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DISCLAIMER 

This report has been reviewed by the Environmental Monitoring Systems 
Laboratory, U.S. Environmental Protection Agency, and approved for publica- 
tion. Approval does not signify that the contents necessarily reflect the 
views and policies of the U.S. Environmental Protection Agency, nor does 
mention of trade names or commercial products constitute endorsement or re- 
commendation for use. This report provides suggestions and guidelines for 
person's involved in observer certification and visible emission evaluation 
and is not a supplement to EPA Reference Method 9. Valid observations can 
still be made even though all recommendations herein are not completely 
followed. 
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SECTION 1 

INTROOUCTION 

Visual observation of plume opacities is currently the most effective 

and economical method of determining compliance with opacity-based air pollu- 

tion control regulations. It is one of the primary enforcement tools used in 

the United States to determine compliance with particulate emission regula- 

tions. The legality and credibility of this method have repeatedly been up- 

held in court. Recently, however, industry has begun to exercise their rights 

by challenging the techniques used to read plume opacity. Due to the role of 

visible emissions (VE) observations in compliance and enforcement of air 

pollution control laws, it is imperative that personnel conducting these ob- 

servations make accurate and defensible readings. 

Field inspectors and observers are required to document their plume read- 

ing skills by periodic participation in a rigorous smoke training and certifi- 

cation program. It is therefore essential that VE observers continue to have 

the benefit of high-quality training and testing. Accordingly, EPA's Divi- 

sion of Stationary Source Enforcement (DSSE) and the Environmental Monitoring 

Systems Laboratory (EMSL) have furnished this document to individuals respon- 

sible for the general conduct of the VE training and certification program. 



SECTION 2 

ORGANIZATION, PLANNING, AND TRAINING ANNOUNCEMENTS 

2.1 ORGANIZATION 

To ensure a coordinated and consistent program one agency training super- 

visor should have overall responsibility for the smoke training and certifi- 

cation program. This person will likely need the support of at least two 

other people, the smoke generator operator and the operator's assistant. The 

smoke generator operator will be responsible for the preparation, maintenance, 

calibration, and operation of the generator. His assistant will be respon- 

sible for documenting, reading, grading papers, and monitoring trainees. The 

roles of training supervisor and smoke generator operator could be combined 

if the classes are held only two or three times a year. 

2.2 PLANNING 

Planning the year's training and certification program is an essential 

aspect of any successful program. Although the number and frequency of 

training sessions will be partly determined by past experiences and demands, 

the school should be scheduled at least twice each year to accommodate per- 

sons needing semiannual recertification. Certifying previous graduates 

while the smoke school is in operation is more efficient and less costly 

than scheduling a separate session. A summer/winter schedule is generally less 

desirable than a spring/fall schedule because of adverse weather conditions 

as well as the need to prepare inspectors for the heavy spring/summer source 

compliance activities. 

2.3 TRAINING ANNOUNCEMENTS 

Because VE training is an expensive program, it is important to provide 

a high-quality training program and to have the greatest number of students 
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possible. All local air pollution control agencies within the State or area 

should be sent in advance a copy of the training schedule, a brief discussion 

of course content, and a breakdown of the cost per trainee. In addition, 

industry, trade associations, and journals generally publish such information 

as a service to their membership. Personnel at major industries and problem 

sources may be extended a special invitation. Public service notices may be 

submitted to several newspapers and should include a request for preregistra- 

tion by interested individuals. Following these steps gives an indication 

of student load and establishes a point of contact for any followup notices. 



SECTION 3 

CLASSROOM TRAINING 

Classroom training program is an essential part of any smoke reading 

certification program. This training, which is most effectively completed 

with an intensive l- or 2-day classroom lecture/discussion session, is 

beneficial for the following reasons: 

1. It increases the visible emission observers' knowledge and con- 
fidence for the day-to-day field practice and application. 

2. It reduces training time required to achieve certification. 

3. It trains the smoke reader to properly record and present 
evidence that will withstand the rigors of litigation, and 
greatly strengthens an Agency's compliance and enforcement 
program. 

4. It provides a forum for the periodic exchange of technical 
ideas and information. For example, periodic refresher 
courses provide field personnel with updated information 
and developments , and reinforce good practices and techniques. 
It can also point out poor techniques and questionable short- 
cuts that may have become incorporated into routine procedures 
and operations. 

Many States only require classroom training for initial certification. 

Because the fields of opacity reading technology, legal development, and 

court decisions develop and change rapidly, however, a full-day refresher 

course should be given at least once every 3 years as a criterion for certifi- 

cation renewal. Further, the training supervisor should attend one of the 

instructor seminars offered periodically by EPA because these serve as a forum 

for discussing and distributing new material, techniques, and training aids. 

