
CHAPTER I: GENERAL PROVISIOIIS 

REGULATION 10: PREAMBLE 

Rule 101: Declaration of Polfcy 

WHEREAS. the Legislature of the State of Arizona has found that air pollution 

exists in the State and in Pima County, and that such air poliution is 

potentially and in some cases actually dangerous to the health cf the 

cittzenry. often causes physical discomfort, injures Pt:'OPert:y and prope~ty 

values. discourages recreational and other uses of the State's resources. 

uid is esthetically unappealing; and 

WHEREAS. the State Legislature has adopted and implemented ~_Statel,llde 

program to control present and future sources of air pollution to insure 

the health. safety. and general welfare of all the citizens of the State, 

protect property values, and protect plant and animal life, and 

WHEREAS~ the State Legislature has adopted statutes which grant the 

countt~s the right to control the emissions of air contaminants as provided 

herein, and 

WHEREAS. the Board of Supervisors of Pima County. Arizona has deternrined 

that air pollution is frequently emitted into the atmosphere from several 

tYJ)i!s of sources 1n Pima County; 

NOW. THEREFORE. in consideration of and for the benefit of the :,eople of 

the County, ft 1s declared policy that every effort shall be 111ade to 

identify by source and amount the various types of contalllinants in the 

atmosphe,.., and 

It is further declared policy that all contaminants emitted fraa each 

source originating in Pima County shall be prevented or reduced. 

1rrespect1ve of the proportion that each source contributes to the total 

air pollution; and 



That these RULES ANO REGULATIONS shall apply to 111 types of air contaminant 

emissions in P1111a County. subject to the jurisdictional authority regarding 

types and sizes of ein1ssions sources defined by Arizona Revised Statutes 

and referenced herein. 



· Rule 102: Purpose 

A. The purpose of these RULES ANO REGULATIONS f s to prevent and to reduce 

air pollution originating in Pim County. so as to restore and preserve 

the quality of the outdoor air 1n all areas. of Pima County to whtch the 

general publfc has access. 

B. These RULES AND REGUlATICICS are spec1f1ca11y intended to progressfvef-y 

reduce the levels of afr pollutants 111 areas which exceed one or more 

health-related or welfare-related standard. and to prevent the levels 

of air pollutants fr011 exceeding analogous standards where the afr fs 

already clean. Therefore, the "'Air Qu&lfty Control Officer shall 

perfodfc:ally evaluate progress 1111d1 toward these goals, and he shall 

within 60 days of such tfme as infor111tfon becomec ii;:!1.lable to him that . 

the air quality fn any area of the County llfflich already exceeds a health

related or welfare-related standard 1s further deteriorating-4r _. 

within 60 days of learning that any maxilllUII allowable fno-enental 

increase in air pollutants set forth herein to preserve the air qual fty 

of the County fs being exceeded-review the adequacy of these RULES 

AND REGULATIONS and pT'OJ)Ose to the Afr Quality Advisory Council and 

Board of Supervisor, appropriate revisions or additions to corrKt any 

deficiencfes. Furthennore. the Control Officer shall prepare and make 

available to the general public an annual report describing such 

progress. 



Rule 103: Authority 

A. These RULES AMO REGUUTIOMS are adopted pursuant to the ·authority granted 

by Title 36, Chapter 6, Article 8, Section 36-770, et seq •• Arizona 

Revised Statutes .. abbreviated hereinafter as ARS when referring to a 
specific Statute. 



I 
lREGut.ATION 11: JURISDICTION 
' Rule 111: General Aoplicability 

A. These RU1.ES AND REGULATIONS shall apply to all persons in Pima County, 

1nclud•ng citizens, residents, transients, and 111 other persons except 

· where specifically exempted by Arizona Reviled Statutes. 



Rule 112: State and/or County 

A. These RULES AND REGULATIONS shall apply to all types, kinds. and sizes 

of air pollutant emission sources in Pima County except those sources 

under the jurisdiction of the Arizona Oepal"tlllent of Health Services. 

B. These RUl£S AND REGULATIONS shall not apply to eraission sources under 

the original jur1sdict1on of the Arizona Department of Health Sinices 

unless regulatory authority hH been delegated to Pima County pursuant 

to ARS 36-1705 or 36-1706. 

l. £111ssfon sources under original jurisdiction of the Arizona 

Depal"tlllent of Health Services. and subject to delegatiOft fn111 time 

to time, include: 

•• Major sources of air pollution. including any source capable of 

generating more than 75 tons per day of air contaminants. 

uncontrolled, and 

b. Atr polluting operations and activities of all agencies and 

departments of the State and its political subd1v1s1ons. and 

c. Motor vehicles. and 

d. Air polluting 1110bile or portable 111chinery and equi~nt_ capable 

of being operated 1n more than one county. 



Rule 113: l1m1tat1ons 

A. Nothing 1n these RUL£S AND REGULATIONS shell be construed so as to: 

1. Regulate or control 11r pollution existing solely within conmerc:111 · 

or 1ndustr111 plants. worts. or shops o.ned by or under the control 

of the person caus1ftCJ the air pollution. or 

2. P1-event normal agncultural soi1-cult1vat1on and crop-producing 

practices whidl ause dust. 



REGUt.ATION 12: ADMINISTRATION 
. 

Rule 121: Air Quality Cont1"o1 District 

A. The Pima County Atr Pollution Control District. having been created-by 

Pim County Ordinance 1966-44. 1n accordance with ARS 36-nJc and 36-775 

and consisting of an operating dtvfsfon of the Pima County Health 

Department. is hereby continued and shall be knolllll as the Pina County -

Atr Quality Control District. 



Rule 122: Executive Head 

A. The_ Oirec~r of the Pima County Heal th Department shatt be the Air 

Pollution Control Officer and the executive head of the Pf111a County 

Afr Qualtty Control District. He shall perform such duties and exercise 
. . 

such powers as are prescribed by law. and shall be kn. ..r~rufter as 

the Afr Quality Control Officer. 



Rule 123: Governing Body 

A. The Pima county Board of Supervisors shall be the governing body of 

the District, and the Air Quality Control Officer shall administer 

these RULES ANO REGULATIONS. 



,. 
EGUI.ATION 15: LEGAL SEVERABILITY 

Rule 151: Severability Clause 

A. Should any regulation. rule. part. subpart, paragraph. item. cl!_use. _or 

phrase of these RULES AHO l\£GULATIONS be declared unconstitutional or 

inval~d for any "uon, the M!l!!ainder of these RUL£S AND REGUlATIONS 

shall not be. affected thereby, w1 ttl all reaaining portions of said 

RUlES All> REGUlATIONS continuing 1n full force. 



•·· 
REGUI.ATION 16: lNTERPRETATlONS 

Rule 161: Format 

A. These RULES ANO REGULATIONS are organized tn outline fo~t with dtvisionst 

subdivisions. and numbering and lettering schenes having the meanings · 

indicated below: 

Chapter No. (Rcllln naaerals I thru IX. e.g•• I). 

REGULATION No. (bG-d1g1t Arabic n1111erals with first digit numerically 

identical to the corresponding chapter number. e.g •• 10). 

R!'le No. (three-digit Arabic numenls further subdividing the regu- l 
1ation maberS. with the first t-.o digiU numerically tdenttc 

al to the corresponding regulation number. e.g•• 101 ). 
. . 

Pirt Letter (single upper-case letter in alphabetlcal order. and 

called part. e.g•• A). 

Paragraph No. (single.digit Arabic numeral. in nunerical order, 

and called paragraph. e.g•• 1). 

Itea 11o. (single lower-case letter, in alphabetical order. and 

called its. e.g•• a}. 
------~-

Clauses or phrases (un-t1wabered. un-lettered). 

No 1lilO chapters. regulations. or rules have the same nUlllber. 

B. Tables are IUllbered corresponding to their counterpart rule, part, or 

paragraph IIUlllbers. 

C_. Figures are nUllbered corresponding to their counteri,art rule. part, or 

paragraph mnbers. 

D. Test 111ethods and equipment specifications are mnbered corresponding 

to their counterpart rule l1Ulllbers. or as specified within. the corres

ponding rule. 

E. Tables and figures are positioned at the end of each chapter in which 

they are first referenced. respectively, in the order tn which they are 

first referenced. 

F. Pages are nunbered consecutively throughout each chapter, excluding 

Tables of Contents. whtch shall not affect the interpretation of any 

regulation, rule. or other provision herein. 



Rule 162: Headings and Special Type 

A. Chapter. regulation. rule. and part headings used fn these RULES ANO 

REGUlATICJIS are inserted for convenience only and shill not affect the 

fnterpretltion of the respective divisions or subdfvfsions. However. 

tttlesor IUllben of a chapter. regulation. rule. part. paragraph. table, 

or ftgure sun be used to fdenttfy any addftfonal requtreinent when 

referenced herein. 

B. When the -.ard CHAPTER. RULE. REGULATION. or other subdfvfsfon ts pre

sented fn upper-case letters wftllfn a rule. ft refers to the particular 

chapter. rule, regulation. or other subdivision fn which the -,rd 

appears. If any sf ■flar word fs not fully capitalfzed when used fn a 

rule. ft fs followd by an _fdentffyfng nunber or letter-. e.g•• Chapter

III. 

C. Braces. f.e•• {). appearing after a heading or deffnftfon denote reason

able Si ■ 11er1ty of the deffrlftfan or heading wfth a con-espondfng def1nf

Uon or- acronya used fn ·a requfNlllftt or regulation adopted by the 
- .~--.. ------------

U.S. Congress or the U.S. Envtronaiental Protection Agency. The acron)ffl 

inside the braces is fdentfcal to the Federal convention. All such 

devices are inserted for convenience only and shall not affect the 

fnterpretltfon of any rule fn these RU!.ES AND REGULATIONS. 



Rule 163: Use of Nunber and Gender 
. 

A. As used in. these RULES AND REGULATIONS, words in the s1ngul.;r shall be 

deemed to i~rt the plural. and words 1n the 111scul1ne gender shall 

be deemed to import the feminine, and ·vtce versa, as the case may require. 



Rule 165: Effective Date 

A. These revisions shall become effective 1nnediately upon their adoption, 

continuing the predecessor Pima County Air Pollution Con~i":fl' Ofstr1ct 

RULES ANO REGULATIONS of 1971, as amended, and Pima County A1r Pollution 

·· Control District Ordinance 1972•38, as amended, in full force and effect 

without interruption. The foregoing shall be published in a document 

known as the Pima County Air Quality Control Rules and Regulations, 

Revised. 



CHAPTER I: GENERAL PROVISJONS 

I REGULATION 16: INTERPRETATIONS 

Rule 166: Adoptions by Reference
\ 
' A. When the Arizona Department of Health Services' (ADHS) 

Rules and Regulations are adopted by reference herein, the 

following terms shall have the corresponding meanings as 

shown below: 

Term in ADHS Rules Meaning in these RULES AND 

and Regulations REGULATIONS 

Director Control Officer 

Bureau of Air Quality Air Quality Control District 

Control 

Hearing Board Pima County Air Quality 

Hearing Board 

B. When parts of the U.S. Code of Federal Regulations are 

adopted by reference herein, the term Administrator in EPA 

Rules and Regulations shall mean Control Officer in these 

RULES ANO REGULATIONS unless the context of the .EPA 

Regulations indicates otherwise. 

C. References to the U.s. Code of Federal Regulations refer 

sequentially to Title, Code of Federal Regulations, Part, 

Section and Paragraph: e.g., 40 CFR 52.0l(a) means Title 

40, Code of FedP.ral Regulations, Part 52, Section .01, 

Paragraph (a). 

o. Any adoptions by reference •upercede other portions of 

the:,,? ROLES AND REGULATIONS which may conflict with .the 

adoption by reference. 



--

fEGUlATION 17: DEFINITTONS AHO MEANINGS

I Rule 171: Words, Phrases, and Tenns

I Words, phrases. and tenns used 1n these RULES ANO REGUlATIONS shall have the ,, 
following meanings except Where any narrative portion SP.ec:ffically indicates 

otherwise. The order of presentation of each· such paragraph or tenn in this 

RULE 1s such that once a -,rd. phras1. or ite1111s defined. its meaning 

shall be used to fnter,,ret succeeding deffnfttons. 

B. Basic Definitions 

1. air contaminant or air pollutant"· 

Smoke. vapors. charred paper. dust. soot. grille. carbon. fumes. 

gases. sulfuric acid mist aerosols. aerosol droplets. odors. 

particulate 111atter. windbome matter. radfoactfve materials. or· 

.noxious chemicals. or any other Nterial fn the outdoor atmosphere 

other than chemically UIICGlllbined nitrogen. oxygen. carbon dioxide. 

and water. 

a. COllfflffl air pollutant 

An afr pollutant so classified fn Chapter VI herein. (Colllnon 

air pollutants are abundant tn 1110st industrial or metropolftan 

atmospheres. Alilient air quality standards have been set for 

these pollutants to protect lulan health and welfare.) 

7. emtssfon or enissfons 

An effluent containing one or n,re air contaminants. 

1. !!:!!! or dust emissions 

Minute sol id particles released or discharged fnto the atmos

phere by natural forces or llll!dlanfcal processes. 

b. stack emissions 

Emissions which enter the atmosphere by passing thr"Ough a vent. 

stack. flue. or other sf■tlar containfng or restrictive device 

designed or installed for the principal purpose of discharging 

the effluent. 

c. fugitive emissions 

Emissions which enter the atmosphere without passing through a 

vent. stack, flue or other simflar containing or restrictive 
device designed or installed for the principal purpose of dis-

charging the effluent. including fugitive dust as defined below. 

d. fug~tive dust 

Oust emissions other than stack emissions._ 



--
8-. ~ or emission· source 

A physical arrangement, equipn-ent,·· device, facility, structure, 

activity, fire, or operation which emits, or has the po,ential for 

emitting, air contaminants. 

a. l!!!!!:S! operator 

An originator, owner, operator, or lessee of an emission source. 

c. Classes of Sources 

1. Regarding Ages of Sources or Time of Installation 

a. existing source 

A source in operation at the time of, or the construction or 

modification of which corm1enced prior to, or for which the 

Control Officer granted an Installation Pennit prior to. the 

effective date of adoption of these RULES--ANO .aEGULATIONS. 

The tent •comnenced• or "co11111ences" used herein mean that a 

source operator has obtained an Installation Pennit and either has: 

f. begun or caused to begin a continuous program of physical 

on-site construction of the source, or 

ii. entered into a binding agreement which cannot be cancelled 

or modified without substantial loss to the source operator 

regarding the s~urce. 

b. new source 

A source which coarnences·construction, installation, modification, 

operation, or for which the Control Officer or Hearing Board 

grants an Installation Permit, on or after the effective date of 

adoption of these RULES A?IO REGULATIONS. 

2. Regarding Sizes of Sources 

a. major source 

One or rore sources owned or operated by the same owner, opera tor. 
-·-- ----· - -
or lessee at a cantigwus geoqraphical area ..tiich collectively, 

1.e.. with toal ea1ssions aggregated, either emits or has the 

potellt1al for e11itt1ng 100 tons per year or aore of a single 

air contulinant. This definition applies individually to specffiJ 

air contaminants. The word potential means capable of emitting 

at 111Xiaaa operating capacity of 8,760 hours per year 1f the 

source wre constructed and operated without any eciissions con

trol devices, processes. or procedures-unless such controls or 



procedures are vital to the production of the product for which 

the source was designed or ts principally operated. or unless 

sudl source 1s subject to enforceable permit c:onditfons or other 

lf ■ttat1ons herein applicable to hours of operation which reduce 

tts potential 1111fsstons. 
I -

For purposes of applying this definttton. fugitfve-em"lss1ons as 

well as stack at1issions sM11 be included in calculating or 

estfmatfng potential 1111issfons. However. entss1ons fl'OII mobile 

sources u defined below. as well as emissions whidl result 

solely frail constnlet1on and/or any other closely related. 

teaporary emissions operation or act1vtty. shall not be used in 

calculating or esti•ting potential enissions. 
c. new 11aJor source 

A major source as defined above for whtdl the-Conwl Officer 

or Hearing Board grants an Installation Pemtt. or which com

mences construction, fnstallation. or operation after the effect

ive date of adoption of these RULES AHO REGULATIONS-whichever 

occurs first fn ·time; or any existing major source lolhic:h develops 

a potential for emitting any afr c:ontamtnant n:st previously 

eattted; or any utsting major source whtch increases its 
potential emission rate; or any existing minor source or new 

minor source which becallles a major source after the effective 

date of adoption of these Rtll.ES AHO REGULATIOtlS. Tots deffnftfon 
. 

applies tnd1v1dually only to c01ffl10ft air pollutants as defined 

hentn. 

ln those cases where a source bec0111es a new major source through 

expansion or modification. the emissions 11mitations and 1110rk 
. . 

pncttces specified herein for new major sources shall apply 

only to those n8'1f or 1110dified portions of the source which cause 

. the source to exceed an overall potential emission rate (contain

ed 1n the definition of major source) of 100 tons per year. 

insof~r as such portions c:an be reasonably identified and asso

ciated with the excess emission rate. Expanding or n,difying a 

source fn a piecemeal manner to avoid coverage of any requirement 

herein for a new 11ajor source is prohi bi ted. 

d. mod1f1catfon or alteration (of a source) 

My change whatsoever which changes the potential emission rate 

of a source. 



3. Regarding Mobfl ity of Sources 

a. stationary source 

A source constructed. installed. or planned with the intent of 

leaving the source at_1ts 1nitta1 location throughout its life

time, Ot" any soun:e which remains or will remain at the same 

contt~ous geographical area for n,re than ·six 1110nths, other than ; 

• IIIObtle-source or portable source as def~ed ~low. 

E. Process-Associated Tenas 

1. Regarding Control Tec.'1nology 

b. lONeSt achiev11>1 e ens:nan nte {LAER} 

TIie 1owst •iss1on rate applicable to a designated air po11u

tant for a class or category of source as dete,-tned by the 

Control Officer. The permit applicant shall submit a proi,osed 

aission rate with hh application. 

In no event shill the aaission rate be less stringent than: 

1. The 101111st rate achieved in practice by such class or 

category of source. unless the peratt applicant de1110nstrates 

that such rate 1s not achievable because the technology 

necessary, to achieve the rate 1s unnatlable due to pro

prietary restrictions, or 

Z. ~ lowst rate contained fn any State Implenentat1on Plan 

for such class or category of source. unless the pel'lllit 

applicant demonstrates that such rate 1s not achievable. or 

l. The applicable new source perlorance standard for the class 

or category of source. 

-,.fchever ts 1110st stringent. 

The emission rate established by the Control Officer shall be 

detennined by reference ta all guidance documents. regulations, 

and other infonnatfon published and made available ta the Control 

Officer by the Administrator of the Environmental Pw:c,tection 
. 

Agency,. and the emission rate established by the CoJltrol Officer 

shall become a b;nding condition of th1! Installation Permit. 

In any case, the information relied upon by the Control Officer 

shall be made available to the pemtt applicant upon request. 



Rule 172: Heaninas of HatheNttcal Svmols 

Mathematical symols appearing in these RUl.ES Arm REGULATIONS shall have the 

following 11161nings: 

Meaning 

< less than 

• < less thin or equal to··-
> greater thin 

> gn1ter thin or equa1 to. .. 

M the multiplier one- thousand 

fllt the ..,lt1p11er one atllion 
3n the nlllllber represented by n to the thtrd power 

Exponents ire shewn in large type to awid confusion wfth footnote nuiabering.: 

For example. ~g./a. 3 indicates artcragrams per cubic reter. and ug./ ■• 1 

. fndtcates mcrognms per meter. reference footnote three. 



Rule 173: Chemical Synt>ols and Abbreviation$ 

Chantal syat,ols and abbreviations appearing tn these RULES AND REGULATIONS .........--------
shall hav. the following •an1ngs: 

Symol or S)'lllbql or 
Abbreviation Meaning Abbreviation Heantng 

AB ubatos H1S011t sulfuric acid 

Al 1lUllfn111 NOa nitrogen dfoxid!_ 
:'-

Be beryl1h11 oxides of nitrogenNOx 
Of,Cl I •thylene chloride Oa oxygen 

0taCC1 a •thyl dilorofof'II o, ozone 
at .. 111th1ne Pb lead 

CaCl 1F1 tridlloro-trt fl uoroethaa P101 pflosphorous pentoxt d 

C1H1 ethane- s sulfur 
co carboft a,noxfde S01 sulfur dfoxfde 

COa 
Cu 

ca~ dioxide 
copper 

so, 
so. 

sulfur trioxide 

oxides of sulfur 
i 
I 

F fluorine TIS total reduced sulfu~ 
Fe 

HC 
Hg 

HNOa 

tron 
hydrocarbon 
111rcury 
nitric acid 

TSP 

YC 
Zn 

total ,suspend~$! -' . 
particulate matter i 
vinyl dllorfde 

zfnc 

HaS hydrogen sulfide Ap pressure drop betl,,lffn 
two points 



Rule 174: Scient1ffc Units 

Sc1ent1f1c units appearing fn tbese All.ES ANO REGUlATIOHS shall have the 

following meanings: 

Unit Meaning 

dscf. a dry cubic foot of gas at standard c:andi tions of 20°c. ( 68°F.) 
and 760 aa. of mercury (29.92 1n. of Hg), excluding any water 
vapor therein 

" g. gr•: a unit of ~ss (453.6. g •. • one lb.) 

gr. grain; a unit of •ss equal ta 0.002286 ounce (7000 gr; • one lb.)! 

p~. parts of pollutant per 11111fca parts of effluent. by volume 
(gases :mly) · 

3
1,&g./■• ■1crograas pollutant per cubtc •ter of effluent or air 

Btu. British thental unf1: (heating value) 

,,.,_hr. rating of powr genent1ng equipment; mep (■ill ion) watts tf,aes 
hours 

( 



/()-/t-!'5 

Rule 175: Acronyms 

The following acronyms used herein are those defined by the 

U.S. Environmental Protection Agency: 

Acronym Meaning 

NESHAP National Emissions Standards for 

Hazardous Air Pollutants 

NSPS New Source Performance Standards 

NAAQS National Ambient Air Quality 

Standards 



CHAPTER U: PERMITS 

REGULATION 20: OPERATIONS AHO ACTIVITIES WHICH RE UIRE PERMITS 

Rule 201: Statutory Authority 

A. Statutory provisions relating to the Control Offfcer's jur1sdfct1on over 

pel"lllft requireaents are contained in the Arizona Revised Statutes. 

~ 36-1705. 36-1706, Hd 36-770, et seq. 

8. Equfs-nt Installation Permits and Operating Pemits (requiring fees) 

shall be 1ss~ed pursuant to.ARS 36-779.Ql. 

C. Open Burning Permits (requiring fees) shall be issued pursua~t to· 

ARS 36-789. 

D. Actfvft-J Ins~altation Penaits and Operating Pennfts, including Actfvfty 

Installation Permits for construction/destruction act1vitfes (not 

requ1rfng fees), shall be issued pursuant to ARS ~6-779. 



Rule -202: Installation Permits 

A. A_person who plans to erect, install, or replace an emission source 

which may cause, emit, contribute to. or control ~ir rollution; or who 

plans to expand or 1110di fy any source i n such a mnner that the potential 

or actual emission rate would increase or decrease by virtue of the 

expansion or mdification; or who plans to engage in· an activity whfch 

NY cause or contribute to air pollution- except as specif~c~lly ex~ted 

herein-shall obtain an Installation Pennit from the Control Offfccr. 

The oennft shall be obtained prior to beginning construction or modifica

tion of the source, coll'llll!ncement of the activity, or before enterin9 

into a binding agreement related to construction of the planned emission 

operation or act ivity which cannot be cancelled or 110dffied without 

substantial loss to the person. whichever occurs ffrst in time. 

1. kl Installation Pennit shall remain in effect untfl an Operating 

Penirft (ff applfcable) for such emission source is granted, or the 

· Installation Permit is revoked, or the operation or activity 

covered by the Installation Permit is terminated. However, in no 

·case shall the term of any Installation Permit ex: cnd beyond two 

years from its effective date. 

B. The provisions of thfs RULE shall not apply to motor vehicles. to 

agricultural equipment used in soil-cultivating or vegetative-crop

produci ng - and-harvesting operations. to soil-cultivating or vegetative

crop-producing-and-harvesting activities which cause dust. nor to fuel 

burning equipment which in the aggregate with other such equipment of the · 

; · applicant at the .SUI! contiguous geographical area is rated at less than 

500,000 British Thermal Units per hour. 

1. Fuel burning equipment associated with a one- or two-family residence 

does not require an Installation (or an Ooerating) Permit . 

2. Snill air polluting operations or activities not requiring Installa

tion {or Operating) Pcnn1ts are exempted according to size. as noted 

in the fee schedules 1n this CHAPTER. 

C. Emfssion so·urces requiring Installation Permits include, but are not 

limited to, those listed_fn the fee· schedules or tables of permit 

• ~uirements fn the latter part of this CHAPTER. 



CHAPTER II: PERMITS AND INSPECTIONS 

Rf.:GULT\'l'ION 20: OPERATIONS AND ACTIVITIES WHICH REQUIRE PERMITS 

Rule 202: Installation Permits 

D. An existing emission source having a current Operating 

Permit which relocates from one geographical area 

within Pima County . to another shall not require an 

Installation Permit, providing the following conditions 

are met: 

l. Regulation 38: Nonattainment~Area Standards does 

not apply, and 

2. Regulation 39: Attainment- Area Standards does not 

apply, and 

3. There is no change in the potential emissions from 

any of the equipment being relocated, and 

4 . The relocated equipment is not aggregated from more 

than one , location to the new site. 

A source which relocates must obtain a new Operating 

Permit as provided in Rule 203 herein. 



Rule 203: Operating Penirits 

A. Before an emission source may be operated on a continuous or intermittent 

basis-except as spectftcally exempted herein- an Openting Penn1t shall 

be obtained from the Control Officer. 

1. An Operating Penait shall remain fn effect for no longer thin one 

year fl"OII its effective date, and continued operation of the source

sha 11 require 111111111 renewal of the Operating Permft, subject to 

coq,11ance wfth 111 applicable provisions set forth herein. 

8. Enrissfon sources requiring Operating Permits include, but are not 

lfmfted to those listed in the pena1t fee schedules or tables of pennft · 

requirements tn the latter part of this CHAPTER. 

1. Constn,ct1on/destruct1on act1Y1ttes require Installation Pennfts only. 



REGUlATION 21: PERMITTING PROCEDURES 

Rule 211: Penn1t Applications 

A. An application for I penaft shall be filed in writing fn the manner 

prescribed by the Control Officer. and shall contain 111 infonnation 

necessary to enable the Control Officer to make the detennfnatfon 

to grant or deny the permf t. 

1. The Control Officer may require: descriptions of equ1i,nenr·and • 

method of operating the source; the sfze. design. and capacity of the 

source. the planned startup date of the source; and detailed emission\ 

estimates. Before acting on an application for a permit. the Control I 
Officer 111y require additional fnformatfon. fnciuclfng the dates 

of planned burnings for Open Burning Pennits. 

2. Applfcatfons for Installation Pennits 111st be sublll'ftted by the 

property or project owner. lessee, or developer; or jointly by 

tile prime contractor and owner. prime contractor and lessee. or 
prime contractor and developer. The prf111e cpntractor's responsi

bflfty for fulf1111ng the conditfons of the pennft shall tenirlnate 

after hts work has been cOtnpleted unless he is also. the owner, 

developer. or lessee. When the prfae contractor is relteved of 

responsfbilftfes as described above, the remaining pennittee shall 

assUIIII! fu11·respons1bflfty of assuring that all penirit conditions 

are fulfilled. 

C 



Rule 212: Sampling, Testing, and Analysis Requirements 

A. Prior to issuing an Installation Permit, the Control Officer Ny 

require the 1ppl1c1nt to test the amient air or other var1-ables fn 

~the vicinity of the source, IS detailed in Rule 504 herein. 

8. Prior to issuing an Operating Penn1t, the Control Officer 111y require 

the applicant to measure the emissions fl'OIII the source or the amient• 

air q~lity 1n the vicinity of the source. 

C. The requirements of this RUU shall generally apply only to new 1111jor 

sources. 

1. S.q,11ng and testing requirements and procedures are established 

tn Chapters III, IV, V, and IX herein. 



Rule 213: Public Notification/Public Connents 

A. If the Control Officer has detena1ned that 1n application for 1n 

Inst11lat1on Permit represents I new aajor source. he shall perform 

the following before granting the pena1t: . 
1. Make 1va111ble for public inspection at AQCO's central office loc•t~d 

at 151 West Congress Street. Tucson. Arizon&. all non-confidential 

fnformatton submitted by the applicant. connents Hd conclusions by 



the Control Officer regarding the impact of the planned source on 

the air quality, and the Control Officer's tentative decision to 

&ppr0ve or deny the pemit, 

2. Advertise in a local publication of wide circulation the availability 

and location of the infonaation described above, 
. 

· 3. Provide • 30-day period for:_ the pub_11c to sut:nit written COllllltftts on 

the planned source, 

4. Send copies of the public notice, analysis, and tentative decision 

to: the Regional Administrator, Region IX, Environmental Protection 

Agency;_ the Chief of the Arizona State Bureau of Air Quality Control; 

the head of any county air quality control agency whase jurisdiction 

could be affected by the emissions from the planned source; the 

Mayor of the City of Tucson; the Mayor of the Cfty of South Tucson; 

the Mayor of the TOIIIII of Manna; the Mayor of the Towi of Oro 

Valley; the Executive Director of the Pima Association of Gov

emaienU; and to each Federal Land Manager and head of any Indian 

Goveming Body whose jurisdictions could be affc:t...:..oy-the--

planned source, 
-

5. Provide _a foNI for a-public hearing where interested persons NY 

verbally present their views on the planned source, if objections 

to the Control Officer's tentative decision to grant the permit 

are received 1n writing, 

6. Consider all written and verbal C011111ents before 1111ting a final 

decision on granting or denying the permit. TIie Control Officer 

sh&11 weigh 111 put,lfc c:aanents, and Nke the final decision to 

grant or deny the penntt based solely on his conclusion tfllt the 

planned source either has complied with or will be able to camply 

with all applicable provisions of these RULES ANO REGUlATJONS 

throughout the tenn of the penrlt. The Control Officer shill not 

be influenced by c011111ents not relevant to applicable requirenents 

established herein, and 

7. Mike available for public inspection 1n the same location specified 



1n Paragraph 1 above. a sunnary of all written and verbal c~nts. 

including the Control Officer's final detemination. 

8. The requirements of this RULE shall not apply to Activity Installation 

Penrits for construction/destruction activities. 

C. The Control Officer shall either grant or deny a pennit within JO.days 

: .fl"Otll the date of ~eipt of the coq,lete application. 

1. The Control Officer my deny an application for a permit only for 

those reasons stated 111 Regulation· 23 of this CHAPTER. 

( 



Rule 215: Pennf t Revocation 

, .(Ref,rr to ARS 36-785F, Authority for the HHring Board to revoke pennits.} 



iREGULATION 22: CONDITIONS OF THE PERMIT 

Rule 221: General Control 

A. The Control Officer may specify on each ~nn1t conditions which in his 

judgment are necessary to assure adequate control and monitoring of 

emissions for the expected lifetime of the source. Adequate control shall 

•111 only those controls (e.g., devices, mechanisms, operation practices, 

times of operation, 110nitoring of process variables, or emission rate~ 

whidl ff installed, conducted, or operated properly should allow the 

source to comply with 111 applicable control standards. 

B. The granting of a pemi t sha11 not exeq,t the Denni ttee froa any other 

applicable provision of these RULES AND REGULATIONS. 



Rule 222: Permit Disphv or Posting 

(Refer to ARS 36-n9.06.) 

( 



Rule 223: Permit Transferabflfty 

( 
\ 

(Refer to ARS 36-779.04.} 
•.. 



Rule 224: Fugitive Dust Producing Activities 

A. A penirittee wiose penrit specifically allows fugitive dust producing 

( operations or act~vit1es is responsible for controlling windblown dust. 

dust from haul roads. •~ dust emitted from land clearing. earthmoving, 

denD11t1on. trenching, blasting, road construction. mining. racing event. 

and other activities, as applicable. 

1. Dust emfssfons shall be controlled by applying adequate 11110c,mts Q.f 

••ter, chellical stab111zer, or other effective dust suppressant until 

the area becoles permanently stabf11zed by paving. landscaping. or 

otherwise. 

z. The pel"ll'lttee shall not leave land 1n such a state that fugitive dust 

•fssfons (fncludtngwfndblown dust or dust caused by vehicular 

traffic on the area) 1110uld violate these RULES AND REGULATIONS • 

. . ~------·----

( 



Rule 225: Open Burnfng Penrit Condftfons 

A. A per-son granted an Open Burning Penaft IUSt comply with the following: 

1. Penn1ss1ble bum1ng hours are noon to 4 p.a. unless stated othen,ise 

on the pernrf t. 

2. Bum1ng IIIUSt be 1t I ufe distance from structures, 

3. Surnfng mst be constantly 1ttended with reasonable control toafs 

It hand. 

4. Bumfng my not be conducted on public land or on other land not 

owned or leased by the peraittee wfthout written permission from 

the owner or land manager. 

5. Ffre IIIUSt be detd ou·t .-hen left, and 

6. The burning of •ter11ls other than those specified by the permit 

fs pronfbfted. 



Rule 226: Pennits for Stat~Deleqated Emission Sources 

A. If the Director of the Arizona Department of Health Services delegates 

to the Control Of1 icer jurisdfctfon over 1n emission source, all requfre

•nts and conditions for per-etts contained herein shall apply to the

delegated source. 

8. Addftfonal requin111ents for delegated ellfssion sources shall be as follows: ... 
1. An Equipment ·Operating Permit ;nay. be bsued by the Control Officer 

., 

to operate IIObile or ~rtable eq~f-~t at mre than one location 

1n the County. and 

2. Owners or operators holding Equfp111et1t Operating Penrits for portable 

equipment shall notify the Control Officer of any change of 

operating location. 



EGULATION 23: DENIALS OF PERMIT APPLICATIONS 

i Rule 231: Non-Conp11ance 

· A. The Control Officer shall deny an 1pp1ic1tton for a pel"ll1t ·1f the 
--applicant cannot prove to the satisfaction of the Control Officer. on 

the basis of 1nfonnation presented by the applicant and other available 

data, that the planned source 1s designed, controlled. equipped,_~r 

capable of being operated or conducted such that cocnpl1ance with 111 

applicable provfsfons of these RULES AND REGULATIONS would be possible 

throughout the tena of the penaft. 

1. If the Control Officer determines that air pollutfng equfpment. air 

pollution control equfpment, or an activity has not been erected, 

fnstllled, or coamenced fn accordance with the requirements herein, 

he shall deny the Operatfng Permit until the deftctencies are 

corrected. 



Rule 232: Not1f1cat1on of Denial 

A. When the Control Officer denies a permit, he shall notify the 1pplic1nt 

1n writing of the reason for denial. 

1. This notification shall be served in person or by registered 111111, 
• I 

and such service •Y be proved by the written &eknowledgaent of the 

person served, or affidavit of the person •king the service. 

( 



REGULATION 24: PERMIT FEE SOIEDIJI.ES/NON-FEE REQUIREMENTS 

Rule 241: General Provisions 

A. An 1pplfcant for 1n Equipment Operation or Open Burning Penatt approved 

by the Contn,1 Officer shall pay i fee calculated 1ceordin9 to the 

schedules lfsted at the end of thfs CHAPTER. the following provisions • .. 
1nd 1ny other provisions established 1n subsequent RULES. 

1. Penaft fees shall be 1pplfed collectively to all operations conducted 

1t a contiguous geogra~fcal area. 

2. S-11 equipment exeq,ted in a table does not requfre a pel"lllit unless 

the equipment ts part of• source at I contiguous geographical area 

ldlost aggregated capacity exceeds the exsptfon. 

3. If .,,.. than one fee sdtedule or sub-schffule 1pplfes to the same 

OtNtf'llt1on or pfece of equipment, the schedule yielding the higher fee 

st\111 1pply. If I COIIPOSitt fee schedule covers multiple :equipmeM: at 

1 contiguous geograpflfcat 1re1, individual fee schedules for that 

particul1r equipment shall not apply. 

4. A seuonal, stationary industry lfsted fn Tlble 244-A which requires 

an Oc,eratfng Pena1t and fs shutdown for more than six consecutive . 
I 
\ 

mnths fn any annual penaftperfod shall be assessed 1nnual Operating 

Permit fees equal to one-half of the calculated fee. 

5. Eadt Operating Pennit shall be renewed on the anniversary dlte of 

the pennft, ff the source is fn collll)l11nce with these RUtES AND 

R£6ULATIOMS. 

6. Equipment installed for the sole purpose of ntducing or elilllinating 

eetsstons sh~ll not be included fn • fee assessed for an Equipment 

Operating Penait. Afr pollution control equ1Pllll!nt requires payNnt 

of an Installation Permit fee. 

a. £mission sources tmfch require Actfvfty Operating ~ena1ts are listed fn 

Table 244-C, and no·fees shall be assessed for·these penatts. 



I•, 

Table 242 

ACTIVITY INSTALLATION PERMIT REOUIREHENTS FOR. 
CONSTRUCTtON/OESTRUCTION ACTIVITIES 

s. s. l Pel"llli t Acti vi t)! Rate ConlPonents Exeinet1ons~ 

A. L!ndstr1pp1ng · <1 acre 

B Earttn>v1ng · <1 acre 
~ 

; 
I CI D
I E! 

Trenching 

Blasting 

Road 
Construction 

<300 ft. 

<soft. 

F Demolition - - <100 sq. ft. 

1Suh=schedule for 1dent1f1cat1on only. 

Table 243 ....... 
OPEN BURNING PERMIT FEE SCHEDULES 

1:l:.!. . Penn1t Act1v1t~2 Rate Comoonents M1n1IIUII Ftt 

A Temporary Open $7.00 base, plus $1.50 per s a.so 
Burning day of burning 

B Extended Open $11.00 base, plus $2.00 $13.00 
Burning per day of burning 

1Sub-schedule for identification only. 
1 See '!able 204 for examples of burning categories. 

i
/ 



Rule 242: Installation Permit Fees/Non-Fee Requirements 

a; An Installation Pennit fee shall be equal to one-fourth of the fee 

calculated using Tables 244-A or 244•8, or $19.00, whichever is 

larger. 



Table 243 

OPEN BURNING PERMIT FEE SCHEDULES 

S.S. 1 Penn1t Act1v1ti1 Rate Comoonents Mfn1mum Fee 

A Temporary Open
Burning 

$8.00 base, plus $1.75 per~-
day of burning 

S ~.75 

B Extended Open
Burning 

$13.00 base, plus $2.50 
per day of burning 

,. 
$15.50 

1Sub-schedule for 1dent1f1cat1on only. 
1 See '!;.ble 204 for e~les of bumin~ categories. 



Rule f43: Open Burning ~n11it Fees 

(Refer~ Table 243, Open Burning Penrtt Fee Schedules) 

( 



Rule 244: Operating Pennft Fees 

A. Operating Penait fees shall be calculated acc:ording to the schedules in 

Tables 244-A and 244-B. 

1. If a source 1s a •Penait Operation• under Table 244-A. Table 244-8 

does not apply. except that: 

•• Fees for storage vessels (conta1:t1ng petrolem liquids or 

gases) 11sted 1n Table 244-B apply in addition to the fees 

assessed under Table 244-A, and 

b. If the source c:onta1ns equ1pment·11s.ted 1n Table 244-B which is 

t10t an integral part of the •Permit Operation• under Table 244-A, 

the fees required 1n Table 244-8 shill also apply. • 

( 



Table 244-A . 

EQUIPMENT OPERATING PERMIT FEE SCHEDULES
FOR CATEGORICAL SOURCES 

(Ag;regate megawatt, Btu./hr., hp., gal.• and sq. ft., separately} 

~ P~1t Operation Rate COlllpOneflts 

A Animal Feed Processing Plant $381.00 base, plus $2.SO per hp. of 
equ1pnent 

B Al\lllinua Sweating Furnace $571.00 base per sweeting furnace, plus
$4.65 per sq. ft. of 111axi11U11 cross-
sectional area of pri1111ry sweating
chllllber · 

C -Hot-Mix Asphalt Plant $450.00 per plant. 

0 Brick and/or Block Hfg. Plant $190.00 base per plant, plus S2.SO per 
tq,. of equip11ent_ 

E Chsa1ca1 Mfg. Plant $12.00 base. plus $0.33_ per_JOO gal. of 
(not otherwise covered herein) total 11qu1d and gaseous reagent and 

product storage capacity, plus S0:05 per . 
. 1000 Btu./hr. fuel burning equipment,

plus $3.37 per hp. of equipment 

F Concrete Batch Plant fOR PLANTS < 20 hp. : 
. $12.00 base, plus S~o.oo per hp, of 

tqUij:lllent 

FOR PlAPITS i 20 hp.:
$215.00 per plant 

G Cotton 6in $1075,00 per gin 

H Metallic-Ore Processing Plant EI'THER $381.00 base, ~l~~.162 per
(e.g., copper, molybdenua, etc.) 1000 Btu./hr. fuel burning equipment, 

plus $0.075 per hp. of equipmenti 

OR S38.00 base, plus $0.019 ;,er 1000 
ltu./hr. fuel burning equip11ent,
plus $2. 18 per hp. of equipaienti 

whichever of the above 1s 11111ler. 

1 Fossil-Fuel Fired Ste1111 Gen. $260~00 base, plus $6.15 per aegawatt
Plant (e.g., o11~ gas, or coal generating capacity
burning electric power plant) 

J Rendering Plant $381.00 base, plus $2.SO per hp. of 
equipnent, plus $0.044 per 1000 Btu./hr.
fuel burning equipment 

K Rock Crushing Plant and/or $25.00 base, plus $1.42 per hp. of 
Sand-and-Gravel Screening Plant equipment 

L Fuel Pipeline Transinission $125 per compressor plus $0.035 per hp.
Facilities of equ1pnent 

' Sub-_schedule for identification only. 

( 
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A 

8 

C 

D 

Table 244-8 

EOU1PMENT OPERATING PERMIT FEE SOiEOIJlES
FOR NON-CATEGORicAL SOURCES . 

Pem1t Egu1!!!!nt Rate Canoonents Exemptions 

Incinerator 

Petroleua-liqufd
Storage Vessel 

Non-Petroleum Liquid
and/or Gaseous 
Storage Vessel 
(storage of air 
polluting 11qu1ds or 
gases only) 

Natural Gas and/or
LPG Fuel Burning
Equipment {Aggregated
Total Heat Ratings) 

S31.00 base, plus $7.60 per sq. ft. 
of 111xinun cross-sectional area of 
primary canbustion chamber 

FOR CAPACITIES< 40,000 GAL. PER <250 gal. 
VESSEL: -

$17.00 per vessel, plus S0.60 
per 1000 gal. 

FOR CAPACITIES > 40,000 GAL. PER. 
·VESSEL: 

$95.00 per vessel, plus $0.035 
per 1000 gal. 

$17.00 per vessel, plus S0,6() per <250 gal.
1000 gal. 

FOR HEAT RATINGS <5,000,000 Btu./hr.: <500,000 
S19.00 base, plus $2.00 per Btu./hr.
100,000 Btu./hr. in excess of 
500,000 Btu./hr. -~----: 

FOR 51000,000 < Btu./hr. <20,000,000 2 : 
~110.00 bi'se. plus $1.00 per 
100,000 Btu./hr. in excess of 
5,000,000 Btu./hr. 

FOR HEAT RATfflGS > 20,000,000 Btu./hr.:
$262.00 base-: plus S0.11 per
100,000 Btu./hr. in excess of 
20;000,000 Btu./hr. 

'Sub-schedule for fdent1ffe&t1on only. 
1Heans HEAT RATINGS!. s.000.000 Btu./hr. but < 20,000,000 Btu./hr. 

( 



I 

i ' '· 
Table 244-8 1 Continued 

, S.S. 1 Peffl1 t E9!!f!:!!!!ent Rate Cani,onents Exemotf ons; 
I E Non-Natural Gas, FOR HEAT RATINGS <5,000,000 Btu./hr-.: - <S00,000 

Non-LPG Fuel $63.00 base, plus $2,28 per Btu./hr. : 
Burning Equipment 100,000 Btu./hr. 1n excess of 
(Aggregated Total Heat 500,l'l()t\ Btu./hr.
Ratings) 

FOR 5,000,000 <Stu./hr. <20,000,0002
: 

$166.00 bi'se, plus S2.03 per
100,000 Btu./hr. in excess. of 
S.000,000 Btu./hr. 

FOR HEAT RATINGS >20,000,000 Btu./hr.:
$471.00 base"; plus $0.30 per
100,000 Btu./hr. fn excess of 
20,000,000 Btu./hr. 

F Motors and/or FOR POWER RATINGS < 500 hp. PER-
Engines (internal ENGINE: 
cOlllbustfon engines or Sl 2. 00 base, plus S0.60 per hp.
others used to·drive 
air )lluting equip- FOR POWER RATINGS !. 500 hp. PER 
111ent ENGINE: 

S111.00 

G Abrasive Blasting $S5.00 per unft of equipment
Equjpment 

H · Surface Coating $22.00 per unit of equipment or ·paint
Operations and/or spray booth 
Paint Spray Booths 
(for air polluting
operations only) 

I Asphalt Kettles $41.00 per kettle or equipment unit 
and/or Asphalt 
Tankers Used in 
'Roofing Operations 

J Dry Cleaning $44. 00 base, plus SO. 125 oer pound of 
Equipment rated capacity of machines 

K Exhaust Fuae Hood S16.00 per fune hood Oollestfc 
Cooking 

L Solvent Degreasing $38.00 per solvent degreasing unit 
Unit 

M1sce11aneous Afr $3S.00 per piece of equipment or" · Polluting Equiciment operational unft 

1Sub-sehedule for 1dent1f1catfon only. 
1Heans HEAT RATINGS,! S,000,000 Btu./hr. but < 20,000,000 Btu./hr. 

( 
I 



Table 244-C 

ACTIYITY OPERATING PERMIT FEE REOUfREHEHTS · -

Penni t Act1 v1 ty Rate Components - - Exemptions 

A Racing Event S1te 

a Unpaved Parking Lot Space for 
< 5 cars 

C · Mining Act1v1t1es 

D Sanitary Landfill 

E Effluent Water Treatment or 
Settling Ponds and/or
Sewage Sludge Bed (for
potentially air polluting
fluids only) 

F Miscellaneous Fugitive A1r 
Polluting Activities 

1Sub-schedule for 1dent1f1cat1on only. 



REGULATION 25: PERMIT FEE SOfEDULES ADJUSTMENTS 

Rule 251: Permit-Fee Studies Related to Inflation 

A. Within 30 days of a decision by the Board of Supervisors to award a Cost

of-living Allowance (COLA) to I majority of Pi111 County employees. the 

Control Officer shall re-evaluate his total permit-related service cost, 

and send the results of the re-evaluation ·to the Air Quality Advisory 

Council. 

1. If th~ results incltcate that the total permit-related service cost 

has increased since the date of adoption of these RULES AND REGULA

TIONS or st.bsequent a•ndlllents, the Control Officer shall propose to 

1ncreue 111 perait fee schedules by the percentage increase in 

service cost. 

2. • The first such study shall be 1n calendar year 1979, provfded the 

~oard of Supervisors awards a COLA during.that year. 

3. The Air Qualit;y Advisory Council shall Nice appropriate adjustinentr 

to any new fee schedules proposed by the Control Officer and fon,ard 

its reconmendations to the Board of Supervisors within 30 days of 

receipt of the Control Officer's study. 

4. The Board of Supervisors shall hold a public hearing on the proposed 

permit fee increase before taking appropriate action. 

C 



Rule 252: Periodic Review of Jndfvidual Fee Schedules 

A. At least once every five years, the Control Officer shall re-evaluate the , 

service costs associated with 1ndtv1dua1 classes of sources, and propose 

appropriate adjustll!nts. 

1. Detailed Justtftcattons for the fee adjustlllents shall be 111de by the 

Control Officer. 

2. TIit Control Officer and tlle Afr Quilt~ Advisory Council shall 

jointly conduct study sessions, and provide opportun1~1es for 

conferencesand public hearings wfth 111 affected source operators 

before nconrend1ng to the Board of Supervisors significant 

adjustments to any tndtvtdual fee sctaedule. 

( 



1.- REGULATION 26: INSPECTIONS 

Rule 261: Compliance Inspections 

A. 1he Control Officer shall 11ake such fnspectfons as are ne5.ess1_ry to 

assure c0111pl1ance with or enfor-cetnent of these RULES AND REGULATIONS. 

any provision of the Arizona Revised Statutes. Title 36, Chapter 6, 

Article 8, or the provisions of any pent1t issued pursuant to these 

~ RULES ANO REGULATIONS or Statutes. 

8. The Control Officer shall 111ke such inspections as are necessary for 

issuance or reissuance of any lnstall1tfon, Operating, Activity, 

Conditional or Open Burning Permit authorized or allowed by these 

RIA.ES AND.REGULATIONS or the A~zona Revi~ed Statutes, Title 36, 

Chapter 6, Article 8. 

C. In addition to the inspections authorized by Parts A and B above, the 

Control Officer •Y require semi-annual inspections of the following 

types of soun:es : 

1. Major soun:es. IS defined in Rule 171 of these RULES AND REGUtl'.TJONS. 

2. kty source of the type for wtlfch e!llissfons standards have been 

establfshed fn Table 442-A of these Rll.ES AND REGULATIONS, and 

3. Sources of hazardous air pollutants, as listed in Rule 601 of 

these RULES AND REGULATIONS. 

D. 1he Control Officer •Y obtain a S!)eei~t inspection warrant pursuant 

to the provis tons of ARS 36-780. 01 • 



CHAPTER III: UNIVERSAL CONTROl STANDARDS 

REGtllATION :ll: PROHIBITED ACTS 

,, Rule 301: Planning, Constructing, or Operating Without a Pennft 

I. A. No person shall construct, install, erect, use, repl1ce, "!)d1fy, or 

I 
operate an •ission source, or enter into a binding agreement affectfng -

I :':"• source _,,1dl cannot be cancelled or mdiffed without substantial loss 

ta the person, without obtaintng ·a ·permit, unless the permit has been 

obtained by I second person according to _the app11cabte permit requfre

•nts in these RUl.£5 ANO REGULATIONS. 

( 



Rule 302: Non-Compliance with Applicable Standards 

A. No person sh&ll cause or pen111t the planning, construction, installation, 

erection. IIIOdification, use. or operation of an emission source which 

w111 cause or contr1bute to a violation of a performance standard 

~tab11shed in these RULES ANO REG1JlATI0rtS. 

1. The actual emission rates of all identical or reasonably•similar 

emfsston sources under the control of the same source operator at a 

contiguous geographical area shall be suaed to determine co111011ance 

with a aus-em1ssions discharge standard. 

2. A source shill c~ly with a discharge standard over the full range 

of the source's operating rates. 

( 



REGULATION 31: DESIGN OR WORK-PRACTICE CONTROL STANDARDS 

Rule 312: Asphalt Kettles 

A. Ell1ssions frm the operation of an asphalt kettle 11111st be m1n1m1zed by · 

the following controls: 

1. Maintaining the teq,erature below the asphalt flash point and below 

the mx1- rec011111ended by the asphalt manufacturer, 

2. Operating the kettle w;th lid closed except when charging, 

3. Pumpfng the asphalt from the kettle or the drawing of asphalt 

through cocks with no dipping, 

4. Maintafn1ng the kettle 1n clean, properly adjusted, and good 

operating condition, and 

5. Firfng the kettle with liquid petroleta Jas or other low poll~ti~- ~ 

( 



Rule 313: Incinerators 

A. An incinerator 111st be operated only from official sunrise to sunset, 

except lfflen the following are conditions of the Operating Permit: 

1. The incinerator 1s equipped with a ·continuous 1110nitoring and 

nc:ording opacity meter, 

2. The incinerator ts used solely for the destruction of 1111terials 

which 1110Uld cause or contribute to air pollution if disposed of in 

mty other practical 111Mer, 

3. The tnc1nerat1ng process cannot be operated efficiently during only 

daylight hours, 

4. The opacity monitoring-and-recording equipment ts calt~rated and 

aatntatned 1n accordance with the manufacturer's spectficat1ons, and 

s:" The opacity 1110n1toring records are kept for at least tliilo years. 

( 



Rule 314: · Petroleum Liauids 

A. ~issions of hydrocarbons from a stationary tank, reservoir, or other 

container used for storing petroleum liquids aust be minimized by apply-.. 
ing and 1111ntain1ng the following controls: 

1. A stationary tank, reservoir, or other container which has a capacity 

of it least 2S0 gallons but less than or equal to 40,000 gallons 

which is used for storing gasoline 111st be equipped with either 

•· Submerged fill pipe, or 

b. Refrigention-type vapor recovery system·or an equivalently 

effective control system, 

2. A stationary tank, reservoir, or other container having capacity 

greater than 40,000 gallons which is used for storing giso11ne or 

other petrolem liquid a.1st be equipped with 

a. An adequately maintained floating roof, refrigeration-type vapor 

( 



I: 
recovery systea or equivalently effective control system. if the 

container is used for storage of a petroleum liquid which has a 

1 vapor pressure of at least 1.5 pounds but less ·than 11 pounds 

per square inch absolute under actual storage ccod1ttons, or 

b. A nfr1geration-type vapor recovery systen or equivalent ~f the 

container 1s used for storage of a petrole1111 liquid which has a 

vapor pressure of: greater than or equal to 11 pounds per square 

1nch absolute under actual storage conditions, and 

3. A gasoline loading facility which handles at least 20.000 or IIOM!. 

gallons of fuel per day aast be equipped with submersible fill tng 

arm or other equtv,lently effective controls. 

8. A refrigeration-type vapor recovery system or equiva~t •st be capable 

of collecting at least 90 percent of the hydrocarbon vapors by weight 

- lltitch wuld otherwise be vented to the atmosphere during filling of the 

~ tank. The systea 111st also be equipped with either an on-site or 

N1110tely locatecl vapor-disposal system which processes the vapors so 

that their escape to the atmsphere ts prevented. 

1. The Control Officer stllll detenntne C0111Pl iance of a vapor recovery 

system by eYaluating the equipment planned for or used at the source 

and certifying the equipment as meeting the appl tcable standard. 

t. This RULE shill not apply to: 

1. Pressure 'llssels which are designed to operate tn excess of 15 pounds 

per square inch gage without em1ssions to the atmosphere except 

under emergency conditions, 

z. A tank having a capacity of at least 250 gallons but less than 2,000 

gallons which NIS installed prior to 1969, and 

3. An 111derground tank installed prior to 1969 which his a capacity less ] 

than or equal to 40,000. gallons, if the fill line bebleen the fill 

connection and the tank ts offset. 



Rule 315: Roads and Streets 

A. Dust emissions from an existing unpaved public road inust_be minimized 

with.use of an e~fecttve dust suppressant, paving, detouring, barring 

access, limiting vehicular speeds, or other equivalently effective 

controls applied to the entire width of the road surface available to 

vehicular traffic. 

8. Dust emissions from the construction phase of a new road IIUSt be ,aini-. 
llized by applying the same. aeasures s_p~ified tn Part Aof this RULE. 

C. No new unpaved private driveway shall be constructed unless the road will 

not be used by mre vehicular traffic than that associated with a one-

or blo-family private residence, and the road will not be adjacent to any 

recreational, institutional, educational, or retail sales Tacility. 

O. No new 1mpa!ed service road or unpaved haul road shall be constructed 

unless dust will be suppressed after construction by tntel"lllittently oiling, 

_watering, limiting access, or applying chelllical dust suppressants to the 

road, in such a way that visible dust emissions caused by vehicular 

traffic on the road do not diffuse beyond the property line within which 

the emissions beco• at roome. 

E. No new public road shall be constructed unless the following conditions 

are met (zoning terms and paving specifications in the following are 

those defined by or equivalent to those of the Pima County Planning 

Department and Pt• Coun~ Highway Department, respectively): 

1. If zoned CR-1 (one full acre or larger) or less dense, at least a 

4-tndl base coarse and double b1t1111inous surface treatment shall be 

applied, or 

2. If zoned CR-2 or denser, at least a 4-tnch base coarse covered with 

at least 1.5 inches of asphlltic concrete shall be applied, and 

3. A chemically treated substitute base and appropriate surface treat

ment 111y be used if approved by the Pima County Highway Department. 

F. The surfacing of roadways with asbestos tl111ngs ts prohibited. 

( 



• ... : Rule 316: Particulate Materials 

A. Dust etnissions from the processing of material aust be minimized by 

hooding and use of dust collection equipment. water sprays. or use of wet 

scrubbers. fabric filters (baghouses), electrostatic precip1tatoTs. or 

· other equivalently effective cont~ls. 

B. Dust etnissions fl"OIII construction activity aust be ■inimized by applying 

adequate amounts of water or other equivalently effective dust controls. 

C. Dust emissions from the transportation of uterials mst be minimized by 

covering stock loads 1n open-bodied trucks. limiting vehicular speeds, 

or other equivalently effective controls. 

D. Dust e111iss_ions froa the storll9e of 111terial ~st be minimized by enclosing 

the material within structures. planting and maintafning-vegeatfve 

growth over the 111terial. use of chemical dust suppressants! or other 

equivalently effective controls. 

E. Emissions from a sandblasting or other abrasive blasting operation must i 
i 

be minimized by applying water to suppress visible emisrio~wet blasting}1' 

enclosing the operation, or use of other equivalently effective controls. 

t 



Rule 318: Vacant Lots and Open Spaces 

A. Oust emissions fran the construction, use, alteration, repair, deno11tion. 

·clearing. leveling, or excavation of any vacant lot, parking area, hous

tng plot. building site, sales lot, playground, Jivestock feedlot, or 

other open area-other than those solely used for' soif-c:ultivatfon or 

vegetative-crop-producing-and-harvesting agricultural purposes-must be 

■1ni ■ ized by intermittently applying water or other effective dust 

suppressants to the area, paving, detouring. barring access, or other 

equivalently effective controls. 

B. No new vacant lot, housing plot, building site, parking area, sales lot. 

playground, livestock feedlot, or other open area-other than those used 

solely for soil-cultivation or vegetative-crop.producing-and-harvesting 

agricultural purposes-shall be left in such a-stare after construction, 

alteration, clearing, leveling, or excavation tbat naturally induced wind 

blowing over tile area causes visible emissions of airt,ome dust to diffuse 

beyond the property lines within which tile emissions become a1rbome. 

1. Dust enissions must be permanently suppressed by landscaping, covering: 

with gravel or vegetation, paving, oiling or applying equivalently ! 
effective controls. 

c. No vacant lot, parking area, sales lot, or other open urban area shall 

be used by 110tor vehicles in such a 1111nner that visible dust emissions 

induced by vehicular tnff1c-on the area diffuse beyond the property 
' boundary 1 tnes witbtn llhtch the eaissions bec:olle afrt,ome. 

D. The exception 'Co visible •1ss1ons during periods of high wind speeds as 

spec1fted 1n Rule 343-8 shall also apply to tilts RULE. 



Teble 321 

EMISSIONS-DISCHARGE OPACITY LIMITING STAflOAROSI, 

HaxflNAII 
Instantaneous O~acftl Measurements · Allowable 

Required No. Exe uded No. -No. to .use Average 
T:t2! of Source {For a Setl {H1g!!est Values} For Averaging _ Oeacit;t: 1 s 

Asbestos-
Containin1 
Operation 25 0 25 0 

Cold Diesel 
Engines 2 25 -O· 

_; 
25 60 

Loaded Diesel 
Engines 1 26 1 25 60_ 

Incinerators 27 2 25 20 

. Portland Cement 
Plants" ZS 0 25 20 

Non-Categorical 
Sources 5 ZS 0 25 40 

1An asbestos mill, manufacturing or fabrication operation which uses asbestos 
as a raw material, or spraying operation which sprays materials containing 
more than 1: asbestos by weight. 

2Applicable to the first 10 consecutive minutes after starting up a 
diesel engine. 

JApplfcable to a diesel engine being accelented under load. 

"Applfc~ble to kiln, clinker cooler, and other pl"OCess equipment. 

1Any source not otherwise specifically covered within this TABLE. 



!REGULATION 32: EMISSIONS-DISCHARGE OPACITY LIMITING STANOAROS 

Rule 321: Standards and App11cabflfty {Includes NESHAP~} 

A. No person shall cause or penait the effluent from a single emission pofnt 
-•lt1pleemssfon point. or fugitive emissions source to have an average 

· optical density equal to or greate~ ~•n the opacity limiting standards 

specified fn Table 321. subject to the following provisions: 

1. Opacities (optical densities) of an effluent shall be ••sured ~Ya 

certtffed 'lisible elllissions evaluator with his natural eyes, approxi

ately following the procedures which were used during his certifica

tion, or by an approved and PrKisely calibrated in-stick mnitorfng 

tnstn.nt. 

2. A violation of an opacity stlndard shall be "detemned by 11easurfng 

and recording a set of consecutive, instantaneous opacities. and 

calculating the arithmetic average of the measure111ents wi~hin the set 

.. unless otherwise noted herein. The measurenP.nts shall be 111de at 

approxfaately fifteen-second intervals for a period of at least six 

llinutes•. and the manber of required ineasureinents shall be as 

specified in Table 321. Sets need not be consecutive in ti111e. and 

in no cue shall two sets overlap. If the avenge opacity of the set 

of instantaneous llelSurements exceeds the maxillUI al lowed by any rule.; 
I 

th.ts shall constitute a violation. · 

3. The use of •fr or other gaseous dfluents solely for the purpose of 

achtevfng C0111pltance with an opacity standard is prohibited. 

B. When the presence of uncocmfned water is the only reason for failure of 

a source to othen,ise meet the requirements of this REGULATION. this 

REGULATION shall not apply. 

( 



Telt1• JJZ 

rtll5510NS-D15ou.R1.[ KASS LIMITING STMOAROS 

[lriss to,,s Dtscll1~ 5U1111el'ds 
Appltc11tl• Ot!Mr Appl\u6\e Kus Dhcll•~ 11. t_e. kiss toiic:e11tr1 ti on fwferette:• 

""-She lqut~t Aclp ltc1b1• Atr lb./llr, (UIIIUS 9r,/dscf. (1111less TestTm af Source Stu Co,idlt tans Paltut111t atlleNtse natHl otlleNtse natrdl "'tllad~ ,., lnc:tntretors All.. All TSP o.oe• 1.Z.l,4.5 

(b) F•I 1wfflt119 £qutpa111t1 ,..jor IIMt Jnout All F111ls 1 1SJI 1.0% rf· 719 a.z 1,Z,l,4,S 
C 420() fll Q • IMlt t111111t 111 
- lt11./M. . "' ltu./llr. 

(c) F•I lumt119 £qu1paant1 IIIJor Melt Input All f'111la 1 TSP 17.a q0.oz a.z I.Z,l,4.5 
> 4200 "'1 Q • ._ IS lbowe 

ltu./llr. 

(d) f'wl lurllt119 [qutpant1 N&Jor. All MNt lnouts ltqutd or 1.D 111./fll ltu. ' · Soltd f'111l 1 SOz 

I•) Portlu4 c-tit Ph111ts fllJor Proc:ns llet91t an TSl' •• 11:11 ,0·11 a.z 1.z.J.c.s 
! 25011 lb./llr. Eq.tpant - P • pracns wt9'tt 

·· ~- 111 t.s/llr. 

(f) Portlencl Caeftt Plents Mljor Pl"OCfls llef9'tt ltl11 TSP O.lO 111./ton a.z 1.2 0 J 04,S 
> 2SON 111./llr. Otsdllr,n ,rocns wt9'tt. 

DIiiy ••• Z-llr. •~• 

(g) Portland c-tlt Pl111u llljor h-ocflS Wet 9Jlt Cltlllter TSP a.10 11t./to11 o.z 1,Z.l,4.S 
> %SOIi lb./llr. Cooler ,rocns wtgllt. 

OtlClllr,n ••· Z-llr. 11r9. 
DIiiy 

( ~ kTyll 1 • Nf9. or llffn 1 All A11 .. lO 9./dly' 103.104 

( t) tilfftvr,, f>rocesstng P1111u • All All Hg Z.300 9./dly' 101.1oz 

(J) SlMte Jnc:tnerators' Alt All Hg Z.300 9./dly' 101.1oz.10s 
(tJ [tllyl- Otclllortde All All 1It z.a • 10-c 1~., 10 Pfllll, l06Pl111U 111. ,niduct 

(1) Whtyl Otlort• Pl111ts All All Wt • 10 ..._• 105 ·-
(II) Polr,tnyl Otlorfde PllllU A11 .. .All It 2.0 • 10·5 \It,/ 10111111. • l06.107 •,:111. ,i"'OdlM:t- -✓ 
(11) 11Dft-Clt190rtcal Sourcn 11 IIIJor "-ens llet 9'1t n, l.St ,0,'2 a:-o;z-·---- · ·-1.z.3:c.s 

! ll) toll/llr. P • procns Wli 9'tt 
111 tllftl/ttr. 

17.31 ,O,l6 l.Z.l.4 05(0) IIDII-Cltlf0r1C11 Som:es 11 flljor ,NCfts llt1gllt TSP· o.z 
> 30 COll/ltr. , • su. as lbowe 

•tq11t,-nt IISff prt•rtly for flldtrtet Mlt1"9 111 Mt1cll ti. •tar••· 1111111 IIN\14 h flOt fl01"11111J 111 COlltlct wttti tlte , ..., :-9' c:o.&ustlOII products. 
1AdJuttlCI to 121 COz, 
1NHt tn,vt tlSUIICI or ,.1 II)' ASTPI lletltOd 0201..a, R.o-64. er 111126-M. 
•11u1- 24-tlour , ..,.,.. 
1 111Clllllel 1 ■ tr1ctton pl111ts. ~-ate plents. fOUll4ertn. htct--ton, ,,.,.11,11t 111111u. llld __,_ IMIK lllltcll IISI or Pf'OCftS a11 1110,-
lllttelt c111ut111 - tllan Si le !Ir ..1911t. · 

11nc111dK • sutto111r, 1oura lllltc:11 IINICflHI ...-Clll'J ON te ~ 8ef'Cllt7• or -,.1c:11 111ft -.n:111')' dl1-1kalt cells ID llt'M«e dllorf• ,u 
and IIU11 •&•I ltyClroa1ff, . 

'An f11Cf111retor ,.r llfttc:11 11 1111C1 ID hte1M"9tt shlll" ,,.. -t-tlr tr11-.it pl,11ts. 

'Peru ■1111on. 11, wol-. ectual telllperetllt"t elld ,nsaure. 

'LIi, '1111,>'I Clllortdt/111, ..,_Hltell POly•t11yl Cltlortde Pt"NUCt or 1001 •tltyl- 411tcll1or1de ,roduet fl"DII rwacto" •IJ, 

.. .,,, aeurce IIOt OU!trwh1 ICll(1f1Cl11J COffrN for TSP w1tll111 Ulela MILES MD ltEGULATJOIIS. 



I 
:REGULATION 33: EMISSIONS-DISCHARGE HASS LIMITING STANDARDS 

Rule 331: Applicability 

A. This REGULATION shall apply only to emissions which ente_r the atmosphere 

by passing through a vent. stack. flue. or other similar containing or 

restrfctfve device, or which by reasonable 110dffication of the emissJons 

source the missions can be directed through such I device for testing 
I 

purposes. 

8. Where the nature of a process. operation. or activity allows more than 

one interpretation of a requirement tn tht s REGULATION, the more or D10st 

--restrictive interpretation shall apply. 

( 



Rule 332: Conpilation of Mass Rates and Concentrat;ons {Includes NESHAPS) 

A. The 111xi- allowable emissions d1sdllrge rate (in tenns.of 111ss per unit 1 . . i 
time)- 1na ass concentration (intenns of 11tss per unit voluaie of -gas) f'Of"an: 

Iair pollutant to which this REGULATION applies shall be those standards 

established in Table 332. 

1. The use of air or other gaseous dfluents solely for the purpose of j 
Iachieving compliance with I specified 111ss-concentration standarcf" I 
I 

ts prohibited. ! 

B. _The following interpretative aids shall apply to the requireinents of 

Table 332: 
~-

1. Entries under the heading Stze Category •an the particular standard 

applies to 1 1111jor or llinor source as noted. •All" means the parti

cular standard applies to aajor sources and to minor sources, 

.2. Ali entry of •A11• under the headfng Applicable Equipinent Size 111eans 

the particular standard applies to all sizes of equipment, 

3. An equation containing the symbol Q (heat input) or P (process 

weight) shall be interpreted as having a mltiplfer which precedes 

the sya,ol and an exponent ..-.ich fol lows the syacol, except in the 

formulas for cotton gins lllhich do not contain exponents following 

the syn,ol P, 

4. An entry containing the words process weight, preceded or followed 

by I quantity and unit, means the standard applies to Ot)erations 

wh1 ch have a process weight as noted, 
, 

5. A "duh" shown under any heading 111e1ns ~ere i-s no special entry 

appltcable to that heading that is also cannon to 111 other entries 

_____ ~-- on the sue 11 ne, and 

6. The nuaerfcally 1dentif1ed Test Methods refer to those 111ethods 

fncluded in Chapter IX. 

C 



, Table 34] 
I 

MAXIP«JH ALLOWABLE POLLUTANT-CONCENTRATION CE1LINGS 1 tN AMBIENT AIR 

(Each concentration 11sted below represents both a p~ _ 
and • •~ standard unless otherwise indicated.) 

Reference 

Pollutant 
Averaging

T1me2 
Allowabie Conce1trat1on 

1!9• l'•• 
Test 

Method 

TSP l year• 7S'° B 
TSP 24 hours 150 B 

S02 1 year 80 A 
24 hours 355 A 

~ 3 hours 1.300 A 

HC 3 hours• 160 E 

OJ 1 hour 23/ D 

co 8 hours 10.nno C 
co 1 hour 40.000 C 

ICOz 1 year 100 F 

Be 30 days 0.01 104 
Be 14 days 1.50 103.104 

Pb 90 days 1.50 G 

1 Standards for time periods less than one· year 1111y be exceeded only once 
1n any consecutive 12-month period, except for the ozone (03) standard. 

1 Ar1tnnet1c average unless otherwise noted. 

• Geometric lllffn. • 

'The equivalent secondary standard fs 60 ~g./m.3. 

1 Applicable only during the hours from 5 •••• to 9 a.m. 
• Violations are detennined according to Method Hof Chapter IX herein. 

( 



I 

REGULATION 34: AMHENT-AIR STANDAROS 

_Rule 341: Applfcabflfty 

A. lhis REGULATION applies to 1111re1s~ classes, s1zes, 1nd 1ges of sources,.. . 
.fncludfng mjor sources and llfnor sources, existing H wen as new • . , 

sources, and to fugitive air polluting actfvftfes 1s well as stack 

afssfons. 

( 



Rule 342: Mass-Concentration Ceilings 

A. The •xilllUIII allowable concentrations of a1r pollutants in the aatl1ent air 

·,. 1n all areas of the Coun~y shall be thoSe listed tn Table 341. 

,.8, Those 111xi11J111 allowable pollutant concentrations specified in Table 341 

• for time periods less than one year may. in actual practice be exceeded 

only once during any consecutive 12:month period. except for the ozone 

stlndard. 

C. ln the case of the ozone standard. the standard 1s violated wien 1110re 

than one day 1n any calendar year experiences average hourly concentra

tions above 235 µg./m. 3• Violations shall be determined in accordance 

with procedures (Method H) set forth in Chapter IX herein. 

( 



Rule 343: Visibility l1m1t1ng Standard 

A. No person shall cause or pel"llit the airbome diffusion of visible 

emissions. including fugitive dust. beyond the property boundary line 

within which the emissiom bec0111e airborne. 

1. In actual practice. the airborne diffusion of visible emissions 

across property lines shall be prevented by 1ppropr1~tely control 1 ing 

the 1111ss1ons at the point of discharge. or ceasing entirely the 

activity or operation which is causing or contributing tc the 

enrfssions. 

a. This RULE shill not apply .tten the naturally induced wind speed exceeds 

25 miles per hour as esti•ted by I certified vts1ble emissions evaluator 

using the Beaufort Scale of Wind-Speed Equivalents. or as recorded by a 

·u.s. Weather Bure~u Statton or a U.S. Government ■11itary installation. 

1. This exception does not apply to the demolition, destruction. trans

port. or pulverization of structures containing friable asbestos 

•ter1als. and all dust-producing activities associated with such 

sources shall be halted wflen.the wind 1s causing or c~ntribut1ng 

risible emissions to cross beyond the property lines within which the 

emissions disctlarge. 

2. Atty disregard of. neglect of. or inattention to other controls 

required herein. during any time llfflen this RULE is in effect, shall 

aut01111tically waive the exception, and such relaxation of controls 

shall be a violation. 



Rule 344: Odor Limiting Standards 

A. No person shall cause or penn1t emissions from •lodorous Rtter to cross
( 

• -property line between the source and a residential, recreational, 

,1nst1tut1ona1 • educational. retail sales. hotel. or business premise 

without 111n1111z1ng the emissions by applying good 1110dem practices. 

1. Malodorous •tter shall include out not be lilllited to paints. acids, 

1lk111es. pestici~s. fertilizer, and 111nure. 

2. lhis RULE shall apply to the processing. storing, use, and transport

ing of •todorous ,compounds. 

3. Emtss1ons fro11 live trees, shrubs, plants. flowers. dmestic 

gardentng, and residential fireplaces shall not be considered 

•lodorous within the ••ning of this RULE. 

8. lhe Control Officer shall not formally prosecute violations of this RULE 

unless five or 110re persons register complaints with the Control Officer 

during 1consecuthe 12-mnth period (regarding the same apparent source 

of odors). 

( 



1 REGULATION 37: NONATTAINMENT/ATTAINMENT AREAS 

Rule 371: Tucson Nonattainment Areas 

A. An area defined by the following township/range/section 

10 
I 
I Tl4S-Rl4E sections 3-9, 17-19, 30. 

11 I Boundaries of the Tucson Area for TSP are shown in Figure 

12 I 371-A. 
I 

lJ I D. :rhe Tucson nonattainment area for TSP shall be a Class II 
I 

attainment area for and those 14 li 
15 portions not lying within the Tucson nonattainment area for 

16 Cd herein shall be a Class II attainment area for co. 

17 C. An area defined by the following township/range/section 

18 ; coordinates shall be a nonattainment area for CO: 
I 

19 j 

20 1 

21 I 
22 !: 

II 

23 I'i 
I 

1, 

24 fl,, 

/! 
25 1 

1 

·. Cou..,,. A11oq"LV ~ 
\lf,jfY :;•,:~.u~n·f •. ':,'•a·, 

•OO COl"I • S 111.0t • 

.., co..,~·P•tss. 1,•cc, 

SON. A,n,,c,JA .-~,,,, 1,,,.a.ft r 
CA •t 

coordinates shall be a nonattainment area for TSP: 

Tl3S-Rl3E sections 5, 8-10, 13-17, 20-28, 33-36, 

6 (northeast and southeast quarters only),_ 

7 (northeast and southeast quarters only)~ 

Tl3S-Rl4E sections 19-21, 26-35; 

Tl4S-Rl3E sections 1-3, 10-14, 23-25; 

TllS-Rl2E, TllS-Rl3E, Tl1S-Rl4E; 

Tl2S-Rl2E, Tl2S-Rl3E, Tl2S-Rl4E; 

Tl3S-RllE, Tl3S-Rl2E, Tl3S-Rl3E, Tl3S-Rl4E, Tl3S-Rl5E, 

Tl3S-Rl6E; 

Tl4S-RllE, Tl4S-Rl2E, Tl4S-Rl3E, T14S-R14E, Tl4S-Rl5E, 

Tl4S-Rl6E; 

-37-



4 

7 

Bi 

j 
11 ~ 
12 i 
13 ii 

14 I' 

151! 
11 

16 1 

I,1 

:1 
I 

11 II 

1a Ii 
l1 

19 Ii 

20 11 

11 

21 1
1 

22 I
Ii 

23 il 
24 I' 

11 

I 

25 il 
~•,\ COUN1"' ATTO!qp,.;ly 1 

. ,,,, .. ,,, r,n .. , ... ,,,r •'lAl 1, 
r r ••,,.. I' 

.., :o, Ol•" '"' "• n•. ,I 
, , """' co•. ·. 11 , ... .., !'>I~.- r, !I 
C:,oN;:;':.~~~A f'"",701 it 

CA f.l 

TlSS-RllE, Tl5S-Rl2E, Tl5S-Rl3E, TISS-Rl4E, Tl5S-Rl5R, 

Tl5S-Rl6E: 

Tl6S-Rl2E, Tl6S-Rl3E, Tl6S-Rl4E, Tl6S-R15E, Tl6S-R16E; 

Excluding all portions of Coronado Nat i.onal Fores,t and 

Saguaro National Monument included in those townships. 

Boundaries of the Tucson area for CO are shown in Figure 

371-C. 

D. The Tucson area for CO shall be a Class II attainment area 

for so , No , and o , and those portions not lying 2 2 3 

within the Tucson nonattainment area for TSP herein shall 

be a Class II attainment area for TSP. 

Rule 372: Ajo Area 

A. An area encompassing Ajo and its immediate surroundings 

shall be a nonattainment area for so , defined by the 2 

following township/range/section coordinates: 

TllS-RGW, TllS-RSW: 

Tl2S-R6W, Tl2S-RSW; 

Tl3S-R6W. 

B. An additional area shall be unclassifiable for so , 2

defined by the following coordinates: 

Tl1S-R7W; 

Tl2S-R7W; 

Tl3S-R7W, Tl3S-RSW. 

-38-
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1 

2 

3' 

41 

sl 
6 

7 

8 

9 ,, 

ii 
10 Ii 

11 

12 I
I 
I 

13 ·I 
!1 

14 11 

15 !: 

16 il 
~ 

1, \l 

18 /; 

19 ~ 
20 I 
21 

22 

23 

24 ,, 
,, 

25 Ii 
COUNr, ArtOR"'ll-.· 11 

.,,. "•f"o\fl •""'••r •, T •l r 
Cf•••r 1t 

,.,. coo••• ■, r>c. 

.... co.,, ...... ,1,~ st•tr, ~ 
l',.ii:. 

c. l\n area defined by the following coordinates shall be a 

nonattainment area for TSP: 

Tl2S-R6W. 

D. The Ajo area shall be a Class II a tea for CO, No
2

., and 

03. 

E. The approximate boundaries of the areas are shown in Figure 

372, and encompass approximately 200 square miles. 

Rule 373: General County Areas 

A. Portions of the County not otherwise designated as Class I 

(~ttainment), Class III (Attainment), unclassifiable, or 

Nonattainment areas for specific pollutants shall be Class 

II (Attainment) areas for TSP, so2 , CO, o3 , and N02 • 

,ON. -.n,,oNA ...,JC'I' 

-39- '?70 
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Figure 371-/\ 

T11cson Nonattainment J\rea for Total Suspended Particulates 
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Rule 373: General County Areas 

A. Portions of the County not otherwise designated as Class I 

(~ttain~ent), Class III (Attainfflent), unclassifiable, or 

Nonattainment areas for specific pollutants shall be Class 

II (Attainment) areas for TSP, so2 , CO, o3 , and N02 • 



REGUL~TION 38: NONATTAINMENT-AREA STANDARDS 

Rule 381: ADHS Nonattainment-Area Standards 

A. The following Articles and Sections contained in Arizona 

Department of Heal th Services (ADHS) Rules and Regulations 

for Air Pollution Control, in effect at the time of this 

adoption, are hereby adopted by reference and made a part 
' 

hereof: 

1. Article 1. DEFINITIONS, 

2. Article 2. AMBIENT AIR QUALITY STANDARDS, 

3. Article 3. PERMITS, except for the following: 

a. Testing procedures specified in ADHS Section 

9-3-310 shall be replaced with those contained in 

Regulation 34 or 35 herein: 

b. Permit application forms specified in ADHS Section 

I 
I 

! 9-3-301, E, F, and G shall be replaced with 

I Regulation 21 herein, and 

I c. Permit fee provisions and schedules specified in 
i . 

ADHS Section 9-3-319 shall be replaced with , 
1 

i 
Regulation 24 herein. 

4. Article '4. EMISSIONS FROM EXISTING AND NEW NON-POINT 

\ 

I 
.,. SOURCES, 

S. Article S. EXISTING STATIONARY POINT SOURCE 

'PEllFORMA" ,E STANDARDS, 

PERFORMANCE STANDARDS, 

7. Article 9. HAZARDOUS AIR POLLUTANT STANDARDS. 



a. The provisions of this REGULATION shall apply only where 

they are applicable to Class A Installation Permits (as 

defined in the ADHS regulations) for any new major source 
. I 

or major alteration located in any nonattainment• areal 

specified in Regulation 37 ~erein for the pollutant(s) for 

which the source is classified as a 11\,ajor source or a major 

al·teration. When the Control Officer issues Operating 

Permits subsequent to the Class A Installation Permits, the. 

provisions of this RULE shall continue in force. 



. 0 Cj 1C\ 
I CHAPTER IV: PERFORMANCE STANOAROS FOR NEW MAJOR SOORCES 

lREGUlATION 40: GENERAL APPI.ICABilITY 
I 

Rule 402: Stack and Shop Emissions · 

A. The 11ax1- allowable elffiss1ons discharge rates and assoc1eted 111.ximun 

allowable aaass concentrations of emissions established in this ·CHAPTER 

shall apply only to emissions which enter the atm<lsphere by passing 

through vents, stacks, flues. or other similar containing or restrictive 

devices, or ~ich,by reasonable 1110d1fication of the emission source. can 

be directed through such devices for testing purposes. 

8. The 111&xi... a11""'4ble emissions opacities established in this CHAPTER 

shall apply to any emissions discharge point fn an emisi.ion source. 

( 



Rule 403: Aoplfcabilfty of Hore Than One Standard 

A. A source subject to the provisions of this CHAPTER shall also comply 

with all applicable provisions of Chapter III. 

8. If the nature of an operation or activity allows 1110re than one interpre

tation of• standard or requirement of this CHAPTER, the more or c:iost 

restrictive interpretation shall apply. 

( 



REGUlATtoN 41: DESIGNATION OF ATTAINMENT/NON-ATTAINMENT AREAS 

Rule 411: Tucson Area 

A. 0 A geographical area roughly bounded by the Tortoltta and Santa Catalina 

Mountains on the north, Picacho Peak (Pinal County) and Silverbell 

Mountains to the northwest,· Rincon Mountains to the east, Whetstone 

Mountains (Cochise County) to the southeast, Santa Rita Mountains (Santa 

Cruz County} to the south, Sien1ta Mountains to the southwest, and 

Roskruge Mountains to the west shall be known as the Tucson Air Planning 

Area (TAPA). Geographical coordinates defining the area are: 

latitude Longitude 

1. 32° 38.S'N 111° 24.0'W 

2. 32° 26.S'N 110° 47.S'W 

l; 32° 12.S'N 110° 32.S'W 

4. 31° 49.S'N 110° 25.S'W 

5. 31° 42.0'N no0 ·so.s·w 
6. 31° 52.S'N 111° 12.S'W 

7. 32° 24.0'N 111° 29.0'W 

Approximately 85 percent of the Tucson Air Planning Area lies within 

Pima County. The portion within Pima County enC0111Passes approximately 

2.300 square miles, excluding the 1:li«I Saguaro National Monuments. The 

approximate boundaries of the Tucson A1r Planning Area are shown in 

Figure 411-A. 

B. Except for those portions of Eastern Saguaro National Hon1.111ent and 

Western Saguaro National Monunent which are wilderness areas, the Tucson· 

Air Planning Area shall.be a Class IY (Non-Attainment) area for total 

suspended part1culatematter and carbon 110noxide. 

C. The Tucson Air Planning Area shall be a Class II (Attainment) area for 

sulfur dioxide and nitn>gen dioxide, and I Class III (Attainment) area 

for ozone. 

D. Two geographical areas represented by the national wilderness portions 

of Eastern Saguaro National Monlllfftt and Westem Saguaro National Monument 

shall be Class I (Attaininent) areas for total suspended particulate 

iaatter and sulfur dioxide. The approximate boundaries of these are~s 

( are shcnin in Figure 411-A, enc01111>assing approxiniatel~ 88 square miles. 



f -

f1 gure -411-A 

APPROXIMATE BOUNDARIES OF TUCSOll AIR PLANNING AREA (TAPA) 

ClASS IV (NON-ATTAI11ME1r.r) GEOGRAPHICAL AREA 

....... -----·-

LEGEND 

- ClASS I (TSP. co. 03• SOz. N0z) 

l"l'4JI CLASS 11 (TSP, co. 03. SOz. N0z) 

111mm CLASS IV (TSP,C0h CLASS III (03)i Cl.ASS II (S0z, H02) 



Rule 412: Ajo Area 

A. An area enC0111passing Ajo and its 1nned1ate surroundings shall be known 

as the Ajo Air Planning Area (MPA). Geographical coordinates defining 

the area are: 

Latitude Longitude 

1. 32° 30.S'N 112° 56.0'W 

2. 32° 30.S'N 112° 44.0'W 

3. 32° 20.0'N 112° 44.0'U 

4. 32° 20.0'N 112° 50.0'W 

5. 32° 14.S'N 112° 50.0'W 

6. 32° 14.S'N 112° 56.0'W 

~ 

. ..- ----· 

The approximate boundaries of the Ajo Atr Planning Area are shown 1n 

Figure 412, and encompass approximately 200 square miles. 

8. The Ajo Air Planning Area shall be a Class IV area for total suspended 

particulate matter and sulfur dioxide. 

C. The Ajo Air Planning area shall be a Class II area for carbon 1110noxide, 

nitrogen dioxide, and ozone.
( 

( 



Figure 412 

APPROXIMATE BOUNOARIES OF AJO AIR PLANNING AREA {AAPA) 

a.ASS IV (A'ON-AT.Z'AINMENr) GEOGRAPHICAL AREA 

i. 

.I 
! 

LEGEND 

~ a.ASS II (TSP, CO, 03' SOz. N0 2) 
I 

llli!!} a.ASS IV (TSP, soz> i CLASS II (CO, 03, NOz) 

11 

( 



Rule 413: General County Areas 

A. Portions of the County not otherwise designated as Class I (Attainment), 

Class III (Attainment), or Class IV (Non-Attainment) areas for specific 

pollutants shall be Class II (Attainment) areas for total. suspended· 

1>11"tfculate matter, sulfur dfoxfde, carbon monoxide, ozone, and nitrogen 

dfoxfde. 

8. The approximate boundaries of the various Attairnent/Non-Attafnment 

areas fn Pfma County are shcnfl in Figure 413. 
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APPROXIMATE BOUNDARIES OF PIMA COUNTY . 
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REGULATION 42: STANDARDS FOR NON-ATTAINMENT AREAS 

Rule 421: Applicability 

A. This REGULATION shall apply to new 1111jor sources which are planned to be f 
located in a Class IV (Non-Attairunent) area for an individual air pollutan . 

8. An existing major source relocated from an Attainment area to a Class IV 

~ _area. or from one Class IV area to another, shall be considered a _new 

major source. 

( 



Rule 422: TSP Clean-Air Plan 

A. The intent of this RULE is to reduce the emissions of total suspended 

particulate aatter which affect the Tucson Air Planning Area.so that the 

primary aabient-air standards will be attained tMoughout the area by 

December 31, 1982 and the secondary ambient-air standards by December 31, 

1990. 

- 1. · The planned progress toward achievement of the TSP standards is SUlll

mar1zed graphically 1n Figure 422. A ■ini- net sission reduction 

of 8,850 tans of total suspended particulate matter per year from 

.July 1, 1979 through December 31, 1982 1s necessary -·· to achieve the 

pr1ury standards. A minimum net reduction of 3,670 tons of total 

suspended particulate 111atter per year fr0111_.Ja11QArY 1, 1983 through 

December 31, 1990 is necessary to achieve the secondary standards. 

These reductions are represented by the slope of the curve labeled 

Reasonable Further Progress in Figure 422. This RULE shall apply only 

( to the Tucson Air Planning Area. 

2. The annual growth rate of actual emissions of total suspended particu-: 

late •tter from new 111jor sources shall not exceed 85 tons of total 

suspended particulate matter per year, beginning July 1, 1979, unless 

Rule 424 (Elllission Offset) is applied. The Control Officer shall 

. allocate emission growth .rights to applicants for lns~11at1on 

Pel"ll1ts 1n the order in which the applications are received. 

:s. The Control Officer shall each year conduct an trwentory of actual 

•1ss1ons of total suspended part1cu~ate 111tter 1n accordance with 

Rule 423. If an inventory shows that the C\111Ulat1ve emissions ot; 

total suspended particulate aatter are n>re than that called for in 

Figure 422 for the corresponding po1nt in time, the Control Officer 

shall not grant an Installation Pemit to an applicant for a new 

mjor source of total suspended particulate matter to be located 

within the Tucson Air Planning·Area until Reasonable F\l'"ther Progress 
. . 

ts achieved for the entire geographical area. 

( 



B. At least annually the Control Officer shall review the methodology upon 

which this RUlE 1s based, IS well IS the progress toward attainment of 

the illlbient air quality standards. The Control Officer shalt appropri

ately use all available st::dies provided by local. State. or Federal 

afr quality planning agencies in conducting these reviews. The Control 

Officer shall propose to the Atr Quality Advisory Council and Board of 

Supervisors modifications to this RULE which may be needed for achfevin4l_ 

~ the goa1 of this RULE. 

1. The Control Officer shall propose changes t0 1111ke the requirements 

less restrictive if greater than the planned finprovements in air 

quality are achieved, mre restrictive ff less than the planned im

provements in air quality are achieved, or to make necessary adJust

aents which result fram the ava11abf11ty of finproved methods of 

relating anfss1ons to ambient afr quality. 

( 
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Table 423 

METHOOOLOGY FOR RECORDING EMISSIONS IN TSP DATA BANK 
(Applicable only within TAPA) 

Fon11.1la for Calculating
Source Category or Project TSP Emissions. ton/yr. 

Paving of Existing Unpaved Road1 O.~M(AOT)2 

Paving and Curbing of Existing Unpaved Road' 0.57M(ADT) 

Curbing or Paving of Road Shoulders of Existing
Paved Road1 . O.OJH(ADT) 

Vegetative Stabilization of Oust or Other 
Permanent Suppression of Oust Associated 

·with Existing Hine Tailings Piles ~-9.4A1 

;Paving of Existing Unpaved Parking Lot 0.14N(L+W)" 

Stack Emissions From Industrial Facilities 
(New or Existing) (C.0. 1 ) 

Other Fugitive Emissions and Emissions fl"'Offl 
Mobile Sources (C.O.') 

' j 1E1ther chip seal, concrete. or asphaltic paving, provided road or lot is 
adequately llliintained. Both sides of road are required to be paved and/or
curbed, as the particular entry requires. 

2 H • length of road in miles. ADT • Average Daily Traffic, vehicles/day. as 

I 
specified by the Control Officer on a case-by-case basis. using measured 
traffic counts if supplied by the source operator. The Cont!'Ol Officer may
require the source operator to prove the accuracy of such traffic counts. 

1A • surface area of pile in acres.

I-N • average number of vehicles parked per day; L • length of lot 1n miles; 
W • width of lot in miles • 

1• 58ased on mass-emission sampling of the quantities of emissions from each 
I scurce if test results are available; othe~ise based on the Control Officer's
j estimates of emissions on a case-by-case basis, taking into consideration 

I
methodology furnished by the Administrator of the Environmental Protection 
Agency. 

·'Tobe specified by the Control Officer on a case-by-case basis, using
methods of estimatin~ emissions generally available. taking into considera
tion methodology furnished by the Administrator of the Environmental Pro
tection Agency. 



Rule 423: TSP Eiaissfon Data Bank 

A. The Contl"Ol Officer shall establish by July 1, 1979 an emission data bank 

to track reductions and growth of present and-future emissions of 

total suspended partfc:ulate matter fn the Tucson Afr Planning Area. 

1. The bank shall include records of emfssfons fr0111 new sources and 

reductions fn •issfons from existing sources which were accomplished -

after January 1, 1979. 

2. Eillisstons from 110bfle and stationary sources, stack emissions and 

fugitive emfssfons, major- and minor-source emissions, and emissions 

fr011 sutionary sources under jurisdiction of the State Oepartllll!nt of 

Health Services shall be estimated by the Control Officer and the 

amounts recorded in the eaissfon data bank. 

3. The Cantn>l Officer shall be guided by the methods presented in 

Table 423 in estimating emissions of total suspended part1c:u1a~~ 

aattff. 

4. The tontrol Officer shall ~ord in the emission data bank, within 

one a,nth of· receipt of the necessary information. a uecrease in 

emissions resulting from completion of a road paving project. 

l"Old 1aprovement project, or the startup of a new major source. He 

shall record in the data bank increues or decreases in emissions from 

other sources at least annually. 

( 



8. The Control Officer shall _enter and 1111intain records of emissions of total 

suspended particulate matter in the emission data bank according to the 

following conventions: 

1. Data shall be recorded in units of tons of eraission$ per year. 

Aft •1ss1on reduction shall be a negative entry~ representing a 

dei,os1t (CT"edit). All emission increase shall be I positive en~ry. 

"presenting• withdrawal. 

2. A data entry for a new major source owned, operated, or leased by 

a person other thin a govemaental entity shall be identif1ed accord

ing to the .... and .ailing address of the source operator. the 

location of the source, the effective date of the emission change, 

the date of entry, and the projected increase or decrease in 
-

•issfons. Such an entry shall be put into a private account and 

shall be set aside for the exclusive use of the proprietor named at 

the time of deposit. All emission credit 111y be transferred from one 

account to another only upon the request of the proprietor of the 
. 

account containing the credit. The balance tn an account at any time 

shall be detemined by sunring the deposits (negative values) and 

withdrawals (positive values). 

3. lf I source operator asks the Control Officer to credit the reductions 

of total suspended particulate 1111tter associated wt th a temporary 

sllutdowl of a aajor source, then wen the source operator re-starts 

the source. 1t shall be considered a new Njor source. 

4. A data entry for a source operated by the Federal goverment, the 

County, an tncorponted city or town. or the State or one of its 

po11t1cal subdfvisions shall be fdent1fied as specified tn Paragraph 

2. Howe'ler, unless otherwise requested by the govenunental proprie-
. . 

tor, 111 gove11•ntal entries shall be consolidated 1n a pu~lic 

account for the use of the general public •s well as the various 

governmental entities. 

( 

8. The Control Offfcer•s estimates of emissions from 11inor sources. mbile 

sources. and frm existing major sources (both private and public) shall 

be entered into the public account as the ;nfonnation becomes available. 

C. The Control Officer shall aake available to an individual proprietor 

records of hfs account durfng nonnal business hours. The Control Officer 

-shall publish at least annually a sunmary of the status of the public 

account. 



Rule 424: Emission-Offset Requirements 

A. A new 111ajor source of total suspended parttculate_matter which is 

planned to be located fn the Tucson Afr Planning Area must comply with at 

least one of the two succeeding criteria before an Installation Pennit 

1s granted: 

1. The source's planned actual rate of annual emhsfons can be accomo

dated within the growth increments established fn Rule 422. or 

2. The s1a1 of the following three quantities at the time of permit 

application is less than the maximum allowable emissions represented 

by a point on·the curve labeled Reasonable Further Progress fn 

Figure 422, approxtmately corresponding to the time of permit 

appltcat1on: 

a. The source's planned actual rate of annual emissions (positive 

IIUllber). plus 

b. The net emissfan credit (negative number) which the pennft 
applicant has on deposit 1n the emission data bank described in 

Rale 423, plus 

c. The net emission credit or debit (negative or positive number) 

vhtch exists in the public account described in Rule 423. 

B. A pel'llit applicant may increase the emission credits in his private 

,~count tn the data bank by reducing fugitive emissions or emission~ from 

stacks prior to the time of pennit application. Similarly. the pennit 

applicant 1111 fully exhaust.the emission credits in the public account 

at the time of pennit application. However, in no case shall emission 

credits in the public account be saved by the Control Officer for a 

penatt applicant if the applicant fails to meet all the requirements for 

the desired pe"'it at the ti11e of permit application. Consistent with 

Rule 202 which 1 imits the tem of an Installation Pennit to two years. 

an mission credit (from the public account) which has been assigned to 

& peratt applicant shall autolllatfcally revert back to the public account 

1! the planned facflity•is not fully constructed and ready for operation 

w1th1n two years of the date of issuance of the Installation Pemit. 

( 



Rule 425: Lowest Achievable Emission Rate {LAER} 

A. A new lllljor source of total suspended particulate matter or carbon 

1110noxide which is planned to be located in the Tucson Air Planning Area 

DaSt include provisions for assuring that the source's emissions will 

represent the lowest achievable emission rate before the Installation 

Permit is granted. 

B. A new llljor source of total suspended particulate matter or sulfur 

dioxide which 1s planned to be located 1n the Ajo Atr Planning Area ..rst -
include provisions for assuring that the source's emissions will represent 

the lowest achievable emission rate before the Installation Penn1t ts 

vented. 

( 



Rule 426: Ex1st1nq Sources 1n Compliance 

A. A pennit applicant for· a new major source of total suspended particulate 

( matter or carbon monoxide which 1s planned to be located fn the Tucson 

A1r Planning Area 1111St comply with the following requfrenent for the 

applicable air pollutant before the Installation Permit is granted: 

1. All exfstfng llljor sources of the applfcable afr pollutant fn the 

County which are owned. opented or leased by. or under the· C1:lll'ffl0n 

control of. the applicant a,st·be either in CC111Plf1nce wfth all 
. . 

applfcable prov1sfons of the Rtl.ES AMO REGULATIONS or t,e ~n appl"'OYed 

complfance schedules (Conditional Pennits). 

B. Apermit applfcant for a new •Jor source of total suspended particulate 

•tter or sulfur dioxide which 1s planned to be located in the Ajo Air 

Planning Area 111st a,mply with Paragraph 1 of this RULE before the 

Installation Penaft 1s granted. 

( 
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OIAPTER V: TESTING AND MONITORING 

tEGUlATION 50: PERIODIC TESTING 

Rule 501: Applicability of Methodology 

A. lhe 111ethods used to 111easure. test. analyze. and evaluate a_quantity or 
quality associated with a perlonnance standard shall be consistent with. -

or reasonably equivalent to. the test methods presented in Chapter IX. 

1. A deviation from the test methods established herefo 11.1st be appl'Oved 

by the Control Officer. 

2. Whenever a rule in Chapters I through VIII specifies a portion of a 

test procedure different from a s11111ar procedure contained in 

Chapter IX. those procedures specified in Chapters I thr'ough VIII 

8. 

shall take precedence. and the counterpart procedures 1n Chapter IX 

shall be used for.all remaining portions of the test. 

This Rll.E shall apply to the detennination, measurement, and evaluation 

of amient air quality, emissions opacities, mass concentrations of 

emissions. dispersion nodeling of air quality. •ss-emissions discharge 

ntes. and heat contents of fuels. 

C. if •asurement of emhsfons or ambient-air qua11ty 1 s required and an 

applicable test method 1s not specified herein. the Control Officer must 

approve an appropriate method in advance of the test in order for the 

results of the test to be acceptable. 

( 



Rule 502: Testing Freguencies

Prior to issuing or renewing an Operating Pemit. or when the ControlA. 
Officer has reasonable cause to believe that a mss limiting emissions-

discharge standard or any ancient air standard 1s being violated, measure-

111ent of the quantity of air pollutant being emitted from the source or. 

1n the ut>ient air 1n the vicinity of the source may be required. --

1. The Control Officer •Y have the necessary tests perfonned by 

qualified personnel under his direction. or the source operator may 

opt (with the approval of the Control Officer) to perfonn the tests 

and submit to the Control Off1cer a report of the tests within 15 days

of COllll)let1on of the ti111e period approved for sampling. 

2. The Control Officer shall not require more than one complete series 

of •ss-enissions discharge or ambient-air tests for a particular 

source 1n a 12-month period unless the source has been convict-ed af

one or more violations of these RULES ANO REGULATIONS in the preceding. 

year. or unless the Control Officer has reasonable cause to believe 

that these RULES AND REGULATIONS are being violated. 

1 
I 
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Rule 503: Notificationi Fees 

A. In any case requiring mass-emissions discharge or ambient-air testing 

other than opacity 111easurements, the Control Officer shall give a source 

operator at least a 30-day written notice of a requirenent for a mass

emissions ·discharge or ambient-air test. other than an opacity test. 

B. If the Control Officer him~elf perfonas the necessary tests. any expenses . 

he incurs in collecting samples, 111king the analyses, and preparing the 

necessary reports shall be charged to the source operator, in addition 

to pennit fees assessed according to these RULES ANO REGULATIONS. 

1. The source operator shall pay the testing fee within 30 days of invo1c ng. 

( 



Rule 504: Pre-Installation Testing or Modeling Requirements 

A. Prior to issuing an Installation Penait for a new 1111jor source, the 

Control Officer nay require the i,ennit applicant to analyze, at his ex

pense. the ambient air, meteorology, terrain, soils and vegetation, and 

visibility at the site of the proposed source. 

1. The effects of emissions f'l'Offl the proposed source on adjacent areas, 

vegetation, or facilities, and a study of any conmunity growth which 

1111y result fl"'OIII the source, may be required. 

( 

I' 
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B. An appl fcatfon for an Installation Permit for a new major source must 

include an estimate of the effects of the source's planned emissions on 

the ambient afr near the source. The estimate must adequately prove 

compliance of the source with all applicable ambient air standards by 

using an assumed stack height which does not exceed a minimally 

acceptable aiodeling height, irrespective of other artifically f!"(luced 

( 
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dispersion techniques which the permit applicant might use to minimize 

the concentrations of air pollutants in the anoient air. For the purposes 

of this PARAGRAPH, a miniNlly acceptable CIOdeling height-shall 111ean: 

1. A hypothetical stack height of 30 meters for stacks whose effiuents 

wuld not be infiuenced by nearby structures or terrain, or 

2. The heigit of the tallest building, process structure, terrain 

feature, or other non-stack facility either associated ;,rith the 

planned source or which exists at the time of pennit application 

within one-half llile of the planned source. 

as the case may require. 

C. An esti•te of the concentration of a pollutant 1n the am1ent air near 

a proposed new Njor source shall be 111ade in accordance with the 

reference Guideline on Afr Quality Models (OAOPS 1.2-080) contained in 

Chapter IX, provided such docunent includes a method applicable to the 

proposed source. If this document does not contain an applicable model, 

the Control Officer shall refer to Worlcbook for the Comparison of Air 

Quality Models contained in Chapter IX herein, and other pertinent guid

ance fumished to the Control Officer in writing by the Administrator of 

the Environmental Protection Agency, 1n specifying to the pennit applican 

a suitable method for aeeting these requirements. 

D. In no event shall the Control Officer prohibit the actual construction 

of .-· tall stack or restrict the actual height of a stack or other part 

of the source, provided the pel'lllit applicant meets all applicable pro

visions herein. 

E. All all'bient-air study covered by this RULE shall be conducted as specified 

in writing by the Control Officer. 

1. The Control Officer shall require only those analyses which are 

necessary to demonstrate compliance with standards .Jn these RULES 

AND REGULATIONS if the Control Officer's own data indicate uncertain 

or aarginal c0111>11ance of the proposed source with the applicable 

standard, or if the Control Officer has insufficient data upon which 

to evaluate the proposed source and he has reasonable cause to 

believe that construction of the source would cause a vfohtion of 

a standard. The Control Officer shall provide guidance to a permit 

applicant "'10 requests help fn complying with this RULE. 



2. · The Control Officer may wafve the requirements of Part B of 

thfs RULE for a new major source of a pollutant in an area 

whfch fs nonatta1nment for that pollutant, if a Nonattafnment 

Area Plan has been approved or conditionally approved by the 

Adlllfnfstrator of the EPA for that area. 

Ib. q. 1q 
F. If no model fn Chapter IX fs applicable to the source, and the Control 

Officer specifies a model fncons1stent wfth additional guf:iance 

fumfshed by the Adlllin1strator of the Env1ronRnta1 Protection Agency, 

Federal Regulations require the per11it app11cant to obtain lifrltten 

approval from the Adm1n1s~rator for substftutfon or IIIOdfffcation of a 

aodel contained herein. 

( 
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Rule 505: Sampling and Testing Facilities 

A. The Control Officer may require the source operator to provide and 

maintain at his expense sampling and testing facilities~ When requested 

in writing by the Control Officer. a source operator shall provide and 

maintain performance testing facf11tfes and conditions as follows: 

1. Sampling ports adequate for the applicable test lll!thod. including

(ff necessary) extensions of stacks needed for obtaining representa

tive samples. 

2. Sampling platfonns and access thereto sufficient to assure sampling 

operator safety and the acquisition of representative samples. 

3. Electrical power adequate to perfor11 a test in accordance with the 

applicable method. and 

4. Operation of the source during testing so that representative sample_s_, 

can be obtained. 

If source operating conditions must be adjusted during a test. i 
I

the Control Officer shall notify the source operator in writing I 
at least ten dars prior to the test. I 

( 



Rule 506: Stack Sampling 

A. Each mss-emissions discharge test for detennining co~lfance wtth a 

standard shall consist of at least three runs using the applicable test 

method (or reasonable equivalent) in Chapter IX herein. 

1. lhe arithmetic mean of the results of the three runs shall apply~ 

2. If a saq,le fs accidentally lost or if one of the three runs IIIUSt 

be d1scont1nued due to forced shutdown, failure of an irreplaceable 

portion of the sa~11ng train, extrewie meteorological condftfons, or 

other cfrcuastances beygnd the control of the source cperator, the 

Control Officer may approve the use of the remaining test runs. 

( 
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Rule 507: Waiver of Test Requirements 

A. If-a source operator is required to operate continuous mnitoring 

equipment for one or more air pollutants •.periodic testing for the 

mnitored pollutants is ~t required. provided the source operator 

operates and maintains the continuous monitoring equipment in confonnity 

with applicable requirements. 

-



IREGUtATION 51: CONTINUOUS MONITORING 

Rule 511: General Reauirements( 
A. A source operator shall procure, install, calibrate, operate. and maintai 

at his e,q,ense equipment necessary for continuously measuring and 

recording the effluent rate of an air pollutant, an emissions-related 

process variable, or the concentration of a pollutant in the vicinity 

of a source llfflen required as a condition of a RULE herein. 
, 

B. An operator of an existing source or new major source 1111st equip and 

•1ntain a system on each emissions port for continuously tneasuring and 

recording the opacity of emissions. 1f one of the follo.nng conditions 

i 
I 

occurs: 

I. 1. If stipulated by the Hearing" Board as a requirement of a Conditional 

Permit (variance), or 

2. If the source has been cited and successfully prosecuted for six or 

mre violations of opacity standards which occurrecl during a -

consecutive 12-month period and the Control Officer notifies the 

source operator in ~iting of the requirement. The Control Officer 

shall allow the source operator a reasonable amount of time to 

procure, install, and begin operating the continuous monitoring 

equ1paent. 

( 



/o· q. 1q_ 
Rule 512: In-Stack Monitoring 

A. This RlU: applies to existing major sources as well as new major sources. 

8. A Fossil Fuel-Fired Ste1111 Generating Plant requires continuous in-stack 

111011itors of the following types: 

1~ Sulfur dioxide n:,nitor. if the source contains sulfur dioxide pollu

tant cont1"01 equipment. plus 

2. Nitrogen oxide a:mitor. if the ambient air standard for nitrogen-diox:; 

tde Is exceeded anywhere in the County as determined by the Control 

. Officer. plus 

3. Percent Oxygen or percent carbon dioxide monitor. if either the 

1110unt of 0 or co 1s used to convert the output of a sulfur dioxide 2 2 
or ·nitrogen oxide 111Mitor to emission rate. plus . ..- ---·· -- - ·- · · 

4. Opacity IIIOftitor, unless gaseous fuel is the only fuel bumed. or oil 

or a llixture of gas and oil are the only fuels bumed, or unless 

the source 1s able to c:cmply with all opacity standards and mass-

emissions standards for total suspended particulate matter. and has 

. never been convicted of a viol at1on of an opacity standard or mass

emissions standard for total suspended particulate matter. 

C. A Nitric Acid Plant requres a continuous in-stack nitrogen oxide mnitor 

1t the ambient air standard for nitrogen dioxide is exceeded anywhere 

in the County as determined by the Control Officer. 

D. A Sulfuric Acid Plant requires a continuous in-stack sulfur dioxide 

n,nitor. 

E. A Petrole111 Refinery requires a continuous in-stack opacity monitor if 

the source contains a fluid bed catalytic cracking unit. 

( 
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CHAPTER VI: RECORDKEEPING AND REPORTING 

REGULATION 60: CLASSIFICATION OF POLLUTANTS 

Rule 601: Classiffcatfon of Conmon and Hazardous Afr Pcri-lutants 

A. The Control Officer has classified air pollutants into the categories 

below. In the case where no ll!aning fs presented, the COillil>n or 

cheinfcal meaning shall apply. 

1. Connon 11r pollutants 

1. nonspecfffc, total suspended particulate matter; or particulate 

~. or total suspended particulate matter (TSP) 

Discrete particles of 11qufd or solfd material, or combinations 

thereof, other than chemically unCOlllbined wate11rwhich are dis

charged into tM atmosphere with or without one or more gases 

as carrier inedi a. 

b. sulfur dioxide (S0 ) 1 

c. hydrocarbon 

My volatile organic compound other than methane (CH,.), 

ethane (C1H1 ), methyl chlorofonn (CH,CC1 1 ), ~t~ene chloride 

(OtzCh), and trichloro-trffuoroethane (CzC1 1 F1 ). 

d. nitrogen dfoxfde (N02) 

e. carbon monoxide (CO) 

f. ~ (0 ) 1

g. .!.!!!!. (Pb) 

2. Hazardous air pollutants 

a. ubestos (AB) 

b. - berylli111 (Be) 

c. mercury (Hg) 

d. vinyl chloride (VC) 

e. benzene (C1 H1 ) 

B. Additional air pollutants uy be fdent1ffed as conrnon or hazardous air 

pollutants after they have been similarly identified in the Code of 

Federal Regulations. 

( 



T1ble 603•· 

HETHODOlOGY FOR ENTERING RECORDS OF EHISSIONS [NTO TSP-DATA BANK 
(Applicable only w1thfn TAPA ge-,graphtcal area) 

Source Category or Project 
Formula-for Calculating
TSP.Emfsstons, ton/yr. 

Paving of Unpaved Road1 0.54M (AOT) 2 

Paving and Curbing of Unpaved Road 1 O.57H (AOT) 

Curbing or Paving of Road Shoulders of Paved Road 1 O.OJM (AOT) 

Vegetative Stabilization of Oust or Other 
Pennanent Suppression of Dust Associated 
with ~ine~ Tailings Piles 

9.4A• 

Paving of Unpaved Parking Lot 0.'14N (L+w)" -

Stack Emissions Fl"OII Industrial Fac11ftfes (C.-0. 1 ) 

Other Fugitive Emissions and Emissions fl"OIR 
Mobile Sources 

(C.0. 1 ) 

1Either chip seal. concrete. or asphaltfc paving. provided road or lot 1s 
adequately maintained. Both sides of road are required to be paved and/or
curbed. 

2H • length of road 1n ~iles. ADT • Average Daily Traffic. vehicles/day. as 
specified by the Control Officer on a case-by-case bast~. ~::.~,g .asured 
traffic counts ff supplied by the owner. operator, or lessee of the project.
The Control Officer may require the owner, operator. or lessee of the project 
to prove the validity and overall accuracy of such traffic counts. 

1A • surface area of pile fn acres. 

-N • average number of vehicles parted per day; L • length of lot fn miles; 
H • width of lot fn ■iles. 

1Based on 1111ss-emission sampling of the ·quantities of emissions from each 
source, tf test results are available, otherwise based on the Control 
Officer's estimates of emissions on a case-by-case basts. taking into con
sideration methodology furnished by the Administrator of the Environmental 
Protection Agency. 

'To be specified by the Control Officer on a case-by-case basts. using
methods of estimating emissions generally available. taking into- considera
tion methodology furnished by the Administrator of the Environmental 
Protection Agency. 



CHAPTER Yl: RECORDKEEPING ANO REPORTING 

REGU~TlON 61: RECORDKEEPING REQUIRE."1ENTS 

Rule 611: Recordleep1ng for Comnlfance Detenninat1ons (~nt to Part AJ 

A. The operator of a source of afr pollution shall pfffodic:ally collect. 

record. and •intain sufficient infonnation on his emissions 

operation or activity tD assure that the compliance status of the 

operation or act1v1 ty with these RU.ES AND REGULATIONS can be read11y 

ascertained at any t1111e. The informtion shall be retained for at 

least two yeers. 

1. Data which may be needed for coq,liance de~~rmi'l~ions on continuous

flow processes or operations include the chemical COIIIPOSit1on and 

rates of raw 1111terial feedstocks. products, waste products. and 

emissions; hours of operation; emissions-control device variables 

such as differential pressures. temperature, and/or electrical power 

supplied or energy consumed, narrative descriptions of abnormal 

startup conditions, process upsets, and malfunctions; and prevailing 

meteorological conditions. 

2. Data lllhich aay be needed for compliance determinations on batch

operated processes ·include chemical composition, quantity. ·ume and 

. duration of each charge of raw 1111teria1 feeds tocks. types of product 

and/or waste product, and each bu_r.st.or continuous flow of emissions; 

hours of operation; emissions-control device variables such as 

differential pressures, temperatures, and/or electrical power 

supplied or energy consumed; narrative description of abnormal 

process condition, process upsets, and malfunctions; and prevailing 

meteorological conditions. 

3. A source operator subject to continuous emissions monitoring 

requirements or continuous process-variables 1110nitoring requirements 

(Chapter V) shall collect, evaluate, and record data regarding per

formance testing of the systems, calibration checks, adjustments and

( 111aintenance of the systems, and any other infonnation necessary to 

demnstrate and 11111intain the.accuracy of the system as required by 

the Control Officer. the Control Officer shall be guided by the 
requtrenents for reporting and recordkeep1 ng published in the 

applicable portions of the Code of federal Regulations. 



Rule 612: Recon:lkeeping for Emission Inventories 

A. In order that the Control Officer 111c1y accurately estimate emissions from 

a spec1f1c source or coa,pile a total inventory of emissions in Pima 

County, the source operator subject to any pennit provisions mar be 

required to collect certain information which will allow the Control 

Officer to estimate the types. quantities. and frequencies of emissions. 

Such data may include the following: 

1. Source location, type. and frequency of operation, 

2. Design capacity and normal or average operating rates, including 

process feedstocks, products, and by-products or waste products, and 

3. Sizes of individual equipment and/or rated capacities, e.g., fuel 

burning equipment 1n Btu. per hour, capacities of storage vessels 

in gallons, and electrical energy equipment in horsepower. 

( 



/ REGULATION 62: REPORTING REQUIREMENTS 

Rule 621: Reporting for Compliance Evaluations 

A. When the Control Officer has reasonable cause to believe that a person 

1s violating a provision of these RULES ANO REGULATIONS or a requirement 

of an Operating or Condft1ona1 Permit issued according to these RULES Arm 

. REGULATIONS. he may require in writing that such person produce all -

existing books, records, or other documents which might reasonably con

tain evidence needed to deten11ine compliance or non-compliance with these j
! 
' RULES AND REGULATIONS. Such infonnation shall be supplied to the Control-

Offfcer promptly upon request or in accordance with other conditions 

stated herein. 

( 



Rule 622: Reporting as a Permit Requirement 

A. As established in other RULES herein. the Control Officer cnay require 

special reporting provisions as a condition of permit. and the Hearing 

Board may require reporting requirements for a Conditional Permit. Such 

reporting requirements shall be fulfilled by the pennittee according to 

the written conditions of the permit. 

( 



Rule 623: Reporting for Emission Inventories 

A. When the Control Officer has need for emission data (areawide or sour:ce

spec1fic) to caapile emission inventories or control to design plans. 

he shall notify source operators of interest in writing. stating with 

specificity the type of fnfonnatfon needed. 

1. A source oc,erator receiving such a request sha 11 funi1sh the fnfor

•tion to the Control Officer in writing. within 45 days of receipt 

of the request, or shall ask for add1t1ona1 ti111e to obtain the 

1nfonnatfon. The length of an extension· shall be connensurate with 

the 11&gn1tude of the task of gathering the required infonnation. 

( 
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Rule 624: Reporting for TSP Emission Data Bank 

A. The source operator of a planned new 11ajor source of total suspended 

.particulate matter shall repoi:-t to the Control Officer its planned 

111x1... actual emission rates at the tillll! of application for an Instal

lation Permit as required herein. 

1. Upon request, the Control Officer shall assis• a..;:annit applicant 1 

.. l 
fn estfmating his planned emission rates in order to satisfy this 

requirement. 

B. The owner, operator, or lessee of any of the following p.rojects in the 

Tucson Afr Planning Area shall submit information needed to estimate the 

· increase or decrease fn emissions of total suspended particulate matter 

resulting frua the project on a fonn provided by the Control Officer, no 

later than one month from the date of ccrnpletfon of such project: 

1. Curbing or paving of a paved road longer than 100 feet, or curbing 

or paving of road shoulders at an intersection, 

2. Paving of an unpaved road longer than 100 feet except private 

driveways, 

3. Vegetative or other pennanent dust stabilization of any mine tailings: 

pile larger than one-half acre, or creation of any new tailings pile:
' 

