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SYSTEM DESCRIPTION FOR THE K866 TARGETS
June 4, 1996

The E866 target system is located in the ME6 beam hall of the Meson Area
Detector Building. The target system is composed of three stainless steel
flasks. The stainless steel 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 evacuated for a
control. The hydrogen and control flasks share the same insulating vacuum
space. The vacuum containers are built from aluminum with their beam
windows using a titanium alloy. '

The liquid deuterium and liquid hydrogen targets are controlled to a pressure
slightly above atmospheric, i.e. about 14.7 psia. The interior of the control
flask is common with the insulating vacuum space and thus its pressure is
equivalent to that of the insulating vacuum. The primary safety relief valves
protecting the liquid deuterium and liquid hydrogen flasks have a set point of
10 psig.

The various targets are moved into the beam position by a custom-bnilt

motion table by Daedel. Controls for the table are made by Anaheim

Automation. The three targets are moved horizontally into and out of the
eam. A complete specification is enclosed for the motion system.

The cryogenic targets are cooled by “50 Watt” APD refrigerators. The
compressed helium gas is supplied from the Mycom compressors in the
Meson Cryo Building. Standard pump carts are used for the vacuum
systems and purging equipment. The target control system includes a T1405
Series Programmable Logic Controller. Controls for the motion table are in
a separate half rack. These controls can be locked locally to prevent the
motion of the table. This will be necessary for tent access periods.

he E866 target tent includes a ventilation system to exhaust any leaking
hydrogen outdoors. The two liquid flasks are in different vacuum spaces to
reduce the potential for releasing 4.4 liters of H2/D2 instead of a single flask
failure releasing only 2.2 liters. The vent duct has a powered fan for
ventilating the tent.
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E866 TARGET TRANSPORT TABLE
June 4, 1996

The E866 motion table was originally purchased for use in E665.
Although the E866 target location has conditions less stringent than those at
E665, we will reuse the table for the new target system in the Meson Area
Detector Building, ME6 beamline. Following are the original specifications
for the table. Drawings referenced below can be made available upon
request.

E665 TARGET TRANSPORT TABLE:

This is the specification for a target transport table for experiment
E665. The table moves in order to align different targets with the beam in
the Muon lab. The table will be in a stray magnetic field from a large
analysis magnet. The stray field in the area of the motion table is estimated
at 200 Gauss. Ferromagnetic materials should be used only where necessary
for structural reasons or for the drive mechanism. The table will support
three hydrogen targets and a metal target structure that can rotate any of
seven different metal target systems into the beam. The target setup is
shown on drawing 2727.665-MD-58117 and 2727.665-MD-58118. The
SELLER will supply the target table, drive motors, and motor controller for
the metal target structure.

- The target table 1s required to move from any one target beam position
to any other target position in less than 35 seconds. The maximum motion
distance of the table necessary is 32 inches. The accuracy of positioning is
+/- 1 mm repeatedly in the direction of motion. The metal target drive motor
may operate simultaneously. The acceleration and velocity profile must be
adjustable from the motor controller. The motor controller will be
programmed from a Fermilab supplied IBM compatible PC.

The table base plate must be drilled by the SELLER to hold the
Fermilab supplied target systems. The base plate must be made from 6061-
T6 aluminum and capable of supporting 800 lbs. of weight excluding the
drilled base plate required by the design. Drawing 2727.665-MD-58119
shows the hole drilling pattern for the base plate.

The specific equipment list (or equivalent) is as follows:

QTY DESCRIPTION
1 Anaheim Automation #DPF21SB1 2-axis programmable step
motor controller, driver and power supply ‘

Anaheim Automation #34D311S Nema 34 frame step motors

o

PN

Anaheim Automation #AA 1709 RS232/RS422 bi-directional

[y



converter

-

Anaheim Automation #ENC-15 4-axis encoder feedback
board ‘

1 Veeder-Root #650800-010 8mm 5-24 VDC, NPN output,
proximity switch for metal target wheel home sensor

1 Daedal #008-1369 single axis motor driven slide
24" wide x 32" travel rail table with 24" x 46"
carrier plate and 4 linear guide rails: 4 bearings
per rail: 0.200" lead rolled ball screw 1.125"
diameter; home and limit switches; 1000 line
encoder mounted on the drive screw opposite the
motor

The quote must include the price for one day of training at Fermilab
for programming the controller. A SELLER who proposes different
equipment from the recommended list above must show a listing of the
differences in specifications between the proposed equipment and our
recommended equipment.
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TARGET INSTALLATION LOG

E-866 - Liguid Hydrogen Target System

Target placed into position in beam line.
H2 Pump Cart in position.

Ground connection to target.

Foreline connected to target.

Purge line connected to target.
Roughing line connected to target.

Refrigerator gas lines connected and leak checked.

Helium, Hydrogen, & Nitrogen lines connected to pump cart.

Deutsch connector installed on cryostat.

Transducer cable connected to both transducers.

Discharge gauge connected (gauge powered only when hydrogen is

not present).

Auxiliary cable connected to manipulator.

Refrigerator cables connected.

Pump cart control cable connected.

Transducer control cable connected.

Diffusion pump and high vacuum valve cable connected.

220 Volts 3 phase 60 amp disconnect checked for 15 amp
fuses. Replace fuses if they are larger.

Plug pump cart into 220 volt receptacie.
Connect pump cart cable to control rack.
Connect transducer cable to control rack.

Connect MKS gauge cable to control rack.



26.

27.

28.

29.

30.

32.

COMMENTS:

Connect refrigerator cable to control rack.
Connect temperature control cable to control rack.
Connect Hydrogen detector cable to control rack.

Connect Hydrogen detector cable to Hydrogen head and
mount head.

Tie down all cables and lines, check for interference with
manipulators, correct where necessary.

Do general housekeeping around target area.
Install guard over cables and lines when necessary.
Remove guard on target windows when appropriate.

Install rotating warning lights in vicinity of target and in pump cart
area.

Install warning signs at designated locations.
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.



Control Console

By

Date

All cables connected to rack.

Power on to programmable logic controller.

Power on to graphics panel.

Power to Flammable Gas Detector. Test alarm whooper and reset.

Check housekeeping in area around control console.

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

1
i.

2.

Nitrogen cylinder installed with RV-01-N for pneumatic air backup.
Air compressor installed with RV-02-N for pneumatic air supply.
Helium cylinder installed with RV-01-He for supply to RV-02-He.

Helium cylinder installed with RV-03-He to purge PV-H2VV stem
sleeve.

Hydrogen cylinder installed with RV-01-H for liquid hydrogen
target purge and fill.



Target Area

h FES (8

8.
9.

B

&2

y

LHy TARGET STARTING/RESTARTING CHECK LIST

Date

Physical damage to equipment.

Physical damage to lines.

Physical damage to cables.

Alignment check.

Target windows intact.

Vacuum pump oil level normal.

All lines connected to target and pump cart.
Rotating lights turned on.

Target power on. Both disconnects and all circuit breakers on.

Note: Steps 10 and 11 should be performed in step 17 of Target Starting Procedure during initial

qtartun of ev
startup of syst

10.

11.

12.

14.

15.

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 § minutes. If no leaks are present, reopen
cylinder valve.

Set RV-02-H to 3 psig (RV-01-H may then be set to 10 psig).
Note pressure

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.

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

Open Helium cylinder to supply PV-H2VV. Set pressure to
110 psig (RV-03-He).
Note pressures
Close cylinder valve. Test for leakage as above. Reopen cylinder
valve if no leaks are present.

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



16.

17.
18.
19.
20.

D

Open Helium cylinder used for controlling RV-02-He set pressure.
Set pressure to 90 psig.

Note pressures
Close cylinder valve. Test for leakage as above. Reopen cylinder
valve if no leaks are present. Note that this set pressure will vary
depending on operating conditions. Normal operating pressure will
be about 200 to 220 psig.

Install covers over cylinder regulators where necessary.
~&

Hydrogen detector in place.
Housekeeping in area around target is good.

All warning signs in area prominently displayed and unobstructed.



12.

i3.

14.

15.

16.

17.
i8.

TARGET STARTING PROCEDURE

Close hand valve, MV-01-V, at roughing pump port vent and cap; Close hand
valve, MV-02-V, at fore pump port vent and cap.

Close MV-03-V, EV-01-He and MV-02-He. MV-02-He is to be capped.
Check oil level in vacuum pumps.

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

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

Turn on foreline pump. Pressure should reach 20 microns PE-FPVACH in
2 minutes.

Open fore line valve EP-FORVLVH.
Open roughing valve EP-RUFVLVH to target insulating vacuum.

Turn on power to diffusion pump.

Open 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 200 microns.

Be sure that MV-04-H, MV-06-H, MV-10-H and MV-12-H are open.
Be sure that MV-05-H, MV-07-H, MV-11-H and MV-13-H are closed.
Vent Valve hand switch, HS-VVH, must be in the AUTO position.

Note that MV-08-H is a part of the hydrogen VPT which reads the temperature of
the condensing pot. It is not a part of the hydrogen supply circuit. After proper
charging of the VPT bulb, MV-08-H is closed.

Open purge valve EP-H2PURGE; open target fill valve PV-H2FILL. Note that
the PLC interlocks will not allow PV-H2ZSUP and EP-H2PURGE to be open at
the same time.

Notify operations center that MEG6 target is being purged to Hydrogen. Secure the
target tent and the area around the target. Close access gates if provided. Start
controlled access into area.

Be sure MV-01-H and MV-02-H are open.

Perform steps 10 and 11 of the Target Starting/Restarting Check List now. Verify
that EFV-01-H is positioned correctly.



19.

21.

22.
23.

D

31.

O

D
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
(nydrogen fili valve, EP-H2FILL, is already open). Be sure the hydrogen
pressure is set to 3 psig with the pressure regulator RV-02-H.

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

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 as indicated in steps 19, 20 and 21. End the pump and purge procedure by
leaving PV-H2SUP open and EP-H2PURGE closed.

Cool down the Hydrogen cold trap.

Start the hydrogen system compressor flow and refrigerator: To begin the
compressor flow, close MV-04-He, MV-12-He and MV-10-He. Open MV-01-
He, MV-05-He, MV-00-He, MV-06-He, MV-11-He, MV-08-He and MV-09-He.
Using RV-01-He, set RV-02-He to allow 90 psig to the refrigerator (watch PT-
COMPDISH) with EV-02-He open to the refrigerator (During a restart, EV-02-He
needs to be opened to SV-02-He in order to vent the supply pressure to the
refrigerator. Set RV-02-He to 90 psig and then reopen EV-02-He to the
refrigerator). Now start the refrigerator. Gradually bring the supply pressure
from 90 psig to 220 psig using RV-02-He. Note time and pressure in the
logbook.

