b. Hydrogen/Deuterium may be vented from the target. 

 
(9) Failure of heater control circuit. 

Initiation: 

a. Open heater circuit in the target. 
b. Failure of the pressure sensing circuit. 
c. Failure of the heater controller. 

  Automatic responses: 

 None. 

 Results of failure: 

a. If power output from the controller exceeds the desired power, target pressure 
will rise and target will vent if the pressure exceeds the vent valve or relief valve 
set pressures. 

b. If power output from controller is less than the desired power, target pressure 
will decrease.  An alarm on the PLC will alert the target operators if the target 
pressure begins to go sub-atmospheric, or the heater controller power goes 
above its HI and HIHI setpoints.    

c. Operator control maybe required to adjust heater power.   
 

(10)  Failure of pressure transducer circuit. 

Initiation: 

a. Failure of pressure transducers, PT-H2VENT/PT-D2VENT.   
b. Failure of readout circuits. 

Automatic Responses: 

a. PT-H2VENT/PT-D2VENT is used for the input signal to the heater control and PV-
H2VV/PV-D2VV control.  PT-H2SUP/PT-D2SUP will be used for backup controls for 
the heater and PV-H2VV/PV-D2VV action.  The heater control will act on the 
erroneous signal.  If the signal fails low, PV-H2VV/PV-D2VV will not open.   If it fails 
high, PV-H2VV/PV-D2VV will open and vent hydrogen/deuterium. 
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Results of failure: 

a.  Target Pressure will be unknown.  The heater circuit will act on the erroneous signal 
and the target will either rise or fall in pressure in response to the heater output.  
See section 9.  If PV-H2VV/PV-D2VV does not open, the hydrogen/deuterium must 
vent through SV-02-H/SV-102-D.  Temperature sensors will be monitored for 
agreement with pressure transducers. 
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I.  ODH ANALYSIS 

NM4 Building 

Fluids to be in use with the E906 Target System include deuterium, hydrogen, helium and 
nitrogen.  The hydrogen and deuterium cylinders are to be located inside an explosion proof 
gas shed which is a part of the NM4 Building.  The cylinders of non-flammable gas will also be 
located inside the gas shed.  During target filling an LN2 dewar will be in the target service area.  
At any given time, one nitrogen cylinder will be in use in the target service area.  All transfer 
lines from the gas shed into the SeaQuest Hall will be metal.  A single spare cylinder of each of 
these gases may be stored locally.  Each cylinder contains roughly 200 to 250 scf of gas.  The gas 
systems are not common and are therefore unlikely to be released simultaneously.  If a 
deuterium, or hydrogen gas supply system were to leak gas indoors, the gas would escape into 
the very large SeaQuest Hall.  The volume of the gas inside the cylinders is small compared to 
the volume of the building and would not present an ODH condition.  The nitrogen from one 
cylinder released and mixed uniformly inside the SeaQuest Hall would reduce the oxygen 
concentration by less than 1%. The Building is thus ODH class 0. 

SEAQUEST HALL 

Unlike the E866 Target System, there are no external helium lines/cylinders feeding the 
refrigerator.  However, a metal flexible line containing helium will be connected between the 
compressor and the cryo-cooler coldheads.  The amount of helium contained in these metal 
flexible lines is approximately 3.3 scf of gas.  In case of rupture of these lines, the reduction in 
oxygen concentration would be negligible. 

INSIDE THE TENT 

The worst condition from a single flask failure  would release 2.2 liters of liquid hydrogen, or 
approximately 60 scf of gas.  The tent exhaust fan has a ventilation rate of 1300 scfm which is 
significantly higher than the worst case scenario gas release rate.   

The E906 refrigerator will contain 3.3 scf of helium in its helium transfer lines.  In the case of a 
rupture, the reduction in oxygen concentration is negligible.  Therefore, ODH classification will 
be 0. 

