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1. Introduction

NOvA will be using Devcon Plastic Welder 60 for gluing PVC panels together.  The main ES&H hazard of this adhesive is methyl methacrylate vapor (MMA).  Ventilation is needed in the area of the glue machine and the block construction in order to insure that the concentration of methyl methacrylate is kept within acceptable levels.  The volume of adhesive that is going to be applied per day is approximately 35 gallons, however, it is difficult to extrapolate from that the exposure levels and required ventilation.  Exposure levels to methyl methacrylate can ultimately only be determined by actual measurements under production conditions.  However, in order to size the ventilation system in the building measurements of methyl methacrylate concentrations measured during smaller gluing operations, calculations of theoretical concentrations, and recommendations by ASHRAE, and the experience of industrial users of this adhesive can be used as a guide for making recommended ventilation requirements.
The American Conference of Governmental Industrial Hygienists Threshold Limit Values in 2006 for methyl methacrylate is an 8 hr time weighted average concentration (Threshold Limit Value-TLV) of 50 ppm (205 mg/ m3 air).  The OSHA Permissible Exposure Limit is 100ppm.  The target concentration though for the experiment should be lower than these requirements to insure the health of the workers and to minimize the annoying smell.  A target of keeping the concentrations to 10ppm or less is used in this paper.  
2. American Society of Heat, Refrigeration, and Air Conditioning Engineers  (ASHRAE) Recommendations
ASHRAE provides recommended volume air changes per hour for a range of industrial settings.  For industrial settings where chemicals are used (i.e.car body shops) the recommended air volume change is approximately 6-10 volume changes per hour.  This might be applicable to the area of the block raiser but in the region of the glue machine where the vapors will be more concentrated ASHRAE recommends using locally concentrated ventilation that forces air at a specific velocity.  ASHRAE recommends 100-150 fpm velocity in regions that produce a lot of vapors.  
3. Test Measurements
A prototype IPND block has been constructed which was 9ft x 13ft and 4 layers thick.  Measurements of the methyl methacrylate concentration were made during this construction.  The ES&H report is included in Appendix 1.  During this test there was no direct air movement in the area of gluing by fans and the actual volume exchange in the building was not known.  More importantly though, the gluing occurred in a large high bay area with a very large volume of air over 1.5 hours so there was a very large volume for the methyl methacrylate vapors to dissipate into.  Over time though the concentration would most likely have increased as the methyl methacrylate filled the volume of the building.  The highest time weighted average concentration of methyl methacrylate was 21.3ppm for one of the glue applicators but only 3.1ppm in the area immediately next to the block being constructed.  
This test showed that the concentration of methyl methacrylate was below the recommended threshold; however, it is desired to keep the concentration in the region of only 10ppm during actual production.  

4. Calculations
A simple box model was created for the region of the glue machine and block raiser using the methods described in Chapter 5 of “Mathematical Models for Estimating Occupational Exposure to Chemicals”.  The calculations are shown in Appendix 2.  A conservative mixing rate of 50% was used.
Calculations based on a generation rate provided by Devcon, methyl methacrylate is generated at 46.2 g/minute in the glue machine area and 27.7 g/minute in the assembly area.  ANL ES&H is currently measuring the actual generation rate.  For a given exposure rate the concentration within an enclosed box is determined by the volume flow rate.  As the volume increases the time constant needed to get to the steady state concentration will change but the steady state concentration is determined by the volume flow rate of air.  
In the glue machine region a box volume of 55ft x 10ft with a 5ft height was used.  A ventilation of 38,000 CFM is needed to keep the concentration equal to 10ppm if a mixing ratio of 1.0 is used.  A mixing ratio of 1.0 is justified in this case because there will be strong localized ventilation which will insure that the MMA is completely mixed and extracted from the surface of the glue machine.   If air is blown in a direction perpendicular to the extrusion length this corresponds to an air velocity of 138 fpm.  

In the region of the assembly area a box volume of 55ft x 55ft with a 20ft height was used and a mixing ratio of only 0.50 was used.  The lower mixing ratio is used because a larger volume of air is available for mixing the MMA and the ventilation will not be as localized.  A ventilation of 50,000 CFM is needed to keep the concentration to 10ppm. 
5. Industrial Experience
A manufacturer of spas currently uses a Devcon product that is nearly identical to NOvA’s Plastic Welder 60.  They currently use a localized ventilation system that puts out between 10,000 – 13,000 CFM to ventilate an area of approximately 50ft x 50ft with a 15ft which approximately 15-19 volume changes per minute.  A total of 55 gallons of adhesive was dispensed over an 8 hour work shift.  
6. Conclusions
At this point in time it is difficult to know exactly what ventilation is needed in order to keep the concentration of methyl methacrylate to acceptable levels.  It is clear though that localized ventilation will be needed in the region of the block raiser and the glue machine.  Air brought into these regions will pick up the methyl methacrylate vapors and then be exhausted to the outside.  Another option would be to run the circulating air through a filter system rather than exhausting it to the outside.  However, such systems are expensive and it might not be cost effective to install such a system for only the 2 year assembly time.  

In order to make a best guess at the required ventilation a number of sources, measurements, and calculations were examined for guidance about what the proper ventilation should be.  Based on this examination it is recommended that a push-pull ventilation system in the region of the block raiser be installed that provides a minimum of 25,000 CFM.  This is half of the ventilation rate calculated by the simple box model.  However, based on the industrial experience and initial testing during prototypes it is felt that this is justified.  

