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ABSTRACT o : _
- This manual‘ has two parts: (1) Instructor Manual,
(2). Operator Manual. The Instruutbr Manual aids instructors who
conduct visible émiSSlons training Lor the new smoke reader trainee
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approprlatﬁ sequence~of lessons tor the course, discusses necessary -/
equipment and instrumentation, and calibration and positioning.
Testing and evaluation methods for student performance are ineluded. -
Example lesson, plans are proviued for 15 lessons. The ‘Operator, Manuai
v describes the couwponents, princiylies, and procedures that are
directly applicable to a typical generator. {Author/RE)
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' . - MANPOWER AND TECHNICAL INFORMA'{'ION BRANCH
" ol CONTROL PROGRAMS DEVE LOPMENT DIVISION
’ : OFFICE OF AIR OUALITY PLANNING AND STANDARDS

. \ . - ¢ [
Thes Air Po//ur/on Training /nsrlrure (1) conducts training for personneﬁ‘ working on

w the develop enr and /mprovemenr of state, and local governmental, and\EPA ait
\ pollution control programs, as well ‘as for personnel in industry and’ academic inst-
totionsy {2) ‘prow:des consultation and other training ass/;stance to \qglvigmmama/

. agencies, educational institutions, industrial organizat/'ons,\and others éngaged in
air pollution trainipg activities; and (3) -promotes the development and improve:

o ment of air pollution’ training programs in educational institutiorfs and state, regional,

and’ local qove'rnment ! aigf pollution corlttrol agencies. Much of the pfogram is noy

. < contucted by Sn oa-sik€ contractor, Norrhrop Sem/ces Inc. . *,
thia

~
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. ' . y One of the prin‘c/;)a/ mechanisms utilized to meet the Instijute’s goals is the intensive

short .term_technical training cdurse “A full-time préfessic}na/ staff s responsible for

the design, deve/opmenr ‘and presentation of these courses. /n additidn. theé services

of scientists, eng/neefs ~and spectal/srs from othér EPA programs, wovernmenra/ ‘

> a&nc/es industries, and un/v?rsmes are used to duyment and reinforce the Institute
staff in r/y'e development and pres‘en tation of refhn/ca/ mMer/a/

~

o / -
/ndiw'dua/ course objectives and desired learming outcomes sre delineatet!- to meet

hd 4 .
. specific program needs through training. Subject matter areas covered include a/r
., ' E pollur/on source studies. atmospheric ‘disper§ion, and air quality management., These
)W ' courses are presenred in the Institute’s resident classrooms and laboratories and at

Var/dtss field locations. — ) v «
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FOREWORD Lot ‘ .
-—1——‘—.—— ) ‘ N

The Federalfgovermmeng has discontinued the use of -

Ringlemann Number in Federal new source performance

standards and based .the’ determination of the optical-

density, or opacity of visible emissions from stationary

sources, splely on opacity. Many State,regulatioﬁb/have
, . not made this change and continue "to operate u‘éyr a

_ . dpal system in which the Ringlemann Number is used in

, ' : the evaluation of black or gray emissions and Equivalent

~Opacity is used 1n~the‘gya1?ation of all other visible

emissions. ‘. RN _ .
Thig manugl is designed to serve as wide an audiérce' as
4 ‘ possible and\ so continues to refer to both the Ringlemann
ot Number and Equ;valent Opacity methods of evaluation.’
) If Opacity ie‘ now the only type of visible emission o -
. . _ * regulation "n your State, please make the proper adjust-
_ " ments.in the manual curriculum to reflect this regula-
N . . . tion. If Ringlemann and Equivalent Opacity are current-
- ly viable ih your State, your trainees should at least
- .+ be avare of the Federal regulation. ~A eopy of the
.o current Method 9 as’published in the Federal Register

_ is included.in the last%pages of the Student Manual for
. : \ this course. ’ . :

- . Battelle-Columbus Laboratories is credited for most of’
. «the material in this manualy Under contract with EPA;
fa R they prepared a training package.' Because much time
R "has,élapszd.sin e completion of their contract.and,du;\;
™ U to many changes |in regulations and techniques, EPA
. - has found it approbriate to modify tHe training package _
) " - prepared by Battelle. ’ -

<

-

. _ Course directors should conduct:their training activities

" ” in accordance with the appropriate parts of "Guidelines .

. * * <. for Development of a Quality Assurance Program: © Lo

© . Volume IX - Visual Determination of Opacity Emissions
AR N ~+ from Stationary Sources,! EPA-650/4-74-0051, USEEA,

Washington, D. C., November 1975. .
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PART I INSTRUCTOR MANUAL ) !
, . b * . . ) -
INTRODUCTION AND PURPOSE ' - - | .
‘Thds Instructor Manual has been prepared to aid in-
_ . structors charged with conducting a. visible emissions-
P ' o ' training and testing programw for the new smokg reader
' ' L and ‘for -the 'smoke reader that needs to‘;e recdrtified. K‘
The aim oflthis program is to train alr pollution

. qn
.
]
.

J

L T T —
g- ‘J .
o 7

inspectors{in the skill of measuring the ghade of visible
_ ‘emissions eye.. For the new smoke reader, this’ o
_ - . program will require an initial course of three days' '
. ' . * duration! These three days include one.and one-half
days of classroom instruction followed by field sessions
devoted‘to letting 'the student practice the determination
" of cqrrect shades of black and white smoke produced ,
_ by a smoke-generating device. The criterion against™ >~
/) L which the student is graded is a measurement made by an
: . optical system in the generator's smoke stack. 'The out~’
, ' ' door sessions are conducted in a fashipn so that the,
: A : 3tudent is repeatedly tested on his ability toe correctly
. , \, ‘ measyre the shade of the smoke. When he has achieved o
- . . a skle which meets the specified requirements, he is
S , , " " qualified as a smoke-reader. It is expected that with
‘ _ - each repeated trial hewstudent.w1ll be perfecting his
S ' skigl until he ean pass “he test. The number of
. ‘ . repetitions aiéowed the student in his effort at passan

-
-
&

”
| 4

-

. K is up to the structor. It has been found in past
\ * : P caurses that tfwb-thirds of the: sgpdents can usually m
' N _ thgtstandard after eight serles of 25 black and 25
.o . white -shades. After additidnal trials a higher percentage
of the students can be expected to qualify.

et

’

}* S S For the previously certiﬁiedlsmoke reader that needs to
o o be recertified the. program is- set.up s0 he can enter the
~  course on the second day, at onn.‘ According to EPA
‘Method 9, the inspector will requalify every 6 months or
more frequently‘if a particular aggncy so desires. During
B ' the morning off'the second day, the requalificatden clai -
' room sessions’can be devoted to review of one of the
topics introduced in the inspector's initial training.
" . Tt is not imperative that the inspector attend all of
I “these morning sessidns-on the second day fgn order td
. be recertified but he should at‘loast t go attend the
: sessions on the emission generatd& just prier to the

session on reading visible emissions.\,Following this, ’

-

- W

)




P ‘
_3 the tnsﬁector will have at least a day and a half
"¢ outside to requalify. There should also be a period
duriptg which the inspectors can discuss with the :
" instructors, the agency heads, and each other the problems
that have come up in their enforcement duties or to be
briefed abodut any special topics such as regulation
changes or agency policies. '
\ ! o i , ,
The Instructor Manual, the Instructor Lesson Plans, and '
the visual aids jdn the Student Manual constitute a train-
ing package that an agency can use to give the Evaluation
of Visible Emfssiﬁﬂs.pourse., The only other requirements
.are a smoke generator, a classroom,'and visual aid equip-
ment. However, one or more of the members of the in-
structional staff shauld have taken a course similar to
this one and be qualified as smoke inspectors.

o
>

With repeatéd’sessions the instrﬁctg% will become more
familiar with the maten}al presented here and should
take upon himself the task of adapting -and improving the
course content and the course preparation with the aim -
of‘beffzq training his own staff in-'the duties that are
unique to the locality where they work. He will
emphasize the sources and types_of emissions found in’
his state or locality nd disregard the other types
that are not found thége. He will gather information-
and visual aids that gre applicable to these local
‘sources. He~wilf gd /into detail about the regulations
of his,city, county, Jor State. He will obtain as guest
ipstfuctor§ local experts in the topics covered in the
* course.’ ) A ' - e S
) . A [N s~ .
It{haé'beén found iq presentation of -the 3-day course-///// :
that more lecture outlines gre provided in 'this manual )
thgnican be covered in a day and a half of lectures. The
extra lecture outlines therefore allow the colirse director
‘the option of cutting out portions‘of lectures or entire’
lectures to better tailor the course to the needs of
his agency. .For Imnstance, if no coal is burned in your
. area, the Coal Combustion lectuye can.he dropped, How-
ever, if the sa ple\hgenda shown in the appendix 1is
followed, all eAcept ope,of the 'lecture outlinwg will be
utilized.. The qyizze$ and course‘éxamination'?éee
Appendix) are bas&d on the’ assumption that all 1ecpuﬂ%s
.pré presented. If\all lectures are not presented tn a
. ‘given ceurse, examinatiof ‘quéstions relating to the
omitted ‘material should not be counted in grading the
exams. ' .8 ' ) ‘

-

from the agenda during the- presentation of the courge if
it is found that some topics have run lohger than anticr
' Lo t .

" Quizzes or ,less important.lectutvs can be e]imfﬁatg%-

. | . . —

o " . ;1.' ;';
«

2
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pated. The extra material can be held in reserve by

_ s 'the Instructor for presentation in case bad weatherv
R - . prevents the outdoors portion of the- class from prOLLed
' 1nb as scheduled. . o T . v

I3

*

COURSE - OBJECTIVES R . - | |
T  This manval is intended. for ‘use by instructors to teach
v students that have not been certified as a qualifiede
. ohserver. The contents of this manual will help the
- instructor to provigg’the qualified observer with
adequate background knowledge needed’to help substantiate

o any violation-{hat he may record . _
‘At the conclusicn of thds cou e the student should be
_ able to: * : : ,
S, . 1. Visually - d%asure (i é., without the use of dev1ces)
.o the shade or opawity of visible air pollution

. emissions: for a set of 25 shades of white'smoke and .
25 shades of black simoke:

-

. - y o a) With an average error not-to exceed 7.5
.t » :
. percent opacity in edch category;
Y o N b) With an error not to exceed 15 _percent’ opac: ty

(nr W4 of Ringelmann Number) nn any one
. rcading in each category.
: A iy ' Zq‘ Define Ringelmann Number and . FquiValent Opacity” in
. : , . the following manner:-
' a) . The Ringelmann Number gives shades of gray by .
"which the density of columns of smoke rising
. ' S : from some source may be compared, It is a -
' . : v system whereby graduated’ shades of gray,
' . varying by five equal steps between white and
L. : bla(k, may be accurately reproduced by mgans
’  —ofa rectangular grill or by black lines of
_ . - T dyfinite width and, spacing on a white back-
. . T ] yf’ound '
' T C It . b)Y - Equjvalent Opagfty is an extension of the
_ ' ’ ‘ Ringelmann thart method of quantifying visible
o N : emi%sions The opacity or degree to which
. | a non-black or gray plume obscures- an
v ‘ottserver's view is related to the extent to
which a black or gray plume of a particular
Ringelmann Number obscures an observer's -
_ view. . For example a Ringelmann Number 2
e :- ) . plume is equivalent to a plume having 40
. - - ' - percent opacity. The U. 8., EPA Federal *
' : ' regulations for visible emissions standards
. consider only the use of opacity and does
v . - K ' not link opacity standards with Ringelmann,
'.w b - 3. Ast the following essential condltiunq for
Yo .:> L _(oYre\tlv ‘evaluating the plmne ' e
" : ~ I *{ - )-d) Keep the sun in the 140° scetor at your back.,

b) - Try to have a contrasting background.

T ' ’ : . . +
~ - \ o , :
X . s - . <. . o . . .

¢
[
-




. P’ . . . : L4
_ i ) ST Cee ) RLadingh should be taken at approximatcly ¥ .
g LTy - s ri&hu-anbldq to. the plume direction and at S X
v oo . 7 any distance to obtain a clegr: viéw ot the : - ‘
o, ) LT +* = . . emissions. l .
L v : _— I d) Readings should be made throubh the ,most dense o
o e Lo s part of the. plume’ and in that portion of- the ’\;_,
) O\ : oy ', plume whe;e condensed water vapor is not ' N .
_ . LT f T present, ‘ .
~ ) .t . e) When observing emissions from rectangular' -
- .- <y . outlets,‘'rea ings should be at’ approximately
PR R , a right angle to the longer axis'of the outlet.’ . '
L . . f). ‘The observer shall not Iook continuqugly at | : :
. _ ' * ' the plume but instead shall observe the "
. " . ' - plume momentar:(ly at 15-second intervadls., . \ ,.V' :
» BRI 4. TList the following essential itemg to be recorded o ’E%L?ffﬁ
" ' on the training.form: T o
_ o, )a). _N‘heWET. - d) . Wind speed | o
L. T _ b) PDate . ~ e) Wind direction . ,
‘ N ) c) Time f) Sky bonditian LI : _
' _ . . and properly fill out these items for his field T
‘ « *“recording fowm. ~—
i 5. List at least four of the fdllowing techniques . . «,' _
R 7 (even though not, generally in use) for measuring - //(
Ll e . visible emission without the aid'of references:
R , ~a) . Smoke Guilde d) - Smokescope
) : ' b) = Umbrascope . e) Smoke tintometer: .
. " ST : ) c) Photo-electric )
C | T cell

6. Differentlate between the plumes emitted from
< "combustion processes and inhdustrial processes.
7.  TIdentify cgndensed water vapor plumes and- break
- _ o ~ point.
- ' ' . 8., Make application of his‘knowledge of meteorology {n ‘
Lo ) o - the following manner -
o é)u Estimate wind speeds from 0~ 18 mph using

. _ the Beaufort Scak i
y X “ .  b) Define wind dir@§§ﬁgn and estimate wind .
' direction; =~ ~ * _
_ _c) Estimate sky conditipn (per(entage of cloud
e -~ cover); . . «
‘ d) - List the distinguishlng characteristics oF
) » - high and low pressure areas; o
o _ e) Identify on a weather map/the symbols- for the -
.ot e o . "+ following: high pre qurevarea, }ow pressurc _ '
. ' , "area, cold front, warm front, occuluded . ° e
v - A e front, statlonarx front; ' ' '
S - f) List at least two points of imformation qb- v
.’ Yo wpained from a weather map which the smoké ' -
‘ L ot . “inspector could’find useful in planning his
s . S 'abt{v{ties. S '
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'REQUIRED FACILITIES

geurt as an effectlive expert witness

9, Testify in
‘ concerning visible emissjon observations. To demon-
strate his capabiliky he should be ahbleto: .
a) Identify 8 of the %0 criteria for beinr an”:
exgert witness; N
b) List 5%f the 8 rules for_ behavior on ‘the
- witness stand; .
. c) > Cite the legel precedgiffs set in the Calitfernia
‘appeal cases concerning vidible emission reg-
3 ulations. ' ) '
10 State .the essential elements ‘of his local or state
visible emisgsioh code. ¢ ! .
11. List the primary components of the emission gen—

erator B

a) Combustion chamber for ﬁeneraﬁing black’ snibkey
b) @cnerator s exhaust manifold for white smoke;
c) ‘Transmissometer, ¢ .. ,

d) Auxiliary blawer;

ce)

Recorder or indicator. L o

A d

The chief requirement for the prcsentation of this .
trdining coursé is a device for the production and
measurement of -shades of black and white smoke. 'An .
instrument For this purpose can be constructed by
the air pollution control agency staff or its contractors
or, as is generally done, ittcan be purchased. As of
. November 1977, Environmental  Industries, P. 0. Box b4l
Cary, N. C. 27511 (Tel 919-467-1500) 1is the only known
manufacturer of smoke generators.
- Suggestions for locating the smoke generator are given in
Part 11 section of this manual. Its si‘e should npot be
“too far from the classroom whek& the indoor portiongsf
«the course will be presented uhless arranpementq for
transportation dre provided, A. Building néar the gen-—
erator site should be available ip case a change in
- weather drives the students and ‘Instructor inside.
The, size of the required classroom will be detcermined by
the size of the expected class. The classrodm should
be (lpdb]L of being darkened for the showing of movies
and :lides: Tt should have e]e(tzic outlets which are

- convellent for dttaching the.cord8 from the yarious
projectors or exténslon cords that will reach {rom ﬁp
outlet to the projector. . :
Lquipment -for the room should -dnclude a sdéroen on which,
to projett the moviesgand slides, auxiliary tables for
supporting the projectors, a blackboard including chalk

. . .

/ 5 . N v
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-and . -erager, and a lectern or tab e on which the instrugtor
can place his notes and demonktration materials. There
“should be another table at’ the rear of. the room or in an
adjacent room for ,the instructors to us in storing
matérials, grading examinations, etc. '

-

The‘visual alds suggésted for this Loutge include .motion

plctures and* 35 mm (2" x 2") transparent .slides. The’

lohgest movie ("Thé Role of the Witness') that 1s )

suggested for possible presentation requires a 1600 foot

. take-up feel, which may take a special effort to obtain.

»O0ther movies suggested as alternatives or supplements\to

lectures can be run on the reel normally furntshed with
projectors; A list of suppliers for materials 1s

g provided in the Appendix. .

\_ / ' In place of the prescribed fuel oil 1ectures, the agency
C can request a prepared film”strip entitled - "Combustion \
Testing." (See lesson plan #4 and the 11kt of sources
of course materials in the Appendix.) For presentation
e this requires' a. ‘tape recorder which will play at. 3-3/4

'1 /;{/ inches per second 4dnd a film strip’projector.

' . .
.
. { I
14 . . . . ‘ .

CLASSROOM EQUIPMENT : . .

Q/ - .‘ '

+

e . Desks or chairs and tables for the students
. ° Lectern or table for the speaker ‘ '
: ° "Table for the .instrugtors &t rear of the classroom
‘o , () One or two tables (preferably on ‘wheels) for - holding
. : the projection equlpment ! ‘
° Blgckboard, chalk, and eraser '/) tL )
N () Extension cord ' -
v » . Screen for showihg slidés and movi@s ()

) 16 mm movie' projector with tape-up reel to- hold

1600 fegt of film and nortal size /
e . 35mm (2" x 2") slide projector (e.g., carousel
project ), breferably with a.cord for remote

: , 4 operatio
(//”‘ . }o‘ Overhead (vu—graph) projector for showing large

" transparent figures (optional)

- e Pointer -
° Tape Recorder--3-3/4 jnches per second--and film
strip projector (optional, deendimg upon Lombuetion

sof Fuel 011 lecture)
o . ;-‘, Ringelmann Chart (Available from the U. S Bureau
//\> v ( of Mihes)

» Rocommonded but not essential: USPHS Smoke Guilde
‘ : Umbrascope,;%mokvs(Opv Smoke tintometer,
‘ MiLroringL]mann Charts
(4 : Y

.
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INSTRUCTTONAL FAGULTY e ! : ; '
REQUIREMENTS ™\ . N ' . _ --

S To PR?“C“L the lull course ft is rcLommendod that at !h-

.

2 ° B
-
.

Y

least three qpeakers be used. Tor a requalffication
. ‘ o course one inbtructor may be capable of handllng the. ‘. 7
" clagsrdem portion: TIf the two courses ara presvnteﬂ , o
concurrently, ali~three instructors wbuld lectufe to the
— ' new ¢students on the tfirst day; then on the motning of the
B second day, two ‘would stay with the new'students. The ,
/ ' " " third instrusgor would conduct the classroom portion of -~ *
- ' . the review Jjﬁfning for the iﬁqpectors who were going to
' - -~ , ake their requalifying test,” ,In the_af ternoon both e
groups would go outside for familiari\\iion and - testing . .
' runs with the smoke generator. :
“ BN ' ) v . . ‘.
. Thus, a group of three insfructors*who can each give
. several—dectures 1s the desirable staff for the continuin}
. \ A training and requalifying of inspector$ as ‘smokge readers,
i . . " although two people could possibly gpf by with some
' v s detriment :to course quality. To make, thd course more’
interesting and give it variety, the person in chatge .
. . conld arrange to. have*guest lecturers speak on selected ' )
i ~ topics in: the course. He-can give thé’@ guests the . i
. ‘ material in the Student Manual and in the Instructor’
. P Lesson Plans as guides to what they shou ld cover;, but
i - . ‘ ( tell. them to eXpand on any topic which is likely to.be . C e
' ' _of particu)ar interest to the students, . * L, :
l.'v | . . e \ & %
‘ Potentlal candidates for buth lecturers: a;e attorneyb ’ \,
' who are with the Proseeutor's Office or who.have a
abe(inl'interest'in air’ pollution, representatives of -,
fuel o1l of coal distrjibutors, engineers or.mpnagers ' _ \\
: : Lo from local indust¥ial firms, and staff members of the
local National Wéather Service, Station. The represen—
tavives from industry or fuel distributors will probably
’ T mot he in complete agreement with the aims and .poliecics
o of the alr polfition agency with rbsgpect Lo the visible
-\ . “”emiQQion% regulations. However, it has been found in f
' past oourgeb;that controversial speak¢rs are oftdn more
. intorevap At any rate, all'of these speakers--lawyers, G
F . fuel distributors, industry representatives, and meteor- '
~ ologists-~have information and exper{ence which is bene—
. o © fleial to“ﬁho student- inqpoctor. Encourgage questionq 3
e " from the class for all vaakegsb The YRchange helps
both the student and the: leLLurer. : * ¢

..

. . ¢ . _'.u . A v . . I
. - Aiwnys thank the ;uosF/locturer and give him-a round of

applause. : th comPletion of the course sead him.a
~ g S thank you ne * Travel ing expenscs’ “r -an hdnornri’w,nro ﬂ ' ¢
topics tlmt L,h(mld be dis¢ussced with the puest when you '
. - First dpplUd(h him, * Some judoustrial and’ pnvvrnmvnlll
| = © representatives will dvglinv and .charge of ' expenses ta
' ' v public relations, *
. . _ 7
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if necessary) the projection equipment, especially the

PRECOURSE PLANNING .
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C aration you have bn hand or have made arrangements fbr"

_also allows for bad weat 1er or for -smoke generatér ‘

" WA ﬁglleggbeﬁu]e of one and oae—half days of classroom

RN

: o
. _
alk - Gl | "
. op .- .

The agency instructional staff should have several
talents. Someone should be able to operate (and repair

movie projectonx . Somtone must know how to operate and

maintain the smoke generator. It has been found in the !
st that a'man familiar with electricdl equipment and

the chécking of electridal ciYcuits is invalugble. . ‘.

[
i

You should make your plans for resentation f the
course at least a month before™the date’of the coursge.
The lacal preparations will include:
e  Scheduling classroom facilities _
}b *  Arrvanging for visual aid equipmgnt L
‘e - Obtainjing guest lecturers :

[ Giving}staff and guest lactuyers copies of the
instructional guides and visual aids they will need
~in prepasing their lectyres . '

Sending out announcements t4@ the prospective

Al

s

o .
students

° Checking qQver the smoke generator-for ggoper
o/eration \ Coew ot T .

1t is assumed that prior to this final month of prep-

te

>

|-

, .
i
-y a2 o8 4
. . :

A

S

a) .A smoke generator
b) Instructidnal materials, manuals, visual aids
f%f yse by students and instructors :

. . . . - 1

L&

etc.,v

. Lo [
The new inspeotor or the inspector qualifying asa . .
smoke reader for the first time should be given the fnll
. lecture and field course lasting attleast three days--"
one andd?/half days of classroomlectures and gne and
a half days of familiarization and qualification runs.”,
The lecture portion.of the course should be reduced to’
one—half day“for inspectons who are requalifying
One and a half days of familiarization andnqualifying
runs is a minimum figure. To ensure that 'a high -
percentage of the students become trained well enough .
to meet the smoke reader -requirements, another ¥né-half
, to one day may be added to the field portion of gthe LB
courge. After. a full day of trying to qualify, the ¢
student becomes fatigued and tense. He will probably '
" do better after*an night'g rest.. This additional time 7/

malfunction.

lectures”has been given for the suggested course agenda

in this manyal. This full schedule gjves an over supply -
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¢ matbrial. Thus, some may be eliminated or the extra )

wmatprial’ mgy be presented when inclement weather keeﬁs QJ/(

’ “the class inside during the time they ares scheduled for - - Ct
outside work. . N ' * )

4

_ for the inspectors who are requalifying'a{gthree—mqnth
‘ to one-year intervals '(usually six months, In accordance
with EPA Method 9), the course.director can plan for
! _ L their reyualification to cqincide with the sec nd and
. _ tipd ‘days of a course for new inspectors. Oft their
LY first-morning the requalifiers sholild, be given a refresher v
' : cgufse on one topic from the first course. Vhere should
o - ‘also be an open discussion among .the inspectors and
Yo " . “{nstructor “for 30 minutes to am hour dealing with the #
' . inspector's egperiences;.problems, or complaints. : I,
. N U _ 4 : ! PR .
e ’ T?e refresher or review topics can be rotated_aypng the
( -t ) fqllbwi;%_portions of . the: full cqurse: . epy
' a) Combustion of coal and oi]l; ° N GAEL
b), Other combustion and nop-combustion so ;fgﬁ.of
B . visible plumes; ‘ . .fﬁ' : )
, ) Legal aspeacts of air p{flution and local regoulations; Lo
d Meteorology.  ° R . '
ed) orology ) . A

< - -
=
~ ! . -
- . .
. - .

: . - ‘e \ )

YL « + 1n presenting these review topics the instructor should’
- - -try to cqver-more of the subject than he didyin his 7 :
- lecture for the Initial, course. § - : I

' CGNDUCT OI“ A - . ’ o F) ‘ ) ) _: . . ‘. . s . ) : . . . f i
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THREE<DAY COURSE
L2 e (24
CLASSROOM LECTURE | = ¢ \
v « . ] ’ K . . : . ',':. a'
| , , S S 4

. ’ e

Instructor Lessan,
' ' L

. The ,prineipal guide &o p‘fgentihg,each lecture is the R
. ' - Tnstructor Lesson Plan (1LP). 'Th ILP's are included

' * :in the Appendix of this Manual. . With the: exception of
: - fhe first ILP, "Registration and Openin Remarks,' all
’ . ’ . of these guides are based on Bectioms of Part I i the
¢ N -, . Student's Manual. After studying the Student's Manual, S w
RN . “" the ingtructor stiould be able to use the TLP as a guide

\ '>’ e " - for lectures. The 35 nim slides to be used in a lecture

Plans ’

-

A

te ., are llsted ip’the right-hand column of the 1LP in' the

oo . position wheré these are to be used. Comments are ,l‘ ¥
. 'g(‘ . _inclyded for selectedy siides. If the'instructor wands '
. \\ v_gbvbbtain more information than 1s given in Part I ofv .

‘ tle Student's Manual, he-can refer to the reading list
' at the end of each Key Point gection in Part I. . / e

v
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L .
The instructor should hot feel that he must follow the
Introduction, Outline, and Conclusions as given in the

- , " ILP. owever, whether:-he does or‘not, he .should kéep

, : | in midd the lecture objectives gnd thelExamination o
~ . c - . questions when he decides what topics to cover.

™

Final Preparations— . ‘ ; ! . ' T '

. ' iThe course director should make last-day checks of the \
' classroom to see that all the manuals, handouts, and '
. ' ) i other course materials are ready. He may put them on
N4 ' * % the students' desks the day before the course or

distribute them the\first thing "in the morning. o

CoN T Ce The director should check to see ‘that he-has adeqdate
' ' seating facilitieg-for his ‘expected class and that the -
. . »  room can be darkened for howing movies or slides. ' He
_ should be familiar with tHe operation of all 1ight
‘ . _switches that he may need. i . o

v " All the equipment for showing movies, 35 pm slides, "and Y
, o _ vu-gfaph transparencies should be in the classroom!and
‘“1j‘ .o preferably mounted on tables or.rolling carts so time
. will not be taken settfng up this equipment during ‘the
‘ " course. Plug in this equipment ahead of time to E
~ discover if the cords will ‘reach to the nearest sogket .
"for whether extensybn cords w 11 be needed 7 -

\ - ' 1f- microphones are going to be used, they should be
o - - checked out. before_tbe course. In.a classroom situatibn
there is, sometimes a tendency for the teacher, if he has
a portable‘hicrophone, to get in frogt of the loud
speaker . ‘causing feedback. The loud speaker should be
plaCed in a positiothp avoid this R « '

’

v

s ' : Lo For. some of the lectures a blackboard is necessary. A .
single portable blackboard, 4 to 5 feet long, should be
adequate. Provide chalk and an eraser. Lecture."pads .

‘can be substituted in small. classes

* i A copy of the Smoke School Training Form is provided in
: : : the Appendix of this manual. . This can be removed for
v . R duplication if the instructor desires to.make overhead
v o 3 s transparencies {vu- -graph) or have multiple coples ‘
' : " Pprinted for use\in the tours oo B

’ ’ N A o .
. . \ ' - . v .
Always open the' course by welcoming the students, tellid%
them your own name and -the name of the courge. You can

\ - : introduce the other instructors at this time, or when
.. L - “they lecture, or both.

s ’

 Course Qpening
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For your own records you bhould‘ﬂave a list of the
. -students attending the cqurse, t eir'affiliations; and
Lo ' ', their addresges. You should type up a student name and .«

: - - address list alphabetical order and distribyte it
. . .\ before- the end ®f the course. You can use this list for
' mailing out certific es, maintaining m record of which .
‘of your inspectors are 2Ee for Eequal{fication,[etc. ,

2 " R .

You should arPange to have a shott 15 or 20 minute break

every mérning and pfternooﬁ and have coffee available.

A short “stretch ¥n place”" at hourly intervals 1s also
..deé‘br.al}}e._ l , . .
* -~ . . ,. ¢ In your opening remarks or at the,end of' the morning .

) - session, suggest to th studentb/;'few convenient places"‘f’
) : A v~ for eatdng lunch. Some agencies %ry to arrange ‘for the .
' o s ‘gtudents #dnd instructors @9 &at lunch (and sometimes
—_— E ' supper)~fbgether. JsThis 18 commendable for it adds to
,}? . the. informality. of the ‘course and gives the studefits more
U time to acquire new {nformation .frm instructors or other -
. students,. . T ’ ' ' )
., 1 ._l ’ .)'.

»
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Official Welcome and
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Course Objectived ¢ . : _
- . - 1f the lead of*yonr_agency:Wants to give a few remarks

" ‘and welcome the .students, you can allot ‘several minutes

+ - *of your course wpening to him,

) ) v , .

< . ‘At some point in your ésurse'dpening, before you.lannch~
o {nto the lectures, you should go,over with the elasgﬁgha

t 2 course objectives L¥sted earlier in ‘this Manual. =

~

-

]

-

Time ‘Schedule ., o I . ' S ' - : e ,
: ‘ Try to keep the course going on its proper time schedule. . & h
, NG " Some discussion is encouraged, but the ‘students who are . :
. not directly involved may be quite bored if the questions
o~ and comments continue too long after the lecture, 'Their

favorite "topic may be the next one on the agenda.’

. . : . <
The instructor may.also find himself engaged in conversa- )

v

El

r ‘s N .
' R tion at the end of. a "break' period when he is due .to

* . . *  pive ¥he next lecture. Hera it is helpful to ‘have two
) e .« instructors so that the other one can interrupé the
conversation to get the course goiggxagain; o .

VN e : w0 .
west lectuvers (and also staff lecturers) soméﬂﬁpes‘talk S AN
‘ : " ger than their assigned time. The Speakér should -be | . ;
7 . notified prior to lecturing that he should adhere to the
o W agsigned .le€ture «kime. Without embarrassing him, a
gesture should be made that ﬁg‘has gone beyond his -
assigped time. . R :

>
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Films

A}

?”ﬁﬁté?“vhpor and_wet plumes, are ¢overed in more thgn

The.staff instructor should make an effort to rehearse S
his. 1ecture ‘and check the time. He can idengify portions o
that can be left oyt if he 1is running too lohg.:

, r @
The material for both the Combustion of Coal .and the
Nonconbusqion Emissions lhctures is more than “sufficient
to us® up the allotted time. The lecturers in these " .
two topics should cover only .the portions that ‘they
belieié%are most pertinent. Some subtopics, such as
one lecture, The course director chn elihinate thi .
du 11cation i{f he wants to cut down on the course time.
The Basic Meteorology and the Meteorological Faktors -
Smoke Reading lectures can be combined into a 40 45
minute lectura.

/

e

-

. N
Two 1 movies are scheduled as part ofsthi} agenda
"The 3 T's of.Combustion," -whick lasts abotit 30 minuteg
and "The Role of a Witness," which lasts about 45
minutes. * These are both sound movies and can be shown
by normal 16 mm movie projdctors. ''The Role of a
Witness" requires a 1600 foot také-up ‘reel, which is
larger .than usual, so you’ should’bheck to see that you
have this size reel efore the course begins..
Both of these movies areé very good -and, apprOpJLate to the
course. The only reason for not showing them might bg =

_if all .the students have seen them several ‘times. ,9H§g

¥ . ' - rﬁ' o

-w i ,
"The Role of a Witness" fias two breaks: dn ‘the action .
where the screen goes dark for a few seconds. Some . ©o )

_1awyers who have lectured in this course use these
-places to stop the film and Take a few remarks about the
proceedings.

Two additional éudiovisual packages have been uged
occasionallyin the Visible Emissions course. One is

a film covering basic meteorology, approximately 20°
minutes. long, that can be substituted for a part of

the basic meteorology lecture (Lesson Plan ). Instead
‘of .conducting the Combustion of Fuel 01l lecture as |
outlifed in Instructor Lesson Plan 4, you may prefer to,
use the film strip entitled Combustion Testing. This

" narrated film strip. 1a8ts 45 anutes. %pu must have a

n.q,_

>

* ("3‘T's of Combustion" - Lesson Plan 3; "Role of the

.
w '

‘Witness", Lesson Plan 13.) : - : . S

L)
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. x Y tape recorder ot playback unit that will play™at a .
. . ~ specd compatible with the film ‘projector and an o -
B * > ‘amplifier sufficient for your class size. The film St

strip itself requires a Speclal ‘projector and an operator
to advance the film_ at ap audible signal on ‘the tape )

LU
o . e

» 'recording If you have ot operated a film strip ) ‘ : :
. projector previously, you shouldlmakg a t?ial rus before
the course’, .. -
\I ' Film, slide, and filmstrip- supplier& are listed im the . o

\.

