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Operational Safety Procedures for the G0 Cryogenic target
                                                                                                             Silviu Covrig, Oct 8, 2002

1. Introduction

The G0 cryogenic target preliminary design was approved at JLab in the Fall of 1998. The target system has been manufactured at Caltech, brought to JLab in the Spring of 2001 and installed in the Test Lab. For more than a year the target was tested in the Test Lab, then taken into Hall C and installed in the G0 Superconducting Magnet Spectrometer in April 2002. In May 2002 the target passed the JLab Safety Neon Test. In June 2002 the target underwent successfully a liquid Hydrogen test and was declared ready for beam. The target system has been reviewed several times during its stay at JLab and has passed a dedicated Safety and Technical Review held on Feb 11, 2002. Along with the rest of the G0 Spectrometer the target has passed a Readiness Review on Sep 19, 2002, and has been declared ready for commissioning with beam. The last Readiness Review highlighted the latest improvements to the target system and issued five items for a punch list, three of them have been fulfilled, putting locks on the newly installed valves in the Helium supply circuit, instrument a watch dog for the IOC heartbeat and develop emergency operating procedures, mostly for power outages. The signing of the present OSP is a fourth item in the punch list and the fifth concerns with installing limit switches for target motion at the earliest convenience that will be accomplished next year or whenever the G0-SMS will warm up.

2. The G0 Target System
The G0 target system consists of a cryogenic loop, a gas handling system, a coolant circuit, and controls. For the target “in beam” position the cryogenic loop sits horizontally inside the SMS and is held in place by the target service module (SM). The target cell is an Al can 6 mils thick on the outer walls, 20 cm long for electrons and 5 cm in diameter, backed by a so called Helium cell. The can is soldered on an Al manifold that mates through transition Al-stainless CFs to the two horizontal legs of the loop. At the end opposite to the target cell the two legs of the loop are connected through a bellow. One of the legs contains the cryogenic vane-axial pump that operates with the motor immersed, and pushes the target fluid round the loop, the high power heater that can go to a maximum of 1000 W, and a tachometer for monitoring the pump rotational speed. The other leg contains the heat exchanger and the low power heater that can go to a maximum of 80 W. Along the loop there are six temperature sensors immersed into the fluid that will be in the loop for temperature monitoring. The service lines to the loop connect across the cryogenic pump, the coolant service lines connect across the heat exchanger. The coolant circuit intrinsic to the target system is instrumented with three temperature sensors, two of them are connected right at the inlet and outlet of the heat exchanger, the third one is connected right before the JT valve for the target coolant. The gas handling system consists of a gas panel for gas distribution to the target, service lines and a ballast tank. The coolant circuit consists of service lines, two female bayonets that connect the target internal coolant lines to the U-tubes in Hall C and a JT valve for coolant control. All this coolant circuit is inside the SM. Controls consist of instrumentation for target system monitoring and control, a dedicated target control computer for operating and reading the instrumentation, a software package with various GUIs for target monitoring and control and an archiver for data logging.

 During normal operation in beam, the heat load on ESR from the target system is expected to be less than 500 W. The volume of the liquid in the target is 6.5 liters. When this volume, the 6.5 liters, is filled with LH2 we expect the target to contain no more than 455 grams of H2. The normal operating point with liquid Hydrogen is 3 K subcooled liquid at 19 K/25 psia in the loop. The nominal G0 electron beam for forward scattering, of 40 µA and 3 GeV, is expected to deposit no more than 350 W heat into the target (this includes the three Al windows in beam, the Helium in the He cell and the Hydrogen in the H cell). Additional heat load to the target should be less than 150 W, making the total heat load on ESR to be less than 500 W. The additional heat load comes from the cryogenic motor that powers the pump and from the thermal and radiative loses of the loop to the outside world, which, for this target loop, will be a liquid Nitrogen shield that envelops the inner core of the SMS.