To assure quality training and optimum student learning, lecturers should 

be selected with care. They should be experienced, knowledgeable, organized, 

and have good visual aids and current hand-out materials. 

( 
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3.1 EXAMPLE LECTURE MATERIAL 

This section, along with Appendix A, provides only an overview of the 

classroom session. Separate EPA documents cited in Section 7 should be re- 

ferred to for further, more detailed guidance concerning lecture materials. 

The set of lectures included in Appendix A provides samples of material that 

should be presented as part of the classroom lecture/discussion session. Al- 

though these example lectures are not intended to be a model for all schools 

to follow, the lectures do address most of the important topics covered in a 

visible emission training program. Thus, this material can be expanded to 

accommodate changes in the state-of-the-art and can be tailored to needs and 

regulations of a specific agency. 

The 

1. 

2. 

3. 

4. 

5. 

6. 

following describes a typical, six-lecture classroom training program: 

Lecture 1 - The student is introduced to the history, principles, 
and theory of opacity. 

Lecture 2 - The sources of visible emissions should be presented 
by experienced enforcement personnel or an engineer thoroughly 
familiar with source conditions and opacity reading procedures and 
problems. Note: The use of quality 35-m slides illustrating 
common source and plume conditions is recommended during this 
particular lecture. 

Lecture 3 - The proper procedures for conducting field inspections 
are discussed. 

Lecture 4 '- The influence and impact of meteorology on air quality 
are described. 

Lecture 5 - The legal aspects of visual emission and opacity 
measurement should be presented by an attorney familiar with the 
practices and problems of air pollution control enforcement. 

Lecture 6 - The actual testing procedures are discussed. This 
lecture relies upon the foundation built by the previous five 
lectures. 

Appendix A also includes two example quizzes. A short quiz should be 

given at the conclusion of the classroom series to indicate the trainee's 

comprehension of the material presented in the lecture and to indicate whether 

the key points of the lectures have been sufficiently emphasized. If problems 

arise with specific questions, it indicates that the material has not been 

clearly presented. It may then be possible to clarify these points immediately 
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or at least to make the appropriate adjustments in subsequent sessions. 
Y. 

This 

provides a QA check on training effectiveness. Two sample quizzes are pre- 

sented in Appendix A. Note that the last few questions allow a brief critique 

of the course. These questions will alert the instructor to parts of the lec- 

ture that need improvement and thus allow the instructor to constantly improve 

his presentation. 
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SECTION 4 

TRAINING EQUIPMENT 

In 1950, the first smoke generator was constructed and used for VE train- 

ing by the Los Angeles County Air Pollution Control District. The VE train- 

ing procedures were first outlined by EPA in the Federal Reqister on 

December 23, 1971. The most recent standards of performances and specifica- 

tions for smoke generators were published in the Federal Register, Volume 39, 

No. 219 on November 12, 1974, as a part of "Method 9 - Visual Determination of 

the Opacity of Emissions from Stationary Sources" (Appendix 1). 

Most Federal, State, and local air pollution control agencies conduct 

VE training and certification courses at least every six months. This fre- 

quency is necessary to maintain opacity reading certification. 

This section presents performance specifications and operating procedures 

for smoke generators that, if followed under a QA program, will ensure nation- 

wide uniformity and consistency with Method 9 criteria. An integrated QA 

program is particularly important, since VE enforcement procedures are fre- 

quently challenged in court and even more importantly, to assure that sources 

will correctly be observed in either compliance or violation. 

An integral part of this program involves the design and operation of 

the smoke generator in accordance with the requirements of Method 9. In the 

following sections, the design and operation of the smoke generator and its 

associated transmissometer are explained, and procedures are given for assuring 

adequate performance. 

4.1 METHOD 9 DESIGN AND OPERATING SPECIFICATIONS 

Method 9, as published in the Federal Reqister, contains design and 

operating specifications for the smoke generator used in the training and 

Certifying of observers, Method 9 was developed by EPA in support of NSPS 
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promulgations. Many states now make reference to Method 9 and even more are 

moving toward the common use of its operational and design requirements. "r i;:' 

4.1.2 Smoke Generator Specifications 

The procedures to follow in checking ComPlfance with the design specifi- 

cations are in Section 3.3.2 of Method 9. The SPeCific items to be checked 

are listed in Table 1. The manufacturer should determine the specifications 

of the light sources, photocell spectral response, angle of view, and angle 

of projection. The generator operator is responsible for checking the cali- 

bration error, zero and span drift, and response time. Each of these items 

will be discussed in detail. 

