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I. SUMMARY

A. PURPOSE

This report documents a study sponsored by the U.S. Department of
Health, Education, and Welfare, Department of Laboratories Criteria and
Development, National Institute of Occupational Safety and Health,
Cincinnati, Ohio, under Contract HSM 99-72-82,

The purpose of the study was to assess and/or evaluate the existing
standards and safety and health conditions in a broad representative
scope of abrasive blast cleahing operations within various U.S. industries.
The goal of the assessment was to recommend changes or additions to
enhance ventilation, safety, and health criteria and to substantially
improve personal protective“equipment for abrasive blast cleaning
operators and other workers who, due to production flow requirements,
space restrictions, or other work demands must work in the pressure blast
cleaning area.

B. SCOPE

A total of 92 manufacturers were contacted by mail. They were unstinting
in providing catalogs, technical information, and operating and maintenance
data on their equipment. The survey team visited manufacturing plants and
met with design, production, and sales engineers until all team members
were fully indoctrinated into past, present, and future abrasive blast
cleaning techniques. All manufacturers visited gave generously of' their
time and knowledge and expressed a sincere desire for madufacturing codes
and standardization in the industry. Because federal standards, rules,
and regulations have been lacking for many years, the manufacturers have
borne the burden of fabricating equipment to meet the varying safety and
health demands of the individual states that have developed industrial
safety and health requirements. U.S. governmental standards would greatly
ease manufacturing problems and insure the safe standardization of
equipment throughout the abrasive blast cleaning industry.

All industrial trade unions whose members could be involved in pressure
blast cleaning were contacted to gain the viewpoints of organized labor.
In this area the response was not 100 percent, but the unions that did
respond contributed greatly to the survey.

Numerous plant facilities were visited. Only one major manufacturer
refused to cooperate and permit the survey team to view its blast cleaning
operations.

Within the various plants, which included both federal and privaté

industrial facilities, each survey involved the metering of noise level
exposure to the blast cleaning equipment operator and nearby workers.
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Ventilation change rates within blast cleaning rooms were monitored,
and dust counts were taken at various radii from the point of operation
to distances as far as 100 feet from the operator. Visual acuity tests
were taken within the confines of blast cleaning chambers before, during,
and after cessation of cleaning operatioms.

General safety and health conditions for the operator and nearby
workers were carefully evaluated and documented.

The present status of personal protective equipment such as short
duration head masks, self-contained breathing helmets (some of which are
air conditioned), capes, leggings, chaps, gloves, breathing air purifiers,
and safety shoes were also evaluated with respect to their personal
protective effectiveness.

C. FINDINGS
1. Dust Exposure

A definite dependence of dust exposures on both equipment type and
abrasive material was demonstrated.

° Enclosed, ventilated facilities such as blasting rooms, when in
good repair, demonstrated little dust leakage. No hazard from
dust exposure to either a protected operator or nearby unprotected
workers appeared evident at such installatioms.

° Enclosed facilities such as blasting rooms, in moderate disrepair
with leakage through door seals, and through holes wnrn in walls,
developed only local nuisance dust concentrations.

] Enclosed, ventilated automatic and cabinet blasting machines,
when 1in good repair, developed little dust leakage. There appeared
no hazard from dust exposure to either an operator or nearby
workers,

(] Non-enclosed, portable, hand-operated blasting machines generated
extensive dust clouds. Typically, no control was exercised
to prevent unrestricted dust spread. Several installations
demonstrated hazardous dust exposures to poorly protected
blast operators and to nearby workers.

° Where metallic shot or slag was used as an abrasive, dust
concentrations around protected blast operators and nearby
workers consistently fell below the present OSHA limitations
and ACGIH guidelines.

) Where silica sand was used as an abrasive, dust concentrations
around protected and unprotected blast operators and nearby
workers constantly exceeded the present OSHA limitations and
ACGIH guidelines.
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2. Ventilation and Dust Removal

Satisfactory dust removal during and after blasting was found in
all but three of ten blasting rooms and ventilated enclosures surveyed.

o Downdraft and crossdraft blasting rooms, using steel shot and
slag abrasives, provided good working visibility in all cases
where the air flow rate was at or above 18 CFM/FTZ2,

] Two blasting rooms using steel shot demonstrated sluggish dust
clearance and impaired visibility at air flow rates of 11 and
15 CFM/FT2.

® A large hood, with celling exhausted air flow, provided very
poor silica sand dust removal which in turn reduced visibility.
The air flow in this case was determined to be 49 CFM/FTZ.

. Two additional facilities demonstrated satisfactory dust
removal during blasting. An open-faced shed with crossdraft
ventilation was adequately cleared of silica sand dust at
140 CFM/FT2. A shipboard tank, ventilated at 57 CFM/FTZ,
adequately cleared slag abrasive dust during pressure blast
cleaning of the internal surfaces of the tank.

. All facilities demonstrated rapid dust removal at blasting
cessation so as not to create a dust exposure hazard for the
blast operator after helmet removal. Ailr rates as low as
1.2 - 1.3 changes/minute were found to be satisfactory.

o All facilities demonstrated adequate air inlet baffling and
inlet air velocity so as to prevent unrestricted dust escape.
Inlet air velocities were found to be as low as 250 LFM.

3. Sound Level Exposure

Out of 22 separate abrasive blasting facilities visited, only 5
produced sound levels that would allow a normal eight-hour working
day without exceeding the present OSHA regulations. At one installation
the operator could use his equipment only five minutes working time
per day if federal sound limits were observed. (He did use ear plugs,
however.) Hearing damage was subjectively observed at some facilities,
and the use of personal hearing protection was not a prevalent practice.

4. General Safety

The manufacture of abrasive blast cleaning equipment is a price-
competitive business. 'To meet pricing competition, most machines are
sold on a basic or "stripped" basis. Numerous safety items and automatic
controls are available from the manufacturers, but they are sold as
optional equipment being added to the basic machine only when specified
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by the purchaser. If provided as standard equipment, such items as dust
collectors, negative pressure interlock/sensing control valves, pneumatic
remote control valves, compressed air purifiers, moisture separators,

and air-supplied helmets would greatly reduce the developed health and
accident exposures.

The greatest single adverse factor observed at most locations
involved poor maintenance of the blast cleaning equipment. Rarely are
the manufacturers' preventive maintenance procedures followed. Poor
maintenance procedures developed unsafe conditions that:

[ ] affect the workers' life support system

® permit the escape of abrasive from blasting chambers

] create a dirty and dusty environment in the immediate and
nearby work areas

. permit the operator to work from unsafe footing

) prevent observation of the operator from the exterior of a
cleaning booth, room, or chamber

] distract from the operating efficiency of dust collection

systems
) contribute to the development of excessive noise levels
) result in sudden and accidental abrasive hose failure
° restrict the workers' vision

From an engineering design standpoint, certain machines may have
superior or built-in safety and health protection; however, each machine
type does have the same basic features. It cannot be stressed enough that
the greatest number of undesirable conditions are developed from poor
maintenance and service of the available equipment.

D. CONCLUSIONS
1. Dust Exposure

a. Blast operators using hand-held nozzles are continually exposed
to very high dust levels regardless of abrasive material or facility type,

1.e., open air or enclosures. These operators must therefore be protected
by well-maintained, respirated helmets.
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b. Non-enclosed, portable blasting machines are not generally
provided with means of restricting dust spread. Where a health hazard
from dust exposure exists in the blasting vicinity, such as with silica
sand, workers should be prohibited from the area until the blasting operations
have been completed. Where only a nuisance hazard exists from dust
exposure in the blasting vicinity, as with nontoxic abrasives such as
steel shot, workers should be required to use respiratory protection,
such as dust masks and/or hoods, while blasting operations are in progress.

c. Silica sand Is an extremely toxic material and a difficult
abrasive to control. Where silica sand i1s in use with hand-held blasting
nozzles, blast operators must be protected with well-maintained, respirated
helmets. Where silica sand is in use with non-enclosed, hand-held blasting
nozzles, excessive dust concentrations are often generated up to one hundred
feet from the blasting operation. If nearby workers must be present,
they must have adequate respiratory protection.

d. The most effective safety measure would be to prohibit the use
of silica sand abrasives in the abrasive blast cleaning industry.

e. Nonsilica abrasives such as slag or steel shot are the safest
materials for use as they are typically nontoxic and do not cause excessilve
dust exposure hazards. Nearby workers are often exposed to such dust;
however, it is primarily only a nuisance and an irritant.

2. Ventilation and Dust Removal

a. Enclosure crossdraft and, preferably, downdraft ventilation
systems should be designed to provide adequate dust clearance for visibility
with a minimum air flow rate of ~ 20 CFM/FT2 past the blast operator
while using nonsilica abrasives.

b. Updraft ventilation, counteracting the natural tendency of
dust to settle, provides very poor dust removal unless unrealistic air
velocities, such as are found within exhaust ducting, are designed into
the ventilation system.

c. Interior blast cleaning operations, such as in tanks and cabinets,
should be exhaust ventilated to allow worker visibility.

d. Enclosure crossdraft and downdraft ventilation systems at greater
than 1.2 air changes per minute provide for statisfactory dust removal at
blasting cessation so as to prevent dust exposure hazards with nonsilica
abrasives in use. A blast operator typically takes 15-30 seconds to
remove a helmet; this is an adequate time for heaviest dust to be removed.
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3. Sound Level Exposure

a. Little attention has been given to reducing noise levels at the
blast cleaning equipment manufacturer's level, although some attention
has been given to hearing conservation at the user's level.

b. There appears to be little concern for hearing protection on
the part of the user and the individual operator himself.

c. Noise reduction should be an active concern of the manufacturers
of the abrasive blasting equipment, but significant noise reduction would
be a difficult task.

d. Because abrasive blasting does not require a high degree of
manual skill, it seems that little penalty would be incurred in frequent
rotation of operating crews in order to reduce the noise exposure time.

e, Noise reduction in automatic or cabinet installations is more
easily accomplished than in portable units and in blasting rooms where
the operator is physically located at the noise source.

4, General Safety

a. Maintenance conditions within blast cleaning rooms and on
automatic type machines is generally poor.

b. Personal safety devices and automatic controls are readily
available for use on all types of abrasive blast cleaning machines;
however, many installations lack such devices or the machine operator
by-passes them.

c. State-of-the-art personal protective equipment (masks and
hoods that lack breathing air, breathing-air purifiers, protective
clothing, and metal air-supply helmets) needs upgrading to provide
greater protection for the worker. In addition, suitable cabinets should
be provided for the protection and clean storage of personal protective
equipment when not in actual use.

d. Abrasive blast cleaning machines (all types) are frequently
positioned in densely populated work areas where nearby workers are
~exposed to dust and noise levels that could be injurious to their health.

e. There are varying designs of "deadman" abrasive flow shut-off
controls. They range from spring levers, to continuous push button, to
pinch hose controls. Some designs do not develop a positive shut-off
of the abrasive discharge and can be operated by the weight of the hose
and nozzle when dropped to the ground. Other units can develop an
abrasive discharge when driven over by a truck or when the control hose
is otherwise depressed.
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f. The pressure wessels or '"pots" on portable and blast cleaning
room machines generally conform to the requirements of the 1971 ASME
Pressure Vessel Code, Section VIII which defines design, materials, and
construction criteria for unfired pressure vessels. Although most vessels
viewed were of code construction, a number of "home made' units were
viewed in actual operation during the various surveys. A total of 40
of the 50 states have accepted the ASME Code. Most, if not all, of the
40 states require that unfired pressure vessels be internally examined on
a bi-annual basis by a competent state or deputized insurance inspector.
Since the blast cleaning vessels are generally hidden by location, or
are portable units, few of the vessels viewed had been internally inspected
during the entire period of the operation life, and some even lack
inspection openings.

E. RECOMMENDED CRITERIA
1. Dust Exposure

) Abrasive Blast Operator

a. All abrasive blasting operators using hand-held blast nozzles
in open—air portable or fixed facilities, in blast cleaning rooms or

booths, or in any other enclosures should be protected by air-respirated,
nonleaking helmets, regardless of abrasive material used.

b. All abrasive blasting equipment operators using automatic or
hand-operated cabinet machines should be protected from nuisance-type
dust leakage by suitable respirator masks and safety glasses.

c. Maximum respiratory protection should be mandatory when silica
sand 1s used as an abrasive, regardless of blasting equipment type.

d. Respiratory protection equipment should be inspected daily and
replaced or repaired when any leakage is detected.

) Nearby Workers

a. When open air abrasive blasting or any other abrasive blasting
operation is performed so as to allow generated dust to spread to nearby
workers, suitable measures should be taken to protect those workers:

(1) Respirator masks and safety glasses should be used to
protect against nuisance-type dusts.

(2) when dust levels are sufficiently heavy to cause marked
discomfort, distraction from work, or a health hazard (according to the
best available guide such as ACGIH TLV's), workers should be required to
use respirated hoods or change working location until blasting has
ceased.
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b. Workers associated with automatic and other blasting machines
requiring performance of an operation such as airblowing excess abrasive or
dust from the cleaned object, should be protected from nuisance-type
dust by suitable respirator masks and safety glasses.

c. Maximum respiratory protection should be mandatory when silica
sand 1s used as an abrasive regardless of blasting equipment type.

d. Respiratory protection equipment should be inspected daily and
replaced or repaired when any leakage is detected.

] Equipment Maintenance

a. All blast cleaning equipment, especially blasting rooms, booths,
cabinet type and automatic machines should be well maintained to prevent
development of dust leaks. This applies to any dust escape, whether
simply nuisance or in sufficient quantity or size to cause a health
hazard by impact or inhalation.

2. Ventilation and Dust Removal

a. A downdraft or crossdraft exhaust-type ventilation system should
be designed into abrasive blasting enclosures to provide effective dust
removal. The enclosures should be designed and well maintained to
prevent air leakage through seals, holes, or other openings which would
interfere with a uniform downdraft or crossdraft flow patterm.

b. Downdraft ventilation should be preferentially used in totally
enclosed abrasive blasting facilities. Dust removal by air flow is thereby
augmented by the natural tendency of dust to settle by gravity.

c. For adequate dust clearance, a minimum air flow rate of approximately
20 CFM/FT2 should be used with nonsilica abrasives. Higher minimum rates
should be used with low density or toxic abrasives that exhibit a tendency
to fracture extensively. For example, past experience has shown 80 CFM/FT2
to be effective for the control silica sand dust.

d. Crossdraft ventilation is effective both in totally enclosed
abrasive blasting facilities and in semi-enclosed abrasive blasting
facilities. Air flow rates should be in the same range (preferably higher)
but no lower than those for downdraft systems designed for identical
operating conditions.

e. Upflow ventilation should not be used in abrasive blasting
enclosures.
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f. All required openings on abrasive blasting enclosures should
be designed with baffling to prevent unrestricted dust leakage. Also
minimum inlet air velocities of 250-300 LFM through such baffled openings
should be developed to prevent dust leakage.

g. Abrasive blasting enclosures should be designed with uniform
downdraft and crossdraft air flow patterns to insure the most prompt
clearance. Turbulence by leakage or poor flow distribution slows dust
clearance rates and shculd be eliminated.

h. Uniform air rates greater than 1.2 changes per minute, combined
with velocities sufficient to provide good visibility during blasting,
should be provided to quickly reduce dust concentrations and alleviate
any potentially dangercus dust exposures.

3. Sound Level Exposure

The most up-to-date criterion which has received the most thoughtful
consideration is the OSHA Regulation Section 1926.52 reproduced here
(Figure 14) from the Federal Register of December 16, 1972. Further
reductions of the levels by 5 dB are presently being discussed. It is
not likely that state cr local municipalities would have criteria better
established or justified than the above.

It is recommended that these OSHA regulations for occupational noise
exposure also apply for abrasive blast operators. It should be understood
that measured levels at the operator's ear must be modified by the known
attenuation characteristics of any ear protection devices used.

4, General Safety
] Hand-Operated Portable and Room Type Blast Cleaning Machines
a. Mechanical

(1) All units should be equipped with a positive fast-acting
abrasive shut-off control that must be depressed by the operator to
commence blasting operations. The design should be such that the machine
cannot be operated by the weight of the hose and nozzle if the nozzle is
dropped, or by other means of "on ground" depression, cutting, or pinching
by pedestrian, vehicular, or other traffiec.

(2) Hose lines which are exposed to internal deterioration
from abrasive action should be subjected to regular nondestructive
integrity testing on an elapsed time basis. The initial test after use
can be of a greater time span than the subsequent tests which should be
conducted more frequently depending on age. The elapsed time between
testing should be determined by the hose manufacturers based on the types
of hose construction and on the type of abrasives for which the hose has
been designed or will be used. The user should maintain test records
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and make them available to the OSHA Compliance Officers or any other
designated safety inspectors.

(3) On a time-use basis, all metal pipe lines, joints, bends,
valves, connectors, and nozzles should be subjected to regular internal
inspection to detect deterioration from internal abrasion. Defective
parts should be replaced promptly to avoid sudden and accidental failure,
The time test period should be established by the user on the basis of
previous failure and/or past replacement time procedures. The user should
maintain and make them available for examination by OSHA Compliance Officers
and other designated safety inspectors.

(4) Pressure '"pots" or vessels used in conjunction with abrasive
blast cleaning operations should be examined for internmal deterioration
on a regular two-year frequency. Following each five years of operatiom,
the "pot" or pressure vessel should be subjected to a hydrostatic test
at a pressure of 1-1/2 X designated maximum working pressure. Such
inspections and testing should be conducted and/or witnessed by an
individual who has attained proven competency in this work such as an
ASME/National Board Commissioned Inspector, or a state or deputized
insurance company inspector. The use of pressure 'pots'" or vessels which
lack a removable hand-hole plate that permits internal examination should
be prohibited. All "pots" or vessels should be constructed in accordance
with ASME pressure vessel code requirements.

(5) Pop-up valves used to pressurize the "pot'" or pressure
vessels should not be fabricated of all rubber construction. Rubber seals
may be used as long as the valves have an internal metal core of greater
diameter than the opening in the tank top. Rubber-covered valves and
tank top seals should be checked frequently for deterioration, and defective
parts should be promptly replaced.

(6) Pressure 'pots'" or vessels should be designed in a manner
that will permit free and easy entry of the abrasive, reduce spilling,
and generally aid in the prevention of strains and sprains when the '"pot"
is being filled manually. In this respect it is preferable that the
upper fill head be of concave design.

(7) The interior floors, ledges, and shelf surfaces (whenever
practical the latter two items should be avoided) of blast cleaning rooms
should be cleaned of waste abrasive and debris on a regular daily basis
whenever the facility is used. The person or persons conducting such
cleaning operations should be supplied with and instructed to wear
suitable respiratory protection during such cleaning operations. 1In
addition, all floor surfaces within the room or chamber should be continually
examined for abrasive deterioration and distortion and prompt repairs should
be made to provide an even floor surface that will not contribute to
slipping and falling accidents. .
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(8) Blast cleaning rooms should be inspected on a regular
weekly basis to detect holes, abraded metal enclosure surfaces, and
defective door seals that can permit the escape of abrasive material.
Such defective sections should be subjected to welding repair or replacement
as the extent of deterioration warrants. Whenever practical, the interior
of blast cleaning rooms should be rubber lined to reduce operating noise
and to protect the metal sidewalls from abrasive deteriorationm.

(9) In a similar manner to Item 8, split or divided blast
cleaning rooms that permit the entry of work on an overhead traveling
crane should have the ¢ivision seals examined, at least weekly, and
defective seals should be replaced promptly.

(10) Whenever the blast cleaning process entails the cleaning of
heavy or bulky objects, an adequate means of handling such items prior
to, during, and after btlast cleaning should be provided.

(11) All doors of a blasting enclosure should be kept closed
at all times when blasting is being done and should be kept closed for a
reasonable time after the blasting has ceased.

(12) All moving mechanical devices, conveyor belts, and other
mechanical drives should be mechanically guarded to prevent physical
contact with moving machinery. Protection by remoteness is not considered
adequate since maintenznce personnel can still be injured in the machinery.

(13) Each blast cleaning room should have at least two inspection
ports located in such a position that the operators can be clearly viewed
from an external source at all times. The intermal protective guard or
cover for such inspection ports should be maintained to open and close
freely and thereby protect the vision glass from abrasive etching.

(14) Doors providing entrance and exit for blast cleaning rooms
should operate freely and should not be obstructed or otherwise restrict
fast exit. The doors should not be lockable on the inside or in any way
prevent the entry of emergency assistance into the blasting enclosure.

(15) Waste abrasives should be cleared from work areas on a
regular daily basis anc¢ should not be permitted to accumulate or stockpile.
The method of disposal should not cause environmental problems.

b. Electrical i

(1) All motors used in conjunction with abrasive blast cleaning
equipment should be of totally enclosed dust-proof design.

(2) All electrical controls should be confined in dust-tight
enclosures meeting the design criteria of The National Electrical
Manufacturers Association (NEMA) Spec. 12.
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ArthurDlLittlelnc |



(3) The main abrasive supply hoseline should be provided
with an efficient means for the discharge of static charges from the blasting
nozzle. It is preferable that the grounding system be built into the
hoseline rather than utilizing a separate grounding cable attached to
the outside of the hose since exterior grounding systems are easily
damaged and rendered worthless. The grounding system should be subjected
to a ground continuity test on a regular weekly basis prior to the
commencement of work operations at the beginning of each workweek. Test
records should be maintained and be made available for review when requested
by federal, state, municipal, or other safety inspectors.

(4) All electrical lighting within the confines of blast cleaning
rooms should be 100 percent operative at all times, and the protective
glass shades or plates should be promptly changed when the glass becomes
etched and restricts light emission. The illumination within every blasting
chamber should not at any time be less than twenty foot-candles over all
parts of the chamber measured in a horizontal plane at three feet above
the floor.

c. Personal Protective and Life Support Equipment

Each operator should be provided with and instructed to wear the
following personal protective equipment:

(1) An air-supplied breathing helmet, which bears a distinguishing
mark indicating that it has been allotted to an individual operator.
Such helmets should not have been previously worn by any other person or
should be subjected to a thorough cleansing and disinfecting since last
being used by another person.

(2) The use of helmets and/or masks lacking a self-contained
source of breathing air should be prohibited since they lack an air seal
to prevent dust entry into the helmet or mask and are frequently used
for periods of time in excess of the designed temporary or short-term
use.

(3) The air supplied into self-contained breathing helmets should
not be drawn from the main air supply compressor. A separate oil-free
compressor should be used to supply breathing air. In addition, the
breathing air should be air conditioned and cooled to a temperature in
the range of 65°F. It should also be passed through an air purifier before
entering the operator's helmet. Each breathing-air supply system should
be equipped with an audible alarm that will warn the blast cleaning
operator, his helper, or other workers in the vicinity that the breathing
supply is contaminated with smoke or carbon monoxide.
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(4) Self-contained breathing helmets should be designed to
accommodate and permit the use of sound-reducing ear muffs either as built-~
in protection or to fit over conventional ear muffs. Until sound reduction
techniques within self--contained breathing helmets has been applied,
the use of ear muffs and/or ear plugs should be mandatory to insure
that the 90 dB(A) level is not exceeded. This also applies to other
workers within the high noise level area.

(5) Vision glasses in self-contained breathing helmets should
be replaced promptly when the glass becomes etched from abrasive impact.
The condition of such glasses should be checked on a weekly basis by the
blast cleaning operator's direct work supervisor. The use of protective
mylar films over vision glasses is highly recommended.