 i 

I
I 

or Increase fn surface area of an existing tailings pile of one-half

~~~. 

4. Paving of an unpaved parking lot having space for at least five 

cars, and 

5. Constn,ction of a new road longer than 100 feet except private 

driveways. 

( 
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EGULATION 63: AVAILABILITY Of INFORMATION 

Rule 631: Confidentiality of Trade Secrets, Sales Data, and 

Proprietary Infonnation 

, A. Information provided to or othenrise obtained by the Control Officer 

shall be available to the public except that 1f a source operator can 

show to the Control Officer's satisfaction that public disclosure of. 

such information would divulge production or sales statistics, or 

proprietary infonaation related to the unique nature of I process or 

product, and -.ould thereby ~d to adversely affect his competitive 

position, then this 1nfonnat1on shall be only for the confidential use 

of the Control Officer and/or his supervisors in acb1nistering these 

RIA.ES AND REGULATIONS. However, this RULE shall not be construed as 

prohibiting the Control Officer from publishing quantitative or quali

tative emission statistics. 

( 



EGULATION 64: PENALTY FOR NON-COMPLIANCE 

Rule 641: Suppression; False Information 

A. Ally person who fails to respond to a request for fnformat1on, or who 

knowingly reports false infonut1on, is subJect to the same penalty as 

a violator of any other provision of these RULES ANO REGUlATIONS..,_ 

( 



CHAPTER Vll: VIOLATIONS ANO JUDICIAL PROCEDURES 

i 
! . I 
!REGULATION 70: VIOLATIONS 

( 



Rule 701: Criminal C0111pla1nt 

( (Refer to ARS 36-781) 

( 



Rule 703: Injunction·( 
(Refer to AAS 36-787) 



Rule 704: Precedence of Actions 

(Refer to ARS 36-788) 

( 



Rule 705: Penalties 

(Refer to ARS 13-101. et seq.• plus ARS 13-801. et seq.) 

( 

( 



Rule 706: Reviews for Startup, Shutdown, or Malfunctions 

A. A source operator shall notify the Control Officer of any occurrence 

· during malfunction. startup, or shutdowi in which a control standard is 

violated. Such notification shall identify the tfme, location, involved 

equipment,and the cause of the occurrence to the extent kno"'1. The 

notification shall be •de as soon as possible, but in any case not later 

than four hours after the start of the next regular business day. 

8. When startup, shutdown, or equipnent 111lfunctfon causes or contributes 

to emissions in excess of a control standard established herein. and the 

Control Officer has issued I Notice of Violation for the exceedance, the 

alleged violator may petition the Control Officer to review the Notice 

of Violation. Each petition shall include as a mfni11U11: 

l. The identity of the stack and/or other emission points where the 

excess emissions occurred, 

2. The magnitude of the excess exprused in the units of the applicable 

control standard, and the operating data and calculations used in 

detennining the excess, 

3. The time and duration of the excess. 

4. The nature and cause of the excess, 

S. If the excess emissions were the result of a malfunction, a 

description of the steps taken or planned to remedy the malfunction 

.( 
I 



and to prevent recurrence. 

( 6. The steps taken to 1;mit the excess emissions. and 

7. Evidence that the source's air pollution control equipment, process 

equipment, and/or processes were at all times maintained and operated. 

to the maxin,m practicable extent. consiste~t with good practice for 

mini■ izfng enissions. 

C. A petition for review of a Notice of Violation 111st be delivered to the 

Control Officer within 72 hours of the time and date of the field-issued 

Notice of Violation, excluding weekends and legal holidays. 

D. The Control Officer 111y defer prosecution of a Notice of Violation issued 

for an exceedance of a control standard ff the following conditions are 

met: 

1. The alleged violator's petition for review wu-.prepared 

according to Part B of this RULE and the petition clearly 

demonstrates that the excess emissions were ca.used solely by 

a startup. shutdO!lffl, or equipment malfunction "!hich was temporary. 

unavoidable, and not due to negligence, 

2. 'The all_eged violator's petition for review was rec:1ved according 

to Part C of this RULE• 

"' 

/0· q.1q 
3. The Control Officer has !'O evidence that the excess emissions 

associated with the alleged violation-or emissions associated with 

s111ilar, recurring violations-exceeded one or more emissions 

discharge standards for mre than an aggregate of three minutes in 

any one hour, or 30 llfnutes in any 24-hour period. for all sources 

under control of the sa. source operator at a contiguous geographi

cal aru. and 

4. It is determined that the alleged violation was not serious. that 

h\aln health has not been unduly endangered either directly or 

indirectly. and that the alleged violator has 1111de good-faith efforts; 

to avoid the excess elllissions or that no practical or reasonable 

control 111easures were available.

( E. Nothing in this RutE shall be construed to 11mt the obligation of the 

source operator to prevent the exceedance of an amb;ent air quality 

standard or a maxina allowable increase of a pollutant in the ambient 

air as established herein. as the case may apply~ 



REGULATION 72:· CIRCUMVENTION 

Rule 721: Evasion of Basic Requirements 

A. No provision, rule, or regulation herein shall authorize any practice or 

cOlllbinatfon of practices designed to circumvent the requirements of these 

RULES ANO REGULATIONS. An intent, design, or act to circunvent the 

requirements of these RULES AND REGULATIONS shall be a violation of· thesej 

RULES ANO REGULATIONS. 

(_ 



( 
Rule 722: Concealment of Enrissfons 

A. No person shall construct. install. erect. use. replace. D10dffy. or 

operate an emission source so as to conceal an emfssfon which would 

othentfse be a violation of a control standard established herein. 

1. Concealment includes the use of gaseous dfluents to achieve com

pliance with an opacity standard or with a standard which is b~sed_ 

on the concentration of a pollutant fn the gases discharged to the 

atmosphere. 

2. Concealment also includes operating in a piecemeal fashion to avoid 

COIIIP11ance with~ standard that would otherwise apply to the source 

on the basfs of fts size. 

( 



CHAPTER VIII: EMERGENCY EPISODES ANO PUBLIC AWARENESS 

REGULATION 80: EHERGENCY EPISODES 

'Rule 801: State Jurisdiction 

A. Pursuant to ARS 36-1719, the Director of the Arizona Department of 

Health Services and the Governor of Arizona have exclusive jurlsdictiJ>.n 

over any atr pollution conditions which constitute an emergency risk to 

the public health. Orders of the Governor during any etnergency episode 

condition in Pima County shall be enforced by the Control Officer. 

( 
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Table 802 

AIR POLLUTION EPISODE CRITERIA 

Pollutant 

Episode Stage* (concentrations in ug:/m. 3~ 
Averaging . Si gni icant

Time Alert Warning Emergency -- Ha-rm 

24 hours 800 l.600 2.100 2,620 

24 hours 375 625 875 1.000 

TSP x S02 24 hours 65.000 261.000 393,000 490.000 

co 8 hours 17 .ooo 34.000 46.000 57,500 

co 4 hours 86,300 

co  1 hour 144,000 

1 hour 400 800 1.000 1.200 

hour 1.130 2.260 3.ooo - ·- 3. 750 

24 hours 282 565 750 938 

10 '11

11 

12 

13 

14 

15 

16 *Providing meteorological conditions are such that the pollutant coocentration 
can be expected to.~~in at the designated levels for at least 12 hours. 

17 

18 

19 

20 

l21 

22 I 

23 I 

24 

25 

26 

t 
} 

)J 
( 

l 27 
.) 

28 

j 29 

80 

31
/ 

32 

j I, 

I Page VI II - 5 of 6..
1\ 

1 

2 

3 

4 

6 

6 

7 

-140-



{ 
Rule 802: Determination of Emergency Conditions 

A. When the Control Officer detenrines that high concentrations of pollut

ants in the ubient air.and/or weather conditions constitute an 

emergency risk to persons 1n the County. such determination sha11 be 

c:oanunicated proq,tly to the public and to the 01 rector of the Arizona 

Department of Health Services. 

1. Criteria used for detenaintng an emergency shall include the air 

pollutant concentratton levels listed in Table ·ao2. 
-2. Possible episode conditions shall include the progressively deter

iorating air quality levels listed as Alert, Warning, and Emergency 

1n Table 8l2. These criteria have been established to prevent, 

noid, or reduce the Significant Harm level of air pollution. 

· (Significant Harm means increased 110rbidfty or irrevet"Sible, 

incapacitating damage to the health of the citizenry.) 

3. Weather forecasts of conditions which are likely to produce 

unusually high concentrations of air pollutants in a large area shall 

be coamunicated to the public when deemed appropriate by the Control 

Officer. 

Upon the recoarnendation of the Director of the Arizona Department of 

Health Services. the Governor of the State may, by proclamation. declare 

that an air pollution emergency exists in a specific area and may order 

appropriate curtailments of emissions to eliminate the emergency in 

the affected area. 

( 



Rule 803: Emergency Episode Reporting 

A. During any stage of an air pollution episode fn the County, the Control 

Officer shall redirect available resources toward a prearranged plan 

of air quality mnitoring, reporting. and c011100nication of fnforination 

to the Arizona Department of Health Services. 

1. Such plan shall include (as directed by the 011-ector of AOHS) 

collection and analysis of afr pollutant data at inter~als 110re 

frequent than nonnal. and continual analysis of local weather reports 

and forecasts. 

2. A written report of the air quality levels before, durtn9. and after 

the episode condition shall be forwarded to the ADHS Director 

within one week of the episode. 

( 
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9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

26 

26 

'1:1 

28 

29 

30 

SI 

32 

\ 
l 

·, 

Table 804 

POSSIBLE CONTROL ACTIONS DURING VARIOUS STAGES Of AN 
AIR POLLUTION EPISODE 1 _ 

Alert Stage 

l. Suspend all Open Burning Permits. 

2. limit incineration to 12 noon to 4:00 p.m. 

3. Curtail operations of selected manufacturing industries. 

4. Request public to eliminate unnecessary motor vehicle use. 

Warning Stage 

1. Prohibit open burning. 

2. Prohibit incineration. 

3. Reduce emissions from manufacturing industries by a~ least 40 percent. 

4. Transfer power plant generating loads outside affected area. 

5. Prohibit highway construction and dust producing construction activities. 

6. Prohibit dust producing crop preparation and cultivation activities. 

7. Request public to eliminate motor vehicle use. 

Emergency Stage 

1. Prohibit operation of selected manufacturing industrie~ ' 

2. Close all comnercial. governmental. ang institutional establishments --- ; ·except public safety and welfare institutions. j 

!3. Reduce power generating loads. 

4. Halt all construction except emergency construction. 

5. Prohibit rrotor vehicle use except that necessary for public safety
and welfare. 

I 
1 

1---
1Subject to orders by the Governor of Arizona and directed by the 
Director of the Arizona Department of Health Services. 
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Rule 804: Enforcement Actions 

A. Depending on the severity of an air pollution episode. the Governor of 

~e State my prohibit or restrict various emission source act1vftfes in 

the affected area for the duration of the episode. 

1•. Such prohibitions or restrictions my include the enforcement 

actions listed in Table 804. 

B. During any stage of an air pollution episode in the County, upon the 

request of the Director of the Arizona Department of Health Services, 

the Control Officer shall redirect available staff to assist AOHS staff 

in eliminating the episode condition, according to a prearranged plan. 

1. Such plan shall include inCTeased surveillance of emission sources, 

possible suspensions of existing afr pollution pennfts, and enforce

aent of special emission ltmit1ng actions. 

2. Mandatory prohibitions or restrictions imposed by the Director of -

the Arizona Department of Health Services shall be implemented by 

the Control Officer upon the request of the ~S Director. 

( 



EGULATION 81: AVAILABILITY OF MONITORING OATA 

I Rule 811: Continuous Monitoring of Ambient Afr Pollution 

A. The Control Officer shall continually measure the concentration~ of air 

pollutants in the ambient a1r as needed by the overall control program 

and apprise the general public of current or 1antnent conditions which 

•1ght be hazardous to their health. 

1. Each COCIDOft pollutant shall be 110nitored in at least one location 

representative of an area of high population density 1n the County. 

8. Monitoring data shall be reduced to easily understandable terms and made 

available to the public upon request as soon as pos~ible after acquisition 

1. The latest available data shall be reported as current data. and data 

from any n>nitoring station currently in operation shall be selectivel 

reported upon request. 

( 

( 



REGULATION 82: PUBLIC AWARENESS 

RULE 821: Reports to the Public( 
A. V~olations of an alllbient air standard which occurred during 

the preceding calendar year shall be cc,,rn,ni1:4ted to the public in an 

annual report. This report shall be widely distributed, and shall 

include infonnation on health hazards associated wi~~~lations and on 

the pollution control measures which were 11111>lemented to reduce the

hazardous emission levels. This report shall also suggest procedures for 

preventing recurrences of violations, and ways in which th~ public 1111y 

participate in these procedures. For example, given advance infonnation 

on adverse weather conditions, the Control Officer, upon the approval of 

the Director of the Arizona Department of Health Services, inay reconmend 

that the public reduce 1110tor vehicle use during selected hours. 

B. The public shall be infonned of average daily visibility, and average 

daily concentrations of three comnon air pollutants: TSP, CO and- o3.

This infor11ation shall be made available to newspapers, televisi~n and 

radio stations for dissemination. 



Rule 822: General Information 

A. As resources permit. Air Quality Control District staff shall respond 

to telephone and written inqu1rfes from the public regarding the field 

of air pollution control or the air quality fn Pfma County, and shall 

grant interviews to the news anedfa, publfc or private groups. 

( 



--

Rule 823: Public Participation in Rulemaking 

A. The Control Officer shall encourage the public to provide input to the 

rulemaking process. 

1. Extensive publicity. including procnfnently displayed advert1semeots 

in newspapers of wide circulation and notification by 111111_ to inter

ested public and private organizations. shall be given to all 

public hearings conducted by the Air Quality Advisory Council. the 

Afr Quality Hearing Board. and the Board of Supervisors concerning 

proposed amendments to these Rll.ES ANO REliULATIOHS. 

8. The Control Officer shall consider public c:onnent on methods to improve 

these RULES ANO REGUlATIOHS. or to i~rove air quality in Pt1111 County. 

For example. fnfonnal a,ments received from interested citizen,; may 

be filed and referred to when -.ending this docuinent. 

( 
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Rule 901: General Affidavit of Delegation 

lttlll!II 

ftUSO,AUIQIA)... 
Cl0IISff a, IWllc»flJ 

1a1.-& oaamor. •.o.. lllaiaf urn c1111r ~. ""°" Illar 

..ell ....... &Dd. Mps 

ftat - 1a - ud II&& lllaaa alace ,J- U71 the DirNCOr 

el tile De.-r-t of la&l.tll krric:H. 

j ftat pv-t CO A.LI. S Jf•170S(II - Ulcl bar p~• 

j -

I 
llafl u. aoc.1111dcr co u1-.au jvUd.lftMIII &a -~r .u_ 

poU.U.. coauol .Uaus.cu - UDM - uluiecl 1a 1..a.1. 

I JC•l7H• 

. 'rll&t - U D1no1iar Df tile Da~t ef IMltll lerTioN 

u nq,d.z.S llr law co uep r-ru ~ CM o,-raa.oa of 

• -tcl-,,.-at. 

'Dl&t CM os.renor ., tile ~t of la&lt.11 S.nir:M 

.. -..- ZS, U70, ~ ~II cbe ou-r of Ur foUat:ioa 

OIIIUOl '1d c1a1-.au, llr r-.ucu..S latur. jui.adJ.cUN -

.i-urr. 11.1.tll -1. ud -.c.aca o,uacacl Jaal.or cau..,. 41&• 

tricU co tu PS- Cowlq< Au hUaUoa C..uol DUU.l.cc. •

ula,;aUaa 1a ..u.-=-cl llr ltallUlit •A• atuellecl unco u4 1-r

porat..s Mre1a. 

fllat ncll ..let&tiaa •aa ~ llr ~ tllaa Dlnccor 

oe Illa Ma& Couai:7 la&ltll Dep&n:a&Ac aa enUDcecl llr ~t ••• 

attN!lecl 11enco UIS 1-pontacl uni.a. 

ftat Mid ..la,;&tloa UIS 1u acca;,uace llaa r-1Aecl 

1a -u- fDffll ud affaot a!an Sepuaber IS, ltTO tD CM 

..U ol ula aU.lcl.aYlt. 

llf -'aaf.aa ...a.na, 
¢Hi.t(Qlp 

( 



•,( 

' Rule 902: Political Sub-Divisions Delegation
w. ---

aci:1nnc ""•" - ~- accu,r llCIIUUno 

.., ll<CoUI•, 111.I • llrctor .........., ""'·-··· ....."' ,._ c..... , -It• ....._, 
ISi Vc•t ~rc11 Sc,c-•t 
"'-• Ari- ISJIII 

..., ... 11ec.••··· 
I• r••.-•• le ,-,,. leU•f' •f s._,_..,. 16. 1t70. I•_.,,~ .,_. ,...,ettttl ttt,e 
Ni..UteA et MICMf'lty. f•r ceAtreltl ... cerl ■ IA lfNrcH ef elr ,.&11111"• 
It II .... llltehl ... .sf .... llrecter.et "'· , .. ,. Oh•Uf• ., Air Polhu.1 ... 
C..t,el «• 4•1•,.t• w1Nf'l1y _..,. c1r1ala t~• el ..,,c..., laeu.-. •Mer 
lec1•M )G-11!-S A.Z. ,., ••• 4rtr,... lullo4 hou,uo, S.,ca ,.1.,.oUOft oc 
1M .,.,...,, u .. t:1111 lac.l-..'41 

,. "-·"'· ...... ·-· - _,.,. _... , J••~ ..... ,. "''~cc,. 
z. C...-ty - clly •--n-,1.. ,_. ,.d "'"""1 ucat _, ,.,..••• 

ec;vl-1 ""II ,_,,. _ _, hlle J,ttl141ctl.., . 

·.... s; '-ltary 1-fllh H ••fl- _., ....lnl• 2 o"4 A.-.s. Suun• 
till• J6, C...cer I, 5-IIM )6-IOS, 

'9 c...ty •1.-,..y ....,_& - Nntl... 

s. c...ty - .....,....."""''· 

kl...ll... •f ",_ •- _,c.. II -ll"leal - -hi.. ef • •-•-• 
,.,,_,c 19 t..V lllt.e Olwl•lerA el Air Pell11IIN C.tNI ,._.,... tllle fte4W•llb' 
ef IM,ecCh11A ad IIM atlll.,...cy •I CNt,.. et HCII ........... , MllrU •••••c1ff 
"f the C.-cy. fftll ,....rt 1NI I &ch..t• a..c1 .. , tef..-&Ne 1• ..acil ,..,,c• 
....,, thef'e ts "'"'-<..10,-1 IY wt I.fl ..,flu•I• ,vies ._ IUM■ NI NMI ah• 
, ....., ...., IMt••cH ................11.IM ., ,.,NIii relNAII··· ,., Ct\e 
.,.,.uei,1 et ""'■•• 411•1 ..,,_. ,.,re,,. ,.11...... ••• ,.,, •' ,..,. C...11cy ef 
"'· , ......... ,_,,_.. -·· -11,.11 -111... ,_.,,.., ,,.. , ....,u.... , ct••· ......." ..1•• 

1'1111 Ml.,acl.,. IMII -- •'hccln - -, ,..,.,, •' • cortlflo4 •r 
,..,u..,_,. l•&Jw el ■-WAC•_,.. ■MU_,,_ •ell _rvruer ..,,... 

Thh ••- ,,-,eci•cito" tM ••coron ef l't-■ c..acy I•,.._.,.. Jw•uicc•.., 
-• _,.._. •' olr pollutlM I• tlM C.acy - •- ,.,....,. ce ...,,1,.,.. wltll 
-• .._, fe, CM,..,,,... •' _,,.111-, •It ,.th,cl... C..11....4 -••tl•r■• 
ll• wl II M tl•ea ce fflqocl• et •-Icy ce ,,_, •t- rel ■ Un 11 '"" 
_,., et ••r _,.11.u.. ...,,._, 

ICS1a■•c: s-- C.,4el lo - L lcHII, llreclDrV.P.ll, lrlfflUI llwlal• ef Air ,-11,ou.. C-Crol 

!!!U..HJ.l 
STAT£ OF WZOIIA l II 
CDUIITT 0, IWllCOPA ) 

._,. IIMDIIT ........,-certittn Clllt Ille h tlla 01rectot'
0 

ef tlle ,rt-.,. . ,.. 
DeOt..-t ef llelltll Sefftc•; u,ac she t1 tlle efftctal caiaiil■ ef a. ,._.... 

-...,,
Ml&Mrh■' 

*'"
tit lie ,., 'J , •• 'J 

,m. 
CM Art-

.wi1.
~ ., IIMIUI S.mcos; CMC 11111 

s.c-.r u, ts • - ..,. ~ ~ •', .-, ..,...e1_., 
Jwh41C1COII _,_ ,. Ille fll• ., C. ""-~c ef llellUI SUTtcn;

ft. t;rD 
M 

USCllUII NG S'ool:lM 111 lltf- • ~Is &_:'-1 ef Se•-• 1171. 

)ryt';-t,~~ 
NJ C-IIIIOll bplrts: 

,,,,._ ..#,•fl

( 



Rule 902,' Continued 

l'IUA DIIKTT nr.ALTll IICl'AIITUf.lfT 
IM&'•C--
f--1$111 

~.--1.kMJ.1.Dtnewr 
Oi"'-""' ot A.Lr l'Ollq&Lo11 COA&rol 
Ar'- 3to.w ~'ot -.J.Ul 
lb,aee PlAD ..,IC 
li019 llorUl Jlr,1 &w
-.u.z, Ar'- 8;017 

br-

'ftlia &aw..,......,,...,,. 1"V :&.ecwr or~ a,, 1910, lll Wflkll 
J'O<l ..... ,._lcr,t.tol Hr<&lt\ &ir ,.u..u.. -- Nt-1'il1&J W 
11w Pia _.,. &&1"11 o.,o.r...a. 

Ye UCO~ •U. 4olea,.UIIN &Ill vW COIICWN U ,.,,_ Ml' ,.U..U•-----flW-;ol.lMU•-••-~-. 
IV'/

...,. o. Noc&Uia, 111.a. 
DI.net.al' 

IICM:&l 
cc< ..._ Grurttll 

AtFIDAYlT 

STAn; DI AIIZCNA I 
CWltl 0, IUlCOPA t IS 

SUZNall IWGIT -....., carttffH tlllt Ille 11 Cllt iltre«w of Clio 

· &n- -...U-.c ef N..ttll s...nc11, CHt • 11 tlll off1ctd _c., .. 
of receNI MCIW'i&ld ta N ta,t '11• '1 Ula Ari- ....~ ef IINltll 

s...ncen tllat tllll ~t. Mt.. Dctow 1. 1170••• 1 '"' 1M Cll'NCt 

c1111 of I IIOcaent ■cuPUnt & Ml1t1t1011 1f J•r114lcttan mntlt..C fa tllO. 

fU01 of CIII .,.._ ~c If NMl11t Semcu. 

. rL 
1UISClllCII MO SlllRll 10 lllfon • tllb e-,of~. 1'71. 

)l...ffeu...t- t'ac.......)
tlf7 >iilillc 

llf C-lufaa C.pf"s: 

( ,{--,:,/...fl 



.. 

i 
Rule 9 03.=:__larg__,.._e_P_CMe_r_P_l_an_ts__De_le-'g=a_t_i_o_n 

! 
• i 

••.. I 

t]
I·
-z-!- ..
II
• r: 
.. 0 :l.. 

~s.. 
j l: 
.. 1 ..:s :... -1.l! .. -• i~ ~ 

f.! 1•w! !l.·- .. 
.,
•i • e ! I- .....,r. •-: .. I~•r ~ I

• I::=•1..; ..• u.- •.. -.:fi J ..3 r: ...ro ig §~ . ...._· 
iir
1r-J . liil-• 

!.. 
I 
..r 
! 
u .. 
2! 

! 
!. 
.!.. 
A 
I
.:.. 
•C 

i ~•e-;!l~- ::- ..'.,_.. • I J! •: 
.: 
,i 
~ 

•!.. 
.!

•... 
~ 

·I '• ,!!I
! .: c::!~:!.ir .. 1< .. -~ .. 1•1.. -
:.-s .. -!,!1 '2-:•- .: -· h 
!jj-;3 ~§ ij11:1
•• e-;:l::g : ~ ...... g e·1- · •--.._ ...... .. ~ s•:. .~2• .. 1! ... :. .. :c - l-;-10-c., ."5,,_ • -,,_.. 5,._.., 8 e .. !i C 

..; !';~i-:;i .. ~ 1=11.:-• ..... ~-s-1 ..o':.i J.! :! i 
.! r--= s., ...-:- t &... .. . ~.., ...-1 - ·- .... ,....! 0,: =s:~i=-is•i.,._~oc~'5 .!:.!:! 
R-; ~ s.. -i .:: • j »-: ..- .. :~o .. :1- a1 
": z:-e.,.-;-; ~ .. : i: .. ~.!•i•.! .... •g-o .... 
~ ii:.:.:1-s::,.:!r·C -o~••O•..,•o-ts I i .= ! .... j : - ~.! ,..:1;.!,;,r~ -fe!~ 
f,I .. ..- .. .. .. 

iO]U -s• -5§••.. -·..a - ""' •• ~o .-o.,. :!: ..i,! ;:: ...._..:g"U,!1..1 .. ,2 .. e-,i- -·,s.: ... a •• 13- ~ &"" !... .., ..,_ -- 0-:oci1 i _,. __ §
"' • - l: -~ .. 0 ... g;--1-&~:-=1~~= t: .. .. £.. £!iii~ ... :c:s ••
JUt: ai ,1~i!n 

.. 
"1:1.,ti•! ·•
1.. ::~ .· ..
-=-i~B= 

~ 

r-1 ·--E ·--11 e
•j,H•i· 3 
-! :: s ~ I

1.:~::c •.... e 211 U •
I It ... .z .!..-82!. .tf·--i.i !:l .. 1 ... .. 
a•..i-·l:'..._ »-
1-- ... i 

.. =- - .§..-1.. ... I 
- • ,.. ... 2..,_ .... .;. .!
J ,~ Is .. 
.. .... 0. ..., £• ·s•1-!l 3- ~ 

..&; Sl 1•:: •... ~ .. '- .. 
i ·-l1 ..!,Z - 1i=~-. .. 
..~ ·-t-r· .,_ 
........ 1.. . 

:1 
. 

- •►- ...···--• •ij .t C 

--~---. J 11!
ii J..... .:1..~ !I. ...i~-:iel... o.i.... ..... .... l-... .I2-J-·"'.. 

~ 

·1J ! .:':u ii;:: .. !sg3- .. u - • 
.: :i1i ~- j 

f 
i 

( 



----

----------- ---------------- --------

l 

I 

Rule 903, Continued 
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Rule 904: Unpaved Roads' Delegation 
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llr. c. LN Fa, Chief 
Air f'llllatl• Cofttrol Dlatr•ct 
Pf• Cou11t, MN1tll Deper-t
ISi v..c c.er-• StrNt 
,__• Art- IS701 

._r Nr. Fa: 

Pf-• - ttt•• ...,..,_, rMl'Oftl• to ',INr l•tter of F.e.,.,.ry IS, 197\
,.._c1111 •l•tlOII of ...thorlty for air polluUOII froa u,..ved roe•. 

A.I.S. J'-1706.A.2. stat.. tMt tlla dlvlllOII alld CIM IUte hearing lioerd 
wll .,.._ .,.,,1 ... , JurltdlctlOII encl -t1'111 .....r llldl •Ir pol hnlOII •tt•"· 
•Ir pollwtloe IOUl'Cd, •11uall•tlon ,..,.1t1, -.er•t•"I .,.,.,u, eonc11t1-•,.,..ti - •••••,,_ that pertal• to ••r pollutlOII ·-NtM lty operetl
.. actf•ltl•• of •II ..-c•• .,,, depar-tl of the net• end •u po!ltlcel..........__ 
Acci,nll1191J, ,-"""' 1D A.A.I. J6-1705.I • ._..., olel•t• ••r pollutlN 
_,rot .....,.lty to Pl• County onr 111 f"Oldl" •11 Pl• County .._ or 
...,._ted w •••talMd lly politic.el tuWlvlll- of the Stat• of Ari-. 
11tl1 olel191tl0ft II tubJNC to ,wl_, Ind IIOdlfloUIOft or ,_tlOft ••....ti_.., ,,...1.... . 
,._ Mt9 dllt this ·latter del•9atu authority to carry out the ,,_.,1••
_, Chapter I\, Tl-tie )6 II appl IN to tlM afor-tloned ICIUrc... 

If I - .. ., fvrther H•llu- or If you ..... •"Y' ....,,_ -ralllf 
.....cc.. pl- -tlct -· 

llt1cerely. 

~-l;r....,..__ 
Arthur A. Ayar, ,.t. 
Director 
lhrlllOII ~ Air ,.llutlM CelltN1 
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REGUI.J\TION 91 • RE!'ERENCE TEST METHODS 
Rule 911: Fm:issions-Discharge Testing for Cormon Air 

Pollutants 

Method 1 

SAMPLE AND VELOCITY TRAVERSES FOR STATIONARY SOURCES 
(42 m1 41~ss 1 August ..1a 1 .19772 

I. l'riaripl, u, .lr,tlicel,ilitr 

I.I r,i.,..ipl"· To a.II! In Uwo n,,__..,••11- ........w• 
Dlrnl ol pollul&nt ..m1,.....,.. Mid/or cow TOl•-euio: Dow 
,.,,_ trn,n a Al&ttonary 1nnroe, a fflfUIU'flifflMIC. Mt.e •hen 
t.hf\ •fflm•nt atr,•n, b 110,·1nc tn a k:no•·n dirr-t"hnn Is 
..-1<-t·•,..1. 0.11'1 th• crau-eecUoo ol tho al."l<"k la ,1,..,.1..s lnlo 
• numt.,,r ol ett""1 &rKI. A tr&.-......, 1,omt ~• thrfl loc:attd 
wltl•ln oach ol th- ,.q1iaJ ..,• ._ 

1.2 Ap1llkahlllty. 'l'hls 1n,U1od i,o &l't•lirtal,l• 10 now• 
lu& Kn.< ■ tre.uns In d1w,1.1. 1tar.h. &nd llu.,.. 11,.- n,dhod 
ra1u,o, •~ u....d wlui·n: n) now l1 t')·rkHuC": ar •• irJi11c (tw'4 
tlo-cuon 2.0. ,~1 a filA<"k 11 1nu,ll•r tho.n •""'" 0.:111 mrl<'r 
.(l:l In.) ht dlo.in•••••.,.. 0.071 n,1 1113 111.•1 ;,. rroo.•-,....,_ 
Uon&I UN, or ca) LIM ll>"-"\IUtonl....t •it• •• ._ ,..... IWO 
alack or diw,t dl11m••~n down.<ir-n or i.,.. u,aa IL llall 
dl&1nr•...- ur-trY-&111 lrvnt a llt>w ,li,tU.,rlnu...,.. 

'J'J~ rN1u1rrmr11C. of lhll lnf't hod n1u21t l11t N>tudclfll"f'd 
hHorrco1U<t.nktk111ola n,,w IIW'tlitJ from wloirh .. utl..-ions 
w lU 1w tn-4',rl'<I; !allure to do,•• t>IAJ r•••ui..,_,1-')ltenC 
all.aratlntaa to thft •~k or dH,atit111 fru•u u .. r•an<lald 
s---<lur•. ('MN ln•olvl111t •o.ria11ta ..,.,. fllh)H'l to &J>-"°""' hy U,e Adinlnil<•ralur, 11.l'. J-.11TiflfKm•ntall'rolft:IK111Alf'1to")', 

2. l'r...,..,tt,C 

2. l f;c.wUon of Mr,;.surr111rut Silr, l'anit>li•II « 
TUO<"ity n1""6Urr111Pnt b p,orformrd at a Iii.a lo,a!N1 Ill 
S-t ..,111 ltACk or .incl dlu.m•t•n do•.-.~<tN\&111 and t
dia,n1t1...-. UIJ5lrt,&1u lrom o.ny flow diltu~ IUdl 11 
I bf.ud, H1r.us•iou, or co:itn.ctlon In tM al&Ck, or from 1 
•l111L,lr fl&111e. JI ,....,....,Y, o.n al~oauv, .ocaUon ma:,
ti. ffl~t•d. at• ~•tion at IM•t t.-o at.M:k or duct 41-
amPIN• down.n,,..m and a btalr diamoc.« upatttam from 
&nJ now dutu•bai-. For • r..-l&rl&'llht n.. MCl.loca. 
Ml e<111iv&lont dlam~IN CD,) ,hul bonuculated from UM 
toUowiuc ..,ua:iuta, io dct•r'DliM \.he up,rtttwa &DCIclo•·•..••r-~111 di1la•11"": 

,rban £-lonrtb &lld w-w-ldtb. 
U Dftt6rmlnln& tlM Number cl Trn- Point&. 
2.2.l l'articulal• TranrMS. When the e1cht• o.nd 

t--.J.Ja,uetercrl~riun can be u,~t, tbo mini mum num 1>111 
et uanrse polnta •"all be: (I) tweln, lor clrculo.r w 
not&nltlll.v 1'11Clt1 wUh diameters (or equlnl~nt C:1• 
11meter1) 1rcalor thu, o.e1 motar (24 In.); (21 elrht, lor 
el•cular stacks with di&metrn botwe&n 0.30 and 1\.51 
mater (1~24 In.); (3) It.Inf, '"' rf'Cl&ll~la.r ll&Ok~ •llh 
equll'&lenl dianaelAlnl botwoon U.30"&Gd O.lll tul'UII' (1~24
Ill.I. 

When the l'irht• and twc>-<llamet« erllffl<>'l ranun\ be 
met. tit• miuunum numht\l' uf Lravt.•r• 1110i11u U df'tN'• 
mined lro,n •·1Jure 1-1. Drlun h'lrrrtur to lhe niure,
bowenr, dftl"'1Ttlne the dL•t &IIC(IS lm1n the chn'lt'n ,n
a""'ent l'il<I to Ute nf'Orr~\ up,tn•m o.nd dow11,lrrani 
dbturl4nce,. and divide oach di~l&uce by tho sta.et 
dl&molt-r or tw1ui.-alf\t1l dhmu•\nr. to df'lN'mina Lh• 
•dul&n...., In'""""' of lho 11111111111, ul duct cUamatMa. Then, 
~In• lrum >"l~ure 1-1 tho mlul•nurn numl- ol u,,,,_,... 1wll11ll lhRt cnnu,1~1111b: Ill to the numb..r ol 
dUO' dl•lll<'IMI uir.-1roa111; ,md (2) to the ..JIUtnbar ot 
dlMDetmi dOWRltrMID. liell'('t th• hl,ther ol the two 
ID!nlmum numb<-n, ol tra•rrM pui11••• or a r•eater •&lue, 
IO U..t for elrcul&r s1&ch the uum!J<lr l&.a mulUpl• ol 4, 
Ind for ttcLanrular 1taclts, tho nu•nber ii - of lhoM
lbcnrn In Table l-1. 

Ta11u: l-t. ,._._,ti.au ,.,.,., Jo, rrde-,Nlorr ttacu 

I,(.. 

,.~,ru 
ew 
Id~::::::..::::::::::::::::::::::::::::::::::::: 4d. 
414 
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DUCT OIMll'ffltl DOIINSTRIMI FROM FLOWOIITUIIUNCl•U>IITANCI II 

,,._. 1•1. Min~ nutnbw of er- poinb for psd:r..---. 
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Method 1, Cotitiriued 

DUCT Dl~T'tM Ul'ITRIMI FIii.OU Fl-0'-'0tlTUftaAHCI et,IITAHCI Al 

05 1.0 1.S z.o 

,.,,. 1-2. Mini- Mberol.,_poHlll lot valodty·~.., tr_,._ 
2.2.2 v..inru,. (No11•l'utlru1&t,,) Tra•- 1t'be 

TNOdly or •ulumetrlo ftow ralt Is to bo dotl'fflllDNI (but . 
not putkulal.e mattu) u,e """'• ~w• u Ul&l tar 
JWtlt,ult.te w•Cl'SC'.s ts'ucuon :u.l) Is toU~. Hoell' 
lhot t'littire 1/.! nioy be u...t lnsl<'oO<I or t'iRurto 1-1. 
:u Crou-Sec:t101uil W)'OUt and Loc~tioa of TraT

I'o>lnl,S. 
2.3.1 Circular S!Alelcs. Locate t.h~ ln'ft'f'!lf! Dolni. on 

two P"TJ'Ot1dic11lar diamt~ni Miccwdln« to Tt.t>l,,1-2 uid 
IJNi ua1npt.. sho.,n In F1rure 1-3. Any "'tuallon (for 
nun1,1.... $<'a CILali<>n.12 an<i 3 In Liu• ntl,IIOltl'&l)hy) that 
ilvM th~ s,,.m .. v,uuea u t.ho.1e la Tahlc 1-:l may bo UMd 
In l!f\11 ot T~hl,, 1--::. 

•·or 11arlie11l111.. ,111 ......,...,. nuool tht' diRIIIP.lnl fflUSl i,. 
In a 1.truu, "'"'l&inlnit tl1• 111r""t,..t H l"'<'led NIIN'tltralloa. 
•artallun, "-Iii-. af~r 1,.n,b, on,· dia111nt•r shall be In \!lo 
1~ana ol th• IK'ud. This rt•1uirc1nent ~n-Jr,s, critioal 
u I.he distMCP from lhe dismrhanct' IIW:f"Ul'S; Wfffore10UH11"dia111t-t«1o<-&1lo111 ,nay 1K' u....i, aubj.-.:t IOappron, 

. ol 111<1 A1hni11L•lra1or. 
In ad<lilinn, lrir St.4Clu l,nvin~ dl"m"ter• """ter than 

0.61 m (24 l11.) no tr..veJ':!<• p,i.111• •hall h• locatl'd within 
2.!I «111imcten1 tl.00 in.j or t!10 ll.>eil: wal!.J; aod foe s:.ack 
dian••t~n ..,,uu1 to or lo..<1 than O.ol m (24 in.), no traT~...., 
p,intsshdl bclOCAlL~lwllhin l.3~m (O.Mlln.lofthulact
walla. To rnl'C•t u,.... c1i11.-na, obNrTo tho procedUNI
&1...-n l>C'lt1w. 

U.l.l 1!111rh Y,Uh OlamnC..-n O,....t.nr Than 0.61 m 
('J4 In.). \\'h•n any or Liu• t.n.v,.,., fl(llnts u located la 
llc,cUon 2.3.I f11II within 2.\ <'ffl (1.00 In.) of tlMI 11ae1i: -111, 
"'"""'lP th•maway from the•lac'k -•i. to: (I) adlstanoe 
or:u cm o.oo In.): or (2) a ,hsLAnN ,~,ua11o \ho nonle 
l111<ltl« dla111rtr1, whi<'II<"•~~ hi 1-•r. '!'...._. "'lnrac.d 
lrav,arJ• \lOttlb, (tlla r~•ia r1~.:l ct a diamd,~J Jlll.all l,e tl\a 
..a,IJ111LN1.. lravff'l4t 116i:1U. 

wh... ,...,,... t..., aaiec,_,.. u-a•- J10luts are combined 
lo "'"" • llitllfle adJus!.N:I \nYtnle l")int, trea& u.. Ml• 
JnsLNI JJl,int u twa aopv-ate ..,...,,..... fl(linta, both In tho 
_,pll1111 (ur 'f•lnl•ity fllMIIUNIINII) 1,roordun, and ill 
........i1t11 u,.. J..I.IL 

I.I.I.I Btacb Wit.II Dia.met.on Equal lo or 1- Than 
0-11 m (:M In.). t'ollow the l)l"Cadul"I In hr\lon :!.3.1.1. 
DOUn& onJ1 that an, ·•••ll•l!tf'd• polnls 1houid be 
r.l°"'l.od awa, lro,u the sc.·'k- walls lo: (11 a cliota1..,. of 
1.3 em (O..!oO In.I: or (21 a disuu,re Ntuel lo U.. ,-..la
Inside dlam•IN...hl•he••tt ,s witl'I'. • 

2.3.2 R«·1.&11,:11l11t Sw-b. l>,•tf>nn,ne the numt
of tra•erse r,nints A.I nplan....S In Sorliuns 2.1 and 2.2 ot 
this nu,thod. From Tahl• 1-1. d.,'«m,,,. ci.. srld....,. 
11,ttratlon. 01-rlde the 11.a<:k «'mlll--Clon Into u mu,7 
equal rwtancww ele&aenl.a.l .,_ • tn.-- po<nta. 

% : : 

aid ti- lot-ate a lft'f«N p,lnt at the t'ffllrold el eacll 
equal atN an-ordtr,. to u,.. nainp,1.- In ~·1,:11,e I "'· 

Tlw liln&U\M\ of tra•- "'""ta ..,...,, '"''° ,·"-r to ti"'-·Ir: wt.lb Is not C'&i,«\NI to .,,., with r..·ta111r-1lar _.a. II Lhb pn,blern 11111111,l ~o., ar1,.. ll'oe Acl11,111i$• 
Ina.I.or must he ""'l.ar\ld lor re.1tJut4on of tt•• ru&Utr. 

2.4 \'oriftcalJon ,J Aha!IN' ol 1·,, lnrur Flow. In m.-..t 
M&tlonarJ, _,.,_, UM- dino·liun or sta,·t pa llnw Is 
-11UAll7 parslW lo U.. llt.rk waila. ll<1w«'•<'r, 
c,..lotilt' llow ma, •"'-"' o, an.-r ....... rt~.-;,... ...,,.,.,...,. 
&Ad t,...u.l demlslen lollowine •ctt~u;1 vrobt>.ra, or 

Cl ln IUCb ha-rin& Lt.ncentia.l lnuls or o~hv duct N1n
llstm1a- whlcll &end to lnduee ,..L'1il'\f; In thtM 

.b\a&ncm Uie~•~of...,.-lonlc l'low at 
l.lwMmpUftlt locaUon r.nuc be d<ltermined. Th• lolllowlnc 
lcbnlquee an -.p1able for I.bis d•~on. 

l,,ewtl and i«o 1M manom.ier. Conn~t a ~ 8 
pilot tnhe to tho manom•ter. l'osltlnn U•• Type i, l)IUK 
lube at each tra•erse point. in ~u~~H,n, ,o 1.hsL ti•• 
plan111 of the '6rfl n;""Rllutl -:! ll!t' ;1. ,,t ~ 1; ~ .... t\t'~ ~,·~!" ?10-
ular LO 'Lh«' it.ck crus."'~t':i•m.U p.M~"'. ·.,·r."!' l:1<" t._.·i·t ~ 
pltot tnlN is Ill this (IOllillOR.11 i~ ~'. ··v· rtft•rrlw;f'." S<>t• 
Ill• dlfftrent.i&I pt"NNl"I (~pl rl'&<!m~ &1 """" u,,.._ 
polDL II a nQll (_o, (lltol fMUllll is 0ht11111N1 ., O" 
nl.-- at• i[tnn 1.ra.-ene (l01nt. an ecoe111.atole no.. 
oonditioft ulsls a& Iliac point. 11 the pltot roadin1 It not 
Mnl at f1' """"8nee, ~ lbe f'ltot 1111,.. (a(' tn ~!O" J&'"' 
u,slel,until anGII.....UnibobllllnNl. Ca.rdully dotllffllhie 
and -,I \ho Yalu• o! the fl't"llnn arur!e <•I to the 
aoaron .S..,...,., Afll!r w null t..chm•ru• hR.t ,_ i.c,i,IINi 
a1 etlCh tni•rse 1,oint, caleulat" the u·-• llf the ,.1,_
lu1e Tr.lnM of•: ..,,c.,cn d ,·.a.11: •& •. , ~;- . " ~-·· • .,,.. ;),.,,1 _, :,.,, 
whatn no rvta1ion wu ffllt.UN'lcl. aniJ ut:Luc..t- ll\t\.Y an I he 
0.....-nll ...._ ... Uthe ·-· HIUe o( • Is ....., .... u,.... 
lf1'1theOl'ffllli fk,w eom<lh loll in Iha stuck IS Unact:f'l)U>hle 
ana altem1111-.. method~,. ouh!<c: 10th• "l'l.,,.•lt.l of 
the A.dmlnb1raior. mUH bf! uied to rert.ir,a -,aca 
-••MCI l'llocllJ l.h•w-. 

( 
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~thod 1, ContL"1ued 

T ■ bl• 1•2. LOCATION OF TRAVERSE POINTS IN CIRCULAR STACKS 

(Percent of stack diameu:r from insid• w.111 to lravrrse poind 

--· TrU'H'II 
,ol11t- ._.,,. itf h'•YN"l~ ,oh,h 6'i t 4i#'Clf'r.... 
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UAVUSE OlffANCf. 

POINT 'lf(eflllltenNtt.,. 
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;..,,. 1-:L E.umple .......... c'"'1No 11M:k ,,..,. .,.._ dmclod.,.. 
U eq,,ol __,, •Ill loca....., of-• poiM1 --L 

Figur• 1-4. E..mple lh6win!J rectangular stack erosa 
1«1ion d,vi,Jed into I 2 equ.il are.is, w, 1h • traverse 
point at centroid of Heh areL 

I. m,,u,.,,.p4, 
r. 0..lflC'mtn!nr Da11 C'.-t.r&tt"" •n a o .. S1nwn. 

.AS.\1£. l'er~ Tell Code No. 71. New Yort. 
111$7. 

~. OeTnrkin, nowr.rtl. ei !IL .\.J l'ol&·Jt;t,,n :li.urce
T•1•nr t,lanuaL Air l'ollutlN Conuol OlstriCL Loi 
.A1141\'l,-s. CA.. tlontaber !IND 

J. Me-thoda for D.lerminal.lN ot \"eb-it,. \'olumf', 
DIUl and Alb\ Coal.l'tlt el Cl-. """"•m l'N't'tl'll&tktt\ 
Jll•laloe ol Jo1 lla111llacuar1nc Co. 1- A.nc•'4,a,. CA. 
n111111t1n wr~ IIIOII. 

,. Slandard M~ht-d lor ~taans llt.ets hr rar11c1,1a&e 
llalltr. In: 11171 Doc,t fll Ai;T~t l,LJ1.,:l,r1I•, 1•ar1 :ti. 
.AIIT.\I ll,..t,:nallon 0-2112-'-n. l"hlla'1•h,hla. I"•. h•71. 

S.. l.(an9Clt1, 11. A. •• •t. al...arUcu'-tn :-amc•,11:z :,;ln11f"'C:IN 
lor l.&r1• t•o- l•ta,,u lncludl"I Nammllonu t"low. 
\;lll!l'A. Ortl>. r.111u .. ,,.._., ,.,,,.,,.,, l'ark. N.1!. 
E1•.,-,.. .-v:-:u-1i"n. Jun" t~•~a. 

a. >:n1ro1•1 En••l"lll•m ..... aai.., Int'. llNPrn,lnat !<Ml ot 
tho o,,umum Numhrr or ""'"1.Unc 1•,~111.: .\n A:tairoia 
ot .\14'UIO<f I CrllMt&. En•lronfflffltal l'n,t,ct1,n, AcNicy. 
Ro'4JM'Ch Trlancle l'wk, :-1.C. £1'A Conll'IICI No.Gl-4t-
1172. TL'\k 7. · 
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Method 2 
i 

DETERMINATION OF STACK GAS VELOCITY AND 
VOUJMETRIC TIDW RATE (TYPE S PTIOT 1UBE). 

(42 FR, 41758, August 18, 1977) 

I. l'rl•npu •"' App,lwbllllJ 

I.I l'rlnel1~0. The aw.....:• s:u Yf'kw-lty In a "11\Ck I• 
df'tf'ru,hlNI frorn th• S:L• dM1<i I y an<t '""" mf'A>,irM11r11t 
ol L™" &V..n«t' Trlcw--J\7 h~..llt w1lh a Type ,d (SlaU!'UW'"ht"ihe 
or re,•or:-,• 1y1,el 1•1v,t tnhc.. 

1.2 A1•1•liet.hf it,-. Thi• RK'lhod t, • .,.,11,,11llle lnr 
n1rasurt"'mN1t nf lhf' ••.-rn.c:r \"l\lotitJ al• S:"-" >lr•~lfl and 

'°'T'i·::·,1!:'I.:.:.i~,feri:.-c'!:.~·.r,,Nlrahlr. at "1r6.~IIH'Ul '""' 
which ran to mN"r llu, .-ru...-,a ot llf'th0tl ,. :4rc•tinn '!.I. 
Al~. lhe lll~lho.1 ,~AIIIM>t ..... U:w-(1 lot dirttl mf"'ll.,urrmrnl 
111 f'")"t 0 ln11W.- nr .....,,u.., Ital a.lrNllll!I, ~"'(!Uou 1.4 nr llrt hcNI 
I ,linW'.'111 how tu clflll'f'Hllnr r\·rluuk• nr titWirlln1 flnw rou
dll lOJ\:'l. \\'hru Ull&c"t"rf•tahlf' 'crnt1Ulim,, r1i,t. l\ltrrua11vo 

r:~~~!~~~:::;!:.;,',!~' \J•~n:~,~.~"~~r~!~v~'!:~~~.··~-!:7-: 
11lrayNI to "'"k• VM&rftlt nuw rRlc- ,tr-h•rr111u1uin11•: 
e1&••••••"-"' ut ,uch c.Jterrnuive pf1N",;-t'hltt':- lt.n": ( U 1n 111!'>1KII 
1tu,11rh11,11JnJ Yano,: Cl) tu rl\kUln1r 11,,. 101al •utun,rtrio 
now ... , .. ,t111chiomNriffllly. CW' (:11 lo fl1(l1'f" tn &1101.hH' 
a1ea,cur~"'""' RIIA al IOlalch LIU' flow ia IICC<\itlAl•lo. 
2. A,,,,_,..,.., 

llp,,clflnrlnn• rnr th• t11>iw-•tn.• an, ,:Inn bf'low. Anr 
otlwr A1•1amtu, thal hl\S ll(len dfln,on~tratril tsuhJl'l('t 10
•l"l"""al ul •h• Ad1n(nl<trator) lo l,c, rapahl~ of ,ncouni 
the "t«UocaUons trill t,o coaalderod accoa,l&IJlo. 

I.N-U4ca• 

11.H· U;.J -~------➔ 
.Ll-------: 

2.1 •Type 8 P1lol Tube. Tb• Tri,. 11 pilot tubt 
(J'1iwo 2-ll ahalJ be made or met.al tublnc (e.c .. n&ln-
1-. Meel). h la recommended lhat Illa •%u-rnnl tubl"' 
41amete.r (dlmON!oo D,. F1;ure :-:lb}·~ b•L·.o~o CU.II 
aDd 0.9$ ceoUmeten t,-.• and ~ Inell) • .l'hete •!>all be 
a.a equal dlSl&Dce lrom Uie baa. of ea.ch lee ol tho r,1"°' 
\ube \0 IU -..ponlwi plan• 1dimellalou1 I', •nd P •• 
l"I.~ :r2b); I\ la reoommeo<l6<1 \b&l LhLt di.•~ be 
becveaa 1.06 and 1.50 tJmc,s Lb• uunw tub1111r Clamew. 
TIit (a.e• opeolnaa ol the plt.ol lube 11\aU, Pl'll!trably. be 
&llclMCI u ahown ID FiltuN 2-2; bowe'N'.r, lllrht ntl~iSD
me,iU or lb• openlD(I an pennl.talbl• {tee hlUN 2· ~,. 

Th• Type 8 plLO\ tube eht.ll hne • known ~ffitl•C. 
~loo,d u ou\llned In llC>Odcio '- ..l.n ldoritl:IMUOtl 
1111mw IAall be awcn...i to the plto\ wtH-: this numb« 
lhall be J)IW'lll&DtOtl, marii Id or •ncn.•NS a th, bod1 
el Lb• tube. 

.A. lt&ftdu-d Jl(tot tabe mt17 be med ln.t.d ola Tno II, 
pr•nided u.., u m•C. u.. apctt.cauona of oeollcnl S.T 
Md 4.2; ~ hotr••ot. lhu UM 11.t1tlo and lft':~ 
..-. b~• of standal'd i,IIOC tUbel 11N -1>\tbie lo 
plantn« In partlcul&l&-l~en •u atl'l'am.•. Thf'l'l:lora, 
,rhenenr a 11.&ndard 1>llot tube Ls u-1 lo pert.:>nn a 
ll'IIT•l'llll. adNJU&lt 1>mol mmt be fumiJl:od lh&\ "'· 
open!~ ol the pllol tuba hno no\ p!u;:rf'O up dun.ns \be 
ll'tlYM"N period; u,1s can be done br t&klnc a nwc:1&7 
hMd (AJI) ttadln~ a& lha ftnal uanna llOIOl..Slr&r.1"11 wt 
the lmpe.cl and 11.allc bolas or the 11.andard ptl.Ot I.Ube bt 
"bect-p,u,:lnc" with pressurtzo<I 1111'. •~.d Ll1•n L&klnl 
another 4JI roadlnc. II the AP rnd!r.n.mld~lw'I IIM 
after the air parire are the same ( t:6 percent>. the,,.,.......
b acct,ptable. Olh•rwisa. tt~\ 1111 run. Nott U-.sC IC Ap 
at the Clnal tra•~ne potn\ Ls uruuil.&IJIJ low, anollMir 
POIDl m•J be Nlected. Ir "bide-PVC~'" at l"IC'WAI' 
1a...,....i, la put ol tbe ~un. I.IMD o.>ml)r.tStt" 4• 
,-.dlnrt ahall be ~en. u M>OYO. Sor i:,e ~ l,..o Ne.a: 
PIUI•" whlob 1Ul1ablr 111«11 Ap NtldulCl an OMn'9d. 

1'YPf I PITOT Tilll 

-UCCUTEO (IITFRrrAlNCE FIIEtl 
,nor TIii(. THlllMOCOUPU SPACaaG 

IWIOlllTU 

figur• 2-1. T~ S pitot tube '-Mt« -ei,y. 



Me\:ood 2 2 Corttinued 
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Figure 2·2. Properly constructed Type S pitot tube, shown 
in: (al end view; face opening plafjes perpendicular to trans
verse axis; (b) top view; face opening planes parallel to Ion- -
gitudinal axis; Cc) side view; both legs of equal length-and 
centerlines coincident. when viewed from both sides. Base
line coefficient values of 0.84 may be assigned to pitot tubes 
constructed this way. · 
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F}gure 2-3. TYl)el o( fac•apenlng misalignment that can mutt~ fldd wt ct lo 
~ construction of Type S pl tot tubes. These wiU not affect tne bllllllN w.. 
ot Cp(s> co 1ong • a1 and «2 < 10°, ~, and P2 "< So. z <0.32 an (1/3 lnJ and w< 
0.08 cm (1132 ln.J (cltatkln t 1 In s.ctJon I), 

( 



Figure 2-4..-51.and.d pilot lube de-sign specification&. 
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Method 2, 

2.2 Dlll'H'1'ntlal l'raoura ·0..114._ An lncll...t manom• 
- or equlnlenl de'1oo lo u,ec1, Meat ~'lla;,ltnc I.rains 
a.re "'IUlpped w1UI a l!Mn. CW&..-r rolama) lnclwl'd• 
l'tll'tie&I m&nan.ol.ol, l»l"I.Dc G.0\-ln. n,o C:IYblonl OD lt.. 
0. lo I-In. lncl1nNI IC&le, &nd 0.1-ln. R,O dlYblon.t on U.e 
1- to 10.1n. •«tk:ai OC&le. Tnlo tJ'l)O of -- 1« 
oLbet icau,:e oC eqolnlent acrulU•lty) b satlofattor, lor 
&he measurement 0: AP •&111.. u low u 1.amm 10.~ln.) 
D,O. llowe•u a dlltttenU&I ~ - of ,,,..i.or 
..n.it1,tt1 ,nail bell.Md (,ut,~ to u,a appnnJ or \he 
Aclaunbtr&tor), Ir .,,,. o( I.he fcUowtnc b llaad '° be 
true: (1) lht arilhmetle u..n,ce or ail Afl :'Ndln,:1 at CheIr'&•- polnta In U.. 11.&ek b I- Ulen 1.3 mm (0.05 ln.) 
H,O; (2) for !ft~ of 12 or mor• pojnll, - than 10 
pereenl of tne lndl'lidual 41' -.dln(s e.n bc,low 1.1 mna 
(0.05 In.) n,o; C3) 1or tt"a•..-- « 11,,...,. u,.,, n i,nfffla. 
more Iha, -4-rwadll>!f i. b6low l~ mm ill.lliln.) H,O. 
Citation 1, In SecUon • d"9Cribea commcrclallt aftllable 
IMtrumenlatloll for Lb• DJCUlll'erll&n t or .....,,.,.,. cu 
..ioc1u... 
~ an alwmatlYe to crttoria Cl) throaah m abo•e. the 

lbllo,,,tn1 e&lculo.tlon ,nay l>e p,,rlormod to d-mlne the 
-it1 ol uslnc a more IOnllUn d!Roreodal ~ 
puce: 

wtlen: 
~-tndl'ridaal Yeloclt7 bead NMliac at• 1111-

r,olnt, mm 11,0 (Ill. B.O).
••Total nwnberottr&l'erwpolnU, 

.K•0.11 mm 1110 ,rben metric J111ita - mad -
O.OOll ln D,O wbe11 EQCllsb wilt.a an med. 

U 'I' lo KN&ter than 1.05, the Telocttr hMd data -
a.a-ptat.le and a more Mftsitlte dlffoniadal ..-n 
sauce m11.11 be u,ed;

Non.-Ir dllf••.nuitlal pn,a.sun r•U(N etlw than 
lnellned manorue1er1 .,. Used (e.J., ,r..ain....UC IMICflll, 
their callbr&Uon must be cbected alter eacll lest -1... 
To check the callbBtlon ol a dl!letenl.l&I r--. ,..._e,
oom p&l'e 4p tte.dlnc, of the rauce with ~ Df a pqs., 
otl manomct..r at a minimum ol throe polntl, ~1-
mai&ly ttpr,,senUnc I.he rana:e of 47> ,-aiues la die --=t. 
Jr, at eeeh point, the y&lu,,s ol /J.p u -.cl bJ 111a clltlofto
tlal p~• puze and puc&-011 manom- - • 
vithln a J>efCtnt, .!le ditl•ror,1.1"1 prr,suro PIii• en.a be 
ooMldere<I 1<1 ,,. In pro(><'r cah t,rauon. O""""""' U.. 
I.ell ICl'tes ■ ho.II "llher bt vo,dNI, or procf'durrs r. adl•t · 
tbe 111euurod AP l'al11«11i and nn&I mull.I allllll be 11-■d. 
■ubft,ct to the ap1wol'al or Lh• Admlnlstralor• 

2.J Tcm~.rature lll,uu. A thennocouple. llquld
ftlled bulh lllN'tllOI .... IH. t,imPtalllc the...-, ...... 
eur,-tn-cla.u thN'tnomNPr, or other ,:duJ• ~ ol 
meuunnc ·lemro<-ratur~ to wtlhln I.S l><'rt'NltofllM mini• 
Jnum auoolute 1U\Ck t•tnl><'1'1'tllZP 1,1r.!l be wod.. Th• 
LelU!.ICl'&tur• uuav shall ht i\U.~h•d :o LIit pitot tul,e 
auch ,1,,., the .,.ruo, lit> u""' r.oL touc!: •nr au..w; u1e 
sauce 1hall be In an lnlel1t'nnc.-O'N! L"ft-•l wiUI 
niapecl lO \he pilO\ lul,. (a.,. OP"MIIP C- Flc1lft H 
and Ll9o Fl1un :Z-7111 Se<ltlon Cl. A.lwmaLe PQllUNI may 
be u.oed Ir the pltot tu~~pen.11.n CMIP.,...,. II 
oalthnued --41nc to Uie prooedun ot 8eeClla 4. ,
Tided UY,t a difference of not rnor. than I .,..., la UN 
111'.-.C• •elooU1 -.mont II 1nll'04uoed, Ille ._.. 

Continued 
p.,ratu:. PQC't D""'1 DOI be attaoMd to the :,1\41 tube; 
&hlAI llltern&UYe lo ■ubJeot IO Ule appn>nl ol lbe 
£.Jmtnt.tr&tor. . 

:LC P,n....11ro rroha and 01111co. A ple<omnl,,rtul>e and 
lnOr'Cttrr• or •ater•Ullnd U •t.t1U• mauomec.t-r capable ol 
moaanrui« swt pri,,ssuro to within 2.S mm CO.I in.) Uc 
II Ul\d. 1·11a stallc IAp ol a stand..rt.l lfl"' Pl I.All lUb<t or 
one I•« oC • 1'yf,e X pltet tube with the 1&<'1 or,entnc 
planes posilt.111Nl pnrnllol to the EL1 l!ow 1no.1 at.o be 
u.,e<\ L1 lh• 111'1'5.SllrO llfUhe, · 

U Dar"niel.ot. A 111ftrc1uy, antll'Otu, « othN' herom
eter ea1>ellle ot n1,iuurtn1 11t1no,pherte · p,.._._.,,.. \.o 
W1thln 2.S mm HJ (0.1 lo. HKI 11111y 1H •-· ln _,, 
-. lha harometric , .. ...i1n« snay Loe obtllln..1 tnun a 
De&thJ' n•tlonal woathfl'r l"ltYltt 11.&tll"n. ln ,uuch f!'... 
lne lltllllon Tah1e t whlcb It the 111.,...lul<I l,1,rnt11f'lr1o 
pl'MOW-.) 1h..tl he rNt1104ll'd and All at!Juslln•nl for 
eln11t1nn di rr.,,.,..,,.. hrt treon the w.-et.11..r str.llnn and 
th~ 11>mr,1111« point ,hall l>o a1•1'IINI ai II n.t. or mlnua

~~!,:.:. ~~li:,,:i...1~ /.:'/,~~~r!~"d~.:'.tl ele..,.Uo.a 
2.9 Uu l>ftllllly llt•l!V'ml1u,l.lo11 ;:111111,m•nt. Method 

I equl1Hnent, Ir n...,,1.-d (- 8,cU<,11 3.G). to drtrnnlne 
\he 11.ad; JM dry muiocuw wel,tbt, an~ .k•l•rrnce 
Metbod C or Method s eci,w i•mN1t Cot moI<ture c-,ntoat 
determination; othlll' methods ma, be ueed eabj~ ._ 
appronl oC the Admlntsl.rlltor. 

2.7 CaUbr&tlon l'ltot Tube. Whan caUhr&tlOll ol UN 
Type 8 pttot tune •• neca&SarT ,-at'Cl.!On 4), 11 ■tandv,l 
1111'4$ tnbe 11 uaet1 u a rtCCl'llllca. Tbe e&.uidud oltM 
tubellball, preluahly, hat'O a kno1r11 ~ i,otaiMIII 
etu..r Q) directly rrora. UM N.uon.i Uuruu of iLend
arda, Bout.a r.o, Quince Orc!Mrd Road, O!!JU.ll'lburr, 
IIU71Md, « m b1 caltbn.tlon 1>1tt.lnA another 11.an<\w 
pilot tube w1Ua an N DS-ustt&ule ..,.i::c,ent. Alt..,.. 
l\atlTaly, a n.andard t:>llot Lubt d1111«ned accordlnt to 
Ula ctil«la id••n In %., .I throud1 2., ..\ h<'lo• 1111<.I illull
\ftl.ed In Fltun 2-1 (SN! also Citations 7. s, 'IL'.ll. 1, In 
8ecdoD GI ma1 be US6d. l'lwt tut... , dMl',:nNI ........,.u.,, 
t:, 1.11- l!)<'CIOcatlons will ha•• baaellne caeffieients ol 
about 0.1111:i:O.Ol. 

2.7,t I lcmlsphP.r1f!&! (shown In f'lcure 2-41, ,-m 1010tdal, 
or conical tip,

%.7.2 A nalnlmum 01111 dlatnrtf'nsHlll(ht nm 11~..,~1 
ar,on D, U11 ezt«Dal dJametu ol th• tui... 1 l><·tw,-cu the 
111> Md the 11.&Uo pre&SW'I boles. 

2.7.1 A mlnlmwa ol eltht dlr.m,•tt'f't stnucht n111 
be4ween &he -taUc pr•~ure hol<-s and the c,•nlrrllno .,/ 
U.e enem&l _tube. loilowtnc the \IO d~fN' l"'nd. 

2.1., t>IAtlC prcssutt holas<>!011Ual .iu. tar•tm>lhnl\lA'IJ' 
0.1 D), O(tually 1JION'(l ln a r,lnonirtrr ""« ,..,.,n,rn"'ll"n.

2..7.a Ninety dt'Jrce bond, ,.,1u, cunNJ tit' mtt,-r,'<I 
Junction. 

2.1 DIITN'l'ntlal J'res,iun, Oauco lor T)"l'I' ii I'll"' 
Tube Calllir&Uon. An lncr!n.-d n1Mom•trr ur Ntlll•l\lrnt 
II UMd. IC the stn,:to-•rluclty n.llbnltlu11 lochnii111,. II 
emploJed <- SN:Uon ,.1.u1, the t'llllt,,..u,,n d!ll,.,,,n• 
Ual """'""'" l(MICe shall be r,,a11,.;,?t, lO tho n....,..,i l~IJ 
lllfll tl,O (O.nc» In. 11101. For n1111u,,.1nc1ty ...1111.... u .. ,.._ 
\he tau«• ,hall be l'lllldal>i~ lo Lhe n-t ti. ll 1n1n Iht> 
(O.tnS In lltO) lor 671 v11,11M l>ctw,rn 1.3 a:i!I 'J.', rnr:, 11,11 
,~.w u,d 1.0 In. llr<Jl, •:od lo 1>• c.-v,~~ \.J ""~ iirO 
(0.::.\ Ill. 11,01 ru AJ> ... ""' IIDo.. , ;;_; ~:..1 '1,(1 •I.•• In. 
H,0)• .t,. 1pecial. mer. 9e1'131Un r;au.,-. ..u !.oe l'f'<\UltNI 
to rMd 41' n.lUM below 1.3 mm H.0 IO,Ol IL 11.01 
C. CJtaUoa !' la Soetloa I) • 
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Me't:hod 2, Continued 

a.Pr~, -- let'al and 1"'0 nia, drttt du• i,, •lbn.Uons and 
tem1)«11t11re ohftn,.,., malca (lerll'N11• ,h.,.h <1ur1ntt Iha 

S.t 1'6( up lh• &f'p&ralul u lhOW'II In l'lrun 2-t. lruona. llc,cord :,,U n«-""'"''Y <late M 1hvw11 lu th• 
Capilluy whl111 or IUl'10 \&II~- 111111.li<'d t,,,1wN111 lh• .....,,,,le dAta at.ot11 ( Fleur• 2-61. . 
marruinetN' mu! pllol lube '"">. be uaocl \0 dami-, 6.p U l\lM.1'1r6 lhe ..~1oc,1y h-t &n•I IN""""''""' &t Iha 
nuetuaUons. I\ L• ncuro.m•ndod. but not n,,qulrl'd. lhat tn•erH pol11t.s ap,,ctnod hy M•lhn<I I. P:11,nre th&I lhe 
a I""'""' IMk-chock be _,<1ucud, u rotlows: (I) blow pmrw,r dllf•~nll&I prM.oure cnuc• 11 .,.,.,.c 11""'1 fnr II•• 
Uoruuch th• (11101 lm(l&,CI 0f"'nlnl unlll at lout 7.8 Cltl nn,, ot 6.p HIUOI encvunlftN'd , .... "-'"'" 2.2). tr II II 
(a tn.) 1110 nloelly prouur. re,:lsl"" on the manomrtr.r, llf!ClfWIIIIAl'Y ·,o ehAnll lo. more MlilUlth.. ····~... do !Wt, and 
lhtn, clo9e off the lmpac\ op,,rrlru:. 11•• .,,,_ra 1h11!1 ....,_....,, the 6.p an<1 lem(l<'raUar• ,-ltt'«• al ...,1, ua.. 
nmalD rtal>I• for al '- 16 .:.c.,.,Jr, ffl do \be oune for """"' polnl. Condnrl a pnal•ll'tl\lMo .,.,....,. lf!1ancl&1orr), 
lhe 1111110 """""'" 11•1•, uorpl a.inc IUC\lon 10 oblaln M d-1bad ID lk,ollou LI abo••• lo nllolt1u lhe l.nl'erM 
u,. n,trumum of 7.1 •ni (I In.) 11.0. 01.h• 1eu..i,eo.11: 
.-+,,,_, .ublect lo &he &I\Pl'OHI ol llM J.dmlall&nlor, n,~ M-... tho ltAl.lo ~ la th• ei.rk. Ou 
ID&Y ba uaed. . : hlldlnc le 111U&ltr ad,quata. 

I.I t..nl Md ..,. ta.. aaa..wm.c«. 9wtile ma U l>otermlna th• aur-phario rw-r&. 

.PLANT ________________ 
DATE _______ RUN NO.------
STACK DIAMETER OR DIMENSIONS,m(in.} ------
BAROMETRIC PRESSURE.mm Hg (in. Hg) _______ 
CROSS SECTIONAL AREA. 1112(ft2) ________ 

OPERATORS-------------
PIT.OT TUBE J.D. NO,-----------

AVG. COEFFICIENT, Cp •----------
LAST DATE CALIBRATED__________ SCHEMATIC OF STACK 

CROSS SCCTION 

Travttw 
Pt. No. 

Vet.H• .. 6' 
-(illJ Hz0 

S11ek T•,e,11Mr1 ,.•IIU1I K1 Oil.Ii~ 

-

{"i;i"s.,•c (1fl Ta. 1 1t (8 ft) 
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~thod 2, Continued 

U" Det«n\lne Lb• ~t ru-dry molecnw w.lpt. 
F« combuatln proc:- or p-- Ulal emt, -
ualiJ' COo. 01. CO. and N•, we MGtbod a. For pr~ 
e:mltUnc -u.a.111 t.11', a.n analr•b IIN'd - be eon
duc-led: •se a dry molocuw •~lsbt ot 29.11. F« otlHt 
proc:-. other m~bods. IUl>}tot to \I•• apc,NHI - 1M 
.t.dmlni,vator. must be ued. 

a.7 Obtain th• moisture eontenL fr.a JleNl'IIICOI 
Method 4 (Of equ.lnl•aO « '!9m llil•thod I. 

a.a Detormln• th• crosH<X:Uonal ~ fll UM u-lc 
« 1uet at \lie ampllnc locaUon. Wb.-l'W .,.,..ble, 
pb,-slcall1 IZ'IOUUNI tb• n.ck cllna~ raUlef U
UIIUII bbiepriata. _ 

'- Cbllbr•loll 

U T,.pe 8 Pilot. Tube. Be!ore II.I lnltlal -• -
fall7 uam1ne \lie ~ 8 pilot tube la IOp. •de. and 
end nm to ....tr,. UiM th• lace epeni~ ol UM l:Ube 
&n rJ.lr:oed with.I.a tbe 1pec!11,stlon1 lllu.1VSW In TSCUn 
H « ,-.i. The pilot tube lball not be med It 1' fall.I ~ 
mM& 12-o allpmeot fl)<ICUlcl,tl.oM. 

AJt. l'ri'1nJ Ult lace ~ alignment. _,.
llld ncord Lhe lollow1nc cUmon,lom of \lie plloL wbt: 
(al U.. u:temal tublnc di&mot« (dlmenston D,. Ft:uN 
S-tb): and (bl the ba.~poning plane disl.an<el 
(dlauNION P • and P •• Fl1Urt :l-2b ). U D, b be\w
tl.U Md 0.9$ en, Oi• &nd Ji In.I and It P. and r. lff 
equal and betw•n l.06and u,o n,. tber•lfftwo s-blt 
opl.lo:..: Cl I Lbe pltoL tube may be callbr'&IM IINICll1llnc 
Lo Lb• proc.dnre O11tllnod In 8ecUon1 U.2 throucb ,.u below. cw (2) a b&Mllne (laolatad tube) toell1cl611t 
nlu. er o.s◄ mar be ustcnod to tb• plt.o& tube. Note. 
illoweTM, Lh&L If the pltot tube Is pan ot .... usunblJ', 
eallbrt.Uon ina1 stlll be required, despite knowi.ds• 
or the bu<-llne ceelllclani ..a1,ie taee 11,,r(lon U.I I. 

II Do, P •• and P • are O11UJdt tbe spoM6ed II.nit&, !!le 
DILot tube must be oollbr&t..t u oudl-S In U.2 Lbr'Oucb 
U.&below. 

,.1.1 Trr,e S ritot Tube A.!s<-mblle:1. Outing nmple
aod l'elnclty t:u..,...,., Ibo 1-"'Lar.ed T1pe B p(t,,I t~be i, 
no, &lw•>·• ~- la manr tnstancc.s. the r>ltot Lube i. 
1-1 In comt,;natlon ,.,Ith othH .,.,urC1>-54mpl!r-t c-Jmpoa
oa\t (thtrmoeouple. sarupllnc probe. cou.J, ► r.s p,ut ol 
a::a "Mllelnbty:• The prr.sonce ol other 1&mru1r.- oompo. 
-.ca..., 1<>meUm• """"' Cb• b&eellne .-.Jae of IIM T7pa
8 pilot Lubec:Gel!lclfflt tCltatlon tin 6oc1Joc &); lhet"don 
UI ~tcntd (« OlhtnrlN tnown) l>u<-llne 00'l!l~l~t1l 
TUUe ma, CW 111a, noL be nlld k>r Ir. YM u.,e,nbl7. Tt,e 
bualt.n. aod -bly ooe!ftoleat n,DM wlU be ldMllr"I 
onl7 when the n,lat!Ye pl"'°""'enl ol tbe·oompon..nu In 
th• &S1emhl1 I, nach that ..,.,.r>d,-narulc lnt.•rlr~nn,,. 
etr11ell lll'1' ..umtnattd. Fl«ures "M tnrnultft ~-8 Ulu.lrnta 
lnterfc-ren-lree oomponeal arran,tomonts for Tyt,o II 
1111.nL tubtll hnln« nt«nal l11bh1~ duun•t~n 1,,.tw,..-n
1.-18 and ti.Ila cm (tit aud ~In.). T>'J>! Bpllo,t tul,e L,._.,.,.
biles that Call to moot an, « all 11, the Spl'Cilicalluns ,,t 
Fl~"'" M throu«!> W thall be e&llbraw-tl llt'cord1nc l.n 
tho proc,,dure 0t1Ulnod In SecUous ◄ .1.2 thronch 4.1.S 
b,,low. and prtcr to callhnallon. U10 ... ,u.,. nl Iha lntrr• 
eomponent 1pacln11 (pltoi..nonl•. pl\01..th~nnnco<•••••·•
pllo!..prol,e IA..l.h) lhalJ be mftUUl"Od aud r"""'<INI. 

NoTl:.-Do not tue an, T-,pe 8 pltol ~,;htl ILSS<'mhl7 
Wblcll LI con,tructod sucb tb&I th• IClPSCI pressure np~n•
Inc plane of Lhe pltot tube II b~low Lho entry piano ul the 
DOcile <- Flrun Mb). 

U.2 Callmllon Belup. Jr tbe TTP9 8 pilot tube II to 
be callbratod. one loc ol lb• labe shall bo pen.oan~nu, 
marked A. a.nd tbe otbar, I. Cal1brallon thall be done In 
• tlo, ""'"'• ba1'l111 UM luUo•IAC _,La! deal1n 
i.tur..: 
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Method 2, Continued 

C.1.2.t The llowlnc ru IVM.m mu.t 1M tonllned lo a 
dud ol df'JlnllAI c,-.,..._,ti<nu .,_, alU.er dreular • 
""'1-an«nln.r. for circular c,.,,.._-ua,u, lbe inlnlmwa 
due:\ dlame\U ahall be ::.O~ rra (12 111.); for f<'Cl&nl(UW
"""'-""'ia, tbe wl<IUl (.ulocl.er aide) all&II 1M al i
%>.C en, UO tn.). 

U .2.2 Tb• trC\S3•!1N:Uon&l uu. or tll• rallbraUon duct 
fttUll be CIINWlt 0,.., & dl.su.nce of 10 or more d°"' 
dlunelors. Yor a recu.ncu.Lu Cl'OSll-tec:Uon, ua an ,qui,,.._

:'J.t':;'.,",!,~h:!1,~:~~=l~~t11c ~,uaUon, 

wb,n: 
J1,-Y.1111lnlrnl dlantf'IM" 
J,-Lo-nilb 
W-Wldlll 

To tnsure lh• i,r11.<e11t• oC stable, fully ,knln1~ llow 
1-atlotN at \he calil>r&Uon slle, or "test ll'CLlon," \IK 
Iii~ mn~ '"' kK-a~ at leul tl&M diaraeten down.<lre&111 
and n,o ui&nk'ICU UP.,,lrcaw trom u,. Df'Ual dislutb
aueta. 

Nou.-The rigl1l• &nd lwo-dluneltt criteria &N DOC 
al..,.lule; 01hor lGoit ....,lion locallona ruay be u....od (oal>
jo~\ tu a1•1oroYal ot I.lie .A.Jmlui.olralor), 1trovlJN1 that \ha 
1111w ,., tbe \ell liw ii at&ble ull1 cJomo1ulra1'1y 1""'11411 
lo lh<t duel Ula. 

f.1.2.3 TIH ftow S]'Affll ahaJl baT1 tit• ai-tlll' C. 
Ctl"'l"lllC a leSl-t«Uoa nloeUy -..d 915 IIVIIIIII (3,000 
ft/min). This nlocilJ mu.•l b4i eon.•lanl YUb Um• .. 
p:ulLl""Ll,lee sleady llow durtnc caUbraUon. Hoi.. uia: 
Type S pllOI IUl>e CCM'IOdenl.-1 obl&h1,d by !lncie-•elocl\7 
oaltbrallon al 016 m.•n1lo (3.000 It/min) ,·1U ccnerall1 be 
Talld to wlllain :.S 11trcent lnr the mMIIU,..mMl el 
Telocltlei abllvo 31.1$ 111/n>la (1,000 ft/ntiu) &nd lo wtUIID 
:t,J t-ci e !'<'--Ctnl C.,r the n ... a.,urw1•nl or nlocillos i... 
lw..a 11,0 and :l(il mtmln 1000 Ml<l 1,000 It/min), 11 a 
mon prrrtse <'llrt•l~uon t,..1-..·M>n C, and ,.olocll1 II 
desln-<l, the now Sl·•t•ru shall hnwe 1he eapacity to 
,_at.a at lcut lour <.IL•tlnct, Llm ►lnn,riant '""'-eeeuon 
vdociuas covcri11c the Tflio,,tt-,. ranre Cro,11 11,0 IO 1.$26 
111,'mln (e00 to 6,000 II/mini, and eatlhraUon da1a aball 
i,. 1ak•n al roeuw nlocity tni,,"ats ov• thll l'I.IIC• 
(,Nol Cl 1&1lon1 0 and H In bc'cl.ion 6 lar <1atait,,). 

4. 1.2.4 'l'wo entry riort.•, OIM Meh lor \lie l<landard 
Mwl Tn,e II t\llOl lUbeo, Jla.iJ be Olli la lbe *l socUon;
the lt&mlarc! pilOt entrr pc,~ ahall ::.. ~ed li!tbUy 
dOW"11SU'ar:S ol tlle Type II port, ,o that LIM at.andard 

and T)'pe 8 Impact op,onl11111 wtn lie In the Nm~.,,.._ 
_Uo,IAI 1,1,me durlnl <'lliihra1l<>n. To ftsrll!1~111 allt.n
tnent vi Lhe 11ilOl tul,n"' ,luriua: c-alil1ra11n11, al" ad,·1:cei.Ul• 
\hac. tbe h~&. srctiun ho cu11:aU"lk:l1'"11 ot plf'!urlw. w 10ru• 
olher tnut~1w-ee1l 1natrrtA1. 

C.1..3 CalllJrallon t•rUCNJur~. N,>le lhal llil• flfnt'f'c!Dre 
la a Ullf'fal one and must not lie u.""'1 wlthr111l Ont 
r•wrtnc IO lbe Jr,,:ial w11•idrrello11• 1,r11...-111"'1 tn S.-0. 
tton t.l..\. Note also tliet tbi1 1w....,..111re am,fi... 0111, w 
lincl&-wt'k.,tl)' Cftlibnflon. To ohtat11 callhralio11 data 
I« u,. A ...., U ...i.. vi lhe ·r,pe ll 1,ilul· 1uh<!, lll'oceod 
Mfollo1wa; -

U.1.t Maire 111n lhal lM lllattofflf'tHI& p,ojierlf
JWed Mid that u ... oil la lrM lnnn cunla1aln&1.1on and IA oi 
\be prep,,r dNtsilJ. In.Si-\ &ltd t,,,,t..-1...,,t all t~IOI linf'r, 
npalr vr re1•lett if n...-e,..-,. 

t.t.J.2 I......a Md .... lht ...nom~IH. Turn on the 
...ODd allow LIM! Gow to .tabtlba. llee.i tlM Type II uttr7 

'"r°LU Eman \bat th• i::o.t.nm11- II lfl.t and~
J'NIUon lhe rt.anda.rd pilOl tul>e ti lhe calibra1lon po111, 
(d.-rm.lnt>d as 001lln«l la Bcuon 4.l.6.1), and al!cn th• 
tube so Utat lu tip 1" polat.ed d1r.-ctlr Imo I.II• now. Par• 
Heular tw• aboald be WCD la aUrcJnc lb• lube IO a'l'Old 
yaw and vttch anite.._ Make sun I.hat I.be ,ntry port 
lllll'OWldlnc the lobe Is pro("lt'rly -1ed. 

U.3.4 Rf'Od .1PM4 end rtcord ilS nlue la a data lahle 
lllllilar lo tb• ooe lhowo lo Flew-• 2-0. Reruon u .. 
ataadatd pllOt labe from the duct and dlJCOOneel It lrona 
lb& 111anomet.M. Sr&l lh~ nonderf\ ~nlry port. 

~l.2A Conn«\ ,11. T:n,. ti pllOl lUbe IO lhe 1ruu1on,.. 
8'«. Or,en Ille Typo 8 entry s-L Ch,cll: llle :n11aorn• 
et« '""el aod a,,ro. ln...n and alien I.he Ty~ IU>!* ~ 
10 U.al IU A side lznp&ee O\MGIDII Is al UN ame p.>jAt u 
-.U lit& 1\&DJard pitot tube &ad II poi&Wd clirectl:r laLO 
Ille now. )tall• sure that the ull')' pid_IWTIIUlldJnc ~• 
lllbe b property ..aled. 

C.1.3.6 · RM<! .,,,,. aud ,ntf'f tu nla, Ill the data tabla. 
R-emon the Type 8 pita\ tube from th& duct ancJ di.1-
..,nn--:l ll trol"II I.lie maaom,tcr. 

U.3.7 1t~,~ st•,... 4.U.a tbrou«h 4.U.e abon unlit 
\hr,. pain ol .1p read111cs ba"' beca obta111ed. 

U.3.S a.-r-1 st~ps u.a.:s Ulroucb U..J.7 abo" Sor 
th• B ,!de or lht Ty, .. 8 J')ilol. ,ui,.. 

u.a.o l'ertorm c:akula.uons, u dercrl~ ID S..Uoll 
c.u below. 

◄ .U l'a!cul&Uo1110..
c.u.1 •·or NCh ol t1"' '11 IIOln of t.11 l'Mdlnt1 (l.•.; 

. t.htM trom side A and UlrH lffllo tdde II) ob1.&1ned In 
8N:1lon 4.U ahov,, e&lt,ul&l& the Talue of the Type a 
pilot uahe oo.lllcwnL u lollowa: 

Figure 2·8. Minimum pitot•sample probe ttl)lratJon Mtdtd to pnwnt lnttrlorence; 
Dt ~-n 0.48 and 0.95 an (3/t 6 and 3/8 In.). 
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Ic, (SIDE A)•Cp (SID£ B) ,..MUST BE <;0.01 

Figure 2-9. Pitot tube cali~retion diita. 

C.co1-C.cu.c ~. 
Devlatlon-C.1.i-t'°.(A OI' D) 

Equation 2-2 Equa.lion 2-3 
4.t.4.4 Calr,.date •• the &Y~ra;e dt-Ylation from t:i• 

m~t.for boUl Ult A. 1111d J3 sldoe ol Lba pitot l.ube. u.. 
UM iouow-tn1 'llluatioll: 
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Method 2 2 Continu__od 

,1roTTUBE IOENTIFICATION NUMBER:-------OATE=-----
CALIBRATED BY: _______________._______ 

•A" SIDE CALIBRATION . 

RUN NO. 

. l1Pstd 
era H20 
(in. H20) 

AP(sl 
em H20 
(in. HzO) Cp(s) 

DEVIATION 
Cp(s) • Cp(A) --

1 

z 
. 

3 

f-, (SIDE A) 

... "8" SIDE CALIBRATION 

RUN11~. 

1 

f-Pstd 
cmH20 

(In. H20) 

Ap(s) 
cmHzO 

{in. HzO) Cp(s) 
• DEVIATIO:t 

Cp(sl • Cpl~) 
. . - -

2 

3 

Cp {SIDE B) . · 
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Method 2, Continued 

4.1.C.5 Use the TJI"< 8 pllol tut. only lrLhe •aluu nf 
, (aide J.) M>d , (side U) a.re ka lhan « equal &o 0.0t 
ond tr the &lleolute Yolue ol the diarrrnN l>t,I ..-.-..o V, 
(Al and C', (U) Is 0.01 « lr33.. 

4.1.6 Special con.<!dOfflUon.1. 
4.1.6.1 Sel...,llon or cal1braUon polnL 
t.1.6.1.1 \\'hMi on L1ol11tl'd Ty~ El J'lllnt 11,1,.. Is ~II• 

bral.ed, IGlect a calllJmUon po1n1 al or uri,r th.. C'f'ulrr ol 
Ulo duct1and fellow the lll'OCe<lur.-s ou11t11"'1 In t'ftc:Uoru 
,.1.J aoa •.1.4 ai,on. The •ryf'le 8 1,1101 coolllclcnla eo 
obtained, f.o., c, (si<i• .\) and V, (sido n>. will be •alld, 
10 lonr u Nlhnt: (I) Lho lsola""1 pltot tube b '""'1: or 
(2) the pltot tube Is u-1 •·Ith othu compon11nl.s (noule. 
thtlrmooouple, •mpl• probe) In an anaruu111, .. n1 lhal .. 
tree lrom auodynamlc interforenco ellocu t- FiilllN 
2-8 thrOU&4 2-6), 

U.5.l.2 For Tn,i ·11 r,ltot tuhe-lhM'ITIOl'OUr.'" com• 
blnatlona (w!U11)Ut a:unplo pro~). l<'lrct a n 1hratlon 
point at ot noar Lhe crnt.e.r ol lhe dur.t, and lollow Lhe 
proc,,<Jures ou!Un'>d In Scetlons 4.1.3 and 4.1.4 alJoYa. 
'.rhe confficl"nt.s 110 ol>:Aln"'1 ...111 be Y&lld 110 Ion,: .. Lh~ 
pitol tube-lhMtnOCOUJ)ie r,oc,l,lnauon is usNi by IIMII 
or wtchothr.rcomponent.sln an lntorfcrenc:o-lree ana111e
m11nt (Firurea 2-.1 and 2-e,. 

4.1~.l.3 F"r -mhllNI with samrle rn>'""'· th• 
e&Ubratton J'IC)int 1hould be locatt-d at or nMr u,,. c.-i,ur 
or u,,. duct; bowenr, lnserUon ol • pc-obe ahffLh lnlo a 
am11II duct niay - ailnlllc&A< eroa1«Uonal .,... 
blc,,•k~• and yield lnCOt'Tecl oo.metent nlueo (Citation t 
In SeoUon t). Therefore, '° mlnlDIIM Che hlocku:a elf~t. 

lhe oalll,rallon point ma:, be • rew Inch.,. •CT..,..nl« Ir 
n"°"'-•ry. Ta• ,w:1ual lJloclct.tte ea,,u wlU 1,. n<-cll~ll>le 
wh"'!l t.hf\ theorolle~l LloekP.~l!I. as dctrm1irird Dr c. 
JltOJectt-<1-aro& mollnl uC th• r,,.,~ sh<!ALh. u ~ !'<'rrrnL or 
,_ ol th~ duel cro...~tl<>nal UNI lor L....,mhll<J w1Lhouc 
uternal shc,r,ths (t"lcur• 2-10..1, an,t s ,...,..,.,... , or lea Cot 
UIII\IDIJIIC>t ..-!lh external sbeo.U,s lfiKUrl :?·lllbJ. 

,.1.5.:1 ••.,, thn!e probe .,._,.,mbll"' In whlch pilot 
tut>t-noulo lnlOrkrcnce b I b:tor (I.,., tho,..in whkh 
tbe pltot-not<"I a.,par..11011 distance 11\lls "' D\f't\C lh• 
•(>eclnc.&tlon IU1u1111tod In Fl111re t-6.1, ~ie .-&Jue r,l 
C ,hi dnPf'R<U upon Ute aruounL of fr-=• hc,twoen 
the tubo and noule, and cbueloro Is I rur.~tlan or oonl• 
&tu. In thMe w1.ancos, se.....,.,.,. CS:illrat:on., shall !>e 
performed with eecb ol Lhe wmmonly tUNl couie siWI 
In plaoo. Not,, I.bat the 11ncle-n!oclty l'Slil•ralion t,,cl\• 
nlqoe II accep1Abl6 !or tbb purpose. fYfn lhftUJh ""· 
larrer nottlo0 

slte1 (>O.f>:l.S cm or H ln.J sn no~ ordinartlJ 
we4 lor l~oUnotlc u.mpllnr at .-ll!~itlt.1 a.round tll 
m/l'o.ln (3.000 tt/TIUn), which Is lhe cailbratlon •eloclty; 
nota aoo lh"'l It Is not nce,.s.urJ lo draw an 1>0klMllo 
1amplo durtnc calibraUon (soe Citation Iv Ir. Soction C.J. 

4.1.5.3 •·or a probe a.s,ambly coru:rurtrJ •n~h tbal 
ll.l picot tul>o Is al..-.,a wed In the samt on~n,suon. onl J 
one aide ol the pltol tub41 nend be c&llbral«i (the lldft 
vblcb will tac. Ille llowl, Tb• picot tube anist aUII me.c 
lbuJJcnmanUpoolllcaUon, or FIClll'tl 2-2 « 2-J. hoWOl'el', 
&lld must bu• an u,nce dnlall<la (.,) l'alue ol0,01 or 
l- <,ta 8ecllon U.U). 

U.6 J'l.id UN ancl ReftllbraUon. 
U.U ,ie1d Use. 
U.U.I Wbtn a T:n,e 8 pltot tub,, (blol&ted tnlM or 

&.-.embly) u uS<'d In ll,e llold, lbe aflpropriaie .-oelliclen&T'&I,,. (whether &.'511111"4 or ollta.ln~ bJ nlibnUon I shall 
be u~~ lo r~rfo~rn '" •. ~ ...~dty \·~.!l-..:!a-.~CtlS. }\lr '"3.!~hn,~ 
'l'7p<1 ti 11110, u,tx,ahtht A side cncu,d-,nt lhul lie uaed 
Whl'n the A aldnolt etube lact,1 U1t llow, and tbe n IICM 
-111,,1,.,,1 shall be us.cl whcu1 lhe U 1ldt ra,..,. lb,, flow; 
&11.Nnall •olrI tho ulLh1net1c •YUaC• of the A and n lldt 
-ni.-1..ut YalllOI ftlOJ' be 1160d, UTilll!le('U... ol whlcb aick 
laMllthollow. 

c.1.r..1.:! w11.. n • prob,i ._mblJ 11 nsed lo ...,pie a 
..,.all duct 112 to :Iii In. 111 dla111oter), the !'robe lll1aatb 
90n1.-tl "'"" bkk·u • 11,:nlrkont r,art ol the dun ~ 
NrUon. ,·a1L•i11« a rt'ducUon ill lbe ,rtoo:tiH walue ol 
t'•.., . COIL<ult Citation I In S...-Uon 6 Jar detaib. C
YN1llon&I ,,11nt-11UU(>ll11i probe a.......mblw ... no& 
ftt('-,tnun,·ndNI f,.,. 11~ in d11rL1 havtu: iu~i• di•~t.,. 
auall~r than l~ ,11,·he.t 1Cit.ai10n 16 in S..'<'tkJU ii. 

C.I .i..: U..-ai.hr.l10n. 
4.l.r. 2.1 1..,lsll'<l l'ilol Tnh,,s. .lfter_.h llrld1lllt. &lie 

pli.,, tube shall 1,.. ..,.reCully .....,..m,n,,d m lop, lklr. and 
end .,..,,,_ If the J'l•LOI !aoe openinu are still atlirned 
wllhln the 'flf\"tftc-ations WusL-uacl In FlrtlN 2-2 « 2-3, 

k e&n ba _,med that u.. ~111, corm..i.nt ol thll Jlltol 
&ube ltu not cha11,:Ni. If, hnwn«. th• t.nbe hu be,,a 
d&ma«ed to the ntent that It no lcmJcr m...u lhe S!W'<·lll
eatlons ol t·ii,;ttn, 2-~ or 2 -3. th~ damoce •hall NlhH be 
repair<'<! to r,s1nn, pro(>Cr aJ11mm.nl of tl1t i..-,, O;w'uiJ,P 
w 1.ht tuhr ~h-'il ~ di!,·:U-dt-J. 

4.J.6.2.2 l'iLOl Tube As,c,1111,li,·.t. .,rt..r --J, ti.lei UM, 
check Ute l'6ce 0"8fllni: ali,:nmf'ul ot the J'litnL lul,e, U 
In S.-CUon ,.1.e.2.1: abo, rem~"""• t.he lnlcrcamr,unenl 
~lni:• otlht' us.•nihlJ. 1! the lntercomrionf'III JfW'llltl 
ban nnt ch1U1,:l'd ancl th• 1...., 01...,.ln,: ahr1unrnt ie 
accer,tahl<', ll can be auu1ned tht\t th• -Jlici.·ut ot Ute 
UNmhlJ' ha.• 1101 ~h•nrl'd. II the IIICCI Of'INIIIIC aliJnfflfflt. 
u no lo111rr ,,,.ithln ll1<' ~f"'Cilkatlon1 ol t·,,:urra 2-2 • 
2-2. ,.;u,.-r r~ri.~r the <13nuwre or rtl~&Cf' lh• l'•lot tuh• 
feallhratinc lhl' ,...,.. ..,...n,bly. II n...-..-,:,). IC thr lnlH• 
eompuncnt •1••in1s h•ve cha:,,.,t. rc:storc lllr uri~uaal 
.....-inc:• ot rr<·alihraw the uacmbly. 

4.2 lltan,!o.rcl J'lll.01 :-.ihe (It :1rpliobl<'l. If a .•IA~<!ar<I 
pUot tube .. us,,d for tbe nlocllJ un,.....,_ lhP IUIJI' .,.... 
!>eoonAnJcl<>d ..-Glf,l.ci« lo tnec:r.wrlaof1>..,.t11,n 2.7 &nd 
11..n be -lcned a bualine CIHfflcl,nC •Ilk» ol O.tf. II 
UM lt&Odard l)IMK I.Gb41 Lt Gad u pan ol ea &a.alblf, 

-the tube st-.all ba la an lnwtlor......,._.,.,. •rnnc•
""bJ.ct to tbe &ppr'Ol'M ol tbe AdllllnL'Cnl&«I. 

U Te111pon4&IN Oau«eo. Art,,r - l'lrl.S na. en. 
bray dial 1t...-mom<,t..n. llquid-011,d t-ulh ,,,..,,,,...,._ 
--, ther1noooup!r-potr11l101n<'\#r •>·•vm1 aa,d oth• 
C-Olff at• trmf)f"r11tu.rt ••1t:,i11 11; l)C"f4•tnt of tt;f! ,..,,.,a.c• 
alJ,oluta naclc tNnf>('faturo. t·c;, 1.rn,p.r11tu.-... up ~ 
40G" C (ie1• >"). wo an A:;TM a:ercury-in-:i&..a rtl~..-,,_ 
lhermon:aoc.«. or equivalent. u a re/urncw-; aJtrrna&J•et7, 
NL.her a '":e..~nce \06l'moc,.,.r•l• '-rt.-i , .. ,~'!i.1~: 1 ,.:-•l't 
(oa.llbratw by N Utl) or 1t..nno~r1nc r,•"'1 r.omt.a, 1.z •• 
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~thod 2 1 

ICM halh aud 1..,111nc water (onrnocW .., loarcnn<'lrle 
IN'""~""', may hf' 1•!"Nl 1-'"or IA-m,aeratsua M110•• '411Ut.• O 
(761" t·t, 11,... "" N 111<-dllhr&lNI ,..,,.,_u_n""""I''""
t:tt:!':;:::~!~'J!fii:~ 1~::;,~!IL~•~ n-kwtr.11. IIYh •11:l 

U durlntc c...ttt,rallun, lhe •h~nlut11 ~"'"""' ,n,..,
11,.,.l wllh lho ••"•• l>t'h1J c-allhnLrd - u ... ,,.,.,,.11,-0 
«auste ~rwi ,1.-lthln I.A IW-C"eUl. lllfl INN1..,.t11111 dau. 
l11ko11 l11 tho fluid 1hllll be rooL'ldM'f'<l ...aid. Othrrwi.., 
thA JJ<1ll11LAnt ernlMlon wt shall ...,._ ... ('(lfL<ld..-;J 
ln•11lid or aclJtt•llnenLs (II &PfJ<"flriale)olllM l&:ll n,:sulta 
ah.ti be mlldo, 1t.1b)<!Ct to I.be a.ppronl el llM Admiuisc.r.
&or. 

U llarvmelor. Cllllbr&IA! ~ ~ as,,d epj111¢
II moreurJ borumelar. · 

$. Caktllatloru 

CAITJ '"'' raln11&llnos, ffl&inhlJ al' .._q Oita 4'XU'II 
d0<•lm&1 II~•"• t,,,yond that o( the DNp,ift,I clllla. Jtound 
ol! flr,m,, a/lor 1111111 ral<.-ulallon. 

6.1 Nomenrl&ture. 
.4" C,oss.....,·lional an-& ol sta.•t. 1a• (It•). 

n_-,vaw ••110r In tho «u stream U.- 11<-thnd 5 « 
lltof,.,,.11<·0 MeU1od 41. proporU011 b7 Tulu111a. · 

C••l'ilot tul,e ,_m.-i,,ni, din,,......._, 
K • ·, l"ltut tui.. constant. 

:H.!}7 ."..!. [J~ig-~o~u)_(m,n ll1tJJ'" 
N!C ( 0 (~}(111111 JI,()) 

fut lbe IIIC'lrlc- ~Ill and 

8.'i.fO ~ [(lh/lh-n!n!r)(_!n. 11,:)J'l'I 
tl<'C ( •Jt)( iD, 11,0) 

fnr tllll F.ncllAh IIJ"SlMD. 
.Wr-Moiecu!ar weicht ol stMt ru, 67 bul1 <

Bactlon U) ctr•mole Ob/l~mola). 
Jf,•Mol,culat wei~bt o( alllek pa.•• buls, Iii• 

1110le (lu/11>-moleJ.

-M, (l-R-)+1&.0 B- ZQUAUoD H 
r ..,.n.,.,m11tric p~at_, uta, -

lie (In. Utt).
P ,•81.Dct al.Alic pr"'5.'IIIJ'e, nun Be (IL Be>. 
l',•AIJooluto stack pa preuwo, mm Be (In. Be). 

-P-+P, Eqo.aUoD W 
P ..,-Su.nda.rd ebsolate pnman, 7111- Uc (20.12

in. He). 
Qo4 • Dry •olumelrlc at.act cu Ila•raw~ w 

alandard eundltlons. cbcm/hr (da:llbr).
1,-Stact l~mp,n.tu.re. •c ("F). 

7",-A1-lute 11.&Ct tcmperauue, "JC (9B). 

-m+:, tor melrle EquarJou 2-7 

Equauoa 2-1 

T,..i• Atand&rd absolute temJll'ralun, 293 °E: (.~ B) 
~.•A•crait~ ..uck ~11.S •eloc,1ty, 1n/Nc (ltt.,,,c). 

411•\'~locllJ head of 111.&Ck ru, mm IIt0 (ID. B.O). 
S,IIOO•C<lnn,nion !actor, see/hr. 

IH..O•Mol,cular ~bt ot waur, a,-mele (lb-lb
mulfl). 

1.2 A •rrace stllCk cu "l'docl\J' • 

••-= K .c.(-ft;i)••, -/~-:-;. 

Equation 2-9 
l.l A \"l'f"C~ .t11r.k pa di')' T0lumotrlc llllY nta. 

0..i-3,600(1-B•• )••...t ( T... ) ( P,)
T.,...t P.~ 

Equ&tit'll 2-10 
I. llll,lw,r■ ;,/lr 

l. llark. L. S. M..-hanlcal Ent:!neon' DIIDdbook.. N•w 
York McurllW•llHI I.look Co., Ina. l!»L 

2. 11~tTJ{ J. U. Chemiclll Enclneen' Du4book.. New 
York. Mc lraw-lJIU l3ook Co., Inc. 19'4. 

.... . . 

Continued 

L !lhlJrh""'- R. T. W. F. Tn,l,l. ftn•l W. /!. !lmith. 
lll"ellkanN ot Ert'Or.t ln 8\.r,dc ~11.mpUnc: Mrn."lu,,..mrntA. 
ti.ft Y..uvlnanm~nlf'tl l 1 rcu~t1cm Ac:1~11ry. l~,rcb 
Tr1a11•t~ l"ark, N.<:. (l'r.......111.-t nl lit~ Aathml ~l-i111or 
tho Air l'ullmtun <."u11lrui .A1,•1Clntlon, ~l. (.o,1la, Mo., 
JUNI 14 -10, 1!170.) 

4. Slaru!ou"il Mflthod fur !l,unplln( St..aek• lor ra.rtlcullll• 
J.l•ttl,r. l11: 11•71 llook or A!IT,\I Slnrul:lrds. l'..rt :13. 
l'hilAd~lpl,la, l'a. h17I. ASTM llMitnnllitn U -~.!It ,l. 

5. Yennard, 1 . .IC. F.tun•~·vy t·11111.I .\lrchumCL Now 
York. John Wilay w11l Sons. In~. 1'.•-17. 

6. Fluid ll~le.-.-Thrlr ThMrJ and · A1'1•it...,t1nn. 
.lnwir.an Soct•l7 ol J.lech&nlcul J::nc:in~rs, N.,w Yc,rk,

•N.Y.tm. 
7, A.SU RA,: nandboo\ of FuNlMn~ntAI,. 197'%. 1'· 208. 
L ADnu&I ~k of AJIT.W Slan4"rds, t'an 26. l!IH. p. 

ICI. 
11. Vollaro, R. F. Ollidalln• lur Tn,e S Pilot Tube 

C&Ubralion. U.S. Envtror11neatal Pmlrctlnn Alf11n~7. 
:a-.n:h TiM~lo l'l\tk, N.t:. (?r,•911111.-I at 1.•l .-.nnnlll 
MHlinJ, Soun.-o Ev&lualioa Society. lJll)'tu11, Uhiu, 
8epteruher Ill, I?~.) 

10. Vollftm, n. ;•. .A T>'PO 8 l'ltol Tui,, C"alihn\tion 
Suadr. U.!I. E11t1ron1Mn1.&I l'roter.llt>n Ai:enrr, t:nu.1-
llion Mo:i.suremutt Dro.och_ a-i.rc11 'l'nan,t• 1•.,11:, 
N.C. Joly IU74. 

Jl. Voll&to. R. F. Th• !!fl'IICU oC lms-t Ol'f'nlnt 
MIA!timmunl on the \'aw.1• ol lhd Tri"' II l'llol Tube 
eo.itlciem. U.S. Y.n'l'lronmenh\l 1•~01rc1lnn .\crncy, 

• Jl.:nlal<lon MeA<uren,~nl llrGnch, ll.-s,,,.,.ch Trl1&1"le 
1-'ark. N.C. OctolM•r 1~70. 

1%. \'011..0. R•••• P:,tablbhment ol II n11...•lilf1'.Co,,m. 
dent Vain" for l'rop,'rly C.:111L•1ruclrd 1'ft"' II l'llO\ 
Tubas. U.R. En•lronmonlal l'ru1""!"'n AO'nr.v. •:1111> 
lion lteuuremom llrawcll, R.......,.ch 1"rlancle l'ark, 
N.C. Nt1•,.mli« 11171. 

u.. VolllllO, R .••• A.A Enhutln,:1-ol s1,..i..v..1oo1ty 
C&Ubr-.tion T,-chnlqoes u II t,1,....,i nt l>Nl'l'tninh,,r Type
8 Pilot Tui,e C<t,,ffidenu. U.11• .:n•ironmrnw t•n,i
tloll '4eu.e7, F.mlwun r,i.,..surerncut 1.11'111\Ch, lt-.rab 
Trlan«t. l'a.rt._N.C. AUK>l.Sl l!1",~. 
· It. VolllU'o, u. F. The 1;11& of Tri'<'~ runt Tull"s for 

the MCIISUrrmentol Low \'eloclllu.,. L:.~. •:nvirannlf'nlal. 
Prot.ecllon .A~~ricy, ~mi,won ~,....._..,,r,.111,•nl llranch, 
R-ch TriMEie Park, N.C. No•rml>.-r 1171. 

15. Smllb, :.J11r-..1n L. \'tlucity Cklihration ol EPA 
Typa Source Samplln,r !'re.be. UnitNI TocbRUiozlel 
COf1)0nUlon, Pr•ll aud \1ibii.ney Aln:nll Ut•bioa. 
J:ut Jlanlord Conn. lf'IS.. 

II. \'ollaro,, R. F. R.-mmcndftd Pro,,edur,, ..... la,npN
Tn•anc,s In DuctsSmalit\flhau n l~!ieeln lllsmf't.-. 
U .8. Ln•ironmcnt&I l'ro11,c11nn Ac~ncJ, F:mlSIICltllt=~•~~

7
franch, Rcaarch Trh1.ntio l'Arll:, N.C. 

17. Ower, £. and R. C. rankhtlnl. Tlte 1'111L"'1f'll!Mftt 
ol Air Flow, 4th Ed.• London, 1'"11r"mnn I'"'"-'· l!IM. 

IL Vollaro. R. F. A ,ur..,,y ol C:ommcrcio.lly AY:,,,l&ble
lmtnlmentallon for the J.lMSW"Oment or Low-Rance 
Ou Vrlochl6S. U.S. EnTlronmrn!"i Prottttlon A•"nry. 
J:m~lon Mt-!l.!tlfl"m~nt Ur'!ll.n-.;:1, n....~~"l"h Tr.:a,:'\ll• 

pfa.k..8,i~.~..,~~-~. lf.r,·s\ ~ t::.~::}'.;~;_~1~}??~/;.::. !). 
JJouoa., •ml J. &teiner. An E£=m•ntal !11.-...u,a.u,a
el lhi i:tleot ol 1•11.01 1".i~r,L!nit rroi,. Con1\.fUr.. 
UoN on th• ~nllud• of lbe~ Pilot T-.ibo Co
e4lclent lei Commerc:t..u1 .l 8ounl lampUnc 
l'rol>N. rrepved b7 lh• Unl.-~rsfly of Wlncbor ,wt.he
Ministry of the Ent1ro1uua1u, 1"orOAto Can.d&. Fel>-
N.&1'7 187.\. ' 
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~thod 3 

GAS ANP.LYSIS FOR c.ARBON DIOXIDE, 
EXCESS AIR, AND DRY M)LECUlAR WEIGHT 

(.42 FR, 41768, Augus1: 18? 19772 

I. Ptlndpu •"' A.pplbbQltr 
1.1 rrtncf11le. A 1u sample Is utrscted from a -le. 

hy nn~ ot U1e lollowln,: molhndS: (ll sl111:le-()olol. trab 
Mn1r,lln,:; (21 ..tn,le•1•oinl, lnt,,:ral.NI -pllnc; or tJ) 
wulU-{IOlnl, hll.t,gl"lllc"I 511mpU111. Th• ,:U sample II 
analy11ed lnr 111•r.-,.11l ('i,rllon uhltldo (CO,l. por,:enl HY• 
,:~n (Oil. anti. II """""-..U-Y. 1•rcnnl ,:,a,ban monoxide 
(CO). II a ury 111,,IN-ulnr w,·i11ht d•ll'm1lnaUon b &o be 
ntadft, ..,,,.,., an 111'3111 or a Fyrtto • 1111nlylN' '""" loe ~ 
lot th"" ana,ly~l!t~ for r1,'H,."I nir or cu1l~nn rat, corrnelloa 
W.tllr d1>Ll'Mlllt1lltlnn. "" Or,,nt anGlyur 1n1L•l loe IL-1. 

1.% AllfJli,·:1hlliL)". Thb nwtlu.J Is •1•1•ilcahle for d.. 
Wullnln« <'Or anti O, ro11N"'111.ralions. rs.cHS Ur. &nd 
clry 1no~ular Wl'lthl ..C ~ .,.mill~ from "s:as Slrf"II\RI ol a 
(o1,1ll•i1111I co1nhu.,Uun prnCt"'-'· •1•h• w•Lhod may at.to be 
ai•t•lh.!&bkt &.o u\t11~r •r1tirt""-"'PS wl,t-n Ithu tlN!fl ddet"'ffl.lned 
\hat com1111u1uls other than <'111. Oz. cu. and · l~f'II 
tN1) ""' nnt l'l'l•1unl In cunc,,.,l.nllJocu IUlftdeel IO 
atl,-.,1 thf' rc•ulL<. 

Olhf'f mrlhods. u veil aa modllk&Uone \o \he ~ 
dutt •l-ril,.,tl hrr,-in, &rt' t.l'lll al•l"llcable for 9Clffle or all 
ol lha ,.l}yvo dt11N'11tln1,t.1ons. t:1a111pkll of ll)C'Cllle 1MI.II
CK11 a11<I mudlllcallonl lnclt1dt1: Ill & multi-flulft\ IUIIP
llni: n,..t.11nd ulllnJ an OnAt analyzrr to _.,... Ind!• 
Tldut.l ttNb mmpw ol>talnfoCI at Noeh r>Olnl: 121 a methO.: 
u1ln1 t:ll, or lit and ,luichlo1nrtrlc e:1;.,-u1&Uons &o delN'
mlno drJ n1oi.cu1ar w,·l1hL and cs.cess.Alr: lll a.at1nlnc a 
T&lue ot 30.11 lot dry mui«uhu· wclcht. In lieu ol Wlual 
mea.surom,.nu, !of r,n:.<'..,.... burnlnc natural au. -1, or 
olL Th- melhocb and m"<iiOl'&Uons 111•7 be med, bu\ 
an sul>jecl lo lha appn,.-tJ ol lM AdmlniSU'alor. 

( 

2. .Ap,...,.. 

A• an allN"IIAI IYft lo lhe """'1•llnJ •r>fMRUII and 1:r> 
ten.. de:iiCrlll!f'd h,..,.1,111, oth~r •U\plinc 1y11An11 <•.«·• 
d•1uhl di~c,l,.ce1n1('11l • may be u:-Nl proviUod such ~ystenLI 
an c-ap:thle ot oht.nn1mi a rc1•rt.•sent.au•e aa1u1do and 
n11Unl,u11in,: 1 cnn~\Gtll snm1t.1111t ral11. ~d &n O'-hurwi• 
-IJlo ol ,.1.1u1111; IW:C"lll"hlo ro.1ulu. U116 ol ruch 
,r11n1ru 1, suhj,,..t 1n the ,.,,11rn•nl ol lho Adndnist.raloc. n, Uf,"~!~~li:::•~,,<];~~~~o~,:)l'\MI 111111!0 ot slalnkwl 
lleel or l>oroslUc:at,- l(lL'Q ,u1,111« •"'' should UO ll<lllll'fie.i 
whh &n in•nark nr out•~I.N::'< i,11.,,- ~'l r~u~o,·e ;1atL!ruln1.e 
IRAll« , .. 111111 DI ii...., woul ;J Ml isf.W:l0f)' !or 1111.1 J•ur
...,..,. Any 0lhet 111&..rtlll ,n..rt too, <.:o,. co. an N, 
and rNlstant to 1on11lt'n,ture 111 sn1111,1luc condlllons n,ay
'" uooJ I« ti•• pr.,be: ..~ ... plt,s u( such Ol&l6tlrJ .,. 
alun1inu111, oor,1K"r, qu11ru ;el"""' .. nu Tc1lon. 

.L.1.! !'ump. A o=••Y s•1u•es.e hul'b, or equl•alent, 
b u."ll<I to transr,nrt I ha sn..• ••unple 10 th• analnw. 

2.2 llltNtfDlrd ll11m111111i (t'll:llfC 3·2). 
,.~., l'rohe. A prubo ,ruch .. lhDL dc.scrlbod lo 6ect.lN 

J.1.1 b sull11hl1L 

I ,,lrull..a "' lradr Mtnll 0( ar,octlle ll'Oductad- aoC 
consutut• rnt1orxllleat b7 the Ea.lro1m1anlal l'roi
lioD AseDCJ. 

.. 
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Me'thod 3, Con.tinued 
3.1.l Plac:11 tlle probe In the 11.&et, wHh th• tip or the 

dM-, or other conden..., that wlll not -'"• 01, 
1.2.2 Conde~. An &it-<l001"'1 or water--1fod -

probe poo!Uon"4 al •he sami,linC point; l"..in:• tho ,an,p1. 
CO., CO, anc1 N1, mar~ u."'4 \otomo,.e•u-molalGA In& Urw. f)rnw 1 ~rnple luto tbo analttf'r 11.nd lrnn,.. 
which would lnl«luro wltb the or-allon of 1h pump dlaLeJy &n&ly&e ll fur ,~rc~nt CO1 antl pcn:cnt Ot. l>••t,,r• 
and now n,,i,.r, mine the pr,rc,,nt."\Ke ol ti,• ,:u that ,. Nr and GO hy . 

2.2.3 Vain. A needle nln b a.eod to ~ ampla aubtnctlni: tho sum of the perc.ent <.:Or all'I pucCMlt u, 
pa now nte. front 100 prl"C<'nl. c·,.1rulato the llry mol,,cule.r w6l&ht u 

2.2. ◄ Pump. A leak.fT.•, dl•l'hr&ffll•l1Jle p11mr,, or IDdlcaled In Sortinn G.!I. 
equlHlont, la 11std lO Lnn.,r,ort 114111J1le ru lo lllP ne&lble 3.1.4 • ltrpcat th• Mntl'lini:, anl\ly•ls, and r.Alculalh>ll 
bac. lnslall a ~m"ll fttrto lllnk l>otwoen lhe p11n1p and proceclurr., until Lh~ clry mol,-culu w,•ithts ol any thrNI 
rate fflftlet ln •llmlnol.f the pubaLlon oliec& el the 41., crab aamril111 c1ill.r from thrLr me.an hy no mot~ than 
phn.i:m pump on th• mtan,.••r. 0.3 Ifs-mole (O.l lh/lh-rnnl.-l. A •ar&r• thw throo ,nolrc

2.~., Kale M•L•r. The rnlam•tf'f', or fflnl......,t rale utar ••~ht.t. and rrport the reauli. lO lha uear,,n 
m•'-'r, used should l,.. .-a\>ahle or mensurtntr llow r&le 0.1 us-n,ole (lb/ll1-111olc), - -
lo within :t:::? l"'tttnt or t ,. ..-lretrc1 now ....._ A. Row U Slnclo-l'uint. lntecrated l,ta,n1.tl11c anrl Analytical 
nle n.ni• of $1l0 , .. HUI eni•!mln Is .,,r.,.stNI. Procodure. 

2.2.6 >"1.-1lhl~ Jiu. AnJ IMk-lttt Jll&.•lle ( ...... T,•c.llar. lll The, Mn11'1t111 110lnt In 0.. duct 1hall hn lo.:&totl 
M1lar, T~nun) or 1il11.•'·"'<'<16lt'c1 alu111i11um (-.,:_ alnml au(Jl'Cl(ied ,n .i<-cti•m 3.1.1. 
nl&ed My:Brl ha::. nr ..,,11tvn1N1L, h&Ylnr a ur-11, 1.2.2 1-k<hC<'k 1011ticnlll) ti,. tlulhln lmc M In 

0

--.bt,,nl wllh the ~""'••<I now nle and u- l.-111:th llecuon 2..2.6. ~l u11 Lite!' Nt1t.i111nftut tl.1 ahuwu in t- 1t!U,. 
of the IHt run. lftl\Y he u....S. A caPM"lty In u. ,as,io oC ..2. Jout 1<ri<N' to ...... rune, lrak-clttck (Ul•tloro•II u,.
II lO 00 1(1(-r, Is nt~i:,.1,-0. lratn by plarlnc a ¥llt"m11n iau,,. at lhl' l"fnul..,11,a,•r lnh,l. 

To lo.">k<hrek Lt,- h,u:. MnnN"t It ln .. ..... ,.. • .,... -•tee p,tUn,: a YIM"1'Hm ,,, ft.I lrA'IL ~~ mm lie (h) 1n. l!KI, 
and r,rM.,rrli, th• t11u: to I to 10cm 11,0 1UD4 In. 11,<l). ph1,:1inc th4' 011L.11•l at thf' c1LU•·k J1:;cur11wrt...1111 thou 
Allow lO 1ui11d ~.,. 10 mlnut~. An1 rll<pl...,......,nl 111 lho tun1haa uff thfl ptnnr,. 1"hr Y1.r.uum !'1h<,u"1 r,·mnin ~l;\111" 

'lnltt manom•t•.r lrullratMJ " 1....k. A.11 all....,ITt ._k• lor at.lNst0.:. minUI••· t-:1"ac1tuh• th~ llr111,1" lr;&e. ( 1 dt111rel 
oheck methrw1 Is lO ,,..,.._.,,rtr• the ll&lt ln 6 le IOr,n 11,0 U,e ""'"" anll ,,1...,.. at 111 th~ ~Lark, v.·1li1 th~ Iii• of the 
(2 IO ◄ In. 11,<l) and allow 10 alAnd overnlJhL A d"llated proi,. poattlollf'd at ,h• am1~in« poinr.; J'Ul"I• lb• aampi• 
bw lndl<'Aln a kk . Inc Un•. St<1t, l'OftMC"t the b111t a,ad 111H• aure Lilal 1111 

:i~.7 l'NIASIINI 11&11,e•. A wal.N•IIIINI U-4.ahe n,a,11,m• _,nectlonl.,.. li6ht and lrak ,......_ 
e&er, or equlTa.lcnt, of abnuL :a CUI (l2 In.) II 11.-d lot J.2.J Serntil• at a mnaLanl rAl.e. Th• Mml'lhll/ run 
U.• n.1lhlo l•~ (.,.ll:..-herk. ellould be alrn1111an-.. Wllh, &111I ,..,. lh• ..... Lnl.111 

2.2.1 Vacuum o..uu. A n,MMJry m-wr, w lenrth of tlm• u. thl' rnll11La11t t'IIIL ...nn "'"' d~t11n111.... 
equlnlenL, ol aL IM.sL it,(J mm lie (30 1n. llcl II wed lot UocL Collc.-tion olal lm..'41 a0lill'rs o.1111t•1 ol san11,le pa 
Ui• •m1>llni lnln k,a.11:-chN"lt. II NeOmruendNI: buwnnr, sma.11,,t Yulunlf'S n,., be 

U A.nalrsts. For Ors&l. and P',-rtto anal,.... maln oolloclNI, U d~i~I. -
_t.onanoe and operat Ion pl"ON'durea, loUow U..1mtn1rtiotu1 :S.2.4 OhlAin °"" half'l!ralod nue ~ ;nn11~• dnrlnc 
l"ll00mmended b1 th• manufactunr, unieD elllenr1- -b y,oltuLanl ombaion rat<> d•ter111111ativ11. W11hin II 
apoclfted herein. hours alw \be ample b takrn, a,11.ira- it forll,-rres,t 

2.U Dry Molecular Wel,:hl Det.onn1n&UoL AB Ora& co, and pWCent o, usinc eilJlcr ..., On,at ..,,a1,.,., oc a 
analJ'l(IC or F,-rtto t:,po combustion cas ~ _.,. be F,nt.-trr,o eombusUon su anal)'l<'r. U an 11,,...t ..,,._ 
med. lyur Is 1198d. II Is N!NllntnM1tlf'd that thft Or:<11\ 1.-alt

2.l.2 Eml•lon Rate CorncUon Factor or Z- Air r.hei;k dlll<'ribod Ir, Seo:Uon S II<! r,•:k,r111"'1 hrr.,..,, this 
DetermlnaUon. A.n Orsat anaJ~er must be --1. 1-"or 4-ffiln&Uon: boweur, IJI• rheelt Is 01>t1onol. l.>e""'· 
low CO, (le... than 4.0 !l"IT~nl) or hlch 0: (CrwalH than mine the p,arcenU(eolthe ru that i• N, ..nd CO by •ub
15.0 pert,ent) COflC'ftntntlon.,, tho moasurinc IMlfftto ol \ndlnc -the IU.III ol the ~' CO and percanl Os 
~ Orat must ban at 1,,ut 0.1 pvcent 111bd1Tlslona. rron, 1111• ,..,_1. c..ic:wae. t11e drJ' mOlocllla: •llchL u 

IDdk-aied IA &.c<loD 11.a.a. l>r'J' Mounlu Wdglll D<fcnil1M11"'11 
1.2.A R.o,-t I.be anal"1s and ndM1latlon f"O('ed..,..

Any ol the Lh,.. aampUn1 and anl\l.,.Ut'&I p<Ol'fldn1'91 ■nUI tho lndiTidual dry moi...-ul&r weighu fur.,,,. tllreo
6-ribod below mar be -1 tor dotennlnlDc Lhe drr .,....,,_ diller 1roin their mMtl by no niore thM o.a 
molecular welshL. I/I-mole (0.3 lb.1b-molel. ATon,:f u,_ \hr.-e mol11Mrlat

a.1 B!n1i.-1•ot11L Orab &ampllnc and Anal,Ucal w..trhts, and l't'f'O'\ Lbo r""ulu Lo Ule nurcst 0.1 it/1-n1oi.
Pro<-Nl11rt1. to.I Ib/lb-rnol•).

I.I.I TIM amr,lln1 polnl In LI,. duM. lha:l elUrer be 
at tho C'C'ntrold ol Lhe crcu IN"tion or at a roin& no ri- · ~~;:_u-1•at11L, lu"'Cf&Led 11&m1illnc and Anal,Ut'l&I 
to tho walls than 1.00 m (3.l lq, wtloa otherwiaui,ocllled 
b7 Lbe Adrulnl1tntor. U.1 Un'- athorw""' tpN:IIIN1 hy Cho Adrnlnls

a.1.2 Sot Ut> Lhe equlpmtmt u lhown In P'l«ttr9 ,-.1, trator. & 1niuin111m ot .. rrht Lnn~ f•>lllt.9 shall,.., 11....t 
maklnr .,,,. a.Ii """"""Uons ahead ol Ule u.lysor an lot clrcul&r llach h"'""' dlA111rters Ir~ then 0.GI m 
tll:ht and lca ,.frM. II .... Orsat ana.ly&f'r b u.""'1. it la 04 ln4). • mtntn1um 11I nhu- .1t.h11,II , .. , : ....•d t,,r r"""·t~nru1N" 
rw,ommen<led lhat tne ana:yiu oe i-ic.d<l:«-uc1 br atacts havtnr ..,,111w11!r11l dll\Jnt·!•·n •· .,.. t~:.:\:t .~ ·1 •r. 
lollowtnc th• proreduro In SecUon 6; bowu•, U.o le&.lr.· (l-4 ln.t. &1111 a n,111imum of 1.-,·h·r tru·•rr~"' 1••!1iu ,:..aa 
ehot-k la optional. be~ luc all oth,-r rfl.""'· Th• tru,·tsc ,.,.11,u .,,..ta 1,o 

lacat.d -•tl11i to J.h•tl>OJ I. Thr , • .,. nf r..wer 1>nlnta 
11 aub)""' to "l•two•al ol ti•• Admintatratur• 

U.2 ·)"otlow the ll"-1Ul'ftl ouut1111d 111 &,ctkln• 3.2.2 
llvou,:h :1.U, l'XCf'llt l11r U1• fllllo..ln1: IBYt'l'Jc.' all Am• 
pllnr l'°'nta a,,d -nplo al NCtl poinl Cot aa equal len(\b 
el Ume. Jc-.S -Pline d•~ u ahown In l'lcure :1-:l. 
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Figure 3-~. Sampling rate ciata. 
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Method 3, Continued 

'- :.r:.'::i':: n.u C'wr,otfn radw w T.zent A a, Dtkr• 

NOT~.-A P'yrllo-lYI"' N11nhuaUon 1rU A.....y,.., .• noL 
aocopLA.hle ~r u.c-.. alt ur ftt11t:\.'QUn n1te cnrr...uun rnclur 
dnaruduauuo, LU!-lm.a a111•rovl":<J by Lh• Ad1ulnii\ratnr. 
If bol h l>CrCt"lll co, and f1"rront o, IU'O m ...... .,rd. Ih• 
aualy11.:.u l'fflulll or any or tho th,.... "'°""""'" r•,,•n
btlluw may alao ho u,od lor calr.ulallnr lhe dry rnohcullll' 
w•IKhL. 

>:11r.h or I~e lhroo im,c,-duffil below shall be u""'I oul r 
'"'.h~n ••10CU1N.I in an apr>llcah•c suhr>o.rt uC u...la,ulnrd,._ 
, tut ,'IMI of, 1hrM! 11roc.r,htfl'I, (ur OlhN IKl'JW..,... UlUSI. h11•• 
•l""'1lle rrror a1•11runl or tho Adn11niatrul1tr. 
..~~•-r-,t~,;:.~l•t•otnt1 Orab H:,uu11Una and AnaJ7timl 

•· I.I Tho Mml•llnz (101nL In tho du!!\ ....U •II hrr '"' 
at the c.•111ro•t1 ur tho ero.s.•-«retlun or at a l'Ulnt nn ,~...., 

t'yt~~..- ...a::~t~·r·t~:i,:,;~~· (UfLJ,unl-04h"""""••-lliN.I 
4.1.2 Set up the cqulpm•nt u 1hown la Flrnr" J-1 

mt.kine rure all connections all""d or the a,wyltt'I' ~ 
llJht and •,at-lrM. L6&k-chect tne O,-t anal)·&«...,. 
cortllnr to the procedure described ID SecUon ~. Thill 
l11&k-c:ht1Ct Is mautlt.Lury. 

,.1.J l'iace th• prot.. In \he stack, wtU. UM Up ol th• 
r,robe f1()1lLlunltd at tho _,,,,,unc point: parco Uw am
pll:>1 Uu•. Ur••" .ample 111:0 t~ analy-. For emla!Oll 
rate corrftetion ,,.,lur delcrmin11Uon, ln1medlalr!7 ana
lJ'U the SAmJ•"'• u ouUi11Nl in i;..cuona 4.1.4 an 4.1.\, 
for pe,recnL <·o, ur perce11L O,. II enca air 1, delilred, 
p""""'<l u ~,llow,: U) Immediately a1uuyu, Ure ..,,.pie, 
u In ~llur•• 4.1.• and 4.1.5. lur 1>crcont C01. O,, and 
CO: 12, dr•""'rlno lh~ \IUl'Cllllll\Ce or \he IU \h:,,t Is N, 
bJ' 1uhLrncrl11i lho 1111m or lh,. 1>en:e11t CO.. P,,,Cl'nL O.. 
and 1"'·rcr111 l'O lrorn 100 r>ercrnt; and (JI calcui.c.. 
porcNrL ••to.'-' air as ouLlln"'1 In Src:Llon e.:t. 

,.1.4 Tu ,.u,urr eumpfoLn aU911111\lon or \he CO.. 01, 
or If a1>1>llca1Ji~, c.;o, lllllke n,11Mt«! r-sra Uuuuih Neb 
aboort,!nJ 10l11Lioct unt.11 lwn consecuUvo t'NMlhi«t .,.. 
\hr •'""- !'<,•'""'' , .....,..., I U,no, or Courl should be- mail• 
ti..twurn f\-atlhi«s. (II cuns1Ar1t roadlns:s cannot ~ 
oblai11NI t.fl,-r Ll,n.., cons,..:ul.i•• roadlucs, ,e1,1ac, tb• 
&~•rl1lu11: !'-1,luUun.) 

4.1 •.\ Art,,r u,e an..Sy51s ii cnmplntf'd. laatr:-eh,ell: 
(znandaLuri·: Ute Or:,aL an&l)"&cr once aitaln u de,ocribcd 
In l'<-cll-,n s. Ynr the rusul!A or the an:,,tyllb lo ~ Yalld 
tho o,,._,L &tmlff.-i' ltltL•L I''''"' U,L, kw.II: - boCnre and 
ati.,r 111~ ,..,,.ty<i:L !'loTt:.-::<lncc Uris Atnici,,.,->1nL, irab 
111m1•lh11: au,I uml)· llcal l)nl<."Nlure It nunDally contluc\ed 
tu f!Olljllltclhm with • ~lll(K'---ftoh,&., 1mb l:U'IIJ1Uuc and 
analyllr:,,l ,.,.,..,...,un, Car a lk-'l111&11t, only """ anal>·als 
(a M 1hunrtly camducCr4t. Tlw~fur.-. s:;rc-n.t ("tiff f'tu,t be 
taten Lu uhloun a •ali,I .,.m,,i.- u,d aulllyai:1. Allho11&li 
In mCJ.'ll ,~...,s t>nly co, or 01 Is J'ef\lllft'd, i\ la rocona
meml,-.1 u,,.L hull, c:o, a,111 0 1 he m..,...,l'Nl and Ullll 
C:11.nlintr !, in lh., llihlioS:ral~t7 be u..-u lo ~ldaLe \he 
a111,l)·tu·t1l dntA. 

.~;..,l~~,'.~k•·l'uinl, ...,..._...,..,..J Ntlm11Unt1 anJ Annl71,leGJ.
1 

. 4.t.l Th~ ..,n,r•lin« 1•>int hr th• duct ""'11 l>c loelw,d 
a., ~("K"'f•ili..-tJ in ~-tio11 4.l.l. 

4.:.~ ,,.,......h..·t 11n1Uuhtnr~•l lhl' nr1!hl<, IJ!\C .._, In 
N,·11011 '!:.!.•·. ~-• n1• th,. NtUiJnn~ut 11.-1 tdao•·n i:l t":rure 
:I ·1. Jusl pr,,,r w ""'"'""'It, IMk-cher.k (n11u1:SatnryJ the 
train hy 1,lncin1t a """'""" 1tnurt1 aL tho N>tl<I- lnl~ 
pullir•1t • •ncuu1n or t.t least 250 mm Ur U0 In. lie),
plu,smc the outlet Ill the qutcll: ditconnecc, and \ben 
tumla.« olJ \ht pamp. Thi TICIIADI ahall Nmaln wble 
lor at ._., O.& mlnu1.a. ltncuate UM llealble bell. Con• 
llflet Lh.. f'l'0bo and place It In the !LIICI<, Wl\h lbe \ip or th• 
pruhc, 1'<151 Llonetl at tho aam,,11,,r poluL: r,urc• Lho Mm• 
pUn, Uue. Nrll. conni,cL thr l"'C and nu.It• sue• &h&C 
all t'O:~r.f'l\!l!ons nrt t!~ht r.n~l lf'~k. ,,.,..,.

,.~.J · Sant pie at II con.•l1111L , ..... or M r,,,cifl<'d bJ' the 
AdnliuL<tralor. Tbl' amplin,: run must be 11m,dta1w«11 
"With, anti Cot- lhe 11&me total len«th of tlm• as. 1he r,nllut• 
11111 ~n,L'l<lon rn•• dNN'ruinalion. Coli,et Ill i.ast 30 
lit<'rs (1.00 ft 1l of amplo ru. Smallrr •olumN may 1M 
eollN"tNI, sulJJt'el. lo a('ptuYN or tho A1hnini.-1flltor. 

4.!!.t Obl,un on• !ntrs:ratril rltte CM """'""' durlnc 
u.ch 1•1llnLllllt Mnlaion Flllfl ,111\t'f'ttr.ln,urun. •·nr Nni!<llkNI
ra•" ror=Uon lnctur u.tPrnurl.AIIOn. &nAine the am1"" 
within 4 hnurs alt« il is ttlll:<'n for pen-ant C01or J'IN'CN'' 
Ot tu Otll 11""'-' In ~llnns 4.2.$ thn,url1 •.2.,J. Th• 
o,..o.1 Maly..., ma,t lie i....11: ...htw:ted tlft lwrtiutr $)1.,,.,,., th" M111lysl1. If,......,.. flir ii dMir.-.1 • .,._a All 
follow,; (II wilh•n 4 hnurs 111io1r \ho "'""'tie ,. taken. 
an,-1 , .... It , .... In IIN..-li""• •• !!.$ I hrout:h 4.2.,) lor .,.. ...... ,L 
co,. 11,. """ l"O; f"!) ,h,r .. rmln• th• "'"""''...,. or ,1.. 
Jf\S tl1nl i.11 N, by:1111hlrN"1i11,::- lht1:i1111n n& lhf"IW''"'11L Celt.,,..,r,.tl\ 01, and i-nt CO Imm 100 r--n--1: (JI cal
.-ulnl" 1..-n•nt ....._ a,r, u 0tlll11""1 in N-Nitla 1.-Z. 

I 

4.2.I To "''"ttrt1 c,o1n1•l..t• al,a;irrtl,,n ol lho CO,. O,. 
or if •Pt•llnl•ln, cu. n1Alle ,...,~1.r, r\Mlf,fr!'I lhrou,:h """"h 
............, :i111l111lu11111,UI lwo c,,n:\t...-ultv.. rr&ohUt!' ..,,, \hd 
Mllnfl. lla•v"r,U, pa,,,.'-\S (\hft"f' uC' Cuur) 1hott1,l t-.• !""'''' h,
lWN\ft rt-~Unc!t. tlf rnn!ll"nL r,wll11C!C ,·,u1111,l h,. 11l1\,nl11NI .J; 

..,

• 
1

12 

aJ'lnr th:-«"I cun:w,cuttv• rN11llt'(<t, n,11hw::t1 L.ho ah~l.t1,1 
1<>lullnn.l . 

4.2.1 ltri-L the an:,,lpls unlll tho rulL,whtt rrlt.-rla 
ate a1nt:• . 

4.:!.&.I 1-"nr pol't'f'nt ('.O,. ft'PMI lhR llnal) llrl\l p,o. 
eollu~ unlll th~ tftmlL• of any thtC'<' a1111lpn• 11111,·r hy 11• 
n,nn- lhan fa) n.3 fW":N:t•nl hy .-nlun,a wllon Co, 1s cr,.aLf'II' 
lh•n 4.0 ,,..,..,...,Lor (hi n.1 r..rrt•111 t.,y •ohun~JJ.I"" t:p,
Is a,.,.. than or 0<111"1 Lu t.11 Jlf'rrN1l. A •,-r.,rn Llto lhr"" flC• 
Mttlahl<- Y&IUl'S "' INW'lllMlt cu, t.lld Cl'jlOtt Lhu r,t<UIU IO 
\11• n_..., 0.1 .-,,. 

4.2.1.2 For l"lftCnt n,. re-t th• analytl.,,.. pn:,oedure 
unUl th• result& or an, three an&l:.-S- dlQec bJ no more 
Utan la) n.:i f"'""'nt \.y l'fllunl<' whe11 0 1 i. loM than ,~.0 
1••....,..tl M (b) U.2 P,,rct'll\ by •ulurue wUon 01 11 crot.L,.,. 
than 16.U ,.......,nL A""""' the \hroe acui,table ~01111 ol 
1•,rcent O, and rrrurt Uro rcwuiU lo \he aoaro,n 0.1 

I""'"""'·•.:Le.a l'nr ,..,.......,L C-0, ,~1-1 UtR analyt:ral I',._. 
tlnt1' 1111111 U,., ,-111.o of"">' LhtN' &naly.... tllll,,r 1,y no 
n,,,n Utan 0.3 i-c,rnL Av~ru:• tho th"'° M'N'l'U.ble 
,, .. ,..,. ot pen,ML CO &ltd ft'IIOt\ the r...ulll t.o Lho ll_...C 
0.1 1-L 

4.:l.7 Alar lh• analysis b completed, IN.l.k-ch,clt 
(mandatory) th• Orsa\ 11nal)·1.-r one,, ai'.atn. a., d..,...,thed 
in-Secliun$. Forthflresuluoll.hean&l1·slltot,,, •&lid the 
Orat anaiy:IC!r must p1111 this lw ten bl'lore and ~rtor 
\he an:.lysis. NoLe: .\lthouirh in n1ost i11st:111rr1 only CO, 
or 0. ii ,...,ulred, it Is n-oommendtd that bolh CO. and 
01 be mcsurNI. and thal Citation 5 In lhe Jllblioi:raphr
br ta-i to •aiidt.le the anal~it'&I data. 

4.:1 liulli•l'oinl, llltf"CDted &tnplinc and A11alylleal 
J•n•·NltU"I'. -- --

4.:S.I Uotl, th,. n1inlm11tn nu,nbc-r ol antpllnc polnu
11\nd lhe ao.1n11Un,: pol111 k,c-.alit>n lhall bl' a, ai-11i"'1 In 
1;£,•llnn 3.3.I ol \hia 111r.1hoJ. 1'h~ u.. or lewor 1,nints than 
ap,,crlied la ..ob1.ct LO the Sl,l)C'OY&l ol Ure Atlmi11L<tr&tor, 

t.3.2· •·onow th, l'ro<"tdurra outHnert an ~t"Ctto1u1 C.2.2 
throurrh 4.2.'7, eattpl tor lh• t.,Jlowmr: Trav.,,~ all 
1:1m111in1t polnU and ,:,,11,p~ at ee,•h pomt lor an ... ,ual 

· ~t1h ol ume. J~ SAtttplinc data &11 .i,own In Ftct" 

6. 1-nt-Cl,rt J'rou'"" /# Or,.i .haly:n, 

MoTtnc .-;.. Orsat analyzer tr,qaenUy r&USI':\ II to l,alr. 
Th«er.,,.., an On;at anal~·zrr 1houlJ b, lhorn1111hl7 l"Glr• 
thf'Ck.-d n11 "'" b"'"" th• llu~ rrL• samr>•• i• 1111rn<111,,.-d 
~:lo IL. The 1,rcx:,,du,e r..r l<-..k-clw,:kinc an Or:1111 ....1; ra 

• 6.1.1 Drinc tho li<1uid k-•el 111 -·b pil>f'(to up 10 \he
":'-IICI' nr.,k on Llrr ..,..,iUary tuhinc 111111 LhMt ~lose lh• 
p,,...n~ •"'•"""'"·

A.1.2 lllli.., the ......,,1i111t bulb autnclenlly to hrlni th• 
r.ontlnltc lh•ultl n,~11ilo"lt1 01110 u,~ rrndua1Nl l"'nton ol 
the hutttlr aml thrt1 rlo.<• thr rn:iniluld S\oll\1'\"lt. 

.\.t.3 · lttC"Ord lM. nwut'-Cu:1 f)C.;~tuc-n.; 
5.1 . .C 01;,•. ,v.- the 1nC"n1~1a tn th• uurtttf' 11.n~ th• 

llqulJ 1'-vol In U,e p11..,tt.., fur anuvec,Cbt oTr.r t:te wit 4 
u1l11Utftl. 

A.l.b t'or th~ Ouat analyier lo f-. Lhe loa.lt-ch•-et, 
lwo orntdlllnllS 1,w,ot be 1111'\. 

A.I.A.I The ll•tUld lnol ID M<'h P11..ue ntu•L nol , .. n 
below the bottom of the eairtllary tublq dwtuc 1bi. 
t•mlnalel~I. 

b.l.&.2 ,,,. iuenl!ICUI ID \he bun,U.o masl not wnc• 
by tnnre than 0.2 ml durlnJ this 4-rulnute lnt,,n11I. 

1.1.1 If thr. 11nalys.-r fl\lls the lcoak-d\ect rn,cr,dul'I!, .n 
rub~r conn.-cttrn! and st"~~, ,t:f'Jcl:t ~... f"~'""ii!:•ti 
untl~ the c:u4u, nl t.hf' k•ak 1:. tu,n"1u..:.J.. 1-, • .,,.. .; .si....1..,...,__.,., 
must be dlll&."51\DlhlNI, cll'&lled. and Her-II. w.c1nr 
rubbN COtllll'CtlOIIII muol ... re,,laced. All« LIM anal,-
b r......tnbled, \lie k-tr.11:.-chc,ot s--dan DIUll ...
r~1ooc1. 

( 
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' J,Method 

t. C&laiuti... 
t. l Nomencl&tur~. 

M ,-1 >ry llk>lf'CUl.r w,•IJhl, l/1•111nlo, llh/lt,-n,oi..)... ~r.A.-Plll"Cfln\ t1.1.r...a Ur. 
%COa• l'HCf'lll ('Ila by volu1n~ ldrr. 111\..S,.J. 

'%,C>1-l'H"Cft111.()1hy Yuh1motdr1 tA<ir.b1\. 
~-<~•o - l't1ttN1t t ·o hy volnrn~ (dry ba...l"'). 
~~N1-l 1N'Cf"IIL N1 l,y Yolurnf\ (dry hMa). 
li.»4 • ll11Un nl 111 In N1 In air, •Iv. 
0.:zr.o-Molr,.·ular .-..tKhl ul Na or CO, ,ttvt,1..1 hy JOO. 
Cl.:120• M,tlft,ulat w,·l~hl r,f 11, cllvldNI h,· tt•I. 
0.440-~lok.-uLv wc-t1ht ..r co, cUvlrl~ lty ton. 

1.2 l'••rr.t'fll Y..•n~ Air.. c•:1L.·ula1tt' U..- ,..,.,.....,, .-1r.ns 
&Ir fl( 111111tk·al>lc-l. hy ..,1 .. ,Hl111lnc lhf' llllf,mtirlAl<I 
'falllHol 1..,,.....,,o,,('11,wul N1(uhh1hN'Jlr1H11Sttl1011 
4.1.3 Uf' 4.:l.4) h1lo t:,,w.,..,u 3-·1, 

,._. 1_.A-[ _ %01 -0.!i%CO J 
II' • . 0 .... _, ••, N ( ,,, () . u r. ,,_. ( ., >,- I 00 .,u, ,c• I ,c, J ••J ,., • 

Y.t1m1tlun :1--1 
NOTr..-Th" NtOlallon al,nvc- .._.,,111..,. Iha! 11mbH't1l 

111r I, u....-.1 AS lllf' ,oun.'t' ul 01 anti lhal ll,.. fu,,I durs nol 
oon1&l11 &pJJMCillhk- a11101.1111S ur :-:, ru do ttiltr o•l"II or 
1,1,.., furnace 11-). For \l\o,lr <'..,. whrn 11ppn,clabt.
a1n<111nu ol Na &ft .,.....,., ,-1. ell. uld 11atur'III au 

...... 

Continued 
do 11<11 contain •l"l",...,i&hi.. amounu nf N,1 ur .,..,...., 
osyaen enriclun,.n\ is u.'V'd. aUC'rnata 1n••Lh•.J!'C. sut,Jtt"t 
Co &Jipro'r'U or u,~ Admlnltlr•tot, ue r1-c1uir,.,l.

e.i Ury MulN-ular W.-t,:hl. U"" Y.11tallon 1- :! lo 
ealculal<' the dry mut....,,lar weliht ol th" •lal'k ,::.a 

..V,•O.Hllt'.'; 1·o,) I 11,:t_'II("' O:H 11.:>11(•;;s, 1-~~CO) 

l•:.111u 11cm :1- 2 
NuTIC.-Tl1f' 11111,v• .,,,iarlnft. d,...,, not con~ic1,-r •~111 

111 air 1abo111 ll,!I ,...,....,,,, mctll'Cl.llar wc-l~ht uf 37.71. 
A 11f'l!&IIV<' rrrur uf ahcrul 0.4 ,_..,..,, la lnlrcNII.INld. 
i,~ wtrr n,ay 01,1 lo lnrlml" &r111111 111 u,.- anll'l"t'<I• uarnc 
pror-NlurH •uh)t'l'l k• 111'1"".-al al u.., Arl111loL,lratar. 
7. ,,w.-,.., 

l. All .. hull.-r. A. t•. l'-1-~ ..r 1;,-,. ...., \ ........ la 
l'IMl.lc 11- 111:rnwtioHoai JPUnU&I 111 Air a11d Wat« 
J'ollutk,n. 11:7~ Iii. l!Ml.1. 

2. Cu1111tt, Wlllhun I>. and J. II. NMlf'f. ·"' ~rn(alinc
J'lullc 11-.:s. Joum:,I ,., '"" A1.-n:,,11 hKh..u...i 111• 
lirJM Asicori11Ctu11. !6;"."!11 ~-J7. ltNK. 

3. Jl11rrr,II l>l11111111I lcN" 11- Anal)'•I•. i-:.-v..,11!, Nilllnn 
UurTt'II <:or111..-..1iun, = •·111h AvN11.1r. 1·,11••11.1t1h·
l'L J6:IIO. l!1.\1. ' 

4. Mltcb,.11, W.1. and M. n. Micl~l'tt. t·1..1.1 ltrlh&bllllf 
o/ UM Orsat .Analy....,.. Juumal ol Air l'ulh111on Conlrol 
~IUD 11/:4!11•4~ • .May l97S. 

6. 8lll1ellan, It. T ., R. M. Nl!Ullchl, and W. R. Rmllh. 
Valid.Una Orllll Analyst, Da1a rrnrn •·...,.ii •·u~l-1:-'1"'4 
UDlta. 81&elr. 8aanpli111 Nowa. 41"ll:21 26. An«ull, JV'll. 
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Method 4 

DEI'ERMINATION OF MOIS'IURE IN STACK GASES 
(42 m, 41771, August 1s, 1977) 

I. rrifldplt •"4 ApplioaHltr 

I.I l'rlnr.l11le. A ,:u •mpk le 11\ncted I& 1 con..C-t 
"'l• frutn Lhe ••Urn; fflOinu... b Nlmoved kom t.h~ ..,.. 
11le alrw\111 •ml dollennlllOd elllitt •ola~ly ar 
,:nlYIDICILrie.11 y. 

1.2 APl>liMAlllllty. Tl113 met.hod la &pplieable for 
d<-11,n11inin1 lh• muiMuro cont.ent ol nw:lt 11aa. 

Tiu, rirl>Ce<lun>.t 111• dven. The r- Is I r.r.r
niethod. for .._-ct,1'111.G dut.N'mlnations nf moisture -ltnt. 
(su.-h L• •"' """'led lo Cl\lculate emlsslt>n dal.l). The 
.....,.Kl Is an api,n11imalion 111.et.ho<l. which proTidfll 
••Uhnnt.-s nf ,,.,n,·nt moi,;ture to aid iu 9"11h11t isoltinelia 
a:1111pltr1,: rnt•'S prior to a (W)IIUl&nl r.111wion m_,... 
11\<!lil run. 'l'hn l1fll'fOlim11tlnn Dlelhod dfoscribed bereln 
II <111ly • ••i:i:esled &pf>roach; allcr11aliH n1Mna for 
&11r,r,11inmf111;1 the mol~turc conlM!l, .-.,: .• drylnr Lubes, 
wrt '"'"""'''Y hulh t.e,,-111\h\Uf'S, ··•>ndtlllOlllon lKhniquea,
11.0lt!hlulllf'l.rle c:iuc:ulank,111, l'""'lllUS ....-...-. etc., 
..,.. "'"" 11r.c.-111.1d11ft.

i•1io r,,r.,.,.....,. ,net.hod l• oft"" C<lndllded simulian.
ou.•ly ..-ilh "t>UllUtMl f\nl...ton n ........... , ....,t run: wbNI 
It , •• t11lc-ula1 i1111 of l'ft\'t'UI i:t1>lllnotic. 110IIUIAU1t e,niuioll 
nw-, ,.,c., for tha run 111....U bo ...._..d ur"n t.h• rf'IIUIU of 
1.1.., r,,{rro,k·c 111"1.hod or it.a equinl,,nt:1i- f'lllcu.l&tlona 
lllui.11 1111\ he ,,.~.,.,, ui,on t.h<I ,..,..t.1,a nl the &J>JlrO&lraalioll 
motbnd, uni- t."41 appro1lm&l.loD n,ethod i. lhoWII, to 
th<, oatL~&rllon oHhe Admlnlst.tlll«. u.a. Ennronm•n-
1.11 1•,o,..,11un Ai,.nc:,, t.o be ,_ble or :,leldlnc ,-iu 
.-ILhln I p,,n,ent. l(,O of t.lW'......,,,. 1lltllhod. 

.,_,.,.c.-Tll~ rerert!INI me\hod ""'' ,teld qt-UoMbi.
n•s11lta when &flplltld to satnn.t.ad 1u -..u er t.o 
111.rMno< u,,.1 ~u14in •·at.er dn>11l~L•. Thcrt'lore1 wh.n 
U- rond11loru eli&l or v• su..q,,,.-lt-d. I secona ~
rnlnaUnn of the niol•lnrt contrnt sh&ll be rulde si1nul
t.uMo,.sly with the refotellN n,etbod, u r...llows: ADIIIM"""1.1,. ,:u lll'N.l'Q Is ll&turated. Alla.ob II it,mpera&un 
..,.....,,. 1<-ar,able of m.....,nrtnc to • 1• C 12" •·>1 lo UM 
relenlnN rnrlhnd pm!H,. M-..,.,,, the lt.l<·k ru tempeB
tun al -•h tr•••~ 1,olnt ,_ ~Uon 2.2.1) dunnc t.114 
rGforenee 1n,lhod traY-: ral<-ulal., th<' uoruc :rtaclr: 
,:111 t.emprratnre. Next, detttmlne the matstur,, pe,....r.i
ac~. ei\her b7: Cl) 11•i111 1 poyrhromr1.r: char\ a.nd 
maltln,: a111tr01lri1te r.o,.,...UoN II stai'lc pr_,,,.. 1111 
dllferent f,.,m that of th• chart, or t2J uoln,r •turat.loa 
Yapor pr,.,..ure tablN. lu c:&IUI wbc-n th• peychromeVIG 
chart or tlla satun.Uon npar proasure l.&bl-a 11'8 "°' 
ai>Plirable ( buod on l"l'IUIIIUon .,, th<- J)l'ONH) alterna&a..,..,hnda, snbjed lo Uw &IJlll'Ol'III ol \I'll' Admlnlsu&&ot, 
lhaiJ be IL'INf. 

2. 11.t/rr,.n Mttletl 

TbA lll'flN'(lure d""Nlbed In ~et.hod I rur daLennlnlDc 
llkllalwr• cont.Int is .,.a,p1.&bi. u I rerer.nee -method. 

2.l Ap~tua. A adlem"1e al tbe IIUllpllnr tn111 
aNJ In 1411 ret..i~ m•t.bod la lbown ill Fktn 4-l. 
.LU eomponc.-ntl altall he 1nlln&aln«S--...d cS11tnW 
--«Slnr t.o tbto J)rOl'Nlure ou\llnod In Method L 

Moistu,c s.1mpling train•relercnc'! tr.Clhod. F. igurc 4•1, 
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Method 4, Continued 

1.1.1 Prob.. Th• rrobe Is eonstruclnd '11 llAJnlna 
-I or «ia.,s luhin«, 111lllelPnlly hra\Nl I.D 1orrvnnl 
W&lrv' candr.1\3&llon. and ts e.1ut11rM'4.I wt1h a lilt.,r. ,.ICh•'f" 
tn-cur.k (e.« .• • 11111« uf ~I""'-' wuol i1...u.J lntn thr PUJ 
ot ll•• probe) or h,..le..l ou1-.,.a<:k (e.« .• u dftoerit..'<I 111 
Met hu<I ~). "' ro111u•• •*nlculftle mall"· 

Wht1n oia,,k "'"ulltlnns f1Prm11. oth.,,- _... nr fllMtlo 
tablna may t,,, ,.,.,1 rur lh~ probo, ,ul,joet le u ... at'ftrunl 
ol th• Adatl11t~1rn111r. 

2.1.2 Conclr1L•rr. Th~ oot1d"'""" ....,.s nl fuor 
lmplu«en "'""'""•"' In """"" with ~l'INl•I l!lu.•. '"'k•tree n1.unc:~ or fUI)' simU,Ll"I)· lNLk.fr .... tlOll-<'GatalUhatlllna: 
l!tUr,n. 1·11e hnl. third. arul lourlh lmf,I._., ,hall I,. 
of lh• CJl'N'!nl,ursh~~mllh dM-ll:n IIU.P•hu.d .,, ,...,1..ch11 
th• tir• wllh a l.l r.,.•11l111ll'lrf ls<, Inch) Ill , ..... tul.. 
U1,flndlnc to 1,l,out 1.3 ern U~ 111.) lr•"" llw hon.om ot 
the llask. 'l'hP ~.....,n,1 i111pi1,.:"1' 1hall IK' ol llw ll=nlNlrJ• 
8n11\h J,•,d,:n • ill, th•• ,1.a.1111:\nl li"11. ~luallltn11ious ,,..c.. 
utJni nrlibll" r-,1111r..•tio1L"l bctv;t'l"n lhfl 1napi~. ustni 
mau,rial~ othrr thnn tl.1..,,.,. ,,r u1'in~ Rf"1.ilM 98rt&•uu Un.,. 
\,Q MnnN"l lhc :ih ◄ •r laulflrr lO Iha N>ll'!IMl."'ff) m:ar be 
u,._.I 1nl1JN"t I.Cl lh<- n1,pruvt\l of l-hP AdntinistNlnr. 

i•h·• nnt iwn t111pim~11r, sll~II eoutn.in ln""'h '¥•,1Umfl8 
ot walrr. LI,. lhlrd sh:,11 t,~ ~1111,ty. :,11.1 tJu, •111nh ~hiLII 
eon\&ln a tnown wr1,:lit of~ in lfl.m1•:el1 indir:\tlni \)"IM'I 

llllca ,ea. or ...ul••"~"' d..,.;.,..,u,t. II 11-e"Mlla, rrl hM 
b•n prt1Tioml 1· 11..-U. ,try Al 11s• C 1:r.0- fl W :! hours. 
New 1llica «rl may be .,,....1 as receiTN. A \IN'n1K1mr•«. 
oa1>&bl" or m•o,,urin~ ••mr,rnturl' ,., wllhla 1• <: 12" n. 
lbul bfl riia.,.-.1 Al u,.. OUl.kl of LIie fuurt.la ia11iu,:~r. for 
mo11.llorlnr ,,.,,,.,.....,._ 

..\ll«n&l.iYl'ly. any ,,,.,,..,, ma, he .... l,uh)flCt to 
~ appro.-11I or lht A.1lrnJm!lottalcN"') Ut~t t"Ullls UH"' ,a.mr,te 
~ 11 r"8m and alh,ws n"6Snn•111enl of _.. lho wat.rr 
that bu t-11 condons-~I and Ute n,,,;,,t_ ka•inc lh1 
condeft9el'. Meh l.o wilhl11 I 1nl nr I 11. ,....,,...,,~ ,,,_,, 
I.N! 1.o mre.suN th• cnudor1'k'II ••I.ff. rirhrr 111"&•1-: 
mt1ricaUy nt n>lum~•rl~allr. and 1.o - &hem...,.. 
tun leulnc Ute eond..,_ br: (I) IDOlll&orin, \be 
lempeRlUN and fll"Hl\lft at &h• Git of I.he -d•naet 
a.nd usinc Dalt.on"• law ot pertlal prouuns, • 12) puslnc 
the s:imple 1a.• slrram throu1h a lared 'llllcl pl (or 
fc111lvalr11t d"si..-unO l"fl• wilh ull - kf'P( b.tlow 
~ C "~ t"1. A11,I d.-l,·rn1J,.1,,_ the wf'llht pi11. 

II 11tl"ll11~ ulh••r tha11 sl~•r-a rrl art u.Y<t to ddttmJnot &he 
wnnunt or lll"i••nre l<'ni11,: u,e cundNI-. il Is tteom• 
1nr11clt-d U11,1 •HI.-.. ~Pl !DI' t<iulviolonl) 91iD .,_ 11St'\ lle
&wHt1 u,,. cowl1•11¥r system anJ pump., In Stt'l!-YN1, 
n1nt~c.ure rne1d("u•• Im, tn lh• 1'1lrDJI anc! n1c,lcrinc 
dPl'kft 1\111I to a,·ol<I th~ ner-d in m:ik• _.,1o,.. fur 
tnuL,lur.- 111 th.. mrt,•r,-.f Yulttml' 

'2.1 J C:u111Uu.: ~r~1.r1n An le. halh emalAlnN" aud 
erus1 .... 1 1.-n ,,., "'•uivalanl) W"n IL"C'(I to aid la a,oiJ,.,L,.j11c 
m<,l:lltUf'. 

"l.1.4 Mrt..•rl11,: Rysl~,n. This ,v,:t..m lftdAd,.. ~ •
autu raus:r. lmk-rr""' fM.11111•. u..-rrnon:r&,on nrlC\ltM of 
nt""-•urinl( ••·rn••·rntur, lo w1thi11 'J" C IS.~ t·1. ctr> l:\S 
ftlf'IA"r rn11:1hlr uf m•-n"urtuc yc,iunafl' t.n wiU&ln 2 11r~1L. 
and rt•L"'lnl ""t•n1•m,.n&. L1 shown in •·iaare 4-1. Uthrr 
mel~r1n~ ,y-ctr,u'."l. c.-ap.'\hlf' nt ml\inlai1ai111 • CUtlStan, 
M•n1,lln:.t ~-"~1• !\nd dt"lt•t,ui::ir,.: or:1111;,lr r:::.s T,,l~1~•c. :uoy
be u,nl. -11u11•t l t,, c!1r "i•c1:,,,;sl of LIM" Atlm1.1ulr:1t •r. 

2 I -~ Uaro1111•l1'"r !Hrr.·ur~. !\l1t":oul. c.r •JlhN' t.n.ro~1• 
tlrr ca11nhi1· ul nwoL<liUr&UJ nr m•l!IJ•h••r;l• 1•~r•· to •·•Unu 
2.1 nam lie ro.1111. II~\ 111.:1.y l_. u,-.•d ha an.any ca,s...,s. the 
b&.r,nn1 •t rir r,·:ntin&! tu:,y I.N' ubLNnf!d fr-am a urr,.rby 
..... lc,hnl ,..,._.11,.-r !'<·r,·lre SIAI~"'• hr wbkh .- U1r flit,. 

""" ........ ,v,!.i.-h L, u,.. ahsullllP lr.'"rn""rk -Utt) 
1h11.11 hr l't'lfU~•.-.1 a1Ml &n ad]l11luafl11L .., f""k-Y1aUnn 
din..,..nL•·• a..-• ,..,...n u .. wralh<'r station aad u,., ,..,.,. 
f'linc I• •lnl oh11ll I• ~l>f•ll.-d al a rnl<- of ,al.,.. ~.5 111n1 Ur 
10.1 111. 11,0 .,.., ;,.1 m (U'CI II) ••~,rau..., i-. ur ,riot 
•~,-. lot rlt•\·:J.li,m d•"M"tt.._,.,., 

:.t.•i t rr: .. lnatt•,t l ·>·h•;d,•r and!or Ba.Ian.~. Th,-.. 
fL,i,tn.!I :ur 1r-1-J Lo na"'ft.~1~· rnud..,L._.-d war...- :and mui,ture 
cau&hl 111 •h•· 1ill<1\ l:t'I tu ll"ltlrin I ml ur0.51- Uraduah-d 
cylh1d,·n ~hall lr11Y• subdi•·BirNIS n11 rn-altt than 1 ml. 
Moel lauar;1 I• ,ry ltlllaoC1"< nrr ('&()ehl• nl •riallinc 1.o tile 
-· 0-' C ur ICII. These b&la,1,"5 an salt:i.lole fur 
- h..,.._

2.2 Proc,,dun-. Th,, lc,U,,win1·procedar, b wrftla lar 
a -•dNISer l)'Sll!ID (sucb U lhe implnpr 1)"S'8al cS.,. 

-'~ '" &octl11n :U.:?) 11\('nrj)fWallnr <rotu-rfc analr-
-'• kl ·n-= Ute oondNUl'd 1nulslUN'. a,,d 'lillca ,,.. and~'!~.'~::~"' anal,-sb IO 111-,. th• mul•tun IPHillC ,he 

a.2.1. 1,,'.11!~• othl'ITIS<' Sl)('CiftNi bJ&h• .\1lmln1Atatoc-, 
a ml11111111m or elchl traTP,S,, !'(lint.I shall ,.. W<ICI for 
circular ,1,..·l;s havi111 dia,n,•t,,ro lr"" lhan 11.51 m 134 1n.). 
• tnuurrnun ul ulnf! flQ1111.A ~hall l.Pti USiMJ lor ftC'W1«ulat 
llad:s houinr equiY&l.-nt ,J,amPtors IMI Ulan 11.0I m 

(24 In.). anJ. nll11im11m or ,-~r•C" tt&Yf'tl ....., .... ~u,u 
ho UN"'I In all 0U1M ("'j\."'C•I. "'rh,. trC.¥t•r114., , ...wu ""•II ...
IMNoL,..,I 1w•c-t>rd111,c lo M,•Lhn<l l. Tl,11 u~ of f1••~ 1-utnlA 
II :.ulii-"':l ln l.11" n.pprO\.'Lll or Lhr A1lmh1l:clrl\tor. !-~r'"°l 1, 

11111.ahl•• rm•h" n.od Jtrot.C'I lr11,~lh ~urh Llu\l i'lll :.raw~
,-..tt11\.l r1u1 hf! ,.iun1,l•• 1 l. Co11~i1lc·r ~11111,liua rnun •••..••Le 
ahl... of Uu• lllac·k 1Juur tull\l 11111111~in1 llf•rl.!11) h..- lftoc:• 
•l~k~4 ltt ("t'i'lnlL u~ ol :-.hortf'r Jtroltf'" lflUJ:'lh:l. M11111: lt•• 
tttuh• w11.h hr-at r1•:,b1.tf\1tl \.l,(tt· or Ii:, ,.nt11f' uUarr m..-&.hod 
ta deuoLll the r•ruJ"'lf ,Jt11i;tM.11C11 mlu th,. Jt.lu"k ·or dur& lur 
f'M'h M11111ll11~ 1•1111l. l'la,.., \:11ow11 ~11lu111.-s ul watr, I■ 
th.- llr!'L &.wu imr•inr.rrs. \\',•ii:h and r"-nC'rl thfl WNCh& ol
lhr :1Ui1•a r,r-J LO llttt nn,n·~L U.S, &, and trA.111f11' Uw ..tlica
cnl Lti u,r fourth inq,1111:,·r; Alt,•rnnli\•rl)". tr,~ tillNI cal
may 1ir,tl llf' trau:<t,,,r,1111 lo lh.- itu1,i111ror. aud U1e WNt:ht. 
of thr slhra crl pll121 im1,i11c-rr rN·nr•lc'11. 

2.2.2 ~rlN'L a lolnl !110111•:inc lllUtt !UtCh lhat & t11lnl•
mum lol11I ~n., YCllume- uf U.f:iti ~111 i.ll stc·O • ill a_. t'!OI
W.\tML :Lt a f'lllfl fie" i:rrnh•r tfuu, 11.1r:1 !n1/tuin (lt.';'!. elm).
Whrn l1C.1th mnlsturr Nu,tf'lnL nn•I 1w•ll11triu11, f'tnl~n,....
.,... r.o hu dl'lt'rmi11f"fl. \ha mm5LUrf' •h•t.-rruiua.Unn •l1&11 
he ~i mult ~11ro111 wiLh. "'c,I f1»r Ulfl ~,n111 Lnl.,d 1nt1r::U1 ot
Llrnf! a!. tlu, ,~tluL;a11t r111t'-1lnn fflt<· nan. unl1·"'-.-1r,r:,,...,,U11 
~t111~I •rd in 1111 &flph,•alil1• J'.Uhf.,\tl oJ Lhr ,-1 ,.,•d:"•ls. 

.!.2.l :i..•\ up C.hd 11111111,hnic tn'111 u 21ho•·n in •·1a111n 
4·1. Turn on 1hr proho h<>alPr and ti( a1111llcahlf'> Ula
111\t'r h•31n•K •rsteur lo l~•nt"""'""'s or 1,l>0ul 1311" 0 
(24b• t"l. lo f>tevnnl """'"' con,lrn:,alion •ht'MI of UM 
eon,lunSl'r; al ow ll,n~ r-,r th• t,.1n1..-ra&uros 1G i\al,IU..._ 
l'lace cru...ite<I Ice In lh• loe baLh eonlaln..r. lt II ,-111° 
mendNl. bul nut•roqulM. that a lealr. eneclt 1M dane. u 
t..U.,ws: 1Jlscounecl the probe Crom UI• Orsi impia«., • 
(lfappllnbt.) frOffl th• IUtd' hold«. Plt11 \be laloC .. UM
tint lmp(nr11r (OI' 1111.ar bol<krl and pall all90 ■1111 UI ILi
1Ir Tlll'IIUffl;. lo•III' neuu.m ma, ti. uad. P"t.Ttdllll u..
It i. •wt esCN'do,J durtn(C th• w.. It. leat~ raa. I■
HCP.sa of• Jlfft'1'nt ol tb• •••l"'lllf• aampllnc rat.e « ft.nom1
m•/lnln (0.112 ~lml. whlchntt Ill ""-. la un~e.
Followln« th• e&.11: check. ,-nnecl &be probe 10 UM
Mmfllin, train. 

2.2.f >11rtnc the !lampllnc nm. maintain • ~
rat4' within 10 l)eft'efll or MmStant ral.4'. or • soectaed br
tti. ·Admhllstratot. For tM:h nin. Nnrd Uw dll&a i.
quired on ~ tHm!>le dal& llh..-t aboWII In l'l!'n ~L
D, ..... to r~ llHI d1'7 ,.... fflf'le,r reedlnc at \be bfollfn
n1na: and end ofeacb •mpllnc tlma t:Dcnmeat Md wf:lm.
-SUllr,llt'Cllbahed.'l'ab.cw~,..._.
at each ami,11 point. a& -- - 4wtrlc Nell ....
~. 

2.U To bfcU, ampUnc. POIIUon UM llNlbe tip II& 1M
11m UHene l)O(Dl. lmmedla.Wr ■ca,\ the "'""" Moi
adlust Ule now '° the d~. rate. 'nll•enia the -
NC'llon. •mplln,: at _.11 tta.._ DOIDI !or U1 eqnal
lencth or time. Add more lea and. ll n...-ry.J an te
in.rnwn • lemi,erUun ol 1- \baa ._, C (Gr ..-) a& s.
ltllc:a tel OU1,la. 
ll6 Ati.eoi.unr thU&lllpa. 51 ctbeDf'lllle

fror■ Jbe 111'-f bol.s. p from Ult llnl lml)(ncwl and
~ a i.t obect (mand&&or7>M da:lrfbed Ill &«aoll
1.11. Rt.-d U.. 1-lt rue. JI u,., lrah«• l'aW .x~tti.
t.!ao-hlo Bl.t<. t.he - .,,:Ml l'ILh•r """.,, l~... t"Sl ...
au!;.; or shall N"'~l lhr lantJ>I• •r>iume u In ....-t.ion II.I
ol Mfllhod A. Nut. meuu,.. U1e •niume ol the mo,au,,..
~ to UN ,,__ a,I. J.>el,ormlne ll'I• lnc-tt&• ln
w.i;bt or "1• sllll"tl 11el Car 1111..a (C<'I plus lmfllnnr I to the
~ 0.6 I· ~ U.b lnlnnna&lon •- Hample dM&
.,._ P'~1" HI and cak:ulat.e tb1 aioll\un por-lacl,,
N ~bed In U below. 

u C&lftlla&lonl. CarT7 Ollt \he fclllowtnc C'ak-uladone.
ntailll"II at a-- asll'tl decimal llrun berond I.hat ol::a_acquired dML Bound oa ec- .nc final c:a1cu1a,
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Mejthod 4 1 Continued 

.....,.._________ 
.. .......... _.,,.........._.._____--"--------_____ 

---"'.............--- ......... ,...-· ~,... ........ 
-

--..,_,........... 
................,......... ...... .,.,....,,. u..,... __

1---------1 ---... •n lllffl.ff , ... ....._J-- .._...... .............. .. .... 
..... -----f-,~~f----lf----i---+-·--t-·---1---
----- --➔---➔----+----lr--+---t-----1·-=--·--

~-----+---+----+----+---1---+----1-•----,--·-·-I 

nw. 
NTW. 

IIRUf.NCI . 

a.1111& aJCACU. 
VICIJM. aGHr.... • 

. . 

I.I.I No-1-un. 
B-•Proportion ol wa&er •'!POI'• b7 ....._, Ill 

.11••t~1~w~1bt or water. 1U 1o41-mole 
na.o lb/lb-mole).

P.•Abr.olute pro$SW'tl (tor tbb m•\bod. um• 
u barometnc prtlSW'tl) at Uie clrr IU mec.r, 
JUUi u, (i.n. 1:,,.

p.,.-,8\4(1dard abwute pr-,w, 7eG - He 
(211.112 In. H1).

B•ldul 1a., oonatant, O.OlmO <- Bl) (m')/
(1-m'Qle) (" .IC) for metrio units Uld 21.IS an. 
Hr) Cft')/(lb-naola) (" R) kw Eollllll malta. 

1'.•Ablolute t6mperatw-e a.t mMM. JC ("R). JC 
,-...,.standard iweolute t.emperatan. 281" 

(!21" R).
V.•Dr7 runl-mMlllled 117 _,,..__., 

del?l C.!cl) • 
.AV.•lncroD1eulal drJ ru TOlume ~ bJ' 

dry cu mew a.t Nell Cl'IY- P9lr.. c1oa 
(dot). 

l'.c.u1•Dr'J' cu Y'Olu.me m-,.d b7 UM drp CAI 
IMW. ~ lo dUciud~ 
dlGlll (die/).

V ...co111•Volume of wsw n;,or oondeued ...-.cW 
to 1tuidard eonc11Uom. - (ICI).

l'-~•Valwne ol W6'¥' ft~ coUecied la llil'- · 
eel ~ so rtandard ~u- -

• (11/J().
!"r- Ftnlll YOlume ol00~....mL 
y,•lnllJ&I Tolume, U &DJ, of co11d- 'll'Mlf, 

ml. . 
P',•Flnal wal(b& ol IIJlc:A eel or am. pl,.._

uani-,,.
IF,-I11ftlal-.....bl el IIU. S- • IIJlaa Ill pla 

bllplac•,I• 

( I 

.:. 

... 

... 

.. 

.. 

" 

• 



. 

ClOCITW 

QM V0UM ._ 
IETtll.Mol, 

.,J ,..,, IATt •mi lnTIMI.it--. ,,.,,....., -111RM1WLec,.,,

. 
--. 

.

..ATIO ,._ IIUCA GO. NII 

fLffl 
t(I.ASSll00Ll 

aDCIE'fa.lllODI 

I 
M~thod 4 2 Continued 

-" llf,rtlculal4 -''-· A ph:, ol fiul wool, Ula1oe4IDCO \IM 4n4 ot U.. probe, la a •uaiaclorr AIW . 

SqaaUoat-4 
Non:.-Tu utarated or mobture dtepleH.lden ru 

1tr.1aa, two talculatlona of th• moistlaG--,1.ent oJ I.ha 
stodi: IM 1b&ll be made, t»te IWnf a •uue beMc1 upon 
UM 11atun!Ad condJUona (see Secuoa 1.2). and anotlMlr 
buod 11p,.-n tile nsul1.a ol U1<1 ·fmplnc•· anal)"III. Tbe 
lower of th- ·iwo Talue■ ol B., ■hall be c:onaldoored -· 

"r.i.e" Verlllcltlon of con.stant amDllna .-.&a. For aeb 
U.me Increment, dewmln• the 6 V- - Calcula\a U.. 
•-e. Uthe -value lot an:, Ume h1ttemenL d1ffe,n Ir-om 
tile Her&f• b:, aiore than JO percent, reJec' U.. ~I& 
111'4 ntpeAt tbe NIL 

a. Appnnaetlotl AldMi4 
The approslmallon met.hod deecrlbed bolo" II ~ 

NIiled Dill:, u a IUCf•\ed mel.bod I.Me 8ecUGa 1.2).
1.1 Apl)&l'&&la. • 
l.l.l Probe. Swnl- lteel or 1lul tubtnl, .IUllldenUy

be&ted to prenot w■ tar condansauoa and equipped
wiLIJ a 11.Jur (elth6r lo«aclc or ti.&ed out«aca) w -

I.OC,\flOltr_____________ .CCllaNfl 

mt,_______________ 

Mft______________ 
ClflMTOII_ __.__________ 

IMGllffl,t....,_________ 

.. 
•
j 

~ ,......... l'Wd~•--···......... .......~ 

wbere: 
.K,•0.1861 "IChlllft R1 ty melrle unit ■ 

-17.M "R/tn. U1 lur R11clt1h 1111111 

Non.-U ""' posc.-test lou ""' (11,,o&lon 2.2.eJ n" -4& lb• allowabk nl.e, oomict the Yalue of V. In 
&Quatloo H, u dlllCfllM'd lo &c:tton U of Method a. 

f.J.6 :Wollc.ur■ Cont611L. 

B ___V_••!•~•t.±V..,c~--
•• V•• (old.I+ V .... (Hell+ V. (old.I 

1.1.2~•.,._ Two mld,.c lmpincen, eaola wiUI 
IO ml tJ, or ulnlent. 

'I.I.I "" UaU.. c!..nwner and Ice, t.o &Id In oood-
1111 ruolature In l11111ln1an. . 

LU llrl'"' Tube. TUbe p&cked with new or r• 
,-.1<1<1 to 11-moeh lodlo..Uur-type allle& eel (o, 
..ui,,al111t dul<loacU), to dr '/ Lht wnple IU &nd to po
t.ct •~ n,ei.er and pa,up.

&.1.6 Vll'ft. Nuodle nln, '4 r11ulaC. Ult ,a.mpla IM 
ilownta. •

1.1.e l'ump. Lalt.free1 dl&phracro t,i,e, or eqaln•
\ent, top~ the IU MmJ:)14' tb,0111b lht tn.iu. 

Ll.7 Volun,e m.tet. Dry 1aa meter, ~L~lentlt --..u t,o ID~ l,he a&fflpie .olumt w1uun 9%. and 
.wira....i over th• n.ac• of now n.i.a and ooll4itloae 
..L&Mllr UIOOIUUered du.nae ampwic.

LI.I Rate Metar. Rou.me&er, to-.~ Gow
rue• hill Gto II pm (0 \0 o.n elm).

J.J.8 Orad\l&Wd Cyllndu. 26 ml. 
&.Lll Buometer. J.l..curl, •neroid, or other bvom• 

-.r u d....-1~ lo lleoUon ,1..\ &bo•e. 
· a.tu V6,.1Uum O,w.ce. Al leul 7eG mm B1 (IO lo. 

Jlc> 1.us•. to be uaed 1o1 UM -puoc let.Ir~ 

al~:!C:-..u:, I ml dlaUllod YMU ta wit Im• 
9'olw. ~bLo Ule •pp&n,tlll wit.bout Ule probe U 
illoiaa J• P'llur• H. Leak e.beu \ht tn.ta bJ placJ.o& d. 
~ IMIC• at UM W.t to Ult Am lmlWJCar &D 
~DI a HOUWD of .i a.a, W mm B.c (10 tD.. J?r), 
DIUUlAC u.. out!.& ol UM 1'1>l6DlllM, and theo tonwlf 
ca~ ,,ump. Tu •aouwa 1h&II remain eoo■ tut for u 
... - m!Allta. eu.lGilJ ni- IAe - sea,.
~1111plua1111 \llerot.1mts.wao4. _ 

~ 

( I 
. 

i 

i 
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Method 4, Continued 

11.2.J Canneat the lll'Oba. to.rt tt lntA U1• ltaal<, aJld '
e!Xr,la at • co-t roe.°' l l!JID (ol.C71 dm). Co:>.tlnuoe 

I• IJJo.lllJl!nl: IUUil U.. dry '-"II - N<'..ur9 about ill
l:teri (1,1 nl) « 'llatJI 'NIDlt UqUM! dro'pl-ic.l ua ....W 
tter from the nnt lmpi.niu co \b• -..t. Record an'-DpeRlDA1..,ptOUWe, &n4 clT7 IU meter ~ U 
nqu1n,d bJ ,a,:ure 4b4-l. 

aieI.U Aller oollficllnc lb• IAlDPle. oomblM t.ba -
a.itaortho twolmpln1er..and-\b• l'olumecoU>e u.
-,aei0.6ml. ol 

I.I Calculallona. Tbo 
Lo esttmatA u,. c:.Jc:alalloa method sir-,ted ll

4-llned molsWN In \ba aucll: pa; 
t.benlore. other d•••• wblc:h are onlr a--, for - I. 
mra&e mouture dewmtn..Uons, -.re not collea&ed. Tb.e 
fDlleowlnc eqa..Uona adeqU&1el7 asllmate tll• molatun l
eoDt.eat, .lor lhe pu,poee ol 4et.umlDinl laolwNUc - D
p!Ulcrat6setll111s. . J.

1.1.1 Nomenclature. :
.B•• -Appn,1tmate proportioll, b7 ftlwne, el 18

Willet Hpot In the Pl - llaTlnC LIie :
aecond lmp,ncv O.a.2-\. tD

B.,-Water npor 1D ,I,; 1u1UMD, PNPIIUOll b7 Ca.
YOIWJ1e. . . 

Jl.•Molocular w~labt ol wster, ILi 1/1-mole D
(IS.I 1b/lb-mole) D

P.•J..b-«>luc. pNmu,t (for tb1a metltocl,- u Ba
barometrio preuur,e) ai \h6 dff cu-. 

p.,4•BtudU'd ai-Iine ~ 7GO ma a. 
. (29..12 In. Be). . 

.lt•lde&l rria OONWI\, O.<maa (mm 1!1) (mil/
<r-mole) ~K) fw lllffltc Ulllta 1111d ::t..U 
(ln. Bil (t\l)IIIHllola)· <-.B.) tar J:~
a.nit&. . 

T'a•A.1-lutA tAmperatunl •t ..... •JC (9R) · 
2'o1•-8tar.dt.r.1 alllOlutA kmpent.are, 2'11" E 

(623° R)
YJ•P'inal 'folum• at lmpln&v -t.ult.l, al. 
Vc•Jnltlal YOIWIM oitnipln&er OODtenu,, ml. 

Va•Df7_f.u 't'olQDM m...und bJ drJ' ... __., 
· dc:m dd), 

v.c,,o•Dn ru "lum•meuund hJ drJ CUmilMf, 
~ IO IWldafd ~ua», C:
(uc:(J. 

V ••1,.,1•Volwu or YMoll' "t.PIII' ermdtlDNd, ~
Lo atandU'd ooadlUON ICIII (NO. 

•.-Denall7 of .,..w-, O.~ I/JIil (G.ocm:ll lb/1111).
LU Vol- ol ,r"'41r ftpor ~ 

.V (V,-V,)-..RT... 
..- . p,,..M•. 

-=K,(V,-V,). 

•-: ~ua~'-6
..

E 1•0.00U31 m•lml Jor m•trio 1Ullta 
•CI.OU07 rii1m1 1or li':ncllllt. mu. 

LLI 0• 't'Cllum.a. 

-v +(0.O'J!i)•• Jv. •<•loG 
Eq·uaUon 4-'l 

 

.... .. 

-~ 
u •or Uae r.-- method, e&Umte equJ~t M 
~ In I.be 1o11ow1nC -i.:.01 ot ~ 6: NCUClll 6-' 
~ STfl,e.al); e-ton I~ (tAml)el'MW"I ~-os);

d ~11 &.7 (b~nelM), TIM r<-0Gmmendod k,a,l 
eok of I.be meterlnc 11-= (l>ectloa 6,3 ol Meu.«.d 6) 
o appllell"\O tb• ...i.-.noe rneU,od. i'or tbe 1,pprou;:ia., 

m method, a,,. I.be proco.iDr111 otu.llaod In S-fon 6.1,l
:W.tbftd G to Cllllbm.e Ult motenn1 qMAm. e.nd &be=:.o( Me\bod 6, Secuoa 6.7 lo e&U~w ~ 
.,,.,,..., 

 • .A.tr Pollution ~IManual (S.00n4 Edlllo!I).
uie1-n, 1. J.. (ed.), O.B. Environment.al Pro~• 
1.e, omoe ot J.lr Qulltl'. PLI.Dnl~ and ~ 

a-o\a TriAD&M P~, l-1.C, Publl.:aUon No. J.P....O. 
71. 
t. De'Nlrkln, Boward, et &I• .Llr PolluUoa Sow•T.-. 
1 Manual. .A.Ir PollutJoA Coat.nil Dil\rial., Lal~ 
111. Nonmbu, lw.l. · 
I. ~Mhcw'..t br De1er111ln&Uoll of V.ioolt7, Vo!lsr.M. 
UI\ md k!A CODWll ot 0- West«D ?TeciPR=""'1 
l•I-'• °' Joy W~nc c •.• Loa .4.llpMI, c.w. 
iladA WP..O. lll& . 

' 

( 
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Method 5 

DETERMINATION OF PARTICUlATE 
EMISSION:> fROM S'1.WtlONARY SoORcES 

(42 :F'F;, 41776, August 10, 1977) 

l.~"4A~ 
1.1 Pnnolple. Panloulac. m.u.r II wttbdnwu lar 

lldo•Uc&IIJ from th• 10uroe r.nd ool.leoi.d OD • ci
Abei' IUier inalal&lned •t • temperature la 1.1M nnae ol 
1202,U• C (2'68:1=:i:.• i') or meb oUler tamperatuN • 
1peollled bJ p apl)lll»ble aubp&n ot lb1 ataada,dl ar 
apprvnd bJ Ule .&dmlaaua111r, U.S. Enwlroomen&al 
Prot.ectloa Ac-,. ~ • c,.:.rucalat appilcauoa. Tbe 
partlcul&ta m..., whleb lncll,dM aa, ma&enal thal 
coed- ., OI' al>ou the llltradOD '6mperatura, .. 
d.el.6r'IZl.l.aAd lf"~cr1G&IIJ alW nmonlof-blDed 

U Appil,eabllltJ. This me&hod la appllcablA lar tb6 
.....IIMklo el panloWMlt ......... "-~ 
--· . ·---- . 

I,,.(.,,... 

1.1 SuopUJ!C Trail\. A aobem&tlo ol Uie IUIDIIDC 
ll'UD Qa-,d lD thla m•t.bod la 1h0,m lo P'I,- 6-l.-Oonl• 
~ conatr'UCUOD dau.Ua ar• (l'HO lo APTD~fl 
lett&Uon 2 ill SeatlOD 7): eomm.an:lrJ models of thla 
1rUD 616 a11o a....u.bla. For ohangta from APT~ 
u<1 1or allowabl• modUloatiool of the en.IA lbown Ill 
J'1c\&A 6-1, - Lb• lollowtnc subaeoUoa&. 

Tb• opentloa: 61ld malDteAIAM procldurM for UM 
auz,plll\l tRin U'6 dMCl'lb..S ta Al.i'T~70 (CICAUOD t 
la Seatloo 7). BIDoe eornet UM(11l lmp,,nut la obwa-
1A1 ftlld rwuua. 611 U9en 6hould """'1 APTD-o670 MMI 
aoopt Ula OpeRr.loi and ma!Dl6'LLDO> l)rOOedttNI cos,. 
J.lMli IJl It, uale.11 oLbenr181 •i:oel~ bani's. TIie -
pl6,liccnlaCIODMUolta.~o.iapoaa11: 

..,••am 

S.l.l Probe Hecda.14alua 1W(flt)'tr CMw1tb 
llarp, tapered '-1lnl edre. Tk Ullk ol Mc,ar Nlllll 
lie !!,30" aad ~ taper .t\&11 b6 oa ~outlkle &o ~• 
a -mt lotonial diameter. TIie proble aaal1 lh&l1 b6 
9' &he butlOD-MOII. oc elbow des~ uAlea oU\erriN 
IPC,IJ!ed b7 &be AdmiAutr.lor. U mad.a ol al&talaa 
iteel, the DOIClt ab&IJ be OONlr'lleled from --WI).lnl'! oLW m~t1riJ.~1 cl c'fl'n;:~t~t~~n m&)' t,e u.,ad. ,:.t;;40& 
.. "'· appronl DI 5l\• AellaWlllll'MOl. 

A l'Mll• o( ooule-.1Ullablt • UDtlaoUo-pUec
lbould b6 a..U.bla, e.&., 11.3;2 le 1.27 cm (¾ IO U Ill.J
ar atllll' U bl&IMr 'Nllum. 11mpll.nc RUDI 11n -1-
lmlde di&met.or ~noui.. lD locr-11 ot 0.11 cm 
Uio lo.), Each lhall be Ollibra&ed ~ 19• 
11M riniced.,,. oul.U!Md I.D Seclloa L 

2.1.2 Probe Liner. BOl'Dtlllicec. or qnaru claa tvbm( 
•Uh a bMtlng t,stam capabl• o( mauilaliwlc a ,:u !em• 
...WA •t Lbo alt ~ad dorin& amDliDC of l:!O±U• C 
(>CS:2$" Yl. Ot' Neb od.er temp,,naue M spec:IJleoJ bJ 
u appUceble lllb.-,t o( the n.and.vdll or appro•ed by 
\be Adminl.ttrat« far • particular &ppllc:eLion. (Tbe 
~mtJ o~•L \Oopenc. Ult equlpmeotata L&D:per&.wn 
lower the.n lh•t speetlled.) Sinoe ttw aeuaal &em~ 
at the OU~I ol tht ~ II not usuall f monll«ed dunGC 
ampli~ probes comtnJcled 6C>Cl>Mtin, to AP1:,l>-U81 
....S ul.lbdnc I.be cal.lbraUon ~.,. ol APT o-.b'71 (or 
•llbr-.t.ad 600Gl"dl,_ to UN procedun -&llMd la 
APTD-a'll'el wtll be....,..dond~ 

~ 

t 

~ 

.. 
1 
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Method 5 , Continued 

2.1. ◄ Ola..-. P,- a.q._ bmlbMl1 ._ 
car IIC' equJ_, dll'f' r, ,Lvol, _,. """'1bo4 ID 1iocUoa 
2..!ol ~ 2, O11o11n•~r..U bt ..- or ....iont,
a-4 (61)} r.dlllll'I, Md UM oc.i-, IOI ..U-- di.11..tl&. 
an-in IM<lilllL 

t.U FIiter Holds. Bor,111tllGllle a:--. wltll II c'-
1-tt Cits mppart and a 11Ueo1ie rubbw ra,,att.. O1.bw 
~ ot ~co., ltt..lt., "Ulni.m 11..1. ,-.lie.,, 
Vl&on/ tn.117 ~ wed1 ,ullJ«-t to al)pl'Ofll el Lbt Ad• 
mtnlau'alor. The bolaer •1"11~a sblJ.I pn,nde a pcelUn 
_, o,plnet "81<ue -,om Lbt out~d~ or aniund Uu 1111«. 
Tbo b"'6« ,ball be a"-Chfd lmllUdla&ely at tlle 911U. 
CIC Ula prwe (or l'701oa-. II Wied). 

u.e P'lltw H.,.Unt 8J"!l,<ml. A117 be&tln~ ..,... 
•i-ble ol mlllnlalulns • LNnpentu,-. -•nd th• fttw 
bc,\d..- dwtnc !N'll!>Unr o. 120:lt" C Cl'-'±t.'," F). or 
such olh« UmpenLIIN as 11wc1n,c1 b1 •n appllcal>le 
aa bpart o1 Lbo st&ndud.! or &f'P"IYld b1 \ht Ad ml nl• 
l.ntor lor •sulv applleatloa. All"fflaUTel7. 11,.
\elte,- may O toop,onU!LIHieqUlpmffiL at I LDml>OTll\.l.V'9 
low« Uran L " spocUlt'd. ,. U!mpmltUl"f PD,• c:tire,ble 
or mM.SWin& tampruure to within .,• C (:\. ◄• Fl sh~I 
be lna\.lJl<d ,0 l!le\ lb• tempenlart around lhP Ill\« 
holder can be ~u!&ted and mnnliored dwtnc 'l:lmpUnc. 
H..Un& s,-nems oc.ber lbu LIM oae sbown la APT0-
0681 ma, be IP't'd. • 

2.1., Condcmtt. Tbt lollowlNC •~ lllall be 11-.d 
lo deLenDJn• tile stack cu molstutt -leot: Four 
lmplnien connectod In -1• Wltb l•k-.ffl' i:roWld 
rte.s- 11Ulngs or any similar lea.1.-ll'ft non-..1.amlnat1111 
IILUn1s. Tbt llnl. d1ln.l. and low1b lmpinct'R "1411 ~ 
01 lbe Orernburs-Smllh dr.u1n. modlnN by "'"ta,,j"'
UM Up with 1.1 cm l}i 111.1 IU ll&r.o tubt u"'11d1ng IO 
&boul I~ rm (}i Ill.) lro1n tht boUom o• th• Rask, Thi 
NOOnd lmpln1or shall bt ol lh• un,cnl>urt-&nllh drslr11 
wllh th• sl.:ando.rd tip. MocJll\ca1lons It.a.• II.sit.. flo:z,llle 
connf'C\loas bftwe.-a lh• intp,nsers. U9ins m1u-r1.... 
otbor l.h&n I u,or wltll ft•&ll.lle •ecuun, u.... tu conuf'C\ 
I.ht IUltt boldtr \o lht condPN«) may 11P usrd. subl<'el 
to u,.. lll"pro1'&1 OI \he Adml11lslra1or. Tllr nm and 
ll!OOnd lmpln«,n 1hall contain know,, quantll1e11 ol 
.-.1..- (Soc:tlnn U.:11. lb• third shall ,,. tmpl y. and lb• 
founb ,-ball conl.Aln a tnowt1 wei11ht of oiltea 11rl. or 
eqUlnJent dNlcc:ant. A \hrrmomfter, taD8bltolmNUUr• 
1ac teral)ffttun to 1r,thlA r c <2" n lllall .,. pi.oaa 
&l Lti. Oll~K al Ule fomUI l.mpuicer lar 111oai1Gr111C 

~f=:11un1,, 1111 ,,..c.ea thltt _. the ample 1M 
9tft&m and aDo,n llleMUnCDenl o( lhe ...... -4~ 
aad mol.ltare lea.Ting lbe coa.d-, each t.o Withla 
I ntl or I I may be med. ,ubjecl to lbt •Pll"l•al ol lh• 
Administrator. AC'!'e:,u.bie m-.s .,... lo m- Lbe 
-«Sensed WIIUl'elLlnw cninmeU'IClllly or ...iuro•~oall, 
aad lo m-,wa lbe ntei,wrt l•Tlnc tbe -den- by: 
(I) monll.orln« th~ lenlperallltt and ~" &l ·u.e 
OIi:!\ ol lb• eondNI.- an<J aslna llalton ~ law ol porilal
..-w-ea: or (~I i:iasaln& lht samplt 11as s\"'9111 Lbn>u,:b 
a tared silica 1,I (or f(Jllinlenl d""'ceantl lrep Willa 
a.II ,.,..., llepl below 20" C (ea" Fl and detennlatnc 
the wtl11hl ,ta.II\. 

I( mNlrw< olher than tdU<'Ol ~•I .,... nsod to d•"'"111n• 
U.r 1,:nount or a:;ol.<~urt ; ~.-111.1 thr «-!ldtn>l'T, It •S 
r«.0rnawndod U:.&l siilu 1<1 ,or rqu,~nu sull be 
U9e<J bftwe.n lbec,ondeall'!I' sy,lam and 1111mp lO l"l'•nnl 
molsturt condon$&Uoa ln tht pum I> an•I mf'lmni u~Ylcu 
and &.o aTOid the Med l.o make con,,cUons for molsl.me la 
Uae meterrd. •olume.. 

Not~-11 a d~nauon or lhe l)llttlculalt aiau« 
eallf,c\fd la \he lmptncen Is desln,<.t in a<ldlUoa t.o ma. 
l.utt eonlflOl, lb• lnipln«~-r syslelll dt'SCrfbtc.1 abo•• shall 
bt mod. "llhoUI modlrtcation. ln<li•idua. Stales • 
oonl.nll a«•nciN requlrtnc thl• inlormt\lon •hall be 
N>nt ■.,,,tod as lO th• 'l:IDll>it ~Yl'l'Y an,j an:alrsSs 0l lb• 
lmpnctr <'0nL•nt.-. 

U.1 Mtttt1111 System. Vacuum pup, koak-~ 
lltlfflP, lhttmomrten CIIIMlbl• of m•11..•11rt11a tl'ffli,rml1U11 
Lo within 3• C (l. ◄" F),drycu m.....,c,.,..t,t,.o1 ffl..."llftllS 
•olum• lit within :? r-111, and rPltllrd "1ult•P1tt1l, u 
thown In ri,u,,. $-1. Other lllfttti111 ,,st,ms l'll,-l.lle o( 
ml\lnlalnlnis !'llai1,Una rclfll within 10 l"'fft!nl of im
klnetl~ anrl of dtt"111lnlnc mn11>if' Yolurn..,. ,o within :! 
pen,r,11 may h• n!IPd. suhl~I l_o th• alJlll'Onl o, llM 
Adtnlnistralo,. Wh•n tbt metrru~ snt..,., is mtd In 
co11Juncl1on with a 1tllol IUbe, \he sysltm tb&U eaaW. 
chuck, 01 isotin•Uc mles. 

S.'\mftllnc 1rsl11!'11llliun,mc-tll11n11sr.,wmsd"91cntd lor 
hi,hrr now ratrs 1ha11 lhc,l u=t11>E<t In Af>Tl.)-()MI « 
Al'TU-0.\7h may .... u9ed ~dc,d lhal LIN lc,ecillN
Unn~ o this mrtbod llff m•L 

2.1.~, llarnn1rl1'1', M.,..u,y. •n.....Cd.«OUI« bw,,metw 
""J>ll:h' n1 mf'Uur1nf 11n1111phf'tl<' ,,,_u,,. Lo wt~hl11 
2.~ """ 11, (0.1 111. I 1). 111 mftny -. lb• IN\romf'tr'o 
n-Gdl111 may w ohllllrof'd lro•n • n_b, nauon&I ••th., 
scrv,c,· ,1nlin11, ht whlrh <'O.."<' the stallon Yalue (wbl:b II 
\ho abeoh114 hat111n•lrio pr-w-e) shall be requ•UICI and 
,u, a<IJustmanl for eltt•Mlon dl:Zc:t- belWN!D lbe 
wua1t,.,.1taU0t1 and aampi1nc ['>Olnt shall be ai,oUNI t.t • 
nLt ol 1nln11s ~-~ mm Uc (0.1 In. li1l per :Ml Di UCO l'-1 
elr••ll<>n lncr4<<' or •ice nna ror •lnaUoa d--. 

2.1.10 Cltu Oenalt7 Det.61'mlAaUon . Eqalpms:st.. 
Teml)<!rature .s.ensor and i,rwml'e IMJC•, u ~1""1 
In Sec:LloM 2.3 a.nd 2. ◄ or Molbod 2, and ••analF&II',
u-\&IY, as dNCrlbed In Method a. The umperMun 
..,...,r shall pr•lerabl1. be p.:rn,anenUJ anac::od lo 
th• pilot 111be or ana1111n1 prol>e In a ll&ed co,,i\aun&:on, 
■u,·h lhat Iha lip ol the ,so,nlut Ht.!lllb b6yoad l.1141 IM41~ 
~ ol I.he prob, sh<-ath and .inea aol louC'b an7 mel.61. 
Alteru&U•ely, ll•• "'"""" nia-, he attao-bed Ju.st prior
to U.Oill lhc lit-Id. so,•• howoHr, t.hal illbe laulpe,MW'e 
a,,nsor Is atta,,hed In U•• fteld, the l\Cft.'IOr mun be pl6Ced 
In an i111erl,rt11r,..lr.•• arTa1111Jne111 wltll rupect l.o tilt 
Trpo B pllol lube 01..,11111(1 Is.. Melhod 2, l'l$Ure 2•71. 
Aa a ..,...,11,J ,.ll..,nt.llv<', ii a di 1Yt.ren,e of nr.l wore ttui 
1 per.-.nt In the avera«• ulorlly measurunonl II to be 
lnlroduc,,d; the Lt-111pen.ture Janie need not be &llacbed 
\0 lhe pralle or pilnl tubt. (Tills alternadH II \Qblec& 
to UM a11pronl n( th• Adruint...U'a&or.) 

2.1 Sau,i:,le a-Tuy. Tb• loUo~ It.ml ua 
-'-d. _,.L loa2.1.1 l:'roho-1.iner. and Prot>e.No1d1 n._,.,., N1• 
brldlle bnLsbe$ Wilh sl&lnlau _, wire haadlaa. The 
probe bruab Alia.II hne ut.e1lllona la\ lea.,\ u lon1 u 
the prube) of ~taint- 1teel, N11Gn, TeAon, « slmllady 
l:iert 111attrl&I. The brwhas ■ ball be prot,erlf lllOCl aDd 
o:hanad to brush oul Ole probe Uner and aouM.-c:2 \Vuh l\ottl-T-. Olau ,rub bcKtlel ve 
NNlll\llleftded: polreth-,len• wub boltl6a. VlaJ Ji,a.111ed 
at U.• opllon ol th• lMttr. It Is reoonuaended that_ 
no& be s&ortd in polyetbJIUM botUM lor ion,., daan • 

-1;'.2~:· Olus Sample 8L4n(t Contwllln. Cllcz,Jcaltp 
l'Ml6Wtt, boro,nllcate c;!:.,,.s boltlu, ,o,, ae"&one WI.!....._ 
6llO :c:il ,:r IUOO ml. Scrow c,i,o 11.ntn 11:a.ll dtllar be ru'bbof-
1-ad Te/Ion or- llhaU be eoa.suwLed eo u to pe leu-lrM 
1111d l'Ml.nant W e.baualCIII 1,ll&elc b1 -">De. (}.smiw 
-nb c.lMI bolllel ba•• ti.en found lo be •- Pl'aM ~ 
lellMG!e..) A.lurna&i'lel7, polJeU!JlouM bo«lel m&J t. 

~:, Petri Dlehes. For ~~lei. clw or 1l0l'
tlb1lene, unleu olhenriM • bJ UM J..dmJ.a.um• Oradualed Cyllnd<II' Mld/or Bal,mca. To m
un condel\SIW1 water to w,thln 1 ml or 1 r. O1114ll&lad 
"Unden 1hall hue 111bd1•11tooa llO ~ \ball 2 mL 
Mo.t laboratorJ bal&nres art capable ot welab.lllc \0 &ne 
,......, 0.6 1 or leoia. Any ol th- ball.nClll 11 IWt~le r« 
IUI here 111d in &ctlon 2 .a. t. 

2.2.G Pla.stlc 8t.ora,t Cont&lnen• .tJHlcbt GOII.Llllnen 
w~esUlucoL 

2.2.7 Fu.'lnel an_d Rubber Pol!Nawi. To al~. L,
tr-.Jlator cl sc!,~a ce• to oo::wucr: cot nAl.._y U a.,l,c:a 
,.1 11 Tt!d,ed In \ht a..14. 

:1.2.a z'WlllOI, lllua QI polJetJaNnt, to aid 1A amp• 

'T]-Ziwysis. For &11alr.ia, the IGUowtnc equiplqmt ii
....Sed. ~ . 

2.U Olasl Welchlnc DWM&. 
1.1.2 D1lllee11tor. 
u.a .411&11tlca1 B&lance. To - 1o wl&bul ._, 

i'J"t Balance. To aieaaun &o w1WD Ur. 
2.1~ BealcU1. ~ llll. 
:.~.C !l;: ;:,.::,~ter. T: rnca.-ou.re tbe ralalln bWAid!tJ 

el ,11a laboratorJ' •a•lronmen&. 
2.a.7 Ternpe,atura oaaae. To •--·&IM '-,-.

tun of Ute lallor&wrJ Oll'l'ir'oAllleo&. 

a.~ 
Ll 8awi,Ji1ic. TIM hlllpat.l II.Nd In Mm&>IIDI - M 

IIBowa: 
u.1 Ji'm-. 01au ftbw lllwl, wtcboa& orrMM 

biDdet, abibitin, at I- llQ.115 paroent .met.cy <:SD.OI 
perc:ULL pea,ua.uon) on Ucuc.-oo ~YI pbUialal.a 
-•• panic~ Th• llllot ell:lcleac7 &aa st.D be ccr.
ducled In &CCLtnla,.ee Wllb ASTM lt&Gdatd lllethod D 
21186-71. Tut d6l~ lrum tlM ll:W•l4r'• qa,&Uir CIOomai 
pracram &N ,udi.clt,nl b lhu purpoa. 
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Method S, Continued 

1.l.2. SWca o..a. [ndtc,,Un& type.I I te 1' m..it U 
J)f'evlou&ly uoed, dry at 17$• C (360' Jr) lor 2 baun. N•w 
alliea eel n••Y be us6d u ~•••ed. A.herna.llvdy, ol.her 
types ol Jftllccu11u <etiuivi,ltnl « betlerl Ill&)' be u.Md, 
aubJoct to th~ ap111uvcJ ul the Awnlnbtrator. 

3.1.3 WJltcr. Wh,11 111,alylts ol the m .. 1enal C&Ulht 111 
the ln•,•hi«""' i• '"'tulr.-d, dlsllUed water aha.II bo uMd. 
Run b llUKA ,,rior W llfll<I U:IO \0 eUNluslA & bl1h bluk 
OH lDL nua,•h•.a. 

1.1.4 Crush~d IN!. 
1.1.3 St-k 11,__,..._ A."1110,..h,.tluhla, loeal-et.abla 

•lllcoua K""'"'"'• Tltls LI tuil o-y II acnw~n eoo• 
nec:1.ou with •reno., 111....,.,... ur llmllu-, u-o IU«I . .All.ar,.._ 
\IHI)', Olh.,, tn- nl 1101-1< ~maybe UNd, sub
,.,.,, W thu i.1,11,ruva.l ol the AdllllG!sUMor. 

:1.2 s~1,1h· lt4'NVt"f)' • .Ae&toM--NAC•UI 1rade, ~0.001 
perc,,nt residue, In 11...., bottle-la requtn<l. Acotona 
trom metal cont1U11u-s c,11..,,.lly llu a high reeldue bla111< 
and shnuld oot be """"· &m9tim8S, supµll,n \IIU1alet 
ac11tona to class boui.. froui malal oont.unen; thua, 
acetoue bhu;.ta shall be run prior \0 ft•ld UN aud only
ac•tone with low blank .-a.iu• (:SOJlOI ~t, an&ll bO 
wed. ln no - all&ll • bl&Ak nlaa ol 1.-wr t1>a11 0.OOl 
..,ere.int~, Ula weicbt oC acotoM 119"'1 be aabu-.ci.ed from 
tile AWPle wfol&br. 

u .lllal,u. Two nace&11a 1n nqlllred • Ul• UAIJ'
lb: 

U.l AoelODO. llam• u 1.2. 
a.u D-.locant. AllbydrOWI er.klwn mlfatt, La.dlaal.

lnc-tn>e, Al\1111&\ITely, othertJ]MlloldealccanU mar bo 
ued, subJtei to \be appronl ol Ula Ad.miDlstnltor. 

LProcuw1 
U Sampling. The compledty of \Ilia ine&hod b Pleb 

that, In order 14 ob!dn reliable Nllulta, tellAn abould bo 
tralued and atpertuiced wltll tll• test prooeduna.

U.I Pmeat Pnparatlon. .All \lie ccmpoa.n1a ah.:: 
be maintained and calibrated accordlnli: t.o Ui• proceduN
deacrtbed La. Al'TD~76, w11m1 OUltrwut apecl.Oaci
banln. 

Weli:b anent 300toaOG r port.1-o11111ca rel La. ur-t!cbt 
coutalnon Ill the -t0,6 I• Record the I.OuJ Wt.igbt ol 
th• ailiea 1et plus eontalnw, on each eon1.a1nu. A• an 
al\VIIIIU'U, the silica rel oe.ed not be PNWei&hed, but" 
may Ila woi1hed cllreeUy In tu tmpinaer or sampUnc 
holder Jql\ prior to train usembly, 

Chec'l ftltera Ti:IU&lu- atalnst Liabt for lrncUlaritle& &nd 
Ga.wt or pinhole~be!Alt- o1 !ht propec dlam•tar. 
on tbe b6Clt llde qear \be ed.l:e IUlnl nWlll>annl mach1De 
Ink• .A.a an .iun1aUH. 166el the ahlpplnJ oonla.lnen 
~la.sa or plutic l)t:lr1 dubes) &nd keep th• IUter• in th
eonWoera M all i!m• u~pt dlll'inl: a&l'1p.lins an4 
welchln,, · 

DelliecaL4 the Alt.eri al !l0:1:$.11° C (e&:1:10" P) &nd 
UDbl9°' pnuQr• fer at 1- :H boon and WelJh at lll
w,:y,u ol at I- 0 houn to • come.ant wei1.r,t, La.,
<CU m1 c)w-,.. from prev1.ou& welcblnJ: record ruul\a 
to ,ti. Jl61orMt 0.1 me. Durtnr each we1zl.l111 the ruw 

' SDtm o~ be u:potad \cl tl:e laboratory atmoaphu• tor • 
p«tod CTe&tor than 2 r.:Jnut.eii a11d e re!AtlH l:u:rudlty
I.hove UJ puceuL A.tt:.r~u,;flJ (un!-.ss c;,U:c.nr.!t r-,.>uet•
t.e<1 by ll,a Atlm.!:i •• :r,:..r,, tl:• t:tcu u-_.y Lt 1;ua 
dzied at I.C:.S" O (:U.,. Fl :<lr :2 to a t.oura, d6olcut"'1 fur :2 
boars, and welibed, Pro-:edona other ~ban lllOIO , .. 
ecrlbed, which 1CC011nt lor "1atl•• humidity ei!ecu, may
be tued, Nblet Mt th• &ppronl of tbe .Admlnisuaior, 

. f.1,2 Prellml11&1y OJt.en11l111tJons. Bela ,be IUD• 
pUII( 1lto and tb• mint.mum number ot u.mplinc pofDie
._,din& to Method 1 or u 1peel4ed bytbe.Adm.lnlsua
t«. Detennhw &be n&uk prNain, t.emperalUlt, &lid tbo 
nacaot weloc!iy beadl usin« Milthod 2; It llncommecded 
\hi\ a lealc<hectr of the pilot Unea (- M~,b"4 2, a
lion a.1) t-a ~:-:.;-.irmt-<i. :-". '.;..r:,'Un11 tlit ::...:-:.;::.-·! (~r.t.•:u 
UU1111 .1.pprODJD&llOD !-iwtoud t or lU &11.UllaL&Y.. ~ 
\be purpoa ol makln& IJor.lDatlc u.mµllnl nte Nttll'ICL 
Detenn!n• tbe lt&ct _IM dry IQoleoul&r wei,rbt, u d
cr1btd In Method 2, S..."tloa &.6: If tottSTated Mtlbod I 
anspllna; II uMd 11w D1oloe1,1111 •el&bt deternlinaUoD, \Aa 
la\.llf;r&ted bal NWple 11\&ll be Ulten llmull&n~Y 
WiUi, and" ro, Uo• _. wl.ll MaZ\b ot um.a u, \ha Pit• 
Cloulate -pie run. 

8eleot e DAUle lWI bu.cl on the n11«• nf yelnclt '/ b..S,. 
IUdll that I\ II DO\ RC!C.m.&l'Y lO ch&11g1 Ule DOUle liN la 
ordar to CIIMDWD 110illi1tua Mml)IIU, rato:I. I.>un113 tbe 
IUD, do not '01\ancl lb• DOl&lt lltM. EnauN \~ ·
proper dta....,ntlal pres:IUN rau1• II chOHn tor tbe ruic• 
ol yelocltr b..a4a &1iouu,A!.llnd i- lle.:uoo :U ol :Weilwld,,.

• Belecrt a aal!Abla probo liner Uld_J)l'obe leacth mcb ~a& 
&ll lr,.Yvae polDU - be -pied. J'or la.rt• ,ta.ca, 
_..,. aaml)IIIIC troln oppGIIC. adet ot liM "'°4t \0 
ndDNtM~ol~ 

' 
lleieo\.1 c4Ul ampllr,c ~ peat« thea OC' equal lo 

the minimum tow umpllnt \Ima ap.otl\ed In th• 141\ 
J)tOQ&,iur• lcor the 11),0CllMl lndlU(ry sucib tb&l (1) UM 
11a1n1,1U~ Um• !JU p0l11t 11 not 1- lh•n amlu (ur .,ma 
1-f'Ct•r Umt 1n1MvtJ u s1....alled by tbe Ad,nlnllU&tor) 
Wld 12) tlie .s&mple volume talceo (correoted to -ndud 
0011dlUons1 will eu.ood 11><1 req_ut.nod 'Dllcwnwn tol&I csa 
-pie Tulume. The lat\« II hued OD an &flprwi.ltlla&e 
• .,.....AIDPIIIII rate. 

h II r-nunornled that the numb• of mlni:ll• aLl'II• 
al - J)Ol11t be en lntecer or an ln"Cer plua OM-

11o.J11u10, 111 ordw to ••old umek.,.,pl wron.~n &um• clroutlllt&u-, e.1., batcb o~•t·1\ ma, be 
11-y I.II 1A1DJ1le lor abnn.u thn• at -• ln.,,orM
polota LOd to oblAln amaller 11.1 ample wolumM. In 
t.h- -· Ult 4dDu~I.Or'• &l,IPrQYal mtui Ara 
ba~talned. 

U.l Pr,i-nl,lon ot Collection 'J'Bm. DW'UII prop
ahWIII ..id uaembly o/ \be aampllnl tn.J.A, bep all 
ope11111p wit.,. eoni.m1oatlon can OU('W' co•erod W2UI 
Juot pnor lo ....aibly or uni.JI ».mplln1 ts &bout lo tiecta. 

Plo.ce 100 n,I of wat.er in eacb ol \be llrrt two lmplnc..,_
lean lbo tblrd lmi,inrfll' ea,ptyb and \raneler approsl•
metaly ::!()() lo llOO I ol prewcif td silica 1et from Ila 
canl.Slner lo tho lourtb lmplni"· More •Ilic. eel ma, 1141 
UMd, but eve abould be taken to ensure that IC II J>OC; 
enu-alned &Md CUTied out lrom UM lmplnier dur!DJ: 
-plJnJ. Place the conla.lnu In • clean pl&oe lor 1-
- In Uit ample reenery. Alccmetlwely, tho wetsbt ol 
~ ell~ rel plua lmptocer may bo dal&nnlned lo Lllo 
11Mre8l 0~ 1 and ncord"'1, , 
• Ullin: a tweeaer or clean dllpoaable aurrteal ,1o.,.._
pl- a labeled (ldenul\ed) and welped I\Jter 111 \bl 
Ill\« holder. De ,ure that the Alt.u II properly ceut.ered 
and tbe .-sit•& propuly plaoeJ ao u lo pr8'fent the 
aunple IU IUMIII from cirCUll'1Tenllu1 tbe 6ltor. Clwdc 
the ~ter I« \Mtl alter _,..bly II comµleloed.

\o't..n rlasa linen &rt Qled, INl&JI I.be NlectAl4 l>OU1t 
~ a VIIOII .A. O~ ..,b&A iCICk \Cl~ aze 
11M \hu JllO" C (r-m' F) and Ill ubeailaa m1Dc ~ 
WIien 16mpinl.unl IICt bl&ber, S.. ArT~6 lor 
0.Wla. Olber-Unr fJ'l&,eml U&llllf either IICI Nlll 
kw lt:cl or Talion fur.:Jea Clif be 1.-.d. Wbea lll&W 
llw;-. ue uaud. lia\lui ~ = .. &boY• or by • leu
!r'N direct mecbenlcal co1uiecuon. M111< ua. p,obe Wit.II 
bell resllWlt tape or by aome c;tber method IO deno\e 
&be praper clia&IDN lnlO tile •tack or doct lor eacb Mm• 
p.lin( point. 

Bee up \be train u In Fleur• 6-1, usluc (II~)
lr'ffl'1 llcbt eoet of silicone ,,_ on all irround 11.. 
Joint,, 1"1&11111 only tho outar potilon <- A l"TJ>--Or,711) 
• Hold ll(,UiblUty oC contAmlnaUon by tile alllrone 
11::-eua. SubJecf to tbo appro-,al ol the Adminlst,..,o,, :1 
1ba cyclone may b• Wied ~tween tbe i,n,INt ,.nd hit.er 
bolder when th• total puticuhLle Ctll.dl la P.IPf<•tNI \0 

• CSCMd 1001111 or wban water dropiet.t u-e pr....,.,, iu tho 
acac1t1u. 
- Place mubed lee around Ulo lmpln1u-s.._1.4 .1-11:-Cb~I< Procedures. 

U,U l>retcst Lealt-Cbocll:, A f)l'tt""t w-.alt1•hr,•lt la 
recommended, but not requlr.-d. II o,e ,,_t.l" "l'I.• to 
conjjnrt tho pretest le,.J,o<heck, 1110 lol!.,wil,c ,..-~o:dure 
ati,,ll be u..ed. 

.Uttr tile sa111plln1 trnln bas been &oStt11hltd, turn on 
and WtUollltor end pn,be heatu,g 1Yli\6DII lit Uloll6"&rud 
operaunc umpera<uru. Allow wne tor tbe to,n~turee 
io allbtll&o. Ju Vlton A O-rla.a or other le&lt·lrooconn
tion II uaed lo -mbllna; tbe probe noule \0 I.be probe 
llnor, lMk<heclt tbe train at tbt aempUu1 al&e by pine•
liDI tba .-de and puJllnc 1 '80 DUil H1 u, Ju. lll)-Wll.

Nou.-A lowor ncuum may be UNd, prorided tba& 
l\ s, "°' aaceeded dunnc l.bo wt. 

I: L'l ;.~b..stos strim? I! \!se-.1, ~o not eon11rct the probe 
to toe trun durmc uu, ioe&<A.;.:i;.. lnneo.1, i"'"'-cli
tbo train 'by tint plugclnr tbo Inlet lo th• tilter holder 
(cyclone, If applicable) and pulllnc • aao nun Uc U6 in. 
Bs) Tacuum (- Note hninedlatoly abon), Tbe11 COD• 
aect the lnbo to \h• tnJn end le&k-cbeclt at about 26 
mm B1 ( In. He) ncuum;alt«m&Unly,thepcobemay
be leak-dMclted wltb tbo rest ol the 1&mpUn1 train, ID 
- nep, ., 1110 1DJU Hr (1~ In. llcl 'fllCUWU. Leo.kac• 
relel In ..,_ ol ( p.n:ent of tbe nerac• sarupl1111 ruo 
cw o.t'-~7 m •/llllll (O.Cla elm), wll6dae•• la 1-. va 
1111-.0,'CUiL 

~ 

r. t 



--------
----------

Method 5 2 
; 

Tbe loUoYhl( Lealr.-chod, 11\8\nJC:Uoni rcwu..ampllnc
train d-.rll>NI Ln Al'TD--0!.711 u,d A PTD-«111 may be 
hell>lul. Stan the pump W1tb b,i,ua ••he htllJ op,a 
and muse adfw;t v,uve wu:.plalal~• cloo.ed. Pw,ruaJJy 
•pen tbe co..-~ •dlwt valve ana llo"'l7 clo$r. U.e byi
•a.lu until the d~lr«I Yacuurn la .-:hed. 0. IIDt rewerMI 
direction of bypa:i, Ta.I••: thll will co.u.s. waler to bcclc 
up Into the lllter bol.:l"r. II tb1 de.olrcd varuwa 11 ex• 
.-.dl';l, al\laor lealr.<httt at thle hlcbcr •-m or en4 
Cb6 1~i.1r. check u ahown wl<>w &nd n...-t o ...r. 

Wt.Ml the IMl<-cbeclt Is ~'Ompleted, first slowly ttruOH 
tba pluc lrom the Inlet to tbe probe, fil1• llolder, or 
c,.,Jone (II &P1Jllt11ble) &nd Immediately uaru olf the 
TIICCltro puu1p, 'rh&a pr,,Hnts tb• ..-.i.u in U..impluiren 
fronl belnr lorced b ..•lr.wo.rd Into \lie ruca loold.or and 
IUlu ,., froJD bai111 entrained bacltwMd inl.O llM tbltd 
&mplnrer. 
◄ .1.{.2 1-1<-Chacka Dunne kmple RuL If, durtnc 

,be a.mpllnf run, • coutponent (e.g., 61\er uan,bly 
or lmpJncu chanre becoutes n6NSS&l"Y, • led-cbeck 
shaU be ~'Onducted lmn1&d!!lUIJ before tlM dlanca le 
made. Tbe le&k-cbeclr. shall b• done accordtur to 1ha 
p~ure outllntd In tlt1<·tlon 4.1.4.1 abon, e1.:eP1- tb.&t 
It &ball be done at a ncunm M1U&lto or~reatett!la11 th• 
mulmum •a.lue neon.led up '° that pou,t 1n the h<.st. 
If the lf.&lu,r" ro.te 11 rou,111 '4 be 110 tn,uer th6n ll.000)7 
m•tm In (0.02 dm) or t pen-.nt ol &he ..verap wm"linc 
tale (wblchner Ii le&S), the N&ull1 are ~le. and 
no corroctlon w Ill need to bt applied to the IOlal Yolume 
el dry 1u ineterad; If, howonr. a h.tgh.r IH&qr ral.6 
It obtlllned, lllo tester 1ball either re<:ord u,., IMI:~• 
n&e and r,I"" to e&>ne<'l th• s.mple YOlunie as Fbown in 
6lec\Jon U.ll of lb.ii IIMtbod, or &ball void IN I.IUlplJl'I 
run. 

lnunedl.i.ol:, after Hml)C)nenC cb11111N. ._lt-che<'b 
an option•\: tr 11tch l&&lr.-checl<t are done. ti.. 1wocedure 
IIU\ll11ed In Boctlon 4.1.4.1 •bo•e sba.11 be tlled.,.u.3 l'osl-lbSl Leak-Cbl!Cl<:A lull:-.·heck b ma11d11-
tory et UM! oonclu,lon ol -h autpho1 run. TIie lei&k• 
e!Mcl: ahell be dot.. In aecoraance "'Ith tlw ...-.Surea 
outllnac:t ID Becuon t.l.t.l, esoept oi..t u altell bo CIOI\• 
d-.>cted at a ,-aeuum equal to OT sniaicr lh1111 the mad• 
mwn Yalu• .-....:hod durinr the an1()11nr n111. If the 
leakqe rate b founc.i to be no irea1er th•n 0.014»7 u1•1tnia 
(O.O'l ct:n) or 4 percent ol tl,e &Yu.«~ -ptlJ1g ra1e 
(wlll.:hner ~ lbl), I.he r...uia are AC.:--;>table, aud no 
c.orroctl01111eod be applied to lhe \.OW ~olunae ol dr:, !1•11 
1ne161'9d. If, however, a hish..- le.3k6;1e rate b oht•ined, 
Iha -'- all&:I alther r«ord tho lcl&ltec• 11110 U1d c:om,ct 
lbe-.W\'olWDO&ioal\O'WIIID~ll.loO.laioa-bod, 
• lh&U "'4 i!M.-apUnc n&A. 

"---------·-·-------=.:-_·:~::::::::_-_-_-.:
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Continued 

,.1.1 Partloulata ·'fnlo O~tlon. Durlnc the 
1&mt>lln« run, maintah, &.r1 t:oi:ineUc "'""'Plln1 nu 
(wli.I:\ft 10 pc.rceot or true Ls<>klnollc un:..., 01h~r-..·6-
ei-1Aoo by the Admlo\Jtrawrl 1.nd • 1e1nl'Crarnra 
around the ru1u of 120±H° C (~*u,• Fl, or •uch ntht>I' 
1&mpen,1uro u spoctnod bJ an apptlcabie sullp-...-t ol U.. 
IIC..ulocarGS or appro•ed by the Admtni1ua1or. 

)'« oecb run, record lb~ d.ata fe<JUUed Oil a data ,heuc 
111Gb &1 the one ahown In •·111\lfe r.l. lie aurn w rco,rd th• 
la.lUt.l ciry «"" meter reading. Roco?"d I.be drr ,,... u......,r 
,-l.111a r.t u,.. beilANU,f 11\d eod of ~ 11w111lln, u,... 
I.Dcnmenl, whan ollan,ee ID ftow rel• .,.. ..,_.._.,., bo•lore 
end u1ar ec.ob I.Mk euocll, lolld wbeo eunplu,c la lwud.; · 

Tab other ,-dlnp l""f<lulnd b7 1'1,;,ln 1-1 al.loilMt -
at NCII sample potnl darm« MOIi WM i-t -
MHIUonal ,-din;, wbee •i,f1Ubcu,l eJ>urt.e (,jl) paroeat 
•an1111on Irr ••JocllJ bead fflMiint:11 _._. edal
UnrlAI M!Justm•nt.a lo llow raw. L.enl a.ad - uie 
mannm91M". Hecaa.. t.be ~ lenl U1cii _.. -:, 
drlfl duo lo •lbrtllona and lillml"ftlare ~ maa:e 
~.,.riod/c ~httlr.t dUrloC the ..,..,,..._ 

C\K, UM t"Oftbo• Pl'tar to «m ta rm la ~ 
~ ~ cJ samt>UA: ~ ~ 'l'• i..,.··iS 
a>:::.pil..:J, N'n!O" t.:l• D~ ••n, ftl".i7 ti>• I.::. ._. =r,r 
~ prooe h«IU.~ ,:,rl6m.J L-. up co i.em~. -.~ 
t:.:al UM pltot lUOI lllld orobe ara oroo..1., PDllu.,n,d. 
Poaitloll the oou.i. 11 I.be~ ua.,..... per.- wtai_\lie~ 
p«at101 «;;neu., lllto Ult rw 1t1-=n. ~_. 
Lile pa.mp tAd ~ t.be llaW A~ -U-. 
Nomoer,.p~ 1te 1......u&ble, Yl2Jeb aid IA \be npld ~ 
s:tet fll l_.>t ~ •m;>UD« rat.e Y!tbout er-" 
-~,._,. NIIIOSftpht - dalllcne,S lo, -
~ t!lo Tr,,e I ~ID\ tube -.fflclanl la o.il.~:1:0.0'l, Md 
tlM lt.aolt cu eqlll•aieat do011&, (dry moleeular •~iclltl 
II equsl t.o ?'l:1::4. A.PTD-cne d~talb tb• pr'-4llN for 
~ tbe,~Olfapba. UC, and -"• ara outatde th• 
---• st&..,.. r&c;• do ~ a. &ha aomorraplu unleN 
aps,nprtate 11.opa (- CltaUoa 7 Ill 8oc:Uoll 11 IN talrea 
ID aompeaate lor \be dniaUoaL .- -

...._ a 

.....u......._________. --·--------
•eunta,cnwurwa_______ 
AflWIUlllliilffanm,1__,.,_..,.__
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M~thod 5 , Continued 
C 4 

When th• 11A<-lc II under .:.Cnlllcant -,att9'1 ,..--n IQIPOOI ~h• \rain prior to 1nct durln,: ,u..,.,,.,.,nhlr ancl 
(helcbt or 1rupt11Jer ■tern l, tu:, csn to r.i- u.. °"""" - anr abnorm.J condlUona. 1"rrAl Lho ...mrlta 111ac:,,,.., nln t,,,f-,r9 l.naonlng L~• pre be Into the~ to loUo,rw: 
pn,nnt WIW rrcru blM)lclruc Int<> t!M !liter holdet'. u °""'8illff No. t. r.arrhtllr rrmnT~ th• lllt~r fmm tbe 
~ ..~h~ =-11 may be turned Oil wlc.111 th OOVN ftltet' lloldor and plM'o It In IL• l•INlflilNI pt'lrl <ll•h 0011• 

1 &alu.. U11e a flair or 1w,-,,....-, 1nd/ur rlNln dl•flM&IJle 
~hen tb" probe ts In powlt\01:1. blorl: oa U.. op11nlnp 1Q1"11COII Jlo...,, to hl\ndl" lhe IIIL,.r. H ll Is """"'""''7' lo 

~d tbe probe and r,onbole to pn..- UDNpt. fold the llltt'r, dn .., •nch that the parUculr.to c"k• \1 
•ntaU•• dllnUon or the 111 stream. lmld1 the fold. C:irelullJ tran•lnr to the pttri dish any 

Tra.-er,o the at.act ~lion. u rectulre4 b7 Method r..tt1eulatt mallet' and/or IIILer m,..n which adhon, to 
I or u 1perined by the Administrator, bet111 earetul not the 11!\er h 'dor aaakN, hy -using a dry nylon brt■tll 
to bump the rrohe noule lnt.o the 1tad: ...US -.rhea. brush and/or I\ •ha,µ.M~f>d blado. Se&I Lb• oon\&lner. 
•mplh1c nrar th• ,ra\l., ot wh~n remoTln« or tn-Unc Co,lleillff No. I. Takln~ can to - lltAUltl.Sl oQ tbe 
tlM 1>rol,e thrnuch the por1:bolea; \hi■ mlnwll&ea Ul• eatal<k of UM probtt oc ou..- utetlOI' IW1aoa doa -
rhan~o ol ~•Lract.iruc depostl.ed material. •• lnte th• Allli,le, qua.odtaUYelJ _ .., .. ~ 

l>uring the tMt run. 1nu:e periodic ad)ustment■ to -t« or an-, condensate Crom tbe probe aouk, pr-obi 
keep the tnmfl&at1111 vound the lllw balder at the tlttJ,lf, prnl.Je 1111~, and fn111L hall of U1e fi.lt.ar h<ildet bypro,,.., lrvrl; add more Ire U\d, U n«-ry alt to WUlllnc c.b...,. eompunonta with aoet.oM and l'JadDc \be 
n,alnt~!n "t~mp,,ratnt9 or ltlu than 20" C (t!I" FI at the ,rwd) Ill a clus ~talaf'I'. Outllled Wat.er may be \Moed
N111dnn,.,.,/sili,.,. ul ontlot. Abo, pertodlcallJ cileck lll&telld ol -tont wlton a.ppro•ud b7' lbe .ldl:c.,,lat.rai«
th~ l~vel 111<1 1erc of the ra.anometnr. uid &be1I be tued whon •~lfled by tho .ldmlD.i&trMor;

II t hn pr.-,..11re drcp M'l'OSS the niter ~ too bl1h, In CbOle ~ .,.•• • w1ter IJlant a/Id rollow \be AdmiD• 
makln,: '"'''"''"U" aniplm1 dlfllcult to malntl.ln, th• ~- dll"\!Ctiona OU LO&l)'Sl!I. Perlonn \lie -llltor mar he n,pl..-t>d In the rnlcbt or• !lllmple nin. 1' ria.e u tallows:
11 , ...,.,n 111~ndf'd that ancther romplete tilter UMmbll l'aniully rrnmve tlt<1 pcoho nout. an.J clean Lb" lnadehe,,.,.., mt htr than attemptlnit to cb~•U.. Clltec lt.sel • all"faff by rin!ll111 ... 1111 a,,.,tnne Cron, 1 wuh bottle and
R•lurP a ,,~w /llt.r -1111,17 is l111talled, eoaduct a lealt bnublnc ,.ILb • lll"IOII l,rut '" l>rush. llrush unUI WIrht-<·lc (- ~Uon 4.U.2). Tbe total partlc:ulate wellht -- rin.Y 1hu"'• no •i~ble pan~ alter wblol&1h11ll lnrl11dft the suuun1u.lon ol ail ll)te,-btrrstdlN. mu. a IUW riUk of LI•• i11..,c1. IUrflltt wlLh -tone.

A si:i~le train 1haJJ be wed lot the entire ample i:u,a1 Hnuh ..... rt,.... th~ hLside """" of the Swacclok
ftNIT>l tn rl-9"'1 wbere slmul\&neow sampUns 11 '"""wrK IILUu« wllb .....WI... In ;& ILWillll way until no Tisble
In two or more ee:-,arate duct& oc at two or-. dill'eren\ l'U"tlcleol r,•m,u IL
locallons wltbln tb, a&me duct., ot, ID ~•bera equip. !Una u,., prol,e u, ....r with _,.,,.. by tilUnat -and 
m111t ratlun 1:1--1~ a~• Of tralnL In all other rotatl,111 the 1trulw whlir 11<1wrtlnw ..,.,tone lnlo tu Ul)Plf
1lluauona, the U9e et two or men tntu ,rlll be 111b)ec:t "° 111d ID Lhat 1111 lr1,;:bJ~ 1111rlM'N wtll he ,rotted wllli _,
lhe 1r,i,ron.l ol UM Admin.lr.rator. 1oufl. Loot thr .....1011, Jnun rrurn l111 lower eu4 Into \.be 

Not. that,..._ n. or men~ an ,ail, ..,v:•• -111e f'OIIUUIIH. A runnel (irl- or pol7fllh7'lcllfl) fflllJ 
anal,-- ol Ule tl'mt-h.lU aad tll ~-1:t'inCV i,. ua'd t,1 a.id In u ...a:.1,mnir llt1uld w"'1>11 ~e CCIII• 
cc1cb,. t:om .-:h '1'aiD LU.ii be ;,c,normeci. tdentl lalnw. 1-'nllow 1i... ...-f'tonfl rlDN wllh a p,ul,. brush. 
cal noule 11- wve aa.,d on all aw.Ir.a, 1111 wlllcb - \be llold tlw prol~ In an tn.:U11cd plllltlon, ■quirt -
tract-ball rstctea Ii-om tb• lnd.1'11dc::I t3lna m&T be lo,:,, Ole "''l"'f" Nid L\ the ptob,, bnbh Is bcluc puahed
09mblned (u may the lmptncv eatd:•U114 one r.n&i-r,!I with a twlstlutf 111.·llun tlm,uch the prob,,; hold I s&ia('ie
ol front-hall csccb and one 111!!.i,-,:s of l!n"1inP.v eatcll eunto.lnN" uuden..-ath ti•• ~,w,r end ol the 1troi.., uitl 
ma, be pvlormed. Cansulc wttb tb, Admlnlat:ratol' lot nt<.•h a,,y a., .. 1<11,. and IIM"l.k:ulau matter wllloll II 
deblli conNl"tlin,r the calculaUo.a ol IWU1ta when two or bnuls.od froin thr 11ru1,.,. Run tho brwlh thruuch tN 
- tralnl .,.. used. probe w .. lUlld QI" Lnorc Willi no Ylalb.lt IJWlic~ 

At. t!le end ol tbe !WJUIJI• run, turn nfl the- adjust llllltl.f'I' 11 tarried OUI with the .......one ur Ulllil IIOll<enl••• "'mo,,.. t.'1e probe and rwule troria the ,tar.le, tum rcmalu, 111 the 1wul,. Un.er on WIIM IIISl>ICI.WU.. Willi 
oa the pump, ncord tbe llna1 dry ras meter rudi111, and lt'-1nlnl 1u,d ar uLho:r mellLl prollcis, run I.ho bNs.b 
conduct • poat-test le&k-<-beck. aa outllned In Bec:1.lo1l Uiroucb 111 the al.iuvc prt,icrili..'<l mamw at lmst su: 
4.1.4.3. Abo. l&k-cller.lc the pilot un.. u deec:1bed ID tlJDtol aine. Wt\tal prol- ·t..ve D11all cnovlcee In wblclt. 
l>leUiod 2, Section U: tbe Una, must i;sss thla luk-dlec:t, pan.lcuiale IU&tltt ,an ho elllt&i'IJl"1, lUn"" tile bruail 
1n c,rder Lo •oJ:date lb• ni..city bead data. with lo:f!ICHlf'. au.i ,,n..111li...tlvel)' colloct llll'A w~t~ 

U.& C11lc11.lat1011 of Pe.M:6Rt u,c,i:lneUc. Ce1c:u1ate 111 tlM aunple comlliu,•r. Alttr the l>rm,htnir, mail• • 
percent i,oldneUc <- ClllcuLaUons, SecUoa 6) w de'« Jina! aeet.oM rillllK ol tit~ prolw u dettrllMd "''°""· 
mlne wbetber th• Nil ,ru Talld or anotlaer tost run IC la CIOQla.mended tbat two p,,ople be ue.cl to deua 
lhonld be made. U thore WM d:ffkulty ID malnt&!ning ill& probe Co minimiu s,,,nple lolstll. DetwNn AUIPUAC 
leolr::1ne:.lc ratee due to IOWN Nlnd:Uons, consult w1ib nms, wp brushoa cluu 111d prote<·i.4 llum co11tami,i;,a,, 
U>e Ad~nlsl.rator for possible -nriance oa the llolclMUc Uou . 
J'&tee. ..ll'lllr 111S11rtnc that all !olnu ba•e be,,n wfp~ eleua 

,.~ llample R~,.~- Prni- ~lHnap i,roeedore ef •llt("One cr~ase. dt&11 th• 11... 1de of the rrouL b&lt or U>e 
hot;tna u ll<'•>n u lilt prr.,~ IJ r~mcvt'd !rom th~ ltllt'll: at 11i~ bcldtr by mlihiq I be ,c,11l&•t1 w1U1 a ny:~11 t-rh<:• 
the ~nd ol lhP 1'1-":ll)Ut"-4 9-~nc·:I.••.dow th~ prol>e t.o C'OOI. brJ.So &11d :111!u:g w1lh &ttt-totwi. Ru~11 ,...,_t• .r.:r.J.ie"I 

Whan tl,o ;,rot,., e10 ta ..:Pl,- handled, wipe oil .U U>r'H utn.. or 1,mre ii n••ded lo nmon TL<ible pv::!1..-u
e& temal panlculate matt.- near the tip ol th• probe late. ?11alr.e a llnat r,n.,e of ,he bt\.liil 1.114 Cl:l~r l:0,11.-. 
notile Uld r,lac,, • cap oHr It to prenDt lollnc or galnlD.1 Ca.relllUJ rin~ out the 1lass ryt"lo11e, abo (IC ai,s>U.:abi.). 
pt'.rtloulate matter. Do not cap oif the probe Up t11htl1' Al\er all ...,.tone ..-a.,1.i1:111 and ~<"lllate n,atter l&aTe 
wblle the sampling train Is coollnc dowu u this would hall collto<-ted In tht 1&1Uple conl&lner, U,hk11 U.1 U4 
CNoMe a neuum to the lllttt hold.r, thus drslrt111 Ya&et en U.. ample -ta.liter ao that a.talOne "111 not ..Jr 
hm tbe lmplngen Into tbe tile. bolder. out wben It 11 &hipped to Ule laboral.ory. Mark CM 

BetoN monnc tbe ampl• l:Aln to the eleana11 ate, ~{= ol the fluid lnel to del.ennine whether or D°' 
fflllon the probe rrom the llltnple trata. wipe od the • oc:rumicl cl11rtn1 transpon• .LI.be! lbe N>u&allw 
al2loane ~ and ~ Uie "~n onti..t ol tbe r.rot-e. Be · \0 clMrtJ ld~ntlfy iU rout.euts. 
c...rrl'UJ r..:, ..o ::...;..~ a.:sy ~'- :i.. :-:~,-~t~ ,:.:~; ~~r.n, b.e r,r:.::er.t.. C.;.·,... .-,, • .., .v~. ~. :-,:,,~~ tht ,x.,iiJr of!~~ lndfo,at!r.t ,ctrs 
WIEN oif ~b•,au-,-ll'Dm \Ill fl!\« iDIA ,ri).,,,, the ,.1 to d~wm1n.. ll It DU been Nu1r,leteiy sp,>nL anQ m&;u 
pnibe 1'"M futeaed and oap IL. RelllO'fe the amblllcal • AOtatlon of its c,011dttlon. Tranw, the atUca 101 trum. 
OOl"d from the last lm1)1nger and cr.p tbe lmptnger. U a tb• tonnh unplnsrr to 1u orlllJl&I Nntaincr u,d -'· 
Oezibl., line la uMd betWMll Lb• l\n\ lmllln,nr or oon A Cunn•I may maka It tMJer to pour the 11llra11I wtUIOtal 
d- and \be l\lter bolder. diNX>nllf'Ct the line ~ the spilling . ..l n,bbtr 111>U.06111ai1 n:a, b<I wed U Ill aid ill 
an« bolder and let an, oondf'I\Pfod -...&« or Uq11ld nmovlns the lilt..-. r•I fr<IID t.h• lluplnccc. J\ ii ~ 
drain Into U.• lmplng~n or oondN1-. Aller wl::rioe od nee_, to N!WOH lht- s111.U UDIXDII ol dust '()lnic:lea 
1.1M IIIIN>no iirea.... up off th• 11\W holdtt out~t &nd r.hlll may adhere Co th* hnc>lnav wall and are dttn,,,tt 
l~n«nr lnl•t. Ji:lther ~mund•Jlas, stor.-a. piasuo to ••mo .... Sltk·~ tbe 1&1D in welCbt &I \O be Uled ro, 
Ol!JIS, or -.w caps ma7 M u..Yd to rl- u,_ o~lnc:a. 1m1i$ture ,·akulations, '.!o uot ttM &:tJ 'W&t.-r or ott,.... 

Trarulot tho probe U\d IIIW•lmpin,rr __.tnhlJ to \he llqwda Co L.rallAM Lhe tlillca , ... u. i..u.....-e II ·••U.W. 
olo,onup area. TblJ vea 1houl'1 be ,.,...,, aad prot.c:t«t ID lh• 611d, '-!low U.. proeedcn lar COlll&l:lel' Ne. I 
from the W1nd JO that th• ~ha11res or co11ta1nin1t1111 or Ill Serl.iCID 4.3. 
lo&inr ttw.~111le wlU 1,. mlniruik'<l. 

ee... a on ol the IICPtnn• a...-d for rhnnp u a ......Nani:. T ~ :.."00 ml ol \hi! ,.,._ton" dtr,ctl,- rrom the rub 
bo<U. bel.,. mod end peace It In a cla.• _.,_, con(al
abeled "-. blank." ...... 

., 
' J ( 

.,, 

... 
..... 

I
i 
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~thod 5, Continued 

,,,.,,._, H 11,r. 'fr6&! l116 lruolnr•.n. M lullowo· Lla.lte Wbennu i-,tbla, eonla.l....;. abould 1M dup:>M la 
a 1wtaU1111 or a11 y ,.,~ or lllm In (~,. ll•111ld .-Mcb. M,11uure IUCII a way lbal '""' reu,ala UP"4lbl al a.LI ttw... 
'Ul4i Uqu1d v.·hld1 i" in the l\r:,::\ Uue.o 1mpu11eni c.o waluu ~-• Analysu. li"""1<1 the d.>l& ""IUirod NI a ~ 
• I 111I b1 11,i111 • uaduatcd c)·lln<I« or t.1 wel1hl"IC 1, re,h u Lh• um· shown 11, Ficure ~- liw.ndle racb ~pla'° within -0.!1 I hy '"'"''"' I, h&l&llc.. Uf ...... ii •v•llable). conLaJ.n..-r u fulk,,a-1: 
Record th• •ohmi, or wulcht ol U,111ld iw-ut. Tbll Cl,welan Nu. I. f1awe tit<! c,,1,i,,nl.J In lh• ablpplnc 
lnlnra,alion Is Cef111&1«J lo ,-alculloU I.he ,oobtUN contant f011lalu•r or 1ra1...t,,- ti•• ni1,r and any loo9e p..-uc;uJat. 
GI tbe el1111e11l fu. !rum LIie ..111,,1. MUl.ah:l'r to a l&Nd C la.,a ••!chi nc dl.!11. 

Dl:,c:ard th• 1<111ld alt...- m•unrh•J and rerordlnr ti-.. n.., • .,....i. for ~◄ bours ID a dulec-.wr COllLaluill1 at\hf• 
•olum<1 or w.a1111. uuJ...,. a11al[•i• ol UM lmptucar catch dr1111s c:aldum s11Jlate. Welch '° a co111t&11t-vel1b, aud 
i. re.iulred 1- Nute, &.·tlon .1.7). report the , ..ulta '° the n...-..t 0.1 ~- t·or PIJl"l)(ISM ot. 

II a dlllc.nnt type of cond- I& 11.-d, meuun ~ this Section/ •.3, \be ~ra, "CONt&ltl ftl~bl'.' 11:r&i:11 a 
unount ot mob&.ure t.'Gn.de.1.-d e&lhe.r T~7 ot d.llltnn"" o nn 1uor. than 0.11 ml Gr l pcreen& o( &olAl 
lf&YUDOU'il.'&IIJ ••llllt lw late wflght, wblcbner I& rn,aw between 

two consecutl•• welrhlnca. wiUI no lea than 6houn ol 
4elkcatlo11 Untt between w~ 

,._____________________~ 
.....____________________ ~-------------------------
Fil« Na. _____________________ 

,._.,~.Wlondllriattr.....«t ------------
AGltNtllluli"'-••al_________________ 

AalNt .... ..._,..________________ 

AceCNe W..k CNCUtnliOII,..,_, (,cutiu M),_________ 

AletNt..ia W.alr. ■1 (..-tiN 5-i)____________ 

CONTAINEA 
WEIGHT Of PAKTICULATE COLLECTED...,. 

NUL1881 
fSNAL WEIGHT TAAE. WEIGHT 'CEIGHTGAIN 

1 

:t -TOTAL ~ 

1AM ac:-. blMk 

Wel;IIC of ,-nlculac1 -n« 

VOLIAIE OF LIQUID 
WATER COll£ClED 

lltPINOO 
VOUJIE. 

al 

SILICA GEL 
WEIOHT,

• 
Fl:~ 

INmAL 

U0UID ca.ucno 
TOTI.L Y0WUE CXXJ.ECTED .,,·I 

• CONVEnT t'EY.!MT Cl WATEI TO \"Ol.W! If DIVID~ TOTAL 1:'EIGHT 
wcaEASI BY~ 0f CATEI (19111111< 

·~' I VOUJME WATER. ... . 1 g/1111 

l'lgure w. .....,ytlcal ... 

C I 
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Method 5 , Continued 

Alt<-matlTtl:,, th" •mplc, ma:, t.. o•en dried at 105" 0 
(DI' I') for 7 to a boun, cooled In th• d..-«, and 
...1~111..J lo. COOSl ..llt ,.. .. ,Khl, unlo.«1 nthN'•IH ,rpeci~ 
I,:, tht1 Arlmi11illlt"'°'· Tht1 l"41lot tn&F aleo opt 1.o OTK 
dl"J' I h• sa111,,1. al I~• C (220 • F) for% lo aboun, weaab 
lht """'l'I", and IL.., thi<I .,.,..JM u a l\nal wel1bt. 

CoHIOntrr NP. I. Nov thfll.,nlolllqulrl In llMeontalner 
and c-nnllrtn on the anaipls sh""t wbetber or nol lMla.a'e 
DN"1trred d1trin1 tran11iort. II a noUneable amount ol 
1Mta110 1,.., occl.UT1"d, either •old the sample or -
mf'tho<ls. •uhj...,t t.o the appro.-.1 of tho Admlnll\lMOI', 
\o COl'n'C'l , .... nnal rNll.llls. MtaaUNI the liquid lo "'1ia 
c,cmtainrs •II her Tolon,etrlcaUy l.o ±I ml or i::t"""'
mtlrk11II:, lo ±0.S 11. Tran~lor the content. to a land 
200-tn I 1..-akN and eTaponto to dr:,n""" at ambl""' 
t,1m1,..,atur• anti PrH""""· Desiocall for 2• houn and 
well[h to • cnn,itant welchL R.lport I.be ,-alt,1 to UM 
nearest 0.1 rn,.

Onlal,i,r No.3. Weigh the 'l)ent 1lllt".a11el (or11Uca,:.& 
plw i1npin1M) 6o tbo n.-arto1l 0.5 1 uai.n1 a balan~. Tlllla

~~,t:~!m~::.~c~..::,~~ t~~ acetone In tbll 
contaln.r •ithK ....,iumetricalt7 or rra'rime&nca;,7, 
TranslK the aet1tone to• u,.,;I :l.'.0-ml be&ltw and •n~ 
ontl> to dl"J'rnm at au,blcnt teml)M'atU,. and preeuara. 
Deslocate lor ~ boun and wf'i,:h 1.o a con&IOIIC weietii. 
Report the rMulta to the nenrest 0.1 m1. 

NoT&.-At the option ol the tester, th• -tell'- ol 
Container No. 2 aa .,..u aa th• aeetoa• blaoll: -~ 
roar he enporate<t at temperatlll'M higt,v than a.mlM
eot. U e•04)0C'&Uoo t.■ dooe at an olnated -peracan,
tb• temperature most t.. belo,r tbe bolUnc i,ofot oi t!>e 
m!Tent: also, toJ!::a•ot wbumpl1111," Litt -~ 
~ must be r euperTl!Pd. and UM-~ ef 
Ule healter ml.IA be 1Wirled oocU1onall7 to IUlntAln &11 
Hen temi,wature. U • utreme care, M -COM la llilhl7 
a&aunahle and bu a low 11Mb polo&. . 

.. Colllmllotl 
Malnt.aln • labonltor,, loc er an callbratloM. 
6.l Probe Nosde. Ptobe D0-..&161 lb&ll 1M callbr.l&ed 

belort their lul-.Jal me to tbt ~. Ustr-.; a mlerom--.i 
meuun tbe lntide lll&ntet.r ol the oonle lo UM -

o.cm ram t'O.oot In. ). t.,ue thr~ ~_,.TDent.■ 
Ulq dlff-t dlUDKM9 -'1 \lll"e, Mid obtala the •-• 
ac-.of lb• a,-u,ThedWAAnce bteween lb" blcb 
aod low Dumben shall Dot uooed <>.I mm (0.00,C in.).
Whtll noa~le9 b,,come nlct-"'1, deoted, ot com,ded, the:, 
1!11JI be ..ahaped, abv':°ed, and r-1lbnt.e<I belDre 
;::.;~ no&r.le 1hall pennanenU7 IIDd unlqnel7

&., J'ltot Tube. The Tfl)fl 8 plwt tube .-.mhl:, ■hall 
be c.libral.ed accordlnc to Lile p~ure oullloed la 
S..:Uon • of Method :a. 

I.a Meterlrl,: 8J"NID, 8olot11 lta Initial m,, hl the 6eld. 
tbt meterlntt s:,n.m shall l,e callhraud acmr-dlnit t.o the 
Pt'ocedun, nutUned In APTD-Oi7G. instead of ph:,sleall:r 
tdlunlntt the dr:, iraa met« dial readin11 lo CDmlSi'Of\d 
Co the •et tf'st n,,.t...- ,.,..<11n~. calibration far.ior1 ma• be 
~ Lo mt,.!.htmaticall'! c;:r.,rn,.:-t tn,. 1~ rnf'tH dial rl'a.dlr..~ 
to \he pror"t'r v,uuN. G,.-~re (""it,;.r.~,a•c tne met.f'nnz ,T~ 
tem, It I• •ua.:r,,t,e,j th ,t a :-..a-cit~ ■: he condu.:t-d. 
1'« m•terln~ sy1Lema hHlng dlapbra,;m pumpo, the 
oonnal l•alr.-ch~t. pc-OCN:lun will not ,!tt,,el 1,all:1«.,. 
,rUbln the pump. }'or th- - the loUowloc iou. 
9hect pr~are It IUl""'ted: malt~ a 10.mlnll\e c:allbr-.. 
UoD Nil at 0.00067 m 'lmln (0. 02 elm): at UM end ol ~ 
nui, take the dlfferenoo or the m-.d - IN& mete 
and d17 P-1 meter •olum•: dlTlde the dlfferwtee!~ w l[M the le&lt rate. The 11N: rw lbollld aot 
0.00067 m l/lnin (0.01 o(m). 

Alt" "'°h l'!tld u ... tho t!lllt,r..t!on or t.'M m•~'I' 
IJ'1"6m lhail M clleclt6d Of rer•ormn,... tillMt'a,1i>r11,_ 
run• at a sinrle, lncennedla&e orifice SKttlic (hued -
the pce'tioua fteld !Mt), wttb the TOCDUIII •t at UN 
mufmum •&Jue ZMCbNi donnc th• ta Nrlta. Te 

