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Testing Woodworking Ventilation Systems
The accumulation of wood dust creates potential heath and fire hazards.  A properly operating industrial ventilation (IV) system provides health and property protection from finely divided wood particles.  This article describes the procedures the Naval Facilities Engineering Service Center (NFESC), ESC425, follows for performing an IV system evaluation at woodworking facilities.

First, walk through and inspect the entire shop and IV system.  Look for physical damage to the IV system, detached ductwork, woodworking equipment condition, and wood dust accumulation  inside the shop.  Examine the insides of  each piece of woodworking equipment, including the exhaust hood and ductwork for plugging.  Additionally, inspect the  condition of the exhaust fan and air cleaning device.  If any problems are found during the inspection, notify the proper authorities to correct the condition before performing the system evaluation.

Next, make a sketch of the entire shop (including equipment without exhaust ventilation) and the IV system layout.  Include on the sketch the equipment operation (e.g., band saw, jointer, etc.) and equipment manufacturer, all duct diameters, as well as the exhaust fan and air cleaning device location.  Show any shop obstructions that could affect the performance of the IV system.

After drawing the sketch, drill holes (use a 3/8” bit) at each piece of equipment for pitot traverse testing locations.  The testing locations should be at least 7.5 duct diameters downstream from any disturbance (e.g., elbows, branch entries).  If there isn’t enough straight duct, perform the pitot traverse in a location where the disturbances are  minimized.  Verify the duct diameter and mark the testing locations on the shop sketch.  

Woodworking facilities throughout the Navy vary, however, most use dampers or blast gates to control the airflow at each piece of equipment. Currently, the National Fire Protection Association  Standard 664 requires the capacity of the IV system to be calculated on the basis of all hoods and other openings connected to the system being open (Section 8-2.5.2).  However, this standard applies to new facilities or existing facilities being rebuilt or remodeled, and does not apply to small-scale woodworking operations.  Previous woodworking facilities usually calculated the capacity of the IV system on the basis of half the equipment in operation at one given time. 

We perform a series of IV system testing combinations.  Initially, test the IV system performance with all dampers and blast gates (including floor sweeps) open.  This is the worst-case scenario.  If the performance of the IV system is deficient after performing this test, talk to the shop supervisor to determine what operations occur most frequently and the number of personnel in the shop at any given time.  Leave the dampers and blast gates open on these operations and close the remaining equipment dampers and blast gates.  Perform additional testing combinations on the IV system by varying which equipment dampers and blast gates are open or closed.  After the worst-case testing, close the floor sweeps.  They are used primarily at the end of the day, and not during woodworking facility operation.

For each IV system testing combination, perform a pitot traverse at each piece of equipment and in the main duct.  For each pitot traverse, record the velocity pressures and corresponding air velocity.  Average the air velocities (not the velocity pressures) to determine the final duct velocity.  Next, determine the volumetric airflow rate for each piece of equipment by using the following equation: Q = V(A, where Q is the volumetric airflow rate in cubic feet per minute (cfm), V is the duct velocity in feet per minute (fpm), and A is the duct area in square feet (ft2).  Furthermore, at each pitot location take a static pressure measurement in inches water gauge (in. wg).  If the IV system is operating properly, its continued effectiveness can be assured so long as this original static pressure value does not change.  This relationship will remain true as long as there are no changes to the IV system.

The pitot traverse in the main duct determines the IV system total volumetric airflow rate and should equal the sum of the individual pitot traverses taken at each piece of equipment.  This main pitot traverse is usually taken at the exhaust fan inlet.  While working at the exhaust fan, inspect the condition of the fan belts and pulleys, check the direction of fan rotation and measure the fan speed (rpm), measure the motor voltage and amperage, take a static pressure reading at the inlet and outlet of the exhaust fan, and record the fan and motor nameplate information.     

The air cleaning device, usually a centrifugal cyclone collector (sometimes a baghouse, or both), is located immediately before or after the exhaust fan.  Check the overall condition of the air cleaning device, including dust accumulation or plugging.  Measure the static pressure at the inlet and exit of the air cleaning device to determine the static pressure drop across the air cleaning device.