Refrigerators have reached 20 K when the refrigerator vapor pressure, TT-
R1VPT, reaches 15 psia.

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

Continue to fill the target for 15 minutes after TE-H2FLUP sees liquid.

Close the hydrogen supply valve, PV-H2SUP, and the hydrogen fill valve, PV-
H2FILL. Close the hydrogen cylinder supply valve.

Turn on temperature controller and gradually adjust until target pressure stabilizes
at 14.7 psia.

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

Pump out the cold trap by opening EP-H2PURGE and PV-H2FILL. Evacuate
cold trap until warm.

After trap is warm, close EP-HZPURGE and PV-H2FILL. Open MV-06-H.



o

TARGET SHUTDOWN PROCEDURE

1. Turn off the hydrogen system refrigerator.

~ 11

Tum off temperature controller.

[~

3. o The liquid inside the hydrogen target flask is empty when the Hydrogen upper
and lower resistor temperatures exceed 23 K. These include TE-H2FLUP and
TE-H2FLDWN,

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. Close MV-06-He, MV-08-He (and MV-00-He if desired). Vent helium from the
refrigerator helium circuit through MV-12-He.

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.

o0

Hook up a helium cylinder to MV-07-H and backfill the Hydrogen circuit with
Helium to 1 psig.

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

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

10. Close fore line valve EP-FORVLVH,; turn off power to fore pump.

11. Turn off power to roughing pump.

12. Uncap and open roughing line vent valve at pump cart, MV-01-V, to vent the

vacuum space to atmosphere.

U,
(98]

Turn off electric circuits at the pump cart.
14.  Close all gas cylinder valves connected to the target system.

15. Disable the Hydrogen detector as necessary for welding/brazing repairs.

Date By




TARGET RESTART AFTER POWER OUTAGE OCCURS

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

Open high vacuum valve EP-HIVACH. When pressure in the insulating vacuum
is low enough, EP-HIVACH will open and EP-RUFVLVH will automatically
close.

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

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

If required, open PV-H2SUP and PV-H2FILL to add hydrogen. Use the cold
trap while adding hydrogen as instructed in the TARGET STARTING
PROCEDURE.

Close PV-H2FILL and PV-H2SUP.

Turn on the heater controller and be sure the set pressure is 14.7 psia.
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TARGET INSTALLATION LOG

E-866 - Liguid Deuterium Target System

Target placed into position in beam line,

D2 Pump Cart in position.

Ground connection to target.

Foreline connected to target.

Purge line connected to target.

Roughing line connected to target.

Refrigerator gas lines connected and leak checked.

FavaSetatares s

Helium, Deuterium, & Nitrogen

j

Deutsch connector installed on cryostat.

Transducer cable connected to both transducers.

o Y |
INes Connuciica wo puiiip cart.

Discharge gauge connected (gauge powered only when deuterium is

not present)..

Auxiliary cable connected to manipulator.

Refrigerator cables connected.

Transducer control cable connected.

Diffusion pump and high vacuum valve cable connected.

220 Volts 3 phase 60 amp disconnect checked for 15 amp
fuses. Replace fuses if they are larger.

Plug pump cart into 220 volt receptacle.
Connect pump cart cable to control rack.
Connect transducer cable to control rack.

Connect MK,

/
(@]

gauge cable to control rack.

#

Connect refrigerator cable to control rack.



27.

28.

29.

30.

31.

32.

COMMENTS:

Connect temperature control cable to control rack.
Connect Hydrogen detector cable to control rack.

Connect Hydrogen detector cable to Hydrogen head and
mount head.

Tie down all cables and lines, check for interference with
manipulators, correct where necessary.

Do general housekeeping around target area.
Install guard over cables and lines when necessary.
Remove guard on target windows when appropriate.

Install rotating warning lights in vicinity of target and in pump cart
area.

Install warning signs at designated locations.
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.



Control Console

By Date
1. All cables connected to rack.
2. Power on to programmable logic controller.
3. Power on to graphics panel.
| 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 fof pneumatic air supply.
3. gelium cylinder installed with RV-101-He for supply to RV-102-
e.
4, Helium cylinder installed with RV-03-He to purge PV-D2VV stem
sleeve.
5. Deuterium cylinder installed with RV-101-D for liquid deuterium

target purge and fill.



LDy TARGET STARTING/RESTARTING CHECK LIST

Target Area
By Date
1. Physical damage to equipment.
2. Physical damage to lines.
3. 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. Target power on. Both disconnects and all circuit breakers on.
Note: Steps 10 and 11 should be performed in step 17 of Target Starting Procedure during initial
startup of s system.
10. 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.

11, ‘ Set RV-102-D to 3 psig (RV-101-D may then be set to 10 psig).
Note pressure

12. Open Nitrogen cylinder, set pressure to 50 psig (RV-01-N).
Note pressures
Close cylinder valve. Test for leakage as above. Reopen cylinder
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Start Air Compressor and open MV-05-N. Set pressure to 60 psig
(RV-02-N).
Note pressure

14. Open Helium cylinder to supply PV-D2VV. Set pressure to
110 psig (RV-03-He).
Note pressures
Close cylinder valve. Test for leakage as above. Reopen cylinder
valve if no leaks are present.

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



16.

17.
18.
19.
20.

D

Open Helium cylinder used for controlling RV-102-He set pressure.
Set pressure to 90 psig.

Note pressures
Close cylinder valve. Test for leakage as above. Reopen cylinder
valve if no leaks are present. Note that this set pressure will vary
depending on operating conditions. Normal operating pressure will
be about 200 to 220 psig.

Install covers over cylinder regulators where necessary.
Flammable Gas Detector in place.
Housekeeping in area around target is good.

All warning signs in area prominently displayed and unobstructed.
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10.

11,
12.
13.
14.

16.
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TARGET STARTING PROCEDURE

Close hand valve, MV-101-V, at roughing pump port vent and cap; Close hand
valve, MV-102-V, at fore pump port vent and cap.

Close MV-103-V, EV-101-He and MV-102-He. MV-102-He is to be capped.
Check oil level in vacuum pumps.

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

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

Turn on foreline pump. Pressure should reach 20 microns PE-FPVACD in
2 minutes.

Open fore line valve EP-FORVLVD.
Open roughing valve EP-RUFVLVD to target insulating vacuum.
Turn on power to diffusion pump.

Open 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-
RUFVLYVD closes automatically. This occurs at 200 microns.

Be sure that MV-104—D, MV-106-D, MV-110-D and MV-112-D are open.
Be sure that MV-105-D, MV-107-D, MV-111-D and MV-113-D are closed.
Vent Valve hand switch, HS-VVD, must be in the AUTO position.

Note that MV-108-D is a part of the hydrogen VPT which reads the temperature of
the condensing pot. It is not a part of the deuterium supply circuit. After proper
charging of the VPT bulb, MV-108-D is closed.

Open purge valve EP-D2PURGE; open target fill valve PV-D2FILL. Note that
the PLC interlocks will not allow PV-D2SUP and EP-D2ZPURGE to be open at
the same time.

Notify operations center that MEG6 target is being purged to Deuterium. Secure the
target tent and the area around the target. Close access gates if provided. Start
controlled access into area.

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

Perform steps 10 and 11 of the Target Starting/Restarting Check List now. Verify
that EFV-101-D is positioned correctly.



19.
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22.
23.

24.

25.

26.
27.
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31.

D

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

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

Close deuterium supply valve PV-D2SUP. Open purge valve EP-D2PURGE;
Wait for PE-RPVACD to reach 30 microns. Pump and purge the circuit three
times as indicated in steps 19, 20 and 21. End the pump and purge procedure by
leaving PV-D2SUP open and EP-D2PURGE closed.

Cool down the Deuterium cold trap.

Start the deuterium system compressor flow and refrigerator: To begin the
compressor flow, close MV-104-He, MV-112-He and MV-10-He. Open MV-
101-He, MV-105-He, MV-00-He, MV-106-He, MV-111-He, MV-108-He and
MV-09-He. Using RV-101-He, set RV-102-He to allow 90 psig to the
refrigerator (watch PT-COMPDISD) with EV-102-He open to the refrigerator
(During a restart, EV-102-He needs to be opened to SV-102-He in order to vent.
the supply pressure to the refrigerator. Set RV-102-He to 90 psig and then reopen
EV-102-He to the refrigerator). Now start the refrigerator. Gradually bring the
supply pressure from 90 psig to 220 psig using RV-102-He. Note time and
pressure in the logbook.

Refrigerators have reached 20 K when the refrigerator vapor pressure, TT-
R2VPT, reaches 15 psia.

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

Continue to fill the target for 15 minutes after TE-D2FLUP sees liquid.

Close the deuterium supply valve, PV-D2SUP, and the deuterium fill valve, PV-
D2FILL. Close the deuterium cylinder supply valve.

Turn on temperature controller and gradually adjust until target pressure stabilizes
at 14.7 psia
.7 psia.

Qi L&

Close MV-106-D (MV-105-D is already closed). Remove the cold tz
liquid nitrogen.

Pump out the cold trap by opening EP-D2PURGE and PV-D2FILL. Evacuate
cold trap until warm.

After trap is warm, close EP-D2PURGE and PV-DZFILL. Open MV-106-D.



Lol

:‘:m

TARGET SHUTDOWN PROCEDURE

Turn off the deuterium system refrigerator.

Turn off temperature controller.

The liquid inside the deuterium target flask is empty when the Deuterium upper
and lower resistor temperatures exceed 26 K. These include TE-D2FLUP and
TE-D2FLDWN.

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:

,O\

Close MV-106-He, MV-108-He (and MV-00-He if desired). Vent helium from
the refrigerator helium circuit through MV-112-He.

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

Confirm that the deuterium cylinder supply valve is closed.

Hook up a helium cylinder to MV-107-D and backfill the Deuterium circuit with
Heiium to 1 psig.

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

10.
11.
12.

f—
Lt

15.

Date

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

Close fore line valve EP-FORVLVD; turn off power to fore pump.
Turn off power to roughing pump.

