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Abstract
The following is a working document describing the design, construction, installation, operation, and removal of the Hall A tritium target system currently under development at Jefferson Lab. The current target design is a result of efforts from numerous collaborators from various institutions. It must be understood that this is a working document. It shall be updated as the design of the target system evolves and as new lessons are learned. Numerous supporting calculations and technical reports are referenced throughout the document and may be found on the tritium target wiki or JLAB Document Repository.
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Definitions and Acronyms
ADM:  Air Data Multimeter
ASCE:  American Society of Civil Engineers
ASCE-7:  Minimum Design Loads for Buildings and Other Structures
ASME: American Society of Mechanical Engineers
ASME STS-1: ASME Standard for Steel Stacks
ATS:  Applied Testing Services (based in Marietta GA).
B31.3:  ASME B31.3 Process Piping Code
BPVC:  ASME Boiler and Pressure Vessel Code
CFD: Computational Fluid Dynamics
DAC:  Derived Air Concentration
EDM:  Extensible Display Manager for EPICS
EPICS:   Experimental Physics and Industrial Control System
FEA: Finite Element Analysis
FMEA: Failure Modes and Effects Analysis
FMECA: Failure Modes Effects and Criticality Analysis
FML:  JLAB Facilities Management and Logistic group.
FS:  Factor of Safety
FSAD:  Facility Safety Assessment Document
ICO:  Interagency Cooperative Agreement
MEI:  Maximally Exposed Individual
MTV:  Miscellaneous Tritium Vessel; user specified vessel for use inside BTSP.
P&ID: Process and Instrumentation Diagram
PID:  Proportional-integral-derivative control-feedback loop
RWP:  radiological work permit
SMC:  Stepper Motor Controller
SRS:  Savannah River Site
SRNL:  Savannah River National Laboratory
SRTE: Savannah River Tritium Enterprises
TBD:  Technical Basis Document
TED:  Total Effective Dose
USI:  Unreviewed Safety Issue
Beam Permit:  No one is allowed in this area and a safety sweep has been conducted to confirm that the area has been vacated. All access doors are locked and safety interlocks are engaged. The accelerator is powered and the beam can be turned on at any time.
Controlled Access: The accelerator is powered but there is no beam present in the Hall. A limited number of people following strict safety procedures may enter this area to perform specific tasks or make specific repairs.
Restricted Access:  The Hall is open for general access for any person with proper training. This condition shall be modified for tritium target operations.
Shall:  Indicates a required action, construction, or design element.
Should:  Indicates that an action is considered best (or at least better) practice.
[bookmark: _Toc429448427]Introduction
[bookmark: _Toc429448428]General description
The JLAB Hall A Tritium Target is expected to be used for a number of approved experiments (see Refs [1–4]) starting in the Fall of 2016 at Jefferson Lab Continuous Electron Beam Accelerator Facility (CEBAF). The target consists of 5 cells of various species of gas (and one empty cell) installed in place of the standard Hall A cryogenic target. The Qweak target motion system and cryostat shall be altered to be compatible with the tritium target. Several solid targets will also be hung below the cells to form a target ladder (see Figure 1). Each of the cells will be filled to the required pressure and valved and capped off at room temperature. The cells are thus considered to be sealed. The gaseous fluid will not be circulated marking a departure from the normal Hall A target operation.
The intent is to design and construct a simple and robust target system which mitigates the hazards associated with tritium by minimizing the amount of tritium required to perform the experiments and by multiple layers of containment/confinement. While shipping and while at JLAB the tritium will be enclosed by three layers of containment/confinement. These layers are detailed in in Section 6.
The target cells are of a modular design. This allows for easy assembly of the target system and permits installation of the tritium cell after all other target installation activities have been completed. The modular design chosen also allows the tritium cell to be filled off site at Savannah River site tritium Enterprises (SRTE). This limits the amount of tritium at Jefferson Lab to the amount contained in the cell which is slightly less than 1100 Ci. In effect, Jefferson Lab will not “handle” tritium.
The entire target assembly shall be cooled with 15K helium from the End Station Refrigerator (ESR). The 15K helium will be preheated to 40K and used to cool a heat sink attached to the cell assemblies. This will remove the ~15W of heat that is generated by the electron beam. The beam current allowed on the tritium cell shall also be limited to a maximum of 20 µA.


[bookmark: _Ref429053504][bookmark: _Toc429922341]Figure 1:  Target ladder with gas cells and solid targets. Note the position of the tritium cell is at the top of the ladder.
[bookmark: _Toc429448429]Operating summary
The filled cell is expected to be at Jefferson Lab for less than one calendar year. Upon completion of the experiments, the cell shall be shipped back to SRTE where the tritium will be recovered. The tritium cell will contain 1099 Ci tritium gas which at room temperature gives a pressure in the cell of about 200 psia.
The target, once installed, shall operate in three modes:
· Warm or standby mode at room temperature
· Standby mode for no beam operations
· Cool down/warm up mode with temperatures between 40K and 300K
· This is a temporary mode while the target is prepared for beam or warmed for standby.
· Run mode with temperature at 40K
· This is normal run mode for beam on target
The target cells will be filled to various pressures depending on the fill gas as indicated in the table below:




	Target
	Fill Gas/Solid material
	Pressure at (300K)
	Max Beam Current (µA)

	Tritium
	Tritium (T2)
	200 psia
	20

	Hydrogen
	2H
	500 psia
	20

	Deuterium
	2D
	500 psia
	20

	Helium
	3He
	500 psia
	25

	Argon
	Ar
	500 psia
	25

	Empty
	N/A
	0 psia
	25

	Alignment target
	Al 7075
	N/A
	20

	Carbon optics
	C
	N/A
	25

	Carbon Hole
	C
	N/A
	25

	Carbon
	C
	N/A
	25

	BeO Viewer
	BeO
	N/A
	25

	Solid 1
	TBD
	N/A
	TBD

	Solid 2
	TBD
	N/A
	TBD



Table 1: Target ladder list and maximum currents.
The cells will be attached to a heat sink cooled by the End Station Refrigerator (ESR) and maintained at 50K by a heater controlled by a PID.
[bookmark: _Toc429448430]System Overview
The target is designed using a systems approach which incorporates a number of engineering and administrative controls to ensure a safety and performance. The target system must fully support beam operations for six gas cells and a number of solid targets. 
[bookmark: _Toc429448431]Subsystems
The Hall A Tritium Target System shall contain the following subsystems:
· Target system local
· Motion system
· Instrumentation and Control system
· Cells and solid targets
· Cryogenic system
· Scattering Chamber
· Vacuum system
· Isolation system (Be window)
· Getter system
· Exhaust System
· Hall A high velocity ventilation
· Vacuum pump exhaust
· 20m exterior stack (20m above grade at site boundary)
· Tritium detection/monitoring system
· Portable monitors
· Fixed remote monitors
· Administrative/Procedural
· Required to maintain multiple layers of containment/confinement.
Note that there are no substantive changes required for the beamline. Thus, with the exception of the raster, it will not be considered as part of the target system.
The above subsystems are discussed in detail in the following sections. The local system and scattering chamber are shown in the figures below.



[bookmark: _Toc429922342]Figure 2:  Internal local target system. This figure depicts the target ladder (gas cells and solid target), the motion system and the cryostat.


[bookmark: _Toc429922343]Figure 3:  Full assembly view of the local target vacuum systems. Note that the target is in the “HOME” position and that the top cell (tritium) is not visible. It is protected by the thick walls of the chamber in this position.
[bookmark: _Ref427710720][bookmark: _Toc429448432]Tritium Containment/confinement
Tritium shall be contained by at least 3 layers of containment/confinement at all times during shipping, insulation and removal, and operating phases. Thus, while at JLAB and while being transported there shall be triple layer of containment/confinement for the tritium. It shall be assumed that while the cell is at SRTE, their policies and procedures provide a suitable level of safety. The 3 layers of containment/confinement can only be assured through proper application of administrative, procedural, and engineering controls. These are discussed in the sections below as they apply to each phase of the tritium target lifecycle.
Some of the necessary administrative and procedural controls required are:
· Restricting access to Hall a via the CANS (electronic access) system.
· Limit access to trained personnel (both users and staff).
· Parking the target in the home position during restricted and controlled access.
· Controlling the truck ramp doors both top and bottom using CANS system.
· Detailed procedures for installation and removal of the tritium cell from the scattering chamber.
· Detailed procedures for taking the Hall from being permit to controlled access.
· Detailed procedures for taking the Hall from controlled access to restricted access.
The purpose of the containment/confinement system is to 1) prevent any release of tritium and 2) to control any release such that exposers to the public and personnel are minimized. See Section 18 for more details regarding the release of tritium.
[bookmark: _Toc429448433]Shipping
During shipping cycle, the cell shall be considered the primary containment/confinement for the tritium. A second intermediate container provides the next layer of containment/confinement and allows for sampling of this intermediate volume for tritium leakage. The 2nd vessel shall be fully capable of containing the full volume of tritium in the cell. This vessel shall also have custom formed foam padding that will protect the tritium cell assembly during shipping. The 3rd level of containment/confinement shall be a DOT approved pressure vessel acceptable for Type A shipments. While a great deal of progress has been made on this issue, the shipping system is still under development at this time.
[bookmark: _Toc429448434]Installation and Removal
During the installation and removal stages, the primary containment/confinement of the tritium shall be the tritium cell. Secondary confinement level shall be affected by the handling hut. The 3rd level of confinement shall be provided by Hall A itself. For Hall A to provide confinement, it shall be placed in controlled access and all closed to all non-essential personnel. All ramp doors shall remain closed. Personnel access doors may be opened to allow access but shall not be propped open. While the handling hut and Hall A are considered levels of containment/confinement in this model, should the primary containment/confinement fail, all tritium in the cell shall be collected by the exhaust system and stacked to the environment. This exhaust system is discussed in Section 14. The release scenario is discussed in Section 18. Failure to follow procedures could result in a worst-case incident whereby the entire contents of the tritium cell would be released the Hall A. Tritium could then exit the Hall through the truck ramp and expose workers and the public to tritium. Note that no injury or overexposure to workers or the public is expected in such a worst-case incident.

[bookmark: _Toc429448435]Operating Mode
The system shall be considered to be an operating mode when the cell is installed on the target ladder and the scattering chamber is fully sealed. In this case, the cell is the primary containment/confinement and the scattering chamber is a secondary containment/confinement. The Hall can be in one of 3 conditions during the operating mode. These conditions are:
· Restricted access:  under this condition beam is not available to the hall and personnel may enter the Hall without RadCon escort.
· Controlled access: under this condition beam is ready to be delivered to the hall but the Hall is being accessed with a RadCon escort. This is a temporary condition intended for short-term maintenance activities.
· Beam permit: under this condition personnel are not allowed in the hall and beam may be delivered.
While in controlled access and beam permit, all doors including the truck ramp rollup doors must remain closed. Under these two conditions the Hall may be considered a 3rd level of containment/confinement. However, should a breach of the primary and secondary containment/confinement/containment/confinement occur, the tritium would be released to the environment through the exhaust system. A breach of the primary containment/confinement system (target cell) would be captured by the vacuum system (see Section 10).
Restricted access presents a number of challenges. This access condition cannot be banned for practical reasons. Therefore, in order for the Hall to function as a third level of containment/confinement, engineering, administrative and procedural controls must be in place and followed. These include:
· Badge access to the Hall must be activated through the CANS system.
· This includes operation of the truck ramp door at the bottom of the ramp.
· Access through the truck ramp doors must be performed as though passing through an air lock system. The bottom door may not be opened until the top ramp door is closed and similarly the top door may not be opened if the bottom door is not closed.
· Installation of a louvered door at the personnel access portal at the base of the ramp.
· Installation of the exhaust system to extract contaminated air from the all to the stack.
· Installation of scattering chamber window covers prior to entering restricted access.
· Installation of manual activation for the exhaust system.
· Use of portable and fixed (remote) tritium monitors.
· The portable monitor shall give an audible alarm indicating that the exhaust system must be manually activated and the Hall evacuated.
· The remote monitor will also give an alarm but shall activate the exhaust system automatically.
· All personnel in the Hall must have specific tritium training.
By following these procedures and enacting appropriate engineering controls the Hall may be considered a containment/confinement level with regard to preventing an uncontrolled release to the environment.
[bookmark: _Toc429448436]Target Motion and Cryostat 
The Qweak Target base system shall be repurposed for the tritium target. This target system provided reliable motion and cryogenic service for two calendar years. The system also has a base flange that is fully compatible with the Hall A Scattering Chamber. The alterations required to repurpose the Qweak system are summarized below:
· Disconnect and remove all Qweak loop components
· Disconnect/remove all electrical feedthroughs
· Remove support pipe and replace with proper length pipe.
· Install standard alignment mechanism.
· Disconnect cryogenic piping and remove one 4K JT/Bayonet riser section.
· Install new riser with two JT valves.
· Fit/connect refrigerant piping
· Install target mounts and assemblies
Installation of the tritium cell assembly shall be left as a final step prior to closing and evacuating the scattering chamber in preparation for beam (see Section 17.2.1).
[bookmark: _Toc429448437]Motion System
The motion of the target is achieved through a two axis stepper motor driven system. The motion axes are perpendicular to the beam in the vertical (y) direction and the horizontal (x) direction with the (z) direction along the beam line. Positioning of the target is accurate to 0.1 mm and repeatable to better than 0.05 mm. The system functioned well for Qweak and is more than adequate in range and accuracy for the tritium target. The two axis positioning allows the target to be accurately centered on the beam line remotely. Thus, motion associated with vacuum and thermal loading can be corrected for. The horizontal (x) system need only be activated during startup (after a cryo-cycle) and shall be deactivated once the beam position on the target has been adjusted for using the alignment target.
Control of the motion system shall be performed via the standard EPICS control system as discussed in in Section 11.
[bookmark: _Toc429448438]Cryostat
Details of the altered cryostat can be found in P&ID (JLAB Drawing TGT-103-1001-0000). A schematic view is shown in Figure 4. The system shall use standard components (e.g. JLAB JT valves, bayonets, etc.) and supply 15K He gas from the ESR to cool the target ladder. The cold gas is warmed by the heater to 40K prior to entering the heat sink. The hot return gas is mixed with bypass flow and returned to the ESR cold return with a temperature below 25K. Details of the control system are given in Section 11.


[bookmark: _Ref429052041][bookmark: _Ref429052025][bookmark: _Toc429922344]Figure 4: Basic schematic of cryostat.



[bookmark: _Toc429922345]Figure 5:  Cryostat alarm logic schematic
[bookmark: _Toc429448439]Target Cell
[bookmark: _Toc429448440]Design
The cell assembly is the primary containment/confinement vessel for the tritium gas. It must have a flexible design which safely contains the tritium gas in all modes of operation. These modes are
· General operations in beam
· Shipping to and from JLAB
· Installation and removal at JLAB
· Filling at SRTE.
· Short term storage at JLAB
While installed in the beam at JLAB, the cell must have thin sections which allow the beam and recoil particles to enter and exit the cell with minimal effect from the aluminum walls. While being shipped, these thin sections should be protected by removable covers as should the valve stem assembly. A further challenge to the design, occurs when filling. The normal room temperature fill pressure is 200 psi  [5]. The design pressure while the cell is connected to the filling equipment at SRTE must be above 1000 psi. To meet this later requirement, the covers used for shipping shall also be employed as stays for the thin sections of the cell.  The cell assembly without shipping/filling covers is shown in Figure 6 and Figure 7. The assembly with filling covers is shown in Figure 8. The final shipping assembly where the valve stem assembly is also protected is shown in Figure 9.
[image: ]
[bookmark: _Ref429094823][bookmark: _Toc429922346]Figure 6:  Cell assembly as installed from beam right side. The electron beam is shown as the dashed line and impinges from left to right.


[bookmark: _Ref429094825][bookmark: _Toc429922347]Figure 7:  Cell cross section. Note thin section at tip of main body. The wall thickness exclusive of the beam entrance and exit is 0.018 inch.
[image: ]
[bookmark: _Ref429098645][bookmark: _Toc429922348]Figure 8:  Cell assembly with fill covers installed. Note that the valve is fully accessible for filling/recovery operations.

[image: ]
[bookmark: _Ref429098681][bookmark: _Toc429922349]Figure 9:  Cell assembly with shipping covers installed. Note that the valve is now protected.

