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Chapter I

INTRODUCTION

Section 11 1 of the Clea n Air Act req uires the EP A to

promulgate emission standards for pollutants that

significantly affect air q uality.  The fed eral opac ity

standards for various industries are found in the

Codified Federal Registry. Standards of Performance

for New and Modified Stationary Sources (NSPS)

standards can be found in 40 CFR Part 60.  Emission

Standards for Hazardous Air Pollutants (NESHAP)

standards a re containe d in 40 C FR Par t 61 and 6 2. 

Title V of the 1990 Clean Air Act amendments further

defined the p rocess by w hich facilities are p ermitted. 

Title V and part 64 also establish the need for

complian ce assuranc e  monitoring  (CAM ). 

CAM was a change in direction by the United States

Environmental Protection Agency shifting the

emissions monitoring burden to Industry.  From an

opacity stand  point, the co mpanies a re required  to

measure a nd repo rt their own co mpliance w ith permit

conditions and standards.  Regulatory agencies did,

however, retain the ability to enforce standards and

permit conditions.

These standards require the use of Reference Method 9

or Reference Method 22 (contained in Append ix A

of Part 60) for the determination by trained observers

of the level or frequency of visible emissions.  In

addition to the plume observation procedures, Method

9 contains data reduction  and reporting proc edures,

as well as procedures and specifications for training

and certifying qualified visible emissions (VE)

observer s. 

Permits issued under State Implementation Plans

(SIPs) typic ally include seve ral types of op acity

regulations.  SIP permits in some cases may differ

from the federal opacity standards in terms of the

opacity limits, the measurement metho d or test

procedure, or the data evaluation technique.  For

example , some SIP  opacity rules lim it visible

emissions to a specified number of minutes per hour or

other time p eriod (time e xemption ).  Some limit

opacity to a certain level averaged over a specified

number o f minutes (time av eraged).  S ome set op acity

limits where no single reading can exceed the standard

(instantaneo us or "cap ").  

Regard less of the exac t format of the S IP opac ity

regulations, nearly all use the procedures in Method 9 

for conducting VE field observations and for training

and certifying VE observers.  The procedures contain 

specific instructions on proper observation

techniques, data gathering, required spatial

relationships, and  documentation requirements.  The

validity of the VE determinations, used for

compliance or noncompliance demonstration

purposes, depends to a great extent on how well the

field observations are documented on the VE

Observation Form.  This manual will stress the type

and extent o f docume ntation need ed to satisfy

Metho d 9 requir ements. 

In addition to the plume o bservation proced ures,

Method 9 contains data reduction and reporting

procedures, as well as procedures and specifications

for training and certifying qualified visible emissions

(VE) o bservers. 

FEDERAL AND STATE
OPACITY STANDARDS ARE
INDEPENDENTLY
ENFORCEABLE AND SERVE AS
A PRIMARY COMPLIANCE
SURVEILLANCE TOOL

Federal o pacity standa rds and m ost SIP o pacity

regulations ar e indepen dently enforc eable, i.e., a

source may be cited for an opacity violation even

when it is in compliance with the particulate mass

standard.  Thus, visible emissions observations serve

as a primary compliance surveillance tool for

enforcement of emissions control standards.  Method

9, Section 2  states that the pro cedures c ontained in

the Method shall be performed by observers qualified

in accord ance with the c ertification req uirements

contained in Section 3. In addition, many federal and

SIP regulations and construction and operating

permits also require owners/operators of affected

facilities to assess and report opacity data during the

initial compliance tests and at specified intervals over

the long term.
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Notes:

A NSPS OR SIP OPACITY
VIOLATION CAN RESULT IN A
FINE OF $10,000 TO $27,500

Regulated sources may be subject to stiff penalties for

failure to comply with federal and/or state emissions

standards, including opacity standards.  Civil and

administrative penalties of up to $27,500 per day per

violation can be assessed under the Clean Air Act

(CAA).  States and local agencies are encouraged

under T itle V of the C AA to hav e program  authority to

levy fines up to $ 10,000  per day pe r violation. 

Therefore, visible emissions determinations for

compliance demonstration or enforcement purposes

must be ma de accura tely and must b e sufficiently well

docum ented to withsta nd rigoro us examina tion in

potential enforcement proceedings, administrative or

legal hearings, or eventual court litigation.

Procedural errors or omissions on the visible emissions

evaluation fo rms or data  sheets can inva lidate the data

or otherwise provide a basis for questioning the

evaluation.  Only by carefully following the

procedures set forth in M ethod 9 and by p aying close

attention to proper completion of the VE Observation

Form can you be assured of acceptance of the

evaluation data for compliance or enforcement

purposes.

The purpose of this classroom manual is to provide

background information and a step by step guide for

VE observers who have recently completed the VE

training and certification tests to  conduct VE

observatio ns in accord ance with the p ublished o pacity

methods.  The basic steps of a well-planned and

properly performed VE inspection are illustrated in the

inspection flo w chart (see figu re 1).  This m anual is

organized to follow the flow chart.  Sections of the

reference m ethod whic h must be ca refully adhere d to

during the observation are highlighted.  Method 9 and

Method 22 are reprinted in full in Chapters 10 and 11

respectively.  We have included a VE Observation

Form in Chapter IV and in the back of the manual

which may b e copied  or modified  for field use. 

It should be noted that much of the information

presented in this manual has been derived from a

number of previou sly published technical guides,

manuals, and  reports on  Metho d 9 and re lated opa city

methods.  You can obtain the most current information

on opacity at our website www.eta-is-opacity.com . 

Another so urce of interne t information is

www.epa.gov .

Ch. 1- Fig. 1: Inspection Flow Chart
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Chapter II

HISTORY OF OPACITY

The history of air pollution regulation dates back as far

as the 13th century.  In 1273 , Edward I (Lon gshanks)

of England  prohibited  the burning o f sea coal, in

London.  The smoke produced by its combustion was

considere d detrimen tal to human h ealth.  In 130 7, a

local blacksmith was convicted, condemned, and

executed for this offense.

The ad verse effects o f air pollution inc reased with

subsequent industrial development and urban

population increases.  M ost early U.S. and English

case law concerning air pollution fell under a part of

the law commonly referred to as nuisance law.  In the

absence o f specific regula tions or laws ag ainst air

pollutants, som eone wan ting to stop po llution (e.g.,

smoke fro m factories) h ad to bring  a tort (or injury)

case against the  offender.  Sm oke was no t generally

considere d a nuisance .  Each case  had to stand  on its

own merit and pro ve that the smoke in question was a

nuisance. 

Eventually, communities passed regulations that

sought to control air pollution.  Court records from the

late 19th and early 20th centuries contain many

examples of city and state prosecutions of smoke

ordinanc e violations.  O ne of the earlies t U.S. cases to

uphold a municipal smoke control ordinance was the

case of City of New Orleans v. Lambert1.  The case

involved a nother blac ksmith shop  that, in violation o f a

city ordinance, emitted offensive odors and smoke, and

was a nuisanc e. 

RINGELMANN

The opacity evaluation system we use today evolved

from a concept developed by Maximillian Ringelmann

in the late 180 0's.  Ringelman n, an enginee r working in

France, developed a method to quantify emissions

accordin g to the visual de nsity of the obse rved smo ke. 

Ringelmann realized that the amount of dense black

smoke from coal fired boilers was determined by

combustion efficiency.  Darker smoke meant poorer

efficiency. Ringe lmann dev eloped a  series of charts

with graduate d black grid s on white ba ckground s. 

When he placed the charts approximately 100 feet

away, the grids  appeare d as shade s of grey. 

Ringelmann was able to quantify emissions by

comparing the shade of the smoke with the

correspo nding shad e on his char ts. By applying  this

information  and adju sting the fuel/air ratio o f a

furnace, he could increase efficiency and  decrease

smoke.  The Ringelmann Chart was adopted and

promo ted by the U .S. Burea u of Mine s in the early

1900's in its efforts to improve coal combustion

practices.  It has since been used exten sively to assess

and control emissions.

EARLY LEGAL REFINEMENT

Meanw hile, cases invo lving air pollutio n continued  to

enter the courts.  In the case of Glucose Refining

Company v. City of Chicago2, a Chicago  court uphe ld

the view that " . . . the e mission of de nse smoke  in

populo us comm unities is a public  nuisance." S imilarly,

in 1907 the Supreme Court of Indiana declared that

dense, black smoke  was a public nuisance in the case

of Bowe rs v. City of Indian apolis3.  In 1908 the use of

a color scale to evaluate smo ke was upheld in the case

of Cincinnati v. Burkhardt4.  Shortly therea fter, in

1910, the use of the Ringelmann scale was upheld in a

Rochester, New York statute.  The statute prohibited

smoke fro m 5:00 a .m. to 7:30  a.m., presum ably to

protect co mmuters, an d allowed  dense smo ke for only

5 minutes in every consecutive 4 hour period.

Throughout the early 1900's legislatures and

municipalities w restled with the p roblem o f air

pollution.  In 1916,2 the breakthrough case of

Northwestern Laundry v. Des Moines5, was filed in

U.S. District Court in Iowa.  T his case, brought against

the city smoke inspectors and smoke abatement board,

sought to enjoin or block the enforcement of a Des

Moines regulation that stated  dense smoke in sections

of the city was a public nuisance.  The court dismissed

the case and  supporte d the state's author ity to regulate

air pollution considered injurious to the common

welfare.

By 1920 many municipalities had incorporated the

Ringelman n scale into their h ealth and safe ty

regulations in an attempt to control smo ke as a

nuisance.  To prove a violation of these nuisance codes

it was necessary to prove that the smoke was dense and

created a nuisance.  After a number of air pollution

related deaths in Donora, Pennsylvania in 1948, the

Surgeon  General d eclared sm oke was no t only a
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nuisance, but a health hazard as well.  This set the

stage for federal enforcement of air pollution

regulations.

EQUIVALENT OPACITY

In the 1950's and 1960's Los Angeles added two major

refinements to the evaluation of visible emissions.  The

first refinement involved the concept of "equivalent

opacity."  Initially, the Ringelmann method had been

develop ed for the ev aluation of b lack smoke . 

Howev er, observe rs using equiva lent opacity we re able

to use the Ringelmann method on other colors of

smoke.  For example, white emissions could be

equivalent to  a Ringelma nn numbe r in their ability to

obscure the view of a background.  In some states

equivalent opacity was still measured in Ringelmann

numbers, w hereas in othe r states the 0%  - 100%  scale

was used.

In addition, Los Angeles developed a formal training

and certificatio n program  for visible emiss ions.  

Regulatory personnel were trained and certified using

a smoke generator equipped with an opacity meter.  As

a result, regulatory agencies ensured that certified

inspectors did not have to carry and use Ringelmann

cards. 

In 1968 the Federal Air Pollution Control Office

published AP-30, a joint industry/government study of

the relative accuracy of visible emissions observations

and transmissometers.  The study also addressed the

influence of sun position on visible emissions

observations.  Visible emissions o bservers must

account fo r sun position  in order to g et reprod ucible

results with opacity measurements.

PORTLAND CEMENT
ASSOCIATION v.
RUCKELSHAUS

Portland Cement Association petitioned the District of

Columbia District Court to review the promulgation of

new standards for the cement kiln industry.  In

particular,  the Administrator of the EPA published a

proposed regulation setting the standards of

performance to 10% opacity.  The Portland Cem ent

Association challenged the new codes on the grounds

that the economic costs of implementing the needed

changes unfairly discriminated against the cement

industry.  The Portland C ement Association also

charged th at  the EPA  had failed to a dequately 

demon strate the achiev ability of the new sta ndards. 

The court ruled for the Portland Cement Association

by setting cement kiln opacity limits to 20%.  The

court’s decision also questioned the tight time

schedules for proposing standards laid out in the Clean

Air Act.  In responses to these issues, EPA undertook

field trials needed to establish observer error,

observation proto cols, and equipmen t guidelines.

METHOD 9 PROMULGATION

The Environmental Protection Agency (EPA)

published the EPA Method 9 procedures for New

Source Performance Standards (NSPS) in 1974.

The agency subsequently stopped using Ringelmann

numbers unless required by State Implementation

Plans (SIPs).  Current NSPS procedures are based

solely on opacity.  Although some state regulations

(notably California) still specify the use of the

Ringelmann system for black and grey emissions, the

national trend is to read all emissions in percent

opacity.  In response to court actions in the 1970's and

1980's, Eastern Technical Associates (ETA) conducted

extensive field studies for EPA and demonstrated that

visible emissions can be accurately assessed by

properly tra ined and c ertified obse rvers. 

WESTERN ALFALFA v. AIR
POLLUTION VARIANCE BOARD
OF COLORADO

A Colorado state health inspector entered the Western

Alfalfa Corporation facility without their knowledge

and doc umented a n opacity vio lation on the c himney. 

Lawyers for Western Alfalfa argued that an inspection

done on its premises without their consent violated the

Fourth Am endmen t’s protection fro m unreaso nable

search. In their decision, the Supreme Court held that

the inspecto r sighted wha t anyone in the c ity could see, 

the smoke.  Furthermore, that the inspector may

operate within or without the premises and still be

considered within the “open fields” exception to the

Fourth Am endmen t.  In another ruling , the courts

refused to en force a viola tion that regulato ry agents

had exce ssively delayed  notification of the  facility. 

The court sited a necessity to immediately inform the

facility management of documentation that indicated a

violation.  The court reasoned that sources must have
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the opportunity to reconstruct operating conditions as

defense. This decision is commonly referred to as

“speedy no tification”. 

THE DONNER HANNA CASE 

The differences between Federal Reference Methods

(FRMs) and SIPs were highlighted in the landmark

case of Do nner Han na Coke  Corpo ration v. Co stle. 