~~~;;0~

..tjust the T'OCUUm, loan a nln bet-.- Ula wet IM& 
meter &nd the lnlf't er the met.one, ~ c.icaiu. 
UM a~ nlu• oftbecellbraUoo ~-- UUlecaUbft. 
Uon hu dtancf'<i bT. - tMD , C'- -"bn&e

1111 -..., or1 IMtlap, .. -

A~n proct,d11N11, e.1.. mine the erthe mec,,r=~~f be mad, IUbjfot to \lie ~ ot UM 

Non.-Tf U... '1r-, ca■ meler COftfllclml ....._ "°""nf'd 
belc,n and &11.,,r a l"91. rriN differ bJ more 11-i petefl\t, 
the tfllt -1• shell altbar t.. "'lid..-!, or calclllaUon1 for 
U,,. lf'lll ~ ... •hall bto l)"r.""'1f'd u.1ln,: w111e11n., m,tw 
euefllclent nine (I.e•• bftlore or al~I ,,,... the lowK 
..,... o( "°"" -tJM """""""· 

--d.
i.4 Proboi Heat..- CaJlbraUon. Th• IW'O"- hflDUnl 

1-,.te,n sl>Ml be c&.llt,,,at<"d bf-lorfl Its lnlUal •- In Ihe 
l\eld ec,oordlntt t11 lhn f'l">t,""1111" oulllnNI In A 1'1'J> -0.\7~. 
Pn,b,o, cou•trnotrd ll<'('ftfdlnl[ In Al'Tt1~o1<1 nrr<\ n~ 
t.. celll,nv-d II lhe callbraUnn cun"" lt1 APTIJ~\71

6.S T••nf'N"'luro OMII""- tr... lhP r,roc<-duffl In 
BN:Uon ••, nf Mf'th<>•I 2 1.o rallhfllt• In •lnek lf!fflf"'"''""' 
PIJltN, 1;1a1 U1i,nno1n.,lrn. s1K'h ,.. ar, 11..-.1 for lhr drr 
Pl m•t« au<\ c:otul•n..., oull"t.. shllll w c:allbnlt"(I 
apiMl 10-1ry-ln-cltlss th....,nomf'l,.,,., -

6.t &.,,,.It Ch,ct ol Mf!tllr1n1 Hrst•m Ahnsii In P'!Ku,. 
~. Thal 1oorunn of the Mmr,Un1 tnun from lh• punp
14 thfo onn.... m.,t..,. •houl<I i,,, ,.k ch..:k•d ('tlor t.o lnlual 
- and afln 811<'bllhl1•mf't1t.. I.Niko,:• alltt tlN' 1oump will 
r..,k In ...,. •"lum• hNntt ft'Nlrdfd thlln ts aet11al17 
..,.pied. Tb" lollowln,: rr-111.... Is SUQ(f'S\fld •-
1'11rur-. Ml: Clnoe th• main .-.IH on thr 1neter boL 
la.rt a one-ho!~ n1bber s\opper with rubl>Pr tublnc 
..U..Cbed lnt.o th• onnce eshM.IS\ pip,,. l>lsoonnl'Cl and 
,,,_ tht1 low side ol th• oritloe manom"1.•. CIOIM off lht 
low ■ de oriftce lap. P..-urt.,. lbe ,,.sle111 lo 13 ,., 18 cm 

blowln1 

... 
(6 to 7 In.) wat~ column b7 Into the rubhrr 
~Wns• .l"lnob oiJ \be t.ubln« and o'-'•• tb• DlUOlnPtfll' 
lar on• mlnuc,,. A lose or prNSt&n on th• manomet« 
lndlcat• a 1,..11: In the mfll« hos: l•ts. If iw-t, must 
bf!110fT'8C11,ed. 

1.7 BU'Ollleter, Ctllbnlte 1Calut a IMl'Cm7 barom•

...•o.1c1t1.,...,.. 
Carn' eat caloulaUon,. rttah\lng at lea.rt one 0 1111:tra 

.....,..;i 6itll'9 t..-,ond ti.i ol UM aoqalred da'L Rouatl 

.t lkuff.i et'.- tbt Anal eaklalatlon, Otber lomll ol tlle 
~- IIIG,f be uaed M lone u \b~ l(H equlnMn&
rwul&a. 
1.1 Nomnda&:lin - -· -
A. • Croes-eec:tlonal a,_ ot M1m. ml (ft'). 
B- -w- npor IA me IN IUMID, prvportlall

b7 1'0lame. 
Ce •A...- blllDII: realdiae -trallone, mr/r. 
._ •Cooc•ocn:.t.lon o6ol)&rtlaulate man.et In ltaok 

I•• dry bo.sla, oo,rre,cu,d te atudanl oondl
Uou, ,:/d.,om 18/daoll,

z.. I • Peroeot Ill laolcnecJo 11&111.pltnc.
•Mastmum acceptable leak~ rate for either a 

pretMt leak chtclt: « lor a IO!Llt chtolr. follG
ln« a component ohaoee: equa.l to o.ooosr 
m1/mln (0.02 crm> oc 4 percent ot I.be uenp

z.. • •mpllRK rate, wlllob""' ll 1-. 
lndt•td\la.l lfoekan rate obMr'Yed durill(. tba 
Ink cb•cll: ooo<incteo prior to the .. , .... 
component 

..
chanp (1•1, J, I •• ,. II), 

m•/mln (elm).
I,. - i:-11:..,. rate obller'ftd durtoe the J101Ma11 

!Kie cbecll:, m•/mlo (cfm). 
-. -Total,. amouot ol partlcu.lac. matter ooUected,

"• •MolfODlar ,...lrbt of ,..ter, 11.0 1/r-Dlllk
· ns.o lb,1b-mole). -

•• • Mi.55 ot residue ol acetone afltr enpon.Uon,
rn,?. 

"- • Bvometrle premme at UM aampl.lq llM, 
·mm~ (on. IIs).

P. •Abaolnto11taokJV~,mmJls(Ja.Jls). 
P... •8tallder4 ablotllca ~ 7lil - He

(311.ts IA. Ju). 
.,. -u■a1 .. eoG,81.aQ&, o.~ mm a,..a,-E-c
r. mo1e (:n.SI IA. R1.ft'i" R-ll>•mole).

•Abeotute aTenf11 dry pa mew~<- Fi«ure6·21, •z: C:-R).
%', •At,,,oluta &ff""" •tacit ps tempv&tme c

.v. v.. 
:fi,iore ,$-;). ~ .i.. (•lt). 

r... -standard abeoloca t.amperatUn, _. JC 

• 
(6234' RI, 
Volume ol -ton• blallt, ml.

-Volume of aeotone naed ID wuh, 1111 
v,.-Total ""Vlwo• or Uq_uld coUect..t In lmpinca9 

and IIUca eel (,ee FIIIU'I H). ml. 
V••Volume ol cu •mple u ~ b:r dr:r ... 

· meter, dcm (dell. • 
v.,.,..,-vo.ume ot pa •ID91e ~ 'b7 cbe ct,:, 
• • Pl .c,etor. coneeW to llt&ndan1 ooodlUom, 

cbcm (dlcl}. 
V.,,..,•Volume of wat« npor In UM fU -· 

~"ted to 11.&ndard oondltlon.a. l'CJXI f,d). -
Y,•8tacll: pa Hlocit':,, OMCtllalad b7 M~ I, 

Bquatlm J-t, '5"C ~ 4lbtalMtl Ina 
M~l.r:J/.-UV-0). 

....... 

I 
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~thod S, Continued 

w.-w.irbL or Allldue tn -M>D• -~ me. 
Y- l>rr 1u molet calibration fac\oc'. 

~•AYera&:e pressuro diaen,nt!&I......,, the ori~ 
meter <- ~·iclir• 5--2), mm li,O (In. ll,O ). 

,.-no,uJtr ol aoetone. mcfml ~ lat.el on 
,.-uboUJ.). ...,, ., ...w, l.9IIU 11ml (0.00220! 

lb/ml). · 
••Total -pllnc u-. mm. 

,,.samplln, ttma lnwnl. from UM beclnnlnr 
ot a NA unUI tlH llnl -s,GMAt dlance, 
min. · 

,,-Sampllnc Ume ln&en'al, bet•- two IUe
NSSin component dlanites, 1>ecmn1n1 wllb 
the tnlornl betw- Lbe lln& and MCOn4 
chances, min. 

f,•Samplln1 Ume Intern!, from the llnal <•,.> 
co111p11nent cbanr• until UM 11114 ol Lbe 
•mpllnc nan, mon. 

13.6•Sp,ocillc rraTilJ ol ~-
60•Sec/mln. 

tOO•Con•ersion to ~ttent. 
t cwilke 2 A yeraca drJ ru meter temperalnn and HeRCI 

prasaun drop. Bee data sheet ( ~·1111n 5-2). 
I.II Ur, Ou ti•• Volume. Correct \be MUnple yolume 

mauured bJ dr, 1u meler lo st.andud condition, 
(211" C 7GO ffllll lle oc W P, 211.12 UL. He) bJ mine 

XquaUon 6-L 

V.c,:,u=V.1 
•(T•,..) 

-T. 
[P..

48 ] 

,+--_p;;;-13.6

KV. y P..,+(dll/11.6) 
'W'llfn: - I • T. 

aa•0.181• •l[Jmm Uc Jot lftettlo IIDH.I 
-n.64•Mn. llc Jar Eftcllllla alta Zq,latloA 6-1 

NOTE.-F.rinotlnn 5-1 CUI be med u wrlUon 11:,lca l 
tb• teawe rate owr•orl dairtn, uir ol UM 111ands.1,.YJ
Mk cht1rb (I.e., I.be, 1)0"\· Wl loall: cbecll: OI Mk cbecl:::I 
eondncled ~inr lo c,,anpn.,..nl rb.ana(IS) u--13 L~ U 
L. oc L; uClll'IU J.., EquaUo11 ..,_, mun be modlnecl u 
loUows: " 

(a) Ca."" T. No compon,nt ~ban,:._. mad• dattnc 
tampllnit nan. In Lhls ca.•, r•p~ V. In Equal.Ion .., 
YIUa the Hpr.-lon; 

V.-(L.-L.)f) 

(b) ca... IT. One or more cmnpon,,,,t ~bantl.. mad• 
cl11nn11 the •mrlln1t nm. Jn tbll CUP, ffPI••=• Y. 111 
EquaUu11 6-1 bJ the ,s1,r,aion: 

[v.-ci.-L.>•1 
~ ± (L.-L.)f;-(I,.-L.)t.J 

1•2 

and aubsUl,a.ite oulr Jar lboR Jeuare ralll U.. ar lo.)
Yblcb uceed L,. 

l.f Volunie of we&« ftpDI'. 

V. .,.,.n=~,. ( "•) r 1r lf: (RT.w) -p.-..-
Equation 

K
1-2 

= V: -a I• 

whffa: 
K1•0.COl:L'L'I n11/anl lor m~lrlc unlu 

•0.04707 ft1/ml lot F.n1lbb unit&. 
I.I MolltuA CooLe11L 

n...... ·, ___!~,~a.n__ 
I - f•WI +V .. ,.,.., 

Yll,ro: l:4iaaUonM 
.ILa•O.on:w.'-4 min Jl1-m1/lftl-•J:: lot mNlc ar.lt&. 

-o.OlQVIII In. U1-l\l/ml-·R lo, En,;li."" aniLL 
Non.-ln a&anled • ...... ~~"" 199 

ltrM111a, two <ak-.llalJnna of U.. mollltun ronl.N\t of tbe 
_..k ,..,. shllll be n111,1~. -• lto,n th~ hnpln«w Mial:,,ill 
(l",q,aatinn HI. and a .....,nd lo,.,.,, from Ule U•• &Mtamrtlon ol 
ll'li 1relNI enndllloo,a. Tbe cf two ftl1N11 ol 
H- M>&II be eona>d......S N>rTert. The l'f-1\1,.. lor d-· 
a,lnlnc U,e anohotn,.. tonleol t.-1 ur,nr, -.1111.UO.. el 

- 6-0 1' • p • .A.. J:quai.Jon S-7 

·1.11.2 C&lculaUOD l'rom Io\ermodlate va1.....

I-= T.V.<s~nP.14.100 . 
T.,..,., .A..P. 6U( 1-B.,,) 

•luretM c,r,ndlUON It .1..n In u,. Nouo of s.dlnn t.2
of M,-lhtld 4 . .1-"or lh~ purpo,o,,, o! th!, me<h...i, lht u,n,:e
Ii.Art P..• ""ffll"'f1'111re rroan Fll'.'IINI ~2 ""'' be ·~ to ,nw Lhls ciM.ennlnatlon, P""ldNl th~! llMI -.rntr.c, rJ
Lhe ln41.at'II: lom..J"'raLnrA lll)ftJCM' lo :!: 1° 0 ll° Flo

,.1 ACIIOIM Bialik Concenlnl.lon.
C m. ·-v.p. ,..,.,,.,ton 6·4

6.7 Arrloa-. \\"a."'1 Dlank, 

,v.-c.v... ,,.
E1111allonH 

I.A Taul l'&rtleulale Weight. Int.-rmtne lhe lotal 
~ caleh from th• sum of lb~ wttihu ot.lahMd 
lrorn ronlaJnen I and 21~,s lhe aoelor.e hl11nk <s&e l'!Jn., 
H). Nnn.-n..r.. 1o ~Uon u.s lo asain In .-lculal.10G 
ol 1"111111ILs ln•olYlnr lwo or more nJLer a.sambllet or we 
., mon •mpllni trains. · 

,.1 J'arllculai. ConcenlnlUon. 

c,-=(0.001 g/mg) (m.JV,. 1• ...,)

BquatloaH
I.JO Con•enion Pactora:

From To MulUplJbJ

iw/ m• Q.IT.!832 
c/fll rir/ftl J&. 41 
IJ/fll h/111 2.~XlO"' 
1/fll l/m1 a&.!L

I.JI laoltlnl'Ue VariaUon. 
'-11.J Calcw&llon ,ram Raw pate. 

1()() T.(K, V1e + (V.IT.)"( P.,.,+ AH/13.6)) 

/

I 
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; 
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aDW INTO TUIING 

ANl•TIGNT,.,.. 
UITIL IIAIIOIUTUI 

MAOI I TO 7 INCHES 
W,,TEii COLUUII 

I,, Figure~... I.Ilk check of fflfflf bolC. 
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( ' }Aethod 5, Continued 
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·1 , . .Bl6l,.,,.,,., 
j J. Acldflftd11,n lo 8rw,llration1 t,w fnelner.tor T..UOC
1 

., 1td11tal t'aclll\JM. l'llB.A.HCAPC. l)ec,. I, 10G7.I 2. War\ln, Rober\ M. l.iODIU'UC:Uon l>etalll ol t.-
1 ~ llllun-e-Sampllnir Eq11ipmen\. Ennrvnmaial 

Pl'IMCllon A(•n~. R~ TrlaD&le J>wll:, i..o . 
.t..PTI>-OGil. April. 11171. 

a. Ro111, ltrome 1. Matnl.ellanee, Calibration, 1Dd 
Open&lon of lsolcln•lic Source &amplln11 Equ.!J)ment.
J:n•l.-onment&I Protffllon A,ency. a-is TnADcle 
Pan N.C. A l'Tl>-<1:..6. March 11172. 

I ,. Awllb. W. 8 •• R. T. Bhl1tf!h1.:.. L"'ld w. 7. Tedd. 
• J,. M•U•ocl ol lnlf'rprnln11 Suell: 8a'l!'lplintr Data. P•PII' 

I
1 p,_.te4 a\ the 13-J Annual MHtlnc ol \b• AJr Pollo
I • tlon CoaUOl .&uociallon, St. Loul1, Mo. .lmw lt-10,
I 1'70. 1 

,, L Smith, w. S., tt al. Btac'I: aas llampilnr lmprond'I •cl Blmplilled WiUI New Eqalpm111\. J.l'CA hpw
Ne. 07-119. 1967.l. e. Sr,,elllcallont for tne!nenl.or T..Unc a& 7ed4nl 

1! r1GW\lr1. PIIR, HCAPC.19'17. 
· 7. Sbl1tobara. R. T. Ad.Jurtmenu In \b• EPA N-

lnllll lof DUferent Plto\ Tube CoellldeDU Ml4 ~ 
lio&eealar Wel1b&a. Bi.ct Bampllnc ,.,,,,, ~u. 
O.Wbor, 1974. · 

I, Volltoro, R. F. A Bune, of Comnir.rcially Anllable 
lmlnamenlaUon For Lbe J.lea&UAIDHlt ot J.,o,r•Ruc•
Ou VelociU.L U.8. EnTlzonmenl.&I l'~on Agenoy, 
Emltalon Mt'&SUrPment Brw.nch. R--,cta Tri&Acle 
l'arll:, H.C. Non1111,..,, tr.a 1unpublisbtd paper). 

11. ADDual llonk of AST:!,! 6\&nd&rds. 1•.an 20. a-

l Sll7t. pp. 117-«Z:2. 

1-1 _ ____;,,______~ 

Fuell; Cea! and Cote; A.\11\0Sf'herla .&n&ly,is. AJDericaA 
8odet7 for TNUnc a:id Mawiala. Pbiladtlpbla, Pa. 
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Method 6 · 

DETERMINATION OF SuLFUR DIOXIDE 
DCTSSIONS FROM STATIO?!ARY SOURCES 

(42 FR., 417821 J\ugus: 18, 1977) 

( \ 



ffM:11 IMLL IIOelTU9IQSI 
- 1r,,o PA.CUD•ITH CU.urtl Oil 

,,IIU IIOCU 

,.....,. .,.,,._...._ 

GLAII IIOCl.1Y 
~ 

Meithod 6 , Continued 

P-1im may~ nmiond from~ "7 n$
UIUnc w by p.'.=::t,Je U>roagh a ~ .t 11nd"""'1 
~ t..,n...,.., -c«>i llftOI be,~ Y\I« 
llll~7 knr p,rosla.. \,,Tela mar be obi..tned b1ll'la -
-la.I IOW'CeL P.~,Una o( c,ont&miA&led lota ..... 
~~ • mon a,.-v-.1(,11, l)l'OOedur..

1.1.:a B>drarPn Perou<M, aPU'Olln,. DllutellO ~ 
b,-drocM .puoxJd& 1:9 <•I•) vltti dtlonl~, c..lS'dl!lwt 
'11'111« (a:l ml 13 n..edt'd per lllmPI&). Ptt;icin tJw-11 Oally.

1.1.4 .r,:,~wn lodhl• SoluUoo, )0 l:"utlN\l. ~... 
I0.0 Cl'lffl5 E. l ID da.lo.-u.c.d, distilled waw llDd Oilate Ila 
100ml. PJ't'pvl! wto.:, n(lll(!ed. 

1.2 8.lrnple RecoftrY. 
1.2.l W&i«. O,,loruud, dlat!Ued, u ln 1.1.t. 
1.2.2 llOt>fOtlQMI, !IO Percenl. MJ1 10 ml of llopcopaaal

w1\b 20 ml of adonlsed, dlst.llhid waw. 
I.I A.rwTlia-
1.1.1· W&t.er. Delon!Mld, dlstflled, u lD 1.1.L 
U.2 lnpropano.:, 100 percen\. 
U.I 'tbor1n IndJcalOr. ·1-(o-enonopben71M,)-t,. 

nai,htbol-3.lkllsuUanlc add, d.laodlum llllt, or equjn
lenL Dlllnlte O.:a:l I LA 100 ml ol deionised, dJ.ulled 
'll'llter. 

I.U Barium Perchlorate 8ol11tlon, 0.0180 N. Dir 
lllln U61 of wtum ~hloBte trtbrdrate (Ba(CIO,,i•
IH.01 In ~ ml dJstJl.iod ,..te, and dilute to l Uter wltb 
~-A.l~ftl,. 1.22 I ol (llaCls•IH,01 m&S' 

be UNd IDAad ol UM ~- 61AD6ard1M M 1n 
8'ClloDU 

U.6 Sul.'une .A.dd 8t&Ddard, O.OlOO N. 'PlftMII • 
l&andatd.lie to •O.o::02 N ~ 0.0100 N NaOS ,rbicll 
am prHlously b6en lt&ndan11Hd a,:UDIC poc.u:DIUII 
acid pbth&W,a (prim6ry rwlda.rd end•>· 
'- Prou4¥1,. 

u Samplmr.
4.U Prel)lll"llUoD cl co1leetion in.1n. M..n II ml ol 

ID ~t botJrOpenol Into the mi!zet bubbler and I.I 
ml ol J percent by~ i,.roxld• Imo ttocb ol the 619' 
._ mld!el hur!n2u-a. WVI Ui, f;,ul mlc:.,el IQ9'll.tar 
dry. J.=hle t.:::i t.-:.ID ... thown In ~i-;-.i., CH.••cij~ 
probl bGw '° a tcnl)61'1,t.ure mtAclent lO prnmi.,.......
~Uon. l'.lracl crwlled let ID4 VU. around UM 

~~<heclc~- A le&k dud,~ prior lo the 
~ 1'1111 la optjorw; bownw, a w.k~bc,rk&ttv tbe 
a=~ nm II m.nd&Sorf, Tbl NU:-dl.4ck ~UN II 
1,t11oilan: 

'-l!Ui tbe probe ~-iii.c. I, 'l'&CQWII l"IIP a& 
0a In!£\ lo u:i bubl>lcir a.r.d pull a n..--uum of :Z:..O mm 
00 l!I. J Er, plu.; N p!ncb Q."f Ule ~ of IZ.O l!.ow mew, 
&Ad \.'I= aun oil the pump. Tb. "nl:I.-Um IJ:.aU ttcu:lll 
C6ble rar "' kYi ao 11eC1011da. eamu.u, ,.i- u
Ttomm ~ ba:O., releuln.l Ui. flow ID6tU Uld IO 
~•Mt bark l'.i;w GI tbt U:W-U &ruid. 

Other la.li:•cllo:-lt procec:ww m&7 1M used. 111bled la 
t!le r..ppro'l"IJ or the Admininra.tar, o.a. l!n"ltrnrunmlal 
?'rc'...owu .lnl.CT. T!l.e ~ -4111 UeUaod·•lit 
aA cll~ie '" 0~p:nupa. 

( 
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Method 7 

DETERMINA.TION OF NITROGEN OXIDE 
Il1ISSIONS FROM STATIONARY SOURCES 

(42 FR, 41784, Augus~ 18, 1977) 

L ~-A~llf 
J.1 Fl'.-l)IL A Pllb-Dla la eol""'-4 la a■•

ct.d ~ o:>ealaiDc a dllU:.. a.I.Ilario aci~Jdl=m,D 
psmklo t.~• &Dd UM ■ltrQlen ~
~ Dlla"OWI .al"a meuund ~
~ ~ plMslOI ~ (1'D8) pr-1an. 

1.2 As,;;&ablllt7. Th» IIMlbod la aoollcable &o ~ 
~ ol Q\tn,,!..S ODdel emttlad·trom 

n, 
~ . 

~ RnJ:e a tu ID.Ill.bod bub-a~ 
t:;l~S t,,+oomUilo,u:,a tlO ■ (M NOi) per dry stl.lM:md 
~~~• wt\boGC ba'ri.ae IOcill&MUle-p&a. 

I.A~ 
· 2.1 sempUnc <- nzun. t-n. 
.,.-.o:m 

OUis crab -plb,c 
or equt~c, c:a;i:l>w ot --

1'0lama IO wUbiA .i::L0~taadeGllecll1D4aaw1c:,:,a& 
-=~ 

amti!e fflame to eiloW' UAl7dcal 19Pr'Qdadblliit ~ 
,r.~ zA ')C'DllQC, vUl be~-~ ada
~"' Al:r.«C 10 ~ ol UM Admllsls.nlM, tJ.d.. 
Jtn~n&al P:o-'..ocdlm ~. ~ bUo... 
tr&Gll)IIIIIIU la 1-1111 ~: 

11.1.1 Probe. Dan:;:AliM&.a swa mb&III, snffletenltr 
llll9Ud to ~ --... C-"'Y"..aaUoll and eqll!!)'.JN 
,rl\ll. AG lA-Cbeit W ~ f!..«IO l'UQOft ~
~ <• ~ d •:.::a u-:m U at'±:,--,. ~ ;~ 
~A-~~•'1'11:dGa• oo 
i-=&d klr\bl~~~~-.-rr tz1i,1.ac s:&7 uu.....■-

~U?w:riAiillo ~pstoci. 
. !.1.2 Co!lectSon. y~ T.wo-llw ~t., ri,mid 

~ttom t:.u. with :!lo;;rl ;ir--_,.: ~:WNO~ tac,ar 
openJnc, prot'!ClPd ~r.st ll'IIPICllliOII « ~ . 

2.U Flult ValYI. T-bon ;tOl)Cf)Ck ~ to a 
tl/40 standard taper: Joint... . . · 

s.u Temperature Oaap. Dial-type \bmDomeCw. ar 
other temPffl\lW'9 pazc, caoable -,t sneua.nnc er 1• C 

F) lnurnll from -~ to 60" C (U to 125° F). _.,, 
2.1.6 Vacu1u11 Llr~. Tublnt c:all&bla of w1Ullta,...,.l\J 

a -neuwn ot7$ mru Hg (I In. H':O a~111te s--n. wt\o 
'"T' COD~t!.,n aud 'l'·bcn •"'pco,c"-

2.1.& Vacu•im Oauge. U-&uoe DW1011Mta:1 l meter 
(38 In.), Wllh l•mm (0.1-lnJ dlnalona. Clf O\ller Pll-19 
capable ol meuurtnc prftlVn to wttbbl :1:2.6 mm Ha 
(0.10 In. Hg). · --•~• 

2.1.7 rump. C.-p&ble ol fflall■Ullol ti. -•
fta.!lt toa pres:sw, equal to« leis Uw.n 71 mur H1 ll 111. 

·He) '"'°lute,· • • • 
2.1.8 8qUMl-tl Bulb. 0-...-,. · 
2.1.v v,-1ume~r.-: Pipette. :M inl. 
2.\.IO Elopcoc:: i.nu {;roui:d J.>lnt Cru.1e. A hl~h

Tll.:i;wu. hi;;h•l.tlr.ll)tt3\UN ClliotOliUoroatOtln ~"& .. 
nqutred. HalocarboD ~s h&S t>,,t.n loWld I.O be e!ftt\lY&. 

2.1.11 Baroroeur. Ml!l'CU1'f, aneroid, or oihn b&.-orn
•teT cai:,.blR of meuurlna al.moepheric pnau,e to within 
:U mrn Ha (0.l lo. Hi). In IIWl'f cuea. the baronMtrto .
radtn,: ma7 be obtained frol'II a -by nauonal weatber 
MTTlt:e ~lallon. In which cue UM 11\&Uon n.lue (wbicll 19 
tbe ah,olute baromeulc IJIWllll'8) shall be rec:...t.ed and 
an 1cJJuslment for e1"a\ll!II dllfffP.IICIII beC.wfflll tlN 
wothtt lt&llOG and llitDPllDC point aball. be al>l)IMCS II\. 
ft.te ol n,i~u, 2., C::'1 :?.~ (~.1 In. P.-:).,... '!" m CM rt) 
.ien,Uou Inc.-. or nee Tera .c,r eie.-1u:m ...a:n,-. 

2.2 81,uple Reoo•"7· TIie rouowtq 1qalpment la 
ffQIIIAd for sample reco•sy: 

2.2.1 Oraduat.ed c-,undfl'. 60 ml with I-ml dh1alon&. 
t.2.2 Stance Coatalners. Leak•frw pol,..U.11- . 

boltlf'8. 
2.2.a Wuh Bottle. Polrethylmeor.,.._ 
2.2.4 01u1 eumnr Rod. 
2.2.5 Ttr.t Pr.per for 1ndlcaUn& pH. To coYW the pB 

noc• or 7 to i.. 
2.3 An&IJS!s. Fr. the anal)'lb. the lilklwfnl equip

_, Is needed: 

_,......._ 1.3.l Volwuetrio Plpetw. T- I ml. til'O 2 ml. -
I ml, one 4 ml, twv 10 ml. aDd oa• 2A ml b' each Am&M 

1-u p....iam s ... ~._ ntsi.a ,~ to ,ec,.w
•1'1dC7 Wit!. llp for t,Oll1'ln8, - l?r r..ell ICIUII• Md 
-.ch standard. Th.e Coorw No. 43.-X,, r~w-lonn, Iii\· ml) hM been follnd t~ be c:stl.:.Ctor7, Altm".AtlfflJ,  
~ymttb7I pent- beatffS <Nalco No. 1..21):1, 1~ ml),°"
C!aa oe&llen OM> mil may b6 u:ied. m~o 111&.. ~ 
are med ttoillr.t1 ol ,he l~u• maJ taU38 IO!ld ffl!lt~  to be ~l Ill the ur.lytlc:al ats. thw IOlldl lbould t.. 
nmoftd br O.ltratlon (see 8ectl.on 4.3).

U.:I 8\tl&ltl llath. Low-um~~u:-a"""" or lht!r'fflc>o
·11.at1c:aUJ coatrnlk'd bot plate kept belolf 70' C (ICO" F) 
_,.ecceptabkailer!\SttNS.

'-3.4 Droppll\l P1')tUe ar Thop;,tT". Thn-. TfQulm.
t.a.6 Pol:,1tl17leutt· PollCffllan. Ona for ~ 11Ulf'I•

ud elCh standlt'd. •
2:u, · QraduaLed C:yUndet. 100 ml wkll HDl dh-1~
2.3.7 'Vtllwn•trfc flulta. 60 ml (OM for acn•mi,:.),

100 ml (- tor teeh e&m!'le fond eM'h lt&nd11tJ. and -•u \bll -tine staudard JtNO, IOIGl.lon), &nd 1000 ml 
<->- <:..,.a BJl'Ctl'Opbotomner. To meuure MllOrbanca a& 
,aonm. -

:t.1.11 Ondmtod Plpeltt. 10 ml -.1th O.l•llll dt'1111ou. 
 2.3.10 T~t Pal)ff r« lndlcat1111 pH. -To c,onr U. 

pRf'at1111of7\ol4. .- -
2.i.11 Anal:,ucal BabMe. Ta 111euare to wt\bln 0.1 

s.~ . . -· Uni- otherwtse fn.-,leeted. ll b lntffldtod thst aD
~enL• conform to lhP 11"1Cil\cat1on1 .-.ablllll~ bJ Ula
Comi!j!;~• on A.nal:rtlc:Al Rac1'n1a '11' th• American
Cb.e Society. wh- 1ucb a;,.."Clncattons are an1l•
able~otberwlse, Ul8 tlMI beet ani .•.,,. ,;nd11.

1.1 8ampUng. To pnpnre tt:, atl{crbln« IOluuon.
eauUOUJIJ' add 2.S ml concenu-al.ed H:8O, I.O l lit« of
deiontud. dl~IIUed water. M11 well aod add & ml ol 1
pa,:en\ bydrv,en penmd", treshlr pttoered l'rona ao 
11-en\ hydrt>t;ln i:,c:ro:ade 10lutt:in. 'i'he ~lltnt
10&11Uon should be used Within 1 •·«ll ~I IU ~t:WatJc::11..
Do not n.p.11911 to N.treme htiat oc dine\ 1un1!,~t.

s.2 8ampl• RecoYery. Two reacen1a are nqlllnd b'
-pltftCOnr,:

1.2.1 Bod!um R-,d.roudt ON). Dlmn 40 I NaOli
 la deloal1ed, dlr\llled .-.i.er 111d dllu\l to I l:Clr. 

U.2 Watv. Delonl&ed. dln:lll6c1 to eonlonn to .A.8TM
apec10cauon oun-r._ 1'ype a. At \.he O!>UOG "' the 
c:n::m. th, n::.~~o. t'!SL r.ir ~•;:_!,::-.'..,~. ~~ ,~s-'<-y
~:.:.·, b3 nm.in..d ~~~ ?:,;r_Jl c:a,"'\.:ont.r"'4t.ona 01, C"':"'~:a.ruo 
~tu~ ml U-c>ec...:I ID OI proM!lll.

3.3 -Atl&lrzll. ~'rz U. anal)"llis. tbe loUowtJtc reqea\l
Cftnq,Jl"'4•

U.1 Jl'umli:ig Bulimic Acid. t5 to UI per-oea\ by """1h\ 
.ht llllfur tr101ldL lL\NDLE WITll C,U1Tl01',
• U.2 Phenol. WbSLI aolld. 
• U.I Bulhuio Acid. ConoenUatfd.. 9$ iier-t alnl· 
1llldn .._y. HANDLE WlTH CAU'rlON. 

&S.4 Potlllslum Nitrate. Drttd at 105 to llC,. C <2:'0 
Ill ~ F) for a mlmumm ol 2 hours )USt prior"° ~ 
t~:;"'. rr ~·:l:!~~ •,~..~·•~n. -

a.3.). ~!.>-l\<anl 11:.so, 8ol11ti.)n. Duootn •1~,,
t.1911 It el drted potaslUlll nl\l'&le (X:NOII ID delo•lud, 
,tJallled .,.ter and dllu\8 to l liter wtth dalonlllld,
Clbtllll!d -.W In a 1,000-ml TOktmetm tlaslt. · . 

U.S Worltln( l!tmdard ltNO, EloluUon. Dlluu 10 
al .C u., 1tandud aolu\lon to 100 ral-W!Lh deioll!ted 
dlatllled -•· One mlllllllM ol \.'It wortiiur wl.andard 
aolaUon ts eqllinlent to 100 ,.z nltroeen dlo1lde <NOtl. 

a.:a.7 Water. Dtlenlsed. dtstJUed ... in S-.Cu'ln 1.2.2.
• I.IJI Pb«lold13ulfonl11 Add 8oh1t1011. Db,:,ln '!II ~ 
.t. pu-. whits pc.ool In 160 ml conceno-st.e ,wl:..nc 

•«:kl on a - beth.. Oool, add 71 ml f•.uulnc IUltariCI 
llcld. and ~ M 100" C (21.2" P) for I hour,. GW'II In 
a dari&,-Pl)ll"l<l ~

• .,..._ .,...___f'IINIAa'Pftdlllllltoa• 
II 111t11:atc we] l 1 l,w Illa Ltlwi nrl 8-
--AolDGJ• 

...... 

( 
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Method 7 2 Continued 

. ,. Proctt-
u Bampll1111. -
4.U Pl~lte 25 ml of 11-blnq IOluUon lnl.o •-Ille 

ftMlc. ~talnlnc II ,uffident qu&ndty IM ... In 'l)Np&l'11\S 
the cslllK&tlon atan<llM-GI. 11..oer\ the llw nl•• llDDpelr
Into the fla3k with \11,t n.lft In the "t>Wll•" '1)'115ltlon.
A#emblfl the l&Jn'PIIIIC tr-.ii\ u eho,m In Flsure 7-l 
and plsoll the probe ~ the a&mpUnit point. M&lt6 ean 
U-.at 1111 llttln~ en, tl&ht &nd lrir.lt-Cree. and \bat all 
f""Uld llul Join.a ha•e been properly ~d wi.i. a 
J:dell-:"9CUUlD, bl;:.--«.m~tun chloronuoro<'arboft
bailed rlOPcoClc Jn1113e. Tum t:>e llaalt -nln ind UM 
pump !"11•• to 1.oeLr "effCU&te" position,. :£..--a 
Ule G&Slt io 7li mm H1 (I In. -r11) 111>,f)lui. pnesure. or 
-. Zncualion \o a premW'9 approachiCC ~• nllOI' 
~ o( w&W at tlw nilUM &.mmra;we II ~le. 
Tam the p.ua~ """" to tu "notT•-!)Qlli~ and wm 
off UIII pump. \.beck j.- WPo'ler bJ OlleclTinl tbe ma
llOmll.s 1or a::17 ~ ducwatiotl. (.uJ nriaUOft 
a-.w than JO mm Be (O.f In- Bil) o.er a paned Ill 
I 1D1mM la r,,,t M"CttM-1>:.a. and tbe 6uk II ~ :.0 be 
u.d until tbe )asae• problem 11 com,cied. Pnswra 
Ila &lie eultll DO\ t.ouceed n mm It, (1 In. Brl 11bao)l11&a 
.i \be Um. aznpl!M I• commlll\Ced.) Roccrd \h6 ftluae « \be 1IMk and Tllhe <V,l. \he ll»k tampar&Wft (T,l,
Mid \be baroDWU\C ~ Tum \be 1lallr: T&lw 
-lcdodr:wlile to IU "J)urJa" pol!Uon and do UMI 
- wtlh t.lM pu:np nhe. Purl• \be probe and U:e 
ftCIIUm tubt us~ Ule IICID- bulb. II condens.Uoa 
oc:un In ~ i:rc,t-o DDd 1.1M AMk ftlM &nl&, b1&l tM 
~ &od JIIUll;& W\Ul tbe condensallon dlappeara.
Nm, tum 1ll6pwn11 n.l" to ha M•ent" ~Uon. Tum 
\he 11.1&11: nl•e cloca',rile to. Ila "t•ICUIU' poalUl:Nl ud 
hllClrd t.liad111'erencaln \lie m.reur,lnels In them
cC2,r. Tbo a.bee.Ima tnlenl&l r,rtUW'8 1n uie ~ li'1l 
lit l!l,w.l IO the b.vomeaic ~ '611 Ula IIWIODl..r
llll!a4UII, Jmmed.laul7 tum~ ~ n.1.. io ~ .._ 
Ille" paaticm and i:,enalt UM pa 10 en&« u» tl&&k until 
~ la ~ ~le and M.111-ple line (I.e., due', RUk) 
er. ~- Thi, ui!l 11~ ~ulrl ~::c;-J: U t=C(Q~; 
• ~ period lndl~ 1 "P>U...-' tn tlW .Wl::61 Yhlcil 
mm& bl~ b:,lcn ~nit ii CCIQWIUW. &.liQ" 
~\heci::iple, Qml Ula \.:I!&"'"'° iCI ~ !lfldl;bl ead dl:conriec\ \M i}aa bout I» .... 
lnln.8llallatbeftMll:toracilMli~ 

.:-~M.I 

...QI 

IUK• 
Mll'AG;IILillllQil,--_,____,_ 

e,;,..- jJ_,-.-_/ •· WALW 
.:.,./, ~ 

9.,,-
07-
.6~ 
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Method 72 Continued 

- DOl'--ul. MMe 1Un lM I0!•1t11:m ea&Ula all Uie 
Plldd"ue. A4d I ml delool04d, ll!st!Uod wu. and too, 
drops ol ooncanlft&ed aulluno iw:l<l. Ru.& Lbe ealutlcll 
OD • ~ b&1h r« I mlnutd WWI OOl::Mlonu atin'JIJ 
~ the IGlutJon to oool, ~d :0 znl <'A!oaJllbd clliUlkJ 
wu..r, mix wllil b7 nl.rrtc&, M:.d 11,1\d C¥ltlO&DtnJ.ed $m
llDOl\lum b::,drollde, 4rop""38 T'\Lb enr.-n& 11t1n1-
lmLII \he pll 11 10 (IIS dcten:Dlnad by p.tf p&per) If i~ 
ample -tuna eollda, Ui- Jlll.18( be ,-..:..ci b 
61\Rdon (conl:tf1111&Uoa I.I en a.:upteble ~ Y. 
::bjee, IO Ult •PPl'OYu ollbe Adl'Dluiani.as), ulClllo~ 
~~.~,!'_!hwn&ll No. 41 tJW P1,1>er tnto • 100-ml"° u......... , ...... ; r1na tbe e-.epo,,.unc dlab wtt11 thrM 

!';_~_ portion• of 4elon.l&ed, d!nllled •ua· &w th
.....,. rilllM. Wlllb ~ t'Jtu W\UI M le,u\' U1n,e l~ml 
partlona al deionlaed, cl.lsUlled wa.1«. Add tlM l'UW 
wuhizla• to the eonwnu of \he 'folumMric Gau aad 
dlluw to tho IDU'k with dalonu.ed dlstllled waw Jf· 
IOlld1 a.-. aheult \be ,r,luUon ca.n be lnnlfern,d cl~U 
10 lb• IID-ml •olu,,,..,tr1c tluk and dilu'6d to I.be ~ 
!'!~ ~\..__ ..·bl dlstllkid ••w-. :t.:ix the oont<u\u of tbe 
...,. •-~ 1• ll.."ld Dle&.IUnl tbe &baot'b&nc. .a. U; 
opumum ..,.,.,:.~'I ueod lor \!le Ulldania (&c\10: 
ftU, US4'I tb• bull: IOIUUOII ... &810 l'llltnDOII Dliuut..:i~~.~d tbe biank with M\UAl TOIWllea oi daloa
~~~ wa.w If lbe •blorbenc. u.ecia A., Uie 
---ott11e.OOl"CN0111i&DGanS(Ms.&iaDU.2),.. ~~ 

'-1 1111111 Voi-_ TIM"'- ot UM Clllleda Aut'.. 
~n.l" eomblnatlon mu,t bf l<MWII prtor 1o aa
.--. Aaamble UM Gull: and A&l!li: ntw 6114 Ill wil.b 
we&«, lo the atos,oock. W-.. &he •~- ol wakr Lo 
s,10 ml. Reoard Ulla 'folurnt on l.ba llua. 

1.2 SJ!tCU'ophotometu C&llbm.loo. 
J.U Optimum \7{•Yelenl:UI DelefflliuUNL l'or bow 

And and Yariuwa wuolenclh apec&ropho&omeiea,
ea.IIbnle IPUII& 1ca.od&rd cerUAed ...,elanelh ot 410 
nm, HW7 8 mooU-.a• .AllerMUYoly, for ...,.bit .... 
ierl:!lll rpeet:vpbolomelH'I, -.i the IIJ)eClnlnl t>et•
«.o e.nd Ull nm~ a~,.,: No, 1tandw IOIUtl<>D ,~ 
8tcLlon a.2.2). If a peu: dOOII noL <'CCU!', the specll'Opho, 
lom•Ler ls probably mallunel.lonln.:, an4 should be .-. 
pa.Ired. When II pm h obL&lne-1 wHilln ihe @Co ,11 Ml 
r-ui,a, \ha wneleql.b eL wbleb thla !)Mk -,a ahall be 
&ht opUmum IP&Yelenz\h IOI LIie meuunaa11L oC ~ 
ICll'b&nce b' boLb I.be IWldanla &Dd ample,. 

1.2.2 Deunziln&Uon or Sp,ct.-a;,holomoter C:.Un• 
Jlon l"eoCcr tt•. Add o.o. 1.0. ,.n, a.o. and 4.0 ml ot Ula 
-XNO, world~ i:c.nda.-d eolurJoa. II ml•l00 ,c NOu to 
a lllrim ot lln l)al'00la1n neporalil1f: -Sima. To ach. ""1d 
lli r.il DI ah.."Cll'b!nt: IOlo.ion; 10 ml ddOAIAd, 41,Wled 
..141', 11,cl tod11181 ,Udruide (IN), dropwue. 11n&il U. 
pH II be~ 9 uid 1, (11boai°"~ lo IS droPI each).
llctul~ wi\h \ha enporaUon ,~p. lollow Ula analY• 
• ~ure of S&t-tlon ,.a. unUI the IOIDUoll baa '-' 
~ ID the 100 ml -.olum,aie nuk eod diluted LO 

mg/m1
x.-1oa -g/l for meLric unit.a 

IA m · 
&M mvll:. U-mun ~ •bsor~ "f ...ch aolatlon, at ~ 
c·,~11ro \. ::~,.,; -~.-~:h. .;:.s c~'t.:.rr.'!tr..;..i 1n e«tk>n S.:l.\. 
"i~!-,U cz.itLr-t;OD 1;;..-«t"\~W'tl m~: ~ n:~"-Cl oo eacn 4.WY' 
~ umpid r.r,- ..,-~,-u.1. C.WCU11.1.AUllf apeell'Op~ 

.ew oAll~ Mllll' &I illlowl: . 

.r; ~IOO Jt,+2A,+BA,+•At 
• Ail+ As'+ At+ .A.I 

t~-- Equation 7-1 
~t• oi\.lMJl»,,INOtAIGdard 
Ai•Abeorballa9d\he~HOtll...-.l 
.l!a•.t..":~~:... ~::=:!t:I!.'.~ ....~ '- ~ ?·iC'1:"6-"::..!W 

a..~~&~~;:~~--· ., Oaqe.. C.Ut:n&e d1el ~U ~ .aumweur,-ln'llu:I ,bmnom•wn. . 
· u vecuu:n omr., ~breu IDOllludcal pzir-. tt 
-4. IIOolna & msCGIJ' JDIMIIJIJW' well• WI apad-
led iD ~U. -

u ~'~ o.llbn.&e .... l&IDdlrt1"11CblL . . . 

I. Od..,.hffeel 
Cur? eat the cslaalaUDD.1, ~ a& leell&- atra 

4Seals.al t.,un ooyood 1&» o1u-..Mq01n44A"- a.a. ea G1DNIII tJtu t.nal Mk:cladoll&. . . 
l,lN~~ 

,t-AbAQri.-.t-oi.. 
C-Ool P don ol NO.• N~ --. -
~-~~-11 ~ 

( I 

' 



--

Method 8 

DETERMINATION or SULFURIC ACID MIST AND ' SULFUR DIOXIDE D1ISSIONS FROM STATIONARY SOURCES 
(42 FR., 41876, August 18, 1977) 
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Method 8 •. ~orrtincoot 

11 lo Ii.~ vu,11 u.. nm Im~ p1ra e.i&ent.1 to 
Ule-0.41 ana ~ tbla wl!Jtt,lt.

Trauar I.be ooat.cn1.1 ol th11 fini lmplq..-lo a :I.SO-ml 
snduatecl cyt.:.Ddtl'. klruie tbe i,,,,o.. l1rn tmplnrer, al! 
-,i~1Jaa cla.awan bdon t!H dltar, and lbe lroot uil 
ot &be d!IM boldv wtlb 80 per-.t laoprops.aoL Add ui. 
rlut aolar.lon lo I.be cyUod..-. Dlluta eo :iw ml wllb 30 
~'tlop,op&Dol. Add tbe l!lw Co tbe eoluUoo, mu. 
Md tni:werto ih•nor~~• eoot.a.u:w. Proteei lb• eoluooa 
apJ.iul naporaUon. J.iua: tbo lenl ol Uql&id OIi ~
OOlllalAer and ldenUty the ..u.iple eont&loAr. 

,.2..2 Cocta&Aor N'o. ::,. u a molltun ooa~t 
b to ~ dona. •~h the -d &Ad UIJ.zd lmplu4-,

ana1,...
(plUI OODtatll.a) IO tb,t D..,_ 0.4 I and record tAUe 
'Welgbta. A.leo, •~b Ule 1pent 111.lka s.! (ar 111Jca IM 
plualmplncw) to t.':.o oeu-o.&1. 

Truwtr lbe eo,1.,•.Jooe from ~ ~ ud tMl,I 
l111pto,tn IO a I~ c,,,,duawd ~- lUAa &ll 

lie&•-eon.nec\lAc 11.a&nren (~!I l:lect ll&llol Ma~
1-M a.I'« ec.o ~ pa Im~ Wlt.!i d.,..i 

dkl..ll.W wa&u and M<d tbll 1 ~ ..-.s.er to tbe C'}'i.lnrld',
Dtlut.e &o e Yc.1111l16 <>I let.:.> JD! W,\11 deioAlsed, c1inlu.d 
,niu. Tran.stv UI• .->l,tUOG to. GOR(e N>Otaill~f. ~
\.be le't'u ol Uql&id Oil Lile coot.I.I.Der. 8e&l and adenutJ' 1be 
-ple oonlaloer. 

U .A.A&tyalL
Not. lbe lnel ot Uquld ta OODtainen 1and 2. and -

.,._ wlMtbu or IIOt an7 umpla wu lolt durin1 1blp,, 
-~ ooie Lh11 on tbe anal)'tleal data 111...,. 11 • no~ 
ebl,i amouot of 1et.b.t• bu ocouned, .iLlaer Told \be 
-ple or u,e l:IWUIO<U. 1ublect IO tl',e appro't,a.l ol &lie 
J.dmj1U,11.:a&.31', lo~, \lie flAal ruulu. · 

Ul Con:..lawr No. 1. Sba.te \lie co.1i..iuer boldlac 
UM ~l l!OllU!on r.Dd the dlter. 11 the dlt.ar 
bn&kJ up, allow the frael'DNl\li lo ..u1e for a t.,w mlnutM 
be,b-. remorio1 a aample. Ptpene • U~ml ai1qu0~ of 
~!I IOluUoo tu~o a ~a;J £.rlMmeyer !lull:, adcl 2 IO• 
dropa 

o.oum 
al tbarU1 :ncil.:f.w-, and tlU'aLe IO a pin& u,dpoloC

muic N bArium P81'1lbiorate. Rei-t t.ba UU'aboll 
wi&Aa-.llD4alilluo&ofMm11Mud•N1"11•tlMU~ 

.... . . 
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Method 8 1 Continued 

t. 011lc11ldlou 

N~-cur,. out caloa\aUod1
~ maln1DI II& IMt& -

edn decimal 11.«un beyond tbr.& ot UM IOllulnd. da&a. 
BoaDd off l',stU'M .nu il.n&I cal~. 

t.1 Nomeool&tun. 
A.•C...-..c:Uooa.l .,_ot-ai.. JIii (ft'),
s.-wai.- ftt)Or 1n uu, cu strMm, pnpan1ea

bf TOiwDG, 
CB.SO1•8ultw1c -«:Id (lnol1ldinl 80,) CIOIIOmtl9doa. 

e/di!cmONdJCI),
CB0.-8uUur dlcllide ~tndoo. 1/4- (1111

dacl). 
l•Peroent of laokJJ>eUo-pU!II,

N•N«mallty oC b&rt1111l ~ tltrlat. 8 
equlniellts,'llW• 

. .Pt.r-Berometno ~ at UM -plla.r Ike, 
mm Ba (\a. Be). 

P,•Abaolate 1UCk pa ss-n. - Bi (la. 

1'1114•~ abfiolate ..-., flO m !re 
(2U2 ln. H«). · 

"••'-.....-.c• abeol.ne drr ru~temperuwe
(loe n,un &-2), • J[ (9 B), 

T'.-A•N'1119•bec>lat.e~k pa~(M
l'lcun ..,), • 1t (' B).

l'IIN•Biaadard abeolute lelptn&ln, _. JC 
(m' R). • 

v••vo1um, o1-o1e lllaao& Utruacl. 100 ml 
1or Di801and 10ml b so.,v,,•TouJ T;Jl?JDI• otlkliud~ talmJIIDlln 
and llilllla 1el, ml. 

Va•Valuml of ru -P• 11 ~ bJ ·clr)o
lllM! IIMW, dc:m (daO, 

Va(IW)• 'lolumt ot su -.mi:,w IDIUlll'l4 b7 tbe C1r7 
IU meter ~ to ICalldard -.sitlanl. 
deam(dlcO,

f,•Anrq9 rtaok CU ffloolty, ealcaJa&ed ff 
Ketbod 2. E,iuatloG M, lllilll da&aobtaiMil 
from MIUlod" a, m/- (n/aec).

V,om•TOUl nlume of aolatioD lza Wbkb the 
lulturlo acid or sal.'lu cUold4e amok • 
-UIAed 211() ml w 1,000 ml, hll)eOUnq.

Ve•Volwne oi be.nam perchlonie '11:nllt mad 
(ortbl-pla.ml. 

V,a•Volam• ol banam perdiJonte Utnm ... 
for the bl&nk. ml. 

Y•Dr,- pa met.er callbntloll. factlor. 
AH•A...-u• pnaure drop acrwaort.a. ~. 

mm (ln.fll,0.
&•Tota.I eampllnc Ume, mlA. · 

lU•&peel.Ao snTity ol ma-ear,.
to•eec/mlD, · 

IOO•CoDnrsloo to 1)en:91lt.
t.l ,.....,.., d'7 cu mevr wnPlf'ltlln and •Tll'IP 

llib Pl"IIIUnl drop. S.. data 1beei (J't,me ..2).
I.I Dl'J' Ou Volume. Con-eel th!I AmDle TOIIDDI 

..-ind b7' the dry ps meter to nandanf oondltlou 
Cil1' C and 7eO mm Ra Gr Gr F Uld 29.92 ID. Rs) b7 aa111 
Bqu.~UoD ..l. 

+(t:.R) 
v, v, y (T•t.i) p,"'"' ffi•<•..,- • T. P,w 

KV. Y P ..,+(A.11/13.IS) 
- I - T. 

Equation 8-1 
Wblrw: x,...o.aasa •XJmm 111 for m,trte anlta. 

•17.M•Jl,lm. R1 lor .Bn1111b WIiia. 
Non.-If the ltU: rate ~ dartq any manda

lelrJ IG&li:-checkl uoeedl the 1peol6ed -1:Mble raa. 
UI• tiNt6r abaU eltber correct \be ....iue of V. (n EquaUoll
1-1 (u ~bed 1:1 6«Uoa U ol M.u>ld I),• lilell 
ln'l'alldaM UM WI& IUD, 

U Vol!lma of ff.e. Vt"'l!II' e:,d ~ Coa.e. 
~ &be ~ "' m:s ~ a1::C !tq
M ol MtlQiod 6; t2>e ~ fll wstar eoiMG"'4 I.a U.tm..:n-nn and BIUcit r,tl cs.:t be dln,ctl7 c,onT~lied to 
...u!li.x-1 Ube r,,,,ciuo ;:r-.ltity of ...-si. II I !!/ml). Ce&
Cllllld,e the mo1,ture ccnwi1 ot Lbe lblt'tc pa,~ E<tm
ticm M of lltetbod 6. T~ "'Noc." bl !«uoa 6.6of a,lethod 
1111:» apl)'1• to th.II IDl!Lbod, Now U:.at It &ht~pa 
=--be~dry.Lbe'POlmDllol'lr"M«npGr 

.... ~cmrwM n.:i "°' ......ioo"ac:"~·="':;............M 8lliNl1o aoid aill' Ceoledl'II ~ wlr If 

a 

N(V,-V,.) (~) 
Ca110,-K1 v,.,..., 

Equation 8-2 

-
.lrt•G.OOICM - &·mYmJ.•Z: for metrle mdta. -o.ocesre ID. ~,Mm).• B lor l'!Dfllab 1lllJia. 
U.J Odaal t1 • -rom ~ n.1.:-

l T.Vj:~.,,P • .,.100
-,"''•'P,W(l-B..) 

Ki . T,V.<..,dl 
- • P,,.A.,U-B.,> 

'W!lln: 

BquaUonW
flft: 

.l:1•USO b melrl4I ankl. 
•ll.lJIH:,O for J1:1111i&h anftt. 

LS ..&.ce.ptable Baun&. U 90 ~~-~ SUO ,... 
_., \IM r-.wta an acoepbblo. lf the._.... an J.ow la 
~ to U.. stanaardl arid I II be-,ood t.11• ~ 
able ran«e, U• A4m1n!Nator may ope w .__pi i.:>e 
,-!ta. Uae CltaUoa 4 lll \be BlblioinPb7' ol ldel.hod I 
IO man flld«-tl. O\ber'tnll. ...,_,i UM awulll u4 
,.,.&Ille""-,...,,.,,.,., 

I. At::iOf')H'io EmScSonl tnMi !alfllr1o Aeld l!aaa
~ l'roceseel. U.S. D3ZW, PBS, Dlnllon ol 
AJz l'ol,11\:.all, Pubilo BIIAlUI Benlce i'ubUc:14lOD .No. 
M-AP-11. CIDdnnaU, Oblo, 1~ 

J. Oorbe\t. P. 'I'. Tll• Dttermllls~ ol 801 end 1101 
la J'loe o-.1CIGl'DalotUialmtltmeol FaeL"--m-ML 
1tet. 

a. Xarttia. Robert M. CoG1tn1etioa Deta!Jaof leotlnelSo 
locllw Sams,llnl EqaJpmenL En'rilvameaial Protec1'ioa 
~. R-= .Trianale Pvt, N.C. Air Pollulioll 
Ooavol omoe Publication No. APTD-Ql81. April, 1rn. 

&. P&Uoa. W. I'. and J. A. Brtllk, Jr. New Zqalpm«1t
IIDd T.:cbn:~ar.a for 6am1>ili:i <.;,.~cs.I Proc:ou Uc.:._ 
JoarnalofAlr PoUU\loD C.:mu-ol A.5.loe&AU.OD, l.t:IG2, 1;;.;,. 

I. Rom. 1.1. MainMaaDO!r:cllllbraUoD, ud Oper&UOft
of la>tineUe eow-&l.m9Qllg &aulpmeDL O!11oe ol 
Air ~ Bn"1.ronmeDtal ?rotecl.lon Al•DC'J',
a-ell Trbncl• Part, N.C. APTI>-0.\70. MIIICh. lffl. 

I. I!&mlJ, n. J', a.id D. E. Ca.maDD, Collabor&iift 
8'ad-, ot ~ for ~ of SDllur Dlolide 
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( Me.tllod 9 

VISUAL DETER."1INA't'ION OF THE OPACI'IY 
OF D1ISSIONS fRQ;-i STATIONARY SOURCES 

(40 CFR. 60, 1\ppe.ndix /\ 1 July 1, 1976) 

Manr 1tattonr.ry scurces discharge Y1Slbl• 
emuslOna into the atmosphere; these emts• 
siona are usually in the shape o! a plume. 
This method lnvolves the determlnatton ol 
plume op&elty by quatUled obseners. -rte 
method includes proced~s for the trtJninJ 
and cert~catlon ot obseners, and pro::eduret 
to b-. used tn the fteld tor determinat!on of 
plume opacity. Tbe appearance or a olume a.s 
newed by an obstrver depends upon a num• 
ber or vartables. some ot whtcll may be con· 
trollable and some of whlch nay not bt 
controllable in the field. Vart&l>les WIUCh C:lll 

be controlled to an extent to 11.·hl::h they n,, 
longu exert a slgrutl.cant lnth:ence upo. 
plume appearance Include: Angle ot the ob• 
aerver With rupect !.O the plume; a.ngte ot tl:~ 
observer 'llo"lth respect to the sun: point o! 
observation or attached. and det&ehed stea.-n 
plume; and &ngle ct the observer with ~ 
spect to a plume emitted from a rect~ufa: 
nack With a tarp length to Width ratto. The 
:·\etllocl. Includes spectftc crtterl& applicable 
-:., tbese variables. 

Otner vnriables which mar unt he contrul
!"ble l.n the field are luminescence and color 
.~ontrut between tbe plurue and the b&dt
~roLlnd aga.lnst which the plume Is newed. 
Tllese Yarlables exert an ~uence upon the 
appearance of a plume a.s viewed by &n ob
arv.er, anel clUl aaect the 1bll1t:, or the ob-
1tner to accurately ass1gn opacuy YalUH 
t.o the observed plume. Studtes or the theory 
ot plun1e opacity and field atudles bawe dem• 
onstra.ted tha.t a ptwne ts most •SSlble and 
presenta the greatest apparent. op&etty when 
Tlewed agatn.st a. contrasting background. It 
follows from thu. and la confirmed by field 
t:"l&ls, tha.t the Cj)&Clty er a plume, v1e'llo·ed 
under conditions 11,here a co11:rast1r.J ba.clt
sround Is present can be uS!gned wttb the 
~Te&,test d~gree ot accuracy. Howeorer, the po
tential for a posltlre error ts iwo the greatest 
lrllen a plume Is Ylewed under such contrast
Ull conditions. Under condtttons presenting 
a leu contra.stl.ng background, the apparent 
opacity or a plume ts less and approach" 
zero II the color and hur.Lne.scence contrast 
decreue toward zero. A:J a ruult, atgn~cant 
r.egattve btu and negauve errors can be 
m:ide when a plume IS Ylewed under leM 
contnattng eondltlons. A nepttff blu d•· 
ereues rather Ulan Lncrea.ses the poulbUUJ 
that a plant operator w111 be ctwd tor a Ylo
latlon or opacuy stlll'1anu due to obsener 
error. 

Studlu ba'l'e been undertaken to determl:ie 
the ~tude or postttYe errors 1rbicb can 
be m:Mie by qualUled observers white read
Ing plume:, under contrasting condlttons and 
using t.be procedures set forth tn this 
method. 'Ibe reeulu oC tbese studies (fteld 
triw) which Involve a tctal of 769 aeta of 

j 25 readings each ~re as follows: 

I 

(1) Por black plumea (133 aets·a"t a smoke 
irenenLtor). 100 percent ot the Aftl "!ere 
read wtth a positive error I of less than 7.5 
ptrcent opacity: 99 percent were read -.i,ttb 
a positive error of less than 5 percent opacity. 

(2) P?r white plumes (170 sets at a amok• 
rPner:.tor. 1~8 set.sat a ooa.1-dr.ci power pllUlt. 
298 sets &t a sulfuric acid plant). 1111 percent 
or the sets were read wtth a pos1ttn error or 
less than 7.5 percent opa.c:tty: II~ percent were 
~ad with a poaltlve error of ltss tl,an 5 per• 
cent opsclty. 

The posltln obHnattonal error associated 
Tith an average oc t.wenty•five readings la 
Llieretor& est:lbllshed. The accuracy of the 
:nethod must be taken lnto account. when 
c!etermlntng possible 1'10latlons of appll• 
t:1ble opacity atar.dr.rds. 

1. l'rtnc(plc and appUcab,Uty. 

1.1 Principle. The opactt.y _of eizi.1sstons 
f~m 1tat.1onar:, 10urces ls determined •ts-
11&117 by a qu&lU1ed obaener. 

1.2 Appllcahlllty. This metht"td Is apfll!
cable for the de~ernuna.tlnr: "r the op:.c:t~y 
ot em1M1c,n11 1r,,tn 11taUunr.ry source:. p•Jr
su:.nt to : r.o.1111J) nrad for q~~ll!ylng ob
H:n·c:-:s for visu:Llly determln!ng opact~y ot 
em1,;slnm;. 

2. Procc:durl!$. n1e observe: qualltl.ed In 
a.ccordance wtth pau(raph 3 of thla method 
ahall use the follo-.irln" procedures \'ls
ually detenninlng the opa.clty of emls.~lon.1: 

2.1 Poslt1on. The qu&IUied ob11rver ahall 
at.and at a distance sumclent to provide a 
clear view or the emUSions -.i,tth the sun 
oriented tn the ao• sector to bll back. Con• 
aJ.sient with matntatnlng the aboYe require
ment, t.'le observer shall. as much u p06S1ble, 
z:iaJte his observattons trom A ;,osltlon such 
t..'lat his Une ot vtslon ts approximately 
perpendlcUlar to the plume c11rectlon, a."\d 
when obseTVlng opa.dty ot emtsslons from 
rectangular outlets ( e.g. roof monitors, open 
b&chouses, noncircular at&clts). ap;,ro-.a:J
m&tely perpendicular to the longer axis cc 
th• outlet. The obsener's Une of 1lgbt should 
noc Include more tha.n one plume at a tlme 
when multiple stacu a:e 1:ivolved, and ui 
any cue the observer 11lould mak.e hts ob
Mrvattons wlth hlS 11De of sigh, perpendlcu
la.r to the looger a.a:11 ot auch a .., of multi
ple 1'-CU (e.g. _ltub st&ck.s on b&l-bOUHSJ. 

• Por· a aet, posltln error=&1'11"&Je opacity 
determined by observers• 25 observatlona
o~rage opa,clt:, detarmtned from tran1mll-
10meter'1 25 recordl.np. 

to: 
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M~thod 9 1 Conti.."lued 

2.2 Pleld records. The obserHr shsll re
cord the name or the plant, emission loca• 
Uo.o, type taclUtJ, observu·s name and 
ar.lllr.Uon, and the date 00 a t1e!c! data sheet 
(Ftgure 9-1). 'Ib• time, esU=tecl dtstacce 
to the emission locatlo:i, approximate 11.·lnd 
dlrecUon, estlmr.ted wlnd speed, description 
ot the sky condltlcn (presence &nd color ot 
clouds), r.nd plwu• background a.re recorded 
on a Geld dAta meet at the time opacity rN.4• 
lngs are lnltlAted and completed. 

2.3 Obse"atlons. Opaclty obserntlona 
Shall be made at the polni or gre&test op:iclty 
111 that ponlon of the plume where con
densed wa:er vapor IS not present. T!!e ol:>• 
ser\"er shall not look coutlnuo1.1Slf at the 
plume. but Instead shuU observe the plume 
momentu!!J at 15-seeond Intervals. 

2.3.1 Attached steam plume5. When con• 
densed water vapor Ls present wlthl:1 the 
plume u It emerges from the emlsston O\lt• 
let, oJ)"elt; observations shall be made be• 
yor.d the point ln tbe plume at v.btch con
den.~ water vapor ts no longer 't"lstl:>le. The 
ol~rrer sbAll record the approxtm:ite <Us• 
tance from Ule emission outlet to the potnt 
In the plume at which the observat1011s are 
made. · 

2.3.2 Oetachfd lltc&m plume. When water 
vApor tn the plume condenses and becomes 
visible at a d!.ntnct distance tror::1 the emlll• 
slon outlet, the opacity of emissions should 
be evaluated At the emlsston outlet pr!or to 
the condensation of water vapor and the tor• 
mat.ton ot the steam plu::ne. 

2.4 Recording ol:.iervatloos. Opacity ob
servat1ons shall be recorded to the nearest 5 
percent at us-second Intervals on an ob• 
aervatlonal record Sheet. (See Ftgure 9-2 :or 
an example.) A minimum of 24 ObM-rvattom 
shall he recordNl. Each momentary observa• 
t\On recorded shall be deemed to re;:,resent 
the anrsge op11.cltJ ot emaa10ca for a 15-
eeeo,,u periuc. . 

2.5 Data Reduction. Opactty 5hall be de• 
termlnNi as an Average of 24 consecutive 
ob,.l'r·,11::ons :ec:orcie<l at is-,econd inten-alS. 
DinC:e tbe obsen:i.tlor.s recorded on tl1e rec• 
ord sheet Into seta of 24 consec:utlTe obser• 
vat1ons. A set is composed of any 24 con• 
aecutive observatlona. Sets need not be con• 
aecuUve 1n ttme and ln no case aball two 
ae~, overlap. For ea.cb set ot 24 observations. 
calculate the average by summing the opacity 
of th• 24 obae"atlona and dividing this sum 
by 2'6. U an applicable 5tancir.n:l spec~es an 
aver&atug time reqwring more tban 24 ob
aen-auons, calculate the average for all ob
servat~ns made durt.ng tbe spedtled Ume 
peMod. Record tbe avenge opacity on a~ 
sheet. , See Pll'Un ~l tor an eu.mple.) 

3. QuGliftcationl CIJ\d tuNng. 
3.1 CertlllcaUon requlrei:nents. To recetve 

"tertiJkatlon as a q'.lalUied obserYer, a can• 
-a1date must be tnted ~ demonstnte lb• 
&bllltf to assign opacity :e ■dlngs tn 5 percent 
tncreme:-Lt.s to 25 different blact plumes and 
25 dUlerent white plumes. wttb an enor 
not to uc2ed 15 percent oJ)6Ctty on any one 
reading and an avenre error not to ezceed 
7.5 reinnt opac1tJ In each category. Candl• 

dates shall be tested accordtnr to the pro
ceciures <lescrlbed tn par&!P'Pb 3.2. Smo!t" 
generuors usf'd pt:r.iuaz1t to par&graph 3.2 
ahall be equlpl)'!d with a smoke met.er which 
meet~ the requlrementa ot paragraph 3.3. 

The ccrtlt1catlon shall be valid !or a period 
of 6 months, at whlch tli:ne the qua!l1lcatton 
procedure must be repeAted by i.ny observer 
ln ord-r to retain certlt1catlon. 

3 2 Cert1dc.1tlon procedure. The certll\ea
tlon tPst consbta or showlni; the candid•~• a 
corni::lete run o! SO plum-25 black plumee 
and 25 white plumes-generated by a sn101r.e 
1ener11tor. Plume, within each set of !?5 blCM:k 
and 25 white runs shall be pr'e$ented In ran• 
dom c:irder. The candidate assigns an opacity 
vall~e to each plume and records hls o~r
vatlon on a suitable form. At the completton 
of cnch run of 50 re:,.dlngs, the soore of the 
candldl\te ls determlnPd. U a candidate t11.tls 
to Q\lallty. the comp!ete r.1n o! 50 readings 
must be r-l)f!ated In any retest. The 11moke 

• test mu· bo 11drn1nL,tered as part ot a s:r.uke 
schocl or trat..,tng program. And may be pre• 
cedetl b~ tr11olnln~ or famlllAriZ&tlon runs nr 
the smoice gener11.tor durm~ whtr::h-c1m<lldaies 
are shown black and white plumes o! known 
opacity. . 

3.3 Smoke «enerator speell\catt::ns. Anv 
smoke g.?nera.tor ui1ed tor tbe purpo~s of 
pan.gr11.ph 3.2 !!hall be equ!ppe:1 with A smoke 
meter U1st1lled to measure opacity across 
the diameter of t.he smoke ,:enerator st.:.ck. 
The smoke meter output sh.Iii display tn• 
staek cpar.tty b:i.~d up::in a pa;li.leng'-b equal 
to the stack exit dl11m~ter. nn 'a Cull o to 100 
perr.ent ch:irt ttcorder scale. The smoke 
ml'ter optical desl~n 1'1.nd performance &hall 
meet tho spec1n.ca.t1ons sho~ 111 Taul• Sl-l. 
The- smoke motPr l'ilAI: be calibrated as pr•• 
acr1bed ln pa.ra:;r:1;:,:i 3.3.1 prior to the con
ctn.:t of each smoke reading test. At the 
compietlon ut each tellt, thtt zero irnd spui 
dr1f, shall be che.:ked and if the dr!lt ex
ceecu :1 percent .>paclty. the condition ~hall 
be curreeted ;>rior t-o conductt:-ig an)· su "Jse
que11!. ~st :-u.cs. T~e smoke met.er s11..11 be 
<lemonstrated, at t.be time of tnstallatl::>n, to 
meet the•specllicattons listed In Table Sl-1. 
Tbts demonatratlon &hall be repeated fol• 
lowing any subsequent reJ)11lr or replacement 
ot tbe photocell or assoctat«i eleettonlc clr
c:ultry lncludln1 Ui• cban recorder er out;,ut 
meter, M every a mont.ha, wblcbever occun 
~st. 
Parametf!r: Spect/frntton, 
a. L!glH source••••• Incsnde5:-r.:lt l•mp 

"peratcd :it n:>mlnai 
rated ,·ol~ai;e. 

b. Spectr:LI re:s;:,onse Pho:opte ld:Lyllcbt
o: pho:oceii. !>;>C~:ral res;,•Jnse of 

:he hL,m,1:, e)·e
r1:!ere1;ee 4 .3}. 

13• ;11.a.Xi!l!Um 1.otal 
anb:c. 

d . .',n.z:e or proJee• JS• :n:i.xlmuct tclt.al 
t!on. a:1g1e. 

e. c.,h:>:a:!on error. !';) ·•• •>pnrl:y. maxi-
!li~::n. 

r. Ze:o and span ~: ··:. O';)I\C..tf. 30 
cir!~!. mim.::e,i. 

g. Re..v..nse time __ _ !:~ llio...·coaUs. 



Method 9, Continued 
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Mefthod 9 2 Continued 

3, I C,,11!1r;.:ion. ::~I' ~:nolte ml''l'r I~ 
("AH~r.,tc-d a!:!"'r ..\:J...i·.\":·:.; = 1 1,111i;nu::1 <.,! ~o 
f'!':.~u•-.~ 11::i:·!'!".!tn b ...,:::--r~,._•t'!:,· r:-. duci·1; 
~::nu::.:,·:I op.:l~!:r n! f) ,w•h"'r:1,; :.n·:f 10" ,e~ .. 
c-rnt. \\th«"n £?..1b!,. rc:--7-0•1•~ ~u o ~,e::-~·en: r.! 
100 r-,..r:-• ·:~ ic : t•tr:L t~r ~:u:·k,., ~,.tr:- ~-- ad• 
Justrd to pu,c.!u,e an c,u!;>ltt ..r O pcrt"cnt or 
J'1'l :,.-.: ·:-11:. :\~ :\:1P:":\;":-! ,:-e ~•~ c31''1r .... ticn 
s~:i.!l b~ r~;,,.,'.f'd un:i: •:abler, pl·r.;,mt 11nd 

3.:t.2 Sroiokl' .nt'tPr e·::ilv~•l::n. Thi! -;r;1nk1 
n1r:tr <'e,H•:11 r.nd pP:f.·rm,nri are to be 
e\' ,:,.ated :ts fnllo"·s: 

3.:i 2.1 Ll;:ht .c.urrP-. Y,•ri!:; !r:>m ml\nU• 
t,:tu:.-r•:i: (f:\•:·, :t.n:! frnr.: \ 0 L0 :::t~!' ralfl:lr.U:'e• 
me:,:, 1::..:1e :it the !:tmp. u !1u:itllf'd. thu 
tile lamp :, ·'•f'l'r:i>ed w1tl~!n ::-:5 puc-~nt of 
the nomln:11 r:.t~ \:ll'al!t. 
100 11rr-'«'11t rf':td1nrs n:I' pr~,,,,c-,.:1 ,.,-;:?.cut 
a.:f!n :rmtt•1~. :,;•r:Hi!a-:.-.:; O J>t;.r,...,.nt .!n ~ HiO 
;>c-r ... :1L ->;,...·ny -.-,,Jm•.~ :n;iy l>I' ;,r,rt,::rd Jf 
:L~,,.~u.,:,•J~ :;·:.:~~rh!•": ~~"'!"' ;tc-~r ~u :ht· .1.:11:. 