Appendix (Soyrces of LQourse Materials). While prétourse o
planning cannot be overemphasized, it is extremely )
‘important in audiovisual presentations where a number
of components or variafles mustafunct&bn properly ..

AN v ' 5! ’
Material F\NJ- - A .

It is suggeste ‘that you .plan to give'each qtud
S thking the courge for the first time a copy of
' Ringalmann ‘Chart\and, at your option, a copy ofn i heg a
T Plﬂbrico Smoke Chart or Power's Microringelmann Chart.
s 1 C _f s U . :
. The official Ringel ann «Chart is published b the
N Bureau of Mines of United ‘Stateg Departmint of the
' Interior as part of its Informatlén Circular 8333.

'
-
-

.

—

VY

Handout

.

‘. g -
o 98 @
. : N,

' . . - » Copieg of the chart. fiay' be obta ¢d fred frcm  the . o o

' Publivations Distribution Branch Bureau of Mines,(ASOO : §~."’
: ® Forbes Avenue PiQts gh, Pennsyrvenia 15213, . : 4
. ¢ T 3 ) N\
_;. iy . ’ The two bmall hand held ment ioned v o, \

ingelmdnn aids a?p

in lesson number'9 én the Ringelaann Chary and Equivalent

oo Tei. (312) 549-7014
. -_Cost: No Charge ’
T : ' " 'Power Magazine ~ . .
. ‘ , . McGraw-4ill Publishing Co., Inc.
J Power R¢print Dept.
\ 1221 Avenue of the Americas
. v g " New York, New Yark 10036
| : - Tel (212) 997-679%
K ‘ .- Cos%:' $0.75 per‘copy
.. o 1 i g'

= e e = = - e

L, o Ringelmann Chart. . , .
7\‘ . » N . :  J
‘ . v ) ,
- , 13 ® {» ) '
° . a - \ 4. ™~
1 w .g ‘2’0/ ' 1

Although the usc @ this is qptional it may not be -
needed since EPA and severdl state regulations are
@tated in opacity only and omit any reference to the

- - o Opacity. =These charts are available frpm] s -
Co N : i Tom' Berry"v . {~\\~"
. G . | . /’1800 Kingsbury Street ! o <
' Lo~ A : Chicagoy Tllinois 60614
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;. - Quizzes  and Examination: o ¢ (" ,

@

The suggested course agenda calls for three quizzes and

. " an examination} A passing grage on these tests is not
rreFuired for quai{fibation as a smoke reader, -

The written tests are to be used to help the student’ learn

" the material presented in the lectures and giwe the in-

structor clueg as to how leaming is progressing. To ’
best accomplish these objectives, the ingtructor should ,'#
go over4the answers to the quizzes and examination in

class and discuss those answers which the students’do

not understand or with which they disagree.,

.Copi!s of Quiz I, Quiz 111, the fihal examination, and e

the answers to these tests are givea 'in the Appendix.
The quizzes should take only 5 to i7 minutes to complete
and 5 to 7 minutes to discuss. It is suggested that the

final examination be given to the" student on the second

afternoon of the course to use as a take home' exam.
It can be discussed the first thing’ in the morning on ‘the’

‘thixd day. If %ou want to check gm how the students are

doing, you can collect ‘the examihations, grade them and-
hand them back on the third day before discussing then.

' Students attending for rECertifica;ion are. not required
-té take the examinations. _ e :

R

Quiz T covers combustion principlgs and ‘the combustion

“of coal ‘and oil. Quiz I11. is an identification of sourca‘

types.' The quiz included in the. AppenM‘x is an example.
The instructor should pick out ‘ten"35 mM slides of
different sources of major interest. in the ‘home area of
the students These are to be projected on a se¢reen with
the students asked to write down the correct answers.

,Quiz IIT covers: meteorology. The final examination has

been made up from the material in Part I of the Student
Manual and covers items from the entire course.

As part of the Qualification Prodedures lecture, instructo(\
lesson plan 10 provides: an Exercise in Recording for Qual-
ification. This (pnsists of ‘thn 35 mm slides, five show-

ing shades of black smoke and five shgwing white plumes

(The same slides: used in Q{iz I1). The student *is sup- =«
posed to put down on a modified graining form as shown in
slide no. 1 ‘his evaludtion\bf the plume, check it against

. the instructor's estimate of shade and then determinea

the deviations awd average deviation. This mapual shoeuld
contain one of these“forms, or just use the regtlar

smoke school training form. o

N v
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OQTDOOR SMOKE READING
- 'QUALIFICATION PORTION ‘ : ¢ g -
f g The primary abjective ef this counge is to qualify or . N 3
requ#ify the students as éxpert gmoke readers. Not : . }

. g ‘ L “only should the student meet a standard sef of require-

: +! fii€nts ualification, but he should also believe
e - | that ﬁgzzzq;aquiréments"are sufficiently difficult and »
o - _ that the smoke generator calibration and measuremenf '
system against which he is“teéted'gives accurate and’
: i . .

objective readings. X
. P . ‘

L4

.,
—

. . . A g : .
. ~ It is the duty of the instructor to! train the student in’ o
/// . proper smoke reading techniques, tbﬁgiﬁé-the;student _— ' o
. ; _ sufficient practice time t fine his reading abilities,
- a . to require g high standar&_of perforﬁance from the '
' student, and to maintgin the smoke generatorfand ’
v tggnsmiSSOpetér so that the smoke spédes produced are

: _ . accurate. L. _ .
1 - - . . Lo - - b

L.

N

‘Precourse -Preparation ' . - a e S £

>
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It is importaht that the smoke genqrétof ke operated and '
checked out far enough. in adyancé of the course to allow ) _
o _ ~time, for major repairs (perhaps 2 weeks) and again one o .
e N or two days,before the course begins. The preferred ' S
T LY S . agendaycalls for the opg;ation-of“the generator dUting
e e . “the lasYy hou¥ offthe first day of the course. A previous

: checkout would assure good operation; and ipcreasecghe; RN
student's faith in the smoke generator., ' *° . T ,_“ J

\

Especiall® with mobile smoke generators, there are - 1]
a numerous difficulties that can arise \gwing to the ok %
vibration of the parts of the generator during transitq 'VTW

It is always embarrassing for the instructor and frus- . '
trating for the student whe® major adjustments or repairs

must be made on the generator at the time when the outdopor
readings are supposed to commence. With experience the
instructional staff will learn the problems that may
~arisg with,thefgeneratOrAand4how té correct them. yowever,
it 4s bést:to set aside some time before the course IR
?egins for -checki_ng'the operation of the gefierator. ' /'
~ -° .dome of the points that should be checked %include the . /
folLowing: ' . : 1 y
a) - Sufficient fuel in the fuel- tanks or in reserve: - .,
N Toluene - 5 gallons (Formerly berzene was used but
this material has been placed on the toxic substances s’
. 1ist), #2 fuel ,o0il, = 5 gallons, Gasolime - 2 gallons. ~ v
v "b) Different shades of black and white smoke can be’
) produced by he combustion systems.
c¢) ~Exhaust fans in-transmisspmeter pipe are running.
s d) Induced draft fan is operating. LT
_ )' o . e) Horn is operating o , o
’, A b f) * Light: source in transmissoneter is operating. ' 'L .
, oy .

L.

4
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'«.In addition, to the generator checks, the instructor

" their readings during the tests. The students should be | -

-
* .

~ — ) <

calibrated before eaclf course using neutral density'-
filters having a nomihal opacity of 20, 50, ,and 75
percent. The ,zero ‘and” 100 percent opacity condi- -
Mtions gre also calibrated. Check that these cali- -
bration points will remain stationary by running
" through geveral shades returning to the zero and
;ioa 100% Bpihts durthg the procedure (refer to EPA &
Metho 9 for full Qxplanation of calibration /
' procedures). \_ %FT-—-—éqs L.
h)  The smoke shade readings of the transmissometer
seem reasonable when compared with the actual
shades as judged by an ‘expert smoke reader (the
instructor). _ o '
i) No electrical connections are loosg or broken. A .
¢+ - vacuum tube voltmeter would be a good device to A
have for this check. -
j). The’ smoke plume will be relatively unafifected by
downwash from buildings, 'trees, etc. . . - _
k) Contrasting backgrounds for the smoke are available - ’

g} « The -t:ransmissomet:ei' r?[dout: system' should be

»

L

in several viewing-directions from’the smoke o
generator or with a minimum of moving of the o I
generator, : S : A

should verify that he has a sufficient supply of trgining_fi
forms (copy im the Appendix) for the students. to make =

~requested” to bring-their own clip boards, but the course
director may'have some extra available’ for those that
don't have them, ' - a .

‘The instructor should also determine from a map where

the direction of north is from his. generator site. This

will be necessary for the student when he makes his wind " .
direction observations. '

<

Training and Testing - . .

Procedures

sa¥

. . : b3
Explanation of Emission Generator Operation.] After the
students have moved to the smoke generator site the in-
structor should review the operation of the [generator
and point out thi/different parts. g

»

_Twe peculiarities of the.smoke—generatingf stem should
be understood by the fhstructor so that he jcan be e
forewarned in planning his testing procedures. First,
‘the gasoline engine for producing g%ité smpke makes -

e

considerable noise. It is esirab to shut off the
engine when-you are talkin ‘to the Masg./ It can easily
be restarted. Second, ggé fire in the Combustion
_chamber that produced bl¥ck smqu takes ‘$everal minutes

- 3 /) : ”“@l" o ,
coLL : wowea CTURY , S ‘e

c -




- 0 : ' . :
. to ‘burn:out af{er the fuel ghpply is tuyned of%, s T
%, . -7 standard:practice to run the white 'and then ghe hiiﬁ;i‘ R
. 7o ‘ioMerest series. The fuel supply to the combustion chamber v
' "+ -7 can be cut off so that the fire will burn out during * . -
' ¥ ‘the, time when the correct Peadings are being announced., \
After .explaining the* generator operation have the ' :
. : » . students station themselves at any distance necessary to °
~ - ‘obtain a cYear view of the generator and start the
familiarization runs. '

L)
-

“

»

k2N

@ . a + ,Familidarization Runs.. In familiarizing’the student with

' " the smoke shades you.should take one color at a time..

: o ~ Run up and down the ghade-sca;e‘announcing the correct

e . ' reading to the class: You may prefer to sbund the horn
IR to train them that the.reading is to .be made at this

time. -~ - . ﬁ\ a0 ' ' ‘

@

S
Vd
-

There are générally some student questions as to whether
the sounding of the horn has some effect on the plume. A ¢
© "~ - shade. There are times when they see, or believe they &
~ see, a -change in a-shade just ‘after the horn sounds.
< ' There 1is no reason. why the horn should affect the plume
.. shade. At mobt ite drain on-the electrical power might .
“.« v " affect theitransmissometer reading. .You stiould be able =~ - W
"'; to:see any change of this type on the indicator dial or B
. recorder. ) o

oy

G Y P

Another necurriﬁg quesﬁionvconcerﬁs~the time for the ¥

. smoke to travel from the'transmissometer, where it is
‘measured, to the top of the stack, where the student ;
 sees it. This time' is less , than 0.5 second. If the
: student“lodks up at the top of the stack when the horn
Lt sounds, he should be ébserving the smoke.that passed the
o transmissometer when the instructor pushked the horn -
- :button. ' Of geurse, the instructor should strive-to blow
- the horn only®°when the traﬁﬁmissqmetef reading is steady.
‘He should also hold the horn button down for a,second. * .
o v A,

S After two or three runs up and down the scale, give the
T ' ‘students several practice tests of 5 or 10 shades each - ol
ST during which they mark their readings on a portion of
¢ : , " the training form and then check them against the correct
C o - reading as&announced'hy the instructor at the conclusion
o+ .= of the pracdice test. - :
: - v _

. o
™
. -
-

a i' .‘ : .« . At the completion of thege short ‘practice tests,.switéh Lo
; o o to the other smoke color and repeat the same procedure. S '
'_‘ - ' R Next, run thrbugh a.complete practice'run of 25 white
' shades and 25 black shades. ' Give the torrect readings

to the class at the completion of the entire 'et of

| ‘ 50.shadgs. . L
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e s Suggestions to the Generator Operator. In a series of
‘ .~ ¢ .+ smoke shadés for either the familiarization or qualifying
L ..V runs you should try to cover the entire scale with most .
' . .emphasis on the Bhades\just abdVe or just below the
\ . ' legal limit. | .

_ el " During the colrse of the training and testing readings
e : IR one of the instructors who is a qualifded smoke reader
- . TJLT c should 'Yoin the students in making observations. In ~ "~
o ) ) this way, he can notice, and later describe to the
K . - students any" "prevailimg~conditions which might @a%e

influenced their recorded“bbservations.

: Qnalification Runs. After completing “the practice runsQ
most of the remainder of the eourse is devoted to con-
_ " ducting series of runs for qualificatiord of the students.
i . Each run consists “of 25 different white and 25 different
' e black plumes. Each qualification run of 25.ghould have
~* a number such as ‘I-W or 1-B. A complete qualification
series would consist of the combination of run 1-W and
. . run 1-B. The training forms are; designed sa that the
\ ) , "' student's readings, the transmissometer readings, the -~
' / . - deviatiens, the calcdlations, and the supplementary
identification information are all included on a single
.+ . sheet of paper.

N

A et ) T A studéd wf&l complete a qualificatidﬂ'ﬁeries success— -
' ' . fully when he has made: the'.50. readings: and” has:
. @) . An average érror, not to exéeed '7..5% opacity in each’
X o . _ category.  All readings, even if the Ringelmann
R ' Y » standard is still in force, should‘be given in
S e ~.-percent,
: ' . h) N0 error to exceed 15% opacity (or 3/4 of a
: , "' Ringelmann number) on any one Teading in each
T : S categorys (That is, on any run a single reading
p . ‘that!is incor#€ct by .one whole Ringelmann number or
L - L motre or 20/ opacity.qr more disqualifies the student
e o o ' from that Series ) L

» no. s . ‘a

LN

T P . The student cannot use a successful white smoke run from
- e . ‘one serﬁes (e.g., 1-W) with a successful black smoke
e A run from another series (e.g.s 3 B) They must be in
. o 'succession. ‘ . _ . o
. : . - _ ' o ¢ . "
A - ' Once the student has a run in which he has fulfilled the
" R L " maximum deviation requirement (part b aboye), he should .
‘ + .~ calculate his average deviation. If this is also within
p the 1imit, he should fill out ‘the remainder of his train~’
'img forni.andpgive it to "the instructou for the files,
These training forms” are kept by the air pollution ‘control

ST agency as a record of the number of expert smoke readera _

'

. : . : \
. . N ‘;Q'.




-

- : . ’ . ;
Il.l. "ll. '... '.l' '.l.¢ "'l.! '.Ill '...
. 3 . . .
. .
N -
A . )
N . .
.
[ 2

{

_ After thg Ghsdrver has rcad 25 white and 2 23 black plumes, &hﬁ L

_are optional with the instructor and

- .,
on. their staff and the time when the. inspector must
req’alify. They can also be prLSented in court as veri-
fication of t%f expert smoke reader's qualificétions.

g //.‘ .
P , .

the instructor reads the correct values to the students
so thag they’may [compare tlite correct readings with thelr
own observations. The students shdu;d make two copies i
“of their .readings by using a carbefi paper. They should
thand in the original sheet beforpthe correct readings .
_are given out. They check the chrbon <aopy and tHen hand
it to the instruotor if they hav qualified _ - .

t

e [
~The forms for rec rding the readings
Ong conyenient design 1s

Training;Forns.
~may be of several designs.
presented in thae Appendix.

/- . : ’ Tt
"~ Pradtice in Continuous Evaluation 'of Plumes. When the
expert smoke reader 1s operating in the field he will . -
Be observing‘amissions continuously and making readings p
at 15-second dntervals.in order to determine. how many B
- minutes out of an hour the emissions are in excess of a * '
specified shade. To give the student practice in this
observing procedure %yo partq of the field portion of the
course have been desfgnated for contiguQus evaluation -
one for white smoke and ont for black, These eyercises ’ T e
ggn .be exc?hded if
time is short.' . . “ o . - :

1f. the COntinuous evaluatiomn sessions are used, the
'inqtructor should run the’ gnkerator on one color of
smoke for either 15 or 30 minutes, varying the shade at _
intervals during the session. At 15-second intervals .

- the horn should be.blown and the reading recorded. At
the end of the interval each student must dectde whether
the smoke generator was in violation of, the local
regulation and compare his readings with those of the
transmis3ometer. The student can be provided with a.

.visible emission observation form as shown in the s "
Appendix or the agency conducting the course can use
"their own form.
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Operation*in IMclement Weather . , .
S It has been found that operation of-the smoke generator
' » 'during rain subjects the operators to shocks ‘from the
electrical system. It is recommended that outside
‘training and testing sessions notr be conducted -in the
rain. ' '

[ ' ~

<
. .

[}

Extremely strong winds cause rapid dilution of the plume
and down-draft conditions in the lee of the stack.
Students fipd it almost impossible to qualify under these .
conditions. If thé:wind is cold, there is the additional
problem of discomfort. If the winds are not too strong,
it may be possible to move the geperator to a location

in the lee of a building wheré plume, students, ,and
instructor are all protected from the .elements.

‘Otherwise it is better to discontinue outside operations.

N\
If inclement weather forces the cancellation of:part of
the outdoor. portion of the courge, the class can be taken
_insile. At this time some of tﬂ
movies can be presented.

e extra materials ai

[

In case the weather forecast appears unpromising for the
afternoon of the second day, but not for the morning,
the indoor and outdoor portions of the class may be
‘gwitched. ' ‘ ) ' ‘

* STUDENT COURSE ~ o
EVALUATION C :

Y

Lt is heipfur to -the instructianal sgaff to obtain some
feedback from the students regarding tqe course and 1its
prasentdtion. You should alwa&slbe tryfhg to improve
the course; many.good suggegtions can come from the
gtudents. One means of doing this is to give the B
students a course evaluation form on which they can =
answer pertinent’questions about the course contert and
instructor's presentation. Do not take their criticisms

as a personal affront but accept them as helpful .
suggestions. -

Ygu are free to devise any evaluation form that will
give you the comments that will help you. A copy of a
sample course evaluation form is included in the
Appendix. ' o :
.
LECTURE PREPARATION o
AND REHEABSAL' - : '} A = ‘
Preparation . . " / 0 o X .
i THJ Instructor Lesson Plans are designed to 'tlosely
follow the material presented in Part I of the §tudent
Manual. Use Part. 1 as your principal reference and
consult Part IT ahd the other suggested readings for

additionfl information,

P

",

/!
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Rehearsal

. _. ) J - . .

"

. " Try to kLep your chtu1L matorial up-~to-dgte by review~’
ing new sourceg of inlormation for their caverage of
‘topics that are part of this course. Maintain a
complete library of appropriate publications and

« guidelines published by the Federal air polldition agency.
Reviey the articles. in the Journal of the Air Pollution
Cont¥ol Association., Keep informed about the current
‘visible emissions regulatiouns.

. ) ]

In preparing for giving\s]&ctu1o the first time, the
- instructor should go over the Instructot fesson Plan
and the visual aids that cah .be uscdgwith the lecture.
He “should plan to rehearse-his lecture aloud at least

. once, checking the time and content, ' If you need to cut
the'lecture shorter or expand it or change the content,
you should revise the Instructor Lesson Plan and go
through another rehearsal. Some pointFrs on rehearsing
and delivering your lecture follow.

8]

-

Your rehearsal will - .serve tyfo purposes: (1) to check
you¥ terminology to be sur it fits the audience's
* vocabulary and (2) to_tim yoursefw

To check content: You'll want to consider how much the
)audience knows about the topic and, Xile you rehearse,
jot down any words you use that you tRink the audience
“ might not know. Ydu shouyﬂ_define thdse words for them

in your Jlecture.. : * :

To ‘time yourself, present each part‘éf the lecture
(introduction, body, Lonclusion) and watch the clock.

> Write down the number of minutes fot each part — wriie
the time on thL outline 1tbelf so you'll have it 18te“\\

Since you must imitat/d the actual lecture situation as

(1qsely as* poseible,
a lectern 1f you'll b

et yourself a clock, a pencil, and
uging one at the lecture hall,

' Set .up all your presentation aids.

And you'll need to

i Kule 1.

TALK OUT LOUD and use gestures—{don't let your alds -stand
idle, either. ’

READ. the introductfon. (You will not
want to read 1t during presentation.  © .
unless your mind goes blank.)

TALK the body of the lecture. .
PRESENT all afds. - -

(You will nol ’

ule . READ the conclusion,
want to read it during the presentatlon
B ‘ - un]ess your mind goes blank.)
) " Rule 5.  WRITE DOWN wife time,
Now clear your throat, conquer th butterflies, STAND
ur, and, rehoarqe AIOUD ’ ‘ '
r - 21 . .
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PART 2 OPERATOR MANUAL 3 ‘ DA
a . I - k -
4 '. ¢ '\ . \ — !
INTRODUCTLON - . _ " o
A The training and testing of smoke observers requires ,
, the use of a device for generating black and non-black .
smoke and for controlling.the opacity of this smoke. v
The U. S..Environmental Protection Agency has published w
.specifications for smoke generators as part of : " o
"Method 9 - Visual Determination of the Opacity of . 4
Emissiong from Stationary Sources' (40 CFR Part 60, '
Appendix A). - (A copy of this Federal regulation is
3 “included in the student manual.) The production of .
shadet of black smoke can be accomplished by various -
means of creating incomplete combustion. The non-black e
emissions can be produced by heating a distillate-type

_ o0il so that it vaporizes into a gas and then,cooling igﬁ' o !

-

so that the vapor condenses into an aerosol cloudy Thi

. . . cloud is white and its opacity va ies. with the amount of
0il that is vaporized. The, control of the visual '

-+ densities of -the smoke plumes is accqmpl}shed by
measuring the densities before the plume 1is emitted and
altering the flow of combustible materidl (black) or ¥
vaporizing 1liquid (white) until the desired density is . .
achieved. There are no liquid flow control settings g
which are calibrated to give speeified Ringelmann or
equivalent opacity readings. One obtains a particular
density by tuning the fluid control valve ontil the

. % - photoelectric ceMM system meﬁsuring the density indicates

I/ on a dial or recordet that smoke of the desired density '

is going, up the.stack. « ) )

1

t

-~
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* It ib possible for an air pollution control agency to .
\build'its~owﬁ smdke emiggion equipment for training:its
_ . * smoke inspectors. Several agercies including Los Angeles
" ( ) County, Bay Area, and the State of Colorado have done
- this and prepared stationary units. ~

+ -« As of this time, portable emission generators are ..
pfbdq.ed comme¥cially -only by one company — Environmental
Industries, Cary, N, C. 27511. These are mounted on
trailers. and can be hauled from city to city behind an
automobile.o , truck., ' o,
This gulde will describe the components, principles, and
~proceiylss which are directly applicable to a typilcal )

! _

~

3
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./
" ge erator. Agencies whichjown another type of unif:j :
can probably apply many of ‘the instructions and comments
to their own unit without 'much alteration. ‘Agencies -« . 4 .
which have bullt or will build their own unit should also .
find this Manual useful as a guide’ to principles and

corrcct operational prattices.

A

. -

POELions ot this Operator Guide havg\been réproduced

or adaptéd from the Instruction Manual for the Mark IT . -
Smoke Observer's Training Unit, prepared by Dr. Rgpert
Sholtes of the Bnvironmental Speqialties-Company;
Although, this unit is-no longer manufactutred, it 1s
typical of those portable units still being produced.

w s . '

\ ' THE SMOKE GENERATOR . " . ~ 0
~ PARTS - | e )
) ' ,Photographa—?fvthe Mark I1 smoke generator appear'on the
next three pages and the various components are numbered
and listed below: : i : S
(1) Trailer hitch . ' [ c
(2), Wires for connecting ‘trailer tail lights to
electrical system of vehicle used to- haul the
trailer '
(3) Auxiliary box for carrying recoyder andﬂoxtfé‘
parts during transit < r ' I
t4) Stack support with tie-down bolt “
(5) Toluene conthiner
(6)  Tolyene foel pump '
. (7) * Power generator
(8) Furnace
(9) Furnace wind shield
(10) #Z Fuel oil containqr'
(11) Recorder; control pdnel on top contains:
.(a) 1light source swiich
(b) 1light intensity control”
(c) main blower switch
(d) fans switch .
(e) oil fuel pump switch
(£) benzene fuel pump “awitch
(g) horn switch
(h) fuses
Lower portion of stack
Hinge '
Upper portion of stack
Light WCe
Junction box - 4
Transmissometer cross pipe
Photocell
Fans for exhausting alr from transmissomet
Hydraulic,pump ‘
Vent for hydraulit system °
Bleed valve (hidden) for hydraulic system.

L2

.
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| VAR o\ " o
." o _ , _ . D
e . (23) Housing connector on fuel tank . .
: ' . 4 (24) Spare tire . . . Vo L
_ o . ' (25) Main blower N o -
' (26) Main blower inlet - « / _ ‘
' . (27) Toluene metéring valve E ' l ”
. e '(28) TFuel oil metering wvalve r~
.' i (29): Pgflel bogrd , - ) ¢
o f PR (30) Amphenol connectors "S\ '
R N . ~ (31) Damper control ' - -
' . . s _i (32) Dam:% in main blower inlet ' ‘ X
N * v . (33) Example of' Fiberfrax < L
: (34) \ Example of fire bygck '
1(35) Stop switch for gasoline engine _ . .
. <(36) Exhaust manifold of génerator ' ' SR
o : . ~(37) Hypodermic needle in place, for injecting #2 . » ‘wnx
-7 fuel oil into manifold- - ' : {
N (38) 0il filler plug .
- (39) Plastic tubing’ attached to hypedermic needle o
(40) Choke C

gﬁl) Gasoline container for power generator

. (A 14st of component specifications is given in
the Appendix.) ‘ . T

OPERATING PRINCIPLES”.OF
THE SMOKE GENERATOR

Two different operating principles are used in the ! .

- production of white and black smokes. In the case : -
of white smoke, it is sought to vaporize #2 ‘fuel oil N
id the absence of oxygen and subsequently condense
this vapor into an aegosol ¢loud, which is the _

"white smoke." In the Mark II smoke generator, the

_white smoke is obtained by injecting-the oil into ‘ | )

‘the hot exhaust manifold of the gener:fing set. ' '

-

L 4
e ‘ . Black smoke is produced by the.cémbustion of toluene ’
- *with a deficiency of air. When any-carbonaceous fuel
is burned with insufficient air, a smoky flue gas
1s produc®d, consisting of carbon-containing
particulates suspended in the gas., In tgg/Mark II
smoke generator, a special furhace is préovided in /
" which the combustion air is limited to a fixed
amount. Using a fine metering valve, fuel is fed
into the combustion chamber where it is poorly
mixed and burned in the limited air. By decreasing
v : ~ ' the fuel flow ome can produce a lesser or greate
e denaity of smoke. -
In the-production of both white and hlack emokes,
the smoke produced is diluted with ambient air., The
degree of dilutfon is controlled by means of, dampera

. inatalledfid’the main blower inlet.
. \ ’

- - .
-
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if pumping s continued.) .Close vent.
coL - — .+t No further attention should be neckssary,
! A . “although a C clamp c¢an be placed over
the 1lips of the top and bottom portions
“of the stack as an additional guard
gainst the stack toppling over in )
strong winds. g e~

¢ N . . -

. . - The transmissometer i#s a simple light source and ‘
. e photocell‘combinhtiah,'which measures the light
e V- . - - transmission permitted by the particular smoke
. T beiné produced. The light-to photocell path is
. L approkximately 4 feet long, but only.l foot of length
. : . " is .exposed to the smoke. The remaining 3 feet are
- - continyally flushed with ambient air to prevent *
_ ~ fouling by smoke of transmissometer compongnts. The
B . apparatus can be calibnate3 over the entiré density
' ~scale by using several grades’ of neutral density
y filters
SETUP ANB~OPERATING * ° % = : | ‘ <N
‘PROCEDURES - - L -n
o ‘ ' If desiyed, the unit can be operated while attached .
to the Eowing vehicle. If the ﬁmoke genecator is to
) ‘ be operated separately, the traller frame should be.
’ .~ leveled and the wheels chogked to prevent movement.
. . 1. Check levels of all fiiels and lubricants. s
oo AR _ a. ~ Toluene (CAUTION --do not use benzone .
‘ o v ' SR since it has been classified as a ,
ﬂ'\ . - toxic substance); ., ' .-
‘ ' ~ b. #2 fuel oil; : C \ -1;
' ,\\ c. . Gasoline for the engine; - ‘
e : d. .01l in engine crankcase. , « '
o : i 2. Elevate stack. ~
R ' ' 3. ' Remove tie~down bolt and nut at °
. ‘upper end (forward end of trailer). of
. . lowered stack.
S . _ ot : " b. Close bleed valve and open veat on
= . “ ‘ hydraulic pump: and commence pumping.
o ' -~ . Note. As the stack is being "elevated,
AL (\5"//,(. " 1t is possible to pump at a rate that
# o - results in resﬂnant vibration of the
Coe SOl T _ . stack assembly. -This condition should
. S « * be avoided by chaqging pumping rate.
o Lo : - ¢. When the stack reaches the approximate
' “ - . : upper'limit of its travel?, the geometry
PV . ' : g “of the design will cause it to quickly B
I RS €« , - move to tWe completely erecb\positiﬁn ~
n U e ., After this has occurred, pump a few
e o \\\\\ , ‘more strokes to agply a holding force,
_ . 1 - o : ' (CAUTION - do,not: -exceed a reasonable
L , ‘' holding force ag this cylinder can .
: ';ifh, . o ' . . cause permapent “distortion to stack *
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P ‘ Coe ‘A gasket may be inserted betwegn the
s . e T ~ upper and lower portions of 'th® stack
L | . N _ 7 or masking tape.may be used to coyer
i ' ' ‘the crevice between the top -and bottom.
S o L , Covering this- opening reduces the
L2 . tendency fYn‘pulsatione i the plume
- e - . by preventing the ambient air from_ __ \ I
el e o - - - entering the stack.
' ;'g-;”‘lff'- ﬁ‘ : ° 3, Make electrical connections between the
I o . ”ﬂhyj7 panel mounted on the stack and the'meter
_ ' RN + or recorder using thj amphenol connectors. '

- . :.-é.' Supply electrical power. ‘-
o a. The electridal bower for the Mark IT
| " " can be supplied by the gasoline-~ |,
' (\ s : “powered genérafing sef, provided. The
. ) generator's gasoline engine is ‘started
: | o - in a manner si?ilar to starting a power
. . . - _ lawni movert the engine has a short- ~
< ' e Vv, _ : ing mechanism, fuel valve, and choke, l
- ' these should be in the proper position,
. " beéfore the rewind starter is pulled.
g ' _ - ~ b. Alternatively, electrical power can be
! S . . obtained by plugging the threé-prong
R L N K plug into an dvailable 115 volt 60
o S S cycle curyent using an extension cord.
_ By using this electrical power one is
. i S assured of a steadier current than
‘ v that supplied by ‘the generator.

-

5. After allowing a minimum of 30 minutes _ : '
} warmup, %set Transmissometer for total _
T _ . . ' opacity and then for total " transparency. ' - '
T ' . (This qalibrationishall be done prior:to _

- \ . . A conduc?ang each smoke reading test.) ' ' :
S _ , . a. Check zero reading of meter, adjusting '
. : o Ne ' . with facescrew if necessary (use zero
P ' : ' adjust, 1f recorder model).

' 0 . g . b. Move light intensity control to the
_ ' : _ K counterclockwise 1imit of travel. .
! S - . "~ - c.  Switch light source’on and adjust
’ T . * + " 1intensity control in clockwise
C ' ' direction until readout meter indicatgs '
. = ' 0 Ringelmann (IOOA transmission)
N J oy d. If udit has been out of service for an .,
) ‘ - . extended period, it would be well ‘to ,
recheck this calibration after 10 '

—

\J k* ay minutes. . p
' T 7\ 6. « Generate White Smoke -
¢ _ : - ' a. . Start gasoliné engine (unless it is '
v . ' o ' already being used to generate power).
- . o I - ‘b, . Start main blower, fans, and oil fuel
v _ — [ a pump in" that order_using swWitches on '
¢ 1. - - - - control panel. a . .

30 o
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'b.  Cut off”power to fuel pumps. .
Cc. Allow a 5-minute cooldown period and «

\

c. Open oil valxe (the right—hads/;alve)
mounted”on thy panel to supply the
appropriatg quantity of fuel. '

= CAUTION, The metering valves provided
are of the precision ‘needle type and

. should never be forcefully closed. =
Only a light pressure is rtquired for
tight closure.

d. Turn off the fuel oil metering valve,

- ' the oil fuel pump, and short out the
engine when switching to black smoke.

' Generate Black Smbpke

a. Start main blower, fans, and toluene
fuely pump in tha't ordef using switches
on control panel.

b.  Open toluene valve (1eft-hagﬁ‘vakye) .

,mounted on panel board.to sypply the
appropriate quantity of fuel,

CAUTION, The metering valves provided
are of the precision needle type and
-should never be forcefully closed.
Only a 11%& pressure 1is required for
tight clos

c. Quickly ignite toluene with a match or
plece of waste paper thrown in through
furnace’ opening. .

d. “\{%ace the wfnd shielp over furnace

ening.

e. Turn off#toluene valve and let fire 1in
furnace die out when switching to

, white smoke.

Shutdown Procedure v .

a. Close fuel valves tg both white and

blatk smoke generators.
r

¥

. then cut off power from main blower.

d. Turn off light source. :

e, .Stop gasoline engine and disconnett
outside Jelectrical power, if used.

f. .Disconfiect electrical connections

between panel and meter or recorder.

':Lowering—the Stack

a, - Open vent and 8lightly open bleed valve.
b.  Push stack over to.start its descent.
c¢ + ~After stack has been lowered into the
support and tied dowm,.close the blead
valve and the vent,

\ (. '
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TRANSMISSOMETER . . o
CALIBRATION . ! . .
' The transmissometer-recorder.br transmissometer-meter
system should be recalibrated prior to each training
*  course gnd after any repair‘or replacement involving
~ the phosocell, Iight source, or associhted electronic
circuitry. Procedures for this calibration are given
K in EPA Method 9. A set of neutral dénsity filters
( T havidg nominal opacity of 20, 50, and. 75% is needed.