The coke oven battery was being regulated by the EPA

under rules in the SIP.  It was being regulated under a

time aggregation rule patterned after Allegheny

County Regulation.  Emissions from the battery were

timed with a stopwatch in accordance with historical

precedents in New York and Pennsylvania.  However,

there was no legally adopted state measurement

method.  A ccording  to the NSP S, in the absen ce of a

legally adopted state measurement method, the method

of measure ment must b e Federa l Reference  Metho d 9. 

EPA ins pectors we re denied  entry into the facility

because they intended to use the stopwatch technique

rather than Method 9.  The court upheld the company

position and denied entry to EPA inspectors.  The

regulat ory  com mun ity was sh ock ed b y the  cou rt's

decision and was forced to reconcile the fact that there

were differences in FRMs and SIP methods.  Although

these methods were used extensively by the states and

the EPA, they had not been officially promulgated

within these age ncies.  To u se a method  that is

different from the one on the books, it must go through

the necessary steps in order to make it valid.

CREATION OF ETA

In 1970 Willie S. Lee, President of Environmental

Industries, developed and began to manufacture the

first reliable smoke generators meeting EPA

specifications.  In 1974 Messrs. Lee and Rose (then an

EPA employee) developed  the modern white smoke

vaporization system.  Mr. Lee continued to modify and

improve smoke generators while Mr. Rose developed

training methods.  In 1975 Mr. Rose developed the

laminar flow e lbow used  to condu ct smoke sc hools in

high wind.  He also wrote the Quality Assurance

Manual for Smoke School Operation.  In 1979 Mr. Lee

and Mr. Rose formed ETA, bringing the combined

expertise in equipment and training together.  Mr. Lee

retired in 1999.  Today ETA is the leading provider of

Visible Em issions Tra ining worldw ide. 

In recent years regulatory agencies and environmental

organizatio ns have be gun to see the  value in

certification for o ther method s of opacity m onitoring. 

To fulfill this need, ETA, in addition to certifying

opacity ob servers, now  provides  the testing prog ram in

the Source Evaluation Society for qualification of

emissions testers conducting manual and instrumental

measurem ents of industrial so urces. 

METHOD 22 PROMULGATION

The EP A adopted M ethod 22 in 198 2.  It has also

becom e an impo rtant tool in the ev aluation of visib le

emissions.  Unlike Me thod 9, Metho d 22 is a

technique that only addresses the amount of time that

any visible em issions occu r.  No certifica tion is

required.  However, an understanding of the

appropriate observation techniques is essential for

correct use  of the metho d. You c an gain this

knowledge by attending a smoke school lecture such as

those presented by ETA.  Many current regulations

imply that the observation technique should be Method

22.  For e xample, wh en a rule states tha t visible

emissions are  not accep table, and d oes not spe cify a

particular m ethod, you  should use M ethod 22 .  

THE KAISER STEEL CASE

The method of measurement used when evaluating

visible emissions has been an issue throughout the

history of air pollution litigation.  This issue resurfaced

in 1984 during the case of U.S. v. Kaiser Steel Corp.7 

The Department of Justice was prosecuting Kaiser

Steel for California SIP violations invo lving cast house

emissions from a steel plant.  Also at issue, was the use

of testimony in place of actual evidence.  The attempt

to use expert opinions to determine noncompliance,

rather than actual observations, was the beginning of

the "cred ible evidenc e" deba te.  The jud ge eventually

ruled that the expert testimony was not compelling and

declared that fines would only be imposed when there

was sufficient evidence Kaiser had indeed violated the

law.  Although fines were only assessed for violations

of the 6 minute average (as required by Method 9),

they totaled m ore than a ha lf million dollars. 

Interestingly enough, the 1990 Clean Air Act

amendments included provisions for the use of

"credible evidence," specifically in response to the

Kaiser Steel case.
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Notes:

TODAY

Opacity m easureme nt remains the m ainstay of feder al,

state, and local air pollution control efforts.  More

visible emissions observers certify now than ever

before.  The emphasis on opacity is sure to continue

with the increased interest in fugitive emissions and

the evident relationship of opacity to PM-10 (particles

of 10 micr ons in diam eter or smalle r) and PM -2.5

(particles of 2.5 microns in diameter or smaller)

emissions.  These smaller particles tend to scatter more

light and ob scure the view  more than la rger particles . 

As a result,  emissions that contain large numbers of

these smaller p articles tend to  exhibit high op acity

values.  PM -10 and P M-2.5 p articles are pa rticularly

dangerous because they can easily enter the lungs and

cause permanent damage to the respiratory system.

Furthermore, the EPA recently promulgated two rules

that are already having a considerable impact on

opacity.  The first is the Compliance Assurance

Monito ring (CAM )  rule which req uires certain

facilities to certify their co mpliance w ith standards. 

Opacity m easureme nts are an effective , relatively

simple meth od used to  check com pliance.  Sec ondly,

the “Credible Evidence Rule” allows for the use of

information other than reference test methods to prove

or dispro ve violations.  A ccording  to the rule, a single

measured  paramete r (e.g., opac ity) can be used  to

demonstrate compliance or trigger an enforcement

action.

Footnotes:

1. City of New Orleans v. Lambert, 14 La. Ann. 247

(1859).

2. Glucose Refining Company v. City of Chicago, 138

Fed. 20 9. 215 (1 905).

3. Bowers v. City of Indianapolis, 162 Ind. 105. 81

N.E. 10 97 at 10 98. 13 A nn. Cas. 1 198 (19 07).

4. Cincinnati v. Burkhardt, 30 Ohio Cir. Ct. Rep. 350

Ann. C as. 1918  B. 174 (1 908).

5. Northwestern Laundry v. Des Moines, 239 U.S. 486,

36 S. Ct. 2 06, 60 L . Ed. 396  (1916).

6. Donner Hanna Coke Corporation v. Costle, 464 F.

Supp. 1 295 (D .N.Y. 197 9).

7. U.S. v. Kaiser Steel Corp., No. CV-82-2623 IH

(C.D. Ca l. Jan. 17, 1 984).

8. Air Pollution Variance Board of Colorado v.

Western Alfalfa Corporation, No. 73-690, May 20,

1974 (U . S. Supre me Co urt).

9. Portland C ement Assoc iation v. Ruckelsha us,

72-10 73, 197 5, (DC C ircuit Cou rt).

ADVERTISMENT
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Chapter III

OPACITY MEASUREMENT
PRINCIPLES

The relationships between light transmittance, plume

opacity, and Ringelmann number, are presented in ch

3-fig 1.

Ch. 3- Fig. 1: C ompariso n Chart   

       

A literal definition  of plume o pacity is the deg ree to

which the transmission of light is reduced or the

degree to which visibility of a background as viewed

through the diameter of a plume is reduced.  In

simpler term s we say:

OPACITY IS THE OBSCURING 

POWER OF AN  EMISSION 

EXPRESSED IN PERCENT

In terms of physical optics, opacity is dependent upon

transmittance (I/Io) through the plume, where Io is the

incident light flux and I is the light flux leaving the

plume alo ng the same ligh t path.  Perce nt opacity is

defined as follows:

     Percent opacity = (1-I/Io) x 100

VARIABLES INFLUENCING
OPACITY OBSERVATIONS

Metho d 9 war ns:

The appearance of a plume as

viewed by an observer depends

upon a number of variables, some

of which may be controllable and

some of which may not be

controllable in the field.

The factors that influence plume opacity readings

include: particle density, particle refractive index,

particle size distribution, particle color, plume

background, line of sight pathlength, distance and

relative elevation to stack exit, sun angle, and lighting

conditions .  

Particle size is particularly significant; particles

decrease light transmission by both scattering and

direct absorption.  Particles with diameters

approximately equal to the wavelength of visible light

(0.4 to 0.7um) have the greatest scattering effect and

cause the highest opacity.  Note that these particles are

in the respirable range and are designated as PM10

particles.  For a given mass emission rate smaller

particles will cause a higher opacity effect than larger

particles.

Luminous contrast and color contrast are variables that

might be controllable in the field.  The c ontrast

between the plume and the plume background can

affect the app earance o f the plume an d, as a result,

affect your ability to accurately assign opacity values.

A plume is most visible and has the greatest apparent

opacity whe n viewed ag ainst a contras ting backgro und. 

On the other hand, as the contrast between a plume and

its backgrou nd decre ases, the app arent opa city

decreases.  The latter situation greatly increases the

likelihood o f a negative bia s (i.e., you will

underestimate the true opacity of the plume).  When

faced with a situation where there is a choice of

backgrounds you should always choose the one

providing  the greatest co ntrast becau se it will permit

the most acc urate opa city reading. 

Ch. 3- Fig. 2: P lume Con trast 
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The line of sight pathlength through the plume is of

particular co ncern.  

Method 9  states:

...the observ er shall, as m uch as p ossible, ma ke his

observations from a position such that his line of

vision is approximately perpendicular to the plume

direction...

Ch. 3- Fig. 3: Perpendicular Line of Vision

...and when observing opacity of emissions from

rectangular outlets (e.g., roof monitors, open

bagho uses, non -circular sta cks), appro ximately

perpen dicular to th e longer a xis of the ou tlet.

Ch.3- Fig.4 :Viewing R ectangular O utlets

As you move closer to a stack with a vertically rising

emission, the viewing (slant) angle formed by your

line of sight increases (see figure 5).  This causes the

observed opacity to increase because you read through

more emissions.  If your line of sight is greater than

+/-18 degrees from the perpendicular, a positive error

greater than 1% occurs (see “Slant Angle Correction”

in Chapter VII).  As the angle increases the error

increases.  To avoid this problem you should stand at

least 3 stack distances away from a vertically rising

plume.  T he three-stack -heights relationsh ip is

applicab le only if you and  the base of the  stack are in

the same horizontal plane.  If you are on a higher plane

than the base of the stack, then the minimum distance

for proper viewing can be reduced to less than 3 stack

heights; conversely, if your plane is lower than that of

the stack base, then the minimum suggested distance

will be greater th an the three stac k heights. 

MEASUREMENT UNCERTAINTY

All measurement systems have an associated level of

uncertainty and Method 9 is no exception.  The EPA

determine d the uncerta inty level for M ethod 9 w ith

numerous field trials at two confidence intervals for

white and black smoke.  The uncertainty associated

with Method 9 is described by the EPA in terms of

positive error as follows:

1)  For bla ck plum es (133 sets a t a

smoke generator) 100 percent of the

sets were read with a  positive error 

of less than 7.5 percent opacity; 99

percent were read with a positive

error of less tha n 5 perce nt opac ity. 

2)  For wh ite plume s (170 sets a t a

smoke g enerato r, 168 sets a t a

coal-fired p lant, 298  sets at a

sulfuric acid plant), 99 percent of

the sets were read with a positive

error of less than 7.5 percent

opacity; 95 percent were read with a

positive error of less than 5 percent

opacity.

 

This means that 100 percent of black plumes and 99

percent o f white plumes d o not have  an uncertainty 

greater than 7.5%.  There is only a one percent chance

that you will exceed this level on a white plume and no

chance that an observer will exceed this level of

uncertainty on  a black plum e.  This mea ns that with

two observations, there is little chance of an

uncertainty of 7 .5%.  N egative biase s due to

observation conditions reduce the observational

uncertainty.
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Notes:

Ninety-nine percent of the black plumes and

ninety-five percent of the white plumes were read

within 5%.  This means that you are likely to over

read about once in twenty readings.  Again negative

biases due to observation conditions reduce the

observatio nal uncertainty.

From this analysis, clearly the way to reduce the level

of uncertainty is to increase the number of

observations in either averaging time or in number of

averages.  Both techniques improve the accuracy of

the method.

OTHER VISIBLE EMISSIONS
METHODS

METHO D 22

Since its introduction in 1982, Method 22 has been

used with incre asing freque ncy.  It is used in

conjunction with emissions standards or work

practices in which no visible emissions is the stated

goal.  This is frequently the case with fugitive

emissions so urces or so urces with toxic  emissions. 

Metho d 22 differs fro m the Me thod 9 in tha t it is

qualitative rather than quantitative and does not

require field c ertification.  M ethod 22  indicates on ly

the presence or absence of emissions rather than the

opacity value.  Thus, many of the provisions of

Metho d 9 that enha nce the acc uracy of op acity

measurement are not necessary in Method 22

determinations.  Method 22 does not require that the

sun be the light source or that you stand with the sun

at your back.  In fact, for reading asbestos emissions

regulated under NESHAP Subpart M, you are directed

to look tow ard the light sou rce to impr ove your a bility

to see the emissions.  Under Method 22, the duration

of the emissions is accurately measured using a

stopwatch.  Table 1 compares major features of

Method 9 and Method 22.

METHODS 203 A, B, & C

Many SIP rules predate the 1974 promulgation of

Method 9. Method 9 states that opacity shall be

determined as an average of 24 consecutive

observatio ns record ed at 15-se cond interv als

(6-minute average).  There are times when the SIP

rule might be at odds with the 6-minute averaging

technique sp ecified in M ethod 9. E PA reco gnized this

problem when it stated the following in the preamble:

Many state and local air  pollution

control agencies use different

approa ches in en forcing o pacity

standard s other tha n the 6-m inute

averag ing perio d specified  in this

revision to Method 9. EPA

recognizes that certain types of

opacity violations tha t are

intermittent in nature require a

different approach in applying the

opacity standards than this revision

to Method 9.

As a result, EPA is proposing methods 203A, 203B,

and 203 C, which can  support S IP rules whe n the data

reduction techniques differ from Method 9. For

example, method  203A (T ime-Averaged R egulations)

provides for averaging time s other than 6 minutes.