•:,ur ·e "'' :i:-t..1 o:r ~ hill• '.he A?rwte ~ene-:-ator 

3.3.2.2 Sµectral r.-s;i.;:1,e or photnc-ell. 
\'er!!y from nunur,u:turN's d.1ta .th11.t the 
photocell has a phntopsc rl!.>r,oni..e: l.r .• the 
spectral seni.!ttvtt,· or •hi' c-ell shall cl~!J 
approiitm111e tt.i, 11::inrtnrc1 ~p.:!C'tr.1l-!11m1.,01° 
\tr ccr•e for rhoto!"le ,·1s1on ,.,-hkh. L~ refer• 
enred In (bJ or T;,1,1,- 9·•1. 

3.3.2.3 Angle ot v1ew. Cheek conatrucuon 
geometry to ensure that the t.:>ta.T angle or 
view oC the smoi.e plume, u &een by the 
pho:r..'.'t'll, does not exeee:i u•. The total 
an.!e ot view may be calcul:ued from: 1=2 
to.n·• cl 1 2L, where I =total angle or \"lew; 
d = :be !lum ot the photocell diameter+ the 
dta.'lt'!!er or the llmtt1:1g aperture: and 
L =~i:e dlstAnce from t:1e ;,hotocell co the 
:i:r,H!n;; n;,erture. The ilmlt::ig sperture 11 
:he pct::t 111 t1'e p:Hh oec,1:een the photoce,; 
a:;d :ho smol:e rlume where the a::~le or 
~·!e·.a· :.1 111ost restrl~ted. In smoi-e generat.:>r 
am~ite nieter. t.h1' Ls uor1U&:ty an orltlc:t 
pl:V.?. 

3 a :u Anele or proJect1on. Check eon• 
atructlun geometry to en.sure that the total 
ani;:t or proj4,etlon of the lamp_ on the 

FliiURE 9-2 OSSER\'.\TJON P.ECORO PAGE OF 

CC.'-!:>~~;y 
LOCATWI 
T~$'!' t;iJ'-'~ :...OAiE __________ 

~- ,.._, 

08SERVCRTYPE FAC I_L_IT_Y_______ 

POHi! OF E'-llSSJm;s 

Secc,r:~s 
I, :)It.AM PLUME . 
-(check if at1r,Hcable)

Hr. IHn. 0 1:, JfJ l t.:, ,,aacnE-ct :.etached COMMZNTS 
I 0 I I 

I 1 ' 2 
3 

I 4 I 
5 ! I 
6 I I ! I I I I 

7 
8 
9 

I 10 
I 11 I 
I 12 I 
I 13 I I ! ' ' I I 

14 I I 
15 I 
16 I 
17 
18 
19 
20 . . 
21 I t 

I 22 
23 

I 24 I 
25 I I 

'I 26 i I I I
I 27 I I i 

2>i I I i I ., 

29 I I 



rtGURE 9-2 oesERVATIOtl RECOP.D PAGE OF 
(Continued) 

OBSERVfRcriMP,\'lY --------
TYPE m: IL! fYl~CAT!O~ =---------rEST NU~SER _______ POWT OF £'HSSIO!iS _____DATE _________

' I . I ~ EAi1 PLUl~t 

~ 
Seconds(check if apolic~ble} 

c~r.-:rnrsHr. I Mf~. 15 1~l'j 1.i5 Attached DP.tach!t:I 
30 
31 I 

32 I I I t 
J3 I i 
J~ 
35 I . 
36 I 

37 t 
i 38 

39 
I tJ I ! 

41 I 
42 I 
t) 
44 
45 
46 I 
47 
4~ 
,19 
so 
51 
52 I 
53 i 
s.i I 

1 55 1 ., 
56 I 

57 ! ; i 
Sf\ r I I t 
5,1 l I I I 

I 
IL" . \' 

Method 9, Continued 

amok• plume does not excee<S 15•. The tot&l 
angle or projection may be calc1.:l:ited from: 
1:2 tan·• tl.-2L, where 6= total ar.gte of pro
Jeetlon; d= the sum of the length of the 
l.unp ftlament + the dtametu of the llmtUn1 
aperture: and L= the dlst11.nce from the lamp 
to the limiting aperture. 

3.3.2.5 C:illbratton error. Using neutr&J• 
density !liters or known opa.clty, chec1t the 
error bet111een the actual· response and the 
U:eorett.::i.I linear ruponse ot the smoke 
meter. This check Is accomplished by tlm 
calibrating the smoke meter according to 
3.3.1 and then Inserting a. series of thrH 
neutral-density niters o! nominal opacity of 
20, 50, and 75 percent In the smoke meter 
pathlength, FilUra Callbuted· Within :::2 per• 
c.ent shall be used. Care should be t:ilten 
•hen Inserting the t\lters to pruent str:11 
IICM from alfecttng the meter. :l.1:\ke a total 
of five nonconsecutive rel.dines for tacb 
GJter. Th• maximum error on &DJ one rta4• 
me lbaJI be 3 percen, op.cur. 

3.3.2.8 Zno and span dr1!t. Ott.rmln• 
the zero :ind span drl!t by c11.Ubr11.t1n;r t.Zld 
operating the smoke genera.tor In a normal 
manner over a 1-hour period. Tbe drift la 
mu.sured by cnecktng the zero and 1pan at 
the ffld of this period. 

3.3.2.7 Response time. Detern11ne t.111 r••
■ponse time by producng the s.erles of five
a.tmulated O percent and 100 pere""fnt opacity
Yaluts and obsentng the tun, required to 
ruch Ii.able r.■ ponae. Opaclty Y&IUN Of 0 

pen:1nt an<1 100 percent may be 1L-nU1ated 
bJ &ltern•tely IWltChlDC Chi poWff to the 
Ught source off and on w1:1111 the amou 
1e12erator ts not operattng. 

4. Reference~. 
4.1 Alr Pollution Control Olat:-lct Rulu 

and Regul•tton.s. Loa Angeles County Air
Pollution Coutrol District, ReSU1at1011 rv,
Prohlbltlons, Rule 50.

4.2 Welsburd, MelYtn I .. Fleld Operatt0DA • 
and Enforcement Manual tor Alr. U.S. Ellrt• 
ronmental Protection Agency, Research Trl• 
angle Park, N.C~ APTD-1100, August' 1972. 
pp.U-1.30. 

4.3 Condon, E. U., and Od:.Shaw. H•• Eland• 
book of Phyl1ca, McOra••Wll.Co., llt:l~ N.T.. 
1968, Table 3.1, p. 6-62. 
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Method 10· 

DETERMINATION OF CAROON MONOXIDE 
EMISSIONS FROM STATIONA.i~Y SOURCES 

(40 CFR 60, Appendix A, July 1, 1976) 

1. Prf,aefple :in!! A;,;,l•C-<1i1111t)I 
1.1 l':-inc:>,?lc. t.!1 1:,t.-~r:i.tell or conttnuoua 

,:u Rmple ts utr:i.c:~~,; rrom i:. sampllni point
aucl analyzect for C'"\rbon ntQnoxlde 1CO) con• 
tent u,tni; a Lu!t-type nondlspenlve tnfra• 
red &n:.ly;;er I ND!R) ~r tq\llV&.lent. 

1.2 A:pp/icabilltj/. Thls method la appll• 
cable for the cteterm1:iatlon ot carbon mon• 
oxtcte emlsstons from st:.tto:1arr sources only 
when specUl.ect by the test procedures for 
~uermtnu:.g compl1:\nce with new 10un:e 
per!onnru1ce stac.:l&rds. The test procedure 
wUl llldleate whether a .tontlnuoua or &D 
Ui.;egrate:1 sample 1s to be usect. 

2. &11ge c11ct aennttvitv. 
2.1 .Ra11oe. o to 1,000 ppm. 
2.2 Sffllitiuity. :.nntmum detectable cora

centrt.tton la 20 ppm for • 0 to 1,000 ppm
apt.11. 

3. lnter/nm,cu. ADJ aubatAnce haTtnr • 
atrong absorption ot inlrared energy wtU 
interfere to 110me extent. For example. dla• 
crtmlnatton ratios tor w1.ter (H.Ol and e&r• 
bon dioxide (CO,) are 3..S percent H:O per 
'I ppm CO and 10 percent co, per 10 ppm 
CO, reapectlvely. tor devices measuring ln th• 
l.SOO to 3,000 ppm racge. For dences meu
urlng ln Che ow 1or, ppm r&nge. lratertennc• 
n.Uos can 'be as h!gh u 8.5 percent H,O per 
25 ppm CO and 10 pncent co, per 50 ppm 
CO. nie uae of :.Utca gel ancl ucarlte traps 
will &Uevtate the major Interference prob
lems. The meuured gas volume mun lM 
correctad a: tbese tD;:,s are usect. 

•· Prcci.sion an4 G("c,iracy.
U Prccuion.. The precision of most N'DIR 

araLlyzers la appro%1matel7 :t2 percent of 
apan. . 

-1.2 Accuracy. The accuracr of moat N'DIR 
analyzers ts appro:tw.-.a.te!J ::::5 percent of 
apan after c&Ubratton. 

5. App11r11tu1. 
6.1 Contfnuow sample (Flv,ure 10-1). 
5.1.l Probe. Stalnle.~ steel or lbeathed 

Pfrez • glua., equipped wlth • 4lter to remon 
particulate matter. 

5.1.2 ,Ur-cooled con.denser or eq1dvale11C. 
To remon an7 excess mol.~ture. 

6.2 lntcgratcct 111m~le (F!fure 10-2,. 
5.2.l Probe. StalnleSII steel or sheathed 

Prrex glau. equlppect with a 41ter to nmo•• 
parUCUlate matter. 

5.2.2 ,Ur-cooled COKde11Jer M equ1N&fflt. 
To remove any excess molsture. 

5.2.3 Value. Needle valve. or equlTLlent. to 
to adjust now rate. 

5.2.4 Pump. Leak-free diaphragm tJpe, or 
equl\"a!ent. to trans;,ort gu. 

5.2.5 Rate meter. Rotameter. or eqUl\"aJent, 
to measure a now r:Lnge trom 0 to 1.0 ~!ter 
per min. (0.035 cfml. 

5.2.6 Fleziblc bag. Tedlar, or equ1..-alent, 
wltb • cap&c:1t1 of 60 to 90 Uten (2 to 3 tt '>· 

1 !.!entlon of trade names or speclftc Prod· 
UC'ts does not conrtltute endorsement by the 
En\"lronmental Protectton Arency. 

Ltak•test th'! bag In t.he lab()ratorJ 'before 
U$lllg br e\"acu:,nng b..g with .a. pu1~;> to:. 
lowe<1 by " ctr; g.i... n1eter. W"nen ea·acuat!on 
ts complete. tt,ere should be uo rtow tl:lroui:h 
the meter. 

5.2,7 ritot t11bc. Trpe s. er equivalent. at. 
tacllett to the pro~ so th:.t the sa:npll1ae 
rate can be re~u1 .. tec1 p~i:,c.rtton~ t<J tt~ 
sta.:k gu veloc:1ty when veloc-lty ls ,·..1.r;uig 
•ith the ttme or • sample traverse la co.:
ductec1. 

1.3 An.atrsu CFlgun 10-3). 
1.3.1 Cab"" monozicte arialv.:tr. Nondtsr,er

■lTe lntrr.red spectrometer, or equlTAlent. 
TlUs Instrument lhould be demonatrattd,, 
preferably 'by the manufacturer, to meet or 
exceed maraufacturer'a spec!JlcatJoD4 and 
those described Sn thls method. 

l.3.2 Drying tube. To contar.a appro11-
mat.el7 200 cor sUlca gel. 

5.3.3 CcltbrcHo• ga.s. Refer to .paragraph 
1.1. 

1.3... Filtn. Al recommended b7 NDIR 
manu!acturer. 

..._--.SC• 
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5.3.5 CO, remoiial tube. To contalra 1.pprozl• 
matelJ 500 g of a6Cl.rtte. 

5.3.6 Ice 11:ater bath. For ucarlte and alllc:a 
rel t\lbes. 

5.3.7 Valve. Needle valve. or equtvalezit, to 
Ml ;ust 4o.- rate 

5.3.8 Rate m~ter. Rotame~r or equ1'·aleM 
to measure ras now rate ot o to 1.0 Uter per 
mtn. (0.035 cfmJ through NDIR. 

5.3.9 Becordn' fo?Jtioncl). To provlcte per• 
1nanent record of Nt>IR nacUnga. 

e. .ReageRtJ. 

' 



Methbd 10 Continued
' 

111 Calil)rctto11 gc.,eJ. Known concentration 
,,r CO 1?1 mtro,eo {N,J for 1ostn::nent span. 
p:epuri1'.ed gr:i.de o! N, for zero, a.u<I two nC:.dl
~ivn:11 concentrntlcns correspc.nd,ni; .ipprox1-
:na1telr to r.o percent nnd 30 percent spP.n. The 
,;,ui cc;ncez,• '\tlon sh&ll ziot exceed 1.5 times 
~?le al)pllc&·.-..: source perfcrmt.nce :itanaare1. 
Tt:e c:alli.>ro1t1011 ga.ses shall be certiftc<i by 
tbe :r.anutacturer tO be wtthill :!:2 percen, 
c.t the 5peclfted con.::entra.UOn. 

. G.2 Silica gel. Indtca.tlng type, e to la mesh, 
' dned at 175• C 1347• F) tor 2 hours. 

6.3 Ascante. Commerc1&11J 11,v&U-.ble. 
7. Procedure. 
'1.1 Sampling.
7.1.l Conti11uow !cmpling. Set up tbe 

eciutpi::r.ent as shown 111 Ftgure 10-1 m:iklng 
aure all conn~tlons t.re lel.k free. Pl:ice the 
probe 1n the stack at ., sampling point -.r.d 
pu:-ie tt\e 1amp1tng llr.e. Cc.nne.:t the ana-
lyzer ar.d begin drawtng s:unple Into tbe 
anal,-zer. Allow 5 minutes fc,r the S}'l)tem 
to 1t1,blllu, then record the aot.lyzer read• 
lnf as reqwred by the tut procedure. t~ 
! 7.2 and 8). co, content c.r the g:u may be 
determined by usmg · the Method 3 lnte-
crated aa1nple procedure (38 l'R 248811), or 

by weighing the a.scartte CO, reml)n,l tube 
aa.i cGmput1ng CO, c011cf!1trnl1m1 trGm ttle 
g:u "L"olume :.:.mpled an<l the welj;i1t i;t.ln 
or t!le tu!:)I!. 

7.1.2 /11teg,-11t'!d iampiing. Evacuate the 
nextt>!t. J;~. Srt uri the: -"papmc11t an sho.vn 
tn Fliure 10-:l with the bng d.1sr.onnected. 
Place the probe 111 the s~ci< and pu:i;e the 
S1W1pllllg line. Connect the bag, making aure 
uiat all connect1c,ns :ire leak tree. Sample ac 
• r.i.te proport.lonal to the at&ek ve1c.c1'y. 
co, content of the gas rna.y be deterrnJ.ned 
bJ uatng the Method 3 Integrated. s&mpl• 
procedures (38 FR 2t88l!), or by weigh~ 
tbe u::arue CO. removal tube 11.nd co::n;,ut• 
lDC co, concentratlc.n trom tbe gu Yolume 
s&m!>led and the wet~ht gllin or the tuhe. 

1.2 CO ..tnd;.,si#. Assemble the ap.,aratua u 
abown ID l"ll\lre 10-3. calibrate the lllltna• 
meot, and perform other required operattona 
aa d~tbed ln p&r&gl'aph 8. Purge an&IJAr 
wtth N, prior to lntroductlon of eac:b sample. 
Direct the sample stre:im t.'lrough the tnstru• 
ment ror the test pertod, recordtn1 the read• 
tnp. Checll: the zero and span agatn &!ter tct 
test. to usure that a.ny drtrt ~r malfunction 
ts detected. Record the .ample dat:i oil T-.blt 
10-1. 

8. Calibration. Assemble t.he appuuus -.C• 
cording to Pigure 10-3..Oeoerally an lnstrl.L• 
ment NqUires., wa.rm-up period 'before Sta• 
blllcy ts obbtned. Follow tt.e manufacturer'• 
tnst?'Uctions for spec1t1c procedure. Allow • 
mmtmum ume of one bour for warm-::p. 
During thts tlme cbeck tlle sample concll• 
t10nlng appu:itus. I.e .. Otter, condenser, dry• 
tng tube, -.nd CO-J nmonl tube, to ensun 
tl:lat e-.Cl:I component IS tn good 'Opera.ttne 
coodltlon. Zero and C1Llibrate the I.Dstrw:ient 
ac:cotdlng to the manu!act~rer's procedures 
usmg, reirpectl\'ely, nttrogcn and the callbra
tk>n gases. 

T.A.BU: 10-1.-Field t!at11 

Location---------------------------··--·--------------------- Ccuunents: 
Tei:t ----•-·•·--------··--------·--···--·····-·······-•········· 
Data -------------------------------··---·--------------------
Operator---------·---·----·--··----------------· •••••• · •••••• 

Botcuneter 11tttn9, mers per mtnuta 
(cubec /Ht Pff minute) 

II. Colc1&l4tfon-ConcentraUon o/ carbon me~. Calcwate the c:,-ncentn.t1on of carbon 
monc.iuc1e 1n the at.aek us1D1 equation 10-1. 

equ:1tfo11 10-1 
\\'lu·re: 

C'ro.... ~ -ronrP.ntration of CO in st.:ick, ppm by volume (rlry h:\.-;is). 

Cc-n:-ou~-=conct-ntration of CO me11:;urcd hy NUIR :m:ilyzPr, ppm by ,.-olume (dry 
1-,.:u,is). 

r<. 0 ,-,·dun•e frnrth·n c-f C01 in umple, i.f'., pcr<."t!nt CO2 frc-m OrHt analysis 
uh-iuc:d by 1 oo. 

( 



Mei:nod 111 1 Cont:i.J'lued 

10.1 ~1 ..... :;•or. F:--.1!1,:. Thi: ,:.tert.ecb l:\'DIP.-CO 
.\natr.:er. P~":&,·~!'!d :,t t:lt1 Methods 
Cu,.!.::-rr.c• • ·1 A~ I'Jllutlon. Un1,·er:s1t)" 
ot C:i!i!o.-r,tn. I?erkcley, Calif., .-.prU 1, 
l!l~J. 

10.2 J.icoba. J.[. B.. et al~ Ci>ntlnuous Deter
mination ot Carbon Monoxide and Hy• 
droc:arbotls la Air by a Modlfltd Intra• 
red An&l,zer. J. A1r PolluttoD Control 
Asaoc!&tlon. f(2) :110-11'- Au,uat 1050. 

10.3 l:3.'I. LIR.\ !ntrar~ 0.J.al and Uquld 
.\naly-zer Instruction BClok, Mine S:itetf 
Appli:inc.:s Co.• Technical Products Dl• 
~•!,;ion. Pittsburgh, Pa. 

10.~ ,lfod:i!s 215A. 315A. and ,U5A Infrared 
Analyzers, Beckman Instl'l!ments. Inc.. 
Beckman Instructions 1635-B, Fulltr• 
ton. C:illt.• October 1987. 

10.S Cont.lnuous CO Monitoring System. 
Model A6511. Intertech Corp., Princeton. 
N.J. 

10.a ONOR Intrared au Anal:,zera. S.ndl.l 
Corp.. Roncnerte, Wnt Vtrs1D1L 

Al>DEJnJ4 

LPer/ormanc, SpccCjlcatloru /or NDIB Carbon MO'ftO:iru Analvrer•. 

Range (minimum)-·--·--------------
Output (mint.mum)--------------------· 
Mint.mum detectable eensltl•ltJ••••••••-.. 
JUae time, 90 percent (mwmum>----------
Fall time, 00 percent (maxtmmn>-----··--
Zero drift (maximum)--------------------
9pan drift (ma1tlmWD)------------------
PreC111on (mlnlmum) ~-----------------
Not.. {maxllnum) ----------------------
Lllleartty (J'D&ltUnum deviation)---------
lzlterference nJec:t.1011 ra.Uo________ 

B. De,11moru of Perjonn(Jnl:c 1-peclftea
tfou. 

Range-Tbe mlnSmum. and muimum 
mM.Sureoent llmlts. · 

Ou:put-Electr1cal stgu&l Wblch la propor
tional to the meuurement; Intended tor con
nection to readout or data processing dnlcts. 
Oaua.Uy expressed as m1mvolt1 or mll11&mpa 
11111 scale at a given tmptdance. 

rull .scale-The maximum meuun::ig Umlt 
tor a given range. 

Minimum detectable smafthrlt;,-The 
ama.llest. r.mount of u:puc concent.-atlon that 
can be da~ted u :.tie concentn.t1on ap
proachu zero. 

ACC11racy-The degree ot agreement be• 
tween a meuured Talue aDd the true Talue: 
u1ually expnssed as :: percent ot tull sea.. 

Tfme to 90 71ercmt re.t;,o,ue-Tbe Ume tn• 
tenal from a step change 111 tbe 1nput con
ce:itra.t!on at the 1.nstnt:::.ent lnle~ to a reM• 
l.ng of 90 percent ot Ult UlUm&t. recorded 
concentration. 

Rlae Tfme (90 pcrcmf)-Tbe IDtenal be
tween lnlttal response time and tlme to 90 
percent response after a step Increase ID the 
1DJet concentration. 

Fall Time (10 ,.,ercentl-Tbe tntenal be•,_,11 Initial response time and ttrue to 90 
percent response after a step clecnue tn tba 
Inlet coccent~atton. 

Zero Drift-The change ln tnstrument out
put over a stated time pertod. u.su.i.lly H 
boun, ot unadjusted CODUllUOUI oper&U0D 
wb1n the Input concect:atton ta zero: usually 
expreued aa percent tuu IC&le. 

0-lOOOppm. 
0-lOmV. 
20 ppm. 
so seconda. 
30 seconds. 
10,;, In 8 hours. 
10-,. ID 8 hour,. 
:!: 2'1, ot .full scale. 
:!: I~ ot .full acall. 
21' ot full scale. 
00r-1000 to 1, H:0-600 to 1. 

Spoa Drift-Th• chan1e tn tn.nrument out
put over & •tated ti;n• pertod, uaually ~ 
houn. ot unadJuated contlnuou.s oi,.n.\101:l 
when the Input coceentrAtlon la 1, stated 
upse&le •alue: uaually e.xpreuad a.s percenc 
tu1l scale. 

P,,ects(on--The degree of acreement be· 
twHn repeated measurements or the aa.m, 
concentration, ezpressed as the average 41-
•iatlon ot the 1tngle results trom the mea:.a. 

Nof1e-Sponta.ne0us devt.at10n.1 trom • 
mean O\ltput not cauud by ln;iut coacoo• 
tratton changes. 

Llnean:y-Tbe maxlmuzn deviation be
twNn ab actual tnstrument readl.ng and the 
fHdlDC predicted by • •tn.~ht Une dra,rn 
betwMD upper &ad lo,rer cal1bratloa polDt.1. 

\ 



\ 

I Method 11 

DCTERMINATION OF HYDROGEN SULFIDE 
EMISSIONS FROM STATIONARY SOURCES 

(43 FR, 1495, January 10, 1978) 

I. Pri"c-iple a"d applicability. 1.1 Prine(. 
pie. Hydroi:rn sulrlde <H.S> Is collected Crom 
a sourr•' In a scrit-s of mldeet lmpingcn; and 
absorbed in pH 3.0 cadmium suHale ICdSO,l 
1olut1on to form cadmium sullide <CdS>. 
The latter compound Is then measured iodo
melrically. An 1mpin11:er containintt hydro
ren i,.•roxide Is included to rcmol!e SO, a.s 
an lntl'rfl-rin1' sJ)('('if's. This method is a revl• 
alon or th.- 11.S mf'thod originally published 
In lhL' F'l:111:RAL RtGISrEK. Volume 39. No .•,. 
dated Friday, March 8. 1914. 

1.2 Appl1cab1hl11. This method Is appllc:&
ble for the dl:lermlnation of the hydroeen 
aullide content of fuel i:as streams at petro-
leum refineries. . 

2. Ranor end sennlivity. The lower limit 
of detection iii approximately 8 m1tm• <6 
ppm>. The maximum of the range is '140 
m1/m 1 <520 ppm>. 

3. Jnterl<'reflcf'S.· Any compound that. re
ducr:s iodine or oxidizes Iodide Ion will Inter• 
fere In thl.,; procedure. provide It Is collected 
In the cailmlum sulfate lmplni:ers. Sul!ur 
dioxide in t-onCf'ntrallons of up to 2.600 m1/ 
m• ls eliminated by the hydrogen peroxide 
.solution. Thiols precipitate with hydro1en 
.sulfide. In the abiif'ncc of H.S. only co-traces 
ot lhiols &rl" collttll'd. When mf'lhane• and 
elhane-lliioli al a total level of -300 m&/m' 
&re pri-st•nt In addition to H.S. the result.I 
\"ary rrom :? pcrcl"nl low at an H.S concen
tration of 400 mictm• to 14 pem·nt hl1h at 
1.n 11.S cu..,,·n\.ration of 100 mic/m•. Carbon 
oxysulCidr at a concentration or 20 prrcent 
does not inlC!rfrre. Cert:1111 carbom·l-con
talnin1 compounds r .. act with -Iodine and 
produce r•-t·urring end points. However. ac
etaldehydt· and aet·toni, al concentrauons of 
1 and 3 pt-rn•lll. rl"Sl'll'Cli\'ely. do n«.1l inter
!ere. 

Entralm•d hydro,:en ~roxide produces a 
ne1ative lnlf'rft-n-~ equh-alent lo 100 per
cent of that uf an ~uimolar quanUty of hY• 
dro1en sulfilk-. Avoid the ejection of hydro
ren peroxidt< intu the cadmium sulfate Im• 
ptn1crs. 

4. Precision and ac-f'uracv. Collaborative 
te,u111 ha:. sno,,n lhe v. 1thin-laburatory co
efficient of variation to be 2.2 percent and 
the overall codCicient ol variation to be 5 
percent. The method bias was shown to be 
-4.8 percent when only H.S wa.s pre.senL ln 
the prest>nce of the Interferences cited in 
Retion 3. the bia.s was positive al low H.S 
concentrations and necaUve at hl1her con
centrations. At 230 mg H.S/m•. the level of 
the compliance standard. lhe bias wa.s + 2.'1 
percenL Thlola had no effect on the prec.i• 
alon. 

•Menllon of trade namn of spectlle prod
ucu dON ncl constitute endorsement by the 
Environmental Pro<ecllon A11ency. 

5. APP<lTClus. . 
6.1 Samplln1 appuatua. • 
5.J.l Samplln1 line. Six to '1 mm cv. In.> 

Teflon• tubing to connect the sampt1n1 
train to the sa.mplinir valve. 

5.1.2 lmplr.gers. Fi,•e midget lmplngers, 
each with 30 ml capacity. The internal di
ameter of the lmplnttt-r tip musl be 1 mm 
::t0.05 min. The lmpinger tip must be posl• 
Uoned 4 to 6 mm from the bottom o! the im• 
pincer. 

ll.1.3 Glass or Teflon c0Meclln1 tublnc 
for the lmplngers. 

5.J.4 Ice bath container. To maintain ab
aorbin& solution at a low temperature. 

5.1.S Drying tube. Tube packC!d with 8- to 
14-mesh indicating-type silica gel. or equiv• 
&IC!nt. to dry the gas sample and protect the 
meter and pump. If the silica gel has been 
uaed previously, dry at 175' C <350' F> tor 2 
hours. New silica 1el may be used u re
ceived. AlternalivelY, other types of"acslc• 
cants <equivalent or better> may be used, 
£Ubject to approval of the Administrator. 

NOTE.-Do not use more than 30 g of silica 
rel. Silica eel absorbs gases such as propane 
lrom the luel cas stream. L'ld use of execs• 
aJ.ve an1ounts of silica eel could result in 
errors In the determination of sample 
volume. 

5.1.6 Sampling valve. Needle valve or 
equiv:llent to adjust gas now rate. Stainless 
steel or 0th.er corrosion-resistant material. 

5.1.7 Volume meter. Dry gas meter. suffl• 
clenlly aecurale to measur11 the sample 
volume within 2 percent, calibrated at the 
selected flow rate <- 1.0 Iller/min> and con• 
dltlons actually encountered durintt sam• 
pllni:. The meter shall be equipped wi1h a 
temperature gauge ldial lhf'rmomcter or 
equivalent> cnpable of mea.~uring t..-mpera
ture to witbln 3' C <5.4' F>. The 11as meter 
ahould have a petcock. or equh·alent. on the 
outlet connector which can be cl011ed durlnc 
the leak check. Gas volume for one revolu
Uon of the meter must not be more than 10 
liters. 

5.1.8 F1ow meter. Rotameter or equiv• 
&lent, to measure tlow rates in the ranee 
from ·o.5 to 2 liters/min <1 to 4 dh >. 

5.1.9 Graduated c)·linder. :?5 ml size. 
5.1.10 Barometer. Mercury, aneroid, or 

other barometer capable of mea.surin1 at-
mos1>heric pressure to within 2.5 mm Hai 
10.J In. He>. In many ca.ses. the barometric 
rr-adlng may be oblained from a nearby Na• 
Uonal Weather Scrl!ice station. in which 
~. the station value Cwhkh is the abso
lute barometric pres.sure> shall be requested
and an adJusltnt•nt Cor elevation dHferr-nees 
bt-lwttn the weath<'f :;talion and the um
piing point shall be applled at a rate of 
minus 2.5 mm Hg <0.1 In. Hi:> Pt•r 30 m (100 
It> elevation lncrea.se or v1ce•ven.a for elev&• 
Uon decrease. 
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5.1.11 U-Lube manometer. 0-30 cm water 
column. For leak check procedure. 

5.1.12 Rubbrr squeeze bulb. To preMur
lze train for leak c:l11•ck. 

5.1.13 Tee. plnt'hclamp, and connec:tlnc 
tublnr. For leak checx. 

5.1.14 Pump. Diaphrarm pump. or equiv• 
alenL Insert a small surli'e tank between the 
pump and rate meter to eliminate the pulsa
Uon effect or the diaphragm pump on the 
rotameLcr. The pump Is wed for Lhe air 
puree at the end of the sample run: the 
pump Is not ordinarily Wil-d durinll' sam
pllnc. because fuel 11':lS slre:LmS are usually 
sufficiently pressuriz.ed to force sample cu 
through the train at the required Clow rate. 
The pump need not be lellk-free unless it Is 
med for samplinll'. 

5.1.15 N,~dle valve or critical orifice. To 
aet a.Ir purge llo"' to 1 Iller/min. 

5.1.16 Tube packed wlLh acUve carbon. 
To filter air durinc puree. 

5.1.l'I Volumetric Oask. One 1.000 ml. 
5.1.18 Volumetric i>ipr.tte. Onf' 15 ml. 
5.1.19 Pressure-reduction regulator. De-

""lf!ndlnc on the sampling streAm prc..-ssure. a. 
pressure-reduction reet1lator ma.y be n<'cdt'CI 
to reduce the pressure of the p.s stream l"n• 
urine the Tenon sample line to a sarc level. 

5.1.20 Cold tra.p. U condensc!d wau•r or 
amine is present In the sample strrain. a. 
corrosion-resistant cold trap shall be wiPd 
lmmcdia.tely after the sample tap. The trap 
shall not oe operated below 0- C t32· F> to 
avoid condensation of c. or c. hydrocar• 
bons. 

5.2 Sample recovery. 
5.2.1 Sample container. Iodine flask. 

clus-st.opvcred: 500 ml slz.:. 
5.2.2 Pipette. SO ml volumetric type. 
5.2.3 Oradua.ted ·cylinders. One each 25 

a.nd 250 ml. 
5.2.4 Fla.sks. 125 ml. Erlenmeyer. 
5.2.5 Wash botlle. 
5.2.6 Volumetric nask.s. Three 1.000 ml. 
5.3 AIUl.h's is. 
5.3.1 f'la:.K. 500 ml class-stoppered Iodine 

flask. 
5.3.2 Burctte. 50 ml. 
5.3.3 Flask. 125 ml. Erlenmeyer. 
5.3.4 Pipettes. volumetric. One 25 ml: two 

each 50 and l 00 mJ. 
~.3.5 Volumetric flasks. One 1.000 ml: 

Lwo 500ml. 
5.3.6 Oraduated CYiinders. One each 10 

and 100 mt. 
II. Rra~11u. Unless otherwise lndiC'lltcd. it 

Is intended that all reagents confom1 to the 
apecllic-allons established by the Commillte 
on Analytical Reagents o! the Amerlca.n 
Chemical Society, 11,·here such apec1fications 
are avallalllti. Otherwise. we besL av:Ailao!e 
era.de. 

11.1 Sampling. 
11.1.1 Cadmium sulfa.Le absorbing solu

tion. Dissolve 41 g of 3CdSO.-8H,O and 15 
ml of 0.1 M sulfuric add in a 1-Uter ,·olumeL• 
rlc fluk that contuins approximaLi,ly ~. liter 
of d<'ionizr.d distilh-d water. Dilulc to 
volume with deionized water. Mix thornuch• 
ly. pH shuuld be 3 ·.t. 0.1. Add 10 drops or 
Dow-Cornine Anttroam B. Shakf' 11.·e11 before 

use. If Antiloam B l:s not used. the a11,•rn11te 
acidifhid Iodine extraction procr.cture (sec
tion '1.2.2> must be usl·d. 

6.1.2 Hydrogen peroxide, 3 pr.rrent. 
Dilute 30 percent hydroi:t•n peroxide to 3 
pcrcc!nt AS needed. Prepare fresh daily. 

11.l.3 Water. Deionized. disL1lh:d lo con
form to ASTM 1peciflcatio~ DI 193 72, 
Type 3. AL the option or the a.~y~t;. the 
KMnO, lest for oxidi:iable ori:anlc rnnller 
may be ornltlcd when hh:h conc-,·ntralioM 
or oreanic matter &re not expected to be 
prei;cAL. 

11.2 Sample recovery. 
6.2.1 Hydrochloric a.cld solution tHCll. 

3M. Add 240 rnl or C0OCf!ntralt'd HCI (S\)('t'lt• 

le 1ruv1ty l.19> to 500 ml or dt:ionizcd. di ■• 
tilled water In a I-lit.er volumetric Cl~k. 
Dilute lo 1 Iller with deionized water. Mix 
lhorou1hly. 

t.2.2 Iodine solution 0.1 N. Dlsaolve 24 I 
of pot.aulum Iodide <Kl> In 30 ml of deion
ized. dlslllled waler. Add 12.'1 g of reaub• 
llmf'd Iodine Cl,> to lhr potM.~lum lodldt so
lution. Shake the mixture- until the Iodine LI 
completely dlMoh·ed. If pOli.'ilble. le-!. the so
lullon ala.nd ovemiRht In the dark. Slowly 
dllutl' the solution lo 1 lit.er with de,ianlzed. 
distilled water. with swlrllnr. ·Filler the so
lullon ll It Is cloudy. Store solution In a 
brown•11lus reagent bottle. 

6.2.3 Sl.andard Iodine solulion. 0.01 N. pt. 
z,Nle .100.0 ml or the 0.1 N Iodine solulion 
Into a l•llter volumetric flask anq dilute to 
volume wtlh deionized. distilled water. Stan• 

· dardiZf'·dally as In section 8.1.1. This solu
tion must be protected from light.. Reacent 
botUes and flasks must be kept tightly SLOP
pered. 

tl.3 Analysis. 
6.3.1 Sodium thlosulf11.te solution. &llln• 

da.rd 0.1 N. Dlssoh-e 24.8 e of sodium thlo
sulf11,te pent.ahydrale tNa.S.O,-5H,O> or 15.8 
1 of anh>·drous sodium lhlosul!Ate tNa.S.O,> 
In l lltr.r of deionized, di!'llllled water and 
add 0.01 r of 1tnhydrous sodium cArbonaLe 
<Na.CO,> and 0.4 ml or chloroform ICHCI,> 
to stablll7.e. Mix thorou~hly by shu.lng or 
by aenlllnc with nitrogen for Approxln1&1ely 
11 minutes and store In & elass-atoppert"d. 
reacent botLle. St&ndardlze u In aecUon 
1.1.2. 

1.3.2 Sodium thlosullAle solution. sl&n• 
dard 0.01 N. Pipette 50.0 ml or the standard 
0.1 N lhlosulfate solution Into a volumetric 
flask and dilute to :,oo ml with distilled 
water. · 

N011!.-A 0.01 N :,hrnylllrslnc oxide SOIU• 
lion may be pre-pared Instead of 0.01 N 1:)llo-
1ulfate <see section 6.3.3>. 

1.3:3 Phen)·lancine oxide solution. stan
da.rd 0.01 N. Dissolve 1.80 g of phenyt:irsine 
oxide- <C.H.AsD> In 150 ml or 0.3 N sodium 
hydroxide. Alttt settling, dl'Cant 140 ml of 
this solution Into 800 ml or distilled 11,·ater. 
Brine the solution to pH 6~'1 with 6N hydro• 
chlorir acid llnd dilute to 1 liter. Standard• 
!Je as In sl'CLion 8.1.3. ...... 
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6.3.4 SI.arch incltc-ator soiutlon. Sui;Pf'nd 
10 1 or soluble starch In 100 ml or dr1onl1.l"d. 
dlstlll!!d v.·altr and add 15 It of potA..o;.,;lum 
h}·droxlde <KOHi Pt'llt"t.,;. Stir until dis• 
sol\0 1-d. dilute v.tth 900 ml of dtlonlZl'd dig. 
tllll"d water and h•l stand for 1 hour. Nl"U· 
lr11ll1A' the 11lk11II with r.onN°'ntratNI hydro
thlorlr 11.rld. u11in1? an lndlcat.or PAl>f'r slrnllar 
lo Alk:irid tr-st ribbon, lhl"n acid 2 ml or II&• 
c-111.I 11ri.·tlc acid u a pl?S("rvallve. 

Nc>n:.-Test starch lndlcat.or solution for 
drc-ntnPolllUon by UtratinR, with 0.01 N 
Iodine solution. 4 ml or sta~h solution In 
·200 ml of distilled watl"r t.hat conl.alns l c 
potAASium Iodide. II more than ,( drops of 
lht 0.01 N Iodine solution are required to 
obt"ln lhl" blue color, a freah solution muat 
be prtpared. 

'f. Procedure. 
'f.1 Samplln1. 
'f.l.1 Assemble the ..amplln1 ln.ln a.s 

1hov.-n In Ugure 11-1. ronnttlln1 the five 
mld1trt lmplngrr.; In sertcs. Pince 15 ml or 3 
l)f'l'C'ent hydrot:t"n peroxide solution -tn the 
first lm11in«tr. Lt-ave the serond lmptn1t'r 
empty. Ploce 15 ml or the radmluin sulfate 
absorbinR solullon In the third, rourl.h, and 
ntth lmptn1ers. Place lht't lmplnger auem
bly In an •~ bath C'Ontalnrr and place 
crushed Ice around the tmpln1ers. Add more 
Ice durtog the run. if nN'ded. 

'f.1.2 Connect the rubber bulb and mano
meter lo flnt lmptnrer. u 1hown In tl,ure 
J1-1. Close t.ht ~lcock on lhe dry na meter 
ouUeL Pressurize the Lraln to 2&-c--n wat.tt 
pressure with the bulb and close oft tubin&' 
connected to rubber bulb. the b'&ln must 
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hold a 25-cm water-pressure vdth not more 
than a 1-cm drop In pressure In a 1-mlnuc.e 
lnt.erval. Stopcock grease is accept.able for 
aealln1 ground class Joint.a. · 

NOTL-Thla lt-ak chttk pl'OCe'dure ill op. 
Uonal at the tK-clnninK of the sample run, 
but Lo; mandaLory at the conclusion. Not.e 
also lhaL It the pump la uat>d for samolln11. IL 
la rttommendl'd Cbu~ not rp,qulredl that the 
pump be -leak-ch~kt"d aeparat.ely. u1tn1 a 
method conalatent with the leak-chttk pro
cedure tor dlaphrqm pumps outllnt'd In 
aec:Uon 4.l.2 or reference me4.hod 6. 40 CFR 
Part 60, Appendix A. 

T.1.3 Purite the connecting line betwttn 
the sampling valve and first lmpln1er, by 
dlsconnecllng the line from the !lrst Im• 
pincer, opcnlnr the s&mpllng valve. &nd al· 
lowlnr process gas Lo now through the line 
for a minute or two. Then. close the san,. 
pllnc Yalve and reconnect the line to the Im• 
pincer train. Open the Pt"tcock on the dry 
cu meter ouUeL Record the Initial dry pa 
mete~!.e~dlnc. _, , . : · . , 

T.1.4 Open the umpllnc nlve and then 
adJust the valve to obtain a ral.e ol approxi
mately 1 liter/min. Maintain a cor..t.ant 
<:t 10 percent> now rate during the teat. 
Record the meter temperature. _ 

T.1.5 Sample for at least 10 min. -At the 
end of the sampling time. close· the a&m• 
pllnc valve and record Lhe final volume and 
temperature readlnp. Conduct a lealtlcheck 
u described In SttUon 'l.1.2 above. -

7.1.6 Disconnect the llnpl~ train from 
the aampllng llne. Connect the charcoal 
tube and the pump, u shown In nsure 11-L 
Purge the lraln <at a n.Le or 1 liter/min) 
wnh clean ambient air for 15 minutes to 
ensure lhat all H.S Is removed from t.he hY• 
dro1en peroxide. For sample recovery, cap 
Lhe open ends and remove the tmptncer 
train to a clean area that ls away from 
.ources or heat. The area should be well 

. l11hted, but not exposed.lo direct suntiahL 

~~ ~:~.l~i!':r~:~e~.nten~ of the hY'- -o-
; rm peroxide lmptn1er.· Carefully rinse the 
>. content.a ol the t.nJrd. fourth. and fifth ua
- ptnaen Into a aoo ml lod1ne nuk. 

Nm-Th-e-1miiiniersnormally have on!y 
a thin _tllm ot cadmium ■ulfide remaining 
a.!ter a water r.nse. If .-\nll!o~m B wu not 
used .or II sl,nitlcant quanlllies o! yellow 
cadmium sulfide remain In the lmPlnsers. 
the alternate r-ecovery procedure described 
below must be used. 

'1.2.2 Pipette exactly 50 ml of 0.01 N 
Iodine solution Into a 125 mt Erlenmeyer 
flask. Add 10 ml or 3 M HCl to the solution. 
Quantitatively rinse the acidiried iodine 
Into the Iodine Oask. Stopper the flask Im
mediately and shake briefly. 

'l.2.2 <AlternaLe>. ExLra.cL the rematnlns 
cadmium sulride from the third, fourth, and 
tilth lmpln1ers usln1 the acidified iodine so
JuUon. Immediately a!Ler pourinc the acldl• 

'-" 

fled Iodine Into an lmplnger, stopper It and 
shake for a rew momenu. then transfer the 
liquid Lo the Iodine Uaslt. Do not transfer 
any rinse portion from one lmplnger to a.n• 
other, transfer it directly to the iodine fluk. 
Once \he a.cldHied Iodine solution hn.s been 
poured Into any 11:i.c;.~ware containing cadml• 
um sutride, the <"ontainer mwit -be th:hllY 
stoppered at all times except when adding 
more 101ut1on. and this 1nust be-aone"u 
quick!)' and cart•Cully u possible.· ACLer 
addln& any a.cldi!icd Iodine solution to the 
Iodine tlask, allow a rew 1nlnulf'S for absorp
tion of the H.S before addinr an)' rurt~er 
rtnses. Repeat the Iodine ex\ractlon un\11 all 
cadmium sulfide is removed lrom the lm• 
pincers. Extract I.hat part ctr the connect1n1 
sla.s.sware that.contains visible cadmium sul• 
tide. 

Quantitatively rinse all of the iodine from 
the Im-pincers. connectors, and the beaker 
Into the Iodine flask ustnc delonlud, dls
Ulled water. Stopper the flask and shake 
briefly. 

'l.2.3 Allow the Iodine flask to stand 
about 30 minutes In the dark ror absorption 
o! the H.S Into the Iodine. then complete 
the t.ltratlon analysis u In section '1.3. 

Nou.-CauUon! Iodine evaporat~lrom 
acldiCled Iodine solutions. Samples to which 
::.cldllled Iodine have been added may not be 
stored. but must be anatned In the time 
schedule stat~d In seclion 'l.2.3. 

T.2.t Prepare a blank by adding 45 ml of 
cadmium sulfate absorbing solution to an 
Iodine Oaslt. Pipette exactly 50 ml or 0.0 l N 
Iodine solution Into a 125-ml Erlenme)'er 
flask. Add 10 ml of 3 M HCI. Follow the 
ume lmpin1er extract1n1 1Lnd quantlLaUve 
rlnslnr procedure carried out In sample 
analysts. Stopper the flask. shake briefly, 
Jet stand 30 minutes In the dark, and Utrate 
with the samples. 

Non.-The blank must be handled by ex• 
ai:Uy the aame procedure as that used for 
the aampl.:s . 

'1.3 .Analysis. 

• NoTL-'Rtrallon analyses should be con• 
ducted at Lhe sample-cleanup area In order 
to prevent. loss oC iodine from the sample. 
Titration ahould never be made In dir~ 
aunllghL 

T.3.1 Uslnc 0.01 N sodium thlosuUate'ao
?ullon <or 0.01 N ph~:wlarsine oxide, i! ap. 
pllcable>. rapidly titrate each sample In an 
Iodine flask uslnr gentle mlltin1. until solu
tion Is light yellow. Add 4 ml of st.arch lndl· 
cator solution and conllnue Utn.tinr slowly 
unUJ the blue color Just disappears. Record 
Vn, the Tolume or sodium thiosuUate solu• 
lion used, or V.,. lhe volume of phenylar• 
11ne oxide solution used <mil. 

'l 3.2 ntrat.e the blanks ln the aame 
manner u the 1&mples. Run bl.anu each 
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day untll replicate vt.luea arree within 0.05 
ml. Averace the replicate titration vaJuea 
which agree within 0.05 ml. 

8. Calibration and standard.s. 
1.1 Standardizations. 
a.1.1 Standardize the 0.01 N Iodine solu

tion dally u rollows: Pipette 25 ml or the 
Iodine solution Into a 125 ml Erlenmeyer 
flask. At.Id 2 ml ol 3 M HCI. Titrate rapidly 
with standard 0.01 N thlosuUate solution or 
with 0.01 N phenylarslne oxide unul the &'l• 
lutlon Is light yellow, usln& 1entle mlxlnr. 
Add lour drops or st.arch Indicator solution 
and continue Utratln1 slowly until the blue 
col:>r just disappears. Record V,, the volume 
of thiosuUate solution used, u r V... the 
volume or phem·larsine oxide s,jlulion used 
<mil. Repeat until replicate values a1ree 
within 0.05 ml. Avera.1e the replicate lltn.
tlon values which arree within U.05 ml and 
calculate the exact normality or thl Iodine 
aolutlon uslnr equation 9.3. Repeat the 
1tand&rdizatlon daily. 

8.1.2 Standardize the 0.1 N l.hiosulb.te 
10lutlon u follows: Oven-dry potL~ium di• 
chromate <K,Cr,O,> at. 180 to 200· C <360 to 
390' F>. Welrh to the nearest mtlllrram, 2 I 
or Potassium dlchromate. Transfer the di· 
chromate to a 500 mJ volumetric flask. dis· 
solve In deionized, distilled water and dilute 
to exactly 500 ml. In a 600 ml iodine flaslt, 
dissolve approximately 3 r of potassium 
Iodide tKl> In 45 ml of deionized. distilled 
water, then add 10 ml of 3 M hydrochloric 
acid solution. Pipette 50 ml of t.he dlchro
mate solution Into this mixture. Gently 
awlrl the solulfon once and allow It to st&nd 
in the dark ror 5 minutes. Dilute the solu
tion with 100 to 200 ml of deion~ed distilled 
. watc?r, wuhlnr down the sides or the flask 
with part or the water. Titrate with 0.1 N 
thl05uUate until the solution Is lirht yellow. 
Add 4 ml or starch Indicator and continue u. 
traUn1 slowly to a 1reen end poinL Record 
V., the volume of thiosuHate solution used 
<ml>. Repeat until repliet.te analyses arree 
within 0.05 ml. C:llc1.ilate the normality 
wlnr equation 9.1. Repeal the standardiz.a• 
lion each week. or a.Her each lest liCrlea. 
111hlchever thne Is shorter. 

8.1.3 Standardize the 0.01 N Phenylar
alne oxide <It applicable> as follows: oven 
dry potassium dichromate <K,Cr,O,l at 180 
to 200• C 1360 to 390• F>. Weigh to the near
est mllllrram. 2 c of the K,Cr,O,; transfer 
the dlchromate to a 500 ml volum1•tric !!ask, 
dluolve in deionized. distilled water, and 
dilute to exac:Lly 500 ml. In a 500 ml Iodine 
flask. dissolve approximately 0.3 r of potu
alum Iodide <Kl> In 45 ml of deionized. dis· 
tlllf'd Wat.er: add 10 ml of 3M hydrochloric 
acid. Pll>t.'tte 5 ml of the K,Cr,O, solution 
Into the Iodine nask. Gently swirl the con
trnu or the nask once and allow to stand In 
the dark for 5 minutes. Dilute the solution 
with 100 to 200 ml of deionized. di.stilled 
wal.f'r, wuhtnc dcv.-n the sides of the Ouk 
with part of the water. Titrate with 0.01 N 
phenyluslne oxide until the solution Is 
lli:ht yellow. Add 4 ml of starch lndil·ator 
and continue tllratinc slowly to a 1reen end 
point. Reccrd V.. the volume of phrnylar• 

n 

alne oxide used <mil. Repeat until replicate 
analyses agree within 0.05 ml. Calculate the 
normality using e<1uatlon 0.2. Repeat the 
standart.llz.ation each wet-k or arttr each teat 
aerie:; whichever tlrnr. is shortr.r. 

8.2 '. S.'\mpllng train calibration. Calibrate 
the snmplini: train componenl:I ns fc;,llows: 

8.2.1 Dry ,:as meter.· · 
8.2.1.1 Initial calibration. The_dry _cu 

meter_ shall be cnllbrated berorc IL~ Initial 
w;e In the field. Proceed as follows: Flrst. &s• 

■emble t.he followlnr component& In aeries: 
Dryln& tube, needle valve, pump, rotarneter, 
and dry ra.s meter. Then. leak-check the 
1ystem as follows: Place a vacuum cauce <at 
least '160 mm Hg> at the Inlet to the dryln& 
tube and pull a vacuum or 250 mm <10 ln.J 
He; plug or pinch orf the outlet ol the flow 
meter. and then turn otr the pump. The 
vacuum shall remain :stable for at least 30 
seconds. Carefully release the vacuum 
,auge before releasing the flow meter end. 

Next, calibrate the dry ras meter <at the 
sampllnr !low rate spcclflt•d by the mett\od> 
a.s lollow:s: Connect an appropriately sized 
wet test meter ce.r.• 1 liter per revohltion> to 
the inlet of the drylni: lube. Make three ln• 
dc?pl'ndent calibration runs. using M- leut 
five revolutions of the dry gas meter per 
run. Calculate the calibration factor, Y <wet. 
test meter calibration volume divided by the 
dry ca.s meter volume. both volunu-s adJust• 
ed to the same rc•rercnce temperature and 
pressure>, for each run. and avrrai:e the re• 
1ulu. If any Y value dcvialt-s by more than 2 
percent from the avcra11e. the dry 11a.s mdl'r 
Is unacceptable for u:.e. Otherwise. use the 
averare as the c:illbration factor fer subse
quent test r<1ns• 

8.2.1.2 P~t-test calibration check. After 
each field test series. conduct a calibration 
check as in sc.-cllon 8.2.1.1. above, exM!pt for 
the lollowln1 variations: ta) The leak check 
Is not to be conducted, <b> three or more 
revolutions of the dry ras meter may be 
used. and <3> only two lndepenclent runs 
need be made. It the calibration factor does 
not deviate by more than 5 percent from 
the lnlllal $alibration fnctor <dettrmlned tn 
section 8.2.1.1.), ·then the dry ru meter vol• 
umes obtained during the lest series are &e• 
ceptable. If the cnllbr1.tlon factor deviates 
by more than 5 percent, recalibrate the dry 
ras meter as In ~Lion 8.2.1.1, and for the 
ca.lC'nlallons. use the ra.llbrallon factor <lnl• 
Ual c,r recalibration> that yields the lower 
ps volume tor each test run. 

a.2.2 Thermometers. Callbn.le antnst 
mercur:v-ln•1lass thermometers. . 

8.2.3 Rouuneier. The rota.meter need not 
be calibrated. but should be. cleaned and 
maintained accordin& to the manufa.cturer'1 
Instruction. 

a.2.4 Barometer. Calibrate acalnst a mer-
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9. Calculatioru. Carry out calculations re
talnln1 at least one extra dt•cimal ficure 
beyond lhat of the acquired data. Round off 
results only after the final calculation. 

9.1 Normality of the Standard c-0.1 N> 
Thlosul!ate SoluLlon. 

• N... 2.039W/Va 
where: 

W • Weleht of K,Cr,o, used. s. 
v,-Volume ot Na.S,O, solution used. mL 
N1 &Normallly or stand:u-d thlosulfate solU• 

lion, C-f'Q/IJler. 
2.039 • Conversion !actor 

UI cq. 1,/mole K,Cr,O,> cl,000 ml/llLrr>/ • 
<294.2 c K,Cr.O,/mole> c10 aliquot factor> 

9.2 Normality of Standard Phenylarstne 
Oxide Solution <II applicable>. 

N,..0.2039 W/V,. 

where: 
W -Wel1ht of K,Cr,O, used. ir. 
V,• Volume oC C,H.A,O u.,;eti, mL 
N,• Normality of sLa!1dard phenylar:.lne 

oxide sulutlon, l•CQ/liler. 
0.2039-Conversion factor 
<I eq. IJmole K.Cr,O,> (1,000 ml/lller>/ 

<249.2 If K.Cr.0./mole> (100 aliquot 
factor> 

9.3 Normality of Standard Iodine Solu• 
tlon. 

whei:c: 
N,• Normality o! standard Iodine solullon. 

g-eq/litcr. 
v,. \'olume of standard Iodine solution 

lllit"d,ml. . 
N,.- Normallly of standard C-0.01 N> thlo-

1111lfale solution; assumed ~ be 0.1 N., I• 
rct/111.t'r. 

v, .. Volume or thlosu!Cale solution med, ml. 

NoTr--1! phrnylar:«lnr oxidt" Is U!;ed 
lntrad or thlo.,;uHate. repliu:e N, llnd VT In 
EQul\tlon 9.3 with N, and v,. respecllvely 
<aee sections 8.1.l· and 8.1.3>. 

9.4 Dry Oas Volume. Correct the sample 
voluml" mt'asured by the dry gas met.for to 
11.&ndard condition.• c20· Cl and 'i60 mm Ha. 

v..--v.Y ((T...JT.><P..JP->J 

v.·hrn-: 

v ..._.. Volume at standard condlllons of gu 
~mple throuch the dry cas meter. stan• 
dud lllrrs. 

v.~Volume of gu sample through the dry 
cas melrr <mctr.r condition.,;>, lltr.rs. 

T..,-, Al>.,;olute tt'mperature al standard con• 
dilion.•. 293 K. 

T.rA1·eratcr. dry gu metrr temperature. "K. 
P... ~ llaromPtric pressure at the samplln& 

sltr. nun He. 
P.w~Ab.'IOlutr prri;.<aure at.standard condi• 

11011.'I, 760 mm Hit. 
Y n Dry ll&S mctrr Cllllbratlon factor. 

9.5 Concentration or H.S. Calculate the 
concrntratlon of H.S In the.- IIM strrllm at. 
standard condiLlons ustnc the (ollowlnc 
equation: 

• c_-.KUVnN,-VnN,> i1ample
<VnN,--VnN,>.blankl/V.,._. 

where <mt't.rle units>~ 

c,,.. .. conttntrntlon or H.S at standard con• 
di! Ion.•. mir/d.'i4"m. 

K•Cl)m·rrslon rnc-tor• 1'1.04'<.10• 

<34.0'J it/molr H.S> (1,000 llt.r.r.1/m•> <1.000 
mit/lU/ •<l.000 ml/lllrr> C2H.S tct/mole> 

v~.. Volume or standard Iodine solu
tion ~ 50.0 mL 

N,,., Normallty or standard Iodine solution. 
lt·t'<l/lll<'r.

Vn"' Volume of standard <-0.01 N> sodium 
thio.,ulfale solution. ml. • 

M,-Norm&llty of standard sodium thloaul• 
(ale solution. 11:-eq/ULer.

V....,.,. Ory ,:as volume a&. standard condi
tions. liters. 

Non.-If phenylarslne o:itlde L, u.•ed In• 
stead or thlosullate. replace N_T anct..Y" In .. 
EQu:illon 9.5 ,ii.1th N. and v,.;. respecUvel:, 
<see Sections '1.3.l and. 8.1.31. 

10: Slabililr. The absorblnc solution Is 
st.able for at !Past 1 month. Sample ~covery 
and analysis should begin within 1 hour o! 
aamplinR: to minimize o:itld:illon of the acldl• 
fled cadmium sulfide. Once Iodine has been 
added l.o the sample. the rtmainder or the 
analysis procedure must be completed a.c
cordlnc to sections '1.2.2 lhrouch '1.3.2. 

11. BfbllographJI. . 
11.1 Determination of Hi·dro«en Sul!lde. 

Ammonlacal Cadmium Chloride Method. 
API Method '1'12-54. In: Manual oa Ollposal 
of Refinery Wastes. Vol. V: Sanipllnc and 
Analysis of Waste Oasu and Particulate 
Malter, Amt"rlcan Petroleum Inslltut.e, 
Wa.shlngton. D.C .. 195(. 

11.2 Tentali\'e Melhod of Determination 
of Hydroctn SuHlde and Mercaptan Sulfur 
ln Natural- Gas, Natural Gas Processora Aa
soclatlon. Tulsa. Okla.. NGPA PubllcaUon · 
No. 2265-65, 1965. -·t • 

11.3 Knoll, J. E.. and M. R. Mldcett. De
termination of Hydroicen Sulfide In Retln•' 
ery Fuel Gases. Environmental Mt>nltortn1 
SPrlrs. OfricP. or f.e!;f'l\rCh and De\'t!O?
mf!nt. USEPA. Rest'arch Triangle Park. N.C. 
2'1711. EPA 600/4-77-007. 

11.4 Schf'ill. G. W .. and M. C. ShVP. 
SlandardlT.atlon or Method 11 at • Petro
lt>um Refinery, Mid.a.·cst Rr.scarch Institute 
DrafL Report for USEPA. omce or Re-. 
search and Developmll"nl. Research Tr11m1le' 
Pnrk. N.C. 27711. EPA Contra('t Uo. 68-02-
1098, August 1976. EPA 600/4-77-088& 
<Volume l> and EPA 600/4-77-CSSb (Volume .. 
2>. 
<Srcs. 11 l. 114, JOlC:\), Clean Air Ac1. u 
amended <42 U.S.C. 7411. '1414. 7o01>.> 

CFR Doc. '1B-482 F'tled 1-9-78; 8:45 &ml 

" 



Method 16 
SEMI-tONTINUOus·. OET~RMINATION OF 

"SULFUR EMISSIONS FROM STATIONARY SOURCES 
(40 CFR 60, Appendix A, February 23, 1978) 

JntroducUnn 

Tht' mt:tlwd d,•:;cri~d below use~ the 
prhirl11le c,f r,::a.s cliromlltoua.phlc s<'puallnn 
and fl&n1e l'twtumrutc drt<'•:llon. Since 
th1:rt' a.re m:u1r sri;tems or 11cts of Ol')('r:allnr 
comhllun.s Lhal r1•prrM-nt usable mNhods of 
d•·lt•rrnlntnr sulfur cmL,;.,lnns, all syi.t&?ms 
'1,'ht,•h c11111lu>· lhb principle, but diftt•r only 
In drtall.s l>f equlpmt'nl and OPt'ratlon. may 
bt' ~ L~ allcrnaUve m<'thods, provided 
that the <-rlti:rla Sf'! ~low are ,,.l.L 

1. l'rinciplt' and Applicr.b.J,:v. 
l.1 l'rinclple. A us sample ts extracted 

fro,n tht' en1ls.~ll•n source and diluted with 
rh':m drJ a.ir. An aliquot or the diluted 
"":nplt• Is thc.-n Ml&h"Ud for hydroJf'n SUI• 
fl&Jr tll~>. nu·U1tl mt'n:apt.an <MeSlll, di• 
fflf'th)'I s111!1dr tDMS) &nd dlmt't.hyl dlsUI• 
lid,• CDMDS> by ras chromalognphk <OC) 
ac•paratlon and name photometric detN"tlon 
CJ,'J'D>. Thri<e four compounc:b are known 
collttllvrty L, total reduced sulfur <TRS>. 

1.:i Appllnhillty. This met.hod Is a1,pllca• 
Ith- fur dc·t.-rmlnatlon or TRS C'Om1iouml: 
1ro1n rc"t."\'"'-'rY lurn&<'l'S, lime kilns, and 
unc·tt dis.~h·ln1 tanks al kr&:l pulp mills. 

2. ll011flf' and St'n1iliL"it11. 
~ I U11ni:l'. l'nuplt'd with a ,::u C'hromlllo

r:aphlc Z.)'st,·m 111111.zlni: a lt'n millllltt'r 
:.ample sl7.t-. lhe maximum llmll of lhr FPO 
for ,•ac-h •uHur C'Ompound Is approxlm:llrly 
l ppm. This limit L~ expanded by dilution of 
th,· samr•lr ,:D.S b.-forr anal)'llis. Krdl mill 
itM icam,,1,-a art' uormally iJl111trd 1t•nr111d 
<9:1,. fl'i<UIUnc in an upper llmlt ol 1tbuut. 10 
pi,.m for t'llch Cl>n1iwund. 

t'ur 1murC'1·s wil h <-mL'L~lon levt'ls bt'lv.·t't·n 
lll anJ 100 r11m. lhc ml·Uurlni: flllll:1" c-11.n be 
bt·:-l l"!\lt·111lcJ by rcducln1 lhe u.mplt' slu 
Lo I milliliter. · 

2.2 Usin,: the sample size. lhf' minimum 
drto,·table ru111:t'11lralh.'n ls 11.pproximatcly 
:t,, i'J'!.>. 

3. Jr,1,··.',·r,••ir·,·s. 
3 I ·Mc,isturc rc,nJrnnllun. Mn1$turc 

f'on,h•ns:it;,,n 111 lht' 54n1plc dl.'ll\'l'r)" !')':<~rm, 
lhf' a11."l!)·ti.-al" eolunm. or t.he FPO humer 

· b!,1t•I.. ,-.&n 1-nuM- hl.'15t'S or· lnlrrfrrt'nc·= 1'1111 
pc,t.•n!l:t.l Is f'lhninalrd by ht':\llllR the 
Afl\Plr line, 11m! by C'0ndltl(\nin,: Ult' s:11:1ple 
·v,11 Ir cir>· dih1t11,n alt to lowrr IU dt•,,_. putnt 
Lt•l,1,1• 1hr <'t>t•r111l11,: lf'mr,•rl\lt:r,• ,,! tl1f' 
<.ii; t"l'iJ an.tl)·ll<"al •y,trm p11or tn :maly1L,. 

3.: <·11rbo11 Mon,,xlJ.- an.J Carbon Dlox• 
Ii.It'. C-O and t'O, h;u-r subJ.1.Antlal dc•$1.•nsll17,• 
h1i; .-rr.-..·t on th,• flanw rhotomrlrlc ,i.-trc-
1...r l'\fll afu·r P.l dilution. ACC:fPl!ll•le S)"S• 
lf'lllll n111.,l d1·011rn"tratr lhlll thr)' h&\"(' 
t 11111111.,ct"d th:s l11t.-.-frrr11rr b)· sum,· PTOC'I'• 
dur,• su<"h L1 rl11tln1: tl:rs<' C't-m;,ounds 
t...-!u1·e any ul t!w t'.:>111p.,unds tl) be nwa• 
aur, J. C-ompllan;-r w.-tth this rrqulrtml'nt 
ran t>t- ,k1no1vtratrJ b>· subrnlttln~ chroma- -
to~nnu; nC t'&llbn,llon Cl.SC'S •·Ith and '1,llh• 
C'UI \.'t), ln thr tillu,•nt i:u. The co. IC\"t'I 
sti,,utJ t..· •1•1>r<JJ.lmalt·ly JO Pt'rt'l'nl for the 
rw..~ v:1111 CO, prt'$t·nt. Tllc t••o chroma.to-

irra1,h11 alu,11l,I Aho11,· lll(rt•rrnrnl 11,·lthln thr 
prrrL1lnn limit.,, nf &-rtlnn 4.1. 

3.l J•arllr;.ih\ll' M11tlrr. l'llrllculnl<' 
m11ltt'r In 1t1L1 samrtrJ. r11.n et11r.:i- lntrrfrr. 
rn1°l' h)" r,·rnlual C'ln1nch11< or th<' an:ilytir!ll 
li)'J.lrm. ·n,ts lnt<'rr<'rc:ncr must £ii· t:111n1nat• 
c:d b)" use of a probf' !lltrr. 

3.4 SuUur L>lnxld ... RO, L, nc,l a llPl'l'trlC' 
lnlrrfrrt•nt hul rna)" i,,. prr~rnt In J.111'11 lu11r. 
11.11,nunt.s thllt ll Cllnnol br rClr••l h·rh· 1u·1•ll• 
mtcd ·frum olhf'r compoumb 11r lnll'r<'~l.. 
Thf' procedure: must bf! drsi,:n,•d lo rllml• 
nllte this probl<'m either by thr choiC'e or 
&r.parallon column, or by ri:mn~·aJ or SO, 
from tht'·sami,I<'. I 

Cl)mpllancc: 'f.-llh this St'<'tle>n t'a.n be drm• 
on.11tr&tt'd b)' submit.Uni c:hromll.lnnaph.s ot I 
e&llbrallon ,:a.q,s wllh SO, prr11«'nl In the I ,. 
same 11uant1tlrs t'XPN"lt'd lrom th<' tml!'.~lon 

• source to be tested. Act'eptllble 1,·st,.ms I 
shall show ba.st'llne separation wtth the am• 
pllClt'r &ttenuallon set 110 lhl\t the rt'ducrd 1 
sul!ur compound of conef'rn Is a1 lrMt $0 1 
percrnt of full S<"ll..le. But' line s,•i,11.rallon 1, j 
dt'ftned M a rrlum to Z<'ro .t. -prrcl"ffl' in lhe I 
Int.en-al bet•·l•en Pf'&U. 

4. Prttuio,, and Accuracv. I 
4.1 OC/F'PD and Ollullon S)·slem C&ll• 

bratlnn Precli.ion. A seriea of thrt'e ron.,eeu. • 
Live inJt'!C'Uon, ot Lht' 111.me c~llbr11.llon 1u. 
at any dilution, 1hall produce results which 
do not Y&rY by more than :. 3 pt'rcent from 
the mean of thf' thn"e lnJec-llcns. 

4.2 OC/F'PD and Dilution Sysl.cm Call• 
bra.lion Drift. The callbrallon drift deter• 
mined from the mran or lhrtt lnJrctton.~ 
made at the bl'1tlnnln1 and end of t.ny g.. 
hour Pt'rlod shall not. u~ : peret>.nt. 

4.3 s,•,1.cm CaUbratton AC('uracy. The 
complete S)-stc:m mu&t QUt.ntlt11.tl\'ely ltl.l'IS• 
port and ana.lyu, •·Ith an aceur11.c-y of 20 per
cent. A corrl'Ctlon f11ctor Is dr\"t'loped to 
adJu.st calibration accurac-y to 100 pt'rcent. 

$. Apparalu.s <Sl'I' Fl~rt' 16-ll. 
5.1.1 Prnbt. 1"hc probe m1:.~t b«' m!\11., of 

Inert matrrtal such a., 1lalnir:;.s sll-c:I or 
clus. It. should be dnirncd Lo Incorporate a 
ntter and to allow callbraLlon 1a.s to enter 
lht probe al or neu the sample rntry point. 
Any l.lOrl Ion of lht' probt• not t'Xl')Owd to the 
stark 1u mm;t be hc:atrd Lo prf'\'rnt. mola
turt cond,•n.c;atlon. 

5.1.2 Swnr,le [,Inc. Thr ,a.mplt' line mlL~t 
be made of Trnon.• no 1rr11.l«'t than 1.3 cm 
CV.I Inside dlarneter. All parts from the 
probe to Lhe dilation system mu!<t be Lhl'r• 
mostallcall)" hrat.ed to 120· C. 

5.1.3 Sample Pump. Thr SAmplt' pump ' 
shall bt a lnkles.s Tf'non-C"olltrd dlarhracm . 

. lYPt or f'<IUl\'&lrnL. If lhe pump Is up~trt•11.m 
or the dilution s>·stem. the pun,p head must 
be ht'&tt'd to 1:0· C. r 

$.2 Dllutlnn Syslrm. Thr dilution system , 
must bt c:,,rutrut'ted such that all Sll.fflr>le : 
C'Onl.JU'ts arc: m11de or lnert maLcr111b ce.«.• · 
stalnl~ss stttl or Tenon>. ll mu.sl be hnlcd ' 
Lo 120 C. and be rapable of approximatrly a 
11:1 dilution or the_ sample. 
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I• 5.3 Ou Chrnmatocrar,h. Thi' 11:~ chro

ml\1011:rar,h must have at lcMt Lhc follo•:lnc 
c..,mr,on<'nLs: 

5.3.l On·n. Capable of malntalnlnc the. 
Sf'Jla.ra.Uon column at thr proper operaLlnr 
Ll'm;><"ralure : 1 • C. 

5.3.2 T<'mt>f'r11ture Q:i.urc. To monitor 
column ovr.n. d<"Lector. and uhaust t.cm• 
pf'rature :! 1• C. 

5.3.3 F1ow S)'llll'm. Ou mrtf'rlne sysu-m 
to meuur<' sample. fuel. combustion cu, 

l 
I and carrt,•r cu nowa. 

:0.3. t l-1amc Photoinr.t rlr l:>f-Lcclor-:- - ... 
5.3.4. I F.h-cLromf'tl'r. Cftf>&blc ot full &c"&le 

ampltrt,·:,tlon ol linear ranees oC. 10·• l.o 10·•! . ,.mrx-r<'S full acalc. 
5.3.4.2 Po,.,·cr Supply. Capable or deliver• 

lntc UI' to i50 \"Olla. 
5.3.4.3 Reeordcr. CompaUble wtth the 

output \"oll111te ra.ncl' of Lhr elmrometcr. 
5.4 OL, Chromatol{raph Column.1. The 

r,.,rurnn S)"dr-m mu"t I>,. deinonstral.t"tJ to be 
rat-blr or resol\"lnC the four maJor reduced 
au!fur C'Ompouncb: H.S. McSH. OMS, Uld 
OMOS. It mwt al.so demon.1trate freedom 
from kno11.-n lnll'rfl'rrnet"s. 

To !lc-rnon.,tratc that &drquate resolution 
hu bt•t-n &:-hlcn•d, lhe t.Htcr mwit 1ubmlt a 
chro:nal•">itr&Ph of a callbrallon cu cont.A!n• 
Inc all four or the TRS com;:,ounds In the 
concrntr11tlon ranre of Lhe 1.ppllcablc 1tU1• 
da.rd. Adr-quat.e rnolullon will be defined u 
base line Sl'l)aratlon of adJa.cf'nl pea.a when 
the amplifier attenuation b set ao that the 
11malll'r pt-alt b at lee.st 50 p.,rccnt o( ruu 
acale. Bue llne 11CparaUon Ls dcrlne<I In Sc:c
Uon 3.4. Systf'ms not meetlnr this cnterl& 
may be considered alt.cm&tc mel.hods 1ub
Jeet to the &pprov&l o( the Admlnbtrator. · 

5.5. Calibration Sy11tem. The c:&llbraUon 
1ystcm mwt conl.l.ln the lollowin& compo
nenL&. 

$.5.1 Tube Chamber. Ch&.mber or rle.s.s or 
Ter.on of suf!lcll'r.l dlmeru;ions to house 
t)('rmratlon tube:.. 

5.5.2 Flow S)·stem. To mea.sure aJr now 
over pcnne-aUon tubes al. :2 percent.. Ea.ch 
lio11.-mettr ,hall be calibrated after a com• 
ph•te test acrll'a ,·llh a wet lest meter. 11 the 
now meuurtnr device dlCfcn from the wet 
t.t-st mf'ter by 5 percent. the eomplcted us&. 
1hall bf' dL~arded•. Altemath·rly, the &.cater 
fflll)' f'lf'Cl lo use the no.... dlLl.a. that 11,0'.!!d 
yield the lo'l.·est Oow meuurcmenl.. Callbra• 
Uon wlLh a wet test meter before a wt ls 
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opc.tnnal. 
5.5.3 Col\llL&nt Tcmper&lure Oath. D,evlce

capable of m&lnt.alnlne the permeation
tubr1 at the ca.llbraUon temperature ,i&.hJD 
~0.1· c. 

!'1.5.4 Tl'mpcrature Oau,:f'. Thermometer
or ('f)uh·iuent to monitor bath l.em~raturc 
within t 1• C. · 

6. Rraotnta. 
Cl.I f'uf'I. Hydro,e-n <H.> prepuri!led 

rrade or b<-tte-r.
6.2 Combustion Ou. Oxnen <O.> or &ir,

resf'arch purity or better.

l 

Cl.3 Carrier Oas. PrcpurHled crade or 
beUer. 

Cl.( DIiuent. Air cont11.lnln1 le» lh&.n 50 
ppb'lot.al sulrur C'Ompounds &nd k~ than 10 
ppm each ot moisture and toL&l hydroc&r• 
bons. Thls RU mu.st be h'!IL!.e'd prior to 
mlxlnr with Lhe sample to avoid water con• 
dc1u.Mlon at the point or conta.cl..- " 

Cl.$ Ca.llbrallcm Ou<-s. Penneallon tubes. 
one ea.ch or 11.S, MeSH, OMS. Uld DMDS. 
aCTavimetrlcally callbraled and certllled &t 
aomc convenient opere.Unc temperature. i 
These tubf'1 consist of hrnnt:'ll~y ~lllt:'d I , 
FEP Tenon tublnir ln wtt1ch a IIQul!led ru- 1 
cous aubst.a.nce la enclosed. The encl011ed ru I 
permt-ates lhrouu:h the tublnc 'l."&ll al & con- , 
11.&nl rate. When the t.emperatutt:' Ls con• 
1tant, cBllbrallon IL!.CS covemln1 a v.ldl' i 
ra.nee of known conc-:ntraUons can be ren• I • 
eralrd bY V&r)"lnr and &t"Cun.tely meuurw 1 
the flow rat.e ol dllutnt ru pa.ulnr over the ' 
tubl's. The.se e&llbrallon IILKI are wed to 
calibrate the OC/FPO ay1Lem &nd the 'dllU• 
t.lon system. 

'I'. PTeu,t ProC'l'du,-,:s. The ro11owtn1 proc,e. 
dures are optional but would be helpful In 
pre-vrntlnr any problem whlc1i mtilit occur 
l&ter and lnnlldale the entire teal.. I 

'l'.1 Aflf'r the complete mcasureml'nt I 
system has bttn act up at the .site Ll\d i 
dC'"cmt"d to bf' Ot)('rr.tlon&I. the tullo•·lns: pro- 1 

ttdures ahould b<- complctt'd be-ton: ~m
pl111.r b lnlllalc-J. 

'l'.1.1 Leu Tesl.. Appropriate lea.k t.-st 
proct'durea should bl' employed to vcr1ry the 
lntecrltY of all comr,onents. u.mp!<! llnr:~. I 
and coMecUons. The lollowlnc l<ei.l< I.est i 
procf'dure Is sucirestlod: For componenu up. 1
11.ream ot the s.ample pump. alt.a.ch the ; 
probe end or the sa.mplr lint:' to a ma- no- 1 
meter or vacuum caua.e. 11.&rt Lhe pum:> and i 
pull 1TCat.er than 50 = <2 ln.> Hr vu:uurr•. i 
close olf the pump outlet, &nd then stop Lhe 1 
pump L"'ld L,cer'..i.ln t~i:il thcre Is no leAi!. ror 
1 minute. For componl'nt& 1.t~er thr pump. 
apply a 1lh1hl po.slllve prcs.,urc and chrdt . 
for lea.u by applylnc a liquid (dt'tt"r1Cf'nt In Ii 
wau•r. (l>r exampll'I al ca.ch JolnL Bubbllnc 
lndlealea the presence or a le&lr.. 1· 

'l.1.2 Syal.cm Performa.nce. Since the 
complete 1y1lem Is r.allbrated following ca.ch I 
I.cit, the precise calibration of each compo- ! 
ncnt Is not critic.a.I. However, th~r ;::-~-::-<.>
nepu should be ventled r.o be O(.)t"r&tU\C 
properly. This verlllc.&Uon c:a.n be pcrfonntd 
by obM-rvln1 the r<'.aP')ll.w or Oowm.-1.1.•ra or : 
or the GC .,utput to chances In now rates or 
wlbrallon cas concenlraUons and ascer• · 
l.&lnlntC the response to be wlthJn pn.-dlc;ted i 
limits. In any compon<'nt. or lf lht:' c,,mvlcLc · 
intern fall.s l., re.\pund In a normal &nd prl'• 

· dlcl&blc manner. the- source of the dLo;("rep-; 
anc:r should be ldenllOcd and corrected • 
before procec<1in1. 

I. Ccilibnztion. Prior r.o &nr s&mpllnc run. 
callbralt:" the 1yslcm U.'ill'I& the fulhiv.inr • 
1•r11<·1•durca. <I( morr than one run L\ 1><:r• 
J,,rmc.-d ~rln11 an)" 24:hour ~rlud. a callbra-
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llun need not· be performed prior to the
lie-tond t.nd any sub.wqurnt runs. The ct.II• 
brallon must. howcvrr. ~ vt•rlflt:d u 11re-. 
Krlbed In S.·cllun 10. t.ft&-r lhc la.st run, 
m:ulr .,lll,ln Uw 24-hour prrlod.l 

l!.1 Q,-nrral Curasl(leraUons. Thia aecllun_ 
011llln,-s :<ll•ps lo be fnllowell for lUf' of lhf'" 
O('.'!''l'll :\fill .lhr d1h1tmn s,·~rrm. ,-i,,. pro
.-,., ·.~,· .:.;.· .. a.uL lndudc drl1•tl••.t ln.~u ,w 
U.:n.s b<"t"aus.- lht' operation ol these :<YJlf'm.s 
L-. cnm,~:c>... t.nd It rt-Quires a. unci,o,rsL11.nd1n,: 
of Lh.- lndl\'ldu&l syi;l.('m belnc used. E.u.h. 
sy11tem 11hould tn<"lnrle a wrltLen Ot>"ral!n& 
riULl1UAI dr.scrlbln1 In dett.11 the upl"nUnc 
t>rt>C"rdurrs A.s.'0elr.trd .,Ith e&C"h rumpom•nt 
In 1::-.e meuurcmenl aystem. In addition. the 
0J><·ralor should be (a.mllla.r With thl" OPf'At• 
hue prlncli,lrs u! Lhf' cumponenLa: parUcult.r• 
ly the GC/FPD. The ntallona tn the Blb
llocnphy 11. the end of t.hla mcthoJ t.re rec
om,nrndt'd for rM'lew for Lhla purposf'. 

1.2 Ca.Jlbn1llon PrOC"edure. Insert the Pf'T• 
mf't.llon tubf's Into the tube chambf'r. 
C'hr<'k the br.th Lf'fflJ'f'rl.lUre to L~•ure 
au•·l'mfflt with tht• calibration lf'mt>l"rature 
of Ult> tubN .,!thin :! 0.1• C. Allow 24 houn 
for the tu~ to C'Q\llllbnle. Alternatively 
n1ulllbntlon rnt.Y bf' YerUled by lnJrct.lns 
sample's or nllbratlon ru t.L 1-hour tnlf'r• • 
vals. Tl1e pennt>t.Llon tuba ca.n be L~umt'd 

· to have ttacht'd equlllbrtum when consecu• 
live hourly aamplea aCT"Ce W\lhln the r,rcci• 
elnn limit.a of Section ◄. l. 

Vary the a.mount or air nowtnc over the 
tubes to produce the desired concrntntions 

. for ca.Jlbnllnc Ule 1.nt.17Ue11.I a.nd dllutlon 
· ,,·stems. The atr now a.crOM Lhe t.ubl!t rnust 
· at tJl Umes exceeJ the now ~uirem=t ol 

the an&h•tJcal ays~uu. Tbe concentra.Uon In 
part.a per million ttCn('rt.Led by a. tubo.- con-
1.a..lnlnc a apecl!lc penncanL c:a.n be calculat• 
ed u (oUowa: I" 

C 
r

• I: Al 
Equation 16-1 

"'hl're: 

C ~ Cuni-t'nlratlon of J)t"rml'l\lll r,rodt1l't'd In' ., 
ppm. I 

r,~ l'\•rrnratlnn ratt' or Utt' tub<' tu 11lt'lrnl11.: 
M., M<>lecular wetcht oI the ~nnea.nt <11,. 

mole>. 
J,. Flow nl<', I/min, of air o\·cr pc-rmt'1lllt @ 

20· C. '760 mm Hg. 
KM GM ,·011.~uull at :o· C a.nd 780 mrn 

H1. 24.04 1/c mole. 

1.3 Ca.llbratlon of analy1ls srsttm. Ol'n
eratl' a sf'rtc, of three or more kno•-n eon, 
cc•ntrattons spann!ns thf' linear nnge or the 
J-"PD (api,n,xlmt.tely 0.05 to 1.0 ppm> for 
e..,-h of the rour maJor sulfur compeunds. 
Rypassln,: thr dilution 1ystrm. lnJN:t the~ 
slanduds lnlo the OCi t"PD anl\1)7.ers and 
·monitor Lhe rl!sl)(ln~cs. ThrN' lnJt'CLI ror. 
f'l\l"h COIIC'f'lllrallun mual ,·ll'ld Lhl' precision 
drscrlbt-d ln SC'Ctlon 4.1. Failure to att.t.tn 
this pr~-clslnn Is a.n lndintlon or ,. problem 
In Lht' t'&llbrt1tlon or t.nalyllcal IYStl'm. Any 
1nc-h prnt-lrm mwt bf' klentlrtNS and cor- : 
n-rtt'd bdOrf' pr0Ct't'dln11. 

1.4 Ct.llbratlon Curvt'S. Plot lhl' GC/FPD 
rl'llpt>nSt' In c-urrrnl ( 1UT1pl'r1·!'1 l ,·en.us thf'lr 
ct.usath·e conct•nlrt.llons ln ppm on loc-loc 
coordjnate cn11h p11.~r for rP.Ch auJ!ur com• 
pound. AllemaLt\"l!IY, .. )l'll.~t SQUIU'l'S f'QUa• 
tlon rnt.Y be Cl!nrr-att'd from the a.llbratlon 
data.. _ _ 

1.5 Callbmllnn of Dilution Hyslc-m. Ot'n• 
,rate a k.nn,am coni-.-ntr&tlon or hytirocrn 
sulfide U:<lnlC the.- permrt.tlon tub!' 1r1Lt'm. 
AdJ11.sL thf' now rate or dlluc-nt air for the 
(ln,t dlluClon at,~l' ao that the d,·11lri,(l ll"Vf'I 
or dilution la •ppru1thnlltt'd. lnJN't lhr dlluL• 
rd callbrallun t;I\.'\ lnto lhl"_ OC/f'Pl) S)'~l••m 
t.nd n1onltur It.~ rrsPonM'. Thn-e lnJ,-c-t1r,r1-, 
for t't.eh dl111Llnn m1L~l ylrld thr ;>rt'("i~ton 
dr,mbed In Stttlnn 4.1. f'allurr to t.Ltaln 
this prt"C'lslon In th L~ slf'I' II a.n lncllc-11 lion or 
a 11rublrm In tht' dllullun SY!'tem. Am· SU<'h 
prublcm rnusl b<· ltkntlflc-d and wrn'f'trd 
bclorf' prucrcdlnit. t•slnc' the l'R.llbnllon 
d;LI a for J{,S ctl1•,•rln1->t•d undrr ILi l dfi•·r• 
m:.,r tl,f• 1!'.l1.;1t•d callhrl\tlon ,n., roncl'nlr~
tlon In ppm. Tllt'n t"l\lC'Ult.ll' lhf!- dllul.!on 
b.~t.or a.s lhr re.Lio or thr callbrat101: ra.,; 
conr.cntratlon befort' dilution .1.0 the..cilul('d 
c-1.hbrllllnn itLS concentration dett'rtnlrwJ 
undt!r th!£ pa.n.craph. R<'Pl'l.t this proce
dure tor f't.eb slt.lee of diJIU.lun rl'qu.lred. Al· 
tl'm&th·ely, the OC/FPD s)·stem may be 
et.llbratcd by crneratln¥ • &l'rics ot lhrel' or 
mott c-oncentr&tlons of ea.ch sulfur com• 
pound and dllutlnc these samples before In• 
jttt1n1 thf'm Into tht' OC/l"'PD S)'SU'm. Thts 
dal.A ...-111 then serve as the callbrat:on data 
for the unknown sunpl,s t.nd a sep&ntc de• 
termination of the d11ut!nn factor •Ill not 
be n1'<'1"1$1U')'. Uu,.,·c\'t'r, the prrc-i:,ton rc
qulremcnl.l o! Section t.l a.re 11LIU appllc-&•~,... 

9. Sunapling and Analvsts Procedur.-. 
9.1 Sa.mplln,. ln.sf'rt. the sampling probe 

lnl.o the test port uu.Jttnir certain th&l no dJ. 
lullon a.Ir rnlr.rs the stt.ek throu.h t~e port. 
Dl'lCln saunplinc a.nd d:lule ~he s.:.~~-c ll.;)• 

pro:idmt...-Jy 9:1 usln11 U1e dllutluc s; il..C'm. 
Note Lht.\. the prcca, d!lullon ru:t.or LA t.t\t.t 
..-hlch Is det.tonnincd ln para.crt.ph a.s. Con
dition the entire 1y1tem with sample for a 
minimum of 15 mlnutr-s prior \n commenc
tnc t.na1ys1&. 

9.2 An&lys1s. AJIQUOl.s o! dlluted umple 
are lnJcc-ted Into the OCtF'PD anal)'7.('f for 
&111\lYi\lA. 

11.i l Sample Run. A 1amr,lr run la cnm• 
pou.d of 16 lndlYIJua.J t.na.lyS('S <lnJt'CUl per, 
forrn.-d ovf'r t. l)f'riod of not leu lht.n 2 
houn.pr murr ~ht.n 8 hour,;. 

1.2.2 Obsern.tton fur Clull;(tne ui Probe. 
Ir redurll.,n.~ In sa.mplf' ronet'r~: :-al tc,n.~ a.re 
!)h:<rn·-·,t dur1n,: a snmple run tlmt i-.. n:,ot 
hf'• 111l1Llnrd by proi-rs.~ cunrllllorL~. 1hr ,uun
pltn1 mu.st be lnt.t'rrupled t.o deL#m:lnc If 
tht' sa.mplr probe la clorred with par.;culat.e 
mt.ttrr. Jf thr probt! Ls found to be elonrd, 
the h-s: must be 1t.nppcd and the rNuJU up 
to that r,nlnt discarded. Teslln1 may rr.~ume 
all.t'r ckantn1 thf' probe or rrplactn« Lt ,.,Ith 
,. cll'an onf'. Alter ea.ch run. the :uunple 
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Method 16, Continued 
prulH- mu:st bl' ln.,~ted ILZlJ. If nt'CC.s.&&.ry, 
dL~ma.ntlrd _a.nd clelUlcd. 

JO. Prut-TeJt Procrd11,·u. 

10.I Sa.mph: Line Loss. A knnwn concr,n. 
tr11.tlon of hydroc<'n sulrlde a~ the level c,f 
th,:, 11.ppll.-able •lAnda.rd, :t20 ven:enl. m,ut • 
bf' lnlrodul'f'd lnto the a11.mpltntt system a.t • 
lhe oawnlnR of the probe In sufficient QUIUl
UUc1 to Insure lha.l the~ Is 1.11 cxcrs.s oC 
sa.mple which must be venl.ed to the a.trno
sphere. The nmple must be t.rvupc,n.cd 
Lhrouch the mtlre s,.mplinr sy1teru t.o the 
meuurement 1ysten1 1n the normal ma.nner. 
The resultlna uuiuured · cont:entraUon 
should be comr,arNS l.o the known nJue LO 
determine the aamplin. 1yst.em loss. A 1a.m
plln1 1y1tern losa of mo~ than 20 percent. Is 
u.na.cecptable. Sa.mpllnr IO&Ses of ~:zo per
cent must be correct.ed for by dlvtdtnrr the 
rc:sultlnr aample concenLn.tlon by lhe frac• 
Uon of recovery. The known ru ■ample may 
be renerat.ed uatnr pt-rmeatlon lubes. Alter
n1.t1vet1, cyUnden of hydrorren sulfide 
mixed 1n a.tr ma:, be used provided they an 
lrart-11.ble to r,ermea.tlon t.ubc.1. The npllonal 
prrt.nl prncrdurn provide a rood ruldr,llne 
for df't.c-rmlnlnc I! lhere an lc-w In I.hr 
u.mpllnr 1yst..em. 

l 0.2 RN'a.Ubra.Uon. Aller Neh run, or 
a.rtrr a. s.rrtN of runs ma.de within a. 24-hour 
prrlud. JX'rform & puUAl rrrn.llbra.llon U.'<lnc 
lht' proc-,-durrs ln Section a. Only H.S <or 
otht·r r,rnn.-1.ntl r.ttd be used to ttellllbra.te 
thl' GC/F'l'D t.r.lllrsls system <8.3> &nd the 
d!lull«-n S)"Sl("l1\ ,::.r, ,. 

10.3 Urterrn!nallon of CAl_ibrulon Drl!l. 
Coinr..t1.re lhe C.t\.llbrt.tlon cun·es obl&.lned 
t'rlor tr, t be runs. to the ca.libnUon rnn-~ 
ohla.inr'1 un'1rr P!lrACr&Ph 10.1. Thf c&llbra.
lh,n 111:(i. ...,ou,d noL e.r.:ceed lhe llrclt.s set 
ion.h In 1>&.n.crt.Ph t.2. U lhe drUt exceeds 
I.ht& llmll. the lntervenln1 run or runa 
ahou Id be con.,lde~d not Ya.lid. The te<tt-r, 
howf'vcr, may lnsll'&d h.ave the option of 
choo,;ln1 the calibration da\..& 'set which 
,·01::o! Rive lhc highest ss.mple vuues. 

11. Calrulattoru. 

11.l Determine the concentrations o! 
each reduced sulfur compound delt'cted dl
rtt.Lly from t.hc callbra.tton cun-cs. Allema.
llvt'ly, thl' coneeatrallom may be Ct.lcul&ted 
~lnr lhe equALlon for Lhe lea.st IQUl.l'e Une. 

11.2 CaJcul•llon of TRS. Toe.a.I reduef'd 
suliur 11.·111 be delem1lned tor ca.:h 1U11.yL,ls 
ni&de by 1ummtn1 lhe concentrations of 
t-&eh reduttd au.lfur compound n-solved 
durtnr t._clnn &n&lYals;-

TRS•I <H.S. MeSH. DILS, 20MDS>d 
J;qua.Uon l&-2 

•here: 
TRS ¥ Tot.a.I rt"duced 1ulf\D' ID ppm, wet 

buL,. 
H.S, Hydrol:'t'n •ultldr. ppm. 
Ml'Sll • Mt'lh>"I mereu>t.an. ppr-a. 
l>MS • Olmeth>·I sullicle. PPl'L 
l)ML>..<;~Dimt'thyl daulfldc. ppm. 
d -- r>Uutlon fa.ctor. dimenslonlesa. 

11.3 A\·rr ..~r TH.S. Thr nrra11r TIU:I .,.Ill 
b.• rtctennlnt·J M follows: 

N 
t 1RSf 
i • 1 -
ii'(1"·!J~). 

.An·ra.ice TRS-Avt'r&Ce 1-ut&l rf'dUc:C'J -suCJur. 
In pi,m, Jry buL'<. 

TRS.-Totl\l rt'duccd 1ultur lu \>Pm u de-t.er• 
mlnc-d by E:c:;uallon 16-2. 

N •Number o! ,an1ples. 
B.... FrAcUon of ,·oiume of wa.ter vapor In 

the 11u strea.m as determined by method 
◄ -~termln&tion of Moisture In Stack 
Ou•~ <36 FR 2488'1), 

I J.4 Avcra11e concent.raUon of lndlvldu&l 
redu("r.d sulfur compounds. 

N 
t ,, 
I • IC • ,-

Equation 11-3 
where: 
S,. Cl'nt"entr1\llon or a.ny reduC'l'd suHur 

compound lrom the lU1 u.mple lnJec• 
tlon. ppm. 

CaAvenice concenLra.llon o! a.ny one of the 
reduced :mltur eomPound.s for lhe entire 
run. ppm. 

N - Number of Injections 1n a.ny run period. 

12. Eramplt! Svitem. Dt'scnbf'd bf'IOW Is a 
l)'Slt'm utll17.t'd by EPA In catherinl NSPS 
data.. This S)"Sll'm docs not now rf'fkct &II 
the lah!Sl <.tevdopmcm..s In eriulpml'nt and 
column tcchnolorY, but It dot's rcpr("st"nL 
one S)"!lt<'m lh:il hu been dcmomlrAtl'd to 
work. -

12.1 Appar11.tus. 
12.l.1 s.,mpll1111 S)'Slt'm. 
12.l.l.l Probe. I-icurt' 15-1 llhatra.tc-s the 

prubt' ust'd In lime kilns and other sources 
11.·hl'rc silmlfl("a.nt ~ount.s of p1.rt1c11l&tt' 
r,1a~H·r ar,• pn·l••al. tht probe L; .!1·:;111nca 
With lhl' dt•fl«l<>r shield placed bctu.·1-1.•n the 
aamplt a.nJ the- ca.s lnll'l hoks and the s:111.55 
,·oul plui:s tu r,•duce- cloeilnc or the flltl'r 
and p01-.,ibll' acl.,;orptlon of sample &M. The 
""l""''''I ,...,ruun «-f lht' probt• bt•t•·,-,.n the 
sam11li1111 1>,,,rl and lhe samplt' line Is he-&ted 
,·1th lwt.lilllf till>!'. 
· 1:fl.l.:? 8.-Lmplc Une ~.. ln~h hLcld<' diam• 
Ht'r T,•flun lubini:. h..a.tl'd lo l:?O" C'. This 

' 

la-1111.1,·r:ot nr,• IS C'<'lllrol!l"d by "- lhermostnllc , 
ht'3lt'r. 

1::.1 l 3 ~:1m1,lc- J•11m11. t,·aklc•55 Trflon : 
COAll",I J1:1;1hr;1.,:m l)"l>f' or l"Qlli-.alrnt. 'l'he . 
pump ht•1111 b h,•:,1.-·d to 120" Cb)· •·nrhwcinrr : 
It In lh,• s:1111~•lr l!il,Jll->!l b<.11t ll:?.2.4 bf'loy,·1. 

\ 
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Me~hod 16, Continued 

- 12. 1.: J)ilutior, Sysll"m. A s,;h,·matk din• 
rram ,,r lhr ..S)·u:amh: d1l11llun JC)"i.t..-m Is 
c h"l"ll In t'1i; urc 16- 2. Tlw ..Sllution snt,-m is 
r1Jnstr1,rtc·J snr-h thllt llll :;ll:nl'I..- rontacts 
arr mn,lc• of lnt"rl 111AI C."rhlh;. Thr tillul ion 
ll)'Slf'lll ll"hlr'h Is hl'11lt•d to 120· C nllL"l hr ra-
1•nhh• ,,r a n1h11mum "' II: I dtlullon or 
i;.,napl.-. t:Qulpnuml wN In tht• ..Sllutlon 
u·111t·m is 11:.t t..S b••low: 
. 12 1.:U Vth:tiun Pump. MoJc•I A-150 

}-:ohm>·hr 1"dlon s,.>i.lllvr di.•11h1r-rnwnt 
lYl'I', lll•n:adjuMablr 150 Ct'/lnln. ! 2.0 P('r• 

c-rnt, ur l'Qulnh•nl. J>('r dlluliun srai:r. A 9:l 
dilution of sampl~ Is acc-ompll-slll'd bl" com• 
blnln~ 150 re of samplr ,Ith 1.3~0 cc ot 
clran dr)' air L' sho,·n in Fhcure lG-2. 

12.J.2.2 VaJve-s. Three-wily Tenon aolr• 
nold or m1u1u11J ty~. 

12.1.2.l 1·uhlnir. Trnnn tublnr &nd tit• 
lines arr 11~t1 throu1hout from thr sn.mple 
probe- to thl' GC;F'J'D to preffnt &n lne-rt 
111rf1.cr for s1unpl1' iras. 

12.1.2.4 Uox. Insulatl'd box. hratrd and 
malnb.inrd at 120· C, o! sufficient dlmen• 
slons to hol!Se dllullon &pp:u'lltua. 

12.1.2.S >--,owmt'trrs. Rotiunrter.1 or 
equh·alent to ml"asure now trom O to 1500 
ml/min :t 1 percent per dllutlon stage. 

12.1.3 Ou Chromatorraph Columns. 
•r-..o l1"f'l\ of rolumns ue u.~ed for sepa.ra• 
Lion of low and hlch molrcular welcht. 
aul!ur compounds: 

J?.. 1.3.l Low Molf'CUlar Welr;ht Sulfur 
Comf)()und.~ Column lOC/FPD-U. 

12.1.3.l Sc-paraUon Column. 11 m by 2.\6 
nun <35 rt by o.oes In> lrL,lde dlamcte-r 
Teflon lublnc packed ..-ith 30/110 mesh 
Ttflon tor.led wtlh S prrct'nt pc,lyphenyl 
ether a.nd 0.05 percent orthophosphortc 
acid, or l"qulvalrnt <see Flrure lCl-3 >. 

12.1.3 1.2 Stripper or Precolumn. 0.11 m 
bv :.JI! mm <2 It by o.oa5 In> lnsldr dlL'?leter 
1·,-ni,11 tublnc packed u In S.3.1. 

12. 1.3.1.3 Sam::,lr Valve. Trnon 10-port 
ic~:- ,.,mpllnr va.Jvt. equipped -a.·lth & 10 ml 
i.:uuple loop. actu&ted by compressed air 
<Flrure 16-3>. 

12.1.3.U Oven. 1'or C!Onlalnlnir nmple 
val\'e. · atrlpprr column and sci,aratlon 
column. The ovrn ahould be capable of 
mAlntalnlnr an elevated temperature ranr• 
1M from &mblrnt to 100' C. consta.nt within 
:il'C. 

12.1.3.1.5 Trmperat.un Monitor. Thermo
couple pyrumclcr to mt-a.surr column ovrn. 
dt'trrtor, and txh&ust temP<'rature :t 1 • C. 

12.J.3.l.ll Flow Syst.cm. Ou rnetrrlnc 
srstrm ·to ml"a.~ure samplr no..-. h>·drocl"n 
now, and oxyre-n now <and nilroctn carrier 
cu no•·>. 

12.1.3.1.7 Drtrct.or. Fl&mt' photomrtrtc 
dt•ll"C'tor. 

J:?.1.3.1.8 f;lrl'trnmrlf'r. C":11>ahlc of full 
sralr a,n;,llflc-ath,n of llnr&r ran11:rs ot 10·• 
to 10 • ampc•rrs full Kl.II". 

12.1.3.1.11 J'owcr Supply. Ca.pablr o! dell
,·rrtnir up to 7SO volL'-

- 8.3. 

12.1.3.1.10 R~ororr. Cnmpallblt 11ilth 
the output •oltagr ranee or the r.le-ctrom• 
rtrr. 

1'2.t.3.2 Hlith t,folrculu Wl'l&ht Com-
pounds Cl'lunm cOC/1•'rD- I 1_1.- · 

12.1.:\.:!.l. f:rr,!lrnllmt ('olumn. 3.05 m by 
:?.16 mm (10 ft by 0.088S In> inmdt dhtml'trr 
Trnon tubing p~rkrd v.-11 h 30/60 mr: h 
Trflon rnnte-d •·Ith 10 prrce-nt Triton X-30S, 
or rQ11h·11lo•nt. 

12.1.:1.2.2 8:1mple Val\"c. Trflon 6-port 11:M 
sampllnii vnh·c rqulppc-t1 w.·ah IL IO ml 
samplr loop, actuated by c-vmr>rt':ssrd &Ir , • 
(Fh1urr 111-3 ,. 

12.1.3.2.3 Ol hrr Comronrnh. All rompo
nC"nls 11an\C u In 12.1.3.1.-( to 12.1.3.1.10. 

12.1.4 Callbra.tlon. Pemwnllon tube 
•>·strm , fl11:urc I0-4 >. 

12,l.4.l Tube Cha.mbt-r. Ola.'\.• cham~r ' 
of su!flclt-nt dimensions to house prnne• 
&lion tube$. ,

12.1.4.2 MLU F10-.;mf'tn11. Two fflll."-1 · 
nowmrtt'rs In the ran"r 0-3 l/mln. and 0-10 
1/mln. to mrL,ure air now o,·er _perml"atlon 
tubt-s at -t. 2 iw-rcent. Thts~ 0011.~cra aha.II 
be cro~,-ca.llbrattd at the bcrlnnlnr o! rach 
trst. U:1ln1: a conve-nlf'nt now rate In lhe 
mea.surlnr ran,:e of both nowmrters, 1et 
and monitor the now ratr o! cu O\·er the 
pcrmr11.tlon tubt'1. [11Jcct1on of calibration 
.... icnl"r&t,d i.t. tht. now r11Le u mC."LSUrrd · 

1 

by onr novmeter followed by lnJrcllun o! 
e&llbratlon cu al the umr 1To11,• n.te u :nca-
1urrd by the other nowmi-ter 11hould ae-ree 
wlU,ln the apec!!led precision llmlll. If they 
do not, then thrre Is a problem with lhc 
ma.w now ml'L~url'rntnt.. Each mu.a now
meter shall br calibrated prior to the flr.:l 
Lest with a ,·ct lt&t meter a.nd there&fter, at 
least once each year, 

12.1.4.3 Const11.nt Temperature B&th. Ca
pable of maintalnlnr permeation tubes al 
crrtfflcatlon t.cmprrature oC 30• C. ll.'Jlhln 
:to.1• C. 

12.2 Rracenta 
12.2.1 .Fuel llydroren <H,l prepurl!led 

cn,de or better. 
12.2.2. Cornb\Utlon Ou. Oxnen (0.> re

set.r!!h purity or better. 
12.2.3 Carrier Oa.s. Nltroren (N,> prcpurl• 

!IN rracle or bettf'r. 
12.2.4 OtluC"nt. Air contalnln.- !l'~.s t?la.."! 

50 ppb 1.0t.&I 1ul!ur compounds and lesa tha.n 
10 ppm l'&eh of mobture a.nd total hydro
e&rbons, and tutered 1.1.11nr MSA !llten 
46727 &nd 79030. or equlvaJent. Removal of 
sulfur compeunds c&n be verified by lnJectr 
tnr dilution &Jr only, de.,cnbed ln s«tlon 

12.2.5 Compressed AJr. GO psi. for QC 
V11Jve actuation. 

12.2.IS Callbr~t.ed OL"f'"S. Perme&tlon 
tubf!s ,ra\"lmetrlcaJly callbraLN an..S certi
fied at 3o.o· c. 

U.3 Operatlnr Par&mt-ters. 
12.3.1 Low-Molecular Weicht Sulfur 

Compounds. The opera.Linc parameters tor 

.. 
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ttie OC/FPD ayat.em used tor low·nioi..,·ular 
weight compounds a.re u follows: n!Lro11,·11
carrier ra.s now rate or so cc/min. exhaw.t. 
cm~ralurP. or 110• C. dP.tector temperature 

of 10s• C. oven tempera.lure of 40• C, hydro• 
crn Oow rate of 80 cc/min, oxy11en now rate 
or 20 cc/min. and sample now ra.Le between 
20 and 80 cc/min. 

12.3.2 Hhth-Molrculn.r Wel11ht Sulfur 
Co1n1>0und.~. nu: o~raLlnc PIU'unetel'$ for 
LhP. OC/F1'0 aystrm tor hl1th molecular 
weight compounds a.re the sa.me u ln 12.3.1 
exCf"pt.: ovrn tempC'n\lurft of 70" C, and ni• 
ro1:rn carrier 1:L, Clow of 100 cc/min. 

12.4 Anal);sls Procedure. 
12.4.l Analysts. Aliquot.I of diluted 

u.,nple are lnJecled slmnlLanN>USly Into 
both OC/FPD uialyun f<,r ana.lrsls. OC/ 
J1'l'O-l Is used to measure the low-molecular 
wr.l,cht reduet-d sulfur cc:,mpounds. The low 
1nnlrc·ular wel1ht compou·nd., l:i<"lude hydro• 
:<-n sulfide, methyl mercaplan. a.nd Iii• 
mrth)"I sulnde. OC/FPD-ll ts used to re
solve lhe hl1:h-molt'r.ular wclithl compound. 
The hhrh-mol«-eular v.·elcht compound Is ui• 
mrlhyl dL~uHlde. 

12.4.1.l Analysis of Low-Molecular 
Wchiht SuUur Compounds. The 1.&mplc 
v11Jve Is A<"luated fur 3 minutes In which 
llmr. an ali!luot of diluted sample Is lnJc::ted 
Into the strlpp«•r column a.nd analytical 
column. The ,·&lve Is then dcacdnl«'d for 
t.:iproxlml\trly 12 mlnutr.s In which Ume. 
the analyllc&I column continues lo be fore:• 
0U3hed, the strli,pcr C'>lumn Is back.Oushed, 
and the umple loo;, Is re!llled. N.o:11tcr the 
rC1<ponsn. The eluUon lime tor each com-
pound •·tll be determlnrd durinl callbn.• 
lion. 

12.4.l.2 Analysts or lllch•Molecular 
Wel"ht Sulfur Compounds. The i,roccdure 
ls t•n<'ntlally the same u t.bove except that 
no strl;:,per co!,.:rnn u neL"<ied. 
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Amendment dtd. Aug. 7, 1978 

2: In appendix A. para.graph 10..1 of 
method 16 ls amended to rea..d as fol
lows: 

• • • .. 
10. PoS'r•TJ:sT PaOCZDUltES 

10.1 Sample line loss. .4. known concen
tn.Uon o! hydrogen sulfide at. t.he level of
the applicable standard, :t: 20 percent. n:wt
be Introduced Into the samplln~ system In
su!ficient qua.ntltle.,,_to Insure that there 1.s
an excess of sample which must be vented 
to the atmosphere. The sample must be ln· 

· troduced lmmedlatel:v after the probe a.nd 
fllter and tran.spc>rted throuch the remain• 
der of the samplins system to the measure
ment system in the normal manner. The re
aulUn1 measured concentration should be 
compared to the known value to determine
the sampll~g system loss. ,

For sam;:,ling losses rreater than 20 p!!r•
ce.'lt. in a sample run. the sample run Is not
to be used wben detennininc the artthmetlc
mean of the performance test. For samplins
losses of G-20 percent, the aami,le conceo
tn.tlon must be corrected by dhidlns the
sample concentration 1)1 the fn.ctloo of re
covery. The fraction or recovery ls eQttal to
one minus the rat!o of the mea..sured cun• 
centration to the known concentration of 
hydrogen sulllde in the sample line loss pro
cedure. The lcnown ras sami,le may be ren
er.ated uslns permeation tubes. Alternative
ly, eyUDders of hydrogen aul!lde mixed In 

• air may be used provided they are traceable 
· to iierme:iUon tubes. Tbe optional pretest 

procedures i,ro\1de & good ru,ideline tor de- , 
termining if there are leaks in the samplinz
system. 
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Figure 16-4. Apparatus for field calibration. 
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!· IMethod 17 I

' 
DETERMINATION OF PARTICULATE EMISSIONS FROM 

STATIONARY SOURCES iN-STACK FILTRATION METHOD 
40 CFR 60, Appendix A, ebruary 23, 1978 

•• in.troductton 

Particulate matter ts not. an &baulute 
QuanUty: ra.ther, It ls a funcUon of tempera• 
ture and preasure. Therefore, to prevent... variability ln particulate mt.t.ter emlssion 
reruJ.a.UoN and/or usocta.t.ed test met.hods. 
the t.empenotun: a.nd pressure a.t which par
Uculat.e matter la to be measured must be 
cuetully dellned. Of the two variables <I.e., 
temperature and presaure), temperature has 
the rreater effect upon the a.mount of PILI'• 
tlculate matter ln an effluent ,as at.ream: ln 
most 1tatlonary 10urce ca.te&'Ories. t.he eftect 
of pressure appelJ'S to be necllctble. 

In method s. 2so· P la establlsbed u a 
nominal relerence temperature. Thus. 
,·here Method 5 la specl!led tn an appllca.ble. 
1ubput of the st.andanu, pa.rtlculate ma.tter 
Is defined with re:ipect to temperature. L~ 
order t.o ma.lnta.ln a collection temperature 
ot 2sti· F, Method 5 employs a heated cla.ss . . -
·aample probe and a heated 

. mt.er holder. 
This equipment Ls somewhat cumbersome 

· and requires care In lta operatlon. There-
, fore, where pa.rtlculate matter coocentn-
. tlons cover the normal range ol temperature ·
; usoclat.ed With a specl!led source cat.ecory>
: are lcnown to be Independent. of tempera- ·
, ture, 1t ls desirable to ellmlnate the class 
: probe and beaUnc 1y1t.em.1, and sample a.t 
~ ltaclt temperature. 

This method deacr1bes an ID«.ack Am• 
· Pline 1:vst.em and aampllna' procedures tor 

use In 1uch cues. It ls Intended to be used 
only when specUi~ by an appllcable sub
put o( the standards, a.nd onlr Within the 
applicable terr.per&ture UmJu ut specl!led>. 

. or when olherwlse approved bJ' the Ad.min• 
Lstntor. 

1, Prtncfple and Ai,plicabUttp. 
1.1 Principle. Pa.rtJc:ulate matter la with

. drawn lsoklneUca.lly from the ■ource a.nd. 
• collected on a glass tlber tilter malnt.a.lned·
· &t 11.&ek temperature. The putlcUl&te ma.ss-

1s determined cravtmetrlcallJ' after removal 
of uncombined water. 

• 1.2 AppUcabllity. This method-apptieito
the determination of particulate emissions 
from 1t&tlon1.r7 ■ources for detennlntnc 
compUa.nee with new 10urce performance 

· 1ta.nda.rds. .•~1 when ■i,ectncanr provided 
for ln a.n &bpllcabie 1ubput of the sta.n• 
duds. Thia method la not appllcable t.o 
stacks that cont.&in liquid droplet.■ or a.re
:nturat.ed wtth water vapor. In addtUon. thls 
method sha.11 not be used a.s wrltt.e.-i l! the·
pruJcet.ed crou-aectlonal a.rea of Lhe probe
exten.slon•flll.er holder usembl,- covers .

- ffl(lre tha.n 5 ~reent of the stack cross-sec- :
llonal area (see Section t.1.2>. 
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2. A J>J)Cll"CltlU. 

2.1 Sampllnr Train. A schematic or the 
nmpllng traJn used ln this method ts snown 
in Firure 17-1. Construetlon details Cor 
many, but not all. of the train eomponel\t.s 
are riven ln APTD-0581 <CltaUon 2 In See· I 
lion 7); tor changes tro1;n the APTD-0581 t, 
doeuroent and for allowable modltications I 
to ~re 17-1. consult With the /:.drnlnlstra• i 
tor. 

The operatJnr and m&lntenan~-proce- I 
durea for many oC the 1&mpllnr Ln.ln com• I 
ponents are desertbed In APTD-0576 <CU.a• I • 
Uon 3 ln Sectton '7). Since correct usace t, ! 
lmport&nt In obt&inW Valid result.a, t.ll 
uaera should read the A.PTD-05'18 document 
and adopt the oper&tw and m_a.in~nance 
procedure■ outlined 1n It, unless otherwise 

· 1peelfled herein. The sa.mpllnr traln eon• 
1lst1 of the following component.a: -

2.1.1 Probe Nozzle. Stainless it.eel <31Sl 
or cla.s.s. wtt.h sharp, ta.pered leadlnr ed~ 
The angie of taper shall be 030' &nd the 
taper shall be on the out.side t.o preserve a. 
constant internal diameter. The probe 

· nozzle shall be of the buLton-hoolt or elbow 
deslcn. unltsa otherw\se 1i,ec:Uled by the Ad· 
mlnistrat.or. U made of cta1nless at.eel. the 
noa:le a.'ul.11 be conatructed from aea.mless 
tublnc. Other ma.terlals oC construetlcn t:iAY 
be used subJect t.o Lhe approval o! the J\d· ! 
mlniatrat.or. 

A ranee of 1lu:s sulta.ble for laok!net.lc 
sa.mpU:11 1hould be ILn.il&b~. e.ir.• 0.3% ~ 
1.2'7 cc cY, to Yi ln>-or Ia.rirer lf hicher 1 
volume sa.mpllnc tra1N are uaed-lnstde di· , 
azneter (ID) noz:z.les ln lno-ec::ent.'I o! 0.111 cm • 
o,,, l.n). Each nc::le ~hU! .:.e c:.i1:i:-t.:ea :.1.c• 
cordlnc to the procedures oul.lille<i in oec-
tJon U. ; 

i.1.2 •Plltu Holder. The tn-atack fllter j
holder sbt.ll be constructed ot boroslllcate . 
or quartz cla.ss. or 1t&1nlC/1$ at.eel: lf a ca.sl&.et I 
ts used. It shall be zna.de or 11uc:one rubber, 1 
Tenon. or sta.lnleu 1teeL Other holder and ' 
p.sket ma.terta.11 ina, be used subJect. t.o the 1 
app:ovaJ of Lhe Ac...""ll..-:;.;.,:::..:.cr. :-:.J :::.c: 
bolder 1hall be daicned to provide IL p()&I• 
tJve seal acatnst leaka.Ce from the outside or 
around the Cllter. 

2.1.3 Probe ExLension. AnJ' sulta.ble rtlid; 
· probe extension mu be uaed a.ft.er the flit.er; 
bolder. ~-

2.1.4 Plt.ot Tube. T1pe S, u des..'"ribed In: 
· Section 2.1 of Method 2. or other device ap-. 

proved by the Admlnt,trator. the pltoL tube 
aha.11 be att.a.ched to the l):'tlbe ex~10:1 to 
a.llow conata.nt znonitortns ol the 11.aCk ru• 
velocity tsee Firure n-11. ne tmpa.et thigh 
pressure> opentnc pi1r1e of the pltot. tube• 
lha.11 be even with or above tbe noale entry' 
pla.ne clurlnc u.mpl1nc <see Metbod 2.: 

..., 
.... 



,.I, 

,. 

' Method 17, Continued 
... 

Flirure 2-8b). It I.a recommended: Cl> th&t · 
the pltot tube h&ve &known bucllnc coeCtl• 
ctent. determined u outlined ln Section. 4 or 
Method 2; and <2> th&t thla known coerct• 
clcnt be preserved by pl&elng the pltot tube 
In a.n Lnterference-!rec &ff&n&ement with re
spect to the u.mt>llng noz:t.le, filter holder, 
and temper&ture sensor <aee Flcure 1'1-1>. 
Not.e th&t t.he 1.9 cm <0.'15 ln> frce-ap&ee be· 
tween t.he nozz.le &nd pltot tube shown In 
Figure 1'1-1. Is bued on a. 1.3 cm <0.5 tnl ID 
nozz.le. Ir the aamplln& tra..ln 11 dealcned for 
s&mpllnr &t higher now r&tea th&n th&t de
aulbed In APTD-0581, thua necesslt.atlnr 
the UH or l~er sized nozzles, the free• 
1p&ee shall be 1.9 cm (0.'15 In) wlt.h the l&rl• 
eat sized nozz.le In pl&ee. 

Source-a&mpltnc usembUea that do not 
meet the mtnimwu SP&ein. requirement.I of 
Figure 17-1 <or the equivalent of tht"Se re• 
qulrementa, e.r~ Flcure 2-'1 of Method 2> 
may be used: however. t.he pltot. t.ube coem
_clent■ of such uaemblles sh&ll be deter• 
mlned by c&llbr&tlon. us~r methods aubJect 
to the approval of the Ad.mlnlstrator. 

2.1.5 Dllferentl&l Preasure Oaure. In
clined manometer or equivalent device 
<two>, u described In SecUon 2.2 of Method 
2. One ma.nometer shall be used ror velocity 
hea.d <Ap> readincs. &nd t.he other, for ori
fice .dUterenU&l presaure readin.1. 

2.1.0 Condenser. It Is recommended that 
the lmplncer 1ystem described ln Method 5 
be used to determine the moisture content 
o! the stack ras. Altem&Uvely, any 1ystem 
th&t allows meuurement of both the water 
condensed a.nd the moisture leannc the con
denser, each to within 1 mJ or l r. msy be 
used. The moisture leavinc the condenser 
can be meuured either by: Cl> monltortn6 
the tem~rature and presaure &t the exit of 
the condenser and wtna D&lton's law of 
pa..rU&l pressures; or <2> pa.sstnc the sample 
ru stream through a silica ~• tn.;, •1th 
exit gues kept below 20• C <68• P> e.nd de
termlnlnc the wetcht r&tn. 

Flexible tubln& may be 'lSNi between the 
probe extension and condlmaer. If means 
other than allica rel are I.I.fled t.o det.ermme 
the amount of moisture lf'llYUll' U\e COD• 
denser, It I.I recommended th&t .We& eel still 
be used between the condemer •>-•tem'and 
pum:, to pre\'ent :-r.oisture cocder..::1t1on ln 
the pwnp and meterlne devices and to avold 
the need to m&lte cornc:Uona for moisture 
in the metered volume. 

2.1.T Meterin6 S)'ltem. Vacuum s,.u.ce. 
lfl.k-free pump, then:nornet.en capable oC 
meuurt.na t.einperature to With.In J• C cs.t• 
P>. dry n,s meter cap&ble of ml!IUUl'in« 
volurae to within 2 percent. and rel&t.od 
equipment. u ahovm In ~ 1'7-l. Other 
metertns '"terns cap&ble oC ma.lnt&.lnirl6 
1&mpllnr r&tes wtthln 10 pen:ent of lsok.ine
Uc and of detennlninr sample volwnea t.o 
W1thln 2 percent m&:Y be used. subJect to the 
a.ppnn•&l of the Admlni.stn.tor. When the 
Jnet.ert~ system is used 1n oonJunctlon with 
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&pltot tube, the system shan-enable chccb 
of lsok.lnet.lc r&t.ea.. 

B,ampllnr tr&lna uUl~lnr met.ertnr 1y1. 
terns de&lcned ror hlrher now rate• Ut&n 
that described In APTD-05&1 or .APTD-05'16 
may be used provtded th&t the Si>CCl!lca• 
Uons of this method are met. 

i.1.a Ba.romet.er. Mercur1. &nf'rot4, or, 
other buomet.er cap&ble of meuurlnc at..- ! 
mospherlc presaure t.o within 2.5 mm Hr 
CO.I In. Hr>. In many cues. the ba.romet.ric 
re&dlnr may be obt&lned from a nea..rby na
Uon&J weather service st_atlon, In which cue • 
Lhe 1t&t.lon value (which Is the absolute I 
barometric pres.sure> shlill be re~uest.ed ll.lld 1 
an adJustment. for elevation differences be- j 
tween the weather at&Uon and samplin. i 
point ■ hall be applied &t a Dte ot minus 2.$ ' 
mm He <0.1 In. He> per 30 m <100 ft> elev&- ,
Uon increase or vice veru for elevation de-
creue. . 

:&.lJI Ou Density Determln&tlon BQulp. 
ment. Tcm~r&ture sel'I.IOr and pressure 1 
raure. u described In Section, U-and 2.4 o! l 
Method 2, and cu analyzer. U neceua.ry, u I 
de■crtbed In Method 3. -- - · 

The temperature aensor 1h&ll be attached I 
to either the pltot tube or t.o the probe ex-1 
tension, In a fixed configuration. I! th! tem
perature aensor Is &ttacheo in the tleld; the i 
HnSOr ah&ll be placed In an interference- ; 

. free arnnreruent wtth resl)CCt. to the Type I 
8 pltot tube openlncs <u ahov.-n tn Firure 1 
1'1-1 or In Firure 2-'l ot :Met.hod 2>. Altema• 1 
Uvely. the temper&ture sensor need not te 
attached to either the probe exterulon or I 
pitot tube durlnc a&mpllnc. provided tha.t a I 
difference of not more than 1 pe~nt In the ! 
&verace velocity meuureroent Is Introduced. 1 
This &ltematlve la aubJect to the approval ! 
of the Administrator. I 

2.2 Sample Recovery. · 
2.2.l Probe Nozz.le Br..1.!h. Nylon brt~tle 

brush ,a.1th st.■ 1nless sutl -..1:e h:...~cie. The 
brush ah&ll be properly Si.U'd :!l.'10 .'l11&pcd to . 
brush out the probe nouJe. 

-""2.U Wuh Bottles-Two. Olua wuh 
bottles are recommended; polyethylene 
wash bottlea ma:, be used at the opUon of 
the t.ester. It Is recommended th&t acetone 
not be stored In polyethylene bottlea tor 
lonrer than a month. 

2.!:4l Giass EL~;>lf! S!..'.>~~'.':t r.'c~~:.~--\~?T. 
Chemically resllta.nt, boros1l1eate slua bot• 
tles. for ~tone wuhea. 500 ml or 1000 mL 
Screw cap linen shall either be rubbt>r• 
b&eked Tennn or ahall be corutructed 110 u 
to be lea.It-tree and resl.stant to chemical 
attack b:, acetone. <Narrow mouth rlua_ boc.
tlea have been found to be lea prone to 
leab4e.> Altem&Uvely, polyethrlme bottles · 
maybeuaed. 

2.2.t Petri Dishes. For filter n.m;,les: 
rlaa or polyethylene. unlesa otherwise 
apedfled b:, the Admin\ltrator. 

2.2.5 Oraduated Cylinder and/or B&l• 
ance. To mes.sure condensed wa.ur to .-tthln 
1 ml or l r. Oraduated erlinderl •hall hue 

,. 
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subdlvlsloru no CTeat.er than 2 ml. Most lab
ore.tory balances are capable of welchlne to 
the nearest 0.5 r or Jess. Any ot these b&J
anccs Is 1ult&ble for uae here and In Section 
2.3.{. ' 

2.2.4 Plutlc Stora1re Containers. Air 
Ueht cont.alners to store 11Uca eel. 

2.2.'1 Funnel and Rubber Policeman. To 
aid In transfer or silica eel to container: not 
neceasary If silica. cel Is wetehed In the field. 

2.2.8 Funnel. Olass or polyethylene, to 
aid ln nmJ>le recover:,. 

2.3 Analysis. 
2.3.l Glass Welghlne DI.shes. 
2.3.2 Desiccator. 
2.3.3 AnAl.ytlcal Balance. To meuure t.o 

wtthtn 0.1 me. 
2.3.t Bala.nee. To mleUure to within 0.5 

me. 
2.3.5 Beakers. 250 ml. 
2.3.4 Hycrometer. To meuure the rela

t.tve humidity of the laboratory envtron
menL 

2.3.'1 Tem~i:ature Oauee. To measure 
the temperature of the "laboratory en,iror. 
menL 

3. Recii,enu. 
3.1 Sampllne. 
3.1.1 F\lters. The ln-1t.ack tlltera ih&ll be 

elu.s mat.a or thtmble fiber filters. without· 
Ol"'Canlc blr.ders. and shall exhibit at least 
911.95 percent e!flclency C00.05 percent pene
t.rattonl on 0.3 micron dioctyl phth&JaLe 
smoke parUcles. The tut.er eteldency tests 
shall be conducted 1n accordance with 
ASTM at.&ndard method D 2986-'11. Te.st 
data !rom tbe 1uppller'1 quality control pro
anm·are ,wflclent for this purpose. 

l 3.1.2 Silica OeL lndie&tlnc type, S- to IS
I mesh. tf previously uaed, dry &t 1'15' C <350" 

•1 F> !or 2 hOW"L New silica eel ma.y be used u 
received. AJtemaUvely, other types of deslc: 
cant& Cequlnlent or better> mat be used, · 

; subJect to the t.pproval o! the Admi.nl.stra
! Lor. •I 3.1.3 Cruahed Ice. . 

3.U Stopcock Grease. Acetone-lnsQluble,Ibeat-st.able 1Ulcone snue. This ts not nee
' essary U screw-on connectors w:lth Tenon 
l sleeve&; or almllar, are Uled. AltemaUvely, 
, other t.ypea of at,opcoclt creue ma, be u.~d, 
' subJect to the approval of the AdmlnL•tra-

tor. 
3.2 Sample Recovery, Acetone, rea.cen&.. 

,n.de, 00.001 percent residue. In &Lau bot• 
ties. Acetone from metal cont&lnera ceneral
ly hu a hleh residue blank L"ld 1hould not 
be used. Somettmes. auppllera t.n.n.sfer &e• 
etone to rlus botUes from metal cont&iners. 
Th1111. ac-etone blanu shall be run prior to 
field use t.nd only acetone with low blt.nk 
uiueli <00.001 pcrttnt> &hall 6; U."<•d. in no 
«-11."'' shall a blank \"&lue or ~n·:ih·r than 
0.001 J)f'n:ent of the ,.,el1ht of &C'f'tone 11ac:d 
bt' subtra<"tl"d from the sample wt•h:ht. 

3.3 Analysis. 
3.3.f Al'etone. S&me as 3.2. 

3.3.2 Ot'slrclUIL Anhydrous cAklum Sill• 
fate. lndtcalln1 l)·pe. Allemallvt'IY, other 
type., of desiccants may be used, subject to 
the r,pproval of the Ac1mlnLstrator. 

4. Proccd:urc. 
t.l Sampling. The complcxilY or_ this 

melhod ls such that. In order to obtAln rell• 
ablr results, testers should be trained and 
ex~rlenced with the test procedures. 

t.1.1 Pretest PreparaUon. All compo
nents aha.JI be ma.tntalned and et.llbratcd &e• 
cordlnc to the procedure described. In 
A.PTD-05'16. unlesa otherwlse s;>ecltled 
herein. 

Wel&h several 200 Lo 300 1 port.Ions or I 
11llca gel In a1r-t.11ht containers to the near• , 
est 0.5 1. Record the total weight of the 1 
silica eel plus container, on each container. I ' 

• kl an altemallve. the silica eel need not be I 
preweished, but may be welshed directly In 
Its lmplnetrr or sa.mplin1 holder Just prior to 
train &S5cmbly. I 

Check filters vlsually &&a.inst !lahL Cor Ir• 1 
recularttics and naws or . .:>lnhel.tl It'll.Its. ! 
Label fllten of the proper size on the back 
side nea.r the edge uslnr numbf>rtng ma
chine Ink. kl an &ltematlve, label the shlP· 
pine containers <rl&.$$ or pJa.stic petri di.shes> 
and k~p the filters In these containers at 
all times except durinc umpllnr and wclrh· 
1nc. 

Desiccate the lilt.en at 202:5.11' C (68~ 10· 
F> and ambient pressure for at least 24 
houra and welrh at lnterva.ls of at least 4 
hours to a constant wel;:ht, l.r., 00.5 m11 , 
chance from pre,1ous weiirhlnr. record re• 
suits to the nearest 0.1 me. Durln1 each 
wel1hlnc the filter must not be exposed to 
the laboratory atmosphere for a Period 
creater than 2 minutes and a relative hu• 
mldlty above 50 :,ereenL Altema.tlvely 
<unirss otherwise s-r~c!f!l!d !>~• •.:-,e AJrr.!nill• 
tra.ton. the fillers m:iy be on•n 1riPc1 :.t 105' 
C (~20' Fl for 2. to 3 hours. desi.-:ca.ted !or 2 
hours. and v,ei1h.,1d. Procedures other than 
those described. which account !or relative 
humidity eflecta. n::i.y be used, subject to 
the appronl o! the Administrator. 

4.1.2 Preliminary Determinations. Select 
the u.mpllne site and the minimum number 
of ltl\!'!lplin~ points arrorc!;:-i-:: l'"! ~~<'!~7 ~ 1 'l:" 
u specified by the A4minisLraLor. Make a 
·profec"ted-arel- mode.I of Uie probe exten• 
11on-CIU.er holder assembly, w:l~h the pltot · 
tube face openlnp positioned alone the cen
terllrie of the stack. u ahown lD F\cure 17-2. 
C&lculate the estlma.ted CT'Oll-aC<:Uon block· 
ace. as shown ln F\cure 1'1-2. I! the bloct.ace 
exeeeds 5 percent of the duct'~ secUonaJ 
area. the tester hu the followtnr opuom: 
CJ> a suitable out-of-slll.ek rmrr.t1?n ~ethod · 
may be used instead of ln•sladt filtration; or , 
<2> a special ln-st.&ck un.neement, In which 
\he sampllnr and velocity measurement 
sites are separate, may be used; for del&lll 
concemtne thls approach. consult with the 

.Administrator <see also CJL&Uon 1~ ln Sec-

i 
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tlon '7>. Determine the stack pre£Sure. tem
perature. and the Tillie or velo.:lty he&ds 
mln11 Method 2: It ls recommended th1.t a 
le&lt-check 'll the pltot llnea <see Method 2 
Section 3.1> be performed. Determine th~ 
moisture • content usln1 Approximation 
Method 4 or Its tJtemaUves for the purpose 
or makinc lsoklnetlc sampllnc note settings. 
Determine the stack cas dry molecular 
Weicht. u described In Method 2. Section 
:u~ If lnteuated Method 3 sampllnr Is used 
for molecular wei1ht det.ennlnaUon, the ln
tQrated bac sample shtJI be ta.ken simulta
neously with, and for the same total lenrth 
of llmt! u. l>?e pa.•·tlcular sample run. 

Select· • ll(J7;1.le sl?.e based on the ranee ol 
velocity heads. such that It Is not necessary 
to chanee the nozzle stu In order to main•. 
taln lsoktnetlc sampllnr r&tes. Dunne the 
nin. do not char\&C the n01.Zle 11zr. Ensure 
that the proper differential prelS\lre 1au1e 
b chosen rotthe ranee or velocity .heads en• 
countered <see Section 2.2 or Method 2). 

Select a probe extension length such that 
all traverse points can be s&mpled. Fe: lar~e 
stacks. con.sider nmpllnc from opposite 
■ Idea or the st&ck to reduce the length of 
probes. 

Select a total sampllnr time !!T"'ll.ter th&n 
or equal to the minimum total sampling 
time spf!Clfled In the test procedures fOI" the 
apeclflc-industry such tha.t <1> the sampltnr 
Un,e per point Is not less than 2 mi.'\utcs tor 
some creater tL-ne Interval If specified by 
the Administrator>. and <2> the 11.mple 
volume taken <corrected to standard condl• 
ttons> will exceed the required minimum 
total cas sample volume. The la.tter Is based 
on an &pprox!mate &vera.ce sa.mplinc rate. 

Jt Ls recommended that the number or· 
Jnlnutes sa.mpled &t each point be an lnterer 
or &n lnteiier plus one-h&l( minuLe, In order 
to &void tlmekeeplnr errors. 

In some circ:um.~tances, e.g., bat.ch C)'Cles. 
It may be r.ecessar)' to sample for shoner 
times &t the traverse points and to obtain 
smaller ca.s s&mple volumes. In these cases. 
the Admlnlstra.t.or'a approv&l must first be 
Obtained. 

4.1.3 Prepa.rat.lon of Collect.Ion Train. 
· Durtnc prepa.ra.Uon and usembly of the 

a.mpllnc traJn. keep all openings whl're con• 
t&minallon Cl'.n occur co\·cred unlil Jusl 
Prior to assembly or until 1&m1>lln1 Is about 
t.o t>ertn. 

U tmplncers are used to conden&e stack 
ru moLsture, prepue them u follows: place · 
100 ml of water In ea.ch of the first two Im•· 
Pincers. lea.ve the third tmplnrer empty, 
a.nd t~fer &pproxim&tely 200 to 300 11 of 
prl'Welehed silica. 1el rrom It.a container to 
the fourth lmptn1er. More alllca rel m11y be 
usN!, but care should be ta.ken to ensure 
lhat ll Is not entrained and carrlt>d out from 
U1e lmplncer durln1 samplli\11. Pl&ce I.he 
container In a. clean place tor later use ta. 
Use a&mple recovery. Altematlvely, the 

welrht or the slllca 1er plus (mpln1er may 
be determined to the ncarl"st O.~ e 11.nd re
corded. 

It some means other than lmptn1era ta· 
~ed to condense moisture. prep(re the con
denser land. I! a.pproprlate, ..silica rel tor 
condenser outlet> !or use. 

Usln1 a tweezer or clean dlsp(isable"surin• 
ea.J 1loves. place a l~led <identt:~~d>_ and I 
..-c!ehcd flltcr•in the filter huldrr. Ue sure 1· 

that the Cllter Is properly c-entrred and the , 
. ca.sket properly placed 10 as not to allow the i 
,ample sru 5ttl"a.m to clrcumv<'nt the mt.er.! • 
Check Clltc:r for tears a.Cll"r L-..o;cmt:ty ~ com- i 
pleted. M&rk the probe extcnslc,ri with heat , 
rcsista.nt tape or by .1ome other method to J 

•denote. the proper dlst&nce Into the ,tacit or I 
duet for each 11.mpllnr polnL 

Aaemble the train a.s In Flrure 17-1, uatnr I , 
a very JICht coat of silicone STCa.se on a.U ! 
rround &lass Joints and creastnr only the 
outer portion <see APTD-0518> to a.voJd pos
albllity of contamination by the 1Hleone 
rreue. Place crushed Ice around the lm• 
ptnrers. 

•.1.4 Leak Check Procedu.f'es. --
4.1• ._1 Pretest Leak-Check. A pretest 

le"k<hedt Is recommtnded. but not re
. Quired. If the tester opts to conduct the pre
test lea.k-check. the Collowtnr procedure 
1h&ll be used. 

After the umpllnc lra.ln hu been usem- : 
bled, plu1 the Inlet to the probe nou.le with; 
a material that will be a.ble to with.stand the I 
ata.ck temperature. In&ert the Cllter holder.. 
Into the stack and ..-a.lt approxlma.tcly 5 1 

minutes (or lon,er. If necessary! to tJlow 
the system to come to eQulllbrlum with the 
temperature or the st.a.cit ru stre&m. Tum 
on the pump and dra.w a. va.cuum of at leut 
:S80 mm· He <15 In. Hr>: note that a 10111,·er 
·ncuum may be uaed. provided th&t It la not 
exc:eeded durtnr the test. Determine the 
leakage rate. A !eal(.age rate in exct-""' oC -I 
percent of the 1Lverage sampllni rai..e or 
0.0005'7 m•/mln. <0.02 cfm>. 111,•hlchever Is 
less. Is unaccc-pta.ble. 

The (ollowlne lea.k-check tnstructlons for 
the umpltn1 tra.ln described In APTD-05'78 
and APn.1-0581 ma.y be helpful. Start t.he 

· pump with by-pus valve fully open a.nd 
coarse adJust valve completely closed. Par
tially open the couse a.diU•L \·::.:·.-~ • .:.::i 
itowty close the by-pa.ss valve until the de• 
sired vacuum Is reached. Do not reverse di· 
rectlon of by-pus valve. If the desired 
ncuum II exceeded, either lca.k-checlt &&. 
thla hich<'r vacuum or end the lta.k-check u 
shown below and start over. 

When the lea.Jt-check Is completed. flnt 
slc9,•ty remove the plu1 frorri the inlet to the 
probe nozzle and immediately tum o!f the 
Y&cuum pump. This prc\·cn!.S •v,a~er from 
belnr forced b.ckward and keeps silica eel 
from betn1 entra.tned backward. 

4.1.4.2 Lea.k-Checks Durin1 Sample Run. 
.If. durln1 the sa.mpllnc run._ a. componrnt 
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,, 
Te.,:. filter assembly or lmplngcrl ch&ngc be· 
comes necessary, a lea.k-<:heclt shl.ll be con• 
dueled lmmedia.tely before the change Is 
made. The lea.k~neck Shi.II be done accord• 
Inc to the- procedure oulllned In Section 
4.1.4.1 above. except lha.t It sha.11 be done at 
a vacuum equal to or 1rcater than lhc maxi• · 
mum value recorded up to lhat point In Lhe 

' l.esL It the lealtage rate Is found to be no 
creat.r.r than 0.00051 m•/mln l0.02 cfm> or 4 
percent of the average aampllnc rate 
<whichever ls less>, the ttsulta are accept.
able. a.nd no correction will need to be ap. 
i,tled to the total volume of dry ru metered; 
U. however, a hhihr.r leakage rate Is ob- . 
talncd, the test.er shall eiLher record Lhe 
lealtqe rate and pla.n to COITect the sample 
volume u ahown in Section 11.3 of \his 
method. or ahaU void the IIJ'IU)lmc run. 

Immediately after component chui,es, 
Jealt-checka are optional; 1f such leak-checks 
are done, the procedure outlined In Section 
4.1.4.l above ahall be used. 

U.4.3 Post-Teat Lea.It-Check. A Je&k• 
check ls mandatory i.t t.he conclus•on of 
each u.mpllnc run. The leak-check sball be 
done In accordance with the procedures out
Jlned In SecUon 4.1.4.1, except that It shall 
be conducted at a vacuum equ&J to or 1Te&t• 
er than the maxim.um value rcacncd durinr 
the sampUnc run. If the leakace rate Is 
found to be no ~at.er tha.n 0.0005'1 m • /min 
l0.02 cfm> or 4 percent or the averare sun• 
pllnc rat.e <whichever ls less>, the results a.re 
acceptable, and no COrTectlon need be ap.. 
plied to the total volume of dry 1u metered.· 
Ir. hq_wever, a hl&her leu.ace nu 1s ob
t.a.lnett the tester -shall either record the· 
le&ltlLC'e rate and correct the sample volume 
u shown In Section 6.3 of this method, or 
ahall Yold the umpllne run. 

4.1.5 Pa.rt.lcula.t.e Train Operation. 
Durtng the u.mpllni run. maint.aln a. sazn. 
plln~ rate such th::it nm;llini Is ..-1thln 10 
percent o( true lsci(.inetic. unless otherwise 
al)f'Clfled by the Admlnlstrator. 

For each run. record the dau. required on 
the example data sheet shown in Ficure 1'1-
3. Be sure to record the lnlU&J dry caa meter 
readlns. Record the dry gu met.er readlncs 
a.t the begtnnlnc a.nd end of each 1amplln1 
Ume lnCTement, when chances in now rat.es 
are made. before and after each Jeu checlt, 
and when aamplinc ls halt.ed. Tt.ke other 
readinp required by Fl&'W'e 1'1-3 at leaat 
once l.t each u.rnple point durinc each time
lnM'f'fflent and additional readlncs when ale• 
nlficant. chances <20 percent. variation In ft• 
loclty head readlnp > necessitate additional 
adJustmenta In no" rue. Level and zero the 
manometer. Dcca1ac the manometer level 
and zero may drift due to vlbn.Uona and 
temperature chances, make periodic checks 
durlnc the travene. 
Clnn the portholes prior to U1e i,,,.l run

;to minhnw- the cha.nee of sampltnc the de• 
posllA'd ma.tnlal. To bccln aarnplln1. remove_. 
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the n07.7.IC cap And nrtry lhllL the pltot tube
and probe extension are properly posl• 
t.loned. Position the nozzle a.t the rlrst tra, 
verse point with the tip pointing directly 
lnt.o the 1u stream.. ImmedLa.te.ly start the 
pump and adjust the Oow to lsoklnf'llC con• 
cUtlons. Nomograplu. a.re avalla.blc, 'l&·hlreh 
aid In the rapid adJustmt'nt t.o tht> lsoklnrtlc 
siunpllng rate 'l&·lthout exccssh·e t'ompula• 
uons. These nomoitn,phs a.re desL~t!'C.I (or 
use when the Type S plt.ot tube coefficient 
Is 0.85%0.02, and the slack II.I eQUl\"al~•nt 
density <dry moll'Cular vel&hU Is equal to 
29:i:4. APTD-0576 det&lls the procedure for 
using lhe nomographs. I! c. a.nd M. are out• I 
side the a.bove slated ran11cs, do not use the 1 
nomocraphs unless appropriat.e 1tepa <see 1 
Citation '1 in secuon '1 > a.re ta.ken t.o com• I 
pensate for the deviations. , 

When the at.ack Is under sirnlllcant ne1a• 
th·e pressure <helcht or lmplnger st.cm>. \ 
take ca.re to close the coane &dJust ,vah·e 
before lnsertln1t Lhe prohe exte~,;lon A.-..-wm• I 
bl)• Into the stack to prevent "1tcr from 1 
bclni. fon:ed backward. Ir necessarY, the ! 
pump miiy be turned on· with t.11•• coarse i 
adjust valve cloled. . I 

Whcn the probe ls In position. block or! 
the openlncs a.ro1,nd the probe and porthole 
to prevent unrepresentative dilution of the , 
casstrea.rn. 

Traverse the staclr. cross sect.Ion. as re 1
quired by Met.hod 1 or as speclflcd by the 
Admlnistra.tor, b«:lnc careful not t.o bump 
the probe ncn:zle lnt.o the staek walls when 
sampling ne:u- the wells or when removing 
or Inserting the probe exter.:iicn throui:h 
the portholes, to minimize chance of ex• 
tractinc deposlt.ed material. 

During the test run. talte appropriate 
steps <e.g., addlnc crushed Ice to the Im• 
plneer lee bath> to maintain a temperature 
of less than 20' C <li8' F> at the condenser 
oullet: this will ;>rc\·cnt exce~i-•e :no!.,tu:-1' 
los.<;es. Also. periodical!}· chccic. the ,e, el r..nd , 
zero of the manometer. 

If t.he. pressure drop across the filter be· 
comes too high. ma.kins: tsoklnctlc sampllnai 

. difficult to maintain. the mt.er may be re
plar.ed In the mldlt of • sample run. It ls 
ncommended t.hat a.not.her complete mter 
holder a.ssemblf be used rather th&n at• 
ll~mpl!n,; to chan~c thr (L!trr !t.<rlf. ~ftr-:r~ , 
new (liter holder Is Installed, conduc~ a leak 
check. u outlined In Section 4.1.4.2. The , 
total particulate welcht shall include the 
summation of all flit.er assembly catches. ' 

. A sln&le train ahall be used for Uie entire 
sample run. except In cases where stmulta- . 
neous siimpllnc Is required In two or more 
separate duct..s or at t'l&'O or more dif(erent · 
locations within the aame duct, or. In CAMI . 

· ,r.•hcre equipment fa.llure neces.-.itates a ' 
chance of trains. In all other situations. the i 
use of two or more trains 11,ill be subJ~t to 
thP approv11.I of the Admlni£tn.tor. No~, 

• 11::,,. ,. lwn c.v.·<• or more tr1Llns a~,· ,.,.. J. a i 

J 
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llt, I• u•pante &natyst.s of the· collected pa,Ucu
~a.te from f'&eh tr&in shall be performed, 

11 unlc-:is Identical no1.:z.le sizes v:ere used on all 
trains. In 11.·hlch ca.se the p&rLlculaU catches 
from lhf' Individual trains may t.e combined·11 
and a 11ingh.i analysis perlormed. 

Al the end o{ the sample run. tum off the 
pump, remove the probe extension assembly· 
from the ,tack. &nd record the final dry gu 
meter re&dlng. Perform a leak-cheek, as out• 
lined ln Section t.1.4.3. Also, lc&k-check the 
pitot lines· u described ln Section 3.r ·or 
Method 2; the lines must PASS lbls IC'l.k• 
check. In order to nlld&te the vt'locity· head 
data. 

t.1.e C&lculatlon of Pc-rt'f'nt. l~lnrtk'. 
Caleull\l.c• ,wrcrnt L"uklnrtk (SN" :-if'<"llon 
6.111 to determine 11.·hether anothf'r t.est run 
should be made. Ir there b dlffK'Ulty In 
maintaining Lsoklnellc rates due t.o source 
condltlom. consua with the AdmlnL~tr&tor 
for possible variance on the isok.lM'tlr rates. 

t.2 S~:,le Re-covery. ProPf'r rlf'anup 
pr'O<'edure b(oglns u soon L~ U1e probe ,·x• 

· tension a.ssrmbly la removed from the stack 
at the end or the aarnpling period. Allow the 
assembly to cool. 

When the assembly can be safely handled, 
wipe oU all external pa.rt.lculate matter near 
the tip of the probe nozzle and place a ca.p 
over It to prevent losing or r&inina pa.rt.icu
)ate matter. Do not c&p ore the probe Up 
llahUy whUe the sampllnf train Is coolinr 
down as this would create & vacuum in the 
mter holder, forcinc condenser water back• 
wa.rd. 

Before movtnt the Ample 1.raln to the 
cle&nup site, disconnect the filter holder-· 
probe nozzle &SS('fflt,ly from lhe probe ex-
1.enslon; e&p the open Inlet of the probe ex
tension. Be careful not to lose any conden• 
Ate, U presenL Remove the umbUic&l cord 
from the condenser outlet and cap the 
oullet. tr & nexiblt' line Is usrd bt-tW<-t'n the 
Llrst lm;,lnrer Cor condenser> and Lhe probe 
extension. disconnect the line at the probe 
extension &nd let &ny condensed ,·&ter or 
liquid dnJn Into the lmplncers or N>ndens
er. DLsconnec:t the probe extension from the 
ccindenaer; C&P the probe ext.enalon outleL 
Afur wti>tna olf the 1tllcone rreur. e&P off 
the condenser lnleL Ground rlus stoppers, 
pla.stlc c&ps. or serum e&ps (9.•hichever &re 
appropriate> may be used to dose these 
openlncs. 

Transfer both the filter holder-probe 
nozzle assembly &nd the condenser to the 
cle&nu1,area.. This area should be clean a.nd 
prote-cted from the wind so th&t the chances 
of contamm&Unc or_ loslns the sample will 
be mlnlmlud. 

Save a portion cif the acetone used for 
clt'&nup as a blank. Take 200 ml ol this &e· 
etone directly from the wash botUe beinc 
used and place It In a rlus S&mple container 
labeled •·acetone bl&nk." 

Inspect the tr&ln prior to &nd durinr dis• 
Lqembly and note IU'.\Y abnorm&l c:ondiUona. 