J These filté¥s, when placed one at a time in the horizon-
tal pipe between the light source and the photocell,
wild give the true values of transmission for. three
points. Two more points'qg the curve can be obtained ¥

‘_\ .‘:y

7 o . ¢ when no filter is in the pYipe and the light source ig
« ' turned on (0% opacity), an

_ when the light source is
s turned’ off (100% opacity).

These readings establish five points on the meter or
\ or recorder. From these the additional 1/4 Ringelqénn
- ‘or-5% opacity readings can be determined by subdividing
! : ‘the spages between the five points established with the
: : neutral density. filters and the 0% and 100% opacity.

{ &

AUXILIARY' EQUIPMENT . .
' . ‘ 'A smoke generator may have several major components that
. ' are purchased as a unit and installed in the smoke
generator system. The Mark®II generator includes &
four-cycle engine, a 2000-watt electrical power plant
‘run by the engine, and a recorder. Each of these units
_ is supplied with an instruction manual giviné directions
for operation and care of the unit, The smoke generator
< operator should be familiar with the contents of these . *
) manuals and should plan fo do the preventative maintenance
AN prescribed in the manuals. A few df the items mentioned
‘ ' in the manuals are listed here for further emphasis.

“ TECUMSEH FOUK-CYCLE . : e L4
~ HORIZONTAL CRANKSHAFT ‘
a ENGINE - - -

\
N . 1. Keep the engine clean and see that no dirt or
",' , o water enters the engine while fitling' it with . '
*yasoline or oil.- .
¢ -2, _Use MS classification oil. No.not use oils® '
; marked only MM, ML, or unmarked. ' S
S 3. Above 32°F use SAE 30. Below 32°F use SAE 10w. \\\\

* 4., Do not mix oil with gasoline.

L
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5, Keep the oil reservoir filled to thé top of the
: . o filler plug opening. ] .
LA - . 6. 011 should be changed after ayery 25 hours of
| , Joperation, . - :
7 " Clean the air clfeaner occasionally.
& . ' " ‘ '
> - 4s —
‘.
. 32 ' . .
. \ v " /
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. ' 8. Use a-good grade ‘of regular gasoline. Keep the
B ' p_[ .smalll vent hole in“the gasoline tank cap clear
so that the air pressure can push the gasoline
. into the carburetor. .
B} . 9. - Filling the gasoline tank up to only the 3/3 n
R : level will prevent gasoline from being thrown
.- -~ out the cap hdle when the engine vibrates., |
| DAYTON POWER GLNERATOR CoL ¢
' \ 1. Under ordihary-circumstances commutator brushes
I e ' . should be inspected after ev‘fry 50 hours of
o . operation, I
. 2, If brushes are worn to a length of 3/8 inch or
|l* . ' less, replace the entdre set.
. % ' : 3. Keep the commutator free from carbon dust or
other dirt by cleaning it with a lint-free cloth.’
.- ' ¢ o 4., Keep the surface d0f athe collector rings in-a
' ) L high state of pol¥sh by shining them occasionally
: ) with a crocus cloth. o
.“ HYDRAULIC SYSTEM | ‘ 4 o "
\ S 1. The shaft supporting the stack may nee?_gp be ’
: ‘ ' lubricated periodically., . .
' . 2. Additional fluid should be &dded tq the system
| . - as needed. ,
EXPERTENCE' WITH THE . A .
' OPERATION AND MAINTENANCE =~ - ° : : -
_ OF THE SMOKE GENERATQR _ I ,
. 2 X During thd: past se}Lral years, there has been a rapid
' . N . increase in the number of smoke generators made and used
. . fom the training of air pollution inspectors. These
) generators have béen dperated under many different
/ * . weather conditions and have_been -hauled mapy miles for M
' * the presentation of smoke reader training. B
_ It is the purpose of is section to relte some of the
. « o problems that have arfsen in the use of smoke generatérs
: ' ' and how these ptoblems were handled, Many of the ‘ !
R diffieulties will occur again. By &%Cing some of these
' . past experiences, we hope to pass on'to future generator"
\ * . operators the knowlédge that previous operators have
' s acquired. Most of the information related here was
‘ obtained by the EPA'opé¥ators with their portable smoke
" ( , generators. S S . '

' _ oo, It s hoped that cach userllf this manual will take time
' F' to' write down in his manual any trouPleshooting experiences
. -+ he has had with his generator. In this, manner.he can
kﬁ "~ pass on to his assoclates and successors the malntenance -
' and service recommendations that may be pertinent 'to thel
generator that his agency owns and operates. You might .

f . ' \‘ ) ¢ '\I" Is ¢
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compile a listing of agencies in your region that own
a smoke generator. By exchanging informgtion with other
operators or contactihg them when you have a problem,
you should be able to improve the performgnce of your
. . own smoke generator. -
4(~\_. NOTE: It is recommended that whenever a partable smoke
e : generator has been moved, the operator should make a '
trial xun with it at the earliest possible time. This
will allow him to discover any problems that\may have :
bccurred in transit and will give him time to\ solve them. -

. After moving the generator to a course site this trial @ :
’ run should be made before or during the E}rst day if .
possible. , \
. ) i . . - \
LOOSE PARTS =~ . ' \

The portable smoke generator is very prone to haéﬂng )
problems caused by loose wires, nuts, etc. Even ﬁpen

_— ,} 4 the trailer is hauled over good roads, there is sufficient
' ' vibration to cause smalﬁLparts to come loose. Poor roads

\

and minor collisions indrease the probability., The:
generator operator should always carry a roll of fiber
tape (and a knive or scissors) with him to tape securely
N , . pleces such as the furnace windshield, the #2 fuel pipe,
-* gnd the door of the-control box. The plastic fuel oil:
pipe, . the hypodermic needle and all other loose tools,
_parts and electrical connections should be detached and
carried separately in the ‘hauling vehicle or 'in a large
‘box welded to the trailer frame. : :
nJ - . -
- ! The electrical connections to the photocell, the light
‘ - source, and those into the junction box on the stack .may .
come loose. {;'necessary, these connections can be
soldered for added security. '

)
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~
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Shaking has resulted in: » .
* (a) The tie-down nut hplding the stack in
place coming off and requiring a replacement
nut for good tightness during transit.
. (b) A gére in the variac (in thg recorder box)
. _ : .coming loose and shorting ouf the rectifier.
' " ‘The result was no response o the recorder’
' - . ' " (or indicating dial) to change in smoke’
. . density and the blowing of fuses\ The problem
g’ ' “was finally discovered by using a vacuum tube
. : . voltmeter and the wiring diagram for the smoke
generator to cheoq out all the connections o ;

’

]
)
.‘/ M
4 wh ‘
for breaks in the {line. D . '
¢ . (c) The printed circuit in the recordef developing
: : ~° « a hairlfune crack that rasulted ig fluftuations
_ r ‘ “ in_the“re¢order‘reading. A8 a consequence the‘
- ' . TN recorder;would at times indicate increases’ and ﬂpfw
Y : ’ decrease® in smoke density when shepe were none,
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: THis was a particular. problem when the smoke
K " '+ density was low (the high end of the recorder).
) ’ ' The hairline crack. was eventually discovered

. \ o and mended; however, it has been suggested that- .
_ . a duplicate printed circuit board might be an
‘ item that should be carried with the gener-
ator. .
o (d) Bulb the. transmissometer being loosened, or

moved out of' line. Thls appears as no response
of the transmissometer to variations 1in smoke

‘(' . o density. The solution 1s to remove. the cap
i . .*from the bulb end of the transmissometer pipe
"N\ ' ‘sand check the bulb for tightness or alignment.

"In the case of alignment it might be a gﬂsd )
. 1dea for the generadgr operator to becoma  «
familiar with the proper placement of the
s elements of the trangmissometer when the gener-
ator is running satisfact y so that he can
idgntify any irregularitieb 1f difficulties

> ' B arise later.

-

'OTHER PROBLEMS ARILEING - - Y
FROM MOVING AND HANDLING w
‘ N, +«(a) The power generation unit can be shaken during
_ : i moving. The manufacturer has put on better
,(/ o ‘ bracing with rubber cushions and coil springs.
X S j’ - to help reduce “the: effects of vibration.
L {b) Handling and vibration have caused the stack
o _ . to be thrbwn out of line so that it dges not
- exactly fit into the ‘brace that hol¢s it in
its lowered position. This has prey
stack from\begng held tight and the ¢
vibration during traveling has worn a
the area where the stack bumps against the
. brace. n
- (c) The refractory firebricks fall out of theilr
o places in thé combustion chamber and break
This necessitates extra brins HQan carried

‘.
L]

"

.along for relining after th trip 1s fnished.
One solution was to rebuild(/the combustion
. chamber of double—walled steel and doing ‘away
. : with firebrick. However, the steel floor does
. o R . fiot retain fuel like the brick and the fire
' ’ ~ sometimes goes out when' the fuel flow 1is slow.
- "Fiperfrax' or refractory 5¢ick can be used -on
the floor to retain the(fuel. ,
(d) The trailer has been inyolved in automobile *
¢ i o accidents, This can#€quire major repalrs
' * ' and "rebuilding. Thfis, the operator should - |

-

';; ' \ 'Ak . have @ good idea #f all the components of
N Lo the generator afid how they fit together so
- T ' - that 'he can have them put back together. 5éep




. N ' ' .all the descriptive material, diagrams, and
j . ‘ photographs supplied with a. portaple smoke
: ‘ } generator. Then take additional photos from
/ . . '%.‘ - ' . different angles to be used for referemce.

: N\ (e) ¥n moving and handling, several parts have

/ ‘. R : ' been knocked off or lost. The exhaust fans '
o on the transmissometer assembly are quite
. o susceptible to being knocked off. Fenders
‘ have (also been lost. The opegator should
¢ ' . inspect these parts to see how they are '
o ; attached so that he can have them replaced,
. He should also know how to obtain replacements
L 3 . 5 for these parts. I
o (f)” A. spare tire is supplied for replacement 6f r—
' ‘ flat tires. A combination of an automobile
. . .. jack and some support such as a concrete
_ ' . block can hold the trailer off the ground while ,' I
/ ~ the itire 1s being changed. You should check '
“ r - _ to see that you have the proper wrench for ’ .

(W” . EMS// loosening the lug nuts.
¢ .
' FUEL PROBL . v '

(a) * Toluene is the fuel of p(eference for black
. _ _ ‘amoke replacing benzene, which is considered
v - p toxic. Toluene will not freeze in c81d weather.
' The freezing point ‘of toluene is -95°C. @
i& /(b) Fuel pumps have failed. It is a good idea to
: carry an extra one along ‘in the tool box and
. know how to install it.
Ny L S (c) Suspicions of improper fuel flowy can be checled
. visually by seeing if the toluenesor fueﬁboi
' A ~1is flowing out of the fuel pipe. “There may p

o

o o be some obstruction in the pipe that needs
: [N \\gleaning out, . v
- (d) fFuel flow may dateriorate the "0" ring in the
. ' o \ / housing on top of the fdel tank causing an
\ , unsteady fuel fdow. A replacament housing can
. be purchased at a marine supply store.
W(e) To produce the black smoke, the t#luene flows
‘ o , out over the floor of the combustion chamber
v - where it is lighted and" burned. This is not
. _ .\ an entirely spatisfactory procedure. . One
' ' operator has gonstructed a bowl on the chamber-
floor: into which the fuel flows. "

. . ; refractory brick floor does retain some of the.
\ b : fuel within its surface and prevents the fuel -
: v _ from evaporating too rapidly. If dysteel floor
e « | ..~ ,is installed, the operator may turn his fuel
' *flow down to obtain a low Ringelmann number

" : .“Z). ‘ Problems Arising from Moving and Handling" the
!

e | : : : ‘ ’ As mentioned in the'discussion of "Other" '~ o '
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o "PAIN}&{‘EG AND sPREVENTION
' . OF DAMAGE FROM THE-
- ELEMENTS
N
. (a)
-
‘ . .i. . # \
.
: (b)
l ,
~° PILFERAGE, VANDALISM,
o . AND LARCENY
' - (a)
3 []
]I *
2 4
/- _
r - (lv.ﬂ
' . T (b)

" Note:

“-overiight, during

and digcover that his fire has'gone out, This .
ts th€ result of/|the evaporation and burning of, '
the fuel exceedf;&\the rate ¢f incoming fuel.
CAUTION. Be caref¥l when relighting the fire
in a hot combustion chambet whether it-is '
wﬁteel lined or fire-bricg/lﬁned " The heat
vaporizes the incomingdkuel and may provide

an explosive atmospheré. Keep your head -and.
body away from the ¢opening whey you hold ot - .
throw the match in. Explosions have never yet

damaged the combustion chamber hut they have

" singed some arms. Do not be in too much of a

hurry;’ let the chamber cool down '@ little.

.One soluq&on to these problems of Fuel flowipg

out over /the combustion floor is td Install

»

. some materiar with good absorptive tharacter-

istics, | One operator suggests a piece of 3/4"
"Fiberfrax". This is used as.insulation in
furnacep and can be'purchased at a furnace,

. supply gtore. ' '

ZWhen ‘moving around with a portable
generator, the operator should alwayd check
his supplies of regular gasoline, toluene,
and #2 fuel oil prior to operating the'gen-

ly

erator. If any of these are low, e should
make immediate arrangements obtain agdditional
quantdties.

i
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‘For overyll good maintenante the smoke gener@or
should be kept painted. However, thete are
portions of the breeching system between the
“combustion chamber aud the .stack that will not

retain paint because of the high temperatures

of the exhaust gases.

1f water accumulates in the housing for the C o
blower fan, you should drill ‘a small drain hole

- in the bottom of the housing.

. r

To ‘discourage ‘the stealing of any of the loose
items used with the smoke generator, you should
d4sconnect ‘all electrical wires and recorders
when the generator is not ip use (1nc§uding

a‘(ourae) and place these items -
in the storage box) or the trunk of an Artomob 1(\ '
Ir‘iq{hoped that the public association @f ‘,7 ‘
_pollu ;on [lghters with "good guys" will

- , t
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PULSATING PLUMES

-One of the recyrring criticisms by students‘of the
smoke generator's performance is that sometimes the

few second$ over which a reading takes place. During

- ‘recorder. Several components were checked for malfunction

1

$revent any vandalism. To identify the Smol(e
~ generatory in this respect one operator has
placed on his generator a sticker supporting .’

.y . smog eradication. Anotber aid may be to eyplain
the instrument and its purpose ‘%o any curious '
bystanders.

(c) Phe power generation unit and the fuel tanqu"
o are portions of ghe smoke generator that have .
z\ other uses and can be removed from the ’ -
generator if the thief brings the proper tools.
If community conditions whrrant, the, smok
generator shotld be kept inside or under gu rd.'

- v
.

shade of the smoke produced is not constant during the

normal operation the horn should be blown at a time when
he record¢r or indicating dial shows that operation is
stable. If it suddenly changes py more than 5% opacity

or 1/4 Ringelmann after you havé blown the horn the
student may have legitimate cause for complaint. You
=can mark those readings in case complaints come up ‘when
the correct readings are .glven to the students.

In song cases.there are complaints that the transmis-
someter readings are in error by significant amounts.
To ensure that this is not a valid complaint the
operator should reduce the smoke output to zero once or
twice during every run and check his recorder or indica-
tor for a.zero reading, -‘If an adjustment is required,
he should make it. ) o o .

A1 N | "
An additional precaution may be taken if recorder or
indicator fluctuations are suspected, The operator or
his assistant can take visual observations of the
readings along wi tRe students and check their expert
ability against the transmissometer value after each
reading. . !

"
-

Ond generator developed a problem of an unsteady and. non-
reproducible zero* opacity or R{ungelmann reading on its '

}'

=

(retorder, photocell, and loose wires) and found to bawse
performing acceptably. The.deduction was that the

?

‘*The zero opacity is in reality the highast reading for
she recorder since the scale- is reversed during calibration.:
‘The 'problem was eventually found to be a brzFen codbection

in the printed circtit board, However, the
cerning the use‘of‘th@ variac might still b
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light source was varying. One suggestion was not to

use the variac to.adjust the light, but to calibrate

for zero opacity by vafying the input signal from the
~light to the 'l’uvm'tlvl‘: ’ "k " )

) ¢ .

HAULING PROCEDURES o } _ .
o . The: Mark 11 Smoke Obsepver Training Unit can be pulled
behﬁnd an automobile of truck equipped with the proper
‘ .trailer hitch. Some dgencie§ hire commercial trailer -( ‘
* hauling firms to transpogt their smoke generators. '
1 . Others own station wagons or light trudks with per-

" manently installed trailer hitches. TFor occastonal
moviry, trailer hitches for attachment to rear bumpers
can be rented from seme (but not all) trailer rental
agencies. If renting, you must tell the rental agency
what kind of vehialé™will do the pulling and specify
th@rball size you need. 3

The balf sige'for the Mark I1 smoke genergtor is 1-7/8"."
This is pne of the standard sizes for boa@® trailers.

Some own have switched thedr hitches to-the 2" size,

. D)
~
L

ELECTRICAL CONNECTIONS . : o
. o When pulling a tﬂailerﬁxlbhe highway, the tail lights

’ - ' and turning signals of the trailer must be electtically
| : connected ‘to the hauling vehicle. A commefcial hauler

or someone who hauls a boat trailer regularly will have

Pt - these connectors permanently attached to the vehicle's (/;¢(

- S OF O O & E =S .
[ 4
-

-

tail light system. Yhe .trailer lead wires consist of
three wires that are color coded and should be attached
to similar colors leading to the tail lights of the
hauling vehicle. . A -

The black and red wires are for the running Jighﬁs. The
third wfke_pn the trailer and the automob”le may be °
white,, green, or yellow and it is fer the turn signals.

et el s
] .

1f the hauling vehicle is not permanently éduipped for
pylling trailers it will be necegsary to obtain three
eces of insulated wire (bell wire will.do) which are
3. to 4 feet long for connection between the trailer lead
wires and the automobile tail 1fghts.  Clamps are avail-
: . ) ‘able from trailler rental agencles far fattaching the wires
R " 0 joinir the frailer and hauler. These clamps simplify
Lo the op:ratfon and relieve you from having to peel off
insulation and then tape over the peeled ﬂortion. 1f you
do cut through the insulation mite certain that any ex-
- posed wires. are wrapped with”fr: tion tape. In addition
" to friction tape the generator operator should bhave pliers
and a knife when he is working on the eleqtrical hookups.

—

»
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The trunkllid of an aptomobile,ggglkl closed on the con-
necting wires without breaking thrqugﬁ the insulation,




ATTACHING THE TRAILER PR - | R

TO THE HAULING VEHICLE _ _ : '
) _ It will probably take two people to lift up the trailer
' : ¢ tokgue and lower it onto the ball. Some operators and
(’“f‘\‘ B ' expeﬂienced‘commercial haulers can do it aloie Some

agencies have installed a‘'dolly whe®l on their trailer by
which the front end can be raised or lowered:with the
~attached jack. This also aids in the leveling of the
,smoﬁe generator befoxe it is used in a training course.

When lowering the trailer tongue over the ball be sure
‘ Co that the lips of the hitch. are in the proper position td
' , .- accept the ball. After the hitch is fitted over the ball *
turn the mechanism to the lock position and place a nail ©
of metal wire through ,the mechanism to hold it in place.

C o : _ : ] 1
Senge e 07 L _ . ,
. . , . - !
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LOCATION OF THE SMOKE =~ | o o | . N\

. | * GENERATOR FOR CONDUCTING o | . N

TRAINING SESSIONS _
o B Several factors must be considerdd in choosing a place
to park a mot®le ‘smoke .generator or a place to construct
a stationary generator. ‘ . ' v , _—
viewind pirecrion§ ' | _ .
AND BACKGROUND , : ' '
¥ In order for the student to follow the correct.procedures )
for plume watching, the generator should be plgeced in a
' position go that: , . ' '
. _ .(a) The student can view the plume in both morniwy
: A ' . and afternoon without facing into the sun.
- < - : (b) The student has room to shift his viewing
. ) VN L position so that he may, at times, get a
- ’ o COp;rassing backgroind for either white or .
o ‘ . black smoke. (See discussion on contrasting
l ' 0y  bagkground in EPA Method 9.) |
(c) The\gtudent ¢an view the plume from a direction
"ot : " ¢ perpendicular to the wind and' has” réom to,shift SR
- _ his position in case the wind dire¢tion changes.
l s ' ) ' (In some cases of wind directfdn shifts ‘it may
' , . be better to delay the testing sequence for a o
|~ o : . few minutes until the wind returns to its ' v
. ' ' '/ original direction. In extreme cases the . '
operator may have to conséQervmoving the smoke
generator.) : ‘ .
(d) The student can stand at least 50 feet away
. from the stack in _any direg%ign/from which .
». ~* he may need to view the plufe. ‘

4

-~

A good setup for a smoke generhﬁbr would be in a
position where the students are located south of the
stack with room. to move eastward and westward. By this.
v ~arrangement the sun would be behind the. student for .
e - . east or west winds,  The student could adjust his ' “
N N position for north or: south winds. - i ‘

\\  Additional ideal conditions would be to h;ve trees south
of the students as’a shade’and protection and trees '
\\ several hundred feet north of the generator to serve as
' ' ' \ a background for the white smoke. The sky above these
trees would be the background for the black smoke. ‘ i
Trees or-buildings several hundred feet east and west of
‘the generator could shield the area from str@gng winds.
Some athletic fields have been feund to fit the ideal 7
r o " conditions. v ' L :
\ ' A
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~ important in determining the outdogr training site unless
* the smoke generator power .generation unit is wsed.

'high~piumevconcentrgﬁidns coming to the grognd. - However,

- The smoke produ ed by the generator is generally not
* . obnoxious to anyone living or working in t

‘The generatbr.operatér should alwa
'copy of the operating and maintenance

A tool box should be obtained for carrying tools, re-

tubing. . o

L . . R VIR
w‘ . ‘e
) . .
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. . C ' . '
. .* . . . . o )
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Under moderate wind and temperature conditions the only
needs for nearby buildings are as possible places to
connect electrical power and as places to which to
retire if additional classroom disgussion is required.
Generally, the operator has only one 100-foot extension
cord d4nd can borrow only one or two more at the training
site. Thus, the avallability of electrical power is

b

Under less.ideal conditions the presence of nearby

buildings can aid as.a shield against strong winds, whichk
play hadoc with the'smoke plume gnd chill the students and
instructor in cold weathetr. One must remember that there .

‘ig a downwash effect of buildings which can result in

it has been. the experiemnce of past visible emissions.
course instructors #hat the shielding effect! of a nearby
building far outweighs the downdraft problems it may
cause. The generator® can be moved to a spot where the ,
eddy effects pass above the plume and the: students _are
instructed to make their readings just aboveé~the stack — -
a point where the turbulent dispersion of the smoke 1s

just beginning. ' . ’ ‘ : v

hé neighbor-
hood where. the raining is taking place. Any objectional
effects have disappeared within 50 feet of the generator
site and generally ‘the whole operation is just an object
of curiosity for passersby durin% thquays of outdoor

of 50 feet does not

training. ' (This "effects Timit"

exclude the generator operators unfppbunately. ‘They will
have to endure {he nuisance of black séot fallout,during
high Ringelmand readings’ and fuel oil"odors during white

» . & . ’ | . N ‘. ' ,
i N

) . v

ys have éflith him a .
ince instructions for °

the generator and its components as well as a set of

tools.and selected replacement parts for the generator.

placement parts, tHe hypodermic needle, and the'plastic

/{
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SUCCESTED REPLACEMENT
BRTS TO BE KEPT ON

g PR o - IR w
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EAS

'

- Light bulbs .for traﬁsmissometer

- ‘Fuel pui_- S

- Fuses

- JPlastiéstubigg&\ SRR \\ S o

b\% :
. . . ‘.

QUIPMENT TO BE KEPT ) .
IN TOOLBOX ' .
- ~ - Pliers \ v ‘
l’ - - - Screwdriver _ . o
’ o ~  Pocket knife ' / )
: S - Pipe wrench for .loosening he transmissometer cap
- . = ’ (The handle may be sawed ¢ff to make the wrench
. . , . fit in the tool be%k.) . .
' 5 ' - ‘Glass fiber. tape - _
- Friction tape N [
- Roll of paper towels _“4
' 75 -  Matches ° . -
: ‘ k‘, = ' Vacuum tube voltmeter: (This is necessary for
: _ e . I checking for breaks in the wiring, but may be
- L . . ~ difficulg to transport safely. ) -
’ T - Wiring diagram for generator, control box, and” °
iy ;o o recorder (if recorder is used)
L ' ' e T . Crescent .wrench , , :
l - "' -  _.Hand cleaning flu d . . .
. o 100' extension cord . : o
- Cutters for trimming wire “ ;
L ¢ —=—" (C clamps ' . s .
P . .
. 1 "‘\_ I3
i s | '
. ¢ . *e 1 : ‘ 5 V
("V . ‘ t’ ) N }
: ..‘ . | _‘ , . J \
| -, i
( ¢ t} . ¢ . - .
._|- . . \\/\ » ( r
r L . -~ !
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o Sou_rdésof Course Mateels

. . . a ,

/
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'COMBUSTION TESTING o
Filmstrip with tape -. (

Source; Nati;nal 011 Fuel Institute /
.60 E.. 42nd Street |
New York, New York 10017

ORIGINS OF THE WEATHER

16 mm F{lm, Color " o

Source: Encyclopaedia Britannica Educational Film%, Inc.
425 North Michigan Avenue [} ' -

we Chicago, Illinois 60611 ° ~ -

" ROLE OF THE WITNESS .
% 16 mm  Film, Color

Source: National Audio Visual Gentér, GSA,
Sales Branch -
Waghington, D.C. 20409 ° ‘

“p#TNEE T's OF COMBUSTION )

- 16 mm Fi{lm, Color

Source: Rodel Productions . L
1028 33rd Street, N.W. b
Washington, D.C. 20007

RINGELMANN’ SMOKE' CHART
Information Circular 8333

Source: Publications Center’
Bureau of Mines B -
4800 Forbes Avenue
- Pittsburgh, Pa., 15213
Tel.(412) 721-8342
Cost: FREE : -

w6 /

AN 4

[




-
b

-

-

-~

- ' '

)

GUIDELINES FOR EVALUATION OF VISIBLE EMISSIONS
- EPA-340/1=75-007 oo

« U.S. Environmbntal Protection Agenc§ ' .
" Washington, D,C. ‘ ' .
_April, ‘1975 - !
{ A . .
and v .

¥

' GUIDELINES FOR DEVELOPMENT OF A QUALITY * L
ASSURANCE PROGRAM:
VOLUME TX - VISUAL DETERMINATION OF OPACITY

EMISSIONS FROM STATIONARY SOURCES

EPA - 650/4-74-005-1

N

U.S." Environmental Protection Agency

Washington, D.C.
November, 1975

¢

-

'S

)

!

Source:
i

Library (MD-SSY/ .
U.S. Environmental Protection. Agency ’
Research Trilangle Park, N.C. 27711 ' i

or. A ‘
}ational Technical Ipformation Service' ‘ i

- 5285 Port Royal Road
Spri&gfield Virginia 22161

{
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COURSE LOCATION:

USEPA Environmental Research Center

P d

) May 17-19, 19_

[y

Sam‘ﬁengenda

 VISIBLE EMISSIONS EVALUATION
. s

MODERATOR: J. Doe - I

-~

Research Triangle Park, ' : °
North Carolina- 27709 ~ .
i 4 ' : “
Day and Time - Subject Speaker -
4 [ 4
T o _.First Day
Tuesday, May 17 (For Nel Smoke Readers Only)
8:30. Registration and Opening-Renfarks J. Doe \\v;
9:00 - Visible Emissions, Their Cause and J. Doe
. Regulation : : h}
. , -
9: 30 ' Principles of Combustion - Introduc~ " R. Jones
tion to Movie: "3 T's of Combustion"
10: 00 Break ) '
" 10:20 ¢ Combustion of Fuel 0il « Correct R. Jones
Practices .
i3 < : AN )
11:00 Combustion of Coal - Correct’Practices R. Johes
C o B .
11£45 Qui. 2 .
12:00 Lunch | M
' L
+1:00 Other Combustion Emissions: Open R. Jones
Burning, Incinerators, .Internal
, - Combustion Engines, and Jet Aircraft
f ‘
. 4 *
1:30. . Noncombustion Emissions and Water R, Jones \
B Vapor Plumes
2:10 Bréak -
2: 20 \ ,Ringelmann Chart & Equivalent Opiiffy’ J. Doe.
#
3:00 "Qualification Procedures and Exertise J. Doe\
in Recording for Qualificatién :
. ‘ \ . ‘
3:30 | . Demonstration of Emission Values ®ith J. Doe
{ v Emission Generation (optside)
4:30 Adjourn . ‘
| o
‘e . . »

A8\
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2:30
2: 50
3:10
3:30
3:50

4:10

4230

Legal Aspects of Visible Emissions and‘

Local Regulations
Fiun - Role of'a w#tness
-Ciﬁgtion Forms for Violations
: Dmission’ﬁenerato; h
Aiunch
"‘Emission Génerétor (outéide) r.
Black Smoke (Read and Record)
‘/,“' ‘
.7 White Smoke (Reag and Rec;;d)
Black Smoke (Read énd Record{
£‘Whine Smoke (Read and Record)
White Smqke (Read and Record)
‘_Bla k Smoke (Read and Record)
| Bladk Smo#e (Read énd ﬁecord) ’

Wh%t Smoke (Read und Record)

v '
Black Smoke = Continuous Eyaluation
for Violation Citation

Adjourn

B [ . [ 4 » ,
e S 3
.. ' ‘ [ . '
_i ; Day wnd Time “' Subject | épegker‘ .
\I ! Second Day ' -
: | Hednesday, May 18 (For New Smoke Readers and Those Needing Recertification)
- -8:15 Review and Discussion b J. Doe
g S t ¢ &
l 8:'30' 4 ‘Basic Meteorology J. Doe.
: 7 ;
_ 9:00 ‘ Meteorological Factors in Smoke J. Doe
. : . Reading : o
I ‘v\' ' 3 * N
‘ 9:3? Quiz ) '
\\ o
9:45 Break

‘E. Law

E. Law

J. Doe

J. Doe

R. Jones

J. Doe
R. Jones

v
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" o Day and T
e o - —

Subject

" ot

. ! Ihu;sdax, May 19

Lid

a

“

s

8:15

9:000
9:20
9:40
iO:OQ
16@20
10:40
11:00
11:20
11;40
12:00
; \J
1: 00
1:304\\\
L
.2:00 -

2: 20

2:40 - v

3:00

©3:20

3:40

A:QO

. 3.
(For new smoke readerg/and those needing recertification)

Exam ‘ ' “ : J. Doe .

Black -Smoke. ‘(Read an J. Doe .

‘ | . and R. Jonﬁf

White Smoke (fead- and Record) L
A p ‘
White Smoke (Read and Record)
. ‘ ° .
Black .Smoke (Read and Regord)

\;]geak N N | . _
A \ \:> :

- “Black Smoke (Read- and Récord)

White Smoke (Rtad and Record)

s

’ L ]
White Smoke (Read and Record)
Black ‘Smoke (Read and Record) , ‘ .
Lunch

Exam Review = !

J. Doe

White Smoke - Continuous Evaluation
) and R. Jones .

for WViolation Citation

i
White Fmoke (Read and Record)

oy

Black Smoke (Read and Record)
UL
(Read and Record)

’

(Read

Black Smoke

White Smoke and Record)

Black Smoke (Read and Record) -

White Sﬁoke.(Reag and Record) D)

CourseiEva}uation and Closfng

50
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..+ INSTRYCTOR
. LESSONPLAN

S
Subject: REGISTRATION AND OPENING REMARKS

Objective:. Student should be able to identify the purposg, of this course
and to find and %ave rcad the Course ObjectiVes 1is$ed in thctbtginning
of Lhe Student %Fnual : . '

5

) S

wd

Suggested Time: j minuteg

8 ~ )
. D N T
Required Equipment: None

»

< . N v

LESSON OUTLINE : o g o | Atds & Cues
I. Make a final check of pre-class preparaiions ' )
A. Lighting and lighting ‘controls 4
B. Student nanuals, handouts, and regfstratlon materials.
C. T’rojection equipment N
L. :35 mm projector - > | S
2 m0vie projector and take up reels (l for 1600 ft. fllmj
3. projection screen . _ ‘ !
4. blackboard, chaTk, eryser ~ ‘ ..
N 5. overhead profector (optional)
. 6. wa£ pentil (1f needed) : .
iIL- Pteliminary remarks | - ¢ A‘ l
A, \Wektome class ¢ e R
B. .Introduce self and the name of the course . !
C., Hand out any registratioﬁ materials &nd. any other studéng ' ‘
. materials not previously distribsted ‘
D, G&ie students any neéessary instructions -about filling out ; )
. rejistration cards ) ' ‘ * .
' E. Mention the names and affiliations of other speakers who
wiil be appearing'durtng“;he*course 4
F. Point out the location of the restropms' ‘ : . .
G, Explaln any arrangénen{i for coffee during break periods
A ' .

<




_ LESSON OUTLINE1 *© .

Alds & Cues
7

'.o-_\i

.State the ggrgose for and the method of cond&bting this
short c¢purse in Evaluation “of Visible Emisdions

A.

Suggest location% of restaurants or cafeterias where

the students can eat 1unch ’

Coliect the registration cards when they are
completed.

- Purpose

PR

Method

1.

within 7.5% of the correct reading on the avwerage

S T \
/

A}

o,
\

To train the student so thht he can qualify as an
expert smoke reader who can determine the opaci-

¢
ties of both grey-black and non-black plumes

and with no reading incorrect by as much as 20%.
To instruct the student imn the causes of visible
plumes, the effects of weather on these plumes,
the legal basis for visible emissions regulationﬁ
and the proper proceoures in enforcing these
regulations. ~ | b

A day and a half will be devoted to lectures
on the various topics associated with visiﬂle
emissions and their evaluation. . _
During the last 1 1/2 days the course will be
conducted outside. First, you will be given
training in correctly identifying (use whichever
is appropriate for the agency involved) the
shade of black plumes according to the Ringelmann
scale and white plumes according to the equiv-
.the opacity J? black

or grey and white plumes‘ac‘ording to USEPA

alent opacity scale or

Method 9 . Then, there wiil be a series oP

‘qualification runs testing whether you'can

identify the correct opasities,or densities of

‘ .
‘\ 52

-
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LESSON OUTLINE 1 . ~ “Aids & Cues

[sd

“

95 ghades of black smoke and 25 shades of white’

" ' ‘ _ smoke. To qualify, you must read one of these
' 1 ! . ' ¢

:l oo sets of 50 shades within the prescribed accur-
’ * . 4 .

acy. _
3. There will also be several short quizzes and one
examination during the course to test what you
"o have learned from the 1ecture portion. s .
C. ' Qualification -
If you successfully psss the qualification test for/

-

evaluation of visible emissions, you will be given

-a certificate by the agency- conducting the course S .