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

Turn off electric circuits at the pump cart.

Close all gas cylinder valves connected to the target system.

Disable the Hydrogen detector as necessary for welding/brazing repairs.

By
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TARGET RESTART AFTER POWER OUTAGE OCCURS

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

Open high vacuum valve EP-HIVACD. When pressure in the insulating vacaum
is low enough, EP-HIVACD will open and EP-RUFVLVD will automatically
close.

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

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

If required, open PV-D2SUP and PV-D2FILL to add deuterium. Use the cold
trap while adding deuterium as instructed in the TARGET STARTING
PROCEDURE.

Close PV-D2FILL and PV-D2SUP.

Turn on the heater controller and be sure the set pressure is 14.7 psia.
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E$31 EMERGENCY PROCEDURES

D. Allspach, J. Peifer
July 22, 1996

LOSS OF AC POWER
Indications: -All equipment shuts down

-Controls continue working with Uninterruptible Power System

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

Depending on the amount of time the power is off the hydrogen and
deuterium will vaporize. Hydrogen and deuterium will be vented to
the atmosphere outside of the building through the ventilation exhaust
ducting. 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.

When power returns, the vacuum system will try to automatically
restore the insulating vacuum for the target. If flammable gas detector
is in alarm, the ventilation fan will begin running.

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. '

A long power outage will mean a larger loss of hydrogen/deuterium

from the targets. It will be necessary to refill them. 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-D2ZFLUP and TE-D2FLDWN.

HYDROGEN/DEUTERIUM LEAK
Indications: -Hydrogen reading on the flammable gas detector

Yo

-Visual sighting

A flammable gas alarm is sent to FIXDMACS via our programmable
logic controller. 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.

The target is surrounded by a tent. The tent is vented outdoors
through a large fan. A flammable gas detector near the ceiling of the
tent will start the fan when the detector is in alarm. The fan is also
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started whenever the insulating vacuum pressure is high and the
targets are cold.

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.

LOSS OF AIR/NITROGEN FOR VALVES
Indications: -Air compressor stops running

N

-PT-PN2SUP goes into alarm

-Back-up nitrogen cylinder is found empty
-Valves don't respond

-Insulating vacuum spoils

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.

Perform required maintenance to air compressor system.

Change nitrogen cylinder if necessary. Re-establish vacuum system.
Check target operation indicators. Hydrogen may need to be added.
Refiil as necessary.

Loss of air/nitrogen does not cause a safety problem, but only poor
operation.

LOSS OF REFRIGERATION
Indications: -Heater power demand decreases

-Target pressures start to rise

Check for vacuum problems.

For E866, each liguid target has a single refrigerator cooling it. There
are two liquid targets in the tent. Since there is no refrigerator
redundancy, a loss of refrigeration may cause the target to warm up
and vent through the vent valve (or relief valve) in the tent.

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.



E. LOSS OF ODH FAN IN THE ME6 BEAMHALL
Indications: -Alarm on FIXDMACS to O.D. operators

!\22

-Power Outage
-Failure of the flow sensing device

If the ODH fan for the MES6 hall has failed, the fan should be replaced.
A spare fan is available.

In the case that the fan is not operational, access to the beamhall near
the targets is allowed, but the area is considered an ODH class 1 area.
ODH class 1 rules must be followed until the fan is again operational.



E866 EMERGENCY PROCEDURES

T Daifar
D. Alls Spa \/h, J. LCLICT

July 22, 1996

LOSS OF AC POWER
Indications: -All equipment shuts down
-Controls continue working with Uninterruptible Power System

1. All vacuum valves close. Vacuum pumps stop. Compressors and
refrigerators stop. Insulating vacuum starts to spoﬁ
2. Depending on the amount of time the power is off the hydrogen and

deuterium will vaporize. Hydrogen and deuterium will be vented to
the atmgsphere outside of the building through the ventilation exhaust
ducting. 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.

3. When power returns, the vacuum system will try to automatically
restore the insulating vacuum for the target. If flammable gas detector
is in alarm, the ventilation fan will begin running.

4. 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 logg of thTﬂGPn/(‘]Pnfprin}‘p will not affect the GpCLauuu of the
targets.

5. A long power outage will mean a larger loss of hydrogen/deuterium
from the targets. It will be necessary to refill them. 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.

HYDROGEN/DEUTERIUM LEAK
Indications: -Hydrogen reading on the flammable gas detector
-Visual sighting

1. A flammable m to FI XDI‘.’L (S Jig OUr prog
ra

alarms. The alarm is also sent to FIRUS An alarm on the flammable
gas detector alone will nut 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.

2. The target is surrounded by a tent. The tent is vented outdoors
through a large fan. A flammable gas detector near the ceiling of the

tent will start the fan when the detector is in alarm. The fan is also
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started whenever the insulating vacuum pressure is high and the
targets are cold.

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.

LOSS OF AIR/NITROGEN FOR VALVES
Indications: -Air compressor stops running

b el

-PT-PN2SUP goes into alarm

-Back-up nitrogen cylinder is found empty
-Valves don't respond

-Insulating vacuum spoils

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.

Perform required maintenance to air compressor systemni.

Change nitrogen cylinder if necessary. Re-establish vacuum system.
Check target operation indicators. Hydrogen may need to be added.
Refill as necessary.

Loss of air/nitrogen does not cause a safety problem, but only poor
operation.

LOSS OF REFRIGERATION
Indications: -Heater power demand decreases

LD

-Target pressures start to rise

Check for vacuum problems.

For E866, each liquid target has a single refrigerator cooling it. There
are two liquid targets in the tent. Since there is no refrigerator
redundancy, a loss of refrigeration may cause the target to warm up
and vent through the vent valve (or relief valve) in the tent.

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.



E. LOSS OF ODH FAN IN THE ME6 BEAMHALL
Indlcat:tons -Alarm on FIXDMACS to O.D. operators
-Power Outage
-Failure of the flow sensing device

I. If the ODH fan for the ME6 hall has failed, the fan should be replaced.
A spare fan is available.
2. In the case that the fan is not operational, access to the beamhall near

the targets is allowed, but the area is considered an ODH class 1 area.
ODH class 1 rules must be followed until the fan is again operational.
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From: RDIV: : ALLSPACH 29-JUL-1996 15:22:21.28

To: ELLERMEIER, FNAL: : SMART, FNAL : : TOMMY
CC: PEIFER, ALLSPACH
Subij : trapped volume in the refrigerator

In response to the concern raised in relation to the refrigerator
helium trapped volume:

Scenaric: The helium supply and return manual isclation valves
are closed, the refrigerator stops, the 3-way valves are in their

. o

normal operating position and the refirgerator starts to warm.
What happens to the gas in the refrigerator?

Assume that the supply pressure to the refrigerator is 220 psig.
Assume that the return pressure is 2 psig.

The pressure inside the refrgerator is at some intermediate
pressure, but assume 220 psig.

The void volume in the 20K portion of the frig is about 4 in”~3.
The void volume in the 80K portion of the frig is about 50 in”3.

The mass that may escape the refrigerator is calculated to
be 0.017 pounds.

The refrigerator valve will 1lift as the helium gas inside the

heat exchanger warms. It will 1lift at a pressure just greater
than 220 psig, since it is the supply pressure that loads the

valve and creates the seal required to prevent any blowby.

The supply pressure will remain at 220 psig as the frig warms,
and the gas "relieved® from the frig vents into the suction

pipe.

The volume of the suction pipe is about 80 liters. When you
add the mass of helium that can escape from the frig to the
mass already in the suction pipe at 2 psig, one finds that
the suction pipe will reach about 10.5 psig. This pressure
is safe for the piping and instrumentation which make up

the suction line.



E866 WHAT-IF ANALYSIS

July 22, 199¢

The what.if analysis for the both of the liquid target Systems ig included below.

This ig acceptable since the systems are identica] Valves associated with the
hydrogen System are Identified with an H i, the tagname. Those associated witp

I Fogg of Insulating Vacuum

Initiation- .

a. Forepump belt failure

b. Forepump failure

c Foreline hose I'upture

d. Reughing line hoge Tupture
e Diffusion bump failyre

f. Vacuum leak in System

Automatic Res onses:
a. When vacuum reaches 800 microng 48 measured on PT-01-y / PT-
1

It fore pressure as regq on PE-FPVACH / PE-F VACD €Xceeds 200
micronps, diffusion Pump heatey turns off ang EP-FORVLVH / EP-
FORvVLVD closes,

A £

b. efrigeration will not be able to keep the target cop]
condensing air heat load. At 4 bressure of 7 psig the hydrogen vent
valve, PV-H2vvy PV-Dayy » Will open, When the Dressure fajlg
below 4 pgip ; V-D2vvy
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Cold flask failure, Cryostat windows intact

Initiation:

a.
b.

Flask overpressure
Cold leak in flask or plumbing

Automatic Responses:

a.

b.

When vacuum reaches 800 microns as measured on PT-01-V / PT-
101-V, high vacuum valve EP-HIVACH / EP-HIVACD closes.

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

When the vacuum jacket reaches 15 psia, RD-01-V / RD-101-V and
RD-02-V / RD-102-V open and vent the hydrogen/deuterium to
relieve the insulating vacuum jacket.

Results of failure:

a.

b.

Any hydrogen/deuterium pumped by the vacuum system will be
vented into the very large Meson Detector Building.
All hydrogen/deuterium from a flask failure is vented outside through

the tent ventilation ducting.

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.

Hvdrogen / Deuterium gas will vent into the area outside where the
ba &
cylinders are stored.

Failure of H2/D2 supply line between cylinder regulator and PV-H2SUP

Initiation:

a. Rupture of line.

b. Ieak in line due to physical damage.
C. Leaking fittings in line.
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Automatic responses:
The excess flow valve, EFV-01-11/ EFV-101-D, will stop the flow of
hydrogen/deuterium. The excess flow valves are located outdoors,
near the supply cylinders.

Results of failure:

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

P

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 over the hydrogen detector it

will alarm to alert the operators of the problem. At most a leak will
release 200 SCF of hydrogen into the Meson Detector 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 1/4" copper tubing with some
fittings. The lines are routed along the wall and damage is unlikely.

b. The hydrogen detector in the ceiling of the tent may see the leak and
warn the operators and FIRUS. The leak will be contained inside the
tent and when the detector alarms, the ventilation fan will run.

Loss of A. C. Power.