·Treat the samples as iollows: 
Container No. l. Ca.refully remove the 

filter from the (liter holder &nd plM:e It In 
Its 1dentlfled petri dish container. U&e a pa.1r 
of tweezers and/or cle.an dlspo&&ble ,ur~le&I 
cloves to handle the filter. U It ·l:i neces.ury 
to fold the (liter, do so such th&tJ.he Pa.rtlc• 
ulale cake ls Inside the Cold. C&refuJly traru• 
fer to the petri di.sh &nY p&rtlcul&te matter 
&nd/or filter fibers which adhere Lo the 
1111.er· holder ra.sk.et, by uslnr a dry Nylon 
bristle brush and/or a sh1.11>-edred blade. 
Seal the cont&iner. 

Conta(ner No. z. Taklnr cue to see that 
dusl un the ouL~lde of the prol:'e notzlc or 
other exterior surfaces does not ret Into the 
sample. qua.nt.lt&llvely recover p&rtlc-ula.te 
matte:- or &nY condensate from the prube 
nonle, nttlnr. &nd front half or thf' filter 
holder by washinr these components with 
acetone and pla.clnr the wash In & 1lass con• 
talner. Dlstllled w&ter may be used lfl\le&d 
of acetone when approved by the AdmlnLs· 
trator and shall be used when specified by 
the Admlnlstr&tor: In these cues. save a 
water blank and follow Adnunt.stra&.or's di• 
rectlons on &n&h·sls. Per(onn lhe &ectone 
rinses u follows: 

Ca.n•fully remove the probe nozzle and 
clean the Inside surface by rtnslnr with &e• 
f'tone from a. wa.~h botll!! and brushlhc with 
a N)'lun brLsllc brui-h. Brush until &ectone 
rinse shov,s no vi.Sible pa.rticles, after which 
m&ke a final rinse of the Inside 1urf&ee with 
acetone. 

Brush and rinse with &eetone the Ir.side 
parts of I.hf' flttlnc in & slmll&r way until no 
vt.slble i,&rtlcles nm&ln. A runnel <class or 
poJyel.hylt•ne) may be u5cd to aid 1n trans• 
terrine liquid washes to the container. Rinse 
the brush with a.cetone &nd qua.ntltatlvely 
collect lht" washings In the s&mple con• 
ta.Iner. Dttwecn samplinc runa. keep 
brushes clea.n a.nd protected from cont:a.-na• 

. na.tion. 
After ensurln1 that all Joint.a &re wiped , 

clean or alllcone rrease <If applle&ble>, cle&n I 
the inside or I.he front half or the filter 
holdc-r by n1bbln1 the surra.ces '111th a Nylon I 
bristle brush t.nd · rt.nslnc '111th acetone. 

• Rinse each surface three Umea or more U 1 
needed lo remo\·e visible particulate. Make.: 
Canal rinse or the brush and tilter ho,;;;;r. 
After all a.t't'lonc washlnrs &nd putlcul1.t.e · 
matter are collected In the sample contaln· ; 
er, UrhLen the lld on the sample container 
so th&t acetone will not leak out when lt ls 

· shipped to the laboratory. Mark the helcht 
ol the nuld level to determine whether or 
not. lealcue occurred durinc transport. 
Label the contatner to clearly ldentUy its 
contents. 

Contahter No. J. 1f alllca rel ls used In the . 
condenser system for moslture content de• • 
termin&tlon. note the color ol the eel to de• ; 
t.ermine lt It has been completely spent:; 
make a not&Uon of Its condlUon. Tn.nsterj 
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I• the silica gel ba.ck to It& original container 
and seal. A funnel may make it easter lo 
pour the silica 1el without s::>llllns. and a 
rubber poltcem1.n may be used as an aid 1n 
removing the silica eel. ll ls not MCeSATY lo 
remove the small amount oC dust particles 
lha.t may adhere to the walls and att dUfl• 
cult to r.-move. Since the gain In wel1ht la to 
be usl'd for moisture calculaLlona. do not u.se 
any water or other liquids to transfer the 
alllc-a eel. Ir a balance ls available In the 
field. follow the procedure for Cont&lner 
No. 3 under "Analy~ls."

Cond,nscr Waler. Treat the condenser or 
lmpmecr w1.ter u follows: make • nol&tlon 
of a.ny color or film In the liquid catch. Me&• 
sure the liquid volume t.o within :t 1 ml by 
using a 1raduated cylinder or. If a bala.nce la 
avallable, determine the liquid wetcht to 
wtLhln :t 0.5 rt. Record the toLal YOlume or 
weh,cht. of liquid present. Thia Information Is 
required to calculate the moisture content. 

 
of the emuent cu. Discard the liquid aft.er 
mcuurlnc a.nd recordlnc the Yolume or 
welchL 

4.3 Analy5ls. Record the data reciulred on 
the example she-et ahown In Plcure 17-4. 

 }Ia.ndle ea.ch sample container as follows:
Container No. 1. Leave the contents In the 

ahlpplnc contAlner or t:-ansfN the filter and
1.ny loose parUculate from the sample con-
talner to a tared clL'IS welchtnc dish. Desic
cate tor 24 hours ln a C:eslccator c:omainlnC 
anhydrou.~ c:a.lclum su,fa.te. Wetch to a con
stant weicht a.nd report the results to the 
nearest 0.1 me. For purposes or this Sect.Ion. 
4.3, the term "cons~t we!cht" means a dl!
(erf!llce of no· more than 0.5 me or 1 percent 
of tot.al weltht less tare welrht. whichever Ls 
rrea.ter. belwe-en two consecutlYe wrishinrs. 
with no less than e hc.urs of desk:catlon 
Ume between welehlngs. 

Altrmatlvcly, the sunple maJ be oven 
dried 1.l the 1.verage st~lt tem;>erature or

--
105' ·c ,220· Fl. Whl.:he\·er b less, for 2 to 3 
hours. cooled In the desiccator. and wei1hed
t.o a constant wet1ht. unJeas otbel'wise spect. 

fled by .t.he Admlnlstrator. Tbe cater ma.y
also opt to oven dry the sample at the a•er
ace stack temperature or 105" C c220• F>,

... i-,lchrw-r -~ ·-· !o~ ·2 to 3 houn....,liri ~h
sample. &nd we thl.t welcht u a fina
~lehL

(..'unlat,;,-r No. Z. ·Noll' t;,, il!ftl of Uquld in
the container and confirm on I.he analysts
aheet whether or not leaJtace occurred

•durlnc transport. I! a noticeable &mount of
1t-11.k11.1e hu occurred. either -rold the sample
c-r use methods, s111>Ject to the approvai of

•the Admlnl.strator • .o correct the final re
"ult.s. Ml'uure thr liquid In this container
t•ithl'r volumetrlcl.lly to :tl mJ or cravime
lrlcaUy t.o :t0.5 c. Transfer the content.s to a
tared 250-ml beaker and eva.ponte to dry

.ness at ambient temperature and pressure.
L>eslccate tor 24 hours &."'ld weldl to a con-
111ant wel1hL Report the rt'Sulta to the near-
1•,;t 0.1 me. 

Contah1er No. J. This atep ma:r be con
ducted In the !leld. Welsh the spent silica
•rt tor silica 1el plus lmptncerJ to the near

. ,•st 0.5 g usin& a balL'lce. 
··Acrton·«- Blank"" Co:itcinu. Meuure ac

ew11r In this container either YOlumeLrtce.lly 
or 1mwlmetrlcl.lly. Tn.nsfer the acetone to 1. 

tu~d 25(!-ml bt:&ller &11d en;:o:au t.o dry-

•
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ne£S at ari,blent temperature and pressure. 
. Desiccate tor 24 hours and weleh to 1. con• 
at.Ant wel&ht. Report the result.a to the near- . 
est d.1 me. 

Non.-At the opUon of the- tester, the 
contents of Conl&lner No. 2 u ?£!!11 u" the 
acetone blank container may be evaporated 
at temperatures hl1her than amblenL I( 
ev1.porat1on ts done at an elevated tempera, 
ture, t.he temperature must be below the 
bollln1 point of the solvent; t.Lso, t.o prevent. 
'"bumpln&."' the evaporation process must be 
closely supervised, and the content.a of t.he 
be&ller must be aw1rled occasionally t.o 
maintain an even temperature. Use extreme 
care, u ac<"t.one ta hl1hly flammable and 
bu a low Oa.sh poinc.. 

5. CalibrattoJt. Maintain a laboratory loc •
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of all calibrations. 
5.1 Probe Nozzle. Probe nou.les shall be 

calibrated before their Initial use In' the 
field. Uslnc a micrometer, me~ure the 
Inside diameter o( t.he nozzle to the n!a.rest. 
0.025 mm c0.001 In.>. Make Uiree_.u?parat.e 
mea.surements usln1 different diametcn 
each Ume, 1.nd obtain the avcrue of the I
mca.surement.s. The dlf(erence between the I
hi,:h and low numbers shall not exceed 0.1 

1mm (0.004 In.>. When nozzles become ,
nicked. dented, or corroded. they shall be 1
.reshaped, sharpened. and recalibrated 1
before use. Ea.ch nozzle shall be permanent- I
ly and uniquely Identified. 

5.2 Pilot Tube. If the pltot tube ls placed I
In an interference-tree uranrement w\th re-
apect t.o the other probe assembly compo. 
cent..s. lt..s baseline <Isolated tube> coerflcient. 
&hall be detcrmlnl'd u outlined In Sect.Ion 4 
ot Method 2. If t.he probe assembly Is not In• 
terference-tree, the pltot tube assembly co-
etnclent shall be determined by calibration. 
using methods subject. to the 1.pprova.l of 
the Admlmstn.tor. 

5.3 Met.erlne System. Before Its Initial 
use tn the field. the met.erlnc system shall 
be .calibrated accordlnc to the procedure 
ouUlned In APTD-0570. Instead of physical• 
ly adjust.Inc the dry cu meter dial rel.dines 
to correspond to the wet test met.er read• 
Ines, calibration factors may be used to 
mathem&tlca.Uy correct the 1a.s meter dial 
rel.dines t.o the proper values. 

Before callbruttnc the met.ertnc system. It
ls sucrested that a leak-check be conduel.ed. 
For met.ertnc systems havtn1 dlaphr&r.n 
pumps. the normal leak-check procedure 
wW not detect lealtacea Within the pump. 
For these cues th~ followlnc leak-check 
.Procedure Is 1uesest.ed: make a 10-mlnut.e 
calibration· run at 0.00057 m•/mln l0.02 
cfm>: at the end of the run. lake the dtrfer
ence ot the meuured wet wt meter and 
dry cu meter volumes: divide the difference 
by 10. to ret the lea.It rate. The lealt n.t.e 
should not exceed- 0.00057 m•/mln <O.O:a 
cfm>. 

.. 
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.. 
Ail.er each field use. th~ callbraUon o! the 

metertna sy.stem shall be checked by per• 
fonnln1 three calibration runs Ill a slncle, 
lntenncdla.tc orUlce sclllna <based on the 
previous field test>, with the ncuum set at 
the ma.xlmum va.lue reached durlns.the test 
~rlcs. To a.dJust the va.cuum, Insert a valve 
between the wet teat meter and the lnlet of 
the meterln& system. Calculate the averare 
n.lue of the calibration !a.et.or. If the C&ll• 
brallon has chanced by more than 5 per
cent, reca.llbrate the meter over the full 
ranee of orifice aettlnp. u outlined In 
APTD--05'16. · 

AltemaUve procedures. e.a.. ustna the orl• 
nee meter coeftlcient.s, may be uaecl. subject 
to the approval of the Adminlstruor. 

NOTL-11 the dry cu meter coefficient 
valuea obt.ained before and after a test1

• series differ :,y more than 5 percent, .the 
•1· teat series shall either be voided. or c&lc\ll&• 

Uons tor the teat aeries .shall be performed 
uslnr whichever meter coe!tldent value 

, (I.e.• before or a.II.er> ctves the lower va..ue c! 
I tot.al aample volume. 

5.4 Temperature Gaurea. Uae &be proce•I. dure In Section (.3 or Method 2 io calibrate 
ln-at.ac!r. temperature ca.ures. Dial Ulermom• 
eters, such u &re used tor the dry au meter · 
and condenser outlet. sha.11 be calibrated 
aca.lnst mercuTY•ln•rlJ.ss thermometen. 

5.5 Le&lt Check or Meterin& System 
Shown tn Firure l'l-1. That portion or the 
sampling train 1rom the pump io the orlflee 
meter should be lea.It checked pr.or to Initial 
use and alter ea.ch 1hlpment. l.,eaka.fe alter : 
the pump will reault In less volume beln& re- • 
corded than ls a.etua.lly aa.mpled. Tbe fo11ow-
1nc procl!dure Is sunt>.sted (see Plsure 1'1-Sl. · 
Close the matn valve on the meter box. 
Insert a one-hole rubber ,~r With 
rubber tubing atta.ched Into the orlllc,e ex• . 
hau.st pipe. DL;cor..nect a.nd vent the low side 
of the orttice manometer. Close off the low 
side ort!lce tap. Pres.surtu the sp&em to 13 , 
to 18 cm <5 to 'I tn.> wa.t.er column by blow
Ina Into the nsbber tubina. Plncb orr the 
t.ubinr a.nd observe the ma.nomeeer for one 
minute. A loss of pressure on the mano
meter Indicates a leak In the meter box; 
lea.ks. If present. must be corrrctNL 

S.6 · Barometer. Calibrate &&&Ins& a mer• 
cury barometer. 

e. Catrul.2tion,. Carry out. calcul&Uon.s, re• 
talnlnte a&. leut one extra dt'Cim&l liitUrc 
beyond tnat or the acquired data. Round off 
figure.1 a.!ter the fin&! c:alculauon.. Other 
fom11 of the equations may be used as. lone 
as the)' ttlve CQulvalent result.I. 

6.1 Nomenclature. 
A•• Cross•sf'CUonal a.re• of nozzle. m• (ft•t. 
o_. Wat.er vapor In the au stream. propor

tion by volume. 
c•• Act>tone blank residue COI\Cftd.ra.Uon. 

mete. 

c.-Conccntration of pl\rllcula.te ~,a~ler In 
st.ar.k ra.s. dry basl&, corrected to stlln• 
dard conditions. g/dscm <,:/dsct>. 

. I•~ttt'nt. of b;oklnetlc sa.mpllng .. 
r.L. .. Madmum accl'ptable leak.age, ra~ for 

elthf'r a. prl'tl'ist leak ch~k. or for ll leak 
chrck !ullowln& a cornponcnJ. chani:t•; 
equal to 0.0005'7 m•/mln <0.02 c,(m> or • 
l)f'rct'nt o( the a.veragr sa.rnplin1t rail', 
whichever Is l<.-ss. 

L. • lndh-ldu&I l('11.kagr rate- ob."t>rv<-d durtni: 
Lhe lea.k chrck conducted prior to the 
-,.... component cha.nee Cl• l. 2, 3 •.• n I, 
m•/min <cfml. 

L.•Lc&k&¥e rate ob.served durlnr tht' post• 
Lest leak ch,,ck. m•/mln term 1. 

m.-Total amount or particulate ma.tt<-r col• 
lec-ted. me. 

M.•Molecular .,.eight or water. ta.o etc· 
mole na.o lb/lb-mole>. 

m.•Ma.u of rmduc of acrt.one &fll'r l'\"&PQ• 

ntion.mii. 
p_ .. Ba.romt'Lric pressure at the samplin& 

siLl', mm Hg <tn. He>. 
P.•Absolute st.a.ck cu pres.sure, mm He <111. 

Ha>. _ -
P...•Sl.l\ndard a.bsolutc pressure. '160 mm 

m: t29.!12 In. He>. 
k • Idea.I ca.s constant. 0.06236 rr,111 Hc-m•/ 
· 'K·K•mole f21.85 tn. Hg,!t•/'R-lt.-molt:). 

T. •A~lutt avnage dry cu meter tl'm· 
peratun- tsel? Ficure 1'l-3l, "K ('RI. 

'.I'. ,. Absolute &Vt'r&,:e stack cu t.emr,t"rature 
<M"f' Fii:urc- l'l-31, 'K C'RI. 

T ,..•SLa.m!ard absolute temperature, 293'K 
C528'R>. 

v ... Volume of a.cetone tla.nk. ml. 
V • Volume or acct.one used In ,a.-ash. ml. 
v:.-.Total volume oC liquid collt'Cted in Im• 

pincen a.nd silica. eel <see Firure 17-4>. 
ml. 

v••Volume of cu sa.rnple u measured by 
dry gu met.f'r, dcm <dcfl. 

V-•.. Volumr of cu sample m<'MUn:d by 
thl' dry ca.s me:.er. correcl.cd to st~dard 
conditions. dscm cd.sc(I. 

v-••Volume ol wal.C'r va.por In the cu 
sami,te. COIT(!("lNi to. sta.ndard condl· 
C.lons, .snn (sc!>. 

v,•Sta.ck cu velocity, calcula.ted by Method 
2. Equation 2-9. using data obtained 
from Method l'l. m/al'C <ft/sec>. 

w•• Wrh:ht of rl'sldue 111 aeetonr •"L•h. mi::. 
Y .. On· ca.s meteor calibralior. c~Cfic1cnt. 
6H .. AvenLCe · pressure dltrerentlal across 

the ortflct' meter <aee Firure l 'l-3 >. mm 
H.O Cln. H,O>. 

, •• Dt:nsll)' of acetone, me/ml <see label on 
bottle>. 

::.•Density or •·a.ter, 0.9982 c/ml <0.002201 
lb/ml>. 

1'•Total samplint time. min. 
•• .. sampllna time Interval. from the bf-aln• 

nin,: oC a. run until the first component 
cha.nee. min. 

e,-Sa.mpllnr time inurval, bet•·een two 
su~sslve component chances. becln• 
nlng w:lth the interval between the first 
&nd second chanires. min. 

( 
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f,•Sampllni Lime lnterva.l. from lhe Cina.I 
,n.. l component cha.nit' until the end of 
lht' ~11mplln1t nan, min. 

13;&.Spcdflc gra.vll>" of mercury. 
60-Sec/mln.
lOO•Converslon to percent. 

6.2 Averaie dry ra.s met.er tffnpera.ture 
and avera.&e orifice pressure drop. See dat.a 
sheet !Figure 17-3>. 

6.3 Ory Oas Volume. Corrert lhe sample 
volume measured by lhe dry ca.s met.er to 
standud conditions (20" C, '160 mm He or 
68" F. 29.92 In. Hr> by usin& EQua.tion l'l-1.· 

Pb ♦ (AH/13.6)
• IC V Y ..::.:.•r;._,_.___ 

l • 

EQuaUon l'f-1 
where: 

K,-0.3858" K/mm Hg for metric units: 
11.6(' R/ln. Hi for Enellsh units. 

Nou:.-Equatlon l"l-1 can be used as .,Tit• 
&.en unlcss the lealtace rate obsft-ved durinc 
any o( lhe mandatory leak checks ti.e~ the 
post-test lt>ak check or lea.k checks ('Onduct• 
ed prior to component chances> exceeds L.-
1! L. or~ exceeds L.. EQuaUon 1'1-1 must be • 
modified as follows: 

<a> Case I. No component chances made 
during sampl!nl[ run. In this cue. replace 
v.. In Equ;ilion 17-1 v.1th the exprt,ssion: 

['.' .-.<L. -L.l6) 

<b I Ca.•.e II. One or more co,.nPOnenl 
changt's made dar:nit t.he samplir,r run. In 
t:lis ca.~. rrvtace v. in EQua.Uon l'f-1 by lbe
c-xpr_cuiun: 

I 

ii 

11.. 
;• 

• (L • L ) n Ip • p 

and substitute only for lho&e leakace rates 
<L. or L.> .,.hlch exeffd L.. 

6.4 Volume of water vapor. 

Yw(std) 

--.,·-

where: 

K,.0.001333 m•/ml for metric uolt.s: 0.0U07 
ft•/ml for English units. 

11.5 Moisture ConlenL 

EquaUon 1'1-3 

6.6 Acetone Blank Concentr&Uon. 

II .. C • a 
I v;-;; 

Equation l'l-4 
6.'f Ac-etone Wash Blank. --

W,•C,V..p. 
Equation 1'7-5 

6.8 Tot.al ParUculate Weicht. Determine 
the tolal particulate e&tch from the sum of 
the weights obtained from cont.alners 1 uui 
2 Jess the acetone blank <see Figure l'f-0. 

Non.-Refer to SecUon t.1.5 to assist ln 
calculation ot resulU lnvolvinr two or moN! 
ruter assemblies or two or more umpllnc 
trains. 

11.9 Particulate Concentr&Uon. 

c.•<0.001 e/me> <mJV.-> 
Equation 1'1-t 

6:10 Conversion Factors: · 

. From To NulUplJ bJ 

Id----- 111 1 0.02U2
rtn• crttt•---- 11.,,
1/fl• lb/R• l.20$,clO"' 
11ti• 11m• n.:11 

11.11 lsoklnetlc Variation. 
6.11.1 Calculation from Raw Oat.a. 

Equation l'f-'f 
where: 

K.•0.003(5( nun Hc-m•/ml-"K for metric 
unlu: 0.002669 1n. Hc-ft•tm1-·R for Enc
llsh units. 

~ 
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spheric Analysl\. American Society ror Test
Ing a.nd Mal.erla.ls. Phlla.delphla. Pa. 19'14. 
p,;,. 61'1-622. 

10. Vollaro, R. F~ Recommended Proce• 
dure lor Sample Traverses In Ducts.Smaller 
tha.n 12 Inches In Dhuneter. U.S. Environ
ment.al Proteetlon Agency, Emls.slon Mea• 
aurement Bra.nc:h. Research Trl&n&le P',rk, 
N.C. November, 19'16. 

6.11.2 C&lculatton Crom lntez:mediale 
;; Va.lur.s. 

Equ&tlon n-a 
where: 
K.• 4.320 for metric units; 0.09450 for Enc· 

llsh units. 

6.12 Acceptable Results. It 90 percent 
010110 percent, the results~ acceptable. If 
Lhe results are low ln compvilOn to the 
st.&nd&rd &nd I ls beyond lhe acceptable 
nnce, or, lf I ls le" th&n· 90 percent. the Ad• 
mlnl.str&lOr m&y opt to a.ccept the results. 
Use Citation 4 ln Sect.Ion '1 to m&lte Jude· 
ments. Otherwise, reject the results and 
repe&t the t.esL 
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Figute 17-1. Paniculate-Slfflc)ling Train, !:quipped with In-Stadt Filter. 
-' ' , 
~ 

1 

j • 
,. 
., 
,I 

1 
1 

;j 

~ 

I 



.. 
~ 

' '.,,, Metnod i 17, Continued •

...., 

.. 

SAIIPUH 
HZZLl 

STACK 
WALL 

ESTIMATED rSMAOED AR£~ • X 111 
lt.OCUGE • [ OUCT ARU 

°" 

Figure 17•2. Projec1ed-1rea model of cross-sec1ion blockage (approximate average for 
• sample travenel caused by an in-stack filter holder-probe extension ISStfflbly. 
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Method 19 

DETERMINATION OF SULFUR DIOXIDE REl10VAL EFFICIENCY AND 
PARTICULATE, SULFUR DIOXIDE ANO tHTROGEN OXIDES EMISSION RATES 

FROM ELECTRIC UTILITY STEAM GENERATORS 
(40 CFR 60, Appendix A, June 11 , 1979-}. 

L Print:ip/• and Applicability 
t.t Principl•. · 
'LU Fuel aamplet from before and 

after fuel pretreatment system• &NI 
calJec:ted and analyzed for sulfur and 
he■t content. and t:be percent sulfur 
dioxide (ng/)ou!e. lb/mlWOll BtuJ 
reduction it calculated on • dry buia. 
(Optioual Procedwe.) 

t.U Sulfur dioxide and oxnen or 
carbon dioxide concentration data 
obtained from sampling emi11tona 
UtJ11re8Dl and dowmtream of aullur 
dioxide control devk:es are uaed to 
calculate sulfur dioxide removal 

.efficiencies. {Minimum Requirement.),.. 
an altenuadve to sulfur dioxide 
monitoring upatream of au1fur dloxide 
control devicea. fuel 14111Ple• may be 
collected in an u-lired condition and 
analyzed for sulfur and heat coateaL 
(Optional Procedw-e.) 

1.1.3 An overall sulfur dioxide 
emi11ioa reductioJI efficiency ii 
calculated from the efficiency of fuel 
pretreatment aystema and the efficiency 
ol ■ulfur dioxide control devicea. 

'Lt.f Particulate. sulfur dioxide. 
aitropn oxides. and oxygen or carbon 
clfoxide concentration data obtained 
from aampllng ~miaatona downatream 
from sulfur dioxide control dmc:ea are 
med along With F facton to calculate 
particulate. 1u1fur dioxide. and nitrogen 
oxides emiuion rates. F factors are 
nJue ■ relating combuatioa gu volume 
to the beet content of fuela. 

U Applicability. Thie method la 
applicable for determmin,g 1alfu: 
removal efficiencies of fuel pretreatment 
and 1ulfur dioxide controi dnicea and 
the overall reducUon of potential au1fur 
dioxide emialiou from electric utillty 
1team seneratora. This m11thod ii alao 
appJicabJe for the detennication of 
pa.rUc:ulate. sulfur dioxide. IIDd nitrosen 
oxides emialioa rates. 

Z. Determination ofSulfur DIOJCid• 
Rllmoval Effici11ncy ofFu•/ 
Pretnatm11nt System, 

z.t Solid Fos,il Fuel 
Z.1.l Sample lnCrt!ment Co/J«:tion. 

Uu ASTM D 2234 1, Type L conditioa.a 

'U•m.--~•d fp1,._ol 
.. ASTM P,KCdw-a -,.culad. 

A. B. or C. and systematic 1padn1, 
Detennine the number and welght of 
Increment, required per grosa iample 
repreaenting each coal lot according to 
Table 2 or Paragraph 7.1.S.2 of ASTM D 
mt•. Collect one groaa ■ample for each 
raw coal lot and one grosa sample for 
eacb product coal JoL 

U.2 ASTMLot Siu. For the purpose 
ot Section z.u. the product coal lot size 
la defined a■ the weight of product coal 
produced from one type of..raw coal. The 
nw coal lot aize i1 the weight of raw 
coal ued to produce eae pruduct coal 
Jot. Typically. the lot alze i1 the weight 
of coal proceaaaed ia a 1-day (Z4 hounJ 
period. Hmore than one type ol coal 11 
treated and produced in 1 day, then 
gro11 sample• muat be collected and 
analyzed for each type of coaL A coal 
lot atze equaling the 80-day quarterly 
fuel quantity for a specific power plant 
may be ued if reprnentative aampllng 
C

. product coal 
lll be conducted for tha ra¥' ,..,~~d 

-
Nola.-Altemate deftnttlona of fuel lot 

....m■J be epecifled IUOject to pr1ot
app,oyaJ of tbe AdmmlAtrator. 

. %.1.3 Crou Sample Analysis. 
Determine the percent 1ulfur cantent 
(~ and gro11 calorific value (CCV} of 
the ■olid fuel on a dry ba■ is for each 
groa1 ,ample. Uae ASTM 2013 1 for 
ample preparation. ASTM D 3117 1 for 
la1fur analy1i1. and AS1M D 3113 1 for 
moiatw'e ualylia. Use ASTM D 3178 1 

for gro11 calorific value determination. 
U Liquid Fouil Fu11L 
2.Z.1 Samplt1 Collection. U1e ASTM 

DZ70 1 following the practices outlined 
forcontinuou1 samplin3 for each gro11 
umple representing each fuel loL 

2.2.Z LatSiZ& Por the purpoHS of 
Section 2.2.1. the weight of produd fuel 
from one pretreatment facility and 
intended a■ one ahipment (ship load. 
barse load. etc.) la defined as one 
product fuel JoL The weight of each 
c:nade liquid fuel type uaed to produce 
one product fuel lot it defined •• one 
Inlet fuel )oL 

Not.e-AJcemate defimliom o{ fvei lot 
ma ma:r be •pedfied .ui,;.ca to pnor 
approval o( the Admim ■ CralOC'. 

I 
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Hethod 

Noc..- For tbe Pur,,oRt of tllia method. 
raw or inlet fuel (co.I or oUJ ii deftned u die 
fuel delivered to the dflulfurlzatioa 
pntreatment facility or to the 1teana 
pllfflllinC pwit. For pmre■ ted o6J·lbe Input 
o6l to the o6l clnullunatioa proc:ne ( .... 
hrdrotreacm■at emitted) ii Hlllpleci. 

U3 Sample AnoJ,..u. Determine 
the percent aulfur content ("5) and 
groaa calorific value (GCV}. Uae ASTMD 
240 1 for the aample analyaia. Thia value 
can be anumed to be on a dry buia. .. - . - . 

2.3 Calculatlon ofSulfur Dioxid1J 
kmo'val Efficiency Due to Fuel 
P,.treaiment. Calculate the percent 
1ulfur dioxide reduction due to fuel 
pretreatment uaing ~ following 
equatloa: · 

WlaftC 
Uc•SG!fm dioxide removal .dllc:imq du 

pretreatment percent. 
~-Sulfur content of th• prodact fuel lot m 

a dr7 bull: -.ipl percent. 
s&a•Wlur eoutent of lb• tnlet fuel lot oa • 

dr7 balil: weight percent. 
CC'l •Groll calorific Yalue far tbe oatlet

bi lot OD I dry b11il; kJ/k& (Btu/lb). 
ccv,-ero., caloriflc nln for the Inlet w 

lot cm a drJ bull; kl/kc (BtD/tb). 
Noea.-U'morw than oae fuel type ii ..ct to 

produca the product fuel. UM tbe folloWiDC 
equation to calcwate the nUarcmdeDta per 
amt of heat caotent of the total &el lot. G/
CCV: • 

II
• z: 

t-1 

Where: 
T,•1'be fracdOll of total mua IDpat dariffd 

from ncb type. k. of f1aeL 
~-Sulfm cmrtmt of nch W type, k. • • 

dr7 bail ■; weipt percent. 
ccv,-crou calorific yaJue for ..c11 fuel 

type, k. OG. dry bali■; kl/kl (Btu/lb). 
D•'Ibe aumbcr of diffmet 1YJW of fu1L 

19, Continued 

t. Dewtnination ofSulfur &moval 
Efficiency of the Sulfur Dioxide Control 
Dtmce . 

3.1 Sampling. Determine so. 
emiaaion ratea at the inlet and outlet of 
the aulfur dio>.dde control ayatem 
ac:conilng to methoda 1pec:uied in the 
applicable aubpart of the regulationa 
ud the proc:edurn 1pecified in Section 
I. The lolet nlfw dioxide emiaaion rate 
may be determined through fuel analym 
(OpUoaal, letl Sec:Uon 3.3.) 

s.z. Calculation. Calculate the 
~tremoval effidency uin& the 
foUawbag equation: ' 

-1R • lN a-C,.o • :::-)
'<-> 1 

Wbua: 
SR. •Sulfur dioxide remc,qJ effldency or 

die IWfur dioxide control ■y ■tem ulDg
tD1et and outlet momtoring data: percellL 

r... ••Sulfur dioxide emialioa rate from the 
ntlet of the au1fur dioxide c:antrol 
IJ'ltal:111/J (lb/miWon Btu). · 

Bao a•Swfm dioxide emil ■ion rate to the 
•tlet of the au1fur dioxide control 
IJ'ltal: q/J (lb/miWoa Btu). 

:s.3 • Al-fired Fuel Analysis (Optional 
Procadure). I! the owner or operator of · 
an electric utility steam generator 
chooae1 to determine the aulfur dioxide 
lmput rate at the lolet to the auJfur 
dloxide control device through an u
!red fuel ane.Jyaia in lieu of data from a 
nlfur dioxide control 1y1tem inlet gas 
monitor. fuel aamples must be collected 
ID accorduce with appllcabl~ . 

paragraph ID Section Z. The sampling 
cu be conducted upstream of any fuel 
procesalna, e.g.. plant coal pulverization. 
For the purpoaea of thi• section. a fuel 
lot size la defined aa the weight of fuel 
CODllUl\ed in 1 day (24 houral and i• 
directly related to the exhau.t gas 
monitonns data at the outlet of the 
au1fur dioxide control ayatem. 

U1 Fuel Analysis. Fuel samples 
must be analyzed for 1ulfur content and 
sroa• calorific value. The A5TM 
procedure, for determining sulfur 
CODtent are defined in the applicable 
pmgrapha or Section 2. • 

3.3.% Calculation ofSulfur Dioxide 
Input Rate. The sulfur dioxide imput rate 
determined from fuel analyais is 
calc:ulated by: 



Method 19, Continued 

z.ocu,> .. 
·II • &cV .. 107 for S. I. units • 

Z.O(~,) .. 104
II • &CV .. for English units. 

1 • Sulfur dioxide 1npgt rate 1"la as-fired fuel analysis·.
1 

■t/J (1b/■1111on Btu). 

ss, • Sulfur content of &S•flrtd fuel, on a dry basis; Wlight 

perc:tnt. 

CCY • Cros_s caloi-1f1c. nlue for u-f1rld fuel, on I dry basis.; 

Wlg (ltu/lb). 

S.U Calculation ofSulfur Dioxid• 
Emiuion Reduction U•ing.A1-fired Fuel 
Analys/a. The sulfur dioxide emiAioD 
reduction effidency ta calculated usiag 
tbe lulfur lmput rate from paragraph I 

3.3.2 and the nJfur dioxide emission 
rate. E.., determined in the applicable 
paragraph of Section 5.3. Tba equation 
for IUlfuz dioxide emiuion reduction 
eflicleDcy la: 

~ 
Slg(f) _ • 100 a (1.0 • ,:-) 

I 

lllere: 

Slg(f) • Sulfln' dioxide NaOYl1 eff1ctency of the sulfur _ 

d1ox1de cona-al systa using 11.:ffred fuel analysts 

data; perclftt• 

.'soz •Sulfur dioxide aiss1on nu froa sulfuf' dioxide c:ontJ'Ol 

1,suai ng/J (1b/a1111on ltu). · 

t1 • Sulfur d1odcle 111,ut nu fraa as-fired fuel ualysfs; 

■t/J (1b/111111on ltu). 

'- Calculatlon ofOverallR«/ucllon ltl 
PotlmUa/ Sulfur Dioxide Emiuion 

t.1 The overall percent tu1!ur 
dioxide reduc:tioD ca1culation uae. the 
tulfur dioxide concentration at the Inlet 
to the aulfur dioxide control device u ( 

the baN value. Ally sulfur reductioa _ 
realbed thJ'ough fuel cleaning i1 
introduced into the equation a1 an 
average percent reduction. "~ 

4.Z Calculate the overall percent 
lulfar reducttoa u: 
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- I -
J 

· U · SI ' 
11 • 100(1.G • (1.O • ~) (l .0 • m>l0 

MMN: 

11 • Overall sulfur dtodd• Nductton; percent. 

a, 
0 

• S..lfur d1oxtd1 l"90Y&1 lff1c1111Cy of fuel ,..1tn1taet1t 

fra s.cttOft Z; percent. Ref~ to appltcable su~part 

. flN' d1f1111tton of applicable averafing period; 
-

· SR • S411fll1" d1ox1dt ....,.,a, tff1c1ency of sulfur d1oxfdt COftt1"01 
t . -- --

dftfc• 1fther·Oz or C0z - based calculation or calcsalatad 

fra '11111t11lysfs and •1ssion data. froa Section . 3;

,-,cent. Refer to 1ppl1cable subl,lrt for deflaftfon of 

applfcabll l'lffllt1ftf ,.,.1~. 
ad oxnen conc:entratiom have been 
determinld iD Section 5.1. wet or drJ l' 
fadora ue med. (F.) facton and 
auoc:ialed emiaeiOD ca1culation 
pracedurn are Dot applicable ud may
aot be ued after wet acrubbers: (PJ or
(P.) factOl'I and-uaoc:lated emiaaien 
calc:ulation procedurn ue ued after
wet ICnlbben.) When pollutant and
c:arboa dloxfde concentratioa1 have 
been determined iD Sec:tloa 6.1. F. 
factonareUHd. 

6.2.1 Avera,a F Faclon. Table 1 
UIOW'I anrqe P. F- and P. factors 
(■cm./J. tcf/milllon Btu) determlaed for 
commonly ued fuela. Far fuela Dot
U.ted ID Table 1. the P factor■ are 
calcalated accordiag to tbe i,roc:edares
outlined In Sedioa s.z.: of t1WI 1ection.

5.%.% Calculating an FFoclor. If the
fuel bumed ii not lilted ID Table 1 or tf
the owner or operator chooaes to
determ.laa an P factor rather than use
the tabulated datL F facton are
calculated uains the equations below. 
The samplins and aaalyli1 proceduree _
followed iD obtaiains data {or these 
calculation■ are ■ubject to the appl"OYal
of the Admini,trator and the 
Adminiltrator abould be c:on,ulted prior 
to data collection. 

a. Calculation ofParticulate. Sulfur 
Di01Cid& andNitrogea. OJddn Emuaion 
Raia 

Lt Sampling. UH the outl~ SO. or 
O. or CO, conceDtratloal data obtained 
ID Section 3.1. DetermiDe the particulate. 
NO. and 0. or CO. c:onceatrattom 
ac:cord1ng to methodt ,pec:Uied LD an . 
applicable subpart of the resuJationa. 

6.Z O.tenninatioa ofcm F FaclDr. 
Select an average P factor (Section 5.%.1) 
arcalcwate an applicable P factor 
(SectJOA 5.U.). If combined fuels are 
&red. the Mlected « calculated F fac:tol:a 
are prorated u.■q the procedures In 
Sec:Uon 5.%.3. P facton are ratios of the 
pa volume raleaaed daring combuatioa 
of a fuel dMded by tbe beat CODteat of 
tbe fuel. A drJ F factor lFJ la the ratio of 
tbe •olume of dry flue gue1 generated 
to tbe calorific value of the fuel 
combuated: a wet P factor (P'.) la the 
ratio of the volume of wet tlue guea 
pnerated to the caloriiic value al the 
fuel combu.ated: and the carbon F factor 
(PJ la the ratio of the volume of carboo 
dioxide senerated to the calorific value 
of tbe fuel combuated. When pollulao• 

( 
l 
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• 
U7.0(III) •·tS.7(1C) •·35.&(U) • 8.4(~j • 2!.5(10) 
. GCY 

• 3'7.'(SH)+9S.7(SC)+35.4(SS)+t.6(SK)-Zl.5(S0)+13.0(SHzO)
F• • 

• 10•cs.57(1H) + 1.53(SC) • 0.57(U) • 0.14(SJI) -_ 0.44(IO)]'.a iCV 

,.- . 1o'ts.57(1H)+1.53(SC)+0.'57(ss)+0.1ccsx,.o."(so)+0.z1cSHz'l>•l 

• 
1o'ro.ffl(1C}1

Fe.·• 1CV 

f 

Where: 
F• F., and F, haw lhe 1111111 ot 1Cmn. or ad/ 

miWoa Bta: ~ ~ U 1'N, "°• ud 
SJiaO are the concenlraticllll bJ weight 
(exprn,ed bl pll'Cellt) alhydropa. 
c:ad,oa. nlfm.Ditzoaea, oxypa. and 
water from u llltimete ualyaia of the 
fuel: and CCV ii the INN calorific Ya.baa 

• of the fuel la kJ/q or Btu/lb and 
coaaisteot wUh the altima&e ualyaia.
PoDow ASTM D 2015• for aoUd fueil. D 
MO• for liquid t'uela. ud Dtar for 
l•HCN• fuela u applicable ID 
determinlna CCV. 

5.%.3 Combined Fuel Fmn, FFactor. 
Por affected facilities firing 
combinatiom of foasil fuela or Coaail 
fuela and wood residue. the F., F., or F. 
facton determined by Secti0111 5.2.1 or 
5.2.2 of this section shall be prorated in 
accordance with applicable formula u 
follows: 

ft 

Fd • J: ak Fdk or 
k•I 

,. or• t 
ft 

xk '•k
k•l 

ft 

'c • 
k•1 ' ._ 'ct 

... 
WbeN: 
"41-'l'h• hctlcm al total beet b:qnat darmd 

from Hc:h type of fuel. K.
••"l'be number al fuala betas burned ID 

oomblaatioa. 

U Calculation ofErniulon Rat& 
Select from the following paragraph, the 
applicable caJculation procedure and 
calculate the panicwate. so. and NO. 
emiaaion rate. The value• iD the 
equatiom are defined u: 
l•Polluta.m emlesian rate. ltl/J (Jb/miWcm 

Btu). 
C•Pollutaat amcentr:atlon. a,,/Km (lb/ad). 

Not&-lt i. llec:eNUJ maome cua to 
coavert mealW'ld concentration wuta to 
otber araitl for then caJc:lllaliona. 

Uae the following table for auch 
c:oaveniom: 

eom.....,_. ,_eo.-•:aao., 
,__ .,____ ..,____...,____ ..,____ 10" 

Illa____ 1'9f8C1111,___ ,oe 
..-so.,___ ,.,_,___ t.arrx,o• 
#IP(NOJ ___ ...,_ a.-x,oe 
jllllllllCSO.,_ a,ec, ,___ , ..,2,c 10" 
.,_,..ry .,a___ ,.....,... 

,.,..x,r• 
( 
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U.1. Ox~n-BOMNIF Facu,r 
Procedurw. · · 

u1.1 Dry Baaia. When both percent 
oxygen (~.J and the pollutant 

· concentration (CJ are meHured in the 
flue gaa on a dry buia. tbe following 
equation ii applicable: 

20.t l .
E • CdFd [~o.§. sti2d 

U.U Wet BMu. When both the 
percent oxygen {CJW..) and the pollutant 
concentration (C.) are meuured in the 
flue pa on a wel buls. the following 
equations are applicable: (Note: F. 
facton are not applicable after wet 
acrubbere.J 

<•, r • c. , • ca.,u !Pi!;> •m211 ~ 

'Where: . 
&..•Proportion by YOllDeofwat•npor la 

the ambient air. 

In lieu o! actual meuarement. S.. 
may be estimated u follows: 

Notia-'l'be follcnriq...._.lfn8facton ua 
eelec:ted lo ..... tbet-,aeptifteft'OI' 
mtraduced ID tbe 1cm: 

( 20.9 )
za.§tt - a.,.J - :di:, 

will not be larser thm -LS percent. 
However, positive man. or over
estimation of em!asiou. of aa mucb u 5 
percent may be introduced depending 
upon the geograplw: location of the 
fadllty and the 111ociated range of 

• ambient molitme. 
(I) S..•o.oz7. 1'hfa factor may be med 

u I constant yaJue at ay location. 
(il) S..•Higbeac moathly a.erqe of 

8- which ocamed wtthia • calendar 
year at the nearest Weather Service 
Station. · 

(WJ S..•ffisheat daily average ofS.. 
which occurred within• calendar IDODtb 
at the neareat Weather Service Station. 

. calculated from the data for the paat 3 
years. Thia factor shall be calculated !or 
Heh month ad may be ued Han 
nUmatiDg factor for the respec:tive 
calendar month. 

, C zo.t l<•> I • c_ c zd.l (I - ••J . illi, 
When: 

B..•Proportfoa by •olaml of•••• Yapor la 
tbeatackau. 

u.1.3· Dry/W~t Ba.ia. When the 
pollutant concentration (C.) la measured 
on a wet baaia and the oxygen 
concentration ("'0.J or meaaured oa • 
dry basil. the following equation la 
applicable: 

c_ Fd , . 20. 9 , 
E • [(l - a )• Czo.§ - Wzd~ ws . . 

When the pollutant concentration (CJ 
JI measured oa a dry basil and the 
oxygen concentration (~.J la 
measured oa a wet ba~ the followtq 
equatioa la applicable: 

- 20.9 
!02w 

Z0.9 • (J. a )
ws 

5.3.2 Carbon Dioxidt1-Bas«J F FactDr 
Proclldure. 

5.3.%.1 Dry Basi8. When both the 
percent carbon dioxide ('f.CO~J and the 
pollutant concentration (CJ are 
measured in the Due gaa on a dry basil. 
the following equation ia applicable: 

C { 100 )E • , . - -····· -- -4 C ~ 

5.3.Z.% Wet Ba8i& When both the 
percent carbon dioxide {"'CO._) and the 
pollutant concentration {C.) are 
meatured on a wet balil, !Jie following 
aquaUon ii applicable: 

100 
E • C• Fe (~) 

5.3.2.3 Dry/Wet Sam. When the 
pollutant concentration (C.) ii meallU"ld 
oa a wet ba1i1 and the percent carbon· 
dioxide ('f.CO.J la meaaured on a dry
buia. the following equaaoa ia 
applicable: 

Cw Fe 100 
E • Cu • aws>l Cmz;-l 

When the pollutant concentration (CJ 
la meaaured on a dry ba1i1 and the 
preceat carbon dioxide ("'CO._) ii 
meaaured on a wet baaia. the foUowing 
equation ii applicable: 

100
E • Cd (1 • lws) Fe (~) 

I 
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Method 19, Continued 

u CaJ~mu~~Emiai~Ra~ 
from Combined Cyci..Ga6 Turbine 
Sr-tema. For gu turbine-.team 

· pnerator combined cycle aystema. the 
emi11iom from aupplemeatal fuel 6red 
to the 1team senerator or tbe percentage 
nduction In potential (50.) emia1iona 
C&DDOt be determined direcdy. Uling 
meaav.rements from the gu turbine 
exhauet (performance teat. 1Ubpart GC) 
ad the combined exhau1t gases from 
tbe steam generator, calculate the 
emillfon rate, for these two pointa 
following the appropriate parqrapha fD 
SedfoaU. 

Nota-r. factorl lhaU not be ued to 
determine emt11loa ratn from pa blrbiDn 
becallH of the lnlec:Uoa of ateam aor ta 
caJculate emiaaion rac.. after wet acnabben: 
•• or P. factor ud aHOdatecl calculation 
~- are uMd to combla effluent 
arftclou cccordiq to the procedaN ID 
PwappbS,2.3. 

1be emiuion nte from the 11nm ..-,.tar
lac:aJca.latedu: . 

Ee• l!Jt Eqt ,,, • x,,-
Wberc 
P...•Pollutant eml11loa rate 6'11111 eteam 

,enentor effluent. q/J (lb/millloa Btu). 
E.•Pollutut emi11loa rate iD combined 

c:yde .muent: q/J (lb/million Btu).
' Ea• Pollutaat em.isaion rate from 1•• tarbme 

.alueat: q/J (lb/millioa 8111).
X.•Fnctioc of total but tapat from 

aapplemental fuel find .. die ..... 
pnerator.

X.•Prac:don of total beat tapat from pa 
. turbmeabauatpaea. _ 

Nota.-11le total heat input to the steam 
,enerator 11 the 1wn of the heat input from 
npplemental fuel" fired to the •team 
paerator and the.!!_eat in_pul lo the steam 
paentor from the exhaust gases from the 
1utwblne. 

U E/ftN:t of Wet Scrubber Exhau•t. 
Direct-Fired Reheat Fuel Burning. Some 
wet 1cnabber syatema require that the 
temperature of the exhauat gaa be railed 
above the moisture dew-point prior to 
the 1•• entering the stack. One method 

· ued to accomplish this ii directfiring of 
an awdliary bumer Into the exbau1t gH. 
The heat required for fuch bW"Den i1 
from 1 to Zpercent of total beat input-of• 
the steam generaling plant. lbe effect of 
thia fuel burning on the exhauat gaa 
component.I will belesa than :t1.0 
percent and will have a similar effect on 
emilllon rate celculationa. Becauae of 
this •mall effect. • determination of 
effluent gaa CODatituenta from direct
fired reheat burners for correction of 
■tack saa concentratiom ii not 
aeceaaa.ry. 

TIMI ,._t.-FF«:flntorV...Mllr• 

,. ,. ,. 
,_,., ..,... 

J ... J .... J ..., 
em.:....,_. tmat 

1911111 (110111 
l.llxtr• 191101 Utx10-• (tlMOI u1ix10-• (tllot'--01•---· 1A1x10-• (91aat L77xt0'"' (tOi:UIII CL:laKIO"' (tGllt

0-....... a.ax10-• (mot I.IIK10'"' (10110! o.m.10-•..... l.74xtcr• 
(1~ 

t.:11x10-• 11710! (t020CII O.Ut x10"' CtllCII... t.:Mx 10·• (17tat 1.791(10"' (1a:JIQI 0.,:17 X 10-1 (12'0!
2..... ,0-- Cl240t 0.482><10-' (1aQI.,..... (IGltI.Six tr• 0.ff7X 10"' (IIIOI 

•1111----~•ASTIID:IM-a••~-Ol---'0.WIM..•--J!O'C(ll"ftMIJ'IO-HiCBMIII.HIJ. 

UtxtO'"' (1011111 &.axtO'"' (tCIIMGI CI.S30xto-• 
a.ax10-• IAlxtcr• (IOMGI ...... ,o-• 

\ 



Hethod 19 1 Continued 

.WIien: e. Calculation ofConfid~net1 Luniu for 
Inlet and Outlet Monitorins Data 

e.1 MtNJn Emi••ion Rates. Calculate 
the mean emiaaion rate, using hourly 
8Vffll811 in ng/J (lb/million Btu) for SO. 
and NO. outlet data and. if applicable. 
SO. inlet data uafnl the followiDg 
equatiom: 

W-,e: 

F.•Mea11 oatlet emiHioa rate: D8/) (lb/ 
miWoll Btu}. 

t.•Meu Inlet elllilatoD rata: nail (lb/mdlfm 
Btu). 

· x.•HoanJ a'f111'1lP outlet eml•lloa rate1tf1J 
(lb/milllon Btu). 

s.•HOlll'IJ annae ID let amlHion rate 11111 
(lb/mdlloa Btu). 

a.•Number of outlet boariJ ffenca 
available for the rwportmg period. 

a.•Namber of Inlet houriJ averqn 
milah1e for reportln& period. 

e.z Standard Deviation ofHourly 
Ernblion Ratn. 

or 
Calculate the standard · 

: · deviation the available outlet homly 
averase emia1ion rate• for SO. and NO. 

· '· and. l( applicable. t;e available inlet 
hourly average emiaaion rates far SO. 
u~ the followfng ~Uom: 

r.•.n. loww coafidence llmlt for the ineu 
oatlet emiH!OD ntea: na/1 (lb/millloo 
Btu). 

1t••'l11e appwconfidence llmit for the mean 
Inlet emiuion rate; 113/J (lb/million Btu). 

· t..•Valuea ehown below for tbe indicated 
aamber of available data poillta (n):

V...•t...• .... 
a U1 
I IA 

. • us 
- • 1.12 

I ~ UI 
1' 1.14'. _,_ 
• 
. ,.. 

us 
1t ..., 

11-te UT 
tf.11 t.n 
.... 1.71..., ,. 
.... 1.11...., ,.. ---~ , 

uo 

..
'l1le nlun of tbla table IN corrected for 
n-1 degren of freedom. Uae n equal to · 
tbe number of hourly average data
pailltL 

"/. Calculation ta Demonwa~ 
Compllonca WMn Avai/ab/6
Monitarina Data Are uu Than the 
1lllqwndMbdmum 

7.1 DttteminePo~ntial Cambu•tion
Coacentration (PCCJ for so..

"/.ta When the removal effideocy 
dae to fuel pretreatment {" ~] is 
IDcluded In the overall reduction in
potential sulfur dioxide emission, (9' RJ 
ad the ....tired.. fuel analysia ii not 
med. the potential combustion 
CODCeDtraticm (PCC) la determined u• • Jt- . •' <!, : ;•• 

., • I f, . ~ 
~ 

e,.,-,!-:_:_;_,,""" 
e, fallows:. . . 

,cc 7• '1* + z ~s~-~s~ 10 ; ng/J 

4,cc • E • + Z ~ -J 10 ; 1b/■111fon Btu.1 ~s s~ W!sere: 
._.Standard deviation of the anrase outlet 

boarly average emi11ioa ratn for the 
. reponinl period: ng/J (lb/million Bht). lllltn: 

-.•Standard deviation of the Henge Inlet 
hourly average emia1ioa rates for tbe $
reporun& period: 118/J (lb/million Btu). tt •WIS~ • Potential e111fssfons remo-,ed by the 

~8.3 Confidence Limits. Calculate the 1 1 pretre1t:1ent process, usfng the fuel 
lower confidence limit for the mean paruieters defined fn section 2.l;( outlet emission rates for SO, and NO, ft9iJ (lb/■fllfon Stu).
and. if applicable. the upper confidence 
limit for the mean inlet emission rate for . . .
SO, using the following equations: ... 
E."•E.-t...a. .... . .E."•E.+t..oolt 



Nethod 19, Continued 

1.1.2 When the 11a1-ftred" fuel 
ID&lyai1 ii uaed and the mnonl 
efficfenc:y due to fuel pretreatment (" RJ 
la aot IDduded la the overaJl reduction 
In poteaUal sulfur dioxide amiaaiona (" 
RJ, the potential combutioD 
coacaatration (PCC) ta datemLIDed u 
follows: 
PCC•~ 

(s s1 S s-:\ 

Wban: 
I.•Tbe Mair. dioxide lnpat rate ■1 defined 

mNdiollU 

1.1.3 When the .....fired.. fuel 
anal)'lf• fl med and the removal 
eflldencr due to fuel pretreatment (" RJ 
la iDc:Juded in the overall reduction (" 
R.). the potential combustion 
rmcentradon (PCCJ ia determined •• 
Wowc 

7 . 
,cc • '• + Z ~ • ~ 10 ; rtg/J • 

,cc • 1, + Z {;e:: -:C:~to'; 1~1111...... 

. -
1.1.4 When Inlet 

-
monitoring data are 

ued and the removal elfidency due to 
fuel pretreatment (" Rd la DOt induded 
ID the overall reduction in potential 
nlfur dioxide emitliom (" R.). the 
potential combutioa com:eutration 
(PCC) la determined U follow,: 
PCC • r.• 
When: . 

r.• •Tbe~IIPPffmaftdeaceUmitofthemeu 
inlet emiMiOD rate, u detmaiaed ill 
NCdOD u. 

7.2 DetarmineAOowableEmiuion 
Raia(&.,). 

7.2.1 NO. UH the allowable 
emialion rate, for NO. u directly
defined by the applicable IWldard ID 
terms olng/J (lb/miWon Btu).· 

1.2.2 SO,. UH the potential 
combultfon concentration (PCC) for SO. 
u determined in 1ection 7.1. to 
determine tba applicable emilaion 
ltandard. If the applicable .atandard 11 
an allowable emuurioa rate in 111/J (lb/ 
million Btu).. the allowable emillioa rate 

' ' 
II uaed •• r._ II the applicable 1tandard 
la an allowable percent emission. 
calculate the allowable emiHion rate 
("-l using the following equation: 
r..-" PCC/100 
Wbare: 
• Pee a Allowable pm:ent ait1aton H 

de~ bJ the epplicabla nandard: 
percmt. 

7.3 CaJc:z/ata&•fB-. To determine 
c:ampUanoe for the reporting period 
c:alculate the ratio: 

• 1.•fE.. 
Wlimw: 
z.• • 111e lower caa.fldence Dmlt lor the 

mnD outlet emi11ion nte1, .. detlned la 
Ndioa e.:s: ns/J (lb/millloa Btu).

I..•Allowable emi11ion rate u dedaed la 
aecUoD 1.:z; ns/J (lb/million Btu).

ur. • re... II equal to or In, tbu 1.a. tbe 
fedllty ii JD compliance: if E.•tr_ 11 e:re•ter 
Cha 1.0, tbe facility 11 aot mc::amplianct for 
tile nrpc,rtlftl period. 
,a 011c. n-UD l'lle,I ....,..... _, 

alNI CGDl -.eMII 



Method 20 
OETERMHlATION OF NITROGEN OXIDES, 

SULFUR DIOXIDE, ANO OXYGEN EMISSIONS 
FROM STATIONARY GAS TIJRBINES 

(40 CFR 60, Appendix A, September 10, 1979) 

- .... ·-· - ·--
,. Applicability and Print:ipltt 

t.t Appllcabllity. Thia method i1 
applicable for the determination of nitrogen 
oxidn {NO,). aulfur dioxide (SO.J. and 
OllYlfll (OsJ eml11ion1 from 1tationa~ pa 

. IWbma. For the NO. and 0. determinations. 
dd1 method lnchadea: (1) meaaurement 
aystem dnign aileriL (2) analyzer 
perfarmanu 1pecificatiom and pedormanm 

. tNt procedurn: and (3J procedurea far 
...uon testtaa-

t.Z Principle. A gu aample ii 
. ooatinuously extracted from the exhamt 
· atream· or a 1tationary 1u turbine: a portioD 

al 1be umple 1tream ii conveyed to 
laltrwnental analyun for determination ol 
NO. and Os contenL Durintl each NO. and 
00. determination. a separate meuurelllelJ( 
olSO. emiuiOftl la made. utq Method e. or 
It equivalenL The 0, detenmnation ii ued lo 
adJust the NO. and SO. c:oncentntiom to a 
Nferenc. conditloa. 

z. Dt,finitkml 
U Measurement Syatem. The total 

eqmpmeat required for the determination of a
1•• concentration or a gu eminion rata. The 
e,stem comiltl of the followtna mafor 
eubtyatema: 

Z.U Sample lnterfaCL That portion or a 
IJltan that la UNd for one or more of the 
rouowm,: Hmple ac:qui1ition, aample 
lraaaportation. aample conditioning. or 
protec:don or the analyzers from the effec:ta of 
tbe atac:k effluent. 

z.t.Z. NOa Analyzer. That portion or the 
e,stem that HIiiei NO. and senerata an 
aatput proportloaaJ to the 1U c:onc:entration. 

2.1.3 0. Analyzer. That portion.of the 
aystem that NIIMI O.·and amen• an 
oatput proportional to the 111 concentrallon. 

. 2.Z Span Value. The upper limit or a SU 
a111Centratlon meaaurement 1'11111• that ii 
lpedfied for affected aource categoriea iD tbe 
ai,plicable part or the regulatfom. 

. . u Callbratioll CIL A ~- --· 
CD11Ce11tntioa ol a pa In an appropriate 
dlJueat 18L 

ZA Calibration Error. The dlff.-.nce 
betw......, conc:antntion indicet.d It~Ille___., ayttem and the knowt1 
coacentntion or the celibration 111. 

U %iro Drtfi. 'i'hedlffereni:. in die 
.....-ement .,..aem output readinp before 
and after a atated period of operation during 
wbich DO amcheduled maintenance. repair. 
or adjmtment took place and the input 
caaceatratiou at the time of th1 
meeaaramellta WU lerG. 

U Calibratioa Drift. The difl'erenc:e in the 
......-mt ,yatem output read.injJI before 
ud after a atated period or operatioa during 

• wlalda ao amchedale(maintenance. repair, 
• adlastment took place and the input at the 

. time or&be meuarement1 waa a high-level
9UI& 

U llNldeDce f""nne. Tba elapsed time 
bam tbe moment the 111 tampla entftl the 
probe tip to the moment the ume 111 Nmpie
reec:bes lhe analyzer inlet. · 

Z,I llespoa.N llmL The amount or tune 
. nqtdnd for the CODtinUOUI moaitortn, 
. l)'9tem lo dl,play on the data output 95 

pen:at of a atep change in pollutant 
oaacmtratloa. 

z.e lmarierem:e Reaponse. The output 
NlpOllle or the meeaurement system to a 
c:aaipcmeat ID the aample 1a1. otker than the 
...camponeat beiq meaaured. 

£ ~IS,-i.111 Performana, 
Sp«:i/ir:otJoD 

L1 NO. t..NO Connrter. Greater than 90 
perceot conenion efficiency of NO. to NO. 

u lllterferanc:e Rnponae. Lea than :::t % 
pan:1111t of the apan value. 

u ltelldeDce Tune. No srnter than ao 
leCllllda. 
· M RelponH 'nme. No greater than 3 
mmates. . 

U Zero Drtft. Lea than :t Z percent of 
tbe apu value. 

U Calibration Drift. Leu thu :t 2 
,-aeiat of the apu value. 

, dpporolI# tllld&a,enu 
U Meuuremeat Syatem. UN any 

IDN9Ul'ltlW.lt syatem for NO, and 0. that la 
apec:ted to meet the apedficaliom in tbil 
medlod. A ac:hematlc of an acceptable 
meuurement l)'ltem ii shown ID F°l8W"I 20-t. 
The eaeatial components of the 
meaanmeat eyatem are described belo-. 

( 



Method 20, Continued 

ij 
suca 

\ 

NOzlONO 
COIWIRffR 

CM.1911ATION 
GM • 

MOIS1\IRI 
11£MOVAI. 

niM 

MTIIOGtN 
OIUOQ 

MALYZIII 

t.U Sample Ptobe. Heated 1tainlftl 
1'"1. or eqw,,alent. opelHftded. stnilght tubl! 
of Affldent leaath to hfll'le the umple..,.... . 

4.1.2 SaJD1)1e Une. Heated (>115-cJ 
1111aleu ■tNl or Tellcm..biq IO tnDlllOf'I 
Iba sample pa ta the Mmple coaditioftVI 
adanalyzen. 

4.U Calibration Vain A11e111bly. A 
dne-way •ahe auembly to direct the an, 
aacl calibration I"'" '° the ■ample 
oandttioners and to the uwyzen. The 
calibration ,...,,. a1M1Dbly ,ball be capab._ 
of bloddna the umple pa flow and of 
lntraduc:lq calibrattoa , ..., to the 
IIMUQNmeDt 111tem wba iD tbe calibratloa 
mode. 

UA NO. to NO Converter. That portion 
of the IJl(em that cor,erta the llitrosen 
dioxide (NO.) ID the Nmple gu to nitroaen 
oxide (NO}. Some analyzen are dnisned to 
meanre NO. a NO.oa a wet basil and can 
be ued wttbout an NO. to NO comrerter or 11 

moiaturt ntDOYal trap provided the wnple 
line to the analyzer la heated (>85'Cl to tbe 
inlet of the analyzer. ID additicm. an NO, to 
NO convater it not MCHMtJ d the NO, 
portl• of the exbaQ8C pa it less than 5 
percent of tba total NO, concentl'lltion. Aa io 

pidellM. u NO. to NO conffrter ia not 
eecesaary.tf tbe gaa turbine i1 operated ac 11(1 

pen:ent or more of peak load cap,1dty. A 
converter ii nec:etlUJ under lower load 
conditlou. 

4.1.S Moiatare Removcl Trap. A 
refriaerator-type c:andenser dai~ed to 
conunuoualy reftlOft condensate rrom the 
aa.mple l•L The moiature N!mcwal trap is na1 
aeceasary for analyzer, that can meaaure 
NO. concencntiom on • wet bu1a: for lheff 
analyzers. (a) beat the sample line up to the 
Inlet of the analyzers. (bl deternune the 
moi1nire content asin, methods 1ubiect to tflt 
approval of the Admini1crator. and (cl Cillffec' 

the NO. ~ 0. coac:mtrations to • dry bait 

. - 4.2.e Particulate FSt.r. Aa. llHtack.or an 
oat-of'-1tack ala11 fiber ftlter. of the type 
specif1ed in EPA Reference Method 5: 
bowever, an out-of'-ttack ruter la 
NCOmmeilded when the stack gas 
tamperara,,. exceeda 250 to 3ClO"C. 

4.2.7 Sample Pump. A aoareac:tiw leitk• 
he aample pump to pall the sample gas 
drn,qb tbe l)'llal at a Oow rate auffident tc 
mfnlmftt tramport delay. t1ae pump shall be 
...._. from lta.inleN ltN1 or coated wttb 
Teilon or eqmvalenL 

4.t.l Sample Cu Manifold. A 1&ftlJlle gu 
IUftifold to divert poniom of the nmple p1 
elream to the uaJynn. The manifold may be 
conatnJeted of ,Jaa1, Teflon. type 318 
l&ainJesa ■tNL or equiftlenL 

4.1.1 Oxypn and Analyzer. An analyzer 
to delennina the perceat O. concentration or 
the Mmple 1•• 1tream. 

4.1.10 Nitropn Oxides Analyzer. AD 
■Dalyter to determine tile ppm NO. 
CODCmltration In the Nlllple pa 1tream. 

4.1.U Data Outpat. A 1trtp.cbart recorder. 
au.lot computer, or digital recorder for 
recording meanremeat data. 

U Sulfur Dioxide Anal)'lil. EPA · 
Refereace Method eappanhll and reagent&. 

U NO. Callberatioll Cun. The 
calibration 1aa11 for tbe NO. analyzer may 
be NQ ~ N.._~0. In air orN.. or NO and NO, 

,n !'I:. For HO. nwe11aea1en1 aGaMerS that 
l"f'qUire O'l:idation ol NO to No.. the 
i:alibraticm 11•~• lftflt be ia tbe form o( NO 
,n N .. Usl' four c..libtatioa pa miltlurr.s as 
!l~ifird t>t-lmr. 

4.:1.t High-tne, C... A pl CCIIQntr•tic,e 
• thHI is rqui\·affont tom ta 90 percent ol ~ 

..pan ,·alur. 
4.3.2 Mi~ C... A gas caaamtralion 

• 1h111 is f'qlli'l'11ien1 lo 45 lo 5$ pen:lml of lhe 
~p..n \"a luc. 

-U.l l.ow-t•'l'el WL A ,a• concentr•lion 
111■ 1 is eqai,·.olmc to 20 to :io percent or uw 
~f'tln ,·aluf". 
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I 

U4 Zm cu·A ... CIIDCllltratioa ol , 1j ib.1 ii ai-aLlab~ i dte Ennro~ri111Ilfou than o.:s prn:mt or tbe span value. 
AmlJirnt 11ir m:1)· be used for the NO, zero Monitorinil and Sup~rt Laboratory. Qualitr 

A.uurance Branch. M11i1 Drop ~.
!lilt. 

En_vironmental Prolection Asenc:r. Research 
.. , zo.t pm:tmt ■a the hislt-level 0. 111L U1e • 

u 0. Cilibration Cues. u.. ambient llir 
Tna~e Park. North Carolina Zi'711. Obi..in a 

a:,a• con~lr-;elion that ia ...-valeot to u-14 certlficatlun front the gas manufacturer Iha! 
llf'l'Ct!ftl 0. for the mid-lnel ,ras. Use purifat!d the prolnc."111 "'H lollcn,·ed. Tiaese calibration 
lliff'l'tl"R r(lf' thf' zero IIL J•IM!• nrt! nnr 10 bf' ■ nHlrzNI with the 

u Nb,:so Ca ■ MiAtwe. For Rr.fon:nce Mt!thods. (t,I The second 
Jtott!ffl1ini1111 the convet"licla efficiency ur llw •llc:fflllth·I' is lo ur calibration gases not 
!'11:0, lo NO r.onnrter. UM • calibration tn1 . prcpicrt'd ur.i:ording In tht protocol I( thi1 
nu,,.,. or SO. and NO ill N,. Tbe mixt11tt •ilr.mnth·r. it dtotm. ";thin 1 month pri<1r tn 
will be known conc:entradam of 40 IO 60 ppm the emi•~iun tNI. analne each of the 
XO. and 111'1 to 110 ppm NO ud certified by calibnllioa •aa 111ixtum ia triplicate uin• 
thr s:u manuCactutel', 1'11ia certtfic:ation or BU Refettnm Method 7 or the<procedllf9 outlin~ 
CIICICefltration muat include a brief lo Citation a.1 for NQ, and ue Reference 
ch'M:l'iptlon of the pi ocedwe (ollowed in Methocl 3 for 0.. RC"COl'd the mulls on a data 
ck•ll!1111inin,i the concentras.om. aht"et (11umpte ls shown ia Fi,ure ZO-ZJ. For 

the low•IC!YeL mta•ll"tt,_-or high-leYel 11■ 1 
.l. .\1,-a,.,:n:mrnt s,.,,em Ps,fonnona- Tt'!<t 111l11'1al'n. e;,ch ol tht indMdual NO, 
'"••n·,!un-:< anal)·llc:;11 n-fl1ll1i musl be within to pen:enl• ·r.-riurm the (ulk,"ina pnKedura pm)I' tu · (or to ppm. "'hir.hM·er 1, greater! of the 

lriplic:utf" ~ .vcralt(' 10. lest multi must ~me11 ■un-mtmt of emi11iona lSec:tion II and 
within ll5 pen:ent 0.1: othff"ila. diac:ard thc.c111ly once fur eiach test pn,arlUII. i.e.. the 
enlin- !IC't •nd repeal the triplicate aaalvK'I.IICrieS of RH letl nana for • 1h·en au turbine u the H\'c:t'lljle uC thf' tripliClltf' reference,..". 111ptlKld lest results i1 within S pen:ent fur~1 C..labnitioa Cai Cbecb. 11lere 111'1' 

• NO, , ... Of' ~..5 percent 0. for the 0. ,:II or•- •lterru.liva for checkiaa di■ · lhe cahbrataon tH manu!acturer'1 t■11 nlft.c:oacentratiuns of the c:alilntiaD 1ues. la) use tht" tu,t value: otherwiae.' conduct al lea11tThe lint 11 10 UM calibraliaa pea Iha& are three 11dditionul reference method testdocumented traceable to Natiollal Bureau of anal~v• unt11 the ~ul111 of she indi,iduaJ
fflHnda,:d~~tferell.C,f Maleriala. UM. NO~ ~ns (the thn-e ori~al plus three 
Trncr.a/Jilitr Protocol for Ellablishinl Tnw . add1uorwll agree within 10 percent (or 10 
Conc:rntrotiOM ofCasa Uud for ppm. "·hlche'\"er' it peater) of the Herage (04 

• Colihrr1ti,111~ and .4udits ofContinuous lest rcsulls must be within o.s pen:enl 0.1, 
Stturrr £minioll Nonilltln {Pratoc:oi Numuer ThC!ll ulM! l~i• o,·era11e for the crUnder ,-.Jue. 

Da•,----CM4m bl within 1inondl prior to the 1l!St periodl ...,.,.,.___...,_________ 
..... ,... Ga concerun1ion. ppm 

Low...,.1 ·Midi.veib H~fftefC , 
2 . 
3 ....... 

Me•ifflUIII" dlwiatiofld 

·~--•20•33of1P91'walc& 

b "-8911 -cbl~ to 55% of span walue. 

c Aww8911 -tbe 80 to 9n of~ nlUI. 

( 4 Mud bl S ± tea o1 -..icabte -•« 10 ppm,.. ......~ 

F'.... 20-2. ANfyNI ol c:alilwation ..-. 



Method 20 7 Continued 

Conduct· an interf~ce rap,1nH l#.1t of 
eac:b an1dyzer prior to lt1 lniU.I un In tbe 
fteld. Tbere•fter. recheck the meuununent 
119tem ii change■ are made iD the 
lnatrwneatation that could alter tbe 
IDterfermce rapon■e. e.,.. c:b■n,e■ la tbe 
.,,. oC... detedOr. 

IA lieu of c:ondw:tinw the imerference 
rnporlH tett. lnttrwnent ftlldor data, wbida 
dflnon ■ trate that for the telt 1aM1 of Tabla 
20-1 the Interference perfonnaace 
apedlic:ation 11 not exceeded. are 11cceptable. 

U Residence llld ReapoaM Time. 
U.1 Ca1c:ulate the residence time of the 

aampla Interface portioa of tbe mea.-. 
qatem uiq vohmie and puq, JJuw nte 
lafarmatloa. Alternadvely. ii' th ■ rnpoaN 
time d■ tlnmDed a■ defined iD Sec:tioa UZ is 
leu tbu 30 secoads. the c:alc:ulaticaa ant aol 
aecnaa,y. 

U.Z To determin■ respome time. fin& 
IDtroduce zero IH Into the .,-tern at the • 
c:alibrltlon valve until all re■cfina"• are 1tal,le; 
then. ■witch to monitor tbe ■tack effluent 

the 1t1ck e!numt and weit until a ■ table · 
value 11 reach~. Record the downsc,ale 
mpon1e llme. Repeat_ the procedure thre,, 
ttinn. A 1table Hlue ii equivalent to a 

cbaage of Int than 1lfercenl of 11> ■n value 
b 30 tec0ndl o, less than 5 pe-n:ent of the 
aeatured aYerage conCllfttr■don for % 
minutes. Record the responae time daw on • 
form similar to Figure zo-a. tbe readinp of 
tbe upscale or downscale repon■ t time. and 
report the areater time •• tb■ "reaponae u.me· 
for the anaJyzer. Conduct a retponff time 
test prior lo the initial field use ol the 
IIMl■surement 1y1tem. and repeat if changes 

. are made in the meas~t ~tem. 

u NO. NO Coavenion Efficiency. 
Introduce to the ,y1tem. at the callbrati<lft 
waive auembly. the NO./NO.1•• mixture 
(Section 4.S). Record the rnponae ol the NO. 
analyzer. Uthe lnttnunent re1pon1e indicates 
leu than 90 pereeat NO. to NO conversion. 
make cornc:tiona to-Ule -■uurement 1y1tem 
and repeat the checlc. Altematlnty, the NO. 
to NO converter cbec:k deacnbed ill nue 40 

( 

until a ■ table reading can be obtained. . Part 80: Cllrt1ficatlon and Tut Proct:dures fur 
Record tha upscale rapome time. ~ext. Heavy-Duty £nrjnn for Z91'1 andLater 
lnlroduar hip-level calibntioo 1•• Into tbe Madel Yeats may ba uaed. Other alternate 
ay9tem. Once the aratem baa 1tabmud at tbfo proceduret may be uaed with approval of the • 
hip-level coacentratlon. awitc:h to moaiklr 

1.\dmini1trator. 

Date of test ___________ 

SIN _____ 
Analyzer ty~·---------
Span gas c~tration_______ppm 

Analyzer span setting ________ ppm 

, _______seconds 

Upscale 2-------seconds 
3 _______seconds 

Average upscale response _______seconds 

, _______seconds 

Downscale 2-------seconds 
3_______ seconds 

Average downscate responle_______seconds 

System response time = slower average time =----- seconds. 

Figure 20-S. Aesponse time 

i 
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,, Method 20, Continued 

~ MP.AIW'!fflent Sr11rm Preparauon. 
Prior lu lhc: r.m,~!li!)n '"'· 11s11eml,le the 
llll!llllutl!'ffH'fll 9)"11eat rullowin,ir lhe 
lnllnur..,:tun-r·s ~·rittrn instruction, in 
pN!Pflrin,t and oi,erali~ tbe NO. to NO 
con\'ml!f'. lhc !'.O. 11nHl)"ZM'. the O, anaJne,, 
and athrr components. • 

U C.Ubretlon Cleek. Conduct the 
calibration chew for bolb the NO. ud tbe 
0. analyzers •• follows: . 

5.11 After Iba me ■ IUfflftfflt ')'Item bu 
bffD prepared for UH (Section 5.Z). introduce 
sero pan a,,d tht mid-level c:alibnlioo 
p.a: set the analyur output reapoDHS to 
the appropriete levels. Tben introduce ucb 
oC the remai11der of the calibration ...
dnc:ribed in Section• 4.3 or 4.4. one al a time. · 
to the maaauremeat syatem. Record the 
mponan on • form aimilar to Fip,e 20-3. 

5.3.2 Uthe linear curve determined &am 
the zero and mid-level calibration pa . 
reaponM■ does not predict the actual 
rnponae of the low-level (not applicable for 
the 0. analyzer) and high-level pHI ,within 
:U percent of the ■pan value. the calibntioD 
aha1I b. considered invalid. Take carrectiYe 
meaaures on the me11urement IJltllll before 
proceedina with the te1L 

U Interference Retponse. Jntroduc:e the 
paeout componellll lilted in Table 20-1 into 
the meaturemetu 1y.1em aei,arately, or• ... 
milttures. Detennin• the total tnterfenmce 
output response of the 1y1tem to these 
components in c:oncentretioa unit■: record the 
v11_luet on a form 1imilar to Yl8UN 20-4. lf the 
111111 of the iaterfermc:e respomes of the c.t 

,.... for eitherihe NO, or 0, 11n11l~n ,, 
pNter than Zpercenl of the appli~hl.. sp;,n
fflue. take corrective ateature on 1tw 
meaturllnlfflt 1y1tem. 

Tlllll■ »-1-li••--=- r•a.Co,ac:.,,...,,. 

!=!-_:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.-:.. 500' ~ pplll- 200•20pp111 
._.c:c.,__- -_-_-_:_-_-_-_-:----- 10 • I -
- ----- 20.1 I..-. 

...... ........ ~ 
---•rmam--.w•-.m1-._1.1t.aa. 

• et---..:-.__, "'i!::::'-......., • ,. 

Turbine type:------ Identification number ______ 

Date:--------- Test number---------

Analyzer type:------_ Identification number------

Cylinder Initial analyzer Final analyzer Difference: 
value, • response, responses. initial-final. 

ppm or% ppm or % ppm or% ppm or% 

Zero gas 

Low • level gas 

Mid · level gas 

Hi~• level gas 

Absolute difference 
Percent drift •( Span value X 1CO. 

Figure 20-3. Zero and calibration data. 
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Method 20, Continued 

4 £m,uif.tfl Mtt#uremtllll 1-tPtoa.dtne 

&.1 Preliminarin. 

1.U Selectioa ol • Seapt!as Sit&. Select e 

....,,ma 11te aa claw II pradlcel to tbe 
fthauet oC die turbine. Tun,ine geometry, 
atadi canripration. internal be.£runa, and 
poinC ot introduction o/ dihrtlaa air will very 
lor dill'mmt turi>lne detipa. Tha. eadl of 
lheM facton must be gtTa -,ecial 
c:ouideralion ill order to obtaiD a 
reprnentative sample. Whenffer possible. 
lhe umplint1 1ite shall be located Di,slrftnl of 
lhe point or iDtroductioa al dilatiOI! air into 
tbe chact. 5-mple ports auy be located before · 
or after the uptUl'II elbow. ia order to 
~le tbe conft.-'aboll of tbe JUnlintr · 
nan and baffln end to permit a complete. 
anobetnacted travene of the stack. The 
Mmple port• 1heD noc be located within 5 
feet ot %diameters (whidle¥er i1 lenl ol the 
1u dild!A"'4' to atmosphere. For 
npplcmentary,fired. combined-cyde pleat.: 
the samplin« site shall be located ben,,een 
lhe ps turf>ine and the boiler. ~ diameter 
or1k Ample portl ■hall be tufficient to 
allow entry of the sanqile probe. 

1.1.Z A pn:ltminary 0. lnnne is made 
ror the 1'UJ'PClff or selectiq 1owo. nhtn. 
Coac:luct this tn1 at the lllriline caadition that 
la die lowest pm:eutap of peek load 
operation induded in die pn,sraftL Follow 1M· 
procedan below or ahememe pl"OCf!'iutn 
Rhlect to the eppronl of tbe Adm1ni11tntor 
maybeuaed: 

1.1.Z.1 Minimum Nalllber of Paints. Select 
e minimum numbeT of points -. follows: (t) 
etpt. for 1tedc1 havtna cro11 11ctional areu 
leu th:in 1.5 m2 (18.t RS,: (ZI one sample point 
for each o.: m 1 (U ft I ol areas. for 11adc1 of 
1.s in1 ta to.am• (t&.1-101.111, 111 cro... 
HCtfonal ani11: and (3) OM A111Ple point for 
ncb 0.4 m: (U ft') of ere11. for stecl..s att ■ ter . 
lbaa 10.0 m 1 (107.6 r, ') in crou-aec:tional 
area. Note that for c:tradar ducts. the 11wnber 
of ■ample points must be a multiple or 4. and • 
far rectangular ductL the lllllllber of points 
muat be one uC those lialed iD Table 20,-:; 
daeftlore. round orr the nwnber of points 
(upward). when appropriate. 

&.1.%.% Cn>ts-aectiolUll Layom and 
Location or Tl'll,·erse Poims. After the nwnber 
ol 1nWl'ff points for lhe pmimina~· 0 1 

aamc,ling h11, beea determined. 1lM Method 1 
to located the tr■ vel"N poiatL 

1.1.%.3 Prelimim1rr o•Mea111rement. 
While th.- p1 turbine ii operatinJ It the 
lowe1t pc~at of peak load. conduct a · 
prrliminary o• meanrenteat u follows: 
Poaition the prol,e 111 the fir1C travene s:'(>int 
and begtn s.implint11. Tbto minimum sampling 
time at e11ch point Jh111l be 1 minute plus the 
tW'f'lt('f' •~·..tl'm ~~ lime. Oetl'f'ffline tbe 
average slf'11dy-s1111e c:onc:ratntion of o• at 
eech pc"Mnt and ~ tlw data on Fit1W1! m
e 

1.1.2.4 Sclectio,..of En1ission Test 
Suaplina Pointa. ·5e1ec;1 the ~ht s..mplinlJ 
pointa at which the,luwett o, concentration 
wwre obtained. U1e these samf' points (or ■U 
die tnl NOi et lhe different turbinf' load 
coaditiona. Mure then t!itmt points m■v be
aeed. if dnired. • 

T--•2.~u,,ou,,o, 
~Stac:.t. .... 

. ~ . ·----- - --- -- . - ••a. 
"------ --- •• 2M-~---- -----•------------ ••• ,.. 
·------------21----------- ..1•5.·---------- .....•------------. _____ -;- ,.,7 ■ 1.__ . ·---- .. 

6.2 NO~ and_O. M,r.1sureme~t. This test ts 
lo be c:oaducted at Heh or the apecified load 
coaditiona. Three lest runs at each load 
condition con1tlt11te a complete test. 

IU.1 Al the bqinnina of each NO. test 
nm and. H applic:aule. during the run. record 
turi>ifle data •• indicated ui figwe 20-7. Al.a. 
record tbe location and number of the · 
travene points on • diasram. 

&.%.2 Position the probe at tlle ttrst i,ujnt
detenaiaed In the pre::ecbns 1ection and 
besin ,ampltns. The minimum Ampling time 
•• Heb point lhall be al lea ■t 1 minute plus 
che avenp ey1tem response lime. Det .. rmine 
die ■verap steady-state concentration of 0, 
ad NO. at each point and recoid the data oa · 
FigureZD-4. 

u.s After 11&111pling th• 1as1 point. 
caac:bade the tnl nm by recordinl tbe fiDa1 
tmbiDe openttaa perameten and by 
detel'IIWlinl the zero and calibratioa drift. u 
foUowa: 

Immediately Ioilowlng the teet nm at each 
load coocUtton. or i£ adt111tment1 are 
1MCl9MJ'J far tbe mea■v.reaumt IJllem dazma 
dae tnta. niatroducl tbt sera and mid-level 
calibndoa gaeea u described IA Sectfou 4.3. 
and 4.4. one at a time. to the aeanrement 
IJ'lteal at tbe calibn&lioa valve usemblJ. 
(Make no ■dlustmenta 111 the me■IUNmellt 
ey1tem until after the drift choc:u are madeJ. 
Record tbe analyun' retpcmlff on e form . 
eimilar to Flpre 21).3. lf the drift nlues 
nceed the apecifted Umite. the test nm 
preceding the check 11 considered inYalid and 
will be repeated follo~1nc correction, to Iha 
meuw-ement ey1tem. AJtematively. the tHt 
multi may be accepted pr:,~ded the 
mea1urement 1y1tem i• recalibrated end tbe 
calibration data that mull in the highest 
comc:ted emiaaion rate are uffd. 

~ 
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Method 20, Continued 

I 
J 

-

Location: . Date 

Pl.int 
. 

City, State 
.. 

Turbine identif'acation: 
., .-·•Manufacturer 

' 
Model, serial number 

Oxygen concentration, ppm Sample point 

: 

" 

-
- . ... 

. 
. 

. 

Figure 20-6. Preliminary oxygen traverse. 
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Method 20, Continued 

TURBINE OPERATION RECORD 
Date ________Test opeaator_______ 

Turbine iden1ific:ation: 
Type ________ Ultimate fuel 

~ Serial No._______ Analysis ~C_______ 

Location:~1111 ~ ·H _o_______ 

a~Ambient tempera1Ure 

N_s~-----..Ash....,.._____ 

HzO 
Ambient humidi~-----

Test time start--------- Tnce Metals 

Na 
Test time fmish ______ Va 

K 

Fuel flow ra11•-------
Wa11tr or 111tn_______ 

Flow rd 
Ambient P,mu,.,______ 

'Describe measurement me1hod, i.e•• continuous flow meter. 
. start fi~ volumes~. e1e. 

"i.e., addi11onal elements added for smoke .,ppression. 

F.,... 20-7. Stationary gas turbine data. 
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Method 20, Continued 

U SO. Mea1m111L 'J'hl,.tat la 
ccmducted only al cbt 100 percent peak load 
condition. Determine SO. utnc Method e. or 
equivalent. dllrinc cbe telt. Select a mAmmum 
of atx total polntl from tboH required for the 
NO. measuremente: UH two polntl for each 
Nmpw nm. Th• ,ample time at eac:b point 
IMll be at lea■ t 10 miJluteL Averqe die 0. 
readlnp taJum dwina die NO. teat ram at 
aample pointl c:orrespondjna to the SO. 
traffrle pofntl ( ■ee Section 8.UJ and ue 
thi1 averaae O, CODClllbdoa to correct the 
lnt-,rated SO, concentration obteiaed bJ 
Method e to 15 percent 0. (■ee Eq1aatiaa 20-
1). 

U the applicable reculation allowa fael 
umpllna aad anal)'lil for fuel aulfar content 
to demcmatrate compliance with nlfur 
emiaalon IIDIL tmillion Mlllpliq wltb 
Reference Medlocl eii not required. pnmded 
.·tri. lael n1fur content meets cbe limits of tbe 
nplatloa. 

r. l:mlaiott C4k:ulotiona .
,.1 Corncti!'ll to 15 Percen1 Qxnen-· 

Ulinc Equation 20-1, calcul,te the No. and • 
SO. c:anc:entra1iom (adjusted to 11 percent
o.J. ne comc:tioD to 15 percent o. i• 
MDlftlw to the acc:uracy of the 0. 
lllnllftlllent. At the lavel of analyzer drift 
lpedfled ID the matbod (~2 pen:eat of full 

Turbine identification: 

Manufac111rer ____________ 

Model, serial No. ____________ 

Location: 

Plant--------------
City, State-----------• 

Ambifflt tampera111'9---------~ 
Ambientpressu,. ____________ 

Oaie ________________ 

Test tiin•. lta"t -------------

Test time• finish ____________ 

icale£ the chanp ID the 0. concentration 
canwctfon can uc:eed 10 percent when the 0. 
content of the exha1111 ta above 1e percent O.. 
Tbenlore O. analyzer 111billty and careful 

· calibration uw aeceuary. 

Where: 
C..-Pollataat conc:entretfon adj111ted to 

U pm:ent 0. (ppm) · 
C...•Pollutanl coac:entredon 111e.11ured. 

di')' butt (ppm) 
U•20.9 percent 0.-11 percent O.. the 

deftned 0. corredion bHY 
Parceat O.•Pen:eat 0. meuured, dry 

Nsll('5} 

7.Z Calc:alati tbe avenae adfu■ted NO• 
oaacentratfaa by wmmfnc the point nlue1 
ad dhidlna by the number of Ampla potntl. 

I. Cltatiou 
L1 CurUa. F. A Method for Analyma No. 

Cylinder Cua-Specific lon Electrode · 
Procedure, Maaoaraph available from 
Eamaton Measurement Laboratory, £SEO, 
Ralearch Triangle Park. N.C. %7711. October 
1171. 

--~~-~~-1'a&'41... -··· .. • •• 
Test operator name ____________ 

02 instrument type------------
Serial No.------------NOx instrument type ____________ 
S.ial No._·___________ 

ISample Time, NOx,~.I 
" ppmpoint min. 

' 

1Avera91 sieady-state v8'ue from recorder or 
instrument '9adout. 

Figu19 20-8. Stationay 91111Urbine sample point record. 



Rule 913: .Ambient-Air Testing for Cc,,,mn Air Pollutants 

I ~thod A 

Rt......FERENCE METrlOD FOR THE DETERMINATION OF SULFUR 
DIOXIDE HI THE A'IMOSPHERE (PARAROSANILINE MCT'HOD) 

C4o cm so, Appendix A, July 1, 1976). 
1. l'r1"'°'1Jl4 a4 .tF?UoclbCUt7. 1.1 e'CltW 

dloldda 1a &beort>ed trom tJr ll1 a aoluUon of 
potaasium tetraclllorome?CUn.t. (TCM) • .&. 
d1chloroeul1ltomercurat.a complu. Wbich re
mfa ~dA1:1cm by t.h• orysen bl t.he air, 11 
fcirmecl (l, Z). Once tor:m8d, Ulla complex 1a 
"'-!bl• io ~ OJ:11al:ltl <•-c.. or.one, ol:idea 
o! Q!g-opn), Th• oomple% la ~ W1t.h 
paruoaanil1.Jle and formaldehyde to form 1!1• 
~,. colored p~1ll• math7l IUl· 
tonJ.c r.dd (.1). Tb• a'baorb&.D.ce of t.b• WU• 
\loll 1a ~td spectropboto.me::rtcallJ, 

1.2 Th• met.hod 11 app!1cable to t.ha =-
urem.nc of •ultur .:11oi:14• U1 amblUL\ m 
~ a&mpllng penoca up to :.Khouri. 

:l. Jl.:mg• 4114 3ffl.liNVCt1,1. :l.1 Concen1no
Uona o1 11\ll!'ur dlox1de Le the nni• of :&& w 
l,c60 ~/m.1 (0.01 to 0.~ p.p.m.) :an be =-a-
1:lnd U.Dder t2i.e condlt1ot1.1 JiHD. One ca.n 
ma:wun con.centrat10llll below 2! ,,,a.tm.• bJ 
amplUi; lArie:' Yolwn• of w, buc only it 
cu &beorpt1on dci•o.c:r of th• pan1cula.r 11&
t.am I.a ~-st 4eter=1ned. a,.her ooncentra
uom can be uwyzed b7 ua1J11 lm&ller SM 
u.mple;a. a lA.rger oollect!on Toi~. or a swi
&l.le allquoc at Ule oollected &ample. ~•• 
Law 1a followed l.b.roUgl::I the worlcmg rr.iirw 
from o.~ \o 1.0 r.beorbance umta (0.8 to ST 
~- at 1Ul11te 1on 1n :15 ml.~ IOlut.ion oom
pu~ u 80.). 

U The lo,ru Umlt of de~ of Nltur 
dlo~de 1n 10 ml. TC"'..! 1a 0.715 ,.g. (bued Oil 
cwtce t.b.• mndr.rd c1.n1.atton) npresentmg a 
CODOm1n\1ou of = ,cJ'm'liOa (0.01 p.p.m..) 
tn. &Dau a.mpl• of so uien. 

.S. l"'4r/tTat:U• .S.1 'lbe euec:r.a ot Ule 
prtncpll =o,ni Lt!~ Uft ~ 
in.u:umized or 1llmi.c&t-e<1. Intertenmc.ea 117 
or.des o! mtrcge.D u·e .!.11.1::::.Uu.ud by :1:ll~t' 
a.dd ( '• S). a:;;;i:c.., fly· t:JUS-<1al37 !cfi. t.r.4 
h1ary •me\&la tir i..:.r4 (othytenedlarn•:,.. 
\CU'r.&eeC!O acid, ~:um Alt) I.Zl.d pbca
pliort¢ acid (4, I,>. ,u 1-.n eo ..;. l'e {m). 
10 -«· Mn(tI>, and 10 -«· ertm> m 10 :m1. 
~ ~t c:an be \OlcuecS m aw 
procedure. No 11(l1LC.c&Dt blim~ ,,.. 
~ '111th 10 JC. OU (II) au 22 -,. V(V). 

t. ~. .&CCII~. ~ ftab(Un, '-1 
' £d..ltift ltlU~~ d:11;;.;:..:i I.S t:.e iJ ~ 
~ 1enl Sa ,.e por,,ent far t.ho 11,Da,, 

1~ J2l"OC)ed11N Ql1ng ~ ampla. (S) 
U Attar l&ml)le colltc+"..cm ui.e aoluUcma 

1ft rel&tffel7 rtable. 4i ~ C. Loa.I of lul..~ 
dJol:tde ocow at ~ nite of l p:r'CC!t per 
d&J', wt.en Mmp1tll W'9 ~ at, •• 0, tor 
IO a,.,-_ DO dot«::.able keel ol ~ d!a:&• 
kill occaJ'. 'I'll• p~ ~ m:r.l'.4 c,')•noe, 
a. ~tr ~ :sor m -=ruticD. am mo. na;,e 
~ l!DCJ:SJ la ~~ Cf ~ OOn=Dt::atiall 
otSOr (f)

'·"'~ l.l km1'lf1C/f. 
1.1..1 "'~~-~ ZICJrZDlolly U.-1 

bl w J'Ollnt10!1 aD:!!)lllq11N~IG:t 
oonoencntiocl.l &!loTw ~ ,:c.Jm.• (Cl.01 P~). 

r 

r 

·' 
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~thod A, Continued 

CJI .blal~ 
Ul IIIUr-u,, A.d.1 (t.l ~J. D!-. 

a:i!N 0.4 g. auUa.m.to &<:14 1A lQO ml. cl1R%1lecl 
-..ur. PNP6.l'• .tN&ll d&Uy. 

1.:.2 F01'11'14J1Uli¢4 (U ~). DD8a 
• ml. tomia.Jdab1de &101Ution ("""8 pcoe:»J 
to 1.000 mi. wiiz:i eunm.:1 vacv. l'Npan 
dASJ, 

I.I.I hoc.t lOtt!Ulw 8olllttoil (0.J 11). Piao. 
U.T I• lod1l1e 1A a 1'0-ml. bMDr; ad4 .0 I• 
~um 1od1de IUld :ta mJ. -ser. 8tJ:r 1mU1 
1.11 11 dl.uolTed. t.!ic dUu'Ce lo 1,000 ml. WW. 
&'1lledwater.

e.:U lodtft.c Solutfoft (Ul Jf'). PNpu9 
&pprozlmMelJ 0.01 N lodlDe IGIIIUGA by dl• 
ta1:1Ac ao ml. ot nock a01mioa 1o 100 m1. 
wtih dlirt.Uled W&W. 

UJI Bfllro1' l11<£6oator loluUoa. '%':tiunt.e 
OA S· 101w,te st.&rcl:I IJ1d 0.002 S. m&l'01U14 
lod.1ci. (pruenat!Tt) With a Utcle ll'&tc, &ZMl 
Mid~ pute alowty t.o ~ mL bollm( ..... 
OmltiD'IH bCUl.Dg \UIW the 80luUoll 11 alNr. 
ecol, &Ad ttt.11.ltv to a 11..-noppend bottle. 

t.1.0 atocJs Sod:um nf.tmll/cc SoluUoa 
(0.Z N). Prt~e & ~ II01Ut10JI by dl.Mol'l'U:l,c 
21 1- .eod.lum WO&'Ultaw (NWS.0.•5B,O) SD 
1.000 ml. truhl7 boUed. cooled. cn.tmed W"Ma 
and Mid OJ. ,. IOdhlm carboD.aw to lhe ,ota. 
UOA • .Allow Ult eclUtlOJ:1. to n&Dd 1 da7 bo:ore 
R&lldard1nnr, To ~ aocun,taq
,nlJh, to the Dt&rert 0.1 m.J.. LI s- prtm&.7 
1tanc1&n1 potaa:tUQ 1odaw drs.d a, 100• C. 
and cwute to •olume m • 800-ml. WIJ~ 
8uk. To a 600-ml. Sod.In• tluk. pl~ 60 ml. 
or loO..aC. solatioD. Add 2 ,. potautum lod:Sde 
~ 10 ml, ot 1 l'I' b7d:oolilano acl4. Stoppao 
tu au.1c. After I m.11n1i., titrate W1t.1l ncdt 
~u IOluttoD lo I pale ,..UOW. Add I 
ml. ~ 1Ad1oatcr ao11111o:D &1114 ocaua• 
lhl t!tnUcn a:t.U '-be blM oolar 411n~ 

U.T SocUua~fta'9atCO.Olll). 
Dalin. 100 ml. ct Cot nook t»:?Nl!all .aa-

 Ila ICI 1.000 m,l. W:!Qi tre.h17 llallecl ~
wacer. 

Jrormalltf=~tf or 1tOc1: 1a1.uu. 
XOJ.GO. 

U.S Stan44r~ hlilt. Soh:tfoft ,W 
,.,.porateon of WorJ:mg sw;:u-rcH tom
tfOD.. Dluoln 0.1 ;. IOdJ.u::a mnabttuUlte 
(Jl&J!.0 ) 1 ar UO 1- 10dlum auU1u (Ka.SO.) 
ID aoo mL of noai.17 boUect. eooled. ~~
,..__ (Bu14te DUt10J:1. ls 'QAICablr, 1t la 
IMn!CIN 1mponan\ lo :Jae watcof~~
II\ ~tJ to mln1m,._ ~hi.I lJl.lt;abmt7.) T.tm 
IOhlt10D OODtlJnl Ult kl111'9Sle:n ot !!"...0 to ,oo 
41"..;J.. ct ~ ..~ :.=..~ GCl"Clffll:rzoo..Cllll OC 
Ille IOhnllll:a • 6lllnaJM4 '7 ...... --

Calculate ~ ~ al IU ftDM
solutlon: 

w 
•=-x2.ao 

K 

 

 

lod1M Gd b&sk•t1\n~ "1Ul ~
IOdNm WOlffllt&te .atmioa. T9 becik~ 
p&;>oi GO ml. of u» 0.01 lf ~ ~ ~ of 
two 80().ml. lodlnt baa (A &.114 D). To~ 
A (blanlc) add :18 ml. c:U.."'iUled Tater, and IO 
luJc B (111.mple) p1pn 2a ml. IUl.l!te aolu~ 
tioppc \ht 11uu &Ad &I1a1r to ruct tcz I 
muautoa. Prlpare \M wrkl.nf IUU1te-TC"...C 
aatutlon (8.2.ll) at ~ c=e ume 1oc1!zle 
IC!uUcm ta added to Ute~ 'By·me&i:la Of 
& tnzJ"ei COD~~ 0.01 :K Wo
Rltate, tit.raw Mell S1&&k LD. tunt to • pa.le 
:,tll,o,r. nu 1411 a mt. ltal'Cll aolut1on Ind 
ocmunue tM turaUCD \mtll Ui• bhie 00lcr 
clllappean. 

1.2.a ll'orldftg fulflf••TClf .!oluffoft. Pt,
eoemateiy s ml. of Ult rta.nd.l.rd aolut10J:1. ln10 
• 100 ml ~umetno asu &lld brt.n.t to DWic 
lflUl 0.04 LE TOK. Calcu.l&ta tlle COJ:I.OlntZ'a,, 
aon ot IUlfv cUal344 1n t!i1 ,nxk1n( aota
aoca: 

~l!IO.lmL• (A·- B) ~ (12.l)OO) XO.. 

A=Vol-ama ~a.t:e tor blank. ml. 
ll=Volmne ~osulfw tor ample: mL 
lf=lformallty 0: Wocult&te_1ttraat,. 

12,000=WlUeqmftlmt wt. of SO. 4. 
25=Volum.e standard suli1te IOIUUGII. 

ml. .• --
Cl.02=l>lluU0J:1. faclar, 

ft!& IOlUtlOll 11 Nb.II for SO d&)"I U' kept al
••· c. (re:rtgva\or). u ~ bpi at a• o.. 
Jlft'J)Ve dally. 

U.10 Pv.n/led Pararo1Ct1'1CM ltoc1c 601•• 
lfoll (0.Z J:)ffefflf ftOffltnGl) • 

UJ.OJ. ,,,_ IJNCC/(,ollifm:,1. The pa:sro
lC111ne drt mun ZDNt ~ totlowtq per•
tcrmance ~auoiia: (1) ~ c1re c'QII 
Uff I nY~ or m.mmv.m ~
d MO Jim. 'll'MD ~ 1Zl a bdlnolt o:ila• 
~ ot OJ. 1' IOdlum 1.oeta~ lcid: (2) · 
tM &~ot \M N&StZ1t blau:, whlab la 
temperatun-1111Z111t11'e (0.015 abeorl'a.oe 
lmit/0 0) • mould Dot cCNCI. OJ.'70 &bccrb&Z:!Ot 
=ti " 22• O. '11'1th I 1-cm. opUC&l p.t2l 
~ when tbe bl.aAk I.I ~,-pa.:e4 r.coard• 
Ul,!J lo tl:.a ~cz:1Wd e.ll~f'..!C\l ~\:l'9 
&M to the~ OCIJ:I.C612C'I.UOD cu...,• cl ~ 41'1: 
(I) ~ C&UbraUoll II• (~OJ:1. 1.2.1)
llboalcl hf.ta a ot O.C:0:1:0J)02 ~
azaoe unu114 SO. a U11I p&Ul la.a&'th wbm 
lhe d7e Ja pun &Del ~ Kl!i.te auUca. • 
JIIOPIZ'l1 ~ 

e.1.10.2 l"r~ of ~ aohfloll. .& 
,pec1sU:r 1>12:1.!!~ (og..Joo ~t ~'m'!t) e!>o 
1~~= Cl! p~e. t1Alch me.u t.i:l.l 
.... 11ptcU!.cett=-, 19 ~ ...,._ 
able bl lhe Nql:11.,cl 0.:0 pwom& ---. 
trl&km (lbmoo•). .All:lrJlati..i,. .. ... 

 Jf•XC112DAUIJ of ltOok tblonult.Me IOhs• 
.uon. 

M=Volume ot U11olul:1te nqu1nd,, ml. 
W=Wet&hl of pot&uSum tod&te, ,ram,. 

 

 

 

lOl(OOZlTtnlml of I• to :iq.) XG.1 (fncUcm Iodate 11Nd) 
uo = ii.11 ,..-ii.I.iintiliicii poWllumJod&C.I) 

•ll&rtmen-'tAddoD,, IOU:& ~ W~ 
.l.'Nnue, Phlla.ckl.;,ha, l"A 191'3.. 
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'Me1:h29·A, Continued 

may tM p~. • noclc IOlutSaD p~ 
All4 ~en ~ &CI00rd1DI to Iha ~ 
c2U.N of 6ca,r1ngeW, ot &1. (4) · 

cu..11 Pcrc:ro,cnCllW ~mt. To a SSO
m1, 1'0lumetno &.lk. r.dd ::o ml. Sf.OCk par. 
U'CXm!Jllne aolut1on. Add u a4dlt10lllJ. O.t 
ml. ftOCk eolut1oo. far ISCh pucen\ I.be R00k 
...,_ below 100 p~\. Tbcn add :Ill QI. 
I ll phosphorio &e1d d1l4 dllU"W to Yaluc:lle 
"'~ dlGUled water. ThJ.I r.,caat LI lat.le 
tcr at. leut 9 moneba. 

,. Procedure. 
1.1 Sa&pUflf, P:-oc»dUNI an deecrlbed 

t• mort-wrm (10 mJnutu and 1 bour) aD4 
~ lODf•telm (:M houn) .u.mpll.q. Ona OU 
owici cwrerci ccmi,m&t1om ot Al:DPlme 
n.ie r.n4 ti.me to meei ,;,ecl.&l need.a. Sam!)l,t 
~umN lhoUld t. &4jUJ'Wd. 110 that 11:leartty 
Ja awnta.1ned ~,nen &tllarb&Doe and ooa
omit.r&UOD onr Ula dJ'2lND!o range. 

T.1.1 J0•Jlhn1u end Z-llov Saljl..... 
~ & m14iet l.mpl.nge.r Into Ul.e IIIDID~ 
rp\em, Plgure Al. Add 10 ml. TOM 101imozl 
to ~• lmp1113ff. Coll«:i nmple 11t 1 Uta:/ 
n;Jnu~ for 30 ml.nute■, or a.i O.li Utm/mt.lllne 
fer 1 hour. ustng lit.her • rot&metar, • 
lbolrD In 1"lgun Al. or• crtt1Cl.l or111co, u 
c.o,ru In Jl'1guH A1&, to control SSow. Shkld 
the al:)10rbll1g reagent from d1rec:t ~t 
CUrU1g a.nd aftu aa.mpl.lng by CO'fuine ~ 
m:plnger 11'1t.h alu.mlnum foll, to prnent
CBtenoratl.on. Dr..e?m!n• ill• 1'01ume ot m 
-.mpled by multl.pl,-U:.C lbe Cow rai. by c.o. 
ism- LD. m1nuiea a.nd record tlle 11tuioa
ph1rto p~ a.nd \emperawn. BAmoYe 
asid stopper the lmptnaor. U tile aample 
mun be ''°red tor more thr.n • d117 bdCZ"I 
t.ll&l7s1.1, 1teep 1t a.t a• c. LD a reu11enior 
leMU). 

1,1.2 24-Hour .SampUng. Place 110 ml. 
TOK aolutlon lJ1 a lari• abaorbc and 001• 
leot the a&mple ., 0.2 UW/minU\e for 2" 
hoW'I from mJ~gh, to m1d.D.1gb,t, l,,l,ue .u.... 
DO entn.lJlmen\ of IIOlutton naulta V1tb ~ 
lmplnger. Dtu1.ns collectlon &nd r.on.ce pro
iect rrom dl..-ec: rc.:ll!.O?,?!.i, Determl.l:11 ~ 
wUl ~ YOll.!.ma by ..uU!.lplfl~'i the ~ !10., 
rat. b7 ~ umo 1n m:.nuwa. n.e comc=.on 
of ~'-hour maumemen~ for iempentare 
Uld preuure ta U\remelJ dlmcUli imd ll DOI 
Ol'd1Dan1J ~ Bowfler, ~• M:Om'l,CJ' al 
tbe meuanmeo, wm be lmpro'fed 1f =~ 
Ul,gtu1 oorrect.iona ca.n tie appUed. It ltcnc"t 
1.1 Deoeu&rT, Nl!.r1ceraw at 1• o. (aee U). 

'f.2 .A.Ml7ria. 
,.2.1 .;.;irr.plJ ~~~- L.~ collect'..::>:1., 

st • prec.tpltate la obMnecl In tbe ample.
temon tt b7 cen~Uon. · 

,.2.1.1 .10-N'htutc Cffl4 l•llOt&r S.mpla. 
Tranlter ill• eampi. quant1tath'eb' to a ::S
ml. 'TOiUllleu-14 ii.Uk: UN al:loUt II ml, d~ecl 
-ier for nnr.ng. De1•1 &n&l!MI rar ~ mm
'lltea \0 ell~ any ceone t.o decompoee. 

,.2.1.2 U-.Elour .C.a!l\p'4. DUirti. Ula en=-e 
aampt. lo 10 ml. w1\h abeorblDf IOIUUOZI.. 
Pl.i:Mt. a ml. of Ua &&mplt !:Ito .. :ZS-ml. 
~l~crto dwk for ahemlcal. ma1,-. BrlJ:lC 
.-al~ IO 10 ml. ~ &'bier~ ,_,_I.
Oll&f r.o.i,-- for ,o mmu• to .now Ml7 
caoa• '° decompaN. 
I • • 

,.2.2 Dfl-~. Pee ..ch eet ol c1e
\enm.a.&tlooa p..-p&N • r~nt b\11.Dlt t,7 &odd• 
me 10 Cl.I. ua•xpoe«i TCM IOIUUOQ to 11. ~ 
m1.. Y0lumetr10 au.lt. Pr•p&n • cont.rot aol'l:l• 
UOa bf Midlu« 2 ml. ot .-Ort.inc iNl!iC.-TCM 
IOlu&lOn •ad a mi. TCU oolutt011 co-• 211-ml, 
9Qlumetrlc duk. To e-M:h l1&Ak conwn1011 ei• 
\bet ..mpl•, oonttal 101ui1011, · or rea~• 
llolank, add 1 ml. o.a ~~-.ult~ 
u14 ud •Uo-w to l'9GOC 10 ml.D.Utol to do-
8'1"07 t!:1• nurtc. tl'0Cl cmdee ot Al~ 
AooUrately plpn 1D I ml. 0.J ~• 
tormald•l1,,S. 110lut.1on. Ulen I ml. ~ 
aro&Anlll.De IOIUUOD.. Start a !Aboraicz,' 
umer th•\ hu been IO'\ tor ao mlnutee. Bru:i« 
Ill 4ukl to YOlume wltb tre&bl7 bolled &nd 
oooled dl8t1lled -ter 1111d m!Z t.borougbly. 
Alter 30 m1ziuiee acd be:fore 60 m!D.utee, d► 
&ermll1e Ule •bac>rbe.nces of Ule sample (c1e• 
DOWUA).nagent blank (denoc. u A.) and 
ill• control tolutlon at 6-18 nm. Ul1Dg 1-em.. 
opUcal patb length cell&. 'O'ae dlatllled water, 
not tbe reagent bl&nlc. u t.he reference, 
(ffonl Th.la \a l.mport&nt l:>ec:&UM of tile oolor 
NnalU'f1t7 of \he reagent bl•ak to_jempera
ture chanree whlch can be tnduced lJ1 ~ 
cell oomp&rim,ent of a ,p«"tn:lp~.) 
Do no1 allow ~ oolored 101111Jon to stand 
1D tM &bscrb&Dce cell&, ~UM a 41m of d,-. 
ca7 1M depoalted. Ole&D oeu. ,ni,b alcohol 
af~er iue. U Cle t.emp-n:n oC t.h• d•t•rml• 
naitom 4086 110, cwrer br more than 2• c. 
tro:n tb• c:allbrauoo. t.empva~ure (1.2), ~ 
l'M(tn\ bllJlk ~ouJd be wtt.b.1n 0.03 •beorl>
acc:e WI.ls :>t the 1-1nt.arcep1 ot Ule ceJlbra• 
&Soll CW"l'e (8..2). U t.he nagans bl&Llt cW!on 
bJ more tb&n O.OS ab9orba.DCt unu trom \bl.t 
tound 1n tJ:.e c:a11bratlcn eune, prepare • u,r 
Cl1U'H. 
. T1U ,unor~£ag4, %I u» abaorb&Me 

·ot tbe ample aolutl.on ru,- betwom 1.0 
a.nd 2.0, tilt e&mple ce..n bo d!luted 1:1 ~ 
& portlOD of thl ~nt blaAt and J=:d 
1'11.hlD • few ms.nut.ea. Bolutk>na wltb h1;hC' 
&blorb&DCI can be dll~ a;> to ~old vlU& 
:!:.-1 re..:.:;t:t l:lr.nk 1L o:-C:>r ;o oo~~ o~ 
r~;;:; wtt.!:J:l 10 ~~ of Ille true c.> 
eorb&ll.ca T&luo. . 

1.CGUl:TU£cw 4714 Z~. 
1.1 '1oWtMt.n• 4'14 B~fc NNIG&. 

Ot.Ubrai. Al>wm~ and hff)Odenmo llft
ae (I) apJ.rl.R a c:allbrMed ""YA ZMilr. 

U Caffbratiotl Cwva. 
U1 J'rocedwc wU.\ StllJCt• &oltdloa. M,- · 

C:-olmt.!ly p!pat r;r,'..d:.::t~"'Cl =.oll:lt.J ot t~ 
workin; SWJite-TC"'al .olu&;ioD (8.2.11~ (IIQM 
u O, 0.6, 1, 2, 3. and , ·mt.) into • Nrl• at 
:II-ml. 'fOlum.trto 4aua.. .Add su.!11dent '1"0ll 

. IOluUOn to each Auk to brtD.C tbe TOIWDot to 
apprcmm,.telr 10 ml. nm Mid tlli• "Wfflll])l!II 
rea«onta u descnb-4 1D 1.s.:. l'a.r m•x1miua 
p:"9d&1on t.:.N • comt&nt•\amperature ~ 
na .c.:::ipC&t'D.N a: ml1bnU.on mun 1-. 
malllt&ir.ed wit.biD :!: 1 • 0, a.nd Ul Ule ra,a.p 
ot ~• ~ ao• c. Tb• \.emt,er&ture ot c:sll~ 
UOG a:Dd ill• tempcntu.re ot a.mlJ'l4 mua oa 
W1thll\ 2 4tl"-.. Plot Ui• IUlaOrb&nce ~ 
\,)l,t ICtal CIODOlntnUOD U1 -c. so. for Ul,e 
OG.-nspand•nr 10lu'1011. ne ~ ~- so. m 
autloa eqau uie ooooeuirauoo ot t2lla 
n&Ddard (8e0tlon 8.2.G) SA 14. IOa/ml. UJDa 

j 

' 



M3thod A, Cont"inued 

the ml. IUlJ!t.e 101.utton a4dt'd (-c. !50.= 
..,./ml. eo.xm1. 1-dded). A Unc-v rel~ 
ahip ahould be obtAlDed. and tll• 7-lnt.e~ 
a.hould b4I '11'1Uuo 0.03 al:l6orb~ce unit or tll• 
uro •t.Ancard at»orbance. J'or i:nu:lmum pr.
Gia1ou determlne ui, Un• of best 1:1.t ~ 
regr0111t011 anal711l.l \>7 Ule method ot le&A 
equarea. De-ie.rm.tne the &lope at Ul!I l1ne a: 
bat dt, calculate 1t.ll redprocal and deDat• 
u s •. s. 11 the calltn-atton 1'actor. (See S.O• 
tsou e.2.10.1 tor spectneattona on the elope ot 
Ule caUt>raUon oune). Thia call'bratlou t.., 
ior e&.ll be UHcl tor calcwaunr reaulta pro
ffded there an no ndtcal cb&nga m 
wmperature or pR. .u lllUi on, oon1ro1 
sc.mple contaln.lng a Jcno,ru conoentratlou ot 
SO. tor each wrt" of det.rmJnatlona, II 
recommended to wure the NUabW\J of Ulla 
factor. 

1.2.:a l"rocedure ll!fth •o. .P9rin4Gtiotl 
hba. 

a:U.1 <kflerol OOMfdcratfofl.l. Atmoe
pberee oonta1:11nr ac:e12nte17 JcnoWD amounta 
at 1ultur dloz1de t.t tenla ct tnte:ff\ can be 
prepand u.ur permeat1on tubea. In th• 
•Y•ttma :or 1e11vaunc Uine atmoapherN, 
\he perme&tton tub41 em1ta so, 1u &t • 
mown. low, coia~t rate, proVlded the tem
pert.ture of the tube u held comta.n, ( ::0,1 • 
O.) t.nd proT1dec1 the tube hu been &eclZ• 
~Y callbrated at the iempert.ture ot UN. 
'nl• 501 pa pumet.Ullg trom the tube la 
et.rried by & low D.ow o1 Ulen gu to a m.Lx• 
Ull chamber WhOM 1~ la accurately dllui.cl 
with so,-free a.tr to the lenl or I.Jltern\ .nci
•Ji• eam;,le taken. Theae E}'atema ue mown 
IChematlcallJ !.ll P1gUNa .A2 Uld A3 and ha.N 
been deecr1~ 1n 4eu.U by O'JCAloife I.Dd 
Ortman (I), SoarmgelU. Prt7. t.l1d S&ltzm&zt 
IZO), And f3e&lUlselll, O"ltNtl'e, a.o.enberc,. 
t.nd Bell (JZ). . 

a:u.2 PNparGieo& 01 .rtlffl4ard -.umoe-
phcru. Perm.er.ttcm ~ nu.7 be prep&nd. 
er pW"Chued. ecartngeW, O'!teelft, :RoNA• 
bffg, &Dd Bell (Jl) g1H detailed, upllc1t 
diNotlona for perme&t1oll CU'be caUbraUOn. 
Tub~• with & ~nl~od 3>er1:1e•;lo11 rau v-e 
l't'a.111.ble r:om t.!:e l'i&~C::Ul =-~u.u o1' StaJl.d• 
r.nla. Tubo permeatl.On raw.s nom o.:.i w o., 
-c✓m.tnuie, tn~ SU l:IO~fl of &boui &o ml.I 
mUlute, and 4Uuttou &lr tlOY n.tea rrom 1.1 
IO 11 Uten/m1nlnl 00%1't'anleDl:J gift ltl.D<1• 
ard &tmoepbens ocm\amlne d.Mtred lnela 
ot 801 (25 kl SOO ,.g./m.t; 0.01 kl O.ltl p.p.m. 
80,). T?:lt OOllceDtn.'1011 of so, 1n an7 IUA4-
lld atmoephere can 'be calculated u follcnra: 

Px10• 
C=--

a_+a, 
Where: 

0 =Cou·ce11tratio11 ot SO.. ,-c./'m.1 &t Nf• 
ertllce CODdlt1olll. 

P ='l'llbe permeat1on rate, .11g./m1Dui.t. 
R.i::::!'low :ai. ot 4Uut1oa. &lr, Uttr/mluute 

&t reference condlt1ona.••=Plow nte of lnert pa, Uttr/mlDute at 
ntwaa.oe ooNllUODL 

11.2.2.J 8cmp1'919 4tld l"r.,,.::t"Gtiotl o/ Ca.U· 
!>~cuio" CurN. ?n:pue & Nrtea (u.oally m) 
of lt&Odi!.rd &tmospbtnlll oontaln.lni BO■ 
ln11la Crom 26 to 390 4. 80/m.•. Sa.mple e11.ch 
1tm01pben uunc &1mlle.r e.pparat'U.I and ta&• 
tnr eir.actly \he aamt I.Ir Yolume u will 'be 
done tn &tmoapbtrtc umpllng. Det4rm1ne 
&.baorb&OCN ... dlrected lD ,.2. Plot·Ul• COD• 
C:.lltr&tiOll Of 80, 1D 4Jm,t (1:•uia) ap.iDA 
A-A. nluu (1-UU), «sn• the aU&lght. UD• 
Of best Gt and det.vmlDt the llope. Al\ar• 
cattnly, regression &DtJyala t,7 Ule method 
or leut ■quares ma7 be 111ed to calculate Ul• 
■lope. C&lcul&te \he NC:lprocal of the alope 
II.Ad denote u B,. 

U SampUng ~flef.eflq. Collec\101:1 em
c1,ric1 le abon 08 pvcen\; ea!.clency ma7 
fall off, bowenr, &i co11centratloD.1 below U 
"(./m,1• (lZ, 13) 

9. CalcvlllftoJI.I. 
I.I COftNrftOK Of Y'ol1'1M. Ocmnn C!le 

TOlume ot atr sampl.S to tilt 90lamt at m-
4ftAce 0011d1'1ona ot u• o. a.nd ,eo mm. llf. 
(OD 2•-boar eamplN. tha m&J not be 
posalble.) ' 

p 198 
v.:vx-x--

,eo H2fl.. 
Va=Volume of &tr u u• C. and 'l'CIO DUil. 

Hg,Ucen. 
V =Volumt ot &lr ae.mpled.llten. 
P· =Buo:netrlc pre.sure. mm. Br. 
t =Temper,.ture ot alt sample, •c. 
s.2 Sulfvr Dto:tdc a~inJtioK.. 
9.2.1 WbeD aulJ1t.e IOlUUODA ue UNd \0 

pnpare ec.Ubnt1on cune., compute the 001:1-
octraUon. of sulfur dlozlde 1D. the tample: 

(A-~) (10') (B.) 
,c. SQJm..1 ::--------xD 

Va 

A =S&mple &baorb&Dce. 
A..=ReageDi blank abeort)&nce, 
lO"=Oonnnion of Uten '° cublo met.era. 
Va =T?:lt ~pie corrected lo 24• 0. UMI 

100 mm . .El'.;, Utera. , 
S. :CA11bra.t1011 f&ctcr, ~•blorb&z:l.at 

UD.lt. 
D =DUUUoD 1a.c:tol'. 

l'0r 80-m!.D.ute and l•bour aampl-, 
D=l. 

Pot 21-hour aampl•. D=lO. 

9.2.2 When &o. pa et&Ddard •imCll>h._ 
an used to ;,rrpt.:e =!ltn:!on cunea, com
pute tht eullur d10&1de m the aamplt 117 tAa 
(ollowtn& form.ult.: 

eo.. ,t,CJm.•= ,~-.A..) )(JS. 
A. =Sample e.beorbanoe. 
Ao:::Rea,cen\ \>le.Dk~ 
B•=(S.. 1.,.2.S). 
11.s.t ConHl'lios o/ "'1./a.1 to jf#A.=D 

d..u.d, th• eoncencnucm ot IUltv.r dlol:Sde 
may bo ca.lculat~ e.a p.p.m. 00. •t ra1ereACO 
OODdlttona u toUo,n: 

p.p.m. eo,=4 ao.,...•x1.ax1o-■ 



I 

10MI 

IMPIHGER 

~ 

TOAIR 
PUMP 

MEMBRANE 
FIL"(ER 

Flg,n A,.. Crlltc&I OtlflCt now cccrtrol. 

TOA1R 
PlAIJI 
► 

FLOWMETER 
TRAP f 

Method A, Continued 

10. llt/ff--.. 

U) Wes', P. W., and~ 0. o.. ""l'\u· 
Uon ot Sulfur O!oz1<1• u SuJ.Atomtir• 
Gura.t.e m 1.nd 8ubNquen, Colorl• 
met.no DeterminaUon•, .411CII. Chem. 
z,, 1814 (1968). 

(Z) ZphTatma, P .. •Inorpntc Chematry," 
p. 682, Edl~ b7 P.O.L. 1born, &Dd 
Z. &. R.ot>.rta, 6tll 1!:dltl.on, In~r
lC!ence. ( 11148). 

tJ) L7les, 0. R., Oowllng, J'. B., 1.nd Blanc.b
ard, V. J., "Quanttta.tln Detennlua
Uon ot Porm&ldebrd• tn Parta Per 
Hundred Mllllon Concentrdton Le'l'
el", J. ,Ur Pou. Cont.~. 15, 1oe 
(1985). 

(4) 8cartngell1. P. P., S&ltam•n. B. z:.. &lld 
P're7, B. A.. "Spectrophotometric De
wrmln&Uon of Atmosphertc S\llfUJ' 
DlOZlde", .ilfMII. OAftll. JI, 1109 (1"7). 

(I) Pate. J. L. Ammona, JI.&.~ 
O • .l.. Lodp, J, P. Zr., '")ftlrtle Ill• 
tctercce 1n Speotropho~awtno ii.
tenmD&Uon ot .Atmocpher'.o sw:ur 
monc1a",A"4L aM111,J'I, ;u (19Q). 

(I) Zu:!o, N. and Gr.tmu. · A. IL. "Ueuun,. 
men~ at Ul• 801 Oont.eni at Air U1 .zi.e 
ProMnee at Oz1dN at Nltrocen and 
BNTJ KeWl"0 11114. Lnoro. U, AO 
(1Cle2). 

(r) ~ :P, P., El!ers. L., 1'onu. D., 
A:1.4 Boobllcn:,c. a., "'Ctlbenoed ai&-
1l&UIJ ot ~ ~ m. Dal"CIUoD"• 
.&ul.O'JI-..Cl.111a(lffl). 
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Method B' 

REFERENCE METHOD FOR THE DETERMINATION OF SUSPENDED 
PARTICULATES IN THE ATI10SPHERE (HIGH VOLUME METHOD) 

(40 CFR 50 2 Appendix.B 1 July 1, 1976) 

1. l'rln.cf1)le 4"4 AppUcabCUtJ. 
1.1 Air I.S d.nnru LD.to • ooffNd h01Jlllq 

aJ:ld through a lllter by mea.ca ot a lllgll-1l.ow
rat4 blower •t a 11ow rat. (1.1:S to 1.'10 m.•1 
mui..: 10 to 00 ft.I/min.) that alloW'I sua
peuded pa.rtlclea '.'u.Tlng cUameters ot ,_ 
\ban 100 .i<m. (Stokea eqwvll.len\ dlameterJ 
VJ pa.sa to tilt 11.lter aurtaca. (Z) P&rt.lclee 
w1Uun t.be alr.e n.Jli• of 100 to 0.1,a.m. dl&me
w &Ml Ord!llArUJ OOllected Oil Slua 1l.ber .0.l• 
"9n. Th• C£.U ccnce:a.trat10ll ot IU.IJ)ellc1ed 
p&rtlcUlateis I.A \he &mbleJ:J.t alr ~✓m.•) u 
oamputed by meaaUl'1Jlc the Cl1IA ot collect.ed 
p&nlcutates and th• wlume of al.P a.a.,,;xq>J.ed. 

1.2 Thia method 1a applicable to me,.aure
ment of th.& ma.a, con.cenin.t!on at auapeDded 
puttcUl&tes ID am.blen\ 111. The ·aJM of 1:be 
sample collocted » um&117 adeq~w ic. 
o\.her analyse.. 

I. Jlan"e and 3e'Mltlo(ty. 
S.1 Wbell t.ll.e aa:npler ii open.1.eci M ci,u 

•'""'C'O isow raw of 1.70 m.1/m1n. (00 ft.•/ 
m1n.} for ~ hours, an adequ~ umpi. ri1 
be obt&1oed en.a. 1D IJ1 a.tmoephere ha~ 
OOOCODtrauo:a..s ot llal)e:O.ded P~Ul&tol d 
low u 1 "4l./m.•. U p&n:i:ul&c. 11n12 en 
'lllluaueJly high, & HU&ta.otory umple m&J bl 
~~Ded lD O to 8 hO'Ul'II or lea. Par dl\W
mlna.t101:1 ct anre.ce concen!:'at&o01 of .:.
P.nded p&.rtlcwatea 1D &mbleni air, a st&M
t.rd umpl1Jli p.iod ot '6 !:oQ3 II 
recommended. 

:I~ WelihW &NI detenmned to~~ 
en mllllgn.m, &1nk>,r ra.w. an deierm1riec1 to 
11:le neareci 0.03 m.•1m111. (1.0 n.•1mta.). 
t1.:zw. a.re detennl.D.ed to the ueuen I 
mJ.nu.w, &nd m.ua CODCentn.t.lom u. ,._ 
ported io the r.e&reft ~ per Gatl6e 
me-ter. 

a. lnt,:r/,:rer-ee,. 
S.1 PartJeula."'6 c.attc Ca.t 1a·oUT Rdll 

c. pboC<icbe:nlcat sznc,e or WOOd cmoi;, m,q 
bloek th• .dlt.er and C&UN & npld d1'0p bl 
•~ow •t. • nonun1form r.te. De:c.se tog cir 
b1p humidity oan e&uae the mter to beoome 
too wet and aenret1 reduce tbl a1nSow
t.t1.:ouch the mw. 

S.2 Ola.u-aber mten &re comJ)U'aUWC-, 
l:lUll'1t1Ye to C:..Lr.i81 1:l re,~:tH bum!.::.!t7, 
bu, oollected p~ O&ll be h,sro-
lOOplc. (Z) . 