The target system passed all the required controlled static pressure tests and went through several cool-downs with Helium on Helium in the Test Lab at JLab that tried to assess the performances of the cryogenic pump and heat exchanger and the overall functionality of the target controls. Based on these tests several improvements have been implemented and tested. The heat exchanger performance in the Test Lab with He on He was as expected from semiempirical heat exchange computations. Anyway, we could not make a clear statement about the heat exchanger performance in the Hall until we tested it there since the coolant conditions in the Hall are very different from those in the Test Lab (TL coolant, He at 4.5 K/ 3atm; Hall C coolant He at 15 K/ 20 atm), and in the Hall we’ll have He on H2. These tests were done in June 2002 and proved that the target system is operational with liquid Hydrogen and has a power of about 500 W. The heat exchanger has a flow diverter, an Al plug, in the middle of it that forces the liquid to go through the fin tubing. We found no significant change in the heat exchanger performance whether the plug is in or not, but based on a JLab recommendation we put the plug in and will stay in for target operation.

Target controls were continuously improved and now there is a manual that describes them posted on the web [2]. This manual will be continuously updated to include the most recent changes to target controls. U.Md. subgroup of the G0 target group is responsible for target controls. Target monitoring relies on a combination of GUIs in MEDM and StripTool. Steve Wood from Hall C provided us with a Linux box to run the target controls. This computer is now the dedicated G0 target control computer, gzerol2. If there will be a need for monitoring the target in the Hall we will use a laptop that has been setup for target monitoring.  

Based on a recommendation made by the G0 Target Safety Review Committee that met at JLab on Feb 11, 2002, the internal service lines for H2 have been redirected to come out of the service module on top of the cryo-can instead of the side of the service module, to add some vertical drop for a more stable interface between liquid and gas. 

The latest improvements presented to the Readiness Review on Sep 19, 2002 include: resetting the administrative current limits on the solid target, a dual supply for the He cell, two ways to remotely reboot the target IOC, the manual control only on the cryogenic pump, software changes for target remote motion control (this were underway at the time of the review and are now completed) and a realistic training program for target operators and manpowering the target.

The relevant manuals for operation of the target system can be found at:

http://g0web.jlab.org/manual/target_manuals.html
3. Authority and Responsibility

The members of the G0 Target Group will be responsible for following safe work procedures. MCC and ESR personnel are responsible for coolant delivery. U. of Maryland subgroup is responsible for the target controls. JLab Polarized Cryogenic Target Group is responsible for target gas handling system connections in the Hall. G0 target experts are responsible for operating the gas panel. It will be the responsibility of the target experts to set safe limits for the EPICS Alarm Handler, changing these limits will be done only by a target expert. It will be the responsibility of the target experts, S. Covrig and G. Smith, to train target operators and to certify them. Certification means that the would-be target operator receives a ~ 2h training class by a target expert (SC or GS), and have sat at least half of his/her first shift with a trained target operator. It is the responsibility of target experts to cool down and warm up the target. It will be the responsibility of the target expert “on call” to make sure that the most updated version of the target “How-to” manual is available for the target operators on shift. It is the responsibility of the G0 collaboration to provide enough target operators to manpower the target. A target operator will be on shift whenever liquid Hydrogen is in the target. A target operator should be familiar with the “How-to” manual, but there is no limit for his/her knowledge of the target system. A target expert should be familiar with all three target manuals, listed in attachments [1,2,3].


 For the whole duration of running a target, the target expert will carry a cellular phone, whose number is 757-810-7698, and a target pager, 757-584-5543. The single point of contact person pager number is 757-584-5405, this pager is carried by Greg Smith. Silviu Covrig’s pager is 757-584-5501.

