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OPERATIONAL SAFETY

Laboratory fume hoods are fitted with moveable sashes which have laminated safety glass.  The sashes are intended to provide a safety barrier between the interior of the fume hood and the laboratory.  Sashes should only be opened (full or partially) when laboratory personnel set up and/or modify a procedure.   At all other times sashes should be closed.  All hood manufacturers and laboratory air flow control manufacturers agree that a closed sash represents the safest operating condition.

Relying on laboratory personnel to close the sash, when access is not required into the fume hood, has not proven to be a viable solution in the real world.   Every person is concerned with their personal safety but the consensus seems to be "I'm very careful and have never had an accident and I'll close the sash if I am concerned".  Repeated observations of operating laboratory facilities have shown that sashes are routinely left open. 

The Automated Sash Positioning System marketed by Accu*Aire Controls solves the closure issue for single and dual (side by side) vertical sashes.  The ASPS permits laboratory personnel access into the fume hood whenever such access is required and when access is no longer required the sash automatically closes.  However, if any object has been left in the path of the sash the downward movement will be stopped before the sash strikes that object.  The sash will then oscillate up and down, over a short vertical path, until the object has been removed.

Life safety should never be compromised in the event of any emergency such as an explosion, fire, major spillage etc.  This means that laboratory personnel should immediately exit the laboratory.  Under NO circumstances should they return to the location of the emergency, typically a fume hood, to activate an alarm device.  The alarm device should be wall mounted on the door handle side of each egress from the laboratory.  It should be of the push button design so that it can be readily activated without impeding exit from the laboratory. 

Activation of the push button should immediately and simultaneously close all the vertical sashes and drive ALL fume hood and general exhaust control valves to their FULL open position.  Sash closure will help to confine smoke/fumes within the fume hood and the maximum exhaust will remove them as rapidly as they are generated. 

Another emergency that could occur, without initial detection, is an exhaust fan malfunction or total failure.  The air flow control system should immediately sense the start of such a problem and open the exhaust flow control valves so as to increase actual exhaust flow in an attempt to match set point exhaust flow based on sash opening positions.  Failure to accomplish same should then result in the ASPS automatically lowering the fume hood sashes to restore exhaust flow balance.  Total exhaust fan failure will result in the ASPS closing the fume hood sash.

Simultaneously with the above, the supply air valves should track the actual exhaust flow and if it goes to zero flow the supply valves should go to full closure – zero flow.  This will maintain the lab integrity in that it will remain static pressure neutral with respect to the surrounding non lab areas. 

An audible alarm signal should be initiated as the above described emergency progresses and it should increase in intensity as the divergence between set point and actual exhaust flow increases.  Personnel should exit the laboratory when the audible signal is first heard activating the emergency push button as they exit.

In summary, the ASPS automatically opens the sash when laboratory personnel require access into the fume hood and guarantees that the sash will be closed at all other times.  In the event of any emergency situation laboratory personnel should immediately exit the laboratory activating the emergency purge button.  This activation will immediately result in closure of all vertical sashes while moving all fume hood and general exhaust valves to their maximum full flow open positions.  The supply valves will track the exhaust valves and also move to their full flow open positions except in the event of an exhaust fan failure in which case the supply valves will move to full closure zero flow position.  This sequence of operations will maximize operational safety with respect to personnel and the laboratory.

 

FUME HOOD CONTAINMENT

All fumes generated in the interior of a fume hood must be contained within the hood and exhausted out of the hood.  The velocity of exhaust air moving from the laboratory into the fume hood thru the opening between the hood working surface and the bottom of the open sash is critical. 

The definitive standards that establish the acceptable range of face velocities are the American National Standard for Laboratory Ventilation (ANSI/AIHA Z 9.5), the National Fire Protection Association Standard NFPA 45 and ANSI/ASHRAE 110-1995 Method of Testing Performance of Laboratory Fume Hoods.  The ANSI/AIHA Z 9.5 and NFPA 45 Standards limit the average face velocity between 80 – 120 FPM with no face velocity measurement more than plus or minus 20% of the average.  NFPA 45 requires a minimum exhaust volume thru the hood foil opening of 40 CFM per lineal foot of sash width when the sash is closed.