[bookmark: _Toc429448441]Materials
The cell main body and entrance tube is fabricated from Aluminum 7075-T651 plate (ASTM B209). The fill tube, and flange are fabricated from ASTM A240 SST 304/304L plate. The valve is a Swagelok SS-4BG-BW4-C5-SC11 with stellite tip (modified to have a nut on the actuator) fabricated from stainless steel 316L ASTM A479. The valve is attached to the fill tube via GTAW butt weld. Swagelok lists the valve working pressure maximum at 1000 psi  [6]. This coupled with a hand calculation shows that the component is under low stress when installed and operated at JLAB at less than 50 psi when cold. We will exercise JLAB policy  [7] to use ASME VIII D1 UHA 51(g) (see Ref  [8]) to exempt the material of the valve from impact testing.
The material used to construct the entrance window and main body is not listed. The following basis was used to determine the allowable stress where ASTM B209 was used to determine the specified minimum tensile and yield.

To meet these requirements shipping/filling covers have been designed. Analysis and testing of this final assembly has not been completed as parts are still in fabrication.
[bookmark: _Toc429448442]Static Pressure Design
The cell assembly, without shipping/filling covers, has three main components.  It is shown in Figure 6 and Figure 7. For the operational room temperature pressure of 200 psi, the design is adequate.  Formal calculations in compliance with ASME B31.3 304.7.2 (2014) indicate a suitable safety margin (i.e. above 10)  [9].  Burst testing of prototype cells shows a safety factor of nearly 15. These calculations are given in TGT-CALC-103-002.
[bookmark: _Ref429267730][bookmark: _Toc429448443]Thermal and Cyclic Design
While the above calculations and tests indicate a conservative design, a detailed analysis must include thermal and fatigue effects. In a departure from normal cry target operations, the cell windows affected by the beam see larger temperature fluctuations during beam trips (nearly 85K locally). The pressure in the cell also fluctuates with beam trips but, loads to a lesser extent. During the course of the full experimental run, the tritium cell is expected to experience nearly 18,000 beam trip cycles. The cell is also expected to experience 20 cryogenic cycles from ESR trips and planned shutdowns. A fatigue screening analysis in compliance with VIII Div 2 has also been completed. This calculation is given in TGT-CALC-103-002. This analysis indicates that the depth of the pressure cycle is not of a sufficient magnitude to require a fatigue analysis.
The cell is also thermally loaded. The beam deposits about 3W of heat into the thin aluminum section at the entrance to the cell and similarly 3.3W at the exit. For reasons discussed in Section 8.3, it is required that the cell temperature not exceed 150K while the beam is on. A thermal analysis of the entrance window is given in TGT-CALC-103-008. A similar analysis was performed for the main body in TGT-CALC-103-013.  The results of these calculations are shown in Figure 11 and Figure 11. In summary, the maximum temperature expected on the aluminum wall is about 125K for 20 µA and a raster of 2x2 mm2.
 Because the beam generates a local hot spot (and is cyclic), a formal thermal screening was also performed in TGT-CALC-103-002. This analysis shows that the thermal gradient is not large enough warrant a full fatigue analysis. Although not required by Code, a multistep finite element analysis (elastic-plastic) including both thermal and pressure loads was also performed. This analysis is given in TGT-CALC-103-012 and TGT-CALC-130-014. These calculations assumed a pressure load 2 times the room temperature load and full current. The models of the very conservative unphysical loading conditions both indicate a fully acceptable design with maximum equivalent stresses about ½ of the Code allowable for tension. See Figure 12 and Figure 13.
As a further study the effects of the beam at full current when the raster is off are important to understand. Should the effects of such a loading either melt the window or reduce the strength of the aluminum window, a tritium release could occur. An FSD on the raster does exist but, a few milliseconds are required to turn off the beam. A time step analysis of this condition (on the exit window) with full beam current and a beam width of 150 microns (square) is given in TGT-CALC-103-015. The results indicate a maximum temperature on the window of about 206K after 10s which seems to be the maximum (see Figure 14 and Figure 15). While the cell is not adversely affected by a short term raster off event, this condition shall not be allowed. 
Note that the material model for the Al 7075 is from the Material Properties Database and includes a multi-linear stress-strain curve and f-N curves at room temperature and -325F.
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[bookmark: _Toc429922350]Figure 10: Thermal analysis of the cell with 20 µA and a 2x2 mm2 raster. Note that the maximum temperature developed on the entrance window is about 120K. 


[image: ]
[bookmark: _Ref429099673][bookmark: _Toc429922351]Figure 11:  Thermal analysis of the cell with 20 µA and a 2x2 mm2 raster. Note that the maximum temperature developed on the entrance window is about 120K. The maximum temperature developed on the entire assembly is about 125K and occurs on the beam exit of the cell.
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[bookmark: _Ref429103623][bookmark: _Toc429922352]Figure 12:  Equivalent stress on cell entrance window for both pressure loading (400 psi) and thermal loading (beam at full current raster on).
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[bookmark: _Ref429103632][bookmark: _Toc429922353]Figure 13:  :  Equivalent stress on cell exit window for both pressure loading (400 psi) and thermal loading (beam at full current raster on).
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[bookmark: _Ref429103873][bookmark: _Toc429922354]Figure 14:  Transient thermal model of a raster off event after 10s. 
[image: ]
[bookmark: _Ref429103888][bookmark: _Toc429922355]Figure 15:  Temperature of the cell exit window during a raster off event at full current. After 10s the temperature maximum is about 205K.
[bookmark: _Toc429448444]Filling and Shipping
Filling and shipping present different challenges.  During shipping and handling, the cell must be safeguarded from impact loading.  The filling process has a system relief set point of 1000 psi necessitating a cell design pressure of at least 1000 psi.  Calculations in compliance with ASME B31.3 (2014) are shown in TGT-CALC-103-002. These calculations indicate that a design pressure of 675 psi is acceptable and does meet Code. The design pressure of 1000 psi required for the filling process cannot be met by the cell alone. To meet these requirements shipping/filling covers have been designed. These covers act as stays on the thin sections of the cells and additionally provide protection from physical impact damage. A formal analysis of the cell and cover assembly is given in TGT-CALC-103-007. The elastic plastic model (see Ref  [8] Section VIII D2) shows that a design pressure of 1000 psi for the cell/cover assembly is acceptable. See 
[image: ]
[bookmark: _Toc429922356]Figure 16: Equivalent stress from elastic-plastic model of the cell with shipping covers installed. The applied load was 3000 psi. See TGT-CALC-103-007.
Hydrostatic testing has been performed on two test assemblies with filling covers installed (the valve port was used to fill pressurize with water). These assemblies were tested until failure by ATS. The seal on Assembly (1) was damaged during assembly by and developed a leak at a pressure slightly above 4000 psi. Assembly (2) failed above 5500 psi. See the figures below.
JLAB shall provide detailed analysis and testing data to SRS/SRNL in all formats required for the SRTE safety basis.
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[bookmark: _Toc429922357]Figure 17:  Assembly 1 following a hydrostatic test. Circled areas indicate damaged sealing surface. Failure pressure (by leak) was 4075 psi.
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[bookmark: _Toc429922358]Figure 18:  Assembly 2 following a hydrostatic test. The cell failed catastrophically at the knuckle region of the hemi head. Failure pressure was 5646 psi.
[bookmark: _Toc429448445]Prototype cells
Prototype cells have undergone hydrostatic proof testing to destruction (without shipping covers). The burst pressures for the entrance windows are above 2900 psi. The burst pressures for the main bodies are above 3400 psi. See figures below for details.[image: ]
[bookmark: _Toc429922359]Figure 19:  Hydrostatic proof test of entrance window. Window failed slightly above 2900 psi.
[image: ]
[bookmark: _Toc429922360]Figure 20:  Result of hydrostatic proof test on prototype cell main body. Burst pressure was in excess of 3400 psi.
[bookmark: _Toc429448446]Other Gas Cells
The operating room temperature pressure of the cells holding other gasses may be up to 500 psi. This still gives conservatism beyond even Code requirements. It also meets the cyclic screening requirements obviating a detailed fatigue analysis.
[bookmark: _Toc429448447]Tritium Permeation
Tritium permeation through the thin sections of the cell wall is expected.  Calculations estimating the amount of permeation through the cell walls are shown in Refs  [10] [5]. The permeation through the cell walls may be determined by  [11]

Where 
Heat of reaction
To perform the calculation (TGT-CALC-103-010) the following assumptions were made.
· The solubility of hydrogen (H) in aluminum (Al) alloy 7075 is 10-9.
· The heat of reaction is from Ref  [12] determined from data given therein.
· The diffusion coefficient D is extrapolated from data given in  [13]
· The cell at room temperature for the entire run (this is a conservative assumption)
· The permeation for tritium is times that of hydrogen (i.e. scaled by root of molar mass)
Permeation (or leaking) through the Conflat seals and valve stem is equivalent to that of helium.
Over the time period of one year, the estimated tritium loss is expected to be 0.55 Ci  [5,10]. Note that this model is very conservative in that no correction for the lower operating temperature and pressure is accounted for. 
[bookmark: _Ref429099176][bookmark: _Toc429448448]Tritium Embrittlement and Corrosion
It has been shown that the aluminum, at the design temperatures and pressures for the tritium cell, is not subjected to corrosion and embrittlement (hydrogen or tritium/He-3)  [14] [15] [16]. However, it has been shown that electron beam impingement on aluminum in a hydrogen environment may induce corrosion  [14] [17].  The authors in Ref  [17] also indicate that the onset of beam induced corrosion is not observed below aluminum temperatures of 180K.  Indeed, this phenomenon has not been observed in any JLAB hydrogen, targets even gas cell tests performed above 30K. Thus, this is not considered to be an issue as long as the aluminum cell wall temperatures are below 150K when the beam is on.
Tritium embrittlement is also not expected at these pressures and temperatures in aluminum or aluminum alloys  [15].  The presence of the electron beam however increases the fugacity of the tritium in the cell and must be considered. The fugacity is increased by the dissociation of the tritium gas  induced by the electron beam. Without the presence of the electron beam, the tritium would dissociate on the wall of the cell as a function of pressure (and other things). Thus, atomic tritium can move from the wall through the lattice by “jumping” between interstitial sites. Increasing the population of atomic tritium can effectively increase the effective pressure (fugacity) of tritium in the cell thereby increasing the concentration of tritium in the lattice. Calculations (TGT-CALC-103-010 and Ref  [18]) have been performed indicating a concentration of tritium in the aluminum as shown in the table below.
	Conditions
	Concentration 

	Room temperature 200 psi in cell
	3.7E-9

	Cold with beam on (150K)
	1.5E-8



The room temperature pressure required to induce a similar concentration to that of the beam on condition is about 3000 psi. While studies of aluminum at this pressure indicate that is not an issue,  studies are underway between JLAB and SRS/SRNL to examine the short term effects of tritium on this aluminum alloy at elevated pressures and room temperatures  [19]. 
A further complication is the fact that the tritium in the aluminum will decay over time and trap He-3 atoms in the lattice. A report by Savanah River  [16] indicates that the swelling threshold for He-3 in the lattice of aluminum lithium alloy occurs at a concentration of 4.5E-3 He/Al (at elevated temperature). Assuming, for our conditions, 100% of the tritium in the aluminum converts to He-3 this still allows for a factor 1,000,000 before this threshold is reached.
[bookmark: _Toc429448449]Cell Assembly and Installation/Removal
This section describes the cell assembly procedure. Prior to assembly, the individual components which make up the cell shall be both visually and dimensionally inspected as well as cleaned. The welds on the valve stem assembly (JLAB drawing TGT-103-1000-0011) shall be examined and inspected as given on the drawing. After the cell is fully assembled, it shall be leak tested in both normal and reverse modes. Inspection and testing data shall be documented on the cell inspection form. JLAB Target Group Procedures TGT-PROC-15-002 and TGT-PROC-15-003 shall govern the cleaning and assembly of the cell. These procedures are outlined in the following sections.
[bookmark: _Toc429448450]Cleaning
The target cell shall be cleaned prior to shipment to SRTE for filling. The components that make up the cell assembly are machined from plate and contaminates from the machine process (e.g. cutting fluids etc.) are expected. These contaminates must be removed. The cell components shall be cleaned using the following procedure:
1. Precleaning: Inspect parts for defects and heavy layers of oil and other contaminates. Swagelok components with SC-06 specifications (i.e. oxygen service cleaned) still in original packaging shall be accepted as cleaned. Remove heavy layers of contaminates by wiping with cloth/rag.
2. Treat greased/oiled components with Ensolv or equivalent. Repeat this process until surface contaminates cannot be detected visually or by touch.
3. Clean all components thoroughly with detergent soap and water. Use bottle brushes, agitators, and abrasives as needed.
4. Rinse all parts thoroughly with DI water. 
5. Place all parts in a previously cleaned stainless steel container suitable for the parts cleaner. Add isopropyl alcohol (99.9%) to a suitable level.
6. Place SST container in the ultrasonic cleaner with a DI water bath. Clean parts for 1 hr.
7. Rinse parts in DI water.
8. Inspect all components thoroughly using VT techniques and JLAB procedure NDT-PQ-100. Use magnifiers and proper lighting.
9. Place parts in a dry previously cleaned stainless container.
10. Place container in oven at 60 C for one hour.
11. Bag individual parts and seal. Store parts in desiccant storage boxes above shop cleanroom. 
[bookmark: _Toc429448451]Inspection
The components that make up the cell shall be inspected to ensure that thicknesses, materials, surface defects, etc. are within tolerance and specification. These requirements can be found on JLAB drawing TGT-103-1000-0013 and referenced drawings therein. A complete visual inspection of the components shall be performed. Thicknesses of the thin sections of the components shall be made using the MagnaMike system (after it has been calibrated for use). Observations shall be detailed on the inspection form for each cell. The completed form shall be filed in the pressure system folder.
[bookmark: _Toc429448452]Assembly
The cell shall be assembled by experienced JLAB Target Group personnel only. Cleaning and inspection shall be performed prior to assembly. The cell assembly procedure is given below.
· Ensure cleaning and inspections have been performed.
· Ensure all components have been serialized with scribed serial numbers.
· Ensure welding examinations and inspections have been performed and all parts meet specifications.
· Install entrance window onto main body.
· Ensure CF seal is metal to metal. Use A286 12 pt 1” screws and torque all to 140 in-lbf
· Install end cap covers and torque ¼-28 by 1.5” 12 pt A286 screws to 70 in-lbf
· Install side covers and torque A286 #8-32 x .75 screws to 50 in-lbf
· Install entrance window support with #4-40 A286 x 0.5” screws and torque to 10 in-lbf
· Install the valve support bracket with SST 18-8 #10-32 screws (torque to 50 in-lbf)
· Install the valve stem assembly using A286 8-32 x 0.625” HSHCS torque to 50 in-lbf.
· Examine all mechanical joints visually.
· Record all torque and assembly data on the cell inspection report.
[bookmark: _Toc429448453]Leak Testing
The cell assembly shall undergo two leak/pressure tests.
· Leak test with helium leak detector on test vacuum volume with cell assembly inside at pressure. This is known as a reverse mode helium leak test.
· Leak test with cell assembly under pressure as in the above conditions with the valve closed and the VCR cap left off. This test is for determining the valve leak through.
All assembled cells shall be pressure/leak tested with helium in reverse mode using the target group test PIG (the PIG is a test vessel under vacuum with the cell assembly inside). He leaks shall not be observed above 10-9 atm cc/s. A test pressure of 650 psi shall be held for 30 minutes. Testing shall be witnessed by the responsible engineer and performed by a trained technician. Upon completion of this test the cell shall be valved closed, isolating it from the pressure source. The VCR cap shall be left off and the cell assembly retested in the PIG as before. The results of both tests shall be formally recorded on the pressure test form JLAB Form PS-7.
[bookmark: _Toc429448454]Cell Purification
The cell shall be cleaned of residual gasses by vacuum pumping using a small turbo pump station and a cold trap. The cell shall be warmed to 100 C using a hot plate. The cell shall be pumped for 48 hours and then back filled with dry N2 gas.
[bookmark: _Ref429241132][bookmark: _Toc429448455]Installation and Removal
The tritium cell shall be shipped from SRTE sealed in an intermediate vessel which is in turn enclosed in a Type A shipping container. Upon receipt of this assembly, the Receipt and Inspection Procedures ??? shall be performed.  The target cell, in shipping container, shall be stored in Hall A until it is ready to be installed. Installation of the cell in the scattering chamber shall be the last step prior to closing the chamber for the experimental runs. The following is an outline of the procedural steps required to install the cell:
· Assemble and attach the large access platform to the beam left of the scattering chamber.
· Attach the hut adapter to the chamber.
· Ensure that the motion system set for “tritium in” position and deenergize system.
· Assemble the handling hut and attach to the adapter.
· Connect the scattering chamber large access port located above the beam left thin window to the tritium exhaust system.
· Activate the tritium exhaust system into the flow such that the air velocity at the face of the hut adapter is at least 140 fpm.
· Ensure that Hall A is placed in controlled access.
· At this point only essential personnel shall be allowed in the hall.
· Move the tritium cell and it shipping containers to the inside of the handling hut. 
· Remove the intermediate vessel from the Type A shipping container.
· Remove the Type A shipping container from the handling hut.
· Sample the space inside the intermediate vessel to ensure tritium has not been released from the primary containment/confinement, the tritium cell.
· If the sample tritium level is acceptable continue. Otherwise, return the intermediate vessel Type A shipping container and return to SRTE.
· Install the tritium cell in the scattering chamber by following the next steps.
· Remove the valve in covers and screws from the beam left main body shipping cover.
· Remove the entrance window plug.
· Install the small cell mounted collimator.
· Install alignment pins in the cell.
· Attach a cell to the copper heat sink in the appropriate location and secure with bolts tightened to 140 in-lbf.
· Remove the beam left shipping cover and the cover on the exit of the main body.
· Once a cell is installed inside the scattering chamber the hut and adapter may be removed from the side of the chamber.
· The ventilation system shall be kept on until the window cover rollup system is attached.
· Initiate the vacuum system; ensure that pump down progressing appropriately.
· The Hall may now be taken into restricted access.
The installation and removal procedures shall be fully developed in the form of an Operational Safety Procedure (OSP).  This operation shall be performed by certified tritium personnel.

