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Purpose

This procedure describes performing X-ray verification of waste prior to packaging for final disposal.

Applicability 
This procedure provides guidance on performing x-ray verification, evaluating x-ray images for possible non-compliant or prohibited articles in waste packages, segregating any non-compliant waste packages from compliant waste packages for further evaluation, and documenting this information prior to waste packaging.

Definitions/Acronyms

· RW & MS – Radioactive Waste & Material Services

· RGD – Radiation Generation Device

· RWP – Radiation Work Permit

· WIS – Waste Inventory Sheet

· FSR – Field Service Representative

Responsible Staff

· Only qualified Radioactive Waste & Material Services (RW&MS) staff members or other authorized, qualified personnel may perform any operations via the use of this procedure.

· Radiological Control Technician performing “Hold Points” during use of this procedure.  

Emergency Response

In the event of building audible alarms (e.g., fire or criticality, CAM or ARM), personnel shall follow RPL building Emergency Procedure. 

In the event that emergency shut down of the Line-scan 237 is required, the Custodian or Operator shall complete the following steps in sequence:

· Remove feet from foot pad or press “STOP” button.
· Turn main key switch to “OFF” position.

· Remove key.
Equipment

· Line-scan System Model 237

Prerequisites 

Operators must be trained by the RGD Expert or the RGD Custodian to use the Line-scan 237 X-ray unit.

· RGD operators must complete RGD‑specific training before performing unsupervised operation of the RGD. The RGD custodian or RGD expert shall conduct the training, which must be documented in writing.

· A current list of authorized operators must be posted in the Line-scan 237 Compliance Notebook.

· A current / valid RWP shall be used when RGD unit is used for scanning radioactive waste.

Hazards Mitigation

· Exposure to ionizing radiation will be mitigated by the use of shielding, distance, time, and suitable protective clothing and equipment. Staff training will be used to minimize the possibility of staff injuries or excessive radiological exposure. 

· No safety interlocks shall be violated during the operation of the X-ray inspection.

· Sharp objects in bags will be padded

· Loose clothing will not be worn around moving belt 

Work Instructions

1.0 Pre-Operational Checks

General Pre-Operational Requirements

1.1. Ensure the lead vinyl curtains in the entry and exit tunnels have no missing pieces or torn strips of material.   

1.2. Inspect the conveyor belt for tears, sharp protrusions at the sides, or in the lacing to prevent damage to waste packages during inspection.

1.3. Check all access panels to ensure they are all fastened securely to the frame of the machine.

1.4. Check the control panel main lock switch for signs of tampering by unauthorized personnel.

2.0 Operating the X-ray Machine

Caution:  Do not open the access panels located below the machine during operation.  Although they are interlocked for safety and will shut down the unit, high voltage and radiation dose may be present, which could result in electrocution or unnecessary radiation exposure.

Caution:  Keep hand away from the conveyor belt and end rollers during operation, as they may be pinched. 

Caution:  Do not insert any part of the body, into the inspection chamber or allow others to while the x-ray machine is on, as unnecessary radiation exposure will result.  If waste packages should become jammed during operation, the machine shall be turned off, the control key removed from the main power switch prior to any attempt to clear the inspection chamber.

Caution:  Only qualified personnel shall perform any adjustments or repairs.

Note:
If any problems are discovered during the operation of this x-ray unit, immediately shut down the system and notify RGD Qualified Expert for further instructions.

2.1. Check-out the key for the Waste Management lock box to obtain the main power switch key for the x-ray unit.

Radiological Control Hold Point: Waste packages awaiting verification must be surveyed for external contamination when removing from drums or boxes.  Re-bag and re-survey when contamination is detected.

2.2. Obtain key from Waste Management Lock Box.

2.3. Turn the main key switch to the ON position.

2.4. Activate the safety mat interlock by standing on the mat (or resting the operators feet on the mat) to start self-test. 

2.5. Document self-test using the RGD 356 Operational Usage Log Sheet.

2.6. Ensure warning devices and safety interlocks are fully operational.

2.7. Record any equipment or system failure in the Operational Usage Log Sheet and notify the RGD Custodian. 

Caution:  Do not operate the Line-scan 237 until the noted problems have been corrected.  

Note:
A chime will alarm and an amber beacon will flash (located on the x-ray unit) for 10 seconds, signaling power to the x-ray unit.  The line-scan 237 unit will perform a self-test to ensure all components are working correctly and interlocks are not violated.  During the self-test the conveyor belt will run in reverse and a WAIT message will be displayed in the message bar at the bottom of the monitor screen.  During the self-test, x-rays will be generated for a short time.  The illumination of three red lights located on the x-ray unit and one red light located on the control panel will indicate when x-rays are present.  When the self-test is successfully completed, the conveyor belt will stop and a SYSTEM READY message will be displayed on the bottom of the monitor screen and the control panel.

Note:
The leading edge of the item should be square with the end of the conveyor belt to break the photocell beam located inside the tunnel cleanly.  If more than one item is to be screened, then the items should be placed at least 6” apart.  As the item breaks the photocell beam, a signal initiates the x-ray source and the image forming process.  