ANSI/ASHRAE 110-1995 in the foreword lists six important factors that are not described in the standard but affect safe operation of fume hoods.  Four of these factors are outside of the capabilities of the designer of the laboratory air flow control systems.  The two remaining factors are concerned with rate of response of the air flow system to sash movement and with the effect of cross drafts on containment.   The air flow control system design should provide the required rate of response.   Cross drafts are the responsibility of the designer of the air flow system.   The standards writing organizations caution that room air currents at the fume hood be limited to 30% of the average face velocity to ensure maintenance of fume hood containment.  This means 30 FPM at 100 FPM face velocity and 24 FPM at 80 FPM face velocity.

The effects of inadequate containment can be very insidious.   Chemicals can kill now, three months from now or years from now.  In 1996 Amoco Corporation closed one entire floor of one building at its Naperville, Illinois Research Center because of an inexplicably high rate of brain tumors among employees – at that time 10 employees were affected.  Several of the employees had spent a year or less in the labs.  In 1997 several additional employees were found to have brain tumors.  One person had retired in 1980 and only worked six months in the labs.

The contention has been made that adequate containment is really an issue confined to industrial or institutional laboratories not academic laboratories because of the small quantities of chemicals used in academic facilities.  In fact one manufacturer of Air Flow Control Systems states that face capture velocities, based on absence of presence in front of a fume hood, can be safely reduced to 60 FPM.  This without any containment concerns. 

An article titled "Applying Process Hazard Analysis to Laboratory HVAC Design" published in the February 1998 ASHRAE Journal addressed the above issue. 

It stated that regardless of the laboratory involved (industrial, academic or institutional) the same chemicals and materials will be used as in a hazardous chemical or biochemical process facility, but in smaller and more varied quantities.  Therefore, the hazards with any laboratory facility can be as severe as in a process facility.

The safest design approach, which is the basis of all Accu-Aire Controls designs, is to conform with the accepted definitive standards referenced above.  If the specifications, design criteria etc. reference a listing of Associations, Codes, Standards, etc. their distinct implication is that a legal commitment exists to fully comply with all provisions contained therein.  Note that basing face capture velocity on recommendations in lieu of standards (ex: 60 FPM) does not void the legal commitment if the design's specifications etc. reference any of above cited standards. 

 

AIR FLOW DIVERSITY

Laboratory Variable Air Volume Air Flow Control Systems are presumed to save energy compared with Constant Air Volume Exhaust Systems.  They will so function only if diversity is present and diversity can only be achieved by reducing the total volume of air exhausted from the laboratory.  This is because the major operating cost in the laboratory is that related to conditioning the supply air.

One such approach called Adaptive VAV is based on reducing the face capture velocity thru an open sash to 60 FPM when no presence is detected in front of the hood.  The acceptability of this design approach plus the legal commitments involved was addressed in the previous containment discussion. 

The ASPS does not require any reduction in face capture velocity.   The ASPS maximizes diversity because it guarantees sash closure during all non-working hours and during all working hours except when laboratory personnel require access into the fume hood.  Such access is typically about one hour during eight working hours.

This guaranteed diversity can be reflected in new installations in either a reduction in the size and/or scope of the central HVAC plant or, if future growth is contemplated, a known increase to accommodate that future growth. Regardless, the projected first cost savings in the central HVAC plant will usually result in less than a one year payback relative to the installed cost of the ASPS.

The decided benefits of the ASPS with respect to existing systems resulting from the guaranteed diversity is the reduced demand on the central HVAC plant.   This could permit an undersized plant the capability of handling a greater existing demand or even handling the greater existing demand and still have reserve capacity for future growth. 

A complete analysis of the diversity issue and its effect on total yearly energy cost and pay back will be found in an article titled "VAV Sashes Help Cut Down On Fume Hood Air Loss" published in the June 1997 Energy User News.

