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Testing of Blasting Booth Ventilation Systems
During abrasive blasting operations, abrasives and the surface coatings on the blasted materials are shattered to varying degrees.  This generates dust that may contain particles of respirable size (0 to 5 micrometers).  The composition and toxicity of the dust often creates explosion and health hazards.  Personnel must wear a supplied-air respirator when inside the blasting booth.  According to American National Standard (ANSI) Z9.4-1997, “the exhaust ventilation must: 1) keep the escape of dust from the enclosure to a minimum; 2) maintain a reasonable visibility in blast-cleaning rooms and cabinets; and 3) provide for rapid clearance of the dust-laden air within the enclosure after the cessation of blasting to permit the enclosure to be opened.”

This article describes the procedures used by the Naval Facilities Engineering Service Center (NFESC), ESC425, while performing an industrial ventilation (IV) system evaluation of a blasting facility.

The two main ventilation system configurations used in blasting booths are the down-draft  and cross-draft.  In a down-draft blasting booth, air enters through filters in the ceiling of the booth and leaves through filters that cover trenches under a metal grate floor.  In a cross-draft blasting booth, air enters through filters in the front of the booth and leaves through filters in the back of the booth.

NFESC425, tests blasting booths for the volumetric flow rate of exhaust and supply air, and the velocity distribution of airflow inside the booth.  In addition, NFESC performs smoke tests, measures booth static pressure, and observes an on-going blasting operation.  The volumetric airflow rate, the velocity distribution of airflow, smoke tests, booth static pressure, and blasting booth conditions observed during operations determine the IV system performance. 

Begin the performance evaluation by inspecting the entire blasting booth and IV system.  Look for obvious deficiencies in the IV system, such as detached ductwork, missing, dislodged or extremely dirty exhaust and supply air filters, and oil manometers without oil.  Ensure all pressure-monitoring devices are at zero when the IV system is off.  Inspect the exhaust fan and air-cleaning device. If any deficiencies are found during the inspection, notify the proper personnel to correct the problems before testing the system.

Next, make a sketch of the entire booth and the IV system layout.  Include on the sketch the dimensions of the blasting booth, locations and dimensions of supply and exhaust plenums, open area of filters, all duct diameters, as well as the locations of exhaust and supply fans and the air-cleaning device.  Indicate on the sketch the locations of elbows near or at the inlet and outlet of the fan.

After making the sketch, determine the location for conducting pitot traverse velocity measurements.  The pitot traverse in the main duct is used to determine the IV system total volumetric airflow rate.  The main duct pitot traverse is usually taken at the exhaust fan inlet or outlet.  The testing locations should be at least 7.5 duct diameters downstream from any disturbance (e.g. elbows, branch entries).  If there is not enough straight duct, perform the pitot traverse in a location where the disturbances are minimized.

For round duct, drill two holes (3/8” bit), 90 degrees apart, in the main exhaust duct for inserting the pitot tube.  Verify the duct diameter and mark the testing locations on the shop sketch.  Perform a pitot traverse in the main exhaust duct per the methods described in Industrial Ventilation A Manual of Recommended Practice by the American Conference of Governmental Industrial Hygienists.  Some airflow instruments automatically convert velocity pressure measurements to duct velocity in feet per minute (fpm).  While others, such as U-tube manometers, only give pressure readings in inch water gauge (in. wg.).  For these manometers, record the velocity pressures and then convert them to air velocities using the equation V= 4005 x (VP)1/2.  Average the air velocities (not the velocity pressures) to determine the final duct velocity.  Next, determine the total volumetric airflow rate of the blasting booth by using the following equation: Q = V(A, where Q is the volumetric airflow rate in cubic feet per minute (cfm), V is the average duct velocity in fpm, and A is the duct cross-sectional area in square feet (ft2). 

If not already accomplished during the walk through, perform the following while working on the exhaust fan.  Check the condition of the fan belts and pulleys; check the direction of fan rotation and measure the fan speed; measure the motor voltage and amperage; and take a static pressure reading at the inlet and outlet of the exhaust fan.  Take fan static pressure measurements at existing pressure taps, if installed.  If pressure taps are not installed then measure the fan static pressure with a pitot tube.  When using the pitot tube the upstream location should not be less than ½ equivalent diameter from the fan inlet.  The downstream measurement location should be at least 2-1/2 equivalent duct diameters for a velocity of 2500 fpm or less.  Add an additional equivalent duct diameter for each additional 1000 fpm velocity.  These measurement locations assume that there is straight duct leading to and coming from the fan.  Record the fan and motor nameplate information.