(6) Abrasive blast cleaning workers should be provided with
and instructed to wear safety boots or toe guards.

(7) Each operator should be provided with and instructed to
wear suitable gauntlet gloves and coveralls that will prevent abrasive
materials from contacting the skin from entry through breaks in clothing.
This requirement is additional to the protection afforded from leather or
rubberized capes assoclated with self-contained breathing helmets and
protective leg chaps. The lower leg of such coveralls should be belted
and buckled or taped closed around the workers safety boot to prevent
the entry of abrasive.

(8) 1In addition to the stipulated personal protective equipment,
a suitable, clean locker or container should be provided for each operator
to store equipment in a clean condition. Such storage accommodation
should be in a dust-free area outside of the blasting area but as close
as practical to the area of operations.

(9) Silica sand as an abrasive cleaning agent should be prohibited
from use with all hand-held abrasive blast cleaning machines.

(10) No worker that has been involved in extensive (over 4 hours)
blast cleaning operations should be assigned to spray paint operations
within the same workday.

° Hand-Operated Cabinet Machines
a. Mechanical
(1) The exhaust fans of cabinet machines should be acoustically

engineered to the extent that the resulting noise level does not exceed
the federally stipulated 90 dB(A).

(2) All cabinet machines, including small bench-top type units,
should be equipped with a forced-air type dust collecting system. Gravity-

settling dust collectiag systems should be prohibited since they restrict
vision and can become overpressured causing leakage of abrasive.

13

Arthur D Little Inc



(3) The use of open-front cabinet machines as used in the suede
preparation and cleaning industry should be prohibited.

(4) The observation port om all hand-operated cabinet machines
should utilize only safety glass. Each vision glass should be designed
to visually indicate that safety glass observation ports have been
provided. ’

(5) Door seals on cabinet units should be inspected weekly,
and defective seals should be promptly replaced.

(6) All metal surfaces within cabinet machines should be designed
to eliminate flat dust-collecting surfaces. Angled surfaces should be
provided that will aid in directing the abrasive and debris into the
dust-collecting system.

- (7) Dust-collecting systems on cabinet machines should be
cleared of blockage on at least an hourly operational basis. Dust
collection bags should be inspected on a weekly basis and defective
bags should be promptly replaced.

(8) Foot-type controls used to activate cabinet machines should
be equipped with a stirrup-type guard that will prevent accidental
operation of the machine.

(9) The internal surfaces of all cabinet machines should be
inspected on a regular weekly basis to determine any thinning of the
metal casing from abrasive action. Deteriorated sections discovered during
inspection should be promptly repaired or replaced.

b. Electrical

(1) All machines should be provided with an efficient means
for the discharge of static electricity from the blasting nozzle. In
addition, the cabinet machine operator should be provided with an easily
attachable grounding strap that will protect him from static electrical
shock.

(2) All cabinet machines should be equipped with the following
failsafe control protection:

® A negative-pressure control switch that will prevent
operation of the machine unless a negative pressure is
evident within the cabinet

° An electrical interlock control that will prevent machine
operation unless the main access door is in the closed
position
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(3) All operating controls should be of dustproof NEMA Spec. 12
design, and the control boxes should be kept closed at all times unless
being serviced by a competent electrician.

(4) Electrical lighting within cabinet machines should be
adequately maintained, and etched shades or protection glasses that restrict
light emission should be promptly replaced.

c. Personal Protective and Life Support Equipment

(1) Each machine operator should be provided with and
instructed to wear complete eye protective equipment when operating his
machine.

(2) Each machine operator should be provided with and
instructed to wear safety boots or toe guards during working hours.

(3) Each machine operator should be provided with and
instructed to wear a dust respirator while operating a cabinet machine,
and when removing abrasive residue and debris from the dust collecting
system.

° Automatic Machines
a. Mechanical
(1) The internal surfaces of all automatic machines should be
inspected on a regular weekly basis during which the following items
should be given special consideration and prompt corrective action:

° Badly abraded recirculating pipes should be replaced.

° Abraded case-hardened wear plates and especially their
retaining nuts should be promptly replaced.

° Worn, distorted, or otherwise deteriorated floor plates
or gratings that can create a trip, slip, or fall
hazard should be promptly replaced.

. Abraded and otherwise damaged steel to steel, steel to
rubber, or rubber to rubber door seals should be promptly
repaired or replaced.

) Abraded frames, casings, or other enclosures that can

result in the escape of abrasives or dust should be repaired
or replaced.
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(2) Dust exhaust fans and shaker-type abrasive waste separation
systems were found to be exceptionally nolsy, and most systems exceeded
the existing 90 dB(A) noise level. All such systems should be re-engineered
until the noise levels meet or are below the federally stipulated
90 dB(4).

(3) The discharge of waste materials from magnetic and other type
separators should not terminate into open bins or containers. Such bins
or containers should be covered to effectively control the emission of
dust clouds into open work areas.

(4) All machine drives, coupled or belted, should be mechanically
guarded to prevent physical contact. Reference is specifically made to
door closing belt drives, exhaust fan belt drives, shaker conveyor and
dust collector vibratory drives.

(5) Removable floor plates and/or gratings providing access
to below grade level shaker-type separators should be kept in position at
all times during machine operation. During maintenance work such floor
openings should be barricaded to effectively restrict access to the
maintenance work area and specifically the unprotected floor openings.

(6) All steel cables used to open and close the doors of automatic
machines should be examined on a regular quarterly basis. Such cables
should be replaced under the following conditions all of which warrant
condemnation of a cable:

® Excessive dryness and an exterior brick dust effect that
indicates internal corrosion working out to the exterior
of the cable.

) Six or more wire breaks within the lay (one complete
revolution or wrap) of a single strand of the cable, or
indication of flattening or abrasion of one or more strands
of the cable.

(7) All dust-collecting systems should be inspected and
serviced on a regular weekly basis with prime consideration that:

° All ducts and ventilation screens are clean

° The maximum manufacturer's air flow rates are maintained
at all times

] Bags, screens, filters, and other dust collecting devices
are in peak working condition

) Dust collection bins and containers are covered to effectively
contain the dust discharge
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° Discharge bags between the final hopper discharge and the
collection bin or container are in good working order

] No blockage exists at any location within the dust collection
system and 1ts ultimate discharge

b. Electrical

(1) All doors, main, or manual access, should be equipped with
electrical interlocks that will prevent operation of the machine unless
all doors are tightly closed. The effect of opening any door should
immediately stop machine operation.

(2) All motors used in conjunction with automatic blast cleaning
machines should be of totally enclosed dust-p;oof design.

(3) All electrical controls should be confined in dust-tight
enclosures—--boxes or cubicles that meet the design criteria of NEMA
Spec. 12.

(4) The breaking of a tumble belt or rotating table drive belt
should immediately prevent further operation of the machine until the
belt is repaired or replaced.

Special Note: 1Ic addition to ruining all parts being cleaned,
such frequent belt failures cause the operator to remain close to the
machine where he can be exposed to dust inhalation,

c. Personal Protective and Life Support Equipment

(1) Each machine operator and/or attendant or assistant
should be provided with and instructed to wear complete eye protective
equipment.

(2) Each machine operator and/or attendant or assistant should
be provided with and instructed to wear safety boots or toe guards.

(3) Each machine operator and/or attendant or assistant should
be provided with and instructed to wear coveralls that will restrict
the entry of abrasive into clothing breaks from which it can make physical
contact with the skin.

(4) During machine operation each machine operator and/or
attendant or assistant should be provided with and instructed to wear a

dust control breathing respirator. Such a device should also be worn by
all workers servicing any phase of the dust collecting system.
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II. INTRODUCTION

A. ABRASIVE BLAST CLEANING OPERATIONS

The technique of abrasive blast cleaning involves the utilization of
hand-held or automatic equipment which directs a pressurized blast of wet
or dry abrasive material against a metal, masonry, or synthetic surface
in order to clean the surface, remove burrs, or develop a matte surface
finish. The cleaning technique is further used to remove 'flashing"
(excess material) from molded plastic and rubber. The latter material is
cryogenically hardened prior to abrasive cleaning. Among other uses,
automatic wet blast machines are used to dress, clean, dry, and pack
golf balls. The process is an integral part of many industries. During
the various plant surveys conducted as part of this study, pressure blast
cleaning operations were viewed at a foundry, a shipyard, a steel
fabrication plant, a special purpose job and machine shop, a gas transmission
station, a steel mill, and a structural steel supply yard.

The abrasives used for cleaning purposes vary from metal shot and
grit, to a large range of nonmetallic abrasives, such as garnet, flint,
quartz, and silica sand. Organic substances such as nut shells, cereal
husks, and sawdust are used to clean delicate surfaces.

The process is alleged to have originated only as recently as 19041
and three principal mediums are now employed in the business:

° Pressure Blast Machines

Dry compressed air is used as a transportation medium to
discharge the abrasive through a flexible hose line and nozzle
onto the surface being cleaned.

° Centrifugal Blast Wheel Machines

In this method the abrasive force is gained by the use of an
impeller wheel. The abrasive is fed into the hub of the wheel
and transferred onto its blades. The wheel, rotating at high
speed, propels the abrasive with considerable impact velocity
onto the work by centrifugal force from the ends of the blades.

] Wet Blasting Machines
In this technique the abrasive is mixed with water, and frequently

a rust inhibitor, to form a slurry that is pressurized onto the
work surface.

Hunter, David, 'The Disease of Occupations." The English Universities
Press (1971), p. 992.
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B. OPERATIONAL HAZARDS

The use of metal shot and grit and mineral substances, and to a
greater degree silica sand, is hazardous to health if the dust created
during blasting is inhaled into the workers' respiratory tract. Other
conditions that can impair the workers' safety and health include:

(1) lengthy exposure to noise levels of over 90 dB(A) from noises that
originate within the operators' breathing helmet, at the abrasive discharge
nozzle, from the impact of the abrasive on the surface being cleaned,

and from noisy dust exhaust systems on cabinet and automatic blast cleaning
machines; and (2) the presence of oil mist, smoke, and carbon monoxide
contained in contaminated life support air. In addition, there are

general safety problems inherent to working in confined spaces or at
unusual heights and to doing heavy lifting. Then there is the constant
possibility of physical contact with the abrasive discharge.

C. PROTECTIVE REGULATIONS

Under the Williams-Steiger Occupational Safety and Health Act of
1970, the federal government was given the responsibility to establish,
as rapidly as possible, safety and health standards to improve industrial
working conditions and to provide a maximum of safety and health
protection for all industrial occupations. Such rules, regulations, and
standards are now contained in the Federal Register, Title 29, Volume 37,
Number 105, Part II, dated Saturday, May 29, 1971. It is, however, the
responsibility of HEW's National Institute of Occupational Safety and
Health (NIOSH) to conduct safety and health research, the findings of
which when submitted and accepted by the Occupational Safety and Health
Administration, Department of Labor, can be introduced as an extension
and improvement to existing safety and health standards. This study was
completed in an effort to extend and/or improve the existing rules and
regulations as they currently apply to abrasive blast cleaning operations
under "Sub-part G, Occupational Health and Environmental Control"
Sections 1910.93 through 1910.95 of the previously stated Federal Register.
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IITI. TECHNICAL DISCUSSION

There are basically five types of abrasive blast cleaning systems.
The hazards associated with each type were viewed and evaluated during
this study.

A. PORTABLE BLAST CLEANING MACHINES (Figures 1 and 2)

The greatest health and accident hazards in abrasive blast cleaning
are associated with this type of machine since silica sand is frequently
used as the abrasive mecdium and the resultant dust cannot be effectively
controlled. In additior. to developing an acute dust situation, the
residue abrasive and debris are frequently windblown from the work site
and cause residue disposal problems. Frequently, the residue remains on
the ground to be leached away as a pollutant into the nearest body of
water.

The basics of the machine include a source of compressed air, in
the 90 to 100 psi range, capable of producing high volumes of air supply,
a container or pressure vessel to contain the abrasive, a metering device
to effectively control the air-to-abrasive ratio and flow, a flexible
hose to deliver the abrasive, and a hand-held nozzle to aim the abrasive
onto the blasting surface. In addition, many portable units have large
hopper-fed storage tanks that permit multiple blasting operations from
a single supply source.

The units can be operated either manually or automatically. The
manual type generally requires a ''pot" attendant who manually controls the
abrasive flow on the basis of signals received from the nozzle operator.
The automatic machines are equipped with controls that start and stop
the operation by use of a flow control valve or "deadman" switch on the
nozzle. When the operator closes the valve, the machine starts and the
alr and abrasive mixture is ejected from the nozzle. When the operator
releases the flow control valve, the abrasive discharge stops and the
machine depressurizes.

Water supply heads are available that .can be attached to the nozzle
enabling it to jet water into the dry blast discharge saturating the
abrasive in suspension, thus converting dry blast into wet blast operation.

B. HAND-OPERATED UNITS WITHIN BLAST CLEANING ROOMS (Figure 3)

Although larger hoppers can be used for the storage of abrasive
(since in most cases the abrasive is recycled), the actual operating end
of this type of system is similar in all respects to the portable units
previously described. The main benefits resulting from the use of blast
cleaning rooms are (1) the ability to provide and use a dust control
ventilation system, (2) the cost saving from recycling the abrasive, and
(3) the fact that the resulting dust and debris does not spread over great
areas to expose other workers and machinery to injury and damage.
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FIGURE1 PORTABLE BLAST CLEANING UNIT

Courtesy: Pauli & Griffin Co., San Francisco, California.
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FIGURE2 PORTABLE BLAST CLEANING UNIT WITH OPERATOR T

Courtesy: Clemco—Clementina, Ltd.
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CLEANING ROOM

FIGURE 3 INTERIOR OF BLAST

Courtesy: Clemco-—CIementina, Ltd.
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The rooms are generally found at plant locations where there is a
continual flow of similar objects for cleaning which in turn permits
the continued use of one material-handling system.

Blasting rooms vary in size from single compartments to rooms that
permit the use of multiple blast cleaning units within a single enclosure.
There are in fact some blast cleaning shops that utilize railroad tracks
and flat cars to handle pieces to be cleaned. One such shop within one
of the nation's larger shipyards can pressure blast clean large pre-
fabricated sections of ships.

The exposure to the blast cleaning operations in this type of unit
is very similar to that of portable machines; however, the forced air dust
control ventilating system aids visibility, and to some extent reduces the
possibility of dust inhalation. The personal protective equipment used

by the operator normally duplicates the equipment worn by portable cleaning
machine operators.

C. HAND-OPERATED CABINET TYPE BLAST CLEANING MACHINES (Figure 4)

Cabinet type units are generally used for cleaning small parts
than can be hand held or positioned on a rotatable mandril. 1In such
units the job and the abrasive is confined within a metal cabinet. The
direction of the abrasive discharge is then manually, semi-automatically, or
automatically controlled. On the latter, the actual cleaning period is
closely timed and can be shut off automatically. The manual machines are
equipped with a vision glass and two openings into which the operator
inserts his hands and arms into rubber gloves and sleeves which protect
him from contact with the abrasive discharge. This type of machine is
usually equipped with gasketed doors and is operated with a negative
internal pressure to contain the dust within the confines of the machine.
Negative pressure sensing switches can be used with this type of unit.
They come, however, as optional equipment and do not have a long life
expectancy due to the abrasive atmosphere within the cabinet. Likewise,
the fingers of the rubber gloves have a short life span.

The machines can be designed for either wet or dry blast cleaning.
Glass beads are frequently used as an abrasive medium. An average charge
would weigh in the vicinity of 50 1bs. On wet blast machines the abrasive-
to-water ratio would be in the vicinity of 25%.

Most units are equipped with dust exhaust systems which are vital to
maintain internal visibility although many small benchtop machines lack
forced air dust-collecting systems.
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D. AUTOMATIC BLAST CLEANING MACHINES (Figure 5)

These units are larger in dimension and are more heavily constructed
than cabinet machines. Most of them operate on the centrifugal wheel
principle and employ timers and automatic shut-off controls to provide
the desired amount of abrasive exposure. The work can be placed on either
a rotating table or an endless revolving belt that tumbles the job to
expose all surfaces to the abrasive. The machines are loaded either
mechanically or manually depending on the weight of the job. On tumble
blast machines the belt travel can be reversed to automatically unload
the cleaned parts into tubs or skips. Rotating table machines are used
to clean very large parts. The table can be swung in and out of the
enclosed blasting chamber to facilitate loading and unloading. The
cleaning action begins once the doors are closed to confine the dust.

Such machines separate the debris from the usable abrasive which is

then recycled until it breaks down completely and can no longer be used.
There are numerous special purpose machines designed and constructed to
perform specific blast cleaning operations. Lengthy sections of structural
steel can be passed through a machine for cleaning while heavy hanging
rubber skirts contain the dust at the point of exit and entry.

Other machines utilize overhead traveling conveyors and enclosed
blasting chambers to permit continuous cleaning of parts while passing
through the chamber for a carefully timed cleaning cycle.

E. WET BLASTING CLEANING MACHINES (Figure 6)

This method can be applied to portable machines; however, unless
the water saturation in suspension technique is used, heavy duty
compressors and hose lines are required to propel the slurry. Normally,
special purpose machines use the wet blast method continually recycling
the slurry. Since rusting of metal parts becomes a problem, rust inhibitors
are frequently added to the slurry.

A typical use for wet blast techniques was viewed in the early part
of the survey when a special purpose golf ball cleaning machine was
viewed in a manufacturing plant. The machine could clean 300 golf balls
every five minutes. The balls were poured into a rotating basket within
a cabinet type negative pressure machine. The cleaning slurry was
later washed from the balls by a hot and cold water rinse, after which
they were air dried and conveyed to the packaging section of the machine.

The wet blast operation greatly aids dust control on portable units
but results in muddy, wet, and slippery floors in the immediate blast
cleaning area.

Some of the newer water jet blast cleaning machines operate at water
pressure of up to 10,00C psi. The equipment consists of a power

unit and pump, a water filter, a pressure gauge, and a discharge nozzle.
Water flow rates of 4 tc 14 gpm are developed. The high water pressures
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FIGURE S AUTOMATIC, SWING TABLE BLAST CLEANING MACHINE

Courtesy: Wheelabrator—Frye, Inc.
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place considerable strain on the operatorl. Some units utilize a
limited supply of abrasive, drawn from an open supply hopper, to aid in

the removal of paint from metal and other materials,

"Recommended Practice Surface Preparation of Steel and Other Hard
Materials by Water Blasting Prior to Coating or Recoating."
National Association of Corrosion Engineers Standard RP-01-72
(January 1972).
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IV. ©PAST HEALTH AND INDUSTRIAL ACCIDENT EXPERIENCE

In an attempt to gain data on past health and accident experience,
contact was made with industrial trade unions, members of the medical
profession, the industrial accident commissions in all fifty states,
and numerous industrial facilities who utilize abrasive blast cleaning
procedures. It was quickly learned that there is no central source
of accident and health data--the statistics are absorbed into the over-
all plant accident experience and are not classified as abrasive blast
cleaning injuries or health cases., The National Safety Council as a
central source of accident data was not in a position to provide
definitive accident data directly related to blast cleaning operatioms.

There is little doubt, however, that sandblasting, and to a lesser
degree shotblasting, is a dangerous occupation unless maximum personal
protective equipment is provided for the operators and unless the equipment
is maintained in peak condition. Our findings indicate that state-of-
the-art protective equipment is, by and large, inadequate to provide the
degree of protection required for complete security of the worker. In
most cases, the protective equipment, as available, is badly maintained
and frequently abused by the operator himself.

Some ancient statistics that were accumulated in Great Britain in 19361
indicated that sandblasters and shotblasters had an average employment
duration of 10.3 years prior to death from silicosis. The employment
duration of all other fztal silicosis cases, irrespective of occupational
cause, was 40.1 years. The use of sand for blast cleaning operations was
prohibited in Britain 24 years agoz. However, sand is still used extensively
for abrasive blast clearing in the United States.

Contact with a medical practitioner specializing in pneumoconiosis
cases revealed that within recent years he had treated four sandblasters
for chest pains, dry cough, weight loss, marked dyspnea. One of the
patients died from acute dyspnea after working for eight years as a
sandblaster cleaning foundry castings. When blasting, the patient wore
a "loose fitting hood with air pumped into the top.'" The post-mortem
showed a diffusely dispersed fine granular infiltration throughout both
lungs, more marked in the right lung.

Direct body contact with an abrasive discharge develops horrible
injuries that can promptly result in death. When a shipyard worker
cleaning metal surfaces between the outer and pressure hulls of a

Merewether, E.R.A. (1936) 'Tubercle," 17, p. 385.
Blasting (Castings and Other Articles) Special Regulatioms, 1949.
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submarine slipped from his angle-iron brace foothold, the abrasive discharge
almost severed his left arm. The injury occurred within a period of

three seconds, the time period later determined to be the elapsed time

for a petcock-type shut-off control to stop the flow of abrasive. The
worker fell from his position and bled to death before the accident

was detected.

Another serious injury involved a blast cleaning operator who
tripped on an uneven floor and dropped the blast cleaning nozzle which
was not equipped with a 'deadman" shut-off control. A deep hole was
abraded a hole in the operator's leg. 1In this case, the injury resulted in the
installation of hold-down type ''deadman" switches at all abrasive blast
cleaning locations in a large plant facility.

Breathing-air supplies drawn from main air supply compressors
has also caused industrial injuries. Cases have been reported
where a number of workers using life support air from a central source
were overcome by smoke inhalation when the air-supply compressor over-
heated. Other known cases involve workers who were overcome from carbon
monoxide fumes when the breathing-air supply compressor overheated.
One fatal accident case is known from carbon monoxide inhalation. It
is defined later in this section. Many workers have a double health
exposure since they conduct spray painting operations after completing
blast cleaning operations.

Various state autorities provided accident data which, although
sketchy, substantiates the need for increased safety standards.

Hawaii Case History

Top head of sandblast tank blew off and
sprayed sand in worker's face--blinding
him. Worker became mentally unbalanced
and died in an institution.

Louisiana Case History

State experienced 11 deaths during 1968/71
for silica pneumoconiosis. A total of 50
cases treated in past three years.

Michigan Case History

One worker trapped inside automatic blast
cleaning device~-injury data not available.
One worker injured when duct too heavy with
accumulated dust fell on him (inadequate
ventilation system).
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North Dakota

Pennsylvania

Wisconsin

Case History

A total of 52 no-lost-time cases reported
during 7/1/66 to 6/30/72.

Case History

Sandblast operator died inside tank.
Breathing air from main compressor contained
carbon monoxide due to compressor's intake
being near leaking exhaust pipe. Man had
been sandblasting 15 to 20 minutes prior to
death (2000 + ppm CO).

Case History

Condensed accident and health records contain
instances of silicosis and other respiratory
diseases due to inadequate ventilation and
personal protection--no actual case data
available.
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V. EXISTING SAFETY AND HEALTH STANDARDS FOR ABRASIVE BLAST CLEANING

To reduce the accumulated data on existing standards within the
United States, Tables 1 and 2 were developed. Table 1 presents a
synopsis of nationally oriented standards and guidelines. The federally
legislated OSHA regulations (CFR, Title 29) are the only nationally
enforceable standards at present. The American Conference of Governmental
Industrial Hygienists and The American National Standards Institute's
material is all of a voluntary nature. Table 2 presents a synopsis of
enforceable state regulations in the form in which they were made
available.