[bookmark: _Ref429145096][bookmark: _Toc429448456] Vacuum System
The vacuum system shall provide secondary containment/confinement during normal operations and safely handle a full tritium release should the primary containment/confinement fail. The scattering chamber, which is the main volume of the system shall also be part of the containment/confinement system during installation and removal of the cell from the target ladder (see Section 15). The system consists of the following major components:
· Scattering chamber
· Main volume of the system (excluding the dump line)
· Main pumping system
· Two large turbo pumps backed by a mechanical oil sealed pump.
· Pump exhaust is routed to exhaust system
· Getter system
· NEG pump with controller and isolation valves
· NEG pump is backed by a turbo and mechanical pump which are connected to the exhaust system
· Gauges and switches which are connected to the main control system and provide FSD signals
· Gauges also activate the NEG pump system.
· Beamline isolation window
· Beryllium window (0.008 in thick) isolates the scattering chamber vacuum from the upstream beamline vacuum space.
· A small water self-contained water cooling system is used to remove heat from the Be window.
· Dump line
· The scattering chamber can be isolated from the dump line via a slow acting gate valve.
· Full time isolation is deemed unnecessary due to existing contamination of this line.
· The dump line shall be isolated from the chamber during installation, maintenance, and removal operations.
· Because the dump line is not fully isolated from the scattering chamber, the pumping system for the dump line shall also be routed to the tritium exhaust system.
A schematic representation of the vacuum system is shown in Figure 21. The check valve CK-1 prevents overpressure of the scattering chamber. This valve is also vented to the tritium exhaust system.


[bookmark: _Ref429076176][bookmark: _Toc429922361]Figure 21:  Vacuum system schematic
[bookmark: _Toc429448457]Design
The main component of the vacuum system is the scattering chamber which has a volume of about 1900 liters. The standard Hall A scattering chamber (sometimes known as the Big Bite Chamber) is compatible and shall be used. The chamber construction is considered to be acceptable for the pressure and mechanical loads because the Qweak and Hall A Cryogenic target systems are similar in geometry and weight. The chamber shall have two thin sections (windows) on either side of the beam (right and left). These windows have a thickness of 0.014 inch and have been shown to provide an acceptable level of safety for cryogenic hydrogen target systems  [20]. The chamber is shown below in Figure 22.



[bookmark: _Ref429082494][bookmark: _Toc429922362]Figure 22:  Scattering chamber assembly
[bookmark: _Ref429274159][bookmark: _Toc429448458]Getter System
A getter system (SAES Capacitorr D400-2) with a capacity of 900 Torr-liters of H2 shall be attached to the scattering chamber. The Non-Evaporable Getter (NEG) has a dedicated pumping system (turbo and roughing pumps) that shall be continuously maintaining the getter during normal operations. These pumps shall also be connected to the tritium exhaust system as described in Section 14. The system is shown in Figure 23.
Normal operating conditions are given below:
· Pump valve is open
· Chamber valve is closed
· Pumping system is on 
· Getter heater is on
· Ion Gauge is on
Should a vacuum fault be detected on the cold cathode or convectron gauges, the getter system shall activate by switching to the following state:
· Pump valve is closed
· Chamber valve is opened
· Getter heater is off
· Ion gauge is off
· Pump system shall remain on
The system shall be monitored by the main target control system as described in Section 11.
The installation and use of the getter system is considered to be good practice. It shall not be relied on to capture tritium during a release event (see  [21,22]).
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[bookmark: _Ref428965092][bookmark: _Ref428965078][bookmark: _Toc429922363]Figure 23: Getter system design. Note roughing pump not shown for clarity. (Tom O’Connor ANL).
[bookmark: _Ref429272852][bookmark: _Toc429448459]Collimator and Isolation Window
An isolation window is required to separate the upstream beamline and scattering chamber vacuum spaces. The window shall be made from beryllium (99.8%) by Materion Brush Inc. with the following properties.
· IF-1 Brand Be foil EB welded to 2.75” CF flange
· 1.4” disk mounted in 1” aperture
· He leak tight to 10^-9 atm-cc/sec
· Max design temperature 300C
· CF flange is aluminum 2219-T651 (temper prior to welding)
The window shall protrude into the scattering chamber on a reentrant tube which also contains a collimator. The beam will deposit an estimated 3W of heat which shall be removed by water recirculated through copper cooling coils by a NesLab chiller. The coils shall be directly attached to the re-entrant tube. The window shall be positioned roughly 15cm upstream from the entrance window face (thin section). This window is fully capable of supporting a full vacuum load in either direction and will effectively isolate the chamber and upstream beamline vacuum spaces.
The collimator shall be fabricated from HD17, a tungsten copper nickel alloy. It shall slip fit into the tube and have an OD of 1.365 inch an ID of 0.4 inch and a length of 4 inch. This should be more than sufficient to trip the Hall A ion chambers should the beam be steered incorrectly.
The isolation window and collimator assembly is shown in Figure 24.


[bookmark: _Ref429081967][bookmark: _Toc429922364]Figure 24:  Be isolation window and collimator assembly
A thermal model of the Be window in the beam with 30 µA and 2x2 mm2 raster has been given in TGT-CALC-103-009. The maximum expected temperature on the thin window is 32C when the chiller supplies cooling water at 10C. The results are shown in Figure 25.
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[bookmark: _Ref429095360][bookmark: _Toc429922365]Figure 25:  Thermal model of the Be window with 30 µA and a 2x2 mm2 raster.


[bookmark: _Toc429448460]Alarms
There are several alarms on the vacuum subsystem (see Figure 21). These alarms and their function are listed in the table below. More detailed descriptions can be found in Section 11. The vacuum fault system logic is given in Figure 26.

	ALARM
	FUNCTION

	PI-1 Cold Cathode Gauge on chamber vacuum
	When high issues FSD and activates the getter system
And closes main gate valves

	PAH-1:  Pressure switch on chamber vacuum 
	When high issues FSD and closes main gate valves.
Tips audible alarms in Hall and Counting House.

	FS-1:  Flow switch on water cooling circuit for Be window.
	When low issues FSD


Table 2: Vacuum system alarms and functions.



[bookmark: _Ref429922570]Figure 26:  Vacuum fault system logic

[bookmark: _Ref428965303][bookmark: _Toc429448461] Control System
[bookmark: _Toc429448462]Epics Controls for the JLAB Tritium Target
The hardware and software for controlling the tritium target is based on the scheme that has been successfully used for the Hall A and C cryogenic targets for more than fifteen years.  Specifically, a dedicated target operator in the Hall A counting house will monitor and control the target using a VME-hosted EPICS application.  For the tritium target, EPICS serves the following purposes:
· Monitor various temperature and vacuum levels associated with the target system;
· Maintain a constant target temperature using an automatic, feedback-driven heater;
· Monitor and control the flow of cryogenic helium coolant to the target;
· Control both the vertical and horizontal motion of the target cells;
· Provide a set of alarms to alert users to off-normal target conditions;
· Provide a set of strip charts to track the target performance;
· Archive target performance data;

We do not rely upon the EPICS software to ensure the target system’s safety or integrity.  Instead, hardware and electronic interlocks, described below, are used for these purposes.
The User Interface (UI) is EDM based and offers nearly full control of the target system to the user. Certain aspects of the control system are left to experts however and therefore, have limited access.
[bookmark: _Toc429448463]Overview of Target Operation
The Hall C Q-weak target system will be repurposed for the tritium experiments.  This system provides both the necessary vertical and horizontal motions required for the target, and allows easy interface with helium coolant from the End Station Refrigerator (ESR).  An abbreviated P&ID scheme for the target is shown below.
The stack of five gas cells (T2, H2, D2, 3He, Ar) will be cooled using 15 K helium gas from ESR flowing through an copper heat sink attached to the target cells.  Coolant flow through the heat sink will be controlled by Joule-Thompson valve CV-2.  To prevent condensing the gas within these cells, the coolant will be warmed to approximately 40 K by heater H-001 and measured by temperature TS-5.  An automatic feedback (PID) loop between the heater and TS-5 will maintain a consistent coolant temperature +/- 0.1 K.  Thermometer TS-6 on the heat sink will verify its temperature.
For reliable operation of ESR, the helium coolant from the target should be returned to ESR at a temperature not greater than about 25 K.  Therefore, a portion of the flow from ESR will bypass the heater through CV-3 and mix with the 40K flow from the target heat exchanger. A second PID loop, using temperature sensor TS-2, will control the position of CV-3 and ensure the combined coolant is returned to ESR at a sufficiently low temperature.
[image: ]

[bookmark: _Toc429448464]Control Hardware and Interlocks
The EPICs application will be hosted on iocha13, the standard VME-based IOC used for the Hall A cryogenic target.  The IOC resides in a VME crate located in the labyrinth outside the experimental hall, while a separate VME crate in the hall contains various IO cards for monitoring and controlling the target.  Repeater cards and an interconnecting cable connect the two crates.  This arrangement has successfully eliminated the radiation-induced failures of the IOC that plagued the early operation of the Hall A cryogenic target.
All system temperatures will be read by a pair of 8-channel, Lake Shore temperature monitors, model LS-218E.  These have been in common use at JLAB for several years.  Communication with the monitors is handled by RS-232 serial connections, and each monitor has a set of user-programmable alarm set points and relays, which will be connected to the FSD system. Redundant temperature sensors and monitors are used to enhance system integrity.  That is, there are actually two thermometers, A and B, installed in each temperature sensor location displayed in the P&I diagram.  The first thermometer of each pair is read by one LS-218 monitor, and the second is read by the other LS-218.  Each monitor will be programmed with identical alarm/relay set points on sensors TS-5 and TS-6, which will trigger a FSD (see Table 1).
The scattering chamber vacuum will be monitored by a cold cathode vacuum gauge, PI-2, and a residual gas analyzer, RGA-1.  The former is a standard cryogenic target device and is read into EPICS using a 16-bit ADC. In case of bad vacuum, the gauge controller for PI-2 will trigger a FSD.  It will also close turbo gate valves CV-5 and CV-6, and open the gate valve CV-7 to getter bed P-006.  While the RGA is not part of the standard cryogenic target instrumentation, the Target Group has successfully used RGAs to monitor the frozen spin polarized target in Hall B.  In that case, a RS-232 connection was made to EPICS, and will be implemented here as well.  We do not foresee any interlocks associated with this device.

The heater power supply will be controlled and monitored by DAC and ADCs, in a manner identical to the Hall A, Hall C, and Qweak cryogenic targets.  A separate power supply will be installed in the Hall A counting house, and can be used to manually control the system temperature in the event of network failure.
The Joule-Thompson (JT) valves and the Warm Return valve to ESR will be actuated and monitored via controllers constructed at JLAB and utilized with cryogenic and polarized targets for many years.  The valves can be controlled manually, either from the experimental hall or the counting house, or via EPICS.  There are no safety interlocks associated with these valves.
The horizontal and vertical motion is achieved by stepper motors controlled by IDC 6961S controllers. The positioning system is controlled though RS-232 serial communication. The accuracy of the system is better than 0.1 mm in each direction and is repeatable to better than 0.05 mm. In practice, the operator of selects individual targets in the UI. Initiating motion issues a FSD and the target moves to a selected location. The FSD is only cleared if the target position read back matches a value in a database accessible only by system experts. The motion system must be calibrated after a cryo-cycle using the beam and the alignment target. This calibration shall be performed only by experts.
We intend to follow the same precautions for moving the tritium target as the Hall A and C cryogenic targets.  The vertical position of the target is determined, with a resolution of about ten microns, by a rotary encoders mounted on the motor shaft and read into EPICS via RS-232.  With the aid of the JLAB Survey and Alignment Group, a unique encoder value for each target cell is determined before the experiment begins.   These values are stored in the EPICS database and are used by MCC to ensure that the target is properly located before beam is sent to the hall.   Horizontal motion is performed using a stepper motor and is likewise monitored by a rotary encoder. Both motor controllers trigger a FSD when motion is first enabled.  Therefore, all target movements must first be announced to MCC, where the FSD can be masked.  
The vacuum chamber is isolated from the beam line using a water-cooled, 0.2 mm thick beryllium window.  Water flow switch FS-1 will be installed in the return line from the window and will trigger a FSD if the supply is interrupted.  
A summary of the various interlocks and their actions is given in Table 3 below.


	Sensor
	Device
	Action

	Coolant temperature, TS-4A
	Temperature monitor LS-218 #1
	FSD on high alarm

	Coolant temperature, TS-4B
	Temperature monitor LS-218 #2
	FSD on high alarm

	Heat sink temperature, TS-6A
	Temperature monitor LS-218 #1
	FSD on high alarm

	Heat sink temperature, TS-6B
	Temperature monitor LS-218 #2
	FSD on high alarm

	Scattering chamber vacuum, PI-2
	Cold cathode gauge controller
	FSD on high alarm
Close CV-5, CV-6 on high alarm
Open CV-7 on high alarm

	Beryllium window cooling water, FS-1
	Water flow switch
	FSD on low alarm

	Tritium detector, 
T2-ALM-1
	Tritium detector (?)
	FSD on high alarm



[bookmark: _Ref429075529]Table 3:  Alarms and actions initiated by alarms in control system only
[bookmark: _Toc429448465]Machine Fast Shutdown Interlocks
Several multiply redundant interlocks are used to protect the target cells in beryllium isolation window. A schematic of the FSD interlock system is shown in the figure below. Note that these interlocks are all hardware interlocks and do not require software or network to be in operation. In the event of a power failure these interlocks will all fill true and activate the FSD system.


[bookmark: _Toc429922366]Figure 27:  Schematic of the FSD system for the Tritium Target.
[bookmark: _Toc429448466] Shipping
The tritium target cell shall be filled at Savannah River Site (SRTE) must be shipped to Jefferson Lab. The cell shall contain less than 1100 Ci of tritium which may be shipped in a Type A container. The cell shall be shipped inside a secondary container. This container shall be constructed of thick wall stainless steel and be sealed with a 12 inch Conflat flange. This flange shall have sampling ports for detecting leaks from the primary containment/confinement vessel (the tritium cell) which may develop as a result of shipping. The secondary container must further be contained in any Type A shipping container which is DOT certified for pressure. This system ensures at least 3 layers of containment/confinement during shipping. Upon arrival at Jefferson Lab, the shipping containers shall be only opened in the handling hut immediately prior to installation of the cell. Immediately after opening the outer type a container a tritium detector shall be connected to the sampling port of the intermediate container.
At this time, the requirements for the Type A container which must also meet DOT requirements for compressed gases, have not been fully identified.
[bookmark: _Toc429448467] Target Cell Activation
The electron beam will activate the aluminum and alloying elements in the AL 7075 cell.  This activation was calculated using a FLUKA model and summarized in a report  [23].  The expected dose at 30 cm for various decay times is shown in the table below.