- a

- stating your qualification and the date of this coarse.
(4'diploma may also be given for attending at least

¥ .
/

954\of the sessions without: the requirement of qualifi
cation.) . o~ < ' ~/
1v. | An official of the sponsoring air pollution control office
may be iqvited to give a short welcome talk at this point.

" * . . ’

A

|
i
*Plume - readings will be based on current state regulations.

gy

.
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o ~ INSTRUCTOR
. | -4-- o 'LESSON PLAN

.- - ' " -~
(Subject: VISIBLE EMISSIONS THE}I CAUSE AND REGULATION
I

By

"l

A . < N LY

-

) Objective: The Student should be able to define micron, list th rpes
A k pf visible air pollutants, and give an example:of each, describe t

effects of particulate air pollutants, including the scattering o ipht by ..
0-1p particles, and list the types of air pollution regulations, :
! , ) . ' -

S“SBQQted Time: 30 minutes /i)"

_ A , -
R@Q“#Fed.EQFipmentf‘SS mm slide projector ! B I

1 . . LESSON OUTLINE | . |Atds & cues
K Introductionz ' l o | I i

To beg n’ this course, I would like to explain why we see
some plumes/ while others are inViBi’le' Although many pollutants \;_f\\
are visible and can hurt us, the ones we cannot see can also have

damaging effects to health, vegetation, and msterials.

We are here to learn how to make visual measurements of the .
shade of visible plumes so that we can enforcd ome type of law on | - »
regulation against air pollution— the visible emissions regulation
are. (depending on regulations of the agency)involved) '..
(1) Ringelmann Numbers for regulating gray and black N '
’ s ’ emissions, ’
(2) Equivalent Opacity.for rJLulating non-black emissions,
a or (3) Opécity .regulations for all visible emissions, .
r There arelother types of regulations for restricting air

/
pollutants and ke will say a few words about them. In the course
of this talk thefe will‘be several terms introduced. These will"

'be used frequen y throughout these lectures to make sure you'

understand ther, ' : y
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LESSON OUTLINE 2

-
3

4

1.-.particies

T
//f/
. ¢

a, solid.
: \
b, 1liquid.
2, gases ' !
B, Particle size P \\ 

-1, -micron

2, behavior

¢

a, large - fall out of the air

b, 5-160u - guspended particulates

c. 0,1 - 1,0y cause haze

effect on light rays

o

a, 0,4 = 0,7y scatter light . )

b, larger particles reflect

c, smaller « invistble

1I, List and ‘define the names of the various tfpes of

o

visible air an;aminants

A, smoke I
B, soot
C., flyash
D, fumes .
E, dust
F. mist \
" G. ,condensed water vapor

H. gas —‘visible
1. NO2
2. .chlorine

3. watet vapor

A, materials
B, visibility
C. incoming sunlight

£

) ]
‘111, Describe the effects of paiticulate air pollutants

'

i

[

1es§on number and the second number
of thumbers in the lesson.

I sy

- e
-

% . )
' Thes@ are slide-numbers. The first number indicates the
indicates the series

L]

6y
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Aids & Cues

LESSON' OUTLINE 2

D. health-
E. vegetation
Wy ldentify and give examples of the types ofore"ulations
that can be-used to control pollutants
A. weight per unit weight of stack gas (1bs/1000 1bs)
‘B. grain loading (0,04 grainsyscf r 90mg/scm)
process weight (40 lbs per hou;(ger 60,000 1bs per
hour .of process weight)
4. limitation’ on basis of thermal input (lbs/10 Btu of*”
. heat input) . .
- D, boundary 1ine measurements of air quality (200ug/m
at or beyond property line) . _ o
'E.  Ringelmann Number and Equivalent Opacity
. ‘ 1. advantages ’ _’L 'fieadvantages Ea
'} V. (Summary o S

Y Thus, although we may commonly call the emissions from'a.

stack smoke " they may not stfictly be smoke for that
is reserved for products of incomplete combustion.
of what name to call emissions we should know how they were %
created. _

Generally, the particles that make a plume visible are
extremely small., They can be seen only with a microscope, 1if
we look at them individual”y The larger particles that we
can see individually with the naked eye do not remain in the
"plume, but fall to the ground relatively soon after they
leave the. stack. '

The - alternatives to regulating emissions by visual )
obaervations are measurementy of the weight of material comin
from the stack These measurements take time and expensive’
equipment and can be done on only a single stack at a time.

" Regulation through the use of a visible emission
regulation can'offer a means to cleaner air with the expendi-
ture of.smaller amounts of wanpower, time, and money by the

enforcement agency.
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i am . e 35'mm Slide List for L . L
A l . : , Visible Emispions, Their Cauge and Regulation _ .
' ‘ . [ ) | - J '
. ) ®11de - | e L T
§ - | DNumber  °° Topie ' ‘ Comment :
DU : ~ ' . o S .. .
2'1_Q,{ Sizés of atmospheric particulate matter Note clagsifications
. - v - (from Criteria Document for Partfculates) of particulates
" : 2 BE betwean 0,1y and 10
' ~ 2-2 _Types of effluent plumes (from L.A. . ~All of these include
' /. -~ . 'Field Operations Manual) . some \_/isible pollutants
oo 2-3 waod prodicts manufacturing plant o Smoke ‘ |

' N .Columbus, Ohio (wood waste burning). | . \
U TR v:‘ | s . \
. . 2-4 . Airpollution training smoke generator - Soot\\'
: (smoke from burning toluene) e

; . |

© 2-5 Steam—electric power plant - Fly ash
, , Lawrenceburg, Indiana (coal-fired) - - RN

. 18, eas.

-+

.2l  Open-hearth furnaces R '&.I.mh bxide fumes
Lorain, Ohio - 1970 DR S
(metallurgical fume)
, 2-7 ¢ Grain elevators, Columbus, Ohio . . Dust
B ' (grain dust) Co _ . . '.. o
;2-'8 " Contact pfocess sulfuric acid plant Sulfuric acid misp from
Columbus, Ohio (sulfuric-acid, mist) ~ tall stack; water vapor
. ) - . from lower cooling tower

\

(N‘O2 plume) ‘ ' - '(})rownish plume)
) . ) . : Y
'Q-l(’) Cleaning of City Haﬁ : Bffect of particulates- -
- Cincinnati, Ohio on materials - .

.
£

.2-11  8kyline (Cincinnati, Ohio) Effect on;v%sibility

2-12 Measurements of amount of sunlight Effect on incoming sunlight
(0.5y) reaching different heights in ) Co
- urban and rural areas (from Criteria °
.Document for Particulates) . ~

2-13

-

yatem (from Criteria pivides sygtem into
ulates) - nasopharyngeal, tracheo~
~ bronchial, and pulmonary
Y _ . parts

Human respirator}’ig.
Document for Parti ]

2-14 Fraction of particles deposited in Larger particles stop in
y the three parts of the respiratoxy . naso~ portiof; ‘Most of
\ tract systém as a function of smaller ones ‘get to the

‘

l . 2-9 Nitric acid plant . © ’ .Nit;xogen-dioiide gas

particle diameter _ pulmonary portion (compare:
with slide No. 2-1),
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- .- INSTRUCTOR
- LESSON PLAN

. ‘ﬁf;‘gbicct‘ PRINCIPLES OF COMBUSTION,- INTRODUCTION TO THE MOVIE | |

-

Z.\

! * . t -
1 ) .
»

L

Objective: The student shouldbe able to list the four items necessary .
for efficient combustiony list the chemical elements which combine with
oxygen when fuels burd, and identify the causes of poor combustion shqwn
in the movié, "3-T's of Combustion," ) ' ’

L.,

v
AN
L3

4

Suggested Time: Movie-and'remarks - 45'minutes (Moyie alone - 30 minutes)

. —

Required Equipment: 35 mm Slide Projector, 16 mm sound movie projector with a

take-up reel of 12" diameter. . . zp
it - . %
LESSON OUTLINE // ~ . - Aids & Cues
--Introduction. - ‘

We are next going to watch a movie that describes how to

obtain. efficient burning without producing black smoke. It is

N

: called "The Three T's of Combustion" and what it says about the
necessity for time, temperature, and turbulence plus oxygen or air
is true for any type of combustion, whether it be the burning of
coal in a furnace, gasoline in an automobile engine, trash in an

inci tor, or jet fuel in an airplane.

Before we see the movie, I want to mention some of the main

points you should watch fbrnin-the film, /

. 0

I. Point out that most fuels contain carbon and hydrogen plus
small amounts of unwanted sulfur and nitrogen all of .
which combine with oxygen in burning.

A. Hydrogen plus oxygen gives water vapor and heat
"B, Carbon plus oxygen glves carbon dioxide and heat
C. Sulfur plns oxygen gives sulfur dioxide and a small
amount of heat '
D. Nitrogen plus oxygen gives nitrogen oxides
E. Except for some forms of cafbon in coal and free
..nitrogen in some gaseous fuels, none of these elements

occur in pure form ip most fuels. 'Thus, to get the

PR
4

‘ .
» N \

»
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LESSON OUTLINE 3

Adds & Cues{\ )

1.

I11.

1v,

full output of . the combustion, we need to control the

conditions of' burning - the 3 T's and air (or oxygen)!
Describe the parts of a kerosene lamp and how alterations

in.the burning’ conditions within the lamp will producé

incomplete combustion,

A, Parts of the lamp

»

1. glass coq;ainer.fbﬁ_holding'ghe fuel
. 2. wick | DR
3, grate )
v 4, diffuser or tuyere (pronounced "tweer“)
5. lamp chimney

B. Conditions producing incomglete combustion or

inefficient burning in the lamp

1. no-tuyere - lack of mixing (turbulence)

2. no chimney = too much cool air (time & temp.)
"3, cold chimney ~ lack of heat in the combustion
~ area (temperature) N ‘

4, "too much air - wasted heat

C.

5., too little air = unburned fuel

Methods of increasing air and eliminatihg smoke

1.

taller chimney ~ increased draft

.§hdw-Movie

2.y raise bottom of léﬁp - "overfire air
"The Three T's of Combustion,'
Summary and application of the 3 T's to furnaces

A. For all the carbon ard hydrogen to combine with

oxygen. <lhe needs are:

l.w sufficgeﬁt time e
2. adequately high temperature .

3.' sufficient turbulence

4. ‘these conditions prevent formation of CO and smoke.

.

L]
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LESSON OUTLINE Jd Aids & Cues
B, Methods for increasing the 3 T's immfurnaces 3-1
1, temperature ' ‘
a, preheat air '
y b. insulate combustion chamber
c, design chamber to reflect heat inward . a
2 turbulence - @T’.
o ur e It e
| "
a, bafflés :
 b. air jets j
3, time "
‘ a, baffle design
b. adequately sizedy combustion chamber
v
C., Principles to check if there is a smfRy flame
1, too much air {
! 2. too little air ' N
3. YMnsufficient gixing -
4, cold furnace
D. All fuels or combustible materials burn as a gas.
Soli@s or liquids must be transformed into ga$eous )
) qtéte by sufficient heat.
¢
o ‘
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A S LSTRIOTOR

ooty

Subject:  LOMBUSTION OF FUEL OI, - CORRECT PRACTICES

"y

-

LESSON PLAN

Objective: The student should be able to differentiate ween the
characteristhﬁa of distillate and residual oil, define fractionation and
cracking, identify the types of boilers, list the types of draft sydtems,
explain the necessity for soot blowing and the recommended frequency, :
l1dentify the causes of poor burn?r operation, and identify the cgmposition

of the different colors of emisslons that may accompany fuel oil combustion
and the combuscion conditions associated with each.

-

R
Suggested Time: 40 minutes

Y

Required Equipmént:‘35 mn Slide Projector

R N

+ r

Z

v LESSON OUTLINE : Aids & Cues|.

room for an inspection. While these next two lectures will not

Introduction:

The incompieté fégLustion of carbon-contajining fuels is the
cause of black smoke. The three principal hydrocafbon fuels today
are coal, oil, and natural gas. Generally the burning 8f natural
gas does not produce ayblack plume.  Complete-combustion of coal
apd oil will not produce a black plume either. However,. complete:
combustion of these two fuels is not always achieved. ‘

We wiﬁﬂ now discuss! in two lectures the burning of fuel oil
and coal. ' You, as ag air pollution control officer should know
something about thg composition of these fuels and the mechanics

of burning thmw. If black smoke 15 emitted something 1s wrong in
the combustion-operation” You will have to go into the boiler

make you a combustion engineer, they will discuss somé_of the
basics and relate them to the three T's of combustion. #¥
The first lecture will cover the burning of fuel oifl. N7

I. Explain the refining of oil and the classificapion of fuel
olls produced by the fractionation

~

»

A, Refining of crude oil- distillation and cracking 4
1. composition of crude oil . ‘
2. distillation or fractionation \ ' 41

1 \ﬁt_/ * M b - . -
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LESSON OUTLINC 4

B.

. ’B‘oi_vling%o separaté the fractions
b. products
1) distillates

3. cracking

.,

a. change in hydrocarbon structure = ™.

b, heat, pressure, and most often catalysts, are
required

ce redistillation

Grades

.of fuel oil
1, classificattGR by number .
e distillates: 1 and 2
b, residual: 4,5, and 6 (Bunker C) -

ce Number 3 no longex" used
2, Eéch grade must meet standard specifications
a, list the specifications
3. C%&ractcristics affecting air pollutienm-
a, viscosity .
1). define and discuss
2) variation between residual and distillate

, b, sulfur content
1) range
2) limited for distidlates (Bﬁréau‘of
?tandards) '

3) desulfurization
“c. ash content

‘$
1) éaximum of 0,3%

d. types of hydrocarbon compounds in crude oil

w 1

J .

v and their characteristics

1) paraffine - burn easily.

\:1_." .

2) aromatics « cracking

3) olefyps -~ hard to burn

¥

63

2) residuals ' T !\uf\v" | )2/
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b. ,Oil prqssure " o .
‘ 1) high pressure breaks up_thevﬂfbplets
i c.'.rotgry cup ” _ B .
4 -i) tear oil film into drops by centrifugal
': . force . ' |
» 2) vertical rotary - domestic burners
3) horiéontal rotary = residual oil .
‘de mechanical | S '

Y ' -

3., burners and viscosity '

1) break up fuel oil gtream at burner tip

2) wsteam keeps temperature high

1) use both high oil pressure andlﬁentrifugal

' faqpe .

2) stéam ~ electric power plhnts

(.

' LESSON OUTLINE 4 - Mds & Cues-’
+1 11, ';I;cusa the equipment used in burning fuel oil and trans-
. forming its energy into useful-heat
N A, Requjrements for complete combustioﬁ -3T's
v‘ . 1, )t;l fuel . burns as a vapor (gas) \Q C
a. vaporization of fuel ~ time» and turbulence
‘ b atomization of fuel
2, flame in combustion chamber;must be hot - temperature
"4 *a, combustion chamber size - Eime — 8
3 | 1) too large =~ éooling (poor mixing)
~2) too small - jnsufficient tim
3. oil drop burns ih layexs -
% a. mixing is required - turbulence and sufficient
\ air :
\ B. Burners )
\ l, vaporizing =
\ . a. fheat oil in burner
\ b‘: used for reg}dential furnaces and water heaters
! , 2, atomizing
a, steam or air 4-3, 4=4 -

4-5
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Alds & Cues

D.

a, proper operatiog only between narrow viscosity
limits : . .
. 1 air to fuel ratio must be corrift ‘

®

b. preheaters _ “
1) most residual oil must be, warm to allow
pumping * . ot |
2) location - °
' hydr;carb;n ;oﬁbuséion
a, .hydroxylation
1) blue flame .
2) molecules’ combine with oxygen
b, decomposiflon (cgacking)
1) yellow £1ame’
2) hydrocarbons decomgose.into lighter
_compounds e _ '
c. mixture of hydroxylation and decomposition is
ideal fbr'good combustion
' Combustion Chamber { . | \

f&- heat release is important factor

a.

too high =~ excessive furnace temperature

b, too low - excessive éobling and smoking

1, used to heat or vaporize wgter

2, 8ize determines heat relea;e
3, shape prevents flame from hitting chamber sides

Boilers

" 2y« fire-tube N bt

a. heated gases inside tubes

e

Ce used.For small and médium-size industrial
boilers ' )

3., water~tube .

b, water outside tubes

\

)/a. heafed gases outside tubes
b. water‘inH}de tubes

. N
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LESSON OUTLINE 4 " L Aids & Cues _
i . / - V . .
c, used for all large st?lg:electric power plants l '
' - ' and many industrial bdilers ' /\ .
4, sgectional | . y , -
. -
a, ,sections may be joined together _ l
1 ) s -
b, TYelther water-tube or fire-tube ' J : :
E, Draft syhtems : \ .
e 1. natural . ‘
' . a, difference in pressure ®etween gtack and , '
. t
ANE . outside air -~ “
b. back pressure ‘ | {
~1l). too small stack : ‘ l
2) too large stack | / |
2. dinduced ) . | ‘ | |
a. fan pulls combustion products from the com-
bustion chamber and through other passages
a. fan pushes combustion products through ' . _
. # the combustion chamber S ‘ '
F.  Soot blo‘ng . - ‘ _4q '
1. carbon and inorganic ash solids adhere to heat )
. . ! !
exchange surfaces in boiler , 2 ,
.a, deposits must ‘be removed for good heat o ' '
transfer - : . T
l ' . b.* soot blower ~ jets of steam or air ] ST
: c. particles are picked up by gases and cgi{se \ '
- |- - g
excessive opacity \
: ' 2, 'frequ"enc'y ' '
. a. racommended every 2 or 4 hours. ‘
. .1) 1itt~1§ increa:se in opacity \ J ' '
} 2) dust collector (if any) not as badly ' .
' 'overloaded ;r ' )
{n' * 8 to 24 hours - not recomended ' - : s K '
‘ 1)_ increase in plume density; dust coll!ect'or,- '
(1f any) overloaded _ N _ | .
1 L } ‘ B v
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W MILL  ist rhe AtfFerent anif?l.;(f;“J[J;fﬂf"'f {LJ}TESEI’Liﬁ'wiémém*;mw'“ I
. ‘. ' vous‘tLoruand explain which ones :an be concrolled hy "f : _ ; ' .
i proper !>ur.ning; vractices . o ; . t \
: Yo air poliutuacs frvom fuel oil burning - :
'_ L, actributadle re tfucl grade . _‘ g ' E ;
- 5-.&. sulfur oxides -
- ' : be ash ) , )
o 2, affected by .burner design and opera_t:ion‘ |
'. _ a, carbon / : ' o L )
_ . b. .carbon monoxide = ‘
- Ce ﬁaldehydea | .
. : . 'd. - organic acids -‘\'
' e, .hydrocarbons : ' : \
. . : : J . (Y4
. ' . . £, "nitrogan oxides . ' ' ) .
_ ' 3. péor bﬁrner.&esign or operation
) a, signs. _ ‘ o ' o, )
' ' o ‘1) appre?iable odor o o N
. '2_) smokg ) )
. : 4 3) eye irritation
'. ; o " b. causes . ' ( .
| ,‘ 1) burner and fuel not.compatible
'\. 2) burner not properly adjusted ) ' o
! l 3) poor draft _ i - o ) ,
| ' _ . 4) impropey fuel-to-air ratio I ' ' ' | F‘
KY ' \. . 5) ~.poor mixing - _ '
. _ \ : .'I“ 6) insufficient turbulence  --.- . - . ' \
R I \ - 7‘) low furnace temperature ‘ | | -
‘ : 8) insufficient time for burning in the
' B - , comb.ust:ion chahber -
o ' 9) flame hitting side of combustion chamber | . _ o
‘.' . ’ 10) 4improper fuej temperature B o o K’\
- : il) improper fuel or )Y “steam pressure - | = r..;j_"-' - T o
"' . ‘, | * 12) ditty, worn, or damaged burner tips or o v N '
- 3% \ ... crotetyow. . e T ’
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| - LESSON QUTLINE 4 | | Aids & Cues | |
B. black smoke and white smoke ‘ ’
1. ( black 7 , /
al, carbon particles o . -/
L _ b. unburned hydrocarbons
' ‘ 2. brown or white ! ' ' "
- '

a., ‘finely divided particulates - usually liquid
1) result from vaporization and condensation

# . - of the o0il without combustion

2) caused by excessive combustion air
(cooling) or loss of flame ,
A.NA; o A ' 3. visible plumes accompanying complete combustion
-a, large oil=-fired séeam generators
‘b. .cauges |
1) ‘inorganic ash particulates
2) sulfuric agid mist

‘ " c. particulates
1) - dependent ponJ;ype‘gf fuel_f
a) distﬁate' - low .ash | v
b)"resiaual - higher ash conteaé'."wwp_ngﬁ_—uwrmpn—ﬂ )
2) slze .

a) ash - 857% are less than i fnicron \
| ‘(except during soot'blowiné)
. b) unburned carbon or hydrocarbons =
1arge; particles
’ 3) cenospheres
a) carbon particles resulting from
| incomplete combustion of-ré‘idual oil
‘B) hollow, blafk, 'spherical, low density l'
c) size range - 0.1 to 1.0 micron ‘
% = 4) distribution by type '
S A ' . a) ash = 10 to 30%
' | b) sulfates - 17 to 25%
c) cenospheres - 25 to 50% - ;
.. 68
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5)

~content while cenospheres are controlled

d. sulfur oxides

» 1 ) .

2)

Ash and sulfates are controlied by fuel .

by efficient combustlon. Modern steam
generators burning fiuel oil produces very

little combustible material.. Visible

emissions from these plants are essentially ..

attributed to finely‘aIvidéd inorganic
materials - notably sulfur trioxide and

inorganic materials.

distribution in exhaust gases

a) S0, - 95% - colorless,

b) SO3 - 5% -
and condense to. form visible sulfuric

can combine with water vapor

acid hist
sulfur trioxide
a) concéutrations are negligible in small
- equipment and increase as equipment

sizes, firebox tgmperathre, and sulfux

content of fuel increase'

b) acidifies particulate mat\sr - acid
'spotging ' '
c) causes of increasg in SO3 em%ssions-
high combustion temperature, too
, much excess air, fpel sulfur content,
| dirt on heat exéhanger tubes and
small quantities of metallic metals -
" contained in the fuel acting as an
“oxidation catalyst (V, Mu, Fe, and
Ni) : o - |
d)  shade of plume - varies with

weather and narticulste comnosition
AN ' '
\

-

- - ! i : . - N
H = oy @ ok o ‘iill - = B =
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LESSON OUTLINE4 \

Aids & Cues

e) detached plume - caused by SO3

reach-
ing its dew-point at some smaL; '
distance downstream from the 1ip
) . of the stack. . |
C. Control equipment for residual oil- firEd combustion-

1, centrifugal or cyclone collectors
- a. no:‘Ffficient in removing partieles less than
5 .

crons. . : S

b. used primardily for control during soot blowing) '

electrostatic precipitators } :
a., . can cut particulate loading by 9 n"

b, S0, emissions cut by 50% .

3 _
3. fabric filters - potentially important in the &

future . Ny

IV. Summary _ )
Fuel oils used in combustion are of two types—-distillate

and residual, The distillate oils are low in ash and sulfur

content and thus produce visthle plumes only when there is inw-

| complete coibustion. “Residual oils are higher in sulfur and

ash so’ that even under good combustion conditions visible
plu@ee consisting of inorganic ash or sulfuric acid mist may be

emitted, These visible emissidns ¢an be controlled by electro=-

static pre%}pitators and fabric filters may come into inereas—

ing use. . \
é}With careful attention to such things as burnfr mainten—
)

ancd and adjustment, proper fuel usage, preheating of fuel,

and correct soot blowing schedules, there should be no illegal

black plumes from the combustion of residual fuel oil.

/

L] .
Note: At his option the course director may replace this
1ecture with the film strip entitled "Combustion
Teating." This film strip is included in the Sources of

, Course Materials ‘1isting. . S
: - 70 : '
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¢ INSTRUCTOR' |«
N o LESSONPLAN o -
.SubJec‘tt COMBUS’l‘_ION_O,FYCOAL—--,‘CORRECT PRACTICES ° S | _

¢

LY

Ob jectWye': Qtudent should be able to list the types of coal, differentiasme . "
betweenYproximate and ultimate analyses, differentiate between the causes of ' '
the valous colors of coal combustion €missions, list the different types

of payticulate collection equipment, and identify the effects of the following /
on the creation of smoke from coal combustion; coal factors; combustiop '
equipment; c0mbustion factors (time, temperature, and turbulence).

| | ey

. . ) . -
. s .

i | | 0 b
| ‘Suggested Time: 40 minutes

* . - Required Equipment: 35 mm Blide Projector . | ) | A »
: | .un "~ v N /! - o

Aids & Cues

IntroductiOn : i | . T | '
" Through the years %ost of the black plumes emerging from | .
chimneys have been cauaed by the burning of coal. As gas and oil 4 ‘ .
replaced coal as the fuém heating many homes and+other |
establishmentsjl the amount of black smoke on the horizon

| decreased. The installations that burn coal have increased '. [/ _
their yse of more efficient collection devices in order to reduce , ; i

'
!
!

the emission of ash and unburned carbon. . In recent years, much
emphasis on alr pollution conttol of coal combustion has.begn

fiyen to the reduction of sulfur oxides. « ~
However, the burning of coal is still a principal source of :

energy for the production of electric power, "and coal is used in
‘numetous larger-plants. Vast reserves of coal remain to be mined
and burned. You should-understand ‘the methods that have been de- '
Jyeloped for |burning coal and what effect they have on the. visible.
emissions. 'The composition o’(kne coal varies. For example, mines
in Wyoming produce coal that. has characteristics different from

West Virginia coal. These differences require changes ‘in the com-
bustion equipment. ’ PR

Finally, if coal combustion is producing a plume of an

*11legal opacity; you must ‘also suspect that somewhere in the

burning operation one of the 3 T's of combustion is not being

, , 71
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_ LESSON OUTLINES "] Atds & Cues
 fulfilled sufficiently, or there is‘:rouble with the dust collector.
@Pis lecture wilylcpygr the clagsification of coals, coal
burning methods d eﬂhipment, and some of the causes of ) ' '~\-
visible pluﬁes a@glthe preveptive practices to avoid black
{ smoke. ST ' ' .
..:4~f_“M I. List the various methods for cTassification of coal and’ L
_ ‘ point out the importance of a coal's volatile matter,
- ash, sulfur, and heating value to air pollution emissions
A, Types of coal | ’
1, anthracite . o a " : '
2. bituminous - ,
g 3. lignite l LTy .
4o preparation of coal = | - . : : .

B, ‘Composition of coal -
1. proximate analysis “ ' ) ‘ 5-1
18 'volatile matter

1 b. fixed carbon b
' c. ash, '

d. moisture content

e, other \

2) heat content

2.» ultimate analysis :

c. Coal composition. and air -

.1) sulfur content

pollution’.

5-2

1 a, hydrogén
| b. carbon . .
lc. oxygen
de nitrdgen .
. e, sulfur ;
£. ash B
8. moisture. '
. / . 3. .siée
4 a. -screen analysis

o 72 .
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* . LESSON OUTLINES

A

B

b. high ash coals— power plants
C.

d. some can be removed in preparation plants

3.

"a, reduces coﬁipg in stokers

11. Introduce several terms that are commonly used in

-moisgture

b, reduces_dhs

volatile matter— incomplete combustion results in
parMally burned particles: soot and black smoke
ash’ o

a. particulate emission

low 'ash coals—retail usage .

«

sulfur,
a, pyritic sulfur | - ,
1) sgme can be removed ‘
2) most of the sulfur is in this form _
b, organic sulfur—-cannqgt be removed economically|’
c. combined sulfur
1) in sulfate form \
*'2) cannot be removed economically |
d, high sulfur cba}—mhigh in all three_fo%ms of -
éulfu: o .y ‘

s

P

Aids &‘Qpes!
N

| ‘7Kdiscusszhé‘qsgrf§_ bustion
YA Fﬁrnaée é&stgm characteristics a
1. fuel bed -
~ a. -grate ‘ " .
v 2. fdel feedirg method " .
.a. ‘dnderfeed stoker ‘ : o e
b. overfeed stoker .‘ . )
v i c. . Spreader-gtoker o
d. pulverized L ’T‘. ]
3, air ‘ ' ' - § S . .
‘a. uq@erfire air |
b. overfire ait . ‘ .
4, arch - }' - ) e..;‘
. ‘a. refractory matetial l ~ B
vy | ' _ S 3
1 . - 73 . ‘ — .
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LESSON OUTLINE 5

Aids & Cues

4

~

10,
I1II. Discuss

\a.

+d, furnace

. carbon in the as

describe the principal
“equipment

A, Burning of coal

heat exchange equipment .
a. radiant heat absorbers
b. boilers

1) fire tube

2) "fire box"

3) water tubé

c.,» superheaters

d., economizers

e, alr preheazefs »
breeching

a, origiﬁally,Lthe conn"“tingvlink hetween the

furﬁace and the chi

draft,

forced _ .
b.\iinduced -’ - |
Ce atural v _ -

e. draft losses

coke ¢

’

§lagging v

the basic principles of codl‘céﬁbustion‘and

types of mechanical coalf firing

¢ !

v o
1, combustion process
. .
a, vaporize solid by addition of heat
v » b. burn the gas - ' |
- ‘\. N g
/ LS
. 74 -
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) ) ' A
& P‘L
2, butping.pn grates .

'

a. ﬁoverfeeh .
'1l) coal from top

2) air from helow

e
————
- ~———

"3) ,ﬁurning from bottom to top in layers
a) layer of géh
b) oxidation.zone
CJ reduction zone

d) top layer — -hydrocarbons and tars

- 4

driiven off
4) top 1ay%r produces smoke
a) '"secondary" or "combustion'" air can-
oﬁidize the volatile mattef and reduce
y v :
"

smoke

b. underfeed beds

1) éoal‘from below . .

! ‘s

2) air from below
Y
. L \
3) volatile matter is driven off at’ bottom
\.\ \
of bed and burned in ample air
\ -

' 4)  comparatively little :smoke produced

4
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" . .
B. Mechanical coal—firiné eduipment
' 1. overfeed stokers
2. underfeed stokers
a.' single retort— used with smaller bojiler ; 5.5 .
‘ b. multiple retort 5—6'
traveling grate stoker f' ér7‘
? 4. vibrating grate stoker ' { ‘ é}g
a. increase in fly ash because of agitation -
K\ . 5.m spreader stoker | \ !5-9
a. coal thrown into furnace f . \ ‘“'
b. paftially burned in sgﬂbe@gion P \
c. overfire jets required to géduce smoké from \
. . 'the-ovgrfeeh Eype'Bf burﬁing : \\
B ' d. particulate collector required v
[ 6. pulverized-coal firing u;,lt - ‘ 5-10
a.' types .
1) .wet bottom
2) dry bottom v ) )
b, médian size of pa ticlea;45 microns
. ¢. used in steam-electric power and other large
Y N ;ﬁ.ants - |
i 1) 50+80% of the ash in the coal leaves ‘ 1
' ‘ / . ) boiler as fine fly ash .
2) requires high éfféciency dust collectors
) 7. cyclone furngce ‘ - " . 511
a. used in large steam-electric power plants -
b, fires crushed coal ".'
c. coal and air circle around a cylindrfcal
_ chamber o ‘ ) 7l
| \ d. , 85% of the ash 1s retained as slag |
%f’ e. wf?h eqcaping is veﬁy fine ‘ ‘ | .

' . 1 | 7“ . / 4
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8. .fly ash reinjectibn ‘ ;
a. used with some types of coal-~firing equipment
b. cinder; a;e returned to grate for reburning
c. 1ncreases total flyash -

Itemize the causes of phxticulate emissions and visible
plumes arising from the combustion of toal and ¥ive some

methods for reducing the visible emissions

A, Plume composition and plume colors
1, condensed water vapor—-white \
2. sulfur trioxilde and sulfuric a¢id mist—-detached
bluish-whi?e plume that dégs not rcadily'diss*pate
3. organic liquids or solids—white, yellow, or
“brown - N
4, particplates(inclu@ing fly ‘ash)— '11ght grey,
~brown, or black Sy

o, black smoke _
1) small unburned or partially burned solid

. carbon or liquid hydrocarbon particles
2) caused by incomplete combustion of

B.

volatile part of the fuel followed by
cooling of these unburned g&seﬂ until

RS S

T ‘pqyticles are formed—'soot o : .

L ]

b. light grgyﬁdfmbrown o
caused by the ash of the coal; very. .
little free carhon ‘)'

Causes of emissions .of ‘smoke and particulates

e \
a.

1. coal factogs

1)

- {
coal size.-smaller sizes are more easily .
swapt up the chimney

volatile content v

high volatile coal

) greater portion of yhydrocarbons
which, wfien not completely burned,

produce soot and smoke Y

r

-l
' Y




LESSON OUTLINE 5

3.

- Ceo

combustion equipment and methods

: ¥

Ce

a,

imprpﬁer combustion — 3 T's of

a.

“b.

b) long flame that may strike cool
éurfaces'of furnace and produce sdot
2) 1low volatile coal '
a) burns with short transparent flame

ash content— greater the ash content of the

coal,. the highér the emission of fly ash_ |

type of firing .

1) least generation-underfeed stokers

2) greatest generation-pulverized fuel unjt

firing rate i

1) hiéher rate results in dncreased gas
velocity, which causes more &and larger
particles to be ;agried.out of furnace *

furnace\design . |

1) smaller quantity of emission from larger

furnaces

»

secondary air jets

-

/4
1) .tend to reduce emjissions
fly ash reimjection .
1) accumulation of wmash resulting in increased
emissions
ustion /
pqssiblé reasoﬁs for insufficient turbulence

1)
2) plugged overfire air nozzIWs

insufficient overfire air .