In reviewing these regulations and guidelines, it is apparent that
both duplication and incompleteness exist throughout. For example,
voluntary guidelines, OSHA regulations, and state regulations all use a
common data base (ACGIH) for dust exposure limitations. However, this
exposure problem is frequently not specifically related to the direct
hazards encountered by the abrasive blast operator or the nearby worker.
Safety regulations are not sufficiently detailed to call attention to and
thereby eliminate improper equipment maintenance and degradation.
Ventilation requirements are built upon past experience, but often with
little emphasis placed on abrasive type or the distinction between air
velocity for operator visibility and air change rate for overall dust
clearance. Several state regulations are simply paraphrases of federal
regulations. Mixed standards as well as incomplete standards clearly
illustrate the dire need for federal regulations that would be acceptable
to and used by all 50 states.

In developing recormendations for abrasive blasting regulations,
reference is made to provisions of existing standards and guidelines
where appropriate. No attempt was made to use and upgrade the varying
formats of these existing standards; rather criterla were developed
independently and structured to extend existing material.

Existing safety and health regulations from Canada and Australia
were reviewed. In addition, a synopsis of proposed legislation to ban
the use of silica sand for sandblast operations with the Federal Republic
of Germany was obtained. Where practical, these foreign regulations have
been used to substantiate and support criteria developed from this study~.

All foreign data was obtained from Mr. Peter B. Wharton, Hodge Clemco Ltd.,
Sheffield, England.

35

Preceding page blank Arthur D Little Inc






TITLE AND
ORGANIZATION

AIR CONTAMINENTS

VENTILATION
ANT AIR FLOW

PERSONAL
PROTECTIVE
EQUIPMENT

BLAST SYSTEM
DESIGN AND
MAINTENANCE

OCCUPATIONAL SAFETY AND HEA{.TH STANDAADS

SUBPART G — OCCUPATIONAL HEA'TH AND ENVIRONMENTAL CONTROL

{CFR, TITLE 20, CHAPTER XVil, PAET 1310, OCTOBER 18, 1972)

0 PROTECT THE WORKER 8Y LEG.SLATIVE CONTROL OF NHAZARDOUS
SITUATIONS THAT MAY BE OETRIN ENTAL TO SAFETY AND HEALTH

AN EMPLOYEES EXPOSURE TO AIFBORNE CONTAMINANTS SHALL NOT

EXCEED THE FOLLOWING TIMI-AMEIGHTED AVERAGE CONCENTRA-

TIONS IN ANY 8-HOUR WCRK SHIFT OF A 40-HOUR WORKWEE K-

SILICA:
CAYSTALLINE QUARTZ [RESPIRABLE)

P 10 mggm3
%50, +35 WSO,z

30 mg/m?
%50, +

CRYSTALLINE QUARTZ (TOTAL

CRAISTOBALITE USE 172 T~E VALUE CAL-
CULATED FROM THE FORMULA FOR
QUARTZ

TRIDYMITE USE 172 THE VAL
LATED
QUARTZ

$ CALCU-
FROM THE FORMLULA FOR

AMOFRPHOUS (INCLUDINS NATtJRAL OI-

ATOMACEOUS EARTH) —_— Lo mam
%S 02
INERT OR NUISANCE DULST: (€ 1% QUARTZ)
RESPIRABLE 15 mapcf 2 mgym?
ToTaL 50 manct 15 mgsm?

WHENEVER ENGINEERING CONTRQLS OR ADMINISTRATIVE CONTROLS
ARE NOT FEASIBLE TO ACHIEVE COMPLIANCE WITH THE ABOVE, PRO-
TECTIVE EQUIPMENT (RESPIRATORY) MUST BE USED. (CFR 1910.134}

ABRAS VES AND SURFACE COATINGS ARE $HATTERED TO FORM DUST
WIT~ PARTICLES OF RESPIRABLE 5/ZE, THE CONCENTRATION OF RE-
SPIRABLE DUST SHALL BE KE®T 8E!.OW THE LEVELS SPECIFIED ABOVE
{CFR 1910.93).

ORGANIC ABRASIVES WHICH ARE COMBUSTIELE SHALL BE USED ONLY
IN AUTOMATIC SYSTEMS... REFERENCES ANSI 233.1, NFPA 70-1948,
AND NFPA 68:-19 NOZZLE BONCED AND GROUNDED TO PREVENT
BUILOUP OF STATIC CHARGES.

CONCENTRATION OF RESPIRABLE DUST,..N BREATHING ZONE OF
OFERATOR OR OTHER WORKER SHALL BE KEPT BELOW LEVELS SPEC-
IFIED (ZFR 1910.93).

BLAST CLEANING ENCLCSURES SkALL BE EXHAUST VENTILATED TO
MAINTAIN A CONTINUOUS INWARD AIR FLOW CURING BLASTING:

AIR INLE™S AND ACCESS OPENINGS BAFFLED OR 50 ARRANGED
SUCH THAT INWARD AIR FLO'YV AND BAFFLING WILL MINIMIZE
ESCAPE OF ABRASIVE AND DUST PARTICLES ANO VISIELE 5PURTS
OF DUST wiLL NOT BE OBSERVEI.

THE EX~AUS™ RATE SHALL BE SUFFICIENT TQ PROVIDE PROMPT
CLEARANCE AT BLASING CESSATION; MUST BE EXMAUSTED CLEAN
BEFORE ENCLOSURE OPE

SLIT ABRASIVE — RESISTANT NAFFLES SMALL BE INSTALLED IN
MULTIPLE SETS AT SMALL ACCIIS5 OPENINGS WHERE DUST MIGHT
ESCAPE,

DOORS FLANSED AND TIGHT WHEN CLOSED.

REPAIRS MADE AS S0O0N AS PJSSIBLE TO DUCT LEAKS; STATIC
PRESS5URE DROP CHECKED AT INSTALLATION AND PERIODICALLY
THEREAFTER. SYSTEM SHALL BE MAINTAINED.

REFERENCE ANSI 252 AND ANSI 23 1.1

RESPIRATORY 2ROTECTIVE EQUIPMENT SHALL CONFORM TO STAN-
OARDS OF T-E US. BUREAU OF MINES

RESPIRATORS SFALL BE WORN 8Y OPERATORS WHEN WORKING
INSIDE BLASTING ROOMS, WHEN SILICA SAND IS USED IN MANUAL
OPERATIONS, OR WHEN ACCUMULATIONS OF TOXIC DUSTS ARE
ABOVE LIMITS iN CFR 1910.93,

DUs: FILTER RESPIRATORS MAS BE USED FOR OCCASIONAL EXPO-
SURE 3'JCH AS IN CLEANUP OF DUST COLLECTORS,

DUST FILTER AESPIRATORS MAY BE USED TC PROTECT OPERATORS
OF OUTSIDE BLASTING GPERAMONS wHERE NON-5ILICA ABRA-
SIVEIS ARE USED, THEY SHALL NOT BE USED FOR CONTINUOUS
PROTECTION wiTH SILICA ABRAS,VES.

A RESP.RATORY PROTECTION PITOGRAM $SHALL BE FOLLOWED AS
OUTLINED IN CFR 1810.134.

PROTECTIVE CLOTHING SHALL BE WORN (EX, .
GLOVES, SAFETY S5HOES, ETC.).

{CANVAS OR LEATHER

BREATHING AIR (RESPIRATOR) SHALL BE FREE OF HARMFUL QUANTI-
TIES OF DUST MIST, GR NCXIOUS GaSES  ANS| 28.2 SHALL APPLY.

IFf REGULAR COM>RESSED AIR IS USED, MUST INSTALL A TRAP AND
FILTER TO REMOVE OIL, WATER, SCALE, ANZ ODOR;: MUST INSTALL
A PRESSURE REDUCING VALVE, MUST INSTALL AN AUTOMATIC
CONTROL TO PROVIGE SHUTDCWN OR SOUND AN ALARM URON
COMPRESSOR OVERHEATING,

AN ABRASIVE SEPARATOR SHALL BE USED IN RECIACULATION TYRE
SYSTEMS TO REMOVE FINES

£XHAUSTED AIR SHALL BE DISCHAF GEO THROWSGM DUST COLLECTION
CQUIPMENT,

SAFETY GLASS OBSERVATION WINDOWS SHALL BE PROTECTED BY
SCREENING WHERE HARD, DEEPCUTTING ABRASIVES ARE USED,

DOORS ON BLAST CLEANING ROOM SHALL BE OPERABLE FROM BOTw
INSIDE AND OUTSIDE,

HOUSEKEEPING, .DUST SHALL NOT BZ PERMITTED TO ACCUMULATE
OR FORM ON LEDGES OUTSIDE ABRASIVE BLASTING ENCLOSURE.
DUST SPILLS SHOULD BE CLEANED 'JP PROMPTLY. AISLES AND WALK-
WAYS SHALL BE KEFT CLEAR OF ABIIASIVE.

Preceding page biank

INDUSTRIAL VENTILATION (ACGIH)
AMERICAN CONFERENCE OF GOVERNMENTAL
INDUSTRIAL HYGIENISTS — 11th EDITION, 1870

THRESHOLD LIMIT VALUES FOR CHE
CAL AGENTS (N THE WORKROOM EnVI

 AMERICAN CONFEAMENCE OF GOVER-
[l

TG PAESENT (A MANUAL OF) RECOMMENDED PAACTICES IN THE
SIGN OF INDUSTRIAL VENTILATING SYSTEMS.

TLV'S GIVEN AT END OF MANUAL. (ORIGINAL SOURCE. . .1970 DATA,
BUT ACGIH HAS REVISED AS RECENTLY AS 1972., SEE COLUMN TO
THE RIGHT).

MAXIMUM CONCEMTRATION PEAMITTED
FOR A SHORT TIME (10-T180 MINUTES]

TLY = o1 3
TV = 110 x 2
TLY = 10100 x 1.5
TLVv = 100-1000 = 129

DUST PARTICLES IN SMALL MICRON SIZES AT INITIAL HIGH VELOC-
ITIES TRAVEL VERY SHORT DISTANCES (A FEW INCHES AT MOST) AND
FOLLOW AIR FLOW EASILY,

DILUTION VENTILATION 15 NOT AS SATISFACTORY FOR HEALTH HAZ- |,
ARD CONTROL AS IS LOCAL EXHAUST VENTILATION.

LARGE PARTICLES RELEASED AT HIGH VELOCITIES USUALLY CANNOT
BE CAPTURED UNLESS DIRECTED INTO EXHAUST (HOOD).

EFFECTIVE CONTROL 1S BROUGHT ABOUT 8Y ELIMINATING OR MINI-
MIZING AIR MOTION ABOUT THE PROCESS,

HIGH VOLUME ENCLOSURES REGUIRE LESS AIR VOLUME THAN
WOULD BE INDICATED BY CAPTURE VELOCITIES RECOMMENDED DUE
TO LARGE, MCGVING AIR MASS,

FOR ABRASIVE BLASTING, CAPTURE AIR FLOW REQUIREMENTS ARE
500-2000 FPM,

LARGE AIR VOLUME AFFORDS DILUTION (LARGE ENCLOSURES).

FOR ABRASIVE BLASTING, CONTROL AIR FLOW REQUIREMENTS ARE
LISTED.

ROOMS. . E0-100 FPM DOWNDRAFT (USUAL CHOICE 80 FPM)| 100 FPm
CROSSDRAFT,

ROTARY TABLES. .200 CFM/SQ FT, OF TOTAL OPENINGS (WITHOUT
CURATAINS)

CABINETS, .20 AIR CHANGESMIN,, AT LEAST 500 FPM INWARD vE-
LOCITY AT ALL OPENINGS: OPENINGS ARE TO BE BAFFLED.

DISCUSSION OF MAKEUP AND RECIRCULATED AIR IS INCLUDED.

OPERATOR IN -BlASTING AOOM MUST WEAR A BUREAU OF MIAES
APPROVED 8LASTING HELMET.

ALL OPENINGS SHOULD BE KEFT AT A MINIMUM,

EXHAUST DUCT TAKEOFFS SHOULD BE LOCATED, WHEN POSSIBLE, IN
THE LINE OF NORMAL CONTAMINANT TRAVEL.

STANDARD GIVES GUIDE FOR EQUIPMENT DESIGN.

TEST OF VENTILATION SYSTEM TO MONITOR PEAFORMANCE OF EX.
ISTING DEVICES ACCOMPLISHED BY OBTAINING AIR FLOW DATA:

AIR FLDW {PITOT TUBE, HOT wIRE (ANEMOMETER, ETC.)

CIRCULAR DUCT

6TO 12 LOCATIONS FOR
SMALL DUCTS (€ 6" )
20 TO 40 LOCATIONS FOR
LARGE DUCTS (26" &)

RECTANGULAR DUCT
READINGS IN CENTER OF
16 TO 64 EQUAL AREAS
LOCATIONS NOT MORE THAN
6" APART

WHEN APPROXIMATING BY CENTEALINE MEASUREMENTS, VELOCITY
SHOULD EE MULTIPLIEZ BY 0.9 TO GET AVERAGE VELOCITY,

sx

N}

TO PROVIDE LIMITS POR USE IN THE
L

THRESHOLD LIMIT VALUES REFER -
TIONS FOR A 7 OR 8-HOUR WORKDAY
SHOULD BE USED AS GUIDES IN THE

AND SHOULD NOT BE USED AS FINE :
GEROUS CONCENTRATIONS.

PERMISSIOLE EXCURSIONS FO& TIv
SEE ACGIH VENTILATION GUIDELINES

EXCURSIONS ABOVE THE TLV MUST £
ALENT EXCURSIONS BELOW THE TLV .

SicAy
CRYSTALLINE QUARTZ (RESPIRAB.

CRYSTALLINE QUARTZ (TOTAL)

CRISTOBALITE. . USE 172 THE VALL
MULA FOR QUARTZ

TRIOYMITE.. USE 1/2 THE VALUE
MULA FOR QUARTZ

AMORPHOUS {INCLURING NATUAA
EARTH)

NUISANCE PARTICULATES HAVE UTT
AND DO NOT PROOUCE SIGNIFICAN"
EFFECT WHEN EXPOSURES ARE WL
TROL. . EXCESSIVE CONCENTRATION®
POSITS IN EYES, EARS, AND NASAL *
THE SKIN OR MUCOUS MEMBRANES

ACTION PER SE OR BY THE RIGORO.
NECESSARY FOR THEIR REMOVAL,

NUISANCE DUST ( € 1% QUARTZ):
TOTAL






AL SURSTANCES AND PHYSI-
NMENT, . 1072 REVISION.

ENTAL INDUSTRIAL MYGIEN-

IACTICE OF INDUSTRIAL MY

“IME.WEIGHTED CONCENTRA-
D 40-HOUR WORKWEER. THEY
NTROL OF HEALTH HAZARDS
'ES BETWEEN SAFE AND DAN.

'EIGHTED AVERAGE LIMITS
LEFT

OMPENSATEC FOR B8Y EQUIV-
UNG THE WORKDAY,

3

— 10 mgrm
%50,+2
200 mppe 30 mgym?
5@, ~10 "%50,+3

JALCULATED FROM THE FOR-
ALCULATED FROM THE FOR-

ATOMACEQUS
20 rppct

ADVERSE EFFECT ON LUNGS
.RGANIC D'SEASE OR TOXIC
UNDER REASONABLE CON-
AY CAUSE UNPLEASANT DE
SAGES, GR CAJSE IN.URY TOD
S=EMICAL QR MECHANICAL
»XIN CLEANING PROCEDURES

30 meoer 10 mg/m?
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FUNDAMENTALS GOVERNING THE DESIGN AND OPERATION OF LOCAL
EXHAUST SYSTEMS
ANSI Z82 - 1DT)

TO PROPAGATE THE FUNDAMENTALS OF GOOD PRACTICE. .. TO PRE-
VENT UNHEALTHY OR UNSAFE ENVIRONMENTAL CONDITIONS

PARTICLES OF HYGIENIC SIGNIFICANCE AND GASEQUS CONTAMI-
NANTS ARE USUALLY DISPERSED BY AR CURRENTS CAUSED BY. .

MOTION OR ENERGY FUNDAMENTAL TO PROCESS (NOZZLE BLAST),

ORAG OF AIR BY LARGE PARTICLES DYNAMICALLY FROTECTED
FROM SOURCE,

EXTERNAL A1 CURRENTS SUCH AS DOORS OR WINDOWS.

THE PRIMARY PURPOSE OF EX~AUST (HOOD) IS TO CONFITIE OR CAP-
TJRE CONTAMINATED AIR AND TO FREVENT EXCEEDING S3FE LEVEL
OF CONTAMINANT CONCENTRATION

REFERENCE ACGIH, 1971,

PRIOR TO VENTILATION CONTROL. ATTEMPTS TO REDUC Z EFFECTS
ev..

OEFLECTING OR ELIMINATING EXTERNAL AIR CURRENTS,
PREVENTING UNDESIRABLE CURRENTS BY USE OF BAFFLES,

INSTALLING AN EXHAUST (HOOD) 50 THAT IT TRANSECTS FATH OF
PARTICLES

AlR VELOCITY MUST 8E GREAT ENCUG~ TO COUNTERACT THE OP-
POSING VELOCITY OF THE CONTAMINATED AIR AND THE INFLUENCE
OF STRAY OR SECONDARY 4.R CURRENTE, RATE OF AIR E.C(HAUSTED
MUST BE SJCH AS TO CAFTURE ENDLGH OF CONTAMINANTS TO MAIN-
TAIN. . A SAFE LEVEL OF W~ATEVER CONTAMINANT REMAINS,

DETERMINATICN CF REQUIREZ AIR VELOC:TY BY, |
PRACTICAL EXPERIENCE

ABRASIVE BLAST CONTROL VELCCITIES. 320-2000 LFM
MINIMUM CONTROL VELOCITIES, .
CABINET 500 LFM
AoQM 60120 LF™,
ACTUAL AIR FLCW WHERE CONTROL =AS BEEN ATTAINED THROUGH
REMOVAL OF HYGIENICALLY SIGNIFICANT PARTICLES CNLY, 8JT
COMBINED WITH 580D “OUSEKEEPING OR THROUGH DILUTION EF-
FECTS.

WHEN NECESSARY TC ENCLOSE THE WORKER, WILL REQUINIE EXTEN-
5IVE PERSONAL PROTECT'VE EQUIPMENT,

DESIGN TO PROVIDE NECESSARY AIR VELOCITY WITH LOVIEST POS
SIBLE AIR FLOW,

AIR VELOCITY THROUGH ALL OPLCNINGS GAEAT ENOUGH TO PRE-
VENT ESCAPE OF CONTAMINATES AIR ELIMINATE HIGH VELOCITY
CROSS-DRAFTS THROUGH CRAIKS, DOORS.

VELOCITY SHOULD 8E HIGH ENOUGH TO REMOVE CONTAMINANT,

PROVIDE CLEAN AIR T2 WORKER FIRST — CLEANEST TO DIRTIEST
LOCATIONS.

STANDARD PROVIDES DESIGN CALCULATIONS FOR AR FLOW.
DESIGN OF EXHAUST DUCTS TO REMOVE CONTAMINANTS:

VELOCITIES CALCULABLE, BUT WITH TRANSPORT VELOCITY EX

AMPLES,

REFERENCE ANSI 2321 — 1981 (NFPA #3))

COARSE DUSTS
FINE, LIGHT DUSTS
ABRASIVE BLASTING
SILICA DUST

400C-4500 LFM
2005 LFM

35064000 LFM
350C-4500 LFM

VENTILATION AND SAPE PRACTICES OF ABAASIVE BLASTING OPERA.
TIONS

ANS| Z8.4 — 1982

TO PROTECT HEALTH AND PREVENT INJURY TO PERSONNEL ASSO-
CIATED WITH OR INVOLVED DIRECTLY IN ABRASIVE BLASTING OP-
ERATIONS

HAZARDS RESULT FROM DUSTS IN RESPIRABLE SIZES. FORMED BY. .

SHATTERED ABRAS: VES
MINERAL GRAINS
SILICA SAND (MOST HAZARDOUS)
METALLIC SHOT
TRGANICS

PULVFRIZED SURFACE COATINGS, SUCH AS:
SIL.CA ON CASTINGS
TOXIC METALS (LEAD)
PLASTICS AND RESINS, OR

WET B_ASTING WHICH LEAVES DROPLETS OR DRIED RESIDUES.

THE CONCENTRATION OF RESPIRABLE DUST SWALL BE KEPT BELOW
LEVELS RECOMMENDED @Y THE AUTRORITY HAVING JURISDICTION.*

ORGANIC ABRASIVES W iCH ARE COMBUSTIBLE SHALL BE USED ONLY
IN AUTOMATIC SYSTEMS, REFERENCES ANSI Z32.1, NFPA 70-1068 NFPA
69-19%a,

NOZ2ZLE SHALL BE BONDED AND GROUNDED TO PREVENT BUILDUP OF
STATIC CHARGES.

'FEDERAL, STATE, OR LOCAL

ENCLOSURES SHALL BE EXHAUST VENTILATED TO MAINTAIN A CON-

TINUOUS INWARD FLOW AT ALL OPENINGS DURING BLASTING.

ALL AIR INLETS AND ACCESS OPENINGS SHALL BE BAFFLED OR
ARRANGED 50 THAT ESCAPE OF ABRASIVE OR DUST WILL BE MINI-
MIZED AND VISIBLE SPURTS WILL NOT BE OBSERVED

RATE OF EXHAUST SHALL PROVIODE PROMPT CLEARANCE AT

BLASTING CESSATION.

ENCLOSURE SHALL BE CLEARED BEFORE OPENED AT BLASTING
CESSATION,

SLIT ABRASIVE — RESISTANT BAFFLES INSTALLED AT ALL SMALL
ACCESS SPENINGS WHERE DUST MIGHT ESCAPE.

EXHAUST 5YSTEM SHALL CONFORM TO ANS) Z8.2 AND ANS) Z33.1.
DOORS FLANGED AND TIGHT WHEN CLOSED.

REPAIRS MADE AS SOON AS POSSIBLE TQO DUCT LEAKS; STATIC
PRESSUAL DROP CHECKED AT INSTALLATION AND PERIQDICALLY
THMEREAFTER, SYSTEM SHALL BE MAINTAINED,

APPENDIX TO ANSI 2D

— 1958
PERFGRMANCE OF EQUIPMENT IS FINAL GRITERION ~ KEEP ESCAPE
DF DUST TO A M'NIMUM, MAINTAIN REASONABLE VISIBILITY, PRO-
VIDE FCR RAPID CLEARANCE

RECOMMENDED INWARD CONTROL VELOCITIES:

CABINET 30C FPM
ROTARY TABLE 200-230 FPM
ROC™M 300 FPM
ABRASIVE SEPARATORS 200-25C FPM

RESPIRATOF Y PROTECTIVE EQUIPMENT SHALL CONFORM TO STAN.
DARDS &F Th .5, BUREAU OF MINES.