Initiation:
a. Power outage in area (scheduled or unscheduled)
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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.

Results of failure:

a. Insulating vacuum begins to spoil. No refrigeration is available.

b. Liquid in the targets begins to vaporize. Hydrogen/Deuterium is
vented through PV-H2VV / PV-D2VV while UPS supplies backup
power. SV-02-H / SV-102-D protects system from increasing in
pressure higher than 10 psig.

Restoration of A.C. Power.

Initiation:
a. Power restored to area

Automatic Responses:
a. Vacuum system will attempt to restore itself.
b. Refrigerators and compressors remain off.

Results of failure:

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

b. If there was considerable ice buildup on the flask, several hours may
be needed to re-establish high vacuum.

C. Pressares in the target flask volumes must be checked to determine if

SV-02-H / SV-102-D has lifted and, if so, reseated. If the pressure in

target repurged before filling. This scenario is now much less likely
since the addition of PV-H2VV /PV-D2VV,

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, E866 Emergency Procedures: Loss of Air/Nitrogen for

Valves.

Automatic Responses:
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G

a. When pneumatic pressure is less than 20 psig EP-H2PURGE / EP-
D2PURGE, EP-RUFVLVH / EPRUFVLVD, 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.

b. PV-H25UP / PV-D2SUP and PV-H2ZFILL / PV-D2FILL close.
Valves close due to force of actuator spring.

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 to the stack.

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.

Antomatic reennnaec:
WS P INT A RL TN LT o

A BRASCRIAARCA AN, B

a. 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 FIXDMACS will alert the
operators if the target pressure begins to go subatmospheric.

Failure of pressure transducer circuit.

Initiation:

a. Failure of pressure transducers PT-H2SUP / PT-D2SUP, PT-
H2VENT /PT-D2VENT.

b. Failure of readout circuits.

Automatic Responses:

a. If PT-H2SUP / PT-D2SUP increases above 5 psig, PV-H2SUP / PV-
D2SUP will close. PT-H2VENT / PT-D2VENT is used for the input
signal to the heater control and PV-H2VV / PV-D2VV action. The
heater control will act on the erroneous signal. If the signal fails low,
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PV-H2VV /PV-D2VV will not open. If it fails high, PV-H2VV / PV-
D2VV will open and vent hydrogen/deuterium.

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-H2ZVV / PV-
D2VV does not open, the hydrogen/deuterium must vent through SV-

02-H /SV-102-D.
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E866 ODH Analysis

July 25, 1996
D. Allspach

Meson Detector Building

Fluids to be in use with the E866 Target System include deuterium, helium,
hydrogen and nitrogen. The hydrogen and deuterium cylinders are to located
outdoors near the Detector Building south-east entryway. The cylinders of non-
flammable gas will be located inside the Meson Detector Building. They will be
positioned immediately east of the ME6 beamhall near the targets. At any given
time, three helium cylinders and one nitrogen cylinder will be in use. A single
spare cylinder of each of these gases may be stored locally. Each cylinder
contains roughly 200 to 250 standard cubic feet of gas. The gas systems are not
common and are therefore unlikely to be released simultaneously. If a
deuterium, helium or hydrogen gas supply system were to leak gas indoors, the
gas would escape into the very large Meson Detector Building. 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 area east of the ME6 beambhall would reduce the

oxyeen concentration by less than 1%. The Building is thus ODH class 0.

MEG6 Beamhall

The target cryo-coolers use helium from compressors located in the Meson Cryo
Building. Helium supply and return lines for each target system approach the
target tent from inside the ME6 beamhall. The cryo-coolers are located inside
the hydrogen secondary containment. Other helium line components are located
outside the tent but inside the ME6 beamhall. Since this is a somewhat confined
area, a more detailed analysis is performed. An exhaust fan, to be running
continuously, will pull air from the ceiling of the beamhall near the upstream
side of the tent and exhaust into the Meson Detector Building above the ME6
beamhall. The ODH fan flowrate is 100 cfm. Fresh air is taken in through the
beamhall entryway a few yards upstream of the target tent.

o

) PSP S

Referencing chapter 5064 of the ESH Manual, the following failures to the
helium lines which could possibly create an ODH condition in the ME6 beamhall
are considered.

(1) Pipes < 3 inch diameter rupture: P, = 1x109/ Hr
(2)  Gaskets leak/rupture: P, = 3x10-7/ Hr
(3) Valves leak/rupture: P; = 1x10-8/ Hr

(4)  Exhaust fan debilitating power outage: Py = 1x104/ Hr



H

These failures and a combination of a fan n power outage with any one other
failure are considered in the computation of a total fatality rate. From ESH page

5064TA-1:
Drotal = Q1 + 05 +O3 +0,4 +0yyy +Goyg + b3
o = P1F) + P Fy +P3Fy + P Fy+P P Fyy + PP Fyy + P3P 4F5y

where:
¢ = the ODH fatality rate per hour
Pj = the expected rate of the ith event per hour
Fj = the fatality factor for the ith event

The fatality rates are calculated as follows:

1. Pipe rupture. It has been calculated that a complete severing of the helium
supply line would send slightly less than 1000 scfm helium into the beamhall. A
severing of the helium return line would send about 200 scfm helium into the
hall. A conservative approach could assume either flow to continue indefinitely
which would result in the fatality factor F; = 1. The fatality rate of ihis event is
therefore,

¢, =P,F, =(1x107)(1.0)=1.0x10" / Hr

2. Gaskets leak/rupture. Assuming a flowrate of 5 scfm helium in this case
would be very conservative. The fatality factor F; is calculated for Case B of
ESH 5064TA: Exhaust fan draws contaminated atmosphere from the confined
volume with the ventilation rate greater than the spill rate (Q>R).

[ R
C,(t)= 0.211-R[1 ¢ a1l
o Y I
AN e }l
where: C,=o0x ygvn concentration during release

= exhaust rate = 100 cfm

= spill rate into confined volume = 5 cfm
t = time

V = confined volume

7‘-70

Consider the oxygen concentration after much time has past since the leak began.
Then “t” goes to infinity. The oxygen concentration is calculated to be 19.95%.
Given this value we realize that F, = 0. Therefore,



0, =P,F, =(3x10

3. Valve leak/rapture. A complete rupture of a valve in this system is very
unlikely as the helium supply is relieved at a pressure far below the rated
working pressure of all the valves in this system. Also, a pressure test of the
helium circuit will prove its adequacy. Assume that a valve may leak at the same
rate as for the gasket leak which results in F3 = 0. The fatality rate is then,

05 =P,F; =(1x107%)(0)=0/Hr

4. A power outage to the fan in itself cannot cause a reduced Oxygen
environment, giving it a fatality rate of 0.

1. & 4. concurrently: The fatality factor in this case is Fi4 = 1. Our two
occurrence rates are:

Py = 1x109/ Hr
P4 = 1x104/ Hr

The fatality rate in this case is:
Gys =P P4Fy, = <1X10“9 ){1X10_4 }(10\, =1x1078 / Hr

2. & 4. concurrently: Conservatively assume that, even though a gasket leak is
small, at some point Fpq = 1. The occurrence rate for the gasket leak/rupture is:

P, = 3x10-7/ Hr

The fatality rate in this case is:

G274 = PaPyFpyy =(3x107)(1x107*)(1.0) = 3x10~" / Hr

AN

3. & 4. concurrently: Again, conservatively assume that at some point F3;y = 1.
The occurrence rate is:

Py = 1x10-8/ Hr

Then,
9314 = P3P, Fyy = (1x107)(1x107)(1.0) = 1x1072 / Hr



It is very unlikely that more than one component such as a gasket or valve will
leak at a given point in time. A single occurrence is considered for each type of
probable failure. The total fatality rate for the E866 target system is thus

computed as follow:
Protat =1 + 02 O3 + 0y + 01y + oy + by
Do = (1x1077) + (1x107%) + (31071 ) + (1x10712)

O o =1.03x107

Given the 100 cfm ventilation fan described, the ME6 beamhall in the area
around the target system remains an ODH class 0 as the total fatality rate is less
than 107/ Hr (see Table 5 of ESH 5064TA-9).

Inside the Tent

of 1300 cfm. There are components on the portion of the helium circuit inside
the tent which have failure rates as those outside the tent were shown to have
above. The worst condition would be that discussed for a complete severing of
the helium supply line which results in a flow of slightly less than 1000 cfm. The
failure rate for this event is low and the tent exhaust fan has a ventilation rate
which is higher than this failure rate. In the case of a line rupture, the helium
supply and return lines of the failing target should be isolated before entering the
tent. Any other leaks would be less than 5 cfm which is very small compared to
the ventilation rate. In all cases the following rules, related to ODH concerns,
will be in effect for any and all tent accesses. The following list is not intended
to be a comprehensive list of requirements for tent access (see also Tent Access
Procedures).

The Tent Design safety document indicates that the tent exhaust fan has a capacity

(1)  The exhaust fan must be in the MANUAL ON mode. The control switch
must be tagged out.

(2)  Verify normal helium flow and suction and discharge pressures.

(3)  No one may enter the tent while the flammable gas detector is in alarm.

(4)  No one may enter the tent during a power outage or if the tent exhaust fan
is inoperable.

Following these ODH control measures keep the tent an ODH class 0 location.



E866 Hydrogen Safety Analysis
July 11, 1996
D. Alispach

If hydrogen or deuterium were to leak outside the tent it will vent through the
ODH exhaust fan into the Meson Detector Building. The amount of hydrogen
from one of the targets mixed perfectly with air is equivalent to .36 1bs. of
TNT. This value is based on a TNT equivalent of 1 Ib. TNT = 1 Ib. H2 from
NBS Report 10 734 “Explosion Criteria for Liquid Hydrogen Test Facilities”,
Hord. If a full cylinder were to vent into the Meson Detector Building and mix
perfectly with air, its explosive equivalent is = 1.2 Ibs of TNT.

It is unlikely that any hydrogen will escape from the tent as the system is built
according to the Fermilab Guidelines for LHy Targets. Thus, any venting from
the target flask or its vacuum shell is expected to be vented through the tent
ventilation system and exhausted outdoors. 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 outside of the
east wall of the ME6 beamhall near the location of the liquid targets. The
hydrogen and deuterium cylinders will be located outside, near the entryway at
the southeast corner of the Detector building. 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 operations crew will be
posted. If a hydrogen target expert is required, the operations crew will be able
to contact one. The operations crew will have access to a copy of the E866 LH»
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. Only hydrogen cylinders in use will
be kept at the entryway to the Detector building. 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.