'- Preculon, Accuroc,, G"4 8t41'W~. 
'-1 Bued upon coll.&borat1" teet1zic ~ 

re!attTit 1\&nda.rd det1at1on (coetllcteni ot 
n.rt&ttOD) tor cn,le t.D&l:,n ft1'1&tloD (,... 
P.,.tAbllltJ ot t.he method) 1a a.o :p,eroent. 
Th• OOlTIISi)ODdtng T&lu• for mUlC:Ua.bora~ 
't'US&tlon (reprodueibllltJ of the method) la 
S.'r percent. (l) 

U Th• IICCUftcy With Wbtcb the u.:npler 
~ea tile true a1'9~ ooaoentntlon 
depend1 upoa tbe oonat.ar.ey ot the ~o,r 
,.~ ~Ul:h ~ &&mp!•. 'r.:i.e a!rflow ra~ 1J 
~~~ by I.ht OOllOelltra\lOD. &lld the nature 
ot the dUlt I.A ~-·~ U:n.i:w ua.. 

oondlUoiu Ult tn-or 1n Ult me::1.1ui-.c1 &T•r• 
&gl CODOelltrat!Oll m&J be LI!. UOC&I ot :&o 
perotnt ot tbe t.l"Ue aurage COD.Ullt"n.Uou;de
pendbg Oil Ule &moWlt ot re<IUCt.!OD ot W• 
i!ov rate and oa Ule Y&n&Uon of the ~ 
conoent.BUon of dust W1th t.tme durtll( &lie 
~hOW' aa.mpll.D.1 period. (4) 

a. .i.naratw. 
4.1 .Samplf"9. -
•.1.1 .!ampLff. Tha ample' ccma1lta ot 
~ 'lml'-1: (1) e, bce;>late :.:l4 ~ 
(:;!) the !liter &d&pie, a.-embl:,, &nd (3) t.be 
motor UllJt.. P1i\1NI Bl ~ &11 uplodad 
,,a.., al Ui.- pvt.a. t.be:iz ~p \0 ecdl 
~-. md bow they .,. MNmblM.. 'tbe 
u.m-plar muat be cap,al)le ot ~ IID1'U'00• 
m.nial &1r \hrough a 60e_., em.• (63 ._., 
pcrtto:a. at. a cl0&11 :::o.a bJ' 28..6 cm.. (Oo bJ 
10-1.A.} &l,IA-1'-ber m1.m' &a a rue of && lMA 
1.,0 m.•tmm. (80 ft.•/ml.ll.), Tha :noiar mu.:t 
t:e capt.bl• of ci:mtJnuow ~t10A tor :.1,, 
:t.our pc1oda Yit.h mi,ul 1'01~ ~ 
t:o::D U0 tlO 1~ TOlti. 60-«) ~ al~ 
!DI cnzzTelll and m~ han ~-W1rt ~ 
~ 'I'M h~ tor ct..e m.oior 'Q:ZI.:& 
l:!:.Y be of al1J' co:ci1"9D!onl ~ 10 
~ u t.he UD.lt NmtJm &ttt1gb.\ &1ld leslt• 
~ "l'b• Un of \la ,ampler motor c:aa be 
a1Dnd9d bJ lO'W'l.rUI.I ~ TOltq9 b:, ~ 
:o s:,uc,e:a., "111i.ll a cmaU ~ er ~ 
1:rl.nlformv be:1rNll U).e umplv &114 pow•
omat: 

a.1.2 hmpw n'1t•. n 1a mpcn&111 
~, \b.e umpler be pro;,«17 ~ 1D a 
~ble lhaltv. The ahelwr &I aubje(ned • 
c::tn=ee of tlm~ture. humldl~. oDd all 
'7;>a of 111 polluta.nta. :10r \hcee raaam 
Ge matu1ala ot \be &helter mu,1 tie cJ:tQNa 
o:..;tu111. Pn:pen:7 ~~ 8r.er1.l:I' pt,,roo4 
or ll~ry l;"-\1:~ lal~um N'JT'\"I ~!1. -r::= 
r--..cpler mt:.n ~ CO'l!lted ~r:"~lly !:n \:» 
G!ltlwr ao th:i.t Ule gl&ae•tl~ iUter la p&r:ll-
1411 wt\h U)e ground. The &halter mun M 
proTided wi\h • root ao that \be &ter S. pro
t.eoted tram predplt&tSon &nd debrtl. ~ 
l:ltmlal &ff&Zll9men1 and c:cu.dgurat1ou of 
• suie&ble lhtlwr 'Wlt.h • p!)le root &re &hOW1l 
111 PSr.in m. n. cl-.rucie ..,... ben'oeu u.e 
~-:f.:l bct:.s' .. • r.:id ~, __. •• .... c:-•~ 
J:C,oni ~' be ioe.6::iii:a ·;;_,;· (~-~iii 
1zt..l). "l'b• ma1zl homu,.c lhow.d be reot&ZISW• 
sar, wt\h d1mellll1om ar az,oa, 2IJ 117 ae-. 
(U\i 117 16 !D.). 

1.1.1 .sot~. Marted la ntu:&17 
Ulta, trequen\17 o 110 TO. and ca;,.blie et 
bamt calll:u'a"9d. 0th« der.ces of •• i... 
«:=pan.ble &CC"l1rAC1 ma1 be 'QMd.. 

1.u °""°' c~ ~t1&11. 
at • mn.1 tube T.e em. (1 m.) m a.:14 u., 
cm. (4'';4 lll.) 1m1r wi\h • It&~~ cap 
a.1 cm. (2 tn.) trom =• md. SM 1"'1r,in 
:!:?I. "l'b• tube end neue,st \he i;nuun tap II 
S&nged '° &bou\ 10.8 cm. ('¼ !A.) OD ,rt~ 
• male thrnd of ~• aam• 11.ze u th• UIJei& 
Cd of tile higb•TOlume &1r aamplar. A l11lp 
mew plabl P~ cm. (3% ill.) 1.r. ~is-.er c.:Mt 
0.24 c::m.. (~ U1.) thick wi\b a 09lltral ~ 
2.51 cm. (1 ~ ln.) I.A <11&metc 11 held in plfiol 
at Ille alt llllet Ql!1 wttb a female ~ 
aq. Tu~ md of Ule i'abo la~ -
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Method B2 Continued 

i.:..>14 e. loose teme.le thrc&.dO<t ooupUnc, wll.Jc
&CN'I' ■ onto t.b.e llllot ot th• sampler. An 18
bole metal ple.te, &.e lntegr&l pa.not the unlt
i. po■.ltloned between t.b.e ()f1jioe and aample
&o ■ lmule.te the rewta.noe ct a clee.n glua
Abu Ult.er. An o~ee callbraUOn WI.It I.
1bowu 1n Figure B3. 

1.1., D1tcr-tvu JtsaotJWUr. oa~ a
meuur1llg co at 1N.n 4.0 am. (14 IA.) a1
waier. 

1.1.0 Pontlw !>Up~ 11.Csr. 0&11•
br&t.ec11D c:uble mates~ O\lb14 tNt, "1 b
u.eduaprtm&rJ~ 

1.1.'f B~. 0.p&blo ol maM'GJ1.D« at
lDOlphulc preuun to \hO JWIU'NI mm. 

1.2 ~"4.li,.u. 
u.i niur C094ct~4 J',n,aootn.fflS.

Be.l&noe roam ar dl!S1o:&t« mAUit.&Ulad a'
11• io u•o. &.Cd laa \h&niO J)C'OeD1 n1&cn.
b.um.ld.lty. 

l.:u ~ BGlmlos. Jlqwpp«j W1'2l
I 'If~ c!l&mba dNlg:ned to !wldl.e lln
f«dod 20.3 b7 cm. (S- bJ 10-m.) Alt=:
&Zld hav1Dg a Am1\h1ty 

=·• 
OC 0.1 ms. 

1.2.ll Light tk,vro,, PrequUlUJ a "'2,le at
Ule CJpe UNd ti0 TkT X-raJ 1llm&. 

u., Nv111M"tng ~- Cap&ble ct pnni
tnr ldentU1cattoc 12'1Ul11:Nn oc ~ miu.. 

s. E«Jgmu. 
U IUter Jle4<11. Glaa-m>er Altera banns

e. collection ~ency of a& lout 91 J)41rUDI
tor pe.rtloln er! O.lf ,=. d.t3.m~. &1 m.euund
by the DOP &eat, &re INttable tor t!:te qua.nt1•
S&UTe measuremonc at C0Qoent:ra1:1om o! .u.
penc1e<1 p,.rttculatet, (f) &Jthough aome Olha:r
Z!U<illlm. .-uch &a p&per, ln$J be c:ecnbte rc:r: 
eome a.n&lylles. U & mm-e detalled &A&!JU 11 
OOZl.umplaWd, CU'II must be uardNd co a.
llten \hat con~ Jo,r bacqrow:id ooncen
lnUona or Ui• poilui:e.nt beUl.f mnstlg&ted.
Cu-mll quallty o:mt:rol la rwqa1nd 10 deic
mllle 'be.ck:gro\md ftlUN af ~ poUU1.&nia_ 

'f. Protc-411.n. 
'f.1 SamplJsg. 
'f.1.1 ,titer- Pr,pa~ lrzpcee eMlh Alar

&o the llgbt IOW'Ct &nd ~ tar piDhol-,
P■niclea, ~ oUier 1ml)ff16Ct!ona. PUtera 111UI 
'111'blo lmpe?f~ons r..bouid :::.ot b-1 ~ A 
anau b:u.m w uze..-";11 rcr r=or.a, ~clu..
SquW'bra~ the .cJten ID ~ mic oa:nc11t1011-
m,r •nnron.meni tar " :tioan.. Weigh the
IU&en to ~ D~ m1Il1;n.m: noard i&N
We.lgbt and 11.lta- 1denttl1c.;ton Dumber. Do
~ bend o, told Ui• mm Ware oolleotton
f4 the aampi.. 

T.1.2 SGfflJ>Z. CoUec-ttoll. Open the abeltc,
l~n tl:o -;no,; :cu~. ~~ :-E::::.ove the t:i.a,.. 
plate from the Glter ~. lmt&D a num
bered, J)N'Wetr!Hd. Cl,ua-11ber nn., m poc
uon (rough 11de up), ,-.place Q:le f1101plate 
'l"ltbout CUlturbtnc t.2!.e 1Uter, &Dd tutm
-=ure11. ll'Ddarttgbtenmg W1ll &llow a1r leu
'C'I. 09ert1ghtenJcg 'll'1ll damap Ula apo~
rubber taeepl&~ pa.tot, A Ye:ry llght appllca
tlan at talcum poWder J:l&J be \Ued OD i.he 
■poz!.ge-rubber faceplate gut,n to pNftllt 
the 111w trom 1tt~. Dur'.::; Ulclement 
Tte.tber Ui• u.mpler mar be nmo•ed to • 
Pl'Otected area tor ::Ut.er oh&z:lc-e. aa.. the 
root oc tt1,e ablllw, nm Ibo eamp1a tar aboui 
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a m.1nuie■• oollll~ the rott.meter to UM 
nipple on the be.ck ot \he u.mplor, and rMd 
tll• rot1Lmettt ball vnth rotamo:..,r ln e. nru
cal poaltlon. Estimate to th<, nearest wll~ 
number. I! tile ball 1a 11uctuatt.n« rapld.11, 
t1p the rota.meter and ■loWly 8tl'11Jgbt.an ll 
UDW 

0 

tbe bt.11 g1Tee. oonna.zit Nt41ng. D\1-
oonnecc th• rot:■.mewr from ~e ·111p,ple; ,.._ 
oord th• 1n1u1.1 rot.am~ rudlnc and UM 
sca.rt1Dg t1me IIAd d.r.C-e 011 t.ha Alt-er folder. 
(The rotametc lhoul4 UT8I' be o:>nnected 
co the ■am.pier aeept when ui, 11ow la beiZ1C 
~) &mple tor 2' lloun t:om mid• 
Dllht to m1dn1gbt &Cd tu:e • Ana.I rot&meter 
rNdl.D.!f. Becord the JU:laJ. rota.meter l"Md1D( 
and en~ time and daw on th4 1llter taLda'. 
B.tmon tM t&caplate u deacrtbed aboH and 
C&Z'StUll1 nmove the ::Ut« troc. t>i• hoider, 
ioucn.t.ng 0%117 the oukr edgea. Pol.d the Altar 
1~"1M IO Ul&t 0DJ7 IUnAON "1th ool• 
lec:ied p&:rtioulatea &N 1n OOQt&,c&. IJ1d plAoe 
lD a maD1l& rolda. B.ecord OD t.h.e fol4er Ulle 
mter~'be. ioca~cm. IJ1d IJlJ-o'th.or t&CI.Or'I. 
W.ch u m.eteorol0ti1cal OODdltlODa or rariDI 
at D.Nm1 bullc11np, Ul&t ml~t a.!fec) ~ 
rNUlta. utile u.mple 1-1 d«tec:tJ:re, TOid 1'" 
cia um,. Ili order to obt&ln • nli4 -=~ia. 
\1:.e high•YOlume u.mplc mun be opcated 
wtt.h Uie a&me rot&met.er ~ ~ Ui.&& 
,rce -med dW'Ulg lta C&l.lbrat1cm.. 

'U ..tnalJN. Zqu1llbrai. tb.e apCMd 11.J. 
-. tor :M houn 1D the 1Uter oc:mc11t1Q1WIC 
cin:onment.. \hen reweigh. .Uw th.,- an 
~ the mtcn mar be 1&Ttd tor dctalled 
chemical &n&l,-a1a. 

'f.3 .UGtm~. 
'1.1.1 81Z'111pln Jlotor. ~pl&c-t br-1.llh.. 

'beton th.,- are w.oni ..to the polDI ,,_.. 
motor damage c,,n occur. 

'1.1.2 l~lat• Ga.sled. Br,>lace when~ 
m&rJ1nl ot umples art no tao.iv lbarp. '!be 
psui mar be ae&ltd to tht taceptai. wtt.ll 
nmber oement or doubt.-cd.ad &dhell.Te tape. 

'1.1.1 Botomcter. ClN.Zl u reqw.red. U2DC 
IWIOhol. 

I. OGlffwatfcm. 
8.1 h~e. SJ.Dce WT a C1All part.lOD 

at the t-ot&l air sa.:np16d pe.::ses t.brou.1.h t!le 
rou.metu du.r1~ meuu=e.?lt, the rol.&m• 
~ must be ~bnted ~• M:taaJ. t.lJ'
Ao,r with 'the orl1!.ce e&11brat10zi. UD.lt. s.ton 
the orUlce C&llbn.tton W11t can be UMCl to 
callbrato Uie rot&meter, the orUlct callM._ 
t.1oD wut lt.ael.t mun be callbn.ted t.p.1DA 
IZl.e poe1t1'ft d.laplacemezit pr1.ll:w'y standard. 

8.1.1 Orifice Ca.lf~t1on U11ft, A~.-'ldl ~ 
orUlca c:&lll:lrat!c:n w:ut to th• l.ll~ met 
o1 the postt1Ye d.1aJ)lac:eme:nt prtma.rJ ct&ZMS
ard &Zld attach. hlgh•YOlwne motor 'blower 
u.tt to tht emau.t aid or uie pn=-rr 
~ CoDD~ one md ot a d11fcncU&l 
ma.nometer to the ~ere:nttal preuure ~ 
ot the orUlee callbratlo:n UD1t and 1-Y'I the 
other end open to tht atmosphere. os,«,.tie 
Uie hlgh•Tolwne mocor blower unn 10 u:a& 
a aeries of dlt!erent, but conatant, aSz1lows 
(usuall7 ea) are o'btamed for da!!!Uw tlml 
periods. Reco-:-d Cle ~ on tbe dU!'ff'eD• 
Ua1 manometer at eacll &1:11ow. The cwreren, 
40DlltaA& eJnto- V. obia.l.Dod '".11~ • 

-, 
I 
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Method B2 Continued 

H~• u.mpUnc r&W, Q. la ~
the reccm1e:r chtL.-o; by eoiumatt~ U Iha 

rate does noi T&rf more Ulan 0.11 m.•/ 
(-6 rt.1/m.lD..) dUt'U:lg t.bt campUnc ,-.. 

od. It the 11ow 
.11 m.• rate does nry mon lha.n

(4 ft. ■/m1.n.) during the amplUlc 
, read the, 11ow rate from ~ cban 

2•how lnten&la and tu:o tbe •'fVllp. 
B. Pn#vre G:"14 'l'ft'lpercstuT•Con-ccteou, 
Ir \he preGSal'e or tcnl)erature danlliS 

•YolUlll.O a.ampler callbnltton 1a aubaa.A-
1 d.Ufenmi tram the prtuure or tam~ 
dm1..l:l.i ori11ce O&llbraUon. a oan-ect1CA 

the ao. rate, Q. m,.7 be n,qwncl. Uthe 
W'11111 d.Ufa b7 DO moc-. '21&.Jl 11 parocll 
ibe ~ dUfG' bf no :ION i.lsaA 
pcom, c•o,, lbe ~ m ~ ,m. 

corrected l1ow raw Will be no mon t.h&Z1 11 
pccelli.. u necea&q, obt&l.n the corr~ 
ao,r rate u cUrKteci below. Thi.I COffOCUOA 
appUea only io orU1co moten h&Ttn& • ccn
aiant ort.doo coeme1ent. Tho coelncleiu tar 
the callbratt.ng ~co deecrtbecl m 1.1.4 h.u 
ti.on &ho'll"ll uper1ment.&Ur io be coutant 
OYW the normal 0per&t1Dg rt.ll(e of Ui• J:lJ.gh
YOlum. u.mplu ,o.e io 2.2 m.•tm1D.; a> to 'II 

 

ft.a/min.). O&lcul&te c:ornaiecl low rai.: 

[ TtP,J',.Qa-Q, TJi; 

Q.=COrreetod flow rato, m.1/m1A. 
Qi=Flo,r rate dW1.n.s hf&h•Yolume aamplw 

e&11brat10n ( Seet1011 8.1.2) , ~•/lll1.ll. 
T,=.lbeolute temperacure cl\U'ina o:Ukw 

wut cal1bn.Uon (Sec:UOD 1.1-1). ·:a::or•a __ 
!',=Barometric p~da.r1Jlf orLAce am, 

.. callbrailon (Soctton Ll.l), mm. J?s. 
Ta=Abeolute temperature clW'Ulc .b.ip• 

Y'Olume :sampler callbraUon (Sec:uon
.a.1.2,. ·x ai- ·a 

•••Jlu'amecno pnaun Clu1.Dc hip•fOl• 
WM ampler oal1bl'M1oQ (a.aaaa
l.l.S),mm.lll, 

( 
\ 
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Method D 
MEASUREMENT PRINCIPLE AND CALIBRATION PROCEDURE FOR THE 

MEASUREMENT OF OZONE IN THE ATMOSPHERE 
(40 CFR 50, Appendix D, February 8, 1979) 

MF..\.'IITRr•n:wr l"IUNC'IM.I! 

t. Ambh·nt air nn<I c-1 h)·lrnr arr Jrlln·n·d 
i;i:n11lt:1nrou!<lf lo II mlitln,: 7.011"' •·hrn• lhr 
o;,.on.. In the air n-:,.cu •·llh \hr r!hrlrne l'J 
l'tnll lh:hl, ,r,hll'h b drtl'l'lt'd by II photomul• 
1i11lln tube-. The r,"!\ullln,: phol.ort1rrrnt . I!! 
11mµ!irit-d and Is l'il h1•r rt•:,.d dln-.:LI)' or dL,-
11l11yt-tl nn a rt'C'Urdrr. . . . 

:!. An 11111.l}·u-r lJ:Lsc·,I on llus vrtnc11,>lc •·111 
ht• c-orL~idt·rl·d a rrfcrrncc .nwthod onlr II It 
'"'" h<·,·n dl'l<li:nntr,1 11..~ A rt·frrrnc-r 1111'1 hod 
in aN'ord:1.nC't' ,,.-1th rart 53 or this rhnptrr 
n.nd Ml lihralrd as follo•·i.: 

CAUDa/,TIOlf l"IIOCEJ>UllE 

J. l'rin<'i1•lr. The caUbrlltff)n prO<"Nlurr L'I 
b:,.."""1 on thr l>holomrtrlc L->· o( 07.0nl' 
<0,1 ronM"nlr:i.llons In :i d>·ni.m1~ llma; 
J<)·,.,,.,n. Thr C'Oncentration or 0, In an :ib• 
_..,rptlon crll Ls drl<·rmlni•d from· a mt'uurc
n1t·nt or the amount of :54 nm ll~ht 11.b
gurtx-J bf the sample. ThL'I detrrmln11tton 
r,·q11lr,•i1 knov;lrd1tc or <11 thl" llh.<:,1rptlon ro
•·ffid,•nl <ul of O, al 254 nm. (21 tltl" 01,Lir:1.li l>:\t h kni:th <I> Uarnurh th<' S.'UTll>h-. (3 l the 

i tran$mill:t.11c-c of the sa,nple al a •·11.\·c• 
1,•111:th or 254 mu. &nd (U the tt-mvcratur<'1 
11'1 amt pr..,~,urc t PI or t lie S1Unpll•. Th,• 

1 lr:insmill:inrt' ls ddln~ as the r:i.tlo I/1., 
'11:hrr~ I Is the lntrn.,ity nf lh:ht '1.'hlrh 

1 P:L.•;l\4'!< throunh lhr N'II a.nd I:: M'n.-:l"d by the 
' d,·tt•t'lttr 11,h,11 the cell cont:uru; &n 0,

I i<:.mpl,•. :.n,I J. b Lhc lnte1111llY or lh:ht v,hirh 
1•:~l<t':\ lh roui:h Ihe cell &nd Is 111"1\liC'd by the 

·, dt•ll·t'tur v.ht'n Lhc 1'<'11 ronl:ilns 7.rro 11.lr. lt ls 
a:.i,unwJ that :ill conditions oC Lhl" S)'slrrn.

I rxt'rpl for the c,mtrnu or the absorption
I r.-11. llrr ldrntlc-al durlnr mr:L~urc-mcnt c,,r l 
, nnd t•. The auanlillrs ddlnrd 11.!>o\'e uc re
l l11otrd b)' lhc Ut'C.'r•L&mbt'n a~rpUcn law, 

J -3Ct .I Tr1nsmittance • T • e (1) 
~ 0 

ll'ht'rr: 

., .. :1b!a,,ri,1 Ion ro\'fflc1cnt or 0, at !?5-t 
nm~JOII~ ◄ l\tm·• cm-• at o·c n.r.d '150 
torr. •1.." .. ' .. " • 

c .. O, concentniUon In atmospheres 
f.-nr,tirnl p:1th l<'nrth In cm 

In rrarlire. a stn.blC" 0, ccnl"rator l'I u.v-d 
tn prnduc-r 0, C'011C'l"ntraUons o,·rr the re
q11lrr<1 rnn(:e. E:ich 0, conct'ntrallon Is de
lt•rmlnt·d from the mt'asUrt'mcnt or the 
1r:ins:uH t:mt"I" <Ii I.> nC the sample al 254 nm 
-.•ith :i pho1nnw1..-r or p.-ith lrni:th l &nd ral• 
rulal•'<I fr,,111 the t''1H:llle>•1. 

c(atr.?) • .1 (ln 1/1 )
~l 0 - {Za) 

' 
c(pr,) . - I~ ·(ln III),.. • 0 (2b) 

The c-alt'ul:i.11-d 0, con.-"ntr&tlor..-i rnust bf' 
_rorret·lrd Cor 0, Jo.-..~('.' v,hlch may occur In 
thr · ph;_tunwt,·r !\n,! t,,r the lrml')<'rn.lurr 
n.nd Vrt•x.~urc ,1r lhr s-,n,;,te. 

2. .Applirnb[lll)·. ThL~ prOt'C'dure Is appllc:1-
ble to thr raltbn.lion ol a.mbleut air O, AOII• 

h'7.('rS. c-lthcr dlrc-c-lly or b)· fflCllO, or ll 
tr:i.n.~r,•r standl\rd rrrtlflc•d by this proce
dure. Trnn.~rrr stl\nd:ird.~ m1L~l meet the rr• 
qulrcmt'nls And Sl>l"C'ifirMlons _!eL rorth In 
Rcfrr,•nc-r 8. 

3. Ap1111rntus. A rompll•te UV c-a.llbrAllnn 
11y~t rm C't>m,L,;t s of IUl ozone 11rncr11.Lor. an 
output port or mn.nllold. a photomel.{"r. an 
n1,>1,>ro1>rl:1tc- M>Urct' o( 1.rrn •Ir. and othrr 
m111p..nr11r" RS nrn.~~ry. TIie l'Onfi.:11r11ll1111 

·:nw;t prm·ldc. a sfabk o::nnc conrc:nlrallon 
11l •.hr ~ystrn, output anti a.!lo,.· lt••• "hut.um• 
r~r.r to llC'CllrAtrl)' 11..°',ay the oulr,uc cnnreon-

. tratlt:n In lht' pn-c-l~lnn SP<"("lf\C"d fnr thr 
,.·., • ,mrtrr (3.11. Pit:nr•· r !'hn11,-.. - m1r:,. 
I)• IL"'-'<1 C'<lnflicur11llon an,t N•f\'MI · ,o Uh.~
trnte I ht' calibrl\Uon prt)('('dt1rl" .,.·h:ch fol
lows. Olhrr cunrl,:uratlons 111:\)' rl'qulrr IIP· 
pro1•rl:11t• \'Jlrll\llun.• In thr l>Tort-dnra.l 11Lrra--c. t 

All ro1111t'<'l1<1tu1 tx-t11.·rc•n N>tnpunrnL• In lhr . I 
r11.lllJrl\llun J<YSl1·ru dn.. .-n.~trr:im ol the 0, ! 
1wnC'r:1tnr 11hnuld bt• n{ i:t:L.,•. Tl'flnn. or 
01 hrr r,•t:1t1,·rl )' lnrrL m:11 rrln.ls. Ad,llt lon:11 
In format inn rrs:i.rdins: 11..- :L~f'mhly of 11. t'V 
t;hntn,n,·t riC' rniibr:illc,n ar>p:1rl\l1L, is 1:h·rn 
ht Rrl,•rrnr(' 9. !-'or c-1·rl llir:1tlon ol Lr.u1.~l•·r 
SlAndl\rds "''hlrh prO\'ld~ \hrlr o.-n llU1trre or 
o .. lhc•transtcr st.And:ird may replat'e the, 
o, 'i:r.ncrn.tor n.nd poi..~ibl)' other C'Omponents. 
1ho11:n In f'lcurc l: sec RerC"rc'nr.e I for iculd-: 
&OC'('. 

3.1 UV pholo111r.tcr. Thr 1>he>t.omct1·r ron• . 
slslll o( a lo1"-Prl'!l.'11trc n,rrcury dbrl::1r1:,• 
lamp. Cop1 lon:i.! 1 t'nlltrn:illnn optk11. an al>
aorplion fftl, • drtector. and slrn11l•Pro<"C'SS· 
ln11 C"lrclronlr,., M llhtstrnlt'd In f"ii:url' I. H 
fflU5t be Cll()llble of fflC:L'IUr1n,: the lr:1.n11mll• 
lance. 1/1.. at & .-avelenrth of 254 nm •·Ith 
sufllcll'nt prt"Clskln such that the st~ndard 
de\·i&Uon or the CC1nrcntrallon mwurt'• 
mrnt." docs not n:c.-L"t•d lh!! rrcalcr or 0.005 

. p;,m or 3". of the COlll'C"Olration. Dcc-:UL-:t' 
thr lo-r-1,>rt'~,'IUrC' mrrt'llT)' In.mp rndl:llrs Ill 
S('\'l'flll 11,·a,·ct,•111:1 h~. Lhc phoLoml'lrr mlL'\L 
lncorr,nrat..- sult:ihll' ml':i.ns to assure.- that 
no O, Is 11r11rr11lrd In Lhe N'IJ by th,• l:1mp. 
a.nd lhat at lc-:,.st 90.5.... o( lhe r&dlallon 
acn,rd hy the deL('('lOr Is ::54 nm radiatitln. 

( 
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, Method D, Continued_ 

' ·-(Thl.1 l"l\ll l>c rel\dlly 11ehkn·d hy pru,.knl ~I IC'<'llon or opllc-RI Clllrr I\Od drl.-clor re• 
5IH)IL'I" ch:,.rac-lcrl~ll~.J Thr lcni::th or lhe 
lh:hL p:,.lh lhrou~h lh~ llh::nrpllon c-<'11 mu~l 
be lmnv;n v.-!lh RI\ ll("("llfRl"Y or Ill lr:\.<l 
9!1.5':'n. In :,.dc11Uon, lhr. C-t'II 11nd L~~od11tl.'d 
plumhlr11f mu.~t be destined lo mtnlml:r.e loss 
or O, from eontP.et -.·llh c-ell wall:. and ic:i., 
h11.ndllni: eompanent.s. See R..eri,rence 9 ror 
aulclitl<•n,.I lnfonnMlon. 

3.2 Air now controllcn. Dc\·lec-s cl\pabli: 
or n·cula.llng air rJo•.-1 a.~ n~c-s..ury to meet 

i, Lhe output sla.bllltf &r;d photorne~r prC'CJ•;I ,ton requlr<"ments.
3.3 O7.one rc-ner:,.tor. Dt-vlce capable or 

I 
rrnt'r:i.lln.: stab!~ levels or 0, oYer the re• 
Qulrc-d c-onc-rntr:,.llon rP.n~r. 

3.t O11lpt1t manifold. The oulput man(
' Cole! should be etJnstructed or rlr.ss. Teflon. 
1 or ollwr rc!Rli\'ely lnt'r1. material. and 
I 11hould be or 1uHlc-lent dln°'\eter I.O Insure a 
1 nrrlll,:ibk prrs.~ure drop al tht' photometer 

c-nnnrctlon Md other output porl.s. The 
11•,;tc-m must hll\"t' a Trnl destiinr.o lo Insure 
l\tmo!'lphrrlc- prr!<.\"ure In thr. manifold :i.nd to 
prc\·rnl iunblenl air from enl<'rlnr lhe manl• 
fold. 

3.~ Tv.·o-v. P.Y ·•nh-l'. Mnuunl or a111tun1u k 
\"l\ln·. or olh1·r nwans lo >1v.-l11·h lhe 11hulllm• 
cl!'r Clow tk-t 1a.·1:1:n zero air ,.nd the o. 1.vn· 
r-c•nl ration. 

3.G 1"1·m1M'"ntl11r!' lmlk-P.lor. Arr-11r11tr to 
:! 1·c. • 

3.7 811.romttt"r or pr~ure lndlc:alor. Ac• 
roratl' to ,~ 2 torr. 

t. Rea1:1·11Ls. 
t.l Zl'ro :iir. The u-rp air naust br !rN• of 

contaminant~ ""A"hich 11,uuld CllUS<' a ddct·l• 
able rC!li,on."\t' from the- 0, annlyzrr. and It 
1h1111ld I>.• fr,.,. of r-:o. ~,If,. and ullll"r :.J>e·d,•ll 
v.-t1'd1 react ¥,iLh 0,. A proc1.-dure !or i:rner• 
atln1: suitable zt'ro i.1r ts i:h·en In ltc.-r.-n•nce 9. 
k, ,;hov.-n in 1-·1~11re 1. lhl' u·ro air supplic-d to 
the phutomrtcr c.-11 for H1r. r. r.-frr<·nc-e 
mr~,;ur1·menl must bl.' dcrh·t•t.1 from lhe 
same soun·e ii& I he Z<'ro air used fc-r re-nera• 
licm of lla, u✓.t.1m· com·<'nl rut1c.n to be IL~· 
s:t:;i,d 11 mr:1,M:~1·ni1·ntl. Wh<'n usini; lhe 
photonwr,•r to certify a tram,ft'r st:mdard 
ha\·lnc Hs ov.·n source or ozune. sec Ht'h•r• 
!'nrc 8 for cuidanoe on mecllnc Lhb requlre
m••nt. 

5. ·Procedure. 
5.1 Cent'r&I operation. Thi' n\Jlbrallon 

phutoml'lf'r must be d1-d1c~trd udu.sh·cly 
lo USC LS a C'&libr&llon lllA1td:,.rd. lt shnnlc.1 
a.Iw:,.ys b<• i..scd v,:Lh clean. tillered wll,rn
llun 1:i.ses. lllld 01'\"!'r used for 1.mbll•11t &ir 
aamitlinc. Coru.ldf'r&lion should be ci\·en to 
l0<·at111~ the ealfbrallon J)llulnmctt-r In a 
c-lr:Ln laboratory v.·here ll can be stationary. 
protrcted from Ph>·sic-al shock. os,eraletl b1· 
a respc,ns1bl~ an!llyst. &nd U."4.'d as a common 
11:md:1.Td for all fll'ld C':\llbr:,.tior.s \"ia trans
frr .1ilan,h1r,l:l. 

5.2 r,~i.,a..rallon. Pro~r ope:-a1 ton or the 
photornt'ter is o( criUc-:iJ im1K>rlanCT to thr 
ac,•ur14ry or Lhis procet.Jurl'. The tollov.iui: 
r.t•·;>s 11;i11 hrlp to \'<'rify pn,p.•r oprration. 
Tht· 11h-1>s an• uot 11,~,;;1ril)' rr•1uir_rd priur 

Lo rad a use- ,,f Ii,•· photuu:t·l•·r. 11,"m i1111 lal 
oJ.>t·rallori of tht· phf>t,u.-wt,·r. tlt•·~.l· :,_t1•:,s 
~Jwuld be ca.rrii,d 011• fr.-r,u,·11Hy. 1..11:1 nll 
qu:inlitallv,• rN.1:"L1 ,., i:.1o1•·:ili1,w, rrr•.•rli•·d 
111 a rhro11olt1,1a·:i.! rt·1·11nl ••1thrr in la!:u!:,r 
form or plolll·c.l Oil a IP ·,;:l: .. ·al c·fi;,rr. A.; llw 
i,,•rformnn<'<• anJ .1.1_ah11il:,· r,•rMil 11f thr 
phulonwlc:r Is t•,;1ah:isl11·<1. U.,. ·u," •• ·,,) u( 
t!ic~r. a.lt-J)S IJt:\Y ~ t .· •-~. • • -~~. •· -~•- .:1, 
l111· ll,x·1111u-1111•J ,;t:11,11,, .... ; ;11<• 1,h,_,11 .,.-1,·r. 

~.2.1 [ustr11c11m1 1:1<l1,,i«1: C::.1 ry ,,,ll :ii! 
,wt 11p a.nd :i.dju~tnwnt i.rr.r,-.;-,r,-:i or .-:1i1·,·i... 
:..r- dc:;,i.:.ri~l~ in uu~ o,:.,·r&I h•:~ f)( 111-.1 rue·, IOU 
ffl!\1111&1 a.'-SOClatctl V. II h I~(- 1,l.0!01,,.•1 ,._. 

5.!:.2 Sy~l.('11\ d11.,.·i.: <:iu·c·k llu· 11111,1,,a, 
..-~er s1·stcm ror in~t't:rit)'. lt-:i~-'· c-l,-,.1,l:1.· ,.,,. 
prul)t.•r nov.•r;,tc•:.. ct1·. ~ .. -1\"lr•• c,r rq·l:11·.- fil. 
tl'T"li and zcro nir scru!,lwrs nr 011,.·r 1·011Mu11-
:i.bh- mnfl•rl:i.111. IL, 11,•c-1•;.,-, r)'. 

~.2.3 IJ11t•l\rlty: v,·11fy Lil.ii lllr" ph11t,1111-
('[!'r rnanuraeturt'r hns adrqu:tl<'IY ,,,·1ah
fohrd that the liu,::trily ,·rror uf tlir 1,hu• 
tonic-tn Is lt'M U1an J'-.;. ,,r test t hr luw:,.rll r 

• by dilution as lollov.·s: c;.-11,•,atr. nml "'~"•>' 
an 0, c-onc,•ntrntlon 1war thr u1:1"'·r r.:11,:1· 
lilull of thl' syslrm <O.!i or 1.U 1'1'11.U. I h••t1 ;u· 
r-uratrly dlllll<' t hl\L l'fll\l"rnlr:il ion "'ii h ,._.., ,, 
air and reL'l5AY it. l<.t-1wnt al i;rwral diffrr• 
ent dll11Llun ratios. Comp:ari•-u,,. W-'t.Y of 
the orii;in:i.l C'l>IICt•ntrnt tun Y,lth th,· a.-.;.a>' of 
tht' dllut1.'<1 c:onccntrallon dh·adec.1 by th<' ch· 
lutlon rallo, L' follows 

(j) 

•hen: 
E ~ llncarltr error. ix•rc-cnL 
A,•ueaJ oft.he orii;tna.l conccntra.Uon 

--~. :.._ -
A,•· R.«.,ny of llH• dlhllrd N.>ll<'l'ntrl\l inn 
It, dilution rnt io • ri.,11. of orii,:lnal rnru·rn· 

tmtiun di\·ldcd by lhe Loll\l C1011.· 

· 

Tht' llnrnrlty <'rror must hi' Ir-:~: 11.:,11 ~.--:. 
/-ili1i:-C' I hr. n('(""Urnc-y of t "'' l"IIC"MIII ,.,. r , .... · 
ratrs wiil arrec-t lht.' linrl\ritY error "~ n,,·:o.<• 
Urt'd this v.a)'. Ille t,•:\l i., not Ol'f'l";s:lril;· 
ronelw.i\"t'. Additional tnrormAllon on \·•·ri• 
Cylnc Uncartty I.• <'nntalnrd In nrfc-r,•1,.·e II. 

5.2.t ?nterc-omparlli(\n: Whrn p,>.c:.lbll'. 
tht' t>hnlomrtrr i1hn111d bl' occ-ulcu,:tll\· lr:
lcrcump..rrJ, c-llht•r dlrN'tl)' or \·L-i tr:,.n·.h·r 
st :andard&. '11,it h rn.llbralion photnnwt.-rs 
u:;t,:J b)' oth,.~r :\~••ncl•·., rr b,b-or:Hnrf,•::. 

5.2.$ ozone to:.:<<"~: s..,mc portion ,,r lht' 
O, may be lost upon ronl.a('t ..-Ith the 1,ho
tomcter cell ..-ans a.nd ltU handhr.;: ronipo
nl'nl.5. The marnltutlr or this lo:-.:; must lw. 
dcu-rmlned &."ld used to <'Ol"ft'eL th,. n!C'l:!:\l• 
ed o, concentration. Thl..s lt-u must not 
excC<'d $~. Sornc i;uld<'llm-s for quanllt;,. 
ti\·tly dcte-nnlr.lt:c lhi~ lo-.s a.re di.v.u~~o:r,t In 
Rttl'tence 9. 

5.3 .A.-..0.ar or O, conc,.nt r1.llon..~. 
5.3.1 Alloll.' the phl)lomeler •>-:;trm to 

,·arm Uf! a11d ~lAbill7..cr. 

.. 



" 

M~thod D, 

·1 
I.Ii !i.3.l V,-nfy lh:tl ll!c flm,:r:ilt- lhrc1111:h 

the photom1·l<'T a.b~nrptlo11 c,•11. F alhw:~ the;. cdl to be Cl11:d1t'd In a rrason:ihly shnrl

II pt·rlod of lime <2 Uti-r/mln ls a lrpical no...·l. 
Th,· 1>r<:<"l,;lon of th.- m,,,,.,~urcm,.11u Is 111-II v.-rscly rl'l:tl,•d to lhe lime requlrrd (('r 

\\ fhL~hfnr.. s:nr,· lht• pho.ometcr drifl rrror
·: lnnvasrs ...-101 time. 

5.3.3 lm,11rc- lh:tl lhr nowr:ltc iuto u,,.i 

I 
nutmir n1nnlroJ.<,1 L~ 11l ir-..~t l lflrr/tnln i:r,·:i 
r-r 11:nn the toll•! f\owrntc r.-,,ulr.-.1 by ll 
s,hotuml'lrr ,.nd any olhcr Clos drm:i,. 

I 

<"n11n,-ct,·d to the m11.nfroldr 
~.:1.4 l1rn11rr thnl Uu: llo~·r:\lr. or 7~•ro 111! I·',. L, 11.t lc:\.,t I liter/min aca.trr th:1.11 l! 

flnv:rntr r,·riulrt-d by the photomt-ter. 
5.3.S With ?.rro :tlr no~·lnr In lhf' Otlll)I 

I 
m:rnHold, n.c:tu:ll~ thr. two-way vnlv,: , 
allow the photomt"t.cr t.o s.,mple rirnl ti 
mnnlfnld 1.cro air. then F,. The t..-o phnr,u 
rlrr rt·,ull111:!'I nmst be equal CI l.l. 

Notr--In aome commcrd111ly :u-:iilnb 
J>hotomelrr:oi, lhe nl)('rnlion oC the lwn-v.-:. 
vn.lvr. and \0 1\rlous other operallon., in sr· 
lion S.3 may be cn.rri('cl cul automalkn.lly I 
the phot~•melcr. 

5.3.6 .11.dJust the O, 11en<"ral0t' 10 prndu•. 
iu1 0, Mnccntrll.lion as needed. 

5.3.7 Actuate lhe tWO-"-'a>' n.lve tn all" 
thl' pholometer to s:1.mple u-ro air until ti 
absorption cdl Is thoroughly Ou.,;hcd :u-. 
record lhe ~tllblc me~,;urcd vlllue o( 1_ 

S.3.8 .II.eluate the t,a,•o-wa.y ,-aive t.o allo 
the photomett'r lo s:unple the ozone concr, 
t.rn.llon Ulllll t.llc a.bsorpllon ~11 b tho 
om:hly flushed and record the st&blc mt-a.-

l un•d \"a.Inc or I. . 5.3.9 Record the temperature and pre
I a\lrt' or thf' s:unr,tc tn lhe phfllom,•l<'r 11.: 

M>rpllon n•ll. <S<·e U.cfrrr.nce O for c,1t: 
11.nre.) 

5.3.10 Calcul:l.lc the 0, concrmra.l lc, 
rrmn l'Qll:\llon 4. An 11.vcr;u:t' of S,'\"l'rn.l d· 
lrrmln:itwns ,...iii 1,rovi,ll• bt•ttrr pn-c-lsinn. 

llRl,1. Uf)p('T ra.n11c limll of thr n, :tll 
('r, ppm 

Z. ~ rtt0rd<'r n-,,1>011~· ~·llh z.cro air. ~ iocn.lc 

v. ht>r,•: i 4) 
' lO,l.~T •., o·. COIK"1"1ttrntlnn. Pl>m 
a• ab;!orpllon <"odCic-tent of O, l\l ::?54 

nm, 308 n!m"' c-m ':it o•c :md 7iill torr 
l "Pt~~ .d J),t! !I ! ·f~i ·1 h. •·::~ 
'l"u~l!ml'lt' te1:•p,•ratur•·, i,;: 
I"&" &Arr.:•lr" pr,•r::-;ur,!, torr 
J, c,•r rt"t'I i,,n f:" ·tor !1tr O, JM;..-:o•s 1r,,m 

5.2.!I •• , 1· fra...•t..oH o, lo~t 1. 

NnTr. • .!:l••r:~t· c-,•r;u•:• rri:11 ph,.ft.,,1,-t,-r: 
may Autcm:,ti<':t!ll' n:-.1t::11e all or p:'.rt ,,c 
c:;11a!ion 4. Ir IJ !hi- ,-,·,•r:•!ar·s r,-spon.;?hil11·.
h1 \·,·rdy I h:,r a!I d : •·•· :r.for.r.;-,uon r;. 
i:11tr,·d f!1r rq:::1n,,•1 ~ i-. ,,.,1:iiuri" ,-1!~<-r 
:1•1t:,r?1·,: :t:3.J:r !°')· 1 !·•.' I" ;a,,.•. ::~, t~r c,r .,na.:i• 
U!tl,)·. 1-'or ·-.,utnrn.u.• .-·· p!:..,lun:rtrn ....-hM·h 
r··:a•u:ttr lht" !i::--r 1 rnn c;.f t·qu:iltun -4 h.-..~•·d 
u_n a lln1·:\r :\r;~rox!l,::uf.-n. n r.,anu:,: rnrrrt"
llt,u m:iy be- r,·<aurr.-.1. 1•ank11l11rly ;.t hir:hrr 

Continued 

ll, lt•\'rls. S<·<' tl1t• ph,11,1111.-t('r l11:..lllKllon 
rn:1nu:1I 11.:1<J H,·:,·r,•11,·,· !I for KUld:111,·r. 

5.3.11 Ob!:1i!1 :<•.l,li!.ivn:i.l 0, conc-,•ntr:1.1 inn 
~1 .. nrl:i..-cts l\S ,,. ~.-,,~-.r~ hy rt-pl'ati11r.: :.1,·r'IS 
~.:u; ~n 5.J.ICI ,,r :,;- Opfinn l. . 

5.-4 C-crti!k:tf i.:n <1! tr:m~fcr st!\11<1:irrl.-:. A 
lr:111,-.(rr st1111danl t- r,;rtifird b>··rrl:.111·.r: '"" 
out put c,( 1ht." 1r;ui:,Ccr sC..'\od:u-t1_1,o 01,r or 
more o-,:one st11.11rl:1.rw n., d,•tt-rmlncd 11.f'C-Ord
lni: t.o &<'<'lion 5.3. Thl' cx:ic-l pror,•1!111 
v:ui.-s d1·pt•11ding on the na.turc :1.11<.I ct,•.:ii:. 
or the lran~Ccr st:i.nda.rd. Con.~ull Rrfi,r,n,·• 
8 !or iuirl:111c-,•. 

5.5 Ca.llbmtlon or or.one lU\:\1)7,.•r:o.. Cl ✓ •>" 
a.nl\l)-U-r.l :I.rt' t>:i.llbral('d u rolln••:s, u:•ir• 
o7.one ~t:i nd:-..rds obl.'\lncd ,!irc<"llY :IN'nr< 1111 
lO sr.cilon 5.3 t>r by mt•11.ru of 1 ('•·rt1ri• 
trnn.~fr.r sl l\lltl:1nl. 

5.5.1 Allow sufClrlcnt Um~ for U,r O, 1111:'I 

1)-u-r and lht' ph,:,lonwtrr or trllnsh·r :.t:inr• 
a.rd to ~-armup a.ml ,a:1hill:r.c. 

S.5.2 Allr,w 1hr 0, anal)'7.cr lo :;:1m11I 
u-ro :i.ir until ,. :.la.hit• r1•:,pon,.,, L~ nbt:Jirn·• 
a.ud ad.iu!IL lll<' 0, :1.11:1.ly,.cr·s 7.ero cone rn, 
OCfst·Lllni: thr :1.11al}-1.rr'11 7.t'rO aclJu.~tm••nt ! 
f s·,:. or ~ale Is r,:c<1n11ncnded tn r:1.cilit:i.l· 

ob>:nvlnc: nl'l!l\ll\•c 7.crn drHt: Rrr.r.td Cir• 
Sl:\blt' ~rn air Tt'::llOll!".C IL~ ..z... 

5.5.3 Ot-nf'rate an 0, ennc,•ntrM i•,, 
s1nnJard of approxlmAl••ly 80':i, or U11, dr 
sirt-d upper .nu11:e limit <URLl of lhe o, :\Jm 
1)'7r•r. Allnw tht' 0, An:11>-zer to s:unpl.- thr. 
0, <"Onl."cnlrl\tlnn slandard until & stnblt' rr 
t<"pon.o;e Is obt.nlned. 

5.5.4 Adjust the 0, :i.n:i.lyur's sp:in eon 
trot to obtain a convenient record('r r<' 
IIPol\se a.s indlc&IC'd below: 

recorder response (1 scale) a 

11,h<-r<-: 

Record the 0, concentrn.llon and the eor• . 
r,"lipc,ndlnl( &nl\lyz:cr ?MIPOIU('. 11 sub.~t.n.ultill 
adJustm('nt of lh.- SPl\n ronLrol Is llN"<'"-,&rY, 
recheck the :tcrg and span &djusLmcnu by 

rrr,entinr 11l"PS !'i.5.2 tn 5.5.~. 
5..S.5 o,-ncratr 11,·\·,·rl\l olhN r.. . ..•.,. 

traUgn ililndards <at kut $ ot.h• r-, .;.1·,. rtt 
ommended> over the scale ranee or the c 
~yzer by &dJu.,unc the 0, aource or b 
OpUon l. For eArh O, conccntrallnn stAnr. 
ard. record the <>. and l.he COTPIIPolldllt 
&n&Jyzer iuPOn~. 
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5.5.G !"lot lhr 0, a11al}-:-.,.r rr.,,.. uc;,•,, 
\·rr1m,1 thl' c-nn-1•~pon<tlnir 0, rnnn·nl rlll IC'IIS 
n1itl ,1rn11: tlir <l, nn11Jr ✓,,.,·,. rahl11:,lfo11 run,· 
01 n1ln1h,t1· l/11· h1'1•1111•1l:0!1• rr-s1,i,w,r farl11r. 

5.5.7 Optwn l: Thf' 
r,,,. 

l::\rio11.1 <J., rmwrnl ra• 
lhllL• rr·q111r,·d In 51 S.l 11 a1,,t !> :-di 111:t.)I 
l,I' otJtulnnl tJ)' chh1Uon of lht· o. ,.,.,,r,·111r:1.
tlon l!rrwrakd In sl1•1lS S.J.6 nnd S.S.J. With 
this opt ion. :p.ceuratc Clov.- mi-:\.summ•nt,; arl' 
n-qulrt·d. The dynamic c:i.llbr.ltif>n i;yi;lrrn 
ntaf bt• modLflt•d iu i;h,,11, n In t-'4:urr 2 Lu 
allu11.· for dilullon a.ir lo be mclrrrd in do\\ll· 
11ln:u11 o! lh<' Ou~•·ncrator. A mlxlnc ch:i.m-
1.x•r b..·tv.·c,•n the 0, ceni-rntur and lhe 
output manifold Ls alo;o rrQulrrd. n,e now
rnlr throui:h the O, cener:i.tor cF.> and the 
dilution 11.lr no•,,nite <Pa> are ml'asured with 
11 rrllablr nov.· or \'Olume slanrlard l,11n.·ahli
to NllS. K"l.rh 0, ronCt'ntrallon i;rneratc-d b}· 
dilution l~ rnlc-uli>L('(J from: 

I, 

(6) 

.......,..: 
((),,-•• I tlilut,·cl o, ronrrnt1·:\llnn. i'l'lll 
F. 11,,11.·i-atr throtu:h thr· o. i:cnrrntor, 

lflrr 'min 
1-',, ,lilurnt :\Ir flnv.·ratr. lflrr/mln 

H1:1r.Rr.J11, ..:!0; 

l. 1-:.c.Y. 11111 an,I Y. Tatl:\k.a, -Ab.••nr11llc,n 
, .. ,..rrid,·111 n( o,·.onr In thr. Ullr:niolel and 
\'ii<lhh· lfr1:lorn;·, J. OpL Sr,c. dm., 43. 8i0 
I l!15J I. 

:: A. o. ll,·11111. •• AbsorJ1tion of O7.onc- In 
lhl' t111rr\\'llllt•l ru1d Vlsft>lr. ltr:inn., or Lhr 
~111•,·1,um ... I'm,-, r1111s. Srw. <Lcm,lonl, U., 
9:J:? ( l\ltil >. 

l. W. 8. lkMurr And 0. R:i.prr. -Ha.rtlr)'. 
Band ~:i1tl11<·tion Co.·fficlcnts ol 07.one in 
11... Ua., l'hn.sc nnd in Liquid N'llrucrn, 
Carbon Monoiidt•. IUld Ara:uu-, J. l'h111. _ 
Ch,•111.. 6.1. ·112 I l!lG~ I. . 

◄.- M. (.;r:1:a:~...Atisorptlon C:orffidrnls or 
01.011t• ill lh<' Ulll-a\•iult'l and Visible R(-. 
,:io·n.,;··. J. Oirm. r1, 111•• 49. 857 <19631. 

S. K. ll. Hrrk1·r, U. &hurath. and H. Srlt.7., 
..O,.ont• Olt•fln Rn.ctlons In the Ci:u rh:I.Sf' • 
l. It::ih· C-011.~t&nls and ArUvatlon FJ1rr1:i•~··. 
lnl'l Jura. of C'"hrm. Ki,irtie1, VI. '725 <1974). 

6. M. A. A. Clrne ar.d J. A. Coxom. -Klnrt
lt- St11Ji1•11 ot Ox}··haloi:rn U:tdl<•al S)·skms"', 
rru,·. l.1111. Sor.• AJOJ. :o; <196111. 

'I. J. w. Simons. n. J. raur. U. A. \\'t-blllrr, 
;md F~ J. llalr. "Ozone Ultr:u·loll'l rhoto!y. 
sh,. VI. 'l"hr Ultra\·iolrt SPt'<'trum-. J. C71rr11. 
l'h.11.,.• 59, l:?UJ 11973). 

a. "Tr1ln11trr Stnndards far Cah"bratlon or 
Ambtrnt Air Monltortnr Anal}7.('n for 
01.om···. 1-;rA J"ubllcaUon anJlable from 
F.rA, ()('p11rtmi-nt E 1MD·'1'7), Rest>arch Trl
:mi:lc- Park. N.C. r.111. 

9. '"Tt'<'hnlc-al A.~•dstance · DOC'\1mcnt fer 
th,· <"•librntlon or Amblc-nt 07.one Monl
ton.··. 1,:1•A 1'11bllc-111lon uall:ible from EPA. 
0.·µ11rtmt"nL E <MD-77>, RC"S<'arch Trtanclc
J'uk, N.C. 2iitt . 
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I Method E 

REFERENCE METHOD FOR DETERMINATION 
OF HYDROCARBONS CORRECTED FOR MEIBANE 
t4o cm so, Appendix E, July 11 1s1s) 

1. Prffletp'• 11114 Applic4b(lttJ. 
1-1 M•uUNd YOlumee ot rJ.r,.,. dol1TWeCI 

•<m.1COntlllUOUSly (' to 12 t1mN per hQQZ') 
~., a hydrogen 41.me lOII.IZ&t.1011 d•~to: CO 

!u;auW'O 1ta tot&l hydrocuboll ('l'll:C) OOD-
iUA'- An &Uquot ot the ume tJr aa.mple 11 
•:auoduced lnto a •tripper colWllD wlUcll n

W&ter, e&rbori dlm1de, and hJdroc:ar• 
ot.har tJI.U1 meth.we. .?ructwla ~ 

ll mo110X1c11 U1 p,v,aec1 qua.nUtat1nty 
a ru cbromatoCI"&phlc coJum:i when t...':D7 

NpU!l.ted. The ~ ill elucad i1.rR. 
ts pu.,ed IJDCh&Dr,<1 tlU-oup a ca~ 

\ICtl.On tu~ into the c.ame Sa::IJ&a'QGII 
thta!'tor. The cart>on moDO:c14e 11 el~ J.Dto 
~• •t&lJ'tlo :educ:Uon tul)e where lt 

' 
11 ra

I llCld '1o ~• be1tn p&Ml.ng f.ll.roup
I itr.me 1oz:wzt10n deter:11cr. ~ a.z:iaJ•
I. t.ba stn;,per OOlumA 11 ~l:&hed IO 

I u t~ suteoque:nt malJ'l:1.L llydro

I 
n C0Dcent.ratimlA1 corrected ror me~
~ 'by cul:Jtn.ct.Ul; 1:2),,e IZWUl&U 

u.t tram the toC&l h)"dZ'ocarbOl:l T'&1QIL 
Two modu at ~t.lcm are posable: (1) 

..n, complete chrcmatographJc AZlAlr.Js &!low• 
the cont.l.lluou.a output tr-cm Ulol dei.ecior 

1;,r ta.eh a&mple 1llject1on: (21 T.b.e ayswm 
~ tar aut.om.1.tJ.c ze:-o &D.d ap,&D 

:.o dtaplay Mleci.d band .-idthl ot ~• 
togr&m. Tb4 peu helght 11 thtJl usea. 

t!le measure ot t.?le conc.ntz"atJon. '?be 
ormer op,,Z'&Uon 11 N1erred to u the chro-
t.WJTaphlo or apeaz-o Q.Ode and th• l&ti.er 

the ba.rogn,phJ.o er '"normal" mode de
ll4.lni on the make or &D&lyzer. 
l.2 The method 11 appl1C&ble ta the Nm!• 
t!lluou.s meuu.-ement ct :by~ 

olfftated tor meth&ne in amb1m, &Ir. n. 
bon mono:c1de m.euur=oni, TlW:!l • 

·rnult.a.neous.!y 00:.:.:.:i~a l.:l ~ c:.-:n::.od., 1,1 

:lJl rt,qu.l.:c-d Ill ~i l:~W't.C:.o:H,1 ot 
1droc&tbom correc:ed lcr mtm&De &nd W1ll 
t be !!alt With here. 
2.&c~csnd~. 
2.1 tnstrumcta ON •~ wtt'b 

ran.p 
ftlt• 

oombl.Dai:um&, 7w acmo.pbenc 
,-a t.h• mo rr.nge la o-1s.1 mg.1m.• 

,c-ao p.p.m.) ~ (u CB,) aD.d ~ meu.-
■ I'"!.:::-, 1a 0--GL:i =-::1::::.• (t>--10 ,.p.:.i.) ••-.:r 

6
. ~!Al appl.lcathma, Sower ~ are &T&ll-

11 &ad 1n t.h.. a.ppllc&Uam t:ba n.np fOI 
C sa 0-1.31 mg.;m.• (0-2 p.p.m.) OU'DCID 
CK,) &nd for met2:l&De t.be ra.np la 0-1.11 

IIC-ID:&.1 (()..2 p.p.m.). 
.J Par \he h!per. atmospheric &Aalym

.11.Af• thl- aeDStunt,- tor TBC ts o..om 
::111.Jm.• (0.1 p.p.m.) mrboD (U OH,) &D4 
:~ IIM\h&ne Ul• aenatth1ty 111 0.033 i:cg./m.1 

fO.S p.p.m.). -ror t.h• lower, 1pe,c.ial &n.lJJW 
. :1.11,... the ..mait1'1C)' 11 0.011 mc.tm.• (O.D'.16 
,i,in.) tor eedl D&. 

.• .. 

S. lfWlf'f-. 
i.1 No 1neenerezi.oe 1n tti.e ~ m.Ma

u.remen, llu been ob&.en'ed. The THC rzi.a&.. 
wemezi.t typ!.c:&ll7 UlCJUdCII IJl or a porUOD 
ot w-11&; 1a rencra111 c1ae11nec1 u the w 
~ 11:1.i.erreren.ce. Thla. .aeo; I.a mrntmlMd 
b7 proper 
pt«l •~7~w:n.blnc -~ er i. a. 

... Pr~ ~. Gld ZtGbCZUJ. 

._l ~ ~ 111th .U... 
1:1.cm paee 11 ::0.:1 peroent ot ruu ~ m 
Q.e l:IJ;her, atmoepbe.nc a.D&IJ"ll,a n,a.ga. 

U AceUr&07 I.I depeld~ OD inal:Z'UZDIAI 
UWl'ity and &blOluu ooncen•~tloA ot a. 
callbra.tlon gases . .A.ll accura.c:y o! l perc.nl ol 
full KIil• 1n t.h9 hlc)ler, at=oaphCSG an.al
,_. rangee &nd 2 pen:en, ot full ac&M,, la 
~ lower, ~ MI.Al:,m, 1Uo1111 ca.u N 
obt.&med. 

U Van.utODa 1n aml,tent room wmptn-
9m'o call caUN ~ 1n ped~Mft MN• 
IC\er1Aica. Thi.I la due to lb.lt:D 1n o.'111:l 
umpcatun., Aow Z'a.ta. and pnaUN wit.A 
amhianl tampera;ure ~ Tho 1ndnl• 
ment should mwi per1orma.noe ~cat:Som 
with r0011D iemperaturo cll&llgea ct :a• 0 • 
Bue!lne drilt 1a au~t1C&Jly coff9CIW4 IA 
;b9 ~phi.a mode. 

I. ..tpporcst"-7. 
6.1 Oommerci4Uy A.DClilabJ., rHO, Oil,, 

sad CO A.1Wl¥ZO-. ll:l.s1:rwnenta mDWd N Ul
ltloUl:lc1 OD ~UOn IIZl4 dtlmO~ 
pnteral:117 1:17 t.h• =mute.aCW'tlr, or ha rop
Nlelt.at1Te, &o mec,i; « UOlled JD&Zl~I 
91)ee1Ae&Uiam IIDd COM ~ SA 11m 
aotbod. 

U Semple llltrOd~ 8,,U,.. Pmn;a, 
Aow control ftlYN. &u~tJc ~ 
ftlyi,a, &nd ~-

11.3 F<!tn i ln•ii~>. A ~-tne. '1Aol• 
:lbc m~ -.1th a porc■1i,, ot :s to a m1C'0,D,I 

chould tie 1mm9CU.&tel7 down&a.m flam ~ 
ample pwup. · 

6.6 StTi'PPt:r or l"r91X1lvmn. Located OQ'9 
ISde or t.he OTen ., ambtml tempen.t"QZ'W. 
Th• column ahoUld I:. npac.ked er repL&oN 
attc t.h• equln.lml ot J m.c=~ of COAtlAU• 
OQa Os,er&t10A. 

3.5 Our- 'Pa con i&1n1n1 tJ::.e an&lJ1:lcal 
C0lU%lm and e&t&1J1i.O cozi'l'Vtar. Tba OftD 
ahould be capable ot maint&lmll.C &D e1..,.i..ca 
tampen.tun conat&nt wtthl.u ::o.s• 0. 'l'2:)e 
~c temperatun YVS• wtt!l lwbw.MD\ 
IDUlutacturer. 

•. Jlc49ffltl . 
1.1 C.cmlHUftml a-u. Au contalJl.!.ni lea 

.tla&D l..:s mc.Jm.• (2 p.p.m.) h)"droc&rboA M 
meeane. 

o~ rue: . .Rycl.rofCl or a n:uxttin ot 117~ 
a•n 1U1d t.nert gu cont&UUl:1g 1- tb.&11 O.OG& 
JnC./m.• (0.1 p.p.m..) h:,droc&rbona u 
m9t.h,&ne. 

8.3 C11.Tr'W:r' Ga.,. Benum. DJ.t.rogeu., &tr or 
hfdror•n CODt&lllln&' ,_ uan 0.006 m,.lm.• 
(0.1 p.p.m.) hydrocubona u ~thai». 

u, 

i 
"I 

it 
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Method E, Continued 
Cl.t Zmo 066. AJr 00Z1t&1,J,ing 1cQ tb&A 

O.oe5 ~./r:i.• (0.1 p.p.m.) totAI. hTli,.'"OCSZ'txm.l 
C;II m•t?lan•. 

e.& cam,rati<m a.uu. ~ needed ·tor 
11.neartty ob«:.b (poal: h~ght.a) uo de1ff
mined by the~ \:lied. Callbrat1on p;-a;:;crs 
conuponding to 10, :-:a, -w, :uia eo per~t 
ot run aca.le are nee<:e4. 0~ mu.,t be pro• 
Tided wtth certi!lci-.tian or (rll1!o."&D.teed &neJ• 
,ala. 2'tetta.ne 1a usOC1 tar t>ot.h the ·.ot&l 
h,-d:rOca.r'bon meuu=e:11 imd ~
ClCl.flll'elllm'I. 

f.S Spcm Ga. ~ oa.llbn.1;1.(m pa ~
c:pcoc11nr to so J:«'CClt at ::iu sceJs s. med 
~apanthe~ 

't. ~Ure. 
T.1 06llb.-at.s the ~t M dmc::ibed 

lrl 11.1. Int:l'Odueo Ample U:to t?:i, ~
'lmdcr the s&me c:ondltlona ct prmaun &Dd 
tJo,r nr.tea Ml &re UMd 1n calibnl.QOD. (Tbe 
pump la ~ or.ly wben prc:m~ 07\• ' 
~ psa In 'CNd.) Pl,-a:e I:1 allOWI a 
-,pio&l Cow Clllgn.m; for apodj1c aperat1q 
~c:tlons mer to ma.nwaciurer'I mai:aual.. 

a. C4U~ 
1.1 CCLlfbratioft c,uw. ~ ~ 

lmNnty of tho system for TBO s.nd m~ 
SA the 'bt.rogNphlc mode bf intl'Oduc!:'.g lia'O 
pa a.nc1 lldJuat.1n1 the re,;poct1Te z:e:,:m; c:cm• 
11'0!9 to lndlcate •recorder~ ot aero. 
?D.troc:uce the c;..n pa and ~ ~• ~
OL'T.StZ'ol \0 tn~ca.~ the P'f'0!)C n.i-.ie CD "3e 
roc:ot:1er ac&le. R«h6C!:: :r;aro a:d ::pen ,mtU 
14Jua-tment11 an r.o longer ~- l::::-0-
d'QOe Ulwrmedl.r.te e&llbr:.ctcn ~ and pl°' 

~-
'2>41 nlues obta!nod. U • smooUl. ~ la ~ 
~ed. callbratJOU CS- may DeOd ~

t. Ca.Jc-.d.attos. 
t.1 ~ ccmcen11rG:01U or t.ltll 

b.~bolla (as «:n-. 01,} azid CH., d!roc:C7 fZ'0m 
'-bie c:allbrat1a:l ?lo calC'l:1la.~ an 
W:tner,. . 

9.2 I>nmD.me OCICCIID~ o( la,-dro
ancma e:irnc,wd icrce~bf~ 
~ 1::1.ethaM =1n.~0:1 trom tbe tot&l 

· h,=,oc:&:blm eo:i.ce:i.t:n.~ 
o.s Cc!l~-rsicn. ~..:1 :!).!J.C. c.4 ftl!f✓ 

Z.1 ftl?al tar ~ h~~ (U OX.) 
JD'llth•ne Ul4 h~ ecueeteo:1 ror 
~ an ma.ck as followa: 

p.;,.m. cutMm (al OJL) =1=3- aatica <• 
0HJ /m.•J X 1a 

10. Bffl~hf. 
P!lo, o .. -..:."'::!~-~ .u, ~
~. 13A ~ .AID/c;a:am
G)w;,o,4.&m. Boarton. '1"wDa. .&;:iz1l u,...m. 
:um. 

WlailoboD.... &lid ~a;,-. 1:1. L.. .... a. 
Cluom&~ U:IC,o,S tcr LvtMM~ 

1&0:l.'1o11DS at JIQUm:ut,a ID Aml,1-\ ~. 
IZ:14.. 

Stenna. a. E.. -rh• Automaied o.. 
Obrom~tog:-aph aa &n A1z Pol.lutsni Ka:11-
11cr", lP70 Con!a.~011 on ZllT!rom::.imtal 
Toz1colc;J, tJ'.S . .I.a P0r'oe, W~t-~ 
.IJz 1'oroe ;Due. Da.,.ion. Ohio. 

SteM:M. JL E.. azMl O'Etlae. .L L _...,_ 

01~.:4. 4%, 143.l (ll7ro). 
€-;!luc!:, JI. A., A1~~11ll«'. A. P .. Jtuth. D. I!!. · 

t.!!.d l.!~ O. B •• -~~ ct l'..:y(.l?o- • 
ce.rbons to 0:dd.:l.llt.s 1n Ambient .A.tace- 1 
ph~...-. 1. ~ zaoa. c~. ~ zo. l:n~ I 
(1"70} •, 
~ IL !t., O'?:Ntfe. .L J:.. and~ 

o. c.. 
I 

•_A Gu ~to:tn.~ ~All to I 
the Gm!.1-Continuvn.:l l.:m11torUl!;·c:f A==oe-
ph«r1c Cc-ton Uonm::\de a.::&d lio~. ~ 

I 
~ a! llt:ll Cot1.t-.:reooe 011 &et.h.o:S:t 111 i 
Air PcU~n Oll :bd~ ~ene -~ 
1'err.:sle,r, OQJJt,. UA.!'Q :Q-Aprtl l. ~ 
~ J. W., I.:nnenbom. V. l. U4 

Cb«=. C. B.. bWOII. ad.. 2WMOL J, 11N 
(1~). 
~ I, G .. ~- fll ~

N'Pll.7, G1d<1ln;:::. 3. o.. a.nd :C:el!er. P.. A.. t,,J. 
~ M&:cell De~. ff.T. (1~53) • pp. 1ft. 
162. 

.!J~1llllll', A.. JI,. ]topcsna1. 8. L,. Lam»- I

nwi, W. A., ~. T. L. t.nd 81&tc, ... , 
hwvll. act. f'ec.\,wf. t, 91)1; (lffl).

Al~'all«r, A. !" .. (.;ohen_ I. B.., and 'Pm-Nll,
T. 0.. Cc:,\, J. ~~ c!-4, ~ (19ee). i

0uZota, L., Zd:ro,-..:a::1, A.. and Jlonlr:mu.
1. L.. J. ,l.11• Jloa. C°o,lf• .Llsoe. Zf, 136..(lNt).

Ort:::w1. o. o.. b4 ~- u. ~
(1;.eo).

Pc:l"W, E.. IIDd Vcm.tm. J), Jt. bd,~
,,, '143-'1.U (10,,).

Orum. W. lit., ~~ !fat!onal ~
?a-~~ ~um ISA. li:a. ,
~ A., l:oc:hcberg, It., a.cd i'otdlr

HUther, lal.. ~..f7Mmw 72. l'l'o. e. :w
(~l}.
~~fer~~ otao

mat:ogn:;)b Hodd. ro::o, lkckTrs:, ~
Co.. Pallenon,. c.iJ.1!.

~..cm liEaizn:tJ. 1'lmd!z 01,rp.. --CO"r.l:"'..e, W. Va.
~~Ull. 3Jrc:ia. Instra:mmt C.~

~x.o.
~t:"A lmtJaot!o:D. Ma=a1 for GO l"!'ocma I

An«2,-.r for TotG1 ~ ~ 1
IZl4 Olrboa Xoocmde. ~. Pa. 1 
~to Enn.~ 8:1St=i tar ~ I
~~~~. l.:i!"'.!l~ =d 01.--txr.l Uua• I
C.:.lo ~o::,, ~~. ~~ Oi:uo.

~011 CWblc16 lnstnlctSon Kan~ f.W
H0clel &-0,0• GM Ch:'0~ tor 01>
CS.-T/1, Wldw PltJns. 1'1'.T. 
~ Ma:iQa.1 ,_ ... ,._,.., 

Tr&oar tu. Aaam. ':'1az. 
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Method E, Continued 

 

II 
SUl'l"l.Y ' I 

LA« Tl.o-'nl• time 1n14TY~ tre::a • ~ 
cil'-ll~ ln l:lput eJllc.iDtrat!on at th• lll- · 
■ trumdnt 1nlet to ~ n.rat CWTN~ 
cht.Dge ln the ~t.-umen~ o'l.t;,ut. · 

'nms to 90 Pt.l'Cellt a,..._po~Tht i1m4I b
t4!"?&l trcm a nep e?anse LD the input COD• 
ce.utntlon at the uu=ent ln16t \0 a 
rff.di?lg o! PO percent cf. the ultimate ,._ 
oorded =~ntn.tloll. · · 

&I.ff "nme (t'Q pereent)-The Int.anal II> 
tWMD !Jl1t1,J response tlmt Llld tllnl to ~ 
perce:ii rospoilSol an.er a ,t6p decrease tn 
the l.nlet concentra.tlon. 

Zero ~U~'Ibe eb&nge ln tnstrument output 
01'ff a st&ted ticCI perlod, WIUllly 24 houn. 
of un&dJu.a~ conttlluou.s operation, W'bt.D 
the l:lput concelltrat1on ·L, zuo: uaU&lly 
apn=d u perc-en t ruu aellle. 

Span Dri!t-The c:h:.nge Lil ltutrament etn
put onr a 1tated. tlme p,enod., \UUallJ 2' 
houn, ot Wl&.dJwt.e-d conU:iuow operation. 
YhtD the LDput concentration 111 a 1t&ttd 
np1cale nlue: wuall7 upru.Nd u pcroc:c 
f'.11! 1-C&le. 

l'Nc'Jlon-Ths degree ot a,gnement b•~ 
repeate-d meMurece:cita ot the ~• ooa• 
eentratton. It u up.reaNd u th1;i.nrq1 
dr."1t.tlo:i. Of tht &UlS}o l'OIUl\l t:om ~ 
m1&n.. - -

Optrauona.1 Period-The pmOd ct t1m• °"' 
Which th• ln.tru::ient C&ll be npected co 
opera.to. unMtended W1thln ~pec1!1.cat10::a. 

Noia~po:ita.neous dev1&t1or.s from 1, meu 
output not cawed 'by l.Dput eoncentntloA 
changes. 

lllttr:erenc~.-\n UDd.ffl.re4 pos1t1H or De<fl
Uve output caused b7 a 1ubst&nc. otb« 
than the one 'belDg meuured. 

.llltertereDce ~U!n!ent-Tb.e portion of UI• 
dlcattd 1Dpat ecncentntton due to \bf 
p:-eaence or &n interterent. 

Optmt:ig Tempcn.tun Ranp.-Tbe ran~ ot 
&:nbltDt temperatUffl OYa' Yl:lch th• 1:1• 
strwnent Wi.11 mff& &l1 pertonnanee ~
C&t1c.Jaa.. 

or,enu::.g liumJdlty 1t.an1r-Tll• ranp or 
&mb!e::.t rdattve hw:nu:llt7 ~r WblCb t~ 
!:at.-u:z:~o: W1!l c..e-et all p,e.r!or::u.::.o1 
spe,:U!ct. tlona. 

1.JDe&11t;-The manmum de'f'iaUon betlnQ 
IA aetu&l ln.trumant nad11:1r &Did ~ 
re.dine predleted bf a 1tr&1rl:ii lint draW1l 
Nl11'Nn upper IAd lo,rtr c:aJ.ll)ra;lon poUl.ta. 

..,, 

..ai 

..r_ 
' 

.. 
_; 

.... 

,j. 

Qj 

... 

,,. 

' 4m>SKl>A 
11 A. Sugg~•ttd Per/mm- 3~ei,'IC<ltwn.t 

1
~ /CA' -'.tm~ph.er.c A~l;,zen f(W Hratocart.oM 

Oornc:fed /or Mnhcu,,e: _ 
n.&l:14• (mll\1mum)------ OJI Cl(./m.1 (o-6 

p.p.:n.) TEO 
~ mg✓m.• (M 

p.p.m.) CH 
output (m1mmum)--- 0-10 mT. hui 

scale. 
Wntmum deteet&ble aen 0.1 p.p.m. TlIC. 

a.lttvlty. O.lp.p.:21.CH.. 
Zero drl.!t (m&X1.mum) .-- Not to exOMd 

1 percent/"".t6 
houn. 

Spa.n drift (mu1mam) •• Not to exCNd 
1 percenti2-6 
:t:.our.,. 

Pl-ec'.stun (mil11:num) ___ ± 0 .5 porcent. 
Operational per1od (mlJ:11• S daya. 

mum). 
Operatlng temper.~ ~·c. 

rango (m11l1mum). 10-100 pccent. 
O~r.i~lDg hum1111ty range 

(mtr..lmum) • 
Unw.rtLy (mulmum) __ _ 1 s,e1'01%1t of tu.U 

IC&le. 

a. Sugguted ZH}tn1Um1• of Pt:rf~ 
Speciflcatf~: 
bnge-T:l11 minlmum and mu:tmum meu

ureceut !!m1t;s. 
Output-~e~:1c&l '1gu,&1 which 1s p~

\!cc.al to tl::e ce~u.-e:nent; intended. t:ir 
eon:iec:ion to re~cmt or dab proc~illr 
dencu. U,uaUy er,,ressed u mllUYolta or 
zntlll~J:s full s.e&!e at a gtnn t::npeden~. 

Pull &:e.te-Tht zunmum measurtng 1.1m1, 
for t. g!Yell range. 

J.C.nll:cum ~~t&ble sens1t1nty-The small• 
•t ur.,:,-?1:1t of tnput. «-:a.c~ntra:lo:i c.a, 
car., be deteC'".ed u tht concentntlon C.>
proi.c:!les zero. 

Accuraey-Tt.e d~gree of agreement ben,e,e:i 
a m&uund n.lue and tho uuo n.Jue; 

aca1,. 
U$'U• 

&1\7 e~ ac :t pm:a,.c ot full 
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Method F 

MFA<::1 TREMEUf PRil-!CIPi ,E A1';T1 CAI ,TBR4TIQH 
PRITCED!JRE FOR Th""E HSASURD!SIT OF NITROGEN 

DIOXJ])E" IN TEE A1MOSP:IERE (GAS PHASE CHEMILl.J?fillESCENCE) 
(41 FR, 52688, December 1, 1976) 

Pr111Cir,le and AP!'l~bUtty 
1. At~'Dhertc concnitrauons of nttmren 

dioxide CNO.) a~e measured tndlre-:tlv by 
phot.:,r.ietrtc:i.lly meuur!nit the ll;ht Intens
ity. :i.t "-avelenrsths gruier than 600 n:i.no
meters. :-esulttnir !rom Ule chemU'llintnescent 
Naction or nitric oxtde INOl with ozone 
(O,). (l.2,3) NO. Is ftm quantttatln!y n
dcced to N0(4.5,6\ by means ot a connrtff. 
HO. "iV'hl=h ccmmon:r e1tlsts In ambient al:- to• 
gether with ~o,. passes t.hrou~h tbe con\"ertar 
unchana:ed cau~ln?Z a. re'IU!tant tott1 NO. con
centrntton equal to NO.J.NQ_ A sample ot 
the Input air ls also measured wtUiout haT• 
Ina: pa.~ throuc;h tbe converted. Tbi5 !attn. 
NO meo.surement Is su!:ltTacted t:om tile 
former measurement (NO.J.NO.l ~ vt'!ld the 
ftnal NO. mea.surement. The NO &nd NO.._ NO, 
meausr~ments may be m:i.de com:urrently 
Ttrltb. du:a.J ll1Sterns. 01' eycllt'ally ..-t~h tbe 
,a.me system provided tbe cycle TI:ne dvft 
not exceed l minute. 

2. Samplln11: cons!derattons. . 
2.1 Chem!Ja:nlnescence NO/~O.tNO, 1;.n

alyzers wm resl)Ond to other nltrcgen con
taining com::iounc!s. s,:;ch u peroxya.eetyl 
Dltnte f PA."l. c;-h~ch ml,tht be red\:c'!d to 
SO In t~e thc:-c1al :c,:,,v~u. (1) Atmo~t>hfflc 
concentr:itlon, ot th~• pot.!ntlaJ Interfer
ences are ,:enenlly low relatlv• to :-:o. and 
valid NO, meuurementa nui.y be obU.lned. 
In certain geoff&.phtca! areas, where the con• 
c1ritrat1on ot these :,o~t!al lnter!erer.ces ts 
known o.- susoected to be high relative to 
NO~ the use of an eciu!Talent method for the 
measurement ot NO, Is iecommended. 

2.2 The use of integrating 1laslt.s on tbe 
nm1>le Inlet l!ne of cheml!umlnl'!ccenee 
NO ·:,.o INC\. a:isl'!/7.el'! Is optional Uld left to 
cour:il!ed. r.-:~ !&r::.::i!e :-eslc!ence t'.:r.e cetween 
the ~i."mplin= pel~t a:id the :1.n:11·.-zer sr.culd 
be kept to a :r.1:i:num to a-:oid er:oneoUll 
NO, mcasure:nents rt$Ultlnir from the re:ic
tlon..of ambient levels ot NO and o., !n tb• 
sampllna: system. 

2.3 The use of parttculate tilters on the 
n.mnle Inlet Une of c.bemllumlnescence 
NOt!>'O /NO. analY7eTS ts OJ)tlOnsl and left to 
the d~·e:-et!cn c! the use:- or ~'le r:unu
facturer. t:se o: fr,e !'ll!er !hould c!e:,end on 
the ana.lyzer'a susceptlbUlty to lnt.erf.:rence, 
ma.ltunctlon. or d:imaee due to partlculatea. 
U!\ns a.re ca.uttcned that p1LTtlcuJate matter 
concentr:i.ted on a l\lter may cause errontous 
NO. me&Su:-ement.s and therefore f.lters 
ahould be changed frequently, 

3. An an:i.l;zer bs.sed on tb!s ~r1nclple Will 
1" considered a reference metbcd only if tt 
bu been designate<!. a.s a reterence metbod 

~ 

CalllwaHofl 
1. Alter11at11.1e A--Ou J)h&N titration 

1OPTI or an NO s•.and11rd wtth o;. 
,'t,(ajor equipment required: Stable O, 

generator. Ct:emllmnJnescence !'IOn1O,1NO. 
anal;zer with strip chart reci,rder(s). NO 
concentration st11ndo.rd. 

1.1 Principle. Tbl.s calibration te,chnlque 
ts based upon tt:e rapid ga.a phue ""ct.Ion 
between NO and o. to produce stoichiometric 
q;::ir.~!tl"!!< or r,;o, In &ceord&nce With th~ fol• 
,owtnq eq\tatton: (I) 

or 
'r.'le qu11ntltattve nature ot thfa rnC':ton ls 
suc.'l that when the NO concentratton ls 
itnot1.'ll. the conc"n!ra.tton ot NO, '= be 
de!err.tined. ozone i.s adc!ecl !_o e."CceN N'O 
In a d\'ll:unlc calibration •;stem. and ui, NO 
d::uinel ot the chemiluminescence NO/HO.f 
NO. e.nalyzer Is wed a.a -,n m~cator of 
chs·nses in NO concentr:itlon. U;x,n the &d• 
dltlon ot o,. the decr~e tn NO concentra
•ton obun-ed on th11 c:,,llbrated NO chamiel

· b eGul-ralent :o the .coocentntton ot NO, 
prcdcce<l. The scount ot NO, gen~ted cay 
be varied by M:dlng va..rJable amouna c.t O. 
lrom " stabie uncalibrated O, generator.(fl 

1.2 Appa.ra.tw. Flg-ure 1, a schemaUc ot • 
t;J>lcal GPT a.ppan.tu.s, &how~ the suirre:,tea 
con!i~uratlon o~ the com;:,oneuts listed b.. 
low. All conneetiona bet,,,een componecta I.tr 
Cle callbr:i.tlon s;stem dowmtream from tbe 
o, gener:!.tor allc::ld be of glass, Te11on.1D, CT 
other non-reactive msterta\. 

1.2.1 Air fl.ow co:itrollers. Devices capabl• 
ot zn:i.tnteJ.nlng const11:it &1r 110'" W1tb1A 
:2-:. ot the req.ii:'ec nowrate. 

1.2.2. ~o ::ow eor.:rener. A d,eYl::e al)&ble 
ot m:-.i:m1lni::..: ecns,::.::t ::-o r!o~s ~lt~ln 
~:-:;. er tlle r~:;_u1,ed !!-:=te. Cor:tpot:c:nt 
pans In contact S'lth the 'NO should be ol 
a non-rn.ct.ive IDl\~Tl.tl, 

1.2.3. Air fto,,,.meters.• Ca11brated aow
meters cap&ble ot meuurtng and rnonltorl.J:l.g 
a1r ~wraies wttll an accuracy ot =2~ ct 
the mea.sured 110-.ate. · 
· 1.:u NO t!owmeter. A calibrated ftow

z::.~tc:- c:a.~a.bte ot ::-.~:...,uri::1:; and n::::.!!0:"":1"!1 
NO i:iown.tes with. c.n accuracy o: :2':r ot 
tbe meuured 1!0111T&te. CRc:tameters haTe 
bMn reported to oper:i.te u::reUabJ,- ,u:ien 
meuur1ng low NO ftows and are not recom• 
mended.) · 

1.2.5. -~essure Hl'\llator for at:l::d&rd NO· 
c)11nder. 'nl13 l'e£1'lator must hu·e a non
r~~r!ve dlaphr:i.gm and lnteMllll parts and a 
aut~ble delivery pr,iscun. 

1.2.e 0-..one ?'!nerator. Tbe ,enerator 
muat be capable or gen,raUog ew!:cttn\ a:ld 
ata.bte leNls ot o, tor reactton r.th NO to 
suvate NO, coor.entrattona 1n the nn19 n
qulred. Ozorie 1reoeratol'3 ot the elec:nc dul• 
Cb&~ tn,e may J)~t:ce KO IUMS NO: aM 
an oot recommended. 

.. 



Continued 

I 2.'7 Valve. A v:t.lv. mart>. U3oed u ahown 
In Fl%u:-e 1 to divert tb• NO no-w when zero 
air 15 req._;.tr~d at the =n.llold. 'nle 't'LIH 
&hould be ccnstruc-te::1 ot gla.ss, TeGon®, or 
other nonrellctlve mi1ter'.&l. 

I :?.8 a ..actl0D. cb.i:n~. A clumber, COD• 
atruc~ o! p;lai<s, Tet!on®, or ot~er non• 
reactive materiel. !or the quant!tatt•e TC.C• 
Uon or o, with excess NO. The cb.&mbff 
at,ould be of su!::clent yoluee (Vac) sucb 
that the rntdence ti.Ce (ta I meets the n
q ulremerits spec~ed lo 1... Fer pr:iet1cal 
~sons. ta should be less U!11n 2 m!Dntes. 

1.2.9 Mixing chamber. A chamber co::i• 
atructed or !;l:i.ss, 7et!on~. or other non• 
re&cth·e D\llterl:!.l and desl~ed to proYlde 
thoro•.J~b mut:c.g ot reaction proch:cn, and 
<llluent l\lr. The re,1dence time 1S not crttlca.l 
wtlen Ule dynam.Jc parameter apecldcat1011 
&Jven ln 1.4 19 mat. 

1.2.10 Out.put manJ.lold: The output 
m&121!old !lhould be· construct~ ot· glua. 
Teeon::l:. or other non•n~tve material a.od 
should be ot sur.lctent dl.:lmeter to l1.:1ure c;n 
tnal~Cftnt pl'PMure drop at th• a:i&1:,2er 
connection. The aysum Z:C\lst haft a ttnt. 
dntgned to Insure atmospheric pre.sure at 
tbe manifold and to p:·ncnt ambient air 
trom entering the zn&D11old. 

1.3 Reagenta. 
1-3.1 NO 00:1oentratton atandud. CyliD

der CODt&tnillg .;o io lCO PPCl NO !J1 N. "1th. 
leGS thr.n l ppm .NOr Tbe cyllnder must be 
tra.eeable \0 a !'-at10nal .Bureau .of S~nd1:rda 
NO Ill N. St.anc.a.rd ..&c!erencc ).fa\ertAl (SRM 
lC83 er .SR.M 163il er NO. Stand.I.rd Refer
.nice Uat.e:-lal CSR.\! l&:.c9). :Procedures for 
cerU!ytng the NO erlindn (workin; stand
ard) &S&inSt an ?-."'BS t.-a.ceable J\O c: NO, 
•t.11.ndard s.n:1 .ror deter:nu:Jng lbe amount ot 
l,o, Impurity are givt:J1 1.:2 retere:ace 13. Th• 
c:rllnder &!loulcl. be .,teeer..:1led on a regul&r 
bl.Sis u determined by the local quality COD• 
trol proi:ram-

1.3 .:1 Zero 1.11'. Air, free or cont.amtna.na 
Thtch will ce.u~ :a deiec-.&ble res:,o:c.se on 
t~~ 1.;01No••11:01 •=..i.lrzer er -:.T!l!eh c.!;?lt 
~:i.ct ~~ e!~ber ;-:o. 0 •. er !10. t:c :~e e::.i 
pbue tltr&tton. A procedure !or genera.ti.nc 
u1,:, air ts given In reference 13. 

1.4 Dynamic p&l'ameter specification. • 
J.4.1 The 0, genera.tor air CoTrate (J"o) 

a.nd NO flowrate (l",col cs~ 2"11:"Ure 1) mu.at 
be ad.Justed auch that the followtnc rel&tlo:n• 
lhlp holds: • 

i 
Paa:(NOJ•cXtR~2.i5 ppm-minutes 

(2) 

[NOJ1te-{NOJ1m:> (F F_;; ) (3)
0 l'-'O 

I, 

Ji 

where: . .
P1i = dyunmie r,a.rameler sp,ec~ficntton, de

termined elllpiricaU:,, to 1n!!Ufe com
plete re3c1.10D of the a,·&il:,.hle- 0,, ppm
minute 

[NOi.c:c=~O concentration in the reaction 
c!iamber, ppm . . _ 

•- re!'idco ce time of the re&etant ps,es 
in t-he reaction chamber, minute 

(?-;O]!T::i=conccDtrat.ion of the undiluted 
NO str.nda.rd, ppm-·· 

FNo= NO tloli'rate, scm1/min
Fo-0: gener1.tor e.ir fiowra.t.e, scm1/min 
Vac""'volume of the rcactioD chamber, scan 

1.,.2. The dow co::idlUOIU to be used lJl 
tb9 GPT synem are det-ermUled by tbe tol
low<.:1g proced.ure ; 

(a.) ~t4rmltle F .,., tbe tot&l ftow required 
•t t.be output m&nl!old IFr=Ul.&lYJIU ct.
ma.nd plus 10 to 50~ exceu1. 

(b) Esu.bUsh (NOJl>t"T as tbe btcbat )10 
conc:entratlon cpp:nl v.·htch v,Ut tM nqulrod 
u the outpu~ m.&:n.l!old. [NO)0OT &boul~ ~ 
approx.1mir.u1; e:;uJnJent to 9c>C.. of the up
ptt·ra.nge Um.It (UBL) ot the NO, oonocntn.• 
Cton ra.nge to .be covered. 

(C) Determine P,:o as 

,> 

(111 Select a. convenient ~ •n.Ua.ble rct.e
tto1:1 c~r vol=e. I:l1tbll1, a. tr1aJ V11e 

m,.y be ulected to 'be l.n t.b4I nu:.s-e cf a.?prmt• 
1:c.r.tely 20.> t.o $00 ecm•. ( . 

(el compu~POu 

F ✓fNOlm X ."1110 X 1''-.c F"o 
0

- 2.75 · 
(6) 

(fl compute ta .. 

('1),.-, + ~ 
0 i'NO 

•1er:!.y ~ h < t "."."'.i..-::ti?S. If l:IOt. r~ • 
~u~~aam.u.rv.-. 
• (I) Compute t.be cWv1r:ai au 1!owrat.e u 

· /1'•-Fr-Fo-Fwo (8) 

Fo-diluent air tlo'I\T!!.tc:·s·cn:•/min 
{l:i) If Fo :.:.:::.s C·'l:t to !:.--c i..·:rnr:i.ctic:J for the 

cie~ed Pystem, select :i.r~tion ch:unber 
h4\•ing a dilrerent Vac and reeomput.e F-o 
and Fz,. 

NOTJ:.-.A d}"D&mic p11r:uneter lower than 
2.75 ppm-minutes m:i.v be ui;ed' IC it cnn be 
deterrr.int'd Pmpirit'ai!y that qu:u:ititative 
re;iction cf O, 1'ith XO occ-,;rs. A procedure 
for m:i.king this ci~terminatioo ns well a& a. 

-more deWled di!CU!sioo cf the i.bove re
quirements and, 01.l,er rel1.ted considera
tions is given in reference 13. 
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Method F 

1.6 Proc.,;ture. 
1.IU A.uemble a d;r.a.n:.ic c-.allbratlon ,rys

t.cm such as the one &..'".oTU In Jl'1gure 1. 
1.6.2 Insure tha.t a.11 no~-mct.en; a.re C&lt• 

brated under the cond.l~o:ins ot 115e ~nst & 

rellable &t.nd.ru'd suell M a -p-bubLle 
meter or wet-test mete!'. All volumetric !!ow
raus should be corrected -to ..2.5• c a.nd ~60 
mm Hg: A d.!.!;c1J.16:o:i on the cam:ir..uon of 
flov;me..er:. ls. glien In re!erenr.e 13. 

1.5.3 Preca.utlun.s muEt be t~ken to re
move O. &lld other conta.m!r.ants !rc-m the 
NO pressure regui'ILt.or &n<l d.elln~ s;1tem 
prior to the st•n c,( ea.ti b~ii tiOII t., • YOl:1 &l) y 
conve:-sioL ot .he su..nd&rd SO to 1'10- P'aU• 
ure to do tlO c&n cau~e Sll(nitl.ca.nt errora In 
"llbn ~1on. This µ:-ob:em cuy be i:rur.l:nued 
by • I l e:aretul!y e,·:.:uat::ig :..'le reguluor. 
when possible. after tile regu!aior hu been 
con:-ieet.ed ~ the cyl~::.der a.nd briore open.u::g 
I.he C'}'llnder valve; (2 I t.AOrougbly tlush!!lr 
\be regulator and delivery system wttb NO 
a.ti.er opening the cylln.ler v&l'fe; (3) not 
removing tile regulator from the cylinder be• 
tween calll:>ra.t:ons ;.a.less llbsol':lt.el; n~es
ury. Further discussion of these -proceduru 
Is cwen In re!enence lS. . 

1.5.4- Select the opera.ting range of Cle 
NO/NO,INO: an&l;zer to be C&llbn.ted. r::1 
order to obuin maximum precision and ac
c•n&cy tor NO, e&ll!>ra.tlon. &11 'three c-b~nels 
Of t."1.e 11!1&1,zer lhOUld l;e &et t.o th,: u.me 
range. U cp.er&Uon of uir: NO a.i:d NO ch...n
nels on higher ranites 1.s ~esl.--ed, subse<!,uent 
rece.lll:>ratton of th-. NO e.nd NO. c!1an:>ela 
on the higher ra.nge.s 13 reco:ncencied. 

NOTE.--SOme analyzer designs may require 
Identical ranges tor NO, NO,, and NO• ctur• 
tng open.tlon of tile Ul&l;zer. . 

1.5.5 connect the reccrde:r output ca• 
ble\l\ Of the NO/NO,/liO: -.nalyzer to t.he 
Input tffmlnals of the &tnp ch1."t record• 
eris). All adjustments to ~e &nalyzer should. 
be performed bued on the ap;,roprta.te r.:-tp 
chart rudUl.p. References io &nalyur re
sponsrs In tbe procedures gtve11 below refer 
U) rec:,:-G~r r~;x>.c:.se.a. 

l.5.5 I::et:r:=.!c! t.b~ G?T t!.ow co~t':to~ 
reqa1red t.0 mut tile dy-n&mic pan.meter 
,pec!.Oca.tion LS 1nd.lc&tod ln 1.4. 

U.7 Adjust the diluent &1r &Dd o, ,en• 
era.tor &Ir nows to obtain t.be Ao- dew-
mined In 1.,.2. The tot.&l &1r flow must.~ 
the 1.0t&l'deznand of t.be &nal,zer(s) oo:i• 
nect.e<l to the output ma.nl.fold to lmure Ui.ai 

I_ !"6 ;) i..:7~·_;:;::.: =•~=- :s :;~·:! ~=.:.,a ~4:°:., ::-:,_•.:..:._·.:! 
nn•. Allow ;tie &na.ly.;er io u.mple ze:o ..i.r 
'IUltll stable NO, NO•• &nd NO: respo:i:ues are 
obtained. After the respoZl.SM h&Ye stal:IW&ed. 
A4lust the Ll:l&l;zer zero control(s). 

NoTa:.--SOme &nal:,u:s m&J ha•• separate
Nro conuols tor NO, NOs. loDd NO.. Other 
a.nal;zer1 may have aepe.n.tie zero 00nt10l1 
only for NO &Jld NO•• Tb.!!e 6t1U oUien; CJ.Y 
have only o~ N1"0 00DR'01 «- io all 
three cb.s.nneLs. 

OffMCt:11::Lg the &.n&l~r r.erv adJurt::ien~ 
to • 5 percent of -.cale 11 reoomm=de:1 to 
facillt&\e ohM=rnng nega.tt•• r.e:o drtt't. 
Record the sta.ble ur"' &!r resp0nse6 a.s Zso
z,cox. and Zwo-

1.5.& Prepa.nt:IOn Ol NO and NO, callbrs• 
Uon curves. 

;1 
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Continued 

1.:..s.1 Adju.stment or NO •PUl control. 
AdJ\Ht the NO tlow from th~ &~ands.rd NO 
C'fllnder t.o ,:enerate an NO cone>t:ntrat.lon of 
approxtmatel;,80 percent of th~ upper n~e 
Umlt (U.RLl or the NO n.n~e. This cxa.ct NO 
ooncentratlon 1s c&lculated from: 

(~OJ . F~:ox{NOJ.,,-i,. (9)
• ovr-=F,.·o+Fc,+F;... 

where: 
(~O)t>t',-=diluted NO conce:it.r&t.ion at the 

output 1nanifold, ppm 

Sample th!.s NO ooneentratlon until the NO 
and r-.o. respo:ises have 1tab1Uu~. AdJust 
me NO span control to obta.ln a ~rdu 
nspo_nse u ~Ldlcated below: 

recorder r~ponl'C (percent !'C'ale) 

(NOloOT )~z oo:,- ( URLXlCIO • NO 

where: 
URL~ Mminiu upper range limit of the<NO 

ch:uuiel, ppm _ 
Non:-~me analyzers may have ser>arate 

f!J)&O control, for ~o. ~o.. !Ind N(►.:-Other 
a.nalyiers mny b.&ve separate span controls 
only for NO and NO., while !till others may 
haye only one span control common to all 
three c!la.une!s. When only one span .con
tr-il is &'l.·6.ila.ble, the spa.r: adjustment is 
made on the :SO cha.o.nel of the a.na.ly1er. • 

u substant!a.l &c!Justment of. the tTO l'plLD 
control Is necessary, It may be necessu, to 
recheck the zero and span &<!.Jusa:nent.1 bJ 
rep,1t1n1: steps 1.5.7 and 1.5.s.1. Record Ule 
NO concentr&tlen ~- Cle ~;zu•s NO 
response. 

1.S.8.2 AdJustrnen.t of NO, span contz'Ol. 
When edJustmg Uie a:o.sJr..er•• 1'0, SJ)&ll co:i. 
kol, the preseuce ot any. :i.o, IJ:l;)ur1tJ 1.ll 
tbe &ta!ldard NO cy!lnder mlat be t&Jc.en lnw 
t,CCOUot~ P~oeedt:res ·to: G~t~~a- ~• 
s.=.ou::.t c! ~o, c::::;:>u.ri:; 1:l t!le !~hLO.L~ JiO 
cy,u.:.er a:e 6 1\'e:L 1.1 rdi:r~~~ lJ. n, e%• 
act No. coneentratlon la calculated trom: 

(NOJoUT_F,,oX (tN0]1T1,+ (N01Jn1p) 
FNo+Po+FD 

. (11) 
where: 
['!\0/o:--r- tlil'.!ted ~~o. co~centration at 

the ouiput. mawiold, ppm 
(N01hMP -concentration of N01 impurity In 

.the ,ta.ndard NO cylinder, ppm 

A.1Just the NO. span control to obtatn a re
Nrder respon.se u 1D41cated below: 

~rcier response ( % 1c:sle) 

-((Ng:i,UTX 100)+z:o. (12) 

NOTZ.-If the analyzer ha, onl:!," one 
spa.n control, the tpan &dJU!tment. is m.t.cie 
oa the- NO cha.one! and no iw-i.her adjust
ment is made hue for NO•. 
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It aub1ta.nu1.1 &dJuctment of the NO irpa.n 
control I& necess.a.ry, tt t::.!LT o. z:,~ to 
recheck the euo ~ ct>r..:i l:dJw.tce:iu b 
repeating •te])e 1.li.'7 w 1.5.8.:2. 2.,tcon:1 tn! 
No. eonoomtre.~on UMS. the &D&.lyz.er'I
N01 reaponse. 

1.5.a..3 Oenen.ta Mnnl &c!.d1t1onal ccm
oentratlon.a (at ln.st n•e nen.11 apMll;ld 
pol.nta aer06S the re::atnl!lg: scale a.re &U'J• 
g-.:st.ed to ve:try Une&rtt7) by decTCa.sl.llg 
P,.0 o: lllcrea.slng PD. For eac!l concant.raUon 
,enerated, calculate tbe exa.ct. NO and N01 
concentntlon.s wlJlg equatiollS (9) and (11) 
nspec~t~ely. P.ecord tlle analyzer's ~o ai:112·· 
NO1 r~;,onses tor taeh co.cceotrat:011. Pl1:>, 
the 1n1alyur responses nnus Cle respecu-re 
ct.lcuJated NO IIJld NO, cooce:o.ir.:10:i.s and 
cn.w er calc~l:a.te the :-;o and NO, callbn.
Uo:a. curves. For 5Ubsequent C&l11:>rat10!:la 
whe:e Une:ulty ca.::1 be t,S.5umed, these cunt'IS 
may be checked With a two-point callbr:at1on 
combt1llg ot a zero a1r polnt and NO aZM1 
NO, conct:itn.t10:c.s ot approXim&t.elJ &O'Jo 
ot the t:nr.. 

1.5.9 ~pan.tion ot N01 callbn.Uoll 
cun-e. 

1.5.9.1 Assuming the. NO, zero bu bNn 
properly a~Justed wtl.!le sampling ze!'O w 
1n 1tep 1.5.7, ac:IJust P., and F 0 a.s detennu:ied 
1n 1.,.2. AdJu.si:: P:<o to geneute an NO co:i.
centrs.tioo ots.r QQ~ ot the URL of the NO 
':'l-llge. Sam,:le th!:i :i-:o· cor..::entn.uon u::itU 
the NO a:c.d i;o, -respoosee hlln ata!:lll1=5d. 
trnng tlle NO cal1bn.Uou CUl'T6 o~taincd 1n 
1.5.8. mea.sure and record the NO cone.,ntra
ttoz:a a.s [NOJ.01• t7:a:!:IJ-ee NO-,. ea21bn.Con 
eune o'ot&inect 1n 1.5.8, ::ieuure and record 
tbe· No. concea.tra:100 u !NO,.J.,,S' 

1..6.G.2 Adjust the o, generr.i::or io tfll• 
e:-=.te stimcie:it o, to p:odu.;e a deer- IA 
\b• NO co::eentn.tlon equinJec.t to approzi• 
matt:ly BO<'l, or t.!le tra.L ot the NO, range. 
Tbe dec:reMe t11uat :iot. e:tceed 90-;, o! tbe 
NO concentration deten:it."l.ed la. step 1.5.9.1. 
After the &.n3.lyur respo:n.ses han atablJJ.:Md, 
roeord Cle result:lnt NO IJld NO, concen~
i:ons as [~01,...., :itc! iNO,J.,.,. 

1.5.C.J C.'ll,:u::i.:e U:.e r.:scil~n, NO, CC!l• 
centrat:on !r~:r.: 

(N01lovr• CN01.nc-lN0],_ 

+FwoX(NOilr~ (13)
· FHo+Fo+FD 

where: 
{~0:1!'.lt:T= diluted ~O: c,,neentration a1 

t~•i.! ou~?:.1t m:1a1foici, ppZJ
(NO].,;,= original NO concentration, prior 

to addition or OJ, ppm
{NOl,.... -NO concentration remaining aft« 

addition of 0 1, ppm 

AdJust tb• NO, 9i)IJ1 ecmtrol to obw.t.zl • re
cordel' 1'WJ)OnH .. I.D.d1.:atfd below: 

Non:: U the analyur bu only oce or 
t-:vo sp:in control!, the span &djustm~nts a.re 
n_i.ade on the XO channel or NO a.nd NO. 
cns.nnels snd no further a.diustmeut is made 
here for N01, · 
1: ll:bstant1al a.dJusttnent of the _·No, s~n 
cont:ol ts neces:ary, It may be .n"<:essary to 
rt-cheek t.!:le zero &nd scan ad l\1.3 ♦.::neo u by 
repea:tng steps Ui.7 and 1.5.9.3. Reco~d the 
NO, ccnce:::trs:too end tbe corr~poDd11l( 
an&lrzer NO, and !'lO't responses. · 

1.5.9.4 Mal.atal.ll1i::g tbe same 2"110, F0 • a.nd 
Po a.s lo 1.5.9.1. r.dJust the inoDe gener:itor 
to obtain se•ersl otber concentruloiu ot 
so, o~er the so, range (at least the ennly
tp&ced po!:n:s acro,s the rematolng ic:a.le a.re 
!u:;ge-nedi. Calcu!ste e-&eh NO. ccncent.,
t!o:i l:lSllli equat!ar. /13) ar.d record the cot"• 
rmpondl!lg a:.al;zel" so, and NO, responsN. 
Plot U::e ar.sl:;zer's NO, respon.ses nrsus Ule 
eorrespondlng calculi.~ NO. concentratlon.t 
r.nd draw or calculat.e the NO: cautm~t1oa 
cun-e. 

1...5.10 :Determill.at.lo11 ot convezur ,•II• 
denc:y. 

1.5.10.1 Por each NO, conceotra.tlon '91l• 
erated durt:ig U:11 preparation ot t.!:le NO 
cal!llrat1on curve (see 1.5.9) calcuJate th; 
coneentraUon of N01 connrte<Uromr-

rN02lco~-~0:Joo-:-

where: 
r.;0:1co,~-concentratio"n . of NO:· ·con

verted, ppm 
P-'l'O.J,.,;.=origina1 :-;o. concentration prior 

.to addition o_f 0:. ppm 
pi 0,J••.,.= ~o. concentration remaining 

after a.dciltion of Oi. ppm 
:,; 0TF..-oupplei=iental in!ormation on 

calihration &Dd other proced~ in thh1 
method a:e given in reference 13. 

Plot (NO,Jc-o= cr-ws1 nrswi (NO.Joo-r
rx--u:ts) and ciraw or ce.lcu1at.. the convener 
c~:!e::c:1 =-.::-;~. ~-! .::i:-:• r.t t~~ ct::-·.·e Ume-t 
lC'V ts :~e a-:!':-~;e ccn·•er:er e~c!en:-:-. Er.. 
•nio :i.ver-a~e ccr.·.-c~ar e..i::ency must ~ 
c:reater t.!:la:o a~~: tt lt Ls teu than 96~, 
Npi&N 01' lune• th• ~••rwr. 

2. AZttrftatiN B-NOa J)fflllAUOD deTlce. 
Mafor' equfi,ment requtrsd: 
Stable O, genera.tor. 
Cbem!lunu:ie!Cer.ee NOINO,/NO. al2lrz,er 

·.;.·~.:~ !:::;, c=..:.:: :-.:·: .. ::;;:?'1 ~,. • 

NO· coa.ceotratton standard. 
Jf01 concentn.tton uandard. 
:z.i PrtDctple. Atmo,pberea contatn1r.1 ac

curately known concentra\loiu of nt~D 
d1oltlde are generated by means of a permn• 
tton dence.(l0) 'l"he permeattoz:i devtce emits 
NO: at a known constant rate prov!de-J the . 
temperature ot the device Is l::.eid co=t:a.nt 
( ;tO.l• Cl a.nd the device hu been accurately 
ca.Ubrac..d &t the tunperatw-e of UH. The 

(H) 
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M.ethod F, Continued 

NO. em.ltted rrom the deVIC# ls d1lui.d wttb rero alr to produce NO. concentrattor.s suit
able tor callbr&tlon o! the 1"0. cbannel o! tbe 
NO/NO,INO. anal~l!r. An NO concentr&t1on 
at&ndard I!! ·used COT' CAiibration o! tbe NO 
and NO, channels or :he anal~.:er. 

2.2 Apparatus. A typical system suitable 
tor ~neratlng tbe required NO and ~o, con• 
cu1tratlon.s lS showD In F1gure 2. All connoc
ttons between components C10W1Utre&m Crom 
the permeation devtce should be o( gin&, 
Teflon®, or other non-reactive zr.aterlo.l. 

2.2.1 A.lr Slow controllers. Oevtcea capabie 
e>t ma.l.nta.1n!.ng constlLD.! Ail' flows wltbl..ll 
±2% ot the requ.J.ttd t!owrate. 

2.2.2 NO ti.ow coDtroller. A denoe ca.pable 
of maintaining coos-..a:it NO 110..,. w1:h1n 
:2~ ot the ~u1re:1 !!ownte; Compone.nt 
)>VU In contact with the NO mu.a; be of a 
r.on-rrac:tlve ciauri&l. 

2.2.3 Alr 1lowrneters. Callbrated · i,.o.,,. 
mtter-3 capable of z:c.e-uurtng and mon:tonng 
al.r tl.owrates With ILD. accur"y of :::2':'. of 
tbe meuured t1owrate. . 

2.2.~ NO t10wrneter. A calfbrau-j t1ow
m1ter capable of meaaurtng and monttortng 
:t<'O e.lwn.tes wlth an acc-uracy of ::2% ot 
the meaaured 1lowratlll. (Rot&metera b;.ve 
been reported to. operr.te unrellably when 
measuring low NO tlowa and are not ucom-
mended.) . • · 

2.2.5 Preii1ure regulator tor standard NO 
cylinder. Th!, re1u:a.!Or must have a noa
re&etlve dta:>hrai;m and IDteru&l parts IUld a 
suitable delwery pressun. 

2.2.e Drter. Scrubber to remove moisture 
from the perm..Ucn dtY1c11 alr ayaten:.. Tb• 
UN ot tb• dnH 1a cpiioual With NO, par• 
meaeon de~ not M:UiUYe to motan:re. 
(2-ter to tb.e su-;,pller'a ln.Strucuaus tor use 
o1 the permer.,ioD dntce.) 

2.2.7 Consta.::t tem~rMure ch~mber. 
Ch.amber capable: ot houslng the NO, per
meation de?tce &c.d z::.alnta.lnt.z:g ~ta tempera-
ture to within ::O.l•C. --· · . 

2.2.8 Temperature· measuring de"u. De• 
"1co can11ble cf i::ie..surl:ca: an:t monltormg 
the te!n;,~!"&t'".l:-e ct ~::~ !'-:.·j: J;l:=.~a.:.10~ d~
l"f.:e ~-u!;. a~ .:...:c~=-~:1 c-t =.:: ..;s•c. 

2.2.9 Va.!ves. A va!ve may oe used u shown 
i.1:1 ~.gure 2 to cUurt tbe Nq: trcm t:ie J)l1'• 
mutlon del'tce ,;-hen zero air or ~O 11 N• 
ctwnd at t.he manl!old. A aacond \'&l'l'e may 
be used to dtvut the NO flow when zero a1r 
or N01 ·11 required at :tie manUold. 

The t"alves ahould be constructed of 1lua. 
'!':·•.~~-. c:- ~~~-~!' ::-:-~=--=-=~~~:!I' :=.-"'.!~~1. 

2.2.10 ::.:.UUlg c:...c.;cr• ..t. c..:ii;.;:oer w:i
airucted of gla.u, Teti.on®, or other non• 
reaott\"e matertal and designed to pro•ld• 
thorough mtxtng o! pollutant ps .a-tams 
and dJluent alr. 

2.2.11 Output manUold. The output m.an
lfold should be connructtd· o! flus. Tef
lon~•. or other non-re&cuve maten:11 and 
should be of suoc11nt clameur to 1naure u 
1Dalga111c&nt preuur• drop at the analyzer 
cc::uuct10n. The sy!t.e!:1 ::nust have a vant 
d•lgned to ln.llure at:n06p.::ienc pnssun &t 
the manlfold and to pnND~ a.mbten, ll1r 
mm entering Ule m.&nltokL 

.... . . 

Jl 

2.3 ~agenta. 
2.3. l Ca.11bn.tlon at.uiduda. C&11bTat1on 

standards are rec;u!red tor both NO and 
NO .. The re!eren.:e .,tanda.rd tor tbe ca.llbra
Uon may be either an NO or NO: standud. 
The ~fere::ice standard mu.,t be =d to c1r
tl!y the other stands.rd to ensure cocslstancy 
l-.tween tbe two stand:uda. · 

7.3.1.l NO, concentratton s_!~da~ A 
permeation dev!ce ~tUble for gecei-.tb1f
!'l0. c.:ncentn.tlons &t t.he reqwrecf Cowrace. 
o~r ~'le required concentra.tion range. U 
the penne&t10n c:cnce Is used aa the refer• 
111ce standard, lt mwit be tTt.ceable to a Na
tional Bure:iu o! Stand&rd!! NO. Standanl 
Reterence M&terlal (SR.'4 1629) or NO ln N. 
Standard Reference Matert&l (SR:'.I 1683 or 
SP..!I lc8-lJ. U &D ~.:, c;:l.::.der l.5 U!ed &:1 thl 
relerence sundard, ~e NO_ permeatlo,;i di• 
Tice.must be certtf.ed &galcit Ule NO stalld• 
&Nf &ecor:11ng to tbe procedure given ln ref
erence 13. The use ot the·permeatlcn d1nce 
should be l:C Strict tCCOrd&nce With the 1.n-
1tructtons supplied with t!le device. Addi• 
tlonal Information reprclLng the use of per
meation devices Is given by Scartngelll et 
al.(U) and Rook et &l.(l2). 

~.3.1.2 NO concentnltton atandard. Cfl• 
\nder co::itain!.ng 50 to 100 ppm Ne lD N

1 
wtth l~ than l ;,pm NO,. U the cyllnder 
ta l1!led u the reference atanda.rd, It mun be 
tracer.bl• to • Nr.tlcnt.1 Burea.u ot Stand~ 
l{O 1:i ?!. Sta.-ida.--d Re.terence Mate.rial (SEUC 
·1.;a:i or SRM 1Ga4) or NO. Standard Re!tr• 
eace ~tertal (SP.:.! 11129). It 11.11 NO, per• 
mKtlon dence ls u~ as the reten'l1Ce 
at&nda."'d. the NO cyll..llder must be cert11!.ed 
~lnsc the NO. stanc1ard acccrd\Jlg. to the· 
procedure gtven ·1e reference 13. ne cyU11der 
~ould ~ r~~tl:!ed on a r-e,rutar buta u 
deter:mntd by the local quality control i,ro
sram. A procedure. tor detcnnJn1ng the 
&mount of NO, Impurity 1n tb, NO Cflb:141:f' 
ts &lao gtven 1n referen~ 13. . 

lz.3.3 Zero alr. Air, tree of contaml.nanta 
which mlr.bt react with NO or NO. or cause 
a. d'!tl'Ct:i.ble resi::mH o:i t!le .-.o·r"!io,mo, 
~==1l~c:-. ,;·h~n ,~1:1. ::e!":ne.1t!on Ci!\i·1ce1 
~:::.~ .1.:-e S:1:~t.~;-a ~ Q:):.:,~1..::e, t:1a :ero t.~r 
pusmg ~ tlM permeation dnlce must 
,,_ dry ta &TOid aurface rN.ctlana on Che 
clertce. caerer to the IN'PJ:llllt"'I tnrt?-uctlom 
tor use of the per-rae&Uon clanoe.) A~ 
clure for ,;ener&tlng zero alr LI (1nll ID 
nfereDA:e 13. 

2.4 ~ure. 
· • ..-...-.::::.:.~ ~ ::~ ,:::~:-3.~i:>:i a;:,~s~t1.a 

1uch u the t;plcal ane shown t.a Ft;ure 2. 
2.,.2 In.sl!re th&t all nowmeten are caH• 

brated under the CODclltlons ot Uff 1111:llln&i 
a rell&ble standu-d SllC!l •• a IIC:lDbUbble 
i:neter or wet•test meter. A\1 TOlumetrtc dow,. 
ratea sb?uld be corrected to 25" C and '780 
rn::i H~. A dl.scussion OD the C&llbntlo::i at 
Co"J.·:,irters II £Ii-en 1n reference 13. 

2.4.3 lnstall tbe oermntton clence tn tM 
~::.'l:11::.t t~:n:,"1'stu:-, chamber. Prov!~e a 
~I nited &Ir 11ow (20~ acm•tmtnt 
&C?'OH the dei-tee. The renneat:on d ■Tioe 
lbould &lway, b&-re .. CODtlDUOUI air flow 
~u tt to pret-ent laZTt bt1U=h11> at NO. tn 
tile S?Wtem e.nd • OODMCl\nzzt 1"fttabUtatloD 

(.... 



Met11od F, Continued 

perlod. Record the tlow~i. u P?. Allow the 
dcrvlee to ct.blll.::e at ii:., callhra~on t.em
penture for at l~t 24 houn. The temo-
ture c:iust be a.d_lusteel and controlled .to 
wUbtn ...0.1 • C or l~& or the callbra.tlon 
temi>e~~ture u monltcred wtlh the tempen.. 
tun i:::ieai.url:ur det"tce. 

2.4.4 Precautions must be taken to re
move 0. and other cont&:nln11.nts from the 
NO P:"f'!SIJn! Tetrulator and dellverv n,,t-m 
orlo:' to the "tart of call?lratlon to ...old •nT 
COUTenlon or tbe atandard NO to NO•. PIL11-
ure to do 50 can cause s.lrnUicant errc>?II m 
caUbratlon. This pTOblem m&v be mlolm!Nd 
bv ( l t Cardull~ evaeuatl::lct tbe re1n.1la.tcr. 
"K"ben possible. atter tbe ftsrulator hu bean 
conneeud to tl:e cvll.nder and berore oeen
l:.£t the ~l:."lt!er valve: (2l Thc~uro!~ tlullh
ln« the rei:ulator and dell,,.ry n"Stem W'ltb 
l-O &.frer cme::iln2' tt-e e,-Under •atve: c:n Not 
remon::.c the TH:'U.lator !rom the cTltndff 
betTeen caJtbrattons unless r.b110lutely 1aec
e,,cary. Further dlseumon ot theu ~ 
du~~ 11 R1'"e:i 1:1 ~:ere= JS. 

2.4.5 Se!e::t the o;>erat!~ ruute of tbe 
NO'NO.NO. antJJT,et" to be calibrated. In 
order to ob~alu mn::lmum -precision and ac
C"Un.CT fer. NO. cr.mm,.tlo:i. all three ciU.l:me!ll 
or the 11.::al'l'Zer should ~ set t, the a.me 
n.n,e. If opr.st10:1 of the NO Lnd XO 
ctuine!s on hli:-hu ran1re11111 destre<1. sut,ee! 
C!\ltnt N'Ol.llbr:1.t!on or the NO and NO. ch.aD
nei. on the blihcr J'~e• ls reco:nmended. 

Non:-SO:ne ~yur deslgiu: may require 
l~•ntieal l'LUlteS tor NO. ?sOt, and NO: c1urtDs 
operation ot the analyzer. 

2.• .a oonnect the nccrder output ca
bl• C • l of the HOINO,l'NO, analyzer to the. 
t::1;:n1t ~::ali; of i::e atrlp cha.rt rr:,on:1. 
er{&l. All adJ,.;streents u, t.t:s analyzer lbo\!ld 
b4P pe:torm~ ba.se-d on the approprts\e st:rt;, 
chm n&dlt:.~. Reterenee1 to a.nalrzei- l"t• 
'?)tu.el Ill tile p=dures ginn below nter 
to reco.-der ffF,)ODSOL 

:!.l.7 S~tc!l tile n.tve to Tent ~e eow 
~?= ~t:, .,~r-=-...:~:-:~n =~c.e \:'ld 5:i;u~t. t~~ 
;-:_:.::•:lt !:.!...-~~"t"""~\.';..C~ :=-.:. t!I ::~-;-~:·~ ::::-:. t~tr 
at tze 01.:;:,.it .c::s.."11.told. The tota.i IL1r l:ltl'tl' 

I
must exceed the total ~=:zan:1 of t::ie aus.lys
er(1l co:u>ee~ to the output mamfold to 
msun th&.t -no ambJe:it a.Ir ts pulled mto 
tbe mmtro:d vent. Allow the am.t,zer to 
aami,te ftro air unttl tt.able NO. NO,. &nd M01 
nspcmw ue obt&tDed. Arter the res;>OmN 
: ~---! _._::::.:._::!. :~:;\..jt t't!~ :.::..!.!~~ ~~:-0 ~

lr01(a1. 

Non.-some uwrzen may ti.w a,puaw 
ccro. co:it:'Ols tor NO, NO,. and NO- Otbar 
an&l:,-:en ma; J::1.ue aepa.raw zero ooa.croll 
oa.Jr tor KO r.nd No.. whlle st11l others may 
bave only one l:ffO ocmmoA 001:IU'Ol to all 
tn:'Ncb&Zme:a. 
01!'.se~ Ule u:,.alyr.er s:.ero ad!ustznenta to
+ &r. of 9Clle II ncommended to f&Cllltate 
obse~-t:i.; ne-r;at:\·!' zero drt!t. ~Ord the 
stable Hro atr responses as z,.o. z,.c,,. andz,.,.__ 

2.4.1 Prepan.tton ot NO &nd 1':0 caltbra-
tlon cunea. 

1 

:Z.4.8.l MJuatmeot of NO ~~n cont:-ol. 
AdJuat the NO 110'1<" from the 11.&nda.l"d NO 
c;·llnder to geoera.te an :-.o oonceo·tra.\lon of 
approxtm.at.ely 110<;;, or the upper n..nge ltmlt 
(UR.t.) of the NO TL"U;C. The exact NO COD• 
~ntratlon l.s oalcula.ted from: 

whM"e: 
[N'O!nt'T-=diluted NO concentr:i.tion :it the 

output m:ini!old, ppm 
F1,o=NO flovn-c.te, &em1/min 
[N0!11TD.,.concentration o( the undiluted 

:--.-o i;ta:idard. ppm • 
Fo=diluent &ir floWT:itc, 1<cm1/m:n 

&a~Je t.hl.s NO concentration until 'the NO 
r.:.d 'NO, response; have stabll1red. AdJust 
the ::-:o span control to obtain 1. recorder 
-response 11;9 tndtcatcd below: 

J?Corder response ( % sc:ile) 

-~k0iTx1oo)+Ziio {17) 

where: 
URL-nominal upper range limlt of the 

NO channel, ppm 
NoTE.-Some ac.~v-·u,rs may h.ne aeoa.r&te 
span controls for NO, NO,, and NO,:O-Jier 
e.nalyzen may ha\"e separate i;p:in control• 
on!)· for SO a.nd NO,, while ,till otben 
may hAve only one span conti-nl common 
to all three cb.&nnels. When only one span 
control i3 ava.ilable, the tpan adjuatm•nt 
is made on the NO ch:1.nnel of the analyse. 

U •~b5ta.Dt1al. &dJustmer:it of the NO b1H,A 
contt'Ol 1& necessary. U; may be neceasary to 
r.:he.::t: the zero end &j)&n ad!u~ents by 
n,,;:,eat~ steps 2.4.7 and 2.•.a.1. Record ~e 
NO couce:itrauon and the &J2&1y-..er'5 NO 
~s;,c;n~. 

:.. 6.3..1 A<iJustment e,;! NO, £;:>~tl cori:rcle 
·.:::-.::i r....!J.:st:.c..i ;b-:. :.z:.a~r:.e:-·• !~O" t,a.n co:i
i:-ot. the presence ot anr NO. lmpunty in tbe 
atan~anl -NO cylinder must be te.un lll\o 
account. Procedure, tor determ1n1Dg t1» 
amount of NO. Unpurtty 1.11 the ■ t&n.dard JfO 
CTlln<1er are 1,tven ln reterence 13. The ezaet 
Ko. concentration 15 calculated from: 

.-here: 
[NO,lon--dilut<'d NO,.ccncentralionat the 

output manifold, ppm 
(NO:Jn,,,.-coneentr:ition or N01 impurity 

. in the st:ind:u-d !\O cylinder, ppm · 

Ad]ust tbe NO, spU1 control to obt&I.D. COil• 
n::iient recoruer respo12se as 1.ncUe&ted belcnr: 

recorder respollSC (% scale) 

(NOJovr · ) ,, (19)- ( URL x 100 +...~01 
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'Method F2 Continued 

KOTi:.-!f th~ 11n:Jyr.er ha,;only one 11pa.n 
oontrol, the span 11djust:r.ent i1 mM!e on 
the NO channel an.J.no furthtt adjustment 
is mnde bere for NO,. 
It substantial adJ\!ttment of the NO, si,an 
control Ls necessr.ry, tt ma7 be nece!S!.TT to 
recheck the zero and span adjustments b)' 
repeating ster,s 2.4 .7 and 2.4.8.2. Ju,c-ord the 
NO. concenu-at1011 and the anl\-zer·s :,o. 
rupon~e. · 

2.4.8.3 Generate se-reral addltto:ul cor.
centrauons (at least five evenly spaced po~nu 
acroS& t.'1e remalnln: Kale are suiti;ested to 
-rertry llnearltYI by dee:reulng l",o or i.:1• 
creuln~ Fo. For ea.ch concentration t,tener• 
at.ed, ca.lcule.te the exact NO and NO, e~n
untratlons using e,,:iuat!ons 06) and (181 
n:&peettvel;. l«cord the analyzer's NO and 
?10.. responees tor each concentration. P1ot 
the aral~ur responses versus the re<;:,ecttve 
ealcu!ate:1 NO and :i-.o.. concentrations and 
dra,v or calculate tM NO and NO.- cal!bra• 
tloo curl'es. For sub5equent uU!:lratlo:-~ 
where linearity can be e.ssumed. thC'.'.e curves 
mar be check~ with a two-point ca!ibra.uon 
conststtnr, o! a zero point and NO. and NO. 
concentratlorui or a.ppmxlmatelr BO per~nt 
or the OltL. 

2.4.9 Preparation o: NO, cat!b:'a.tton cu:'Te. 
2.4.9.1 ~mon \.he NO now• .usumln,: t?le 

~O: r.uo ha.s been properl:v- &dJ•u:ed \\"hlle 
u.mpllng 1:ero a!r 111 step 2.4.7, 5-:<.'1tc: t?l: 
\'a..h·e to pr~vlde ?\O, a.t the output ca.ni!c:G. 

:.4.Q.2 Ad.lust Fo to generate a.:i ?,'O, COC• 
oenua.tlon or a.o:-,rox:lmatel:r 80 perce::.t or 
tbe UBL or the NO: MLilge. Tbe total P.!r fiow 
z:nwt exc~d tbe demand ot the an.aJ.zer(sl 
under ca.Ubratton. The e.etual concentration 
or NOrts calculated !rot!l: 

(20) 
where: 

fN01looT-=diluted N01 concentration at 
the output manifold, ppm 

R=pt>!":!'.eatbn r.:.t~. ,.,z.1=:in 
£;:=o.s::;2 ...1 XO,-';o;: :-iO:.(s.t !:!5~C s::d 760 

I 
e1.m Hgl 

F.=air flowrate &cross permeation device 
· acm1/min . ' 

Fo=diluent air fiowrate, acm1imin 
S&mple th1a NO: concentn.tton unw the NO. 
and NO, response& hawe stabW:z.ed. Ad,•,.i,t 
the NO: s~a.n control to obtaln a reoorder 

recorder responee (percent acAle) 

-((NO:J.o_~X 1oo)+z (21)URL HO, 

NoTF::-1! the nn:i.l:ner has only one or 
two !=p:in controls. the span adjustments 
are n1ade on tee NO chAnDel or NO and 
NO, ch:innels and no further adjustment i9 
mt.de here for X02. 

u INti.t&nU&l adJua'tmem of the NO. lp&Jl 
control la D--.rJ it ma:, be ~-to re-

c:ioclt the zero and spll..D &dJustmenu by re
~t.1n:. &t.ep& 2.,.T ct.::id ~.t.Q.2. Recol'\l the 
NO, coocentratloo i:.nd the 1uu..1,-zier'a NO .. re
sponse. Oslo~ the NO. ca.Ubrat1on ci1rn 
obt:i.111ed I.D step 2.4.8, meuure a.nd record 
th.&·NO, concentration a.s (NChJw._ . 

!U.li.93 Adjust Fo to obt&ln ~veral other 
conce1:1r.-atlons ot NO: ovor the-NO, range (&t 
leut 1we ennl; spaced pol11t1 acr-oss the re
m&1D.!nit 6Clle are 11ug3e!ted). Cali:utat.e ~.ch 
NO, concentration Wlng equat1011· (201 and 
rsc:ord the correspon.dlng &?l&lyzer z.;o. and 
:KO. responses. Plot tbe a.n&lyzer'a NO. n• 
~ t-ersua tbo correspo,0c11.ng c:;,fouiated 
NO, concentratloiu and dNw or calculate the 
NO. caltbratlo.11 curve. 

2:-1.10 Oei.nxunatlOll ot COll'l'erter e!IIClt'llCJ', 
:U.10.l P1ot (?;O,lw (7•Ulll) 'l'er&UI 

(!iO:lvrT (it"6ltls) and Cln.w or calculate the 
conn_rter r.Actsncy cune. '?'he &lope oc tht 
c-.1ne times lCO 11 tht &YU'&g'e connner 
emc1e.11cy, Ee· The a•er&lf• converter etnc1cnc7 

. mu.st be grea.ter t.ha.n 96 percent: 1f lt ls 1..,.. 
t?1&n. 96 percent, replace or semc, the con• 
-verter. • 

NoT1:.-Suppl1m,nt&1 1ntormat1on on O&tl• 
'bratlo::i. a.nd other procedures 1n Cha method 
ant given In reference 13. 

3. Frequency ot ca.llbratlon._!l'he tuquenC)' 
or c:i.llbra.tlon. ~ well u :he number ot potc.U 
necessary to esubltsh the. c1l1bratlou t'W'ff 
and the frequency ot other per!ormanca 
checks. will vary trom one &.na.1rur to r.n• 
other. The user's qu~llty control progrun 
should provide guideilnes tor lnltl.&l esul:i-
11.shmt'nt o! these v::i.rl:i?:lles and for sul::N• 
quent a!tenu.lon &.s operational exponeoee ~ 
acc:umuln~ed. Manu!a.cturers or &nal}'Zff'I 
should t::i.cluc!e In tbe1r tnstruct!on/operau~ 
m.a.nuals 1.n!orm.atton anli guld3nce a.. .io 
these \'arle.bl~ &nc! on other n:.atters of oper• 
auon, cailbratlon, and quality control. 
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I I Method G 

REFERENCE ME'lliOD TOR THE DETER.'f.1INATION OF LEAD IN 
SUSPEJIDED PARTICULATE HA.TIER COLLECTIJ) FROM Pl-IBIE!-IT AIR 

(42 FR, 63083~ !!'Jecembar 14, 1977) 

1. Mfldpu •"4 A:,,,t~bfHtv. 

1.1 Ambient. a1r suspended pa.rt.ieult.W 
ma.ti.er ls eollect.eo oc. t. fla&S•li'oer ~lter !or 
H bOW'11 using t. llli;b -.01wne t.lr ampler. 

1.2 LH.d 1n t.be PL'"'t.1CUl6W matt.er 1a 
aolublltz.cd by e:ir.rt.etlon WI.th 1l1t:1c alel 
(ID<O,). !a.clllt.a.ted by heat or UltrasoniO&
tlOXI. 

1.3 Tbe )4,ad eont.ent. or U>e &&mple la 
a.nA!;u-<1 by a.ioznlc ~tJon &peetl'ometl"y 
uGlr.g a.r. nlr-a.ctty!ene tl.:u:n~. \be :ZB:1.:3 or 
217.0 nm lttd t.bsorpuon Une, a.nC1 the opt.I• 
mu:n lnstrument&I cone1ltloll.l r~mmene1ee1 
b:, tho ma.nU:act.ur.er. .. :z. Range, SeMititrltv and ~ Detect«ble 

L(mit. 

The values g\\·en 'bt-!ow are t}';>lcal or Ule 
methods e&p&billtles. Absolute -..iues Will 
Vt.TY tor tndi,•ldur.l sltu&tloru depending on 
t.he type or 111Strument used, the le:.d Ur.e, 
e.ud opemtlni; eond1~ions. 

2.1 R4."1i;c. Tbe t;-p!cal range or the 
me~hod Is 0.03 to 7.5 11i; Pblm' e.~wmlr.: an 
upper llneu n.n~e ot An&lysls or JS µI. ml 
Lnd ll.n l.1r volwne o! :24UO m·. 

2.2 An&l:;,.ical 6CI1Sltl\'1ty. Typ!cal &en• 
11t1vltles !or a l ~ ch&nge Ill a.bsor;,tlon 
(O.Of'.rH absorbt.nce unlta) are 0.2 a..nd 0.5 
11r Pb/ml tor t!le 217.0 and 283.3 nm Unes, 
respeci.111ely. 

2.3 .Lower DeLectable Llmlt (LDL). A 
typic:a.1 LDL ls 0.03 µ.; Pb/m•. This LDL ts tcr 
t.be 217 nm Une. The LDL tor 1.he 2ll3.3 nm 
Uu.e will bo somewht.~ higher. The t.bo,·e 
'HJ.Ue W&.S c:a.lcult.ted by doublllll: ~e be• 
tween tabor&tory &tanda.rd deviation ob
ta.Jned. tor the low~t m.e,;s,sura.ble lead COL• 
contn.tton 1n a. eoUa.bora..tJ-.e \e5t ot the 
milt.hod." An &lr -rolume ot 2400 m• -..·as 
·:,·.u::.ed. 

;;. lrui:r;ereri::es. 

Two types o! 1.ntcrferences are poi;sible: 
chem.lea..l, a..nd light. scatteril'lg. 

a.1 Chemlca.1. Repori& on the ab.ence
a.a.•.... ot cbemJct.1 interferences tar out
weigh tbose reportlllg their presence,• tbere
tore, no correct.Ion for chemical IDterferenoea 
Ill ~-.en b'!re. I! t.~,. z.::a.lvst s,.1~~~e2 t?:t\\t 
......: .:.-.....,;.ue ;.;.;._:,;-:.~; _:; ;:.~~~; &. ~.:::~~.:..::.j, 1.::.• 
\erterence, t.be lnter!erenee can be \'erUied 

1 .nd col'Tecteel tor by ca.rry1.ng out. the anal•
rs1.a using the method or sta.ndanf addlitons.• 

1.2 Light. Sellttering. Non-&tomte absorp__, tion or Ught scat.t~rtng, produced by high 
concent.z"atlons ot dtssohed 10Uds In the 
ample. can produce a ll'lgn111eant interfer
ence, upecially at low lead conce:itratlons.• 
Tl:>,11 1111.erterence I.a greater at Ule 217.0= Une t.han at the :?!13.S :c...-:1 line. Xo Int.er• 
terence wa.s ob;;erved 11.!.!.llg 1.he 283.3 nm Une 
"trlth a atmllar met.hod.• 

Llght. ICll.tte:rlng l.nt.erferences can, how
ever, be correo~ tOl' instrumental!;. S1nce 
the dtaol.'l'ed eoUd1 C&D -.wy depencung on 

tu origin ot the ~ple, the cornet.Ion rnay 
be necescuy, e.peclally wben \W.lli th• 
217.0 nm 11.ne. OuaJ beam 1%1.strwiiilnta w1.t.h. 
a. 00nt1nuum aource give the most accurate 
eorn:ctlon. A Jess a.ccurate correction oan be 
obt.&inod by using a non-absorblng let.d Une 
that 11 neu tho lea.d a.ne.lY,.lt!ll Une. In1or
m.a.tlon on uae or theH eo?Tection t.E:CbnlquH 
oan· be obtLlned !rom instrument ma.nufa.c• 
iur0n ma.null.ls. 

U tt:.:;::-U=nt&l correction !a not !easlble, 
the tnte."f&l'laDCe can be ellmlnated by uae or 
the r.mrnonium pynolldlnecubodlth10&i.
metb:,llaobutyl ketone, chela.tlon◄ olvent ex
incuon ie<:hnique o! sample preparation.• 

"- Preci.ncm and Bia.s. 
-i.1 Tbe hlgb-volume auopUng proce<1_ure 

UMd ~coll~ Ambient e.!r pa.n.lC'Ul&U m&t.-
1,er has ,. between la.bon.tory relatlu stand• 
IU'd dev1t.t1on ot 3.7~ over tho nnge ao to 
US ,,g1m•.• Tho toliowing ec;ua.t!on• LI.!• tho 
pn,culon o! le&d mee,gureme:i.ts·ma.de on ¾" 
z tr ■ trips eut from exposed glass 1'.bn Alt.n's 
using tbe hot ertn.ctlon p:roce<ture." 

::1.73+0.0lc 
V-4.8l+0.03c 

There: 
s=1"'1thln Jabo:-..t.ory atand&.-d dev!.&tlon. 

,.g Pb/ltrlp 
•=betwee1l 1aborat.oJT at&nc1a.r4 deTLaCSOD, 

,.g Pb/ltrtp 
c:measurtd. lead conceut:-atscn. ,,z Pr,/ 

1trtp 

s1.m11v lll!onn&t1oa. ta betn.r obt&lned tot 
the ult:ra.sonte ertz-actlcu p~'tll"e. 

oi.2 Single laboratory experiments llldl• 
ca.te tha.t there la :no at~ca.nt d.Urereoce 1tl 
lead recover, bet-ween t?ie hot and ultrasonio 
ex--::-jet!-::i proceduns.:.a 

5 • .A.pp;.rc:u3. 

5.1 Sampling. 
5.1.l Hlth Tolume campier. 'Ose and eaU• 

brate the sampler u descnbed 11:1 merenoe 
10. 

5.2 Analysl.l. 
5.2.1 Atomic Ab&orptJon Speetrophotom• 

eter. Fcu!.,ned wtth le&d hollow cathode or 
..:~ ...;::;-.;;;...: • ..:..s :.:.....c:...;.:~-,;: £-..::.~ • 

6.2.1 Acetylen.e. The rn,de recommended. 
by the 11lstrumen.t. manufacturer ahould be 
used. Change e,-Under when pr-ure drOpa 
below 50-100 palg. 

5.2.1.2 A1r. Plltered to remon p&rtlCUl&W, 
Oil and water. 

5.2.2 01&5SW&re. Cl.,. A !)ora.llleate git.a• 
wue should be used tnroughou~ Cle ac&lys!.&. 

s.2.2.1 Beu.em. 30 and 160 ml. cradua.ted. 
Pr-~:t. 

5.2.2.2 Volum11trtc 1la.ska. 100-m.l. 
6.2.2.3 Pl~Ctes. To dellTK 50.. 30, 15, a. 

•• 2, 1 ml. 

' 
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Method---G, · eontinued 

6:.Z.2.4, Cleanlng. All ~l.&.Mwll.N' llbould a,., 
1crupulous11 cl~1111- Th• roU:,wmi pro
cedu~ l.S sugi;es~ We.ab. with J.a?>ontory 
detergent. rl::ise. se&:I:: flJ'r 4. boun In :IQ~ 
(w/w) IL.'<O,, rinse 3 tt."tl.05 wltb d!.stllled• 
de1oniz~ water, and dry In a dWlt tree man
ner. 

6.2.3 Hot pl:i.te. 
6.2.4. Ultr=nlcaUoa. water bath. u11-

ber.ted. Conm:erc!ally avlLLls.ble JabOratorr 
ultra.-.onlc cleantng baths or 430 wr.tb Ol' 
hlgher "cleaning power", t.e., accual ultrr.
ac::itc power output to the bath ban bND. 
found sr.tls!&ctory. 

6.:.1.5 Template. To ald In sec:ttonlAr th• 
&lus-dber !U~r. See Fl~re 1 tor- dlmen.siona. 

5.2.5 . Piz=a. cutter. Tll.1n wheel. Thlclcnese 
<lmm. 

5.2.7 Watch glass. 
6.2.B Pol;etb;lene bottles. For storage ot 

11.mples. Lln~r polyethylene gt-.. bettn 
1torage stal:>ll!ty ~ other potyeth;lenM 
r.nd ls pre!crred. 

6.2.9 Par&lilm "M".• American Cu Co.• 
'Marathon Products, Nennr.h, V.'b.. or equtva
leot. 

e. Reagc-nt.r. 

6.1 Sampl.Jng. 
e.1.1 Ola.s.s Cbn Alters. 'nle spec:Ulcatlona 

given below a.re intended to r..ld t!le user Lil 
obbln!ng hl;rh quallt; tl.lters wl~ nproducl
bl• propert:u. Ta.e.w specl.ll.c:i.i:r,ns ha.Ye l:>ffll 
met b; EPA COD.tractors. 

6.1.l l Le.i.d co:itent. The absolute lead 
content ot tuters 1s not c.-it!csl, bu\ low n.1-
ues a.re, o! coune, deslral:>le. EPb. tJplcally ol:>
t&lns tuters wlth • lea.d cont.ent ot <'13 ,.g/ 
Otter. 

It 1S lm:,ortant that the nrlaUOn l.n le&d 
content !roe .1lter to tilter, Witbb a glveu 
br.tch, be smalL 

6.1.1.2 Testlng. 
6.1.1.2.l For J.arge batc!lu o! Alters {>SOO 

Alters) select at random 20 to 30 mien trom 
a 1Jln11 batch. l"Or 1maU batcbes (<SOO Al• 
t.e~) j, les..,'?:- -::u:::.~-er or ~~t~:--:; =:3y :),a- ta:.:.?::i.. 

......: 
I.- AIIIOWl& ol Med par ?'ll lA• ot I.JIM, 111kn1cram1. • 

U.1.:U Calcula.te the me&n. p._ of tb• 
nJ.ues and tba Nle.:he 1ta:1:1anl· de'ri&~ 
(et&nd&rd denaCIOQ/m.t&nX 100). U &be,..,... 
tin ataDd&rd deT1a'1011 Sa higb eoou~ eo 
th&C. l.n t!l• azia.trst,s opa:uou. aubmc:lOa. o! 
~ (Sectlon l0.3i, m.y ~.sua 1.11 a mgul.11c:azn 
C1'QI' ill 'Che,.. Pl>,tm•. u.. b&tc:ll UIOQkl be 
re~..::d.. 

a Mentl.011 of commerclal produc:ta doM not 
!mply l!!ldOrHmAI-Gt by tbAI En'1l'Onmea.t&l 
Protectloll AiencJ', 

1$.1.1.2., l"or M:capt&ble ~tobes. UM the 
-.aJ.ue ot ~ to correct ~ll lead anal~ (~ 
tlon 10.3) o! p'-J'ttcultt.to matt-er colle<et.ed us
ln; U:la.t batch o! .tutoni. U th• e..nslyses a.-. 
b111ow tba LDL (SacUon 2.3) no correctlou I.a 
necusary. · 

e.2 Analysis. 
e.2.1 ConcenL--a.ted (15.IS M) HNOa. A05 

rw.gent grade H.NO. aod ooaunera&Uy ii'ftU• 
able redl.St.tlled H:-l"O. h:.a been found to ha" 
sumctent1r low leAd concentratton.s. 

6.2.2 Dlst1Ue<!-delonlzed wat.lr. (D.L wa
ter) •. 

a.2.3 3 M liNO.. Add lS:Z ml or COl10lll• 
t-r.ted BNO. to D.I. war.er 1n a l 1 Yolumecn.:i 
bait. Sh&ke well, cool, :uid dtlUUI to YOIWD• 
wttl:I. D.L water. CAOTIO~f: N!tnc Acid ?l!mM 
An Toltlc. Pre:,ar--o ln a well vent•lated tum• 
hood. 

8.!U 0.45 M HNO. Add 29 ml ot CODC91l• 
tTated lrnO. to D.L wr.ter In a l 1 -.olwnetrte 
Aaslc. Shake well, cool, and dllute to Yolum• 
wltll D.L wr.ter. 

8.2.S Lead !lltrate, Pb(NO,)s. ACS re•s•11& 
~•. purlty 9&.o percent. Hea~ tor 4, h'bun 
at 12o•c and cool !n a desiccator. _ 

8.3 Callbrat~on standard. 
8.3.1 Muter standard.. 1000 ,.g Pb/ml. OU

aoln 1.598 go! Pb(NO.) 1 ln 0.4,:o" M ~ COQ• 

talned Ill a 1 l Yolumctnc 11&.sk and Ciluu to 
Tolume With 0.45 ;,t mio... Store IA a poly• 
nl:lylene bottle. COmmerct&Uy anllat>le ca-
tUad lead standard !olutlons may a.lso N 
uud. 

'7. Procedure. 

'7.1 Sampling. Collect samples !or 2, hou.n 
ualng the procedt:.re described In reference 10 
with glass-tu,~r dlt.era mee,tnt th'! tpec:U1~ 
tlom l!l 11.1.1. Tra.ns;x,rt Cl)liected n.t.'l;>les '° 
th• laboratory t.'\klng c:i.re to m1nlm!ze C:OD• 
camtnatlou and !OM oC aample. 

'7.2 Sample Prepsratlon. 
'1.2.1 llo; Exr.n.ctlQI\ .!'TOcedure. 
'f.2.1.1 cut a ~~" X8" 1tr1p trom tho ex

J)OMd tilter wing a tem:,late and a pizza cut• 
~,: u C~SC?!ll~ci le F:::-.i~~ l and 2. Othel' 
cu~:::.z ;;:-~.:~c.·.!r~, rr.s.1 ~-e u:~d. 

i-;..i.u 1;1 .io.=.~.t.:.; ~.. .::.:c\!•tl.Ce ..~~~tcr col• 
liocte'i o::i g!a.:.s fiber litters bs.s been shown IO 
be unl!ortnly dl.strtbuted &et"0$S the tl.ltn LI,». 

aunestl.D.g that the poeltlon ot the 1trlp I• 
UDlmportant. Bowenr, other stud.lea u.• ha" 
mown tbat when 1Mnpllng near a road•WILJ' 
lead ls not unltorm17 CUstrlbuted across th• 
dltor. Therefore, wbea. aampllnst neu a road . . . . ... - . . . -~ .. ,. ---····--· .... ·- -· ............ ----···--
'Wlthln the dlter should be analyzed. 

'7.2.1.2 Fold th• strip le h&U twice •nd 
place ln a 150-ml beaker. Add 15 ml ot 3 JI 
m-ro. to coYer the sam::,le. Tl:l.e acid ab.Ou!cl 
completely cover tile aample. Cover th• beak• 
•r vltb a wa~l:l glass. • 

'T.2.1.3 Pleace beaker on the hot-plate, 
CODt.alned lD a fume hood, and boll ,.a.,17 

. ro:- 30 mln. Do not let th• ample Haponit• 
t.o dryne-sJ. Caut\on: Nlt'l'lc Acid ?'-.imes An 
Tollic:. 

'7.2.1.• ltemo-.. ti.alter rrom the hot plate
r:'1!1.cool to near room c.mperatun.... 

.. 

.. 
.. 

.. 
' 
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Method G, Continued 

'T ..2...1..a Qut.nthtiTelr tnn.a/cr th• s:.mpl• 
NtoUo~: 

'T.2.1.!>.l R1n:M w.tch gla.sa and stdM Of 
~er With 0.1. ""'ttt. 

'1.:u..s.2 Decent onn.et a.nd rtnatllga l.uto 
• 100-ml Tolumetl'te fl.3.sk. 

'7.!l.1.5.3 Adc1 Dl.. w-a.t.c:r to'° ml mr.r: on 
be&Jter, , J'I'~ wtt.h 11,-,,.t,ch gl&$a. lllld w, wd• 
tor a m1nlmum ot :io m!n'.!U:s. Thu 1s a. er'.• 
t1c:al step and ct.nzlOt bet omJtted u.nce t~ a.I• 
low,s tho ENO, ttni:,pec1 In tho Clter to cW:~ 
into tho r1nco 'IIP'll,t~r. 

'7.2.1.5.4. t.!ce::i; the W&ter trom tho tltor 
. b:lto tho •olumetrtc fl.ask. 

'7 .2.1.5.5 Rln.se tUter e.:ld bealter twice with 
D.I. water 1112d add rm.stnira to T'Olumotrtc 
11ulc until tot.I volume 1.l SC ~ 8.5 ml. 

'7.2.1.S.~ Sto;:,;,er t!S.Slc &lld ah&lt• 11,:or• 
ously. Set ule1e :or appro:cm.&tely 5 z:nlnutea 
or until foam l:laa cUs.,tpa.t.cd. 

'7.2.1.5.7 :aring ~lutton to volume ,,1th D.l. 
w-ater. !I.fix thoroughly. 

'7.!!.1.5.! Allow rolution to Mttle for -
ho1ir betore proceeding wH.h &nal:,sa. 
· '7.2.1.s.; It samole I.a to be stored tt,r 
aubseq_uent anal,-sts, transter to a linear pol7• 
•thyleno bottle. 

7.2.2 Ultu.son.tc E:ttrnc:t.10:::i. Procedure. 
'7 .2.2.1 Cut • ¼,. X 8" strip, told -..icl 

pla.ce lll a beaker a.s descrtbed 1D Sectiona 
7.2.1.1 1112d 7.2.1.2 except th:l.t a 30-ml bea.lc61' 
conred wtt!l ParaClm I.a wed Ulstesd ot • 
16.'.>•tnl bee.ker covered wtt!i a watch nua. 
Tho Pa.rafilm should be p!aced over tbe bes.le• 
er aucn tb&t none ot the P:::-afllm u 111 COJl• 
tact V.'ltn '1r&ter Jn the ultra..~nlc bath. Otber• 
wue, r!r.:.t.ng ot tho P&r:iJUm (Seciton 
'7.2.2.3.l) ma:, contamJ.nate tbe .s:a.Ulple. 

'7.2.2.2 Place the beaker Jn the ultn.sonlca• 
Uon bath and operate f~ 30 Z?Unutes. 

7..2.2.3 Quantitatively tn.llS!er tee sam~I, 
aa follows: 

7 .2..2.3.1 Rinse ?an.Alm and Sldes of Deak-er 
wtt.h D.I. water. 

'7.2..2.3.2 .Dect.nt extract and rtn.slnp into 
• lOO•ml volumetric nasic. · 

7.2.2.3.3 Ac1c1 20 ml D.I. wa~r to COTef t.h• 
tJ~: s:r~.,. c~·--~r Tt:!:l ';"!.r'l.:i:.:::.. !.~d !-!~ 'l."' 1 ..:,-,i 
'!er :j r:::~:=....:= v: :., ..) =..:.::~-::~. -r~:.!. !.! s. :;:: ;.. 
l.::al •I~;> :l:lQ c...;;::.-:,~ l:c! O:.::.lt:C<!. 'I:le s.:.:aiµ,_, 
1S t.ll= processt"<i u lll. S~tlona 7.2.1.5.4. 
through 1.2.1.s.;. . 

NOTE,-3ampl1!S prep&red by eltber proce• 
dure a.re DOW 1n 0.i5 ,.( l:lNO:-
1. An&tysis. 

a.1 Set the r.1.velength or tbe monocb.ro
m.!l.t,·u· 3-t ':!~ 3 er !?17.n ~-~- ~~t f!l"' 1!.!•~ ,.. .. ""'.!-!" 

i.: .... -·-..;.;;~;:,:~:.1... o.:,e:a;.~.; ~.1cai1ons :1.5 rc:!CO:ll• 
mendeel by \ho manu!acturer. 

8.2 The sample can be anal,-zed directly 
ft"OU\ the vol umetnc 11:1.slc, or au &pprcprt&te 
amount ot •=pie decanted 1Dto • a&mple 
analyals tube. In el tber case, care should be 
Uken not to dbturb tho settled 10Ud.s. 

8.3 Mp!r&te •=ptes, c:.Ubratlon st.-ui:f
ard.s and blt.nka (Sei:tlon 9.2) I.Dto the dame 
anc1 record the eqnlllbrlum .t.b50rbance. 

8.-1, De:.erm112e t!le lead conce.i.tx~tion ln 
,1:C Pb/ml, trom_ Ule callbratloll curn, Sec:. 
uou 11.3. 

u 

8.5 Sampl..a th.at excHd the linear e&ll· 
bratlon ronge should be dl:ut~d w:th RNO, 
ot the sAJDe conceotro.tlon G4 the c.l1LbraU011 
ata.nda.rds and n:11.n:!,l)-Led. 

9. Calibration. 

0.1 Wod::1ng standA.rd. :10 p.p; Ph/ml. PN
:pt.re by dlluttng :to ml ot MMter standud 
(8.3.1) to 100 ml With O.~ ,'t{ B.-.0.. Prep&r. 
d&lly. 

0.2 C~bratton at.a.ndards. Prepa.re d&llr 
b7 dUuun, t.ho "'10r1tln1 •~da.rc1 Wlt.h o.~ Ji 
HN01 u lndlcat«i below. Other conceaa-
ttona may M ~-

V:ol'li:?M ot 3J ~":!!l ~tneioe 
workin,t r.enda.rd, l"1nAl val-cm., m~

JDl.llill.tor millil11« oJ.lt-.dP« 
m.!l1ilUM" 

0 
1.0 
2.0 
:.o 
•·"~II 

JOO 
200 
!U) 
100 
100 
100 

0.0 
,I., 
••.II 

-I.Ii 
' 

1.;.11 IIXJ :LU 
:tlD IUU li.U 
~llU 1n, ltt:1t 

IOU JUI) :111.0 

 

9.3 Preparation ot CAllbratton c:une. 
&nee t?ic York1ng ra:cge ot 11.n&lysll will •UT 
da'!)ellc11:lg OD Wllich le&d 11.ce la used i:.nd ~ 
~ of u:.strucent. no one ,et o! tnstruc• 
tsom tor :P:e;,aratton ot a calil:lr&tton c:WTO 
can be giTen. Select at lea.st atx atandarda 
(plu.s the reagent bl&llk) to cover Ole tuiear 
.abeorptton nnge indicated by the lnstru.• 
ment manufacturer. Mea.sure th~ a~or!>&nec 
at the blar.k ~nd i.laniare13 LS 1.::>. Se<t!on 1.3. 
l\epeat until 5;cod agreement ts. obt.61.lled be• 
'$Ween replica.tee. Plot. ab50rbance (y--t.X1&) 
Tenus concentration ln olli Pb 1ml (x-a.xial. 
Draw (or coci;3ut.e) a atralgh; Une th.rough 
the 11.near portion o! the cune. Do not force 
lb• caUbra.tton c•.1.T"l'o th~ugl:l zero. 

To ~~:.t:-:r-.~-:, .. : ..,t1~1~7 c!' t~·-~ c.-~a~ra.~to:i 
C"\.:.ri~. :-~::--.~~~1.1:--?---11.::.er~a~l:.::::--o!:e er ~~ 
:oUo•ttr.g c:.a~ra:~vn Et=i.:ca.rcs :o:- eTery 
tOtll aai:nple anat;1:ed: concentration :i l 
...c Pb/ml; concentr&tlon :i 10 ,ag Pb/ml. U 
•ltbor standard devu.tes by more than a,r, 
=m the valut predicted by the calibration 
curve, ree&llbrate and ~peat t.be preTtous 10 
111Dal7SOS. 

10. Ce!e-.!lntion. 

10.1 ,-itMurt-d. air 1'olume. Calculate the 
meuured air Tolume as 

1-·•• Air vftlu!"l'lt nm!'ll.-d (UlK"llrn',-1<"11. n,1, 
q,.1n11i&1 air no,.. rs•*· :,i•imin. 

. (;,• Final au •1ow ra1,-. r:i';m.111. 
7'•Sunpiint: T~. m:11. 

':lie r.o-;;- rat~s Q, ar.d Q, should bCI CM• 
newel to the temJ:)1!rature and pl'05.Sun con• 
ditlon.s exlsttng •t the time ot orU1ee C&Ubra
'2011 .. d.lrecUd IQ llddtndUIZI B of re!e~nce 
10, before ealculauon ot V... 
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10.2 Air 't'Olw:ce &i 8TP. Th" mu.auNd 
nu retu~ 1a .x::-roct.ed :.o nCenmcG cot1<1I• 
Uu::i.11 et 7t50 Ill.In Hg a.n-:2 2:•c u tollows. The 
unJt.s are a~do.rd cubic meters, •m•. 

,, 'V XP,XT, l !rr,= • P,X TJ. 

l,., r,•Sampl1 YOlume. ffll1, at~ mm Hi: and :?:I!;• JC. 
v.-M.....urr<I •ol=• from 10.1. 
P,-J.cno:,phuic f\l"003Ul'O at Ume ol or1!1ce callbr. 

llor.,c.rn lie. 
P,-7li01:1:n H11. 
Ta•Aruln!Ph~ne t,mpetUUN at Ume o( ortllc. 

r,-a•a::. e&l.ihratfon, • Ji:.

Jl).J t...s C4=1.ta1lon. Calcul~le k-ad N)ftN'ftlrM.loll 
.!II W. air :sampi4. 

(,.g Pb/mlX 100 ml/strip 

c-------':7~~;;.;....;..~~ Xl2 atrips/filtt-r)-1',
Y.ar, 

wt...:. C•C<>l\...nln.tlon, ..a: Pb/!1111.
"'Pb/U:.l•i......d ooncea~ion CS.1erminf'1l from 

S..C:tion 8. 
100 ml/strip-Tot~ AC2pl1 YOlwn._ 

I: ,trips,'ftlter• .E:;xoed..,... ol o_ae Str1P, ¼"X7" 

:;,.1-d concentndOI\ ol bl&.~k !!.!'61', ..c,
11<>m iM<,UOtl U.1.2.:L

l'• r,. • Alt ~ lnlm 10.2. 

% .. it a.. ~!.z.u t!bn- strips cont&ln• 
Ill( 00 to 2,0.-.JO r( l'b1Str1J) (LS lead SWU) 
&:MS blank~ with uro pt; conteni ahould 
be u.,ed w dete1-ml.:l.e It :be metbod-M ~
tu« 'We4-h&S any bl.a.a. Quality control
ch.Ana &hould be. uwbllabed to cionitor dlt• 
ttnnc:e.s betw~n a:eu'UR<i &nd true ,,.hns. 
Tl:H1 trequency ot :iu::l:. cr.cclta ._.,u cepGd 
on t.be I~ quaUty c::,n::ro1 :,rogn.-n. 

To mln1m1%e tne ,01'.SlblUty :>! re:ieratlZis 
un.re1taolt1 data. the user •hould :ouow prac• 
tlct1 establiahed ror assuring tbe qna~lt7 of 
11,lr pollut!on d:.ta.11 ~:ld take pan ln .cP.1.a 
NaU•&nnU&J &Udtt p:ogl':lm tor lelLd analylM. 

12. Trouble Shoctlr.q. 
!. ~:: ::--; ~"::.:;-"_;:·.",. --;~ 'J: lie- \j ~:, ~!'H~ ~1ot 

<.x:r~:-::.:.::i ;:c-c.·~..:.:t, ~~ 4,.,; 1:-::.;,c,r:.:.nt :...'.> ~11:!P 
Cle sample co-;-ered ~ t~at co:-ro!lon proa• 
w:ts--tormed on fl!l:le hooC1 .surfaces which 
ma:, conta1n lea.d-&re no~ deJ)OISited IA th!! 
tt:itract. 

2: Tbe sample add concentration ot O.U J.t 
should mln1nl1:z:e cor:-cslon or tbe nttbullzer~ 
Howner, cWrereni· :cebullnrs z:r.ny require 
~~-·~ ~:~'! ~·-. ·-·:"'·:·--~ ~: ;·.·· 
t,l,)CJ c ..n :>t We<1 prOTldeQ 6&D"lples &Dd 
ai&nda.rds h&Te the .same acid concentn.• 
Uon. 

3. .uhlng or pc..'tlc:ulate s&m;,:es baa beta 
round, b:, EPA and contractor li..i>or.\torie,, 
to be un.necessuy In le&d &nlllrses by AtomJc 
Al:leorptsoa. The~tore. tlll.s ste:, ~a.s omit~ 
tr-om t.he met.hod. 

... FlltrsUon or e::ctr:M:ted .sampl~. to A• 
move p&rUculate matter. was specilicallJ ez. 
c:ud~ :r::,:n ::-..~:,le .Prl:?-'-"':1.tlOll, ~u.se 
aoma a.n&l,aui have ooaer-r-r-ct loa!es ot le... 
duetol!l~D. 
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13. F.t!/f:NfflCU. 
1. &:ott. o. :rt.. et al. Atomic Ab..ari,Uon t.!ld 

Optlcnl E~slot: A.ll.lf!ll.1 or NASN AtmOC• 
cpber1c Pl\rJcul~to Stl.:n?les tor 1-d. Z:nTiJ'. 
Sc:1. &1:1d Tech~ 10. 877-630 f 11!76l. 

2. Skogert>oe. R. X. et IC.l. MonttortT.g tor 
LHod 1n tha EnTlronment. pp. n-'"~..~P&rt• 
ment. or Chemutry, o:itor&do St;.te "C'::IIHr• 
&2ty, Pon COlllt13, Colo. cl0523. Submlttec to
NatlOnal Scienc• FoundaUoa foe publtca• 
tlon. 1876. 

3. ZdroJewalc1. A. et e.l. The Accurate MK.I• 
urement or Lead ll1 Airborne P&rtlculat.e. 
Inter. ,1, En•tron. Anal. c:iem., 2, 43-77 
(1972). 

•· Sl"vtn. w. Awmlc Absorp\ton Spectro&• 
c:op:,. ?ubllsbed by Academic Press. N., 
Tork. N.Y. Wl.58\. 

5. Kirkbrlgbt. 0. ? .• and Sargent. l.L 
Atomic Absorption and !'luorescence Spee. 
tro.scop:,. Publ14.bed by Academic Press, M
Tork. N.Y.1974. 

a. Burnham, c. D. ei al. DetermJnstion ot 
Lfo&d in Airborn• P:1.rtSc:ula r.es lll. Cl:11~ 
and Cook Count;, Dl. by Awmlc Absorpt.1.o.11< 
&>ectroseopy. E:nnr. ScL and Tech~ 3, 47"3-
475 (1959). -

7. Proposed Recommended Practices tor 
Atomic Ab&orptlon 8j)«trometz'7r .ASilRl 
Book or standar.ts, Pvt 30, pp. 159&-leoa 
(.1uty 1973). · 

a. !tolrtt.yoh&mi. s • .a.. and Wen. 3. "W. 
Critical Stud:, or the APC~>Jnla:: EJ:trac• 
tt::i:i system tor Atoc.tc Abeorptloa. Ma.I. 
Chem. 45, 19l>G-l989 (19~3). 

9. OollaborattYe 3:udy c.C Rerere~ce '-letllod 
tor Uie Detenz::1:i&Cloa or S~ended Paz• 
ttculatea l.tl Ul• Atmor.)l:lere (B.lgh Volume 
Metebod l. Obtt.in&.bll trom Nauonal Tech
:ntcal I::.to::-C1a.t.'o11 Semee, D~-.z-+..ment ot 
Commerce. Port p.,;;,7al. F.o&d, Sp:-'.!li;l1eld. Va. 
:::UOl, a.a PJ3-20l-8l;l. 

10. RettT11nce Method tor the ~t.enzilila.. 
t1on o: Sus;>en<!.ed P::.rUc:ula.t..-.s tn t~• A1-
m011pben (~h Voti..a.a Methe<lJ. COda ~ 
Pede-nJ ~&c.ioa., Tit:• 40, Part eo, Ap• 
p.ndh: B, pp. 1:i-1e (J'aJy 1. un:n. 

11. :...:.-:.l~ l.. .. ,., c.l. •;': l ~-~z'.;J C.:>'!!.t.;ut n: 
~-~.;.::. .:..;:. .;.--::..\.. .!;. ~,-:-·:..; { ...~ ... .::) .. 

13. Z?A Repori No. EC-0/+.-77~,• .JU:le 
U>'M'. Los Ani•IM cau..rat 8'1ld7 Sympoalum. 
Pag-c,223. 

13.. Quallt, A.wuran~ Handbook. for ".A.Jr 
Pollut100 ~en.ts~ Vohzma 1-
Pnlleipl-. EPA-e00/9-76--005, Much 1978. 

a. 'n\om.ee=n, a J'. et AL At-.1~ or e,,. 
.. '. . ' . ' 

LC&~ bf .Atomlo AblnrpUoa. A.toml.o Ab• 
eorpt.kla ~11'11lKiltr, t. No. a, M&,-.rur.e l!n'O. 

15. To be publi3hed. C.tA, QAB, Ia.mt., .-TP, 
lf.C. 27'711 

lG. To be published. EPA, QAB, EMSL. Jiff, 
Jr.C. 27'711 

17. Hlrschler, I>. A.~ aL ParticuJ.&te LmiC , 
CO:i;:o=cu ln Autoai,x,l!e ~~ Oaa. ~ 
dtzll'tr1Al anct Engta.eenag C'h•m.1:strr, ,e, uai-
11~ (l~!J'T). 
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5 J I tl•·nt•ntl 

: Thll AlltN""ndlX ~aplalN ho•• to dftlrrmtnt-
671 "'hrn &.hr f!{rtrf'~-cl numbf•r or c1ny1 1,rr rAI · 

rmt:,r ,·,•ar •·ll h mu:ln,um houri>· M'c-ru~ 
tnnttnJr1Uon., 1bo,·t D.12 ppm (235 1ot/m'• 
1J t"q1U'1 to or ICU than 1, An e,a:PMdet1 db, 

8 ruut-'ln of t.h..J.t prncrdures a.nd a.uUl"l11lt!d 
r1ea1nJ1h~ nrt- ran\alned In Lh1• "'tlulch-Un~ 

9 lnr lnlrrprrtf\Unn ot Osnnr Atr Quall\J 
St&mtartb., .. For purpoaea or clarll>' In tht 
fnl\ot.•lni dl.....alon. IL II eon,enlont lo UM' 

10 Lhr l<'n• "n"""danN" Lo deo1or1l,e I do.It)' 
maximum hour\, a,·~raat ozone fflf'MUrt• 

11 I ,nont Lhat 1" irre1ter uw, thP. !~·al. ol th~ 
1tand1nl. Th.<rd!>tt, UI~ .P~l'IL..,. "ra~ed 

12 numbrr of da)'I with tnaslmnm hour))' a,•rr• 
air 01.onr ronrt'n&.rallous abavt• thr lnrl nl 

13 th• 1tand1r<I" may bf ■ !Nply ■tot<d u th• 
..,■ Jl«Cl,NS nu1nber ot eaceedancn." 

Th• buJ< prlnclplo "' -· Lhll d•t•r•14 '1111nat1on II Rlau..11 1tral1hLlorwan1. NNL 
ol u,e con1pllcl.Uo111 U,aL art.. In dotormln• 

15 1n1 LI•• HPffled numbor of annual •••tt~• 
anoa Rlato lD _...,,Lins for lnc:cmplrLo 

le I ....,,.11,11• Jn ,,.,,,rai. UM.- awraae numbor or 
u ..cdan••• prr ..l•ndar ,car muat be Ina 
than or O<lual ID I, In "'almplU! f~rrn. lh• 

17 nwneor ot 111CHCIUlea U a monlLonn, llte 
..-,uld be RCorded for raoh oalenll&r )'rar

11 and then anraced over the IIUI 2 c&lonclar 
1can LO d•tenDlae II thl■ aftra,o II It'll 

11 t11an Dr eQual lo I. 
2. ,,.,.,,,n:tolloa o/ l:~•lcd .Ez«rd&ru:e, 

20 TIM OIO'\O ■tanll&rd Nia \.ba1 lbe Ill• 
.,.Cid number DI OIICHdanca per ,.•••

21 "'""t lie I.., UWI 00 equal Lo I. Thr al.&Lbtl• 
ral tonn •rxpec:&ed Dlllllber'' I■ bulcallr an 

22 ullhmotlo a•-•· Tho tollowlnl example
,aplalN Whal IL Wovld mcu, for an UH LO 
... In compliance With Ulla l,i,e DI lt.andud.