Method 2 03B (T ime-Exception Re gulations) utilizes a

technique known as "time aggregation." When using

this method you count the number of observations

above the  applicab le standard .  This numb er is

multiplied by 0.25 to determine the minutes of

emissions above the target opacity.  Compare the

number of minutes of violations with the number of

minutes allow able in the stand ard (the time e xception). 

Method 2 03C (Instantaneou s-Limitation Regulations)

is used on sources that have a specified limitation or

“cap” which may never be exceeded.  The method

allows for 5 or 15 second observation intervals with a

1 minute averaging time.

Propo sed Me thod 20 3 is for continu ous opac ity

monitors or transmissometers.  As of this date, it has

not completed the promulgation process.  Method 203

is also linked with EPA Performance Specification 1

which describes transmissom eter requirements.
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COMPARISON OF METHODS 9 & 22

METHOD 9 METHO D 22

Any NSPS or SIP sources with an

opacity standard.

APPLICABILITY NSPS and SIP  fugitive and

specified flare sources with a “no

visible emission” standard. No

opacity level can be specified.

The method determines the value of

opacity measured.

MEASUREMENT The method determines the time

duration of a visible emission but

not the opa city.

You mu st demons trate the ability to

measure plumes in the field every

six months.

CERTIFICATION You are  not required  to participate

in field certification.

In some state s you are req uired to

attend a lecture program.

LECTURE You mu st be able to d emonstrate

knowledge. A lecture is advised but

reading material is acceptable.

No distance is specified, but you

must have a clear view of the

emissions.

DISTANCE FROM SOURCE From 15 feet to 0.25 mile.

You view the emission from a

position that minimizes the line of

sight through the plume to minimize

positive bias.

VIEWING ANGLE You simply observe the emission.

The sun is implied as the light

source and it is required to be at

your back.

LIGHT SOURCE Light sources other than the sun are

acceptable, but must be

documented. The light must be

greater than 100 lux, but it is not

required to be at your back.

Momentary observation every 15

seconds for a period determined by

the standard . Each ob servation is

recorded.

VIEWING TIMES Continuous viewing with observer

rest breaks every 15 to 20  minutes.

You time the emissions with a

stopwatch and record the duration

of emissions.
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Chapter IV

DOCUMENTATION

Metho d 9 has spe cific requirem ents for reco rding field

conditions  and sourc e information  during visible

emissions observations.  These requirements are

specified in paragraph 2.2 (Field Records) of Method

9.  It is vital that you use an observation form that

includes all of the required information.  The

following are brief descriptions of the type of

information that needs to be entered on the form.

* Represents information to be recorded when

readings are initiated and completed.

** Represents information required by Method 9 to be

documented.

Company name - full company name, parent company

or division info rmation, if nece ssary. (**)

Facility name - na me of facility, if app licable. (**)

Street Address - street (not mailing) address or

physical loca tion of facility where  VE ob servation is

being mad e. (**)

Process, Unit #, Operating Mode - brief description of

process equipment, unit # if applicable, and operating

rate, % cap acity utilization, and /or mode  (e.g.,

charging, tap ping).  (**)

Control Equipment, Operating Mode - specify control

device type (s) and %  utilization, contro l efficiency.

Describe Emission Point - stack or emission point

location, geometry, diameter, color; for identification

purpose s. (**)

Height of Emission Point - stack or emission point

height, from files or engineering drawings.  The height

may also be estimated or obtained by using

combination of a range finder and an Abney level or

clinometer.

Height of Emission Point Relative to Observer -

indicate stack or emission point height relative to your

position (above your position +, below your position

-).

Distance to Emission Point - distance to emission

point +/- 10%; to determine, use range finder or map,

triangulate distan ce, or pac e off. (*)

Direction to  Emission P oint (Degr ees) - direction  to

emission point; use compass.  Reference to True

North or Magnetic North.

Vertical Angle to Observation Point - vertical angle 

from you to the observation point (i.e., point in plume

at which opacity was determined).  This angle can be

measured using an Abney level or clinometer.

Direction to Observation Point (Degrees) - direction

to observation point (i.e., point in plume at which

opacity was determined  and read); use com pass.

Distance and Direction to Observation Point from

Emission Point - indicate the approximate distance

and direc tion to the ob servation po int (i.e., point in

plume at which opacity  is determined and read) from

the emission point (e.g., stack outlet).

Describe Emissions - describe plume behavior and/or

other physical characteristics (e.g., looping,

fumigating, secondary particle formation, etc.).

Ch.4-Fig.1: Plume Types
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Emission C olor - gray, bro wn, white, etc..

Water D roplet Plum e - If present, spe cify:

Attached - forms prior to exiting stack

Detached - forms after exiting stack

Describe Plume Background - object(s) plume is read

against. (*)

Background Color - blue, white, green, etc.

Sky conditions - indicate cloud cover by percentage or

description  (e.g., clear, scatter ed, broke n, overcast)

and colo r of clouds. (*)

Clear <10%

Scattered 10% to 50%

Broken 50% to 90%

Overcast >90%

Wind  Speed - use  Beaufor t wind scale o r hand held

Anemo meter; be ac curate to + o r - 5 MP H.(*)

Wind D irection - direction wind is from; use comp ass;

be accura te to eight poin ts. (*)

Ambient Temperature - in degrees F or degrees C.

Wet Bulb Tem perature - the wet bulb temperature

from the sling psychrometer.

RH % - relative hum idity, use sling psychrometer; use

local U.S . Weathe r Bureau  only if nearby.

Source Layout Sketch - an overhead view which

should include wind direction, associated stacks, roads

and other landmarks to fully identify location of

emission po int and your p osition. (**)

Draw North Arrow - point line of sight in direction of

emission point, place compass beside circle and draw

in arrow parallel to compass needle.

Sun Location Line - point line of sight in direction of

emission point, place pen upright on sun location line

and mark location of sun when pen’s shadow crosses

your position.

Longitude, Latitude, Declination - observer longitude,

latitude and declination.  May be obtained from a map

or GPS.

Additional Information - factual implications,

deviations, alterations, and/or problems not addressed

elsewhere.  Refer to additional pages if used.

Form Number, Page of, Continued on V EO Form

Number - you may identify form as desired.

Observ ation Date  - date obse rvations con ducted. (**)

Time Zone - for example: Eastern Standard Time

(EST) or Central Daylight Time (CDT ).

Start Time, End Time - beginning and ending times of

observatio n period ( e.g., 1635  or 4:35 p .m.). (*)

Data set - percent opacity to nearest 5%, enter from

left to right starting in left column.

Comm ents - identify and/o r explain any a nomalies in

the data set.

Observ er’s Name  (print) - print your  name in full. (**)

Observer’s Signature, Date - sign and date.

Organiza tion - your emp loyer. (**)

Certified By, Date - organization providing

certification and date of most recent certification.
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Specifications Sheet- VE Example

Facility Information:

Name: Environmental Industries

Address: 2412 Atlantic Ave., Raleigh, NC 27604

Regulatory Method: M ethod 9 (6 minute average)

Permit Compliance Limit:

The source shall not emit into the atmosphere emissions that, on evaluation, create a six (6) minute

average data sequence equal to, or grater than twenty percent (20%) opacity.

Emission Point Information:

Process Equipment- Incinerator

Operation M ode- 85% o f Maximum C apacity

Control Equipment- Electrostatic Precipitator

Operating M ode- Spark Rate of 14 9/minute

Stack Heigh= 150  ft

Observation Angle- Geometry

Direction- Topographic Map

Latitude= 3 5.78 degre es N

Longitude = 78.65 deg rees W

Compa ss Declination= 6  degrees W

Meteorological Information:

Wind Speed: 7-10 MPH

Skies: Refer to Slide

Temperature/Relative Humidity: Sling Psychrometer

Sun Location- US Naval Observatory Website:

Actual Standard T ime (PM) 1:00 1:30 2:00 2:30 3:00

Azimuth- Degrees from T rue North 176 189 202 214 224

Altitude- Degrees off Horizon 57 56 55 52 48
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Chapter V

EQUIPMENT

Metho d 9 doe s not contain a ny special req uirements

or specifications for equipment or supplies.  However,

certain equ ipment is nec essary to con duct a valid

observatio n that will withstand the  rigors of litigation. 

Experience gained from litigation has shown that

accurate, high -quality equipm ent is essential for va lid

observations.  As a result, we recommend you use the

best equipment available to you in order to collect the

highest quality data possible. Other equipment, though

optional, ca n make  the c ollection of hig h-quality data

easier.  This section gives specifications, criteria, or

the design features for the recommended basic VE

equipment, as well as optional equipment that can

simplify data collection.  It is imperative that you

follow the manufacturer’s specific calibration and

maintenance  procedures to properly maintain and use 

your equipment.  In court, you must be able to provide

accurate data concerning observation conditions and

geometric  measurem ents relative to yo ur position. 

CLIPBOARD  AND ACCESSO RIES 

You should have a clipboard, several black ballpoint

pens (medium point), several large rubber bands, and

a sufficient numb er of VE  Observa tion Form s to

document any exp ected and unexp ected observations.

Black ballpoint pens are used so that completed forms

can be copied and remain legible over several

reprodu ction genera tions.  Rubb er bands h old the data

form flat on the clipboard under windy conditions and

hold other papers and blank forms on the back of the

clipboard.  Use observation forms that meet EPA

Method 9 requirements.  A sample form that has been

extensively field tested is provided in Chapter IV.

TIMER

During a VE observation, it is necessary to time the

15-second intervals between opacity readings.  Use a

watch or d edicated tim er.  The b est practice is to

attach two d edicated tim ers to your clip board.  L iquid

crystal display time rs are preferr ed beca use of their

accuracy and readability.  Use one timer to determine

the start and stop times of the observation and the

other timer to  provide a  continuous  display of time to

the nearest sec ond.  M ost stick-on time rs run from 1  to

60 seconds repeatedly.  A timer with a  beeper that

sounds ev ery 15 seco nds is recom mended  for use in

some industrial locations, enabling you to pay attention

to your surro undings and  your safety.      

Ch.5-Fig.1: Observe r’s Checklist

TOPOGRAPHIC MAPS

United S tates Geolo gical Survey (U SGS) 7 .5 minute

topological maps are a practical necessity for serious

opacity work.  From these maps you can determine

your exact location, true north, distances, acce ss roads,

latitude, longitude, magnetic declination, relative

ground height, and background features.  You also can

use these maps to calibrate rangerfinders.  If you are

planning an inspection, photocopy the section of the

map that shows the facility on the back of your

observatio n form. Lam inate the full-sized m ap for field

use and to a llow tempo rary marking  with dry erasab le

pens.
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COMP ASS 

A compass is needed to determine the direction to the

emission po int, the observ ation point, an d to

determine  the wind dire ction at the sou rce.  Select a

compa ss that you can re ad to the nea rest 2/. The

compa ss should be  jewel-mou nted and liq uid-filled to

dampen the needle's movement.  Map-reading

compasses are ex cellent for this purpose.  If you wish

to take the ma gnetic declina tion for your ar ea into

account w hen you take  the reading, yo u should

consider inv esting in a com pass that allow s you to

adjust the declination.

Ch.5-Fig.2: Comp ass

GLOBAL PO SITIONING SYSTEMS (GPS)

Defining your exact position within 10 meters in terms

of latitude and longitude is valuable information for

an observer.  It helps in determining proper sun

position.  A GPS is a hand held unit that works by

receiving signa ls from satellites or biting the Ear th.  A

GPS unit can be purchased for less than $200.

RANGE FINDER  

If a topographic map of the area is not available, you

will need a range finder.  Even with a map, a range

finder is very use ful in field work.  T he two types in

general use a re the split-image  and the stad iometric

rangerfinders.  However, laser units are also becoming

widely available.  The split-image type uses the

technique o f superimpo sing one ima ge over an other to

determine the distance.  The most useful models for

most opacity work have a maximum range of about

1000 yards.  To use the stadiometric range finder, you

must know the height or width of an object at the same

distance as the object of interest.  Stadiometric range

finders are lighter and more compact than split-image

rangerfinders.  Split image rangerfinders, although 

inherently more accurate, are more likely to become

uncalibrated when bumped during transport.  The

accuracy of either type of range finder should be

checked  on receipt a nd period ically thereafter with

targets at known distances of approximately 500

meters and 1000 meters.  An acceptable range finder

must be accurate to within 10 percent of the

measurem ent distance. 

ABNEY LEVEL OR CLINOMETER 

You will need a clinometric  device for determining

the vertical view ing angle (see  figure 10a).  F or visible

emissions o bservation  purpose s, it should be a ccurate

within 2/.  Many suitable devices are available in a

wide range of prices, including A bney levels,

pendulum clinom eters, and sextants.  Abney levels use

a bubble  in a curved tu be to dete rmine the ang le with

an accurac y of 1-2/.  The accuracy can be tested by

placing the level flat on a table that has been

previously lev eled with a refe rence level.  It sho uld

read 0/.  Then check it at 45/ by placing it on a 45/

inclined plane constructed with the plane as the

hypotenuse of a right triangle with equal base and

height. The pendulum clinometer is the cheapest and

has an accu racy of abo ut 2/ when used properly.  It

consists of a protractor and a plum bob.  Some

compa sses include a  pendulum  type clinome ter.  A

sextant is very accurate if you know the position of the

horizon, but it is very expensive. You should NEVER

look directly at the sun through a clinometric device.

