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�Start up, Shutdown, and Preventive Maintenance 

of the 

Water Cooling and Vacuum Systems 

for the 

Target-4 Neutron Production Target 



�PURPOSE AND SCOPE

This ROP describes the procedures that are required for preparation and check out of the Target-4 vacuum system and water cooling system. The start-up and check-out procedure will be performed at the beginning of each LAMPF running period after a long shutdown.  The shutdown procedure will be performed after a LAMPF running period.  The preventive maintenance will be performed once a year and may be done in conjunction with the start up.

Opening the crypt via the neutron flight paths and service of the neutron production target are described in WNR-ROP-10 (Opening the Target-4 Vacuum Chamber and Installing and Removing Plugs and Shutters) and WNR-ROP-11 (Inspection, Maintenance, and Removal of the Target-4 Neutron Production Target).

LOCATION AND DESCRIPTION OF TARGET

The Target-4 neutron production target vacuum chamber and its associated vacuum casings (from now on called the CRYPT) is located inside the shielding of the WNR target cell (MPF-369) which is in the Target-4 experimental yard that is south of MPF-7.  The vacuum chamber inside the shielding is approximately 2 m in diameter and 1 m high and has seven vacuum pipes for neutron flight paths radiating radially outward at ±90°, ±30°, ±15° and at 60° on the right side of the incident proton beam, two pipes that hold the mechanisms that support the water cooled tungsten neutron production target and the proton beam line.  When in use, the crypt is kept under a vacuum of approximately 50 microns. A large pump/blower system that continually pumps on the vacuum chamber during neutron production is located above the shielding in the Mechanical Equipment Building (MEB, MPF-368).  The closed circuit water cooling system for neutron production target is also located in the MEB. 

The shield consists of a cubical structure that surrounds the vacuum vessel with walls that are approximately 20 feet thick.  The walls are made from a slurry of steel balls and magnetite concrete.  This shield provides the major radiation shielding for personnel protection. 

There are two stepped access pipes that begin at the floor of the MEB and extend down to the top of the crypt.  These pipes are approximately 15 feet long.  Inside these pipes are shielding and below the shielding are the mechanisms that supports the neutron production target.  At present there is only one target mechanism in place.  The other access pipe is plugged with steel and polyethylene shielding.

The tungsten neutron production target is encased in a water cooling jacket.  The water cooling lines and the electrical wires that are connected to the target assembly run from the target up though the shielding and out the side of the metal pipe casing at the floor of the MEB.  The water lines are then connected to a heat exchanger that cools the water flowing to the target.

HAZARDS

Hazards arise from radiation sources, crane operation, and the large vacuum system. In addition, hazards arise from the potential of falling from the top of the Target-4 shield.

Radioactivity from the beam

The mechanical equipment building is in an area that has very high radiation levels when the beam is on. No persons may be in this area when the beam is on. This is ensured by the operation of the Personnel Safety System (PSS).

Induced Radioactivity

The neutron production target is irradiated by the 800-MeV proton beam from the LAMPF accelerator with beam currents of typically 1 �SYMBOL 109 \f "Symbol"�A for periods of several months. This induces large amounts of radioactivity in the target, nearby support material, in the associated shielding, the exhausted air, and the circulating water. Work on the water system or vacuum system requires monitoring by Health Physics (ESH-1). In addition, any time the water system is opened a Radiation Work Permit (RWP) is required. 

Crane Operation

The removal of the pumps and parts of the water system may require the use of the overhead crane.  Anyone using the crane must be a licensed crane operator and use safe operating and rigging procedures. For all these operations, the “two-man rule” applies.

Vacuum System

The Target-4 crypt includes a large vacuum system. Anyone working on the vacuum system must be knowledgeable of vacuum techniques and how to operate the crypt vacuum system.  Some of the windows of the vacuum chamber are made from thin (0.01 inch) stainless steel.  Care must be taken not to puncture these windows.

Falling

The top of the MEB is located approximately 20 feet above the ground.  Although it is surrounded by safety fences, workers should be careful not to fall off the MEB or drop things over the side where they might hit someone working below.  

AUTHORIZATION 

The following persons may authorize work on the Target-4 vacuum system or water cooling system:

The WNR Operations Team Leader,

The P-23 Group Leader or Deputy

No modifications to the water cooling system or the vacuum system shall be made without the permission of the above persons. The date, time, name of the authorizing person, names of the persons to be performing work, and the reason for and scope of the work to be performed must be entered into the WNR Operations Log prior to commencement of  the work. Completion of the work and significant observations should also be noted in the Operations Log.

preparing Target-4 for START UP

Vacuum System

The vacuum system consists of a large vacuum chamber that holds the neutron production target, a vacuum pump and blower combination, a thermocouple gauge and an electrically operated vacuum valve.  Some of the windows of the vacuum chamber are made from 0.01 inch thick stainless steel and care should used when working near them so they will not be punctured.  

The vacuum pump/blower may be vented to the outside or to the Blue Room (Target-2) radioactive stack.  In both cases the pump exhaust is vented through a HEPA filter. Valves A, B and C that are shown in Figure 1, control the exhaust configuration.  The switch that turns on the pump/blower system is located on an electrical panel below the pump.  

A thermocouple gauge that reads the pressure in the vacuum chamber is located on a panel to the left of the pump. The thermocouple gauge has an adjustable set point such that if the pressure in the crypt is greater than the set point, the vacuum valve closes. The set point is usually set at approximately 200 microns. To open the vacuum valve, it is necessary to place the set point above the pressure and press the button next to the gauge.