 

 

 

56



E906 Hydrogen Safety Analysis 

If hydrogen or deuterium were to leak inside the tent it will vent through the tent exhaust fan.  
The amount of hydrogen from one of the targets mixed perfectly with air is equivalent to 0.36 
lbs. of TNT.  This value is based on a TNT equivalent of 1 lb. TNT = 1 lb. H2 from NBS Report 10 
734 “Explosion Criteria for Liquid Hydrogen Test Facilities”, Hord.  If a full cylinder were to vent 
into the NM4 Building and mix perfectly with air, its explosive equivalent is equal to 1.2 lbs. of 
TNT.  

It is unlikely that any significant hydrogen will escape from the tent as the system is built 
according to Fermilab Guidelines for LH2 Targets.  Thus any venting from the target flask or its 
vacuum shell is expected to be vented through the tent ventilation system.  All reliefs are 
adequately sized as is the ventilation ducting.  Small leaks will not present this hazard 
immediately and target performance will suffer before this amount of hydrogen or deuterium 
would leak out and be discovered. 

The vacuum pump carts and cold traps will be located along the east wall of SeaQuest Hall next 
to the beamline near the targets.  The hydrogen and deuterium cylinders will be located 
outside the Hall on the ground level under cover.  In consideration of the presence of hydrogen, 
the Guidelines section II.F.2.a. is followed.  We will take the following precautions in this 
regard: 

(1) Warning signs will be posted alerting personnel of hydrogen gas in the area and that 
ignition sources are not allowed. 

(2) The phone number and pager number of the target experts will be posted such that if a 
hydrogen target expert is required, the shift crew will be able to contact one.  The shift 
crew will have access to a copy of the E906 LH2 Target Safety Report which includes the 
Operating and Emergency Procedures. 

(3) No combustibles or ignition sources will be allowed in the area of the hydrogen 
cylinders.  No welding will be allowed within 33 feet without the Research Division 
Office approval. 

(4) Cylinders will be properly secured.  Full or empty bottles not in use will be promptly 
removed and stored in a designated storage area.  Concrete bumpers will be installed to 
keep automobiles at a distance from the cylinders. 

57



(5) The hydrogen supply lines have an excess flow valve installed outdoors.  Each cylinder 
uses an appropriate pressure regulator.  Each supply line also includes a relief valve SV-
02-H set for 10 psig in order to protect the flasks. 

(6) Hydrogen supply lines will be leak checked at 90% of the circuit relief pressure. 

(7) The hydrogen lines and ventilation exhaust ducting will be identified with labels. 

(8) Hydrogen lines will be metallic and will be appropriately installed and supported.   
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J.  DESIGN CALCULATIONS/MATERIAL SPECIFICATIONS 

E906 STAINLESS STEEL FLASK STRESS CALCULATIONS 

The E906 Target System will re-use the target flasks used for the E866 Target System.  Refer to 
pages 63-72 of the E866 Target Safety Report, or pages 60-69 of the E906 Target Safety Report. 
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VACUUM JACKET STRESSES 

The E906 Target System will re-use the vacuum jacket used for the E866 Target System.  For 
safety issues relating to its stress test, volume, and relief mechanism, refer to pages 73-74 of 
the E866 Target Safety Report, or pages 71-72 of the E906 Target Safety Report. 
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TITANIUM WINDOW STRESS 

The E906 Target System will re-use the titanium windows used for the E866 Target System.  
Refer to pages 75-86 of the E866 Target Safety Report, or pages 74-85 of the E906 Target Safety 
Report. 
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K.  TARGET ENCLOSURE/VENT DESIGN AND CONDITIONS FOR ENTRY 

PROCEDURE FOR ACCESS TO THE E906 TARGET ENCLOSURE FOR 
INSTALLATION/REMOVAL OF COPPER FOIL, EXPANDER WORK, 

REPAIRING/REPLACING INSTRUMENTATION 

The procedure for access to the E906 target enclosure for installation/removal of the copper 
foil is the same as that for the E866 experiment.  Refer to pages 89-92 of the E866 target safety 
report, or pages 87-90 of the E906 Target Safety Report. 