TABLE 1. TRANSMISSOMETER DESIGN AND PERFORMANCE SPECIFICATIONS 

Light source 

Photocell spectral response 

Angle of view 

Angle of projection 

Calibration error 

Zero and span drift 

Response time 

Incandescent lamp operated at 25% of 
nominal rated voltage 

Photopic (daylight spectral response 
of the human eye) 

15 degrees maximum total angle 

15 degrees maximum total angle 

+3% opacity, maximum 

+l% opacity, 30 min 

5 5, maximum 

4.2 SMOKE GENERATOR 

The design and operation of the smoke generator have evolved since the 

mid-1960's. The basic components of a smoke generator include: 

1. Black and white smoke generating units 

2. Fan and stack 

3. Transmissometer system 

4. Control panel and strip chart recorder 

A schematic layout of an example commercial smoke generator is shown in Fig- 

ure 1, and a detailed component list is provided in Figure 2. The smoke gener- 

ator can either be a stationary or mobile unit depending on the training 
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Mixing section 

Iiain blower 

Stack section 
I 0 9 
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Combustion chamber 

Storagecompartment 

Storage compartment 

Stack support 0 12 RE?IOTE 
CONTROL PANEL 

Fenders 

Interconnect box to control panel 

Transmissometer system 

Remote control panel and strip chart recorder 
. 

a. Strip chart recorder 

b. Digital readout 

C. Transmissometer contra! 

d. Fuel controls 

Figure 1. Example schematic layout of a simple generator. 
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TRAILER-MOUNTED COMPONENTS 

Trailer hitch Transmissometer system (light 
source and photocell assembly) 

Storage compartments Stack fan 

Stack support for transporting Main electrical junction box 

White smoke vaporizer Remote fuel line hookup 

Black smoke combustion chamber Flexible fuel lines 

Ambient air/smoke mixing chamber Electrical interconnect cables 

Induced draft (I.D.) fan Solid sheet metal trailer bed 

Lower stack section Trailer axle and brake assembly 

Upper stack section Fuel storage tanks 

Hinged support flange Hydraulic system for stack lift 

Digital opacity meter 

Digital or strip chart 
opacity recorder 

Main power on/off switch 

I.D. fan control switch 

Stack fan control switch 

Fuel pump control switch 

CONTROL CONSOLE 

Fuel pump selector switch 

Power indicator light 

Toluene fuel control valve 

Fuel oil control valve 

Connects for fuel lines 

Amphenol connectors for 
elect,ric supply and electronics 

Fuel pumps 

Bell or buzzer 

SPeaker system to communicate 
with trainees 

Light source on/off switch 

Transmissometer span control 

Transmissometer zero control 

Figure 2. Smoke generator component list. 
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location. Most uni ts are mounted on trailers, therefore they can be trans- 

ported to training locations, thereby improving attendance and lowering travel 

expenditures. The unit should be stored indoors between training exercises 

in order to lessen weather deterioration and to improve security, 

Some negative trade-offs are associated with a mobile unit. It is sub- 

ject to increased wear due to travel and usually requires additional refur- 

bishment, calibration, and adjustment upon arrival at the training location. 

Due to these circumstances, the QA issue is of increased importance. 

The design and purpose of a smoke generator provide controlled black 

and white smoke plumes and a means of accurately measuring and recording 

plume opacity. A smoke generator must be able to generate smoke with an 

opacity range of 0 to 100 percent and have sufficient accuracy to allow the 

operator to control and stabilize the opacity of the smoke. Most generators 

have two basic equipment components: 1) the mechanism that actually produces 

and controls the smoke and is usually mounted on a trailer for portability 

and 2) the mechanism that monitors and records the various smoke opacities 

produced. The use of a separate console for housing the control and record- 

ing functions has proven highly desirable because it may be moved away from 

the generator. The console table also provides a working surface for making 

notes, reviewing records, etc. The console and trailer unit must have inter- 

connecting lines for the fuels and electronics. 

4.2.1 Operating Principles 

The training, testing, and certification of smoke observers require the 

use of a device that can produce black and white smoke of any given opacity. 

The device must be able to achieve and hold opacities in 5 percent increments 

from 0 to 100 percent opacity. The desired testing opacity must be stabilized 

at ~2 percent for a minimum of 5 seconds. After the plume is stabilized for 

2 or 3 seconds, the bell or buzzer is sounded for the trainee to make a read- 

ing. Another 2 to 3 seconds are allowed for the reading. Stability and con- 

trol are essential and must be checked as part of the QA program. 

White smoke is produced by dispensing No. 2 fuel oil into the propane- 

heated vaporization chamber (Figure 3). After it vaporizes, the vapor is 

cloud. The opacity of white cooled until it condenses into a white aerosol 

smoke varies in proportion to the volume of oi 1 vaporized and is regulated 
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