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Introduction

The National Compact Stellarator Experiment, NCSX, is scheduled to begin construction at PPPL. Due to the complexity of the coil and vessel design, new and sophisticated methods of assembly will be required and done at PPPL. The NCSX program has determined that the optimum space in which to perform the delicate and complicated fabrication and assembly is the now dormant TFTR test cell. 

The TFTR test cell is the optimum space for this project; however, it has one drawback: the TFTR test cell was not fully decontaminated and released as a clean area. Along with materials saved from TFTR which are housed in the test cell, there are many areas of contamination above our release limits of 1,000 dpm/100cm2, and in general, a radiation environment well above background levels, thus preventing the free release of the area. 

A. Regulatory Basis:
The current DOE-Princeton University contract requires PPPL to comply with a number of DOE Directives.  One such Directive is DOE Order 430.1A, “Life Cycle Asset Management.”  To provide implementation guidance for this Order, DOE has published several Guides including DOE G 430.1-4, “Decommissioning Implementation Guide”. This Guide includes the following requirement that pertains to the proposed free release of the TFTR test cell:

“For real property (that is, facilities or sites) to be released without radiological restrictions, the release criteria shall be developed on the basis of the guidelines found in Chapter IV of DOE 5400.5, Radiation Protection of the Public and the Environment, and proposed for codification at 10 CFR 834. The process of establishing release criteria starts with the guideline values for residual radioactive material.”

In DOE 5400.5, Chapter IV, the guidelines for residual radioactive material for use of property without radiological restrictions include the following criteria that are applicable to the TFTR test cell (from Section IV.4):

“(c) External Gamma Radiation. The average level of gamma radiation inside a building or habitable structure on a site to be released without restrictions shall not exceed the background level by more than 20uR/hr and shall comply with the basic dose limit when an “appropriate-use” scenario is considered.”

“(d) Surface Contamination. The generic surface contamination guidelines provided in Figure IV-1 are applicable to existing structures and equipment.”

The “basic dose limit” is 100 mRem per year and the surface contamination limit provided by Figure IV-1 of DOE 5400.5 for tritium is 1,000 dpm/100cm2.

Releasing The TFTR Test Cell.

Applying this regulatory guidance, it is concluded that the TFTR test cell cannot be released for use without radiological restrictions for the following two reasons:

1. External gamma radiation fields in the test cell exceed the background levels by more than 20 µR/hr.  Background dose rates at PPPL are defined in the “Background Dose Equivalent Rates At Princeton Plasma Physics Laboratory (PPPL) Report”, OPR-R-46-CAO. The values used for release of all materials since this report was published in 1994 are 5.0 microRem/hour inside the TFTR test cell, and 7 microRem/hour outside the TFTR test cell, specifically on the D-Site Grounds. 

As noted above, the test cell cannot be free released if the gamma radiation background level exceeds 25 microRem/hour. The latest gamma radiation readings from the entire 102’ pedestal area averages in excess of 1 mRem/hour (1,000 microRem/hour), well above the release limit as defined in 5400.5. Also, there are areas on the neutral beam boxes which exceed 2.5 mRem/hour (2,500 microRem/hour) again well above the release limits. Areas exceeding the release limits have also been measured on other objects in the test cell that are smaller in size such as brackets, bolts, and miscellaneous steel structures.

2. Surface contamination in excess of 1,000 dpm/100cm2 has been found in many areas of the test cell including the floor, the walls, overhead structures, the crane, and the ceiling structures. 

Decontamination or removal of the radioactive material in the TFTR test cell to levels that would meet the free release criteria of DOE Order 5400.5 and DOE G430.1-4 would be problematic for the following reasons:

1. The staffing levels needed for both a decontamination effort and a Health Physics (HP) survey effort do not currently exist. 

2. Areas of contamination in some cases are not accessible enough to fully decontaminate. Contamination has also been discovered in concrete dust generated from drilling holes in the test cell floor. 

3. In some cases, test areas that have already been decontaminated have later been shown to be re-contaminated while decontaminating other areas.