The list of personnel considered target experts consists of the following names: 

Chiranjib Dutta 

Wolfgang Lorenzon 

Kazutaka Nakahara 

Richard Raymond 

Wang Su-Yin 
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E906 Target Enclosure and Ventilation

0.1 Description

On the basis of the ongoing discussion on the target enclosure and the respective ven-
tilation system to be utilized in E906, this note basically focuses on the estimation of the
pressure drop across the target enclosure ventilation ducting as well as the approximate
timing information of venting hydrogen and deuterium from the enclosure in case of any
leakage during operation. Also, assuming the installed ducting is guided to the infinite vol-
ume towards the top in the hall, a critical radius is calculated outside of which there will be
negligible chance of causing a fire hazard by any escaped hydrogen through the ventilation.

The enclosure of the target here refers to the volume surrounded by the concrete blocks on
the sides and the top and a curtain with holes for the beam and the ventilation in the front
(upstream). The ventilation system is expected to have a 10 inch diameter vent ducting
made of sheet metal which will be installed and guided from the top of the curtain to the
outside volume towards the roof inside the hall. The estimated length of the ducting is ∼
13 ft (∼ 8 to 10 ft vertically towards the roof) depending on the availability of space. A
fan, controlled with a logic controller, will be used which will be triggered by any slight
hazardous conditions such as, high target insulating vacuum pressure coupled with low tar-
get temperature, detection of hydrogen or deuterium by the flammable gas detector located
inside the enclosure etc. The fan will have a capacity of 1300 cfm air for our ducting system.
A very rough schematic of the system is shown in Fig.1.

The calculations are based on the fact that the liquid from the flask evaporates inside
the target vacuum volume and is then vented through the vacuum system parallel plate
relief devices as cold vapor. Few numbers in the calculations are very standard and the
same procedure followed by E866 has been adopted as far as practicable.

0.1.1 Pressure Drop Across the Enclosure Ventilation Ducting:

The ventilation system is schemed as ∼12 ft of 10 inch diameter commercial steel piping
with one regular 45◦ elbow.
The following relevant quant ities are used in the calculations :

• L = Length of the pipe = 12 ft

• D = Diameter of the pipe = 0.833 ft

• K = Resistance coefficient for regular 90◦ elbow = 0.15

• f = Friction factor from Moody diagram = 0.0175

• (Le)1 = Effective length for 90◦ elbow = KD
f = 7.14 ft

• (Le)2 = Effective length for 45◦ elbow = 0.57×(Le)1 = 4.1 ft

• g = acceleration due to gravity = 32.2 ft/s2

• z = Elevation change = 10 ft

1
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• ρH2 = Density of Hydrogen at 70◦ F = 0.08233 kg/m3

• ρD2 = Density of Deuterium at 70◦ F = 0.1645 kg/m3

• mH2 = Mass flow rate of Hydrogen through parallel plate relief = 0.0392 kg/s

• mD2 = Mass flow rate of Deuterium through parallel plate relief = 0.0544 kg/s

• FH2 = Volumetric flow rate of Hydrogen = mH2
ρH2

= 1009 cfm

• FD2 = Volumetric flow rate of Deuterium = mD2
ρD2

= 702 cfm

• V = Fluid velocity in the pipe = Q

π(D
2 )2 = 31 ft/s for H2 (H2 yields the highest

velocity)

Now following the procedure adopted by E866, we will use the air density ρair = 0.072
lb/ft3 at STP to calculate the maximum possible pressure drop across the system. The
pressure drop is given by:

∆P =
[
f

(
L+ (Le)2

D

)
· V

2

2
+ gz

]
· ρair (0.1.1)

Now putting all the respective values, we obtain ∆P = 0.21 inches of H2O. This is the
highest positive pressure the target enclosure would see in case of a target flask rupture
when the fan is not turned on.