Ch.5-Fig.3 : Vertical V iewing Angle
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SUNDOG

Field confirmation of a correct position of the

observer  in relation to the su n and ob servation po int in

the plume is almost impossible without the right

equipment. Prior to observations, the observer can run

computer simulations of the SOS or Sun Observer

Source angle to assure that the SOS is at least 110

degrees (the EPA requirement). A Sundog is an

observational tool that allows the observer to confirm

an acceptable sun angle in the field. The observer

rotates the device until it is on a plane with the three

points...the sun, the observers position, and the source.

Once the device is held in the plane, the observer

looks toward the source through a slit and notes the

position of a projected dot from the sun on a surface

within the sundog. If the dot is projected on the green

surface, the sun  angle is accep table. Othe rwise it is

not. Proper use of a Sundog prevents observations

from being  voided a fter the fact.

Ch.5-Fig.4- Sundog

SLING PSYCHROMETER 

If there is a potential for the formation of a condensed

water droplet “steam” plume, you will need a sling

psychrometer (see figure 11) to determine the

temperature and relative humidity of the ambient air.

The sling psychrome ter consists of two thermometers,

accurate to +/- 0.5 /C, mounte d on a sturd y assembly

with a swivel attach ment to a cha in, strap or han dle. 

One thermometer has a cotton wick tube

surround ingthe bulb.  T hermom eter accura cy should

be checked by placing the bulbs in a deionized ice

water bath a t 0/C.  Electro nic mode ls that use newly

developed solid state sensors are also available and do

not have to b e slung.  Electro nic mode ls are simpler to

use but require tedious periodic calibration using

standard sa lt solutions.  Th e manufactu rer’s

calibration p rocedur es should b e explicitly follow ed.   

Ch.5-Fig.5: Sling Psychrometer

BINOCULARS 

Binoculars are helpful for identifying stacks, searching

the area for e missions, interfere nces, and he lping to

characterize the behavior and composition of the

plume.  Binoculars are designated by two numbers

such as 7 x 35. The  first number is the magnification

and the second is the field of view.  Select binoculars

with a magnification of at least 8 or 10 (8 x 50 and 10

x 50 are sta ndard d esignations).  T he binocu lars should

have color-corrected coated lenses and a rectilinear

field of view.  Check the color correction by viewing a

black and  white pattern su ch as a Ringe lmann card  at a

distance gre ater than 50  feet.  You sho uld see only

black and white: no color rings or bands should be

evident.  Test for rectilinear field of view by viewing a

brick wall at a distance greater than 50 feet.  There

should be no pin cushion or barrel distortion of the

brick pattern.  Plume observations for compliance

purposes should n ot be made throug h binoculars unless

you are certified with binoculars.

PHOTO/VIDEO DOCUMENTATION 

Use a camera to document the presence of emissions

before, du ring, and after the  actual opa city

determination and  to document the presence or lack of

interferences.  P hotograp hs docum ent the specific

stack that is under observation but do not document

the exact op acity.  Photo graphs ma y be useful to

document field conditions, observer position,

backgro und, and su n location (b y shadows) .  Select a

35-mm c amera with thr ough-the-lens ligh t metering, a

“macro” lens or a 250 to 350-mm telephoto lens, and a

6-diopter  closeup len s (for photo graphing the  photo

logbook).  A photo logbook is necessary for proper

photographic documentation.  Use only fresh color

negative film with an ASA of approximately 100. You
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Notes:

can get first generation slides or prints from the

negatives.  The first photograph is of the log

identifying the time, date, and source.  Log each

photogra ph when yo u take it. The la st photogra ph is

of the completed log.  Instruct the processor not to cut

the film or print ro ll so that you can  refer to the ph oto

log at the end of the roll to identify each photograph.

Because of the wide r tonal range of video, it does a

better job of reproducing the actual appearance of the

plume than photography.  In terms of resolution, video

is poorer than film.  The most practical video systems

for opacity w ork are the n ew digital vide o camera . 

Avoid regular VHS or 8mm camcorders because of

the limited resolution and poor quality copies. Digital

Cameras can be very useful in documenting the

appeara nce and lo cation of em issions.  The  ease in

which digital images can be ma nipulated does,

however, lim it their usefulness for o pacity evalua tion. 

When taking still pictures and shooting video, a tripod

will improve the quality of the image.

EQUIPMENT SELECTION

We re comme nd you use th e best equip ment availab le

to you to co llect the highest qu ality data poss ible. 

ETA  has develo ped Visib le Emission s Observ er Field

Test Kits for our own staff to ensure that observations

are properly documented.  These kits are available for

purchase by the public.  All items in the kits are

commercially available.  We have simply organized

them in a con venient pac kage. 

For further information regarding Visible Emissions

Observer Suppo rt Products , please contact our

office or visit our website at

www.eta-is-opacity.com.   

ADVERTISMENT

Eastern Technical Associates
Visible Emissions Observer

Support Product

Each field test kit contains all of the equipment and

forms necessary to conduct and properly document

visible emissio ns observa tions. Kits are e nclosed in

compact, protective cases with supporting interspace

foam. The  Basic Field Test Kit (FK02) includes the

following:

! Abney Le vel - for vertical an gle

measurem ents

! Compass - for required observation directions

and position location

! Digital Tim er/Stopwa tch - for accura tely

timed readings

! Sling Psychrometer - for ambient temperature

and relative h umidity mea surements

! Anemometer - for measuring wind speed

! Non-glare Clipboard

! US Naval Observatory ICE P rogram - for 

sun position determination 

! EPA Section 3.12 Document and ETA

Visible Emissions Observer Training Manual

! 30 Visible Emission Observation (VEO)

forms

The Sta ndard F ield Test Kit  (FK01) includes the items

listed above and a range finder for determining

distances

Visit to www.eta-is-opacity.com view our
complete line of support products.
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Chapter VI

FIELD OPERATIONS

PRE-OBSERVATION PROCEDURES

The following procedures are not required by Method

9 but are recommended in order to provide consistent

data collection, documentation, and verification of

emissions viewing conditions.  Reg ulatory observers,

in particular, should ensure that all Agency guidelines

and pro cedures fo r VE ob servations ar e rigorously

followed.  Not all procedures are needed for every

observation.

Before making on-site VE determinations the,

observer should provide prior notifications when

applicable, establish an observation protocol, and

check for a vailability of supp lies and pro perly

maintained  equipme nt. 

The observer should be thoroughly familiar with the

source facility, op eration, emiss ions, and ap plicable

regulations.  In p reparation  for the on-site visit,

regulatory o bservers sho uld review the  Agency’s

information (in the official source file) on the source

in question.  In addition, the observer should:

1. Determine the pertinent people to be

contacted.

2. Become familiar with the processes and

operations at the facility and identify those

facilities to be observed.

3. Review the permit co nditions,

requirements, and recen t applications.

4. Determine applicable emission

regulations.

5. Identify all operating air pollution control

equipment, emission points, and types and 

quantities of emissions.

6. Review history of previous inspe ctions,

source test results, and complaints.

7. Check the file to become familiar with (or

review) plant layout and possible observation

sites.

8. Determine normal production and

operation rates.

9. Identify unique problems and conditions

that may be encountered (e.g., steam plume).

10. Discuss with attorney if case

development is expected.

11. Ob tain a copy o f the facility map with

labeled em ission points, p rofile drawing s, 

and photographs, if available.  A facility map

is very helpful du ring inspectio n and shou ld

be a required item for every Agency source

file.  The map makes it easier for the

observer to identify point sources and

activities, and it may be used to mark any

emission points that have been added or

modified.

12. If an operating permit exists, obtain a

copy because it may contain the VE limits for

each point source and any special operating

requirements.

13. Dete rmine the status o f the source with

respect to any variance or exemption from

the Agenc y’s rules and reg ulations. 

Observation may not be required if the

source has a variance or is exempt from the

regulations.

14. Revie w facility terminolo gy.

15. Use references such as facility maps and

previous ins pection rep orts to determ ine if 

the  viewing position is restricted because of

buildings or natural barriers.  If the viewing

position requires observations to be taken at

a particular time of day (morning or evening)

because of sun angle, consider this when

planning the inspection.

16. Determine the possibility of water vapor

in the plume condensing (see Chapter VII).

This dete rmination m ay prevent a  wasted trip

to the facility on da ys when a pe rsistent 

water droplet plume is anticipated because of

adverse ambient co nditions.

17. Check to see if  safety training is required

to enter the facility an d determ ine what safety

equipment is needed (if any) prior to the

observatio n. 

18. Be su re to follow A gency and /or facility

safety protoc ol.

19. During your observations you must focus

on the ob servation po int.  As a result, it is

very important that you choose an

observation position that minimizes exposure

to safety hazard s. 

20. You may occasionally obtain proprietary

or confidential business data during the

course of a VE investigation.  It is essential

that this informatio n be hand led prop erly
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accordin gly to your age ncy’s policies.  

Note: 

If the observ er is not familiar with  the type of facility

or operation, he/she should consult available reference

material and inspection manuals on the source

category.

PLAN THE OBSERVATION

First, determine the sources of visible emissions at the

facility and identify the specific source that you are

going to observe.  Before making your observations

you need to determine the correct viewing position for

the source being monitored.  You will need to select

backgrounds, determine the wind direction and

establish proper sun position. Record the source

identification o n the field data sh eet.  Next, ide ntify

any potential interferences near the source, for

example: other visible emissions plumes from nearby

sources, fugitive dusts from work activities in the line

of sight, or obstructing buildings.  Finally, identify any

other sources that are unlisted but visible.  If you do

not consider each of these items, the observation may

be invalidate d in subseq uent legal actio ns. 

DETERMINE SUN POSITION 

Method 9  states:

The qualified observer shall stand at a distance

sufficient to pr ovide a c lear view o f the emissio ns with

the sun oriented in the 140/ sector to his back.

This means that a line from the sun to the observer

and a line from the observer to the observation point

in the plume must form an angle of at least 110/ (see

figure 12).  This will place the sun in the required

cone-shaped 140/ sector.  Th e purpo se of this rule is

to prevent fo rward scatte ring of light transm itted in

the plume.  Forward scattering enhances the plume

visibility and creates a positive bias in measurement

results.  In fact, every viewing requirement of the

method is designed to p revent positive bias.

Ch.6-Fig.1: Determining Proper Sun Position

Use a compass to determine the position of the sun

relative to north.  If you are using true north as a

reference, remember to correct the compass for the

magnetic declination at the site which might be 

different from that at your office location.  Position

the sun in a 140 degree sector to your back when

facing the source.  You may quickly check the

horizontal sun position by using the sun location line

on the VEO form.  Determine the sun location by

pointing the line of sight on the “Source Layout

Sketch” in the direction of the actual observation

point.  Move your pen horizontally along the “sun

location line” until the shadow of the pen crosses the

“observer’s position.”  When the shadow  covers the

“observer’s position” mark the sun on the “sun

location line.”

Now you must determine whether the vertical location

of the sun is acceptable. You can validate that the sun

angle is correct with a Sundog, or similar device.

Vertical sun location is particularly important under

one or more o f the following conditions:

• You are observing a tall stack

• The sun is high overhead

• You are observing the plume high in the sky

Remember that the combined vertical angle from the

observation point to the observer to the sun must be at

least 110/.  Computer programs are available for sun

position determination.  Please refer to Chapter VIII

for further inform ation regard ing sun positio n. 
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CHECK FOR DIRECTION OF
PLUME TRAVEL

Method 9  states:

[The VE observer should]... make his observations

from a p osition suc h that his line  of vision is

approximately perpendicular to the plume direction.]  

Ch.6-Fig.2: Correct Line of Sight

When ob serving the plume, you should b e at least

three effective sta ck heights awa y from a vertica lly

rising plume (see figure 13).  The intent is to keep

within +/-18/ of perpendicular to the plume.  The

three-stack-heig hts relationship  is applicab le only if

you are in the same horizontal plane as the base of the

stack (refer to C hapter III).  If the p lume is horizo ntal,

make sure  that your line of sigh t is approxim ately

perpend icular to the plu me at the po int of observ ation. 

The line of sight should be within 18/ of

perpendicular to the plume line of travel.  The reason

for standing approximately perpendicular to the plume

when making the VE determination is to use the

shortest line of sight pathlength through the plume,

which will result in the most accurate estimate of

plume opacity.  If the angle exceeds 18/, final opacity

values must be corrected using the method in Chapter

VII (Slant Angle Correction).

DETERMINE POINT IN PLUME TO
EVALUATE

Method 9 provides excellent guidance on the selection

of the spot in the  plume to o bserve.  T his guidance  is

presented  in several sectio ns and unless  the method  is

read in its entirety, the  information c an be con fusing. 

The following extractions from  Method 9  address

what to consider in selecting the point in the plume for

the observ ation. 

Method 9  states:

2.3 OBSERVATIONS 

Opacity observations shall be made at the point of

greatest opacity in tha t portion of the plum e where

conde nsed wa ter vapor  is not presen t.

This is the first and most significant criterion.  It has

two elements that must be adhered to:

1. You must read  opacity at the densest

portion of the plume.

2. There cannot be any condensed water

vapor at the point of observation.

If there is no co ndensed  water vapo r (commo nly

referred to as steam) present in the plume, you can

read at the densest part of the plume.  Sometimes

condensed material appears to be attached to fine

particles.  The condensed water vapor (steam) does

not dissipate  sharply as it do es in many sou rces. 

Instead, a large amount of water is retained on

particles, giving the appearance of steam beyond the

point of actual steam dissipation.

If this is the case, you sh ould ob serve the plum e with

the sun in the background to clearly identify the point

of water evaporation.  After this point has been

established, re turn to the app ropriate o bserver’s

position (i.e., with the sun in the 140/ sector to your

back).  Observations should be made after the point of

water evaporation, in full accordance with Method 9.

If there is a steam plume, sections 2.3 .1 and 2.3 .2

explain how to implement the rule.