(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 set for 50 psig in order to protect the cold traps.



° ) 7 H
(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.



PRESSURE VESSEL ENGINERING NOTE
PER CHAPTER £031

LB B BA4ER JWUeTE

Prepared by:__Filip Rvsanek
Preparation date:__20-Sept-96

1. Description and Identification
Fill in the label information below:

This vessel conforms to Fermilab ES&H Manual
Chapter 5031

Vessel Title _Air Compressor Receiving Tank

Vessel Number ¢~ RD¥ 10038 ) Obtain from Safety Officer
S —
Division/Section

Vessel Drawing Number NA

Maximum Allowable

Working Pressure (MAWP) 150 PSIG
Working Temperature Range -20 °F 450 ©F
Contents Air

Designer/Manufacturer_Campbell Hausfield

Test Pressure (if tested at Fermi) Acceptance Document per Chapter
Date: 5034 of the Fermilab

ES&H Manual
] Psff:}fdrnuli Prieumatic

’standard by

Jeead. . Vol

of Division/Section Actual signature required

NOTE: Any subsequent changes in contents,
pressures, temperatures, valving, etc., which
affect the safety of t%13/vecse1 shall require
ancther review.

”"Z/gj A s/
Reviewed by: izi>xﬁé%“ 7 2 Date: 2;44 % iié

Director's signature (or designee) if the vessel is for manned areas but
doesn't conform to the requirements of the chapter.

Date:

Amendment No.: Reviewed by: Date:

Fermilab ES&H Manual 5031TA-1
Rev. 3/92



Lab Property Number(s): N/A

Lab Location Code: MDB {obtain from safety officer)
Purpose of Vessellg): _Pneumatic Air Suppl

Vessel Capacity/Size:_ 20 Gallons Diameter:_14 incheg Length: 32 inches
Normal Operating Pressure {OP) 110-125 PSIG

MAWP-OP = 25 PSIG

S5031TA-2 Fermilab ES&H Manual

Rev. 3/92



List the numbers of all pertinent drawings and the location of the

originals.
Drawing # Location of Original
N/A
2. Design Verification
Does the vessel(s) have a U stamp? VYes X No . If "Yes®, fill
out data below and skip page 3; if "No", fill out page 3 and skip this
page.

Staple photo of U stamp plate below.

Copy "U" label details to the side

Copy data here:

Certified bv Melben Products

M.A.W.P 150 Psi at 450 O

MDMT -20 9% at 150 PST
YR 1996 S/N 0558399
o doa e wgse CRN
RTIFIE v PrRo Toc T ‘
f’g TiFiED B : ve l5 SH 095 HD 094
;\”'Wﬂ 1ISC  PSi AT gso o
D . -
e T 2o oz AT 1o s
FRl9ge S/IN OS5 36
LK;/ )
SHogg HND ooy
Fermilab ES&H Manual 5031TA-3

Rev. 3/92



Provide ASME design calculations in an appendix. On the sketch below
circle all applicable sections of the ASME code per Sectrion VIII, Div
I. (Only for non-coded vessels)

&
AVLSLON

Summary of ASME Code

CALCULATION RESULT
(Reguired thickness or stress

Reference ASME level vs. actual thickness
Item Code Section calculated stress level)

vs

vs

vs

vs

vs

5031TA-4 Fermilab ES&H Manual
Rev. 3/92



3. System Venting Verification Provide the system schematic in the Appendix.

Is it possible to isolate the relief valves by a valve from the

vessel?
Yes_____ No_ X
If "Yes", the system must conform to code rules. Provide an
explanation on the appended schematic. {&n ismolatable vessel,
not conforming to code rule is non-compliant under this
chapter.)

Is the relief cracking pressure set at or below the M.A.W.P.?
(A "No" response vioclates this chapter.)

Is the pressure drop of the relief system at maximum anticipated flow
such that vessel pressure never rises above the following? (UG 125}
Yes_ X No 110% of MAWP (one relief)
116% of MAWP (multiple reliefs)
121% of MAWP (unexpected heat source)

Provide test or calculational proof in the Appendix.
{(Non-conforming pressure rises is non-compliant under this Chapter.)

List of reliefs and settings:

Manufacturer Model # Set Pressure Flow Rate Size
Campbell Hausfield Sp25 140 psig 47 scfm air 1/4"
Does the primary relief device follow UG-129? VYes_ X No

(A "No" response is non-compliant under this chapter)

4. Operating Procedure

Is an operating procedure necessary for the safe operation of this
vessel?
Yes No X (If "Yes", it must be appended)

5. Welding Information

Has the vessel been fabricated in a non-code shop? Yes No__ X
If "Yes", append a copy of the welding shop statement of welder
gualification (Procedure Qualification Record, PQR) which
references the Welding Procedure Specification (WPS) used to
weld this vessel.

Fermilab ES&H Manual 5031TA-5
Rev. 3/92



6. Exceptional, Existing, Used and Unmanned Area Vessels

Is this vessel or any part thereof in the above categories?
Yes No_ X

If "Yes", follow the Engineering Note requirements for documentation

and append to Note.

5031TA-6 Fermilab ES&H Manual
Rev. 3/92



Verification of Relief Valve Slzmg

The only inlet into the vessel is an air compressor which is rated to provide

6.5 scfm air at 90 psig. This number will decrease as the pressure increases. Since

the ASME stamped relief valve has a rated flow of 47 scfm at 110% of the 140 psig set

pressure, it will be more than adequate to relieve the tank.



E-866 Stainless Steel Flask Stress Calculations
D. Allspach
October 17, 1995

The following calculations yield the maximum allowable working pressures of a
flask constructed using 0.003 in. thick 304 Stainless Steel for the cylindrical shell
and 0.002 in. thick 304 Stainless Steel for the hemispherical heads. The
Maximum Allowable Stress, Sa, used in these calculations is taken as 18,800 psi.
The allowable stress is calculated as 1/4 of the ultimate tensile strength of the
material. Regarding the joint efficiency, please reference the ES66 Stainless Steel
Flask Joint Testing document.

Circumferential Stress on Cylinder Under Internal Pressure:
Formula taken from ASME Boiler and Pressure Vessel Code, Sec. VIII,
Div. 1, UG-27(c,1).

E=1.0 Joint Efficiency

t = 0.003 in. Stainless Steel Thickness

P Maximum Allowable Working Pressure
R=151n Flask Radius

P = (18,800)(1)(0.003)/[1.5 + (0.6)(0.003)]
P =37.6 psid
Longitudinal Stress on Cylinder Under Internal Pressure:

Formula taken from ASME Boiler and Pressure Vessel Code, Sec. VIII,
Div. 1, UG-27(c,2).

p

2SaEt/(R - 0.41)

P = (2)(18,800)(1)(0.003)/{1.5 - (0.4)(0.003)]

P =75.3 psid
Each of these allowable pressures exceed the suggested MAWP of 25 psid for
target flasks by the Target Guidelines. -Thus, 0.003 in. thick 304 S.S. is

acceptable for the cylindrical portion of the flask.

Hemispherical Heads with Pressure on Concave Side:
Formula taken from ASME Boiler and Pressure Vessel Code, Sec. VIII,
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Div. 1, UG-32(f).

E=1.0 Joint Efficiency

t = 0.002 . Stainless Steel Thickness

p Maximum Allowable Working Pressure
L=15in. Inside Crown Radius

P = (2)(18,800)(1)(0.002)/{(1.5) + (0.2)(0.002)]

P = 50.1 psid

This allowable pressure exceeds the suggested MAWP of 25 psid for target flasks
by the Target Guidelines. Thus, 0.002 in. thick 304 S.S. hemispherical heads are

acceptable for this flask.

Flask Maximum Allowable Working Pressure:

Calculation Maximum Pressure
Circumferential 37.6 psid
Longitudinal 75.3 psid

Heads 50.1 psid

MAWP 37.6 psid

Stress due to Liquid Weight and Table Motion:

Both the liquid hydrogen and liquid deuterium targets are located on a linear
motion table (see Fermilab drwg. # 9205.100-MD-58662). The table is driven by
a stepping motor and has the following calculated maximum velocity and
acceleration.

Stepping motor steps per revolution = 200

Controller maximum half-steps per second = 20,000

(10,000 steps/sec)/(200 steps/rev) = 50 revolutions per second

Threaded drive shaft has five threads per inch = 5 rev/inch of linear motion
Maximum table speed = (50 rev/sec)/(5 rev/inch) = 10 inches per second

Assume table is moving at top speed and power fails. Assume table stops in 0.2
seconds.

V-V,
a= o =-50 in/sec? = -4.167 ft/sec?
f
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As liquid deuterium is heavier than liguid hydrogen, the following calculations
assume liquid deuterium in the flask. The liquid deuterium weight inside the
flask is roughly 1 pound.

F=ma= (11b/32.2 ft/sec2)(4.167 ft/sec2)= 0.13 Ibf

For a thin cylinder, I = t R3 t = 0.0318 in4
where, R = 1.5 inches
t = 0.003 inches

Also, ¢ = 1.5 inches.

The bending moment can be calculated from Roark and Y oung, Table 3, case 1a.
M = 2.16 in-lbs. The bending stress in the horizontal plane on the flask due to
deceleration of the targets from top speed to zero in 0.2 seconds is the following:

Stress due to Table Motion = ¢ = M_ 216 = 102 psi

Ve (01 5)

The weight distribution of the liquid deuterium over the length of the flask is
0.05 Ib/in, where the weight is about 1 Ib and the total flask length is 20 inches.
From Roark and Young, Table 3, case 2a, the maximum ben ing moment can be
determined. This stress on the flask is in the vertical direction. '

~w 12 _ (0.05)(16.625)*

Mk = 5 5 = 6.91 in-lbs; where, w, = 0.05 Ib/in
[ =16.625 inches
. M 6.91
Stress due to Liquid (Deuterium) Weight = ¢ = l,u/ = 7 — = 326 psi
1y !G.Ujl§{ _}
VA i.3

The combined effect of these two conditions is 342 psi directed 72.6 degrees
downward from the horizontal plane. Thus, the additional stress imposed on the
flask due to the conditions of table motion and liquid weight is insignificant.
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Stainless Steel Flask Relief Sizing
D. Allspach
February 16, 1995

The stainless steel target flask is relieved by an Anderson Greenwood relief
valve. The flask surface area must first be calculated in order to obtain the rate
of heat flow to the vessel. From this rate of heat transfer, and the heats of
vaporization of Hy and D,, the mass flow rate of the vaporizing H, or D5 can be
calculated, as well as the corresponding pressure drop in the lines. The relief |
valve may be sized for this flow rate.