3) improperly aimed nozzles v

4) € incorrect burner adjustment ’
-'pbasible'reasbna ﬁdr,insufficienf temperature

1) too much air (usually overfire air),
which dhills flame

2) cold fire box -~ éften caused b}; excesgsive

furnace draft; start up or rapid load

. —

78 ' .




. - . . .
. . 4 !
°
..
PR < '
”
. .

79

-

B .
v v ’
. ) .
8 ! ]
' ’
'

O
. ' ' ; -
= - : ]
o _ ﬁES‘SON OUTLINE 5¢ y Aids & Cues
. increase ‘ N
3) furnace too large (10w| firing rate-low load)
c. possible reasons for improper distribution of -
“fuel and air o _ .
1) uneven depthyof fuel bed . .. . . .
2) " plugged air holes in grat—;e‘;’ '
3) clinkér that. shuts .off air’ flow )
) 4) leaky seals arouhd edges of grate
v 9) ’incorr‘ectﬁ burner.ad'just:mélnt: L
d; proper fuel=-to-air ratio and the fdrna;e flame
1) good burner adjustment
a) yellowish orange color
b) no black tips ‘
c) soft ) -
2) too much air v .
a) whidgr color
b) harder -
. 3) too little air ‘
a) black color:
b) lazy
\ . ¢) soot may.form
Control Equipment’ for -cdllecti_ng particulatfgs frpm 5-12" .
E:oa} c?mbustion ' . ._5__.]_:‘3 -
1, settling chamber AN
a, used for n'atﬁral-draff stoker units '
b, efficiency— 20 to50 % . ’ ” |
2, larg®-diameter cyclones .
a, stSker-fired units— -70—“‘85% efficiency »
- b. cyclone furnaces— 20-30% e*.ic_iency '_"’"
3. small~diameter cyclones _
a. used as precleaners for electrostatic ‘¢
" precipitators or final cleaners |
b st:okirz'fired uni ts—:85-95% effi_cienc.y ' ’ R
' - - \ s
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. =

x| c. ‘cyclone furnaces —-30-40% efficiency
" 4. wet scrubbers
. ‘ a. used only 'to control emisaions during ’ soot blowing , _
® 5. clectrostatic precipitators C ' . o o ”“-'if
a, most commonly used device for large ltationary | - .,*; i
combustion- gources L T 1
b. best adapted to{pufveriaed-coal wlts - . _ :lfw 1 "'l'; j
. summaf9 ; | f } .,"i | -.;\_ \._: .i. _ }‘ . : .

" You #ow know that time,.temperature, turhulence,'and L _ |
sufficienﬁ oxygen, when properly regulated, tan reduce or _; i_ 555‘ s ;_':

eliminate the black smoke from the E:rning of . coal. Howa@er, . B f: ,
you also realize that these ‘keys to good combustion are not ::. Hab‘ 1“;“. ;h\ .,f
the entire answer to the elIminatﬁon of visible plumes. The;: | ' o o
composition of the coal--its volatile content, ash content, ;
| and size-~is important. ~ Some types of coal firing equipment _
ate more susceptible ‘to vieible emissions than Other cYpes.. :f . =5??j.'3,fﬁ3
S Also, there are several kindB of devicea for collecting ;. "” e
. . particulate matter, but these devioea have different efficien- _;L:}

cles and some can do a better job on particulan types of -

firing.equipment. You need to be alert to a11 theae possi-:'j ,;;”igs;”li;ﬁﬁ_ ;7;1‘_
bilitiee when making your inVeatigationa of emisaions from T e h”fﬁkﬂ'~

/eoal combuetion.', i Qf ‘,4?_?ﬂ:'
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Subject: OFHER COMBUSTION EMISS IOME INCINERATORb ACRICULEURAL BURNING,
NATURAL GAS, AND MOBILE SOURCES

[]

1

,ObjectiVe‘

Mhe student should be able to identify the Eypes of incinerators
and the kinds of agricultural burning, state the basic points of a visible
amfssion regylation for mobile sources, and identify the causes o visible
plumes originating from the following: incinerators’, natural gasipombustion,

gasoline engines, diesel engines, and jet engines.

Suggested Time:'_30 minutes . o v

Required-Equipment:35-mm slide projector
. . 1 .

-

N LESSON OUTLINE

/

Aids & Cues

Introduction:

burning of coal and of fuel oil.,
‘judging the shade of black plumes

o

. The preceding two 1ec£ures discuseed emissions from the

—t

The Ringelmann chart for

was originally devised and used

| for smoke from coal and fuel oil fires.

- Therge are other kinds of burning that takes place involving
'maierials other than coal and oil. . Some of this combustion is
i&one to dispose of solid weete'and the energy produeed is not
'uged, elthough efforts are being made to utilize the heat from
the incideration of -solid waste materials., Other combustion
, fmom which the energy is not used inclu&ed the intentional

burning of weeds and cuttings in agricultural\fields and the -

i accidental ‘burning of buildings\éyd forests.

A considerable portion of the combustion of fuels,tU&ay
'involves gasoline, diesel oil, and jet fuel used in tans~
.portation. ‘* '_,, . -

A1l of Fhese other combustion pﬂocesses will produce.

visible plumes sometimes ‘continuously and sometimes inter-~
mittenmly depending upop the type of fuel, the condition
of the engine or comhustion deviLe, and the atmOSpheric

(Pe plume will not be a shade‘

v 3 >

¢on41tions..'1n 3any;cases,

81 .
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of black or grey:but white or bluish of various densities’
Often all or partr of the white will be caused by waterq#ﬂgzr.

Sometimes, as in the Tcase of structural building fires or j ¢

forest fires, there 18 no offender that can be charged with a ‘ :

violation under the visible emission regulations,

-~

Thus, the combustion of meterials other than coal and
oll are going to éenerate visible plumes that will present
problems fog the alr pollution inspector ‘besides the quee~
tion of whether: their density does or does not exceed a pre-
scribed Ringelmann Number or equivalent opacity. You will

also have to judge their composition, whether the local

-

regulations' apply to them, and whether -any change can be v .

b made in their sourcee/which will reduce. the visibility. s

-

You may have to defend your judgments before a judge, a /

&

source. ™

_ legislative group, the public, or tve operator of a
- . I. Descr{be the use of burning to dispose of wast meteriél' . T
and the types of visible emissions that are r lated to

incineratioJZT\\*\ . \

elr characteristics .

v

) A. Tyees of incinerators an

1. chambers

hd

‘ | a. single-

L b. multiple - | -2

, | 2. incinerators, classified as to size and use

“ \_ : a. backyard - R | A | .
' . b apartment house L

. ' S © commerciel or indugtrial : ' J

3

[ d. tepee burner. ‘ { ' e

e. municipal

-
-
—-—

.« pathological
B. Plupe colors and theilr rejation to fuel type
A 1. dark and light colore

4

plumes R -

2, _moisture in the waste and lighter colored plumes _ - .
4 :
82 . L
. _ R - ~
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.

' 3‘7 large fly ash garticles and submicron particles  §
4.,' results of-a s’ud'y'of smoke density in relation * 63 - '

to material burped in a teepee incinerator ' ]

C. Particle Collectors uged on Incinerators

.
=}
L )

‘i
Application of higher standards 45 Municipal Ipcin= \

‘erators , . , ' . _ -~

E. Incineration fo; Agricultural purposes

A 1. Burning that can be scheduled for best dispersion
conditions . _
a, meteorological factors, forecasts, and permits] ' ' .

b. removal of logging slash

p C, pre-harvést clearing . .
¢c. weed and brush removal ‘
2, Unscheduled burning ' ¢ -
a. burning for frost prevention "
" D b, disposal of diseased animals\or vegetatibn
) J /) _ 3. Relation of plume densit§ to burning condlfiods

a, combqption temperature
b,. residence time

. Ce ‘moisture content of the fuel
iF. Operation methods to reduce smpke . ' 6-4

11, Discuss emissions from combustion Qf natural gas

/A.'.Cbmposition of natural gas f ' 6-5

/ ] . '
1. very Gow in sulfur

2. very low in ash

-

3. promote good combustion since it has a

+
~ hydrogen-carbon ration > 0.26

B. Burners

1. aﬁmospheric .

[

2, mechanical draft

. 3

c.” Visible Plumes | o
1. white » .

v . . ‘.‘ _ 83/ o

»
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Aidé/zgéues.

' a. water vapor caused by high amount of hydrogen

&

b, occurs more frequently when relaQﬂve humidity
is high —more moisture in air, lower atmos-
pheric temperatuye B

black

a., caused by improper operation of hurn
b, insufficient combustion air
1.
2,

other indications

causes

111, Identify”;he types of engines uggg(in surface vehicles and

aircraft, explain their operating princiglgé, aﬁd‘h&L}-why
they sometimes produce visible smoke. '

A, Types of mobile engines

1., internal combuption' C

a. gasoline and diesel engines |,

1, cars, trucks, airplanes
2,

large trucks, busses, locomotives, shlps,
’zgrth-moving quiPp ‘

ent

¢ 2, compressi
3. expansi&gp# o
4, exhaust | -
C, igniti&n ‘ .
-1, spark - gasoline ,
.2\ compression = diesel LN

aircraft - gas turbine pr jet : o

a, compressor, combustor, turbing, and tailbipe :

'b./.principhes ofldifferent types ¢f jet engines
1. | |

/// 3. turﬁqfan

turbojet

turboprop
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B, Visible emissions from mobile sources é
1., gasoline engines } . ’ \
a, " particulate emissions «° . iy
1, source .
2, composition : ' - s )
3. size, N '.
b, colors gof smoke and their causes | )
1, white - water vapor . : - f .
2. blue = burning oil ‘ RS .-
3, black - incompleté combustion oﬁ.éasoiine‘ '
2, diesel engines | 1' ; Y

C.

a. composition of smoke and size of pafticles

- be engine power related to fnel injected Bs
1. open throttle :
2, rich fuel-to-;air ra %
c. observance of manufacturer ' e eéif}gntions
and maintenance of fuel system _
d, improper setting = mor; power and gore gmoke _

Jet

b, high during-.takeoff and landing

4
engines - ¢

fuel-to-air ratios

a, low during flight .

cqmpasition of emissions .
amount Of Lmissions related to power settings
only f'deral standards for ,aircraft; enforced only

bv Federal government -

Visibleé emission ordinances and mobile sources

1.-

"ships

appljied to automoefles, trucks, locomotives, and’
5; limitations on interstate commerce

b. smoke that”"draws attention" to vehicle

not. applied to ahrcraft-— Federal enforcement on

-

misslons preempts state regulations

69 |0
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Aids & Cues

a. Inspectors not required to make visible emission |

evaluations
-'b. smoke emissions measured by.Federalquvernment
using reflectance ‘test of withdrawn filtered
‘ sample _ ~
I .

L4
.
1

IV.  Summary

The shade of smoke from incinexation is often related to

the ‘type of materia},thax ‘is being burned Some materials
should not be burned, and much less smoke will be created if
those that are burned are disposed ¢f in multiple chamber'
incinerators. I

Agricultural burning should be controlled as much as
.possible by restricting 1:'ES’EZ§§~wK’; atmospheric condi—
tions.will aid dispersion but will not increaselthe risk
of accidental fires. |

Under high humidity and low atmospheric temperature '
conditions, the burning of natural gas will produce dense
-white plumes coﬂﬁbsed of water droplets , “

Most of the e&iSsions from gasoline engines are -

invisihle." However, during warmup on cold days there will

be a water vapor plume. Black or blue smoke indicates that

the engine is in need of repair. Continuous emissions from
a diesel engine also megy an engine adjustment is required.
However, sometimes the diesel engine has been adjusted de-
liberately to give more power at the expense, of increased
fuel usage and waste.

Jet aircraft engines are not“evaluated for.visible“
emissions. Instead. smoke‘emlssions'are evaluated while
the jet engine is being certified on a test stand by the
Federal Government. An. exhaust filter sample is collected
and the filter is measured by a reflectance test to mEét

a specified smoke number. L C

-
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Subject:

"

' NON—COMBUS'L‘ION. EMISSIONS

A

™y

"LESSON PLAN:

AND WATER VAPOR PLUMES

%
\ ’ t

Objective: The ‘student should be able
tions in hiscregion tHat ' emit visible
these procésses at which‘the emissions
appearance of the source of the plume,

wet plumes.

relative humidity, fdentify a wet plume, list several sourced of wet
‘plumes, and explain the effects of temperature and rélative humidity on

to list sevcraf industrial opera- o

plutes; describe thd points in n

occur, and describe the exterior '
He should also be able to define

L

ST

éuggested Time;.&o mi¥nutes

—

. L]

'4. -4 [ 4

Requirpd Equiﬁment:35 mm Slide Projector ,

e §

\ LESSON OUTLINE -

N——

Aids & Cues

Introduction:, 4

.

portation, and -solfd waste disposal

I1f aif pollutant emissiona are categorized, many of the
" gources fall ‘rsthe classifications of fuel combustiph

&) 1T v

trans~

All of these can.be filed .}

unfer combustion,

The one major claao of sourced” that does not

fall in combustion is called ”industrial proces

The

-~

losses\"
proCess pollutants are emitted. in several form mes, qut53

mists, gases, and vapors. talled smoke

They cannot truly
since smoke should be used to d%pcribe only the visible effluent
resulting from incomplete combustﬁon and ‘consisting mostly of
J6ot and fly ash. L . | ",'.

€TK3 These non-combustion pollutants may be emitted from many

operations including grinding, melting, cooking, and handli X

» Whether they are vistble or not will/EEEBnd on their nature, ’

their size, and whether they emerge in selid, liqqid, or gaseous

+ T

form. ‘ oo

wt Most industries make some provision for limiting the amount

.. . ra ( ' o

of these process lossgs réaching the atmosphere, Thus . '
cyclones: wet scrubbers, el®trostatie precipitatore, and fabric
. ’
filters are standard equipment in m!ny planta. T'e moval of ‘¢
pgrticulates, vapdrs, gases, and heat from, the exhaust stream by .
R ) . . . : . . .
. f 4 . . 8] ) . . . k -~
' \ Y . . [
) ., ‘-“' '\".
" ) . : 1' /'
) . ’.;. -‘ .T' ‘ ’ v
[ ' ' ., ) ‘9‘
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2

washing with water’ié’used in many industrieq. In this ‘
process ~largeMuantities of water vapor are emitted to the
| air, and resuylt in very‘visible white plumes. While these wet-]| . J
‘}umes are primardly. made up of condensed water vapor, they ;
“gwif\_also generally contain Bome of the pgllutants since no
collector is 1007% efficient. U _ . /
Of the‘many industrial sources of visible non-éombustiOn

plumesw I will d?acuss a few that are located in and around
. this area with additipngl comments concerning some of the

N industries that are- considered as major, nationwide, air . . :
mf: pollutiOn prpblems. : IR ;' B h,/"-:>

The emisgions from many of these 'industries are regulated -

primarily by ordinances other than Ringelmann or ) . d -
opacity;such as,process weight rules, Howewer, the visihle
‘be all

:C encompassing‘hc that they cover fumesé dysts, vapors,.etc.

emissiong regulations are generally written

The smoke inspector may thus be required to make density

rom sodrces where the problem is not

-

evaluations on plumes

incomplete combustion, .

-\ Al .'“
I would like to speak st about some eguipment and )
termlnology that is used in several industried and then g0, J

into the.description 'of several industries.(The Insgructor
0 ‘ «

e

k}esson Plah outlined here c0ntain{1norp‘material thaﬂ‘ an be o
| covered in the allotted’ time.) jt) '

The instructor should(tailor this lecture to éh
industriee of his area, discuss}ng the ones that the smoke ' .o
inspector w}ll sFe. Information is given on geveral typical /
1f thére are industries

2

. in the area that emit visible plumes but are not N

industxles ahd assocjated equipment.

described in the text, the-instructor should plan to take .

i’pictures “of these sources and ltarn about their operational

v

procesges,, He should use yhatever information is availablej

from the company itself, engineering books and other™ .

v

88 v

»
.




v

~

3

s “
. ' ’
) . " ‘ .
N “w T -
v.' N W »
h
o * / e
—-— 3 N
A y T
A ) v
“~L§§SON OUTLINE 7
- 2 s - v
reference books, ' :
N -

.

*

- Mgtallurgical terminology . .-
. 1, metals industry~" ] .
? . . a..primary / .
b. secondary,

v

3, - electrolytic reduction

~ 2,  smelting

4, 'roasting:or cmléining
5. Ssweating -

-6, s%&fering'

” . 7. quenching . ,
N 8. réfractory material '
- B, Furnaces . .

* 1, - reverberatory - open hearth
. e . .
. -2, cupola - used for iron castings

'3, electric furnaces

I. .List, and”briefly describe some metallurgical terms, 4

several types of furndtes, and several types.of driers. |
. - )

! ‘ "a, direct arc -
. b, indirect arc
c, reg}sfance ' '
, o~ ™\d.  induction .
' ‘. ;::>er?cibie N ‘é. : .
' 5. pot o0 S oW
"¢.. Types of driers
: 1. rotaryn ‘ .
‘ a, direct :
) b, indirect .
' 2, flash k\ . ‘
’.3.' spray v’ o ( ).
. \4, tray or compartment
(. ._
v 89
. o
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11

Describe'seversl of tﬁe\folrbding industries

poining out the sources of atmospheric emissions, the

‘composition of the pollutants (for example, dust, - iron

"oxide, fume, etc. ) the size .of the aerosols, any identi-

fying color, and ths-emissions that are combined with

water vapor,

\ '
A. v Irop and Steel MLlls o

" L.

" 'a, , the process (see’ déscription of rever-

' blast furnace

a. _the smelting pfocess,— continuous operétion
b. operation '

c, emissions '
> 1, particula%es-— dust cskcher, "glips"

2. carbon monoxide- used as fuel for
the stoves _*-

sintering plant "
a. the process
b, emissidons -

open hearth furnace

beratory furnaces)’ _
b. emissions '

1. ..composition .

Vo ) . ) r
. 2, slze u ; . D)
basic oxygen furnace. ) : ..
a, the process.~ faster than open héarth

N

1. comparison with op@n hearth

b, emissions

2. ‘newer and more’ ecohomical process, thus
additional and better pollution control
\ is _used. , ,‘. t

1 * . P

éléctric .arc furnace

a, special uses’
b, ., emissions

1. - composition

k{gs & Cues

7-7

7-8

90. . - D
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B B"

C.

;

}

2. control . "y
6. ' By-product coke ovens’
a. ~ process - '

. 1. charging

2,, coking ) o -
) ° ¢ 3. discharging - =~ - ' .
4, ' quenching - ‘ .
~ b. emissidhs - ‘; ‘ ’
. Epmbbsi&ion ‘ .}5/”}>I :
’ 2. emiﬁéipn contrdls” - , S

' by-product gas processing |

d. Qisible emissioq:regdlations

-

<pray Iron Foundries
‘1. gray iron and white iron = definitiohq_.

»

2. -meltiﬁg-and casting of iron

N

3, emissions : (. ’ -
Q. dust, smbkg,'oll vagor, fdmes ]'
b, size N ' : ‘
‘. «control . '
‘4, 'cpke.oven emissio?s o . v
ﬂon—ﬁetrous Metallurgical Induséry
1. aluminum ) | )
a. primary ; . C -y )

. ¢
1. electrolytic reduction process

"2.° emissions
. :

3. control methods
1Y -
b« secondary recovery

1. process ° v L

I . ’

2. emissions

. N

7-11
7-12
7213

3. confrol methods ’
2 L) .
- 2. Jlead and zinc -~“often done-at same [actory
’ . primary ¢ ' e
> A L] - y .
. 4 91 . ]
al d 7 \
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.‘ . LESSON OUTLINE? = ’ Aids & Cues
T <AL, r'oas;:ing; .-g;i'nterj:ng, .s'tnelting, and T
) elect‘rolytic reduction o v
- 2. emissions _ <
. 3. cc'mtfol methods s
b.  secondary. T ' :
| \ : | 1. mw:‘ mat.erials ] ' 5 o
?. emidsions ) N
y 3. " control methods ,
‘ 3. copper . !
. a. primary RS o
| 1. ,recoVer;f.from éopper sulfide ofe ‘ ./
2. . emissions | ’
b. alloys — boiling temperatures and pour:(né { .
*  temperatures . P ’
1. bronze — limited émissioné S ]
2. ' brass ~ considerable emissions )
D. i’etroleum Refining ° : y ) ' ‘ L 3
1. processes . R ‘ . | v ’
. ‘a.” separation — fractionation ° 7-14 ’
b. cbqversipn — catalytic cracking - o
c. treating | ‘ .u , . -
~ d. blending : T N ..
2. catalyst ~regener¥1t16p b * o~ ) . "
a. flufd cata):'y'r)c/ cracking 7-15 9
b. thermofor;"ca lalytic, cracking ' 7-16
‘e 'emis’;Bions; l‘\ ' — .
7 7d. FCC - new so}x\'ce performa‘n'cé stand\ard1of EPA ; oo
3. . airblo'v}i.r}g of ,asp‘}‘alti 7-17 L
_a. process ! T e
b. ' emissions l"\ : ‘ ] . ]
lo." sludge burnifg ‘\\l o o ' \ -
* 5., flares . . !\ . vy, . .
. ' P .need " . \ . | : L
- v Yo oo B o
, b .

“ L3
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l ) LESSON OUTLINE 7 e - ' Aids & Cues
g \ - - ~ .
/ . _ b. emissions and Icontrol R . T "

7-18," 7-19,
7-20; 7-21 .

. E. Cement and Lime manufacture
—.. 1l.. cement manufacture
,' L ( ) ' e;. wet mixing ‘ I | '
u \\\\;_/? .+ .b. dry mixing ' o ‘ " ' -
' e. production of clinkers in kiln'. ' . ' S
) ’ .- d grindiﬁg ( : - : i
' . 2, process cmissi(;ns | )

. a, dusts

) ~ .0 -
* b, control : : L . ! o .
. L 3, lime manufacture ' . - ’ :
‘ o : ' R process “ ’ ﬁ . -T2z |
(', ' b, dust emissions’'and their size _ : L
i . F, Manufacture pape;t pulp in kraft mills | ' ‘. 7-23 !
| 1, process - separation of cellulose from lignin’ : .
¢ a, cook 1ng in digester o f Y
b. { tank ) — : . :
¢, cellulose to finished,p r .or pulp ' )
. \ d, recovery of chemicalslfi‘l;;k‘.lfign.in e S
2. emissions ' | ) ! ﬁ' R B

» a. odors - . . . ; s : .
' \T:D} '. ! ' : ‘. . o
) : 1. gases ' o . _

“a) hydrogen sulfide

N b) methyl mercapesn T _ N
N c) dimethyl sulfide . | . o - I RPN
2.t sources g » : ' o ' A S
. \ " ¥ v_ \
. e . a) . digester ,blow syétems LI .. .
) b) evaporators, L ' L. _ - .
‘ | _ )  recovery_furnacés o | . _
K B : .. d) 1lime kilps ' N . L'
- . SN I ‘ : .y_ . '
T - - : ol ' .
‘ - ‘
b, ‘ Y - ———
’ ) 93 ' . .
A .‘ /,,»/'*\ 4
- 13 \ IR \ ¢ v )
/ . & . : '4) ¢
s IO'—, ® »
.- J . ' & ’
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Aids &/Lugs
1

partrculates
1.:'Qypes‘

.an)- sodium sulfate
b) sodlum carbonate
¢) carbon partlcles
d) -lime dust

“e) water vapor

e

By

SOUI‘CGS !

a) - recovery, furnace-.fhimney o

S : /

by 11@@ kiln Co e '
» >

c9 smelt tank, causticizer, blow tank
and dignster-— mists

d) bark burning — chinney

G., Sulfuric acid mandfacture

C

, 1. .basic procesg
a, generation of 802
"1, burning of 'S
2. oil reflnery H 'S

' 2,
3. primary smelters

4., power plants— experimental
* b.* oxidation to SO |

3

c. hydration to HZSO4

methods PR '

3

.chamber process — little used

b, .

contact process ' '
1. BUIf%F burning < -

‘
2. four-stage convgrter *-vanﬁﬁium
pentoxide catalyst <« ~ 0

3, - economizer — cooling
LY .

4, absorption -tower.

»

contact process emissions
L

.

a., sulfuric acid mkg& Y N
b, tall stack from aBsbrpﬁlon'nerr‘
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. " * ‘c, particle: size , , . ! '
n' f s o ' * . ' ’ 1 : )
H, Witric acid manufacture " : 4 ‘ .
. * * /') . P . . ) 7—25 °
1. process , | . ) ! . R
- 2. cmissigns ‘ - f—\} T ) ’
a. . sourcas . ‘ oo .
\b'o‘ = l' * * |
_ 2 . NOZ—- ned-orangc -brown. ® " ‘
’ I AN con@:ol . : ‘ ' i 4
» i . . ) ’ e
. e T P}wsphoric‘ ac1d\ anuﬂcture . !
0 ,(1 9 thermal or phosphorous bu'éung process ) 7-26 /\
N o \ . .a.. operations ) '
- - “ . ¥ . DU )
g | Lo ete L1, oxidizing "\ . ;
o “%("" R .hYdrating’ ) © T . '
. O T , - ' . . \~° , AR
e L T 3\' “absorption ' ’ [ PR
T BTN, b, emissions— mist ‘ - o
o e o T 1, souree . . - o7 . by
. L3 oot - - ‘ - v
i ) R P oy . 2. “composition ) . % B B
ot P ‘ . =2, wet process » e 727 . ’
Ok : ' . . , - O . .f ]
) 1 1' i.a, operafions: : ‘, o
65' ) . . l\ ‘
e : 1; decomposition of phosghate rock by g ‘.
. - . SU].fUI‘:LC ac1d : . - )
ST P . 2, filterlng of. gypsum'from phosph%;rlc acid B dT LN
8 4 ' . . - 8t
: I 3. concemtration . R
: - ’ b, enissions ) .
b ry . . ) ' . R 4
y B ' ! 1. compositlon - phosphate rock contams '
. '+ ao~ fluorine - . .
a) dust ‘ ' J .
. - ‘ ' ' i o
. ' b) fluoride _ T o SN A
. v, 4
. ‘¢) fluoride particulates e ° L
. 'd) acid mist ' v
\ . 4 k '
' . ' , 2, sources ‘ :
. s * 1 . '
' . : :
\ 4 () - N ¥ o v
< [} v
: ‘ 95 - y
® e ’ 1 .
'q ' ! ) ’ N A
-4 ¢ . ) 1 ’ .. '
(. ~ : o 'IO” . .
. o vl ~ A .
N " ' 'l: y ' ' ! [ v ~
O ! ' b . ) .
. L 7_——#4_“;____'_:._ B ¢
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_Aids & Cues

J. oPhosphaLe fertilizer manufadture y

1, process- dnd fertilizers - % phosphorous'
pentoxide ! -

- a, normal superphosphate

A d

) 1. mixing of phosphate rock and sulfuric
acid ™ b
-2, "denning" !
3, drying = ¢

b. trip e'superphosphate.

1. miring of" phosphate rock and phoSphoric i

_f acid-— contlnucus process
2. alternate treatments,

Ce 'diammonium phosphate

R}

d. granulation of the fertilizer o
2, -.emigsjions . o ' a
.- a, gases '; '[
T silicon. tetrafluoriide

2.0 hydrogen f1u5ride‘.

“a

b._'particulate dusts — visible

Lo

1. sources

7-28

B ;-‘,.o ~ a) drying ° ,, . .
s '7' - b) - handling ! - . . '
c) drying and storing ’ '
- .: a) granuiatlon and blending
) X ‘.,2.‘ controi methods- ‘ , ¢ >
K. Paint ,and varnish manu%acture: g . “
.,i 1. procgss—t cooking of ingredients at high B
w ' . temperatures .
L 2, emissions - > ‘
M . a. -type T ; - . ~—
b,'lcauses : ' - |
ﬁ ¢, 'size . . )
) ;
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T " LESSON OUTLINE 7 o Aids & Cues
L‘.‘.. Hqtfmi}( asphalt batc:h}r}g T 7 ( ~ 0\ ' 7-29
{1« ~ ~ 1., operations X e .' ' ‘
L a. cbiwéyiﬁé aggtegate ' . Y.
Y ’: " b. drying agg?egate . Vo ‘
LA heating asphalt . ' e ¢
\ ot - méasuring out aggregat.e \‘
\ ‘ 1 e. “mixing o
. . f , de%ivering to _;:rucks o
‘ 2.‘/'e’mi.ss'ions'.—? dust »" y .
7. a., «sources ‘ - *
R b Cizeé} . S :
' ) c. 'cont’tl'ol', A r ' )
g 1. cyclones . 4 . . ¢ 3
. 2. . scrubber — wet plume  * P ‘
M. ° Soap .arici detergent manufacture ! —_ '
L ‘soap making” process, . " .
e ', . hydrolysis o Lo ' ‘
. b. boiling . _ ,
. f T c drying ’ .
) . 4; 2. _' detergent mahufactur_e pz;gcess' 7-30
NN a. sulfomation . -
N b. . vheutralization- ) \ . ’
c. drying: €
3., emissions -. Ly . '
. a. SOches’of par’ticulate matter \ ‘ (J \ .
’ .. 1.7 spray drying ' . o B ~
r . L2, :.‘hanciling‘of.d.ry materials ' ) '
b, - control“‘ o ’ L. C
, * 1. cyclone i B
; 2.  wet scrubbe ) . 7-31
Yo * 3. wet type pre if)ita-tor .
+ ¢. densq white (plurﬁé N\ ’
S primgr'i'ly ‘wa'ter \iapo;" ' ' “
. . v 97 : . .
)
| | v (‘“ | . | | . N v -
R § /P |
s S ,‘ ., woo .
L + : . A :
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b
o

Aids & Cucsy

Water vapor pluﬁes
1. w;ter'in the air ,

‘ a. vapor (gaseous state) r-invieible
b. _liquid or solid —-visible -
relative -humidity
a. definition
b. how it can be iﬁcnegsed

-1, add moistufeﬁ

2. cool’the"aiﬁ/‘

saturation . G

1. 100% humidity S SN

2. more water.vapor or cooler tempera--

o - ture results in condensation to
. liquid A -
wet plumes ',

,white

occurrence and duration are dependent '
upon relative humidity

~{dentification
1. Ywispiness

2. detached plume’in hot weather will
‘not appear- detached in cold weather

3. effect of atmbsphefic humjdity

.9

plumes containing.wéter and dust

a. particulate trail remains after evapora-
tion of water
v

b. regulat ry problems
1. wh re to read the plume

2. .., untombined water

3. ‘difficulties in judging a violatiom .

‘(may call’for a source test)
objections to wet piumesl.

a. ground fog and decreased visibility

: ici‘g in cold weather = '

t
¢

C~

98
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e '. s LESSON OUTLINE 7y * ) Aids & Cucs
. N cf' .combination to form harmful pollutant !
“ L d aesthetics R
':; 6. Asources of watex vapor pfhmes jk‘~
N - a. drying operations )
i ¢ " b.-- combustion® - |
_ Y atr pollution control devioes using water r *
. C d. cooling to remove combustipn or chemical -
‘ . . reaction heat i ~
‘- 7. elimination of visible wet plumes _ ‘
- . methods _ - : <”“\\ '
| 1. dilution - ' R S
T . ‘. 2. guperheating ¥ ‘ S - ’
3. condensing the watZ?} ® N
o b. s expensive %
III. Summary ' T

. We have discussed a cross section of industries that -
have visibfb process. emissions. "In some areas these may be
major sources; in other areas the size of the manufacturing
']|outp0tmay be small and the emissions may be minor. Some of
these processes, 1like asphalt batching, can be found in
almost every ‘city; others, like primary smelting, ,may be in
only a few states. ~ ’

Some processes, like drying in rotary kilns, and equip-
ment, such as cupola”ﬁmrnaces, as well as controls, such as

wet scrubbers, are found in several industries. By learning
that all of these put out visible plumes of particulates or
water vapor, you can transfer your understanding of causes of
visiple emissions from one process to anotheriand\know vhat
1 to. expect at different types of factories. . :
~ When' viewing an 1ndustrial plant for the first time, you
‘ may see. one O more stacks.' These may or may dot be visible
| plumes coming from these stacks. _There may be visible

emissions that are not coming from stacks. The emissions may

]

-

. u . . - ] e ‘.

Y
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Cues

They may or may not be accom-
N ’ o : .

a day or onl&‘a hours a day.
[ panied by odors. ,
' 1 now expect y?p o' be able to.look at a plant and be
able to makey mental' oﬁn .
-~ "That atack is puttong out smoke from a combuation

» - process. useq to produce?heat or power."
A "That white plume is coming from a wet scrubber being
| used to remove the p‘itigles from the exhaust gases."
+ stack, air pollutanfa are being emitted. They may be
+  sulfur q;oxide or sulfur prioxide."..

"That rotary, drum must be putting out dust emissions.

, If I cannot see them, then they are being collected by

some device.' . _
iheae are gtarters, Keé; learniﬁg about industrial
]proceaaea,”theirfémiséions, and points of emission.
factoties in operation and qomparé‘them with process flow

charts that you can find in engineering books and Journals.

Ask questions. Little by\little iburjknowledge.will

. Pd . . .
increase. - - . A

N

g

ents like. ‘ C /

"Although there is no viéible‘plumg from that tall thin.

Observe

be continuous or intermittent,‘ They gy be put out 24 hours
¢ .

VI

PRy s 2o kae
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‘™ 35 mm Slides Describing*wggggmglumes'

L . ] .

. N
’ Slide “ ) ( ‘\. '
Number : ., Degcription v | -
» ' - ~ . .
A 7-32 Short water plumes from natural gas power plant stacks and </
g ' " long particulates plume from plant manufacturing refractory” - o Ve
: ) materials. Moss_Landing, California (Photo by John Maloney, .
. N ’ - Salinas, Caiifﬁ) . . : L ;o
7-33 '~ Detached plume, natural gas industrial boiler._~Columbus,
' Ohio - . - A . .
8 High humidity on cgld autumn morning, brewery. Columbus, ) N
. . . o

o 7-34 © Dhio - Q] . o
' ’ - ' ‘ .