Method 9  states:

2.3.1 ATTACHED STEAM P LUMES 

When condensed water vapor is present within the

plume a s it emerge s from the e mission o utlet, opac ity

observations shall be made beyond the point in the

plume at which condensed water vapor is no longer

visible.  The o bserver sh all record th e appro ximate

distance from the emission outlet to the point in the

plume a t which the  observa tions are m ade. 

You mu st be sure that the  condens ed water ae rosol is

not enhanc ing the opac ity of the particulate  matter in

the plume.  If the relative humidity is high, water may



26

hang on to  particulate m atter and if the p articulate is

hygroscopic, the water could hang on at lower

humidities.  N either is accep table for a va lid

observation.  You can observe the plume from the

other side looking into the sun to determine where

there is a real break point in the steam plume.  Do not

look into the sun when observing for record.

Ch.6-Fig.3: Attached Steam Plume

Method 9  states:

2.3.2  DETACHED STEAM P LUMES 

When water vapor in the plume condenses and

becomes visible at a distinct distance from the

emission outlet, the opacity of emissions should be

evaluated at the emission outlet prior to the

condensation of water vapor and the formation of the

steam plu me. 

Ch.6-Fig.4: Detached Steam Plume

Note: The wo rd shall has be en change d to should  in

this subsection.  If the steam plume is detached you

have two choices:

1. Read before  the steam forms.

2. Read after it evaporates.

It is easy to choose between these options if you

rememb er that observations shall be made at the

point of g reatest opa city is the primary rule.  If the

plume is denser before the steam plume forms, read

there.  If the plume is denser after the steam plume

evapora tes, read there , unless there are  specific

directives to the  contrary.

Certain complex plumes with high con densab le

loading s or secon dary rea ctive prod ucts could

present problems in determining where to read the

plume and how to interpret the results.  This is where

your homework  comes in.  Permits or em issions test

data should provide information concerning the

material bein g emitted.  

Other cases that require caution are those in which

condensed hydrocarbons are the principle component

of the visible plume.  Some opacity regulations might

not be applicable to sources with condensing

hydrocarbon plumes if the intent of the emissions

standard w as only to con trol primary p articulate

emissions d etected by the  emissions co ntrol system. 

An example is the case of blue haze plumes from

asphalt concrete batch plants, which have been

determine d to be exe mpt from the  NSPS  opacity

requireme nt.

DOCUMENT THE POINT IN THE
PLUME WHERE THE READING WAS
TAKEN

You must document on the data sheet the point in the

plume selected for the opacity reading.  This location

should be documented in terms of distance and

direction from the stack and in relative terms to any

condensed water or steam break.  You can be sure that

you will be challenged later on this issue if there is no

reason to suspect that the plume has a high moisture

content or conden sable emissions.
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ADJUST FIELD LOCATION IF
NECESSARY

After picking the point in the plume to observe,

recheck tha t you are in the co rrect position  relative to

the sun and that point.  If you are not, move.  Recheck

each of the same factors at the new field position and

move again if necessary.  Do not start observations

until all the factors conform to the requirements of

Method 9.  It may be necessary to return at a different

time or date in order to attain acceptable observation

conditions.

OBSERVATIONS

Compared to the preliminary activities, observing the

emissions is ea sy.  You will co mplete the to p, far-left

section of the form first.  Be sure to fill in the

observation date in the appropriate space on the form

and enter the start time when you mak e the first

observatio n.  Use the 2 4 hour clo ck to avoid

confusion with a.m. and p.m. and indicate the time

zone.  For example, 10:30 a.m. Eastern Daylight Time

should be recorded as 1030 ED T; 2:30 p.m. Eastern

Daylight Time should be recorded as 1430 EDT.

Method 9  states:

The observer shall not look continuously at the plume,

but instead shall observe the plume at 15-second

intervals.

Watch your timer and only observe the plume

momentarily at the 0-, 15-, 30-, and 45-second

intervals.  It takes only a few seconds to record your

observatio n on the form .  Record  your obse rvations in

5 percent opacity intervals unless the permit or

regulation specifies otherwise.  Continue on until  the

required n umber o f observatio ns have be en made . 

Method 9 usually requires at least 24 observations for

a comple te data set.  Go od meas urement p ractice is to

take more than the bare minimum required, and it may

be necessary to take more than one data set to defend

the observations against litigation in some cou rts.

There is a comment section for each minute of the

observatio n.  Use these c ommen t sections to

document events that effect the validity of the

observation, such as interferences or reasons for

missing readings.  Document changes in your position

or plume color.  When you conclude your observation

session, reco rd the stop tim e in the appr opriate

section.

Fill in the section o n observe r and affiliation. 

Remember to record any important or relevant

information not covered by the form in the Additional

Information section.  Sign and date the form.  Enter

the requested information co ncerning your last

certification.

DATA REVIEW

FIELD DATA CHECK

Before you leave the field look over the form

carefully.  Start at the bottom right- hand section and

work your w ay up, following  the form ba ckwards. 

Make sure that each section is either filled out

correctly or le ft blank on pu rpose.  All en tries should

be legible.  Remember, this is the first-generation

copy and all subsequent copies will be of lower print

quality.  The visible emissions observation form can

be introduced as evidence in enforcement litigation

under the principle of “past recollection recorded.” 

This mea ns that you ma de entries on  the form while

they were fresh in your mind.  A five-minute review at

this time can save hours later.

COMPLETE THE FORM

As soon as possible gather the missing information

and complete the form.  Do not sign the form until you

have com pleted all entrie s you intend to  complete . 

Method 9  states:

....the time, estimated distance to the

emission location, approximate wind direction,

estimated wind speed, description of the sky condition

(presence and color of clouds), and plume

background are recorded on a field data sheet at the

time opa city readin gs are initiate d and c omplete d. 

Any additional entries made after you sign the form

must be dated and initialed.  Failure to document

changes p roperly ma kes the obse rvations sub ject to

challenge.  Even the mark out might have to be

explained  in a depos ition or in cou rt.
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Chapter VII

CALCULATIONS

OPACITY/TRANSMITTANCE
RELATIONSHIP

Opacity is related to the transmittance of light through

a plume.  The amount of light transmitted (T) through

a plume, p lus the amou nt of light obscu red (O) b y a

plume, equals the total amount of light (L) from the

background.

T = % Light Transmitted

O = % Light Obscured

L = 100 % To tal Light 

% Light Transmitted (T) + % Light Obscured (O ) =

100% Total Light (L)

T + O = L

For Example:

The opacity of a plume is 35%.  What is the

transmittance?

Ch.7-Fig.1: O-T Relationships

T + O = L

T + 35% = 100% 

T = 100% - 35%

T = 65%

METHOD 9 DATA 
REDUCTION

Method 9  states:

Opacity shall be determined as an average of 24

consecu tive observ ations...

Divide the observations recorded on the record sheet

into sets of 24  consecu tive observ ations.  A se t is

comp osed of a ny 24 co nsecutive  observa tions.  Sets

need no t be conse cutive in tim e and n o two sets sh all

overlap.

This means that you can select any set of 24 sequential

values to co nstruct your final a verage (see  figure 17). 

The best practice is to construct a screening average

(rolling avera ge) of each  possible av erage in the d ata

set and then select the data combinations that you

want to calculate.  In an hour of observations with no

data gaps th ere are 21 7 potential a verages.  

Computer programs are available for this calculation

such as ET A’s Opa ciCalc  for Windows.  If you are

simply determining noncompliance, you can often

scan the data  to pick out a  data set that ap pears to

violate the stand ard and c alculate the ave rage.  

The set does not have to start at the beginning  of a

minute; it can start at any point in the observation

data.  Often this is the difference between compliance

and noncompliance.

Method 9  states:

For each set of 24 observations, calculate the average

by summing the opacity of the 24 observations and

dividing this sum by 24.

A simple mean is calculated for each data set and each

mean is com pared to th e standard .  If any correctio n is

made for pathlength, it must be made before

calculating the average.

Method 9  states:

If any applicable standard specifies an averaging

time requ iring mo re than 2 4 observ ations, calc ulate

the average for all observations made during the

specified time period.

Federal standards and SIP opacity regulations

sometimes contain averaging times other than 6

minutes.  EPA’s policy is that if the SIP regulation

does not clearly specify an averaging time or other

data-reduction technique, the 6-minute average

calculations should be used.  EPA is currently in the

process of providing additional methods to cover
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alternative averaging times.

Ch.7-Fig.2: Minute Average

SLANT ANGLE CORRECTION

Ideally, you should be situated so that your line of

sight crosses only one plume diameter.  An

observation will be positively biased if it is made

through a lo nger visual pa thlength than is ap propriate

(see table 2 ).  The usua l guidance to  eliminate this

problem is to observe the plume from a distance of at

least 3 stack heights from the source.  At 3 stack

heights the line of sight is approximately perpendicular

to the plume (about 18 degrees) resulting in minimal

error (i.e. 1% positive bias).  However, in some cases

readings m ust be taken re latively close to the  stack. 

As you move closer to the base of the stack your visual

pathlength increases and, consequently, observed

opacity increases even though the actual cross-plume

opacity remains constant.  If observations are

performed with a slant angle greater than +/-18

degrees the individual data values must be

mathematically adjusted to account for the increased

opacity values due to the added visual pathlength.  The

actual opacity can be calculated from the observed

opacity if the slant angle is known or if the height of

the stack and the distance from the o bserver to the base

of the stack are known.  The individual data values

may be ma thematically ad justed in the final re port to

account for the increased visual pathlength.  You

should NOT attempt to mentally adjust the readings

during an observation or alter the values recorded on

your obse rvation form  to accoun t for slant angle.  

Ch.7-Fig.3: Corrected Optics for Slant Angles

For example:

You are standing approximately 85 feet from a 100

foot stack, with a 50 degree vertical angle to the

observation point (see figure 18).  The observed

opacity is 30%. What is the true opacity?  

Ch.7-Fig.4: Slant Angle Correction

1.  The observed opacity (O1) is  30%.

2. Calculate transmittance (T1).

100% - O1 = T1 

100% - 30% = T1

70% or 0.70 = T1

3. The slant angle (i ) is 50O.

4. Determine the cosine of the slant angle.

Cosine of 50O = 0.643

5. Calculate  corrected  transmittance ( T2).  

T1COSi =  T2

0.70 COS 50 = T2 

0.700.643 = T2

0.795 or 80% = T2

6. Calculate corrected opacity (O2).

100% - T2 = O2

100% - 80% = O2

20% = O2
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TWO PLUMES PROCEDURE
(COMBINED OPACITY)

Sometimes it is necessary to combine the opacities of

two separate emissions (e.g. bag house stubstacks,

multiple fugitive emissions, etc.).  Under these

circumstances, you must utilize the combined effect of

the source.

O1 = Opacity of Stack 1

T1 = Transmittance of Stack 1 

O2 = Opacity of Stack 2

T2  = Transmittance of Stack 2

TC  = Combined Transmittance

OC = C ombined  Opacity

For example:

Two stacks from different boilers are side by side (see

figure 19).  Under the bubble concept the combined

opacity is utilized from this source.  Viewing

conditions  (i.e. sun angle) d o not allow th e plumes to

be viewed together.  The opacity of each stack was

determine d, one is 10 % and th e opacity o f the other is

30%.  W hat is the comb ined opa city?

Ch.7-Fig.5: Two Plumes Procedure

1.  The opacity (O1) of stack 1 is  10%.

2. Calculate the transmittance (T1) of stack 1.

100% - O1 = T1

100% - 10% = T1

90% or 0.90 = T1

3. The opacity (O2) of stack 2 is  30%.

4. Calculate the transmittance (T2) of stack 2.

100% - O2 = T2

100% - 30% = T2

70% or 0.70 = T2

5. Calculate the combined transmittance (TC).

T1 x T2 = TC

0.90 x 0.70 = TC

0.63 or 63% = TC

6. Calculate the combined opacity (OC).

100% - TC = OC

100% - 63% = OC

37% = OC

CONDENSED WATER VAPOR PLUME
EVALUATION

The psychrometric chart can be used to predict or

confirm the formation of a visible water vapor (steam)

plume. The psychrometric chart is a graphical

representa tion of three atm ospheric c onditions: 

Dry bulb temperature - the ambient temperature.

Wet bu lb tempera ture - the tempe rature indica ted by a

"wet bulb " thermom eter (thermo meter with its bulb

covered by a moistened wick and exposed to a moving

air stream); rep resented b y the curved a xis on the left

side of the chart (saturation temperature).

Moisture content - percentage moisture content of the

stack gas; rep resented b y the vertical axis.  T his

information is available from source test data.

By using a sling psychrometer to measure the wet and

dry bulb temperatures you can determine the "ambient

state point."  This point is determined by plotting the

wet and dr y bulb temp eratures on  the psychro metric

chart.  The point on the psychrometric chart where the

plotted valu es intersect is called  the ambien t state

point.  This describes the current condition of the

ambient air. Similarly, you can determine the "stack

gas state point" by plotting the dry bulb temperature

and moisture content of the stack emission.  The point
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In response to customer needs, ETA
has developed a laboratory procedure to

test if plumes can form above the
normal dew point.  We have conducted

these tests for a number of facilities
preventing costly litigation.

We have also developed a system by
which we can model the length of a

condensed water vapor plume.  If you
think these services may be useful,

please contact Tom Rose at 
919-878-3188. 

on the psychrometric chart where the plotted values

intersect is called  the stack gas state  point. 