Check the overall condition of the supply filter, and the exhaust pre-filter in the booth, if there is one, for dust and media residue accumulation and plugging.  Record the pressure drop across air filters from pressure monitoring devices if they are available, otherwise, measure the static pressure drop across the filters.

Check the airflow distribution into the blasting booth.  Empty the blasting booth prior to the airflow distribution measurement.  Divide either the length or height of the booth, depending on the blasting booth configuration (crossdraft or downdraft), into at least three cross-sectional areas to obtain the velocity profile in the booth.  One cross-sectional area should be located near the exhaust plenum, one close to the supply plenum, and the other in the middle of the booth.  Record the distance between each cross-sectional area and the exhaust or supply plenums.

To obtain better velocity profiles in the booth, use more cross-sectional areas.  As a rule of thumb, the distance between each cross-sectional area should not exceed 10 feet.

Layout imaginary grid lines through each cross sectional area.  The intersections of the grid lines will become velocity-measuring points.  The intersection points should be no more than 6 feet apart.  Record the location of each point on the grid.  Measure the air velocity (fpm) at each intersection point on the grid.  Beware that some airflow instruments will not detect air velocity in the reverse direction, it will simply show a zero reading.  However, some airflow instruments will give a negative reading when the airflow is in the reverse direction.  Do not average these measurements.  Use the velocity profile to show the airflow distribution in the booth.

Some blasting booths have a mechanical replacement air system to provide make-up air into the booth.  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.  Measure and record the same information taken at the exhaust fan and motor.  Measure the blasting booth static pressure relative to the outside.  This indicates the amount of replacement air relative to exhaust air.

If a pitot traverse for the mechanical replacement air system can not be taken, use the booth static pressure as an indicator of make-up air quantity.  The blasting booth should have a static pressure around  -0.04 ( 0.02 in. wg to keep the escape of dust from the enclosure to a minimum.

Smoke tests provide a means to check the airflow pattern inside the booth.  Notify the fire marshal or local authorities before performing smoke tests.  Beware that some blasting booths have fire sprinklers that are very sensitive to smoke.  Check with the local fire marshal for the approval of smoke generators.  During the smoke test, record any cross drafts or turbulence noted in the booth.  Record the amount of time to clear all the smoke in the blasting booth.

Observe an on-going blasting operation.  Look for any leakage around doors and check for the escape of dust from the enclosure.  Look through the safety window to check for visibility during the blasting operation.  Record the clearance time of the dust-laden air within the enclosure after the cessation of blasting.

The measured total exhaust volumetric rate, the velocity profiles in the booth, room static pressure, smoke tests results, and the observance of blasting operation will be used together to determine the blasting booth performance.

Now it’s time to analyze the data and write a report.  Do the followings to determine if there is sufficient airflow through the blasting booth:

1)  Divide the measured total exhaust airflow rate by the cross-sectional area of the blasting booth for cross-draft blasting booth,  or

2)  Divide the measured total exhaust airflow rate by the net floor space for down-draft blasting booth, and 

3)  Compare the result with the value found in Table 1 for the applicable operating conditions.  If the result is different from the design velocity in Table 1 by (10%, increase or decrease the exhaust fan speed to obtain the velocity specified in Table 1.  Table 1 is a duplicate from Table I in ANSI Z9.4-1997.

Table 1. Minimum Design Ventilation Air Volumes for Down-draft Blast-Cleaning Rooms and Ventilation Rates for Cross-draft Blast-Cleaning Rooms Occupied by Blastersa
Type of Abrasives
Down-draft Blast-Cleaning Rooms (cfm/sq. ftb for net floorspace [sq. ft]c)
Cross- Draft


0-100


100-200


200-300

 
>300
100

(1) Abrasives or materials that may generate airborne asbestos fibers or free-silica-containing dusts; coatings containing lead, chromate, or other similarly toxic compounds having a permissible exposure limit of less than l mg/m3.  
90


70


60


60


100



(2) Abrasives or coatings having permissible exposure limits from 1 to 5 mg/m3.
60