4. The planned TFTR test cell occupation schedule for NCSX would make it very difficult complete an adequate decontamination effort in time.

5. The neutral beam boxes and all related activated material would need to be removed from the test cell or adequately shielded (e.g., with lead). Extensive surveys of other activated components such as the fire suppression system, lighting system, and crane would need to be made and, if found to be in excess of 25 microRem/hour, would need to be removed and disposed of as radioactive material.

Where residual radioactive material in an area exceeds guideline values (as noted above), DOE Order 5400.5 requires the following administrative controls (from Section IV.6):

“The administrative controls include but are not limited to periodic monitoring as appropriate; appropriate shielding; physical barriers to prevent access; and appropriate radiological safety measures during maintenance, renovation, demolition, or other activities that might disturb the residual radioactive material or cause it to migrate.”
This discussion below will indicate how NCSX can proceed with its planned use of the TFTR test cell in its current radiological state, while complying with regulatory requirements in a manner that minimizes Project costs.

B. Test Cell Radiological Status

· Activation

The TFTR test cell contains some leftover components from TFTR and a few areas that are mildly activated. All workers will be required to wear dosimetry when working in the test cell. There will not be any additional requirements for NCSX workers (See Releasing The TFTR Test Cell above for specific levels of activation).

· Tritium Contamination

The TFTR test cell has defined contamination areas and additional areas known to be contaminated with tritium in and on the overhead structures, including the fire suppression system, lighting, duct work, and the overhead crane. Additionally, the test cell has elevated airborne levels of tritium contamination above background, high levels of contamination inside the duct work, and inaccessible areas which are known to be contaminated.

HP has performed testing over the past few months (July 2003 – August 2003) while the test cell HVAC system was placed into purge mode in an attempt to scrub the surfaces and slowly decontaminate the test cell. Twenty-four (24) areas were marked around the test cell outside of known contamination areas. Each time the test cell was opened for daily operations, smears were taken from the labeled areas.  The cumulative data to date does not indicate any major trend, up or down, in the contamination levels for the marked areas. There is also some concern that the continuous smearing of the same areas may, in fact, be introducing a local “decontamination” effect (the slight downward trend in the data may be due to this effect).

Additionally, HP has performed random smears around the test cell in different locations during this same time period. The random smears produced results similar to those in the marked areas; however on several occasions, results in excess of 1,000 dpm/100cm2 were obtained.

There are also several areas marked as contamination areas at the floor level in the test cell. These areas consistently yield results in excess of 1,000 dpm/100cm2, and are isolated and are already posted and controlled accordingly.

C. Requirements to work inside the TFTR Test Cell

Based on the conditions noted above, the TFTR test cell must continue to be posted as a Radiologically Controlled Area (RCA), and the individual contamination areas inside the test cell must continue to be posted as specified in 10CFR835. In accordance with the Radiation Work Permit (RWP), the area needs to be surveyed daily before occupancy and all materials leaving the test cell must be surveyed for tritium contamination.

A bioassay program for workers inside the TFTR test cell (to assess possible tritium uptake) will not be a requirement of the RWP. Only HP personnel are now subject to Bioassay. External dosimetry will be required and anyone working in the test cell must be radiation safety qualified.

D. Impact of the Radiological Requirements on the NCSX Project:

1. HP will require funding support to open the TFTR test cell and manage the movement of materials in and out during operations. It will take approximately 1.5 person hours/day to open the test cell. Surveying outgoing materials from the test cell can be done on an individual or batch basis, depending on the operations being performed. Under normal circumstances, this would not be a daily operation.