7-35 Low humidity on warm autumn afternoon, brewery. Colymbus, |,

- / Ohio . : :
3 : s
7 39/// Particulate trail after water has. evaporated . o .
- _ . - 1
: ’ ' ! Len . . Py .
/- , \ :
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Al \ A ¢ . .
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SPbJeCt“'f)ASSIchATION AND:IbENTIFICATIGN OF. SOURCLS

.

in the field when describing a pluke, define fugitive emissions, and
. state the clues” that can ald’ rim -in identifying the sources of visible:
. plumes, ° v

o -

4

~ ’

_ | - Objectme' The student should bc able to list the items he should record g .

A 2 2 . . 2

Suggested fime: * 40 minutes . '

Required Equipment: v 35 mm_slide'projectoq ] T 0

" . b :
- \ e ¢ o N

.J . >- . . .

.
v. - ] )
. ’

. S " LESSON OUTLINE o o 7 - Alds & Cues

! ‘ Introduction' (l o . n . |
o . ‘There are many sources of alr pollutant emissions | -

For ease in record keeping and in talking about these sources,
, it {s convenient to.categorize them. A descriptionior a control N
device shat ‘applies to ome member'bf the category may be, applied
to all mémbers.l A coal-fired industrial hoilef in .one city*is

:éoing to have many Of.the 'same Characteristics as coal-fired

v N . - -
< | city.,” Emission measurements on a few similar sources are stan-

' | dardized as 'emission fécbors" and used for all sources of this
. \ ) ' r . . - ¢

. type. . ’ ,
o A The inspector should learn té classifyfthe various <£L/'
gsources of visible emission into standard categories and to
identify these pourceg by their outward appearance. Mudh of this
“ability'for identification can -come only by experience. In this
.o lecture we can only suggest some methods for identifying types of

1 ’.

industrial apd commercial sources. ° 3 ' .

industrial bollers in other cities or in other parts of the sgme | '
» . _,‘
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JLLssdk OUTLINE 8 p

Aids, & Cyes

<

I. List some categories into which polluuion sourceq could be

divided and show an\all*inclusive claasidication system

* A. Source categories
1. "mobile and statﬁonéry . : . -
+ '2, point and area \J ' ‘
3 t3mbustion and non—ebmbustionc M * )
4. industrial, commercial, aﬂdlfesidential .,
- 5 subclaesification —
fe coal, oil, and natural gas ;ombustion
b. jet- and pistonfpowered aircraft. a
- A - Ty .
{ 3. Xn- all—source classification .

"+

1. Fuel combustion —-stationary gources
Fuel combustion'—-mobile\sources
Industr%al proéegs lossés W ,
4. Solid waste disposal . : R
5

. . Miscellaneous. : N ﬁﬁ'

II Discuss ways in which the 1nspector .can learn\how to

been observed.; . o ( , , P -
1

A, Inforﬁaﬁion sources
1. .assoclat¥s ‘ ‘
2.‘_engineering'boéﬁé . /( \r s |

3. EPA publications "

4. photogfapha.of gimilar sources. : )

;ﬁ. Clues for "identification of specific sources

.

. 1. company name

identify the cause of a visible plume after the plume has |

show example

2. Directory of manufacturers : : o)
3. air pélyption files . - N .
.‘/ ' 4. telephoqeqqirectory : . _ i
’ ' 5. factory surroundings and visible equipment ‘8-2, 8-3
6. shape of the building B-4, 85 7
— e : : {
. & ‘1@3
. | J

et
.
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_ ' ‘LESSON OUTLINE 8 . Aids & Cues
» . 7. stack or fugit‘.iv_e' dust emissions " g8-6 l
s
™ ¢ 8. plume color y - . 8-7
. . R .
. L. . pdor '
C 9\ > . - 8 8 8 9
10. effects of pollutant .
. . 11%\ equipment and collection devices v oa 7 8-10, 8+1l-
0 * 12. variations im, blume during the day. S~ ,\.- 8-11, 413 “ .
) ! N Vo . ‘ )
C. Emission description that,inspector should make o
) . . - . ’ M . . Sy .
4 1. natore-of particulate — dust, fume, etc? - ) . :
- : . ’ v .
oY .. . 2..~wet: plume? . :
/. B o - - '
! O \) 3. charac?r of emlssion' ) M NS R l
NN . . . . ' . o
b a. plume Y . * )
. b. cloud ) g v S / '
X - c. haze .
. -« d, fugitive emissions :
'y Y ‘4, plume cat:egories' ) B A I
. 4. coning, fanning,' etc, . I 7
: . ‘ .‘J\Kdetached . b. - ) '
' c pointvof dissipation’ L g
: s‘. e . ) ] ' ! !
' plume rise "\ . : !
. ’ . point where 1t hits the ground. ‘ '
. o D ‘Identification of causes ‘ * '
. - AR \ .
’ ) .-P . . ) )
. _ 1-.u If source type is known and inspector understands . ' _
. the process, he may be able to determine the exact| ‘. .
‘ cause. B L
e . ‘ + .
: . .t 2, For, combustion emission, tHe color‘“of the smoke may .
’ ’ " be a help [ : ¥
& € TII.~ Use Selected slides to illustrate different sources, .seiect slides '
p " process 'equipment and collection equipment that may help | from list at
. «{nspector in identifying slources and causes of visible | end of®this
. ‘emisgiops. : 3 lesson *
. ’ oA Industrial_ sou p
. . . B, Mauufacturing projess equipment - _ . ,( o0 ‘
. ' : C. Air pellution collection devices. ( .
I . -
oL ¢ o y - 104 ) '
¢
. B
( :
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. }ypes‘of»afr ppllution brdb}ems u der\his jurksdiction, “lis

o ’ y o .
‘ » ‘A (' ) .u I o' [ ' * ' . T
M ) ‘v ‘ ; .
' .. “LEBSON OUTLINE 8 o ) . ‘| " Adds & cues,
. ﬁumm;y" :: N ro - .j - |

*  The new ‘inspector should use all his 'detective powers of

careful observatiog and research to, gain.cxperiencé int}he‘

knowledge oﬁféhe sources and caused can aid him- in dealing
with his.aﬁsociaQQS,'with the polluters, and 'with the public.
He should, be able to identi

categorleé all the 50urcés'of visible emissions which he will

d classify in seyeral types of

encounter,, g C < T '
= . . I
L. Type of sodrce — industyy, commercial,

e ! ‘.: . mabile dor Stationaryr
*2. Type of emissions -
.jr *

o

reg}dgatial;

Type of plume . e
. - . LT
Part ofwhe combustion or processing system that. is -,

‘causing the problem.

<

)

)

A
) Lo 4

¥o.

ce s o’
T e

-

£ %




t - bakint | v M
L . .. . . R . - g
- . 4 . - . v
. . . . o Ly .
. . ' PO ’ . -t .
. . . - . . S,

-
-

’ . ) o ." \\'\ 11 N ’.- . , ‘., o
P . . : ; Y, U ’ . . L A

O /. N
R - ." ( . '-' ls l
' 35 mm Slides for P ¥
. Clgsaification and Identification of Squrces ;
: v T ,
\ . ' R : : o~ \" b i .
SIide \ . ‘~. ' ."’ . LA ) , ,\ ’ ,
*  Numberx . : I_Qp_j‘g o .. 9 Comment
: . - . A
8-1. Example of Coiprehensive Source Based on Syatem in
h : Glassification- Systam L ‘ ' “APTD-1135 .,
8-2 . - Lead and zinc smelt:er - » p Large atacl_c,.large o .
' Baat.\ﬂelqna',- Montana ' slag pile . S *
K f 8-3 ** Portland cement plant . . ‘"« 'Note cement hauler °
_7 ¢+ °.  _ Fairborm, ”Ohio - C .+ in front - ‘
) B . '.. .\‘. N ' a . Lot ,. '
Joe 84 “Steam elect:t'ic plant near . ' Noté high tension wires
, *Coludbus, Ohio (coal-ftred). .  ~ - and shape of buildin& - '
4 K &5 . Building houaing a baaic oxygen ) ' \ ‘Note shape of’ building
‘.0 T« . furnace,’ Middletown, Ohio : . and red oxide plume o ’
: 4 \ " : '
* 8-6. f‘ &la‘nt for removing' fluorides from .. Note emissions from at:ack
' osphate rock Garrison, Montana - . %nd fugitive dust; corroded '
. o , , . parts from plant are in
-, e e . fleld to left
- 87 4 St:eam-ele.ct:ric power plant - ~Note cream color of pIume, '
' e ‘Lawrenceburg, .Indiana (coal-fired) S tall stacks .
- - 8—8,, ' Brewery ' o . . . .'Oth is distinctive, Wat:er
W Wort:hington, Oﬁio ' o vapor plume , l
~ . . . . ; - ’
- 8-9 Rendering plant e O o Odor is dist:inctfive, note
L Colum!?_us, Ohio ] \ . gtack type and equipment
N ' ot 4 - , in the yard . L l
- : . f 'S .
' 8-10 ° .01l refinery near Houston, Texas _Note plumes from flare =
\\'; i S ;o ‘ : and from: furnace stack '
N . ) e .
. R 4 .
' 8-11 Gontact, process sulfuric-acid Mte the design of the .
' 4 ' plant Columbus, Ohio , identifying-equipment== .
o o ’ , S . the four-stage convert:or .
: SR . ‘with the, circular opieces
’ . - o on itq,é.de '
&s._-m * ~ Asphalt plant, Newtown, Ohio ' Uncontro\lled
. 8-13 Asph&lt plant, ' Newtown, Ohio ' _Controlled with scrubber i .
Y "8j~ﬁ " Coke bven battgry Toledo-}IOhio A Shoving of coke from oven
| ' I e ' to car has just’ begun
'8-15  Coke oven batrery‘w Toledo, "‘phio ' ¢ All of coke has been pushed . ‘
' ' T e . -4 from oven to quench car * '
_ N ‘ ' ’w .
. &
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. . v,

© 8-30

\: wood waste).

-

Plant for generating ‘steam to hea }

downtown Toledo, Ohio (oil-fired)
-

Conical ("tepee") burner at lumber ‘

mill  Bozeman, Montdna (burning

6'.
Topic Corhment .
Plant for removing fluoride from . Note rotary driers |
phosphate to be used as. animal food ' ’ ’ .
supplement N . !
\ - .
Hyperbolic.cooling tower And tall stack Wale\ vapor plume
Steam-electric plant Beverly, Ohio - )
Warehouse Fire Columbus, Ohio " Note black and brown’
. ! B
' ' ' . g ? smoke
' _ Sf: ‘ ' b ' _ -
18_1'9 Burning of weeds to clle'an,zub water Note white smoke caused ).
' -’ ditches Billings, Montana, » by burning material
. : ~containing water
'8-20 Plume from jet airplane . Taken while plane T . !
. . . ' Columbus, Ohio | was 1anding " B . )
e T . ‘. t N - o 1 .
- 8-21 Diesel'-powered bulldozer ° i Taken while bulldozer , SN )
' . .Columbu$, . Qhio ‘A' operator was feeding fuel ' SR '
J _ ' ‘ . . “to get <ached power
"j ; . 8-22 ﬁFe_r 1lizer manufacture o Water vapor plume matches . X
l _ : Cincinnati, Ohio ' ! the clouds -
\ . 4 . .
. )8—23 .Zinc oxide. manufacture e _ Note* colox. of fugitive’, S,
| ' 'S, 7 Columbus, Ohio L dust L . . S
8 ’ ) . . / 7 , _‘ J‘lj
8-24 Truck dumping waste material Dust* of fairly large size, R
L .Columbus, Ohio coo ‘ settles back to earth : _ '
. . ./[ . ) . ) \v) ‘
_ 8-25 Oped burning at foundry ' ‘Note color of sfnoke and the . . ‘
_ l . ' material being Burn=2d -~ . v :
o 8-26 Note colors of plumes ‘and
1 ‘ the small '‘particles that’
" stay aloft ;| , . 1
o 8-27  Conical burmfer used fo);kincineration* 7~ ~Note that visible emissions
' "Evepdale, Ohio (wood wastes) ° are present even with
L . conveyor feed: -
-+ 8-28 Power plant Wooq R:Lver, y.linois ' :
. (éoal—fired) .
' . L Lo ‘
: 8-29 - o
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Slide

" Numbex

. B \

¢

¢ 831

Y

8-32 “

8-34°

-

. R

4
8~36

©

| .‘“8-37’

818
'8-39

- 8-40

g-41 " '

\

o e .‘J < : / RN , ‘. ‘/
- Topic - . .‘ ‘ _ ’ Comment
" Cement; ‘plant near New Orleans, Louisiana Note'r tary \kiln and four’
: S U T L fy stac é%hq\i to emit particles
. ' Y = and ater 2por from different
" SN ".,’ parté of the kiln

luid catalyti& cracking upit at
etroleum reﬁinery Los Angeles,- Ca}if..

o

Five, narrow tovers aré

‘. units;. large diameter unit
is a catalytic cracking unit

) .. ‘ <V
.. ﬁaterikapor and dust’

\

Tall stack ig phimney

Kraft rocess pulp mill

Albany, New Yorki . - . from black fiquor recovery
B WP
. Asphalt batching plant S (Aﬁternoon, good dispersion,
WOrthington, Ohio, (Scrubber follcontrnl). water vapor ma nly .

_Asphalt batching lan‘ Earl morning, poor .
Worthington, Ohio crdbber for contrpl) -dispersion, inversion ' \

Aaphalt batching plant (v - Mornigg, closeup.
. Worthington, Olifo (Scrubber for’ control) ) :

: 4a -
 Detergent manufacturing ' plant . : -SnLQx\;;wer exhaust gives

' St. _Bernard, Ohio (ndhr Cipcinnati) .- pltme taining considerable

. ’ ‘ water vapor A

. s o -
_ Copper smelter : ' ~White plume still containing
near Salt Lake City, Utah . ~ considerable dust, by time

| R it reaches the ground

Lead smelteY oo : _ White°plume blends in with
"Eadt Helena, Montana . ° : e clouds on this day
Aluminum reduction plant ﬁ\\\‘* e

8-42

- Chalmette, Louidiana : Co ,;'

T g-43

8-44

8-45 -

r

Coke plant Middletownp Ohio Quenching the hot coke

with water 4
,Grd&,iron foundry"Columbus,'Ohig,'.. Morning with light wind
. . 1 -
Blast furnace and four stoves ‘ <
Toledo, -Ohio ‘ '
o / : ' ‘ 108 L '
N . 'lJle

" fractionating (distillation) o

|
]
3
. 5
]
o]

-

1

.
n
1
]
n
| |
b
n
l
l
n
b
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‘ . ( . o fe .‘i . R ' “.._ . (Ll : . . . )
- . i e ’ '
l,l v Slide A - W * ‘ : N - . . o - ‘ ) ﬁ:a K'/ .
L Number. . Togges : . Comment - ’ 8 o
v - e . ' / : '
) ' 8-46 ' © Steel mili iddletOWn Ohio - Blast furnace and BQF | N
8-47 Steel mil p1umes over Gary . India Wind blowing in ﬁrom )
: S -l : . Lake Michigan‘tn the ~
o - T ’ L ' af ternoon - 'Cj' ' :
. / ‘ ) ¢ . L3 . .
. 8~48 'Thermallprocess phosphdric acid plant Plume from tall rarrow ", f
Y - Addyston, Ohio (near Cincinnati) - stack contains some Co
L ‘ S R * : o . phosphorie acid and much *°
) ? # . v water vapor —emigsions - ‘ o
- ! 4"¢ ®  from hydrator-absorber

after pas8ing through

g7

-8-49 Furnace precess. ca;bon/black plant. !
. -~T01edo Ohio ~ E 7 L
8—56> "Diesel tfuck j | o s S
I 8f$§v Jeé én;saione ’ a s .
8—52. "Autemobile‘smoke \ ‘
8-53 : Ferry beatx\ﬁ‘-_" B .
.8454 : Powegnplant T ’
8-55 OOen}hearth\snep
':8f56‘ Blast furnaee and stovesf" ’ .

8-58
' . o ) Lo , :
8-59 0il refinery . .
. N S ( : , o )
8-60 St §ﬁd vépor“from paint;manufacture
v 8-61  Nieric acid plant

Js—ez

. 8-63

. Illll - ok -G G & =

8-64

. *8-65

' .. 8-66
' RO

Phdsphate plant Flortda
Phosphate plant, Florida
.'Fertilizer manufacture |

" Kgaft pylp mill

fumber mill *

v

Blagt furnace during "'slip" o :
. Black-smoke froin oil reftnefy fl R

abatement equipment

No black Dlume — .
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8-69

8-67

8-68

" Number

L

Topic

)

Cement pignt

" Gement plant

Asphalt batching plant .

<i~$Lpee byrner

Open burning

'Open-burning
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INSTRUCTOR
LESSON PLAN

-t

Subject"RINeELMANN CHART AND: EQUIVALENT OPACIf? o N
N o

»

M 2

. UbjectiVe

The’student should be able to gefine Ringelmann Number and
Equivalent Ophcity, identify the five cards of the Ringelmann chart,

L]

- describe how an observer is trained to make plume¢, observations in the

- -

-

.g-

LI

’

o~
-

-4.

»

field without a cghart or other aids, identify the advantages of visible
emissiod regulatiGns, agdelist the aids and alternative methods for

evaluating plume shades.

“1 \

4

~. ‘.

4
-

v

.Suggested'Time:.

45 minutes

X}

o e )
dRequired=Equipment:

'35 mm Slide Projector

o -
' ~ Ringelmann Chart ,

=

)

-

* LESSON OUTLINE

hids & Cuest

-

[

Introduetion’. _

Visible emission laws are written so that plumes of a speci-
fied shade or opacity are illegal but plumes of a slightly
lighter - shade or opacity are 1ega1°. To enforce’ these laws
inspectojs: must be ‘trained to distinguish between small variationg
fin the o tical density of plumes. _ | N

fir4t a scale must be set.ﬁp S0 visible emissions can be.'
graded from nd%smoke to totalIy bladk or: tota11y opaque. Here
air pollution regulation makers havekincorporated for- gray-black
smoke a socale devised in France in bhe 19th century by an

engineering professor, Maximilian Ringelmann.:_' ;
‘ To regulate the optical densities ‘of emissions that were
white or other colors besides gray "and black, the County of
Los Angeles in the 1940 8 developed the concept of equivalent
opacity which specified that ithese non-black plumes should be _
judged by the amount of light Ehat they failed to transmit, *Thus
a white plume through which an obset ep'tould see an object with
65% clarity was considered to be acceptable ‘but one through which
the observer could see an object with only 55% clarity was
‘unacceptable. The 65% transmission was termed 35% Opacity and

hula-

the 55% transmission was called 45% opacity. When these r

.

1 o

-




¢ .
1 Aids & Cue¥

T

) LESSON OUTLINGS ‘
,tions for non—black plumes were devised ‘the op?cities were .
related to the already established 1imits set -by the Ringel- 1
. mann scale. Thus +the opacities of non*black emissions ‘were N
equivalent to Ringelmann number s and the term “equivalent fk
opacity" was ‘derived: *
As time passes, the restrictions on acceptable visiblg
‘%missions are being lowered 80 that 204 equivalent opacity 18
,the dividing. point for emissions in most Jurisdictiohs or for
most sources. “In some -areas and for sone sourqes, even . lower
lopacities are required. However, until.all visible emissibms
“are.outldwed there must be inspectors who can-distinguish « .
between shades of gray smoke or opacities of white plumes.
I, Describe the Ringelmann Chart and the extension to
equivalent opacity ‘ '
? A, History of Ringelmann Chart ' - - . 7
1 i .'1. -developed by Ringelmann about l890 ' '
f‘ \ 2. incorporated- into Boston law. in 1910 }ﬁ
- 3.: originally}applied to emissions from coalifiraﬂ _
. .. -bojlers = ;.f- - . hf N
T b jéhééssive emissions for short periods in an hour h
Lo ““may be allowed for starting up or'soot blowing .
';B:_ Equivalent Opacity o - o o o .
o :? 1, California extended yisual standards g 3
| _ 2,-,Prohibited plume 85 any- ¢olor haVing an'opacity )
\d - that will obscure an observer;s view to a degree
& equal to or greater:thanvsmoke of_Ringelmann: .|
nymber 2 shade . ! ’ \_“, -
3. Observer génerally judges amount of 1ight trans-
- mitted through both black and non-blaok plumes |,
xa.. relateg transmittance to reflectance from
Ringelmann: Chart for black: - plumes -
; o b, ‘reglates transmittance ‘to opacity for non~
. black plumes A T §
C. " Smoke density and equxValent Opaclty ’ B J,

[




Lot ! 3
\l : L - - ¥
y : . : % ' : .
. (- N ~ LESSON OUTLINEY9 o ' : "Alds & Cues
'. ' o » . . C o . . ' (5 '
1, definition of density for use in vif}blg
emissions — quantity per'uhit'volumedof area )
" - ’ . .. . . ) . '
e o 8. Ringelmann Chart —'ratio of area occupied by | . t
-ﬂ* DR black grid lines to tetal arca y ;B » T )
-;~!¢k . b, blaéf“plume — shade of gray related to the,. B - ‘ _ '
' ' ’ Ringelmann haft’deé;ity : ‘ .
: v . : ol ' -
r O 2, oOpacity — degre¢ to which transmitted light is  \\ o
< n obscured ” S
'D, Construction of the Ringelmann Chart .‘ show Ringelhann ‘ -
I.. Four cards vith black lines of different thickness * C'2'% _
‘ _*M' 2, Blend into-gray areas when viewed from a distance.-(See page 166)

.3, Official chart refereﬁced in air pollution law is o ' .
published by the Bureau of Minés, E ; \ .
4, °If used in fleld, ¢hart should-be 50 feet fgom ’

T observer.

5o Readings are made to nearest'l/h Ringelmann,

) '\E{'"Opacity expanded»to#all visible emissions _ ';; . B
! 1. First appcar&d in Pedcral Registcr in 1971
. i S 02, Congepts behind one measurement system
., -1I, "Discuss ﬁhaasegulating of emissions by setting llmits om| . ' ‘
s’ ; .q theOpd(lty of - the emissxons and the advantages ! |
[ . of- this method, ' . f‘ ’
,;—uh,A. ‘Relation of visual observations to actual weight of E
’ N

<

. . ‘emissions o e - v
1, For a sggcific gource operating under gpecif{ed_
aconditions, a correiqtdon has been found-betwéen

‘grain ‘loaditg and opacity but correlation is not- ’ -

transferable to other sources.

2, EnSor and Pilat have developed g general theoret-_
. ical rqlationship between plume opacity and |

- particulate mass comncentration for several

R substances g ! . ,

T4 Visible emission standard$: can show that more c¢fficient R
A A ERREY } _ F

v
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! ' LESSON OUTLINE 9

A

Alds & bues.

.
X

B.

D.

.

t

by " 1f distribution’ of paytible sizes in plume is:

Y

Cost and cohparison with sourcé testipg

1.
2.

3.

~ combustion may'béireqh;red ,
hniform,'then‘;Educing“concen;ration of visiﬁig
particles will Bubstantia1;< redice
he total weight of ¢missions v

submicron

..
-
~

Obsefver-inspector\cap be trained in 2 to 3 daxs;
Does not require éxtensivé technical backgro nd.
One man can make. observations of many, sources ‘in. 1
day whereas 1t may require as many as 2-4 men to
a source teét lasting several days inéluding
laboratory analysis, calculations, and regprts.
No expensive equipmen€71s required.

Questiongble emissions can be uocated by visual
obgervatioh.aﬂa then source tests run if needed. - -
Method for contréll}ng emissions that are diffie

w

Can be used for obsbrvatfoqg of mobilelgources )

éult'to source -sample, e.g. fugitive emissions.

a. .-read at point of Maximdm density

b,

C.,

d.'\

‘use stop watch

read plume at an aﬁgle

take photo.

Accuracy
1,

;

With proper training and-recertification at least

- . (
every 6 months, an inspector can maintain his accuracy.

Criticisms of visible emission regulations.
Criticism® '

1.

9

a.

&

-

"Opacity or' density varies with position of
]

_ lutapt mass rate of emiission. '

observer and position of the sun.
opaEitxﬁmeasurements cannot in\géneral be *

correlated with instruments measuring pol-

L}
Colorless gaseous emissions cannot be regulated
) I I —

T 1

&

- - -

”,

A\
. -~ °

L3

£

.

A
R - v. . . -y . -A .
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¢ ‘ . A ‘ v ’ » f <
by visible emission regulations. »
wd. Without proﬁcr lighting as a background, visible
.emissiqns atre difficult to apply at night . i
. €., Water vapor plumes may be erroneously judged as T . .
‘ violation of air pollution regulations. ’ : o \
f. Viaible “mio“ion regulations can be circumvented by .
A dilhtinb with atir prlor to dib(harue into the atmos~ N
r ‘ phere or by buildinb a stack of smaller diameter, ‘ .
2. Many.criticisms may be surmounted if the 1nspector ;
will always follow standard procedures for observing
plumes
a., keep the sun in thg 140° gector to your back
b. read plume at a short distance ‘above the stack
: ' '{)efore 1t has begun to spread out. ‘ ) ‘ '
c. idertify whether the plume contains water vapor ‘ g'
by 1ts appgarance.and then ‘read. the plume at the k
4 point where the water evaporates or if a detached ’ N | :
_ plune,prior to the condensation of the water vapbr.- : e
1 tf there is'a‘choice bétween the two, read the one A '
| with maximum opacity. ' - , Y
> - d. Wait until meteorological conditiohs improve. ' '
. : ) _ . ' \
III. Describe the variousg(seldom used, except #5 below) 2 .
smoke hreading ;ids and alternatives to vigual evaluation ) «} ¥
and ‘discués their advantages and disadvantages. _ i
A, Alds L - g
1, smoke tintometer - 9-1 )
. \ 4 -
© « 2, umbrascope
'~ a, cannot measure density 1ees than 60%
N
¥. 3, gmokestope ‘ . o
4, PHS film strip w ' “
[y ’ .o _
a, film may change from body heat when carried
in shirt pocket ’
: b, $15 cost - @ - N
5, -smoke complrison dharts ' o ' LI /
s " hold at ‘arm's lehgth
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LESSON OUTLINE 9 S \

Aids & Cues

6. general diaadvantagéa - ‘
"a. ‘applicable only to-gray~black smoke
L] . .
- be glve oqu a limited number of Ringelmann .

N, ' :
numbers o

Ce not\aignificantly more accurate‘than sight

7 . ' readiﬁg : ' -
B. Alternatives _ .
+ 1, photoelectric %@11 ¢ '

a, . mounted in stack

b. problems - ' L
s .o 1) periodic zeroiﬁg | ’
‘ 2) emission buildup P
‘ 2, lidar |
. 8. new .

' ) " b expenaive - approximately $50,000,
iv. 8ight readings advantages over devices

y. Summary

Most people with gormal eyesight can be trained to deter—

mine the correct shade of white or black emissions within an
average accuracy of 7.5% as compared with traﬂsmissometer.
With a regular schedule of retesting, alr polluLion control
inspectors who have qualified as visible emission readers can
iférm.a strong enforcement arm. By using their visible
emission readi;g éapabilities\they can maintain particulate
emiésions below a prescxibed standard, can identify sources .
. for &hich stack tests should be run, and can do thﬁpe jobs at
a stjalley cost to their agency &nd to tha'taxpayer than any
'eauiéalent rechanicesl methods of requloting visible emissions.

¢

(G .

116 120
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-, " INSTRUCTOR 10
 LESSON PLAN

Subject: L ‘ oo ' ‘ . . o~
\ QUALIFICATION PROCEDURES AND. EXERCISE IN RECORDING FOR QUALIFY{CATION S

. 1Y
\ » t .

S

% K

Objective: The student should be able to 1ist the requirements for .

I4

qualifying as a visible emissions ingpection, list the proper procedurq\

' for obgerving visible emissions in the fleld and properly fill out

the visib{e emigsions tralning form. '

4

4 . v ; .

Suggested Time: (30 minutes : . S

Required Equipment: 35 mm Slide Pfojector S ' C : <
). W ! ' ‘L“ y p

4 T

¢ LESSON OUTLINE Aids & Cues

Introduction:
<

» :
One and a half days of”mhié course dre devoted to obserQiqg_
series of black and white plumes to become a qualified ob—'
sdrver. *I'shall now explain the standards you must meet to
qualify and how the testing nuns-ﬁill be conducted. You wjll '
record your readings during the test on a training form.~)If YOG.." !

meet the required standards, you must fill out this form com-
pletely and hand it in to be examided and kept .on record in the -
files. Jpuring this lecture, I shall also ghow you how to fill B

Jout this form."
@ 'V\ “

T. Discuss the requirements for passing ‘the visible emissions

reading proficiency test. '
A. Observe 25 white and 25 black shades ' o 1 .

B. Whiﬂi recorded in percent equivalent opacity;
" black in Ringelmann numbers, or both in opacity.*

“
€. Deviations allowed | ' \ ’

1 2. white - nofle of 20% 6pacity or more

>

1. black - mone ol one Ringelmann or more (20% opgxityj _ * )

o~

*depending g: your regulazions

- T S, . 117 : : ‘\  ' -
¢

. ' | ‘ ‘ o
12 ; | - | |

\ S .
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LESSON OUTLINE 10

D.
‘

B

¢ F.

A.
- \,B. }

Ec
F.
Go.

Average deviation for 25 readings is 1es§ tha

’ N . .
'(LI. Deéscribe the conduct of the outdoor proficiency teets

* 3, Correct readings angounced at completion

2. Student fills  out form and records observations

7.5% opacity in.black and white categories

Everything accemplished on one series of runs ’

Traiq}ng Form to be filled out and turned' in.

familiarization runs — cofrect readings announced
E*?%;ice run ' ‘

1.7 25 black and 25 white - '

‘2, Student td record .

”

4. Student to figure out his score’ -

QualLfication Runs . '

1, Repeated for remainder of the course

on original andﬁvge copy: Copy handed iL, student

grades his readings and calculates average ‘-

deviation . ' ! .

3. If student qualifies, he should complete entire

b form and hand it in. . Y

4. No need for qualifying again during this course.

Practice runs for violation citation — ¢he black,

one white _ *

*l. Read at 15-second intervals and determine total,
minutes that plumes were above Number 1 Ringel-

v
mann or 20% equiva}ent opacity.

<X
R .

Deside whether smoke generator operator‘was in
violation,

Read at sound of horn

Use of adds

Read under conditions that, will exist in the field —

dark glasses? . -
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LESSON OUTLINE 10
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Aidg & Cues*

<

-

NS .. E
.

T

<

-

Ii

.
H

III.

Iv.

A .

Al N
Review proper procedures. for observing smdke

procedure

.

Aim is to improve accuracy and maiq&iii a uniform

ﬂ<

'instnuctions

*

‘1.

-
-

2
3
4.
5

L_./
6.

”

‘;
Exptai

'sun in the 140° sector to observer's back
night - 1ight source behind the pIhme
observer at right angle tg the plume

read a foot or two above the stack
contrasting background (gee discussfon .
Method 9, Federal-Register)

-don't stare at plume—-in teat,,look at plume
when horn gounds ~

concentrate on, reading; don't be distracted

n how v151ble emission training form

' should be filled out .

A.
B.
C. Lo
D.. Wi
". Wi
o 1,

2‘

Na

>

Go ObS
.1.
2,

H. Run

\

~
me, affiliation, date.

Time J

cation 7 &

nd speed _

nd direction, . ' s
oriéﬁtqtion ' \#
16 points of cdmpass

condition ~ all levels

clear
scattere@///fﬁ-
broken "
0vgrcast : . -
estimation by quédrants
erver's position
direction observer is facing

relation to sun

Number

»~

»

~A

'10-1
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S ‘1, fObserver's Reading o : S 3 . “
"  9$ e L black —~ 0 to 100 in 5% {ncrements : ) - R
’ © 2, white — 0 to 100 in 5% increments
-
‘1 o J, Transmissometer Reading -
o K. Deviation 601umns : ' _\\/‘\\\ ) |

1. explain minus and plus readings i)“ .
' ‘ ) 2. £111 out in_pérc;nt . S ._ ' _ T« .
, ! L. " Sum and Number - ) - -

’ . M. Qualification boxes ) .

" 1. run number : . . - VoLt
- { - 2, number correct ._ . e e |
| 3. excessive deviations .

X
4. average deviation

h a. explain computation B . ‘ S < ,
. b.. white and black figured separately )
.-_ v - N, Examiner _ R ‘ : . ; 110-2,f10:3,10-4
- - . V. .Use slides to go'ghrbugh a sample visible emission reading 10-5, 10;6,

exercise of«5 black ,and 5 white shhdes Have students fillld~7, 10-8, 10~

° out ‘form and make computations in class or at home in the . \
. . . * . o A ) L N 10-10 Y 10_11\
@ evenipg. °, , S S L
- I, Summary o . .
In the visible emission reading'proficiency test you will
observe a series of 25 %hadgs of black plumes and 25 shades ‘ !
of white plumes and record these in opacity feadings. To

. qualify'on this %FSt you are required Ey complete one " : :

series of 50 rgadings during which yod“mugt:

A | A. Read each shadé with n6 devtations of 20% or 3 o '?

“ i'rea;er (one Ringelmanp or more ;or black

plumes) ‘

B. Have an average deviation on both the blnc v
. and white plumes of o more than 7. 5m on the

game run. There will be at’ least eighl scrigs

of field rung during which you can. try to nua;*fy

- 120 R . ‘.
. »

) a—




-
—
; .

. ~
-

“

-~
-

—~e

.

t

n

| .'. ' . ”. .." . . o | |
e . ‘ ' 35 mm Slide fow - - ' : ' ; .

Exercise in Recording for Qualification

S

*
-

S11dg ‘ 3 L1 b - ' , (
‘ Number - ) Topic Comment Y
! » N t .
10-1 ° Smoke schgol training form 352 . . & v
. ' - . ! Q
P . 10-2 Steam electric plant : ' .o
' ’ ( ©‘  St. Louils, Missouril (coal-fired) - S _ .
" - . CL ' E -
10-3  Steam electric power plant #. \ 85% “ "
. Columbus, Ohio (coal-fired) C . . )
10-4 Pathological incinerator, | - 90% ( : ‘

New Orleans, Loulsiana

A . ) 10-5 Feed plant, Sharonville, Ohio 75% . /
'. - o 10-6 Industrial boiller atl a « ..
. ' cigarette manufacturer y 457 ‘ .
' . Durham, North Carolina oal-fired) PR R . )(
L} .
l ' . '~ 10-7 _ Fertilizer manufacture Read at end of water
‘ o "~ Columbus, Ohio ‘ . ... sportion of plume 25%
._ L . . . 10-8 - Portland cement plant . - Read at tép of stack -~ .
, ~ _ Failrborn, Ohio L 50% .
" : * 10-9 .  Aluminum rleduct_i_p_n plant - Read at poilnt where
y ‘ Chalmette, Louisiand - t water evaporated 80% .
_ ®  10-10 . Sulfuric acid mjnufacture  Read at top of tall stack
: Columbus, Ohio . ! o S0z '
. > . . . )
-10-11' University power plant . ‘ Equivalent opacity_ of

Columbus, Phle (coal-fired) ~wet plume read at top of,
L nearer. stack 100%;
read at point where water
evaporates 0%, .