The glue machine has a much higher concentration of MMA and must be ventilated using a localized system.  This localized system would be a push/pull system that would drive air across the glue surface and extract the MMA.  The air in this system does not have to have the humidity control or the same level of control of the temperature as the rest of the building.  A wider range on the temperature (+/- 10F) would be acceptable and there would be no requirement on the humidity.  A localized ventilation system would provide a continuous 200 fpm velocity of air over the entire 52ft length of the module.  The air should flow in a direction that is perpendicular to the length of the module.  Ducting will be placed along the length of the glue machine on two sides.  This ducting will blow air across the surface of the module in a direction that is perpendicular to the length of the extrusion.  An air velocity of 100fmp is needed which corresponds roughly (Assuming a volume of 55ft x 5ft high x 10ft across) of 27,500 CFM.  
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SUBJECT:  Industrial Hygiene Survey Report—NOVA Project Adhesive Testing – Revised 


Operation Surveyed:

Test gluing of PVC plastic panels. Panels measured approximately 26x156 inches and 26x108 inches. Glue was applied to the panels by 2 applicators at a nearby table. Fermilab project personnel served as glue applicators. Panels were then carried and fitted in place by the applicators. Panels were laid on the floor where they were fitted into a 13x9 foot horizontal structure.  These large panels were stacked four tiers upwards with glue applied to the underside of the top three layers.  Panel directions alternated every layer.  Adhesive was applied to approximately 351 square feet of paneling altogether.

Location Surveyed:


Building 366, Highbay
Material or Hazard Measured:
Methyl Methacrylate   

Product is DEVCON Plastic Welder 60.  Application was from double tubes holding adhesive and activator using a pneumatic applicator gun. 

Amount Used:  Approximately 10,000 ml (25 cartridges, each containing 400 ml of adhesive)

Application Time:  Approximately 102 minutes

Method of Measurement: 

Methyl methacrylate was collected on activated charcoal sorbent tubes treated with catecholamine and analyzed by gas chromatography. 
Sample Description and Results:  
NOVA PROJECT ADHESIVE AIR SAMPLING SUMMARY

BUILDING 366 HIGH BAY

ADHESIVE USED:  DEVCON Plastic Welder 60

AMOUNT USED:  Approximately 10,000 ml

	SAMPLE NO.
	DATE
	NAME/ BADGE NO.
	LOCATION/ OPERATION
	METHYL METHACRYLATE SAMPLE CONC. / 

8 HR. TWA (PPM1)

	39588
	1/24/2007
	
	East Side of Panels on Floor
	3.1

	39589
	1/24/2007
	
	Next to Gluing Station
	8.1

	39590
	1/24/2007
	M. Slabaugh/ 14132N
	Adhesive Application
	14.7 / 3.1 

	39591
	1/24/2007
	K. Kephart/ 03119N
	Adhesive Application
	21.3 / 4.5 


     1parts per million parts of air
8-Hour time weighted averages (TWA) were calculated for personal samples for the adhesive applicators. The application process was a short operation (102 minutes) compared to a full shift (480 min.). The TWA for this operation integrates the sample conc. with no potential exposure during the remainder of the day. Under these conditions, TWA values were within the applicable standard. 

Full-shift adhesive application would likely result in methyl methacrylate TWA values close to or somewhat higher than the sample conc. depending on the local conditions (ventilation or no ventilation, application rate, volume of material used, etc.). 
Applicable Standards: 
Methyl methacrylate - American Conference of Governmental Industrial Hygienists Threshold Limit Values for 2006 - 

8 hr time weighted average concentration (Threshold Limit Value-TLV): 50 ppm (205 mg/ m3 air) 

15 minute short term exposure limit (STEL): 100 ppm (410 mg/ m3 air) 

Recommendations:

1. Results of this survey indicate exposures to methyl methacrylate below current occupational exposure standards. Although the operation was on a larger scale than previous tests, it should not be used to confidently predict conditions for the full size NOVA neutrino detector construction.
2. Measurement of the emission factor for methyl methacrylate during curing is needed to reliably model full-scale conditions and plan any necessary ventilation controls. A better estimate of emission factor for this process can be obtained through chamber tests where conditions can be better controlled. IH can conduct these tests; we would like to meet to get your input on the proposed test protocol.
3. Notify EQO-Industrial Hygiene at 2-3310 or email me when additional adhesive testing is planned or construction started for the Fermi Neutrino Detector to be constructed in the building 366 high bay. We would like several days advance notice to fit this additional monitoring into our work schedule. 

Supervisors in areas monitored must notify employees of representative sampling results in writing, either individually or by posting sampling results in an area accessible to affected personnel. The entire survey report need not be presented; however, where exposures exceed permissible exposure levels, planned corrective action must be indicated. Records of this notification must be maintained by your Division in an auditable form and may be reviewed during DOE or internal audits. If you or employees have questions regarding interpretation of results, contact Industrial Hygiene at 2-3310.

Date of Survey:
  1/24/2007




cc:  L. Reed



Surveyed by:       K. Rohrer



      
       J. L. Stalker, MD


  J. T. Davis



       
       J. Woodring
Analysis by:        NATLSCO Laboratory
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