	Time after beam operations
	Dose mrem/h

	0 hr 
	3

	1 month
	0.3

	1 year
	0.1


Table 4:  Expected dose rates at 30 cm from T2 cell after experimental runs.
The main contribution to the expected dose rate is from the following isotopes:  22Na, 65Zn, 51Cr, 7Be, 57Co, 58Co.  [image: ]
[bookmark: _Toc429922367]Figure 28 :  Expected total dose at 30 cm over time. Plot is from Ref (1).
The figure above indicates that a hold period of 1 month prior to return of the cell to SRS for tritium recovery would be prudent. 
[bookmark: _Ref428964687][bookmark: _Toc429448468]  Exhaust System
The exhaust system serves multiple functions. However, the primary function is to remove tritium from Hall A in a controlled manner should the primary containment/confinement system fail. The system must function for several different release cases. It must also remove the vacuum system pump exhaust. To minimize the effects of a possible release (see Section 18) the system shall exhaust the contaminated air to a stack. The stack shall have a height 20m above grade at the site boundary. The exhaust system shall serve the following specific functions:
· Exhaust vacuum pumps
· Exhaust long term tritium from permeation and leakage through seals (<0.5 Ci over run)
· Remove an acute release should the cell fail.
· Prevent uncontrolled release in the following cases
· Remove high volume of air from Hall should both primary and secondary containment/confinement fail.
· Supply continuous air removal for handling hut system during installation and removal of the cell. See Section 15.
· Must function as a part of the smoke removal capacity for the Hall in case of fire (required capacity 12000 cfm at 3.5 inH2O)
In order for the exhaust system to function properly, at least one of the truck ramp doors must be closed. Additionally all personnel doors must be in a normally closed state (i.e. not mechanically propped open). Normal personnel access through these doors shall be permitted. A schematic of the exhaust system is shown below. Additional features are shown in JLAB drawing TGT-103-1001-0000 (system P&ID).
[bookmark: _Toc429448469]Stack and Blower
The blower shall replace the South East 12000 cfm smoke removal blower located on the Hall A dome. A preliminary design is shown in JLAB drawings A11112-14-01-0100, 0300, 0800 (preliminary). The preliminary design specifies a Penn-Dynamo D30  [24] centrifugal blower with a 15 hp motor. A calculation specifying the air flow requirements and pressure drop is given in TGT-CALC-103-001.  The blower control shall be variable (or two speed) to service the handling hut as well.
The stack must extend roughly 40 ft above the local grade and shall be fabricated from NPS 24 Sch 40 SST 340 pipe. The completed design shall meet the requirements of JLAB FML, Welding and Brazing Program, and ASME STS-1 (2011). The loading factors shall be as given in ASCE-7.
The expected pressure drop for warm moist air at 12000 cfm is 1.74 in H2O, which is the dominant source of pressure drop in the system. With the selected blower however, it is expected that this drop will not have an adverse effect. The design of the system has not yet been finalized and ongoing consulting with SMEs at SRTE shall ensure that the system meets the requirements of the engineering design.
[bookmark: _Toc429448470]Vacuum Exhaust
The vacuum exhaust shall be affected through the normal hydrogen target vent system with the exception of the termination point. The current hydrogen exhaust is a NPS 2 Sch 10 SST pipe that terminates at the rear of the Counting House near the Hall A hydrogen storage tanks. The tritium vacuum exhaust will continue this line to the top of the Hall A dome. The vacuum exhaust line shall be strapped to the 24” stack and terminate at the same elevation. This line shall be purged by dry nitrogen at a rate of 1-2 cfm. This is similar to the hydrogen targets which use helium a purge gas.


[bookmark: _Toc429922368]Figure 29:  Exhaust system Schematic. For more details see the system P&ID drawing sTGT-103-1001-0000.

[image: ]
[bookmark: _Toc429922369]Figure 30:  Preliminary design of stack/blower system. The 24” stack is fabricated from NPS 24 Sch 40 SST 340 pipe. Note that the stack is supported by guy wires.
[bookmark: _Toc429448471]Makeup Air
While the estimated air flow of 525 cfm  [25] required for the handling hut during installation/removal should not present issues to the Hall A makeup air system, the 12000 cfm requirement for tritium exhausting to the atmosphere through the stack is. Such a large air flow (and capacity of the blower) may (provided that there is not sufficient opening for makeup air) could damage the truck ramp door. To ensure that this is not an issue, a louver system on the personnel access door at the bottom of the truck ramp shall be installed. The makeup air can then be supplied through the smoke removal line for the ramp. This would require that the opening at the top of the smoke removal system is not sealed. A calculation TGT-CALC-103-001 shows that the pressure on the overhead door would be acceptable once the louver system is installed. This system shall be part of the personnel door and have dimensions of 2ft x 4 ft. The louver system must be tuned to remain closed until the high speed blower is activated.
[bookmark: _Ref428965676][bookmark: _Toc429448472]  Handling Hut
While the cell is being installed or removed the secondary containment/confinement shall be a temporary isolation room fixed to the scattering chamber. This isolation room shall be called the cell handling hut. This hut is being designed and fabricated at SRTE. Access to the hut is provided by a double barrier entrance lock at the rear. The hut shall be directly attached to the scattering chamber via a purpose built adapter with an opening of 15 x 36 inches. The scattering chamber shall be connected to the exhaust system through dedicated ducting. Thus, air shall be pulled through the hut into the chamber and out through the ducting to the stack. An accidental tritium release would then be fully captured inside the hut and chamber and stacked by the exhaust system.
Note:  The hut shall provide secondary containment/confinement during installation and removal of the cell.
Air flow rates and pressure drops are discussed in TGT-CALC-103-001. The air flow velocity required to “contain” a tritium release is assumed to be 140 fpm.
[bookmark: _Toc429448473]Hut Design
The hut is a temporary structure that shall only be in place during install and removal of the tritium cell. The hut shall be constructed of a clear plastic with access from the rear. The hut shall be “hung” from a frame in a manner similar to other structures designed and fabricated by SRTE. The hut shall be directly attached to the adapter at the front and all seams/joints sealed with tape. 
A dedicated platform shall be attached to the pivot deck when the hut is in use. It shall be removed during running conditions. The platform shall have appropriate hand rails and stair access at the rear (side furthest from pivot). The Hall A engineering and technical staffs shall ensure that the structure meets all applicable JLAB design and fabrication requirements.
[bookmark: _Ref429323085][bookmark: _Toc429448474]Installation and Removal
The hut shall be initially installed by personnel from SRTE instructing those from JLAB. Air flow shall be set and measured at the openings to ensure that the minimum 140 fpm exists at all openings. After the initial test installation, the hut shall be removed and stored in Hall A until needed. The hut shall be stored in a low radiation environment (e.g. upstream of scattering chamber in Hall A) at all times that beam is possible.
[bookmark: _Ref429255201][bookmark: _Toc429448475] Tritium Detection and Monitoring
A tritium monitoring system shall be developed that includes both fixed and portable monitors. Detection of tritium in Hall A while beam is being delivered, presents a number of challenges. It is difficult to distinguish decays from tritium from the normal background present when the beam is on. There are also no readily available local monitors capable of surviving in the high radiation field present when the beam is on. There shall therefore be two types of devices used for the purpose of tritium detection. 
· Local monitors/detectors that are handheld 
· Tyne TAM model 7043
· Remote monitor which samples air pumped from the 1) Hall and 2) stack through a tube to a secure location.
· Thermo Scientific AMS-4 Beta Air Monitor
The remote monitor must also interface with the FSD and exhaust systems. A schematic of the alarm logic is given in .


[bookmark: _Toc429922370]Figure 31:  T2 Detector and alarm logic
[bookmark: _Toc429448476] Cell Handling
[bookmark: _Toc429448477]Filling/Recovery
Both filling and recovery operations shall take place at SRTE.  After the recovery operation is complete the metal cell shall be considered waste. Detailed procedures shall be developed for this operation by SRTE. JLAB shall participate as required in this process.
[bookmark: _Toc429448478]Shipping
The cell will be filled with a maximum of 1090 Ci of tritium.  Thus a Type A container may be used for shipping. JLAB is currently working with SRTE shipping and packaging experts to develop a formal shipping method and procedure. We are also working with DOE/DOT. The current plan requires three vessels.
· Tritium cell:  This shall provide the primary containment/confinement for tritium while shipping.
· Intermediate Vessel:  This vessel shall provide secondary containment/confinement and insulate the cell from mechanical damage that might result from shipping. A custom foam insert shall be inserted to provide this protection. The top flange of this vessel shall also have sampling ports and a protective cover for the valves on the sampling ports.
· Shipping container: This vessel must be approved by the DOT and be suitable for a Type A shipping container. This vessel shall serve as the third level of containment/confinement. A portable pressure vessel will meet this requirement although this is excessive.
[bookmark: _Toc429448479][bookmark: _Ref429055587]Secondary Containment/confinement Vessel
The cell shall be suspended from the 12 inch Conflat by mechanical fasteners. The interior of the vessel shall be padded with custom made foam. In this fashion, the cell shall also be heat sunk to the outer Conflat flange. Locking ball valves attached to the 12 inch flange will allow sampling of the atmosphere inside the secondary containment/confinement. This will allow a safe assessment of the primary containment/confinement, the tritium cell. The sampling ports shall also be capped by Swagelok VCR fittings with anti-tamper devices. The details of the sampling procedure and of the sampling detector are still under development. Should the cell fail inside the vessel the expected pressure rise would be negligible.
[bookmark: _Toc429448480]Outer Shipping Vessel
The outer shipping vessel shall be a Type A container. Currently, a DOT pressure vessel has been selected to fulfill this task. This would obviate further approval for shipping a container of pressurized gas.
[bookmark: _Toc429448481]Installation and Removal
Handling of the cell outside of the shipping container by JLAB personnel shall be limited to installation and removal only.  These activities shall be performed by fully trained personnel with Hall A in controlled access while all non-essential personnel are prohibited entrance.  The shipping container shall be placed inside a dedicated tritium handling hut with forced air ventilation to the tritium stack.  The cell may only be transferred from or to the shipping container to or from the scattering chamber while the hut is in position and the ventilation (exhaust system) is on (see Section 14).  Installation shall be the last task prior to closing the scattering chamber.  Removal shall be the first task after opening the scattering chamber.  Detailed procedures shall be reviewed and followed. See Section 9.6 for a procedural outline.
[bookmark: _Ref429142712][bookmark: _Toc429448482] Release of Tritium
There are two possible paths for a release in the tritium target system. It is expected that a small amount of tritium (about 0.5 Ci) will permeate/leak through the thin sections of the cell and the seals on fittings and valve. The second path is from a failure of the primary containment/confinement vessel, namely a component(s) on the cell (most likely a thin section). Many steps have been taken to mitigate the risk of full cell failure, however, this path must still be considered as a possibility.
A release of tritium can occur at various phases of operation:
· Case 1:  Shipping
· Case 2:  Installation/removal
· Case 3:Operation
· A)  Beam permit
· B)  Controlled Access
· C)  Restricted Access
· Case 4:  Filling/recovery at SRS
· Case 5:  Packaging and handling at SRS
Each of these cases must be considered separately. The last two cases are considered beyond the scope of this document and shall be considered in the SRTE Safety Basis.
A release of tritium could not only affect JLAB personnel but, the public as well. Several models of release under worst case conditions and a release controlled via the exhaust system and stack have been performed  [21] [22] [26]. Expected dose calculations given in this document are from TGT-CALC-103-004 and TGT-CALC-103-011. The computer code HotSpot  [27] was used to analyze doses to those outside of Hall A.
[bookmark: _Toc429448483]Case 1
Given the triple layer of containment/confinement and robust nature of the secondary and tertiary containment/confinement vessels as well as standard shipping procedures for Type A containers, it is considered extremely unlikely that a release of tritium will occur. Such a release would most likely be caused by a catastrophic failure of the containment/confinement vessels from a severe impact load. This failure mode and its effects have been considered in the regulations and procedures regarding the Type A shipment and as such, this Case is given no further consideration at this time.
[bookmark: _Ref429254783][bookmark: _Toc429448484]Case 2
A release during the installation or removal of the cell would be contained in the handling hut and scattering chamber. A release at this phase could expose personnel to a large dose. The potential causes of such a failure are:
· Dropping cell during handling
· Puncture with tool
· Installation/removal error
To mitigate these causes, procedures have been outlines which ensure that the covers which will protect the thin sections from damage from impact loads remain in place as long as possible. To minimize the dose expected from such an incident the handling hut and exhaust system shall be installed and tested prior to installation. The exhaust system shall also be activated at low speed to ensure that adequate air flow is present (see Section 15). In this fashion, a release would be considered controlled and exhausted through the stack with minimal effect to personnel or the public (see Section 18.4). If a release is considered without the hut or exhaust system on, an exposed worker could reasonably (under very conservative assumptions) receive a maximum dose of 1.2 rem  [21].
If proper procedures are followed for installation and removal, the Hall will be in controlled access with the exhaust system on low power. Cell handling operations must take place in the handling hut. A release under these conditions would then be similar to that of Case 3 A) below.
[bookmark: _Toc429448485]Case 3
Each subcase shall be considered separately below.
[bookmark: _Toc429448486]Case 3 A)
It is assumed that only the primary containment/confinement (cell) fails in beam permit conditions. In this event, the cold cathode vacuum gauge (PI-1) will cause an FSD and activate the getter system. This gauge will trip if the vacuum in the chamber goes above the 10-4 Torr limit which can occur for other reasons (e.g. pump failure, seal loss, etc.). The remote RGA shall be used to determine if a possible T2 release has occurred. The stack monitor shall also be used for this purpose. Under these conditions, a full target release (assuming the getter system is 0% effective) would be exhausted out the stack. See Section 18.4 for details. After the getter has been given sufficient time to collect the tritium, the vacuum system will pumped on for several days to remove residual tritium. After a suitable time, the chamber may be opened for decontamination by wiping down with damp absorbent materials. 
[bookmark: _Ref429255548][bookmark: _Toc429448487]Case 3 B)
A cell failure under these conditions could occur if the cell spontaneously fails while the secondary containment/confinement (the scattering chamber) does not; or, more probably, when the chamber vacuum has been breached by a foreign object which also punctures the tritium cell. If procedural steps are properly followed the target shall be in the “HOME” position at all times when personnel are in the Hall (with the exception of installation and removal). This means that the cell would be very difficult to reach with any object such as a pipe. It is conceivable that a serious accident involving a crane or forklift could breach both volumes but, this is considered as extremely unlikely. In such a case, the exposures would be similar to the worst case described in Section 18.2. A release of this type is expected to trigger one or more of the tritium monitors. The events following a monitor trigger are given in Section 16. 
In all cases described above, the tritium would be collected by the exhaust system and vented to the atmosphere. Effects from this are given in Section 18.4.
[bookmark: _Toc429448488]Case 3 C)
A release while the Hall is in restricted access could generate a worst case exposure scenario for both JLAB personnel and the public should proper procedures not be followed for restricted access. If proper procedures are followed, then the release will have the same effects as those given in Section 18.3.2. Without these procedures, a release through the truck ramp exit is possible. This is the worst case release scenario and is discussed in Section 18.4 as well.
[bookmark: _Ref429252913][bookmark: _Toc429448489]Effects of Release to Environment Outside of Hall A
An analysis of two release scenarios was performed using HotSpot  [27]. HotSpot is a computer program design for:
· Near surface releases
· Simple weather models
· Short term releases (< 24hr)
· Short range dispersions (< 10 km)
The models are usually conservative in dose predictions. It was assumed that immediately after release, 10% of the tritium converts to HTO while 90% remains HT. This assumption is considered conservative due to measurements summarized in Ref [28] [28].
The models consider both a worst case near ground level release at the exit of the Hal A truck ramp and a controlled release through the exhaust system to the stack. Details of these models are given in TGT-CALC-103-011. A description of the exhaust system is given in Section 14. The results of these models are summarized in Table 5. They show that even in the worst case the dose considered acceptable to the public in the JLAB FSAD is not exceeded. Additionally the worst case dose to JLAB personnel would not exceed 1.2 rem. Models performed by others reach similar conclusions. Results for these calculations are shown in Figure 32 and Figure 33.
	Case
	Maximum expected dose (TED)
	Distance to max dose
	Dose at 300m
(TED)