RESVIRATORE SHALL 8E WORN BY OPERATORS WHEN WORRING

INSIDE BLASTING RCOMS, wHEN SILICA SAND IS USED IN MANUAL
OPERATIONS DR WHERE ACCUMULATIONS CF TOXIC DUSTS ARE
ABOVE LIMITS SET BY AUTHORITY HAVING JURISDICTION,

DUST FILTER AESPIRATORS MAY BE USED FOR SHORT, INTER.
MITTENT, OR GCCASIONAL DUST EXPOSJURES

QUST FILTER RESP'RATORS MAY BE USED TO PROTECT OPERATORS
OF OUTSIDE BLASTING OPERATIONS WHERE NON-S.LICA ABRA-
SIVES ARE USED: DJST FILTER RESPIRATORS SHALL NOT BE USED
FOR CONTINUOUS PROTECTION WHERE SILICA SAND 1S USED AS
ABRASIVE OR TOXIC MATERIA S ARE BLASTED,

A RESPIRATORY PROTECTION ®ROGRAM S~ALL BE FOLLOWED AC-
CORTING TT ANSI Z .

PROTECTIVE CLOTHING SHALL BE WORN (SAFETY CLOTHING AND
SHOES) EQUIPMENT FOR EYE AND FACE PROTECTION SHALL BE WORN,
ANSI Z87.1.

BREATHING AIR SHALL BZ FREE OF HARMFUL QUANTITIES OF DUST,
MIST, NOXIOUS GASES. ANSI 29.2 SHALL APPLY.

IF REGULAR COMPRESSED AR 1S USED, MUST INSTALL A TRAP AND
FILTER TD ARLMOVE 3iL, wATER, SCALE AND ODOR. MUST INSTALL
A PRESSURE REJUCING VALVE, MUST INSTALL AN AUTOMATIC
CONTROL TO FROVIDE SHUTDOWN OR SOUND AN ALARM UFON
COMPRESS0R OVESREATING.

AN ABRASIVE SEPARATOR SHALL BE USED IN RECIRCULATION
TYPE SYSTEMS TC REMOVE FINES.

EXMAUSTT ™ AIR SHALL BE DISCHARGED THROUGH DUST COLLEC:
TION £ SU P *ENT.

SAFETY G..ASS CBSERVATION WINDOWS SHALL BE PROTECTED €Y
SCREENING WHERE HARD, DEEP-CUTTING ABRASIVE IS USED.

COORS ON BLASTING ROOMS SMALL 8E OPERAELE FROM INSIDE
AND OUTSIDE

HOUSEKEEPING, . . DUST SHALL NOT BE PERMITTED TO ACCUMU-
LATE DR FORM ON LEDGES OR OTHER DUST CATCHING SURFACES.
AISLES AND WALKWAYE SHALL BE KEPT CLEANED UP PROMPTLY,
FREFERAELY BY VACUUMING.

IF PRESSUR:ZED ABRAS'VE TANK IS USED, IT SHOULD BE TIED IN
WITH MANUAL CONTROL OF NOZZLE FOR RELIEF .

NOZ2ZLES MUST BI" EQUIPPED WITH MANUAL JEAD MAN SWITCH,

TO IMPROVE THE EXISTING ANSI 29.

ANSI 29.4 — (PROFOSED UNOFPICIAL RE

ENCRUSTED SUBSTANCES ADDED TO .
SIVES AND SURFACE COATINGS,

SUBSTITUTE MATERIALS SHOULD BE ¢
WHEREVER POSSIBLE.

ACCEFTARBILITY OF BLASTING ROOM
TIME-WEIGHTED AVERAGE DUST
WITH, . .LIMITS PROMULGATED BY THE
TION,

AIR ENTERING A BLASTING AOOM SHAL
AS TO MINIMIZE AR JETS AND TURBULI

HEARING PROTECTION LEFT UP TO
TION,

APPENDIX ADDITIONS.

INLET AIR DISTRIBUTED BY MEANS OF ¢
OTHER MEANS TO DISTRIBUTE AIR EV
X-DRAFTS BAFFLED SO AS NOT TO OtST

ATTACHED A TABLE FOR ROOM VE
OUST CONCENTRATION DECRE
BLASTING CESSATION. DATA GIVEN

EXHAUST FAN SHOULD CREATE A \
LEAST €23 IN. HoG TO PREVENT DL
DESIGN, AIR INLETS BAFFLED TO
LEAMAGE, RECOMMENDED INWARD v
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ISTING OF SHATTERED ABRA-

JR—

" BLOWERS AND EXHAUST SYSTIMS 1981
ANS) Z32.0 ~ 108}
NFPA ZB1)

PRACTICES FOR RESPMAATORY PROTECTION
ANS| 2002 -}

TO PRESENT A GUIDE FPOR THE PROPER INSTALLATION AND BAFE-
GUARDING OF EXHAUST AMD JLOWER 5YSTEMS

TO DEPINE SAFE PRACTICES AND REGUIREMENTS FOR USING WE-
SPIRATOMS IN PROTECTION OF THE RERFIAATORY SYSTEM FAOM IN-
 MALATION OF PARTICULATE MATTER, GASES, VAPD)

APPLIES DESIGN CRITERIA TO SYSTEMS FOR REMOVAL OF FLAM-
MABLE VAPORS, DUSTS, ETC.

ONSIDERED FOR SILICA SAND

CPERATION. .BY MEASURED
EXPOSURES ... COMPARED

AUTHORITY HAVING JURISDIG- *

L BE EVENLY DISTRIBUTED SO

UTHORITY HAVING JURISDIC-

JAFFLES, DUCTS, PLENUMS, OR
ZNLY OVER BLASTING SPACE.
JREB INTERIOR AR FLOW.

NTILATION RATES BASED ON
ASING EXPONENTIALLY AT
RS CFM/FT® OF FLOOR AREA.

‘ACUUM WITHIN ROOM OF AT
ST LEAKAGE, AS ALTERNATE
PREVENT DRAFTS AND OUST
ELOCITY 15 300 FPM MINIMUM,

Prece:

SUCTION INLETS SHOULD BE PLACED AS CLOSE AS POSSIBLE TO THE
POINT OF CONTAMINANT GENE RATION.

SUCTION INLETS HAVE LITTLE DIRECTIONAL EF==_T BEYOND A FEW
INCHES,

INLETS SHOULD BE LOCATED TO BEST PRODUCE A SWEEPING OA
PURGING, THIS EFFECT WILL TEND TO AVOID POCKETS IN V.HICH
VAPORS CR DUSTS MAY ACCUMULATE.

TABLE 1

EXISTING NATIONAL STANDARDS

—————————— _.i,._._____,_ —_————

PRIMARY OBJECTIVE SHALL BE TO PREVENT ATMOSPHERE LN sie - I
NATION AND THEREBY CONTAOL OCCUPATIOMAL DISEASES CAUSED !
8Y BREATHING MARMFUL DUSTS, FUMES, MISTS, GASES, VAPORS, ETC. |
CLASSIFIES HAZARDS ACCORDING TO BICLOGICAL EFFECT.

' REFERENCE ACQIM TLV'S

'STANDARD DOES NOT COVER ENGINEERED PROTECTIVE MEASURES
\SUCH AS VENTILATION, BUT EXPOSURE CONTROL SHALL BE ACCOM-
;PLISHED AS FAR AS IS FEASIBLE BY THESE METHOOS BEFORE USING
+ RESPIRATORS.

{EMPLOYER SHALL PROVIDE RESPIRATORS OF PROPER TYPE.
EQUIPMENT SHALL BE MAINTAINED,

HAS SELECTION PROCEDURE FOR PROPER DEVICE.
\

c :
FOR ABRASIVE BLAST CLEANING
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TABLE 2

EXISTING STATE STANDARDS FOR ABRASIVE BLAST CLEANING

(Summary cf Information Received from State Agencies
During the Period of September 1972 - February 1973)

STATE STANDARDS, CURRENT & PROPOSED FOR VENTILATION & SAFE

STATE PRACTICES OF ABRASIVE BLASTING OPERATIONS (INCL. COMMENTS)

Alabama Now formulating. Will parallel Williams-Steiger Act of
'70 and ammended standards.

Program ready Jan. '73. Effective as soon thereafter as
legislature passes enabling legislation.

Alaska Presently revising. Fundamentally mirror standards of
Williams-Steiger Act.

Program ready after Dec. '72.

Connecticut Has adapted OH Standards promulgated by U.S. Department of
Labor OSH Act of 1970 State Public Health Code Reg.
19-13-E5a.

Ventilation regulations for abrasive cleaning are covered
under Sec. 1910.94(a) Abrasive Blasting Standard is incomplete:
Static Ap in ductwork,
Effects of air cleaning device, especially where
recirculated.
Also: Sec. 1910.94(a) (4) (1) (b) should be more specific
regarding checking of existing systems and maximum length
of period between checks.

Georgia No standards or information. Federal standards will be
adopted at such time as legislature passes enabling
legislation.

Hawaii Use '"Industrial Ventilation" manual, ACHIH. Worker must

wear appropriate helmets and goggles, respirators.
Accident Prevention Manual Per Industrial Operations
by National Safety Council.
Air supplied hoods usually satisfactory because of
temperature and usually intermittent operation.
Where dust creates a problem, we recommend a wet system.

Preceding page blank

39
Arthur D Little Inc



TABLE 2 (CONT'D)

STATE STANDARDS, CURRENT & PROPOSED FOR VENTILATION & SAFE

STATE PRACTICES OF ABRASIVE BLASTING OPERATIONS (INCL. COMMENTS)

Idaho No published standards specifically regulating abrasive
blasting

Kansas No published data

Louisiana Importance of this type of occupational exposure and 1ts

occurrence in boat building, oil rig platforms, elevated
roadways, bridges, etc.

Tulane University Medical School's Respiratory Diseases
Department has obtained a grant from PHS and those con-
cerned with respiratory diseases to investigate silica
dust and its relation to silicosis under various condi-
tions of employment, exposure, smoking habits, etc.
(just begun).

Recommend: Use a substitute for sand, if possible, such
as Stanblast or Black Beauty, or coal combustion glassy
residue with very low silica, usually less than 1%.

" Should be done in enclosures and when wind is favorable
with minimum personnel in exposed area, such as Saturdays.
Not only blaster should have air-supplied hood, but also
men in immediate area should have respirators for
pneumoconiosis dust., Blast cleaning of buildings--should
use small amount of aspirated water into the sand hose
(cannot on metal).

Maine Has adopted OSHA Standards

Maryland List of Safety Standards adopted by Maryland, ''portions
will perhaps apply."

Compressed Air Machinery and Equipment Safety Code for
B19 (out of print)
Eye and Face Protection, Practice for Occupational and
Educational Z87.1
Head, Eyes and Respiratory Organs Safety Code for Prot.
of Z2.1 (out of print)
Foundries, Safety Code for Protection of Industrial
Workers in, B8 (out of print)

Regulations which adopts by ref. the TLV of ACGIH OSH Act
'70 (Williams-Steiger Act)

Refer to ACGIH manual, "Industrial Ventilation"

Enclosed Occupational Disease Law (Specifies ACGIH)
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TABLE 2 (CONT'D)
STATE STANDARDS, CURRENT & PROPOSED FOR VENTILATION & SAFE

STATE PRACTICES OF ABRASIVE BLASTING OPERATIONS (INCL. COMMENTS)
Massachusetts Recommended Safe Practices (Vent #8) Granite Blasting
Rooms exhaust velocity 3500-4500, 150 CFM/ft. opening
velocity in plenum chamber 200 LFM.
Inside: U.S. Bureau of Mines approved respirator
Outside: Not required 6
(#7) Silicon carbide. Allowable core 25x10 /CF
(#6) Granite 7x106 particles/CF or inversely proportional
to free silica content (35% is normal)
Respiratory devices (same as S.C.)
(Min. #8) Al. oxide 25x100® particles/CF
(Vent #7) Blasting rooms. Abrasives other than sand are
preferable, Wear approved filtered air supplied blasting
helmets. Exhaust air through dust collection before dis-
charge to outdoors. Cyclone not suitable.
Exhaust 75 CFM/sq. ft. floor area. Use cloth type not
over 10 FPM. Plenum chamber 200 FPM.
Air inlet val. equal to that exhausted rate not to exceed
200 FPM. Baffles. 6
(Min. #1) silica 2.5x10 particles/CF
Invergely proportional to free silica but never above
30x106 particles/CF 6
Amorphous free silica 20x10  particles/CF
Michigan None, strictly abrasive blasting.
Use general OH rules and ACGIH manual, "Industrial Venti-
lation" (Dwg. #VS-101l) enclosed.
Occupational Air Contaminants and Physical Agents (Direct
from Federal Register)
Our OSHA plan will include ventilation design criteria and
standards. 6 3
Inert or nuisance particles: 50x10 /CF or 15 mg/M™,
whichever is smaller.
Total dust less than 1% SiOZ.
Continuous broad band noise R325.2421 Rule 21, 3 pages
Impulse Noise 140 dB cathode, ray oscillator Rule 22 or
other such.
Several rules applying to ventilation, recirculation, use
of masks (mentions abrasive blasting respirator,
Rule 2442b) etc., 11 pages
Minnesota "Information we use is readily available from existing

guidelines," Minnesota Department of Labor and Industrial
Occupational Safety and Health Rules, Document Section,
Department of Administration, 140 Centennial Building,
St. Paul, Minnesota 55155
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TABLE 2 (CONT'D)

STATE STANDARDS, CURRENT & PROPOSED FOR VENTILATION & SAFE

STATE PRACTICES OF ABRASIVE BLASTING OPERATIONS (INCL. COMMENTS)
Minnesota Also use: ACGIH manual, "Industrial Ventilation"
- (continued)

We suggest the following areas for further study or
definition:
1. Should be a clear definition of sand blasting.
2. There is a problem of recirculating air from sand
blasters.
3. Need information on types of sand blasting materials
used.
4, Need guidelines on hydro-blasting.
5. Need information on ventilation control and
respiratory protection.
6. Need standards for related types of sand blasting
such as "stone blasting" to engrave markers in the
tombstone industry.

We are interested in this type of study and would like
information on results.

Mississippi Have not completed State Plan. Expect "established
Federal Standards' OSHA '70 shall be the Occupational
Safety and Health Standards for Mississippl until state
standards are developed and promulgated. Expect for most
part federal regulations will be adopted.

Montana No state requirements or standards

Nebraska No specific data

Following the concept set forth in 29CFR 1910-94 Pg, 10506,
Col. 1, 2 and 3 feel that with proper enforcement this is
most adequate.

Nevada (No letter) Copy of Basic Safety Orders 7/1/64, Department
- of Industrial Safety, Nevada Industrial Comm., Carson City,
Nevada.
From table in Basic Safety Orders p. 92
Mineral Dust Substance Million Part./CF
Asbestos 5
Dust 50
Mica 15
Silica, free & uncombined:
High (over 507 free silica) 5
Medium (5-50% free silica) 20
Low (below 50% free silica) 50
Talc 15
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TABLE 2 (CONT'D)

STATE STANDARDS, CURRENT & PROPOSED FOR VENTILATION & SAFE

STATE PRACTICES OF ABRASIVE BLASTING OPERATIONS (INCL. COMMENTS)
Nevada Foundry parting compounds shall not contain more than 17%
(continued) free or uncombined silica by weight. Manufacturer's

tolerance of 0.1 of 1% permitted.

Ventilation

. General statements onl
Personal Protective Equ1pment} s y

New Hampshire No information or data

New Jersey Nc regulations relating solely to abrasive blast cleaning.
Have related safety requirements in several regulations.

Hzve a proposed Chapter 122, Local Exhaust Systems of Title
12, NJAC that includes ventilation regulations for blast
cleaning. Dated 9/9/71. Based on ANSI documentation NFPA
Standards and ACGIH manual, "Industrial Ventilation." Now
revising to make it at least as effective as covered in

29 CFR Part 1910.

Erclosed copy of 9/9/71 draft Chapter 122 Local Exhaust
Systems, when reproduced, will send copy.

Abrasive } Taken mostly from ANSI (earlier text)
Blasting Section from Webster.

Ventilation Section - Control velocity at point of origin
for abrasive blasting 500-2000 FPM.
Transport velocities large particles

5000 FPM.
New Mexico No information, studies, or criteria on ventilation
requirements.
New York Copy of Industrial Code Rule #12 "Control of Air

Contaminants'" Industrial Code Rule #18 "Exhaust Systems"

Section 12-2,6 in Industrial Code give General provisions#*

Section 12-3.1 gives TLV's**

Section 18.16 in Code Rule 18 detailed specs for exhaust

systems for various abrasive blasting operations. Intend-

ed to safeguard worker and others in vicinity.

*Shall be enclosed as completely as practicable and have
local exhaust system.

**Asbestos 5 MP/CF®
Dust (nuisance, no free silica) 50 MP/CF
Graphite (matural) 15 MP/CF
Mica (below 1% free silica) 20 MP/CF
Portland cement 50 MP/CF
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TABLE 2 (CONT'D)

STATE STANDARDS, CURRENT & PROPOSED FOR VENTILATION & SAFE

STATE PRACTICES OF ABRASIVE BLASTING OPERATIONS (INCL.. COMMENTS)
New York Silica
(continued) Class I 50 MP/CF Class I Rock up to and including 5%

free 5i02 by weight
Class II 20 MP/CF Class II 5 to 10%
Class III 10 MP/CF Class III more than 10%
Class IV 5 MP/CF Class IV more than 40%
Total dust (below 1% free silica) 50
e using light field USPH Report 47 No. 12 3/12/32

From Industrial Code Rule #18 Section 18.16
Exhaust systems for abrasive blasting operations
Class I Natural sand used:
Length to width ratio 2:1 or less.
Downdraft not less than 80 FPM over entire projected
area.
Exhaust openings on 2 long sides, lowest point not more
than 10" above floor.
If over 2:1, then lateral ventilation not less than
100 fpm,
Class II Other than natural sand:
40 FPM and 50 FPM, respectively.
At least 30 fpm through all openings into enclosure
Inlets suitably baffled.
Rotary Abrasive Tables: 500 FPM through all openings
Barrels 500 FPM
Hand Cabinets 500 FPM

North Carolina Bulletins only:
Safety and Health Standards
Article 3 Ventilation Control of Dust, Gases, Fumes,
Vapors: only specified No. Carolina TLV

Mimeo bulletin expanding on above:
Ventilation Federal 1910.94
Personal Protective Equipment (Article 22) 2 pages
Mentions respiratory protection 1910.94
Abrasive blasting 1910.94 (a) (5)(ii)
Eye protection 1910.94 (3) (5) (v) (b)
Particle filter 1910.94 (a) (5) (iii)
Heavy canvas gloves 1910.94 (a) (5)(v)
Occupational head protection 1910.135

Supplementary Bulletin #3-good general information on
ventilation control. Nothing on abrasive blast cleaning.
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STATE

North Dakota

TABLE 2 (CONT'D)

STATE STANDARDS, CURRENT & PROPOSED FOR VENTILATION & SAFE
PRACTICES OF ABRASIVE BLASTING OPERATIONS (INCL. COMMENTS)

Industrial Safety Code

General Section on Ventilation
Personal Protective Safety Equipment
Tools

Power Machinery and Equipment

Also use ANSI Z9.4-1968
Ventilation and Safety Practices of Abrasive Blast Clean-
ing Operations

Ohio

Referred to Division of Industrial Safety

Will reply after holiday season

Oklahoma

Nec information or data

In process of finalizing plan for occupational health and
safety. No published documents as yet. Voted to adopt
Federal Standards of occupational safety and health,

Oregon

Occupational Health Regulation, Oregon State Board of
Health
Rule 22-020 Abrasive blasting (2 short pps.)
(General) Shall wear helmets or hoods, etc.
Employees working adjacent shall wear eye
and respiratory protection
(ammended 4/16/71)

Pennsylvania

Regulations of the Department of Labor and Industry

1968 Regulations for Construction and Repair including
amendments (no mention of abrasive blast cleaning)
Department of Environmental Resources, Division of Occu-
pational Health regulates toxic materials and dust

Only requires respirators be U.S. Bureau of Mines approved
ard operator receive periodic X-Ray if using silica
Special regulations if involves entry into confined spaces
Copy of Pennsylvania bulletin Vol. 2, No. 13, 3/25/72
merked 201.14 physical exam.

201.31 assistance precautions (entering confined space)
201.72 TLV's nuisance particulates

10 mg/M3 or 30 mppf whichever is smaller of total dust

1% SOz

. 300

Quartz TLV in mppf i—azz;zgf:IE
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STATE

Pennsylvania
(continued)

TABLE 2 (CONT'D)

STATE STANDARDS, CURRENT & PROPOSED FOR VENTILATION & SAFE
PRACTICES OF ABRASIVE BLASTING OPERATIONS (INCL. COMMENTS)

TLV for respirable dust in mg/M3
10 mg/M3
% Resp. Quartz +2

TLV for total dust, respirable, non-respirable
30 mg/M3
% Quartz +3
Silica: Use quartz formula
Tridymite: 1/2 value from found in quartz
Sent regulations for compressed air apparatus

Puerto Rico

General Code of Safety and Industrial Hygiene

Mineral dusts p 65.
Silica, crystalline
Amorphous including natural diatomateous earth 20 mppecf
Silicates (less than 1% crystalline silica)

Asbestos 20
Perlite 30
Portland cement 50
Scapstone 20

Talc (non-asbestiform) 20
Talc (fibrous) use asbestos limit
Tremolite (see talc, fibrous)

Graphite (natural) 15

Inert or nulsance 30 (or 10 mg/M3, whichever

particles is smaller of total dust
<l7.502.

Conversion factors mppcf x 35.3 = million particles per
cu. meter = particles per cc.

Notice of intended changes: 1971
Mineral dusts:

Asbestos all types 5 fibers/ml > 5 w length

Coal dust (bituminous) 2 mg/M3

Cristobalite Use 1.2 val. from count or
mass for quartz

Inert or nuisance 10 mg/M3 or 30 mppcf which-

particles ever 1s smaller of total

dust < 1% 810,
TLV in mppcf: 300

% quartz +10

TLV for respirable %ust in
3, 10_mg/M
mg/M”: % resp. quartz +2
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TABLE 2 (CONT'D)

STATE STANDARDS, CURRENT & PROPOSED FOR VENTILATION & SAFE

STATE PRACTICES OF ABRASIVE BLASTING OPERATIONS (INCL. COMMENTS)
Puerto Rico TLV for total dust resp.
(continued) and non-resp.

30 mg/M3

% quartz +3
Silica (fused): Use quartz formula
Tridymite: Use 1.2 value calc. from formulae for
quartz
Noise: No noise whose intensity affects auditive power.

Tennessee AllL Standards presently being reviewed in light of
Federal OSH Standards.
Will send copy when finalized and make comment.
Federal Standards will be our guideline.

Virginia Experience primarily with foundry operations employing
5 to 50 employees.

Make measurements of dust concentrations, silica content,
and ventilation air flows.

Then make recommendation for deficiencies based on TLV's

for current year and on the manual, "Industrial Ventilation"
(both by ACGIH).

Washington Use ACGIH manual, "Industrial Ventilation"
Sent copy of p 5-4 (all there is)

Also send WAC-296-24-675 Safe Practices of Abrasive Blast
Operations Code for Wash.,

Recently revised draft which will go to public hearing
8/24/72 for adoptionm.