50


40


35


80



(3) Low toxicity materials (such as abrasives of steel or aluminum oxide) and

Contaminants (such as iron oxide scale) having permissible exposure limits of 5 mg/m3 or greater.
40


35


30


20


60



(4) Shot peening on clean metal with metal shot.
30


20


20


20


50



a) Ventilation rates exceeding those in the table will depend on individual circumstances and should be determined so as to provide proper ventilation. Consideration should be given to higher rates when the composition of the workpiece is such that upon breakdown from the abrasive impact, toxic contaminants are released into the work area.  Also, for cross-draft blast-cleaning rooms, higher rates shall be used when one operator might be downwind of another.  For zoned systems, the air volumes shall be based on the area of the active zone(s).

b) Denotes cubic feet per minute (cfm) per square foot (sq. ft) and is also equivalent to the velocity of air past the operator.

c) Square feet. 

Use the fan law equation RPM2 = RPM1 x (Q2/Q1) to obtain the desired fan speed.  RPM2 is the new fan speed, RPM1 is the measured fan speed, Q1 is the measured total volumetric exhaust flow rate, and Q2 = Design Velocity x Cross-sectional area of the booth.  If you have to change the fan speed, be sure to check the fan and motor manufacture’s specifications to ensure the fan and motor can operate safely at the new RPM.  After changing fan speed, perform another pitot transverse of the main duct and re-calculate the airflow velocity inside the booth as previously described.  Compare the new result to the design velocity in Table 1.

Use the measured velocity profiles, smoke tests, and blasting booth conditions observed during the blasting operation to determine the airflow distribution and the degree of visibility in the blasting booth.  A good airflow distribution in the blasting booth is important, but not as critical as sufficient volumetric airflow rate through the booth, since the blast air generates a lot of turbulence in the booth.  A sufficient volumetric flowrate will maintain a reasonable visibility in the blasting booth, and provide for rapid clearance of the dust-laden air within the enclosure after the cessation of blasting to permit the enclosure to be opened.

Information on testing IV systems can be found in the following reference:

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

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

· 29 CFR 1910.94 (c), Ventilation, (a) Abrasive Blasting
· NFPA 68, Guide for Venting of Deflagrations,

· NFPA 69, Standard on Explosion Prevention,

· NFPA 91, Standard for Exhaust Systems for Air Conveying of Materials,

· NFPA 654, Standard for the Prevention of Fire and Dust Explosions in the Chemical, Dye, Pharmaceutical and Plastics Industries,

· Industrial Ventilation, A Manual of Recommended Practice, 22nd Ed., by the American Conference of Governmental Industrial Hygienists, Section 10.80,

· MIL-HDBK 1003/17C, Industrial Ventilation Systems, Section 7.

If you have any questions or comments regarding this article or on IV system testing, contact Trinh Do at DSN 551-4886, or (805) 982-4886, or E-mail: tdo@nfesc.navy.mil.

Following is the Blasting Booth IV System Testing Checklist:


   Blasting Booth IV System Testing Checklist


Walk-through and inspect the entire blasting booth and IV system. Check the direction of fan rotation.  Inspect the condition of the fan belts and pulleys.  Look for accumulation of dust and paint residue on exhaust fan blades and ductwork. Ensure all pressure monitoring devices read zero when the fan is not running.


Make a sketch of the entire booth and the IV system layout.


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


Perform a pitot traverse in the main exhaust duct or exhaust stack. 


Measure fan speed (rpm), motor voltage and amperage. Record fan and motor manufacturer nameplate information.


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


Check the overall condition of the supply and exhaust filtering system.


Record the pressure drop across air filters from pressure monitoring devices,  if they are available.  Measure the static pressure drop across the air filters.


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


Measure the blasting booth static pressure relative to outside, adjacent offices or spaces.


Check the airflow distribution throughout the blasting booth.  Divide the length of the booth into at least three cross-sectional areas to obtain the velocity profile in the booth.  Divide each cross sectional area into equal grids.  Measure airflow in fpm at each intersection point on the grid.


Perform a smoke test, record the amount of time to clear all the smoke and areas of turbulence within the blasting booth.


Observe an on-going blasting operation.  Look for any leakage around doors and check for the escape of dust from the enclosure.  Look through the safety window to check for visibility during the blasting operation.  Record the clearance time of the dust-laden air within the enclosure after the cessation of blasting.
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