	Truck ramp release
	1.2 rem
	0 m
	4.8 mrem

	Stack release
	0.96 mrem
	200 m
	0.76 mrem



[bookmark: _Ref429258186]Table 5:  Expected maximum dose from various release scenarios and dose at 300 m.
[bookmark: _Toc429448490]Assumptions Made in the Models
The following are assumptions made in the HotSpot models
· Release of 1100 Ci 10% is HTO
· Release height 2 m for truck ramp and 20 m for stack.
· 24 hr exposure time
· Exit velocity 0 m/s
· Wind speed at 10 m is 1 m/s
· 500 m inversion layer
· Receptor height 1.5 m
· Stability class F (city)
[image: ]
[bookmark: _Ref429260527][bookmark: _Ref429260519][bookmark: _Toc429922371]Figure 32:  HotSpot results for truck ramp release scenario.
[image: ]
[bookmark: _Ref429260529][bookmark: _Toc429922372]Figure 33: HotSpot results for stack release scenario.
[bookmark: _Toc429448491] Operational Performance
There is extensive experience at JLAB regarding recirculating cryogenic fluid targets (either gas or liquid). JLAB experience with non-recirculated fluid target is very limited and calibration data was were measured using low beam currents. Administratively, the JLAB limit for aluminum targets (that were not actively cooled by direct fluid contact) is 40 µA. For the tritium target system in general the current limit is 25 µA and for the tritium cell it is lower still at 20 µA. The expected beam heating of the gas in the cell is 2.8W. The linear power density is then 11 mW/mm.  We have seen in other fluid targets that local density (along the beam path) is a strong function of the raster size. A CFD model of the Tritium in the beam at 20 µA with a 2x2 mm2 raster is under development. Material properties relevant to the model have been difficult to obtain. As such these critical quantities (i.e. viscosity, heat capacity, coefficient of thermal conduction, etc.) were derived from a hydrogen real gas model and an ideal gas model. The model assumes that the outer shell is held at 40K with the exception of the beam entrance and exit which are held at 120K. Cooling is fully by convection and is assumed to be laminar. The results of this model as it currently exists are given below. The volume averaged density along the beam is 0.0024 g/cm3. This is about a 20% reduction in density at full current. 
[image: ]
[bookmark: _Toc429922373]Figure 34:  ANSYS CFD model of the tritium space in the beam at 20 µA with a 2x2 mm2 raster. A contour map of the modeled density is shown.
As part of the commissioning of this target, a current scan shall be performed to fully understand the effects of the beam on the target density.
[bookmark: _Toc429448492]Tritium Content
In previous discussions, the content of the cell has been assumed to be 100% T2. Tritium has  ½ life of 12.3 years and will decay into He-3. Thus, the pressure in the cell will gradually increase from the moment the fill completes via the decay process. The cell will thus, become immediately contaminated with He-3. This is well known and the data shall be corrected for this.
The initial purity of the tritium content is insured by a redundant mass spectrometer sampling system. The details of this system are not available. A report on the actual tritium purity will be given with the cell at the time of the fill. The purity is expected to be 99.8% pure T2 with contaminates of hydrogen, deuterium and He-3 making up the remainder 0.2%
The precise measurement of the quantity of tritium in the cell is also required. This can be derived from the real gas equation:

Where  is the compressibility of tritium at the fill pressure of 200 psia.
The uncertainties on the quantities above are:

This gives an uncertainty of 




[bookmark: _Ref427236487][bookmark: _Toc429448493] Bio-Screening Program
A bio-screening program is considered good practice. All tritium workers and personnel possibly exposed to tritium shall participate in the tritium bio assay program. A tritium worker shall be defined as any personnel involved in the installation or removal of the cell or assembly/disassembly of the scattering chamber rollup cover. JLAB RadCon Group shall develop and administer this program.
[bookmark: _Toc429448494] NEPA
An analysis performed by JLAB staff indicates that the potential impacts from the proposed tritium target should not be considered significant within the context of NEPA. The potential impacts associated with the proposed action have been analyzed previously and found not to be significant. The proposed project is determined to be covered under existing NEPA analyses and documentation.  Additional NEPA documentation is therefore not required  [29]. A formal analysis and letter are under development.
[bookmark: _Toc429448495][bookmark: _Ref429274886] Procedures 
Detailed procedure shall be developed for many tasks involving the tritium target system. Procedures for lift plans, general hall work, cryogenic activities etc. are standard and need not be considered here. The following procedures shall be developed or altered from existing procedures:
· FSD checkout procedure
· Modified to include FSDs from tritium target which are additional to the standard cryogenic target FSDs. This procedure shall be controlled by Accelerator protocols.
· Hall checklist
· A number of modifications shall be made in the procedure regarding the tritium target and preparation for beam. This procedure shall be filed with document control.
· The remote tritium monitor should be tested somehow prior to lock up. This shall be a RadCon procedure.
· Hut installation and removal
· This procedure is unique to the tritium target and has been outlined in Section 15.2. It shall be filed in Document Control.
· Tritium target cell installation and removal
· This procedure has been outlined in Section 9.6. It shall be filed in Document Control.
· Tritium cell inspection and assembly procedure.
· Procedure is complete and shall be filed in Document Control
· Component cleaning procedure
· This procedure is complete and shall be filed in Document Control.
· T2 Exhaust testing procedure
· This procedure is required to ensure that the exhaust system is functioning correctly in all modes. It shall be filed in Document Control.
· Access to Hall A
· Restricted access to Hall A shall be limited to personnel with specific tritium training. An outline of the procedure is given below.
· Controlled access to Hall shall be similar to the current Controlled Access protocols. A procedural outline is given below.
· These procedures shall be filed as part of the Experimental Physics Documents (e.g. COO, ESAD, RSAD, etc.).
· Target operating procedures shall be developed. These procedures will be similar to the existing cryogenic target procedures. This procedure shall be filed in Document Control. 
· T2 alarm checkout procedures
· JLAB RadCon shall be responsible for these procedures and how they are maintained.
[bookmark: _Toc429448496]Hall Access Procedures
Access to the Hall will have to be more strictly controlled while the tritium target is located in Hall A. The Hall itself shall be used as part of the three level containment/confinement system and its integrity shall be maintained at all times. This does not mean that all access will be through air locks etc. Regular personnel access through man doors shall be allowed as normal. These doors shall not be propped open. Access to the Hall is provided by the following portals:
· Truck ramp door system which consists of a door located at the bottom of the truck ramp and one at the top. These are large overhead doors that are electronically controlled. Activation of the lower door shall be allowed through the CANS system only. Should maintenance be required on this system, a procedure shall be developed and approved by RadCon and the Tritium Target DA. Opening this door shall activate the high speed exhaust system which shall remain on until this door is closed. Signage shall be posted near the controls for the door outlining the protocols for access.
· Personnel access door at bottom of the ramp. This door shall also be on the CANS system. Louvers shall be installed in this door to provide makeup air for the exhaust system. This door shall not be propped open. There shall be signage posted on this door indicating the training required and the protocols for access.
· Personnel access door from accelerator: Access through this door shall be allowed only in the event of an emergency. It shall remain locked by electronic system.
· Personnel access door from labyrinth: Access through the labyrinth shall be controlled via the CANS system at the first access door. Signage shall be posted on this door describing the protocols for access and the training required for entry. This door shall also be controlled by the MCC/SSO as required during a controlled access. This door and indeed none of the labyrinth doors shall be propped open.
[bookmark: _Toc429448497]Truck Ramp Protocols
The truck ramp presents the largest challenge to ensuring that the Hall maintains the third level of containment/confinement. The truck ramp door at the bottom of the ramp shall be activated by the CANS system only. The access list for this door shall be very limited. All personnel on this list shall be trained for this specific task. The procedure for truck ramp access shall only be allowed in Restricted Access Mode.
· At the start of this procedure all ramp doors shall be closed.
· For loads entering the Hall:
· The top ramp door shall be opened by personnel located on the inside of the ramp.
· The vehicle carrying this load shall enter the truck ramp.
· The upper door shall be closed and the load carried to the bottom of the ramp.
· The lower door shall be opened.
· This activates the high speed exhaust system which should provide sufficient noise to ensure a strong desire to reclose the lower door.
· If the lower door can be closed (i.e. the truck is not stuck half way) then it shall.
· The load shall be brought into the Hall and unloaded promptly and safely.
· Once the load is removed the truck shall exit the Hall Promptly and the lower door closed.
· The truck may proceed to the top of the ramp where the upper door is opened temporarily to allow its passage.
· For loads leaving the Hall the truck shall enter as above. Upon reaching the interior of the Hall it shall be loaded promptly and exit the Hall forthwith using the same procedure as above.
[bookmark: _Toc429448498]Controlled Access
Controlled access to the Hall while the tritium target is located in Hall A shall be similar to the standard controlled access. The following is an outline of additional steps which shall be addressed in the Controlled Access Procedure:
· Make entry as required with the additional training requirements for tritium.
· Ensure that ARM/RadCon has handheld TAM (tritium air monitor). The maintenance of these monitors is the purview of the RadCon group.
· All large truck ramp doors shall remain closed during this access
· Access is allowed to the Hall if an acceptable level of tritium is detected. Note that it is assumed that there will be some airborne tritium from normal beam operations present in the Hall. 
· If unacceptable levels of tritium are found then exit immediately and inform RadCon. Activate the exhaust system and await further instructions. All personnel on the access team shall be enrolled in the bio-assay program.
· The following activities are not allowed during a controlled access for these accesses:
· Forklift operations
· Lift operations within 20 ft of the pivot
· Crane operations
· Heavy work (other than diagnostic and tuning) within 20 ft of the pivot.
· Should the TAM alarm at any point during the access, all personnel shall promptly leave the Hall and activate the exhaust system. Notify RadCon for further requirements.
· Should power fail, all personnel shall promptly leave the Hall.
[bookmark: _Toc429448499]Restricted Access
Access shall be allowed under restricted access as normal with the following exceptions:
· The access to the Hall shall be controlled through the CANS system.
· Truck ramp protocols as described above shall be followed.
· To change to or from controlled access the scattering chamber window covers shall be removed/installed.
· All work within 20 ft of the pivot shall be “covered” by a handheld TAM monitor.
· At least on TAM shall be available at the entrance of the Hall for access.
· This must remain located near the pivot. It shall be maintained by the RadCon group.
· Should power fail, all personnel shall promptly leave the Hall.
· Heavy work (crane operations, operations requiring hand tool work directly on the chamber, fork lift operations etc.) performed within 20 ft of the chamber shall be governed by an RWP.
[bookmark: _Toc429448500]Special Access for Installation and Removal of Cell
The installation and removal procedure for the tritium cell has been outlined in Section 9.6. The Hall shall be placed in a special access mode similar to controlled access for these procedures. This access mode shall include:
· All pre-installation tasks shall be performed including the placement of tools and materials in preparation for cell installation or removal. A special tritium target tool box shall be maintained for this specific purpose and no other, by the JLAB Target Group.
· The exhaust system shall be activated at low speed and the shipping container holding the cell shall be placed in the handling hut.
· The Hall shall be placed in controlled access. This includes a full sweep and key access.
· Entrance to the Hall shall only be allowed for personnel directly involved in the installation/removal process.
· These activities shall be 100% covered by RadCon operating under a specific RWP.
· Upon completion of the cell installation, the team closing the chamber may enter the hall to perform this specific task while being supported by RadCon and the Target Group.
· The JLAB DA shall be responsible for the cell installation removal.
· Once the chamber is sealed and vacuum is established the Hall may be returned to restricted access.
[bookmark: _Toc429448501] Hazard Analysis
The tritium target is an alteration of the existing Qweak Target. The alterations required for this system to function for the tritium target are associated with the motion system (low voltage stepper motors) and cryogenic piping. A number of additional hazards associated with tritium are assumed. A loss of 1100 Ci of tritium are not in fact expected to pose a serious risk to JLAB personnel, the public, or the environment under any reasonable failure scenario. However, it is assumed that any loss of tritium could expose JLAB personnel to doses above those allowed by lab policy and could impose significant decontamination costs and interrupt schedules.
A formal Failure Modes and Effects Analysis using MIL-SPEC-1629A as guidance is given in Ref  [30].
The following hazards have been identified as applicable to the tritium target:
· Pressure hazards
· Vacuum systems (scattering chamber)
· Cryogenic piping
· Tritium gas cell (200 psia)
· Other gas cells (500 psia)
· Cryogenic hazards
· Exposure to cold fluids
· ODH
· Radiological hazards
· Personnel exposure
· Contamination on and off site
· Activation of materials
· Chemical Hazards
· Be window
The Hall A Cryogenic Target controls (with minor alterations) and scattering chamber are also being used as part of the system. Note that the overpressure protection for the scattering chamber shall remain installed as shall be vented to the tritium exhaust system (on the pump line). A hazard analysis for each of these systems has been performed and is documented in the Hall A Standard Equipment ESAD and Ref  [20]. No further consideration for these systems is given here. An ODH assessment was performed for the cryogenic target and magnets in Hall A. No appreciable hazard was found below the crane level. The ESR supply system for the tritium target system is identical to that of the Hall A cryogenic target. Therefore, no further analysis is performed here.
The following hazards are considered to have been addressed
· Cryogenic hazards (equivalent to Hall A cryogenic target)
· Exposure to cold fluids
· ODH
· Vacuum hazards (Equivalent to Hall A cryogenic target)
· Electrical hazards (equivalent (or lower) than Hall A target)
· Material handling hazards (equivalent to Hall A target)
· Activation of materials equivalent to Hall A target
JLAB ESH Manual Chapter 3210 Appendix T3 describes the method required for hazard analysis. This method may be clearly applied to individual tasks but is difficult to apply to a system. The standard ANSI/GEIA-STD-0010  [32] shall be used to determine the probability of a given incident.
	Likelihood
	JLAB Level
	Number assigned in FMEA
	Definition

	Probable
	H
	4
	Probability of occurrence per operational hour is greater than 1E-5

	Remote
	M
	3
	Probability of occurrence per operational hour is less than 1E-5, but greater than 1E-7

	Extremely Remote
	L
	2
	Probability of occurrence per operational hour is less than 1E-7 but greater than 1E-9

	Extremely Improbable
	EL
	1
	Probability of occurrence per operational hour is less than 1E-9


[bookmark: _Ref429521261][bookmark: _Ref429521234]Table 6:  ANSI/GEIA-STD-0010 Standard likelihood of occurrence  [32].
[bookmark: _Toc429448502]Pressure hazards
The pressure hazards applicable to the tritium target are given below in Table 7.
	Hazard
	Unmitigated Risk Code
	Mitigation
	Mitigated Risk Code

	Cell failure
Flying debris
Loud Noise/pressure wave
	2
	-Designed to Code (675 psi design pressure)
-Procedures/training
-PPE
-Shipping covers on until final step of installation
-Low stored energy in pressure from small volume.
	1

	Cryogenic piping:
Explosion flying debris
Exposure to cold gas
ODH
Load noise/pressure wave
	4
	-Design/fabricated/examined/tested to Code.
-Proper/adequate relief is installed.
-Procedures/training
	1


[bookmark: _Ref429446114]Table 7: Pressure hazards with mitigations
[bookmark: _Toc429448503]Radiological Hazards
Tritium presents a number of atypical hazards to JLAB personnel. The unmitigated risk code associated with tritium shall be 4. This is a conservative assumption based on the potential for public exposure and elevated dose (above JLAB limits) for workers on site. Furthermore, the costs associated with decontamination may be significant if no mitigating steps are taken after a release. The table below addresses the radiological hazards associated with the target system.



	Hazard
	Unmitigated Risk Code
	Mitigation
	Mitigated Risk Code

	Uncontrolled release of 1100 Ci of T2:
1) Ground level release to environment
2) Worker exposure
3) public exposure
4) contamination of Surfaces in Hall A
Contamination of beam line
5) hi dose to installation team
	4
	- Design/construct the cell to Code with conservative FS
- FSD protections
- collimators
- Be isolation window
- fixed and portable T2 monitors
- Interlock system
- exhaust system with 20m stack
- Procedures/training
- simple installation
- 3 levels of containment/confinement
- Getter system
	2

	Uncontrolled leak of T2 from cell seals and thin sections:
1) Possible contamination of beamline
2) possible exposure of workers in Hall.
3) low level release of T2 to hall and contamination thereof.
	3
	- All above mitigations
- Seals are typically He leak tight even when cold.
- Pumps vented to exhaust system
	1


Table 8:  Radiological hazards with mitigations
Chemical Hazards
The Be window presents a chemical hazards through beryllium exposure. The dose-response curve for beryllium is unique to the exposed individual. Best practice is to avoid contact with skin and breathing dust/vapor as well as ingestion etc. These windows have been in use for more than 20 years at JLAB. The following table considers this hazard.
	Hazard
	Unmitigated Risk Code
	Mitigation
	Mitigated Risk Code

	Be exposure

	4
	-Limited use and fully covered once installed.
-Procedures/training
-PPE: gloves etc.

	1


Table 9: Chemical hazards and mitigation



 Failure Modes and Effects
Numerous failure modes and effect as well as mitigations taken are given in the Tritium Target FMEA. This is embedded below. The FMEA was performed using an equivalency for the JLAB Hazard Analysis. The consequence table is given below the frequency table is shown in Table 6.
	JLAB Level
	Number assigned in FMEA
	Definition

	H
	4
	Serious impact on-site.  May cause death or loss of facility operation.  Major impact on the environment.