Taken essentially from Federal Register.
Appendix: Ventilation
Air Velocity
Blast Cleaning Cabinet
Inward at hand openings min 500 FPM

Rotary Blast Tables min 200 to 250 FPM
Blast Cleaning Rooms Well Baffled 300 FPM
Abrasive Separators 200 to 250 FPM
Wisconsin Ventilation Regulations 2
1. Not less than 80 CFM/FT floor area for downdraft

ventilation. 2
2. Not less than 80 CFM/ FT cross section area for
cross draft ventilation.
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TABLE 2 (CONT'D)

STATE STANDARDS, CURRENT & PROPOSED FOR VENTILATION & SAFE

STATE PRACTICES OF ABRASIVE BLASTING OPERATIONS (INCL. COMMENTS)
Wisconsin 3., Minimum duct velocity 4500 FPM
(continued) 4., All inlets designed and baffled to provide not less
than 500 FPM
The above is scheduled for amendment as follows:
Operation of Min. Air Min. Duct Suggested Vent,
"Equipment Flow Velocity Cont. Design
(a) Abrasive
Blasting (Dry)
1. Cabinets 20 FPM 3500 VS-101
2. Rooms 80 FPM 3500 VsS-101
exhaust downdraft
vent.
provided
over en-
tire pro-
jected
area
3. Rotary tables 200 CFM/ 3500 vs-101
sq.ft. of
total open-
ings (with-
out curtains)
Proposed amendments have been reviewed by NIOSH and found
consistent with their standards.
Wyoming Adhering at present to U.S. Department of Labor,

Occupational S&H Administration Part., 1910.

STATES THAT DID NOT RESPOND TO ENQUIRY

Arizona
Arkansas
California
Colorado
Delaware
Florida

Illinois South Carolina

Indiana South Dakota

Iowa Texas

Kentucky Utah

Missouri Vermont

Rhode Island West Virginia
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VI. DUST EXPOSURE

A, PROBLEM OVERVIEW

Abrasive blast cleaning inherently develops dense clouds of dust
that are detrimental to health and cause an unsafe working environment.
Broken down abrasives, pulverized surface coatings and encrusted
substances, and abraded material from the blasted object all contribute
to the developmen: of the airborne dust during blasting. Also, re-
entrainment of material having settled and collected in the working area
results from direct nozzle blasts. Airborne particles penetrate the
upper respiratory tract when inhaled, collect in the nose and throat,
and form deposits in the ears and eyes. This discomfort causes distraction
from work at hand., Inhaled particles less than 10 um in diameter are
capable of penetrating to the smallest and most remote passages of the
human lung. Materials of such a respirable size are often toxic and
capable of causing permanent and lethal lung damage. Silica sand
(quartz), in the past a primary abrasive, is one cause of silicosis,
a slowly developing disease that often results in death years after
exposure has ceased. Lead, a component of paint removed by abrasive blasting,
is another toxic material commonly associated with such airborne dust.
Dust exposure has been very common throughout the abrasive blasting
industry. It is evident that greater action must be taken to insure
protection of the worker from such a hazardous environment.

B. DUST AS A HEALTH HAZARD

The American Conference of Governmental Industrial Hygienists
(ACGIH) has tabulated data for many substances describing airborne
concentrations above which inhalation may be hazardous. This concentration
is expressed in terms of a Threshold Limit Value (TLV), and represents
the concentration of a substance to which nearly all workers may be
repeatedly exposed without adverse effect. Exposures are considered
to occur during an eight-hour workday over five days in each workweek.
TLV's are defined as the time-weighted concentrations for an eight-
hour day; excursions to higher concentrations are allowable for limited
time periods (typically 10-15 minutes) provided that they are balanced
by periods of lower concentrations to give a weighted average equal to
the TLV., Continued exposures determined to be above the TLV are considered
potentially detrimental to health.

ACGIH has published this information with the intention of its being
used as a guideline, not as a set of hard and fast rules defining absolute
boundaries between safe and unsafe conditions. TLV's are based upon the
best available information from industrial experience, experimental
animal studies, and human experience where possible. Instrumentation
available for measuring dust levels varies in ability to accurately detect
true concentrations. Therefore, TLV data must be tempered with good
judgment in its application.
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Table 3 l1lists TLV's for substances commonly found in the abrasive
blasting environment. Two generations of ACGIH values are listed as the
earlier version (1970) has been adopted for application and enforcement by
federal authorities (OSHA). These exposure values are considered to be
the best available at present.

Reference is made throughout this report to the respirable component
of dust. By definition, this refers to that component of the airborne
dust capable of passing into the smallest passageways and alveolar sacs
of the human lung. Table 4 outlines the currently accepted percentages
of airborne material passing through the upper, mucous-coated passages
and reaching the respiratory region.

TABLE 4

RESPIRATORY FRACTION OF AIRBORNE DUST

(As Determined by the U.S. AEC an?l 2. 3)
Recommended by the U.S. Bureau of Mines) = > °?
Aerodynamic Diameter (um) % Passing to Small
(Unit Density Sphere) Passageways of Human Lung
2 100
2.5 75
3.5 50
5.0 25
10.0 0
1. "Sampling and Evaluating Respirable Coal Mine Dust: A Training Manual,"

Bureau of Mines Information Circular, February 1971.

2. "Calibration of a Two Stage Air Sampler,” Ettinger, H.J., and Royer, G.W.,

Los Alamos Scientific Laboratory of the University of California,
Los Alamos, New Mexico, November 1969,

3. ""Size Selective Samplers for Estimating Respirable Dust Concentratioms,"
Lippmann, M., and Harris, W.B., Health Phy. 8, 155 (1962).

C. SCOPE OF DUST EXPOSURE STUDY

It was the primary intent of this portion of the study to collect
dust concentration data at abrasive blasting installations and thereby
determine the need for dust controls and for worker protection measures.
The degree of compliance with federally established exposure limits
provided a working index in formulating opinions.
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Effective dust control systems and worker protection can adequately
reduce dust exposure to nonhazardous levels. Confining, collecting, and
otherwise controlling dust through ventilation systems prior to its
spread to adjacent areas serves to protect workers near an abrasive blast
facility. Respiratory protection devices are necessary only when
controlling techniques are insufficient to prevent dust spread in hazardous
quantities. Protection of the blast operator in situations where he is
directly exposed to the dust cloud by use of a hand-held nozzle proves
to be more critical. A well-maintained, respirated helmet 1s usually
sufficient. However, control of air flow around the blast operator
proves to be helpful in reducing very high dust concentrations.

Airborne dust concentrations for twenty-two industrial abrasive
blasting installations were determined., The main concerns were (1) with
dust levels surrounding the blast operator (especially where silica
sand was being discharged from hand-held nozzles), (2) with dust concentrations
in areas adjacent to the abrasive blast facility where other workers might
be exposed, and (3) with associated situations such as dust collectors
and bins where airborne dust would form. All situations that offered
potential for airborne dust were investigated.

D. SURVEY OF INDUSTRIAL ABRASIVE BLASTING INSTALLATIONS
1. Data Acquisition Procedure

Breathing zone, respirable, and total dust concentrations were measured
at each installation surveyed during blasting. These data were summarized
and tabulated for comparison with currently allowed exposures.

Dust concentration at blasting cessation in enclosures was measured
for adequacy of air clearance. Ventilation and dust removal is discussed
separately in Chapter VII of this report.

All dust concentrations were directly determined by use of GCA
Corporation's Respirable Dust Monitor RDM-~101-1. This device provides
an automatic digital readout of concentration in mg/M3 of sampled air.
A detailed description of this device 1is presented in Appendix B.
Both the respirable component of airborme dust and the total amount of
breathable airborne dust were determined. Limitations on sampling
duration and number of readings taken were due principally to the erratic
nature (on/off) of the blasting process.,

2. Data Tabulation

Recorded dust concentration data were summarized and transcribed
onto a format which allows direct interpretation in view of current,
applicable standards and guidelines. Collected data are grouped
according to blasting equipment type: portable blasting units, blast
cleaning rooms, hand-operated cabinet machines, and automatic machines.
This technique presents a review of each category for trends in dust
formation as well as a review of each installation individually.

52

Arthur D Little Inc



Figure 7 is a sample of a completed dust evaluation form. Completed
forms for all installations surveyed are included in Appendix A. [A-1 -
A-4 (automatic machines); P-1 - P-10 (portable machines); C-1 (cabinet
machine); R-1 - R-7 (room-type machines).] Features of the form are as
follows:

a. Location and Applicable Standards

Each installation is identified only by the state in which it is
functioning (no situations were encountered in which counties or regions
had enforceable guidelines). On this basis, only state and federal
standards were applicable and enforceable. ACGIH and ANSI Z9.4 standards
are included for comparison purposes.

b. Abrasive Used and Surface Coatings of Blasted Object

Dust generated by the blasting process is primarily composed of
breakdown products of abrasive materials, surface coatings, and encrusted
substances. Provision was made for noting these materials. When sand
was used, a sample was collected and subsequently evaluated for silica (SiOz)
content. Data are tabulated, along with estimated duration of abrasive
blasting in an eight-hour day, to allow specific comparison with TLV's
as stated in applicable guidelines.

c. Acceptable Dust Concentrations and Exposure Durations

Federal regulations (OSHA), state regulations (if any), ACGIH and
ANSI 29.4 guidelines are directly quoted. Both TLV data and permissible
short term (10-15 minute) excursions were included for respirable and
total dust.

Special note must be made of TLV information as presented for silica.
The formula given for determining silica TLV numbers requires use of a
value for % (by wt.) silica in the airborne dust. The actual measurement
of this value was considered unnecessary since, when a silica sand abrasive
is used, a substantial proportion of generated dust is silica. Estimates
of silica composition in airborme dust were therefore considered to be
from 50 to 100%. TLV levels were accordingly calculated to be 0.1 - 0.2 mg/M
for the respirable dust component and 0.3 - 0.6 mg/M3 for the total dust
measurement. With consideration given to the variability characteristics
of abrasive blasting, as well as to the '"guidelines" nature of the TLV's,
this concentration range appeared sufficient to determine compliance
or noncompliance with regulations.

d. On-Site Data

Collected data are reported according to respirable and total dust
concentration. Ambient (before blasting) data are shown to allow
determination of the increase in dust due to the blasting process. In
addition to measurements taken during blasting, dust clearance information
at blasting cessation is noted where appropriate for enclosures. The
locations of data acquisition are shown by verbal description and a rough
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schematic drawving. For more detailed locations, reference should be made
to additional material shown for each installation in Appendix A.

3. Discussion of Data

Individual installations were reviewed and attempts have been made
to identify areas of excess dust exposure. All dust concentrations recorded
were representative of steady-state conditions during blasting.

a. Portable Abrasive Blasting Units

Several portable units were evaluated in varying work environments.
A common characteristic of these devices was unrestricted dust generation
and spread.

(1) Open air, unrestricted abrasive blasting (Installations
p-1, 2, 4, 5, 6, 7, 8) created a very dense cloud of airborne material
that tended to envelop the blaster (Figure 8, Installation P-6 and
Figure 9, Instzllation P-7). A well-maintained respirated helmet and
insulating clothing offered sufficient protection when used. In two
locations, this was either not done (Figure 9, Installation P-7) or
equipment was neglected to the point of ineffectiveness, (Figure 10,
Installation P-6) so that the blast operators were directly exposed
to the dust clouds. When silica sand was used as the abrasive (Installations
P-1, 5, 6, 7, 8), there existed a very severe exposure hazard since
recorded dust concentrations were far in excess of established TLV's.

(2) Dust generated in open-air blasting was carried to areas
downwind of the facility and therefore had the potential for affecting
nearby workers. Dust concentrations in excess of TLV's were recorded
as much as 75-100 feet downwind of a blasting operation. Again, the
use of silica sand as an abrasive constituted the most severe health
problem (Installations P-5, 6, 7).

(3) Open-air installations using an abrasive other than silica
sand (Installations P-2, 4) did not develop a respirable dust exposure
but provided very unclean working conditions for nearby workers. Dust
often spread several hundred feet from the blasting operation. The
potential for dust accumulation in eyes, ears, nose, and throat was
very prevalent. Downwind deposition of slag abrasive during use of three
nozzles to clezn a ship in drydock (Installation P-4) was found to be a
primary example of this situation.

(4) One portable abrasive blasting rig was viewed within the
confines of an open-ended, exhaust-ventilated shed (Installation P-9).
Although sand was being used as the abrasive, no health hazard was
recorded in the vicinity of the operator, who was protected with a
respirated helmet. However, exhausted materials were not passed through
a dust collector; sand was simply blown over a wide area by the exhaust
fans. An inhalation exposure hazard existed in the area behind the shed.
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(5) A portable device used to clean the internal surfaces of
a water tank was surveyed (Installation P-10). A cross flow, exhaust
ventilation system was introduced to clear dust as it formed. Material
was passed directly to a dust collector where exhaust air was discharged
to the atmosphere. No hazard to nearby workers existed from the exhausted
air. The blast operator was adequately protected by a respirated helmet
and protective clothing.

(6) A portable device, using sand as an abrasive, was tested
within the confires of a top-exhausted hood (Installation P-3). Inadequate
air flow and dead regions caused accumulation and spread of heavy
concentrations of dust. Both the blaster and nearby workers were
affected by dust concentrations well in excess of established TLV's.

b. Abrasive Blast Cleaning Rooms

Only slag and steel shot were used as abrasives during visits to
blast cleaning rooms (Installations R-1, 2, 3, 4, 5, 6, 7). Little or
no dust exposure hazard existed at any site (with the exception of
Installation R-1) where the room door was left open to accommodate
large pieces for blast cleaning.

(1) Several units displayed excessive wear. Holes were
abraded in side walls and other openings such as bolt holes were evident
(Installations R-3, 4, 6). The escaping dust and abrasive was a nuisance
factor and develcped an eye injury exposure from expelled shot.

(2) Cleaning rooms equipped with abrasive recycle equipment
and dust collection/separation facilities develop little dust leakage
(Installations R-2, 3, 5, 6, 7).

(3) All rooms exhibited a dust cloud around the blast operator
during hand-hand nozzle blasting. Dust measurements showed rapid
clearance upon cessation of blasting. Initial high concentrations lowered
quickly and, when considered in view of a time-weighted TLV, provided no
hazard (Installations R-2, 3, 4, 5, 6, 7). (Chapter VII of this report
examines this aspect of dust hazards in more detail.)

c. Cabinet. Abrasive Blast Cleaning Machines

Only one cabinet machine (Installation C-1) was viewed that used
silica sand as an abrasive.

(1) No dust hazard existed even with the operator's face
only inches from the device. This was, however, a well-maintained

machine. Any leakage from a poorly maintained machine could cause
dust exposure.
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d. Automatic Abrasive Blast Cleaning Machines

Several automatic units were evaluated. All used steel shot as an
abrasive and isolated the operator from the actual blasting operation.

(1) Well-maintained equipment was observed that provided no
dust hazard to the operator or nearby workers (Installations A-1, 2, 3, 4).

(2) When door seals were worn or damaged, escaping dust and
abrasive became a nuisance that again developed potential eye injury
hazards from flying shot (Installation A-4).

(3) One automatic unit discharged cleaned steel girders that
were covered with accumulated, residual steel shot. This was blown off
with a hand-operated air gun (Installation A-1) used by an unprotected
worker. Abrasives other than steel shot are potentially hazardous under
continuous working conditions.

(4) Workers beating the bags of a dust separator/collector
(Figure 11) were exposed to temporary, but very heavy dust clouds
(Installation A-4). This resulted in a temporary, discomforting exposure
at best as the material is of a very fine particle size and caused
choking and gagging.

(5) One facility (Installation A-4) in a foundry used an auto-
matic machine to clean castings. Silica sand, used in the casting process,
still coated the objects and comprised 317 by weight of the settlings
after a blasting cycle. Dust of thls nature escaping through door seals
could develop a very serious situation.

E. SUMMARY OF DUST EXPOSURE HAZARDS

Table 5 presents a summary of our findings in evaluating airborme
dust at and around the various abrasive blasting installations. Several
trends are evident when this data 1s reviewed by equipment type:

(] Enclosed, ventilated facilities such as blasting rooms, in good
repair, demonstrated little dust leakage and therefore no hazard
from dust exposure to either a protected blast operator or
nearby unprotected workers.

° Enclosed facilities such as blasting rooms, in moderate disrepair
with leakage through door seals, and through holes worn in
walls, had only local elevated dust concentrations that created
a nuisance rather than a serious hazard.

° Enclosed, ventilated facilities such as automatic and cabinet
blasting machines, in good repair, demonstrated little dust

leakage and therefore no hazard from dust exposure to either
an operator or nearby workers.

60

Arthur D Little Inc



H3ddOH
NOILJ3770J 1SNA SNIHVYITI HINHOM A3L1I310HJINN

LL 34NOI4

61

Arthur D Little Inc



¢
0,
.
L L o o o 6T S J0Yys T92°3g Y-V Dr
0 o o e ST S joys T291g €~V 2
o ot o ° ST S j0yg 1991 z-v M
L] o o o ST S Joys T@93§ -V
SANIHOVH
OIIVWOLV %
® |b*o-c'0|z 0-T°0 pueg 1-D
SHNIHOVW LANIEVD ‘€
L) (3 S joyg I3 I
o 4 ST S I0ys [o91§ 9-¥
4 ST S j0ys 12918 c-d
o 0 ST S joys 991§ a1
e o ST S j0yg TI91g £-4
. o 61 S J0ys 1291§ ¥
o o ST S faneag yoerq -4
SWOO
ONINVATO ISVIE ‘T o
o o ST S KIneag yorig 0T-d
o o o b 0-£°0|z°0-T"0 pueg 6-d
ol B b 0-€°0{z 0-T"0| 193BM/PUES 8-d
o . b°0-€°0(z°0-1"0 pueg L-d
¢ ¢ 0°0-€°0|2°0-T"0 pueg 9-4
i ¢ J ® |pbro-€-0|z 0-T 0 pues 5-d
0 L GT c AIneag Yoelg v-d
o 0°0-€°0(z2°0-T"0 pueg €-d
. . ° GT S £aneag yoeTg Z-d
¢ . 9°0-€°0{Z°0-1"0 pueg 1-d
SIINN TIVINOd T
TVIOL | *dSHY |'TV10L| *dSTd | TVLOL| “ds™y| [Tviol| * ds3d| Tviol | asma|vior| - asza|{ Tvior | ‘asmy ANISVIEV
(AL X 2<) ((A1L X Z>) (AIL X Z<) | (A1 X 75) mz\ms;d
AAISSADIXE AIVYAAON AAISSAIXA AIVIEAON
A1L Ja0ogv ATL MOTdH ALY, JA0HV ATL MOoTad
SVATY AGIvAN MOIVEAd0 1SVIE IV (67 ITLIL ¥ID “VHSO)
I1SNA ¥0d SNOIIVLIWIT NOTIVTIVISNI
SNOLLVEINIONOD 1SNd dIq¥0ITd qUNSOdXd TVIAAAI|| INIISVIE HAISVEAY
STINS04Xd 1SNA 40 AAVIWHNS

S a1dvl



) Non-enclosed, portable, hand-operated blasting machines generated
extensive dust clouds. Typically, no control was exercised to
prevent unrestricted dust spread. Several installations
demonstrated hazardous dust exposures to unprotected blast
operators and to nearby workers.

. Where metallic shot or slag was used as an abrasive, dust
concentrations around protected blast operators and nearby
workers consistently fell within the present OSHA limitations
and ACGIH guidelines.

° Where silica sand was used as an abrasive, dust concentrations
around protected and unprotected blast operators and nearby
workers were consistently much in excess of the present OSHA
limitations and ACGIH guidelines.

The duration of abrasive blasting typically ranged from four to eight
hours in each working shift. Variability in blasting times, and therefore
exposures to whatever dust concentrations were developed, depended on the
time required to load and unload objects being cleaned, on the time
required to put on protective gear, and on the amount of work available
for blasting during a shift. Evaluation of dust exposure hazards were
reviewed in terms of a four to six hour blasting period out of an eight
hour workday. This, in effect, allowed twice the quoted TLV (in terms
of a time weighted average) to be considered an acceptable concentration.
However, 1t ‘must be realized that many installations not requiring
frequent "down'" periods will approach eight hours (or perhaps more) per
day of actual blasting. Therefore this summary should be considered a
"best" case evaluation. At two installations, the same blast operator
worked for twelve hours each day, seven days each week. When blasting
is extended beyond four to six hours, much closer adherence to the
TLV concentration level is required.

It is interesting to note that where excessive dust concentrations

were recorded in Table 4, levels were usually much in excess of 2x the
TLV concentration.

F. RECOMMENDED CRITERIA

The most demanding aspect of controlling dust exposures is to
eliminate any situation where dust concentrations are harmful to human
health. Irritant and nuisance dust levels are important, but secondary.
Reliance should be made on best available data in determining concentrations
and exposures harmful to health. In this regard, the American Conference
of Governmental Industrial Hygienists' (ACGIH) continuously updated
TLV information on industrial materials 1s appropriate. Federal regulations
should continue to use this data, but should be geared to the incorporation
of updated numbers as they become available.

63

Arthur D Little Inc



Silica sand stands apart from all other abrasive materials encountered.
It is a highly toxic material--even in low airborne concentrations. The
most obvious recommendation 1s to bam silica sand from use in the abrasive
blasting industry. Except in very unusual circumstances where economics
are prohibitive or the cutting properties of sand cannot be matched,
the use of silica sand should be prohibited.

Recommendations for the protection from dust exposure of workers
associated with abrasive blasting are listed in reference to the blast
operator, assoclated or nearby workers, and equipment maintenance:

1. Abrasive Blast Operator

(a) All abrasive blasting operators using hand-held blast nozzles
in open-air portable or fixed facilities, in blast cleaning rooms or
booths, or in any other enclosures should be protected by air-respirated,
nonleaking helmets, regardless of abrasive material used.

(b) All abrasive blasting equipment operators using automatic or
hand-operated cabinet machines should be protected from nuisance-type
dust leakage by suitable respirator masks and safety glasses.

(¢) Maximum respiratory protection should be mandatory when silica
sand 1s used as an abrasive, regardless of blasting equipment type.

(d) Respiratory protection equipment should be inspected daily and
replaced or repaired when any leakage is detected.

2. Nearby Workers

(a) When open-air abrasive blasting or any other abrasive blasting
operation is performed so as to allow generated dust to spread to nearby
workers, suitable measures should be taken to protect those workers:

(1) Respirator masks and safety glasses should be used to
protect against nuisance-type dusts.

(2) When dust levels are sufficiently heavy to cause marked
discomfort, distraction from work, or a health hazard (according to the
best available guide such as ACGIH TLV's), workers should be required
to use respirated hoods or change working location until blasting has
ceased.

(b) Workers associated with automatic and other blasting machines
requiring performance of an operation such as airblowing excess abrasive

or dust from the cleaned object, should be protected from nuisance-type
dust by suitable respirator masks and safety glasses.
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(¢) Maximum respiratory protection should be mandatory when silica
sand is used as an abrasive regardless of blasting equipment type.

(d) Respiratory protection equipment should be inspected daily and
replaced or repaired when any leakage is detected.

3. Equipment Maintenance

(a) All blast cleaning equipment, especially blasting rooms, booths,
cabinet type and automatic machines should be well maintained to prevent
development of dust leaks. This applies to any dust escape, whether

simply nuisance or in sufficient quantity or size to cause a health hazard
by impact or inhalation.
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VII. VENTILATION AND DUST REMOVAL

A. PROBLEM OVERVIEW

Dust, as generated by abrasive breakdown and pulverized surface
materials, develops a serious safety problem. Dense dust clouds formed
in the immediate vicinity of hand-held abrasive blast nozzles reduce
visibility and often obscure the working area. Production time is lost
whenever blast operators hesitate or shut down to allow dust clearance.
If enclosures are not cleared of airborne dust at cessation of blasting,
the blast operators may be exposed to harmful concentrations of dust when
they remove respirated helmets. Dust accumulations also create slippery
floor conditions. It is therefore necessary, both for worker safety and
efficient job performance, to confine, collect, or otherwise control the
generated dust. Well-designed and maintained ventilation systems for
enclosed blasting operations within rooms and booths provide for both
adequate dust control and dust removal.