»

o _I L Ip— ) -'.<
\
-
i
.-




INSTRUCTOR
. - LESSON PLAN .

.| Subject: o
~ ’ ) I

<.. ) N

.BASIC METEOROLOGY

1 :

Objective: The student should be able to d!fine temperature lapse rate .

and temperature inversion, identify the types of lapse rates and inversions,’
list the types of fronts and pressure areas, and draw the symbols used on

.| weather maps to designate fronts .and pressure arg¢as. He should also be -’
-gble to define turbulence and identify its: causes, and describe its effecs

{on plumes,. l

30 minutes

- 1

Suggested Time:

“d

| Required Equipment: Chalkboard, 35 mm Slide Projector

A

w .

i
B .

3

LESSON OUTLINE' Alds & Cues

v ! ' ) ! A -
Introductfbn: C oo o L .o

The problem of air pollution 2as severallaspects._'Four

important ones are sourcq of pollu ntsl transport 6f pollutants, - o
reception of pollutants, and congrol of pollutan Meteorologi-
cal factors enter incipally into the transport of pollutants for
these factors conggf

| the source, how fast they travel and how much thﬁ;,apread hordi-

zontally and vertically.

1 the direction the pollutants take away from

Since the control of pollution must consider transport
. 4. - : .

.and diffusion, meteorology must also be taken into account in
planning control strategies. The dispersive charazreré

istics of the atmosphere will determine the relations ip between,
i

‘source emissions and ambient air quality.

During periods of high air pollution potential, it is the .Q
measurementq of prevailing weather conditions and the forecasts of
future conditions that determine what level of emerge?cy controls ,
should be activated. «

Meteorology can also control certain phases of the
emission and reception of pollutants. More fuel is burned in

cold weather and 'more dust is picked up when winds are strong. -

The formation of photochemical pollut;nts requires the energy

‘\'

122 -
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LESSON QUTLINE 11 . | - 'rAids & Cucs

P — .
from solar radiatinn. : ,” : Ca ‘ o

Scavenging bf pollutants’ from the alr by precipi-

tation cleanses the air but it.'can cause contamination problem'1 [-
at the ground.
| surfaces i; related to atmospheric humidity. Sunligh®, : o : ‘ .

temperature,and humidity must be.considered in determining’

The corrosiveness of air pollutants to metal . ¢

the rate at which pollutants affect vegetations

2.

€

* B. Lapse Rate
l.l

"a. radiates in longer wavelengths

b. absorption by water vapor

c. "greenhouse effect"

d. surface as source of heat

?

deffnition

gtability and dispersion

a. neutral stability and dry adiabatic lapse rate’

b. stable ~ temperature inversion
: * Y S

[y

“¢. uynstable »°

"¢, 1Inversions

1.

‘radiation type

a. light wind |
- b. clear sky

c. depth

(
d. 4@orning break up

\
I'.n i§cuss‘tadiation, lapse rate, and inversions.'® \\\ : ,
A. Radiation ) ¥
11"$olat radiation .
! a. wavelengths
b. maximum — 0.4 to 0 7 microns ’
c(t reflected,cabsorbed transmitted scattered
d. clear and cloudy skies ’ )
2. Earth ' P

11-1

C11-2

11-3




1. highs— characteristics ot

" 2. 1lows '——characfe_ristics‘ : v
III. Discuss yﬁ?iicles in the air and their effect on'.

4. washout — >1u . . \

‘5. growkh Jf small particles \ln moist\'atmospheres
[ , AR

B. ' Scattering -

1 sinilar in size to viSible wavelengths
2. decrease im visual rarge
3. dry haze N
4. damp haze N
s N
6

7

-\

» haze layer N

hY

4

«

LESSON OUTLINE 11 ~ Alds & Cues
_ ' < 7 -
‘ . .
2. subsidence type: I ‘-
) \ R . / __: .
II. Distuss fronts and pressute'areas/f- : t 11;4
o ‘ - o ‘ "
“ 4. Fronts y j - . %
1. cold ’
. _ _ . ‘ ». .
. 2. ,warm ° | . e
3. stationary
4. occluded : . \
'5. movement .
6. relation to pressure areas moljy
L - . '. \ . ' . (", \) ) : .
B. Pressure areas - ' 11-5

visibility ' , _ .\\\
d 0 oAs Removal of particles and partiéle sizes
l;\\settling — >20p S
o 2. \Impaction — <20u ) _ e N B
. ¢ \ - .
| 3. rayinout — 0.1 to 1.0y at -cloud™level ‘

o . forfard scattering > béQtward scattaring -’k\\\\jl




e
o

2

r.

. temperature;

Y will spread out. . ' ’ ' Loy

‘2. relative humidity .
al, relationship to air temperature
B. Liquid water ' o ot
( 1. pondensation
a. temperature
b. ﬁumidlty

S .2.

clouds and fog - ‘ .
a. particle size ‘ "o
Lb; radidtional poollng - :
c. 'cooling by lifting or convection - ' )
3. preeipitatiqn o SR .
V. Discuss turbulence and éddies o ‘ , »

A. Thermal'turbulence
B. Mechanical turbulenee 7;.
Doanash j'A“J

D. Eddies _.relationship between stability and
‘ ’their growth -

VIR Summary

Thre dispersion of pollutants in the atmosphere is con-
trolled by" the_wind and the stability of the~atmospﬁﬁ\\
Atmospheric stability is.related to the ‘lapse rate of

T .

Ly & ’
The greater the imstability, the .faster a.$lume

Under inversioén condltions plumes are prevented from

|
Areas of high pressure are accompanied by

digpersing rapidly
ihvarsions, -poor dispersion, and hazy conditions. Small

particles the size of visible light wavelengths spatter the

v

light and reduce the visibility at these times.

. LESSON OUTLINE11 Alds. & Cues
|IV. Discuss water in the air. AN ) Y.
A. Water vapor | . . . “u v}//
. 1. \tnvisible - . | |

11-6

o
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T e e SSON PLAN
% ~ -} Subject:- L R T S

.!?‘; ;7.‘:fjf: '.-f?d"?ﬁgi:?;;E?;;€:?iézsggéﬁlfi. IPJ ?PIKIJ(YP()EK .52! | l'
X |

e

e e Objective: The student should bé able to list the effects that weather . . . \
o, , | elements can have .on readings of plume .shade, list-thé procedures the’
. ", | smoke observer shpuld use t:o compensate for the effect:s, apd to ident:ify the '
: informationcnaweat:her map’ that ‘18 i-mportanq to a smoke in pect:or. “He .
should also be ablé“to define wind direction,: ident:ify the Beaufort ,
L specificat‘iops for wind ‘speed classes ;. and make observations of cloud o
. |cover, wind direct:i0n and ‘wind speed for entering on ‘the report: form, '

Pp—

7 *"| Suggested Time‘ 30 ?inutes S /
. ' . e . '. . . .

r

;] Required Equ-ipment:: ¥Chalkboard and 35 mm Slide Projector

. | ) . \ Dateln N ) ' D D) L “' . . : . . e
: ‘, . . . ¢ . . . . 0 -

. | . |
e U ' Y . : B
' . LESSON OUTLINE o | %ids & Cues .
o lnt:roduc tion: . ' -
' ~ The read:ings t:hat: you will make as smoke inspectors may N '
y ' be used as, evidence in court. Your testimony should be as ob-~ R t‘*
. | Jective (just the fact:s) as possible so that-it ‘can stand up under X '
¢ | | t:he quest:ioning of a’ defense lawyer. Anyone who has looked at
oo ., L plumes has observed . t:hat: they -can vary in shape, shade, and 1. S \\
’ g 'brightness even though t:he rate of emission from the stack does | : . '
ot change. These variations of the pluxne are due to variat:ions ’
’ . | . of atmospheric elements.such as wind, sunlight, cloudiness, and ;‘""" . .
. ", " | humidity. You should understand the effects of these elements B .
' q “o and, ewhere possible, adjust: _your observation procedures to .' L\ '
R £ T compensate for these effects. . Whether or not you can compensat:e , d
. o for the effects® you. should make note aof the weather conditions
‘on your' obs\cQ:ion report: so that you will have a record of them .
.| for future reférence. _ . S




-, .

“ . : . )

of piume, 1f stsible. b

.. Cu ’ake notes on weather conditions .

II - Explain atmospheric humidity, how to estimate the humid-
ity\}how it affects wet plumesy and point out that its
variations can help. thte inspector to identify wet plymes.

o " 1pssoN ourLINe12 ” J _
T . { , " ‘ . v
I. . Describe the effects of weather elements on the readings ;
-of&blune shade andlpoint out procedures for compensating ) as
- for these»effects},%l ' | . ' A
AL Effects IR ) 12-1
_ 1. dilution of plume*by strong winds .‘ .
2.  dispersion and downwind configuration of plume.t f.12_2
related to atmospheric stibility o '
.3. changing wind direction and %the observer's 1ine 12-3,12-4,12-5
‘ of 3ight through the plume . ‘ 12¢6
4, wind speed, wind direction, and the turbulenﬁ - 12-7 ’
eddies caused by buildings and other obstructions y 12-8, 12-9
‘; a. relation of stagk height to obstructio eight | 12-10
‘ . b. similarity to looping plume: - : 1 12-11
Sf:-light scattering, sun angle, and the effect on R
plume contrast .
‘, . 6. contrast and effects of weather. elements .
a. contrast hetween plume and background ’
.. b. gﬂlumination of plume and background
o4 effect of hazy atmgsphere on contrast
d. effect of differentskyishades on confirast
) e. seasons, tree leaves, and background
B.. Brocedures for compensating for weather e%fects 1«
. 1. -Obscrve plume at right angles to the wind
¥ 2. Observe portion of plume just above the st'ack T
3’ Observe plume with sun within lQO segtor to' . N
Cw :your’hack. ' - - ‘ ;. ' )
4, Pick out\background that contrasts with color .




S S
. N LESSON OUTLINE12 . 7| Mds & Cues
. ‘ . A. Relative humidity ' - : '( ' .
- N T ‘percentage of s;turation . | , » * ‘ '
~ . ' »®
2, water vapor, 1idﬁld water .
3. satﬁfﬁtion ﬁﬁd condensation o g - oe
4, effect of air temperature on amount of water ' , ]
R vapor atmosphere can hold ) o ' N N
5. Estimates of humidity . X
o . "~ a. clouds and fog' | )
. o _ * * b. moisture on ground ‘ .. . /’} o
o c. 'B‘Ptic'electficity L . * )
» |- . : _ ‘ .
ﬂ& Relative humidity and wet plumes .
1. higher humidity, smaller rate of evaporation
B 2. 'higher(humidity, greatgf1persisténce of wet piume»
. ° 3. colder teﬁperaturé. faster;cdnﬁensation. B
- P 4, detached plumes and their reiationshig to ‘air
. temperature .
' 5. methods of_i&éq{ifying pfumes containing ‘moisture ’
' . o a. rate of evaporatioggand‘6ispiness ‘
'f}‘ 3 - b. 'persistencé of non-yater particles after ,
) .; evaparation
. ' ct longer plumes on cold moist days | '
d. *detached plumeé on hot days, bui not on cold ‘
days " ’ . _ .
* ) III. Discuss the elements that appear on weather ﬁéps anJ ' 13—12
weather forecasts and point out the portions of these _
+ that-can be useful to the itjp?ctor. “ o .
. &. Importance of weather report items to smbke inspector
ﬂp | _ ) 1. fronts, precipita;}oﬂ
. . Y a, comfort -of smoke reader J' >
. b. shower or. steady precipitation
i ) c. «cleagsing of particles by precipitation and
' .Y : A , improvement of visibility‘n R
'd.} gi;;égitatffha relas%ve humidity, and wet )

' ' ) R ’
. o ) 128 : il C
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VNN LESsON OUTLINE 12 Alds & Cues
2. temperxature | <
- a. comfort ‘ _
b. relative need ézr heating and fuel combustion
. " c. detached wet plumes
* - S~
3. wind direction -
_ " a. observer position - '
. "’ b. complaints ¢ "
c. downwash ' \ | .
‘ ’ 8 ;
4. win® speed Y |
a. lution - ‘
b. plime, rise
‘ ,5. relative humidity L )
a. wet plumes | )
© 6. iows and highs ‘
v a. lows —-precipifation
| b. « highs .
} ‘ . - (1) low wind speedd .
- (2) clear skies . o b .
(3) decreased visibility, more haze | '
(4) legs clouds .
7. cloudiness )
| a. background for plﬁme
’ b. . clear dfMes -
(1) night — inversions and fanning‘/}umes
. (2) day — instability and looping plumes )
Iv. ﬂ'iﬁt out the weather obser¥ﬂtions that the inSpector« '>
must enter on ?is observation form and explain how these ‘
observations should be made and the .units in which they
@hould be entered on the report.
- '3 ¥
o ce 129 : v
: - — -
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. Adds & Cues

LESSON -OUTLINE 12 \

A. Cloud cover. ,
definition v :
2. meaeured in tenths . ! ’
3. terminology r e . ‘ o
h a.' clear | }, ' y .
. . B !
! b. scattered ' h‘kdg ! ;
¢. broken - _
, d. overcast . T ' . o
4. .eetimatiqn by divieion«df sky into guadrante chalkboard,
~ < . " 12-13
B. Wind direction g
T " 1. direction from which wind blows -
2. 8or 16 pointeqof the compass A
* 3, inspector must know hie-origntation to north ‘ o
. 4. direction from blowing flags; paper, or grass
c. blnd speed ‘///
j 1. anemogpeters and their standard exposure
. 2. units —usually miles per hour - T
3. Beaufort*scale ) ‘ ' . 12-14
a. history , , . - : ' ‘ .
b. application to land sites t 12-1%, 12-16
, 12-17, 12-18
D. Wind variations . . 12-19, 12-20
l 1! variatiqne g}th lieight — effect of ground friction| °
2. variation during plum@ observation per103
E. AtmOepheric\etability observatioﬂg"( o ’ ‘
1. not required on form | , \ _ )
2, .can be estimated from time of day and plume shape
.3. can help in distinguishing betweeh mechanical
and therm turbulence effects on plume ‘
V. |Sutmary’ ). . ‘
.ﬁeteorolo cal elements affecting.plume observations
) l, . | \ . . |
v L 130
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b, Cloudinzﬂs-w\illuminatlon of the plume and %he

B.

-

S

3. Direction’of~sun‘—-forward~scattering greater
than backward scattering
backgrotind \.
Plume reading procedures to oyercome meteorblogical-
effects ‘ ‘
1. Plume‘should be viewed with sun within 140°
sector to observer's backj? '
2. _pbserver'should look at the s}ume from a direcﬁion

approximateiy perpendicular to the wind direction

:

3. Obseryer should view the portion of the visible

2 L
plume nearest to :he stack; ,

4. Pick out a background that contrasts with the

- color of the plume. .

C., Ihportance of Contrasting Background as stated in EPA

‘Method 9: , .
"Variables which msy not be controllable in tﬁe field
are luminescence and color contrast between tﬁe-plume
and the background against which the plume is viewed.
These variables exert an influence upon the appearance
of a pluﬁe as, viewed Ly an observer, agd can effect the

ability of the’ observer to accurately assign ‘bpacity

values to the observed plume. Studies of the theory

"

of pihme opacity and field studies have demonstrated
that a plume is most Visible and ﬁresed\@ the greatest
apparent opacity when viewed against g contrasting
U%ckground. It foilowsdffom tt s, and 1is cqnfirmed
“by fleld trials, that the opacity of a(p&nme, viewed
under conditions where a contrasting background 1s

I3

present can be assigned with the greatest degree, of

ﬁ

X

. o .

. V " e - ""; — N . Gl

[ LESSON OUTLINE 12- T Alds & Cues
1. Wind speed — dlilution o ) ,
2. Wind variability — dispersion M .

o 131
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.

accuracy. Hoy7ver, the‘pqtential for a positive error
is also the gréategt when a plﬁme is viewed under such

contrastiné conditions. Under conditions preéenting

a less contrasting background, the apparent opacity‘of . \
a plume is less and approaches zero as thé color and

luminescence contrast decrease toward zero. As a re-

sult, significant negative bias and negative errors. “
can be made when a plume is viewed under ‘less contrast-
ing conditions. A negative bias decreases rather than

increages the possibility that & plant operator will

be citeg for a violation of opacity standards due to .

observer error. ® 1
v v
¥ . a )

Studies have been undertaken to determine the magnitude
of “positive errors which can be made by qualified observers
while read g plumes under contrasting conditions and using
thelprocedures'set forth in t@#é method. The results‘of
these studies (field trialsz &hich involve a total~qf 769

\

sets of 25 readings egch are af follows:
1)\Fpr black plumes (133 sets at a smoke generator),
100 percent of the sets were read with a positive
etror- of lesd than 7.5 percent opacity; 99 percent

+. a sulfuric acid plant), 99ipercent of the sets were
read with a positive error of less than 5 percent
opacity.- '

Voo
. E

\,.'#

v

¢ . v
Y B

Yoor a pet, positive error = average opacity deter-

kined\by observers' 25 obsorﬁntions.-,avérage opacity
L] . v . . {

- determined from transmissometer's 25 recordings.

. were read with a positive error of ‘less than 5 .

‘e percent opatity. /,4' ‘ .
/~32 2) For white plumes (170 gets at a smoke ggherator, v/
- 168 sets at a coal-fired power plant, 2 gets at,

Alds & Cues

k B . 132 .
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Aids & Cues
W

\The positive bservational error -associated with an average, \ -
of tthy-fivé readings 1s therefore established./ The :
accuracy of the method must be ‘taken into account when
determining 'possible violations of applicable opacity stand-

a d'S¢" ‘ ’ . ( \ *
b
- 3 \'.
) ' . N | ‘
35 mm Slides Describing Plume Types _ '
S;ide v ‘ .
Nimber ... iy Description-
- s :s, ‘ )
12--3 Looping o+ '
12+6 ) Coning' (Cement plént)“
- 12-4 JFanning i
12-5 Fumighti{on (Pulp milleplume, 7 a.m., .July, Lewiston, Jdaho)
X s 4
12-11 Downwish caused by bullding

)
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' ] | _LESSONPLAN

Subject: , . N
*LEGAL ASPECTS OF VISIBLE EMISSIONS _

A -

Objective The student should be able to differeﬂtiate between common
law and statute law, cite the decisions in the 9$pea1 -cases of the

Los Angeles, California visible emigsions stapute, identify the require~
ments for a good air pollution law, state the visible emission regulation
in effect in his own region, identify the criteria for being an expert
witness, and list the xrules of courtroom behavior for an\expert witness,

h SR re s

A} - i 7 ﬂs - - - ‘\

'{\

T / . '
Required Equipment: Chalkboard and 35 mm slide projector, iﬁ mm sound movie
projector Vithfld? takeup reel.

g LESSON OUFLINE ) - MY & Cues

Introduction: ' \(

The purpose of a visible emissions regulation is to control - .J!'
the amount of air, pollutants put out by a stack:or tailpipe’ The
| law.sets a standgrd-.a specified Ringelmann ‘Number of equivalent -
opacity percentage— that determinen whet smoke is illegal. The |
role of the air pollution cdt:rol officer or inspector is to |

enforce’ this 1aw. ‘He observes the smoke emissions and may issue'} -
a citation when he sees a violatjon of the law. : -
In this procedure he is similar to a traffic policeman who |
gives out a ticket to & driver who exceeds a specified speed,
this speed having been determined as being unsafe fior the pre-
vailing conditions such as congestion, population,‘street‘width,
etc, Like the traffic policeman, you the air pollution officer
as PﬂfE)Of your job, will sometimas be required to testify in
“court concerning your observations. - ' . -
In this lecture we will discuss the body of air pollution ‘
law that has grown up.and which has been tested in ‘appeals cases,
To ﬁrepare you for your time on the witness stand, we shall N ‘T

discuss several pointers on how to be an expert witnfess. _ ,

("Role of the Witness," a motion picture may Berve as the ) / '
foundation for ‘this portion ok your presentation ) )
Y .
’ 134 ' ¢
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LESSON. OUTLINE 13 Aids & Cues i
, | “I. Discuss the development of visible Ynissions law T
| . ‘ A, ~ Commoi law and statute law - ’ , v
N . ;z comnon —prove injyMy in each case _ ‘
:' . statute— black smoke is always a nuisance; . Y
- injury does ngt have to be pf'ox'/un in each case
B | <X B, Air 'pol.lutio'gl regulation.power belongs to tk;e States
. - 1. This power is given dp the States by the 10th 13-1
_ ameﬁdment : | -
'.. 2, The gtate can grant this power to tﬁe city or.
‘ . ‘courlepy,' oo . e .
'. . '. 3. Only. 1imitations on States' power is in ‘ ' 13=2
A ' : Y " 1l4th amendment R ‘
' l C. Ringelmann Standard and Equivalent Opacity Standard
. | % 1. Massachuseits — 1910 . .
o 2. Los Angeles — Section 24242 13-3
' ' ' a, subsections for Ringelmann and Equivalent ‘Opacity
* 3. Method 9, Federal Register: Opacity |
© D, Constitutionality tests ' l
." _ ? 1. subsection (&) ° R
2, subseﬁction (b) . e
. : 3. outcome of California appeal cases
’ o @, code is constitutional ,
. 'Y b, statute may adopt USBM »publicétion for - )
- . - description of prohibited act ' )
, g; csmok\e ingpectos can be considered as expertg '
| . d. layman's uncertainty of the dénsity is no
| excuse o ,, ( é .
: ' d. atbitrary setting of a Ringelmahn Number ag |.
)  'a standard is ma“ter of discretion | -
- _f,‘ observation of & plume dénsity violation ,
.' from one direction is sufficient for a court {
] o a o citation, - '
I N L
‘ ' _ - 135
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o  LESSON OUTLINE13 & . Aids & Cues
I, Describe yhe Teqé&réments for a good air, poliutiOn law
) and 1ist some of Jhe standayd and varigble terms in )
" visual emissions laws. B . . ‘ !‘ '
A. Requirements for a good gir pollution iaw.' \ ' 13-4 “ )
1 1., must have power ‘ , ) ‘ _ 4
2. énforceable | ‘
| , 3. reasonable ' ) .
. _4s cledr and precyse ‘ )
5. 0o criminal intent is required; : ‘
6. Thefe can be different egisbion standards for
different séurces. o - )
. ) B, Variations in visible eﬁt@sion regulations ”
. 1. di‘fferent shades may be required
| - 2, different types of ‘ources may be inclﬁdeh under
these regulations ' | e | .
5. different types of sources may reﬁrire different
visible emissiong restrictions
4 _exceptions to fegulations may be allowed during
‘ . " certain periods or for certain sources
a. new fire -
bs frost prevention ’
Ce iraining.firemen. ’
III, Discuss the-visible emission regulation that is in effect
) ' in the city or state where this course is being given, _
A. Limitations . - - 13-5,,1356 -
. 1. density '. _’ ay ¢ ‘
/ ‘ ‘ c o 2 equiva%gqt opagity o ’ , . \
3. length of time per hour v
B. Exceptions : ) -
_ 1, source type ’ ' )
‘ L - 02. new fire ) A 'L; ,
. , 3, other X :
’ & .
.
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’ LESSON OUTLINE 13 ° "; ‘Aids & Cues
IV. Discuss the role of the expert witness in a court. Show movie .
A, What is special about an expert wiéness?‘ ."gitﬁegz'the
l. has special knowlédge or talent ‘ \
2, can testify to his QpiniQﬁs or conclusions. T .
B. Preparation for giving testimony | ' \
1. review observ;ti¢ns S ‘
2. réquiremeht foﬁ making out report complétely at
time of violation since.case may not come to
court for some time _ L ‘
. 3, ‘50 over your uestimbny with youF‘altorney pfior'
to your appearance &n court oo
4, photographs . .
' a, know plant process that was photographed : -
/ b, know weather
. c. know camera and film data -
5. telephone- conversations should be precedéd by h,
visit\with the piant operator
- 6, Do not becom® overconfiderdt about court appear= -
| ances after having made them geVefal times .
G. Pointers for the expert witnesh | S 13-8
l, dress d '
2. be responsive )
3. do not volunteer ’ )
4, keep calm ) . -
8. be silent if "quection" is called out
*6., several examinations may occur .
~a, difect . ' ?_
B b, cross®
| ) c. redirect -
’d., recross
e. later recall . |
(.
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< | 'v. Summary . | o ‘

.« R ) The visible emission reg‘ulatioA— Ringelmann Number and

‘ ' Equivalent Opacity—and: their enforcement by a trained observet..

have been established for a number of years in various States
. | and their constitutionality has been supported by appeals &
o 1 cases. Therefore, the only addit&onal iiqnirements to make S A
4 o theé effective are that the trained-air pollution control ‘
. officer make an observation of g’/violation, record his obser=-
' vation and the circumstanges gurrounding it, and when called _
' .upon,.testifY'bffore a judge regarding his observations. : /
. 'In the final analysis, the entire success of the case
againstwa polluter may rest upon the quality of your testimony
" s in. court and how convincing you are to the judge in your role '
‘as an expert observer. By following the suggestions on prepa=
ration aqgfcourtroom.behavior that I have mentioned,you dand

your attorney should be able to present a conving¢ilng case, '

1 o A " ...'. ¢

a B ' : & y
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\ _ LRSONPLAN

¢ ' v )
Subj¢ct: OpSERVATION REPORTS FOR VIOLATIONS - '

Objective: The studgnt should be able'to £411 out a visible emission
observation report form, preferably the',one in
or .state, W

L3

use in his own locality

y

Suggested Time: 15 minutes

35 mm_stide projector

. » . - . )
.1 . .

\\RQQUired Equipment:

LESSON OUTLINE v,

¢
<

ALdE & Cues

., fntraductidn g .

The purpoae of making a visual observatiomsof the degree of
blackness or whiteness of a plume is to collect evidence of the
violation of a law\or regulation. To provide a sufficient basis

for court prosecution, the inspector must gather evidence essentialj.

for a prima.facie case — that 1s, a case thas, unless contradicted,
oddg up to a violation of ‘the law. ‘ C .
The inspector should conduct his obser&ation with this end in

A

'.I

mind. The’ report he fills out should be designed 80 that all the o Describe _
t
essential information will be recorded. Appropriate observatipn . g;F?:i: e?d
» .
forms are those used by the U.S. Federal Government as recommended lesson plan.
in Method 9, .and used to evaluate visible emission standards for ‘
NSPS. . . . . | -1 | &
I. Discuss the uisible emissions regulation(s) that existg in (Also used lin
Legal Aspects
your- State,kcounty, or city o ¢ LP-13
AA. Statement of specifica, each of which must be proven in ¢ 14-2
court’ '
)// . - violator _ » .
.2, actibn : v o '
3. ,source ) y ] ' w® o _
4. ﬁhade . L L . -
5. period of violation ' < J ”
| ’ 139 i
) ' ‘ »
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LESSON OUTLINE14

di%‘.‘r .

B,

. - X
‘Rccord and citation “form T N
1. assure that properidata have béen cgilncted
2. report is ngt evizzngb by itself
a. observeikg expert opinion
b. 'his testlmdg/h . ,ﬁ

3. facts to be reported on violation co
a. nature and extent X
~b. ‘date, tiwe, and location . )

C. pérson(s) rssponsible ‘ '
~d. equipment involved

e, cause ' uf, -

f. weather conditions o
g. observation point |

h. stack invoived *

\C. Exceptions and special designations

1. specificed sources such as incinerators may be

_Aids & Cues

*  required to meet a lower Ringelmann standard ¢ ‘
’ & 2. ,higher emissions may be allowed ’ -
" a. for special period ) N
{. 1) nev fire _ -
2) cleaning fire box ~ ) * '
‘ \\3) blowing tubes . . . ' )
' 4) equipment brcakdbwn ' S g ’
b.' for special sources ‘
’ " 1) railroad 1os0mptives ‘
v ; 2)'steamships | h
3) transfer of molten metals *
4) coke ovens ' e '
) | '5) gray. iron foundries : -
' 3. _specific sources may be namcd.father than hayving
" designation of "any source"” ¥ .. > /
. ‘a, ~fue1-burning eguipment' ' .
b, _apartment houses
c. broccss equipment : ' T & ) r
f d. ddesel motor vchicles * ’ .
N | e. open fires -
: £, frc. ‘ | A o
: . < 140 ' . s .,
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'_ : » LESSON OUTLINE 144 Aids & Cues
3 . II. .Explain your raport forms or a -typical repowt form uked [Make overhead
! ' " : : N - N Lransparency il
' . In your State, county, or city, , _
- A o \wy, o y . s practieal
. @ ”' A, Basic observatiounal iuf'o.‘fx'riﬁti;'}._n ) . 14~
l . - ‘1., ‘time'intervals for each density or opacity ‘ " 14-2 ‘
Q '62., any -color changes with time of begiuning and
. N - ending . .
| 3. total violation time for any stgndard pcriod
' - " . (
.' -(hour, half hour, etc,) .
‘ B B. . Supplementary information _
o v 1, observér location ° '
.’ "2, wmd direction and speed- .
S . 3 ° cloud cover and wcathof conditions ©
. 4, date and time of obscrvaLion s, f
- 5. name afd 'd.‘d‘dress“ of violator !
' 6. type of air pollutant
Vo Y
; : 7. description of source - - . )
‘- | 8, “ains;)ector'a: signaturbe—"
. _ C. »PhoLographs ) . ; . .
' . 1% y,(md idea for presentation in court '
' : . 2. do not take thnm\\t same time as the visual '
- observati®n~ - : : o ,
. i 4
L, a. the shade on the photo may not match the - ‘
' . observation® ' o
: o .
v ~4 Y b. processind may change the photo .
3 . 3. have complcu_;' rccord of who handl'ed and processed |
" ) : s . . .
.‘ . [} ) ’ r Lhe fjlm ' i ¢
‘ po® : ' °
L . v a. can be done by commetrcial firm '
.. o - o « _ Y
“‘} ’
' 4
. . . 'w.
. o ol
' ‘ N
' Lt N v *
' R ¢ . ‘ {
¥ . : " ;
I ’ A
Q . . .
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"I11. ' Symmary : o - ‘e
- The air pollution inspector: should know the regulations
he is enforecing and be able to relate/the items on his repott

' * fprms to their'apecific uses in making a record .of his obser-| ., S ) ‘/w~\
. ¥ | vations that will stand in court whether he gave the uestimony N i
o or someone else gives it  using his report. Sometimes a case “ ; ' ey
nay not come up until after the inspector has changed jobs. » .
However, his report aﬂﬁ his qualifications as an inspector can e A

still be used- by eomeone else in presenting the case.
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EMISSTON GENERATOR . :

. . - \‘ .
- i J|

Obfective: The student should be able to lisg the important components
of the emission generator and describe how black ,and white smoke are
produced and measured by the emiss}Qn gen&(ator, ]

\

-

SRR /

res

To qualify you gs an expert visible emission reader we use
eS different shades of black or whitgbemission.

Before you are -exposed tof this smoke generator' I want t mexplain

device that produce

how it opeﬂhteq‘andztell'you how the field testing portion of this

‘course will be conducted. o " I

'
[y

Visible emission generating equipment, for use in courses like
this one, can be built by air pollution controi’agencies or can be._ /%
purchased commercially. At present, the most widely used smoke
generators are made by Environmental Indﬁstries, P. 0. Box 441,
Cary, N. C. 27511.

The unit is custom made to the pruchaser's speci-

It is mounted on a boat trailer for easy
portability.
ficétiohs, but the principal features of it are present tn all units.
It cogts from $8,500 to $10, 500. In this lecture I will discuss jthe
operation of the Mark II- model of this visible emission generator.
The Mark I1 model is no “fonger manufactured but is typical of the
. cutrﬁntly manufactured mode}s. , 1

{o begin with, it looks %}ke a smokestack on wheels and basically
that ns correct. Black -or white plumes can be produced -and their
opacity measurad. But you will be primarily interested in what comes

out. the stack. ’ !

- h
. \ -
Suggested Time! 30 minutes . . '
Required Equipment:35mm Slide Projector _ .
\ ) -
- i " '.' '
. LESSON OUTLINE K\\ '} Aids & Gues
dh i W
Introduction: .

T
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LESSON OUTLINE 15 T Aids & Cues -
I.A Deadﬁ}be the equipment and method for-producing black N
" and white emissions and for measuring the opacity of
the emissions .
‘A, Black plume production . 15+~1

1. Black plume is produced by burnfng a fuel 'with .“ 3
o insufficient air. ' a <
2, Generating black'hlume S0 o~ '
- :
a. fuel: Toluene

1) flow regulated by-valve

2) fuel burned on the. floor of combustion

chamber - -
b, furnace: steel combustion chamber lined with
refractory, brick)or a doub}e—walled steel ‘3
chamber e .
c. density of black plume controlled by l f
‘ varying the fuel flow rate .
B, White pjume production S15-2
1. Numbex two fuel-oil is heated in absence of - ' ’
: oxygen until it vaporizes. It cools andpcon-
denses into a white éioud of liquid aerosol ,
droplets e ' 4
2, Vaporization ) . M
a. .heat for vaporization produced by exhaust
‘gases from gasoline engine .
« b, fuel oil injccted into manifold carlying the’ |

C., Exhaust to the stack

1.