	M
	3
	Significant impact on-site.  May cause severe injury, severe occupational illness to personnel, major damage to the facility operation, or impact on the environment. 

	L
	2
	Minor impact on-site.  May cause minor injury, minor occupational illness, or minor impact on the environment.

	EL
	1
	Insignificant injury, occupational illness, or impact on the environment.










Table 10:  Consequence levels and equivalence from JLAB EHS Manual to FMEA.


[bookmark: _Toc429448504] Response to Committee (June 3, 2010) Report
The committee formed on June 3 2010, issued a report from which 45 action items were derived. A response for each item Is given in the following sections.
Green highlighted tasks are fully complete.
Yellow highlighted tasks need to be readdressed as they may no longer be applicable or considered proper.
Red tasks remain incomplete
[bookmark: _Toc429448505]Administrative Action Items
[bookmark: _Toc429448506]Task 1: Complete
Appoint a lead person at JLAB, a design authority, who will emphasize the engineering aspects of the target system and who will be responsible for the design, fabrication, procurement, installation and operation of the system.
This has been completed. The JLAB Design Authority Is David Meekins.
[bookmark: _Toc429448507]Task 2: Complete
Establish an engineering team.
This task has been completed the team members are
· Dave Meekins (Responsible Engineer)
· Hall A Engineering Group (R. Wines lead)
· R. Holt and T. O’Conner ANL
· JLAB Target Group (C. Keith lead)
· SRTE (J. Novajosky manager)
· SRNL (H. Lee Nigg lead)
[bookmark: _Toc429448508]Task 3: Complete
Develop clear responsibilities for INL, JLAB, and collaboration; and determine who will sign off on safety checkout plans.
This requirement is no longer directly applicable. There are two current agreements (ICO) with SRS/SRNL to perform the cell filling and material testing  [19] [33]. These agreements clearly define tasks and budgets. SRS personnel shall be responsible for completing the required Safety Basis. JLAB personnel shall provide all necessary calculations and proof testing data to SRS. Additionally JLAB shall provide leak test, weld and material documentation, and inspection assembly reports to SRS with the active cell in preparation for filling.
[bookmark: _Ref429270833][bookmark: _Toc429448509]Task 4: Complete
Administrative requirement that beam blow-up optics are used in experiment.
A thermal analysis of the cell when the raster is off in full beam current assumes a square beam profile of 0.150 mm width. This model is shown in Section 8.1.3 and shows that the cell is sufficiently designed to survive this condition for a limited time period. Concerns over beam induced hydrogen corrosion indicate that the cell operating temperature must be kept below 180K. The raster off condition does not meet this requirement thus, it is only allowed for very short periods of time prior to the FSD trip on raster. An additional software FSD may be placed on the final focusing quad setup if deemed appropriate. Beam spot shall be adjusted for each energy as required. The minimum spot size shall be 0.150 mm.
[bookmark: _Ref429270199][bookmark: _Toc429448510]Task 5: Complete
Administrative limit on beam trip rate when cell is in the beam.
A full fatigue screening analysis was performed in accordance with ASME BPVC VIII D2 Part 5. This analysis indicates that beam trips occurring at a rate of 15 per hour. A cell duty factor of 30% was assumed (there are 5 other targets). This calculation is given in TGT-CALC-103-002 and indicates that this trip rate does not warrant a formal fatigue analysis due to the low stress of the cycle. The analysis assumes ~18000 cycles. A more rapid trip rate shall not be allowed.
A safety algorithm was developed by R. Holt that also addresses this issue  [34].
[bookmark: _Toc429448511]Task 6:  Complete
Make a provision that if the H or He target fails, a failure mode determination is made before the experiment continues with tritium gas.
A failure of any other cell will cause the vacuum monitor alarm to trip activating the getter system and many other controls. An RGA shall be installed to give some indication of the species of the gas after such a failure. Vacuum will have to recover prior to using this device. If it is determined that the one of the other cells failed for an undetermined reason the experiments shall be stopped and the tritium cell secured and shipped back to SRTE for recovery. If the failure mode is from an operational or procedural source then the situation can be assessed at the time of failure. A determination to continue the run shall be made by JLAB management.
[bookmark: _Toc429448512]Task 7:  Incomplete
Extensive review of final cell design and test results should be performed by JLAB, Argonne, and outside experts.
This process is ongoing. In addition to the institutions listed above SMEs at SRTE/SRNL shall also review the design. The SRTE Safety Basis shall consider this cell and hazards with it.
[bookmark: _Toc429448513]Target Cell
[bookmark: _Toc429448514]Task 1: Complete
Develop a modular target design.
The current design is modular and uses techniques and components similar in design to existing JLAB cryogenic hydrogen and helium targets.
[bookmark: _Toc429448515]Task 2: Complete
Use a 1000 Ci source.
The current design specifies a fill of 1099 Ci of tritium. This is under the limit required for Type A shipments. Release and mechanical calculations indicate that this is a safe design. See TGT-CALC-103-002 and TGT-CALC-103-0011.
[bookmark: _Toc429448516]Task 3:  Complete
Determine maximum target window thickness based on physics requirements.
The operation of the polarized 3He gas target cell at JLAB provides a baseline for this study since this target has many similarities to the present tritium gas target design in terms of length and gas pressure.  It appears that we can use up to three times thicker windows than that of the polarized 3He target without seriously compromising the experiment.  From a Monte Carlo simulation, it appears that there would be less than a 20% loss in target thickness that would be necessary to cut out the target windows from the data.  Thus, the present tritium gas target design uses windows that are approximately a factor of three thicker than those of the polarized 3He target.
[bookmark: _Toc429448517]Task 4: Complete
Target cell should comply with ASME Boiler and Pressure Vessel Code, Section VIII Div 2 2007
This is not truly possible as the cell cannot meet all the requirements of this Code nor can it be stamped. Furthermore, this Code is not the most applicable ASME Code. Using JLAB policy for selecting the proper ASME Pressure Code results in the code selection of ASME B31.3 (2014). This shall be the Code of record. This Code may be followed in full with the exception of impact testing. The JLAB policy for fracture toughness testing shall be followed  [7]. Section 304.7.2 of B31.3 allows for the use of ASME BPVC VIII D2 FEA analysis. This shall be performed using the allowable stress in tension from B31.3.
[bookmark: _Toc429448518]Task 5: Complete
Cell should be filled offsite and be designed to survive transport.
The cell has been developed to safely operate with the design pressure of 675 psi. This design pressure includes safety margins required by ASME B31.3. The actual maximum operating pressure for the tritium cell is 200 psi. Therefore an additional factor of safety exists above Code requirements. The cell shall also be fitted with custom (precision fitted to each cell) shipping/filling covers. These covers act as stays for the thin sections (which is allowed by Code). An analysis of the cell assembly with these covers (compliant with ASME B31.3 using FEA and elastic-plastic model TGT-CALC-103-007) shows that the design pressure of 1000 psi is acceptable. These covers also serve to protect the thin sections from impact loading. A proof test was performed on two assemblies using a hydrotest incompliance with ASME BPVC VIII D1 UG-101. The correctly assembled cell burst above 5500 psi. The incorrectly assembled cell did not fail but developed a leak on the damages sealing surface above 4000 psi. We conclude that this design is sufficient for protecting the cell while shipping/handling and while filling.
[bookmark: _Toc429448519]Task 6: Complete
Cell should survive cyclic loading (beam trips).
See Section 25.1.5. The cell design is adequate for beam trips.
[bookmark: _Toc429448520]Task 7: Complete
The tungsten collimator should be better supported.
The current design of the target system specifies two collimators: 1) a short collimator installed on the face of the cell (that moves with the cell) and 2) a long collimator upstream of the target located in the reentrant tube. This collimator is now fully supported by the tube.
[bookmark: _Toc429448521]Task 8: Complete
Valves should have all metal wetted parts.
Selected valves are Swagelok all metal bellows sealed valve. Specification is also in accordance with SRTE requirements.
[bookmark: _Toc429448522]Task 9:  Complete
Cell must sustain a full vacuum load.
The cell is of sufficient design to with stand a full vacuum load.
[bookmark: _Toc429448523]Task 10:  Complete
Target system should be designed to be cooled with 90K N2.
The target system has been designed to use the ESR supplied 15K coolant which shall be heated to 40K. This will provide more than sufficient coolant to prevent the cell walls from reaching 180K which is the temperature of concern. See Section 8.1.3 of report.
[bookmark: _Toc429448524]Task 11:  Complete
Verify that Al 2219 is a suitable material for tritium gas.
The current cell material is Al 7075. This aluminum alloy is shall be considered acceptable for tritium use. See Section 6.3 of report.  Tests to verify this are ongoing at SRTE/SRNL  [19].
[bookmark: _Toc429448525]Task 12:  Complete
Determine strength of welded Al 2219.
This is obviated by the current design.
[bookmark: _Toc429448526]Task 13:  Complete
Weld coupons should be tensile and bend tested
See above.
[bookmark: _Toc429448527]Task 14: Complete
Al –sst transition piece should be purchased and elbows should be used
This is obviated by the current design.
[bookmark: _Toc429448528]Task 15:  Complete
An elastic plastic model of the cell (ASME D2 5.2.4) should be used.
Completed in the following calculations: TGT-CALC-103-002 -007 -012 and -014. These models indicate that the design is adequate for all conditions.
[bookmark: _Toc429448529]Task 16:  Complete
Proof tests on more than 3 endcaps and at least one complete cell should be performed.
Testing has been performed on multiple assemblies including assemblies with shipping covers installed. These tests all indicate a conservative design.
[bookmark: _Toc429448530]Task 17:  Complete
Heat cycling tests with a tritium loaded cell should be performed for a period of 6 months.
This action item creates challenges that are difficult to overcome and of results of questionable value. Note that to pressure test the exposed cell would require removing the tritium that it contains. Any embrittlement that would be present (many references indicate that there would be none See Section 8.3) would be reversed by the removal the gas. The exception to this reversible embrittlement is swelling (or blistering activated by He3 in the lattice). Studies at SRS indicate that we are many orders of magnitude below the concentration required for this process to initiate. Nonetheless, a study is underway at SRTE/SRNL to investigate the fatigue crack growth of Aluminum 7075 at pressures exceeding 3000 psi. This is 15 times higher than the room temperature design pressure.  Data from this study shall be collected every 4 months for one year  [33]. See Section 8.3 for more detail.
[bookmark: _Toc429448531]Task 18:  Complete
Consult Wayne Kanady at INL and Walter Shmayda at University of Rochester regarding tritium diffusion.
Several models for tritium diffusion were developed  [5,10]. The estimated diffusion for the cell at room temperature over 1 year is 0.5 Ci. This is conservative estimate because the cell will be cold and at much lower pressure much of this time.   R. Ricker at NIST and Brian Somerday at Sandia were consulted and this resulted in a report on the diffusion and permeability in the target cell.
[bookmark: _Toc429448532]Task 19:  Complete
If insufficient information exists on beam shock wave tests, perform such tests at JLAB.
Cyclic loading from beam trips was determined not to be an issue  [9,35,36].
[bookmark: _Toc429448533]Task 20:  Complete
Cell must survive off-normal beam conditions for at least 3 times the amount of time that it takes for an interlock to turn the beam off.
The cell can survive more than 10 seconds with no raster. See Section 8.1.3.
[bookmark: _Toc429448534]Scattering Chamber Ventilation and Beamline
[bookmark: _Toc429448535]Task 1:  Incomplete
Determine DOT and DOE regulations for shipping filled target cells to JLAB.
This process is ongoing at this time. JLAB is consulting SRTE shipping and packaging SMEs as well as DOE/DOT for shipping requirements for small quantities of compressed gas. Three layers of containment/confinement shall be provided in the final solution.
[bookmark: _Toc429448536]Task 2: Complete
Secondary containment/confinement should be physically isolated from beamline.
The beam line is isolated by a beryllium window. See Section 10.3.
[bookmark: _Toc429448537]Task 3:  Complete
The scattering chamber pumps shall be vented through tritium stack.
All pumps including the scattering chamber, getter, and dump line pumps shall be exhausted through the tritium exhaust system to the stack. See Section 10.
[bookmark: _Toc429448538]Task 4:  Complete
The scattering chamber should be monitored for high and low levels of tritium.
True real time monitoring of the tritium levels in the chamber may be unrealistic given the high radiation field in the Hall when the beam is on. Multiple vacuum gauges shall be employed however. If the vacuum level rises the first response will be to assume that this rise is due to tritium release. An RGA system shall be connected to the chamber as well which should aid in the diagnosis of the vacuum rise. The stack monitor will also indicate tritium if the vacuum pumps are removing tritium from the chamber. The source of the vacuum failure shall be assessed before continuing with repair procedures.
[bookmark: _Toc429448539]Task 5: Complete
A U getter bed should be attached to the scattering chamber.
To avoid hazard associated with uranium, a getter from SAES systems shall be used. This getter is described in Section 10.2.
[bookmark: _Toc429448540]Task 6: Complete
An additional long collimator should be placed upstream.
A collimator shall be placed on each of the target cells (that moves with the target) and a second long collimator shall be placed just upstream of the Be isolation window.
[bookmark: _Toc429448541]Task 7: Complete
Dedicated vent pumps/fans and lines should be installed over the scattering chamber and used for installation and removal procedures.
See Section 12 of report. A dedicated exhaust system has been developed to remove tritium from the Hall though a stack. The scattering chamber pump exhaust is also stacked.
[bookmark: _Toc429448542]Task 8:  Complete
Airborne radioactivity detectors interlocked with the vent/fan stack system should be used.
The system design incorporates this. See Section 12.
[bookmark: _Toc429448543]Task 9:  Complete
Manual scram buttons in the hall and counting house for the ventilation.
The term for these buttons shall be “Exhaust Activation” due to objections to the “scram” term. These buttons shall be located in at each entrance to the Hall and in the counting house. 
[bookmark: _Toc429448544]Task 10: Complete
Additional beam raster detector and interlock system.
The fast raster now has a FSD on a current comparator in addition to the FSD on the power supply enable signal. This system is currently in use.
[bookmark: _Toc429448545]EHS Tasks
[bookmark: _Toc429448546]Task 1:  Complete
Establish baseline for detectable tritium at the JLAB site.
See Ref  [37,38] for basis and details.
1. Tritium in water
- We can readily detect tritium in water at about 500 pCi/L.  The EPA drinking water limit is 20,000 pCi/L.  Environmental permits for groundwater and stormwater effluent require a minimum detectable activity (MDA) of 1000 pCi/L.

2. Tritium as surface contamination
- The DOE surface contamination limit for tritium is 10,000 dpm/100 cm^2.  We can easily detect surface contamination at levels 100 times below this.

3. The manufacturer reports that the air monitor JLAB has will see 10^-7 uCi/cc of tritium.  The DAC for elemental tritium is 2E-1 uCi/cc and for HTO is 2E-5 uCi/cc.  So, even if all the activity was HTO, the monitor can see it at less than 1% of the DAC.

4. According to the spec sheets, the portable samplers that SRS uses (Sartrex 209L) will see 1E-5 uCi/cc tritium.  We expect to use these during transfer of the target.

5. Grab air samples can also be taken for HTO using bubblers. This is not expected to be used as a primary sampling technique, due to the T2 source material but, we may employ this method as a confirmatory process.  MDA for this technique is usually in the 10^-8 uCi/cc range or lower.
 
6. We are currently working on analysis techniques to measure tritium in oils and other material such as concrete.  These are not directly related to the operational aspects of the tritium target, but are part of our efforts to increase our ability to make measurements to confirm absence of radioactivity in materials released from control.  The capability to measure tritium in such materials should not be thought of as a necessary component of the program, as I doubt that even SRS can do it (they probably send these kinds of materials out for analysis, if needed).