To predict or confirm the potential presence of a water

vapor plume, both the ambient air conditions and the

stack gas conditions must be known or calculated, and

the state conditions must be located on the

psychrometric chart.  The change of the exhaust gas

from the stack  state conditio ns to the amb ient air state

conditions will be accompanied by a visible water

vapor plume if any portion of the line connecting the

two points on the chart (dilution line) is located to the

left of the 100% relative humidity line (saturation

line).  The visible water vapor plume results from the

conden sation of water  present in the e xhaust stream . 

It is relatively simple to determine the state point for

the ambien t air condition s.  The wet b ulb and d ry bulb

temperatu res, which de termine a uniq ue state poin t,

can be measured with a sling psychrometer and

plotted on the psychrometric chart.  To determine the

state point for the stack gas conditions you m ust

obtain the moisture content and dry bulb temperature

data for the sta ck gas.  

For example:

Ambient co nditions:

Dry bulb temperature = 70/ F

Wet bulb temperature = 60/ F

Barometric pressure  = 29.92 in. Hg

Effluent gas co nditions:

Dry bulb temperature = 160/ F

Moisture content = 20%

Will a water plume condense?

Solution:

Refer to the Steam Plume Modeling Chart example on

the following page.  Plot ambient we t bulb and dry

bulb temperatures.  Plot stack gas moisture content

and stack gas dry bulb temperature.  Connect the

ambient state point and stack gas state point with a

straight line.  The line crosses the 100% relative

humidity line (saturation line); therefore, a water

vapor plume will be visible.

Note: 

The following steam plume modeling charts are based

on cond itions at sea level (i.e . 29.92 in. H g). 

Barometric pre ssure varies with elevation.  As a

result, barometric pressure is routinely corrected for

altitude.  If the bar ometric pr essure is less than 2 9.5

inches Hg, an equation must be used to calculate the

final moisture content (MC).  For further information,

please refer to Section 3.12.6 of the Quality Assurance

Handbo ok for Air Pollution M easurement Systems:

Volume III.  Stationary So urce Specific Me thods,

Addition Section 3.12 or refer to our website at

www.eta-is-opacity.com. 

This mo deling app roach is ba sed on ide al gases in

plumes not containing hygrosc opic particles or salts.

Condensed water vapor plumes containing

hygroscopic particles, acids, or salts can form above

the normal dew point.  For more information on

condensed water vapor plumes, please visit our

website at www.eta-is-opacity.com. 

ADVERTISEMENT

Notes:
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Chapter VIII

QUALITY ASSURANCE 
AUDIT

If the form is used as proof of compliance or violation

in a permit application or agency enforcement action,

a third party  sho uld review the  docume nt and data

reduction in detail. The following sections describe

the elements o f a minimal aud it. 

After each item  on the form is c hecked, yo u should

compare related data items for consistency.  For

example  check if: 

The wind direction arrow in the sketch 

agrees with the  wind directio n recorde d in

the text section o f the form. 

The final signature date is consistent with 

the observ ation date. 

The time of day is consistent with the sun 

position.  

OBSERVER CERTIFICATION MUST
BE WITHIN 6 MONTHS OF
OBSERVATION DATE

Compare the date of observation at the top of the form

with the date of the certification at the bottom of the

form.  The observation date must be within 6 months

of your certification date.

REQUIRED DOCUMENTATION MUST
BE SUPPLIED

Method 9 has specific requirements for recording

information regarding the emission point, observation

point,  and the field conditions at the time of the

observation.  Check to see whether the following

information is provided on the VE Observation form:

Name of the plant

Facility and emission point location

Type fac ility

Observer's name and affiliation 

Date and time of observation 

Estimated  distance to the  emission po int 

Approximate wind direction

Estimated wind speed 

Description of the sky conditions (presence

and color of cloud s)

Plume background 

Sketch of sun, source, observer positions

Distance from the emission outlet to the 

point in the plume at which the observations

are  made 

24 obse rvations (unle ss other criteria e xist)

If any of these items are missing, it may be pointed

out in a deposition, or in a motion before the court, or

to the judge when you are on the witness stand.

SUN ANGLE REQUIREMENTS MUST
BE MET

Three a reas on the V EO form  can be use d to indicate

horizontal sun angle. 1. The source layout sketch. 2.

The direction to source section. 3. The observation

date and o bservation  period star t stop times. 

Areas 2 and 3 can be used to determine if the sun

location ma rked on the  source layo ut sketch is corr ect.

Look at the north arrow's relationship to the source

and determine whether there are any discrepancies

when compared to emission point "Direction from

Observ er" line on the  VEO  form. If the data  is

contradictory about direction of source, there are

probably other pro blems.

Ch.8-Fig.1: Horizontal Sun Angle (top view)
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Check the time of day to see if the data are reasonable.

For example, if the time of the observation is noon

and the ob server's sketch sho ws the sun ove r the left

shoulder, the observer must be southeast of the source.

Sketching the relative positions on polar graph paper

is a useful technique to establish that the observations

were perfo rmed and  docume nted corre ctly.

The ver tical sun angle p roblem is p art of the sun ang le

problem. The line from the height of the sun in the sky

to the obse rver and the  line from the o bserver up  to

the emission point should be 110 degrees. To audit for

vertical sun angle, it is necessary to note the time of

day, year, and location of the facility in terms of

latitude and longitude. Given this information, solar

tables or the US Naval Observatory ICE program may

be utilized to get the sun location.

Ch.8-Fig.2: Vertical Sun angle (side view)

Lastly the total sun angle should be checked using

solid trigonometry or a computer program.

LINE OF SIGHT SHOULD BE
PERPENDICULAR TO DIRECTION OF
PLUME TRAVEL

Check to ensure that the plume was observed along a

line of sight perpendicular to the long axis of the vent

if the vent is not circular.  This is important when

observing fugitive emissions.  Sources such as storage

piles, dusty roads, roof monitors, and ships’ holds are

difficult to obse rve prop erly because  of this

requirement.  In many cases you must reach a

compromise between the axis of the source and the

axis of the plume.  If a reading is not made from a

position nea rly perpend icular to the plu me, you sho uld

look at the final opacity and determine whether

correcting the data for pathlength will still give the

same final resu lt in terms of com pliance status. 

PROPER OBSERVATIONAL
INTERVALS MUST BE OBSERVED

Were  observatio ns made a t 15-secon d intervals or in

compliance with the applicable regulations?  

DATA GAPS MUST BE EXPLAINED

Were  a minimum  number o f observatio ns made w ith

no data gaps?  If data gaps exist on the form, are they

explained ?  If an avera ge was calcu lated with a da ta

gap, what value was assigned to the data gap?  What

is the reason for selecting the value?  

INTERFERENCES MUST BE
CHECKED AND NOTED ON FORM

Check for possible interferences.  Obstacles in the line

of sight or other emissions in front of or behind the

plume being mo nitored create interferences that must

be avoided or noted on the data form.  Review the

sketch for other vents, stacks, or sources of fugitive

emissions that might cross the line of sight or

co-mingle with the plume being evaluated and create a

positive bias  in the observ ations.  The  sketch should

indicate the b ackgroun ds and their re lative distances . 

If mountains or other distant obje cts are used as a

reading background, check if haze is indicated in the

background section.  This may create a negative bias

in the opac ity readings.  Also , note in the com ments

section beside the observation whether interferences

were reported.  Finally, check the additional

information  section and  the data sectio n for comm ents

regarding haze or o ther interferences.

STEAM PLUMES NOTED AND
PROPER PROCEDURES FOLLOWED

Were the emissions observed at a point where there

was no condensed water?  If the form indicates the

presence of a steam plume, pay special attention to the

point in the plu me where  the observ ation was ma de. 

Check the  ambient tem perature an d relative hum idity,

if available.  If the temperature is low or if the relative

humidity is high (o ver 70% ), consider the  possibility

of a steam plume that does not evaporate easily.  If the

data is available, model the steam plume using the
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technique in Chapter VII (Condensed Water Vapor

Plume E valuation). 

When  you use this me thod you m ust recogniz e that: 

 

! The charts were developed from steam tables

to represent the conditions in an ideal closed

system,  and the atmosphere is not an ideal

closed system . 

!  The tables do not consider the presence of

particulate m atter or con densation n uclei. 

!  The temperature of the emissions gases is an

average of at least a one-hour em issions test

and does not necessarily represent the

conditions  at time of obs ervation. 

!   The moisture content entered into the

calculation is an average of at least one hour

and might not be representative of the plume

conditions  over a sho rter time frame .  

! The chart does not recognize that the plume

might not be uniform in moisture

concentration and that some portions of the

plume mig ht be at supe rsaturation. 

! The tables do not consider the presence of

hygroscop ic particulate m atter that could

attract and ho ld onto wa ter by lowering  its

vapor p ressure. 

The chart is best used by constructing a line with an

error ban d that recog nizes the asso ciated erro r in

measurement of each of the input parameters.  It

should be  assumed th at no water p lume forms o nly if

the error ba nd does n ot appro ach the dew  point. 

DATA REDUCTION AND REPORTING
MUST BE PERFORMED IN
ACCORDANCE WITH THE
REGULATION

Are the calculations in compliance with the

regulation?  Does the regulation require averaging

over a time p eriod othe r than 6 minu tes?  Doe s it

require time aggregation?  Is the math correct?  Was

the highest ave rage determ ined?  Is ther e data

showing no ncomp liance in exce ss of the regulatio n in

terms of opacity and time? 

OPACITY READINGS MUST BE
REPRESENTATIVE OF ACTUAL
CONDITIONS

Verify that no interferences or extenuating

circumstances existed during the observation that

would make the opacity values not representative of

actual conditions or otherwise invalidate the

observatio n. 

Depending upon the potential use of the form, it may

be wise to have an additional third party audit the

form.  After completing the second audit, compare the

results of the two independent audits and resolve any

outstanding  difficulties. 

The National Bureau of Standards Handbook 91 on

Experimental Statistics states:

A certified or reported value whose accuracy

is entirely unknown  is worthless.

ADVERTISEMENT
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Chapter IX

FIELD TRAINING AND
CERTIFICATION

The Field T raining and Certification Progra m is 

conduc ted after the co mpletion o f a classroom  session. 

The classroom session is designed to introduce the

trainee to the fundamentals of opacity measurement

with specific emphasis on essential aspects of Method

9.  Section 3.12.1.2.2 of the Quality Assurance

Handb ook for visib le emissions o bservaion s highly

reccommends  an intensive 1- or 2-day classroom

session.  Although classroom training is not required ,

it is highly recommended because the lecture sessions

increase the o bserver's kno wledge an d confiden ce in

field opera tions, reduce s the time need ed to certify,

trains the smoke reader in documentation techniques

that will help their obsevations withstand litigation.  It

also prov ides a forum  for informatio n exchang e. 

After the classroom session, a Field Training and

Certification Program is held outdoors using a smoke

generator th at is capable  of presenting  black and  white

plumes with opacities from 0 to 100 % opacity. The

smoke generation system contains a calibrated

instrument to measure and record the opacities of the

plumes that are presented.

Becaus e this session is co nducted o utdoors, it is

important to wear clothing appropriate for the weather

conditions .  You sho uld bring the fo llowing items to

the field session:

 Two medium, black, ballpoint pens

 Clipboard 

 Two rubber bands

Optional items include:

 A folding ch air

 Non- alcoholic beverage or snack

 Golf umb rella

 Sunscreen 

 Hat

The Field Certification process consists of five

elements:

 Demonstration of standards

 Practice plumes

 Testing for b lack and wh ite

 Grading

 Retest if necessary

PRACTICE PLUMES

On the first day of field certification, you will be

issued a practice form.  This form is used for practice

prior to certification runs.  First, the field instructor

will demonstrate the standard plume opacities: 25

percent, 50  percent, and  75 perc ent.  This

demonstration will help orient you with the scale used

in the testing program.  Four practice plumes will then

be generated.  You estimate the opacity of each

plume, ba sing the estimate  on the given sta ndards. 

The estim ate of opac ity should be e xpressed  in

increments of 5 percent.  The field instructor will then

announce the correct answers to the four practice

plumes.  Write down the correct answers beside the

estimates and  compar e the answers  (see figure 22 ). 

This procedure will be followed for both the black and

white smoke.  Only after a significant segment of the

group is successful will actual certification testing 

begin.

Ch.9-Fig.1: Practice Plumes

TESTING REQUIREMENTS

To certify as a qualified observer, you  must be tested

and demonstrate the ability to accurately assign

opacity readings in 5 percent increments to 25 random

black plumes and 25 random white plumes.  Your

error can not exceed 15 percent opacity on any one

reading.  Y our avera ge error ca n not excee d 7.5

percent o pacity for eac h category.

TESTING FORM

After the practice session, a two-part form will be

handed out.  An example of this form is given  at the
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Notes:

end of this chapter.  Fill in the name section as

follows:

1)  Last  name,  Firs t name, MI

2) Affiliation is the name of your employer.

3) The field instructor will announce the run number

for each run.

4) Fill in the city in the course location blank.

5) Fill in the correct date.

6) If you are not wearing sunglasses, then circle no. If

you are wearing sunglasses circle yes, and fill in the

type, and/or  color of lens s uch as Po laroid, Pho to

gray, etc.

7) Sky conditions, wind speed, and direction will be

given by the field instructor.

8) Estimate  the distance a nd directio n to the stack. 

9) The a ffirmation must b e signed be fore the pap er is

handed in acknowledging that the readings are your

own.

10) The field instructor will announce whether the

smoke will b e black or w hite. 

Circle the appropriate color on the form.  When all of

these steps have been completed, you are ready to take

the test.  The test consists of a set of 25 black plumes

and a set of 25 white plumes.  The plumes are

generated at random  levels of opacity within each test

set.  Prior to the  test, the standard s are shown  again. 