Some woodworking facilities have a replacement air system to provide make-up air into the shop.  Perform a pitot traverse to determine the total volumetric airflow rate of the replacement air system.  Check the overall condition of the replacement air system and measure and record the same information taken at the exhaust fan and motor.  Measure the shop room static pressure relative to the outside.  This indicates the amount of replacement air relative to exhaust air.  The shop should have a slightly negative room static pressure--around  -0.04 ( 0.02 in. wg.  Finally, check the distribution of the replacement air into the shop.  Smoke tests provide a means to check the airflow pattern inside the room.  Report any cross drafts or turbulence the replacement air system creates.

Before leaving the shop, have an operator demonstrate each piece of equipment.  Record the results of the demonstration.  Pay close attention to see if the exhaust system is capturing and removing the wood dust.

Now it’s time to record the data into a report.  Check the volumetric airflow rate measurements to the airflow rate requirements.  Airflow rate requirements can be found in Industrial Ventilation, a Manual of Recommended Practice, by the American Conference of Governmental Industrial Hygienists (ACGIH) or by contacting the equipment manufacturer.  Confirm the sum of the individual equipment airflow rates equal the total airflow rate of the exhaust fan.  Ensure the minimum transport velocity (MTV) is maintained in each duct segment.  Depending on the piece of woodworking equipment, the MTV will be around 3,500 to 4,500 fpm.  It is critical to never fall below the MTV in woodworking systems, otherwise, duct plugging occurs and the IV system becomes ineffective.  Report any modifications that have been made to the original IV system.  Improper modifications could also render the IV system ineffective.  Also, report any wood dust accumulation inside the shop that could pose a fire or explosion hazard.

In 1989, the Occupational Safety and Heath Administration (OSHA) proposed a single permissible exposure limit (PEL), eight hour time weighted average (TWA), of 5 milligrams per cubic meter and a short term exposure limit of (STEL) of 10 milligrams per cubic meter for both hardwood and softwood.  OSHA also proposed a separate PEL-TWA of 2.5 milligrams per cubic meter for “western red cedar”, a highly allergic species of soft wood.

ACGIH recommends a single threshold limit value (TLV-TWA) of 5 milligrams and a STEL of 10 milligrams per cubic meter for softwood.  For certain hardwoods, such as beech and oak, a TLV-TWA of one milligram per cubic meter.

Information on testing IV systems can be found in:  

· Industrial Ventilation, a Manual of Recommended Practice, 22nd Ed., American Conference of Governmental Industrial Hygienists, Chapter 9.

Information on woodworking IV systems can be found in the following references:

· American National Standard Institute (ANSI) Standard O1.1, Safety Requirements for Woodworking Equipment,

· Industrial Ventilation, a Manual of Recommended Practice, 22nd Ed., by the American Conference of Governmental Industrial Hygienists, Section 10.95

· MIL-HDBK 1003/17C, Industrial Ventilation Systems, Section 10

· National Fire Protection Association (NFPA) Standard 664, Prevention of Fires and Explosion Wood Processing and Woodworking Facilities
· OSHA Title 29, Code of Federal Regulations Part 1910, Section 213, Woodworking Machinery Requirements

If you have any questions or comments regarding this article or on IV system testing, contact the IAM via e-mail at IAM@nfesc.navy.mil.


   Woodworking IV System Testing Checklist


Walk through the woodworking shop and inspect the condition of the woodworking equipment and IV system.


Make a sketch of the woodworking shop.




Mark testing locations, record duct size, and drill holes (3/8” bit) for each pitot traverse.


Open all dampers or blast gates for initial IV system test.

(Open/close blast gates for additional testing combinations.)


Perform pitot traverses and determine the volumetric airflow rate for each piece of equipment and in the main duct.


Inspect the exhaust fan and record the fan and motor manufacturer nameplate information.  


Check the fan rotation.  Measure the fan speed, voltage, and amperage.




Measure the static pressure at the inlet and exit of the exhaust fan.




Inspect the air cleaning device and measure the static pressure drop across the air cleaning device.


Inspect the replacement air system, determine the airflow rate, and measure the fan properties (see exhaust fan).


Measure the room static pressure relative to outside or adjacent offices or spaces.


Perform a smoke test and record and turbulence created by the replacement air system.


Have an operator demonstrate each piece of equipment.
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