Start-up, check-out, and pump-down procedures

Check that the oil level in the pump is at the proper level.

Make sure that the let-up valves are closed.

For pump down from atmosphere in the case where the beam has been off for longer than two hours, the pump exhaust should be directed to the outside.  This means valve A and C are open and valve B is closed.  This will limit the oil vapor exhausted into Target-2. If pump down from atmosphere is required and the beam has been on the target within two hours, one must either wait for two hours and exhaust the beam to the outside or exhaust the beam through the radioactive stack.

Open the electrically operated vacuum gate valve by positioning the set point on the thermocouple gauge all the way to the right and pressing the button next to the gauge.

Turn on the vacuum pump by pulling the knob below the pump.

Observe that the pressure in the crypt is decreasing on the mechanical vacuum gauge.

After approximately 10 minutes the thermocouple gauge should begin to read.

Continue observing the pressure decrease until a pressure of approximately 100 microns is reached.

Switch the vacuum pump exhaust valves so the pump is vented through the Target-2 radioactive stack.  This means that valve A and B shown in figure 1 are open and valve C is closed.

If the pressure has not reached 300 microns in approximately 3 hours, the crypt should be checked for leaks.  

Water Cooling System

When Target-4 is operated at 1 �SYMBOL 109 \f "Symbol"�A of proton beam current, the water cooling system must dissipate approximately 200 watts of power. A diagram of the water system is given in Figure 2. The heated water coming from the target is passed through a heat exchanger that is cooled with water from the LAMPF cooling tower. No LAMPF cooling water is mixed with the target cooling water. The water is filtered and  passed through two ion-exchange beds.  The ion content of the water is determined by measuring the electrical resistance before and after ion exchange. The resistivity should be approximately 14 MW after ion exchange.  Following the ion-exchange beds, any air in the water is removed in an air separator. The gasses from the separator are presently vented to the outside air.  Before the next run cycle begins, the air will be vented though the Target-2 monitored radioactive stack.  The water then enters one of two water pumps that provide pressure to pump the water in the system.  The water is then transported to the input side of the target water jacket where it circulates and cools the target.  This water system has provision for cooling two targets: and “East” and a “West”. Presently, only the “East” target is installed.

Make-up water enters the system through the electrically operated valve V-24 when the pressure in the system drops below 10 PSI as determined by the differential pressure gauge P-6. This gauge triggers a timer that is set for 30 seconds so that if it takes more than that amount of time to fill the system a leak is assumed and it automatically shuts off V-24.  This ensures that the system will not be continuously filled in the event of a leak. 

The water may be purged by pressurizing the system through valves V-11, V-12 and V-13 with either nitrogen or argon.  

There is a drain on the floor of the MEB that goes to the floor drain of Target-2.  This drain is connected to the LANSCE radioactive liquid holding tank. 

The cooling water comes from the LAMPF cooling towers.  This water is connected to the 10 diameter tunnel and is wrapped with heat tape to ensure that the lines do not freeze during the winter.

Health Physics technicians (ESH-1) periodically monitor the induced radioactivity in the water system.  Samples of the water are taken from valves V-2 and V-4.

Start up and check out procedures

Check that there are no obvious leaks in the water system.

Test that the make up timer is functioning by opening the drain valve V-20 and seeing how long it takes before V-24 closes and the make up water stops flowing into the system.  The timer is set for 30 seconds.

Check that the LAMPF tower water is turned on by observing the pressure in P-7 and P-8.  P-7 should read 42 psi and P-8 should read 54 psi.

Turn on of the pumps and observe the pressure in P-2.  It should read 37 psi.

Turn on the other pump and observe the pressure in P-2.  It should also read 37 psi.

With the water flowing, observe the resistance of the water.  The input gauge (TC5) is labeled as switch position 1 on the meter and the output of the ion exchange bed (TC4) is labeled as switch position 2. During routine operation, switch position 1 reads 1.8 MW and switch position 2 reads 15 MW. If the resistivity is below 10 MW, the ion exchange beds should be replaced.

Check that the filter is clear and does not need changing.

With the pump on and water flowing, check that there are no obvious leaks in the system.  If leaks are found, they must be repaired prior to operation.

�shutting down Target-4

Shut down of the vacuum system

Shut off the pump blower system by pushing the button below the pump.

Open the vent valve and let the target crypt up to air.

When the target vacuum chamber is up to air, close the vent valve to limit the amount of moisture and dirt that may enter the vacuum chamber.

Shut down of the water cooling system

Turn off the water pumps.

Check that the heat tape that surrounds the tower water lines is connected. 

PREVENTIVE MAINTENANCE

The following items should be checked at least once a year:

Vacuum system

The pump oil should be changed. 

The pumps should be inspected for oil leaks.

The air lines that are connected to the electrical vacuum gate valve should be inspected and checked for air leaks.

The compressor that provides air pressure for the gate valve should be inspected and tested.

Any water that has accumulated in the air lines should be removed from the water separator.

The operation of the thermocouple set point and the operation of the gate valve should be tested.

Water system

The system should be inspected for leaks.

The water filter should be inspected.

The resistivity of the water should be checked and if it is below specifications, the ion exchange beds should be replaced.

The makeup water timer should be tested.

�

APPENDIX

Normal pressure reading for water system

Gauge number�Description�Pump off�Pump on

��P-1�Target return�10�22��P-2�Pump output�10�37��P-3�West target supply�12�25��P-4�East target supply�12�37��P-5�Pump input�12�10��P-6�Differential gauge�LL=10�UL=15��
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