Vessel Dimensions:

R=15in Cylinder Radius
B=200in Vessel Length (Total)
h=0.751n Depth of ellipsoidal head
L=18.5in Cylinder Length ,
S Surface Area of one head
A Vessel Surface Area

K Radius of dished head

Vv Vessel Volume

Y Volume of one head

MR =3.0 in Principle Radius of Head
mR =0.75 in Knuckle Radius

The formulas below are taken from C.B.1. Bulletin #594.

K=M - [(M-1)(M+1-2m)]1/2
M=20, m=0.5

K =0.586

S = nR2[1+K2(2~K)}

S =10.5 sq. in.

A =27RL + 28

A =1951in? =1.35 fi2
Y = (2/3)nKR3

Y =4.14 in3

V = nR2 +2Y

V =139 in3 = 2.28 liters
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Reguired Mass Flow Rate :

q' = 3500 Btu/(hr-ft2) Heat Flux to Vessel (Cryogenic Systems, Barron)
S =1.351t2 Vessel Surface Area

Q Heat Transfer Rate to Vessel

AH = 4342 J/g Hy Heat of Vaporization

AH" =314.6 J/g D9y Heat of Vaporization

m' Mass Flow Rate

Q=4S

Q =4725 Btu/hr = 1384 W

m' = Q/AH

m'(Hp) = 3.2 g/s = 25 Ibs/hr
m'(Dy) = 4.4 g/s = 35 Ibs/hr

Required Relief Valve Orifice :
Symbols and formula from Anderson Greenwood catalog, "Series 80 Relief
Vidlves", p. 6.

W(H>7) = 25 Ibs/hr Mass Flow Rate (m') of Hp
W(D2) = 35 Ibs/hr Mass Flow Rate (m") of D»
T=530"°R Absolute Temperature
M(H?2)=2.0 Molecular Weight of Hp
M(D2)=4.0 Molecular Weight of D7
Z=10 Compressibility

K =0.816 Valve Discharge Coefficient
P1 =257 psia Pressure at Valve Inlet

C =356 Gas Constant

A , Required Area of Orifice

A = W(TZ)V2ICKP1(M)1/2
A(H?2) = 0.055 in?
A(D?2) = 0.053 in2

An Anderson-Greenwood type 83 relief valve with a 3/8 inch orifice diameter
B s . e 0 - J r} - ® :
(0.110 in# orifice area) will be sufficient for each target.

Actual Flow Capacity of Relief Device: (Subsonic flow formula)

' Mass Flow Rate

P =25 psia Valve Inlet Pressure

Py = 15 psia Valve Outlet Pressure

M(H3) =2.0 Molecular Weight of Hydrogen
M(D3) =4.0 Molecular Weight of Deuterium
T =530 °R Flow Temperature
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Z=1 Compressibility

A=0110sqg. in Valve Orifice Area

K =0.816 Valve Coefficient of Discharge

k =1.404 Ratio of Specific Heats

m' Actual Mass Flow Capacity of Relief Device

W = (735)AKP (M) V2[(k/ (k- 1))(P2/P1)2/K) - (Po/P1)(k+ 1K) ]L/2/(TZ) /2
W(Hp) = 48.8 Ibs/hr = 6.15 g/s Hy
W(D2) = 68.6 Ibs/hr = 8.64 g/s Do

Note: The following calculations show the pressure drops through the vent lines
for the actual flow capacity of the relief device.

Pressure Drop in Line from Flask to Cond. Pot:

Assuming cold line (Saturation temperature of Hy or D»)

1/2 in. stainless tubing of length 3.0 ft; I.D. = 0.402 in = 1.02 cm

Neglect the change in height (since it is small) and minor losses (since there are
no sharp bends). The properties below are for 25 psia and saturated vapor.

p(Hp) = .00216 g/cc Density of H»

p(D2) = .00375 g/cc Density of Dy

LWH2) = 1.25x10-3 g/cm-s Viscosity of Hp

w(D2) = 1.55x10-3 g/cm-s Viscosity of Dy

v Velocity

f Friction Factor

D=1.02cm Inner Diameter of tubing

£ = 0.0015 mm Roughness of Drawn Tubing

AP1 Pressure Drop from Vessel to Cond. Pot
L =914cm Length of Pipe

m'(Hp) = 6.15 g/s Actual Mass Flow Capacity of Valve
m'(D2) = 8.64 g/s Actual Mass Flow Capacity of Valve
Re = pvD/m = 4m'/Dry

Re(Hy) = 6.14x105 >> 2300, therefore, Turbulent.
Re(D7) = 6.96x105 >> 2300, therefore, Turbulent.
f(H2) = 0.0146 ( From Moody Chart, £/D = 0.000147 )
f(D2) =0.0145 ( From Moody Chart, £/D = 0.000147 )

v =4m'/mpD2

v(H») = 3484 cm/s
v(D2) = 2820 cm/s
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AP = pv2fL/2D

ATHT /TY

AP1(Hp) = 1715 Pa=0.25 pst
AP1(Dgy) = 1937 Pa = 0.28 psi

Pressure Drop in Line from Cond. Pot to Relief Valve:

1/2 inch stainless tubing, 3.5 ft long; [.D. = 1.02 cm. Find the temperature of the

uid in this length of bare tubing for P =

q = 3500 Btu/(hr-ft?2) = 1.1 W/cm?

A = 7(0.5 in)(42 in) = 66 in2 = 426 cm?
Q=467 W

m'(Hp) = 6.15 g/s; Ah = Q/m' =76 J/g
m'(Dy) = 8.64 g/s; Ah = Q/m' =54 J/g
hi(Hp) = 198.5 J/¢g

h1(D2) = 196.9 J/g

ho(Hp) = 198.5 + 76 = 275 J/g

ho(D7) = 196.9 + 54 = 251 J/g
T(Hy) =29 K

T(DOo2)=37K

25 psia:

Heat Flux to Uninsulated Tube
Outside Surface Area of Tube
Heat Transfer to Tube

Energy Increase of Hydrogen
Energy Increase of Deuterium
Saturated Vapor Enthalpy of Hp
Saturated Vapor Enthalpy of Dy
Enthalpy of Hj at Relief Valve
Enthalpy of D at Relief Valve
Temperature of Hy at Relief Valve
Temperature of D at Relief Valve

To be slightly conservative, assume that the temperature of both the Hy and Dy
flowing through the tube is at 50 K. Neglect the change in height (since it is

small) and minor loss
are for 25 psia and 50 K.

es (since there are no sharp bends). The properties below

p(Hp) = 0.8479 E-3 g/cc Density of Hp

p(Dy)=0.169 E-2 g/cc Density of Dy

WHo) = 1.53 E-5 g/cm-s Viscosity of Hp

wdy) = 2.14 E-5 g/cm-s Viscosity of D3

v Velocity

f Friction Factor

D =102 cm Inner Diameter of tubing

£ = 0.0015 mm Roughness of Drawn Tubing

AP2 Pressure Drop from Vessel to Cond. Pot
L =107 cm Length of Pipe

m'(H2) = 6.15 g/s Actual Mass Flow Capacity of Valve
m'(D72) = 8.64 g/s

Re = pvD/y = 4m'/Drnp

Actual Mass Flow Capacity of Valve

Re(Hy) = 5.02 x 105 >> 2300, therefore, Turbulent.
Re(D7) = 5.04 x 105 >> 2300, therefore, Turbulent.
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f(H2) = 0.015 ( From Moody Chart, /D = 0.000147 )
f(D2) =0.015 ( From Moody Chart, e/D = 0.000147 )

v = 4m'/npD2
v(H7) = 8876 cm/s
v(Dy) = 6257 cr/s

AP = pv2fL/2D
AP2(Hp) = 5256 Pa = 0.76 psi
AP2(D2) = 5206 Pa = 0.76 psi

Total Pressure Drop in Line:
APtotal(H2) = AP1 + AP2 = 1.01 psi
APtotal(D2) = APl + AP2 = 1.04 psi

These pressure drops are less than the 2.0 psi blowdown of the relief valve. The

valve blowdown is set at 20% of the valve set pressure.
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Vacuum Jacket Stress
D. Allspach
March 6, 1995

The cylindrical portion of the vacuum vessel housing the target flask has a 5 inch
outer diameter, a length of about 15.5 inches and a wall thickness of 0.125 inches.
On the upstream end of the cylindrical shell is attached a heavy wall aluminum
target transition block. A flange is located on the downstream end. Reference
Fermilab drawing # 2727.866-MD-58635. These vessel components are made of
6061-T6 Aluminum Alloy.

Cylindrical Shell, Internal Pressure: Formulae are obtained from the ASME
Boiler and Pressure Vessel Code, Sec. VIII, Div. 1, UG-27.

t=0.125 in. Actual Shell Thickness

E=06 Weld Efficiency

S = 10,500 psi Maximum Allowable Stress for Drawn Seamless Tube
R =2.375 in. Inside Shell Radius |
Pmin = 15 psid MAWP of Vessel (Target Guidelines, II.D.1.c.(i))

p Actual Maximum Allowable Pressure

Circumferential Stress: UG-2 7(c,1)

P=SEt/ (R + 0.61)

P = (10,500)(0.6)(0.125)/[2.375 + (0.6)(0.125)]
P =321 psid

Longitudinal Stress: UG-27(c,2 )
- P=2SEt/ (R - 0.4¢)
P = (2)(10,500)(0.6)(0.125)/[2.375 - (0.4)(0.125)]

P =677 psid

Cylindrical Shell, External Pressure: Formulae and variables obtained from the
'ASME Boiler and Pressure Vessel Code"”, Sec. VIIL, Div. 1, UG-28 and App. 5
Do =5.01n. Outer Shell Diameter

L =155 in. Length of Shell

t=0.125 Shell Thickness

A : Factor Obtained from Fig. 5-UG0-28.0

B Factor Obtained from Fig. 5-UNF-28.30

P Max. Allowable External Pressure

E

= 10.0 E6 psi Modulus of Elasticity
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Cylindrical Shell, External Pressure (cont.):
Dg / t = 40 > 10 therefore, use UG-28(c,1).