2,
v

Smgke is diluted by ambient air &«s it ente

exhaust from thqg envine
c, ‘- vapor is cooledﬁin the end of the manifold
leading to the breeching and the stack. -~

=8

Generated-plumes,'whe;hcr black or white, arc 9

pulled into stack by an Jnduced-dr.:lft fan. |
| rd Lhe

stack . \

——
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D,. Transmissometer R o ¥ Aio-s 1
1. Cmnpoﬁénts; . .
' a, - Light cource . » 3 .
b. phoLo‘Cc,ll )
2, HoubinL
a, four-foot length of pipe pelpcndicu]ar to
" stack ) .
b. six feet below top of stack 4~f///
3. Flushing to prevent smoke buildup
.a. onc foot of beam length is through Lhc stack
* b, other Lh)pe fecet
1)‘ provont smoke vntrancc by using smokc
L. ?tops_‘ ) e, . ‘
2) - flush air'with_fans at cach end of the‘~
' horizontal pipe ' .. -
4, 1Tndication or recording oi’f;ansmission
a, percent: transmission of the. light betwcen
source and photocell is relayudlto micro- 1
nmmeter _ ,
b, gystem calibrated to read 0:5 Ringelmann or *
O—iUOY.opqcity. Calibrated in 5% opacity ’
steps. . | !
- . :
Ce fustments ‘ . . .
| bro reading phoLoccll readlup with
( ** both tﬁs white and black plumes
, . benerating systems turned off
{ ) No. 5 hlnpulmann or ‘ 1Q0% opaciLy - phoLo— .
. ccll reading with bulb in transwissomeler \
, pystem turned off, ‘ \
11T, Other soke generating cguipment
/A. Los Angeles (1962) ~ 7.
1, Bﬂljlck smoke
\ 145
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§ . a, 'atomizing~type fnei oi;/mhrner | _— "

b. larger combustion chamber

c. cooling chamber — prevents sccondary com= ‘

bustion

d.* forced draft fan = hclps td’prévént distor.

tion of plume by wind‘as the smolke exits from .

the 6tack ‘ . . P f )

2.\'White plumes . e .

R vgporiiation of distillate oil is caused by
" .. heat from an ad jacentr combustion chamber

3. Opacity and density detegtioﬁ'syst o .

a. similay to Mark II

. .Any available infonmation on other smolce generators
III, Explain how the training and testing og the student
’ inspectors will be .conducted during -the field portion of

this course, v

A, Training plumes are produccd by a smoke generator and

_ officially meﬂsured by a transmigsométer in the stack,

‘B, Runs of 25 shades of black ana 25 shades of white
plumes are used , b

c, Traihing.begins with familiarization runs of black |

" shades and of yhite shades .

. ~ v

D, - Rgadiags are made at sound~of-the horn
o 1. Smoke passing photocell when horn sounds will .
Jreach tdp of stack at s@mé time as gtudent shifts

“his view)

o top of stack in reéponse to the horn,
2, Generagor ogerator wili_antempt to kecp smoke
) outpft steady for a few seconds after sounding
- the horn B
a. 'wind gusts may causc varytf{on in smoke

density at top of stack .

,E. Student rggords his observations. ) ° -
Qi) - .

146 *
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T. Tor tceting, runs of 25 black and 25 white shades are

i : ' i
ll"d- ' T e

ol i

d. ”tudent must get a satisfaclory score on a single

-
-

Crun Of JO'shadcs to qualify, )

. . Q ! :

2, chulrcmcnt“ S ' [
} - : g
a. averabe ‘deviat Lon ‘on black and WhiLL Smoke . e

qf not .more than 7.5% in each catogory,

b. no reading ot the 50 may vary from the
Iactual v lue of one Ringelmann or more Or )

by 20% opacity or mare — this is generally

more stringent of the two requirements -

6. Runs are repeated during the remainder of the fidld
testing portion.: ' .

-H; Training and testing-may be conducted'undcr various

conditions . ' f - _' ) , . '

1, Diffcrent times of day | | » h\

a, testing pt~night may be included if inspector
willvbe rgquired po make nighf obscrvations .| K ' . 1 J
‘2., Differeat atmospheric conditions
a. varying cloud cover .
b,. varying wind ;peeds ' g : . : I
(\\J - c. varying sun.angles
I, Simulated field rcdhings may.be used during. the
testing period- | ‘ " - A

¢

) . . . : .
« | 1. Summary ' ' ' « :
You will be observing shadesgof black smgke and shades of

white aerosol droplegg from number two fuel oil both produce R ) ‘ _ -

fby our gene ating equipment. 1n the(test portion you will
read and ré

ord your observation of 25 shades of white plupes
in percent opacity to the nearest )% and 25 shades of black

plupes (in Ringelmann -number Lo the nearest 1/4) or (in opacity

to the nearest 5%) (qu the one aﬂpropriate for your agency )

"
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‘ “ There will be.g long'familiarizatidn,session %efdfe the
,testing bégins and short familiarization sessions in between
{tescing runs. By training your eye on these familiarizétién
runs and by profiting from your mistakes during the early
\Ept ‘rups you should be able to become proficient at glancing
at the plume for g_second and silently noting its opacity

within the reqﬁired limit of accuracy.

\

-
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' S ENVIRONMENTAL PROTECTION AGENCY o
.. ~ . VISIBLE EMISSION TRAINING FOR’M‘f) v
e v : _ . ' ' o ' C. -, - . ) ,
' - 1. Name of Obiéfg. . TR . s — .
3 Amllatlonl . ' - N - _ St
;. '3, Date ___ S o Time — _ ; '
, 4. Wind Speed _ ; ___ Direction __ : ' Sky Condition -
.5 Observers@osition - - . ' . — : S |
"_.6 Correcteq By - ‘ - v ¢
' Record Black and/or White Smoke in Percent Opacity (for example: 5 percent smallest division) )
' RUNNO. - ~ ][ RUN NO. -
' S g? S b E ol - B %&"‘ R £ o s
. — by . = . . =
- E AT B RS E S e G
| Bl |G| 5|8 /5|25 82|5| 5 |55 |2=| 8|2 (5| 5% ES| 8|5
. ®l2d | > é/ sl 2815 |=| & IS A8 |5 s> |alwglE > | 'S |
S18e | E | NS |e|se |F gl a ||€|8x= | = 88&’8m;'8£§
| + ™ + | 1 RN +
. i '; R . 1 13| B
2 1 N 1 K 2\ 14
. 3 | i 3 - 15 -
4 116 ! 16 (
| . 5 17 5 17 1 -
SRl ) 18] b 18 .
| ' E . 19 7 9] °
8 . 2 N 8 120 B
9 » 21 19 - 21 .
' 0] 22 \. 10 i 2
1l 23 oo 11 123
. -zl 1 ] 24 12 o 24 .
" "7, Run Number 2 ] Bl \
"' 8. Number Correct ! o ' 1.
9. Number of Plus Deviations | | | . _,
10. Number of Minus Deviations - ‘ - &
o . . _ N . '
“11. Average Plus Deviations = Mpe_vnm 9. L4
o No. of Plus Deviations | S 10’
12 Average Mlnus‘ﬂeviatuons = Sum of Minus Deviations . L '
No. of Minus Deviations | 11 ya
13, - Average Devlation = (Sum of Plus bevnatlons) + (Sum of Minus Devnatloqs) gl &\' \
| i | Total No. of Readings ’ . )
14. 'Number of Readings 20% Deviation and Over (or 1 Ringelmann and more) | 131
". . '
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1, Which analysis would you need to find-out h8w much ash is in
 a coal, proximate or ultimate? R «
N _  ultd ,
‘ : . .' W . . . ¢ ’ - . “ -\ ’ "‘
2, Aré kerosine, and fuel oil for home furnaces classified : ;
as distillate or residual? . I L
) ) . . ) .
. . ’ “ _‘ .
What are the "3 T's" of combustion?s
s ' : ¢ PR
.. /‘ n! )
l
- 4, What¥ other éle{ﬁeﬁtﬁ 1s' needed besides the "3 T's"?
. . . : B Q'*‘p ’ 2 ,
r 5, Im five words or ‘less for each "' give an example of the practical :
applicat,ion of each b 1n the burning 6f fuel in either a furnace,
kerosine lamp, . or other combuat:ion device. i
T s - | , - ' - .
\/ o . . . !
. ‘, Qj 1 . L )
v, T - -
L 3 . s
T - . ,
N =) .
v
4 ' . \ ‘
, ] . '
. " . . ¥ ‘k
B \ : \ o
¢ \ ‘
. ‘ . \ )
! [}
[ad
.
¢
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- IR QUIZ It oo S A
<0 U F\orcive in Recoiging,for Qualificatidn
- Slide S - ] : o .
- Number & \ Topic oy ' b Comment .
. . ‘ \ R ' ~ . . ' >
10-1 Smoke School Training Form ; R
. v ! . . ' .
35%

' Note: These{are the same slides as thosé used in Lesson Plan 10

10-2 7 $team electric plant
St. Louis, Migsduri (coal=fired)

10-3 Stea%beleCtric power plant to "857% —_—
' Columbus, Ohio (coal-=fired) ' : _
N\ . . .
10-4 Pathological incinerator: 50% =
New Orleans, Louisiana P ‘. . e "
10-5  Feed plant, Sharonville, Ohio ' 75% ' v y
10-6 ¥ Industrial boiler at a S 45% , :
. C igarette manufacturerx g : <:?
Dlrham,«North .Carolina (coal—fired) . o ° .
Read at end of water -
10-7 Fertilizer manufacture . . portion of plumet 25% -
. Columbus, Ohio . . S : - 4:
RN , ‘ Read at top of stack: /
.10-8 . Portland cément plant ' - 50% - {
// Pa?rborn, Ohio ) o ' -
://// Read at point where -

110-9 /" AYuminum reduction plang - water evapoxated 807/

‘almette,.Louisiana .
' -Read at top of tall ktack

10-10 Sulfuric a¢id manufacture 109, ;
Columbus, Ohio ! - ' 8
< ' . Equivgient opacity/of
WJ0-11 - U“iversity pover plant * 4 - wet plume read at/top of
.- . Lolgmqrs, Ohlo (coal fired), 4 nearer stack 10

e

.. o ra . . <

] - : |
% Student should be able to identify each source.type, Other slides ’
" may be substituted at the discretion of the instructor.
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-~

.-\\h‘< . R
L]
-

e ———
A



. A < . . '\ .
i" ’ .

-QUIZ II1 L

7

. _ e
1, Why wilB a temperature inversion frequently form on cloudless nights?

) e A | o

c,-

-

' ﬁ., Will cool or warm air hold more water vapor? _ \

‘3. ‘Draw a @eather syétem with the followiné parts'in approximately
dproper orientation to each other: ' |
1 -_e) low pressure area . S - o »
b) cold front ' '

J' Y T . g . : | ‘
*~ . ¢) warm front . o : _ e d
. ’ - d) 'high pressure area . ¢ o I '

{

4

4, Show the correct meteorological Symbols for A through p in questiqn 3.

|
» ¥

“

- 5. Use arrows to show the correct wind flow direction aroufid the low

and_high pressure areas. =
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Ifstructor: Questiona should. be selected to reflect only’ thatmaterial covered by your ‘course
‘i)?esenthtion. .Whenever necessaryy the quest‘ions should ‘be revised . to coincide with local or

state regulationa.

sExaminafion = - . .. | o
' ime ycn are taking this test.or- for' the

)

: ' . ,(last time you were oubpide:/ | "
' ' . Ly 4

"~ Name B . . _ Time

ind Speed
~Y P

Wwitd Direction - N . S

Y > _ True or False

Place a T or F to the left of the question number. .

1. Smoke is a visible effluent vesulting from 'incomp&ete combustion. S
. C . . ’ E .‘.. . .
2. All air pollutants are visible. o

3. SoLid or liquid particulates in the air cad affect safe oneratiqn of v |

K aircfaft and automobiles, _ ‘ -
L . : 4 . e
4, Dust settles faster than smoke.. )

5'; A white‘plpme of 60 percent. opacity is equlvalent to Ringelmann No. 2.
6. ~Fluoride dust is a product of poor combustion. '_ Al

7. Black smoke can indicate that fuel is being Wasted;w

8. Distillate fuel oils are 1imfted to less than 1 percent sulfur and
1 percent ash content, ,

9. The particulates coming from efficient combustion are chiefly ash. ¢

10. Sulfuric acid dmist is invisible.
Ji. A forced draft is created “by pulling air out of the system with a fan.

12, _Secondary air jets in a furnace tend to reduce emission of barticulates

13, Most’ tepee burnérs .can be classified as multiple-chamber incinerators.
".14. ‘khere %p a higher percentage cf hydrogen in naturel gsslthan in oill.

15, Blue ‘smoke indicates ‘that an automobile engine needs repair.' .o .

16. ii; engines usualmy enlt excessive visible smoke only on take&%f and landing., A

~

17, Lafge power plants .usually burn coal with low ash content.

‘ Y~
153 \,\16._,
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18, The smoké¢ reading proficiency test requireg the inspector to obsﬁrve.”: ) . ; '
50 shadeg of hlack smoke and read ‘each shade with no devfations greater L ' -
than- 25.-&ercent o : , _ S : '
19, 'Readings should' e made at. approximately right’anglea-to the wind direction;:;:) | :
‘_ }20. White plumes should be read againl a contrasting background such as ____»_ﬂ“ N o . '{
, ‘ tree.leaves, when'practicable. . o R fkﬁ\\‘\ﬁJ"P %& "
21.. An 1nspector should wear ddrk glasses to avoid glare whenever he makes g
readings while looking toward .the sun. . , T
22, To make a 1e3a11y valid observation, ap observer must have a Ringelmann
Chart to compare with the smoke shade. S ,
. 23, The 1apse rate ‘refers to the difference of temperatur with height ¢
o 24, The effective stack height is the distance from the ground to the t0p
- .of the plume after the plume becomes horizontal. o
25, When béth are-saturated, cool air cqn contain more /water vapor than wirm air.
j . . : : . '
26. Pure water plumeg temd to be danser on hot days. . N
27. A pure water plume is wispy and disappears rapidly.- \
28. .The Ringelmann and the equivalent opacity regulations are examples of{ )
common law, not statute law‘
29. In court, volunteer any information related t 'the topic or quegtion,
30. Always meet a plant operator before having t hone conversations
with him. . .
j 31..‘The_wh1te plume from the emission genetfator is primarily water vapor, '
32, Wind direction is dﬁfined as the direction toward which the wind ﬁr
. leing. N . o, - X
e ‘ : . - . .
.Chooser?he correct item or items from the following stZLéhents and place the
. 1etter:or letters to the left of the question number,
33, The principal cause’of the blackness of sjsmokgiplume.is (a) fly ash,
v - S - . .
(b) water vapor, (c) soou, or (d) gases. M
34, Fumqgjeonsist of (a) CarbOﬁ (b) condensed metal vapdrs, (¢) soJ! orf '

35, A visible pollutant gas is (a)-nitrogen d;oxide, (b) carbon monoxid%‘

(d) . liquid particles. . '

-

(c) sulfur dioxide, or (d) nitric oxide. N | )

Yo

i . . . . N et et
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36.

3.

38.

el

39.

40‘

1.

& . i . . [

. - . . T

.The component ‘of fuel that does not burn is (a)\;irbon, (gl sul fur,

(¢) hydrogen, or (d) ash.

Incinerator spoking may be,rgduced by (a) keeping the.charging opening
practically Biocked by waste,'Kb) mixing slow burning material with flash ™
burning material, (c)adumping wet garbage?Y;to the combustion

chémbér.

. . ~ )
Blue smoke -from an automobile is caused b} -(a) excessive fuel pump

.'pressure, (b) oil entering combustion chamber, (é) clogged air

cleaner, (d) fauity spark plugs . .

’

Clues to the origin pf’emissibns come from (a) color and odor of plume,

(b)-filés of permits for COnsg;uctionrand operation,
——

:(c) shape of building, (d) surroundings of source.

-

To determine if white plumes béve_patﬁiculates'as well as water, the
inspector should (a) read the plume at its densest point, (B)'observe
the blume where water yapor-has evaborated,-(c) read the area between

. ' ol
the.top of the stack and the plume when the plume is a ''detached plume,"

" The dispersion of a pluma is influenced by (a) wind speed, (b) tempera=-

" ture lapse ratk, (c) dew point, (d) depth of séow on the ground,
AT ' .

o
(e) visibility.

-

Answer each of the following questions as directed by placing the answer -

to the left of the number,

+

42, Designate (by C for combustion and P for process) which of the following

_plumes you would éxpéct to have originated from combustion of materjal
N . . ) J
coptaining carbon and which from the exhaust from an industrial

process:

(a) Black plume from a tall stack : ;.

L ] ~ '
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> (b) Brown plume. from the end of a long rotating cylinder
"¢ (c) White plume from g tall stack at a fertilizer plant .

(d) Plume from a piece of equipment that looks like an Ihdian
. -wigwam with a cap on it =

[

-
A

LAg ) *
(e) * White plume from a very thin, tall stack : ‘

. ] ' 4 ' 1
' (f) Black plume from the top of a tall tower mear an oil refinery :

(g) Reddish plumes. from several tall sfacks on a‘long building

(h) White plume from a tall stack, accompanied by a strong odor

(1) White plume from a tall, tapered stack on a large, box~like
building; plume generally seen only in cold weather. !

)_43. If the emission generator hgd.only the foilowing equipment operating:
L} M Caepe ) ‘

(a) Combustion” chdiber ~
T (b) Auxiliary blower
(c) Transmissometer ' : .

_ (d) Recorder : ' .
[ ° . < . ‘
- ' — would it produce and measure white or black smoke?

44, :Are the following conditions typical of a high- or low-pressure area?
Write H or L. '

" (a) Winds blowing in a clogkwise airectién around th; center
(b) Loy relative humidity

(&) mEqﬁuglouda,'sunny"ﬁkieb\

(&) Low wind sbeeq? L

T ~ (e) Inversion development likely,

»

» " .

45,, -1f in December you saw,a weather map with the following.symbols located

. around your city,

—
z
(=]
=
.z
[ 1
-

" ' ' Your

City ®

 how would you answer the following questions about your smpke-blume

observing activities for the day.of the map?, (Answer each Queétion to

k4

the left of the quegtion number.) . - ' 3 - «

o ®

A 136 '160
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. _ . -
(a)'~§xé the clouds gbing t@ decrease? \ |

(b)"Is the wind going to be more from the south or from the Wyrth?
* (¢) Are the chances of rain going to increase or. decrease? N

N
4

m.(d)!'If thg cldqd'cover disappears, will thexg probably be an inversion
| * that ni’.ght? | | - _‘ ‘
(e)' Had one.better wear a coat or;jaéket? ‘
(f) 1f ré&n!zccurred whén the front passed, do you expect better
H visibility ﬁoday than befora the rain? " |
46, - List the letters of the following devices or techniques that Ean ‘

be used for making eye measurements of emissions:’

(a) Unbrascope

LI _ i
(b) Smoke tintomcter . :
(c) Llidar - | f ' .
. '
' ‘ . « !
(d) = Sight reading _ X
. ./ . @ . : -

(e)”" Stack sampling

(f) Smokescopc '

State wh%ch»pf the four requirements for good combustion-— time, temperature, -

E—
~J
.

turbulence,_sufriciént oxygen—is improved by the following: -
‘ ' .

(a) Heating the chimney of a kerosene lamp ' _- 
(b) Building a gigher chimney by puttinf a tin can on the top of
: the kerosene lamp chimney -

rd

. (c). Ra;sing_;hé‘kerosene _1an;y Chimney abovgﬂ-it@ base
~(d) Using the tu&ere (pronoﬁncéd tweer) on the keroseﬁe lamp
((e) .Piacing the chimney éver the ketosene 1am2\fifmé

(f) Puﬂing baffles in the\combustiéﬁ ch?mber 3 -

(g) Using refractory brick in a.‘combustion chamber
\

»

(h) _Building'a larger combustion chamber

L4

(1) Introducing Jets of steam into the flame at the top ?f a flare tower

1¢;#’// o
N s ~ ‘ |

.o 16y

[4




50.

e ke

~(j) Heating the'air‘beiore it enters the furnace

(c) Exception for startup or building a fire? XQs?

i v

(k) Injecting overfire air above a fuel bed : )
(1). Reducimg the amount of fuel injected into a diesel eégine cylinder -

Some"requirements for a good air pollution law are

'(a)' It must have the ‘authority to reduce contamination

K , ) .
(b) It must be enforceable | . .

# L o

(c) It must be reasonable

(d) "It must be clear andupréciée

‘ (e) It must require proof that the owner of a stack had criminal

{iftent in violating the ordinance.

A proximate analysis of coal giGes the percentage by weight of

{a) Nitrogen ' (f)' Volatile matter |

(b) Fixe? carbon (g) Pieces thch will pass through

.(c) Ash | a 3/4" screen X

(é),:Hydrogen S (h) Distillate fracti : v
(e)' Moisture content (1) Sulfur oxides 4:? ‘

State the elements qf your city's, State's, or county"s visible

emission code or.for a typical city:

(a) Ringelmanﬁ Number - not to be exceeded for longer' than
P : '
' minutes in any period of . minutes.
(b)‘lException for incinerhtors? Yes ~ No .
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Anawcrs Lo Visible Lmissions Exnminatidn

;) k .-'> .
- Name, Date, Wind Speed, Wind Diréctipn, Sky Coudition, and Time "
are- to be filled out by student using the propex teyminology or symbols,-
Entrigy do not hawe to be checked. | . . ¢
. True or False | L"\L '
3 . ' , )
1. T : ) 4
2. F
3. T ' S
4, T Dust particles are larger and heavier than smoke pa;ﬂécles.
.So F ™ . ; R
6. F : .
1. T . '
8. ‘T ~ \\' /> . '
9; ‘T
10, F v
‘11, F "
12, T
.-~ : -
1'4. T . v - 6
15, T So does black smoke
16, T
13. F Typical cvals used in large plants range from 8 to 207% ash.
18. F 25 shades of white, 25 shades of black; no deviation greater than 15%
19. T . ! -——n ‘
T . s’ )
21. F  Inspector should not make readings while looking in the direction of the
' sun, He should not wear dark glasses while making field observations
unless he wore them during his certification test.
22. F R N
23, T o _ - . 0
24. F It is the distance to the center of the plume. - : : \;>
25. F, ' : | o
26, F  Water vapor will evaporate more quickly on hot days.
27. T . ' ' : ' -
28. T 1 ~
g
29. F .
30. T An inspgctor should have met a person and be able to identify his -
voice béfore talking to him on the telephone. This identification '
would be necessary if the inspector should have to testify concerning 4
a telephone conyversation. ( .
" 31..F It is condensed vapor from #2, fuel oil
32. F  Wind diredtion 1s the direction from which the wind blows
Complete the Statement
33. . ¢ ' ' S
340 b " ' ' . § ) .
35. a . .' o . A _ N
360 d . " . * ’
37. a and b ’ . ‘ o ' G
38, b The other answers would cause black smoke .
. » . 4 ' ‘ N
7 B 1 "\ ' - .. : {
59. \,q 1 6") . ) (
' . ‘ ' ‘ :




@)

. (c)
S (d)

. (e)

(£)

(8)

(h)

(1)

(a)
(b)
(c)

- (b)

P or C flare tower

o'-u'-uo O EO

black
high pressure area

J

yes
north
decrease -

k4

Other'Questions

open hearth steel furnaces
kraft pulp mill, rendering plant, or brewery
. natural.-gas- fired boiler used for heating '

rd

cold front give better-dilution

time; however it may cool the fire if chamber is too large

‘-

eﬂg;ple, coal~burning heating plant
dust from a rotary drier

plume from drying operations
tepee burner used for incineratign
example, sulfuric or phosphoric acid plant

[

oxygen; the fuel to air ratio is reduced

o (d) yes, if the skies clear
, \ (e) yes )
\ . (£) 'yes,
vV 46, a, b, d, £ ,
. 47, (&) temperature
v (b) oxygen
- : (¢) . oxygen; however it may cool the fire
\' (d) turbulence
' (e) time, turbulence,'and temperature
i (f) time and turbulence
(g) temperature
e (h)
< ,(1) turbulence and oxygen
- (J) temperature
. (k) oxygen.
X (¢
48.' a, b c, d
* 49, b, c, e, £
50,

[}

ot

\

To be filled out in accordance with local regulations.

the:irain cleanses the air and the stronger winds behind'the

.,
-
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' l . L N _SPEGIEFCATLIONS FOR. A SMOKE GENFRATORe » ¢ .
' Generator - Dayton Electric Co. 2000 watt
L Furnace - " ‘ 14 gﬁb. steel lined with ' -
“ . ! GR-200 insulating brick
Bl:ower'- Dayton Electric Co.
L #7C 554 -
4 /
' Hydraulic Cylinder - . 1" piston, 36" reach
o ' - N ', L
. o L amok%stack - 14 ga.; 12" diameter
. ' Trailer - Neptune Trailer - 1000 1b
_ ' capacity
. . oD _ Hitch = requires 1-7/8" ball
' Fuel Tanks - 6 gal.; Outboafd Marine.
. : “uel ‘Pumps - AC Type EP-1 12 volt DC _
l Fuels - #2 Fuel 0il (White. smoke)
o : ) [ndustrial Grade
. Co , Toluene
- Trailer Running bighes - 12 volts 2
' ' . Fuel Control Valve - whitey #OR F2-A
.. Fllfe_ “tfluent Velocity - 1200 . ft/min -
. o Flue Diamet r - 12 1inches
L _ Weight - 900 1b.
. .- ' ) )
' Hefght - 4 Travel Configuration: 7 ft.
, ' : = [Erect Configuration: 15-1/2 ft.
' Trénsmissometer Regdout - - 0-200 microamb DC Triplett Model
X _ -~ 320-M or, 0-10 millivolt Recorder;
| Yciser Model 28 o
i « | -
‘ Photocell =~ ) International Rectifier 15 N.
‘, Bﬂlb -~ " PI{- 16 A
‘ . : o : Y
‘ Exhnust\Fans - Dayton Electric Co,  2C 782
' ‘ v
.o
, \ 161 "
1 o A ‘
. /i ,
A ) ..
= t | v N
N . Y
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STUDENT COURSE CRITIQUE

3

"1, For each statement circle the one response that is the closest to vSur opinion,.

1. The course objectives were: . L I -
1 clzquy stated or written p, : '

2. stéted or written; but not all of them were clear to me
3. stated or written; but mdstof them were not cledr to me
4. neitherstated or written ¢/ '

. | 0

. The course content was geared to a level that was genetally:
1. app‘roprlate for my background
2. too elementary o

3. too difflcult o
4, inappropriate for my background

_ -n I
| think the organizafion of the course material was:
1. completely clearpnd useful; excellent
2. for the most pft, clear and useful; good .
3. some topics Were organized in a clear and useful manner, while others were not; fair
4. there was litfle apbar’nt organization in this course; poo?

‘ . ) [y ’
After reading the course manual, | think itis: . "
1. both a well written and useful document )
. 2. afairly well written document, but nevertheless useful
3. apoorly written document that is_of limited utility
4. neither a well written nor useful document '
8. th?re is no course manual

}

“

v

The tima required to comple‘e the homework assignments was:
1. reasonable . :

2. unreasonable

3. wasted; these assignments wére “busy work"’

4. '

other

pouhsa 

L

..
- - . ’
4 . > . [
L [TV
v ! ,(, s v
o _ : o,
v,.
: -
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¢
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" .
The amount of time allotted for this cQurse was:
1. sufficient & . . oo
# 100 long ‘ $
3. too short ’
4, this course should last . number of days
g _
) r
erall, | think this course was?
. excellent : ” .
2. gdod N ' . .
3. fair _ ‘
4. poor . : e )

\T‘ . . . . [

8. Given the ohjectives of the course and the skills required for a meaningful understanding of the material,
| would: ' '

1

1. recommend this course to a friend without reservai_ion _ o _ . .

2. recommend this course with some possible changes’ .

3. not recommend this course unless there were definite improvkr\nents o

4. not recomriend this course under any circumstances ‘
9, For future courses, there should be: ;

1. no substantive ch‘fmges

2. more practical application of the course material _

3. more theory presented as a basls forthe material taught

4. more of a “balance’’provided e tween theory and practical application

! . . ) . ‘ l

10. How did you hear about this course?- - N /

1. employer : ' .' ’

2. friend -

3. schedule - _ o, . " - . . » )

. . . g L ’ L . .
4, gonference 5 o o
6. other

. g K

163 A




| it . Pidasé circle the ons number that; represents the extent of your agreement
with each of the following statements. READ EACH ITEM CVAREFULLY.v

STRONGLY
AGREE
DISAGREE .
STRONGLY
OPINION

NNNND BISAGREE
NO

~

- 11. The course content was usgful for mymmm_gmmb,
" 12, The gourse content was- what | hadgmgmg_q, ‘
13. Thegourge content was too complex, ' ’

14. The course content was too simpla.
-16. The course cantent was ¥p to date.

]
" 16. During the course | felt challenged to learn.
17. ‘Generally, the course materials were presentsd in an interesting manner.
18. The course content was well coordinated among the instructors.
. .19. The instructors were well- p_repared for most class sessions.
20. The Instructors were quite knowledggable about their subject areas

-

> »p > AGREE ™

poaoe
©wwwww
— e b b b

+

oooao
R ol
Wwwww
NRONMNN

-

21. Generally, | understood what | was expected to lsarn In this course.
' 22. Throughout the course |. received'sufficient information on anything
| did not understand.
23. The guestion s raised during the lectures were usually answered to my

o
-8
w
N
-

o
IS
o
)
—

B satisfaction. b 4 3. 2 1
24. My background was adequate for success in this course. B. 4, 3. 2. 1
25. The teaching methods used in this course were effective #or my Iearning b. 4, 3 2. 1
26. This course contained a sufficient amount of prac;ice exercises. 5. 4, 3. 2 1
27. The course assignments were useful for my learning. , o b. 4 3. 2 1
28. The production quality of the audio-visual materials was technically _

adequate. b. 4, 3. 2. 1.,
29. The,audio-visual materials mded my understanding of the topics’ ' o

presented. 5, 4, 3. 2. 1.
30. The final exam accurately represented the materigfcovered in this course.  b. 4, 3. 2. 1
31. Overall, | was pleased with this course. ' b. . - -.,..23[_,,_1.% ——
32. | think my technical skills and/or knowledge Wave been strengthened as . -

a result of this course. ‘ ' B 4, 3. “2. 1.
33. | think | will be able to use what | have learned from this course in g -

my current position. ‘ . ' 6. 4, 3.\\ 2. 1

, AN

. | consider the most needed Impro&ement in this course to be:

;oo ~ " The "best” part of this course was:




36.
- 37,
38.
39.
40.

N

Please circle the one number that represants the extent of your agreement ‘
with each of the following statements, REA® EACH ITEM.CAREFULLY.

34,
35,

- o o *

{

AGREE

. LABORATORY CRITIQUE
= _

The lab Erocgdurgs waera clearly exglained

Assistance whs available to me during the laboratory sesslons

"The IaEassignments were of a.reasonable lenyth.

The lab sessions weretwaell’ organlzed.

The content of the lab was an essential part of this course.
)
The time allotted for the laboratory sessAons was sufficient,
The. Iaboratow ingtructors were helpful,

AGREE

e

~

he Tt

DISAGREE

mésn oo or STRONGLY

J

41, - :
The laboratory had an adaquatg amount df equipment. .
| consider the most needed improvement of the laboratory sessions to be:

~

STRONGLY
DISAGREE

NRNNOMROODRNN

NO

OPINION

o

~

./.

+
o

-
>
l
N
e

The “best of the laboratory sessions was:

{

. . g . : n ) . )
C . . . . . . .
;
N
-

!

— .
-~
1

IV. ADDITIONAL COMMENTS
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\]‘ 2. Equuvalenlto 40 percent black. T

’

\/ : 3. quvalent 10 60 percent black,

4. Equivalent tq 80 percent black,

¢

< RINGELMANN'S SCALE FdR GRAD. ‘NG THE DENSITY OF. SMOK'F;
(see 'page 46 for availability of charts)

." R 166‘ 0170‘ } ‘ ,

ACTUAL HEIGHT OF EACH THART — 8% inches
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w TECHNICAL REPORTDATA | =~ 0 |
. , o (Please read Ingghuctions on the reverse before completipg)
1. RERORT NO, . 12. L . 3, RECIPIENT'S ACCESSIONNO. . T
| EPA-450/3-78-105 { _ . _ h
4, TITLE AND SUBTITLE T B. REPORT DATE .
VISIBLE EMISSIONS EVALUATION - AIR POLLUTION .. Septemher 1978
TRA”\IT.NG COURSE 439 -~ . . . G.!’E-RFORM'N‘G ORGAN'Z’A'I”ON CODE
‘Instructor Manual ‘ L o
7. AUTHORI(S) 8. PEAFORMING ORGANIZATION RERORT NO.
, - . \ : S
9. PERFORMING ORGANIZATION NAME AND ADDBE_ss . ‘ ‘ 110, PROGRAM ELEMENT NO. / -
"Northrop“servicés, Inc. ' , _
Air PollutionATraining Institute A [77. CONTRACT/GRANT NG,
c/o U.$. Enviroumental Protection Agency (MD-20  68-02-2374 ' ' ::?
Research Triangle Parky NC 27711 ' ) - :

12, SPONSORING AGENCY NAME AND ADDRESS } ' R 13. TYPE OF REPORT AND PERIOD COVERED"
U.S. Environmental Protection Agency . FINAL : I
Office of Alr Quality Planning and Standards 1*SP°Ns°"”y3A°EN°Y°°°E |
Control Programs Development. Division - i ] /

. Research Triangle Park, NCia27711 ° E “ :

e :

_[76. ABSTRACT « |

15, SUPPLEMENTARY NOTES -} e ) _
There is ‘an accompanyingg#fients manual to be used in conducting visible emissions
craining courses, See i publication EPA-450/3-78-106. :
This manual 1s to be used by instructors or teachers who are! conducting classes on
how to evaluate ('read") visible emissions to the atmosphere from air pollution
. 'sources., It include sbeverything the instructor needs when used with the student's
.'mahual' (see block 15 ¢n this form). Topics covered include course and lesson
objectives; lesson plamg; quizzes; {nstructions on operation of .tiie "smoke" generator
for black and white smoke; instructions on how to conduct the training course; and
- methods for ewvaduation of student perfomaﬁ(ﬂ ? Sourtes of ‘other needed items(
i

' (films; slides; Ringelmann charts, etc.) are given.

L4
[
L4
Ve . o~
: T ¢ .. -
f 4 ) . .

17. T>. o KEY WORDS AND'DOCJMENT‘ANALY'SIS :

0 ' } DESCRIPTORS r~ b"'.IDEN.TIFlERS/Ol?EN ENDED TERMS |c. cOsSATI Field/Group
EPA Method 9 B B .. . _ - _
Smoke ' : ‘ training materials _ - 13 b
"Air Pollution . smoke .inspection, 68 A r
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