7. Based on feedback from SRS, and our own procedures and ALARA concerns, we will run some sort of H3 spot check bioassay.  We would probably get these analyzed offsite (mainly because of the biohazard issues handling urine).  Typical sensitivity for urine is like our sensitivity in water (less than 1000 pCi/L).  At 1000 pCi/L in the urine, the dose is about 2E-4 mrem per day. 
[bookmark: _Toc429448547]Task 2: Complete
Develop algorithm for safety involving amount of tritium, beam current, beam time.
Complete. See Tritium Technical Report Ref  [34].
[bookmark: _Toc429448548]Task 3:  Complete
Worst-case scenarios for worker exposure and all dose calculations should be analyzed or calculated by qualified personnel.
Several models for tritium release have been developed by qualified personnel. See Section 16 of report. Models have been independently verified by JLAB RadCon (see TBD ???)
[bookmark: _Toc429448549]Task 4:  Complete
A more detailed assessment of impact of target loss on Hall A should be performed by qualified personnel.
Several models for tritium release have been developed by qualified personnel. See Section 16 of report. Models have been independently verified by JLAB RadCon (see TBD ???)
[bookmark: _Toc429448550]Task 5:  Complete
A more detailed assessment of impact of target loss on Hall A should be performed by qualified personnel.
Several models for tritium release have been developed by qualified personnel. See Section 16 of report. Models have been independently verified by JLAB RadCon (see TBD ???)
[bookmark: _Toc429448551]Task 6:  Complete
Use the ICRP-68 dose coefficient of 1.8E-11 Sv/Bq reference for exposure evaluations.
The requirement that the released tritium is immediately converted to HTO is overly conservative. Many measurements  [39] indicate that the conversion is typically less than 1% per day. The rate assumed for conversion is 10% in current calculations. Note that several models for tritium release have been developed by qualified personnel. See Section 16 of report. Models have been independently verified by JLAB RadCon (see TBD ???)
[bookmark: _Toc429448552]Task 7:  Complete
Use 10 mrem as the maximum allowed site boundary dose.
Several models for tritium release have been developed by qualified personnel. See Section 18. The expected dose at the site boundary is less than 1 mrem for a stacked release. For the worst case scenario, the expected dose at the nearest site boundary is slightly above the 10 mrem limit (with the conservative 10% HTO assumption). The expected dose at 300 meters is however less than the 10 mrem limit. Models have been independently verified by JLAB RadCon (see TBD ???)
[bookmark: _Toc429448553]Task 8:  Complete
The risk analysis should follow tables 4.2-4.5 of JLAB’s FSAD, rev. 6 and use realistic target failure probabilities.
See Ref  [40] and Section 20 of report.
 Response to Committee Report 15 September 2015
A review of the tritium target was performed on 15 September 2015. The committee presented a report with their conclusions. This document is a summary of the action items given in the report. The action items are sorted into the following categories:
· Administrative Tasks
· EHS Tasks
· Equipment Related Tasks
· Shipping/Handling
· Procedural/Training Tasks
Green highlighted tasks are fully complete.
Yellow highlighted tasks have a working status.
Red tasks have not been addressed or have issues with completion.
Administrative Tasks
Task 1 Complete
Hall A and Hut are considered “Confinement”, not “Containment/confinement” per DOE Handbook on Tritium Handling and Safe Storage.
Documentation has been changed to be consistent with this definition.
Task 2 Working
Safety controls must be considered in the Facility Safety Assessment Document (FSAD).
The tritium target is considered an USI. This is addressed in the FSAD update. R. May is responsible for completing this task.
Task 3 Complete
Explore using OTR from the Be window as a beam diagnostic.
The possibility of using the Be window for an OTR has been investigated. The principle has advantages however due to close proximity of the window to the target face, the Be window is not visible from downstream. Unfortunately this window will also be difficult to see from the upstream side as well due to the narrow collimator installed. Therefore, using OTR on the Be window as a beam diagnostic has been determined to be not practical.
Task 4 Working
Develop/Implement public information campaign for employees and public (Lab Leadership) on science case and engineered safety controls.  Have contextual information ready in case of incident. Publish article discussing tritium target issues.
This process has been started. Upper Management, RadCon, and JLAB Public Affairs are responsible for completing this task.
Task 5 Working
Educate NNFD on the hazards of Tritium so as to assist them in preparing to respond to an emergency event (Emergency Manager).
Meeting is planned with NNFD. Minimal to no additional requirements for emergency response are anticipated. K. Welch is lead for addressing this issue.
Task 6 Complete
Institute CANS for access control, evaluate for the Green Door.
A CANS access point has been installed on this door. Additionally, another CANS access point is scheduled for installation at the top of the Hall A truck ramp to activate the rollup door. This access point shall only be available from the inside of the ramp.  FML is completing the final installation in Spring 2016.
EHS Tasks
Task 1 Complete
Re-do/check certain aspects of atmospheric dispersion at site boundary, evaluate building wake turbulence (Rad/Con).
Keith Welch completed a separate calculation summarized in the TBD:
Title:  Technical Basis for Stack Height to Meet Design Goals for Public Doses in the Event of a Release from a Proposed Tritium Target
Author: K. Welch    
Reviewer: R. May
Date approved: 2/24/16
Approved by: V. Vylet
 Recheck has confirmed original results.
Task 2 Complete
Savannah River will provide advice on bioassay, emergency response.
SRTE (T. Edwards) has been in communication with JLAB RadCon on this issue. M. Keller is lead on this issue.
Task 3 Working
Define radiological controls, including bioassay requirements.
JLAB RadCon is working with SRTE (T. Edwards) to develop program. Note that this program will be more accurately described as a bioassay screening program. M. Keller is lead for completing this task.
Task 4 Complete
The control of Hall access during "restricted" access needs to address the issue with the door between the accelerator and the Hall.
This has been addressed by adding a CANS access point to this door.
Equipment Tasks
Task 1 Working
We agree with “freezing” the design of the target and not allowing changes without an AD-level review/approval.
Target design has been modified slightly. This was necessary for the cell assembly to fit into the BTSP. The alteration of the design affected the end shipping cover and the valve subassembly and did not affect the cell entrance window or main body.  Physics AD approval of this change is pending the review of the design by R. Wines and T. Whitlatch.
Task 2 Complete
We support the goal that the final target ladder configuration be finalized by March 1, 2016.
The target ladder including gas targets, solid targets, and optics/dummy targets has been finalized.
Task 3 Complete
No changes to the target ladder shall be allowed during the running of the four experiments.
Agreed. No changes are planned or required for the ladder during the experiment.
Task 4 Working
All pressure system analyses provided during the review need to be reviewed and approved prior to February 1, 2016.
Review of the pressure system analysis is currently underway. Alterations of the design required by shipping/packaging constraints resulted in a short delay in this process. Anticipated completion date for this review to be completed is 15 April 2016. R. Wines and T. Whitlatch are performing review. Review shall be documented using JLAB Document Repository.
Task 5 Working
It is important that detailed schematics of vacuum systems and exhaust systems presented today be checked or certified for functionality of what they are intended for. The as-built systems need to be simulated/tested before tritium target cell arrival from SRTE.
The details of the vacuum and exhaust schematics are formally given on the system P&ID JLAB drawing TGT-103-1001-0000. This drawing is filed in the JLAB Document Repository. The following approvals (indicated by e-sign) shall be required:
· C. Jones FML
· JLAB Fire Protection Engineer (Ed Douberly)
· Target Group Lead C. Keith
· JLAB DA D. Meekins (Author)
· JLAB RadCon K. Welch
· Hall Engineering R. Wines
· Industrial Hygiene J. Williams 
· Physics Division DSO E. Folts
The vacuum system shall be certified by formal leak testing performed by a qualified JLAB vacuum leak test technician (P. Hood). The results of the leak test shall be documented and filed in the appropriate pressure system folder.
The exhaust system shall be certified for two cases:
· Case 1:  Low flow for Hut
· SRTE Engineer will perform and teach JLAB DA to certify flow through Hut using calibrated ADM for initial certification.
· Later certification checks shall be performed by JLAB and documented. Documentation shall be filed in appropriate pressure system folder.
· Case 2:  High flow
· SRTE Engineer will perform and teach JLAB DA to certify flow through exhaust system stack using ADM for initial certification.
· Later certification checks shall be performed by JLAB and documented. Documentation shall be filed in appropriate pressure system folder.
In both cases a report giving results of certifications shall be forwarded to FML, JLAB FPE, and RadCon. These reports shall be filed in the appropriate pressure system folder.
Task 6 Complete
Consider adding unique identifiers (aka color/names) to the target gas cells.
While not explicitly specified in Rev 0 of this document it is standard procedure to uniquely and permanently label all components in target cell assemblies. This provides traceability for dimensional, material, welding, fabrication, and assembly examinations. Each component shall be scribed with a unique JLAB serial number. Each cell assembly shall be examined using procedure TGT-PROC-15-002. The procedure also includes an examination form detailing requirements, tolerances, thickness measurements, torque specifications and checks, etc. Using the cell filling procedure (TGT-PROC-15-003), the cell fluid is recorded and permanently documented. This provides full traceability for the target cell and fill fluid. Note tritium cell assemblies shall be labeled JLAB-T2-01 , -02 etc.
Task 7 Complete
Consider the collateral damage if the adjacent cell has a catastrophic failure.
Note that the mechanical and chemical stored energy contained in each of the cells is extremely low. There are no credible sources of overpressure other than application of external heating. The only credible source of external heat affecting a single cell (e.g. not fire) is that of beam heating. Numerous safeguards exist that mitigate the risk of excessive beam heating. However, should beam heating provide such an extreme source of unremoved heat, the cell will fail in a ductile mode meaning the debris from a failure would not exit. Regardless of the above argument, any debris from a non-ductile failure would be directed out away from other cells in the stack which would remain unaffected.
Task 8 Complete
Consider physical keys on the target cells/ladder to ensure that each target cell can only be mounted at one location.
Each target cell is uniquely labeled with full documented traceability. The use of unique keys would require at least one full set of spares. It is the opinion of the DA that such a standardization is the better choice in this case.
Task 9 Complete
Determine the maximum thickness and location for an exit window that does not negatively impact the physics program.
It is clear that a Be window located about 50cm downstream from the target would negatively impact the physics from a data collection standpoint. This would however increase the dose for anyone working at or near the target/pivot. The relatively low tritium exposure to the exit pipe is unlikely to affect future work on this component due to current contamination. The cost of replacing this component is also not prohibitive. Tin summary, a 0.015 inch thick window would not negatively impact the physics but, would likely result in higher doses to personnel working near the pivot. Note that collimator and sieve slit changes are planned.
Task 10 Working
Stress corrosion testing of pre-cracked Aluminum samples should be evaluated after 4, 8 and 12 months as planned and information should be utilized to determine the range of safe life-cycles of target cells.
Testing is currently underway. Results are not yet available. These results shall be formalized and reported to Physics DSO.
Shipping
Task 1 Complete
The transportation requirements for shipping the container must be fully understood and implemented with respect to flammable gas and radioactive material requirements.
[bookmark: _GoBack]The tritium cell will contain a type A quantity of tritium inside a user specified container. The Bulk Tritium Shipping Package has been approved for use at SRS. The BTSP is certified to ship type B quantities contained in a user specified package. The BTSP is fully acceptable for use as the shipping container for the tritium cell. The BTSP exceeds the requirements for shipping hazardous material, type A quantities of Radioactive materials, and this quantity of flammable gas.
Task 2 Issues
Arrange for just-in-time delivery of the cell to minimize the potential for outgassing within the shipping container.
The complexity of scheduling, filling, leak testing, packaging and shipping at SRTE will not allow for just-in-time delivery of the tritium cell. Therefore two options exist. 1)  JLAB intentionally delays filling/shipping until the run is expected to start. 2)  The tritium cell is shipped near the run start date and will be received in the Hall. The cell will remain in the Hall inside the BTSP until it is installed.
Task 3 Working
Perform a dry-run with helium to validate design of packaging methodology.  Consider dry-running forklift and installation operations as well.
Each target cell shall undergo substantial leak testing which is summarized below:
· Leak test with He in reverse mode 500 psi internal pressure no covers installed.
· Leak test with He in reverse mode 1000 psi internal pressure with covers installed.
· Leak test on valve stem He in normal mode at 500 psi internal pressure
· No covers installed.
· Valve torqued to required setting
· Measures valve leak through
· Each leak test is documented and filed with pressure system documentation.
· Leak test is done on each cell.
· Traceable with serial numbers
Note that there is no need to certify the BTSP which has undergone extensive testing and analysis. The MTV shall be secured inside the BTSP. Cell assembly mounted in MTV shall undergo drop testing at approved testing lab (Applied Testing Services). There are no plans to perform dry runs with forklift.
Task 4 Working
Receiving should be done directly by the RadCon department. Inspection requirements will be defined with respect to acceptable limit of tritium contamination/outgassing.
Receiving shall be performed by JLAB RadCon in collaboration with JLAB Target Group DA. The following procedure for receipt of the BTSP/cell is under development: TGT-PROC-16-004. JLAB RadCon and DA are working with SRNL to develop the procedure and determine acceptable limits for observed tritium outgassing.
Task 5 Working
Keep shipping container staged nearby for potential storage needs.  Evaluate need for alternate storage location.
Agreed. The BTSP, when not containing the tritium cell, shall be stored in the Target Group Rad Area (note this is not a radiation area). The BTSP shall be used to store the cell when it is removed from the scattering chamber. The use of a locked and sealed storage box for the BTSP (containing the tritium cell) is being investigated. The storage location shall be in Hall A.
Procedural
Task 1 Working
The anticipated release dose relies on proper functioning of systems and correctly following of applicable procedures established for each release scenario. In the worst case scenario when no procedure is followed and all safety systems failed, a modest dose rate of 1.5 rem is anticipated. It is important that operational procedures are well established and followed by all personnel.
Agreed. All personnel entering Hall A while the tritium target is located therein, shall receive training (Tritium I). Escorting personnel without this training shall not be allowed. This does not apply to SRS personnel involved in packaging/shipping the BTSP. Standardized procedures for general access and work in Hall A are under development. Detailed procedures for specific target tasks, beamline tasks and tasks near the pivot shall be numbered, rev’ed, and stored in the JLAB Document Repository. These procedures shall only be performed by trained and qualified personnel. Note that Tritium II training shall be required for all personnel working near the tritium cell.
Task 2 Working
The large number of administrative elements involved in maintaining the required beam size, beam current, target cell locations will require establishing detailed procedures and comprehensive training of relevant staff.
Agreed. The following training shall be required for all personnel working in Hall A during the tritium run period. 
· Tritium I:  for general access and work in Hall A.
· Tritium II:  for work near the tritium target or vacuum system while target is installed. 
· Tritium I:  General Hall A Access
· Web based RadCon training to be developed by M. Keller
· Work in Hall A but outside Tritium Zone 
· All Hall A shift workers/ARMS
· Tritium II:  
· Classroom RadCon training for work inside Tritium Zone to be developed by M. Keller
· Tritium target operator training:  Analogous to Hall A cryotarget training.
· BTSP:  Training required for sealing and shipping BTSP
· Only required by SRS personnel performing these functions. JLAB personnel shall not perform these functions
· SRS personnel not required to take Tritium I and II.
· Standard Hall A training
· Other training as required by JLAB ES&H Manual
Task 3 Working
Define restrictions/requirements during installation, changeover of equipment and post installation
· Staffing levels 
· Access controls/CANS 
· Training requirements
· Crane usage
· Local emergency response
· Et Cetera
and present at the equipment-related readiness review.
The following staffing levels shall be required:
· Normal staffing levels are expected for standard operations
· Limited staff and controlled access for special conditions
· Target cell installation/removal
· Material handling inside Tritium Zone
· Unforeseen issues (all governed by TOSP/OSP)
· Staffing limited to personnel required to perform the work safely (RadCon, Hall A Tech Staff, Target Group).
· Staffing will be determined by TOSP/OSP and RWP
· Access to Hall under special conditions shall be determined by Hall A work coordinator.
The following access controls shall be followed:
· CANS on ALL access points
· Tritium I is required for all personnel doors to be opened.
· All doors shall be posted with tritium signage.
· Truck ramp doors controlled by CANS
· Limited to Hall A Technical Staff and Target Group Lead
· Tritium II is required to activate as well as being on limited list
· No limits on staffing in Hall A are foreseen with exception of work near target/pivot and during critical operations
· Controlled access protocols shall be in use during installation, removal, and other critical material handling operations on or near the target when it is in place.
· Access shall be limited to essential personnel
· Work shall be governed by OSP/TOSP and RWP as applicable
The following training is required:
· Tritium I:  for general access and work in Hall A.
· Tritium II:  for work near the tritium target or vacuum system while target is installed. 
· Tritium I:  General Hall A Access
· Web based RadCon training to be developed by M. Keller
· Work in Hall A but outside Tritium Zone 
· All Hall A shift workers/ARMS
· Tritium II:  
· Classroom RadCon training for work inside Tritium Zone to be developed by M. Keller
· Tritium target operator training:  Analogous to Hall A cryotarget training.
· BTSP:  Training required for sealing and shipping BTSP
· Only required by SRS personnel performing these functions. JLAB personnel shall not perform these functions
· SRS personnel not required to take Tritium I and II.
· Standard Hall A training
· Other training as required by JLAB ES&H Manual
The following material handling requirements shall be met:
· Two cases:
· Lifts outside of Tritium Zone
· Lifts inside Tritium Zone
· Normal ESH requirements shall be met
· Lifts/handling inside Zone:
· TOSP required
· Tritium II Training required
· Lift plan required
· RWP/RadCon approval of TOSP required
· Lifts/handling outside zone:
· No special requirements
· Normal ES&H requirements
· Truck ramp access has special procedure
Local emergency response is not expected to be impacted by the tritium target. The following outline for emergency response:
· Emergency response governed by Emergency Responder’s Guidebook.
· RadCon TBD to address minor edits
· Only minor changes are expected
K. Welch is responsible for addressing issue
Task 4 Working
Develop Hot Checkout Tool for Tritium Target with 2 layers of “hands-on” verification.
A “Hot Checkout” list using a model similar to the Hall D Hot Checkout is under development. This system requires the following:
· Component level checklists performed by individuals
· Checklists shall be logged in HALOG/TargetLog
· Two signatures shall be required for checklist to be accepted.
· Subsystem level signoff by approved individuals
· System level signoff by approved individuals
· Final readiness signoff (by Hall leader or Physics DSO)
· Tool is under development by Hall A staff





[bookmark: _Toc429448554] Summary of Calculations
Below is a list of calculations supporting some of the data used in this document.
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System Hall A Tritium Target Date
Prepared By Dave Meekins
Notes


Potential cause


O
cc


ur R.P.N. Actions Taken Se
v


O
cc


ur


R.
P.


N
.