Steps 2-3: From Fig. 5-UGO-28.0, A = 0.0016
Steps 4-5: From Fig. 5-UNF-28.30, B = 7,500

Step 6:
P =4Bt/ 3D,

= (4)(7500)(0.125)/[(3)(5.0)]
P =250 psid

Maximum Allowable Working Pressures:

Calculation Internal Press. External Press.

Shell s 250 psid
Shell, Circumferential 321 pstd = ===-ee-

Shell, Longitudinal 677 psid  ameees

MAWP, External  ------ 250 psid
MAWP, Internal 321 psid  eeeeeas

The Maximum Allowable External Pressure is 250 psid. This is greater than the

7.5 psid required external pressure when using the ASME allowable stress. Thus,

the Ijmmnab ES&LJ. Manual Chapter 5033, "Vacuum Vessel Safety", which

ires a min ssure of 30 psid (15 psid collapse pressure with a

or of two) 1s satisfied; therefore, the vessel meets Fermilab's vacuum
rnal pressure requirement.

-
o)
W

Z E -
o ¢

E’h wn
o]
5
é
g:
B
e
©
,;."‘:.‘i
w
"tj
5]
<)
*c:
[gie]
.

<
¢
[02]
7
[
RN
€}
>4
[
(D r"k

The Maximum Allowable Internal Pressure is 321 psid. This is greater than the
15 psid minimum required by "The Design, Fabrication, Testing, Installation,
and Operation of LHp Targets”, I1.D.1.c.(i); therefore, the vessel meets
Fermilab's vacuum vessel internal pressure requirement.
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Titanium Window Stress
D. Allspach

February 14, 1995

The E866 target beam windows are to be fabricated from a titanium alloy, Ti 15-3
(Ti-15V-3Cr-3Sn-3Al). The downstream flange and a flange on the transition
biock hold the thin metal windows in position. The "beam diameter” of each
window is 4.25 inches (diameter to calculate window thickness = 4.5 inches).

Window Thickness: Fermilab ES&H Manual Chapter 5033, "Vacuum Vessel
Safety", references the Mechanical Safety Subcommittee Guidelines for the Design
of Thin Windows at Fermilab (TM-1380). Formulas in this memo are taken from
Roark and Young for combined bending and diaphragm stresses for circular plates
(Chapter 10 of the Fifth Edition). Our flanges have a 1/8 inch edge radius as is
required by paragraph I1.E.2.a. of the Target Guidelines. Thus, 1/4 inch (2 x 1/8
inch) is added to the "beam diameter” for the calculations below. Edge conditions
are fixed and held.

Sy = 121,100 psi Minimum Ultimate Strength

Sy = 107,000 psi Minimum Yield Strength
q=15psid Actual pressure appiied to window
E =13.4 E6 psi Minimum Modulus of Elasticity

v =03 Poisson's ratio

a=2.25 inches Window radius

t Window thickness

y Window deflection

Using t = 0.0055 inches in the formula below, iterations are performed to find the
deflection, y, such that the calculated window thickness, tcalculated, 1S equal to
0.0055.

)
,‘ = ) ] ~
VEN5.33) (37 0)+(2.6)(y 1 1)3]

1 N
11—

It is found that for y = 0.122 inches, t = 0.0055 inches. Note that y > t / 2, thus the
above formula for diaphragms is valid.

y =0.122 > t/2 = 0.00275 inches
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Given the thickness and deflection, the edge and center stresses are found.

Stress at Edee:

4 N yxt) /v\2
S odoe mg( | === |+ E(0.476)| =
& \Ewmz }zﬂ\ a? J \a/

G edge = 26,570 psi

Stress at Center:

2
2 Xt
O conter = E( ( % £(0.976)( )
1 \ az a /

o | J

N A

O center = 43,560 psi

As found above, the maximum stress is at the center of the window. Given the
certified ultimate tensile strength we find this material offers a safety factor of 2.8.
Also, we see that the maximum stress is about 40% of the certified yield strength.

It is of interest to compare these safety factors with those the Target Guidelines
require for mylar and those which are required in Vacuum Vessel Safety.
Paragraph IL.LE.1.b.(1) of the Guidelines note that the allowable strength for a
circular mylar window is to be taken as 2/3 of the yield strength. (Note that, based
on tensile testing of mylar at Fermilab, an allowable strength based on 2/3 of the
yield strength is approximately equivalent to a safety factor of 2.5 based on the
ultimate strength). Vacuum Vessel Safety requires that the smaller of 0.5(ultimate
strength) or 0.9(yield strength) be taken as the allowable strength. In consideration
of these methods of determining the allowable strength, we find that, for Ti 15-3,
using 0.5(ultimate strength) results in the smallest value. It is thus relevant to
speak of the safety factor for the E866 windows relative to the ultimate strength of
the material. Note that our safety factor of 2.8 exceeds that required for mylar in
the Target Guidelines and that required for Vacuum Vessel Safety.

Paragraph IL.E.3.a. of the Guidelines require that testing be completed on windows
in order to verify their strength. This is viewed as a very important requirement.
As a result, testing beyond the requirements of the Guidelines is planned to
understand how the Ti 15-3 will perform under various conditions. See safety
report insert Titanium Window Testing. However, the required burst pressure of 75
psid (implying a safety factor of 5 based on the ultimate strength) for materials
other than mylar is an excessively stringent requirement opposing the goal of
building a target system conducive to obtaining physics data at a reasonably
efficient rate. We propose that this point in the Guidelines be revised (please see
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insert titled Proposal for Revision to Target Guidelines Paragraph ILE.3.a. and
Other Related Paragraphs). For the case at hand, we propose, given the
information in this document and others supporting it and positive testing results,
that Ti 15-3 windows at 0.0055 inch thickness be approved for use in the E866
experiment.

Following is additional information which indicates positive performance of Ti 15-
3 for use as E866 vacuum windows.

Failure Scenario:
In the case of a flask failure the following conditions exist:

(1)  The vacuum container will increase in pressure to a maximum of

about 3.5 psig.

(2)  The parallel plate reliefs will open, venting hydrogen/deuterium into
the tent. The tent exhaust fan will start automatically. Hyp/Dy will be
vented outdoors.

The 1nitial level of Hy/D5 in the vacuum container will be such that it
will cool the titanium windows to cryogenic temperatures.

o
(a3
N

Thermal Stress:

Following is an analysis of the window stress due to thermal contraction in the case
of a flask failure. From "Cryogenic Engineering" by B. A. Hands, Fig. 4.5, page
98, we see that the thermal contraction of Titanium from room temperature to 20K
i1s 0.15%. Given the Modulus of Elasticity we can find the stress applied to the
window due to this thermal contraction.

O thermal = €E =0.0015in / in x 13.4 E6 psi = 20, 100 psi

This stress is calculated assuming the aluminum flanges holding the windows do
not shrink. If uniform contraction is assumed, the actual window thermal stress
will be less than that calculated above. In fact, the thermal contraction of
aluminum from room temperature to 20K is slightly greater than that of titanium.

This problem was modeled by our Engineering Analysis Group. The model
assumes that the edges of the windows are fixed and held (as in TM-1380), they
are exposed to cryogenic temperatures and are subsequently loaded to 15 psid. The
maximum combined stress on a window under these conditions was found to be
about 65,000 psi. Upon examination of the Titanium alloy properties we find that
both Sy and Sy increase significantly with lowered temperature. This combined
stress value is about 30% of Sy at liquid hydrogen temperature.
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If an actual flask failure were to occur, the differential pressure across the window
will decrease (from 15 psid external pressure to 3.5 psid internal pressure) as noted
above. This decrease in pressure differential will cause the stress component due
to pressure to decrease. The combined stress value of 65,000 psi is thus
conservative.

The elongation of Ti 15-3 is reduced by approximately 50% when it is cooled from
room temperature to liquid hydrogen temperature. The elongation of the Ti 15-3
material 1s certified at 14.3% at room temperature. Actual elongation calculated
for the E866 vacuum windows with 15 psid is less than 0.5%.

The case of a flask failure is not expected to cause the vacuum windows to fail.

Thus, the analysis indicates that 0.0055 inch thick titanium alloy vacuum windows
are suitable for the E866 targets.
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ARNOLD

THE ARNOLD ENGINEERING COMPANY
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Ship Receiving Dept. Date Shipped 2/1/95
To Kirk & Batavia Roads Requested Shipping Instructions
upPs
L o
End Use il Quantity Shipped Description
85710 C 1 Lot 15~3-3 Titanium, Annealed
(3.0 1bs.) L0055 x 10.125 x as rolled width x coil
AMS 4914 with standard AECo exceptions
CHEMICAL ANALYSIS MATERIAL AS IS |
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T6230H 107,000 121,100 14.3% (157615 | ASTM#6.5
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P & ®
INTERNATIONAL MATERIAL
400 Commonwealth Drive, Warrendale, PA 15096-0001 SPEC!F!CATEO}Q Issued 1 APR 1984
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TITANIUM ALLOY COLD ROLLED SHEET AND STRIP B
15V - 3A1 - 3Cr - 3Sn
Solution Heat Treated

1. SCOPE:
1.1 Form:

This specification covers a titanium alloy in the form of sheet and strip.
1.2 Application:

These products have been used typically for parts to be formed in the
solution heat treated condition and subsequently precipitation heat treated
requiring high strength-to-weight ratio and stability up to 550 °F (288 °C)
in the precipitation heat treated condition, but usage is not limited to such
applications.

2. APPLICABLE DOCUMENTS:

The following publications form a part of this specification to the extent
specified herein. The latest issue of SAE publications shall apply. The
applicable issue of other publications shall be the issue in effect on the
date of the purchase order.

2.1 SAE Publications:
Available from SAE, 400 Commonwealth Drive, Warrendale, PA 15096-0001.
AMS 2242 Tolerances, Corrosion and Heat Resistant Steel, Iron Alloy,
Titanium, and Titanium Alloy Sheet, Strip, and Plate

MAM 2242 Tolerances, Metric, Corrosion and Heat Resistant Steel, Iron Alloy,
Titanium, and Titanium Alloy Sheet, Strip, and Plate
: h ‘s Limits. Ti

)
AMS 2249 Chemical Check Analysis Limits, Titanium and Titanium Alioys
AMS 2750 Pyrometry B )
AMS 2809 Identification, Titanium and Titanium Alloy Wrought Products

SAE Technical Board Rules provide that: “This report Is publishied by SAE to advance the state of technical and engineering sciences.
The use of this report is entirely voluntary, and its applicability and suitability for any particular use, including any patent infringement
arising therefrom, is the sole responsibility of the user.”