0.1.2 Estimation of venting time:

Here it is assumed that it is highly improbable that both the independent target systems
would fail simultaneously. Hence, the timing estimation is determined for only one target
failure. The relevant quantities are :

• MH2 = mass content of Hydrogen in the target = 163 g

• MD2 = mass content of Deuterium in the target = 398 g

• VH2 = Volume of discharged H2 from rupture at 70◦ = 70 ft3

• VD2 = Volume of discharged D2 from rupture at 70◦ = 85 ft3

• Vencl = Volume of the target enclosure = 129in× 76in× 108in = 612.7 ft3

• TH2 = Time required to relieve Hydrogen = MH2
mH2

= 4.16 s

• TD2 = Time required to relieve Hydrogen = MD2
mD2

= 7.32 s

Now with the fan with a capability of 1300 cfm, one can deduce the time required by the
fan to vent the different contamination as follows:

tH2 =
VH2

1300
= 3.2s, (0.1.2)

tD2 =
VD2

1300
= 3.9s, (0.1.3)

2
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tencl =
Vencl
1300

= 28s, (0.1.4)

where tH2/D2/encl is the time required to vent (H2/D2/air) once the fan is turned on at
t = 0 s. Now by comparing the time required to relieve H2 or D2 through a target parallel
plate relief in case of a flask rupture (4.16 s and 7.32 s, respectively) to the time required
to vent the equivalent room temperature volume of H2 or D2 with the fan (3.2 s and 3.9 s,
respectively), we can conclude that the 1300 cfm fan can decently vent the system in case
of any target flask failure and, hence the safety requirements are sufficiently fulfilled. Note
that, due to the very similar system characteristics in both E866 and E906, most of the
quantities that have been used in this model are standard and same as used in E866.

0.1.3 Estimation of a Critical Distance Inside the Hall:

In case of a target flask rupture and venting the escaped H2/D2 through the ducting
towards the infinite volume inside the Hall (we use the term infinite to emphasize the fact
that the volume inside the hall is immensely large compared to the volume of the leaked
H2 or D2.), it is necessary to model a volume shape and calculate the distance (r) within
which there could be a risk of fire hazard due to the leakage. Considering the outlet of the
vent system as the center of a spherical volume which corresponds to the escape point of H2

and the amount of volume required by H2 to be 150 m3 at room temperature, the radius of
the spherical volume can be estimated. We consider the amount of space available inside
the hall for the escaped H2 to be 1/4 th of the sphere. However, when the H2 comes out of
the vent as a result of any leakage during the experiment, it is already mixed with air and
hence, diluted. An estimation of this dilution can be made by taking into the ratio of the
volume of the H2 into the target enclosure and the volume of the air inside the enclosure
itself. It turned out that due to the large volume of the enclosure, the effective volume of
the space that the leaked H2 would require is approximately 10% of the real volume (150
m3). Hence,

(
4
3
πr3)

1
4

= 15 (0.1.5)

=⇒ r = 2.5m (0.1.6)

As we all know, the diffusion rate of H2 in air is immensely fast, we can assure that
anything beyond the above estimated radius is safe as far as any fire hazard is concerned.
Now it is to be checked and determined if there is anything within the radius of 2.5 m inside
the hall that could cause any ignition and hence, potential fire hazard.

3
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Figure 1: Rough schematic of the target vent ducting (not to scale). The fan position
is flexible and can be mounted according to different other requirements (available space,
support convenience etc.). The mounting details are not presented at this point.

Alternative venting scheme

There is another provision to vent the hydrogen from the target enclosure from the hall to
outside. This can be realized with same kind of ducting in the hall that starts from the
enclosure and it uses the existing hole in the roof just on the top of the entrance to the
beam area. The pipe (right from the hole) in the hall to outside is approximately 40 ft. We
will use a 10 inch diameter piping from the enclosure to the hole and then 6 inch diameter
inside the existing pipe to outside. There will be a regular 90◦ elbow between the enclosure
and the hole inside the hall.

4
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Inside the hall,

• L = Length of the pipe = 20 ft

• D = Diameter of the pipe = 0.833 ft

In this case, the pressure difference between the enclosure and the hole is ,

∆P =
[
f

(
L+ (Le)1

D

)
· V

2

2
+ gz

]
· ρair (0.1.7)

which comes out to be 0.26 inches of H2O.