23 lkl- a n1onl1or1n& NUon recorcll a valid 
ullr rnaalmum houri, avera,e osone valur 

24 for '"'' cl&)' vi lhe ,.., dW'IDs the pa■t 2 
,..._,. , Al tht and ol nch 7ur, lhe numbc,r 

26 DI da)'■ wllh 111&alm11m hourly eon..11U11• 
: Ilona alloYC G.I 2 l)pm la drkrmlned ..,d lhls 

11umller la avrra,ed wJLh Lhe ,-1111, of pre-
21 ,-10 ,.. rrars. 111 lone u 1h11 anra,o rema1111 

"I•• lhUI or Nlual to I,"~• area II In mm• 
271 1>11--. 
-,. 2. ,:,11,..,.11111 IJ>r Ntlmbc, o/ 1:z..rdan<t1 
... ,,,,. l"r•r 

In arn«:al, a •&lid dall1· rnulmum hourly 
:Kl • cw,,,.." ,·aluc ma, nol 1K' a,•a&Jablc tor nch

,tay ol tlu• r1•,v, and ll ..-111 be n-.ary 10 
:JO an..,unl for 1111'.., n11&11nc 1-.IIIC'I wben r1U• 

mathu: th~ numbff of earcedancu for a 
31 11nrur11lar ral01td1r year. Tl•• PIIFPm• nf 

lht•M' rom1m1atlona II lo •t•rmlnr .JI lh• 
32 t-Xrk'f'lt"d ']'!fflbff of e1ceedanf'~ r,,•r 't~,r.'! 

L 
[ 

L 
[ 

l 

[ 

! 
I.. 

leil lhan or c:qual C.O I. Thu.a, It a altr hlllS 
l..,o or 1no'"" oberved e•cet"dancrt rnt"h 
)'rar, Lh• IIIUldard .. noL 11\f'I and IL LI noL 
iu.'4.',._.r)' to IW! l he pron-dures of t hi. •~· 
Uon to •c-counl for lntomple-te aamplln1. 

1·11e t,nn ''mluln• \"~uc·· ll uaNI hf'tt '" 
the 1rncral ..,,.. to d..-rlbe all dl)'I lhot 
do not hat'r an ua«i:t.ttd ozone mra.aure
mr.nlo In aome cua. a rncuunmen, mlahL 
actual!)' ha.. l>Oc,n mlluJ but Im otl,,.r n....., 
uo rneuuttmenl mar ban bern K'hrdulrd 
lor Ihat &lay. A dally ln&Xlmum oaone •·alu, 
I• dL•flnNS to br Lhe hlr.hr•t hourlr nacmf" 
\'kllle ttturdrd for "" da)'. Thia dally ,n..l• 
n1111u value II onruldrrrd lo bf Walld II T$ 
lk'nt'IIL ot 1hr hu11ra from 1:01 a.m. 10 t ;uu 

' p.m. 0.sTI • ·••rt ffln.atu·td or it ,ht! hhthr•L 
,hour Lt t:ff"Alrr lhan Ult lrYt-1 or thr lh'll\d• ..... 

h1 1on1r artu. the NlUOnal pa\lrrn ~, 
OMJOC" la ao pronounced that entlrr monl h, 
nM"d not be 11mpltd brr,m,r It ls ratr••mrl)• 
1111llkrlY lhkt the ltMdnrd would be' rlltrt•1I 
N . An)' 111rh V.'al\'\•r a( tht CWAlfM" mu1111nr, 
Int: n-qu\rcrnrnt would be handlrd und,•r 
pro,•1110111 ol 40 CFR ParL SI. 8omr allo"'• 
anc-r 1hould abo bt ma.de for dl)'A lor •·hith 
\'aHd daUy mulmun, hourly Tahaca w~re nul 
obt!Llned bu1 t.'hlrh •·ould qull< llk•I)• hur 

: lwt•n below the 11andud. 6urh an •llo..-a.,.... 
1111roduct1 a oompllraUon In lhaL II bt-n11n,a
'"~•,-:••1'7 IO drlll,e urulrr .-11a, cunctlllnna • 
• 1::0.tllll, ,al~ ffl&)' br &la\UDtcl 1.0 halu• bf"l"ft 
.... Lhu: Lhe level or Lhe llandanl, Th<' IOI• 
"'" 1n1 erllerloln may w Uled for munr. 

A mlMfnr dJ111>' maximum ~nur ,-aJur 
maf ,,,.. t.M\Unl'd tu bl' ~~, lhftn Ih_. lev,J of 
tltr alllndard II tho •alld dallJ' mulma on 
bo,h U>r procedln1 day IUld Lh• loUowtne 
da)' do noL ......d 7S P",....nL of lhe 1..,J of 
LhrllAndo.tcl. 

tc-t z d<-notr lh• numbrr of ml"'lnt: d•nr 
maximum Yllnr« that may~ a.~mnrd to be 
1- lhan thr lllhtlard. Thrn thr ,..u.....,,,. 
fonnula 1hllll be 11,rd to ..11m ■ 1f' th• ••· 
peelfrd number of f'JCt'fttl&r\ea tor th,. )'Par: 

•••◄ rcw1n.-1H-n-,11 , 11 

(•lndtcalc-1 11>ulllttllC"allOft.) 

Whrro: 
e • lhe t1llm1trd numt,a, ot .-xcN"danc-r, 

tor UI• )'rat, 
fl• the nmnbl-r or rNaut,,c,d tnonttortnr 
..,.. &n UN' 7t!&7. 

n•,M numbfor ol ,•&lid d•IIJ' maxim•. 
V•thr nurn&,cr or ctanr ,·&Jun aba,·t the 

ic,1·•1 ol lhe atandard. u,d 
&• the numbf'r or da)'I aaumrd lo b(, IMI 

lh&n 1hr ■ landa"d 11'\'ol. 

•tndlraLes muJUpJJL-aUon. 
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l••••••-tan_d_•__________________ 
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Method H, Continued ,'. 
2 t'. ThlJ anm1Lrei number of rxceed:in"',., , 
·1 11\all bf round<d 10 en, d,clmAI PIA<.O (frn• 

3! Uunal parla equ~I LO 0.0& round upl.

,; n~:~u!1 =:so\~d1~~a~.!rw~~~u;~~•~ 
4 1 proprta~ Rrstona• Admtnlatn.lor hu 1ranl• 

I M a wa.tver under the pro,·lldoN ot •o CPR 
s raru&.\ Th• obon oe1uallon mar bf lntt-.,,ri•tfd In· 
6 1ulllvolJ In LIie 10110wtn1 mannrr. 'fh• uLI•Imt.led numbor of rxcttd1111ets lo equal 1a 

I.hr oWr'\"td numhrr of e-xttrd:1.nN•s (vi 
7 pl111 11n lnrrrmtnL that AttOnnu fur lnrom• 
8 plP14r ,wnpltn11- Tlltrt w,re 1N,nl mLutnc 

,·alun tor \hf" '''"' but & crrt.aln numhl"r of

I Lhe.R. uunt-JY z. •·tr~ a.uumed to be 1ra1 

I
g . Lhan the 1L&ndud. Tl1rrrloro. IN•n••> mlM• 

ln1 ,alurs ,.,. CU(\SIJ•ri•d to lncludlo po,1,,tble
earttdr1nrN, T11t rrar.tlon or mrn..~un•d 

10 valu~• lhM ft.. abO•• u,o le,·ol or 1hr slAlld• 
ard la tl/n. It t, a."'1umed lht.l this !11:'Ut'IC" frat:•I11 Lion oppl(... IO ,,,. IN•n·•> mlMlnl ...,u... 

I And lhaL (Y/n)•cN-n•r:> of tht'IIII \-a.lUr~ ,·oUJd 

::~ •:,.•i...•d.-ha_••_•_••_·•••••l•••d_t_h•••lev••••l•••f•l

, 
16 ! 

I 
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26'· 
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P.EGIJLATlON 92: PERFORl-lft.NCE SPECIFICATIONS FOR CONTltlUOUS MONITORING 
EgUJPMENT 

'•· Rule 921: General Specifications 

A. A source operator who 1s required to install an~ operate continuous 

monitoring equipment (Regulation 51) shall comply with the perform

ance specifications established in this REGULATION. 

'6 ~ CALIBRATION GASES 

For nitrogen oxides monitoring systems installed on fossil fuel-fired 

steam generators the pollutant gas used to prepare calibration gas 

mixtures (Section 2.1. Perfor'llance Specification 2) shall be nitric 

oxide (NO). For nitrogen oxides monitoring systems, installed on nitric 

acid plants the pollutant gas used to prepare calibration gas mixtures , 

(Section 2.1. Perfol"JnAnce Specification 2 of this CHAPTER) shall be

nitrogen dioxide (N02). These gases shall also be used for daily ch~s 

under paragraph 3.7 as applicable. 

For sulfur dioxide monitoring systems installed on fossfl fuel-fired 

steam generators or sulfuric acid plants the pollutant gas used to 

prepare .calibration gas mixtures (Section 2.1, Performance Specification 

2 of this CHAPTER) shall be sulfur dioxide (S02). Span and zero gasas 

should be traceable to National Bureau of Standards reference gases 

wnenever these referance g.ases are cvai1aJ1e. E:-,ery six r..cnths from 

date of manufacture, span and zero gases shall be reanalyzed by 

conducting triplicate analyses using the reference methods of this 

CHAPTER as follows: 

1. For sulfur dioxide, use Reference Method 6i 

2. For nitrogen oxides, use Reference Method 7i and 

.3. For carbon dioxide or oxygen, use Reference Method 3. The gases 

NY be analyzed at less frequent intervals 1f longer shelf lives 

are guarant~d by the manufa=turer. 

'lh 



C. CYCLING TIMZS 

Cycling times include the total time a montior1ng system requires to 

sample, analyze, and record an emission measurer.ient. 

1. Continuous monitoring systems for measuring opacity shall complete 

a ■ inimum of one cycle of operation (sampling, analyzing, and 
. -

data recording) for each successive 10-second period. 

2. Continuous monitoring systems for measuring oxides of nitrogen, 

carbon dioxide, oxygen, or sulfur dioxide shall complete a minil!UII 

of one cycle of operation (sampling, analyzing, and data recordin;) 

for each successive 15-minute period. · 

D. NONITOR WCA'l'TON 

The Control Officer shall specify conditions such that each continuout.. 

inoo1toring system or ~nitoring device is'installed in such a mann~r 

that represe~tative measurements of emissions or process parameters 

(i.e., oxygen, or carbon dioxide) from the affected facility are 

obtained. Additional guidance for location of continuous monitoring 

systems to obtain representative samples are ccntain~d in the applicable 

Perfonnance Specifications of this CHAPTER. 

E • CCWBINED EFFL!JENTS 

Hhen the effluents from two or more affected facilities of similar 

~esig~ and c~era:i~; :heracteristics are cc~bined ~efore bet~; released 

to the atmosphere, the same monitoring system may be installed on the 

combined effluent. When the affected facilities are not of similar 

design and operating characteristics, or when the effluent from one 

point, the Control Officer shall specify alternate procedures to 

implement the intent of these requirements. 

f. ZERO AND DRIFT 

Any owner, le~see. or operators of any continuous monitoring system 

shall record the zero and span drift in accordance with the method 

prescribed by the mar,ufacturer of such instruments; shall subject the 

fnstrument(s) to the Nnufacturer's rccocrmended zero and span check at 

..! 
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least once daily unless the manufacturer has recorm-.ended adjustments at 

shorter intervals, in which case such reco!llTlendations shall be follOllfed;
\, 

to adjust the zero and span whenever the 24-hour zero drift or 24-hour 

calibration drift Hmits of the applicable perfonnance speciffcations _· 

herein are exceeded, and shalt adjust continous r.onitoring systems whenevef" 

the 24-hour zero dri.ft or 24-hour calibration drift exceed 10 percent 

of the erni ss ion standard •. 

G. SPA!/ 

Instrument span should be approxiraately 200 percent of the ex?ected 

instrument data display output corresponding to the emission standard 

for the source. 

H • ALTER.VATIVE PROCEDURES AND REQUIREMENTS 

In.cases where source operators wish to utilize different, but 

equivalent, procedures, and requirements for continuous monitoring 

systems, the operator must provide a description of such alternative 

procedures for approval by the Control Officer. Some examples of 

situations that may require alternatives follow: 

1. Alternative monitoring requirements to acc0111i10date continuous 

1110nitoring syste111s that require corrections for stack moisture 

conditions (e.g., an instrument measuring steam generator so2 
emissions on a wet basis could be used with an instrument ~easuring 

oxygen concentration on a dry basis if acceptable metnoos of 

measuring stack moisture conditions are used to allow accurate 

adjustment of the measured so2 concentration to dry basis). 

2. .~.,~?rr.ative l~c3tfor.s for fost!lling co"tinuous monitoring systems 

or monitoring devices when the owner or operator can demonstrate 

that installation at alternative locations will enable accurate 

and representative measurements. 

3. Alternative procedures for perfonaing calibration checks (e.g •• 

s0111e instruments may demonstrate superior drift characteristics 

that require checking at less frequent intervals). 

·1 
n
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4. Alternative 110nitortng requirements when the effluent from one 

affected facility or the cC?'OOined effluent from two or more identical 

affected facilities is released to the atmosphere through more than 

one point (e.g •• an extractive, gaseous mo~itoring system used at 

several points lily be approved if the procedures reconmended are 

suitable for generating accurate emission averages). 

S. Alternative continuous ronitoring systims that do not meet the 

special response requirements in Performance Specification 1, but 

adequately demonstrate a definite and consistent relationship 

between their meausrements and the opacity measurements of a systelll 

coq,lytng with the requirements in Perfonnance Specification 1. 

Such demonstration a,st be performed for each affected facility. 

• 
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1. Pr1nctpl6 &nd Appl!C6b1llty. 
1.1 Pr111clple. Tb• opacity or parttcu1At.e 

matter ln sta.ck em!.:;.;!oDs ls met.Sured bv • 
COlltlnuously operat1r.g emission measure• 
ment system. These syste:ns &re based upon 
tile prtnctpl;, or tr&LSII'...issotnetry wb.lch u • 
dl.rect meS-'lurement o! the attenuation of 
vtstble rad.latton iopoclty) by p&rt.icula.te 
matter In a stack e!liuent. Llsht having spe
~c spectra.l ch1nctertst1cs Is projected from 
c. la.mp &cross tte s:.a.ck ot a ;,oilutan: source 
to • light ~r,so:. The l!.iht Is .t~r.uated due 
to absorption a.nd scatter by the pa.rtleulate 
matter In the e~uent. The ;:,crcenta.ge o! 
vtalble Ught attenuated ts <ledned u the 
opa.ctty ot the emi.sslon. Transparent staclr. 
emts.stons th:it do net attenuate light wm 
nave a tr:msmittance oC 100 or an op&clty ot 
0. Opaque stack emlsslor.s tba.t attenuate t.11 
ot the Yi&l'ble 11.;ht t1.1ll have & tnuamittance 
ot o or an opacity or 1oe ;,ercent. Tbe tra.na• 
mlssometer ts evaluated ~Y use ot neutral 
den.s1t7 a:tcrs to dete:-mlne tbe prec:.Sicn or 
the continuous monltortng systec. Testa of 
the system are per!ormed to dete~e zero 
tlrtft. ea!ibr:i.tton dr1!t. &nd res;>onu t1me 
characteru:tcs er the sj"Stem. 

I 

l.2 Appllcabt:1ty. T!lts per!orm:uice !;>e• 
~ncatlon Is a.;::pl!ca.ble to the cont1nuou1 
monlt?rtng iystems !peel!ied !..-i the subpa.r.s 
for measurtr,'!; opacity of emlsslollS. Sp'!c:111• 
cs.ttons for continuous n:e:i.s•n-ement of ~Is· 
Ible emlsslC'!'.S are gt~en In terms ot desl~. 
pertonruince, :ind !nstallatlon pllran:e~rn. 
These speclncat!ons co::it:iln t"t procedures, 
lnstalla.tlon r9!!utrer:-.ents. and de.ta compu• 
t&t!on procec!t•res for e·:aiu3tin~ the accept• 
•bWty of tho continuous monitoring systems 
subject to app:-oval 'by t.'ie Admlntstrator. 

2. A,)t':l.retus 
L :?.: C.!::.:~!l-~~d :°"~"'.!:-: 0-:~!":'1l ~=~~:-~ l;,·t•.~ 
!! ~~"..!'::'.Q~ :'i::=~-::"..:-.l: :-:-.::=.:·::-:~::.::~ ~:::i ·•:::; .... :,, 

opt1~.l-l denut~t& to ,•is1ble l!;:ht Cir ~c:ee:is 
known to produce !pee:!:ed optical c.c:-.!itle!. 
Cal1bn.ted dlters -a·tih accuracies certlfted bv 
the manufacturer to 'lll"lthln ::3 percent 
opactty ab&ll be used. Pllteni n~utred L""e 
low. mid. and hlrh•rangt 1lltera wttb nom• 
llUl optical densities as tollows w!l.oen the 
~~---:-:!~:-:-:--"'•;-:- ~': :--.-:::- ............. -~-?,.':~~"!" ~~·•', 

Rule 922: Performmce Specification 1 (002.city) 

i 

PERFORMANCE SPECIFICATIONS AND SPECIFIC.ATION TEST 
PROCEDURES FOR TRANS11ISSO}~'TER SYSTIJ-':S FOR 

CONI'INUOUS MS.\STJ:~-:DIT OF THE OPACTIY OF STACK D1ISSIONS 
/. 

(40 CFR 60 > Appendix B, July 1 1 1976·) 

91):ln "1ue 
lpetccDC Opacity) 

ICI. -•••···•······•'°·················· 711 ••••••••••••••- •• 
IO•••••••••••••••••• 
90•••••••- ••••• ·-· 
JOIJ.-•••••••••••••• 

Calibrattd dlter optical densltilll 
'1111th e-qwnlenl ol)adt:r In 

parrutbesis 

Low• Mid· Blch• 
l'&IIC9 l"IDp BDP 

G.1 (20) 0,.2 (17) 
.1 ('.":)} -~ r?:")
.1 (:JI) .J (liO) 
• 1(20) .3 (50) 
• 1 ('20) •• (1!11) 
.1 (21) •• (60) 

It: I.a Ne"Omm~·tbat 1Utar·CA11brat1ona 
be chtcke-d with a ~-oolll.mai.d pboCOplie 
triuaml~someter o: iclown 11.::leaifty pi'.ot" to 
uae. The e1~rs sha.11 be ot su.alclent alse 
to •ttenuate the en~re lJiht bum or the 
~mlssom.et~r. 

2.2 D•t• Recorder. Analog cl:art recorder 
or other auJteble device wlth lllput TOlt&lrl, 
range compatible w1tll the ualyzer system 
O'Utput. Toe resolution ot the recorder's 
data. output shall be suOc!ent 'to r.llow com
pletion or t!le t&t procedures wlt.hUl. th1a 
apeelllcatlon. 

2.3 0p&c1ty t:neasunment Sygtem. An 1D• 
1ta.clt in.ZlSmlS&ome~r (folded or slngle 
pa.th} ,rlt.b the opt.1Ca.l design spec11lcattona 
designated ?>elow. associ&ted control Ulllta 
i.nd e.pparatw to keep optical sur!ACM olean. 

3. De0.n1tlon.s. 
!.1 Col:ttnuow ~{ontto:'1ng System. The 

total equipment required tor the de~rmln&• 
tton ot pollutant o;>aclty In • sourc~:.ient. 
Conttnuou.s me::l.Jtortng systems con.stst ot 
m.aJor subs;stm:cs as !ollOWll: 

3.l.1 ~pl!ng Interta.:e. 'nle pOTtlo::. ot a. 
oonttnuou.s monltor!.::.g s;stem tor opacity 
t.!la.t protect., fJ:.e anaJ:;zn t:om the ei:!i..en\. 

~.1.2 AI:.al:;ur. Tl::IAt portion ot t.be con• 
unuows monltort.::.g system which senses ~ 
pollutant and gene:-ates • stgual ouQUt t.h&t 
11 a. !unction of tl!& po!!uta.nt opa.elty. 

:J..1.3 Ds.ta. Recorder. Tba.t J10rtlo:i of tha 
continuous mon.ttor~ syst~ tllat proc~ 
th• anal;ur output a..id provtdes a p,=a
nen:. record of t!le output. agna.1 ln terms ot 
poUut&nt opa.clty. 

3.2 Tra::um.!:i.soineter. The portions ot ., 
eantlnuouo; mon!to:'.ng Sj3"..em ror opa.etty 
thAt lnclucie th& S&mpllng Ulurfaee &n:1 tlM 
&11Alyzer. 

~.J ::-:.~. T.-9: ':".z.:•.:,3 c.! c;.~,:~t7 st -=-~!ch 

produce t.'le m:i.;:,i::.m•.J::i da::.a. ci~piay outpu~ 
'r.le a;>an shall be set at an opa.ctty specl!led 
In each appllcabl& subpart. 

3 ... C:1.Ubratton ErTor. Th& dltl'erence be
t~een the opa.clty reading t:idlcated by the 
contlnuoi:s monttortnr system and the 
t:nown Tatuea o! a series of test •tand:srds. 
:·:: ::: ..:. .....- ._ ..-.....~;; .:.~.--:_; :..:: .;. 

&ertes of caUl>ra.ted 00tlcal ~lten or screeoa. 
3.S Ztro Drltt. The chance In continuous 

mon1tor1!1¥ ~stem output over a. st:i:ed ~ 
:10d of tlir.oe ot normal continuous ope:atlO~ 
when the ;,ollutant cuncentr.r.~1l•'· ;i· UH 
u.me or !,he mea.sure:nents is zero. 

3-" caabntton Dr.ft. The cha=:?t in th• 
COlltWaou.. mo;il~r~g syst.em c.·1.·.p..- over 
a at&ted ;,erlod or tune ot norm&! cr,n:.111101.a 
o~~?1!';ion ?.·!:en :h" ;x:llut:i.nt c~n::"tr.t:~:lon 
as t.he iune ot the mauunmentl 1i the a:im. 
bQ-.rn u~ n.lue. 



Perforr.ance Soecificqticn 11 Continued 

3.7 System ?.espoc.M. The ttm• lnte"&l 
t:-oI:1 a &:.ep ch3.01;9 l.n o;>e.clry ~ tho st.a.cl!: 
u the input to the cont~~uous IDQll.!torlng 
a;stem to the tlm.e at which 95 percent ot 
the correspondtng ~nal value IA re?.ched aa 
d1cJ!)layed on the cor.tl..:luous monitoring sys
tem dat& recorder. 

3.8 OperatlollAI THt Period. A rnlnlmum 
~od of tur.e ever whl.cb s co::.t!.nuou& 
monitoring system l.l expected to operat.e 
wttl:-.Jn certa.l!l pertor:nance spec'..Cca.tlona 
1171thout u:c.sclleduled mal.ntenance, repa.tr. 
or adJustme.nt. 

3.9 ~:mr.nl.tt&nce. The fractloa ot l.l:lcldent 
U!Plt that !6 tra.n:!mlt~d through an optlcal 
medium o! L"lterest. 

3.10 Opo.c!ty. The !~ctlon of tncldent ?ltht 
:h:i.t 13 att-e:-.u!l.ted o; a.t: op;!cal :r..ed!wn o! 
btttest. Opacit:; (0) &nd t.raasm1~t3r.ce (T) 
a.n related u tollowa: 

O=l-T 
3.11 Optical Density. A Jcg:i.rlthzr.1c ::neu

u:-e or t.'1e amount or llgllt th:it It attenuated 
?>y an optlcal tnl"dh.lltl ot lntettst. Opt!e&l 
deralty iDJ 1S reli.ted to the U.&.:1Smiu&nce 
aac1 opacity as follows: 

D=-log10T 
D= -106,, (1--0) 
3.12 Peak Optical ~~!)O~!e. The ~a-re

~ength ot rnwmum sec~itlvlt7 or the lnstru• 
ment. 

3.13 Mean Spect~I Response. The 11.-ave
lenitth which ill~ect-5 the total aru under 
the· curve obt&l:led pursuant to pt..·a6rspb 
9.2.1. 

3.H Angle ct View. Tbe tr.axlmum !total) 
1uigle ot radJ~t1on ctetectlon by the photo
cltteetor a.ss.embly ot the analy-zer. 

3.15 Angle of Pro1ect1on. 'nle :c:iuimum 
tiota,l l an~le · that ~ntalns 95 per~e:t of 
the rad.tat1on p:-cJe:ted from the lam;, a.ue:m• 
bly ot the &Zll!.]yur. 

3.16 Pathle:g-th. The depth of e!!!t:er.t ln 
tbe l!ght beam ?>etween the re-:etver and tbe 
trammltter o! the single•p&SJ trazuml.Jsom• 
eter. or th'!' c!ei,t:1 :t e~uent bet~·t,n the 

~~::.::sr::~ssc~.:~:er. ·:-~·o ;:~:~i..=,;= .:c :e:er
er.ced by this s;:e::!5::at!on: 

3.16.1 ld:onltor Pathlengtb. 'Ib• depth ot 
eaiuent at the lnst.alled loe&tton of Ule con
unuou., monitoring system. 

3.18.2 Em1r.e1on OUtlet P&thlt'Dith. Tli• 
c:leptb e>t effluen~ at the location emlsalons are 

♦. rn~•alJatlon -,pectr.cauon. 
-I 1 Lo-:at1011. The trazu.intssometer =~ 

be l0<::\f"'d ,.err..:; ~ r;~r.tlun c;! duct or st.aclt 
that \VUl pr1.1\ :de a par:Jcul:ite muter :lo• 
tlir,;,ugh the ur.1.1:--AI voh:rne of tbe trans
mi!!IOatt'te:- t.hat ts represent&tl\·e ot tht' par• 
ttculate matter llow throu~h the d-:.ict or 
ataclt. It :..s recomm.ended :hat :!le :::nor..tor 
p&th!engtb or depth ot em.uent tor the cram
~:ne-ter ~:lcl·.:c!e ~~e fl~~1:-e '!!!.::::~~er ot 
the duct or stack. In 11:Ut&llattons usi.Dg a 
e.borur pat.hlength, extra caution :r.ust ?>e 
used 1n <!eterm.tr.11:1g the measuremenc loe&• 
Uon Npt"Ment&tl'H ot tbe pa..-ttculate matter 
11ow through the duct or mu. 

;: 

t 

( 
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4.1.l The tr~ml.&&o:netu location llh.&ll 
be do'l7rutrea.m !:-oz::i rJl particulste control 
equipment. 

4.1.2 The trs.nsmiMOme~r sh.all be located 
as re !rom bends and obstru.ct1011.1 LS pr&e-
uc:al.. -

4.1.3 A tran.smissometer that Ls locatod 
1n tho duct or stack following a bend &hall 
be lnst:u!ed Ill tb.e plane dedn~ by_ the 
bend where pos.stble. 

4.1.4 Tbo tr&.ll&mJ..ssometer ahould. be ln• 
st&lled ln an acceMlble location. 

-l.1.5 When required by tb.e AdmlDJstrator, 
the owner or operator or s. !Ourco mu.st 
demonstra.to that the tr&.rusmisaometer Ls .lo
cated !n a section ot duct or sta.ck wbeni 
a Np~~ntatlve ;:,11.rtlculate mate.-r d.lst.-tbu
tlo::l e:o::..St&. The cetermJnat!oc. !.'.lr.11 bo :a,c. 
compllshed by examit.lng the opadty pro:1le 
~, t.he e!!luent at & serif's ot poalt1011.1 across 
tho duct or stack while the pla.nt i.s 1:1. opv
ation at maxtmum or reduced open.tl~i n.\418 
er by other teets acceptable to tho Ad.mlnU• 
uator. 

4.2 Slotted Tnbe. InstaJJatlon., tl:l&t reqblN 
the use ot a slotted tube sha.!1 ,ae_a •lotted 
tubo ot suCclent sl::e and blackness so aa 
not to Interfere with tb9 tree dow ot.1.Qiuent 
tbrou1th _the entire optical toiumo of tb• 
tran.smlssometer or retlect Ught Into t.be 
tra.nsr:nlssometer photodeu~r. IJght re
flections ma.y ?lo pre\·eo.:ed by usl:lg bl&elc• 
en~d bo.=!es wlthln t~e !lotted t.,bc to ;:ire
-:-e::t the !amp radiation ::-Om Un;:,lnglcg upon 
tt,e t~1be walls. by restricting the iu:;g!e ot 
projection ot the light and tbe &nile ot view 
ot the photodetectcr assembly to :esa th&n 
the trl'SS•stctlon&J area ot tlle dotted tu~. 
er by other cetbocls. nt' o~er or o~eratc:
must show th:s,t the :naoutactu~e:- ot t.'tle 
montto:10~ 11ystem b&s uud approprtae. 

·methods to mJn.tmlZe llJ;ht re:iectlona !or 
syste:r.s usl.Dg slotted Lubes. 

4.3 D!l.ta, Recorder Out;,ut. The conttnuoua 
mot1ltor1ng s;stt'm output shall permit ex
:'"\~~~1 ~!~;,la!" c,f ·?-.! :r-::1.n ~,a.c~~: C"?! • 

r'!":-.:-:.~~=-~ 0 ::. ::.::' ~?~~-~'!:~ :-=-:3!e. ~~=.:e "\:l 
opacar st:1.'ldard.s E.r.? bs..•ed on tile opa.clty 
o! the i;!l!uent. exr.r.ustea to the a:morpb.ere, 
the ay11tem output shall !:>e baaed upon the 
emission outlet path.!en(th and permanently 
recorded. For ~e-cted tacllltles who«e moni
tor pa.tblength 11 dllferent from. the !.l<:,iltV's 
emission outlet pathle:.:~th. :a tr1<1>!1 ,hall bt' 

• • • •. • • J :. • • • • • •• .:·. • ... ;':. ! 

rel&tlonsh1ps betv.-een the .:011:a1uous atOnl• 
torlng 1;stem 'l'eC:>rded opac1t)' based upo11 
U1• em166loo outlet pathle!liith and the e>pac

. tty of the eCuent At the &nalyur locatton 
1moo1tor pa'thlengUl). Tests for measure
ment of opacity that &re rec;utred by tb.1.1 
perton~acce speclftc&tlon are bued upon the 
mont~~- pathleog-th. n.t' ;-n.;>h oeeesu.ry to 
ooa.ven the da.ta recorder output to tJ:le 
monitor !)athl•n~ ba.sis sh&ll be establleed 
u toiJoWJ: 

.,.,. 
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Performance Snecification 1, Co~tinued 
Wl::.i!n: 

0 = the opa.clty ot tbe ,muont bued upon
1 

J,. 
0. = the opacity ot the e.elueut bl&Sed upon 

. 1,. 
1, =tile emission outl e~ pa.thlongt.h. 
1:= the mon1tor p!!.tblenitb. 

s. Optlca.l Design S:;:,ecU1cattons: 
The optics.I design spec!aca.tloIU wt rorth 

In Section ti.I s.!'l&l\ be met In ordv tor • 
mea.surement s~t.em to comply with the 
~u1.ements o! tbia method. 

6. Octermlna.tlon of Contormi.nee With 
~lgn Specltl.catlon..,. 

6.1 The cont1nuow monitoring system tor 
:nea.surer:r.ent or opacity shall be demon
s:rated to conrorm to the design specU1ea
tlons set rortb u follows: 

6.l.1 Peale SpectuJ Respo=. The peat. 
spectral response of the continuous moni
toring systems aba.11 occur between 500 nm 
and oO0 nm. Response at any wavele!l.gth be· 
low 400 nm ,:,r above 700 nm shall be loea 
tht.n 10 percent of the pealt response ot the 
continuous mon1tor'..ng system. 

6.1..2 Mean Spe<:tral Response. The mt&D 
spit<:tr&l response or the conttnuous monltor
lnif i;y,tom ahall occur between 600 DIA &Dd 
6.."0 nm. 

8.l.3 Angle o! View. The total angle ot new 
lh:.!l be n-:> '!"feater t!"lan ~ <i~. 

8.1~ Angle or P:-oJec-tlon. The tot.&1 angle 
o! proJoctlon abaU ~ no gnat.er than 6 de
ST"ffS. 
~.2 Comormr.nce r.tl:I UM r.qulremmts 

ot. HCtion 0.1 i:n&T be dKllOll&U&Ud bT '-be 
O"ll'tlft' or operr.ter of the atrecW<l t&d.lltJ bf 
uet!.:).g esch a.nEJyzer or by obtail:Un;; & CIC'• 
~CJ.WI oc con!ormance f~:n the rns=:ntii:. 
tc&.11U!a.:turer. The eer~c.at.o must cenlly 
ihl.t 1.t lea.st one l.ll&lyu.r from ea.ch month'I 
product1on wu tested a.nd satl.sta.c:Orl.Jy met 
•U _._p;:,Ueable ~ulr-ements. The cenilicate 
:iu.1 state th&t Ult em I.A&lyzer rr.ndomlr 

"::"',;":-Jl-ed ~4!'-t all ?"~_1.11':~!:l?!:~ ::! ~~--:17?'a~h 

r.:...:~ ,;,a ';.It.tr< :.c: :.-.::.-:.. ..:.e c,;~t :_--:::~:..l :Jl.:C 
shov that Cle ent1~ znontn·s &IIA!y::er pro
duet:ton W1IS resamplee1 acco.rdUlg to tat mW• 
lArr at.&nda.rd lo.5D ~ling proc:edun 
(~105D) 1.u.speetfon level II: wsa N• 
~ tor each ot the apptic&ble nquir.
me,:aia under pe.ragnph o oc thts spec&.aca
t1011: and was detl!rmlned to be r.ccept&ble 

. - :: .- ·..... : : .:: .-
cate ot eon:o~ce m~t show the resuu.a 
or w.ch test pertorm.eq Cor the anal~ 
u.m;lltd dunn; t.h• mantb Ull &D&l~ be• 
tna- 11lnalled w-u produced.. I 

8.3 The 1ener&l test procedures to be fol
lowed to demcr.stn,te eontormr.nce wttb Sec
tion 6 requtreznen~ att gi"l>"en s.s !ollows: 
1Th~se procedures 'Q."lll ::ot be ap;>!!c~ble to 
all designs a.nd will req~ modttlcatlozi Ill 
:i-::me c~na. Where 11.ll~ly;?I'::- anc1 v;-t!c:,l c!e-
1,tg11 Is tt-rt11\e<1 hv the mr.nufa.c:turer to con
:Onn with the a.ntle of •tew or a.ug1 .. of pro
Jectlon !'pt:C1t\cat1ons. tt:e :-O:!pecti¥e pro
c~ctu~ m,-r b~ omntec1.l 

6.J.l Spectral Rat<panr.a. Ollt..Ul spectral 
data. tor detoctor, It.mp, t.nd niter compocent.s 
u~ in the measuremen: system t~em their 
respectl~e m&IlU!t.cturen. _ 

11.3.2 Angle or View. Se~ tlle ~celver up 
aa specU1ed by the m.a.nutlicturer. Dnnr an 
arc W1Ul rMilw ot 3 meters. Meuure tb.e rfl- . 
oe1?er response to a .illlAll t lo.,.s t.ha.b. S 
eentuneters) non-<U.--ecUoc.&1 Ught aource at 
a-centimeter lnte"&ts 011 the IIJ'C tor 26 cen.tl• 
meters on either slde o! t.'le detector center
lllle. ~pet.t the test lll the Tert1Cal <Urec--..lan. 

11.3.3 Anele of Projection. Bet the proJee;or 
up u spaclCed br the lllAlluta.c:rurer. Draw 
an arc with radius ot 3 met.eni. O'lll!IJf a ama1l 
photoele-ctrle l!ght detector (leu tb.&11 I 
c.atUneters), mes.sure the H~ht 1.n:ens::,ty -.~ 
6-centtmeter lllterval.s on the arc !or ~ 
centimeters on either side of the light sowoe 
C>H1terlu:11 of projection. Repeat tbe t.eaC lll 
tb• •ertlC&l direction. 

7. Continuous Monltortng .Syatem Pvr• 
tonnanc-e SpecUlcatlons. 

The coi:.t:..nuow monit.orlng ayatem shall 
meet the pertorma.nce sp,ec!Cca.tlona In -r-a.!)le 
1-1 to be considered a.cceptable under t.hl.l 
method. 

T.ABI.& 1-1.-Perfnnnanre 1pe~fjfcati1J111 

8-p,ciftolllMU 

a. Calibration ~r••••••••••••••••." <3 poc: oi,.clt:1.1
b. Zero drift 1~4 hl.................. ?~ pct opacity.\ 
e. Calll>nlfiontlrifl i·:!4b) .. _.•••••• S:!t-.:top~lty.•
d. Rup0nse tlnw... .••.••••••••••• 10 s (muimum). 
e. Operational test ~r:od...... .. . . . UIS h. 

• E~prt'!'!-"'1 a, mm of ab'°lut.e mo.sn nlue and cht 
95 pct coh.1c!cnc• iniP-rT&l ol :l suiu al tesu. 

8. Performance Spec111cat!on Test Proee
d-:.res. The following test procedure. sh&ll be 
UW<1 to determJ.ne c.-ontormanel' W1th th• N• 
qutremem.1 ot pa.ragra.pll 7: 

!1.1 Ct.Hb~&t!on ~er snd P.e:;:,o~ T".:»t 
:- :~4. :· ... ..:~ -~;:.,:.; '":.:·.: :...: ::.·.: :-:-==~~...:.:-• ··.;!,:!' --~ 
,.:_ ..~: ...:~.;~ c: :.:, 4~ --~ C,:). :.:.::i ~; ...~.: ;___.. 
m&y be ,'.:ertcrc~ at the a::ec~ ta.ellltT or 
at other locat1011S provided tba.t proper 1:1,Q.,,-Ul•
c:at1011 1.9 gi-ren. Set up and 

 

 
 
 
 

 
 

 
 

 
 

C&llbrr.te tbol 
measurement SJ5tem u ~eel. bJ U..
manuta.cturer•s wntten tnstructtona tar ~
monitor pathlength to be ueed ln tbe Ill•
!t'\!\s.tlon. S011n the IL!l!!.1.-Zer u spectfted Ill
~i-r'u'-•Z•it a'"4v¥...r:..l. 

1.1.1 C&llbratlon Error Test. lllSert a aert•
ot calibration tilten In the transm!sscme\cr
path at the midpoint.. A minimum of thrN 
calibration tilters (low, mid. and bl.Jh
rr.nge) selected In accordance with the ~le.
under paragraph 2.1 and calll>rt.ted wttlUD
!I ;,ercent must be used. :\fake 1. total of a-,e 
nnncon.secuttve readings for eacb. 1Uwr.
P..scon the measJ.r~~e:lt srr-m c-utin:t
readtnira In percent opacity. (See l"l.gUre 1-1.) 

~ 
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Perf0rrr1, nee Soec if i:!9. :-ion 1, Continued 

V11lr.le1 !~ •~7& 
---- -·-· 

n ,.v.-s I u 

1 ..••..•......... t:!. ~ I10••••••••••••••• 
;I•••••••••••••••• '-.x'l3 11.••••••••..•••• 

3.1B2 12••••••••••....• 
\ ................ 2. 77! 13••••••.••.•••.• 

:. 571 i< •••••••••••••• -'------··-··-···· 2. .,;7 1$•••... •••••••••, -·--···------- 2. ;ia5 10•••••• ••••••• ••··········-······ ,.30&•--··------·--
T2.o Tt.loe• In th!a table an alread7 ccr

rec'Ad for n-1 ~egri,es of rreedom. Uao n equal 
to ~ numll-er c! ~mpl~~ i.., da.ta point.a. 

t.2 Data Ana.:ysls and Repc.rtlng. 
Q.2.l s;e<:mu Res;>an:10. Cc,mbtne ths 

opectral data obt&1ned In ai:cordai::c• With 
~aph 6..3.1 t:> d&velop the el!,icttve epee
tr'll rupo::!14 c1.;.ne or the tra.iumJsaometer, 
&<tport the wavelengi;b at ~htcb the peak 
rc:spoose oc:ura, t.-!:o waveleni{Ul at wMcll the 
~.,_r. regpo= occun, and the maxtmum 
JleSJ)OllM! at 1m7 wavelength belo• 400 nm 
r.nd e.l:>ove 700 r.m expre~d a.s a perce11tagc 
of t.be pe&lc rt,poll!e u ~ulred under p&.-a
gnph e.2. 

e.2.2 Angle of View. UslDg tbe dat& obt&lned 
1n s.ccordance ,,;1th paragraph 6.3.2, calcUl&t-e 
U•,13 respo~e ot t!:le receiver as a. :unct:on of 
,1ewtng angle In the bcrl'Zontal and ve:·Ueal 
dl.rect!ons (26 centimeters ot uc wtth • 
ra(tlu., or 3 meters equal 6 degreu), Report 
rel&Uve a~&le or view cu"es a.s required un• der para.graph 6.2. 

1).2.3 Ar.gle of P:-oject1on. Ualng the data. 
ob~ned in a.::cord&nce wtth puagr:iph 6.3.3. 
-=aleUlate the res:,ome of tbe photoel.ctrlc 
deioctor u a. function oC proJeetlon angle 1n 
tl::.1 h-,ttzontal and vertJ.cal dlre.:t1ons. Report 
nlatlve angle ot p:-oJectlon curns &S req\11red 
u:i.c.er p..:agraph 6.2. 

~ '.?.··, C:-.1:~r'.\~!on F.~ror. Usln.: the dah, t:om 

t.:.o~-u :!!t.f:r op,:..:tty n.lue !r .. m the va.lue 
at.1.1t.-n by the me&11urement sp;em :or each 
of t.bo 15 read1ni;s. Calculate the mean and 
95 percent cont!.denee lnterv&l of tbe 1ive di!·. 
fenz:.t "alues at each test 1Uter value accord
tr,i to equitlona 1-1 an<1 1-2. Report tbe 1um 

per-cent confidei;.ee 1nterv&! tc.r ea.CL1 ot the 
three tut ftlte:a. 

9.2.& Zero DrUt. Ualng the zero opacity 
'ftluea measured e'l"ery 2¼ houra during tho 
1lcld test (paragraph 8.2), calculate tbe di!• 
tannec:i between the zero po1nt a.fur clee.a-
1.QJ, ~lfll)U:g, 11.llC: &dJwrtmi!nt. a.11d the z..--:o 

' 'l'lllue 2' boun. Jatff Just pl10r' to cleclDg, 
11.Lli·~J.:li. tw:1d adJu.~nt. C:.i.!.;~ ~ 

=fsll v...:ue ur t.t.- p?lntl! ;ulc! ~h• co::;.Q. 
denct lnt,:-n.l u>!ing oqu1ot1on• 1-l f.lld 1-:1. 
Report tl::.e eu::1 or the r.b6olu:,,, ::-i~an \·1.l.uo 
-.nd t!le e6 percent con~cence IJlt--rve.l. 

9.2.0 CallbratlO!l Drl!t. UilI:.jt :ho ·~ 
value me11.11ured e,·er;r 24. ~oura dur!ng th.a 
nelc\ t.e~t. calc•.11!1.te tba dt!:!er-e..~s ~t-~n 
t.'i.e 11:,::.:i value &fter cl~. e.llgnfo~. M.d 
acj•,;n:ent ot zero :ind sp~:i. 11:.nd t!:.o··c,::,~
Yt.li..o 2t boUJ"II :.ter Jun arte:- cl~, 
ILllgnJ.ng, and &djUstment ot zero t.nd before 
&e1J11.11tmont ot ir,>&n. Calcul&te ~e r»&.11 
valu:, of tbeaa polllta and tho con!ld~nce 
1n.torval u~ e<:\!ationa 1-1 ud 1-2. ~ 
the IUID of the &'bllolute mKn '!alUII tmC:. tl1o 
cont.donee 1ll t-orval. 

9~.7 F~sponse T<..m,.,. Ustng th, cu.ta from 
pa.ns-rapb 8.1, ca.Jeula.te t~e ttil:l& ln~ 
trom Alter l.n.9ert1on to 96 ?~rcen~ of Cle 1ln£. 
at.able value for &ll upset.le and <1o,,,......608.l4 
traver,es. Report the ELu...1 of Cle 10 upsee.l• 
and c1oWll.lC&le tfft t!mes. 

9.2.8 Oper,;J,tlow T~t Period. Durl.T.ii the' 
188-llour opera.ttonal test period, the_00n
rt:1uou., mon1torl:\g syatcm sha.11 not N:_\:ln · 
any correcttve ma.inte:.a.nce, re~1r,.rcpiw
ment, er ad,Justment o~er tba.n that cle.a.:rlr 
apeel1'.ed as required 1n the manU!'~ 
operation &nd m.Jntenance canuals e.s rou
tllle a.c.d '!:tpe<:~ durtn~ a 0Dl4"U~ ?Oticc1. 
U tho conttnuoua mollltor.:ig sys~m ~ C?ff• 
atad wtthm the specl.!1.?d pertor:::u.nce pa
rametera and does :iot req'Clre eorr,,ct.tn 
mainten&.Deo, rep:ur, npleeement, or a:1~,u.i
:nent other than as isp11c1~ al:o-ve durtaf 
the 168-hour tA!!t period, tho o~tt:,::~I 
teat pe:1od shall h&.ve been s-.ieec~;- e::t'.• 
eluded. ?allure o: tt:.a contln'.tot.a :nonlt:it• 
lng ,ystem to mHt theae ~\:tnz:nenta lh.all 
call tor a repe~ltlon oC t~e 11!3-hour t.acn 
period. Portlona of the test.I ~hlch ~re Nt• 
1a!actor1ly completed :ieed x.ot be :•pet,t.td. 
':~i!~~ te :::.~-:-• :.~7 ~!.!~Or'J"!".:l~~ ~")f-~:_ . .;_,. 
t'·:-·:..· :~ r.::J.:l :.~i~ !:-: .. :·:;::::-<:-~ -:~ ·: 2 

Olle-Wff, cpe!'11.:.10nal V-St ~etloc! ~ t!:l&l 
spec!.;l.c ;>ortio:a or Cle tt1-~ rtq\!1:t~ "tlf 
pa:agraph 8 rela~ to d'1mo-:l.ll~ttt.g com
pllance with tbe failed in>ec:ulcat1011.. All 
malr.ten&uee 1.nd ad~uatmonta r~ lt1al1 
be recorded. Output reM11.np sllr.ll bo n• 
corded before &Dd after al! &li)U!S'".i:ntnta. 

10.1 "'EZpel'Unental Statlltlc.,," Dfp&r+..::ICJl\ 
of Commerce. ?;atlonal Bureau o! Stall.~ 
H&ndbook 91, 19~. pp. 3-31, p~,111 
3--3.1.¼. 

10.2 "Pertorm&nee SpecU!cat!ona tar St&•, 
t1onuy-source Mo::i1tor1.ug s;~t.2= :or c,t',lff 
and Vltll>I• ~om," B:l~"l!t.w.l ;."'!-0• 
tecuou AgeDc:y, RNo&n:11 Trir..tl.'1• ~k. 
N.c.. :..:...,_..,_~..;or.--:-;.-::iu, :!Uluuy 1~71. 
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Perfornce Specification 11 Continued 

.-,
C&11brated Ne~trJl Oens1ty filttr Dau 

(See paragraph 8.1.1) 

low Hid Hfgh
Range __i opacity Range _i opacity Range_% opacity 
Span Value_% opacity 

... 

j 

:Date of Test location of Test 

Analyzer Reading 01fferences2 

talfbrated F11ter1 S Op~city : Opacity 

l 

2 

3 

4 -
5 - -
6 

7 

8 

' 10 ,, 
12 

. 
I 

14 

TS 

Mun d1 fference 

~a11brat1on error• Mean 01fference3 + C.t. 

11 Low, ~id or high r~nge 
12calfbration fift.ar opacfty • analyZI'!!" reading 
[Absolute valu~ 

low Hid H1gh 

figure 1-1. Ca1ib;~t1o~ E~ror Test 



Performante Specification l; Continued 

8.1 :2 Spten\ Rupon.se T ..t. Insert tbe 
hli;:ti-r&nge Oltc:- In the transrnaaome!Ar 
pa.th nve time~ a.nd record the time n:qulred 
tor the "Ystem :o respond to 96 pef"Cent or 
nn ,1 ,.,ro Rud hl1,h-ni.r,ge ftlter values. c~ 
Fliute 1-:2.t 

·a 2 Field Test ror Zero Urt!t and Callbn• 
Uen Dr!Ct. rn~tall the continuous monttortne 
!)'!Item on the at!'ec~ raeUlty and per!orm 
tlle following alignments: 

8.2.1 Prellmlnary Alignments. As aoon u 
pc•.s!ble a.tter tn,~atlon and once a. yH.r 
thereatter when the facility Ls not ln oper► 
tton. pertorm the tollowtnc optical and NrO 
a.ltgnmen ts: 

8.2.1.l Optlca.J Al!gn.ment. A!lgn the Ught 
be6m from the transmLssometer upon the cp
t1ca.l sur.s.ces lc,c.et,ed a.cross ~e et!h:e.tlt (1.e~ 
the rett'oQector or pbotodetector u 1.ppllca• 
ble) In a.ccorda.nce with the ma.nufact'Ul'ff'e 
lnAtnlcUons. 

8.2.1.2 Zero Alignment. Aft-er the tranamla
someter ha.s b~en optlca.lly e.Ugned and the 
tn.ruml.s6ometer mounting ts mech&n.tcally 
ata.ble (Le.• no mo"ement ot the mountinf 
due to thermal contl"Ktlon of the suck, 
duct, etc.J and e. c!ea.n stack eondttlon bu 
~n determtned by a. ste&dy zero opa.ctt7 
condltloo.. per!orm the zero &llgnmer!t. This 
alignment Is per!o:-:ned by balancl.ng the eon
ttnuoi.:.. monitr,r s;sum response so t.'l&t &ny 
,1.mulated zero chec,< coln.eides v.·1th 11n a.c
tu&l z.ero cbeck f.~:-torrned a.crON the monl• 
tor pa.tbleng:..'l o! tlle c!ea.n stack. 

8~.1.3 Span. Spllll the COD.t11lUOUS monitor
ing S)'l~m a.t tl::e op&elty spec~ed ln s-ub
pa.rt.a and otl'~t tb.e uro .setting &t leaat 10 
percent or span so that nega.t1ve drUt e&n 'b. 
({Us.ntlflc!~. 

S.2.2. F1na, Alignments. A!hr the prellm1-
nary e.llgnme::its have been completed and the 
&tr~:.ed tacUlty ha.s been st&rted. up &nd 
rc&ches norm!ll c::,era.t1::1g tem;,ersture. re• 
check tt..e op:tca! al!1nment ln accordance 
1111th 8.2.1.1 or this speciAcatloo.. Uthe all.gn• 
ment ha.s !hlfted. res.lt~ the optics. record 
-::::- -:'-:: ...~:-·.:· :~ ".:~~~: .:-. t:.! ::::-:,_r::~y =·.t!=..S::.:";.':'Q. 
~:: ::-::= ..::.-::r!:.: :.~. -_: i:;;.::. i:,~ 2:.·:-!:;·~;.:t:d '::O ~:.:., 
O?)tlcal real:gr,me::it. s.nd notlty the .~dr:lin• 
1atrn.tor. This .::ondlt1on may not. be objec• 
tionable I! the at!ect.td !&elllty operates wlt:li• 
1.11 a fairly constant &nd adequatdy narrow 
r&nge of O;>erating temperatures tb&t dON 
not produce sl~i.t\c:mt shltta ln optlcal 
e!Jgnme~ during normal operation or the 

. '"'::--:·· ·····.-:: : ··:· :~.;.. ... ._.. .. ~-=-:-
lty operations proe1uce liuctuatioo.s In the 
emuent i!\S tempera.ture that result 1n 1lg
n1nc~nt misalignments. the Admlnlstra~r 
ma.y require 1mprovee1 ir.cwittng structurea or 
another locnt,c,n ror ln..t."\ll:ltloa o: the trans• 
mlssometer. 

3.:!.3 Conditioning Period. Atter complet• 
Ing the post-startup alignments, oper:i.:e the 
system !or an :n1::a1 168-hour r:-ondt:ioutng 
perio,,1 In a norr:~111 operat1011al mann.?r. 

8.2.~ Operational T.il!t Period. Alter r=om
pleUnt the con::11:l<min~ period. opera~e the 
•y~tem !or an o.dlilt1ona_l ~68-hour period re-

la.lnll~i •.he zero o!het. ne sys~cr. .11\1.ll mon
•-..or the !ol>Urce emuont a.t a.II '.lmM except 
•.,·her, bell!:_: :·.trr~:J ur l·alt~ratc;.' ·°':, 'l·l•l1-..:-,,r 
lnt()rva.l~ the :rerr, :incl ~pan ~h;i.;l b~ ,h,,~'.<ed 
e.rcornlni; t<l the n\:\11u!11.ct11rrr·~ m~t1"11•;tlons. 
Mlr•tmum prCl<:td'.lre:. useu she.JI prov1,1., a. 
ayster.i ::heck of t:\e a.ne.l;,?er lnternar nurrora 
a.nd all electronic circuitry includlni: the 
:an:p and photoclet.ector it,S.!e:nbly ;tnd smul 
Include a procedure for producing .a.· slmu
la.ted zero opa.clty co:idltion and a. slc1ul11ted 
upscale (span) opsclty condition a.a vlewed 
by the receiver. The :na.nuf&eturer'a written 
lnstructtons may be used provtd!ng that they 
equal or e:ri:ceed these allnl.mum procl'duru. 
Zero a.nd span the tra.c..sml.S50meter. clean Ml 
optic&! surfa.ces expo~d to t.he el1iuent. rea
llz:i optics, and ir.:i.ke an; cecessa::7 a.dJust• 
Dlt!!lt.s to I.be callbre.tton of the system dally. 
These zero and ca.llbra.tlon &dju.stments a.nd 
optical realigruz:.enta a.re &llowed ollly a.t 2-i• 
hour tnterva.la or a.t aucll shorter Intervals a.a 
the 1JUJ1utacturer's -v.Tltten Instructions spec
l!y. Automatic corrections made by t.h ♦ 
~uurement system without operator tnt.r• 
nnt1on t.re t.llowable &t any tlme. The int.I· 
nttude of e.ny zero or •;>&n drl!t a.dju.stmenta 
shall be recorded. During thl.s 168-hout' op
era.ttont.l test period. record the ro1101111r.g at 
2-i-hour lnten-&ls: (a) the zero res.ding a.nil 
ap:in reading-. &!ter the ayst-em Ls c&llbre.ted 
(these rea.dtngs should be set &t the sa.m♦ 
Ya.lue t.t t!l.e l:>egl.r.r.lng ot ea.ch 24-hour ;,.
r1od.) ; (b) the zero re&dlng after eacb. 2"' 
hours o! operation but before cleaning &nc1 
MIJustment; a.n.d (c) the 1i:,a.n reading att.,r 
cle..ntng and zero adjuatment, but betoro 
~ adjustment. {5ee Plgure 1-3.) 

9. Calculattcn, Da.t~ Analysts. and Report• 
Ulg. 

9.1 Procedure ~or Determtnatlon or MNA 
Values and Conftdence Intent.ls. 

9.1.1 The.mean value or the da.ta. set Ls cal• 
cula.ted according to equation 1-1. 

- 1 ~ 
:l:=-~·:t· 

n 7=i · 
1 

Equation 1-1 
where x, = &!:>solute value of the lr.dlvldual 
meas-:ttement.~. 

:!:=sum cf the lndlVldUt.l nlues. 
i:mean vt.lue. a.nd 
n=m.:.mber ot d&ta points• 

9.1.2 The 95 percent cont.dence ::i:er11al 
(t'£·<.'•Sided, ls calcUl&ted t.ccordlng to equa• 
tlor.. t-2: 

wh1-r.-
l:x, =!=tm1 ,·,f :ill ri:lt:i. y,oin~. 
T r..;=t1-a•:!, :11:ci 

C.l.~:;=CJ:", twr(',•nt cnnfidc-nc,. ;utr-rv:~l 
,.,.timatc ,.f tht- :.vcrn,:c me-an 
\'l\lU~. 
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Rule 923: Perfonrance Specification 2 (SG and 2 t~O) 

PERFORM0-TCE SPECIFICATIONS AND SPECIFICATION TES!' 

PRCCEDtJRES FOR KONTIORS OF SQ) :~.!'[) NOx FROM STATIONARY SOURCES 
(4o crn so, Appendix a, July 1, 1976) 

1. Prlnctple and Appllcablllty. 
1.1 ?rlnctple. TA• conc-tntrsr.tlon ot sulrur 

dto:ll.1de or Oll:ldes or nltrofen pollutants 1.0 
•tack emluione la n:euured by a cont1nu-
ouaiy operating emlse1on ~uunmeat • 511
tem. Concurrent r.tn· operatlon ot tb• con-
tl.Cuou.s monltortnr ,ysum. the pollutant 
concentri.tlon.s are aleo measured with nrer· 
ence n:e~hod3 1Ap,;e!:dtx ,\). An aver"i'9 or 
t!le c::::-i::1:uoc.s :n:>::i!tor!n~ system d.at& u 
computed for each reference- method tcsoni 
period •~d compared t.o determ!~e the Nl&-
tl'l"e accuracy ot the continuous mon1torl:.i;: 
S)'ltem. Other tens or tbe continuous mon· 
1tor1ng i:rstem a.re also performed to d4'ter· 
mine ullbracton ~r. C1r1ft, and response 
charact,rlstlcs of the system. 

1.2 AppUeabUlty. Th11 perfonna.nce spec-
!Acatton le ap;:,11-:.s.bla to· eT'llluatlon or con-
ttnuous i:r.onttor1nf n1t.em11 for mea.sur'!roe,1t 
o! nttrogen oxtoes or sult 1.1r !Uox1de ~ol.u-
t&nts. T'~ese i.p~~cat1ona c:0nta1n test pro-
cadures, uist..Uauon requu-ementa, &nd d:.tll. 
COClputat!on p:ocedures :or evalu2.:1ng t?l.o 
aece:::ts.bilit:; cf the cont!nuous ir.o:.ltori~,. 
,y,tez:::.s. ~

2. App••.ncus. 
2.1 Calibra.t.1on OU MlJttu?U. Mixtures ot 

known concentn.:.1ona ot pollut&nt ga.a 1n a 
c11luent gas lb.aJl bo pr&pe.:ed. The pollutant 
CM iha:l he 11ulfur d.1o::z:1de or the approprlcte 
oXldeu) or ll.l~n ,oi~ci.11ed by paragrr.p!I. 
e e.nd t11:l::Jn s::b~t:ta. For aultur dioxide pa 
mi.xtures, ?.he cuuent gas cay be w or ZlitrO• 
c-sn. Pc-r n!tr1c ox.c:e (NOJ ?,!'..I mir..1tts, tl:.e 
c!!lueri.t iu sl:..11 ~ CU}·,;;~n-tru (<l::l ;,p.:) 6
ZUtr~en, &.nd tor ntt.-ogen d!oX!dt (NO,) ~ 
Mixtures the diluent r.u shell be air. Concf'?l• 
~-·.:".':::'.:, :-: ~ :·.:. ~ .•• ·• .. ') - -.:-~ .... ~-; _.-_r ... J 

.,:.;; -.: :.. · ··.I,. ·.-•.;:. i',.•; ,.; 

«):..:J ;:;.~x:-...ire :.s t.:..:..!C: oo ~t a:iel to c~e~k.. ~~ 
~:.n a.r.d 1s re:e:-re<1 :o u tt",e span gas. 

l.!Z Zero Gu. A gu cortUled by the manu-
fac:turer to eon:&1n lesa than 1 ppm ot the 
pollutant gu or amblent alr ma:, be UHd. 

2.S Equipment :Or measurement of the pol• 
1ut:t.nt g&e concentn.tlon u11ng the reterence 
- •··•"'~.. •-v•••_. •- ... a•·-"•~'-••-··-"'·~ 

.... __ .,.._. .,-• .,..;o:c.::. n:.ia;,vs c.:i~r~ r~cc,.:c1t:r 
or other suitable deVice With tnput •olta39 
ranre com:iattble with an&l:rzer s;s~m out
put. The nte0lutlon of the reeorcier's d1,ta 
output shall be su."'Actent to &!low complet.J.on 
of tbe test procedure ■ W1tll1n thla 1pecu1-
catlon. 

2.5 Continuous monttor!n! syst.em for S0 
or NO. ;,ollutanta u appllcable. 

1 

3. Dedn1tlons. 
3.1 Co.,~.::.~ot:s Mo:11:or!r.g Sysum. r.::ie 

tot&J equipment requlttd tor the determina
tion ct a pollutant gu concentration 1n 1, 

10urce ealuent. Co.::ittnuou.a· mo111tor11:.r ns
tenu con.alat o! m.aJor aubr,-atema.., followa: 

3.1.1 Sampllnr I.nwrtaoe. Tha, ·porttoll of 
~:i extractive co11:1nuoua monltwln":i 11,tem 
~t partorms one or more ot the ionowtar 
Oj:)41."Gtl:wu: a-:quisltlon, transportation and 
eoncttionlng ot a sample or tbe aou:oe 'emu
ent or that po::-tlon ot LO LD-eltu contlnuoua 
~:;~~~~~~:~:~ thUlt.t protects • anal:,Nr 

3.1~ Analy~er. That portlon ot the ___ 
t' .......
,n;o•Js monttortng syaum wbt-:h sen.sea thl 

;ioUut:1.nt g.s alld generates a signat outpui 
tl:.a\ 19 a tunciton or the pollutant conc111• 
trat1ou. 

3.1.3 Data B-ecorder. Th11t portion oC th• 
contL"'luous monltorlng system that provldea 
• i:ermsnent record of the output signal m 
terms or con~entr:lt!on untt,. 

3.2 Span. The Talue o! pollutant i::oncen
;t:itton at whlch the conttnuoua monitor• 
-ni system ls ut to produce the-mtX1mUm 
clata CU.play output. The ,pan shall be set 
st the concentration lpecltled 1D each ll• 
et~:e aubpart app 

· · 
3.3 Accuney {Rel:1t1vc1. Tht '1egtt• of 

correctc.e!" w1:h v.-!llch the cc.,nt1nuoua 
monitoring ~y:.:.em Jlelds the ;&iue or C:16 
concentratton of a ~nmple relative w the 
V:.ll:1 glven by a. detio~ rderence m£thod. 
Thla accuracy 1.5 expressed tn terms of erTOr, 
which IS the dUl'erence between the pau-.ed. 
e:.,ncent:atton measurements expressed u a 
i::ercen~e ot t~e mean reference vah:e. 

3.t C&ltbratlon Error. The CWference ~
tween the pollutant concentration tncU• 
cated by :he contlnuous mon!te!'lng synem 
and the itnown concentratlon ot the c.t 
cu mixture. 

~.!: Z..'?:-~ D·~!!t. T~ie t:~Ar.t.'e, -=~~ !n :11~ :on~LTlU• 
--•~ _._,.,..:.:-:~;.: • ._:.;:~=-~ ..:,-_;: c•;~,: 

c.: 
)i, ~: •• ~..:.:i 

r..i: • ..:'ri. •l=:.-! u: .:.o:~..,l cc:-.:!:::..!Wi..l c;:>e:~• 
~~on 'll"be!1 the ;>ollut2.=.t ccncentratloo ac 
the ttm• tor tile mea.surements la zero. 

3.IS CaUbratton Drttt. The ch•nge ln tbe 
continuous monltor~ 1ystem output OTff 
a. 1t&ted time pertod ot normal conttnuoua 
operations when the pollutant concentra· 
Uen at the tlrr.e ot the met.Surement3 ls the 
-~-"" •· -• "'•l -. _ ..... - . -· •· 

3.T Respon.H T1m1. Tbe ume tntt"al
from a 1tep cht.nre t::1 pollutant concena-a
Uon a.t the lnput to the con:iJ:luous mol11•
torlna system to the t1me at wblch 95 Pff•
cent of the cornspondlnc ilnal •alue ia
na.cbed u displayed 011 the conttnuoua 
moottGrtng syue::n da.t& recorder. 

3.8 c=;,erattonal ?erlod. A m1:11mum period 
of time over which a measurement sy ■ t.em 
1S ~:x;>ec:.?d to o;;er3.:..e -;s.~:h!!l eer:.:iin ~•r
tonn&nce apec14cat1ons Ylthout v.mcbed• 
Ultd mamtena.nce, re~. or MlJuatmmt.. 
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Perfonna.,,"'lce Specificc>,tion 2; Continued 

3.9 Strattt\c•tlon. A condlUon ldeatl.l1ed 
by & dltrerenC41 10 exc~ o! 10 p<trcent be
t~ the 11.verag-, con~ntrat1on In thtt duct 
or s:&ck i;.nd t~e concentra.tlon at any point 
moA than 1.0 meter Crom the duct or stack 
wall. 

"· Installa.tlon 3pecl..'icstloM. Polle.ts.it 
conunuoua monltorln;r s:;stema 1801 and 
NO.) shall be ln!ltalllMi at a sampling loet.
i10n where mea&urementa can be m&cle ,1:hlch 
u,, dlrecUy representative 1-1.t). or which 
CW\ be eo'""cted ao as to be represe::itatlve 
(4'.2) of the tot&l emJ.sslona from the a:rected 
taclllty. Contormance w!th this requirement 
eb&U be accomplished as follows: 

-1.1 :!Jr.uent ;t~es may be assumlMi to be 
oonstratlAed If a S!'.mpllng locat:On elgh: or 
rcore stack dia.n:eter-3 ceqU!\·alent :Hamer;ers) 
downs:ream cc any atr ln-lealtage II se
lectad. Tllts a.s.,ui:r.ptlon :md data correction 
procedures under paragraph 4.2.1 may not 
be applied to sampling location., up.,trea.m 
ot c.n r.lr prehe:iter In a. steo.m geuerat!.ng 
!acmtv under Subp:irt D of th!.~ pa.rt. For 
sa.mpling loc:i.tt,:ins whe:-e effluent ga.'lell :ire 
either demonstr:ited 14.3) or msy be ~..s
sumed to be noclltratU1ed (eight diameters I. 
& point (extractive systems) or psth r In-situ 
systems) of average concentn.tton i:nay be 
monitored.

4.:l Fo:- Sl:::lpl!ng locattom ,rher,, effluent 
gi..ses ca::=.o~ be ~ur.::.~ to be n.;natratl• 
~e<l (le..a tha.:i o!ght d.l.ame~ral or h&ve bee::i 
ahown unc!:ir par~pb. -i.3 t.> be strat~ed. 
resulta ohtatned zr.113; t6 coilalS~ntly repre
Nnt&tlvo (t.g. & point ot aver~o concec.tru
Uo:c. may eh1.rt with loa.::1 changes) er tho 
data reneT'!',ted b:, aampll.llg at a point (e:::
t.r&c:u·o s:n~) or~ a path (In-situ 
1rswma) r.::.wi. l:>e correct.xi (4:U a.nd ,.2.2) 
eo u to he n:,reoentattve ot th• total e:r:l.!I• 
etO!la trom !he a.::!octed te.cU1ty. Con!of':l
anc.a w-ttb thia requ:nment may t.e &CCOm• 
pUJ.hod tn e!tii.er of the tol!owmg wara: 

t.2.1 I!:!!'t.al.19.~on ot ,. diluent conttnuou1 

·- -·----·· ··-
~~.lip.a 4.::! o: i;:r.-~:·-:"ctt 5;;:,c:!;1ca:::on 
3 o: u.a ..p~nc(!.L !.! U.e pollutant im-:t 
diluent monitoring ar1:ema are not ot the 
e&me ~ (boUl enn.c:uve or both 1n-c1tu), 
~ ntracUn 11mm mun ua a multtpomt
probe. . 

4..2.2 I:.utt.llat.lon ot n~t1Te pollutc.ni 
roonttortn? eys-;ew..s w.tn;, mult1poL"lt a&m• 
pt:.::u; probl:-S or 10-,:tu pollut&.:lt :noo..lt.ol'Uli,: 
1,}r(,Cm!I Ul!i.i =:rile or 'tlCW am1.c.lilcr.a w!llch 
a.ro con.al&tently ~p!'ffentaU~ ot the COtAl 
em!Mlon.s tor the ent!n croq aeetlcn. The 
.-\dm{nilltrator mi,y require daU. ~ be aub
:nlt~d t.o de:no::.:1trate tlla, tho_ em1sslon.t 
allotOpled or '.ewed IU'e cozulaten.tly repre
a...::::.ta.t1ve to, se·,l•r:il typical !ac~:r p~OOOG9 
cpent1ng condition.a. 

-'-3 The ow::ier or operator may pe~orm & 
tr11nrH to cbr.n.c~rtze any ,tn.t1e.c1ot1on ot 
etluent gUN t.iat ~ht ewt 1Il a. sh.ck or 
duct. If no atrarutcsuon ii ~:. ~pUDc 
proc.ed'W'M un.:lar ~ (1.1 m.a.7 be op
pUsd •NII ~'\::lb the •l.131' dL&m.tu c.rttan& 
u not ~t. 

-:..., ~.te.n s~:-le i:-01:i.1 um;:,1~ probM tcr 
e:tiJ'll.ctive ,,...t~ a.:e uawled wlt!l1n Coe 
~ or duct unr:er p~bs ,.1 and 4.:.U, 
~ u.mpla may not la utrae~d at any point 
lQIII thAC 1.0 cet« trom U:.e l=ck or d~ 
msll. MulUpol.:lt -ampll.Jl.g probU 1.utailN 
Ullc1er p&r1!-e,'•npll 4.!J.:2 ma.y be loca.t-ed n uir 
p;:,!n~ neeess::i..7 to obt&ln oonallwntl:, "9-
ruentatlve aa:nplM. 

~- C.o:tinuous Mcnlton.ng System Per
torma.nce Sp,ecU!ca.Uona. 

The contllluC!l!!I monltor'..ng-~ llhall 
:neet tho pe:tornunce rpecl!lcatlont 1l1 T&ble 
2-1 to ~ co.iuiciel'94 ~ta..>lt ~er thll 

. 8. Pcr.ormt.::ct. S~c~ca.t".on TNt ~ 
dure.s. 'l'.C.I :o!lOY.lli :.-s: !):'O.:cdUNS d1a.il be 
l.tOe<1 to dete=.:no cocto.-m&nce W1tll th4I 
J"XIUlren:.c::ita or pararraph &. 1'or' 1ro. &11.• 
a:.lyzers th~t oxtdl%• :iltr1c oxtdo (:iO) U) 
z:ut:oren dto:rtde (~01), the reaponae time 
to.t und!lr panguph 8.3 or th1s method &htJl 
I¼ ~rtor:ned UEtCE nltrtc o:dd& {~0) ~ 
g;.a. Ot?ier ies:a for NO. con~1nuous :non1:a-
l!lg ~teCI.I under paragnph.a 8.1 a.nd G.!J an4 
all ter..s for 1ultur <11ox1de ayatena ahall be 
p,;,r!ormed \!aln~ t!lit polluu.nt 1-ps.n gu ~ 
cUled t,y ucb subpart. 

8.1 C&ltbrat1on l:m:,r Te.-t Proca::h1N. &I 
~?'? s::-.d e"l..l!~!'~-~.st th~ e~x~l~te ccntt~tl4:9:JI 

i.,;,..::.-..:.r:t .; v.r.;;.en 1r..struc:;c,01. "rnu: ?:iav be 
nc~:pl!~e<l either 1n the l&boratory er m 
the t1eld. -

0.1.l Ca.llhr&t1OD Gu AD&l7MI, Tr1pl1c:ate 
&na.!7M1 ot ~ pa m.1ztuNI lhaU be pc'• 
formed 11'1ttltn two weea pncr to UH u.wig 
Jleterance Metb.odl e tar so, uct 'I' tor HO.. 

':&.'IUIU: 2-L--rW']~>.-...li~ 11,r;i.-.,..:a..0-11.1 
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An&lyH ¢ach ~O::ntlon ~ 'C11:rttln ,eo~. 
CJ%) &nd rec;;otd ~3 rc,:.-nl:a on th• o::r:ur..plA 
lho.t &hown In ~.~uro 'l--1. l::&ch umple t!.;;i 
~ult muat be w!l.!l'1:1 ::o porce,u at ille 1.vu• 
~9d result or t.h.:> tt-·r..; shall be ~ated. 
Tl"..!1 atep mt.y ao c.:::i::-~d tor con-ext:r&et1W 
morutors wne:e dynaO!e ~Ubntton ru m1X• 
t-..u-e.s r.re not uud (d.1.!11. 

G.1.~ Ca.l1b:ratlon Zr:ror TMt Proce<l.m-.. 
Ms.ke a total of 115 none.onaec-.itl'Ytt meuUN• 
mente by a.lternt.~ly wl.cg zero gt.a IIJld oeh 
e~bre.tloo ga.s lll1:tture concentrat1:,n (e.g.• 
0%, 60%, 0%, 90%, C.0%, 90%, &0~, 0~, 
eco.). For :aonextractlve co:c.Unuous monitor• 
1nz ayste.'D.S, this test procedure may be per• 
fo:-med by u~lng t;o;o ::: core eal1bratlon r..s 
ceU.s ;,,h~ eonc~ntrr.t!on.s r.re cert1Ced by 
the mi:nu:actur~: ~" '!::t :i.::ict!cca!lv ec_.i!T3• 
lent to tlleae g&a CODCtDtl'attoca. Convert Uie 
con~lnuous monltort::ig gysu,m output read• 
tng1 to ppm LOd record the resulta on ~• 
nunple abNt a:io'IIIU 1n Pl(ure 2-:i. 

11.2 ?.old Teat tor J-.=rse1 (~lat1Ttl, 
Z.ro OrU\, &.nd Cr.llbl'l\Uozl Dn.fi. I=tall &Ad 
opcut4 the contl.nuow n:ollltonnf 171wm sn 
aec.,:G1.nco w1tb. t:t:.• zrunw::cturerii ll'T1tton 
lnnructlcns and d.:&·»1~s a.a tollowt: 

6.:il.l O:,ndlt.lo~:c.g Per1cx1. OJ:~e~ tho :ero 
eettlng at lout 10 r.uc~nt o! t:ie aplLll 10 
t.h&t negative zero c1rift e&n be quantUiod. 
O;>ora.u t!2.e a;-ite:n tor an UUtltJ 1'3-bour 
co::-tili:o:::.!.::.g r,eno<i 1n normal opcn.t1D( 
JXl.'Ul.De?. 

6.:J.2 Opi-r;.t10.:a1 T·:!St PeriOd. Operato tb.41 
COlltlnUOlll t:lOn.ltor1ng ,yaum tor a.n 14d1• 
t!on&I 1ea-bour i:,ertod ntll.ln!llr ~ zero 
o!fr.et. The 1,mm shil.ll monitor t.be 10u.--=
et11.uent at '11 t1mN euiept wben ~ 
a:oec1, calll;ra~. or oe.e=purged. · 

C~.!1.1 rt:il<l Trst. re:- Ae::=c1 (~attn). 
Por continuous mon1te:r!ll.3' 1yswms eir.plcy• 
1:1g n:tn.ctlve u.mplm;, the probe Up ta:~ 
oont!.I.UOW tr.Olllt.;i."l!lg !ljne:::i a.o.d \.!:.~ pr.:;!:A 
tip !or tho Rl!teN:.Dc& :.ict!lod ~l1n:: ~ 
lhoultl be placed at &dJ~nt. locations 1n t.be 
~": :--:. ••

1 ~1" :~0- ,: :';~ ~'.:.;',.! :,u~ ~~:!!:c:t:·:"? r:"1• 
• , •. • J ' ; 

p.!.!:.!'~tie n!E:-e~~ :r,et.bCC.. :.;o more :.t.s..n o~.a 
Kt. cf wt.a, con.aaung ot throe 1na1vid.U&l 
meuurem.enta, al:l.a.11 be pertormed 1n 1.1:.Y 
one hour. All 1nd1v1dual mea.surementa ol 
each eet lhall be perlormed concurrent11, 
or wttbtn • thNe-m.lnute 1ntan&l and ·t.h•
,.....,_~!~ averaced. ~r SO. cont.1.nuous mon!• 

;euur~~-;;·~i-t.ll;~ppll~ble :e:ere:lCO 
mot.bod. No more t.b&.n. one measurement. 
abAll be penormed 1l1 &nY one liour. Rec0!'d 
~• re-!erenee method test data and the con• 
liauoW1 mollitoring •rstem concent:rat!01i11 
OD t.b.e Hample d&ta lheet lho'IIIU 1n F!.iUZ'W 
i-.s. 

6.:u~ P1eld Ten tc: Zero D:1tt ~n.d C:.U• 
bn.tlon Drift. For- extractive systems. detar• 
-•-~ •~• -v:'l,ju- • -•··"'-.. c- -:-- s-.., _..._,.,,, ~--..s
;;uu~t oonc~~nt~i:i~n.i .;·;;,o:-h~~·;:~-
T&la untU 16 1eta <if cl.At& &re obt&!ned. 'P'~ 
11011ext:act!vo meuurement s,stem.. t.h~ :zero 
9 t.lU6 t!:l&J' be dotarmbed by cecht.n!c&.111 
produei:ll a ret"O ~<i.ltion that rrovl.clu a 

IJl~m ch~i: ot tb• uu.l)"!:er lnttr'llAl .::.trron 
1.11d Ill "1"'"--trc.n1.c ctrcU:.t."7 uicl udir.« tl:.e 
raclla.t!on ~ou.rce a.nd detector e.&~mblJ' or 
by werttng thr-911 or mor-e cr.Ubrt.t!on 1fM 
c.11.s &nd com;:>ut!n.lJ the zero ;:<>Int from tbe 
UJ)SCL!e mea.:iuremonts. I! thu la.tter tech• 
~u:;ue 11 ll.!6d. a gnpb(a) mu::t be ret&1DAld 
b,. the owner or op~r&t.ol' tor ea.c:l:i moMUN• 
a:.e11t s:;~tem that ahova t.l:.o rel11.ti~;uh1p_ t:14• 
tween tht upsca.le meuurementa t.nd ~• 
·e:-? polnt. Tbe span of tile system ll:le.ll be 
r!le.:i:ed by us1ng a callbratlo:i gaa cell cer
~IC.Ni by tba :nanuracturer to be tunctloa• 
s.Uy eqU1valent to 50 percent ot spt.n coneen
•·t.t1on. P.ecord t.he zero and aplln mea.eUff
~ents (or the computed zero drttt) on tbct 
"'tinple da.t:i. elleet sbown 1n rJJrure 2-4. 
:~e two-nour perloda over which mea.sun• 
~ents a.re conducted need not be conaecuUN 
~ut may not onrl&o. All r.1et.1~ment.a n• 
quired under t.b.1a p&rt.gt"t.ph m,.y be COD• 

clueted concurnnt 'lnth teata \md.v pva
gniph 8.!1.!J.l. 

6.!l.2.3 Adjustment.a. Zero r.nd ca.llbr&~1on 
oorrect.1ons uid adJustmenu are allowed only 
at 24-hou: tnunals or at eucb ~ortu ln• 
tervals as the ms.nuraeturer's written JD• 
nruct1on.s s;x:ctfy. Automatic- cot'ntt1om 
m&d.o by t.he meuw-ement 113t.em wttboUI 
Oi)erato:r lnt.enfntlon or ln1t!at1on &re allo,• 
ab:;,a at t,ny tl.L~e. Ouru:.g tbe ent1re 168-bOUl" 
q.;era.;!o:...i tc.s;, per.o(i, rt-co:d on tb.e OX• 
&Qplo sll~et t.hown 1n rtrJ?e 2~ Cle values 
'1-ron by zero &r.d. apa.n gM pollut&nt coa• 
~utn.ticn., ~tore Nld. &tter sdJu.atment. a, 
~hour 1n!.UT&la. 

S.3 !'1vl<1 Tc~ :or Besponat 'I'tme. 
f.3.l &:o~ or Tl'lt. U.se tho 11nttre oonttnu• 

ow .nont~rt::.g .s711t.e:n u l.'ll.3t.l.led, ineiud!:.; 
~ple tr~p;:,z,; llne$ 1t .:!~. :!"low nte11. 
line d1smet.as, pu:npmr rau.a, pruaures (do 
~ &l!ow ~e prcau:l.:ed call?lration g:1.11 to 
cb=ae the normr.1 o;x,~cnc pressure 1:1 tAe 
umple l1ue), etc., l!:.all b.t 1.t th• nom!ml 
v-Jues fer nor::::isl Oc-tr:ltlen z.s .spt~ed tn 

;...:..• -:.:.~... .: ...· !.i ~=-·:i :~ .;;.:.:..;..~ ;:.:.;;r• :.:::.:..=.. c..:..> 
poliutant rource rr.acll:), re~n.t. tbi.l t6at. for 
Moeb u.mpling polllt. 

8.3.2 Re.spon.se Time Test Procedure. Ill• 
troduce zuo ru 1:lto the con-tu:.uous mon.1• 
tortng sr1tem sampll.ng 1:lter!ace or u cloN 
~ the 1ampl1ng Interface as poulble. Whezi 
,.. ·-· •·- '"'••"-•~• ~••'"''-- \.. ... •••';•••-•A• 

aw"'ltch qu1c:.iy tO a lUlown concentra.,10:i oi 
pollutant. pa. Record the ume from concen• 
tratlon nrttchl.ng to 95 percent of llnal st.&lli. 
raponse. For non-utract:n montiora, tbe 
hl;heet avallable callbratton gaa conce.11cr.
t1on sball be switched Into uid out of tb• 
1ample path and ~nse runes recorded. 
Per:torm this tut ~uence three (3) wnc.. 
Racord tbe results of each test. OD tbe 
~-nple .:;n,i:~ ahown I.::. l'~:ue :.~. 

7. C&lcul&tlons, Oat& Analysb a.nd Report
~. 

7.1 Procodun for dei.rm1nt.tl0n of m-.n 
v&lues uid confidence ID~. 
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PerfoITM.nce Snec.ification 2, Con,!inued 

7.1.1 Th• m•iui •&lu• of & d&ta Mt la 
Cl&.10ulai.d accordlzir to ~uauon :.-1. 

1 n 
i-•- >; 111 

n i=i Equation 2-1 
where: 

x1= absolute va.lue ot the mee.suttments, 
!:=aum ot the Lndlvldual nlues, 
x=me&n value, and 
n=number or data po1llb. 

7.1.2 The 95 percent conlidence tnt.!:lrv&l 
(two•slded I Ls ca.lculated &ee0rdlllg to equa• 
tlon 2-2: 

C.I.,.=-+"' · v'nCI:xi2)-(l:x;)2 

nvn-1 
Equation 2-2 

"'·her": 
l:x, ..:,mm or 1111 d:1t:1 pninh, 
t ...n==t 1--,2/~, ai,cJ 

C.l.w .-.!}.; pc·rcc·ut c,•nf.d.,nce illtl•r\·:i.1 
L-..Lim:ltu of the :n·er;:.ge menu 
,·~\lue. · 

Values !or '.975 
D •.m 
2•••••••••••••••• 12.706 
:i•••••••••••••••• ..30.1 

3.. 1:l.2•················6•••••••••••••••• 2. ... 
II --••••-----••• 2.5,1 
7._••••••••••••• 2.W 
&•••••••••••••••• !!.W 
9•••••••••••••••• 2.30& 
10••••••••••••••• 2.M! 
11 •••••••• ····- t.225 
12••••••.••••.••• i. 2111 . 
13 ••••••••••••••• 2.1~ 
14••••••••••••••• 2.1111) 

2.lUlb•• ·-••--··•• 1U11a•••••·-···-·· 
The v&lue3 1D th!.s table are already cor

rected tor n-1 degreH ot !reedom. use n 
equal to the number of samples u data 
po!nts. 

- l"""' .: .... -..•"',;:-;,c ~--,-41 f•:.,:.c.-••--. 

7.2.l .•.cc:..:: .. cy .~c,..u·,e.•·. :o~ e;.c;l ot t!le 
ntne re!ere::ce ~et!lod test point& determine 
the average :,oUctant concentrauon reported 
by the continuous monitoring qstem. These 
&verage concentrations ahall be determined 
from the contlnuoua monitoring svstem data 
ttc:0rded under 7.2.2 by lntegra::tng or :iver
~n~ the pollutant concentntlons ovt:-r each 

. -· - ..... 
reference metb~ t;~~u6 periOd. B~fore pro
ceeding to the next step, determlne the b&a11 
(wet or drYJ ot the contlnuo\11 monttortng 
•:rstem data an:l reference method test dt.ta 
concentra.ttons. If the bases as. not con• 
llatent, apply 11, moisture correction to either 
retere11ce method concentratlom or the eon• 
tlnuous mor.1tor1ng s;.s.tem concentrat10D!I 
u appropriate. Determine the correction 
!actcr b~: ::ic~~-:".l~e ~eists eo:1~c.:-reint ~th ~~~ 
reference method test1.llg per!od5. Repon the 
mo11ture te1t metbod e.nd the COIT1!Ctlon pro
cedure employed. For each o: U:.e ntne test 
runs determt:ie th• dUference for each tat 
run by aubtracUcg the :-especave :eterence 
method. teat concentr&t!on.s i_use arerace ot 

e&t'h set or three meuurt'mena for NO.J 
frol'l the rontLnuouo monitoring •YH&m lnt4• 
rrat.ed or a.v.-rai;;eu conc-entr'.\tlon,. Uatnr 
thun dl\tll.. ,·rmrntte the me'\n d1:rer-,•1ce G.nd 
the 9~ perceat coun..t,nce lntorvul o: tt·.e di!• 
torer1ce~ lt'quattont. :l-1 a:1<1 2-21·. Accuracy 
11 reported LS the sum uC tho e.baolute vtJut 
ot the me::111 dl!Ic~ence and the 95 percent 
conndence Interval of the dl~ences eit• 
preued as a perce!l.tl\ge or the me11n reCer• 
ence method value. Use t.b.e exam.pie sheet 
1.how:::i. tn Figure 2-3. 

7.2.2 Callbratlo:i !:rror. Ostng the ~ta 
from p:i.ragnph 6.1, !Ubtract the meuured 
pollutant. concentntton detormlnf'd under 
p,u-:1graph 6.1.l (F!gure :?"-1) !roru the value 
shown by the contlr.uow monttortn; system 
tor each of the ove re&dtngs at ez.ch con-

centration mes.,ured under 15.1.2 (P1gure ~2). 
Calculat.e the mun ot the5e dtlterence values 
and the 95 percent cont,dence tntf'r\"al.S ac• 
cordlnp: to equ:ittllM 2-1 e.nd 2-2. Report the 
calibration err,,r rthe sum ot the ab50lute 
1'&1Ue ot the mean dl!ference and the 95 per
c.nt. confidence Interval, as a percentage or 
•ch respective c&Ubratlon gas concentn
UOn. Use ezample sheet sllown.l!l l"~re 1-::Z. 

7.2.3 Zero Drift !2•hour). Ostng tbe zero 
concentration values meuurect each two 
bouni durt:lg the Oeld test, ca.lculat.e the cUr• 
ferences between cor.Jecuttve two-bour raici
ui._, expres&ed In s:,pm. C:llc'l!late ~• mean 
cWference and the conoaen~ tn~rTAJ ~ll.i 
equ.atton:i :-1 and 2-2. P~port the r:aro drut 
u the aum ot the &baolute z:iean v&luet a.Dd 
UM contldence Interval u a percent.&is ot 
ape.n. ON example abut ihO'lfD !.n P'lgun 
M. 

7.:u Zero Drttt (2(..howi.·t1&1.ng the uro 
CODCennatton val-iaa meuured every ~ 
boun durtng tbe Qe?d test, ca.lcUlate the d1t• 
n-nnces between the ~ point. atur ~ 
adjustment anli the zero 'f&iue ~ lloun later 
Juai prtor to :uro adJu.t:cen~ Ca1C\lla~ u,e 
mean value of th,;.:,e :>oll:ts ar.d t?le coll.!-

... t:-.·::-·-1 •. ::·;: ~·"::·.::.·.. -:_; ~:-1 !!::! 2-J. 
-· __ .::-: ::• .: .:.;::J _:_: ; :.:...: .::.·..:.:...1 :.! ~:, ..:.:.::.:,
luu n:ea.r. and cc::!lder..:e :.nurval) u a p,tr• 
u:itage o! a~n. use uample theet shown lll 
Plrure 2-6. 

7.2.5 Calibration Drttt (2-b.ourJ. O&lDC 
tlle c&UbraUon values obtaJned at two-hour 
lllte"&la durtng the ft.eld test, c&lcula.te ~ 
dUl'erences between (:OllJS8CUttn two•hour 

.. ~ .. ., --:--.. ·. -:·-·•-~-
WM>ulc1 be correcr.ed tor uie corre.,ponc1u1r 
zero d.-ttt dunn, that two•hour perloc1. ca.1-
culate the i:r.nn a.ud ocnli-,f:nce lnte"al ot 
tbtee corrected dtrieren.ce values u.~ng equa
tions 2-1 a.nd 2-2. Do not 1iae the o.u:rerenc• 
bet111'ffa. non-con11ecutlve resd.lnp. BAporl 
the calibration drt!t .., the IUlll or the aoso-
11,lt~ z..ea:i an:l con!\d~nce 1ntf'rv5l a, a ;,er• 
centage or apan. t7H the example lheet shova 
1n 1'1~ :14. 

1~.d C.ulbrauon Drltt (~-hour). u.ina 
the callbrailon 1'alues measured e-nry '6 
hours durtng the !'.elc1 tNt, calculate Cle dlt
tHences bet.c-eeu the cal1bn.t1on conceni.-a
tlon rM<11ni; a.tter nro and C&libr&t!-:1:1 ad
Ju=o.i,. and tAe C&ILbrauou conc=nuauoa 
rea41.ntr 24' houn l.&ter a.tter aro adJ~t. 

i 
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Perfor?n9.nce Specificetion 2, Conti~ued 

\nn btifore callbntlon t.dju..t.-:nent. C&le11la.t. 
tl::.e ir.san vt.lue ot t::.~e• c~:~roi:ic« &n<.l t.l:le 

•conl1dence tntunl uslni ~qua.tloru 2-1 a.nd 
2-2. Report the callbucton arltt ( the aun:i ot 
the &bsolute meG.n l\nc1 cont1dence tnterv•ll 
u a. perce:::it4t:e or ~,>!.n. Ceo the enmple 
1h11t shown tn F!eure 2-6. 

7.2.7 P..c~ponse Time. UaL'lg the cbana 
from puagnph 6.3. cnlculate :be- time Inter
,.,., Crom concentra.tlon s•1111tchlng to 115 per
cent to the nna.l nable v1Llue tor t,11 up.set.It 
a.n<1 downsca.le tests. Repor. the mea.n ot the 
tfiNe upsc11\e test tlm~s 1Lr.d the mean of tbt 
three c1own~cale teat times. The two aver• 
11ge tln::n 1bould not dllhr by more tha.11 15 
percent o! the ~ower t:me. aeport the slower 
time &a the $vs.em res.,orue tl.lne. U,;e the ex
.i:nple sheet ·sho111;n in Pl 6 ure ~-

7.2.8 Operat1ona1 Test Period. Dunne the 
168-hour pedc,rm&.nce a.nci operational u&, 
perlOd, the cont111uous monltorii:.g s;a:em 
ahall not requtre a.ny correctl~e ma1nten&nce, 
rep&Jr. repla.eeme:it. er Adjustment other u:IQD 
tb&t clearly spec!.-,ed u requ1re<1 In :.he o,p
era.tlon and mainieD.&Dce mAnuaa u rouu.oe 
&ed. expected dur1n;r A one-we-ek pertod. U 
~e cont1nuous mo:n.ltorl.:lg aystem operate. 
wt thll1 the specl.!.e::1 ~rlcn:unce ;,a.ra:nctera 
&nd dOH not reqUire corrective miJnieJaDce, 
n-p,wr, repl&C6ment or ac:,u.stme::a. ctt.ar t?1An 
u ,~c~ed :1.bove C:W'1I:g the 1c&-hour ~ 
:p,::rlcd, ti:.e o.i)':lr&tloccl pe:lcd .;1a t.J s~c=-a
!ullJ" oonclt..4&4. ?allure o! the cont1::u:0u.a 
montCCrl.Jli 1ysu,m '° meet tills reqwreme1n 
ab.al.1 cLil 1oT .. repet!t1on o: the lU-hour te~ 
µr'.od. Porttoi:ui o! tllci tut which we:e aatl.l• 
tM:".crUJ completed. :aed r.ot be repe&ted. 
Pallure to meet any periormanct epeei11oa• 
u=s !hall call to, a r~~.ttlon ot the oll.t'
weex per!ormiwce us; ~riod e.nd tha: PQ:"• 
tton ot the uatl.ng wlllc.b t.s related co th• 
r~ed spec1Ae&t1on. All mr.Ultenance &11<1 ad• 
Ju:,tmenta Hq~ sl.!.11 be ?9C0rded. OUt• 
p\.-.. T'Kdbg1 shall be recorded before anct 
l.tttr all M1Jusiment&. 

:. -- . -~ :- ~ : .. : ~.. 

:..!ti.iu.:e:r..e-n: cl .::;~·u..r l:'"6ijXl~& u1 ~:a:t!Q:>.Z...7 
Sourco :.:m!s.uor.s," E:1rt.-c.=en tJ.1 ?rotec:1::n 
Apnq, R.uMrch Tr1All.gie Park. N.C~ Jl'9b-
fUH'7 19TS. . 

8.2 "Inatrument:itton tor tbe Oel.ennina• 
non o! N1trog,m Oxides C'lnten; ot StaUon
aey Source Emlssioru." .Environmental Pro-

. . . ... . . .. . ........... ... .:. .......... ·~---- ..... ···-··o·" ·- ............... 
Volume l. APTD-0847. October 1971; Vol
ume 2. APTD-o942, Jacua.ry 11112. 

8.3 "Ell:per1ment&l St&tlatlca," Dep&rtmelllt 
of Commerce, H&.ndboolt 91, 1983, pp. 1-31, 
p&n,fJ'&ph.13-3.U. 

8.• "Performance S~t1'.cat1ons tor Sta
U:>::i:uy-Souree ~o:::i.!~rlDJ Systems !or 0:..--ff 
&Dd V.lslble Em.w!ons," EnYtrorimental Pro

. !":.-:~t,:-••'t~~. Rt...~~r.:'l Tl"::!~>t PL.""'.£, N.C~ 
):?A~/~7*-013, J&lllUa.rJ' lt'r•. .... . . 
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C4libration r,u 
Concentrat1on.oom 

Heasurerr.en_t_ Sys tet'I 
Re~d1na. ODtll D1fferences, 1 

r>~ , 
2 
3 

4 

5 
6 

7 

a 

' -
10 

-
11 
12 

13 

14 

15 

Hid H19'1 

:-wan difference - -
Confidence interval + +-~e!n D1fference2 + C.I. 
Calibration error• Average Cal1br~tion Gas Concentration x lOO_s __J 

'•calibration gas co~centr1tion • ~2asurement syste.~ reading
2Absolute value 

◄ 

Perforrrance Specification 2~ Continued 

Calibrltion Gas ~•ixture Data (From Figure 2-l) 

Hid (SO~) __ypm High (90%) __ppm . 

.. 
F19Yrt 2-2. ~lfbr1t1on Error Ottenain&tfon 
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Zero Orfft • [Mean Zero Drift* + C.I. (Zero) ) 

• [Instrument SpanJ x 100- • . 
Calibration Drift• [Hean Span Or1ft* + C. I. (Span) 

t [Instrument SpanJ x 100 • . 
• ~.bsolute value 

Figure 2-5. Zaro and Cll1bration Drift (24-t.our) 

O.ste Zero Span Ca 11brat1on 
and Ztro Or1ft Rcadin9 Drift 
Time Reading {t.Zcro) (After zero a~justment) (ASptn) 

l 

Due of Test ______ 

Span Gu Concentratfon ____,JPPll 

Analyzer Span Setting PIB 

Vpsc:ale Z --~seconds 
, ____seconds 

AYfl"lfe upscale resi,ome _____seconds 

1 ---~seconds 

Downscale Z seconds 

3 seconds 

Av.rag, dcwnsc1le response _seconds 

Sy$tm .average resf,('nse t11:W! (slo.er tf•) • ----'seconds. 

vfetlon fl"Offl slower • [!veraoe lltlSca1e minus averaoe downscalel 
systt111 •verage respcnse L slo«er t;11e j Ji: lOO: • -·
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Rule 924: Perforrna.nce Specification 3 (CO, and 0 ) 2 

PERFORMANCE SPECIFICATimrs AND SPECIFICA'I'IG~J TEST PROci:'.Jl..'RES 
FOR MONI'IDRS OF CO2 Ai'ID 02 fR0?-1 STATIONA_"R.Y SOURCES 

(40 CFR 60, Ap~ndix B, .July 1, 1976) 

1. Pn:ier,l}1 t.l!d /o.pplleaoblllty. 
1.1 ~~e. Et:1·o.1ent psoe a.re C011'tl.t1r\l• 

oua.ly n.m;>led a.nd are e.nAlyud tor ca:bon 
~Ide or o:y(;en by • c:oni.uiuou1 monitor-
1.Df ,y~m. Testa O! the sy:st.,m a.n, portonr.14 
during • minimum oper&t.1nc period to d•ter• 
mine aero drttt, ca.11bratlon cirite. l.lld "· 
rpon.ae t.tme ChlU'!.CUrt.rt1ca. 

1.2 Ap?llcablllty. This pmon:i&nce speei
de-tlcn ts !!::?i!-c~b:e to evi.11.::&tlon of eon
t1nuowa mou,-.or~-g s,atema tor c:iu.s\.U'ement 
ot C&rt)on dioxide or oxygen. Thes. specltica• 
tSoes eontalll te.r: prcce-dures, 1%1.Stall9.tlon re
qvtrementa, and dAt.A computa.tton proce
dU."09 for evaJuat;.;:;1: t.he accep~l:llllty or th• 
co::itlnuoua con1tor1ng a7$tems subject to 
r.:,:,~ova.1 b; tn,1 J,c!:::-,11>:~rato:. ea.n:;>Ung 
may include either extraoUve or non-extr&e• 
tl•e (ln-ntu) procedurea. 

t. Appa.ratua. 
2.1 Continuous !.lonttorlng Syatem tor 

Cvt>on Dtolt1de or oxnen. 
2.2 C&l1bnt.t1-on Ou MlxtUTN, Mixture ot 

known c:.,ncu.tra.tloI:B or c&rbon d1ox1d-a or 
~X)':Je::i In n!t~c:;eo. or &Ir. ~!!d.::.n:e r.nd 90 
percent ot sp-...n cr.rbon dioxide or oxygen 
concent.ra.tlona r.re requ1nd. The 90 ~rcec.'t 
o! ~-ll i!'U m!X'WN 1• t10 be U&ed to se~ &lld 
ch~ the a.nr.:vz,r s0an an<1 ls re-terred w 
., &.;>&n ps. Por ,~;-gen ana.ly.zera. 1f tbe 
~ lii lllfl'ber t':tln 21 :pen,,,nt 0 1, ambient 
~ ::u.y :,., u.."'0-d l:i ;:-:i.ea 0: tl:le 90 percen't d 
~Q. c.11.brt.Uon ~ %1:inure. Tri;;Uca.i. 
~rs- of the r-es mlltwre Iexcept ambient 
r..ir) s.hi.ll be per:crroed 11'1t!un t.wo Wffk■ 
prlor t.o uae u.a-:~ ne:arence Method S ol 
~pa.rt. 

. 2.3 Z,:ro ~~- A ~.!S eontair.!!l~ lt!ell U!.&ll JOO 

:;. •.:, :... ... :. ..·.. -. ... c:...: ::. r...:..a..c:; .:.:..&:-; rccvi:1:r 
ar othGr 111.11t.3.b:~ device '71th 1n-;xii; volage 
range compatible With an&lyzer system oui
pui. The resolution of Che recorder's da.'ta 
outpll't AhaJl be auoetent. to allow completton 
ot the -teat pl"OC\1d,n·1:1 wtUu.n th1a apeci.dca
UOn. 

3.1 Conunuoua Monlt.ortng System. The 
toce.l equipment requll'ed tor tbe c1etermtna.
\.k>Q ot carbon d1ox1de or o,;ygen J.n 1, glnn 
IOW'Ce em.uent. The 1)'Stem conststa o! thre1 
maJor subtratema; 

3.1.1 S&mpl1ng In~rface. Tha.t portion of 
"th• continuous monltonng system that per
forms one or more or tbe tolloWing opera
tlom: del!nntlon. a.cqulstt!on. trar,s.iorta
\lon. 1.llQ concut1o:ilng ol & cam;>ie ot t.b.e 
'80\lrce effluent or :;notectton or the a.nalyzer 
trocn t.be boatUe up«i& ot. the sample or 
,ourca envtronmen't. 

3.1.2 ~1:.lyur. Tb.At ~rtton or 'tbe oon• 
t1nuou.a mont".or1ng ~e-m ,-:udl Af.~S t,be 
pouuu::.t. su a.nd s:inc.ratc.a a ~ output 
cu.t 1.11 a tun~1on or tlle p.>UutAJlt. conun• 
tnr.'-'011,

3.1.3 De.ta Recorder. Ttlt.t port!on ol t.he 
conwiu-oua .l:lOllito~ r;yste:n that p?09ldU 
• p?rmscent re,oord ot ~!le output 11cna.l 1A 
UT~~ coi::.t'ent:·:::1= u=-i:a. 

J.': E~. 711• n.tue ~ o=ysen or c:art:otl c11• 
o:.u.:.o con.cei:::t:"r.t'.c.n i.t. -:;·.;:J(:;l ~e con t'..nt:.u-ila 
monl"..orl.ng syat.0m 11 ~t tha.\ prc<1Uce3 tbe 
~u.;).l d&U. d!;:yt.y OU":j)U't. l"or t.ll• pur
;x,::a ot thl.11 method, tho ~ ~ bt ut 
no l.!.."'3 than 1.6 to ~..5 t:naJ th• ncmnst car• 
t>on ~kl.x!de or no~ o~:n oonc-e:itntlOD 
I.e. Ce r,J.C!t SU ot ~- f..:!OCW<1 ff.C'.llty.

a.3 ?.1.ldra.n;e. ne Tal ue a: omen or m.r• 
boi:. l!!ox1M oonee::i~r~tton that ls reQ.!eist'n-.&• 
ttve or ~he normal eoi::.cm:on.a 1n ti:e r~ 
r» of the a.11:ected f&C111 ":7 at tJ'P:'CGL ~•I• 
me re.tea. -

1u Zero DrU't. The ch-ance lll tb• coa.t1D• 
UOU!I r::ion1toring cyr~m out9ut ONIC' • r.aud 
p:;ii;d c;: t1rae or ::l.c.;-=.:..1 r.ontizn:.ou:s ~ 
t.1::!I. •..b~ll the C1Lr'oon dl~d6 Ol o...-men co:i• 
o::ntra.tion at the tlme tor U:i.• ~e:r,,antz 
I.I =o. 

3.6 C~lbn.t!on Dr1tt. The ch~ l1l 1::15 
e:mtillUOWI momtortng ayltem output Oftl' • 
l'teted time period of norm.a.1 contmuom c,p
en.Uon ,:;,bee. the carlxJ:i d.loi:!de c:r o~..:ll 
coi:.ti:luous ::no'llito~ i:~t.6.n !s meNUl'tn3 
ihe eoncent:rat1on of rp.n pa. 

s.e epers.t1one.r Tc:st ~od. A mmlmum 
pmo<1 of tui:e ovor w~eh t.hll ccmt:n~ 
mooltonng SJIUm 11 Ui)e,,"'ted. to ~ 
~•~:i ceTUlll ,.,e:-:or.:::,..I:ee Gl)('JC!.t!~em 

~,--.,...:. .. ~;.. •I 

S.'7 P~o?!.&I tt:ne. Tlle tl:ne lntarv& L~ 
• mp cha.nge ln concentrs.t1ou •t tl1e IJ11)al 
to the c,ontinU0\18 monitonnC ~ to the 
~• t.\ which H percent of Ui• conNPOG4• 
1z1-i ~ul n.:ue 11 dllptayed on th• oonttD.lJOUI 
monltortDg 1~m data recorder. 

- •• - -- • .1 ........ ~""':. 

0%;gell or ca.roo::i. "w;i; ... ., c.;a.-..nuowi ~ 
ltonng l}'ltemll 1l:1a.ll be mst.a.1led r.t a ~ 
~ where meuuremen~ an C!JreCtlf npro
r..n:Ot1Ye of the t.otLl emu,nt tram ~ 
&ftcted tr.clllty or repre'Jent.&tiff of tJ» GA:. 
ef!Uent aa.mpled bf a 801 or NO. concmuca 
monltor1ng system. 'Iba requlre:::u:nt ~ 
~ compiled wtth bf ~ of &991~!.6 ,..,. 
ct1:tlremente U1 Per1onn1once ~ 2 CJ! 
;....g l.,)i)cll<llJC U t.:.,,i.;;;,3: 

~l I.Ilat&ll&t1on Of <>,;nen or Carbon Dl• 
ol:1de ConU.nuoua !.!onltCTU!g 8rwt,ems Roc 
tilled to Con•ert Pollutent r-&t&. A umplln; 
locat:.On eha.11 be se!eet.oc1 11: e.coon1a.neo -m~ 
the procedures u:::i.cer p&rf.iT&;::h.l '6.2.l or 
4:J.!I, or Pfftonna:!c» ap.e1tlC.tlOG J ol t!IJa 
~S)P9Dd.t:L 

( 
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Perfor.!Il3.nce Soecification 3, Continued 

(.2 Iz:.:iu..ll~tlcn of Ory1.H1 or Cabon DI• 
,. ox.Id• Coot.:..::i1.:ou.. >,:onJ.tol".n'.!' S:,sums ONd 

to C-:>nven Pouu:...nt C<>ctl:i.uou., Moc.1t.or1ll; 
Sr,s-~m ~t..,, to Un.lb ot .".p;-llc.'\bl• St.a.nd
ud-1. The dlluent co::it'.:::iuou.s mor.:to::-1~ 1:;s
t&.:11 (oxygm or c.,..-bon <l.JoX!i::>) &b.&ll be J.n• 
•~ &t a. C.&:Opl1Di; loellt!o:::1 whore me&.1U.~ 
mont., the.t cc.n be .:r.:.do :uo re:iruienbt1T• oi. 
tho effluent 11u~ elll::lpled by· th1I poUuto.n.'i 
COZl.tl.nUOW .::00::lltoriDi; 1:;st-am(1). contorm
r.nc,a wtth this rt-qul.N::o.ent. ~y be aoeom
~ed 1n r.ny ot the toUo'!'/1ng w&ya: 

~-1 The umpl1ng looa.tlO?l tor t.h• <W.ucit 
l}'9tem ahall be neu the tc.:::lpll!l.g loea-.::1oa 1.1% 
e.& polluant oont1nuou.e con1t.:a1~g m~ 
n'.cil ~t Ule ume &ps,ro:r:1."'ll&ta pc!nt(a) 
(;:"..:l!.C;!ve s:_rsui.ma) or :r-t.!l (:.:i-..1.~ll ~ 
1'::.I) 1n th• C'0U Metlon la ~led er~. 

U .!l Tho dlh!ent 1.nd pollutant con=.nuoaa 
moaltonn: i::-noau ms:r be Ul.lbJ.lo4 at 4.lt• 
~t locat1oD.I 1t tt.e ~uent i;:-;.u.a &t boc.b 
s:::m,;,llr.c locattoll.l are no!l.lltrr.tl.d.ed u dtt=lr• 
~ WlC:.er p.lU'&(Z'&pila 4.1 or ~. :>.utc.--::.• 
a.:ite Sr,~~::i~on ::i er tll11 c;,s>U!:U ~d 
t::.:JN b .llO ln-~ ~u:-nn1 bl!~esn :.:. 
two l&!Ilpl!.tl;; 1oc.a.ttons. I! t?le <it!nent tr'~ 
Ult ~,.-:.:..11,d at e1~sr loc-t!o:i.. ~e prcco
dUNII under par&gnph 4.:2~, nirl~ 
&~cation 2 of tha •PJ:~~ ~ N U:.ed 
tc.: U!..;:...fil::: ~r.ttlu.i·.:.:; t::.:)!l!tc.7..n:J ~ 
~l\~•;l=~c~. • 

t. C.:nttnuo..:s !!~t.or~ s,.,...em Pffform• 
r.!lOt Epec<.il.::.i.uou. 

T'.:e ccnti:1uou. ir.o!.!t.:nt.11 11,-it.&m aball 
t!llUi the pertonna.:,,::c, i.;>ectde&t!oua m Ta..~ 
;;..1 to !>,a eona.lt!end ~pu.:ii. 1mdw Ul1I 
O!'~od. 

C. i'fflcn.:a.:2c• S;,ecUlct.t:Oll T&d :nco.
d~ 

':'?1,e followU!.i test procedure.a ah~ be ua4 
to l!.:"'..er.nine cc:::.ronr.r:cao -;rt:.l:1 C:.e reqm.....,_ 
a:.c..lUS o! ps.:11gnph ,. Due to~ Vld.e va.na
tion e.:.!.sttng ln ~&11%41' d::-.i!s=,a and pr1nel
; 1,., ~~ :'!':~~t~~:-.• t.~~•~ ~-:--,.. '1U!'~l !t~ :'.~ 

..... .:. ...... :-i ~~·--.:.~:..:.._:, ----- .... .; .,J ·;.:.:,.j, .. _.,. 
pa•c,~ ot t:'.le A::U:.~!:"r.:0-:, C&T 'b9 e.cl.• 
plo;-...<1. Ally auch aJu.,rn11t1ve pZ'OC6<1un,1 m'l:.""C 
~l the l&me P'l.l.Z'p08ea ('Ycri.ty NlrpODN, 
Q'Ut, &lld aceur&cy) e.s the tollaw11lf proce
dUNII, &nd must clesr1y d!mor:.etn.te caa• 
fOTm::&Dce w1th r,>eeHlcattona 1n Tlt.ble S-L 

6.1 Ca.Jlbratton C'llec!t. Drtabl~b a esllbra• 
- . ... 

r.;.::tem using zero, m1<1N:i~ t.nd aplJl COD• 
=-Dvat1on ps m1%tu.res. Vertty ths.t tbe N• 
1ult.:r.nt eune of a.n&lyzor reac11ng compa.red
mth tbe es..ltbr&tton caw n.lue Is con.statftlt 
•Uh the expected respcnse eurTO u deecr1bed 
b;r '2le e.ll&lynr manufactunr. If the u
peot.e<1 rest>Om-e cur,e ts not !)?'Odueed. &dcll• 
ti~ ca.Ubrat1on gas me&11uremeuta mall 
~ m &de, or &dd.1ttot:al II tet,s Wldertakm to 
Ttnt1 ~ accuracy ot the l"Ct.~ c:1D"ft ot 
tti.. analyar. 

II 

II 
I, 

II 

e.~ 1'!-!ld Teat for Zorc Dr1tt IUl.d ci,u. 
brii.fon OrUt. Inst:iU •~ oporat4 1;t:e con
t!.nuol.ll monltorL"'lS cya~w 1D aecol'd&Dce 
-.rt\th tbe manU!J.cturor·a written tnatructtona 
ana draw11l~ e.s tollon: 

TABLE 3-1.-Per/ormance 1pedflea.tknu 

~ s~i... 

<a.• pee 01 er COa.t. Zero drtft (2 b.) '·-······· <CU p,;t 01 or COt:L.Zffll cir.ft C:4 t.l '········· 
i, Cailb~dOD drift (2 b) 1•• <0.4 po; 01 at COt
(. C:ill'c~COD dnfi CU b) '• ~.u ~ O,or C.:Ot
a.. (!?·..ra:!:Il.tlJ ?:.nod........ fta b mimmll= 
~ ;..aspcDN r.:.:w•••••••• -• 10J:UD. 

J :l!Jl)rWled u sum c.l al»olute ic.NA Tab pa SI DUC 
ecll~deoct lf\t.a?TM ct • ei:'.c:11 oC Cal:.&. 

8.2.1 Ooad1t1onln: Period. OffM't t~ ..-o 
~ .t lou~ 10 pore.mt ot epan ao ~ 
Dtl:J•ti'Yt aero d:".n lllAY be qu.m~od. CZ)C'
~ tJ1e OOllt!DUOUl :::Oll.1~ Cji:r.Jl UW" 
e,,,D, 1l:.ltl~ le:l•hour c:>ndlt!CID!r.i p,,rl~ la a 
t:2Z;lAl op,!n.~or.o.1 ::u.=m-. 

0 

G!:.2. epen:!.oiw Tost l'Uio4. ~~-~ 
CCDtuiuow mon1~:1Di a,-.tem tor· a.:i -441· 
~ 1~-hour ~riod maJ.n~ the asro 
c~ The n-stom ~ ~tor t.ne eo~ 
.:.::cent' c.t r.ll t!=ie-:s ,e:("~?e w!;.cn ~ 
uroed, cs.U?>rated. or !l~p~:1. 

U.S P1old T'!ct tor Zero Drttt anc10&1~ 
~ LTUt. Do:cr:nlne th!' valUN give. ~ 
rue and m111railie i;u eonc.enuat1on., &i ~ 
:bo\t.r L'llterT&a untU 16 Mt& d. ~ U'I olt
tG!.n~ l"or .11.0n-er..r-a.cttn COAt1Jluous ~z.1-
\.:."1:i a7&.ta~. c!c~o tbe !?t:o nuuo 
5lffn bf a. tl:l.tc!lr.nlC:JJly pro4ucod i.ero o:m
c:!~n or by eom,utUli th• uro ~uo from 
t.:;:;c&::1 ::iea.ru.--ements ~ ca.ll:)n:.:..d ~ 
~ «:rttl1&d b ... t?le ma.nwa.e't\lnr. n, m;d
~~e cb.~cl:.s ;l:!!.11 be perfor:net\ by tu:1:MJ 
:. .:.-..:..-;. : -- ::.: ..:o. :.J -... :~~ :-...-.::.:.-~_., 
• .;..,:,._.,;_::; ...; ;,_., ...:....:.i wiJ ;.:~;:.~ ,.:.• ;-l., 

~~rd t.bew rU('..lll.~f on tbt ex.;.::ip-le ~ 
mown in ll'!iure a-1. Tl:leM nro-hour ~ 
II.Nd not !)e eonNCuttvo but m&f :not O'PGd.ap. 
ID...Stu C01 or 0 1 a.nalJ"ZffS whlch ~~ 
1!tted wttb & ca.llbn.tton pa cell Daf ~ oc.ll• 
bnl.ted by &ltern&tln prooadW"OI aco.p~.··-•-·-----~-~- -r~ .. _"'! ':',., ...,_w,,., 
c...,-:,,c:;1,0.o,s r.llQ A'-JUl..?l:WilU ..rt ~-..-....L 

only a.t 2-l-hour tnterv&Ls or a.t 1uch c.onw 
lnt.en&la u the =ubetunr's mtten m
structtom IIPeclfy. Autona.t1e corr9CtloDa 
mad• bf the eonrtnuous mollltorl'llf 1J1M1D 
Vithout open.tor l.ntenent1on or 1nlt1l.tloll 
w-e &llowa.ble a.t any t1me. DurUl; the e.11• 
tire 168-bour te1~ ptri0<1. recorct the Yalu. 
gt-Yen by zero and spt.n pa eonc.entrulom 
.,.,;ore ~ &ti.# i...:Justi:x...··:n a.i ;.;.i,-,i;;,oia 1:l• 
t«'t'aJa 1n t?l9 eu.mplft ~mown m ~ 
3-2. 

.. 

i 



--------------------------------

-----------------------------

I 
Perfo:'!!Bnce' S-i:,ecification 3, Continued 

S.3 Fl:!ld ·re.st ro? :Re?ponN Tl.me. 
11.3.t Sen~ o! Tf';t. 
Thi., ~st 6ba..l be licro:opll.!lled using the 

cont!DUOUI mo::iltor!n;;;: ~:)'11tem u l:iat.All?d, 
1ncluc11na a.ample tnr..s;,,ort il:iea 1f u,cd. 
1'!0W r&tell, l!lle 111:..ott.er.s, pu::npl:::! rt.~ 
preMure, (do not allo":7 tile prr-esurl..:.ed cl.11-
b:Atlon g&a to cn&r,.ge the normsl operLt.~ 

, pressure in t~a £al:lpie 11:le), e:c_. ~,.;: be 
at tbt noml.:aJ n.Jues tor normal opentlon. 
w o~c~e.:1 Ul tho mati.ut&eturer'• nltt4n 
u:.r..."1.!cttorui. u tbo ant.1:,-,;ar 1a u.eed to eacplo 
mo~ thAD one eource (at=.ck). th1a tut uall 
ba r-ep,4&t41d tor each oc.mpllng pomt.. 

IS.3~ R.oapoll.M Tl.me Te4t Procedure. 
I:ltrodu~ zero c--...s 1:lt.o tee contu:uoua 

c.oru t..."1'1n.e:: "71tcm l!'a:x:.-91 lllr; 1:1tutaoe or .., 
~'."M to ~• &.:.mpil.zl$ 1.l:l.toDrt&.ee u ~ble. 
Wl:.6n t.h• -,r.e::n outp~ l'MC11::1g hu •t&l:Jt-
11.:i:Kt, cnrtt.eh q\!!ekl7 to t. known OODoe:ltn.
tloc ot gu r.t PO pvoent o! ~ aaoord Uie 
Urao from co:ieontn.tton lnlit~~ to ~ 
pa,:ont ot 11.:ul 11"..:.ble ~ .A.'"ur the 
q.u.c reapoll.De .t.8ol •~l.llzoc at Ul.e up])ll" 
l~l. ~ qU!c?-J7 to a_ ~:o ;:i.a. ~c:-..-d 
~I) tl..::!le trom OODc.:n:ra.Uoc r..1:ChlD!'; ~ 06 
;:Mr.:~nt ot !l.llll ;;-tlcla r~nr.oe. Alttrna
Unly, tOi" nor.uhct:1-ve cor.~uou. mot:.1~-
1.nc l!ySteDl.S, th:, h!g!leat r.ullu,1• ca!lbnr.Uon 
ti:.s oonccntrlltlon ahtJ1 be r.nt.chccl 1:1~ t\.:3d 
ou4. c: ~o !::1mpl, p.:.Q ~d r:~ll!.! t!:t• 
.l'C'C-QNM1. Pertorm ~ ust 11equenc. t.ti.n. 
(3) t!meis. 'Y'or Mell U&t, NOOrd ca ruw.u 
c;ii tile data. llluet ~:>vn 1n F1tun 3-S. 

'i. c.-.icu1&t1om, Dt.t& .Anal,aia. Ul.d llepor,t
tq.

•u Procodun tor c!11~t1on of mae..o. 
Tnlues All~ oociid'J:::I.CO !:ltc?'l'W. 

'1.1.1 Th• mos.n value o! • data Ht la cal
aullltcd aocor~ng to c~ua~on S-L 

1 11 

i--~x1 
n ~-1 ~~~:tio'1 3-1 

r 1=ab~luu ~&lue of th, -:n.ouurement.11,, 
%=£um ot the lnd.1Y1dwll ftlues, 
i=me&n Y&lue, and 
n=number of dat& polnta. 

'1.2.1 The 96 percent con1ldence tntenal 
(t,ro-a1de<1) 11 calculated accordmg to eqU&-

C.I.w - - -~ ✓n ( l:xs') - ( l:x,)1 

nvn-1 
Eq11&tion 3-2 

-r.ic,re: 
IX= sum of all data potnta, 

•.97:i=t,-11:2, &.nd 

I 
C.I._=95 percent cor.fidence lDtwv&l ea

;un....,a n! t.::ie .. nn.:...., n:esn ,..;uc. 

If :f 

Vciluu /or •.,15 
D 1 .'176 

12.10e 
2 -------------------------------- 4.303 
3 -------------------------------- 3. 182 
4 --.---------------------------_- 2.77CS' 2.11'11. 2."4'1' ------------------------------+ 2.005.------------------------------- 2.306. 2.ffl 

10 ----------~-------------------- 2.228 
11 ------------------------------12 2.201 

2. 179 
13 --------------------------------
14 2.lCO 
16 2. U.5 

2.lal
16 --------------------------
-n,e n.Jue.s 1.11 tht1 table &re aln&dy corrected 
tcr n-1 t~ of f?"ffdo:n. "Cu n equal to 
tiw number of aamples &a d&t& pol.Dta., 

'1.2 I>t.t& An&i~1.s a.nd Re;)ortlng. 
'1.2.1 Zero Drtft (2-t:.our}. "il'41.r.g ~e rit!O 

OQ!lcentratton Y&lues ::x:.euured each nro 
l:loun dur1ng t.'le ~eld tert, c;.lcule.te ~ dit
fuencK between the coxu.ecu.ive two-hour 
rudlnga expreaaed In ppm. C&lcul&te the 
me&n dUterence &nd tbe cont1deDce Lr.t4"&1 
U!!;:;°g equ.~ICIDS 3-1 cid :1-3. Rtcord the ac.m 
of the r.b5olute mea.n ?A!ue !.nd the corul
dmce lnterral on tbe data sbeet a.b.o-wn m 
l"1g'ure3-l. 

'1..2.2 Zero Drtft (24-hour}. Us1Dlf the :-..ro 
co11centrat1on Y&luee meUUJ"ed every M 
Jloun du:I.Dg the field test, calcula.te tl:I• dll
terences bet';l"eetl the :.ero pc:.oe after zaro 
&4jwtment and tbe zero vslue 24 houra 
later Jwt prior to uro at:Justment. Cr.lculate 
the mean T&lue of th- polnta and tl:le con
Adence lnterr&l us!ni; eq:i.at10:::1.s 3-1 &.nd 3-2. 
P.ec:ord the u:o dn!t (the aum or the &b
aolute mean and com!dence ILterv&l) on tb1 

cau:..,;a,:!.~n -;~ues otta.1:eci r.t. t·i,.c--hcur ln• 
t.:n-a~ during tile 1i.elc1 test, ca.lculate th1 
cWferencu between conaecutlu two-hour 
l'Ndings expressed &IS ppm. These YalUH 
lhoald be CO??eCted tor the correspond1nr 
zero drfn d~ that two-hour per1od. Cal• 
c:ulate the ~e&n and con.fdence lntet"T&l of 

.. - -· ··• .:...;._- -- _..;; ~-•..:i ~.;.:..-
tSom S-1 and 3-2. Do not use the dUterences 
between non-consec:utl're read1ngs. ReCOl'd 
the sum of t.be absolute mean and con1l
deuce lnte"&l upon the data meet shown 
lnJl'lrure3-l. 

1.2.4 C&libntlon Orm (24-hour). t11lI1g the 
calibration va.tues m~ured •~erv 24 t:.oun 
dur11lc "ine lleld test. c&lcUlt.te ·th• dl!fer
eaces betw~n the eallbrat1on concentration 
rcl\d!:-.6 .a.::ei- u:o ..nd c.1.a;,u,t:on a..:1Ju.st• 
D:Mtnt a.nd the calibration con~ntr-&tlon read-
1.ng 2-l hours later &tter zero ac;ustment but 
l'4fon call~r&Uon &d,U.tz:e:it. C&leul&te tt.e 
mnn l'alue ot ih- <IJ!fen11.cea a.nd t.he COD
Aduoe 1ni.a"L1 uaui: eqU&J..10lJ.I ~1 AC4 =-a. 
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Perforrr..ance .Specification 3, Continued 

Eu----O?'d the rum ot th• ab6otute me&.n t.lld 
=!!deoco 1nterv&l o.c. the "t.a. sheet a!l.own 
 1n Pi:un 3--2. 

'f~.6 Operatlon&l Ten Pmod. Durtng ~ 
lM-hour ~rforma.oce i.nd cpcrr.t10!:.lll ~ 
period, the cont1ouo.i., monlto?'in,r sy-&t6%D 
abllJl not receive r.ny correet1Te maintenance, 
N!)2'1r, replacement, or adju.st.i::i.ect ot.::i.i
~ tbat cloarly IIJ)6C1Aed u ~ulr9d 1n tb!t 
m&11U!actur11r·• written opentlon wid mAl.:J• 
i-nco m&:1u&le u routine l!Qd e%1)ectc-d 
during a one-week period. U the CClllt:nuouo 
monltorlnb syatom c~.aratea wtthln the a;:,eet
~~ perlormacce pa::-a~wra anti dOd ■ not H• 
~u.tr. c-?rrectlve m&lnteni:.nce, ~pair, repla.oe
a:Ant or o.dJwtment o:.he.r t!:.!:.n u ll)OC!.:!ed 
above du:1::.£: Cle lt:3-ho..:.r t~st per~. t::.& 
oporattonal peMod wUl be aucceutully ocn
clU4ed. !"allure of the eontinuoua mocJtom1 
•Tit.em to m-e-et th1.s reGUlrement ab&ll ~ 
tM a repetition of tbe 16S hour toet period. 
Portlom ot t.'le ter. whlell were aatts::aet-Ortly 
completed ne~d not ~ repeated. :Pailuro to 
mee-t a.ny pe:-!orma..oce ::;pec~~t!ons llhA1l 
call tor & repetition o! the on!!-weelc perform
&n~ '6at ~no,! t.lld that por-Jon of the test.
~ which ls related to e. tcJl.cl QecUica-

, 
' '

.., 

.. 

tlon. All =lnten=ce and adjl:.lit:nonta rw
qu.lNd &hall ~ recorded. Output N:lldin~ 
&ll&ll be reco.--ded be~ &nd arter &ll &d• 
Justmenta'. 

7.2.6 Ec!pO~ T1me. UIIUli the 11:l.ttl dvftl• 
oped under p~b 6.3, calculate t.bl. tlJ:l.e 
Interval t?om concentration IW1tellinf to " 
;,crcent to the llnal st&ble Tt.11..e tor~~
scale and downscale teats. Report tbe mean ot 
tbe thrH upscale to.st tun~ ~d tho moail at 
the tbree dowo.scale test times. The two ••• 
•r&ie timH ,llould :iot d1l!er by more ~ 
16 percent ot the slower tm1e. Re'P()n Qe 
a!OW'er 'tlitie as the •~ respotllle t.lmll. n.
ooni the n.sulta on l"tgure 3-3. 

I. Re!erenc~. 
IU ":i:',:!or=nce Spect.fcat1ons tar ~ 

tionary e.ourc:o Mon1tor1n.1J Sy,tems tor GUCII 
IILlld Vl.31ble Emts.slon.s," Eilvtroo.mental lf'r'O
teet1on Agency, Researc?:I Trt&ngle Park, K.O,. 
EPA-&o/2-74-013, Januuy 197'. 

8.2 "Experimental St&ttatlcs,H ~•rtmlnt 
of Commerce, Nt.t!.onal Bureau ot St&?l4&rda 
R&ndbook 91, 1963, pp. 3-31, panrrapm' 
3-3.U. 
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Perfomv.n~ Srecification 3, Conti.1ued 

Date Zero Span C1l1brat1on 
!Ind Zero !)rift Readfnci Drift 
Time Reading (e.Zcro) (After zero adJustmen!) (~Span) 

. 
--· 

-

7ero Or1ft ■ (Me.in Zero urift• + C.I • (Zero) J 
• . 

C&l1bration Drift• (Mean Span Ortft~ + C.I • (Span) ] 

• . 
* Absolute value 

Figure 3-2. Zero and Cc11brat1on Or1ft (ZC•hour) 
, 

--------01~ of Test 

____ ppmAnalyzer Span Setting 

1. ____ seconds 

Upscale z. ____ second$ 

... ____ ••n,;,;..;........ l 

Average upscale response ____ seconds 

1. ____ seconds 

2. ____seconds 

:?. ____ se::::.n~s 

Average downsc.ale res~nse seconds 
I ----

ystem avere~e response time (slower ti~~)• -----"'s~con~s 

J.a'l-cf,c,t fr0111 slo,1er ave race uosca1 e 111ir.us ~ve:-ac:e c!o:(nsca1 e 
yste.-n average response • slower t1:rn! x lOC! 
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OAQPS GUIOEUNE SERIES 

The guidehnot series of re:,or:1 ,s being ,ssued bv lhe Ofhce of Air Ou1li1v Plano,ng ,nd Standards ,OAOPS) to 
pr0111de ,nformat,on to s111e and local air polluuon cnnirot ageoc,es; for uample. 10 provode gu,oarw:e on th~ 
,cqu,s,1,on and processing o1,., quahty da11 and on the plann,ng and analysis requisite ft-r the ma1nrc.,ar:cc o: air 
qualily. n11purts pubhstled 1n th•s ~•mes w,H be available • IS supplies p,,rm11 • from the Library Se,v,cel 011,cc 
jM0-351, U.S Env,ronmental Protecuon Agency. Research lr,anglo P;,rlo., tlorth C.1rohna 2 771 I. or. •or ~ norn,nal 
feo. from the Nat1on11 Technical Information Servl('e, 5285 Port Royal Road. Sprm11f1t-ld. 'J.rg,no.1 2'161 
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Preface 

In late 1976 tt became clear from needs expressed by the States and 
EPA Regional Offices, by many tndustrtes and trade associations and by
deliberations of Congress th3t greater consistency In the u~e of air 
quality lllOdels ts nttded. Consistency Is required ,o that ~Ir pollutl?n
control agencies, Indus try ar.:I the genera1 pub lie have a C\XllllOII basis 
for estlNting pollutant concentrations, assessing control H:-at~gies
and specifying emtsston ltmtts. 

To meet this need, EPA undertook a series of steps that would lead 
to a widely reviewed gutde on the use of air quality models. After 
tntttal opinions fr011 EPA's Regional Offices were received, the Office 
of Atr Quality Planning and Standaras prepared a draft guide. This. . . . ...... 

...... 
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Rule 931, Continued 

91.., :,~ ..-as submf tted for crf tica I rev1e-,, to a c 11rerence of srcc, , 11s ts.
Tf. .. 1ndf vf 1ua1 conferees were wfde ly reco;nfzr experts f n thr .: ·•11 op
l'lC• r ind use of air quality models. Based on ~e Judgments an: ·.ugges
t_L • of th'! conferees, t11: guide was revfsed nd presented for 1•.1b1fc 
er .•1nt at meetings•• in Atl1nt1, Chicago, Di Jer, New. York a;·' .;an 
F, ..-.:fsco. These meet1n7~ were attended by l .1roximately SOC , :>re
s, '.Jtfves of control agE<,1des, industry, en·, :-orvnental group· . •1d the 
s~· r,tlffc Cl)mlunlty. ·Thc~e attendees submit :d extlnstve or;,I -ind 
w· •.:en co:rr..'.?nts .which wEre eval:.iatl!d and cor. idered in tflti (,,. 1,,.ration 
c, ~hfs g1J.fde. 

During the development of the guide, the Clean Atr Act f, .. .rdrnents 
of i'j77 were sfgned tnto law. These Amendmer, ; required EPA 1-., conduct 
a ,,.,nference on Afr Quality Hodeltng*""' with .,~c1al atter.tln., •liven t:, 
ff:• .. ls applicable to prc·,.:ntlon of sfgnfffcap deterioration. i,1at 
C·. ;(!rence was held- in Washington, O. C. on [ :eROer 14-15, 1.- . , with 
t1: ''Interim Gufdelfne on Afr Quality Models" (October, 1977! · ,·-vfng as 
t:. focal point. The toriference was attende•: ;,y over JOO fn,: .. I l1J11ls 
wi ·, similar backgrounds ond Interests to th, _. who particfi:i) : fn the 
fl•. 3 previous meetings. ,\ verb~tim transcrfp of the procr.c,1i, ;•; was 
m.•·.;;ta1ned a•,d written co,rnentl were accepted Those c0111renl .,,,d 
So :~sticns w~re con~fder~d fn thfs revision ., the gufde. 

The C:lran Afr Act Am.:ndmMts also requfr ,J the pr0111ulga! i :, of 
,., ,Jatfons which specify air qu,,llty 11odels ,J be used In an, i)~es 
r-·, 

 
tlnent to p.rventlon of significant deteri ration. The guk· fs · 

1., : ,,cJed by re rerence t n ~O CfR 52. 21 regu 1aI ons concernt ng , i '"I ficant 
c:,. •. dorat1on. The models dfs.:ussed here are those recommm•:.: l for use 
in ~so analyses. 

Due to the continuing development of a,, Je variety of air quality 
r.,.. :~ls and numerous gaps In our abflfty to si ulate atmospheri( dfsper
sL.1 processes, EPA plans to review and updal thfs 9ulde per i, llcally,
lP,\ is aho actively pursuing mech1nhms by·. •fch (1) the tr.c:i,111<:11 
co:: :mity can take an active role in such re·, iews Ind upd'ltc; , •d (2) a
1-1,·.::- ral"':Jt' of models, 1ncludh1g those devel:. -:?d by group:; ot.. r than 
c,- ·• 

 
can b'! incorporated. EPA and othE:r !}rot. s within tht> t,.. i deal 

r.t,· ·•Jnfty hav'! ongoing progr11ms in the areas ,f complex tErr.,1,,, long

 
r---1'1e tr11nsport, fugitive dust, turbulence cl .racterfzatfon, .11/l 111odel 
v,; 1 ldatlon/fn:proveffll!nt, It ts anticipated ti t within about J:: 1rq_nths
011: nuts i.hfch have practical .:ippllcations w1: I have resulted 1·1 ,;,n these 
v,.. ic,us programs. Thus EPA upects that fur· .er rev1s1on tc Li is gufde
will lie n1>proprfate at that t1me. In the fu1 re, ft appears t: ·l reviews
ar•I updates of thfs guide at 18-24 month int- vals are also, ·., oprhte. 
Th ,e revisions will be synchronized with Co. erences on Air :;,·,ltty
~c-.1,dlng whfch EPA ts required to conduct at least every thrt·~ years.
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RuJg 931, Continued 

J..; llfTROOOCTION 

The purpose of this guide Is to recormirnd air quality rnodeltng 

,,. anlq•JU th•t may be appllrd to 1lr pollution C(,.,trol strategy -.va.1-

ua .. ions and to new source r~vlews. ,~~luding pr~vt· ·tlon of stgnlflctnl 

dc:~rlo~Jtl:,n. It ts lll'tended for use by EPA Rtgi·,nal Of.fices In ju,1,;1n9 
I 

::,,. adequacy of 1\0dellng analyses performed by EPi. by State 1nd «0< i1 
.. ·. i i 

., ·••cles and b) lnt!ustry ana Its ccr.sultants. It IS appropriate r~r .,.,e 

bi ·Jthtr FeC:tral ag"ncles .-1th envtronm~nt,1 1,r,p,,,., statecnent and li,11i 

m.•,:J1e!ll'?nt re;i;Jnslb111tlu. Sl11111Arly, It serve·. to Identify for Jtl 

1" ,_ar•st,d pa~:1,s th'ls, techniques and data buc· that EPA cons Ide,-~ 

a, .ep~ble. The guide 1s not Intended to be a CO< •andlun1 of model ln9 

.t,-•.hn!q.,,s. R1ther 1t should serve u a basis by ,,h1ch air quality 

!MnJgers, supported by sound scientific Judgment, :,ave I corrmon irea~"re 

of acceptable technical analyses. 

This guide rnake specific: r1e0111111ndattons c:o,,·:emlng (1) 1tr quality 

:r.c, •~Is, (Z) data bases end (3) general requlrernen:; for eonc:1ntrat1,,,. 

c~•.lmatcs. It should be fotlOW<td In all evaluatt,,11, relative to Stat•: 

lo:;,lerw:nt1tlon Pl1ns (SIPs). Howev1r, 1t Ny be f.>und thlt (1) the 

r~-•-nded 111' qualtty 1110cel Is .ncit approprt1t1 ror • p1rtteular •r•rllcl• 1· 
t i~n. (:'.) the required data but Is un1v1i11ble, or· (3) 1 better model 

' 0,· 4n4 lytlc,11 l)rocedure h ~v11libl1 and 1ppl1e1~ ie, ln such case~, 

a1t~m•tlves Indicated In this guide or other dat-,, models end technl~ues 

1.:·•,oed appropriate by the lleg1onal Administrator , ay be used. Thus, 

e·.·en though speet fie ree01111>t'nd1t tons are made, th· y should not be co11-

sidered rigid requirements. The pr,ferred model is that which b~st 

s1~, ilates atmospheric transport and dfsperslo11 fn the area of f1,terest. 

Ho,wver, deviations from this guide should be rully supported and documented. 

The contents of thh guide are sunmarfzed fn Figure 1. H,,i basic 
-

st~;is In applying an air quality model to a pnct1cal s1tuatlr-n, .ind the 

nec-lssary data bases and information, are she·. n. The nurrters In parcn• 

theses refer to specific sections of the gufd~. 

As Indicated In Figure ·1, ft Is generally advisable to flr~t apply 

~1 requiring a 111lnlmu111 expenditure of re,.ources (t.e .. a prellmt-

nary screening technique). The purpo~e of a scre!nlng technique is to 

single out, with m1nlmurn effort, those sources that clearly will not 

cause or contribute to ambient concentrations In excess of the Hatton~! 

Ambient Afr Quality Standards (NAAQS) or allowablt concentration incre

ments. In doing so, ur.warranted expenditure of resources (a refined 

analysis when a sln1ple approach would suffic~) can be avoided. Another 

advantage of first applying a relatively simple modtl Is to obtain con• 

centretlnn estir~tes or receptor infonnatlon t~•t can be helpful In a 

more refined analysis. 

If the screening analysis Indicates that the sourc~ 111t1y pcs~ an afr 

quality problem, application of a relatively sophisticated model ts then 

_k1rranted for obtaining more refined concentration estimates. The selection 

of an appropriate· 1110del should be based upon all the factors Indicated 

In Figure 1. Of particular iinportance are the source and lh!teorolog1ca1 

data used In the application. 

Given the selection of a refined air quality model, an approprlRte 

receptor field must be de~lgnated. The 110del can then be applied giving 

appropriate consideration to background concentrations and.future 

growth. The resultl"g concentration estimates can be used to analyze 

source Impact as r~qulre~ by the part1r.ula~ application. 

Any analytical technique my ~ave ~eflclencie, that cause estimated 

concentrations to be in error. Therefore, whP.never possible, measured 

air quality data should h! used ta detern1tne the accur3cy of the model 

estlllliltes. Infonratlon on the accuracy of the 1110del shculd be available 

prior to evaluation of control strategics and detenninatlon of allowable 

emissions. 
~-- --- ---•----

--......,,,,.~ 



■tDlll■ IIJtPVT 
111/1•••o..,•no ■ 

Q 0 
I '11llVU~ 0fC0 ■ tlll I 

1411 JI 
n: 1 ,11auu1.u.~1!ln,oaco1tlMTllATI011I lSTIMAf\l ·' 

•• J, I sou11cr; TY•1 tro1wi.. M~l ll, ll~• · 

,, 1! I sr1c•.t.L snu•n~•SJJ11oluws J 

uoHI. ~l:tAJAAYAll,AIU j 
• *~ 0, 

AIIAI.YI
t1 JI ~fOROLfttlCAL D&f~ ~ 

ACCURACY QI COIIC(N"'ATIO ■1•11 
IITIIUflS 

M to I M00lll•G C&IAIIUTIU/lfl0UICI$ 

IIJI !AltlrTDI lDCATIO~I 

tlt.4.11 • 

&VAllUIU" 0,
14.l \ 01 1141•ouuan MO~ll 

AIID GATA IASU 

,,a, 

&UlYU u,,
ti), ■uuus 

"'' 

01••~111ou101111m, o• 
:oacu11u1oa 1n••111 

II00!l Y&ll0&TI0 ■I 
C&lllAUtO ■ 

< 

IIMXI 
scou,.., 
••oc1ou11 

YH 

IIGHL 
uucno■

••• 
muuno■ 

COISIHIIATIO ■ 
OIUCIGIDU ■ D 
A■ DCR011111 

II 

Rule 931, Continued 

S:i9Ur1 1. Selection end .1L)f'laca11on of air qa,etity IN'dll• M'1d dell ....... fA:,c,ll(.-1~''• 
..tcUOM of the ~.umhne .are tnt.fteaHd VI pe,enlhnn.l 

~ 

2.0 OVERVIEW 

Air quality models have been widely used to Identify potential 

violations of the Natlcnal Alablent Air Qualfty Standards (NAAQS) and to 

detennlne emission limits. The need for air quality ll'Odel~ fn the develop

ment and revision of SIP-relate-J control stretegies was identifi~ci V'!ry 

early. 1 However, du~ t0 the Initial demlnds of th~ Clean Air Act (1970) 

on available resources, It has not g,nerally h~:n possible to use ~Ir 

1uallty 1110dels to the extont desired. Thus, Many SlPs are btsed on an 

example rl!J1on concept, a simple emissions rollback 1110del and available 

111easurEmcnts of air qualtty. [n recent years, h01•evrr, air quality 

~,~els have be:n more widely used. As these 1110Jel\ and associated data 

basei; increase In sophistication. they 111CM more precision in estl,natin1 

·. concentrations and In assessing the adequacy of control strategies. 

In aJditlon to their use in developrr.ent and revision of control 

strate9les, air quality 1110dcls are also required in the New Source 

Review pro,ram to insure attainment and maintenance of NAAQS, and to 

prevent slynl!icant air quality deterioration. Judgments must be ~a~e 

concerning allowable eml~s1on rates and the placement of new sources 

that may cause specific air quality levels to be exceeded or that may 

contribute s ◄ gniflcantly to existing violations. 

It must be noted that EPA has never encouraged tne use of air 

quality models In place of 111e1sured data. In fact, EPA encourages the 

use of .~•sured dJta In evaluating the effectlvenP.SS of control strategies 

and in determining emission limits. The two should be used iP a comple

ment;sry manner .,,henP.ver possible. The air qualtty dat,1 can b,1 esoe~!ally 

useful in v•lldatlng air q•Jalfty models and thus ha~ti a dinic~ impact C111 

the air quality 3ssessment. How,ver, In scma cases, the source ooes not 

yet exist or there are Insufficient air quality data to evaluAte the 

spatial distribution of cont:1:1ntrations ind the impact of control strategies. 

Thus, the use of models as the prim.:ry analytical tool Is unavoidable. ...... 
., '"":~ ......... 
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ln the use of models 1t would be advantage· cis to categori zi, ~he 

var i-J'JS Cl)ntro1 progr;uns and to apply a des igna: ~d mode I to e~ch rro

po~c-cl so'Jrte which tomes un~er a given program. However, the di ·"'rs1ty 

ilf t:,<? nation's topography and climate, and var1attons in sourc-:: c:onfigu-

rati· ns and operatir.'J chuact~r1st1cs dictate a ainst I rouUne "cookbook" 
' ' 

Jn~IJ~ls. There ts'no iingle model capable of 1,roperly !ddresslr.•J all 

' co;,<•i!vtble s1tuat1ons. Hcteorolog1cal phen011h· .~ associated with threats 

to ilr quality standards are rarely amenable to simple 111athellldtlt::,1l 

trelt:nent. Any modeling effort should be dire, i.ed by highly co:::,,itent 

1n~ '•,!duals with a broad range of experience 11: I knowlege 1n air ;,o11ut1on 

me~r ,rology and coordinated closely with speck I hts in em1ss t,.. ,.. .:harac

te~i ,tics and dat.l pro~essing. The Judgment of we11-trained pr·ur,:sslonal 

an~lvsts ts es\entlal. 

llevertheleu, 1t is clear frum the needs upressed by the States 

and EPA Regional Offices, by many Industries an:l trado assodat!cns and 

by ttoe deliberations of Congress2 that greater consistency 1n tlt<! use of 

mod,•1$ and data ba~es Is In order. Consistency Is required so that air 

pol lutlon control agencies and the general pub I le have I c0111110n h,1sls 

fer estimating pollutant concentrations, asses·. Ing control stra1,•9fes 

an<! ~peclfylng emhsfon limits. This guide pr .notes the requ1r-~<J con

sistency.· 

3.0 REQUIREMENTS FOR CONCENTRATION ESTIMATES 

Specific air quality standards and lncrew:nts or pollutant r.on

centratlons 111ust be considered for control st1 ltegy evaluatfor,\ Jnd for 

::c:; source reviews, Including prevention of si'.}nlflcant deterlcH·,1tlon. 

This sectl?n sped fies general requirements for concentration e, tl111ates 

and l~entff1es the relationship between emls;1on limits and air q~allty 

standards/Increments for these applications. 

3. 1 Control Strategy Evaluations 

SIP-related emission 1hnl ts should be ba·;ed on concentration estf

for the averaging time which results In the most strtng~nt control 

requirements. In all cases these concentration estimates are assu.'llCd to 

be a sum of the concentration contributed by the source und an appropriate 

background concentration (see pp. 36-39). 

If the annual average air quality standard Is exceeded by a greJter 

degree (percentage) than standards for other averaging times, the annual 

average Is considered the restrictive st~ndard. In this case the su:n of 

the highest estlma_ted annual average concentration and the annual aver~ge 

~ackground provides the concentration which should be used to specify 

emission limits.• However, 1f a short-tenn standard Is e~ceedtd by a 

greater degree and Is thus Identified as the restrl,t!ve standard, other 

considerations art required because the frequency of occurrence must 

also be taken Into 1ccount. 

Historically, when dispersion model estimates are u5ed to assist I~ 

jutiglng whether short-tenn NMQS will be ftt, and ultfNtely In specHyin!J 

appropriate emission lhnlts, one of three types of cc,n,:entr~tlon estiN1t,?s 

ts used: (1) the highest of 111 estl1111ted concentrations, (Z) the 

second-highest of 111 estimated concentrations, or (3) the highest of 

second-highest concentrations estl11111ted for~ field of receptor slt~s. 

The highest of second-highest concentrations for a field of recept~rs Is 

obtained as follows: (1) frequency distributions of short-tenn concen

trations are estimated for each site In• field of receptors; (2) the 

highest estimated concentration at each receptor ts discarded; (3) t~~ 

highest or the rem.sining concentration estl111o.,tes from the field of 

n?ceptor sites Is Identified, Throughout this guideline that conc~n

tration esti1111te Is referred to as the •highest, second-high~st• 

concentration. 