1. Technical Background

An abrasive blasting nozzle typically ejects 250-2500 pounds per hour
of abrasive materiall., Nozzle throat velocities can range up to 4000 feet
per second and thus impart considerable momentum to airborne materials.
Large amounts of dust formed by broken-down, ricochetting abrasive and
pulverized surface coatings can be spread in many directioms.

Without an overriding air flow, dust remains in the vicinity of its
generation due to rather large air resistance to its motion. This is
especially true of the smallest and most hazardous respirable particle
sizes. Table 6 presents data on the stopping distances of various
particle sizes and densities in still air with an initial high velocity.
Without ventilation there is little tendency for dust to disperse. 1In
addition, the smaller the particle size, the more time it will take to
settle by gravity, and therefore, the longer it will remain airborme. 1In
fact, particulates of respirable size can remain in air suspension for
hours. Table 7 presents settling times for materials of various sizes
and densities. Figure 12 graphically illustrates settling times as a
function of particle size for two abrasive materials, silica and steel.
As shown, respirable silica particles (less than 10 um) are capable of
remaining airborne up to eight hours in still air.

2, Vision Impairment

Reduced visibility occurs when air flow around the blast operator and
the associated work area is not sufficient to sweep away the developed dust

"The A.B.C.'s of Surface Preparation," Clemco-Clementina, Ltd.,
San Francisco, California, 1966.
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cloud. The blast operator's inability to clearly see his work will often
require frequent orocess shutdown to allow dust to settle. Undue time is
lost, thus rendering the blast cleaning operation inefficient and costly.
Also, the blast operator's inability to clearly see his footing--which
could be slippery due to collected dust--provides an additional accident
exposure.

3. Dust Exposure

Exposure of personnel to dust in the abrasive blasting environment is
such an important industrial hygiene problem that it has been considered in
detail in Chapter VI of this report. In this chapter, however, the primary
area of concern is adequate dust clearance after cessation of blasting.
Clearance rates in enclosures should be sufficient to preclude exposures
inconsistent with existing health standards when the blaster removes his
protective head gear.

B. EXISTING VENTILATION STANDARDS AND SYSTEM DESIGN GUIDELINES

Past experience in ventilation of abrasive blasting enclosures has
provided the basis for existing system design and operation guidelines.
No detailed engineering criteria are available. Recommended air flow
rates are based upon those which have typically been successful in clearing
dust and maintaining visibility such that (1) the blaster need not slow
the work process or shut down to allow dust to settle, and (2) the blaster
is in complete coatrol of his equipment and himself. The variability of
abrasive blasting enclosure configurations, abrasives, and blast-cleaned
objects has precluded development of an all-inclusive design format.

Several standards for proper ventilation design are available; they
all appear to be Interrelated and based on a common (and conservative)
past experience. A brief description of each follows:

. Code of the Federal Regulations, Title 29, Chapter XVII, Part 1910,
18 October 1972

Blast cleaning enclosures are to be exhaust ventilated...to
provide prompt clearance of dust laden air within the enclosure
at cessation of blasting.

Air inlets and access openings baffled to prevent dust spread.

Specific reference is made to ventilation standards Z9.2 and
Z33.1 of the American National Standards Institute.
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[ American National Standards Institute (ANSI) 29.2 - 1971, Local
Exhaust Systems

Required air velocity is based on practical experience. The
minimum dust control velocities for abrasive blasting rooms is
glven as 60-100 LFM in a downdraft air flow configuration. Inlet
air velocity through openings in cabinet machines should be a
minimum of 500 LFM.

The statement is made that air flow velocities or volumes may
be determined by imitating existing situations where control
has been attained.

™ American National Standards Institute (ANSI) Z9.4 - 1968, Ventilation
and Safe Practices of Abrasive Blasting Operations

Blast cleaning enclosures are to be exhaust ventilated so an
inward air flow is maintained. The exhaust rate should be
sufficient to provide prompt clearance at cessation of blasting.

Air inlets and access openings baffled to prevent dust spread.

Performance of equipment will be the final criterion...keep
escape of dust to a minimum, maintain a reasonable visibility,
and provide for a rapid clearance.

Recommended inward dust control air velocities are specified
as 500 LFM for a cabinet machine, 200-250 LFM for a rotary
table, and 300 LFM for a room.

References are made to Ventilation Standards ANSI 29.2 and 233.1.

Note: By a personal communication from the ANSI 29.4 committeez,
Arthur D. Little, Inc., was made aware of a proposed,
more detailed theoretical approach to specifying
enclosure ventilation air rates.

Even though past experience with abrasive blasting rooms
agaln serves as a basis for these proposed rates, an attempt
is being made through calculations to allow both for very
large enclosures and for the type of abrasive material used.

Letter from American National Standards Institute, Committee on Safety
Code for Exhaust Systems, September 26, 1972,
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An air flow rate of 80 CFM/FT2 (square foot of flow area)
in a downdraft system with a silica sand abrasive was
deemed appropriate as a starting point. This in fact
corresponds to the recommended 80-LFM velocity put
forth by the ACGIH Ventilation Guide. Dilution effects
for rooms with large floor areas per operator and
abrasives of nonsilica substances were incorporated
into air flow calculations. Although the validity of
several assumptions and mathematical techniques used

1s questionable, the approach provides an attempt at

a concilse presentation of design ventilation criteria.

. American Conference of Govermmental Industrial Hygienists,
Industrial Ventilation, llth Edition

Recommends air flow rates for adequate ventilation of abrasive
blast rooms. The range is given as 60-100 LFM (no mention of
abrasive) with typical values given as 80 LFM for downdraft and
100 LFM for crossdraft.

Cabinet machines are specified to have a minimum inward dust
control velocity of 500 LFM at all openings. Rotary tables
are specified to have an air flow of 200 CFM/FT2 at openings.

C. SCOPE OF VENTILATION AND DUST REMOVAL STUDY

Air flow rates were determined along with overall working conditions
within enclosed and semi-enclosed abrasive blasting installations.
Collected data was compiled in a form consistent with existing ventilation
guldelines for comparison purposes.

Airborne dust concentrations in abrasive blasting enclosures at
blasting cessation were also monitored. Dust levels were reviewed with
reference to acceptable exposure limitations as defined in Chapter VI.

Also, adequacy of air inlet baffling and inlet air velocity was
reviewed for each enclosure.

D. SURVEY OF INDUSTRIAL ABRASIVE BLASTING INSTALLATIONS
1. Data Acquisition Procedure

Of 22 industrial abrasive blasting installations visited, 10 were of
an enclosed or semi-enclosed configuration. We determined air flow rates

and general working conditions as described both by the blast operators
and our own observations.
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a. Ventilation Rates

Air intake ports, exhaust ducting, and room cross-sectional areas
were used as locations for alr velocity measurements. Several enclosure
designs prohibited all of these locations from being sampled; however,
where possible, air velocity readings were recorded from at least two
locations. Velocity measurements were taken by use of a Datametrics
Series 800-VIP Airflow Multimeter (hot wire anemometer). A description
of this device is presented in Appendix B, The probe was inserted
directly into the air flow steam, and in most cases, several velocity
readings were taken to profile the duct or room cross-section. Air volume
flow rates were calculated from averaged velocity figures and then used
to determine the rate of air change.

b. Dust Clearance

Dust concentration data was determined at blasting cessation by
following the same procedure outlined for overall dust exposure in
Chapter VI,

2. Data Tabulation
a, Ventilation - Visibility

Table 8 presents a detailed summary of characteristic dimensional
data and operating air flow rates for each abrasive blasting enclosure.
Air velocities and calculated air flow rates are presented in Appendix
A for each enclosed installation. Equipment was grouped according to air
flow pattern, i.e., either downflow or crossflow. Calculated parameters
were prepared in a format to allow direct comparison with existing
ventilation guidelines.

b. Ventilation - Dust Clearance

As described in Chapter VI, dust clearance information was included
with the overall dust concentrations data acquisition effort. Table 9
summarizes concentrations at specified times after cessation of blasting,
This information may be directly compared with exposure TLV concentrations
and permissible concentration excursions.
3. Discussion of Data

Information gathered from each of the ten abrasive blasting enclosures
has been reviewed. Air change rates (number/minute) and air volume flow
rates (cu ft/sq ft of flow area) were determined in both downdraft and
crossdraft configurations and compared to existing guidelines.

Only three enclosures demonstrated sluggish dust removal from the
blast operator's working area so that visibility was impaired.
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None of these facilities were such that dust clearance at blasting
cessation created any major problem.

None of these facilities demonstrated inadequate air inlet baffling or
inlet air velocity so as to allow dust escape.

a. Ventilation - Visibility

Currently accepted ventilation design guidelines suggest air
velocities (historically with silica sand abrasives) at 60~100 LFM as
being adequate for ventilation of downdraft and crossdraft rooms. This
corresponds to an average volume per flow area of 80 CFM/FT2. In additionm,
only indirect reference is made to the adequacy of somewhat lower flow
rates for nonsilica abrasives. However, the results of our survey showed
that with nonsilica abrasives, air velocities lower than those typically
recommended are satisfactory for worker visibility.

(1) Blasting rooms utilizing downdraft ventilation (Installations
R-1, R-2, R-3, R-4, R-6) with nonsilica abrasives demonstrated flow rates
of from 11 to 70 CFM/FT2. All used only one operator with a hand-held
nozzle. The two installations with impaired visibility (Installations
R-3 and R-4) were characterized by the lowest air flow: 15 and 11
CFM/FT2, with 1.5 and 1.3 changes per minute, respectively.

(2) Both blasting rooms with crossdraft ventilation (Installations
R-5, R-7) and nonsilica abrasives demonstrated good visibility with
48 and 56 CFM/FTZ2, Air changes were determined to be 4.8 and 2.2,
respectively.

(3) Silica sand was used as the abrasive in an gpen-ended,
crossdraft shed (Installation P-9) operating at 140 CFM/FT2 of flow area
and 7.0 air changes per minute. Clearance was exceptionally good.

(4) In one operation using a portable device with silica sand
abrasive in an upflow hood (Installation P-3), the air flow was determined
to be 49 CFM/FT2 with 7.1 air changes per minute. However, this air
flow pattern counteracted the natural tendency of dust to settle and
markedly stirred the dust. Visibility was very poor.

(5) Blast cleaning the inside surface of a steel tank (Installation
P-10) with a slag abrasive was reviewed. The blast operator reported
adequate visibility except In tank corners where the crossdraft air
pattern was not effective. Air flow of 57 CFM/FT2 and 5.5 air changes per
minute were recorded.

b. Ventilation - Dust Clearance
Table 9 is a summary of dust concentrations taken within the abrasive

blasting enclosures at cessation of blasting. Each sample collection was
60 seconds in duration and was initiated at the time noted in the table.
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These concentrations represent the average dust values for the 60 seconds
following the start of sample collection. Although respirable dust
levels appeared relatively high immediately at blasting cessation, air
flows provided rapid dust removal so that no exceptionally hazardous
conditions were found.

(1) The highest initial dust concentrations were found in
enclosures with the lowest number of air changes. Initial concentrations
for nonsilica abrasives (Installations R-1, R-2, R-3, R-4, R-5, R-6,

R-7, and P-10) were above the respirable TLV of 5 mg/M3. However, with

the blast operator delaying at least '15 seconds before removing his helmet,
any possibility of exposure to these high dust concentrations will have
passed. Even with the lowest values of 1.2 - 1.3 air changes per minute,
dust concentrations were quickly brought to concentrations well below TLV's.
When viewing these brief exposures in terms of the time-weighted TLV,

no health exposure hazard existed.

(2) Silica sand presents a problem requiring more detailed
consideration; however, in the two sites reviewed (Installations P-3
and P-9), clearance was both rapid and adequate.

c. Ventilation - Dust Leakage

All enclosures were provided with baffled air inlet ports and
demonstrated no abrasive leakage when baffles were in good repair.
Corresponding inlet air velocities were variable but ranged from 250-600
LFM and were sufficient to prevent backflow of dusty air through inlet
ports.

E. SUMMARY OF VENTILATION AND DUST REMOVAL CONDITIONS

The following points appear evident from the review of data taken at
individual installations:

. Downdraft and crossdraft blasting rooms using steel shot and
slag abrasives provided good working visibility in all cases
where the air flow rate was at or above 18 CFM/FTZ.

° Two blasting rooms using steel abrasive had sluggish dust
clearance with impaired visibility at air flow rates of 11 and
15 CFM/FI2,

] A large hood, with ceiling exhausted air flow, provided poor
dust removal and developed poor vision conditions. Silica sand
was used as the abrasive and the air flow reading was 49 CFM/FTZ.

. Two additional facilities had satisfactory dust removal during
blasting: (1) An open-faced, crossdraft-ventilated shed
adequately removed silica sand at 140 CFM/FT2. (2) A shipboard
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tank was ventilated at 57 CFM/FTZ. This adequately cleared a

slag abrasive during internal surface cleaning.

° All facilities developed rapid dust removal at blasting
cessation and did not create a dust exposure health hazard for
the blast operator after helmet removal. Air rates as low as
1.2 - 1.3 changes per minute were satisfactory.

° All facilities had adequate air inlet baffling and
inlet air velocity so as to prevent unrestricted dust escape.
Inlet air velocities were found to be as low as 250 LFM.

F. RECOMMENDED CRITERIA

The primary objective of proper ventilation in abrasive blasting
enclosures is to insure good visisibility by the removal of generated
airborne dust from the vicinity of the blast operator. In addition,
control of dust is necessary to prevent spread to adjacent work areas
when blasting takes place in semi-enclosed facilities, and to prevent
unrestricted dispersal and backwash on the blast operator when blasting
takes place in either semi-enclosed or totally enclosed facilities:

1. Ventilation - Dust Control

a. A downdraft of crossdraft exhaust~type ventilation system should
be designed into abrasive blasting enclosures to provide effective dust
removal. The enclosures should be designed and well maintained to
prevent air leakage through seals, holes, or other openings which would
interfere with a uniform downdraft or crossdraft flow pattern.

b. Downdraft ventilation should be preferentially used in totally
enclosed abrasive blasting facilities. Dust removal by air flow is thereby
augmented by the natural tendency of dust to settle by gravity.

c. For adequate dust clearance, a minimum air flow rate of approximately
20 CFM/FT2 should be used with nonsilica abrasives. Higher minimum
rates should be used with low density or toxic abrasives that exhibit a
tendency to fracture extensively. For example, past experience has shown
80 CFM/FT2 to be effective for the control of silica sand dust.

d. Crossdraft ventilation is also effective both in totally enclosed

abrasive blasting facilities and in semi-enclosed abrasive blasting
facilities. Air flow rates should be in the same range (preferably higher)
but not lower than those for downdraft systems designed for ideatial operating
conditions.

e. Updraft ventilation should not be used in abrasive blasting
enclosures.
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f. All required openings on abrasive blasting enclosures should be
designed with baffling to prevent unrestricted dust leakage. Also minimum
inlet air velocities of 250-300 LFM through such baffled openings should
be developed to prevent dust leakage.

2, Ventilation -~ Dust Exposure

Blast operators should not be exposed to harmful concentrations of
dust at removal of protective, respirated helmets. Therefore, overall air
change rates should be sufficient to rapidly clear dust from abrasive
blasting enclosures upon blasting cessation.

a. Abrasive blasting enclosures should be designed with uniform
downdraft and crossdraft air flow patterns to insure the most prompt
clearance, Turbulence by leakage or poor flow distribution slows dust
clearance rates and should be eliminated.

b. Uniform air rates greater than 1.2 changes per minute, combined
with velocities sufficient to provide good visibility during blasting,

should be provided to quickly reduce dust concentrations and alleviate
any potentially dangerous dust exposures.
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VIII. SOUND LEVEL EXPOSURE

A. PROBLEM OVERVIEW

Because abrasive blasting is an inherently noisy operation, an
investigation of the safety and health of associated workers must include
an assessment of possible hearing damage. The purpose of making sound
measurements, then, is to document the sound levels to which the workers
are exposed and compare these levels with hearing damage criteria.

Further, it was not the purpose to relate sound levels to specific pieces
of equipment, nozzles in particular, or their operating parameters such

as capacity, flow rate, pressure, workpiece, angle of blasting, etc.

Such concerns are properly the subject of a separate noise reduction study.

B. MEASURED INDUSTRIAL CONDITIONS
1. Hand-Operated Nozzles (Portable Units and Blasting Rooms)

One common feature for both portable units and blasting rooms is
the hand-held and manipulated nozzle. 1In either case, the noise source
is equally close to the operator's ear, and being in the near field the
noise level should be substantially independent of field effects. The
data bears out this effect. The sound data for both types of facilities
have been groupeé together. Sound data forms are presented in Appendix A.

a. Blast Operators

The single number measurements with A-~weighting and Flat (20 kec)
are presented in Table 10. Column 1 is the installation identification;
column 2 is the sound level at the blast operator's ear, under the helmet,
with breathing air the only noise source; column 3 gives the total range
of levels observed during active blast cleaning; column 4 is either the
best long-time average as determined by the investigator reading the
instrument (in the slow response mode) or the arithmetical average of
the column 3 range; and column 5 notes the allowable operating time in
hours per day if the OSHA provisions were in effectl,

b. Nearby Workers

Since some abrasive blast cleaning operations require supporting
workers who are situated near the operation, the noise level was also
measured at some distance to the actual blasting. These measurements are
listed in Table 1l. The column headings are the same as for Table 10 except
for column 2 which indicates the measurement distance from the source.

The distance has meaning in that it presents the position of other
nonrelated workers or possible passers-by.

Federal Register, 16 December 1972, Vol. 37, No. 343, Part 1I.
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SOUND LEVELS AT EAR OF BLAST OPERATOR (UNDER HELMET)
FOR HAND-OPERATED NOZZLES

With Helmet

with Breathing

TABLE 10

OSHA
Install- Air Only Blasting Range Blasting Avg, Allowable
ation dB(A) (20) dB (A) (20) dB(A) (20) Hours/Day
R-4(1) 82 - 98/108 - 102 - 1-1/2
R-4(2) 77 96 98/102 94/104 100 102 2
P-7 70 98/108 96/100 100 99 2
P-5(1) 72 84 78/88 81/88 82 85 gt
(unusually

low)
P-6(1) 100 100 98/102 94/102 99 101 2t
P-6(2) 100 100 104/108 100/112 106 106 1/2%
P-9(1) 87 92 95/102 96/107 98 101 2t
R-3 87.5 95 112/124  114/122 120 - none
R-2 - - 103/116 104/116 107 110 1/2%
P-10 66 77 113/126  113/122 118 118 none
R-1(1) 73 94 - 99/104 95 101 4
R-1(2) 73 94 95/105 101/106 100 102 2
P-2(1) 81 93 98/104 98/102 98 99 2t
P-3 - - - 98/108 100 102 2
R-6 89 100 90/98 96/104 97 99 3
R-5(1) 88 92 106/113  108/116 111 111 1/4%
R-7 94 96 98/106 98/108 102 103 1-1/2
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Install-
ation

R-4(3)

P-5(2)

P-9(2)

P-4(1)

P-4(2)

P-4(3)

P-4(4)

R-5(2)

P-2(2)

P-2(3)

TABLE 11

SOUND LEVELS NEAR HAND-OPERATED NOZZLES

, . OSHA
Measurement Blasting Range Blasting pyg, Allowable
Distance-From dB(A) (20) dB(A) (20) Hours /Day
Outside
3'--Blasting 96/110 98/112 102 101 1-1/2
Room Walls
__Blaster _ _ +
Nozzle 94 26 4
y_Blaster
35 Nozzle 92 91/96 92 93 6
701-Blaster 87 87/89 87 88 g*
Nozzle
,_Blaster +
Nozzle 92/96 92 94 92 4
351 _Blaster 99 100/102 99 101 2+
Nozzle
_Blaster
40 Nozzle 90/91 88/90 90 89 8
Outside
3'--Blasting 90/104 - 97 - 3
Room Walls
g'- Blaster  ,45/105  102/105 103 104 1+
Nozzle
1 _Blaster +
46 Nozzle 94/98 94/98 96 96 3
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2, Remotely Operated Units (Automatic Rooms and Cabinets)

From an acoustic viewpoint, remotely operated units and cabinets
are different from all other types of blasting operations because the
operator (or other worker) is shielded from the noise source by the
enclosure walls., Also, there is no meaningful distinction among these
types with regard to hearing conservation. The data for these units is
shown in Table 12. It is known, however, that fans associated with dust
collecting systems develop high noise levels.

C. DISCUSSION

Although the use of a single number sound level like 90 dB(A) is the
general trend for noise criteria as the noises are generally broadband in
character, there are instances where stated levels of discrete tones or
octave bands also are part of the criteria or regulation. Consequently,
the spectra of abrasive blasting noise should be known in order to
determine the appropriateness of a single number criteria.

For six abrasive blasting facilities in Massachusetts, octave band
measurements were made in addition to the single number measurements.
These octave band data are shown in Figure 13.

A detailed description of the sound measuring and the techniques
used for taking the measurements is presented in Appendix B.

The sound levels obtained for abrasive blasting facilities are
dependent upon many environmental and physical parameters. Among these
would be nozzle size, and air flow, workpiece geometry, breathing air
flow, and room geometry. The levels, as reported, represent averages
over a period of time--30 seconds to 5 minutes--and were quite variable.
Desgpite the variability encountered both during blasting and in the
facility parameters (with the exception of Installation P-5[1]), the
sound levels are remarkably similar. In outdoor abrasive blasting, the
worker is in the near field (that is, very near to the noise source) close
to the reflecting surfaces of the workpiece. While working in enclosed
blast rooms, the worker is in a small hard-wall reverberant chamber where
near-field and far-field conditions are not distinguishable, but the noise
at the worker's ear appears to be dominated by the near field of the source.
In the one instance of Installation P-5[1], the worker was in a relatively
open field, the workpiece was a small 4" pipe saddle, and the work table
was a 2" x 8" length of lumber on saw horses. The reflecting surfaces
were small and/or quite distant. The surroundings approach those of a
free field, thus accounting for the unusually low sound level.

As the small difference between the A-weighting and flat (20 kc) data
indicates, the overall sound level is dominated by the mid- to high-frequency
bands. Consequently, the A-weighting level is not significantly lower than
the 20-kc level, as might be expected, due to the characteristics of the
A-weighting scale. The octave band data also verify that this is possible.
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TABLE 12

CABINETS OR AUTOMATIC ROOMS
SOUND AT OPERATORS STATION AND/OR NEAREST OTHER WORKER

Install- wS;E?Ztﬁi Blasting Range  Blasting ave.  )louabile
ation Distance dB (A) (20) dB (A) (20) Hours/Day
A-3 16" 82/85 - 83 - gt
A-4(1) 25! 85/87 94/95 86 94 g+
A-4(2) 1 90 95/97 90 96 8
A-2(1) 3! 96/99 98/101 97 99
A-2(2) 15’ 94/95 97/98 94 97 4t
A-1(1) 2 108/113 - 110 - 1/2
A-1(2) 12° 94/100 95 97 95 3
c-1 1/2° 87/90 87/90 88 88 g+
87
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The octave band levels of Figure 13 indicate the essential characteristic
of high air flow rates through nozzles--that is, a wide band noise nearly
constant with frequency, caused by jet turbulence.