THE FIELD TEST

Field Instructors will announce when the plume

should be  read, and  when the pa per should  be marke d. 

The follo wing proc edure will  be  used during  the test:

Prior to reading, do not observe the stack but instead

look at the ground or your paper.  The field instructor

will announce:

"Reading Number 1"

Look up and make your determination of the

opacity.  Ap proxima tely 3 second s will be allowed . 

The field instructor  will then announce:

"Mark"

At the word "Mark," immediately look away

from the plum e and mar k your pap er.  Simply circ le

the answer that best matches the observation.  Do not

look back at the plume until the next reading number

is announced.

This process continues for the entire first set.  Check

your papers for missing observations or observations

on the wrong line.  If you need to change an answer,

cross it out and circle the new answer.

If the wind ma kes the plum e unreada ble, yell

"SCR ATC H" or “R EPEA T” loud  enough for  the field

instructor to hear.  The instructor will then repeat that

reading at the same opacity.  The goal is to present

you with the be st possible test.

On occasion, the field instructor will interrupt the

reading with th e word " scratch."  T he pape r should

not be marked; the reading will be repeated.  It will be

repeated at the same opacity value unless you are

informed otherwise.

After 25 p lumes of on e color sm oke, the pro cess will

be repea ted for the oth er color.  C ompletion  of both

sets constitutes a run (i.e., 50 plumes).

At the conc lusion of the test, m ake sure you r form is

filled out entirely.  The white copies of the

certification test for m will be colle cted.  After all

forms are collected, the field instructor will announce

the correct answers.  Mark the yellow copy with a

slash through  the value ann ounced  by the field

instructor (see figure 23).  Marking your yellow copy

expedites grading and assists in further training when

needed.
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Ch.9-Fig.2: Determining Error

After all 50 values are announced, compare each of

your answers to the correct answer.  For each value,

count the num ber of spac es between  the two answe rs. 

Remember it does not matter whether the value was

higher or lower than the correct answer, just count the

number o f spaces. 

For exampleif the 25 had been circled and the

operator announced 30, the error would be one space:

A 20 and a 30 would be an error of two.

A 20 and a 35 would be an error of three.

A 20 and a 40 would be an error of four.

Record the error on the right-hand side of the paper.

When you finish marking errors, you can determine

whether you passed. The two criteria are:

1. NO ERROR OF 4 OR GREATER 

ANYWHERE ON THE PAGE

2. TOTAL ERROR ON EA CH SET OF 37

OR LESS 

The white and black smoke can each have a total error

of up to 37  increments.  If yo ur paper m eets both

criteria, the yellow sheet should be passed to the

graders, an d they will grade  the original for re cord. 

Do not leave the field site until the graders verify that

you have passed the test.  After all the papers have

been graded, the names of those who have passed the

test will be announced.  Once you have completed the

certification process, a certificate will be sent to the

address on the registration form w ithin 2 to 3 weeks.

STARING AT THE PLUME

The mo st commo n error in smo ke observ ation is

staring at the plum e.  Staring at the p lume typically

results in fatigued v ision and m akes accur ate

observations nearly impo ssible.  The second m ost

common error in certification is reading the plume at

the wrong time.  To p revent both of these prob lems,

listen carefully to the field instructor and follow the

given instructions.  Furthermore, you should never try

to anticipate the opacity of the next reading.

CERTIFICATION PERIOD

The cer tification shall be v alid for a per iod of 6

months, at which time you must repeat the

qualification p rocedur e to retain certifica tion.  This is

a requirem ent of Me thod 9. 

ADVERTISEMENT
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Chapter X

METHOD 9

Method 9 - Visual Determination of the Opacity of

Emissions from Stationary Sources

INTRODUCTION

   Many stationary sources discharge visible emissions

into the atmosphere; these emissions are usually in the

shape of a plume.  This method involves the

determination of plume opacity by qualified

observers.  The method includes procedures for the

training and certification of observers, and procedures

to be used in the field for determination of plume

opacity.  The appearance of a plume as viewed by an

observer depends upon a number of variables, some of

which may be controllable and some of which may not

be controllable in the field.  Variables which can be

controlled  to an extent to w hich they no lo nger exert a

significant influence upon plume appearance include:

Angle of the o bserver with r espect to the  plume; ang le

of the observer with respect to the sun; point of

observation of attached and detached steam plume;

and angle of the observer with respect to a plume

emitted from  a rectangular  stack with a large  length to

width ratio.  T he method  includes spe cific criteria

applicable to these variables.

   Other variables which may not be controllable in the

field are luminescence and color contrast between the

plume and  the backgro und against w hich the plum e is

viewed.  These variables exert an influence upon the

appearance of a plume as viewed by an observer, and

can affect the ab ility of the observe r to accurate ly

assign opacity values to the observed plume.  Studies

of the theory of plume opacity and field studies have

demon strated that a p lume is most v isible and pr esents

the greatest ap parent op acity when view ed against a

contrasting b ackgroun d.  It follows from  this, and is

confirmed by field trials, that the opacity of a plume,

viewed under conditions where a contrasting

background is present can be assigned with the

greatest degree of accuracy.  However, the potential

for a positive e rror is also the g reatest when a  plume is

viewed under such contrasting conditions.  Under

conditions presenting a less contrasting background,

the apparent opacity of a plume is less and approaches

zero as the color and  luminescence contrast dec rease

toward zero.  As a result, significant negative bias and

negative errors can be made when a plume is viewed

under less contrasting conditions.  A negative bias

decrease s rather than inc reases the po ssibility that a

plant ope rator will be cite d for a violatio n of opac ity

standards d ue to obse rver error. 

  Studies have been undertaken to determine the

magnitude of positive errors which can be made by

qualified observers while reading plumes under

contrasting conditions and using the procedures set

forth in this metho d.  The re sults of these studie s (field

trials) which involve a total of 769 sets of 25 readings

each are as follows:

   (1) For black plumes (133 sets at a smoke

generator), 100 percent of the sets were read with a

positive error of less than 7.5 percent opacity; 99

percent were read with a positive error of less than 5

percent o pacity.  

   (2) For white plumes (170 sets at a smoke generator,

168 sets at a  coal-fired po wer plant, 29 8 sets at a

sulfuric acid plant), 99 percent of the sets were read

with a positive e rror of less than  7.5 perce nt opacity;

95 percent were read with a positive error of less than

5 percen t opacity.

   The positive observational error associated with an

average of twenty-five readings is therefore

established.  The accuracy of the method must be

taken into acc ount when d etermining p ossible

violations of a pplicable  opacity stand ards. 

1.  PRINCIPLE AND APPLICABILITY

1.1  Principle.  The opacity of emissions from

stationary sour ces is determ ined visually by a

qualified observer.

1.2  Applicability.  This method is applicable for the

determination  of the opacity of emissions from

stationary sources pursuant to 60.11(b) and for

qualifying ob servers for visu ally determining  opacity

of emissions.

2.  PROCEDURES

The observer qualified in accordance with section 3 of

this method shall use the following procedures for

visually determ ining the opa city of emissions: 

2.1  Pos ition.  The q ualified obse rver shall stand  at a

distance  sufficient to provide a clear view of the

emissions with the sun oriented in the 140 degree

sector to his back.  Consistent with maintaining the

above requirement, the observer shall, as much as
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possible, make his observations from a position such

that his line of vision is approximately perpendicular

to the plume direction, and when observing opacity of

emissions from rectangular outlets (e.g., roof

monitors, o pen bagh ouses, non circular stacks ), 

approximately perpendicular to the longer axis of the

outlet.  The observer's line of sight should not include

more than one plume at a time when multiple stacks

are involved , and in any cas e the obser ver should

make his ob servations with h is line of sight 

perpendicular to the longer axis of such a set of

multiple stacks (e.g., stub stacks on baghouses).

2.2  Field Records.  The observer shall record the

name of the  plant, emission  location, type  facility,

observer's name and affiliation, a sketch of the

observer 's position relative to  the source, an d the date

on a field da ta sheet.  The  time, estimated  distance to

the emission location, approximate wind direction,

estimated win d speed , description  of the sky 

condition (presence and color of clouds), and plume 

background are recorded on a field data sheet at the

time opacity readings are initiated and completed.

2.3  Observations.  Opacity observations shall be

made at the point of greatest opacity in that portion of

the plume where condensed  water vapor is not

present.  The observer shall not look continuously at

the plume but instead shall observe the plume

momentarily at 15-second  intervals.

2.3.1  Attached Steam Plumes.  When condensed

water vapor is present within the plume as it emerges

from the emission outlet, opacity observations shall be

made beyond the point in the plume at which

condensed water vapor is no longer visible.  The

observer shall record the approximate distance from

the emission outlet to the point in the plume at which

the observations are made.

2.3.2  D etached S team Plum e.  Whe n water vap or in

the plume condenses and becomes visible at a distinct

distance from the emission outlet, the opacity of

emissions should be evaluated at the emission outlet

prior to the condensation of water vapor and  the

formation of the steam plume.

2.4  Recording Observations.  Opacity observations

shall be recorded to the nearest 5 percent at 15-second

intervals on an  observatio nal record  sheet.  A

minimum of 24 observations shall  be recorded.  Each

momen tary observa tion record ed shall be d eemed to

represent the average opacity of emissions for a

15-second period.

2.5  Data Reduction.  Opacity shall be determined as

an average of 24 consecutive observations recorded at

15-second intervals.  Divide the observations recorded

on the record sheet into sets of 24 consecutive

observations.  A set is composed of any 24

consecutive observations.  Sets need not be

consecutive  in time and in no  case shall two se ts

overlap.  For each set of 24 observations, calculate the

average by summing the opacity of the 24

observations and dividing this sum by 24.  If an

applicable standard specifies an averaging time

requiring more than 24 observations, calculate the

average for all observations made during the specified

time period.  Record the average opacity on a record

sheet. 

3.  QUALIFICATIONS AND TESTING

3.1  Certification Requirements.  To receive

certification as a qualified observer, a cand idate must

be tested an d demo nstrate  the ability to a ssign opac ity

readings in 5 percent increments to 25 different black

plumes and 25 different white plumes, with an error

not to exceed 15 percent opacity on any one reading

and avera ge error no t to exceed  7.5 perce nt opacity in

each categ ory. Cand idates shall be  tested acco rding to

the procedures described in Section 3.2.  Smoke

generators used pursuant to Section 3.2 shall be

equipped with a smoke meter which meets the

requirements of Section 3.3.

   The certifica tion shall be va lid  for a perio d of 6

months, at which time the qualification procedure

must be rep eated by an y observer  in order to re tain

certification.

3.2  Certification Proced ure.  The certification test

consists of showing the candidate a complete run of

50 plum es--25 blac k plumes an d 25 white

plumes--generated by a smoke generator.  Plumes

within each set of 25 black and 25 white runs shall be

presented  in random order.  The candidate assigns an

opacity value  to each plum e and reco rds his

observation on a suitable form.  At the completion of

each run o f 50 readin gs, the score o f the candida te is

determined.  If a candidate fails to qualify, the

complete run of 50 readings must be repeated in any

retest.  The smoke test may be administered as part of

a smoke school or training program and may be

preceded by training or familiarization runs of the

smoke generator during which candidates are shown

black and  white plume s of known o pacity.



43

Technical Note:
ETA generators are built and tested to
assure that all of the requirements of

Table 9.1 are met.

3.3  Smoke Generator Specifications.  Any smoke

generator used for the purposes of Section 3.2 shall be

equipped with a smoke meter installed to measure

opacity across the diameter of the smoke generator

stack.  The smoke meter output shall display in-stack

opacity ba sed upon  a pathlength e qual to the stac k exit

diameter, on a full 0 to 100 percent chart recorder

scale.  The smoke meter optical design and

performa nce shall mee t the specification s shown in

Table 9-1.  The smoke meter shall be calibrated as

prescribed in Section 3.3.1 prior to the conduct of

each smoke reading test.  At the completion of each

test, the zero and span drift shall be checked and if the

drift exceed s +/-1 perce nt opacity, the c ondition sha ll

be corrected prio r to conducting any subseq uent test

runs.  The smoke meter shall be demonstrated, at the

time of installation, to  meet the spe cifications listed in

table 9-1.  This demonstration shall be repeated

following any subsequent repair or replacement of the

photocell or associated electronic circuitry including

the chart recorder or o utput meter, or every 6 mo nths,

whichever o ccurs first.

3.3.1  Calibration.  The smoke meter is calibrated

after allowing a minimum of 30 minutes warm-up by

alternately producing simulated opacity of 0 percent

and 100 percent.  When stable response at 0 percent

or 100 p ercent is noted , the smoke m eter is adjusted  to

produce an output of 0 percent or 100 percent, as

approp riate.  This calib ration shall be  repeated  until

stable 0 percent and 100 percent readings are

produced without adjustment.  Simulated 0 percent

and 100 percent opacity values may be produced by

alternately switching the power to the light source on

and off while the smoke generator is not producing

smoke. 

SMOKE METER DESIGN AND
PERFORMANCE SPECIFICATIONS:

TABLE 9-1 FROM METHOD 9

3.3.2  Smoke Meter Evaluation.  The smoke meter

design and performance are to be evaluated as

follows:  

3.3 .2.1   Ligh t So urce.  V erif y fro m ma nufa ctur er's

data and from voltage measurements made at the

lamp, as installed , that the lamp is o perated w ithin

+/-5 percent  of the nominal rated voltage.

3.3.2.2  Spectral Response of Photocell.  Verify from

manufactur er's data that the p hotocell has  a photop ic

response ; i.e., the spectral sen sitivity of the cell shall

closely app roximate the  standard sp ectral-lumino sity

curve for photopic vision which is referenced in (b) of

Table 9 -1. 