4. Emergency Procedures

If the power or ESR fails, the target operator should immediately call the target expert on call and follow the steps:

1. Ask for beam off if it is not off;

2. Turn off the heater;

3. Set the fan speed to ~ 10 Hz;


The target expert on call should evaluate the situation and eventually coordinate, if time is short, over the phone the target operator to initiate the warm-up procedure as described in the attachment [4]. If ESR crashes the target will lose coolant and will boil. If power fails, either locally or globally, the target monitoring should still be available since most of the target controls, including the target IOC and the control computer are on UPS. The operator should check the target position before putting beam back on target and notify the expert on call if the target moved.

5. Analysis of Special Hazards and ODH
The target loop, when full, contains less than 8 liters of liquid. The expansion factor between liquid Hydrogen at 25 psia and 19 K and Hydrogen at room temperature and one atmosphere is 825. If the loop ruptures and the gas will make into Hall C the Hydrogen will expand to 6600 liters in Hall C. The Hall C volume stands at about 26,600,000 liters, the number was checked out by G. Smith. The resulting Oxygen percentage will be 20.994. Based on this, Hall C will be classified as an ODH0 area for the duration of target running. If the loop ruptures but the gas stays inside the G0 magnet vessel the pressure rise in the vessel is expected to be, for Hydrogen, 3.8 psia. A 3” lift relief valve (rated at ~ 1 psig, or 16psia) is mounted on the 4-way cross of the target service module. There is also a no spring parallel plate relief on the magnet vessel. If this happens, rupturing of the loop inside the SMS, we don’t expect any of the RVs to open to Hall C. There are two flammable gas detectors in the Hall, RGD90, calibrated for Hydrogen, one located on top of the gas panel that services the target and one on top of the SMS on the target SM side, above the SM. Instrumentation and operation of the Hydrogen detectors is the responsibility of the Hall C.  


The hazardous gas risk classification in the actual conditions for the G0 target into the Hall would make the G0 target a Class 1 installation.


There are four AC servomotors responsible for target motion and alignment located outside the SM, which transmit the motion through mechanical actuators to the target holder. There is no electrical part of the target motion mechanism that goes inside the SM and in the vacuum.


The nomenclature of the valves on the gas panel has changed since the target design document was written and approved in the Fall of 1998. Old SV7 is the new SV13, old RV7A&B are new RV13A&B, old SV6 is new PV12. The RD on the ballast tank was found to be leaky and replaced with RVs set to 100 psi in parallel, by JLab staff. The most updated catastrophic boil off peak pressure evaluation is expected to be about 29 psia, and this is the worst-case scenario, only 4 psi above the normal operating point. The target cell was tested to 85 psi twice and passed, once on its own and once soldered on the manifold. Since the target system has passed the Neon Safety Test, it means that the target plumbing connections and design of the venting system for the target is adequate to safely relieve the target in an accident. 


During the experiment MV8, MV57, MV28, MV29 and MV46 will be locked open, MV 45 and MV40 will be locked closed. The target expert on-call will carry the keys.

Additions to this list will have to be approved by:

Dr. Greg Smith, JLab

List of Target Experts

Institution/Name                                     Signature                                                      Date

    Robert McKeown 

             Robert Carr

     Silviu Covrig

    Elisabeth Beise

    Retief Neveling

    Mikell Seely

    Greg Smith

    David Meekins

The first three attachments in the following list can also be found at:

http://g0web.jlab.org/manual/target_manuals.html
 Attachments:

[1] “The G0 Target Manual”, R. Carr and S. Covrig Aug 20, 2002

[2] “The G0 Target Controls Manual”, E. Beise et al. Sep 20, 2002


[3] “G0 target howtos for essential target operations”, S. Covrig and G. Smith, Sep 11, 2002


[4] “Hall C 15 K Cryotarget Cool Down & Warm Up Procedure”, MCC-PR-06-006, Rev 7, July 2, 2002, custodian Joe Wilson


[5] “Flow Sheet for Hall C”, Drw. No. 67144-E-56234, Rev. A, Aug 16, 2002, drawn by B. Metzger
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