The trend, however, is clear; the levels are very high and when
compared to the OSHA regulations, the allowable operating time or allowable
worker exposure 1s very short and often was less than his stated working
time per day. In conversation with some blast operators, it was
concluded subjectively that hearing loss had occurred. Considering the
short number of allowable hours per day appearing in the last column
of Table 10, the same conclusion could be made objectively. Of considerable
interest, however, was the disturbing fact that the breathing-air noise
itself created high noise levels within the helmet.

Table 11 shows that some measure of "protection" is offered by the
increased distance from the nozzle of other workers. Pure distance alone
(spherical spreading with 6 dB reduction per doubling of distance) cannot
always assure lower noise levels since the geometry of the installations
could nullify the effect due to reflections or focusing. Installation P-4
demonstrates this effect in the drydock area for the two locations at
70 feet.

In the case of blasting cabinets or automatic rooms, it would be
expected that the enclosure would offer considerably more protection to
the operator due to the barrier effect of the enclosure walls. In general,
this would be true, but the protection from the blasting nozzle can be
nullified by the addition of other air sources. In Installation A-2 of
Table 12, the noise at 15 feet was due entirely to the exit air cleaning
nozzles which blew residual shot off the workpiece. In Installation A-1,
these air-cleaning nozzles were hand operated thus creating, in effect,
another blast operator's position.

Without qualification abrasive blasting with hand-held nozzles presents
a serious problem in terms of worker hearing loss. With cabinet or room
type blasting, the problem is, or can be made to be, of minimum concern.
In the case of large blasting facilities and/or unique surface geometries,
transient workers or unrelated activities can be seriously affected.

D. NOISE REDUCTION

There are three major methods that can be used for noise control:
(1) reduce the noise at the source by making the noise conversion process
less efficient; (2) eliminate or modify the noise transmission path, or
(3) shield the worker. These methods are common to all noise problems.
The very nature of the abrasive blasting process requires high flow rates;
the sound power output is a high power function of the velocity, and an
effort to reduce flow velocities will be resisted since presumably it
will result in lower material removal rates. Attachments to the nozzle
to reduce the turbulence and, hopefully the noise, will add either bulk or

89

Arthur D Little Inc



mass to the nozzle that the worker must hold and manipulate. The transmission
path air cannot be modified for the hand-held nozzle blasting operation

so it appears that shielding the worker's ears has the most hope for

success.

There is an indication that the helmet could be improved as a shield
against nozzle noise. At Installation P-7, the measurements in Table 10
show that inside the helmet, the sound level was 98 dB(A) and outside
104 dB(A) at 2" from the helmet surface. Because two microphones with
simultaneous measurements with a significant number of subjects would
have been required to definitely establish this trend, the potential value
of helmets to hearing protection can only be speculated.

Of equal importance in helmet modifications would be the reduction of
breathing-air noise by reducing air flow velocity or suitable muffling
the existing nozzle noise. It had been observed in one instance that
high breathing air flow velocities were used to provide a cooling effect
for the operator. Although additional operating and maintenance expense
would be incurred, supplying cooled air at lower flow rates would be
desirable for hearing conservation. The direction of these improvements,
however, would tend to increase the weight of the helmet, and sufficient
shielding might result in a completely unacceptable helmet for blasting.

Ear plugs and ear muffs also provide protection for the ear. The
muffs should be an integral part of the helmet to prohibit helmet use
independent of muff use. The use of ear plugs is the responsibility of
the worker, but plugs may be required in addition to the muffs if helmet
modifications alone become impractical. The insertion of ear plugs by
workers having dirty and gritty fingers also creates an industrial hygiene
problem.

E. RECOMMENDED CRITERIA

The most up-to-date criterion which has received the most thoughtful
consideration is the OSHA Regulation Section 1926.52 reproduced here
(Figure 14) from the Federal Register of December 16, 1972. Further
reductions of the levels by 5 dB are presently being discussed. It is
not likely that state or local municipalities would have criteria better
established or justified than the above.

The evaluation of damage risk from exposure to noise 1is an exceedingly
complex process. The statement that the exposure is a risk is made because
there 1s no single number with which to rate a noise level below which no
risk is incurred unless that number is unrealistically low2.

Kryter, K. D., "The Effects of Noise on Man," Academic Press,
1970, New York, Chapter 5.
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§ 1926.52 Occupational noise exposure.

(a) Protection egainst the effects of
noise exposure shall be provided when
the sound levels exceed those shown in
Table D-2 of this section when meas-
ured on the A-scale of a standard sound
level meter at slow response,

(b) When employees are subjected to
sound levels exceeding those listed in
Table D-2 of this section, feasible ad-
ministrative or engineering controls
shall be utilized. If such controls fail to
reduce sound levels within the levels of
the table, personal protective equipment
as required in Subpart E, shall be pro-
vided and used to reduce sound levels
within the levels of the table.

(c) If the variations in noise level in-
volve maxima at intervals of 1 second
or less, it is to be considered continuous.

)
levels exceed the values shown herein, a
continuing, effective hearing conserva-
tion program shall be administered.

TaBLE D- 2—FERMIsS5IRLE NOISE EXPOSURES
Sound level

dBA slow

Duration per day, hours: response
B e 90
- 92
L S S S 95
. R 97
- 100
1 e e eem 102
] e 105
B e e eeees 110
14 OF 1€88 o eemcaaeo 115

(2) (1) When the daily noise exposure
is composed of twc or more periods of
noise exposure of different levels, their

FIGURE 14

(1> In all cases where the sound -

91

combined effect should be considered,
rather than the individual effect of each.
Exposure to different levels for various
periods of time shall be computed ac-
cording to the formula set forth in sub-
division (i) of this subparagraph.
i)
T, T, T,
FL=_+_ R S
1 Ll n
where:
F,=The equivalent noise exposure factor.
T=The period of noise exposure at any
essentially constant level.
L =The duration of the permissible nolse
exposure at the constant level (from
Table D-2).

If the value of F. exceeds unity (1) the
exposure exceeds permissible levels.

(iii) A sample computation showing
an application of the formula in subdivi-
sion (i) of this paragraph is as follows.
An employee is exposed at these levels
for these periods:

110 dbA 14 bhour.

100 dbA 14 hour.

90 dbA 114 hours.

W W 14
F=—t—de—
1 2 8
F,=0.50040.256+4..188

F,=0.938

Since the value of F, does not exceed
}min:fg' the exposure is within permissible
S.

(e) Exposure to impulsive or impact
noise should not exceed 140 dB peak
sound pressure level.

OSHA REGULATION SECTION 192652
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But as Kryter points out, the dB(A) weighting scale has been shown
to be adequate for many industrial noises because the spectrum shape of
the noises tends to be higher in the low frequencies. If the noise has
a greater energy content in the high frequencies, say 2000 Hz and above,
which is more indicative of the noise measured for abrasive blasting,
then the use of the A-scale may be suspected as not providing a proper
measure of the risk. Kryter, in fact, recommends the use of what he calls
the Dy scale. This scale is similar to the A-scale but emphasizes the
range of frequencies from about 2000 to 6000 Hz. These scales are shown
in Figure 15.

We cannot recommend unequivocally the use of the Dy scale in preference
to the A-scale at this time even though the Dy scale apprears to have
merit. The preponderance of the statistical A-scale data, and the common
use and avallability of the A scale argue in its favor and continued use.
It must be noted, however, that the spectrum characteristics of abrasive
blasting are not the same as the general class of industrial noises.
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FIGURE 15 FLAT,C, AND AWEIGHTING SCALES ARE COMMONLY
IN USE; D,1S RECOMMENDED.

Reproduced by permission of the author and the publisher from Figure 8, page 14 of
The Effects of Moise on Man by Karl D. Kryter, Academic Press, New York, 1970,
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IX. VISION IMPAIRMENT

A. PROBLEM OVERVIEW

It was anticipated that pressure blast cleaning operators would be
exposed to vision impairment during the course of work operations. On
this basis operator vision tests were conducted utilizing a standard
Snellen Eye Chart before and after completion of blasting operations. It
was also possible, in most cases, for the survey observers to roughly
determine the degree of vision impairment by viewing the cleaning operation
through the observation ports provided in the doors of most blast cleaning
rooms. In certain cases a member of the survey team conducted actual blast
cleaning procedures to personally test the reduction in visibility from
dust development and other vision restricting sources.

B. OBSERVATIONS

Ocular tests indicated that vision impairment is not a major
occupational problem. Restrictive viewing develops from repeated
abrasive impact on the vision glass of helmets. More frequent replacement
of the glass promptly corrects the situation. A fast, less expensive
solution to the problem is developed by the use of adhesive, transparent
mylar films that cover the glass to prevent abrasive etching. The
protective film can be readily applied to and stripped from the vision
glass.

Frequently, to prevent abrasive etching, copper screens are inserted
over the vision glass in breathing hoods. Such screens do reduce
visibility, but the reduction is negligible and cannot be considered
a major impairment to the operator's vision.

Within pressure blast cleaning rooms the overhead lights are
frequently damaged. It is quite rare to find all available lights
operative. In most cases the protective glass shades are badly etched
by abrasive contact and light emission is reduced in proportion to the
extent of etching.

On only one occasion was the worker's vision impaired to the extent
that the worker was actually working blind. This case involved an
operator who was using a portable blasting unit to clean offshore drill
rig deck housings (Figure 8 on Page 56). Vision was impaired by a
dense abrasive dust cloud and an etched vyision glass (Figure 10, on Page 58).

Vision impzirment occurs only when the air flow around the blast
operator and the work area is not sufficient to clear away the developed
dust cloud. Three such cases were seen within blast cleaning rooms during
the various plant surveys. This topic is discussed in detail in Chapter VII
under dust removal by ventilation, and criteria for eliminating causes of
visual impairmernt are included in the criteria for general safety in
Chapter X.
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X. GENERAL SAFETY

A. PROBLEM OVERVIEW

In addition to having dust and noise problems, pressure blast
operators are exposed to other potential injury and health exposures
from the use of various machines and from hazardous work locations. For
instance, they frequently work in confined spaces and at varying heights
and elevations and perform spray paint operations when they have completed
blast cleaning work.

B. BLAST CLEANING MACHINES

The job hazards vary with the type of machine used. In this chapter
the assessment of accident and health exposures is related to specific
abrasive blast cleaning machines as follows.

1. Hand-Operated Portable and Room-Type Blast Cleaning Machines

The operator of hand-held equipment works in the open when cleaning
surfaces of high buildings, swimming pools, the hulls, decks, and super-
structures of ships, high steel structures, and aids to navigation at
which time he utilizes a flexible hose and abrasive discharge nozzle
system (Figure 16). Similar equipment 1s also used within the confines of
an enclosed blast cleaning room which are usually complete with a dust
control and collection system.

The unsafe factors, exclusive of dust and noise problems, that were
seen repeatedly at various locations fall into special hazard categories:

a. mechaanical,
b. electrical, and
c. personal protective and 1life support equipment

Our observations in each area form the basis for the following recommendations:
a. Mechanical Conditions and Recommendations

(1) All units should be equipped with a positive fast-acting
abrasive shut-off control that must be depressed by the operator to
commence blasting operations. The design should be such that the machine
cannot be operated by the weight of the hose and nozzle if the nozzle
is dropped, or by other means of "on ground" depression, cutting, or
pinching by pedestrian, vehicular, or other traffic.
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FIGURE 16 HAND-OPERATED PORTABLE BLAST CLEANiNG MACHINE
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(2) Hose lines which are exposed to internal deterioration
from abrasive ac:ion should be subjected to regular nondestructive
integrity testing on an elapsed time basis. The initial test after use
can be of a greater time span that the subsequent tests which should be
conducted more frequently depending on age. The elapsed time between
testing should be determined by the hose manufacturers based on the types
of hose construction and on the type of abrasives for which the hose has
been designed or will be used. The user should maintain test records
and make them available to the OSHA Compliance Officers or any other
designated safety inspectors.

~ (3) On a time-use basis, all metal pipe lines, joints, bends, valves,
connectors, and nozzles should be subjected to regular internal inspection
to detect deterioration from internal abrasion. Defective parts should
be replaced promptly to avoid sudden and accidental failure. The time
test period should be established by the user on the basis of previous
failure and/or past replacement time procedures. The user should maintain
and make them available for examination by OSHA Compliance Officers
and other designated safety inspectors.

(4) Pressure "pots" or vessels used in conjunction with abrasive
blast cleaning operations should be examined for internal deterioration
on a regular two-year frequency. Following each five years of operation,
the "pot" or pressure vessel should be subjected to a hydrostatic test
at a pressure of 1-1/2 X designated maximum working pressure. Such
inspections and testing should be conducted and/or witnessed by an
individual who has attained proven competency in this work such as an
ASME/National Board Commissioned Inspector, or a state or deputized
insurance company inspector. The use of pressure ‘'pots' or vessels which
lack a removable hand-hole plate that permits internal examination should
be prohibited. All "pots'" or vessels should be constructed in accordance
with ASME pressure vessel code requirements.

(5) Pop-up valves used to pressurize the "pot" or pressure vessels
should not be fabricated of all rubber construction. Rubber seals may
be used as long as the valves have an internal metal core of greater
diameter than the opening in the tank top. Rubber-covered valves and
tank top seals should be checked frequently for deterioration, and defective
parts should be promptly replaced.

(6) Pressure ''pots" or vessels should be designed in a manner that
will permit free and easy entry of the abrasive, reduce spilling, and
generally ald in the prevention of strains and sprains when the "pot"
is being filled manually. In this respect it is preferable that the
upper fill head be of concave design.
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(7) The interior floors, ledges, and shelf surfaces (whenever
practical the latter two items should be avoided) of blast cleaning rooms
should be cleaned of waste abrasive and debris on a regular daily basis
whenever the facility is used. The person or persons conducting such
cleaning operations should be supplied with and instructed to wear
suitable respiratory protection during such cleaning operations. In
addition, all floor surfaces within the room or chamber should be
continually examined for abrasive deterioration and distortion and
prompt repailrs should be made to provide an even floor surface that will
not contribute to slipping and falling accidents.

(8) Blast cleaning rooms should be inspected on a regular weekly
basis to detect holes, abraded metal enclosure surfaces, and defective
door seals that can permit the escape of abrasive material. Such defective
sections should be subjected to welding repair or replacement as the extent
of deterioration warrants. Whenever practical, the interior of blast
cleaning rooms should be rubber lined to reduce operating noise and to
protect the metal sidewalls from abrasive deterioratiom.

(9) In a similar manner to Item 8, split or divided blast cleaning
rooms that permit the entry of work on an overhead traveling crane should
have the division seals examined, at least weekly, and defective seals
should be replaced promptly.

(10) Whenever the blast cleaning process entails the cleaning of
heavy or bulky objects, an adequate means of handling such items prior
to, during, and after blast cleaning should be provided.

(11) All doors of a blasting enclosure should be kept closed at all
times when blasting is being done and should be kept closed for a
reasonable time after the blasting has ceased.

(12) All moving mechanical devices, conveyor belts, and other mechanical
drives should be mechanically guarded to prevent physical contact with
moving machinery. Protection by remoteness (Figure 17) is not considered
adequate since maintenance personnel can still be injured in the machinery.

(13) Each blast cleaning room should have at least two inspection
ports located in such a position that the operators can be clearly viewed
from an external source at all times. The interal protective guard or
cover for such inspection ports should be maintained to open and close
freely and thereby protect the vision glass from abrasive etching.

(14) Doors providing entrance and exit for blast cleaning rooms
should operate freely and should not be obstructed or otherwise restrict

fast exit. The doors should not be lockable on the inside or in any way
prevent the entry of emergency assistance into the blasting enclosure,
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(15) Waste abrasive should be cleared from work areas on a
regular daily basis and should not be permitted to accumulate or stockpile.
(Figure 18.) The method of disposal should not cause environmental problems.

b. Electrical Conditions and Recommendations

An overview of machine safety as related to electricals should
include considerations in the following areas:

o Equipment adequacy

) Circuit design

° Placement and positioning of devices

) Identification (color coding or tagging)
° Environmental

o Testing and checking

) Guarding

] Instructional materials

® Standards and specifications

° Machine and equipment grounding

Under these broad area headings it is possible to categorize the
many specific points which should become electrical safety considerations.
The specifics should include the following:

(1) All motors used in conjunction with abrasive blast cleaning
equipment should be of totally enclosed dust-proof design.

(2) All electrical controls should be confined in dust-tight
enclosures meeting the design criteria of The National Electrical
Manufacturers Association (NEMA) Spec. 12.

(3) The main abrasive supply hoseline should be provided with an
efficient means for the discharge of static charges from the blasting
nozzle. It is preferable that the grounding system be built into the
hoseline rather than utilizing a separate grounding cable attached to
the outside of the hose since exterior grounding systems are easily
damaged and rendered worthless. The grounding system should be subjected
to a ground continuity test on a regular weekly basis prior to the commencement
of work operations at the beginning of each work week. Test records
should be maintained and be made availlable for review when requested
by federal, state, municipal, or other safety inspectors,
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FIGURE 18 MOUNDS OF ABRASIVE WASTE MATERIAL
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(4) All electrical lighting within the confines of blast cleaning
rooms should be 100 percent operative at all times, and the protective
glass shades or plates should be promptly changed when the glass becomes
etched and restricts light emission. The illumination within every blasting
chamber should not at any time be less than twenty foot-candles over all
parts of the chamber measured in a horizontal plane at three feet above
the floors.

c. Personal Protective and Life Support Equipment

Each operator should be provided with and instructed to wear the
following personal protective equipment:

(1) An air-supplied breathing helmet, which bears a distinguishing
mark indicating that it has been allotted to an individual operator.
Such helmets should not have been previously worn by any other person or
should be subjected to a thorough cleansing and disinfecting since
last being used by another person.

(2) The use of helmets and/or masks lacking a self-contained
source of breathing air should be prohibited since they lack an air seal
to prevent dust entry into the helmet or mask and are frequently used
for periods of time in excess of the designed temporary or short-term
use.

(3) The air supplied into self-contained breathing helmets should
not be drawn from the main air supply compressor. A separate oil-free
compressor should be used to supply breathing air. 1In addition, the
breathing air should be air conditioned and cooled to a temperature in
the range of 65°F. It should also be passed through an air purifier before
entering the operator's helmet. Each breathing-air supply system should
be equipped with an audible alarm that will warn the blast cleaning
operator, his helper, or other workers in the vicinity that the breathing
supply is contaminated with smoke or carbon monoxide.

(4) Self-contained breathing helmets should be designed to accommodate
and permit the use of sound reducing ear muffs either as built-in
protection or to fit over conventional ear muffs. Until sound reduction
techniques within self-contained breathing helmets has been applied,
the use of ear muffs and/or ear plugs should be mandatory to insure
that the 90 dB(A) level is not exceeded. This also applies to other
workers within the high noise level area.

(5) Vision glasses 1in self-contained breathing helmets should be
replaced promptly when the glass becomes etched from abrasive impact.
The condition of such glasses should be checked on a weekly basis by the
blast cleaning operator's direct work supervisor. The use of protective
mylar films over vision glasses is highly recommended.

(6) Abrasive blast cleaning workers should be provided with and
instructed to wear safety boots or toe guards.
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(7) Each operator should be provided with and instructed to wear
suitable gauntlet gloves and coveralls that will prevent abrasive materials
from contacting the skin from entry through breaks in clothing. This
requirement is additional to the protection afforded from leather or
rubberized capes assoclated with self-contained breathing helmets and
protective leg chaps. The lower leg of such coveralls should be belted
and buckled or tzped closed around the workers safety boot to prevent
the entry of abresive.

(8) 1Ir addition to the stipulated personal protective equipment,
a suitable, clear locker or container should be provided for each operator
to store equipment in a clean condition. Such storage accommodation
should be in a dust-free area outside of the blasting area but as close
as practical to the area of operationms.

(9) Silica sand as an abrasive cleaning agent should be prohibited
from use with all hand-held abrasive blast cleaning machines.

(10) Nc worker that has been involved in extensive (over 4 hours)
blast cleaning operations should be assigned to spray paint operations
within the same work day.

2, Hand-Operated Cabinet Machines

In this type of machine the operator inserts his hand and arms into
rubber gloves and sleeves and blast cleans parts which are installed on
a jig or are held in one hand while the abrasive discharge nozzle is
controlled in the other hand (Figure 4 on Page 26.)

a. Mechanical Conditions and Recommendations

(1) The exhaust fans of cabinet machines should be acoustically
engineered to the extent that the resulting noise level does not exceed
the federally stipulated 90 dB(A).

(2) All cabinet machines, including small bench-top type units,
should be equipped with a forced-air type dust collecting system. Gravity-
settling dust-collecting systems should be prohibited since they restrict
vision and can become overpressured causing leakage of abrasive.

(3) The use of open=-front cabinet machines as used in the suede
preparation and cleaning industry should be prohibited.

(4) The observation port on all hand-operated cabinet machines
should utilize only safety glass. Each vision glass should be designed

to visually indicate that safety glass observation ports have been
provided.
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(5) Door seals on cabinet units should be inspected weekly, and
defective seals should be promptly replaced.

(6) All metal surfaces within cabinet machines should be designed
to eliminate flat dust collecting surfaces. Angled surfaces should be
provided that will aid in directing the abrasive and debris into the
dust collecting system.

(7) Dust collecting systems on cabinet machines should be
cleared of blockage on at least an hourly operational basis. Dust
collection bags should be inspected on a regular weekly basis and
defective bags should be promptly replaced.

(8) Foot-type controls used to activate cabinet machines should
be equipped with a stirrup-type guard that will prevent accidental
operation of the machine.

(9) The internal surfaces of all cabinet machines should be inspected
on a regular weekly basis to determine any thinning of the metal casing
from abrasive action. Deteriorated sections discovered during inspection
should be promptly repaired or replaced.

b. Electrical Conditions and Recommendations

(1) All machines should be provided with an efficient means for the
discharge of static electricity from the blasting nozzle. 1In addition,
the cabinet machine operator should be provided with an easily attachable
grounding strap that will protect him from static electrical shock.

(2) All cabinet machines should be equipped with the following
failsafe control protection:

° A negative-pressure control switch that will prevent
operation of the machine unless a negative pressure is
evident within the cabinet.

° An electrical interlock control that will prevent machine
operation unless the main access door is in the closed position.

(3) All operating controls should be of dustproof NEMA Spec. 12
design, and the control boxes should be kept closed at all times unless
being serviced by a competent electrician. Figure 19 illustrates this problem.
(4) Electrical lighting within cabinet machines should be adequately

maintained, and etched shades or protection glasses that restrict light
emission should be promptly replaced.
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c. Personal Protective and Life Support Equipment

(1) Each machine operator should be provided with and instructed
to wear complete eye protective equipment when operating his or her
machine.

(2) Each machine operator should be provided with and imstructed
to wear safety boots or toe guards during working hours.

(3) Each machine operator should be provided with and instructed
to wear a dust respirator while operating a cabinet machine, and when
removing abrasive residue and debris from the dust-collecting system.