SAE reviews each technical report at least every five years at which time it may be reaffirmed, revised, or cancelled. SAE Invites your
written comments and suggestions. :

Rt

Copyright 1992 Society of Automotive Engineers, Inc. ‘ e
All rights reserved. Printed in USA
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Available from ASTM, 1916 Race Street, Philadeliphia, PA

ASTM E 8

ASTM E 8M
ASTM E 112
ASTM E 120
ASTM E 290

ASTM Publications:

Tension Testing of Metallic Materials
Tension Testing of Metallic Materials (Metric)
Determining the Average Grain Size
Chemical Analysis of Titanium and Titanium Alloys
Semi-Guided Bend Test for Ductility of Metallic Materials

U.S. Government Publications:

19103-1187.

Available from Standardization Documents Order Desk, Building 4D, 700 Robbins
Avenue, Philadelphia, PA 19111-5094.

MIL-STD-163 Steel Mill Products, Preparation for Shipment and Storage

(&S]

TECHNICAL REQUIREMENTS:

3.1 Composition:
Shall conform to the percentages by weight shown in Table 1, determined by
wet chemical methods in accordance with ASTM E 120, by spectrochemical
methods, or by other analytical methods acceptable to purchaser.
TABLE 1 - Composition
Element min max
Vanadium 14.0 16.0
Chromium 2.5 3.5
Tin 2.5 3.5
Aluminum 2.5 3.5
Iron - 0.25
Oxygen e 0.13
Carbon - 0.05
Nitrogen -- 0.05 (500 ppm)
Hydrogen -— 0.015 (150 ppm)
Residual Elements, each (3.1.1) - 0.10
Residual Elements, total (3.1.1) - 0.40
Titanium remainder
3.1.1 Determination not required for routine acceptance

3.1.2 Check Analysis:
AMS 2249.

(R)

Composition variations shall meet the requirements of
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3.5.1
3.5.1
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Meiting Praciice:
Alloy shall be multiple melted; the final melting cycle shall be under
vacuum. The first melt shall be by consumable electrode, nonconsumable
electrode, electron beam, or plasma arc melting practice. The subsequent
melt or melts shall be made using consumable electrode practice with no
alloy additions permitted in the last consumable electrode melt.
.1 The atmosphere for nonconsumable electrode melting shall be vacuum or
shall be argon and/or helium at an absolute pressure not higher than
1000 mm of mercury.

.2 The electrode tip for nonconsumable electrode melting shall be water-
cooled copper. ,

Condition:

Hot rolled with subsequent cold reduction, solution heat treated, descaled,
and leveled, having a surface appearance comparable to a commercial
corrosion-resistant steel No. 2D finish (See 8.2).

Heat Treatment:

Product shall be solution heat treated by heating to a temperature within the
range 1450 to 1500 °F (788 to 816 °C), holding at the selected temperature
within +25 °F (414 °C) for 3 to 30 minutes, and cooling at a rate which will
produce product meeting the requirements of 3.5 (See 8.3). Pyrometry shall
be in accordance with AMS 2750.

Properties:
The product shall conform to the following requirements:
As Solution Heat Treated:

-1 Tensile Properties: Shall be as shown in Table 2 for product 0.125 inch
(3.18 mm) and under in nominal thickness, determined in accordance with
ASTM E 8 or ASTM E 8M with the rate of strain maintained at

0.003 to 0.007 inch/inch/minute (0.003 to 0.007 mm/mm/minute) through the
yield strength and then increased so as to produce failure in

< t 1R}

o 3 $4 2 : S [ 1 .

approximately one additional minute. Whe
1d

19

. o & C
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s

purchaser and vendor over the yie a referee test shall
be performed on a machine having a strain rate pacer, using a rate of
0.005 inch/inch/minute (0.005 mm/mm/minute) through the yield strength
and a minimum crosshead speed of 0.10 inch (2.5 mm) per minute above the
yield strength.
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TABLE Z - Tensile Properties

Property Value
Tensile Strength 102 - 137 ksi (703 - 945 MPa)
Yield Strength at 0.2 % Offset 100 - 126 ksi (689 - 869 MPa)
ETongation in 2 Inches (50.8 mm) or 4D 12% :

3.5.1.1.1 Tensile property requirements for product over 0.125 inch (0.32 mm) in
(R) nominal thickness shall be as agreed upon by purchaser and vendor.

3.5.1.2 Bending: Product 0.125 inch (3.18 mm) and under in nominal thickness

shall withstand, without evidence of cracking when examined at 20X
magnification, bending in accordance with ASTM E 290 through an angle of
105 degrees around a diameter equal to the bend factor times the nominal
thickness of the product, using either V-block, U-channel, or free bend
procedure with axis of bend parallel to the direction of rolling. Only
one of these tests will be required in routine inspection. In case of
dispute, results of bend tests using the V-block procedure shall govern.

TABLE 3 - Bending

Nominal Thickness Nominal Thickness Bend
Inch Millimeters Factor
Up to 0.070, inc) Up to 1.78, incl 4
Over 0.070 to 0.125, incl Over 1.78 to 3.18, incl 5

3.5.1.2.1 Bending requirements for product over 0.125 inch (3.18 mm) in nominal
thickness shall be as agreed upon by purchaser and vendor.

WA G g i

3.5.1.3 Surface Contamination: The produ

I ¢t shall be free of any oxygen-rich
fayer, such as alpha case, or other surface contamination, determined by
the bend test of 3.5.1.2 or other method acceptable to purchaser.

3.5.2 After Precipitation Heat Treatment:

S
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4.4

(R)

5.2

5.2.

(R)

5.2.

|

8.1

Reports:

The vendor of the product shall furnish with each shipment a report showing
the results of tests for chemical composition of each heat and for the
hydrogen content and tensile and bending properties and grain size of each
Tot, and stating that the product conforms to the other technical
requirements. This report shall include the purchase order number, lot
number, AMS 4914A, size, and quantity.

Resampling and Retesting:

If any specimen used in the above tests fails to meet the specified
requirements, disposition of the product may be based on the results of
testing three additional specimens for each original nonconforming specimen.
Failure of any retest specimen to meet the specified requirements shall be
cause for rejection of the product represented. Results of all tests shall

_ be reported.

PREPARATION FOR DELIVERY:

Identification:

Shall be in accordance with AMS 2809.

Packaging: ‘

1 The product shall be prepared for shipment in accordance with commercial
practice and in compliance with applicable rules and regulations pertaining
to the handling, packaging, and transportation of the product to ensure
carrier acceptance and safe delivery.

2 For direct U.S. Military procurement, packaging shall be in accordance with
MIL-STD-163, Commercial Level, unless Level A is specified in the request
for procurement. :

ACKNOWLEDGMENT :

A vendor shall mention this specification number and its revision letter in

d

11 quotations and when acknowledging purchase orders.

REJECTIONS:

Product not conforming to this specification, or to modifications authorized
by purchaser, will be subject to rejection.

N

OTES:
Marginal Indicia:

The (R) symbol is used to indicate technical changes from the previous issue
of this specification.
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ASTM A 480/A 480M.

For nominal thicknesses under 0.1875 inch (4.762 mm), air cooling from the
sotution heat treatment temperature is usually satisfactory. Fan air
circulation is recommended for thicknesses 0.1875 to 0.375 inch

(4.762 to 9.52 mm), inclusive. Quenching, usually in water, may be required
for thicknesses over 0.375 inch (9.52 mm) .

Definition of "0il1 Can":

An excess of material in a Tocalized area of a sheet which causes the sheet
to buckle in that area. When the sheet is placed on a flat surface and hand
pressure applied to the buckle, the buckle will spring through to the
opposite surface or spring up in another area of the sheet.

Dimensions and properties in inch/pound units and the Fahrenheit temperatures
are primary; dimensions and properties in SI units and the Celsius
temperatures are shown as the approximate equivalents of the primary units
and are presented only for information. ‘

For direct U.S. Military procurement, purchase documents should specify not
less than the following:

Title, number, and date of this specification
rorim and size of product desired
Quantity of product desired

Level A packaging, if required (See 5.2.2).

L.

Products meeting the requirements of this specification have been classified
under Federal Supply Classification (FSC) 9535.

PREPARED UNDER THE JURISDICTION OF AMS COMMITTEE "G".
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uality:
The product, as received by purchaser, shall be uniform in quality and
condition, sound, and free from "oil cans" (See 8.4) of depth in excess of
the flatness tolerances, ripples, and foreign materials and from
imperfections detrimental to usage of the product.

3.7 Tolerances:

(R)
Shall conform to all applicable requirements of AMS 2242 or MAM 2247,
4. QUALITY ASSURANCE PROVISIONS:
4.1 Responsibility for Inspection:
(R)

The vendor of the product shall supply all samples for vendor’s tests and

. shall be responsible for performing all required tests. Purchaser reserves
the right to sample and to perform any confirmatory testing deemed necessary
to ensure that the product conforms to the requirements of this
specification.

4.2 Classification of Tests:

Tests for all technical requirements are acceptance tests and shall be
performed on each heat or Tot as applicable.

Sampling and Testing:

P = )
et (4D

Shall be in accordance with the following; a lot shall be all product of the
same nominal size from the same heat processed at the same time and in the
same heat treatment batch.

4.3.1 Composition: One sample from each heat, except that for hydrogen
determinations one sample from each lot cobtained after thermal and chemical
processing is completed.

4.3.2 Tensile Properties, Bending, Grain Size, and Surface Contamination:

(R) Not less than one sample from each lot.

4.3.2.1 Specimens for tensile tests of widths 9 inches (229 mm) and over shall be
taken and tested in both the longitudinal and transverse directions; for
widths under 9 inches (229 mm), specimens shall be taken in tongitudinal

direction.

4.3.2.2 For V-block or U-channel bend tests, specimen width shall be not less
than 10 times the nominal thickness or 1 inch, (25 mm), whichever is
greater. For free bend tests, minimum specimen width shall, when
possible, be not less than 10 times the nominal thickness: maximum width
need not be greater than 1 inch (25 mm).
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