4 A/C power failure 4 4


> FSD on Power supply
> FSD on comparator


> Cell design with cooling give cell long life in these conditions
> Check raster size at start/during run


> Multilayer containment with controlled release


1 2 0


Hardware error 2 0


> FSD on Power supply
> FSD on comparator


> Cell design with cooling give cell long life in these conditions
> Check raster size at start/during run


> Multilayer containment with controlled release


1 2 0


4 Operator error 3 4


> FSD on Power supply
> FSD on comparator


> Procedures and training
> Cell design with cooling give cell long life in these conditions


> Check raster size at start/during run
> Multilayer containment with controlled release


1 2 0


4 Harware error 2 3


> FSD on Power supply
> FSD on comparator


> Cell design with cooling give cell long life in these conditions
> Check raster size at start/during run


> Multilayer containment with controlled release


1 2 0


4 Software error 2 3


> FSD on Power supply
> FSD on comparator


> Cell design with cooling give cell long life in these conditions
> Check raster size at start/during run


> Multilayer containment with controlled release


1 2 0


4 Conductor failure 1 1


> FSD on Power supply
> FSD on comparator


> Cell design with cooling give cell long life in these conditions
> Check raster size at start/during run


> Multilayer containment with controlled release


1 2 0


4 structural failure 1 1


> FSD on Power supply
> FSD on comparator


> Cell design with cooling give cell long life in these conditions
> Check raster size at start/during run


> Multilayer containment with controlled release


1 2 0


4 Power Failure 4 4


> Robust design simply warms up
> FSD on over temp (redundant)


> Multilayer containment with controlled release
1 4 1


4 ESR equip fail 4 4
> Robust design simply warms up
> FSD on over temp (redundant)


> Multilayer containment with controlled release
1 3 1


4 ESR operator fail 2 3


> Robust design simply warms up
> FSD on over temp (redundant)


> Procedures
> Multilayer containment with controlled release


1 1 0


4 Operator error 3 4


> Robust design simply warms up
> FSD on over temp (redundant)


> Procedures and training
> Control has redundant hardware interlocks that do not 


require software
> Multilayer containment with controlled release


1 2 0


4 Hardware failure 2 3


> Robust design simply warms up
> FSD on over temp (redundant)


> Procedures and training
> Multilayer containment with controlled release


> Control has redundant hardware interlocks that do not 
require software


1 1 0


4 software failure 2 3


> Robust design simply warms up
> FSD on over temp (redundant)


> Procedures and training
> Control has redundant hardware interlocks that do not 


require software
> Multilayer containment with controlled release


1 1 0


4 Operator error 3 4


> Procedures and training
> Software limits on slit opening
> DB of limits for target position


> Multilayer containment with controlled release
3 2 2


4 Hall CH crew failure 4 4
> Shift crew cannot override limits


> Multilayer containment with controlled release 3 0 0


4 spontaneous failure 3 4


> Conservative design
> No source of overpressure


> Cell temp < 150K with beam
> Selected alloy T2 compatible (@ T,P)


> Multilayer containment with controlled release
> T2 Monitor/alarm/exhaust systems


3 1 1


4 cell overpressure 3 4


> Conservative design
> No source of overpressure


> Cell temp < 150K with beam
> Selected alloy T2 compatible (@ T,P)


> Multilayer containment with controlled release
> T2 Monitor/alarm/exhaust systems


3 1 1


4 beam induced failure 3 4
> See above (Beam raster and Target temp)


3 1 1


4 control system failure 3 4


> Conservative design
> No source of overpressure


> Cell temp < 150K with beam
> Selected alloy T2 compatible (@ T,P)


> Multilayer containment with controlled release
> Hard stops on motion


> T2 Monitor/alarm/exhaust systems


3 1 1


4 Impact load 4 4
> No auxiliary equipment in chamber


> Hard stops on motion 3 1 1


4 See Case 1 0 See Case 1 0


4
Puncture of scattering chamber and cell 


with foreign object
3 4


> Procedure to move target to HOME prior to access
> Procedure to cover windows for heavy work near pivot


> Multilayer containment with controlled release outer layer 
Hall A


> Procedures for truck ramp protocols
> T2 Monitor/alarm/exhaust systems


3 1 1


4 Crane/forklift/HEO accident 1 1


> Heavy work in Hall performed under procedures only by 
qualified/trained personnel


> T2 Monitor/alarm/exhaust systems 3 1 1


Case 3:
Catastrophic cell failure while in 


restricted access


> Uncontrolled T2 release 
> T2 contamination of Hall and beamline


> dose to worker > 1 rem
> dose to public over 10 mrem 


0 See case 2 0 0
> See Case 2


> Truck ramp protocols equiv controlled access 0 0 0


4 Dropped cell 4 4


> Conservative design with window covers
> Procedures/training


> PPE
>  Multilayer containment with active air prevents worker dose


> T2 Monitor/alarm/exhaust systems


3 1 1


4 puncture with tool 4 4


> Conservative design with window covers
> Procedures/training


> PPE
>  Multilayer containment with active air prevents worker dose


> T2 Monitor/alarm/exhaust systems


3 1 1


4 Procedural error 2 3


> Conservative design with window covers
> Procedures/training


> PPE
>  Multilayer containment with active air prevents worker dose


> T2 Monitor/alarm/exhaust systems


3 1 1


Case 5:
Catatsrophic cell failure while 


shipping


> Uncontrolled T2 release 
> T2 contamination of Hall and beamline


> Possible high dose to public over 10 mrem 
4 Severe impact load 2 3


> Tripple layer containment
> DOT procedures/requirements 2 2 1


4 Operator error 4 4


> Releif system at 1000 psi
> Design pressure with shipping covers meets 1000 psi


> filled in glove box
> Procedures/training


> T2 Monitor/alarm/exhaust systems


3 1 1


4 catastrophic cell failure 4 4


> Releif system at 1000 psi
> Design pressure with shipping covers meets 1000 psi


> filled in glove box
> Procedures/training


> T2 Monitor/alarm/exhaust systems


3 1 1


Requirement 3:
CL-1:


containment level 1
holds 100% of T2


Case 4: 
Catastrophic cell failure while 


installing or removnig cell


> Uncontrolled T2 release 
> T2 contamination of Hall and beamline


> dose to worker > 1 rem
> dose to public over 10 mrem 


> Injury from flying debris


Case 6:
Catatsrophic cell failure while 


filling/recovering T2


> Uncontrolled T2 release 
> T2 contamination of Hall and beamline


> dose to worker > 1 rem
> dose to public over 10 mrem 


> Injury from flying debris


Case 2:
Catastrophic cell failure while in 


controlled access


> Uncontrolled T2 release 
> T2 contamination of Hall and beamline


> dose to worker > 1 rem
> dose to public over 10 mrem 


Beam Overcurrent


> Uncontrolled T2 release 
> Cell wall temp hi


-> beam induced embrittlement
> release of T2 from CL-1


> T2 contamination of Hall and beamline
> dose to worker > 1 rem


> dose to public over 10 mrem 


Requirement 2:
Target cell temp below 150K 


with beam on Control system failure


> Uncontrolled T2 release 
> Cell wall temp hi


-> beam induced embrittlement
> release of T2 from CL-1


> T2 contamination of Hall and beamline
> dose to worker > 1 rem


> dose to public over 10 mrem 


ESR Failure


> Uncontrolled T2 release 
> Cell wall temp hi


-> beam induced embrittlement
> release of T2 from CL-1


> T2 contamination of Hall and beamline
> dose to worker > 1 rem


> dose to public over 10 mrem 


> Cell temp hi
> beam induced embrittlement


> drill hole in cell
> release of T2 from CL-1


> T2 contamination of Hall and beamline
> dose to worker > 1 rem


> dose to public aver 10 mrem 


Magnet failure


Requirement 1:
Beam Raster


2x2 mm
(long term)


Control system failure


> Cell temp hi
> beam induced embrittlement


> drill hole in cell
> release of T2 from CL-1


> T2 contamination of Hall and beamline
> dose to worker > 1 rem


> dose to public over 10 mrem 


Raster power supply failure


> Cell temp hi
> beam induced embrittlement


> drill hole in cell
> release of T2 from CL-1


> T2 contamination of Hall and beamline
> dose to worker > 1 rem


> dose to public over 10 mrem 


9/8/2015


System FMEA using JLAB (Ref  ANSI/GEIA-STD-0010-2009).


Action results
Function / Requirement Potential failure mode Potential effect of failure SE


V


Cl
as


s Current process controls


CASE:1
Catastophic cell failure
while in beam permit


> Uncontrolled T2 release 
> T2 contamination of Hall and beamline


> dose to worker > 1 rem
> dose to public over 10 mrem 







4 Dropped/puncture cell 4 4


> Releif system at 1000 psi
> Design pressure with shipping covers meets 1000 psi


> filled in glove box
> Procedures/training


> T2 Monitor/alarm/exhaust systems


3 1 1


3 Pump vented to Hall 0 Pumps vented to exhaust system 2 1 0


3 Beam steering error 4 4


> Collimators installed to prevent cell dammage
> Ion chamber FSD


> T2 Monitor/alarm/exhaust systems
2 1 0


3 Puncture 4 4


> No auxiliary equipment in chamber
> Hard stops on motion


> window covers on when working near pivot
> Heavy work near pivot requires procedures


> T2 Monitor/alarm/exhaust systems


2 1 0


Always open to beamline 4 0
Isolation window


2 2 1


3 Always open to beamline 4 4
Isolation window


2 2 1


3 Puncture 4 4


> No auxiliary equipment in chamber
> Hard stops on motion


> window covers on when working near pivot
> Heavy work near pivot requires procedures


> T2 Monitor/alarm/exhaust systems


2 2 1


3 Pump vented to Hall 4 4
Pumps vented to exhaust system


2 2 1


0 See Case 2 0 0
See Case 2


0 0 0


4 Both ramp doors open 4 4


> Ramp protocols
> Training/procedures


2 2 1


Case 4:  Installation/removal of cell


> Uncontrolled T2 release 
> T2 contamination of Hall and beamline


> dose to worker > 1 rem
> dose to public over 10 mrem 


> Injury from flying debris


4  Chamber must be open 4 4


> Handling Hut
> Exhaust system connected to chamber


Forced air to "contain T2"
> Procedures for installation/removal and training


> Hut+Exhaust give 2nd containment


2 1 0


Case 5:
Catatsrophic cell failure while 


shipping


> Uncontrolled T2 release 
> T2 contamination of Hall and beamline


> Possible high dose to public over 10 mrem 
4  Severe impact load 2 3


Primary, secondary and terciary containment designed for 
some impact loading


2 2 1


3 Door propped open 4 4 Procedures/training/signage/CANS activated 3 2 2


3 Both ramp doors open 4 4
Procedures/training/signage/CANS activated


Ramp Protocols
3 2 2


3 Power failure 4 4 Backup Power 3 2 2


3 Mech failure 2 2 Use smoke system 3 1 1


Shipping container fails
> Uncontrolled T2 release 


> T2 contamination of Hall and beamline
> Possible high dose to public over 10 mrem 


4 Severe Impact 2 3
Primary, secondary and terciary containment designed for 


some impact loading
2 2 1


Possible T2 release up ramp and/or into labyrinth
Uncontrolled release of T2Requirement 4:


CL-23
containment level 3is 


maintained for controlled 
release


Includes Hall A and Exhaust 
system


Requirement 4:
CL-2:


containment level 2 is 
maintained for controlled 


release


Hall A open


Exhaust system failure
T2 trapped in Hall A and Leaking out


Uncontrolled release of T2


 


Case 3: Restricted Access
> vacuum failure


> Pump exhaust to Hall A
> Open to upstream beamline


> Failure to provide level 2 containment
> Uncontrolled T2 release 


> T2 contamination of Hall and beamline
> dose to worker > 1 rem


> dose to public over 10 mrem
> truck ramp release possible


> Failure to provide level 2 containment
> Uncontrolled T2 release 


> T2 contamination of Hall and beamline
> dose to worker > 1 rem


> dose to public over 10 mrem 


 


CASE:1  while in beam permit
> vacuum failure


> Pump exhaust to Hall A
> Open to upstream beamline


 


  
   


 
    


 


    
      


      
       


    


Case 2:  While in controlled access
> vacuum failure


> Pump exhaust to Hall A
> Open to upstream beamline


> Failure to provide level 2 containment
> Uncontrolled T2 release 


> T2 contamination of Hall and beamline
> dose to worker > 1 rem


> dose to public over 10 mrem 
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Document Number Description

TGT-CALC-103-001  Tritium exhaust ventilation

TGT-CALC-103-002 Pressure calculations for cell

TGT-CALC-103-003  Electron beam energy loss in cell

TGT-CALC-103-004  Release of tritium into hall and worker exposure

TGT-CALC-103-005 Electron beam energy loss in Be isolation window

 

TGT-CALC-103-006 Multiple scattering of beam in Be isolation window

TGT-CALC-103-007 Elastic plastic analysis of cell assembly with shipping covers

 

TGT-CALC-103-008 Thermal analysis of cell entrance window in beam

 

TGT-CALC-103-009 Thermal analysis of Be window in beam

TGT-CALC-103-010  Tritium cell pressure and permeation rate

TGT-CALC-103-011 Hot Spot simulations of tritium target release

TGT-CALC-103-012  Thermal stress analysis of the entrance window

TGT-CALC-103-013 Thermal analysis of main body

TGT-CALC-103-014  Thermal stress analysis of main body

TGT-CALC-103-015  Thermal analysis of exit window with no raster

TGT-CALC-103-016 CFD simulation of T2 gas in beam under normal running conditions

TGT-CALC-103-017 Thermal mechanical model of cell exit window with no raster

TGT-CALC-103-018 Thermal analysis of cell surface temperature in ambient air

TGT-CALC-103-020 Structural analysis of stack

Tritium Target Summary of Calculations

Pressure system number PS-TGT-12-001


Microsoft_Excel_Worksheet14.xlsx
Sheet1

		Tritium Target Summary of Calculations

		Pressure system number PS-TGT-12-001

		Document Number		Description

		TGT-CALC-103-001		 Tritium exhaust ventilation

		TGT-CALC-103-002		Pressure calculations for cell

		TGT-CALC-103-003		 Electron beam energy loss in cell

		TGT-CALC-103-004		 Release of tritium into hall and worker exposure

		TGT-CALC-103-005		Electron beam energy loss in Be isolation window

		 TGT-CALC-103-006		Multiple scattering of beam in Be isolation window

		TGT-CALC-103-007		Elastic plastic analysis of cell assembly with shipping covers

		 TGT-CALC-103-008		Thermal analysis of cell entrance window in beam

		 TGT-CALC-103-009		Thermal analysis of Be window in beam

		TGT-CALC-103-010		 Tritium cell pressure and permeation rate

		TGT-CALC-103-011		Hot Spot simulations of tritium target release

		TGT-CALC-103-012		 Thermal stress analysis of the entrance window

		TGT-CALC-103-013		Thermal analysis of main body

		TGT-CALC-103-014		 Thermal stress analysis of main body

		TGT-CALC-103-015		 Thermal analysis of exit window with no raster

		TGT-CALC-103-016		CFD simulation of T2 gas in beam under normal running conditions

		TGT-CALC-103-017		Thermal mechanical model of cell exit window with no raster

		TGT-CALC-103-018		Thermal analysis of cell surface temperature in ambient air

		TGT-CALC-103-020		Structural analysis of stack
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