3. Automatic Machines

With this class of machine, the work to be cleaned is either
mechanically or manually inserted into the machine or onto a mechanical
conveying system. The part is then tumbled, rotated, or directly passed
through the path of an abrasive discharge which cleans the part during
a timed cleaning period (Figure 20). The cleaned parts are then manually
or mechanically removed in preparation for the next timed cleaning cycle.

Many machines in this category are custom designed to suit a
specific cleaning need. The commodities cleaned can vary through a
range of synthetic and plastic materials to very large castings and
structural steel beams of considerable length. A quite recent trend is
to provide a machine capable of cleaning a ship's entire hull in a one-
sweep-per-side drydock procedure.

a. Mechanical Conditions and Recommendations
(1) The internal surfaces of all automatic machines should be
inspected on a regular weekly basis during which the following items
should be given special consideration and prompt corrective action:

. Badly abraded recirculating pipes should be replaced.

] Abraded case-hardened wear plates and especlally their retaining
mats should be promptly replaced.

° Worn, distorted, or otherwise deteriorated floor plates or
gratings that can create a trip, slip, or fall hazard should
be promptly replaced.

° Abraded and otherwise damaged steel to steel, steel to rubber,
or rubber to rubber door seals should be promptly repaired or
replaced.

° Abraded frames, casings, or other enclosures that can result in

the escape of abrasives or dust should be repaired or replaced.
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FIGURE 20 TUMBLE BLAST CLEANING MACHINE

Courtesy: \Vheelabrator—Frye, Inc.
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(2) Dust exhaust fans and shaker-type abrasive waste separation
systems were found to be exceptionally noisy, and most systems exceeded
the existing 90 dB(A) noise level, All such systems should be re-engineered
until the noise levels meet or are below the federally stipulated
90 dB(4A).

(3) The discharge of waste materials from magnetic and other type
separators should not terminate into open bins or containers. Such bins
or containers should be covered to effectively control the emission of
dust clouds into open work areas (Figure 21).

(4) All machine drives, coupled or belted, should be mechanically
guarded to prevent physical contact. Reference is specifically made to
door-closing belt drives, exhaust fan belt drives, shaker conveyor and
dust collector vibratory drives.

(5) Removable floor plates and/or gratings providing access to below
grade level shaker-type separators should be kept in position at all
times during machine operation. During maintenance work such floor
openings should be barricaded to effectively restrict access to the
maintenance work area and specifically the unprotected floor openings.

(6) All steel cables used to open and close the doors of automatic
machines should be examined on a regular quarterly basis. Such cables
should be replaced under the following conditions all of which warrant
condemnation of a cable:

o Excessive dryness and an exterior brick dust effect that indicates
Internal corrosion working out to the exterior of the cablel.

o Six or more wire breaks within the lay (one complete revolution
or wrap) of a single strand of the cable, or indication
of flattening or abrasion of one or more strands of the cable.

(7) All dust-collecting systems should be inspected and serviced
on a regular weekly basis with prime consideration that:

® All ducts and ventilation screens are clean

° The maximum manufacturers air flow rates are maintained at
all times

] Bags, screens, filters, and other dust collecting devices are

in peak working condition

] Dust collection bins and containers are covered to effectively
contain the dust discharge

The brush application of boiled linseed oil insures automatic
lubrication from the center hemp core throughout the cable when
running or in tension.
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® Discharge bags between the final hopper discharge and the
collection bin or container are in good working order

° No blockage exists at any location within the dust collection
system and its ultimate discharge

b. Electrical Conditions and Recommendations

(1) All doors, main, or manual access, should be equipped with
electrical interlocks that will prevent operation of the machine unless
all doors are tightly closed. The effect of opening any door should
immediately stop machine operation.

(2) All motors used in conjunction with automatic blast cleaning
machines should be of totally enclosed dust-proof design.

(3) All electrical controls should be confined in dust-tight
enclosures--boxes or cubicles that meet the design criteria of NEMA
Spec. 12,

(4) The breaking of a tumble belt or rotating table drive belt
should immediately prevent further operation of the machine until the
belt is repaired or replaced.

Special Note: 1In addition to ruining all parts being cleaned, such
frequent belt failures cause the operator to remain close to the machine
where he can be exposed to dust inhalation.

C. Personal Protective and Life Support Equipment

(1) Each machine operator and/or attendant or assistant should be
provided with and instructed to wear complete eye protective equipment.

(2) Each machine operator and/or attendant or assistant should be
provided with and instructed to wear safety boots or toe guards.

(3) Each machine operator and/or attendant or assistant should be
provided with and instructed to wear clear coveralls that will restrict
the entry of abrasive into clothing breaks from which it can make physical
contact with the skin.

(4) During machine operation each machine operator and/or attendant
or assistant should be provided with and instructed to wear a dust control

breathing respirator. Such a device should also be worn by all workers
servicing any phase of the dust-collecting system.
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SCHEMATIC OF INSTALLATION A-3
TUMBLE BLAST AUTOMATIC MACHINE
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SCHEMATIC OF INSTALLATION A4
AUTOMATIC SWING TABLE MACHINE
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APPENDIX A-2

Portable Machine Installations
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Canvas, Non Respirated Hood

<

Wind
Avg. 300 LFM

Blast Nozzle

Sand Abrasive

Truck Bed

Wood Surface of Truck Bed Being Cleaned of Paint and Scale

SCHEMATIC OF INSTALLATION P-1
PORTABLE BLASTING MACHINE
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Dock

Breathing D
Air Compressor

Blasting
Air Comp.

[

77

Painting Area

Workers \

{Workers)

Door
46°
Personal Sand Area
Shack Blasting..©
. Tl Machine E

55'15
Wind Direction s

100-500 LFM
and Dusty

1T

SCHEMATIC OF INSTALLATION
PORTABLE BLASTING UNIT
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Open-ended
Covering Shed

Slag Abrasive
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INSTALLATION P-3

AIR FLOW RATE DATA

1. Air flow determined by average velocity through exhaust duct

inlet:
Average Exhaust x Duct Cross- _  Average Air
Velocity Sectional Area Flow
1000 L.FM x 3.98 5q Ft = 3980 CFM

A-22

Arthur D Little Inc






*TeOFIUIPT sem JTelaAo ¢JUsSIaJJTP
gQ 7 + Sem ejep pueq 2ae3100 {pa3iaydsp sem pues jo A7ddns usyy -Suriserg TEUWIONy

‘SANIWWOI ANV S3LON TVHINID

16 0096 - 8% 18 009 - 00¢
68 008y - vz . [4:] 00t - OST
(8 00%e - 71 96 0ST - 6L
¢8 00¢T - 9 £6 ¢L - 0c¢

yx(@suodsax 14Ty oA 07) | pueg aae30Q

(02)€bT uwado ©(0Z)0TT posor> =@3grd @oed :Supyryl 19iserg 1931seTqd
’AoNvom
8urjse[q jou--ATuo uej 3sneyxs pooy wooy ~ V)8L -
(0Z2)2Z0T [0Z)80T/86
*sjouTay

a141s om3 jo 19Y3TZ (v)00T 1We BuTyIELIq ON | (0Z)40L 1938eTq

ONILSVY18 ONILSY8 HIV ONIH1v3IHe HIV ONIHLVIHE a3 1vIIan)

S310N ONIHNG ONIHNG LNOHLIM HLIM ONY 13A37 3ONVLSIQ LY

JOVHIAY 39NVH LINTIH HLIM LIWT3H HLIM 1N3iaNY 1vNAIAIGNI
asuodsale|4 ‘ON0Z = (0Z) HIOMTTTID TTEUWS 3031d XHOM
yiomiau bunybiam v ‘yvap = (vy) pueg JAISVHEY
ssey NOILVIOluwooy ,8T X ,61 X ,61 3z1s €-d 31U °19€210d ALNIDVY

viva aNnos

Arthur D Little Inc

A-23







Vent Suction

"

Sand Recirculation S Sand
‘/\ ~ - Abrasive

Blasting
Nozzle and
Hose

10 Ft.

[
I . ZObject Being (Side View)

Blasted

5 Ft.

10 Ft.
Helmet

Non-Respirated

{Top View)

SCHEMATIC OF INSTALLATION P-3
PORTABLE MACHINE IN UPDRAFT HOOD
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=

Photograph of Support Scaffolding for
Three Blasters

3
Abrasive Hopper and
Blast Cleaning Rig
)

— T - 2
Wind Blowing Blaster # 1 @
at 10-400 LFM

T

)

SCHEMATIC OF INSTALLATION P4
THREE PORTABLE HAND-HELD NOZZLES
BLAST EXTERIOR OF SHIP IN DRY DOCK
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INSTALLATION P-9

AIR FLOW RATE DATA

1. Air flow determined by average velocity through exhaust ducts:

Estimated Average x Duct Cross- - Average Air
Duct Velocity Sectional Area Flow

4500 LFM X (15" x 18" = 1.88 Sq Ft) = 8460 CMM

Two Blowers, So TOTAL 16,920 CFM
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FIGURE A—6 EXHAUST BLOWERS AND DUCTING TO OPEN YARD (installation P—9)
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INSTALLATION P-10

AIR FLOW RATE DATA

1. Air flow determined by average velocity through dust collector
exhaust vent:

Exhaust Vent Vent Open _ Average Air
Centerline Velocity Area - Flow
*
3200 LFM x 0.9 x (15" x 20" = 2.1 Sq Ft) = 6048 CFM

0.9 is an averaging factor for the centerline velocity measure-
ment to give an approximate overall average velocity.
2. Air flow determined by average velocity through inlet opening:

Average Inlet Velocity Average Ailr

kg
[

(Nine Data Points) Inlet Area = Flow
1633 L™ X (20" x 26" = 3.6 Sq Ft) = 5897 CFM
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APPENDIX A-3

Cabinet Machine Installations
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APPENDIX A-4

Blasting Room Installations
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INSTALLATION R-1

AIR FLOW RATE DATA

1. Air flow determined by average downflow velocity within enclosure
at 3 feet above floor:

Average Downflow % Enclosure Cross- - Average Air
Velocity Sectional Area Flow
70 LFM X (12' x 12' = 144 Sq Ft) = 10,080 CFM

2. Air flow determined by average velocity through side exhaust

plenums:
Average Exhaust Velocity % Plenum Open - Average Air
(Seven Data Points Each) Flow Area Flow
Right 2100 LFM x  (3.75"x6'-8" = 2,1 Sq Ft) = 4410 CPM
Left 2740 LFM  x (3.50"x7'-4" = 2,1 Sq Ft) = 5750 CFM
TOTAL 10,160 CFM

3. Air flow determined by average velocity through ceiling air
inlet cones {18 total):

Average Inlet Estimated Inlet _ Average Air
Velocity X Area N Flow
600 L¥M X 17 Sq Ft = 10,200 CFM
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INSTALLATION R-2

AIR FLOW RATE DATA

1. Air flow determined by average downflow velocity within enclosure
at 3 feet above floor:

Average Downflow Velocity x Enclosure Cross- _ Average Ailr
(Eight Data Points) Sectional Area Flow
18 LFM b3 (10' x 15' = 150 Sq Ft) = 2700 CFM

2. Air flow determined by average velocity through exhaust duct
(12" diameter):

Average Exhzust Velocity < Duct Cross- _ Average Air
(Five Data Points) Sectional Area Flow
3300 LFM X 0.785 S8q Ft = 2590 CFM

3. Air flow determined by average velocity through ceiling air inlet
ports (five total):

Average Inlet Centerline x Roof Imnlet - Average Air
Velocity (Five Data Points) Area (Five Ports) Flow
*
286 LFM x 0.9 X (18"x18"x5 = 11.25 Sq Ft) = 2896 CFM

0.9 is an averaging factor for centerline velocity measurements to
give an approximate overall average velocity.
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INSTALLATION R-3

AIR FLOW RATE DATA

1. Air flow determined by average velocity through side exhaust

plenums:

Average Exhaust Velocity " Plenum Open _  Average Air
{(Four Data Points Each) Flow Area Flow
Right 242 LFM x  (3"x12' = 3 Sq Ft) = 726 CFM
Left 362 LFM x (3"x12' = 3 8q Ft) = 1086 CFM

TOTAL 1812 CFM
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INSTALLATION R-4

ATIR FLOW RATE DATA

l. Air flow determined by average velocity through exhaust duct:

Average Exhaust Velocity < Duct Cross- - Average Air
(Four Data Points) Sectional Area Flow
462 LFM X (14,5"x14,5" = 1.46 Sq Ft) = 675 CFM

2. Air flow determined by average velocity through ceiling air inlet
ports (four total):

Insufficient data for accurate CFM determination. However,

single port sampled showed inlet air at 250 LFM. Area was
8" x 8" = 0,44 Sq Ft.
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INSTALLATION R-5

ATR FLOW RATE DATA

1. Air flow determined by average velocity through three faces of
exhaust plenum:

Average Exhaust Yelocity x Face Open - Average Air
(Seven Data Points Each) Flow Area Flow
Left Side 880 LFM x (12" x 15" = 1.25 Sq Ft) = 1100 CFM
Front Side 910 LFM x (12" x 15" = 1.25 Sq Ft) = 1137 CFM
Right Side 980 LFM x (12" x 15" = 1.25 Sq Ft) = 1225 CFM
TOTAL 3462 C™
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INSTALLATION R-6

AIR FLOW RATE DATA

1. Air flow determined by average velocity through side exhaust
plenums:

Average Exhaust Velocity

(Eight Data Points X Plenum Open - Average Air
Right, Seven Left) Flow Area Flow
Right 800 LFM x (5" x 20' = 8,3 Sq Ft) = 6640 CFM
Left 1017 LFM x (5" x 7.9' = 3.3 Sq Ft) = 3356 CFM
(Two Sections) 875 LFM x (3" x 12.1' = 3,0 Sq Ft) = 2625 CPM

TOTAL 12,621 CFM
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(Top View)
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INSTALLATION R-7

AIR FLOW RATE DATA

1. Air flow determined by average velocity through exhaust vent:

Average Exhaust Velocity Vent Open - Average Air
(Five Data Points) x Flow Area Flow
3100 LFM X (60% x 16"x16" = 1,07 Sq Ft) = 3307 CFM

2. Air flow determined by average velocity through exhaust duct
(downstream of blower):

Average Exhaust Velocity Duct Cross- _ Average Air
(Fifteen Data Points) Sectional Area Flow
827 LFM X 3.4 8q Ft = 2819 CFM

3. Air flow determined by average velocity through inlet slots:

Average Inlet Velocity Duct Cross- - Average Air
(Four Data Points Each) Sectional Area Flow
Right Wall 550 LFM x (8" x 30" = 1.7 Sq Ft) = 917 CFM
Right Door 500 LFM x (20% x 8"x30" = 0.34 Sq Ft) = 170 CFM
Left Door 287 LFM x (8" x 30" = 1.7 Sq Ft) = 488 CFM
Left Wall 487 LFM x (8" x 30" = 1.7 Sq Ft) = 829 CFM
Ceiling Cones 350 LFM x (3x.78 Sq Ft = 2,34 Sq Ft) = 819 CFM
(Estimated)
' TOTAL 3223 CPM
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1. DUST EXPOSURE
a. Equipment Description

As GCA's manual states: "The Model RDM-101 Respirable Dust Monitor
(Figure B-1) is an advanced instrument designed for on-the-spot measurements
of mass concentrations of the respirable fraction or the total mass loading
of dust particles. It is a portable and fully self-contained monitor with
automatic and direct digital readout of the mass concentration of airborne
dust."

Dust is collected by sampling air at 2 liters per minute (a rate
that is factory set but adjustable; a test rotometer 1s available for
periodic confirmation of this flow rate) through a two-stage collection
system. Total alrborne dust is accumulated without the first stage of the
collection system by impaction directly on a '"vaseline" coated, circular
plastic (polyester) disc. Collected particles are approximately 50 um
(spheres of unit density) in diameter and smaller. Respirable airborne
dust is collected using both a cyclone precollector first stage and the
coated disc second stage. The cyclone's function is to remove all non-
respirable particles larger than 10 um in diameter (spheres of unit density),
to allow passage of all particles smaller than 2 um in diameter, and to allow
passage of selected percentages of particle sizes between these two limits.

The first stage cyclone precollector is designed to separate in
accordance with estimated particle sizes that actually pass into smaller
portions of the human respiratory tract (to small bronchioles and alveolar
sacs)., Separation is in accordance with the following profile as determined
by the AEC and recommended by the U. S. Bureau of Mines*.

AERODYNAMIC DIAMETER (um) % PASSING
(UNIT DENSITY SPHERE) SELECTOR

100
75
50
25

0

10.

ouvwNnN
(=N =V, NV,

This commercially available, 10-mm diameter, nylon cyclone is
accepted as a standard in most industrial hygiene uses (U.S. Bureau of
Mines and U.S. Department of Health, Education, and Welfare, per GCA).

"Sampling and Evaluating Respirable Coal Mine Dust: A Training Manual,"
Bureau of Mines Information Circular, February 1971.

B-1-®,
Arthur D Little Inc






HOLINOW 1SNA 379VHIdSIH NOILVHOdHOO VIO L—-83

camanas.
LI

HNoW

et T T

PO TOTT) RLLLIL] et

ghrin iy gy

D [

Arthur D Little Inc






Automatic operation of the Respirable Dust Monitor provides for
a one-minute total sample period (40 seconds effective sample collection,
10 seconds each for initial [no sample] and final [collected sample] mass
determinations by B-energy mass absorption). Air samples with low
respirable_dust concentrations often are below significant sensitivity
(< 10 mg/M3) of the instrument in its automatic sampling time; therefore
a manual override for increased sampling time is provided. This, however,
requires a correction factor to give the true respirable dust concentration.
This factor is determined by the following formula and correction factors are
presented in Table B-1,

DIGITAL CORRECTION CORRECT RESPIRABLE
X =

READOUT FACTOR DUST CONCENTRATION
TABLE B-1

CORRECTION FACTORS

EFFECTIVE
SAMPLING TIME
(Total less 20 sec. CONCENTRATION
TOTAL SAMPLING required for mass CORRECTION RANGE
TIME Measurements) FACTOR (mg/M3)
1 minute 40 sec. 1.0 1-50
1 min., 40 sec. 80 0.5 0.5-30
2 min. 100 0.4 0.4-25
3 min. 160 0.25 0.25-20
3 min., 40 sec. 200 0.20 0.20-12
4 min, 220 0.182 0.18-10
5 min. 280 0.143 0.14-8
6 min, 340 0.118 0.12-8
7 min, 400 0.100 0.10-6
8 min. 460 0.087 0.09-6
10 min. 580 0.069 0.07-5
13 min., 40 sec. 800 0.050 0.05-3
B-3
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Measureable concentration ranges of airborme dust are also given
in the above table. The maximum limitation of the instrument is 50 mg/M
which is significantly higher than the recommended maximum concentration
of nonsilica respirable dust of 5 mg/M3.2 The GCA monitor therefore
adequately covers the spectrum of dust levels required in collection of
NIOSH data,

3

b. Equipment Calibration
The RDM-101 is calibrated at the manufacturer's facilities against
a gravimetric reference filter sample from a test flow tunnel with

continuous dust feeding.

Arizona road dust 1s fed into an 8-inch diameter test tunnel and
sampled isokinetically 20 diameters from the linlet.

Three samplers were used concurrently:

1. A filter sampler using a Gelman Metrical (0.45 pm
pore size) Filter @ 1 CFM.

2. A Bausch and Lomb Light-Scattering Particle Counter
Model 40-1 (used only to keep watch on uniformity of
particle size).
3. A GCA Respirable Dust Monitor RDM-101.
The GCA dust monitor is calibrated to agree with the gravimetric
sample. This primary calibration was done at the outset of our program

and again half way through our sampling efforts.

Test Arizona road dust is of the following specifications:

PARTICLE SIZE WT. %
0-5 w 39 + 2
5-10 18 + 3

10-20 16 + 3
20-40 18 + 3
40-80 9+ 3

Federal Register, Vol. 36, No. 157, 13, August 1971.
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Also GCA literature depicts a rather good agreement between RDM-101
and gravimetric techniques,in sampling air streams ladened with coal dust.
v
A secondary mylar calibration disc is provided to check adherence of
the instrument to the original calibration. This provides an indication
of deviation from the originally set point under field use conditions and
adjustment of a potentiometer will reset 'the instrument if necessary.

2, AIR FLOW VELOCITY

a. Equipment Description

A Datametrics' Series 800-VTP Airflow Multimeter (Figure B-2)
was used to directly record air velocities at abrssive blast cleaning
installations. This device is a hot wire anemometer requiring direct
probe insertion into the airflow path. Direct velocity readout was
available to 5000 LFM.

b. Equipment Calibration

This device was factory calibrated at the outset of the program.
3. SOUND LEVEL EXPOSURE

a. Equipment List

The following sound level monitoring equipment (Figure B-3) was
used to measure the acoustic levels:

Sound Level Meter General Radio 1551-C
Octave Analyzer H. H. Scott 420-A
Preamplifier General Radio 1560-P40
Power Supply General Radio 1560-9575'
Calibrator General Radio 1552-B
Oscillator General Radio 1307-A'
Windscreen General Radio 1560-9521

b. Equipment Calibration

The assembled equipment was calibrated before and after
measurements were made at each facility. For all of the measurements,
a 5-mil polyethylene sleeve was placed over the microphone to prevent
the intrusion of grit particles. A laboratory check was made of the
effect of such a shield on the acoustic response of the equipment. It
was determined that the acoustic calibration could not be made with the
sleeve due to dimensioned interference with the calibrator and high level
effects, but measurements could be made satisfactorily with an acceptable
one to two dB error in the two highest octave bands (2400-4800 and
4800-9600 Hz).
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The microphone (ome-inch ceramic) and preamplifier were hung as
an assembly around the neck of a helmeted worker so that the microphone
opening was placed just below the lobe of the right ear (Figure B-4).
This allowed the preamplifier to nestle in the hollow area of the neck
below the worker's jaw and ear. Thus, there was no physical contact with
the hard surfaces of the helmet and no interference with the worker's
physical movements. A 100-foot cable was led from the worker to the
remaining equipment. A preliminary set of measurements was made at ADL
using rented abrasive blasting equipment in order to work out and establish
this procedure.

It was observed that breathing air to the helmet could cause
subjectively high level noise. A measurement of this noise was made (in
one instance) first, with the microphone positioned as described above
and second, with the foam polyurethane windscreen in position over the
microphone. Readings taken with the A, B, or C-weighting scales or the
meter in the flat (20 c) response mode indicate no difference in sound
level between the two cases. Thus, the noise generated by supplying
breathing air to the helmet is caused by jet turbulence at the air exit
holes in the helmet and not by the wind-generated noise at the microphone
surface. Because of this, measurements were made without the windscreen
under the worker's helmet thus easing the equipment set up. Reported in
the data are those sound levels with breathing air only; that is, without
on-going blasting. Where appropirate, the windscreen was used when taking
measurements at outdoor blasting facilities.

In the case of a nonhelmeted worker or cabinet type blasting operation,
the microphone and preamplifier were hand held three to six inches from

the operator's ear or just at the operator's station if appropriate.

In appropriate instances, sound level readings were made at locatioms
of other nearby workers, helpers, or observers to the blasting operation.

Background ambient readings also were made to insure that the levels
measured were due only to the blasting or to identify the source of the
high noise level if the blasting was not the primary source.
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FIGURE B—4 MICROPHONE POSITION RELATIVE TO BLAST OPERATOR'S
EAR FOR INSIDE HELMET MEASUREMENT
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