2. A concern has been expressed that an assembly of complex multi-part assemblies will become internally contaminated above 1000 dpm/100cm2 and would therefore have to be monitored throughout it’s lifetime after NCSX leaves the assembly phase and goes into operation. HP does not consider this concern to be a problem based on the following:

a. We have not witnessed a tritium “raining” effect inside the test cell. From our past experience during D&D and our continuous monitoring of the test cell since D&D activities have stopped, we have not seen any evidence that tritium is falling, as a particulate, to the floor or other surfaces in the test cell from the overhead components.

b. There has been no evidence to show that current contamination areas are expanding due to tritium migration. Within a few feet of our radiological barriers the tritium levels remain fairly consistent.

c. Our latest data implies that the tritium contamination seen around the test cell floors is dynamic and most likely due to moisture deposition on the surfaces. At the same time, it appears that these surfaces also release tritium back into the room atmosphere. These areas therefore appear to be dynamically exchanging tritium with the room atmosphere which causes a lower level chronic contamination effect.

d. Regardless of final assembly state, materials surveyed out of the TFTR test cell by HP for free release are no longer of radiological concern when they move to other non-radiological facilities at PPPL or off site. Tracking of these materials for potential contamination is not required and will not be performed.

E. Recommendations for Working in the TFTR Test Cell

The following actions should be considered to further minimize any potential radiological impacts of NCSX work in the TFTR test cell:

1. If possible, move the neutral beam boxes to one area of the test cell where they can be protected and covered with an additional screen or enclosure, thereby limiting the potential for the spread of contamination inside the test cell to clean areas.  Consider replacing flexible “elephant trunks” used for venting the neutral beam boxes to the stack with hard pipe or duct.

2. Decontaminate the current “hot spots” on the floor level inside the test cell.

3. Move the Ion Sources to the Mock-Up building Clean Room Mezzanine, or above the labyrinth inside the TFTR test cell at the south west corner. Cover these sources to prevent the spread of contamination. The preferred storage location for these sources would be outside the test cell. If the spares are needed for NSTX, there would be no interruption of NCSX activities inside the test cell and no opportunity to contaminate the test cell during their movement.

4. Make full use of the crane’s remote controls so people do not need to access the crane from overhead where known contamination exists.

5. Run the de-humidifier in the test cell to further reduce any airborne tritium contamination.

6. Cross train the assigned HP technician to perform NCSX assembly activities. This will optimize the Project’s use of the HP technician. 

7. Minimize the tools that enter and leave the test cell. The Project’s cost for an HP technician can be significantly reduced by minimizing the amount of material that must be surveyed leaving the test cell. This was a lesson learned during D&D. Making maximum use of tools that exist in the test cell (if possible) and limiting use of external tools will reduce the effort of surveying the material out of the test cell.

8. Investigate the possibility of performing some of the epoxy fabrication inside an additional enclosure which can be vented and controlled, eliminating the possibility of contaminating the material from the overhead areas. The “tent” or enclosure does not need to have any side curtains, just a top. This will eliminate the possibility that materials which may fall from the overhead might contaminate an object in fabrication.

9. Implement good general housekeeping practices. Oils, solvents, water and other greases and dirt can attract tritium. 

10. Any leftover or opened epoxies should be hardened and not disposed of as separate liquids.

11. When in doubt, treat waste as radiological trash. Rags and garbage can be easily compacted and would not add a significant volume of trash to our current radwaste inventory. This will eliminate the need to survey out materials that are difficult to process.

Conclusions:

From a health and safety perspective, and in accordance with our regulatory guidance, the low levels of contamination found in most of the TFTR test cell should not curtail or add a considerable cost to the NCSX assembly and fabrication effort. Because there are low levels of contamination and some activation, we cannot avoid posting the test cell as a radiologically controlled area (RCA) nor can we ignore the regulatory requirements to survey and protect the area. But, because the radiation and contamination levels are so low, we can safely work in this area with minimal HP requirements. We estimate that the total HP effort for the project will be 2/3 of an FTE, or approximately $155k per year in FY04 dollars. Initial support needs may be as high as 1 FTE, but should decrease after a relatively brief period of time. This is based on the assumption that there will be a considerable amount of initial preparation work with rigging and equipment that will be used for fabrication, including drilling into the test cell floor. Because of the presence of tritium in the floor, any procedure such as this will require HP support. 
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