2.8. Place waste package or item(s) onto the center of the conveyor belt.

2.9. Activate the safety mat interlock by standing on the mat, (or resting the operators feet on the mat).

2.10. Press the FORWARD or REVERSE button to position the waste item(s) into the tunnel.

2.11. Prior to screening each item (bag) initiate a PNNL Verification Worksheet (Attachment 2) by completing steps 1-6 of the worksheet

2.12. Once the waste item has cleared the tunnel, press the STOP button or remove feet from foot pad to discontinue the conveyor belt motion.

2.13. Enhance the picture using any of the following electronic features, if applicable.

2X Zoom-- By pushing the zoom directional keys once a 2X zoom can be accomplished in the desired viewing area of the screen.

4X Zoom—By pushing the zoom directional keys and holding down the 0 button a 4X Zoom can be accomplished in the desired viewing area.

Black and White Reverse---An image option which reverses a monochrome image so that black is displayed as white and white is displayed as black.  This can be used to identify fine wires and other light details.  To use this option, press the B/W REV button on the control panel.

Organic Stripping—An image option which removes all organic material from a color image so that only inorganic material is displayed.  To use this option, press the ORG STRIP button on the control panel.

Inorganic Stripping--- An image option which removes all inorganic material from a color image so that only organic material is displayed.  To use this option, press the INORG STRIP button on the control panel.

Pseudo Color--- An image option which changes the normal monochrome image to a color image to display object in different colors according to density.  To use this option, press the PSUEDO button on the control panel.

Edge Trace--- An image option which emphasized the edges of objects in the monochrome image.  To use this option, press the EDGE TRACE button on the control panel.

High Penetration---An image option which enhances contrast in dense objects in the monochrome image.  To use this option, press the HI PEN button on the control panel.

Lighter Option---An image option which lightens an image in both the monochrome and color images to enhance the contrast of dense objects.  To use this option, press the LIGHTER button on the control panel.

Darker Option---An image option which darkens an image to enhance the contrast of low-density objects.  to use this option, press the DARKER button on the control panel.

Normal Option---An image option which returns an image in the monochrome and color images to its normal contrast setting after the lighter and darker options are used to adjust the contrast.  To use this option, press the NORMAL button on the control panel.

Note:
If any hazardous / prohibited articles are discovered or suspected inside the waste package(s), then the package(s) shall be segregated awaiting further evaluation.  Notify the RGD Custodian of this situation and manage the packages containing hazardous / prohibited or suspected hazardous / prohibited waste articles accordingly.
2.14. Review the waste inventory sheet and compare with the waste package using the following guidance for screening. Note any discrepancies on the PNNL Verification Worksheet (Attachment 2) in the comments section.

2.14.1. Ensure no hazardous waste or prohibited articles or waste articles that contain hazardous waste or prohibited articles are listed on the Waste Inventory Sheet or are not listed on the Waste Inventory Sheet but appear to be located in the waste package.  See bulleted list of items for prohibited articles discovered in low-level waste packages.

· Incandescent Light Bulbs

· Batteries or items that contain batteries

· Lead

· Lead based solder

· Respirator Combo HEPA Filter GMA-H

· Respirator Combo HEPA Filter GMD-H

· Circuit boards removed from the original component

· Unauthorized chemicals

· Hazardous waste articles / chemicals

· Free liquids.  This includes containerized liquids as well as any small amount of liquids that can seep together from containers and accumulate during compaction process.

· Non-punctured aerosol cans

· Pressurized Vessels

· 10% void space in final waste package.  The void space within or between objects such as pipes that are greater than 2 inches in diameter are also included in void space calculation.

2.14.2. Ensure the waste matrix of the bag matches the waste description specified on the  Waste  Inventory Sheet.

2.14.3. Ensure the estimated volume percentages are similar to the volume percentages specified on the Waste Inventory Sheet.

2.14.4. Ensure all metals or other “dark” objects appearing on the x-ray image, are accurately accounted for on the WIS.

2.15. Document the items verified in the waste package on the PNNL Verification Worksheet (Attachment 2).  Follow all instructions listed on verification form and instructions while performing verification of the waste package.

2.16. Remove the waste package from the conveyor belt.
Radiological Control Hold Point:  Ensure radioactive material tags are placed on each waste bag (or on a container if multiple waste bags are loaded into a single container).

2.17. If the waste package passes verification send it/stage it for packaging or disposal. 

2.17.1. Attach the verification worksheet to the Waste Inventory Sheet. 

2.17.2. Initial bag near IRM item number.

2.18. If the waste package does NOT pass verification, segregate for further evaluation.

2.18.1. Print image of the waste package.

2.18.2. Make copies of the PNNL Verification Worksheet, the WIS and the printed image to send to waste generator.  

2.18.3. Notify the RGD Custodian, the waste generator and the FSR within 24 hours of failure.  

2.18.4. Make arrangements to promptly return failed waste package to generator.  

2.19. Repeat steps 2.6 through 2.15.4 for further waste package verifications.

2.20. Clean-up work during and upon completion of verification activities.

2.21. Turn the key switch to the “OFF” position and remove key.

2.22. Return the key to the lock box.

Attachments

Attachment 1 – OJT Forms

Attachment 2 – RGD 56 Operational usage Log Sheet

Attachment 3 – PNNL Verification worksheet and instructions
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