3.3.2.3  Angle of View.  Check the construction

geometry to ensure that the total angle of view of the

smoke plume, as seen by the photocell, does not

exceed 15 degrees.  The total angle of view may be

calculated fro m: 
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é = 2 tan-1 (d /2L), 

where 

é = total angle of view;

d = the sum of the photocell diameter + the  

     diameter of the limiting aperture; and 

L = the distance from the photocell to the  

      limiting aperture.  

The limiting aperture is the point in the path between

the photocell and the smoke plume where the angle of

view is most restricted.  In smoke generator smoke 

meters this is normally an orifice plate.

3.3.2.4  Angle of Projection.  Check construction

geometry to ensure that the total angle of projection of

the lamp on the smoke plume does not exceed 15

degrees.  The total angle of projection may be

calculated from:

é = 2 tan-1 (d/2L),

where 

é = total angle  of projec tion; 

d = the sum of the length of the lamp  

     filament + the diameter of the limiting

aperture; and 

L = the distance from the lamp to the  

     limiting aperture.

3.3.2.5  C alibration E rror.  Using n eutral-density

filters of known opacity, check the error between the

actual response and the theoretical linear response of

the smoke meter.  Th is check is accomplished b y first

calibrating the smoke meter according to 3.3.1 and

then inserting a series of three neutral-density filters of

nominal opacity of 20, 50, and 75 percent in the

smoke m eter pathleng th.  Filters calibrate d within +/-2

percent shall be used.  Care should be taken when

inserting the filters to prevent stray light from

affecting the meter.  Make a total of five

nonconsecutive readings for each filter.  The

maximum error on any one reading shall be 3 percent

opacity.

3.3.2.6  Zero and Span Drift.  Determine the zero and

span drift by calibrating and operating the smoke

generator in  a normal m anner ove r a 1-hour p eriod. 

The drift is measured by checking the zero and span at

the end of this period.

3.3.2.7  Response Time.  Determine the response time

by producing the series of five simulated 0 percent

and 100 percent opacity values and observing the time

required to  reach stable  response.  O pacity values o f 0

percent and 100 percent may be simulated by

alternately switchin g the powe r to the light sourc e off

and on while the smoke generator is not operating.
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Chapter XI

METHOD 22

Method 22--Visual Determination of Fugitive

Emissions From M aterial Processing Source s 

(Method 22 added by 47 FR 34142, August 6, 1982)

1.  INTRODUCTION. 

This method involves the visual determination of

fugitive emission s, i.e., emissions no t emitted direc tly

from a process stack or duct.  Fugitive emissions

include emissions that (1) escape  capture by process

equipment exhaust hoods; (2) are emitted during

material transfer; (3) are emitted from buildings

housing ma terial proce ssing or hand ling equipm ent;

and (4) ar e emitted dir ectly from pro cess equip ment. 

This method is also used to determine visible smoke

emissions fro m flares used  for comb ustion of waste

process m aterials. 

This method determines the amount of time that any

visible emissions occur during the observation period,

i.e., the accumulated emission time.  This method

does not require that the opacity of emissions be

determined.  Since this procedure requires only the

determination of whether a visible emission occurs

and doe s not require  the determin ation of op acity

levels, observer certification according to the

proced ures of M ethod 9 a re not requ ired.  How ever, it

is necessary that the observer is educated on the

general procedures for determining the presence of

visible emissions.  As a minimum, the ob server must

be trained and knowledgeable regarding the effects on

the visibility of emissions caused by background

contrast, ambient lighting, observer position relative

to lighting, wind, and the presence of uncombined

water (condensing water vapor).  This training is to be

obtained from written materials found in References

7.1 and 7.2 or from the lecture portion of the Method

9 certification c ourse. 

(1. amended by 48 FR 483 35, October 18, 1983) 

2.  APPLICABILITY AND PRINCIPLE.

2.1  Applicability.  This method applies to the

determination of the frequency of fugitive emissions

from stationary sources (located ind oors or outdoo rs)

when specified as the test method for determining

complian ce with new so urce perfo rmance stan dards. 

This method also is applicable for the determination

of the frequency of visible smoke emissions from

flares. 

 

(2.1 amended by 48 FR 48 335, October 18, 1983 ) 

 

2.2  Principle.  Fugitive emissions produced during

material processing, handling, and transfer operations

or smoke  emissions from  flares are visually

determined by an observer without the aid of

instruments. 

 

(2.2 revised by 48 FR 48335, Octob er 18, 1983) 

3.  DEFINITIONS. 

3.1  Emission Frequency.  Percentage of time that

emissions are  visible during th e observa tion period . 

 

3.2  Emission Time.  Accumulated amount of time

that emissions are visible during the observation

period. 

 

3.3  Fugitive Emissions.  Pollutant generated by an

affected facility which is not collected by a capture

system and is re leased to the  atmosphe re. 

(3.4 and 3.5 revised by 48 FR 48335, October 18,

1983) 

3.4  Smoke Emissions.  Pollutant generated by

combu stion in a flare and  occurring im mediately

downstream of the flame.  Smoke occurring within the

flame, but not downstream of the flame, is not

considere d a smoke  emission. 

3.5  Observation Period.  Accumulated time period

during which observations are conducted, not to be

less than the pe riod spec ified in the app licable

regulation. 

4.  EQUIPMENT. 

4.1  Stop watches.  Ac cumulative typ e with unit

divisions of at lea st 0.5 secon ds; two requ ired. 

 

4.2  Light Meter.  Light meter capable of measuring

illuminance in the 50- to 200-lux range; required for
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indoor o bservation s only. 

5.  PROCEDURE. 

5.1  Position.  Survey the affected facility or building

or structure housing the process to be observed and

determine the locations of potential emissions.  If the

affected facility is located inside a building, determine

an observation location that is consistent with the

requirements of the applicable regulation (i.e., outside

observation of emissions escaping the

building/structure or inside observation of emissions

directly emitted from the affected facility process

unit).  Then select a position that enables a clear view

of the potential emission point(s) of the affected

facility or of the building or structure housing the

affected facility, as ap propriate  for the app licable

subpart.  A position at least 15 feet, but not more than

0.25 miles , from the em ission source  is recomm ended. 

For outdoor locations, select a position where the sun

is not directly in the o bserver's eyes. 

5.2  Field Record s 

5.2.1  Outdoor Location.  Record the following

information on the field data sheet:  company name,

industr y, pr oce ss un it, obse rve r's na me,  obs erver's

affiliation, and date.  Record also the estimated wind

speed, wind direction, and sky condition.  Sketch the

process unit being observed and note the observer

location rela tive to the sourc e and the sun .  Indicate

the potential a nd actual em ission points o n the sketch. 

 

5.2.2  Indoor Location.  Record the following

information on the field data sheet: company name,

industr y, pr oce ss un it, obse rve r's na me,  obs erver's

affiliation, and date.  Record as appropriate the type,

location, and  intensity of lighting on th e data shee t. 

Sketch the p rocess unit b eing obser ved and n ote

observer location relative to the source.  Indicate the

potential and actual fugitive emission points on the

sketch. 

5.3  Indoor Lighting Requirements.  For indoor

locations, use a light meter to measure the level of

illumination at a location as close to the emission

source(s) as is feasible.  An illumination of greater

than 100 lux (10 foot candles) is considered necessary

for prope r applicatio n of this metho d. 

5.4  Observations.  Record the clock time when

observations begin.  Use one stopwatch to monitor the

duration of the observation period; start this stopwatch

when the observation period begins.  If the

observation period is divided into two or more

segments by process shutd owns or observe r rest

breaks, stop the stopwatch when a break begins and

restart it without resetting when the break ends.  Stop

the stopwatc h at the end o f the observa tion period . 

The acc umulated tim e indicated  by this stopwa tch is

the duration of the observation period.  When the

observation period is completed, record the clock

time. 

During the observation period, continuously watch the

emission source.  Upon observing an emission

(condensed water vapor is not considered an

emission), start the second accumulative stopwatch;

stop the watc h when the em ission stops.  C ontinue this

procedure for the entire observation period.  The

accumulated elapsed time on this stopwatch is the

total time emissions were visible during the

observatio n period, i.e., the  emission time . 

5.4.1  Observation Period.  Choose an observation

period o f sufficient length to m eet the require ments

for determining compliance with the emission

regulation in the  applicab le subpart.  W hen the length

of the observation period is specifically stated in the

applicable subpart, it may not be necessary to observe

the source for this entire period if the emission time

required to indicate noncompliance (based on the

specified observation period) is observed in a shorter

time period .  In other wor ds, if the regulation  prohibits

emissions for more than 6 minutes in any hour, then

observations may (optional) be stopped after an

emission time  of 6 minutes is e xceeded .  Similarly,

when the regulation is expressed as an emission

frequency and the regulation prohibits emissions for

greater than 10 percent of the time in any hour, then

observations may (optional) be terminated after 6

minutes of em issions are ob served since  6 minutes is

10 percent of an hour.  In any case, the observation

period shall not be less than 6 minutes in duration.  In

some cases, the process operation may be intermittent

or cyclic.  In such cases, it may be convenient for the

observation period to coincide with the length of the

process c ycle. 

 

5.4.2  Observer Rest Breaks.  Do not observe

emissions co ntinuously for a p eriod of m ore than 15  to

20 minutes without taking a rest break.  For sources

requiring observation periods of greater than 20

minutes, the observer shall take a brea k of not less
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than 5 minutes and not more than 10 minutes after

every 15 to 20 minutes of observation.  If continuous

observations are desired  for extended time period s,

two observers can alternate between making

observatio ns and taking  breaks. 

5.4.3  Visual  Interference.  Occasionally, fugitive

emissions fro m sources  other than the a ffected facility

(e.g., road dust) may prevent a clear view of the

affected facility.  This may particularly be a problem

during periods of high wind.  If the view of the

potential emission points is obscured to such a degree

that the observer questions the validity of continuing

observations, then the observations are terminated,

and the ob server clearly n otes this fact on the  data

form. 

5.5  Recording Observations.  Record the accumulated

time of the observation period on the data sheet as the

observation period duration.  Record the accumulated

time emissions were observed on the data sheet as the

emission time. Record the clock time the observation

period began and ended, as well as the clock time any

observer  breaks be gan and en ded. 

6.  CALCULATIONS. 

 If the applicable subpart requires that the emission

rate be exp ressed as an  emission freq uency (in

percent), determine this value as follows:  Divide the

accumulated emission time (in  seconds) by the

duration of the observation period (in seconds) or by

any minimum observation period required in the

applicab le subpart, if the a ctual obser vation perio d is

less than the required period and multiply this quotient

by 100. 
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for Deve lopment o f a Quality Assu rance Pro gram: 

Volume  IX--Visual D etermination  of Opac ity

Emissions From Stationary Sources.  EPA Publication
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Specifications Sheet Practical Exercise

Facility Information:

Name: Environmental Industries

Address: 2412 Atlantic Ave., Raleigh, NC 27604

Regulatory Method: Method 9 (6 minute average)

Permit Compliance Limit:

The source shall not emit into the atmosphere emissions that, on evaluation, create a six (6) minute average

data seque nce equa l to, or grater tha n twenty perce nt (20% ) opacity.

Emission Point Information:

Process Equipment- Coal Fired Water Tube Boiler

Operation M ode- 85% o f Maximum C apacity

Control Equipment- Electrostatic Precipitator

Operating M ode- Spark Rate of 14 9/minute

Stack Heigh= 250  ft

Observation Angle- Abney Level

Direction- C ompass

Latitude= 3 5.78 degre es N

Longitude = 78.65 deg rees W

Compa ss Declination= 6  degrees W

Meteorological Information:

Wind Speed: 7-10 MPH

Skies: Refer to Slide

Temperature/Relative Humidity: Sling Psychrometer

Sun Location- US Naval Observatory Website:

Actual Standard Time (PM) 1:00 1:30 2:00 2:30 3:00

Azimuth- D egrees from  True N orth 176 189 202 214 224

Altitude- Degrees off Horizon 57 56 55 52 48

Visible Emissions Observations:

VEO Form Number: EI001

Opacity: The following opacities were observed during the ten (10) minute observation.  Your start time is when you

begin enterin g opacities.  E nter data on  the VEO  form.  Min . 1 {15,1 5,10,5}  Min. 2 {1 5, 20, 25 , 25} M in. 3

{30,40 ,35,35}  Min. 4 {4 0,30,35 ,35} M in. 5 {15,2 5,25,40 } Min. 6 { 40,40,3 0,35} M in. 7 {35,4 0,30,35 } Min. 8

{30,30,20,15} Min. 9 {10,15,5,10} Min. 10 {10,10,10,5}

Please complete (include sketch of the area) and sign your VEO form including your actual organization name.
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EASTERN TECHNICAL ASSOCIATES

OPACITY SERVICES

Eastern Technical Associates (ETA) is internationally recognized as the prime
source of opacity services.  

ETA provides year-round visible emissions training and certification programs
throughout the U.S. for private industry as well as government agencies. 

ETA provides opacity consultation services including:

A Visible emissions observations
A Visible emissions observation form audits
A Mitigation of opacity problems

ETA assists clients with mass/opacity variance requests when mass is in
compliance and opacity is not. 

ETA performs special studies to help industries and regulatory agencies understand
the problems for a specific source.  These studies include:

A Fugitive emissions
A Problem sources
A Condensation plumes
A Reactive plumes

ETA provides litigation support for both industrial clients and governmental
agencies.  These services include:

A Technical review of Notices of Violation
A Negotiation
A Expert witness testimony
A Technical exhibit preparation

For further information call ETA at (919)878-3188 or visit our website at 
www.eta-is-opacity.com. 