From the hole to the outside of the hall,

• L = Length of the pipe = 40 ft

• D = Diameter of the pipe = 0.5 ft

In this case , the pressure difference between the outside and the hole is 2.8 inches of H2O.
Note that this drop is with respect to the pressure at the inlet i.e. at the beginning of the
hole inside the hall where there already exists a pressure difference as calculated above with
respect to the pressure in the enclosure.

5
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CONDITIONS FOR ACCESS TO THE SEAQUEST HALL 

The conditions for access to the SeaQuest Hall are the same as those for the ME6 Hall for E866.  
Refer to page 93 of the E866 target safety report, or page 97 of the E906 Target Safety Report. 
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L.  PERFORMANCE TESTS 

PERFORMANCE TESTS 

Pressure test, relief valve test, stainless steel flask joint test, flask pressure testing, titanium 
window testing, pneumatic vent valve leak test were all performed prior to the E866 
experiment, and all of the above items will be re-used for the E906 target.   

Pressure Piping Test 

This section defines procedures for designing, fabricating and testing pressure piping systems. 

 

SCOPE 

This chapter includes all piping systems that fall under the following subsystems: 

1. Target internal piping. 

2. Target external existing piping. 

3. Target external new piping. 

Target Internal Piping 

- All piping within the target vacuum jacket, including the condenser and the supply and 
relief pipes, will be pressure tested to 1.1 times the maximum allowable working 
pressure according to UG-100 of the ASME Boiler and Pressure Vessel Code, Section VIII 
Div.1 (hereafter called the Code). 

Target External Existing Piping 

Piping from the hydrogen, deuterium, and nitrogen cylinders to the target will make use of 
partially existing piping between the gas shed and the experimental hall.    

-  Existing piping will be pneumatically tested to 90% of the relief pressure.  

-  No piping or system components with relief settings above 150 psig exist.  Thus, 
Chapter 5034 of the Fermilab ES&H Manual does not apply. 

- A leak test using suitable means shall also be performed prior to operating the system. 
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Target External New Piping 

-  New external piping between the gas shed and the target will be tested to 1.1 times the 
relief pressure.   

- Material certification and engineering notes for all joints, fittings, and piping will be 
documented on the “FESHM 5031.1 Piping Engineering Notes”.   

- There will be no welded joints in external piping.  

- A leak test using suitable means shall also be performed prior to operating the system. 
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E906 STAINLESS STEEL FLASK JOINT TESTING 

The E906 target system will initially re-use the E866 target flask.  Flask joint tests were 
performed for the E866 target system.  Refer to pages 133-139 of the E866 target safety report, 
or pages 101-107 of the E906 Target Safety Report. 

 

New flasks are being fabricated as spares.  Before installation, new joint tests will be performed.  
Results of the test will be submitted to the Target Safety Committee for approval. 
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FLASK PRESSURE TESTING 

The E906 target system will initially re-use the E866 target flask.  Flask pressure tests were 
performed for the E866 target system.  Refer to pages 140-143 of the E866 target safety report, 
or pages 109-112 of the E906 Target Safety Report. 

New flasks are being fabricated as spares.  Before installation, new pressure tests will be 
performed.  Results of the test will be submitted to the Target Safety Committee for approval. 
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TITANIUM WINDOW TESTING 

New titanium windows will be fabricated for the E906 target system.  The design of the 
windows will be identical to those of the E866 Target System.  Refer to page 151 of the E866 
target safety report, or page 114 of the E906 Target Safety Report.  Material Certification of the 
titanium windows will be submitted to the Target Safety Committee for approval. 
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INTERLOCK SYSTEM TEST 

Each interlock will be tested and documented for operability with a safety personnel on hand to 
witness its safe operation.   

 

L.  SAFETY CORRESPONDENCE 

To be determined 

 

M.  CALL-IN LIST 

Chiranjib Dutta 

Wolfgang Lorenzon 

Kazutaka Nakahara  

Richard Raymond 

Wang Su-Yin 
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