The first two types of esti1114tes have been applied most often In 

specifying emtssion limits: However, they 1111y be unnecessarily restric

tive In 1111ny situations. The third type of estln111te ts 1110re consistent 

· with the crtterf1 for deteniining vlolattons or the NMQS, which are 
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identified tn "Gutdeltnes for Interpretatl1 of Atr Quality :. 'Jndards.•3 

That gu1de11ne spectf1e5 that a. violation c a short-term sl ,,cJud 

occurs at a site when the stan<1~.rd 1s exce<:, ~d a second tin:-:. -Thus, 
I 

~~fsston limits •hfc~ are to be based on an averaging tttt cf 24-hours 

'Jr less should b! ba's~d on the hf ghes t I se, nd-htghest esth I ted coneen-
. I 

~ration plus a backqround concentration wh: h can re•sonably Lie assumed 

to occur wtth that conc~ntrat1on. (See the ect1on on b11ckg,·,,1:nd air 

,,call ty for I dtscusslo'l or the factors an·.I variety of sttuJ t ,ons that 

should be considered.) 

An estimate of the highest, iecond-hl,. est concentrattllr• which h 

t,ased on many well-chosen receptor sites mi· well reveal pr•,•iously 

1mtdent1fted "hot spots.• Such an estt1Mtr may provide a n,iH·•i conserva

t 1ve and realistic tndtcatfon of the potent ,al for NMQS vkl.1tfons and 

<>f the appropriate emt ss fon Itmtts than do .,ctual measurement~ at a few 

::onttortng sites, ~owcver, 1f the data av, ilable for modelin'J are 

limited to a short period, or source data .. .-e generaltzed, th<? estimated 

htgnest, ie:ond-htghes: concentration ts u, likely to prov!<!,.• a true 

indication of the threJt to atr quality st, .1dards, Thus It is essential 

'.hat an a1equati .'!ata h,ne be available (s i Section 5.0). r,.;t.a for a . . 

tlf':2 per'...,d of sufficient length should be considered so th,1l there 1s 

,easonab; t e;ertainty that meteorological c: ndittons assoct.,t,:d wtth the 

·ircatest fmi:,acts on air quality are identl I led, Simtlarly, ,fotatled 

~ource data are required so that the air q ,Jltty t11pact ca~ Ii~ assessed 

for the Sl)urce condftfons ltltely to result tn the greatest ir:p;ict. 

There are two exceptions to the .ibovr. requirement to U$c the 

hlgh~st, second-highest estimated concentr tlons, The ftr,t situation 

occurs wh:ire 1110n1tored air quality data ft, m specific site~ indicate 

that concentrations grnater than those estimated can occur with little 

or no Impact from the source(s) In questfo•1, For the purpo~~ of speci• 

fytnq emission 11mtts, these measured com ,ntrat1ons should be ranked 

concentrations at that specific 1110nttorf~g (r-eceptorl stte. 

The second situation occurs where the Regional Admintst~at,r 

tdenttftes inadequacies in the data base or the 1110dels for a particular 

application. As a result of these Inadequacies he may determine th3t 

the•·~ h • lack of ccnfidence in an emission limit based on the highe5t, 

second-ht3hest concP.ntratlon or that this concentration ~Imply c~nnet be 

estimated. In this case, until such time as the necessary data bJses 

ire acquired or analytical techniques are improved, the use of the 

htghe,il. estimated concentr1t1on to detennlne source Impact and to eval

_u«te control strategies 111y be Justtfted. 

3.Z N~ SQ_ur_crt' Rc'llew~ 

Reviews for new sources that requtre an air qu~ltty Impact lnalysls 

should detenntne If the source will (1) cause or exacerbate violations 

of a NAAQS or (2) cause air quality deterioration which ts greater than 

allowable increments. For reviews relative to both the NAAQS and prev~n

tion of stgnlftcant deterioration (PSD), the afr quality lf.~act analysis 

.should generally be limited to the area where the impact eKceeds "si~ntft

cant concentration increments.• Such significant fncrements are defln!1 

tn EPA's PSD regulations (40 CFR 52.21) and in EPA's Emtssto" Ofrs~t 

Ruling (40 CFR Part 51, Appendix S), In addition, due to the unc~r

t4lntles of est1Mtes for large downwtnd distances, the air quality 

Impact analysts should generally be limited to a downwind dfst.:lnce of 50 

kilometers fr0111 the source, regardless of tho above lb!nttoned si9nlfi-
' 

cant Increments. The following subsections further fdentlfy rcqulr!• 

ments for concentration estimates associated with air quality sulldar~s 

and with prev~ntlon of significant det~rioratlon. 

3.Z.1 Meeting Air Quality Standards 

For each new source ~r 1111Jor mod-tflcat1on of a source which wc-uld 

Increase allowable emissions by 50 tons per year, 500 pounds per day, or 

l ~:·~i to:1::";t t-J :.: ·.--i h·::~ t•·. J 

•lhcad of the estimated concentratfons tn :11e frequency distribution of ...... 

r• ,. "1 ,. r. ..: r~•.i\i!t r F'l. 
f', " lt ·1 tr 1t-iif 
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lr.1:i pounds per hour, an air qualtty anslysh hould be perfo1,, :.I to 

d,: .1nnine If the source will cause or exacert te I vfolation or a NMQS. 

'"'. such new sources located in an attaim-.cnt area, the conci>ntration 

e: t 1mates should 1111.?et, the same requirements t' at ar, appllcabl() to 

c,;.1trol strategy evaluations. The detenntnati"n of whethedor nut the 
' ' i I 

s ✓ ;rce will cause an afr quality violation st uld be based ,on (l) the 

~1-,hest ,stimated concentration for annual a·. rages and (2) tt,,, highest, 

\•:•.end-highest esttir.ated concentration for .iv -ragtng times or :!4-hours 

or less. The l'IOSt restrictive standard shoui-1 be used 1n all L,,ses to 

e~ub11sh the potential for an atr qualtty vi ,tatton. Backgr.:1.. -d concen

tr~tions should be added In assessing the s01• ·ce's hipact. lh · two 

ex,:cpt1ons to the shorter-term averaging ttm, • which were not!!d in the 

preceding section also ar,ply here; 1.e., mon·i tored data with hl\Jher 

i:oncentrattons and inadequacies In data base'.- or model. 

3.2.2 Prevention of Stgn1ftcant DetertL."ation 

. Atr quattty models should be used tn all significant det,irioratfon 

eviluations. Allowable Increments for sulfur dfoxfde and particulate 

mJtter are set forth fn the Clean Atr Act Am.,1dments of 1977. 2 These , 

mi~lmum allcwable 1ncrH$!.!S tn pollutant con• intratfons inay t,~ exceeded 

or1s.e per year, except for the annual tncreme11t, Thus, In st911iftc.int 

df:tericrat1on evaluations for short-term periods the highest, ~ccond

hlJhest Increase In estimated concentrations ~hould be less U•.!n or 

tQoa 1 to the pennf tted Increment. 

Since the Clean .a.tr Act Amendments expr, ss special concern for 

Cbss l PSD areas, any expected Impacts for lhese areas rrust I>~ consfd

~rcd. Thus, the di1tancc 11mlt4t1on ~, 50 lilcmeters and th~ ~1gntffcant 

co,i,;entratton lncremtnts discussed In the 1nt,·oduct1on to Section 3.2 do 

noc apply. In addition, where an exemption t,, the Clus I lncn,~nts ts 

re-iuested and appro·,ed rursuant to section l<,'.i(d)(2)(D) of the l:lean Air 

Act, the source 111ay cause the Class J 1ncrer.•l·nts to be excecdc,I on a 

I of 1B days during any annual period. In thfs case, ft Is necessary 

to select the highest estimted concentration In the field of receptors 

for ~,ch of the 365 days. These 365 values ire then ranked and the 19th 

highest 1s used to determine emtsslon limits. However, the highest, 

second-highest concentratt~n 1111y not exceed a somewhat higher increment 

specified In section 165(d)(2)(D)(ffl). 

4.0 AIR QUALITY MODELS 

Thtz Section recomnends atr quality models• for a wide variety of 

specific appltcattons. lt fdent1fles factors that detennfne the suit

ability of models for individual s1tuatfons, presents classes and sub

classes of models ~nd addres,es special n10dellng problems. 

Afr quality models reconmended fn thfs section are state-of-the-art 

analytical techniques that 1111ke ft possible to perform control strategy 

evaluations and new source/reviews, Including prevention of significant 

deterioration. HO\o.ever, the responsible Regional Adralnlstrator may find 

that (1} the recomr~nded afr quality model ts not appropriate for the 

particular application, (2), the required data base ts unavailable, or 

(3) a better at0del or analytical procedure fs available and applicable. 

In such r.ases, alternatives Indicated In this guide or other models 

deemed appropriate by the Regional Administrator 1111y bP. used. However, 

all deviations from thfs guide should be fully supported and doculll'!nted. 

It must not be construed that the models recomnended in this guide 

are to be pennanently ~sed to the exclusion of all others or that they 

are the only roodels available for re~atfng P.mfss1ons to air quality. 

Similar models that are available from other governmental ag!ncl!s and 

private consultants have been SU111111rtzed and dfscuss~d by Lamb, et al., 6 

HosP.s, 7 Stern8 and ~~h!rS. 

*A dlscusston of each spetfftc model or refined analytical technique
1s presented fn AppP.ndtx A. Some of the 1110dels reconnended here are 
also applicable to the developcr~nt ar.d use of Supplement~ry Control 
Systems (SCS). However, such control systems are not consl1ered in the 
ccntext4o! this gutdelf"e and the reader Is r!ferred to other public~•<··· 
on SCS. • 

',..,._,,, 
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In all cases. and particularly when lll(ldel. and data bases , ,her 

thJ" those recormiended in this guide are propo· !d, early dhcu:.·. ions 

a~,(-'"1 the Regional Office staff. appropriate f ~eral land 11\o'ln.!,ers, tt,e 

co": rol agencies and industry representatives ,tn be invaluabl ··- ,,ad are 

eo,;-,uraged. Concurren~e 011 the data base, 1110<' I Ing techniqllfs :, 11d 
. l 

·ov••1 all technical approach, prior to the actu,, ! analyses, will kip 

av·.":J disagreements concerning the final resul .s and may red'ur,, thf! 

lal•:r need for additional analyses. The OHf, · of Afr Quallt;· !'lannfng 

a,,d Stand~rds Is routinely available to the R, 11onal Offices 1-:i. consulta

ti(,,, on particularly difficult or complex pre,• le111s. 

It should be noted that models app11cabl, to photochemlc.! I oxidants 

er, not dlscu'.,sed 1n this guide. These model·. are undergoing a crftfcal 

review. Requirements for such models and as~. :lated data bas,,:. will be 

sr· :!fled at a later tfme. 

~. 1 Su1tab111ty of 11ode ls 

The extent to which a specific 1fr qua 1i ty model ts sul t.!ul, for 

th.: evaluation of source Impact and control s Lrates,ies depend•, ,,pon 

Sc),•Jral factors that should be Judged by the , esponslble Re~l,Jnl Admln

ls!r~tor. These Include (1) the detail and ,1 cu:-ar:y of the dll,1 base, 

1.c., emhs ton Inventory, meteoro log lea1 data. air qua 1 lty da ! ,1; (2) the 

inr.t~oro1oglcal and topographic comr,lexltles t•r the area; (3) Lhc tech

nb1l compete11ce of those undertaking such si .,ulatton modellll'J, and 

(t.) the resources available. Those factors, .,swell as othe•·~ •.:eemed 

appropriate by the responsible Reglona 1 Administrator, should he con-

s 1Jered In detenntnlng the suitability of a r,.,rttcular 110del Jl'i)11cat1on. 

The data base required for air quality n ,dels includes source data, 

11<:,~eorologfcal data ind air quality data (sc,'. Section 5.0). r.. p;:roprtate 

datr. should be available before any attempt i. made: to ai;ply ., n10del. A 

me: ·r.1 which requires detatled. precise input .Jata should not b1 applied 

wh·:n such da.ta are unavailable. However, as,•,mlng the data ar•: adequate, 

greater the deta11 with wtilch I model co,,stders the sp1tiJ I and 

temporal variations In emissions and aieteorologlcal conditions, the 

greater the ability to evaluate the source Impact and to distinguish the 

effects of various control strategies. 

Most air quality models that describe atmospheric transport and 

dispersion apply to areas with relatively stq,le topography. However, 

areas subject to major topographic or llllrlne influence experience 

·meteorological C0111Plexttfes that are extremely difficult to simulate. In 

the absence of I model c1pable of s1mulatfng such complexities, only a 

preliminary approxiratfon may be feasible until such time that better 

models and data bases become available, 

. 
Hodels are highly specialized tools. Competent and experienced 

personnel are an essential prerequisite to the successful application of 

simulation models. Whenever a model ts applied, the services of knowledge

able, well-trained air pollution engineers, meteorologists and air 

quality analysts should be engaged. The need for specialists ts partlc• 

ularly crltfc41 when the more sopfilstlcated models are used or the area 

being tnvest1gRted has complicated ineteoroloytcal o" torographic feAturcJ, 

A model applied Improperly or with fn1pprOpr1ately chosen data can le4d 

to serious mtsjuds,nents regarding the source f111Pact or the effecttvr.ness 

of a control strate9y • 

The resource demands generated by use of air quality model, vary 

widely depending on the specific application. Resources required are 

dependent on the nature of the model and Its complexity, the detail of 

the data base, the difficulty of the application, and the amount and 

level of expertise required. The c~sts of manpower and computatfor.al 

facilities are also important factors. 

4.2 f.Jasse~ of Models 

Th• air quality n>deli~g procedurel discussed in thfs guide can be 

categorized Into four generic classes: Gaussian, numerical, statistical 

or ea;ptrtcal. and physfc1l. Within some of these classes a l11"9e nuiooPr 

•,.._.. 
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r.:udeh Is presented In Appendix A. /'lore de· 11l~d lnfonnatiu<i Is referred 

to In SC)l:14! of the Individual user's guides. However, addlti~r..il studies 

•-~1ch encompass a wider renge of sources ln · climatic regir111-~ are nel'ded 

~ince there 1s a general lack of reported ltfonnatlon on the .,,:curacy of 

the 1110dels. This ts' true of all classes of ,10dels: lnclu~lng 11ldely 
-1! 

1Pl1ed Gaussian ,models. Whenever poss Ible. the user i1s e1nct•ura9ed to
l . 

further validate models reco:~nded In this 1ufde, or othe'r ,::. !els that 

r.·Jy be used. 

4.3.1 Point Source Models for Sulfur !',oxide and Part1ni1ate 
Hatter ~11 Averaging Tllll'!s) 

Gaussian models ar" considered to be si ,te-of-the-art te,.,infques 

for estimating concentrations of sulfur dfo, ,de arid partlcul.,:,~ matter, 

They ore the best chofce for most point sou, a evaluatfons. ror all 

point sources two levels of sophistication 1,1 the use of moC:cils are 

~u~guted, The first level Is c011posed of r •dels whfch can l""'IV1de a 

pr·el1mlnary estlm.ite of concentrations. If 1t 1s estfmated lly the 

~t.recnfng technique thst I source 11111 cause : concentration LL.,t Is an 

u:1Jcceptable portion of an al_lowable air qu.i l lty Increment, tk·n that 

sn•irce should be subjected to a more refined analysis. 

For flat terrain s1tuatlcns that have r.., significant PH?t.1·,;rol~lcal 

c:..·'1plexf ties, there are several standard pub i lcattons9-ll and r.~uter-
12

1,~d models that can be used for screening. In add1t.lon Pc,,iler13 and 

Ccrpenter et a1. 14 have discussed slmplff1ed techniques for r•;tlmat1ng 

CG1centrat1ons during lnverslon-treakup fuml ltfon. Lyons 15 ! :; s1r.mu1r

i lr:d lnfonnatlon ond techniques applicable t,, lake/sea brecz,:·,. 1-luber 
16 17

and Snyder • and Briggs 18 have presented ·,lrfous techniqu:-~ applicable 

to aerody~amlc downwash. Se·,eral authors 19-;•z have outlined l1:r.hnlques 

th.1 t are useful for s I tu" tfons where long-rar JC transport (grr,1 ter than 

SJ kllooeters) is Important. The Valley Hod 112 •23 1s applfc:;!lle to 

sor·e complex terrain situations; Egan24 has ~•111111arlzed lnfom~tlon on 

othP.r applicable technfqu?s, Volume 10 of ti:!? Guldeltnes f:,r A1r Quality. . 

Maintenance Planning and Analysls, 25 "Procedures for Evaluating Air 

Quality Impact of New Statlonar1 Sources" has sul1111arlzP.d, In a format 

useful for screenln9, techniques applicable to both flot terrain ~r.d 

more complex situations; these technfques are recOll1llCnde1 for use. 

In those cases where a more reffnEd analysis ts required 3nd there 

are no significant ~~teorolog1ca1 or terrain ccmple~1tlcs, thr. Single 

Source {CRSTER) HodeJ 12 •26 1s rec011mended for use. In scwne cases special

ized ~ata outputs from models c~~parable to the Single Source (CRSTER) 

Model ray be needed. Where these models• •stfmate essentially the samP.. 

concentration as the Single Source (CRSTER) Hodel, their modified computer. 
codes which provide more useable outputs are acceptable . 

If 111eteorolog1cal or terrain complexities cause substantial OJncertaln• 

ties, then a 1110del that ts 1110re detailed or more suitable than th~ 

Single Source (CRSTER) l'lodtl should bo applied. No refined, widely 

available 1110de1s applicable to complex situations are Identified. It Is 

recor~nended that each complex situation bt treated on I case-by-case 

basis t11th the asststan'ce of expert advice. 

If the data bases required to apply the Single Source (CRSTER) 

Model ire unavailable, or 1f other refined models applicable to a complex 

situation do not exist, then ft inay be necessary to base estimates of 

source Impact and the evaluatfon of control strategies on only the 

estfw~tes provided by the screentn9 techniques. In such cases, an 

attempt should be made to acqutre or Improve the n~cessary data bases 

and to develop appropriate anal1tlcal techniques. 

Models specified hert and In the following subsecttcn are aiso 

applicable to statlon3r1 sources of lead pollutant~, provided the pollu-

-*One example of such a model Is ltlLTIHAX. See Moser, J. H. "MULTIHAX: 
An Afr Oisperslon Modeling Program for Multiple Sources, Recepturs,
and Concentration Averages.• Shell Development Company, Houston, 
Tex•s 77001, Decelllber, 1977. 

.,, ,..,, ,• ' , I IJ 
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or 111d1vfdua1 •ccmputation,11 algoritt.ns• extst. each with its 11>11 specific 

ap;,:icatlons. While each of these algorithms· J.Y have the s.1rr• 'J'!neric 

b~~ts, e.g., Gaussian, ft ts accepted practice to refer to the,•, individ

ually as models. For example, the Cllmatologi al 01spersion M,J,l~l, the 
' . 

Al r Quality Of!;play Hodel and the Texas Cltllllll ·,logical Hodeli a:·,i c0lllll0nly 
' ' 

re~rred to as indlvid~al models. In fact, ti, y are ~11 variati~•!'IS of a 
I 

ba. ic Gaussian model. In many cases the only ,·eal difference h ·tween 

m:•.1.:Js 1s the degree of detail considered 1n the Input or output ata. 

Gaussian models are <;enerally considered to be state-of-the-art 

tl'chniques for estimating the impact of nonre ;tive pollutants. Numerical 

11:·.1:ls are more appropriate than Gaussian mod, ls for 11111lti-sourcP. applt

c~t Ions which involve reai:ti'le pollutants. fl, ,,ever, they freq11<:ntly 

r1·q•J1re more extensive resourc:es and are not ~~ widely applied. Statls

t·i.:,11 or empirical tec:hniques are frequently • nployed in situ,,tions 

wl .re Incomplete scientific understanding of the physical and r.nemical 
- . 

pr, :esses mke the use of I Gaussian or numerical 11111del impractical. 

V, • tous specific models of these three generk types are recoi::." nded fn 

ti,)~ guideline. 

Physical modelfng, the fourth generic tne, involves the 11~'! of 

w!,,J tunnel or other fluid 1110delfng facflttit-:. Thfs type of 1,u,delfng 

ir.,., be very useful 1n evaluating the afr qual 1ty 1~act of a ::ource or 

9, •..,,p of sour-ces In a geographic area 11m1ted to I ftM squarr. 1. llometers. 

~J: .. :·e phrslcal modelfng ts available and appl I cable, ft fs rerr ;mended. 

Hu,.~ver, physical modelfrig fs a complex procc ;s which requfre!i a hfgh 

lud of technical expertise 11nd fs beyond th,~ scope of this guide. 

-
In ddJ1tfon to the various classes of 11K tels, thfs guide considers 

two levels of sophfstfcat1on. The first level consists of general, 

rel~t1vely simple esti1111t1on techntques that provide conservative estimates 

of the air quality l111Pact of a specific sourr.1, or source catc~Pry. The 

p,·,·11ose of such t'!chnlqun Is to elfmfnate fr,)m further consld~ration 

those sources that cl~arly will not cause or contribute to ambte~t con

centrations tn excess of NAAQS or allowable concentration Increments. 

Conversely. these techniques can be used to identify those c~ntrol 

strategies that have the pctentfal to reet NAAQS and allowable Incre

ments. The second level consists of those analytical techniques which 

provide more detailed treabnent of physical and chemical abr.ospherlc 

processes, require more detailed and precise input data, and provide 

more specialized concentration estimates. As a result t~ey ?rovfde a 

more refined and, at least theoreti~ally, • "lOM accurate estl~tt? of 

source fnipact and the effectiveness of control strategies. 
In some cases, the first level of IIIOdels NY be equated with 

screening techniques to determine ff a second or more refined analysis 

I~ required. However, while the use of screening techniques followed by 

a more refined analysis Is desirable, there are situations where th~ 

screening techniques are practically and technically the only viable 

option for estimating source impact and evaluating control strategies. 

In such cases. an attempt should be 111de to acquire or improve the 

necessary data bases and to develop appropriate analytical techniques. 

4.3 Reconrnended Models 

To meet the need for consistency identified In Section 2, selected 

point source and multf-sourct IIIOdels applicable to specific pollutants 

and averaging times are rec011111ended in thfs subsection. Id~ally, air 

quality models that are rec01l111ended should neet prescribed standards of 

perfonnance for particular applications and should be subjected to 

specific v111datfon procedures. Ha~ever, there are no generally accepted 

standards of perfonnJnce and validation procedures (see pp. 41-43). The 

models recOlffill!nded In this guideline are simply those which are (1) rep

resentative of the state-of-the-art fer atnl'Jspherlc silr.'Jlat1on 111(1dols 

and i2) ~ost readily available to afr polJutfon control 11g£nc:les... 
Neverthcleu, the need for tnfonutfon on the accuracy of tt,ese 

models ex'tsts. L1ml ted lnfonnat1on on the accuracy of reco,m,ended 

--· 
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tt1, •.s can be assumed to behave as a gas. 

4.3.Z Hult1-Source Models for Sulfur 01odde and Parttcul,,te 
Hatter (An,1ual Average) 

Due to the ccmplel'ity of mst 1Qlti-sour,:.1 sit~atfons and the wide 

ll,:.'ptab111ty of several r.iodels, a screenh1g I rocess 1s no~ g,:i,..·,·ally 
, ' i I 

· ccr.Jucted. If a pre11mlnJry usessnent of th adequacy of a c;:i,,trol 

stCJtegy h desired, the Rollback 'b:le1 27 may be used. How~vcr, 1n most 

ca~cs such a 5'reening does not constitute an adequate contl'ol ~trategy 

de. ):istrit1on. 

The C11matologfcal !>1sperston Model (co:. 1coMQC),12•28 •29 the Air 

Qu~11ty Display Hodel (AQOH)JO alld the Texas Llh111tologfcal l{;,:,11 (TCH) 31 

arc reconmended for evaluating the lon9-tem iff'1act of urban 11:111 tf

SC'11rc11 cc,mplexes. In regions with mJor met• ,rologfcal or tOi·''!.lraphfc; 

ct'·,plexftlcs, more detailed or suitable IIIOdel. may be used. If the 

meteorological or topographic coq,lexi ties ai •! such that the u~c of any 

~v .. llable air quality modt?l ts precluded, an .1ttempt should I·' made to 

a,·1utre or Improve .the necessary data bases ;·.ad to develop app,·opriate 

an l 1yt1 c:l 1 techniques. 

4.3.3 Hultf-Source ~odels for Sulfur OiJxide and Partt,ul~te 
Hatter (Short-Tenn Averages) 

As noted In the preceding subsection, a Rollback Hodel 1:;,,y be used 

fer the preliminary 1Sse:;sment of a control •,trategy. The G,~.,ssian-Plurne 

Multiple-Source Afr Quallt1 Algoritta (.RAN)l.•,JZ h recarmen,•~d for 

evlluattng the fmpact of multi-source comple es on atr quality averaged 

ov~r short-term perfods. Versions of this F:del are applfcablc to both 

urban ancfrural sft•1atlons. The Tens Epho !tc Hodel (TEM) 33 
1:VJy be 

us~d ff the data bases rcqufrcd to apply RAM are unavailable. Also, ff 

the resources required to optrate RAN or TE}; are not available. then 

CLIIQC or AQCft may be used to est1.ate short-1enn concentratbi:~ of so2 
and particulate matter. COHQC alld AQ1J1 fncC'•·porate procedur_:s. such as 

discussed by Larsen, 34 to estl111.1te 3-hr•ir and 24-hour •~•~.·age 
~ 

concentrations from annual average concentration estimates. Sue~ stetls

tir.al techniques are valid only 1n urban, ir.ultt-source areas and should 

not be used 1n s1tuat1ons dana1naUd bt large pofnt sources. 

In regions wfth 1111jor r.etcorolog1cal or topographic CQnplex1ttes, 

more detailed or suitable IIIOdels na1 be used. If the lll!teorologictl or 

topographic complexities are such that the use of any avP.ileble air 

quality model ts precluded, an attCl'lflt should be made to acquire or 

improve the necessary data bases and to develop approprfete analytical 

techniques. 

4.3.4 Hodels for C1rbon Monoxide 
' 

The rec011111Cndatlons for point soun:t screening procedures and 

110dels are also applicable to evaluate point sources of carbon 1nonoxfde 

(CO). The models, procedures and requirements described tn Yolun~ 9 of 

the Guidelines for Afr Quality Maintenance Pla~ning and Analysfs, 35 

•Gufdelfnes for Review of the Iq,act of Indirect Sources on Ambient Afr 

Quality,• are reconmended for screening all sources of CO which fulfill 

the definition of an indirect source. The Indirect source guideline Is 

based on the use of HlWAt 12 •36 and other simple d1sperston techniques. 

It is acceptable to apply these techniques Independent of the Indirect 

source guideline, tf ft ts found that the guideline does not adequately 

consf~er a wtde enough set of circumstances. If a pre11mfnary assessment 

of the adequacy of a control strategy applicable to an urban area 1s 

desired, the Rollback Model NY be used. 

Specific refined modeling tech~lques are not reconrnended here. 

Situations that require more refln'!d technfques should be considered on 

a case-by-case basts wfth the use of expert consultation. If a suitable 

_IIIOdel ts available and the data and technical c0111petence requlr~d for 

this model are available, lt•Y f>e used. Ex4111ples of such refined 

techniques are APRAC-1A12•37 and Its revision, APRAC z. 38 However, If 

a regton-wfde analysts Is neceisary a"d the complexities are such•~--
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t, ~ use of any avaflable afr quality ffl()del f· precluded. an ll., r,ipt 

~ 1<.Juld be made to acquire or 1n:prove the nee ;sary data base~ ic11d tn 

davelop approprfate analytical techniques. 

4.3.5 Models for Nitrogen Dioxide (Ann 11 Average) 
·' 

The reconmendattons for pofnt source sc, !ening technftu•. ~ _.,nd 
. , . I 

r., dels are also applihble to evaluate pofnt sources of nftr,,~•-·11 oxides 

(r ')x) under 1f111Hed circumstances. The circ· ,1stances requ1·r.. ''" assur.iption 

t1,at all NOx ts emitted fn the fonq of N02 o. ts con~erted to :m2 by 

t,,c time ft reaches the ground ind that NOz 1s a nonreactive pollutant. 

For sources located where atmospheric pi,otochem1cal rl!l<:t.lons are 

~1gnlffcant. 1 Rollback Hodel may be used as a preli1111nary ai.:-~ssment to 
~ 

i::·, duate the control strategies for 111Jlt1ple · ources (piobile ,:d t~atfonary)

o, :1ox' Another acceptable screening technfc, e for nulttple suurces Is 

tc. make an assumptforf similar to that requir1 l for potnt sourcl'~ and 

t~ ,1 to use a model for nonreacttve pollutan:·., sucb as COM. 

Speciffc refined model1ng techniques art- not reconmen:lcd k)re. 

:, , 'uatfons that require n,ore refined technl_q1; ·s should be con·; iJered on 

a c.lSe-by-ease basts with the use of expert c Jnsultation: If a su1tlble 

r.. :el 1s 1vatl1ble and the data and technical c~etence requfr1:d for 

t:.il model are avaflable, 1t m.iy be used to, ,Umate.average c..,,,centra

t!•,ns of No • However. ff 2 I region-wide 1nal1sh 1s necessary and th<! 

c1: ·;,1ex1t1es are such that the use of any av., llable a1r qual tty model is 

P' eluded. an attempt should be made to acquire or 1~rove ti·~ necessary· 

~. '·" bases and to develop appropriate analyt I :al techniques. 

4.4 Special Sltuftt1ons 

Models with a wide 11pp11cab111ty are not gentrally 1va1l,ihle for 

rl.:;; lf ng w1th long-range transport, depos itf 011, w1nd~blown p.:rt iculate 

~~tter, un1que topographic or meteorological clrcU111Stance~, ind nontypical 
39 s1-•irces such as open burning. Thus, with i roper support a:id docl!!IICnta-

tlon, the R19ional Ac)nlnlstr~tor may detel'llllne that I pa~tlcular mo~el, 

not spe1:iffcally recamiendcd here, Is appropriate for a spec1al sftuatlon. 

Ex.1111Ples of these situations are discussed for clarification. 

The administration of the national prevention of slgnlffcant deter

loratfon policy may require that the air quality l111pact of A source be 

estimated for great df$tances downwind. It Is uncertain, however, what 

the Impact of sources at such great distances fs. Kouwledge of the 

dtspersfon coeff1clents for air quality models• bP.COffl'lS Increasingly 

tenuous with downwfnd d1stance. Plume transport beyond a~out 50 kilo

meters usually requires substantial travel tfrne. As travel tfrnc Increases. 

diurnal v1rf1t1ons In 1111teorolo91cal conditions and movement of weather. 
systen~ are more 11kely to alter plume tr1Jectorles and dispersion 

characteristics. Even though the Impact at greater than 50-100 k110ffl:!ters 

may be relatively small. the impact can st111 be s1gn1flcant for laf:!e 

sources and for situations ~flere the mer91ng of plumes occurs. Technlq11es 

are available t, ex1111tne these 1111pacts, but only 11~ited experlenc~ 1n 

their use fs currently available. If it appears that I large sour·ce 

(for ex4111Ple, a 2000-HW coal•ffred power plant 111Cetlng new source 

performance standards) may constitute I threat to amblent•alr quality 

stand1rds or prevention of s1gnif1cant detertorat1on Increments at large 

distanc<!s, that source should be considered on I case-by-case basis with 
22•251v111able techn1ques. 1g· 

The models presented 1n this guide for estl1111ttn9 ambient concen-_ 

trattons of iuspended particulate matter assume that the particles 

disperse as a gas and emanate from well-defined sources. Unfo:·tur.att.ly, 

•v,rtfcal dispersion in these s1tu4tlons fs m,se appropr1Ately treated 
with nu.'llerlcal lllOdels. There ire 41so inherent dffflculties w1tt1 • 
Gauss tan 110dels 1n cases where plUIIIQ Jleplet1on through chemical and 
physical rC1DOv1l process~ 1s significant. Plume depletion would 
nonnalty be signfficant at dlstanr.es beyond tbout 50 k11ometer~ for 
tall stacks undrr conditions of 1pprectable vertfcal mixing, •~d at 
considerably shorter distances for near-ground sources. 

-·~-· .._,.. 
r. f : • ._..l R~- -1 ;1 r~ ::1 •. it fl ,. 1 f . I I , JI &· •. ' ,,\I• • J 1 t-r 4 ·I I• 1 . l ·I 
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fn many areas, particularly where the air qu ltty standards ~• J not 

t>dng attained, th-.se usumptlons 11111y not he.Id. Windblown dw;t, re

•:ntralned street dust, dry-land fanning, and raw-a,ater1al hau:.lllng 

c1 ,r,tfO!II, 111 of ...tllch .art oft~" referred to H fu9, th• dust 1ourcH, 

r..,be sl9nlflunt sources of p1rtlcul1te Olltter,40 : ?A 1111 11v1r1I ot 
. , , . I 

~:tn91tudl11 conc:1,,..,S 111lt11 fu9f'1H 1ourc11 or dust: hoorever, the rate 
•, 

• 10:J dhtrlbutlon of p1rttc11ht1 111tulon1 frc,i11 these .->11rct1 h not yet 

fully knc:wn, Al I result, I widely 1ppllcabl1 IIOdel I ,r routinely 

rnlutln9 P4rtlcul1t1 conc,ntratlont 1ttrtbut1bl• t, ru9ttlv1 sources 

I~ not n1fl1bl1. 41 

T1rr1fn doaln.ted flows and wakes that develop L: the vfclnlt,r of 

~ol lut,nt sources .,.. Involved fn 111ny 1ftu1tfon1. 16• 18 •23 •24 THI basic 

th,,or,tlcal prlnctplet or thrn flows 1r1 generally u..derstood. However, 

ti-, nrfet,y of terrain features 11 10 great ind the , ~ctna of 1blos• 

p,,,rfc ctrc...stuces 10 broad that no generally 1ppl I· able IIOdel 1s 

os,l11bl1 tti.t can 1dequ1tel) deel wfth the r1n91 of ,ondltfons encoun• 

tored. 

CPA w111 provide 9ufd1nct on data bases and ass· \llltnt procedures 

to dul wit.II specf1l tltuatfons as .the results of on- 1ofn9 field tnnstl-

9,tfons and resurch on then 111tten blc01111 avallabli,. 

5.0 OATA REQUIREMENTS 

It ts essential that appropriate sourc,: and ltl!teorologi<:~1 data be 

used wf th !lny reconwnended model. Such dat~. and related prcc.:dures for 

•Jstlmatlng these data, constitute an lntegr.il part of the n,0:.1~1. It ts 

often overlooked that fe-,, of the variables Input to a model ,,re dfrectly 

r.•~asured or routinely available. Submodeh PJJSt approprfatdy convert the 

.i1·a116bl! source and meteorological data to a fonn that the dr quality 

r:i::,del can accept. It fs also l11portant thz. ~ a variety of Jc., ·1/cmlss tons 

conditions, and that a wide range of 111eteo1,.•logtcal cond1tto,,s based on 

several years of data, be ccnsldered In ev,iluat1ng control str«tegles and 

In detennlnlng source Impact for new source reviews, tncludln•J prevention 

choase receptor sites and to specify background air quality. This section 

ldenttfle.s requ1r1!111Cnts for these data bases. 

.5.1 Source Oat., 

Sources of pollutants generally can be classff1ed as point, ltne and 

area sources, Point sources are generally considered to be thos~ that 

enilt a substlntial amount of an air pollutant, e.g., 50 tons per year, 

froai a stack or group of sticks. Line sources ere generally confined to 

roadways and streets along which there are well-defined movement~ of 1110tor 

vehicles. Area sources Include the n.ilt1tude of minor sources with lndfw 

v1dually s111111 em1ssfons that are fa,praettcal to consfder as separate 

point or ltne sources. Area sources are typically treated as I grid 

network of square areas, with pollutant emfsstons distributed unlfonnly 

wfthfn each grid square. Descriptions of 1nd1vldual models should be 

referenced for specfffc em1u1ons inventory requ1remer,ts. 

For situations lnvolvl119 one or I few point sourctt the following an 

■ Inf- nqulrement, for ,_ source review and control strategy evaluatfons. 

Design process rate or design luad conditions nist be c:onstdend tn dtter• 

■ lnfn9 pollutant eaisslons. bther oiwrattng conditions that NY result In 

high pollutlnt conccntratfans should also bl ldentfffed.* A range of. 

operating conditions, 111hslon ratts, ·and physical plant characttrlstlcs 

bued on the 11:0st recently 1vall1bl1 data, should be used fn the IIOdel 

with the niltlple years of ■eteorolo9fc1l datl (see Section 5.2) to 

11t1ute the source Impact. Tht following exaq,le (pc,wer plant) typifies 

the kind uf dlti on source char1ctarhttcs 1nd oper1tln9 condltlor.s that 

lrt rtQulrt4: 

1. Plant layout. The connection sch- between bollen and 
sticks, rnd the distance and direction between st,ckS, building pn1rnet.en 
(length, width, height, location 111d orfen;;.tton relative to sticks)· for 
pbnt structures •hlch house boflen, control equtpcient, etc. 

"llllfunctlons ""fch 11111 resultJn ucus emfnlons an not considered to 
be a non,al oreratfng condltl • Tliey ')ener1l1y should not be considered 
In detenilnln! 1llowabl1 enolufons. lio"ltver, tf the excess eolnfons ire 
the result of poor ... tnten1nce, car1len operation, or other prtventable 
condition, It NY be necessary to CMSfd~r th~ In detcrwlnlng source 
f ■pact • • significant dcterforatton. In addition, there ts a need to Judiciously _,

.-.,._..,,.. 
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Z. suet pua,neten. For-all suets, t..'le st k height and 
,: ~ter (meters), and tM te,urature (K) ar.d vol- - :o,, rate (1ct1MI 
c, .. c ioeten ix-r ncolld) or t• t t 91s nloctty (..ters ,r second) for 
o;. , ,tton It 100 percent, 75 pcrttnt and 50 pernnt I< I. 

J. Bol ltr she. For all b,,llen, tlle usocl :cd ,negawatts and 
p· •ls of StH■ per !lour, and the design and/or ectual :uel cons1119tfon 
r.,.: for 100 percent lo.d for tOAI (tons/hour), otl (l :rels/ i-r), and 
,... :oral ,as (thousand cubic ft<t/hour). 

4. Boller p1r-.ters. Fer ,n botltn, tht ,rcent 'iacen air 
~.c 1, the boiler type (e.g., •• t ~o,c0111, cyclone, etc.;, 111d the type of 
tlri"9 (1.9,, puherl~td c~I_, front firing, etc,), ' 

I . 1 
5. Operating cond1tions. For all b, , lers, the type, ,•,.,,unt and 

poi',,tant contents of fuel. the total hours oi boiler operatfo11 .:nd the 
bo' ,..!r capacity factor dur Ing the year, and ti percent load f , ... winter 
an ,111111Cr peaks. 

6. Pollution control equipment para: ters. For uch 1.-Iler 
st. 'd and each pollutant ilffected, the type I emission cont.r ,: Pqulp
n:;. : , the year of Its lnstdllatlon, tts desig,. efficiency and :. ~ e:nh-
s1 . rate, the date of the last test and the t sted efficiency, ,he number 
of · '.'lUrs of operation during the latest year, nd the best en•_,, ..:ring 
e~ - .'ate of I ts projected P.fficfency ff used I:i conjunction wi · ., coal 
er: 1Jst1on; data for any anticipated modiflcat ,ons or addftlo,; ... 

7, Data for new boflcrs or stacks. : or all new boil ·, and 
st l;s under construction and for all planned :od1f1catfons tt• · ds;tng 
b<J' ,~rs or stacks. the sct,~dulcd date of compi •tion. and the.:· 1 or best 
e'., :··ates available for ft('IIIS 1 through 6 abo .. · following cornjll.:tlon of 
cc, . t.ructfon or 1110dific1tlun. 

Typically for ltne sources. such as stre, ~s and highways, ,'.1ta are 

' re .!Ired on the width ,of the roadway and Its , mter strfp, tht : vpes and 

11.'. -nts (grams per second per P11ter) of pol1u1 int e1111ssfons, ti.~ nunber of 

' h: :~, the emissions froai each lane and the .h ight of 1111fssion~. The 

k 1tion of the ends of the straight roadway · •gments 1111st be '·'.•·•c1fied fn 

ar i., oprfate grfd coordinates. More detailed i.1fonnation and d HJ require

m.. 1'.s for 1110dellng IIIObtle sources of pollutio1• are provided tr, th! guide-

11,..35 on Indirect sources. 

For aulti-source urban s1tuatfons, detaiicd source data arc oftrn 

fr.. ,·act1co1l to obtain, In these cases, sourc,· data should be t,,:~ed on 

an,"1!l ave,:..age condftfons. Area source fntor,. ,1t1on required .ire types and 

a·:,:11nts of pollutant emissions, the physical ,.tze of the aru over which 

f-•111::sfons arr prorated, representative stack 1.0?lght for the 111-(J, the 

lo·. Jt10n of the centroid or th_e southwest cot .er of the sourer. In appropri• 

at~ grid coordinates. If the model accepts c ,ta on area-wide d!umal 

·•tions ,~ missions, such ,s those est1fll,)ced by e111issfons r.~dels which 

are based on urban activity levels and other factors, those dat.l sh~uld be 

used. 

In cases where the required source d.lta ire not available and c~nnot 

be obtained, the data limitation shoul~ be fdentffied, Due to the uncer

tafntfes associated with such a limitation the use of the highest estimated 

concentration to detemine source Impact and to evaluate control strategies 

my be justified until such tiN that I better data base beconies available. 

F~r control strategy evaluations the impact of growth on fflli~slons 

should be considered for the Mxt 10-20 year period. Increases In t!!lllss1ons 

due to planned expansion of the sources considered or planned fuel switches 

should be tdentffled. Increases In eniissions at each source which niay be 

due to planned expansion of the sources considered or planned fuel switches 

-should be identified. Increases In 1111fsstons at each source which IN!Y b~ 

associated with general industrial/ccnmerctal/resfdential expansion in 

niltf-source urban areas should also be considered. However, for new 

source review!., the impact of growth on emissions should generally be 

considertd for the period prior to the start-up date for the source.~ 

Such changes in emissions should consider fncreased area source ernlssfons, 

changes in existing point source er.iisslons which were not'subject to 

preconstructfon review, and emissions due to sources wtth per,nit~ to 

constn1ct, but have not yet ~rted operation. 

*A new source 11111y result 1n speclffc •nd well defined secondary emissions 
whfch can be accurately quantlffed, Secondary missions are those resulting 
frOlll operation of t~e source, but not directly emitted by the source, 
e.g., emissions from shipping at a port terminal. The reviewing autt.orlty 
sho11ld consider such secondary cmlssJons fn determining whether th,: 
source would Cluse or contribute to I violation of the llAAQS. llow2ver, 
since EPA's authority to perfcmn Indirect S<'urce review reltt1nq to 
parking-type facilftles has been restricted by statute, consldcratlo~ 
or parking-type secondary impacts Is not required. 
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su-.,rce, l2) the area of roxf111:11 t111pact or nea· hy sources, and (J) the area · 
• 

w,:. re all sources cOlllbfne to cause maxfmun 1111, lCt, It 1111y be 11::.:essary to 

1r'. ·•1t1fy these locations through a trfal 11nd · rror analysis • 

If the point source 1s located tn or near an urban 111t.11t1-r.ource area, 
' 

tt:,,e are several posstbillttes for esttmattn;; the tmpact 01 il.11 other 

SCt, ces •. If I c~prd\tns1ve a1r mon1tortng nc IIOrk. 1s ivatlalil<!, tt lley 

be ;;ossHile to rely entirely on the measured l' ,ta. It 1s ne·cc-.,~•!ry that 

th,. network include sionitors Judtciously loca1 :d so as to me11~ure atr 

qu.il lty at the locations or the pofnt source':. maxt1111111 i111pact .,,.,J locations 

of the h1ghe~t concentration, fn the area. I, the potnt sourc~ Is not yet 

o·r~rating, its calculated Impact can be added ~o these measurul ,:oncentra

t f .:ns. If the source already exists 11nd 1s c, .,tributing to ti~ u~asured 

co,,centrations, 1ts calculated contribut1on si•>uld be subtract,,, from the 

ri,::.• ~1Jred values to estfNte the concentration caused by other 11;:n-made 

so•,rces and by background. 

If the monitored data are inadequate for such an analyst~. then 

mul tf•1ource IIIOdeh can be und to establish tht i111pact of all other 

sc,_•,-ces. These models should be used for app. oprhte poltut.:11:s and. 
av-. i-11ging tfmes to fdentffy concentrations at the tiaies and lo•: ,t1ons of 

1r~1. inx:.-a point source impact. The Umes and l cations of. 111axfo: :,1 impact 

du,: to all other sources must also be fdenttf ied. If a model I, not ava11-

l'hl:! for the appropriate avenging times, st~' fstical technfq::.:. can be 

us,:d with an·approprfate model to extrapolate: from one·averagi11g tfme to 

i:c~•ther. All statements 1n thts gufde re911rc .ng the data req·.1i;-1?ments and 

validity of •1r quality n10deh are applicable to analyses of this type. 

for iontrol strategy evalu4t1ons, the 1i ,,act or g~h on .lrea-wfde 

e:.;!;s1ons an,t on concentrations caused by ne ... ·by sources should 11tso be 

co,,\tdered for the next 10-20 ~ar period. l:J detenatne concci;trat1ons 
in future ye&rs, exhttng air quality shou.ld !,e prop~rtfonately Adjusted ·1 
bt the anticipated percent ch11nge fn emission:; fn the vtcfntty c,f fndtvidual 

oring sftes. However, for new source rc:views, changes 1!t rKfsting 

afr qualfty should generally be constdered,for the pertod prior to the 

start-up date of the source.(see Section 5.1}. 

6.0 HOOEL VALIDATlON/CALIBRATIOH 

Any app11catfon of an a1r quality IIIOdel my have def1cfencles which 

. cause estflll4ted concentrations to be fn error. When practical to obtain. 
a measure of confidence In the estimates, they should be canpared with 

observed air qualitJ data and their va11d\ty detennfned. 

The 1110':lel va.11datlon process• consists of a series of analytical 

steps: (1) C0111partng estimated concentr1tfons with measured air quality 

data, (2) detenDlnfng the cause of d~screpanctes, (3) correcting and 

1111Proving data bases, (4) IIIOdtfying the inodel (ff necessary) fn a manr.cr 

that provides a better MthC1111tfc1l representation of physical M!allty, 

and (5) docUIIIC!ntlng, for others, the accuracy of the estimates. S~1tfs

tical methods avaflablt for valldat1on of IIQdtls Include skill scores,. 
contingency tables, correlation analyses, t1_.. serfe1 and spatial 

'analyses, and others. If evaluation by one or llore statistical tech• 

nfqyes indicates that the concentration estimates are not a satfsrnctory 

representation of observed concentrations, then It is lfkely that one or 

both of the following problems exist: the source, meteorological or air 

qualtty data are not appropriate, reltable and complete; or the model 

ftself fs inadequate for the area under consideration • 

The avallabi11ty and accuracy ~f the 1nput data s1gn1f1cantly 

influence the accuracy .of the model estimates. The source f~ctors 

that have the gre11test frnpact on the accuracy of the est111111tes an:! the 

*There 1s a clear need for q>ec1fic and-untfoni valtdat1on procedure1
end for standards of performance. The feas1bf11ty of spectrytng such 
procedures and st11nd11rds for a1r quality 110dels ts being studied by
EPA. However, for the present time, the generalized recoc.mendntton~ 
presented fn this sectton are suggested for use. 

~................ 
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I • 

ma•., ui concentrations occur1 both short• and ::mg•teni. The r .. ,iptors 

se1. ,ted 111Jst allow sufficient spatial detafl .1d resolution !.!I u,at the 

le· :,t1on of the max11M11 or highest. second~hf!:; !St concentratl,;., ts fdt:iti• 

fh•L 

The receptor s1tes fn the v1cfn1ty of l1r ~ point sourc,s ~t whfch 
' ' m.1::!.!!\111 concentrations •re likely to occur ca, be fdentflffed b,• (1) estf• 

m-~ · '. :19 concentrations for a suffidently dens, array of recept '.,,··: to 

1,;. ,t1fy concentration gradients and (2) subs, ,uently refining :.l:(l lociJtion 

of : 'le rox1mi,n by est1mati ng concentrations f, • a finer array of receptors 

-h :.:,e general areas of 11111xinun concentrat1011·. Another techn.iq·:•• 1s to 

U\, .i s1m;,1e model such as PTl".t.x 12 tn ccxnbina, ion wtth Joint f,. \UP.ncy 

d1::tr1buttons of wfnd speed, wind direction a·.J stabtlfty to\.: ntffy the 

de. :,wind distance and direction at which the lolghest concentr:cLlons are 

ir.•,. t likely to occur. Ha..ever, other areas 11, Jund the source(~) should 

n~: be ignored, particularly ff they are one. ivated terrain. !n addition 

, ~ .. ceptor should be specified at any site wt: re 1 1110nltor Is li:cated. 

1 t Background Afr Qualltx_ 

To adequately assess the s1gn1flanct c, the afr quality Impact of a 

si ·,.-ce, background concentrations aist be co,.. 1dered. ~ckg•·n•Jnd afr 

q., .. lity relevant to a gfvcn source includes Lose pollutant cilr:centratfons 

c, •. to natural sources and distant, unidentlf ied man-made sour-v:s. For 

c..,ple, ft ts c0111110nly assumed that the ann• .1 mean backgrouw.l concentra

ti•;n of port1culate 1111tter 1s 30-40 1,19/113 ov, ,. much of the Ecsti!rn United 
43S1.·,tes, Typically. afr qu4lft.Y ~ta &N: u: -:d to establish l<id1round 

C\.;1:;entrations In the v1cln1ty of the source Ynder cons1dcr~tlo,. Hu..,tver, 

t,:; :n! the -~ource ts not holated. It ~ be , !tessary to use J r.1u1tf

~r-.1n:e rodel to establish the impact of •11 ,,ther nearby souri:.)s during 

,l1·:pen1or: conditfor.s conduche to hfgh cone :1tr1tfons, 

If the pofnt source fs truly fsolated e: d not affected by other 

rndfly tdent1fied 1111n•Nde sources. two opt 'ons for determining back-

d cor,centrntfons fr,3 ah· qualtt;y data , . .-. 1va1lable. The preferable 

',t\.-<lllf"' 

optfon Is to use afr qu.ltty data collected tn the vfc1nfty of the source 

to determine 111ean background concentrations for the 1ver1glng times of 

interest wh,n the point source itself Is not fll'4)act1ng on the monitor. The 

second option applies when no mnitors are located fn the vicinity of the 

source. In that case, 1ve1·1ge measured concentrations from a ~regional" 

site can"be used to e~tablfsh a back~round concentration. 

For the first option ft fs a relatfvely straightforward effort to 

identify an annual av~rage background from available air quality data. For 

shorter averaging tf111es, background concentrations are detennlned by the 

following procedure. Ftrst, aieteorolugical conditions are fdcntfffed for 

the day and similar days when the hlgh~st, second-highest estf~~ted ccnc~n

tratlon due to the source occurs. Then the average background conr.entratlon 

on days with similar meteorological conditions fs dete1111lned from air 

quality measu~nts. The background for each hour fs assumed to be an 

average of hourly concentrations 111easured at sites outside of a so• sector 

downwind of the source, The l•hour conccmtrat1ons are then average1 to 

ob~ln the background concentration for the averaging tl11111 of coneern. 

If afr quality data fran a local 1110nttor1ng net.work are not avail• 

able, then mnitore<f data fron a •regi~nal• sfte Ny be used for the 

second option. Such a site should characterize air quality across a broad 

area, including that in which the source Is located. The technique of 

characterfz1ng meteorological conditions and detenntntn9 associated back

ground concentrations can then be employed. 

If a small number of other ide~t1fi1ble sources are locatr.d nearby. 

the impict of these sources should be spec:lftc31ly determined. The bac~• 

ground co1centratlon due to natural or distant sources can bo detenntned 

usfng procedu~es already described. The far,,act of the nearby sources irust 

be SURmed f~r locations where interactfbns between the effluents of the 

pofnt source und~r consider1tton and those of nearby sources can o~cur. 

Sign1ffcant locations include ll) the ,1'1!a of 1111x1ffllllf tir.pact or the point 

J I-.',I 
, ,-~ I ,. , t.,. ·· I b . ..J ~- '. ~1 k-·-,.f .,~_,-:. j r. r- ~ 
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5.2 Heteorologfcal Data 

For a dtspersfon rrodel to provide useflit and valid result:;, the 

,,. teoro 1 og1 ca 1 data used 1 n the PJOde1 11a.1s t t, ~ representa t 1ve r: f the trans

~ .'rt and d1spcrs1on aondltfons 1n the vfcfni l.y of the sourc~ that the 
I 

11 ;1el Is attem11tfng ~o simul11te. The repre'. ·ntat1ven,ss rK the data h 
. I 

d ·;.iendent on (1) the proxhnfty of the metP.01.-logfcal monftprlnu sfte to 

the area under consfderatfon, (2) the complr lty of the terr,iin 1n the 

a~ea, (3) the exp_osure of the meteorolog1cal monitoring site ,1nd (4) the 

p:rlo<I of time during which the data are collected. The rep1 ,:',entat1veness 

r,f the data can be adversely affected by la1 :e distances bet•:, ?n the 

sr.urce and receptors of Interest and valley, ,ountain, land-1:.1tcr, and 

urban-rural characteristics of the area. 

_For new source revle-,, and control stral.igy evaluation, th:? meteoro

lrg1ca1 data required as a mlnlmun to descr11,e transport and <.:lspers1on fn 

the atmosphere are wfnd direction, wfnd spe, J, atmospheric st~b111ty, 

mixing height or related indfcators of atmo· ,herfc turbulenc~ ,1nd mlxfng. 

Site-specific data are preferable to dat,,c,·llected off-sit<'. The avafl

o:.i11ity of such rne$O· and mlfro-meteorologf, 11 d1ta collectir.,1s pennfts 

r.::Jre detailed meteorologlcill analyses and S'.,·1sequent 1mprov,... ·nt of model 

c,tfmates. Local un1vers1t1es, industry, p.. llutfon control l<J<?ncfes and 

rnnsultants may be sources of such data. Ti.? par11111ters typically required 

on also be derhl!d from routine IIM!Uuremcn,.$ by National WtJLher Service 

stations. The data are available as indivi, ual observations ~nd 1n sum

marhed form frora the National Climatic CenLer, Ashev111c, r1. C. Descrfp

tlons of Individual models should be referr :f to for specific meteorological 

d.;t1 requfrements. Hany mochils require eitl.:r hourl1 metcorvll.l!Jical data 

or innual stah111ty win~ rosos, 

It ts preferable forthemteorolog1cal data base used with tfle atr 

qualtty Jr.Odeh to ln.cluJe several years or ,.1ta. Such a 111Ultl-year data 

blse allows the conslderattcn or vadatfons In 111eteorol~gfi:>1l conditions 

; occur frt111 year to year. The exact nu, ..ber of year.. nei:,:rd to accoun' 

for such variations fn meteorological conditions 1s uncertain and d<?pends 

42 on the cltn111~ic extremes fn a given ~rea. Generally ffve ypars yl~lds 

an adequate meteorological data base. However, ff long-term data r~cord~ 

are not avaflable, ft NY be necessary to lfmit the modeling and subse,:iuent 

analyses to a sfngle year of meteorological data. The use of one y~ar of 

data might also be Just1ffed ff the climtological reprtsentatlveness or 

that da~, can be demonstrated. A longer record from a nearby National 

Weather Service sfte could be used·to check for representativeness. 

The nUll1ber of National Weather Service stations for which ~ltlple 

years of hourly w~ather data are available fs increasing slgn1ffcantly •. 

Several EPA offices hive ordered such d1t1 for a large number of stations. 

It is clear that more detailed analyses than previously considered for SIP 

evaluations and new source review are necessary. Thus, for areas where 

mctcorologfcal conditions are adequately represented by weather station~. 

the use of 111111t1ple years of meteorological data appears to be v1~blt anj 

Justified. 

. 
Where representative meteorologic1l observations are not available, 

the concentration estimates may be limited to cons1derat1on'of worst case 

cond1tfons. An analysis of worst case conditions should be based on 

reasonable interpretations of clf1111tologfcal data and should consider sur.h 

critical plume characterfstfcs as looping, coning, limited mixing, fumiga

tion, aerodynamic downwash and plume fmpactton on terrain. Due to the 

uncertainties of this approach, the use of the highest estimated concentra

tion to detenn1ne source f~pact and to evaluate control strategies 111ay b~ 

Justified untfl such time that a better data base becom~s avatlablP.. 

5.3 J!eccptor Sites 

A receptor sfte fs a location for whfch an air pollution concentra

tion is estfroted. The chofce of locatfor:s for receptor sftes signtfi• 

c:antly affects tht evaluation of source impact and control strategy 

effectiveness. It fs most irtiportant to identify the location wher,. 
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~, ·m1cy and COOY,>leten~~1 of the (1) e-nhsior, data, (Z) phys!, •I phnt 

p.: ·,meters, and (3) site coordinates of the ~- urces. Often U.•· val1da

t11.1 w111 reveal defic1enc1es In tM cm1ssfor, inventory, whfLL can be 

c-:,,-rected to improve ~e .1ccuracy of the mod< : esti~tes. Tt,: <1ccuracy 

of the concentration estfo:atts 1s also affec'. :.I by the loc(t1,';; Jnd 
. , , , l . 

e: ;osure of the 1n$trlimentation used for o!>t~ :n1ng the met.cor-,1,,gttal 
' 

d.. 4 and the overall representativeness and r ~lctaness of ti;- '.e data. 

S·, .llarly, the valtdatfon of the dfspenfon I del 1s affected t;• the 

• L .dt1on, exposure ,nd rt:>rts'!ntat1veness of :he afr ~ual1t.,y :: .-pltng 

s: '.a and by the accuracy and completeness o, the air quality <!.1ta 

1~:c.!lf~ These data should be available for tl.i s11111 averagin'.l ~Imes as 

tt,: concentration estimates. and should descr I ,e the spatfa1 v.• , lat ton of 

1>,.: lutant concentrations across the area. It the atr qual tty ,'.Jtll. are 

1., .1ny w11y unsuitable or incorrect, the accu, :cy of the dtspn ·.Ion model 

~ .. :.1!111ltes c,nnot be determined. 

The following factors most frequently c- JSe a model to b: considered 

, , .-lequate or 1napproprh te for a gfven area: (1) The mode1 L app1 i ed 

·., an are« with c~lex er unique terrain or ,:ieteorolog1cal c,,·,.llt1ons; 

(.:) the source e1111ssions vary mrkedly or 1r, igularly w1th t1 · :~ (3) the 

r· ·:lutant h subject to iraJor or highly vart '1le atmospheric (1,~m1cal 

: · ;ctions or removal processes; (4) the mod~, 1s app11ed to pollutants 

~'.ih characteristics other than those cons1d red in tts develt.; r.ent. If 

.1; ! cf these c1rc1111stances are encountered, it may be neces:..:i,-,, to 

~,1ect a more appropriate model t-r approprfa,!ly modify the r.::-',il be1ng 

u.: :d. 

When_Jny analytical techntq•Je 1s t.'lllploy• ,, the an:il~t i·, •espon

s!l,le for recognfz1ng and quan'tl(y1ng 11111~Utfons tn the acr.ui·,1~y, 

i:,r ch1on ond sensftlv1ty of the procedure. fhus, tn all 11ppl !cations 

o, :••.><leis an effort should t>e made to tdentft:: thl! re11ebfl1ty of the 

~/r.1 est11114tes for that particular area or : lr:11lar areas and r., dater-

the r~gnttude and so1Jrces of error asso•. tated wtth the u~•J of the 

rmel. In addition, sensftivity analyses are u~eful for det:rmln1ng the 

effect or tar1at1ons or uncerutnties In the data bases. on the range of 

ltkely concentrations. Such tnfonn.1tlon tnay be very userul In determin

ing snurce Impact and evaluating control strategies. Where possible, 

Information on sensitivity should be m4de availftble by the modeler. 

Due to limitations of the data base, lack of sctent1ftc knowledge 

or limitations on tiine and resources, ft 11111 not always be possible to ,. .. 
perform a thorough and canpllte 1110del va11dat1on. Thus, in some situa-

tions, It his been necessary to revert to calibration of the model, 

Calfbratton of a model 1s the process of 1denttfy1ng systematic errors 

and applying a correction factor. In 11111ny cases this involves the 

application of regression analysts or other statistical techniques to 

adjust D10del estimates in order to Increase agreea-.ent wfth measured 

data. 

Calibration of long-tena aultf-source 110dels Is a widely used 

procedure. It is acceptable provi~ed that reasonable resources have 
~ 

been expended to validate the model, e.g., the five steps ltsted at the 

beginning of this section. Li•ltattons tmposed by stattstfcal theory on 

the reltablltty of the calibratton process for long-ter111 estt~~tes 

have been identtfled. 44 In some cases, though, ca11bration may be the 

only alterr.attve for ir.iproving the accurac.r of estimated concentrattons 

and the control strategy evaluation. However, 1f the model accounts for. 
' 

less than 50 percent of the variation of 111Casured concentrations, It I~ 

doubtful th~t there 1s justtftcatton for using the model. 

Clltbratton of short-tenn models ha~ not been widely perf:i:T.IP.d bnd 

ts ~ubject to a greater ur:>unt of error and mtsunderstandfn9. There 

have been attempts ~Y some t~ COl'll)4re shoft-tem estimates and measure-
" 

mcnts on an event-by-event basis and then to calibrate the model wtth 

results of the COCllparlson. Thts approach ts severrly limited by uncer

tainties tn,source and meteoro1ogial data and thus one's ability t· 
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~:~1sely estimate the concentntton at an e lCt location for ,. spec1ftc 

i,.~resnent of time. These un::ertatnties makf' attempts to cal i,,r.:ite a 

:'·o:-t-~cm riodel questionable. As I result, tt appears that ll.!! 110st 

.-,. liable direct ccn,;,~r1son beblcen estiinat«' and iqeasured Sh'.·1·t-tenn 

i: ,,centratlons involves the upper percentilt of the resrlcti"·J frequency 
, , , I 

d: strfbutlons; Even here, considerable varfo Ion may be found frm site-
' 45 46 t.:-sfte and plant-to-plant. In such comparl. ons • for ·on': t:asfc 

CJ•Jsstan point source model 1t was found tha. short-term estf,.-~tes of 

h lghest concentrations are generally accurnt · within a factor of two. 

47 48 Tlds accuracy 1s consht';!nt with the emp1r1t.,1 basts • for these 

·m:11els. However, 1n general, estimates whic ·, are both too hii,h and too 

lo~ may be expected. 
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. I Glossary of Selected Te1.~ 

~.Ir Quality - Amt>fent pollutant concentrat1c.,s and their tem:n,ral 
a~d spatial dfstrfbutfons. 

r,1-3orittrn - A sp'.!C1ffc mathem,t1ca1 calculat Ion procedure. 

l:~dground - Ambient pollutant concentratfo,,s due to natural ~ources 
~nd distant, unfdentified 1Mn-mod1 sources. 

c., 1ibratfon - An adjust111ent applfed to cone. ,trat1on est1ma'.( ~, based 
Qn a c0111par1son wfth meosured air quality d- ~.i. tn order to li;;prove the 
•~curacy of the model. 

(c~puter code - A set of statements that co: .>rise a c0111>utei· program. 

k.del - A quantftatfve or mathematical repr ;entat1on or s1, .,Jatfon 
·.,·::ich attempts to descr1be the characterfst1cs or relat1on~h1ps or 
fli;sfcal events. 

R~ceptor - A location at which ambient air •:ualfty 1s measu,·•:.I or 
c, tlmated. 

Rollback - A simple model that assumes that If emfssfons fn·,1 each 
~•1•irce 11ffect1ng a given receptor are decr,.,,ed by the same p ~rcentage, 
~:.ib1ent a1r quality concentrations decrease proportionately. 

~creenfng Procedure - A relatively sl~ple a 1lysis techn1q~c ro detenr.fne 
If , given source 1s lil,ely to pose a threa. to air qual tty. 

VJ11datien - Detenn1natlon of the reliabfl i: y of a model by c ,mparlng 
U,e model est11111tes with 111easured air qua11 Ly data. 

·-.. . 
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Appendfx -' 

-5111111:Jarle,~f-l!. ;om,ended,, 

Air ~11ty I .xlels 

·~ 
~/ 

*SUl1Tllarfes presented fn thfs appendix are 11rgely based on ~l••flar fnfonnatfon 
sunmarfzed by J. J. Roberts (Ed.) fn "Rop rt to the U.S. er., of the 
Spec1a11sts' Conference on the EPA Hodelf,.J Gufdelfnes,• [rwlrorvnental
Protection Agency. Research Trfangle Park. North Carolfna 27711. February
1977. 

,,.. I 1400EL 

r,~ference: TRW Systems Grour. "Afr Qua11tv Display !1ode1." Pr-epared for 
Natfonal Afr Pollution Control r ~nfn1stratfon, ~:Ii W, U.S. Public 
Health Service, llashfngton, O.C., November 1959, UITlS PB 18'119~). 

AlR QUALITY DISPLAY (AQilM) 

~ 
_,,, 

/\:,;tract_: AQCX'I ts a cllmc1tologfcal steady ;tate Gaussfan i•!•·me Model that 
estimates annual arfth111etfc ave ,ge sulfur di<ir.i,' · and po1rtfculo11t,
concentratfons at ground level 1.1 urban area~. f, ~tat1stli:ai 
model based on Larsen1 Is used l"l transfo1111 the .,,crac;e concentra
tion data frOIII I l finf ted number uf receptors fn: 'l c!xpccted
geometric 111un and maximum cone, ,1tr1tton nlues 1-.,r several 
dffferent aver•~lng times. 

~.~at1ons: 

For both pofnt and area sources: 

16 6 5 
x • I I I •kbl 11clm

k•l .C•l •1 

where: 

.. ·rrr ·;q- ~ tl ~-zjxklm r.i • ~ ( c ) exp • I l;:-) for x ~ 'i. 
ru oz u.( z 

16 Jt_ for x !,. ZXLX~ • 2u° • Ut_l- (¥) 

11near fnterpolatton for ,;_<x<2xl 

'i. defined by _oz(xl) • 0.47L 

y • crosswfnd distance between receptor and sector k centcrlf~e 

c • sector wfdth at receptor 1oc:at1on 

oz(x) • axb + c; a,b,c • functions of stabfltty class 
a,b,c for neutral condftfons splft fnto 
x > 1001b case and x ~ l00OIII ca~e. 

Q • er.ifsslon rate (g/s) 

H • pllllll height (ml 

u • wind speed (m/s) 

♦ •relative frequency of occurrence fran stllbility wind rose 

oz• vertical standard dev1atfon of plume concentrations (~) 

x • downwind dfstance (m) 

a. Source-Receptor Relatfonshlp 

Arbitrary location 1nd stack height for each point source 
Arbitrary locatfon and s1ze for each area souri:e 
Up to ZZS receptors located"on unfform rectangular grid 
Up to 12 user-specified receptor locations 
Unique release hefght for each pofnt, area source 
Unique separatfon for each source-receptor pair
Receptors 1t ground level 
No terrafn differences between source and rec~ptor 
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Eouat1ons: 

For both pofnt and area sources: 

16 6 5
X • I I r .tlll xk.Cm 

t•l .t•l •1

Ap~ndfx A 

-SUll:llrfa-.,f-Rc:c-nded-

Afr Quality r~ls 

where: 

Xtca • ·'t.i • lr."ZV <¥> exp [ } ~;1 for 11 .! x. 
• oz uc L z '-

for x !. b:LXtca, • ~ • *(~) 
lfnear lnterpolat1on for i,_ c x c 2xl 

XL defined by . oz(xl) • 0.47L 

y • crosswind distance between receptor and sector k centerline 

c • sector width at receptor location 

oz(x) • axb + c, 1,b,c • functions of stability class 
a,b,c for neutral condftfons split Into 
x > 1000n case and x !. lOOOrn case. 

Q • emfssfon rate (g/s) 

ff• plume height (m) 

u • w1 nd speed (m/s) 

♦ • relative frequency o,f occurrence frm stabt11ty wind ro~e 

oz• vertical standard deviatfon of plume concentrat1ons (m) 

x • downw1nd distance (m) 

!'>!ferenci: TRW Systems Group. "Afr Quality Display Model." Prepared for 
National Afr Pollutfon Control Admfnistration, ~HEW, U.S. Public 
Health Service, Washington, D.C., November 1969, (NTIS PB 1B9194). 

/~~= AQt,t is a climatological steady state Gaussian plurM mooel that 
estimates annual aritt~ietic avprage sulfur dinxid~ and particulate 
concentrations at ground level in urban area~. A statistical 
model based on Larsen 1 f~ used to transform the average concentra
tion data from a limited r.umber of receptors fnto e~~r.ted 
geometric mean and maximum concentration values for several 
different avtraging tfmes. 

~. Source-Receptor Relat1on_sh1p 

Arbitrary location and stack height for each point so,1rce 
Arbitrary location and sfze for each area source 
Up to 225 receptors locattd on unffonn rectanyular grid 
Up to lZ uscr•specfffed receptor locations 
Unique release h!fght for each point, ar~a source 
Unfque !1,paratfon for e:ach source-receptor pair 
Receptors at ground level 
No terrain differences between source and receptor

'Sun111ar1es presented fn this appendix are largely based on sfm11ar infonnatfon 
sumnar1ze1 by J. J. Roberts (Ed.) 1n "Report to the U.S. EPA of the 
Specialists' Conference on the EPA Hodeling Guidelines,• Envirorvnental 
Prot,ctfon Agency, Research Trfangle Park, North Carolfna 27711, February
1977. 

11. 1 AIR QUALITY DISPLAY MODEL (AQiX'I) 
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b. Emfssfon Ratt 

Pofnt sources: single rate for each source 
Area sources: single rate for each source 

Each source treated by effective single point 
source approxttnation

'No temporal v~rfatfon allowed 

c. Che:nlcal Composition 
, ' i j 

Treats one·.or two Inert pollutants simultaneously 

d. PllD!le _!lehavfor 

Use of the Brigg\ plume rise formulation is recomnended 
Calculations based on single arbitrary values of stack diameter, 

stack gas exit velocity and stack gJs temperature for each point 
source 

No plume rise calculated for area sources 
Does not treat fu:nigatlon or downwash 
If stack height plus plume rise Is greater than mixing height,

ground level concentration assuned equal to zero 

e. Horizontal Wind Field 

Climatological approach
16 wind directions 
6 wind speed classes 

No variation In wind speed with height
Constant, uniform (steady-state) wind assumed 

r; Vertical Wtnd Speed 

Assumed equal to zero. 

g, Horizontal Dispersion 

Cli~~tologlcal approach
Uniform 22.s• wide plume assuned 
Frequency of occurrence interpolated between sector centerlines 
Averaging times from 1 mcnth to 1 year or longer 

h. Vertical Dlsperslo~ 

Semi-empirical/Gaussian plume
5 stability classes as defined by Turner2 

Neutral stability split Internally Into 601 day, 401 night
Dlsoerslon coefficients from Pasqulll and Gifford 
Neu:r51 dlsp~rslon coefficients used for stable class 
No Jrovtslon for variations In surface roughness 

i. Chemistry/Reaction Mechanism 

No provision for treatr.ient 

J. Physical Removal 

No provision for treatnient 

k, Back9round 

Input single constant background value for each pollutant 

1. Boundary Conditions 

Lower bound~ry (ground): perfect reflection 
. Upper boundary (mixing height): no effect until az > 0.47L 

( this occurs at x • Xi ) For ll < ll < 2xL, o Is lint'arly
Interpolated between tts valueLat xL and lts 1valu, at 2xl 

•· Emission and Heteorclogical Correlation 

Wind speed, direction, stability correlated via wind rose 
Emission rate - not correlated wit~ any other factor 
Non-sequential (climatological) limited correlation 
Hblng h~ight 11dJusted according to stability class: 

Cla~s A• 1.5 tlffl'?s the afternoon climatological value 
Classes B, C, and O(day) - equal to the afternoon cll:iatolo9lcal 

value 
Class E - 100 r~ters 

n. Validation/Calibration 

Calibration option available 
Validation Is routinely done In most applications. Thus I large

numbei· of validations have been carried out, although few appear
In the 11terature. This 1110del, with the Briggs plU1ne rise fonnulas, 
typically estimates concentrations ranging from nearly correct 
to a factor of two high. 

o. Output 

1 D10nth to 1 year averaging tiaie simulated (arithmetic 
mean onlyJ

Arbitrary averaging time by Larsen procedure
(typically 1 - 24 hours)
Assumes 
(1) lognol'1Doll concentration distribution, 
(2) power law dependence of median and maximum concen

trations on averaging time 
Up to 225 gridded receptor locations, 12 arbitrary locations 
Individual point, area source culpability list for each receptor 

p. Computer Requirements 

Digital c0111puter required
Core requirements are moderate 

q. lirnl tatlo,,s 

Useable for urban areas only
In general, CCl1/CDHQC Is prefer•ed over AQDH 

A,2 APRAC-lA 

-
Reference: Mancuso, R. L. and F. L. Ludwig. ~user's Manual for the 

APRAC-lA Urban Diffusion Hodel C0111puter Program.•
Publication No. EPA-650/3-73-001 (NTlS PB 213091),
Environmental Protection Agency, Research Triangle Park, 
North Carolina 27711, September 1972. 
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;,bs tl"lct_: 

~gyat1ons: 

APRAC ts a model whtch computes hourly average carbon monoxide 
concentrations for any urban lor.atfon. The mod~l calculates 
contributions from dispersion on various scales; extraurban, 
mainly from sources upwind of ti•~ ctty of tnterc~t; intraurban, 
from freeway, arterial, and feeder street sources; and local, 
from dispersion within a street canyon. APRAC requires an 
extensive traffic inventory for the ctty of interest. 

1 -11 
• 5•15Extraurb~n - x O F . Xe ~ 

F • annual fuel consumption w1 thin zz.s• sector extending
from 32 km to 1000 km upwind of receptor. 

1-blj 1-blj
0.8Qf xi+l • xi 

Intraurban - xij • u aij 
r:5'fj 

Until this expression equals the "box model value" 

Qt 
ii'PXi+l •Xi) 

Thereafter the box model formula fs used. 
I• upwind area segment label 
j • stability class label b 
•ij and bij from (oz) • •tj x ij for x withtn segment i 

ij 

~- ~Street Canyon-. Lee stde 
XL• (u+o.5)[(x2+z2)1/2+ Lo] 

KQs (H-z) 
Windward sfde Xw • (u+O.S) Wff 

Intennedtate wtnd dtrectlon(less than+ 30• from street 
(direction) -

XL • '2'1 
(xl + xwl 

where: 

x • horizontal distance from traffic lane (m) 

z • hafght above pavement (m) 

K•constant• 7 

L • vehicle size• 2111
0 

u • rooftop wind speed (m/s) 

Q
5 

• CO emission rate (g/s-111) 

W• Street width (m) 

H • average building height• 38.8 m 

1. Source-Receptor Relationship 

User specifies set of traffic links (line sources) by pro-
viding link end points, road type, dally traffic volume 

The traffic links may have arbitrary length and orientation 
Off-link traffic allocJted to two mile square grid
Lin~ traffic emissluns are aggregated into a receptor oriented 

area source array
The boundaries of the area sources actually treated are (1) 
.arcs at radial distances from the receptor wh1cn Increase tn 
geocrietrlc progression, (Z) the sides of a zz.s• sector 
oriented upwind for distances greater than 1000 m, and (3)
the sides of a 45• sector oriented upwind for distances less 
than 1000 m. 

A similar area source array ts established for each receptor 
Sources assumed at ground level 
Up to 10 receptors
Receptors at ground leve1 
Receptor locations are arbitrary
four internally defined receptor locations on each user

designated street are used In a special street canyon 
sub-model' 

b. Emission Rate 

Daily traffic volume for each link and off-link grid square Is Input•. 
and modified by v1r1ous factors to produce hour-by-hour emissions 
from each link 

Link emis~ions aggregated as described above: sector area source 
contributions obtained 1nalytlcally

Off-link traffic emissions on the two mile square grid are added tnto 
sector area sources 

In street canyon sub-model, a separate hourly emission rate ts pr~vtded
by user for the link fn question 

c. Chemical Ccmpositton 

Treats one inert pollutant 

d, Plur.ie Behavior 

Does not treat plUllle rise 
Does not treat fWlllgatlon or downwash except In street canyon sub-model 
ln street canyon sub-model, a helical circulation pattern ts assumed 

e. Horizontal Wind Field 

Hourly wind speed and direction 1n tens of degrees are input
No variation of wind speed or direction with height
Const~nt, uniform (steady-state) wfnd assumed within each hour 

f. Vertical Wind Speed 

Assumed eQual to zero except In street canyon sub-model 
Helical circulation assi,ned by street canyon sub-model 

g. Horizontal Dfsperslon-

Sector averaging unlfona distribution within sectors 
22.s• sectors beyond 1 1cm 
45.o• sectors within 1 lal 
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Vertical Dispersion q. Lfnii tattons 

Semf-empirfcal/Gaussian plume Limited to urban areas
6 stability classes; stability class detc!rmlned internally fr~ 1.ser• No '!l!ans for including point sources

supplied meteorological data [modified from Turner•)
Dispersion coefficients fr0111 HcElroy an1 Pooler3 , modified using 

lnfonnatlon in Lel9hton and Oitrnar~ 
Ho adjustments ~e for variations In surface ,ougbness
Downwind distance vtlrlatlon of az assumd to be ax for purposes of A.3 CLIHATOLOGJCAL OISPERSlON tl)l)El (CC.~) 

doing anal)'.tlc ,1ntegrJtlon . ' 
In street canyon lsul>-mode 1, empirfca1 function of 'wf nd ~p::!cd and :; treet Busse, A. o. and J. R. Zimel"':lan. "User's Guide for thewidth and dfrection h used Ref_erencel: Climatological Otspers1o:i Hodel.• Publ 1cation No. EPA-lv~-

73-024 (HTIS PB 227346/AS), Environmental ProtP.ttlon Agen,y,
Chemistry/Reaction Mechanism Research Triangle Park, Horth Carolin~ 27711, December 197j. 

Single Inert pollutant Brubaker, K. L., P. Brown, and R.R., Cirillo, "Addendum 
to User's Gulde for Cltinatologlcal Olsplrsfon Hodel."

Physical Removal Publication No. EPA-450/3-77-015, Environmental Protection 
Agency, Research Triangle Park, North Carolina 27711,

Hot treated Hay 1977. 
Back-;iround I

CIJI fs a climatological steady-state Gaussian plume modelAbstract: for determining long-tem (seasonal or annual) arithmetic
Box model used to estimate contribution fr0111 upwind sources average pollutant concentratlons at any ground-level

beyond 32 1cm based on wind speed, mixing height, annual receptor In an urban area. An expanded vers Ion (CDMQC)
fuel tonsumpt1on includes a statistical 110del 'based on Larsen 1 to transform

In street canyon sub-model, contribution from other streets the average concentration data from a 1lm1ted nuP1ber of 
1s Included in background receptors into expected geometric mean and maximum concen• 

tratlon values for several different averaging times.
Boundary Conditions 

E,!luatfons:Lower boundary: perfect reflection N 6 6Upper boundary: perfect reflection; fgnnres effect until 16Xpolnt • 2w r r r Qn 'kntm Slm (pn)/pnconcentration equals that calculated u~lng box model; n•l .t•l 111"'1uses box model (unlfonn vertical dfstr·lbution) thereafter 
Hfxing height detenr.ined from morning ra•Jlosonde data as 

follows: 6 . 
midnight to da\otll: constant at pre-dawn value obtained 1lr6 6 di,
using minimum urban temperature Xarea • ~L'l~l qk(P) t!l m~l ♦ ktm S.cm(o)) 
d.iwn to sunset: afternoon maximum temrerature used to 
obtain maximum height; hourly values cutalned from surfJce 
temperature variations 
sunset to mfdnfght: 1f11ear interpolation wfth tfme with qk(P) • f Q(p,t)de 

sector kEmission and Meteorological Correlation 

Emlssior.s a function of hour of the day .ind day of the w~,d. 
Meteorological parameters are functions of hour of the Jdy 

_2- exp [ ½(J!)2] exp [ 0.6~2 e]
Valfdation/Calibratfon S.c,n(P) • 0I& 0 z UL [ z [ ul 1/2 

No calibration option provided , 
One validation study documented by authors of the 1110del for oz !, O.BL 

Output 
1 [ D. 692 o ]

Hourly concentration ,values at each receptor Stm(P ) • u.T exp • u.r.:: for a. > 0.8L 
l • l 112· ..Freouencv distribution based on hourlv ~alues can be obtained 

Computer Requirements 
a,b • functions of stability class (ml and 

downwind distance (p) - three ranges of
c,l • apb;

Digital computer required 
distance used: 100-500 ~. 500-5000 m, 
and 5000-50,000 n 

•9re requirements are IIIOderate 
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kn• wind sector appropriate to the nth µoint source 

On• emission rate of the nth point sourr.e (g/s) 

on• distance from the receptor to the nth point source (ml 

qk • emission rate of the area source pr.r unit area and 
unit t1:ne (gfs-rn2 ) • 

I 
o • d1stanc~. frOlfl the receptor to an 1nfinltesi1111, ar~J 

source (11 ) 

s • an9le relative to polar coordinate~ centered on the 
receptor 

l • inuex Identifying the wind speed class 

m ■ Index Identifying the class of the Pasqufll stability 
category 

•(~.l,m) ■ joint frequency function 

z • height of receptor above ground level (m) 

ul • repre\entatlve wind speed (m/s) 

h ■ effecthe stack height of source distribution, f .e., 
t~n average height of area source rmlsslons In the 
k wind direction sector at radial distance~ from 
the receptor (m) 

L • the afternoon mixing height (m) 

r112 • assumed half life of pollutant hours (s) 

•· Source-Receptor Relationship 

Arb:trary location for each point source 
Arbitrary location for each receptor
Area sources input as multiples of a user-defined unit size 
Arbitrary release heights for point and area sources 
Actual separation between each source-receptor pair used 
Receptors are at ground level 
No ter,·a1n differences between source/receptor 

b. tm1sslon Rat~ 

Point sources: single rate for each source 
Area.,sou,cu: single rate for e.:ich source 

area Integrations are dc,:e numerically one 22.s• sector 
at a tlnie; sampling at discrete points defined by specific
radial and angular intervals on a polar grid centered on 
the receptor

Day/night variations in emissions, same variation assumed 
for a11 sources 

c. Chemical Composition 

Treats one or two inert pollutants simultaneously 

d. Pl11111C Behavior 

Only Briggs neutral/unstable formula used for point sources 
If stack height plus plume rfse Is greater than mixing height, ground 

level concentrations assumed equal to zero 
Alter1111tlve to Briggs - Input value of plume rise times wind speed for 

each point source 
Ho pll!lllt rise calculated for area sources 
Does not treat fumigation or downwash 

e. Horizontal Wind Field 

Cll1natological approach
16 wind directions 
6 wind speed classes
Wind speed corrected for release height based on power law variation 

e~ponents fr01n OeHarrais5 
Constant, unlfon11 (steady-state) wind assumed 

f. Vertical Wind Speed 

Assumed equal to zero 

g. Horizontal Olsperslon• 
Climatological approach
Unifonn distribution within each of 16 sectors 
Averaging time• 1 month to 1 year or longer 

h. Vertical Dispersion 

Semi-empirical/Gaussian plume
5 stability classes as defined by Turner2 

Day and night cases of neutral stability input separately
Dispersion coefficients taken from Turner' 
Area sources - stability class Is decreased by 1 category from Input

values (to account for urban effects)
Neutral dispersion coefficients are used for stable classes 
No further adjusbnents made for variations In surface roughness 

1. Chemistry/Reaction Mechanism 

Exponential decay, user-Input half life 

J, Phys ica 1 Reinova 1 

Exponential decay, user-Input half life 
Always applies the same rate constant 

k. B.,ckground 

Input single constant background value for each pollutant 

1. Boundart. Conditions 
• 

lower boundary (ground): assumes perfect reflection 
Upper boundary (mixing height): no effect until dispersion coefficient 

eq,ials 0.8 of the 111ixlng height, unlfonn vertical mixing assimicd 
beyond this point 

·-· 
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.... Emfsston and Meteorological Correlation 

Wind speed. direction, stabfllty correl.-,ted v1a wind rt•:;e 
Hix Ing height ts adjusted according to • tabl 11ty class: 

Class A - 1.5 tln,.?s afternoon cltmat•. logfcal value 
Classn B, C, and O(day) • equal to 11,e afternoon cli~1Holog1cat
value · 
Class D(night)' - average or morning .~nd afte'moon cl lm.:itologtcal 
value I 
Class E ,. morn.Ing c1f111l!tologfcal val11,: . ' . 

Emission rates: l day-night allowed; all sour~es vary by sJme factor 
Non-sequential (climatological) llmiteu correlation 

n. Va 11da tlon/Ca11 brat ion 

Calibration option available (COHQC) 
Two va11dat1on studies documented In th! user.'s gu1de 
Some unpubll~hed •,alldatlon experte~ce 

o. Output 

One month to one-year av,eraglng time s1 ..1ulated (arithmetic mean only) 
Arbitrary averaging time by Larsen 1 pn~edure (typically 1 - 24 hr.) 

(Ctl-lQC) 
Assumes . 

(1) lognonnal concentration distribution, 
(2) power law dependence of median and maximum concentrations on 

averaging time 
Arbitrary number and location of recepl.Jrs
Indtvtdual point, area source culpablll ty 11st fdr each receptor 

(CDMQC)
Point, eru concentration rose for each receptor 

p. Computer Requirements 

Digital computer required 
Core requirements are moderate 

r:. L1m1tat1ons 

Useable for urban areas only
Area source emission densities 1111st not vary rapidly from one area 

source to the next 

A. 4 GAUSSIAN-PLUME MULTIPLE SOURCE AIR QUALITY ALGORITHH (RAM) 

~,· ference·: Turner, O. B., and J. H. Novak, "User's Gulde for RAH.• 
Environmental Protection Agency, Research Triangle Park, North 
Carol Ina 27711, 1978. 

t•stract: RAN 1s a steady state Gaussian r;Jume model for estimating 
concentrations of relatively st,,t,le pollutants for .1verag1ng 
times from an hour to a day from point and area so,Jrces. 
Level or gently r:>lllng terrain is assumed. Calculations are 
performed for each hour. Both rura1 and urban vcrs Ions are 
avaflable. 

E.9.uations_;_ 

The area source ccntributions are determined using the nar'"°"'• 
plwne hyoothes1s similar to app11cat1ons by Gifford and Hanna 7. 

Contribution. Contrfbutton from a single upwind area source 

x2 

XA • i J f dx integral evaluated nwnerlcally 

xl 

x1, x2 • points of 1ntersect1on of ray from receptor 
through area source 1n question 

q • emission rate per unit area of the area source (g/s-m2) 

u • inean wind speed (111/s) 

f 1 
,-rs- a 2 

For stable conditions: ■ --g 

z 

• 0 g 9
Xpolnt 2•u ay oz 1 2 

For neutral or unstable conditions, oz~ 1.6l: f. _1-g
,12"; a 3 

z 

X • ,,_;:,..0__ 
point Zsu ay ~z 9193 

For neutral or unstable conditions, oz> 1.6L: f • t 
~ -• -· •1Xpotnt ,-rs- uL Cly 

In which [ 1 (1-/]
91 • exp • ! oy 

2 2
1 z H ] r 1 z+H ]g2 • exp [ - l (11: ) + exp [ l <;;-> 

.. 
2 2 

g3 • n2\cxp ti (z-":!nL) ] + exp t½(z•~:ZnL 1 ] I 
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J. Source-Receptor Relationship 

Arbitrary location for pofnt sources 
Receptors may be 

( 1) arbi trar11y located
(2j interna11y located near indfvidi:,,l source max~rn., 
(J on a program-generated hexagonal grid to give good coverage 

to a user•spedf1ed portion of t .. '? regl-on of Interest 
Receptors all at same height above (or at) ground 1 
Flat terrai11 as$urr.,,d . ' 
Unique stack· height for each point sou,·ce 1 

User may specl fy up to three effect1v" release height.: for area 
sources, each assumed appropriate fr;,· a 5 m/sec wind speed.
Value used for any given area source must be one of these three 

Unique separation for each source-retl'j•tor pair 

b. Emission Rate 

Unique, constant Pmhs1on rate for each pofnt, area source 
Area source treatment-

Narrow plume approximation
Area source used as input; not subdf dded into un1fon11 elements 
Arbitrary emission heights input ty user. 
Are.is ,,.,,st be squares; side lengths • integer multiples of a 
ba~lc unit . 
effective emission height • that ap,,,·opr1ate for 5 m/~ wind 
Area source contributions obtained Ly numerical intc91·atfon along
upwind dts tance of narrow-plume app1·,1ximation fonnul ,1e for contri
but I on from area source with given l'ffectfve releasl' height 

c. Chemical Composition 

Treats a single Inert pollutant 

I ,!. Plume Behavior 
! 110Srt99s8 '' plume rfse formulas 

I 
Does not treat fumigations or downwash 
If plume height exceeds mixing height, ground level concentration 

1s assumed zero 
I 
I n Horizontal Wind Field 

,I Uses user-supplied hourly wind speeds
Uses user-supplied hourly wind directions (nearest 10°), internally

modified by addition of a random 1nt::ger value between .4• and +5° 
Wind speeds corrected for release hel0ht based on pow·~r law varia

tion, different exponents for dlffer~nt stability classes,I reference height• 10 meters
·1I.·, Constant, unifonn (steady-state) wind assumed within e~ch hour 

,, I! 
f, Ver~cal Wind Spee1I 

Assuir~d equal to zero 

9. Horizontal Dispersion 

Sem1-empirlca1/Gauss1an plume
Hourly stability class detemlned 1ntcma11y by Turner 2 procedure,

six classes used 
Dispersion coefficients from HcElroy ,ind Pooler> (urban) or Turner6 

(rural). No further adjustments ma~e for variations In surface 
roughness or transport ttN 

h. Vertical Dispersion 

SCflll-tmplrical/Gaussian plume
Hourly stability class detemlned Internally
Dispersion coefficients frOID HcElroy and Pooler3 (urban) or 

Turner' (rural). No further adjustments made for variations 
in surface roughness 

1. Che:ntstry/Reaction Mechanism 

Exponential decay, user-Input half-life 

J. Physical Removal 

Exponential decay, user-Input half-11fe 

k. Background 

Not treated 

1. Boundary Copditfons 

Lower boundary: perfect reflection 
Upper boundary: perfect reflection 
Keutral and unstable conditions 

Multiple reflections numerically accounted for by su.imatlon of S!rles 
until az • 1.6 times mixing height · • -
Unifoni mixing assumed in vertical thereafter 

Stable c~ndltions:. there ts no upper boundary
Mixing height for a given hour ts obtained by suitable interpolation

using rtata from soundings taken twice a day
Interpolation technique dependent on 111Cde of operation (urban or rural)

and calculated stability class for the hour In question as w,11 as th, 
stability class for the hour Just preceding sunrise 

m. Enllsslon and Meteorological Correlation 

User supplies hourly values of wind speed, wind direction, mixing height 
· and other 111eteorologlcal variables required for detenninat1on of 

stability class and plume rise 

n. Valldat1on/Callbratfon 

No calibration option provided
Limited experience with v1lldat1on or comparison with observed data 

o. Output 

Hourly and average (up to 24 hours) concentrations at each recr.ptor 
Limited Individual source contrfbution list 
Cumulative frequency distribution based on Z4-hour averages and up to 

1 year of data at a limited number of receptors 

p. Computer Requireinents 

Digital computer req~lred -
Core requirements are moderate 

q. L1mftatfons 

Fl•t or gently rolltng terratn 



........... ........ 
Rule 931, Continued 

A.5 SINGLE SOURCE (CRSTER) KlDEL 

Envlromental Protection Agency. "tJser's Manual for SingleRef:.~: 
Source (CRSTER) Model.• Publtcattrn No. EPA-450/2-77-iJll
(HTIS PB 271360). Office of Air Q·.,1l1ty Planning and standanls, 
Research Triangle Pa~k, Horth Carolina 27711, July 1977. _., ... 

CRSTER 1s I steady state Gaussian plume techniqud ,,rp11cable toAb~_~_:~: 
both rur_al tnd urban areas In unev 'l terrain, T~e pi,rpose of the 
technique Is: (1) to determine: til · 1111xftrNJt11 concentrctlons, ior 
certain averaging times between 1-1..iur and 24-hcUVi, over a one 
ye~r period due to a single point '.OUrce of up to i~ stacks, (Z) 
to determine the 1;eteorologlcal co -Jttlons which ,~,,~e the 
maximum concentra·:lons, ind (3) t1, store concentratt<;n informa
tion ,,s,.ful In calculating freque11- '/ dtstrtbutlons ll•r vi1rious 
averaging tfr.ies. The concentratfo•• for each hour uf the year 1s 
calculated and midnight - to - r.ildrdght averages arc determined 
f?r each 24-hour period. 

Eoua ttons: 

9 for oz !. L6L~ • 2wu o o 91 93 
y z 

9.__ gl for oz > 1.6L 
,. /'[;uL o 

1 

x • 0 (IUblllty cl111 7). 

L • ~lxfng height (m) 

H • (stack height'+ plume r1se}-(dlfference 1n·elevation 
bebteen receptor and base of stack} 

2 
91 • exp t½(~) ] 

·, ·..2..,It i •~-· 'J •.., ft ·~·· 'JI 

a. Source-Receptor Relat1onsh1p 

b. [Jl1l~sf_9.n Rate 

Unique average emission rate for each source 
Monthly variation 1n emission rate allowed 

c. Chemical C0111posftion 

Treats a single fnert pollutant 

d. Pluoo Behavior 

Driggs••'' to final plume rise formulas 
Does not treat fumigation or downwash 
If plume height exceeds mixing height, concentrations further downwind 

assumed equal to zero 

e. Horizontal Wind Field 

Uses user-supplied hourly wind speeds
Uses user-supplied hourly wind dlrecttons (nearest 10•), Internally

1110dltfed by addition of a rand0111 integer value between -4° and +5° 
Wind speeds ~orrected for release height based on power law varlatl~n, 

exponents fr01n DeHarrais 5 , different exponents for different 
stability classes, reference height• 10 meters 

Consunt, uniform (steady-state) wind assumed within each hour 

Dispersion coefficients from Turner;·no further adjustments made for 

f, Vertical Wind Speed 

Assumed equal to zero 

g, Horizontal Dispersion 

Seml-empfrlcal/Gaussfan plume
7 stability classes used; Turner Class 7: 

plume assumed not to touch the gn,und 
1xt"m1ly stable, elevated 

variations in surface roughness, transport or averag)ng tlrne 

h, Vertical Dispersion 

Sem1-emp1r1ca1/Gauss1an plume
7 stabi11ty classes 
Dispersion coeff1c1ents from Turner, no further adjustments made 

1. Chem1-!!r.UReact1on Hc~ha111sm 

Hot treated 

j, Physical Removal 

!lot treated 

k. Backgro•Jnd 

\ 
\ 

Up to 19 point sources, no area sources Not treatedAl I point sources assu,neci at the same location 
Unique stack he1ght for each source -Receptor locations restrtc~ed to 36 azfmulhs (every 10•) and 5 user

specified rad1a1 d1st:4nces :::=--=--=-
Unique topographic elevation for each receptor; n.ist be below top of .. stack. -

'·~- ., 
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I. Boundar:, i:ondf tfons 

L011er Doundary: perfect reflection at tie same height as the receptor
Upper bCtc,ridary: perfect reflection 

Hultfple reflections handled by sU11111ation of series until· 
a • 1.6 x ffltxfng height
untfor.n v~rtlc1l d1~trtbut1on thereaft -r 

Mixing ~eight Is constant and follows tl·,ographlc variations: 
Taken from bctse•of stack for detennlni .. g whether plu~ l'Unches through
Taken from receptor elevation for det, ,mining vertlctl roncentra-. 
tton dlstrl~ution· . 1 

Mixing height ·for1a given hour Is obtai:. ·d by suitable 1111.~rpclatlon 
ustng data frt'III sc•Jndfngs taken twfce ., day. lnterp1;1l.1tion
technique dependent on :rode of operat,,;;1 (urban or ni,·,11) and 
c~ltulated stability class for the ho•-· fn question ils 1:cll as the 
s tabf11ty class for the hour Just pre~ :ding sunrfse. 

m. Emtssfon and Meteorological Correlation 

User supplies hourly values of wind spe• I, direction, mixing height
and other rneteorologfcal nrlables re,!•1lred for determin.itlon of 
st1blllty class and plume rfse 

Monthly emission variation allows limit• .J emission - meteorology
correlation 

n. Valfdatfon/Callbratlon 

No calibration option provided
Comparison wfth observations 1round 1t least 5 separate power

plants have been made 

o. Output 

Highest and second highest concentratfo11s tor the year at each receptor
for averaging tfn1es of 1, 3, ind 24-hc·urs, plus a user-selected . 
averaging ttme which may be 2, 4, 6, u, or 12 hours 

Annual arithmetic average at each recep~or
for each day, the htghe:.t 1-hour and 24-hour concentrations over 

the receptor field · 
Hourly c~ncentratlons for each receptor on magnetic tape 

~- Computer Requirements 

Digital computer required
Core requirements are 1110derate 

q. Limltattons 

Not applicable to area and line sources 
Use care when 1pplyfng to low-level sources 

A.6 TEXAS CLIMATOLOGICAL HODEL 

R•,ference~: Porter, R. A. and Christiansen. J. H•• •Two Efficient Gaussian 
Plume Models Oev!loped at the Texas Afr Control Coard.• 
Proceedln1s of the 7th MTO/CCll'l lntem1ttonal TC'chntcal '1eettng_ 
on AJr~o lut1on Hode1lng, Atrl 1ellouse. Ya., sf:i,teroer, 1916. 

Chrlstl1nscn, J. H. and Porter, R. A.. Users Gulde to the 
Texas Cltmatolc~tcal !½del, Texas Air Control Board, Austfn 
Texas, Hay, 197. 

Abstract: The TCH 1s I climatological model that predicts long-term
arithmetic mean concentrations of nonreactive pollutants 
fr0111 point sources and area sources. 

Eguat1ons: 
Area sources are handled by 1n algorithm proposed by Gifford 
and Hanna 7 • The concentration due to area sources ts 
gfven by 

'A• FQ/U 

where xA • concentration (~g/mJ) 

Q • are• source emission rate tn the vtctntty of 
the receptor (~g/s-m2) 

U • mean ground-level wind speed (m/s) 

f • 1 dlllll!nsionless constant 

Gifford and Hanna have suggested I value of F • 50 for SO2and 225 for tot1l suspended particulate (TSP). The area 
emission rate, Q, 1s detenained by averaging the emissions 
tn the area source square cont1tnlng the receptor and in 
the neighboring squares. The extent of the region around 
e1ch receptor to use for emission rate averaging ts an Input 
p1r1meter, 

The TCH uses steady-state Glussian plune point source logic, with 
the crosswind distribution aver1ged across 22.s• azimuthal 
sectors. fhe only 111Cteorological Input required for area source 
calculations Is the mean wind speed, but the point source calcu
lations require a meteorological joint frequency function with 
sixteen 22.s• wtnd sectors, sfx wind speed classes (0-3, ~-6, 7-10, 
11-16, 17-21, and> 21 knots), and six stabtltty class~s 
(Turner classes A. B, C, 0 (day), o (night), and E p1us F). 

The basic equation fs: 

6 
x • Qi I (K(x,H,m) ♦ (k,m)/Um)•(decay tenn)

m-1 

where K(x,H,m) • (32xl06/[(2w)312x a )) exp (-H~/Za%2)1 

(K is precalculated for 20 distances, 9 effective source 
heights, and six stability classes) 

U\ll ts a wind speed char1cterfstfc of an entire stabflfty class, 
ad is computed In the model by the equation: 

,..,r·-~-, fl :i f. '~ t, t, . --4) ~-~ .., ~- ' J ~ ·. I 
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e, Horizontal Wind Field 
1616 6 ] 6 ] -1Um• r r O(k.t,m) I ♦ (k.t.m)/Ut

[ [k•l l•l k!l l•l 

with x • concentration, ug/m 3 

k • the wind sector .index appropriate to source t at tl{e 
receptor ·. 

l • wind speed class index 

m • stability class 4ndex 

♦ • meteorolog·tc1l Joint frequency function 

Q1 • emission rate of source t. g/s 

H1 • effective height of source f. m 

a • standard deviation of vertical Gaussian concentration 
z distribution, m 

r112 • half-11fe for first-order pollutand tl<!cay. s 

Ul • central wind speed of class l, m/s 

x • downwind distance, m 

a. Source-Receptor Relationship 

Arbitrary location for each point source 
Unlimited number of sources 
Arbt trary location and square grid ,_,~t!· for each area source 
The mode 1 wi 11 allocate area sources tn r o I unt for-a, sq::~r!' grf d 
Receptor location 1s arbt trary grfd (ma.,. 50 x 50) · 
Release heights for point sources 
The area source a lgorl thr.i (Gt fford-Hann.,) does not cons I<1cr height

of release 
Receptors are at ground level 
No terrain difference between sources a11d receptors 

b. J;,n_!ss ton Rate 

All sour,es have a single average e1111ss ion rate for the averaging
time pertod (I.e., month. season, yen) 

~- Chemical Composttton 

One,~;two• or three inert pollutants are treated strultanrously 

d. Plume Behavior 

Plume rise calculatc-d according to Br1<] 1s9 neutral/unst,ible equation
Effective stack heights less than 10 l1ll t.ers are consfd(!r-c,J lC meters 
Effective stack heights greater than JC(1 meters are ccnr, ldered JQO 

meters 
No plllllC rise for area sources 
Down-wash and fumtgatton not considered.... 

Cllmat~logtcal approach
16 wind directions 
Mean wind speed calculated for each stabtltty class fran the joint

frequency function of stabtltty, wind direction. and wind speed
Wind speed corrected for physical stack height (same as CON) 

f. Vertical Wind Speed 

Assumed equal to zero 

g. Horizontal Dispersion 

Assumed to be antfona wt thin each ZZ.5 degree sector (same as COM) 

h. Vertical Dtspers!~n 

Gaussian plume
6 stabtltty classes (Pasqui11-G1fford-Turner) A, B, C, C-Day,

0-Ntght, E and F 
llo prov1siOI) for variation tn surface roughness 

1. Che~tstry/Rcactton ttech1n1sm 

Exponential decay according to user input half-life (same as COH) 

J. Physical Removal 

Same as 1 above 

k, Background 

Background 1111y be ,ntered by callbratton coefficient for each 
pollutant • • 

1. Boundary Conditions 

Perfect reflection assumed at ground
Mixing height not considered 

m. Emission and Heteorologtcal Correlation 

Emissions not varied 

n; Valtdatton/Correlatton 

Model ts self-ca11brat1ng with Input of rteld receptor observations 
High correlation achieved for areas dominated by point sources 
Poorer correlations have been shown where area sources are dominant 

o. Output 

Ar1tlvnet1c mean concentration for the averaging time of the clima
tological Input and emission data (one month to one year)

Any cOlllblnat1on of the following outputs are available: 
(1) Lfattng of concentrat.ton for an arbitrarily spaced square grid 
· of up to 50 by~50 elen~nts· 
(Z} A print plot of the grid concentrations 
3 Punched card output for Isopleth Nplng (san-.e as CDM)14 A 11st1ng of the five high contributors to the concentration 

(by S concentration) at each grtd point 

~...... _,, 
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p. Co,yuter Requirements 

Ofgital computer required
Core requirements are moderate 

q. Llrnltatfons 
' Flat terrain, relatively constant emissions 

Use not reconmended where area sources ,1uminate 

A.7 TEXAS EPISODIC MJDEL (TEH) 

~'~ r'!rences: Porter, R. A. and Christiansen, J. H. •rwo Efficient 
u.1ussfan Plume f'lt:>dels Developed .,t the Texas Afr Control 
Board.• Proceedings of the 7th :tAT~CCHS lntc.-n11tlonal 
TechnicalM,:etfna_on Air Pollut1:1ndel1n9, Afrl,cRouse, 
Va., Septemt:e";::-1976. 

Chrfstfansen, J. H. Users Gufd, to the Texas Epi~odfc l'lodel,
Tens Afr Control Board, Hay, l'i76. -

~~: The Texas Episodic Hodel TEM 1s a short.:term (10 ~,lnute 
to 24 hour averaging t1me) Gaus fan Plume ltldel for pre
dfctfon of concentrations of no .. reactfve pollut:1nts due to 
up to 300 elevated pofnt source. and up to 200 ~rea sources. 
Conccntratfcms are calculated f· r 1 to 24 scen~rioc; of 
meteorological condfl1ons, aver. J1ng t1me, and mixing height 

[ouat1or1~: 
The area source algorftlvn 1s du to Gifford and IIJnna. 7 

Each area source square f s affected by 1ts own <l Iffuse 
einlssfons and those fn the N ar .. a source squares directly
upwind of ft: --

1/2 1-b { ll }x • (~) (Ax/p~.. Q + l Q [(21+1)1-b - (li-1)1-b]
• Uoar-6J o isl 1 

with .u • length of sfde of ar<',1 source grid squdres (n:) 

U • surface wind speed (p:ts)
0 

Q
0 

• area emfssfon rate of square containing th• 
receptor (ug/s-m2) 

Q1 • area emission rates of the upwind area sources 
(ug/s-112 ) 

a,b • s tabtl lty and...!l_ownwin1 dhtance-dep,:,B''r.nt 
parameters from the ,:quation oz • ax 

The T£M employs steady-state bivariate Gaussian plume
point source logic. The concentration due to an elevated 
point source fs given by 

1126 Q_ . 2 2 2 2 x •~exp (•y /2oy) exp (-H /2az) exp (-.692x/ur,,zl 

where x • concentration (~g/ml) 

Q • emission rate (g/s) 

U • wind speed at physical source height (m/s) 

H • effective source height (m) 

x • downwind distance (m) 

y • crosswind distance (m) 

T • first-order pollutant decay .half-life (s)112 

~v• oz " the standard deviations of the plume concen• 
cration distribution, 

oz• axb 

oy • cxd 

with stability and downwind distance-dependent coeffi
cients 1, b, c, and d 'from Busse and Zl11111ennan 11 and 
Turner6, The wind speed U Is the surface wind spe~d
adjusted to the p~ystcal source height, Let KY and Kz 
be defined by 

K • .!.QQ.Q. exp (-,2120 2),
y oy y 

· K • !QQQ. exp (-H2tzo 2)
z •oz z 

K K QThen, x • ¥ (decay term) 

K.. was calculated for each of the 1120 combinations of 
t:kenty downwind distances from Z to 60 km, elsht cross~ind 
angles (Tan-ly/1) frona o• to 7°, with a varying fr«n 1• to
s• depending on stability, and seven stability cl~sses. 
For total vt.rtfcal mixing below a mixing helyht of L meters, 

x • 10 
6
Q exp (-y2/2o 2)

tr._o LU • Y 
1 

K K Q 
This can be repnisented In the equation x • ¥ (decay tenn) 

by setting Kz • 398L 
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Rule 931, Continued 

a. Soun::e-Receptor Relationship 

Up to 300 arbitrarily located point sour,es 
Up to 200 arbitrarily located area sourc,:•s 
A uniform square receptor grid of arbltrury spacing with up 

to 50 by 50 rows or columns 
Terrain assumed flat 
Unique release height for each source 
All receptors at grqund level 

b. Emission Rate · i 

Unique eniisslon rate for each source 

c. Chemical Composition 

One, two, or three Inert pollutants treat stnultaneously 

d, Plume Behavior 

Plume rise according to one of slK equations fr0111 Briggs
·selected according to stability and di ·tance from' source. 
Effective stack heights less than 10 n •ters are consld,:rcd 
10 meters. Effective stack heights g,· ,>ter than 2000 
meters are consld~red 2000 m. 

Hlxlng height penetration factor (P) ts J user fnput. If 
effective source height (h) fs greater than P times the 
mixing height the plume escapes. Othr,wlse the .47L mixing
scheme from Turne~ ts used. 

Does not treat downwJsh or fumigation 

e. Horizontal Wind Field 

User su~plfed stabll it:,, ,rind speed. and direction for the 
lver~girg ~lir.e ;:>c!"lod no mfn•ites to J hours) or for each 
! 'lour period !o ~ui I~ ,i 24-noi.r <!a:;. 

rnwer la1ot var1atton ,," wi.•d speed "'Ith ri:lease hefgh.t (s,1me 
as COH). 

Steady state wind for eacn scenario 

f. Vertical Wind ~ceed 

Equa I to zero 

g, Horizor.tal ~lsperslon 

Semi-empirical Gaussian plume 
User supplled stability class for each sr.enarfo (Pasqu111-

Glfford-Turner) 
TiJrner6 :11 ~pers ion cc'!ffic i ents 
No ddjustment for surface roughness 

h. Vertical Oi,Ferslon 

Semi-empirical Sausslan plume
User supplied stability classes (Pasqulll-Gffford•Turner)

for each scenario 
Tur~er' ~lsperslon coefficients 
ko adjustment for surface roughness 

I. Chemistry/Reaction Hechanlsm 

:xponenttal decay wjth user supplied half-life 

J • .!'.!!Y,slcal Ret110val 

Same as I above 

k. Backgrou11d 

Hay be input with calibration factor 

1. Boundary Conditions 

Lo~er boundary: perfect reflection 
Upper boundary: reflection fr0111 top of 111ixed la;,,er by the 

.47L scheme of Turner except as described 1n d abov~ 

m. Emlsslon/Meteorological Correlation

User supplied values of wind speed, wind direction. stability
class, mixing height, am!Jlent teP1Perature for each scenario 
up to 24 scenarios

n. Valldatlon£Calibrat.lon

Calibration by u;er supplied coefficients (A, B) so that
Xcal •A+ Bxpredicted 
Limited experience with validation or comparison with observed data 

o. Output

Concentration mean for each receptor grid point for averaging
times of: 
10 minutes 
30 111lnutes 
1 hour 
3 hours 

24 hours (based on eight 3-hour scenarios) 
output ts available for fram 1 to 24 scenarios In the fol-

lowing fonnats: · 
listing
print plot
punched cards for Isopleth maps 
culpability -list of the high five contributors to the 
concentration at each receptor grid point 

p. Computer Requirements 

Digital computer required
Core requirements are moderate 

q. limitations 

Relatively uncomplicated terrain 
Rel1abf11ty ts not estalilfshed for cases where area ,ources are 

dOlllinant 

~~. ~ ,,,., 
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I' 

1 DmlOOUCTiaf 

A vide variety of air qu.al1t7 dispersion ·'IOdel• ue useJ h;· regulatory 

· a;cr,: 1 ,,, 1 conaulting f1ru aud industry to Hti:<- te the air q•.J.11l1t1 tapactll of 

polli,t 1nt 1ourcu. It ii often desired to compa tvo or aore 1uJ , ls to 

det•r ;oe vhich ia tha moat 3cceptable for a giv 1 application.. I I b par t1cu

hrl i' ,,..ful to be a'bh t'i' compare a given 1110del ,t th t!'o■ e whici1, by virtue 

of tl·,dc- eitteoa!ve use, are !udll•r to moat of ,.,e IIIOdeliDg cda·,.1•1lt7, 

' This vorlr.bo~k· duhil,u a technique for 1,e qualit~tive r:., ,,,,.rieon of 

110dc!: ,g approachu on technical grounds. the•· thodology b b'tt•,• I upou an 

appl I: •tioa• approach. Tb• r11ault• of the modal :omparlaoa dop,,.,J upon the 

appl I •tiou for which th• 11110Jel 1a to be uHd u "ell u upon th<' r,,1del cbar-

actc.: •tic: ■• I:i each appUc:.1tion of th• tecbniq. ,, the aod ■l of 1.,terHt 

(the " . tudy" 110del) ia compar.:d with a "referenc· " 1110del, Any •· • l, l• uy ba 

spec•i:cd as study or reference 1110del ■, ■.• long , thay are coarp,'..:ble with 

the s, ,.Uc:ation of intereet. 

Ille approach two 1n thu workbook h r,· 1tricud to modd.i that 

uth, 1ticall7 aimulate the phyaical pheoomeaa v· lc:h detenaino llt:..,i:,ph!ric 

poll•· ,nt coacantration ■• S1aulat1oa aodel ■ uy require locally•. n1ured 

air ·, .llty data in order to fix the initial and hound&ry cond1t lu,.a or to 

dete, ·"• appropriate bac:lr.grc,und pollutant level· Model■ ezc:l11•lc,l fro■ 

that :te1ory an any that lllllr.• use of locallr 10 111ur•d air qu■ lity data to 

opU,. • ,o or dnatlaioe adju■ t11bla paraaetan unre? ated to the phyr:tcol pro

cu1r , baia1 lli■ulated, thua, for eJtU1ple, cali! r.ation or aver3:;ing tiae 

c-,ov.; ·.1011 procedure• are not c:oollidered H part >f a 11aulat1oo • ,del but 

rath H atathtlcal procedure ■ which are appU- I to the c:alcul:tcinn1 of a 

aill!\!l ,,ton model. ·Rollback a.odd• are abo axcl .. .Jed fr011 the cot.,~ury_ of 

dmul .1 ~tou model.a, Ce~ral c:onaiJerat1ou1 iovol ,d 1A the eompar l-loo of 

rolh,, !k. and atathtical or ~arpirtcal models aro ,lhcUll ■ ed briefly in Sec

tioo, 1. 

Although the u,ount and detail of the te•.!allic:al ■aterlal, 1'Articularl7 

that I,, Appeadiz A, aay appear rather fotlaidable co th• u■ ar, 1t luu, beca 

1.ccll.,L,d for refaranc:• purpo..., and aa a aid 1a daaUA& with unb ,tUar 

treat·- 1ot1 or aitu■ t1ona. th• uHr 1bould refer to tba ueaplH in Appendix c. 

If e,. :cplH of th• applic..tiOft of th• Nthodoloc. are aitaaioed. 1t ehould 

'beca11,· clear i:hat uaa of this vorltbook is not di' ficult. 

It 1■ important to uoderatand that the •· thodolo17 dHcril><·d lo thi■ 

wrkl,c,nlr. does not· enable the u■ ec- to evaluate th•.. reault ■ obtain~.! usin& a 

particular air quality 110dd. that would requir,· a evaluation of the 

qu■ lity and auitabtlity of the input data ae vall aa of the 'llOdel. Tb• 

acth~<!,•logy eooblu the user to deter■ i.aa only if th• mdel uaed Is a■ tech• 

oic:• • · •dequata aa another model for th• applic, tion of interH t. 

tlae vorkbook containa 1evea DaiA 1action1 and four 4pp~ndlc~e. 
I 

Section 2 contain, an overall de ■ criptioo of the 11ethod~logy aod general 

inlltructiOGI for it ■ impleaentation, Section• J-6 contain 1peclfic: lnetruc

tioi1.1 and guideline• far c:arryiAg out varioUll 1trp11 la the procedure. Scc

tioa 3 d.lal• with the clu11ficat10G of the uaer'• application. Section 4 ls 

coaeamad with tho geaaral ■ uitablllty and eo..patibility of a 1DOdel with the: 

stv.ll applicat1oa. lt alao couldert tb• iliportaoc:e of varloua aap~cts of 

ataoopheric di1per1ion in that applic:.ation. Selected reference UX>dcl• for 

tho vadoua 1ppl1c:.atian1 ere also suege ■ ted 1A Section 4. S-.c•.i?n 5 prov~Ju 

guidcli.aea for identifying the treatment• of varioua physical pheoom:oa by~ 

given model. Section 6 contain• lostnic:tiona and guide Un"• for 1Mk lng the 

comparative evaluatloa. Finally,. Section 7 contains a d1scua ■ 1oo of some of 

the c:0G1iderations involTed in c:01aparin1 rollback/atatistical model,. 

111• appnndice• contain general reference material useful lo l~plc-

1DCntiag the aor.thodology. Appendix A contain• technical discwraiMa of th" 

pbyaical phn101Deoa that deteratnc atnoapheric pollutant conccntraltons. It 
' aloo contain ■ a di1c1111ion of the iaportanee of each phrnomenoo in different 

types of application.,. Appendi.Jt I conteiDa infor.ation on tba treatment ■ of 

tboae ph•oo■eoa by ••lacted reference model,, 1nclud1n1 tha worklog equations. 

Appendix C provide ■ ■ -v•ral eaaarlaa of the uaa of tho 1DC1thodolo,;y 1n v ■ ri'ol\s 

co11U110n application,. Finally, copi•• of oath of the varioua foms ~••~ in 

the motbodolo17 are provided for the user'• conv■ nicnca 1n Appeodu D. 

•·1,,.._ '---' ,, . 1.4 ... IJ,' ~ f.,, .;1 ..... itI, 
" .1 
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Rule 932, Continued 

2 PIOCEDUU 

2.1 ~ 

lbia ■ ectioo provide ■ a general ovcrv1.C\I of the smtbodol••::.Y, outlines 
/ 

the .,tep• illvolnd, and explain.II tha types of J ,,foraatioa and deci ■ iona re

'{ui 1 ,-d at uch 1tep. lb• user 1a n'{uired to ,. :erciaa Judpcnt and to make 

'{U,C l ! tat1va decuJ.an• at e,,ch ■ tep, aiacc aodel coaparison 1~ not, aud cannot 
0 

be , ,de routine. I~_oni4t1oo and pidelinea a, · proYideJ for e.,ch ■ tap 1n 

tb., :>rocedure. Prior to the initial uae of th•.· methodology, 't.h., u:ier should 

re:;,: and underatand tba ¢de.lines in thia ■ ect '.on. lb• exp=rhucL-d u■ or 

CAIi proceed directly to tbc co11pariaon vith oc:c , ■ ional con ■ u.lt.1t loo of the 

nl-.,cnc:• material ■, 

'Ibe procedu'l"e 1a application-■ pec:ific:; 1· .at u, tba results depend 

up9a the ■ pecific: ■ 1tuat1on to be modeled, InHially, ,tba u■ er Identifies 

both the application of iaten■ t and an aHoc:1.. ced "refaranc:• ii,.-,,1.,.1," lbi■ 

nkreaca aodel Hrves a■ a atanclard_ of comparJ ,oa aaai.aat vhich the user 

gaga:< the "•tud)' IIOdel" batua evaluated. tba "'1 iD vhkh the atudy_model 

tU.iJLS tvelve upecte of atc0 ■ pheric di■ penior, called "applic11tlon elements," 

or e!111pl7 "elme.nt ■" i■ detenaiaad. Th••• ■ppl :catioa eleacntM r<:pr ■■ llllt 

pb 1olc■l aad disaJ.cal phe.nouiea.a that aoveru at, opheric pollut,ut concen-

trnt toaa aad iaclude auch a:ipec:t.11 a■ horiaontal &1:Ld vertical dl,q,,.,uion, 

IIID.i,,.,1011 rate, aad cbud.cal nac:tion ■, Tha ilD1· •rtanc:e of aac:h "11,mcnt to tha 

apptlc:&tioa ii defiAad 1n tena■ pf aa 111.aporta,, ,a ratilla," Tobli,:1 aiviag th• 

imr,,rtance rating• for ucb elnieot are provid, I, although the ,.,:c'l" 

m.ar ,::odify them under 1011e circ,'.:astance ■, The heart of the proc,•Jura 

inv,;J.vea aa ela.eot-by-elu'!nt compari■ on of ti • way 1D vhich c·:ich elueot 

i■ r.teated by tbe two aodel•. These 1odividual compari ■ooa, toi:.,ther vith 

the importance rating• for ucb alemeot 1n the .:1veo applicatio11, form the 

becl,, upon vbic:h th• fiaal compa-rative evaluati-•n of the tvo a>:>:h-ls b rade. 

It 1a upec:iall7 aportaat that tha u ■ er uadar ■ tand the physical 

ph<1:c,,,ena involved, bec:auae the compariaon of t ·o model ■ vitb n:::rect to the . . 
vay that the7 treat theae pheoomea.a 1a bade: to the procedure. :;uff1cieat 

in[o rmat1on i■ prortded 111 th• text to pandt l :,ea, c:ompadaons to be made 

1111d lh ■ ava1labllit7 of upcrt advice in the ev.:nt of difficult 1t,,. is 

aa'.J111;,ed. ..: 

2,2 OVEJlVIEII 

C0111Pariaon of a ■ tudy 110del to a 'l" ■ ference model i• carried out ln 

nine steps. Table 2.1 liat• tbe sectioa and tables to ba used for ~nch step 

in the compariaon. Pigu'l"a 2,1 1lluet'l"ate• ecbematicall)' tbe ateps in the 

c:ompariaoo and thei'l" relation to each other, Greater detail, apoc1f1c auide

lines, and table• are &ivaa in Section■ 3-6 and Appcnd1ce ■ A aad B. Form~ 

for or1■aiziag and docmaatin& a coaipari ■on are provided in Appendix D. 

Table 2,1, Wo'l"kbook Section and Fora for Each Step 1a Co1Dparu-,n 

8if tha •tudy D><lel ha ■ been classified aa a rollback/•taciatical aiode.J., the 
uaer ■bould proce•d directly to Sec:tioa 7 vhereia •uch model,•~• ducuancd. 

2,3 STEP-IY-STEl' INSTRUCTIONS 

Step 1 - Cludfy Al!plicacion; Jl~c;od~ Jade Infol'1114tion 

the 118ar fir■ t c.J.auifiea the application of iatereat. Spec:1fically, 

th• user coa.1iders each of tha following four upects of the applic•tion: 

• Pollutant cba'l"ac:teriatic ■, 

• Averaging till•, 

• Source charactariatic:1, and 

• tran ■ port ~rac:teriltic:•. 

,# 

... ...._,._.., 
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r. DOC~ STUDTL_ lt:>DtL EQUATIONS 

J .;·fJID 11001n 
S, IDENTtn 

. _, .CE IU.TDICSUFDDICI mo'. :.;, re: COMl'ATUILm : ..t;USAR.Tor STUDT t«>DtL . ~ .......----..1'•tTll APPI.ICATtOK

4. CLA.SStn STlll>T 7. DETD!alll: TU.A'.. - I
IIOl)El, I .. I or EJ.nlDITS 

IT IOTR ltJDEL'. 

e. COMPIJ!z: nu.m.. :s or 
tACll z:LDWIT IA ell OK 

l.EL\Tt'lt UV'!L or ·ltTA.tl. 

9, COIOltm: ~ lHJ'ilISONS___._, 
, llt111 tHPOlltANCr. 1tATIKCS 

llESUl.Tt I 
CQ.'{!'AIAtt'n !VALl' ~ 

!Coto: llumb•r• 1n the box•• refer to the et•p• 1l1 th• coapariaon prra:e<lure 
u I bt111 1n Table Z, l. 

[ 

Rule 932, Continued 

l'ls,ire 2. 1, Procedure for the Compart ■ on .,t Air Quality S1,11,1 lation !!odels 

~ 

The cl•s11f1cat1ou 1a baaed oa AD application tree approach as deacribed la 

SectloD 3. AD Applicatioa:i Clu11f1cat10ll Fona (aee Figure J.2 or Appendix D) 

la provided for car17ing out tbia claaalfication. Next, the four-digit "nppll

catiou index" 1a d•t~ndned, tbia index ideatifiea the application throughout 

the remaiader of the c011pariaon. the appl1cat10ll muat be claaaified vith 

rcapcct to the phy1ical ai~uatioD being modeled, Some ba•ic backgrouod 1afor

ut1ou about the atudy 110dal 1a tbeu recorded. 

Step Z - Doc.,...,;iit Study lbde!_!guatioua 

1h11 ele1DCDt-by-elC111Gt comparbou an facilitated by lJnina th• • 

11111jor oquatiou• uaed by the atudy 1111.1del 011 th• back of th• E•aluatiou Jona -

Part A, lha u■ er DJSt e:uiai.Da tbe study modal doc~r.ntation carefully lo 

datenDlDe the eqW1tion• wbic.b are actuallJ u■ ad, 111 ION c.a•u, when the 

atudy i:r.>del docuacntatioa 1a inadequate or iacouineut, it may be occee,ar, 

to eu:dne tho computer coda iteelf to a.u.e the detenDi.DAtioa. The eqU11tiouJ1 

Wied by eolccted,referuce modala are docume11ted.io Appeodu a, 

Step 3 • Oteck Model Compatibility 

In tb1a atep tbe ae11aral c:o•~tJbility of tb• ■ tudy aadel vitb the 

applic ■ tioD of iatereat 1a checked. Brief ¢de11De:s an 11iveu 1a Sectl.oa 4,2 

for doterminina whether 

• trcatmeot1 of e.1-t• •••mtial to the application of 
1aterut are iacorporated 1a th• atudy model and 

• 011tp11t from the atud7 1111>del mHta tb• u■ ar'• requir•meJ1t•.. 
tb• documentati012 for the etudy aodel 1hould coutat.a the ioformatioa to Mite 

tbe co~patibility detcrlliDatioo. 

Step 4 - Cl$••1fy Study ~del TJpa 

Ia thia etep, tbe ■ tudy .odel a cluaifiod accordina to the general 

110del.in1 approach adopted, 1h1• model claaailication 1■ ~eful 1n identifyl.!Ja 

the vey 1a which th• model treat• ■ everal application elments, Specific 

guideline• can be found 1a Section 4,3. 

If the model 1• cla• ■ ified aa a rollback/atatiatical model, or if it 1• 

fouod to iavolve both ■ imulatioa and ■ tatiatical e ■ timatioa procedures, the 

•tbodology described 1a tbia vorli.b<'Olr. doe ■ llOt apply. A aeoeral dhcuHion 

of aome of the cooeideratiolla iavolved 1a tbti compariaoa of •uch DOclel• aay be 

The clu■ ificatioa 1a b.-.cd OD &D applicatiOD tr•• epproacb u deacribed ia 

Section 3, All ApplieatiO'll ClaeatficattO'll fora (aee Figure 3.2 or Appendix D) 

1a provided for cerr,ing out tbi• claH!ficatioa. llext, the four-digit "appli

cation Wes• 1a deterallled: Tbta iadu id&Dtifiea the application throughout 

tbti remaillder of the compartaoa, n,e application mu•t ba cl•••ificd vltb 

reapect to the pbyeic.al elt1111tioa being aadelecl, 5o.,. baeic background in(or

aatioa about the .cudy model 1a then recorded. 

, ... ,.,,,' 
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Step 2 - lloc=t Study tk>c!e.l Equatiou• 

Ihe e.lemcnt-b,-clement compart,oa.a are fac ! Utated by ll1l.'• .'. the • 

major -tuatio11.11 used b:, tbe ■ tud:, a>de.l oo tbe b~ !(. of the Ev&lw,: hn Fon, -

ran ,.. lhe uaer must examillc tbe ■ tud:, model 4< W11entatio0 carer.,u-, to 

detu:·..~ :ie th• equatiou• vhi.ch are actually uaed. In IOM caau, wk.n tt,e 

ltl.ldy ,c,del documentation ·-ii inadequate or iocoo,;. ,tait.•it _., be necueary 

to 97" •.1AC tbe computer cod• .itself to make the ci tend.natioo. bn., ,eqWltiou 
' ' . juaed I ;· •elected rderence l110deb are docWDeoted : n Appendli B. 

:;eep 3 - Check lt>de.l c,,mpat1bllit7 

ta thll atep the 1merlll. compaUbility of Lbe •tudy mdlll wilh the 

appUc:.tioD of interut 1a checked, ldef su-f.ddln.. are aiven 1D Section 4.2 

for d~: .,naJ.Diog 'lolbether 

• treatmcotl of elemc,,tA a..ential to tht· epplic:ation of 
intereat ue 1.Dcorp:inted 1n the etud7 odel aod 

Output froai the 1tud:, model Met■ the u· er'• requirement,1. 

lh• d, o•Jc1entatiou for the 1tudy modu ahould c01lta1n th• Wona■ tiou to -ke 

tbe c•, patibilit:, detenlinatioo. 

Step 4 - Cla,sify Study Hodel 'l):pe 

Io thi.e •tap, the •tudy model ii claHifi• : acco-rdiog to th,• general 

IIIOdel ', ~ approach adopted, Ihb model cla11Uica ,. loo u ueeful in Identifying 

the v. ;· 1n which th• model trcau Hver&l appllc:a1 ioo •1-ta, Specific 

guide .i I UH CaD be fouod 1D Section 4, J. 

If the aodel i• clas11fled •• a rollbaclt/n.3tistical mdel, or if it 1• 

fount! : v involve both simulation and 1tathtical , stimation 'i,rocod11rc1, the 

metbo,1,.,logy dcecribed 1n this workbook doe1 not ~. ply, A 1enero.l d!acusaion 

oz "° ... of tb• couideratiou involved 1n tu coo arilOll of auch •K•1ell aa7 be 

fo~-ad L1 Section 7, If the •tud7 aodd incorpon: ca a calibrat icn procedure 

vhich . ,pirically adJuat the utim ■ tu mad• by a ·-1mulatioD 110de.l, the uHr 

■ bould .;ooaider only th• d.111uJ.3tion model &Ad dt -17 ignore the p1,,~e11ca of the 

cal1b,,.,ion procedure when applying the aethodoJ.o· ,. 

StP.p 5 - Identify Reference lbdel 

Table 4..1, Section 4,4, identifie• ■ uggeeted reference ■0Jel1 for aom• 

of th,· tadu:eciappl1cation1. This atep only iovulvu look.in& up the: appro

prhcr rcfennce model for the application index ,Jctendoed in Seep 1. 

At thi• point. the Ev.iluation Form - Part A 1hould be completely 

fillcJ out. thil fora 11 showo 1o Fiaure 2.2. 

Step 6 - Reviev and lbdify Importance ltatl•!A!_ 

1111.1 ii the Unt 1tep 1o ubich the uHr t,un cou.lider the twelve 

ap, JD elements. Each eleaent 1pecifiu a l'"rticular ph7aic.d aapect 

of the overall procesaea by vbich the em.is1ioa of pollutant• into the at

llOSpbcre affect• the air quality at aoae point. Figure 2.J depicts the re

lation.~hip between these application elements •ad the estication of atso,-

.pheric pollutant l•v!-1•. In order to compare the 1tudy model to the re
ference model, the uer oeeda to luiow 

The iaportaoce of each element to. the application of 
1ntere1t and 

• Uov the treat1DC11t used by the study 110del co=pares to 
that uaed by the reference irodel. 

NJ e1ti1N1te of the importance of each element to each application can be 

found from table ■ 4,2-4.13 1n Section 4.5. Each element baa been t3ted •• 

being of HIQI, ~D11111, or LOW importance to each application, The user 

■hould review the•• importaoce rating,. ta light of the specific appli

cation, a particular ratio& -y either~• changed to euoth•r of the rating• 

given above or be designated a, C~ItICAL or lllllELEVANT, Critical element• 

are tho»a to which tt ii de1ired to &ive extraordinary wei~ht wheo the two 

110del1 are ~omparecl. Irrelevant element ■ de1cribe procea1e1 that are in

operative in tbe application of interest. Cenerelly, vith the exception of 

irrelevant ele■enta, the user ■hould expect to ■ake very fev 1110d1ficati.:in1 

to the (liv&D ratings md, at mst, ooe CRITICAL designation, 

lhe &valuat loo Fora • Part B 1hould now be comple tee! by indicating 

th• importance rating for each application element end any change• (see 

Fi&Ur• 2,t,). 
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t:tilSSION CIIAIIACTERISTICS 

I, SOURCE-RECl!l'l"OII ULATlOHSIIII' 
2. EHJSSlON RATE 
l, COHPOSITIOH OP EMISSIONS 

TIWISrDRT CHARACTERISTICS 

4. PLIIHE IEIIAVIOll 

S. IIOKllONTAL WIND fl!LD rREDlr.Tt:D 
CllllCf.HTRATl OH6. VERTICAL WIND FlELD 

7. IIOIIZONTAL DISr!ISlON 

I. VERTICAi. DISPEllSIOII 

U, TtHl'OIIAL 
COlllll!I.ATIONS 

10. rllYSICAL Rt:i:ov,.,. 
(llkY DEroSITJOH) 

(fllEClrnATIOH 
SCAVF.IIGltlG) 

~•~I 

Note: Tc11poral cornlatlona relau the ti•• varl.ation ■ of all other arpltc•tlon olC'Rent:,, 

Figure 2.3. Appllcatlon El•ent ■ •• HaJor Factor ■ Affectlna Pollutan~ Conccntrotlon• 

~ ''f.cati0t1_1 

~~cion lodelt: 

Appltr,tion Dcscript~~~I 

~- ·creoce Modal: 

~l- Appl1cability1 Applical>l• D ,'fot Appliubl• D 
Xotc: n.-.--rcvcne ■ ida of thia fona for docwar11cba th• aquact,,ns 

11 not 1hovn. 

Fi1ure 2,2, tvaluetioa Form - Part A 

# 

·..__,,. 
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EVALDhnON FOIIK 

Part 81 lmPortaace Ratings 

Application 1Ddex1 

,\r;,Ucation 

r.lcmnt 

:r-eortaoce P.t~~ 

ln1Ual ttb-1 H 1ec1•
I . 

S:1Urce-r- ·q,tor Ralatiomhip 

Za11Utl.o11 ··..:ite;! 

Coapolit 1,:·n of blue ion• 

Plume lk: ,viOT 

Boruc.at.;l Viad Field 

Vutie11t .:I.Dd Speed 

aorizoat ,, l Dilperdoa 

Vortical ll1eper ■ 1oa 

CbmJ.ett .., and ltucUoa Mec:baaln 

l'h7tica l. ,:'90'f'al Prccuaee 

J&c~o: A, llowdary, Illl1t1al Coad1Ucnia 

1 temporal ::orrelatione 

---·~" 
-Vtth t! a:ceptiou of the duignation of Iltll!LEVA?r:· elaent•,·· it 1u r.1<pected 
tbat !.' ,,~ one CllltICAL dHignation &Dd poaaibly f)ne other aodilk:ition 
..y be· ·de, 

Ff.lure 2.4. !Yaluation Fora - l'art II 

: : ' ..... . 

Step 7 - Detenille Treatment• of Application E~emmt, 

In thia etep the tr'!ILtaent• of the application elment• by both the 

,tudy model and the reference model are determined. The treat::llents for each 

element should be dcacribed on the Evaluation Fon - Part C. The uaer 

ahould coaault that part of Section 5 that corre•pond, to each elemcmt. 

Section 5 a:t•e• &uideline ■, que,t:lona, eod tablet to aid the user 1n de

teninina the 1tud7 model'• treataent of uch element. lf additional guid• 

aace it needed, Appendix A providee detailed dbcuu:lon• of variou, coarooa 

trutmenta of the application el.neats. 

The treatment of ucb ele111ent by ,elected reference model, cAn be 

found in Tablea 8.2-B.ll io Appendix 8. 

It 11 atronaly reco-eaded tli.t the HcUona of Appendu: A appropriate 

to each element be read. The aeaeral diacu,aaioa 1n uch section prov1du 

intonation on the phya:lcal procea ■H which are involved and hence build• a 

foundation for maldna the comperlaoa ■ required in Step 8. 

Step a - C0111para tha Tvo Treittiaent ■ of tach Eltt1ent 

Once the treatment of • perUcular daeat baa been detn111necl, the 

oat atep la to deteniine whether the ■ tudy -.!el'• treatment of that al..ent 

1a 

• IIETTEll than, 

• COMPAIIAIILE to , or 

• VORSE than 

that of tha refuuce model. Detail ■d 111:ldaace on ..kins thb c0111paruoa u 
11Yea 1n Section 6.2.1. The requiZ'ed c011pariaoa b qualitative, Occasion.uly, 

the uaer 11117 have aome dUficult7 1n dec:ld:1111 whether, for inetance, thu 

atud7 aodel'• treatment ia better than or comparable to the referaice DOdd'•· 

In auch caaea, it 1• eugaeated that the u,er enter the beat eatiJMte and 

note the other rating 1n pareatbeeea for later eoneideration, Ia 1eoeral, 

the uaer ia urced to uke a uaique c011par:l1on whenever po,aible. 

The Evaluation Foni - Part C should be completed at thia point (see 

Figure 2,5). Note that the fona 1n Figure 2.5 contains room for describing 

tha treatmanta of two element, oaly. Additioo.al copies of this fona up to a 

maxJawa total of ,u will be required in order to handle all relevant •l=~nt1. 

# 

--== 



I 
Kure YJl, Lont1nug~I! 

EYAUIUIOII FOIL't 

P•n C; Treat•"nt of Uaoeato 
Application lndu ,._____ 

!ftllc•U• , 11-u lt:Appllcatloo tleaa1t1 
lafar-cc llo4ida lefennc•. ICDJ•I I 

Treataent r treet ■Nt 1 

Studr Hod, I 1 StudJ No4•11 

laponanc r lat Ina I Japorte11e• latln11 

Coaparatlv, hal11etloa1 c-,uetl•• Eveluetloa1 

Tn ■ t.,.at: TrHt...tl 

Flg•ore 2,5, Ewaluation Fona - Fart C .' 

St•.e...!_:_[:~ ~ ehiutu tb11 Pinal Teclmic.d C£!!P!i'b~ 

Th• tnforn.•l Ion required for the final tec:hnical co■ paruoo can be 

or~anued on tho ~.nluation Fom - l'art D (■ ee Figure 2,6), ,.. discuased in 

S-·ction 6,2.2, the uuer first ewmnarizea the ruulta of the elnmt-b7-element 

c •. ~pariaoa.a, An J-,ftial evaluation ta ""1de b7 conaiderina the relative treat

• .,ta of the 1110at l,--rortant elmenta, and thu Initial evaluation 1a then 

11>: lilied oi- not 11r,:·,rcltna to the relative treatment• of the elumta of 

1, 1aer illlportanc~. Clencnta ot low importance are conaidered only-in -

b • ;uoua caaea. n,., I Jnal evaluation obta1n-:d in thia way repreaenta the 

flul rHult of •1·1,ly!.ag the methodology and at tbia point the co■ pari■ on 

____1_,. complete. 

,,r r;•:'';';1 P..-...:.:..a r;.:.-~ :... I!- -¥if ·--··'11 I& :,.: . ;~ ,: i 1 I r,, ·--~, J.. ,.,1 ~.... .:-t .-~-" ~ •. , 1 i- . , 



l~portance llatln1 eo.parativ• latina 
of Appl1cat1oa 1:,,, ,her of Treat,.enta of 

!ieaenta IIORSI Study Hodel"'t_o_ta""'l.-----:-1 :;1:l!I. Cotil'ARAIIU: 

CRITICAL 

HICR 

Kl'.UIUH 

l,Oll 

lllUJZVAlff 

Total 

x.u 

(Should equal 12) 

XXX ID 

T!CIIHICAL !VAWATlOW 

!VAWATlON rollH 

,art DJ Technical Cov,parhO!J 

Application ladcx1_________ Refareace Hodell__________ lt....S7 Hodel_________ 
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3 

POLLUTANT 
CIIJJIACTERISTICS 

AVERAGING 
TIME 

!IC: 
CltARACTERISTICS 

TRANSPORT 
CHARACTERISTICS 

I

APPLICATION 
1110£1 

METHOD OF 
PROO UC TION 

PRlll_~!l-1 

SECONDARY 

LONG-TERM 

HORT-T[RII 

!!!!!!!! 

REMOVAL 
PROCESSES 

NONE 

CHUIICAL z 
PHYSICAL 

CHEIUCI.L 8 PHYSICAL 

r 

4 

NONE 5 

CHEMICAL _, 

PHYSICAL 

CIIEIIICAL O PHYSICAL I 

z 

GEOIIETE RY 

POINT 
.1 

LIMIT~-- z 
1111 __ 3 

IIUIJJPLEJCOW~_ltATIOII 
4 

GEOGRAPHIC TIIAliSPOAT 
f._E_AJUR[!I_ DIHAHCE 

<SHORT-RANGE 
COMPLEX 

LONG-:tANGE z 
SHOAT-RANGE 

SIIIPl't / -3 

LONG-RANGE 
4 

I! 
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3 AJ'PLtr-ATIOK CLASStnCA•tOH 

I! 
., 3 • 1 Wl'llODtlCfION 

The first •tep in the aethodology b to ·· sitably define tlo,, application 

I u dJ·,-:uued l.n Section• 3.2-3.6. This wrkbook cannot treat all r<>uiblC! 

fact.>r 1 1D detatl. Thu•,_.,th.i u•er needs to con11 ·lar thf 11tu11tho11 oi interest 

ind ,,, c.'lerch11 Judc::aent at all atagu of the •v luation. It ~, 1:, ceaury, 

bav"·,·.:,, to clauify t)le •pplicatioa in u much otail H practL,.:•le. 

Four 11:neral a1p11cta of 11lr pollution •!- ulation have ~.,._ , J.deotifi&d 

a, b~.n1 auitable for thia purpo••• In thia aeccion, the uacr c,:.:,,iifi•• the 

1ppl1<.:ition with reepect to then four Hpecta. I11 the proceu, 11 (our di1it 

nu'lb,-,· t, a;enuated. Thia n•111ber aervea to ider.. lfy the clau ,:,f ,pplica

tio,i: ~o be considered in thr. coaipariaoa. This , 1111ber, the ap;>l :· :ttoa index, 

is u~•--1 throughl>Ut the vorkb,,ok for varioua _pur1 s••• The user uJld not 

conii•· ,r la any vay tho dot•ll• of the operation of either the r,•t "reace or 

tho ,, : ·uly aodel in claa ■ 1fyin1 the •ppllcatioa, The cl ■ Hificat f. a •bould 

refl,.,. •: only the characterhtic ■ of tba probl- . t hand without r• .. ud to 

poul'.,le dmulAtion techuiqu11•• 

Not• that ioeteorologtcal concept• are nn u•ad 1a the cl,o:,:sification 

1cb~-',. P.elevant a•pecta of aetc,oroloa;y co111pri1, , aaveral of the ,,,,plication 

elet:.·ntl d1acu11ed 1D Section ,. 

3, 2 ! tlSTRUCTlOIIS 

, Th• tollovin1 procedure n.ablce the u ■er to claedfy the ;,pplication 

·•1 o! i.1:t<>r.. t and to conatn,ct the application 1oi .x. Ftsur• 3 ,1 •.h,:,w1 th« 
I 

cla~o~ (l,:at1.on proc.., t1eheno.1t1cally. Deciaion , rees and the ac.:v:npanying 

1uiddl11n are u ■ed to clauify the application Jn the follovin~. [our 

c11.teg.:, riea: 

• Pollutant characteri•tic, 

• Averasi.o& tilDe, 

• Source characteristica, and 

• Tranaport charactMriatic ■• 

The trcH require definite decbion• at each br•1:ich point. In c:<.'<' ■ of un

cart.>l.nty, the uHr -1 fol101r aultipla branc:he~ and refer to tin, arplication 

... .. . Figure 3.1. ScMM for Cla..ify1Ag lfodel Applicatioa.11 

,! 
i' 

,, -
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APPLICATION CLASSIFICATION FORM' 
INDEX 

NUMBERS 

INSERT APPROPRIATE 
NUMBERS Ill THE 
BOXES PROVIOED: 

PRIMARY) z ~ 
CHELIICAL 8 PHYSICAL 

:~~,:;~.~ 
3 

A. POLLUTANT 
CHARACTERISTICS NOHE 5 EJ 

/,,/ CHEMICAL 6SECON_DARY 
PHYSICAL 

T 
CHEUICAL 8 PHYSICALR 

LONG-TERM IB. AVERAG,NG 
TIME <a;;r-ryii) []2 2 

!OIND I 
AREA EJ. z 

C. SOURCE \ LINE 3
CHARACTERISTICS 

MULTIPl.~J~OMBINATION 4 

SHORT-RANGE 
COMPLEX 

GG-RI\HGE- 2o. TRANSPORT 
CHARACTERISTICS 3SlloPLE ~GB15 EJ 

4 

Fora the application index by traaafeninc the four indez nu:iiber1 into 
th• correspondinC boxe ■ below: 

....,_ ., APPLICATION 
INDEX El E2 E E3 I1 

I 

,,1,.,.'JJ/ ••...J ~ -• .. 
. 1 
r Rule 932 1 Continued 

I, elc•· ., t de1c:ript1001 in Appendix A. The 1.Dfora:• Ian in th&H drr ., 1.led de■-

crip~l~o• uy f1c:1litate the tdentUic:1tloo oft: e IIOlt pertinent cla1alfica

tio11. Each !lrauc:h of each decidou tree end• 1" a one-dicit nu.,'••·r that 

c:l&o,, '.fica the ctven applicatiau vithiu the cat,- ory betnc con,1,:,-rcd. After 

c:lu··.1 fyinc the application 1n all four categori--1, the :lrula: nui;,ln·ra are 

coml !:,ed into the four-diflt co11rodte appl1catl-1n ind~. 

Th• 1tep1 in c:la111fytna the appllcatiou. re liated bel4w: 
, , l ; 

. I 

1. Clauify tli• appltcation within each , f tha four c:ate~·->riea 
ahowo in figure 3. 1. ' 

2. Detenain• th• 011e--d1&1t number, corrc·pondina to the 
apecific: c:laa,Uication choaen vithf.n each of th• four 
catit1orie1, 

3. Fona the c011poaite application index l roa these four 
ona-di&it number ■• 

In cluaifyuia the aprlicatioo, the uaar . hould consult the guf.delinH 

for cnc:h dHcriptlva c:auaory contained in SecU,.na 3.3-3,6, 

M an ueapla, caua1der aa application tlut 1Avolvea Htinu•tlA& the 

1bort-tua coucentratlooa of total auapended pen tculat• (a pr1Jo:1ry pollut&llt) 

due to a power plant (1JA1le point 1011rce) vhen (1) the :lntaroat 1" 1A th• 

area doll! to the plant1 (Z) particulate r-av•l b7 fallout, depo•lit1on, etc, 

can h,, iaziored; and (3) th• local aeocraphic fev, urea ua -1.mple. Th• appli

catir,11 illdu: vould be lZU, conupondln& to the lndtlll numbau or 1, 2, 1 and 

3 for the c:atesorlea "pollu,taat c:heracteriltlca," "avuaatns tim.,," "aource, 

char .. :: tarbt ice," allll "tranarort characterbtlco •· rHpactlvely. r Isure 3 ,Z 

,how,; • completed •-pl• Applicat,ion Cla11Uic ■ t · oo Fora for th!,. specific 

exa:,.p.:e. 

3 ,3 CUSSlrICATIQI OF l'OLLUTANT CIIARACTEUSTICS 

Tb• deciaioa tree for clau1f7ing pollutv1•t cbaractulatics 1a abown 

1n Fi·;ure 3,3, The tree indlcate ■ proceaHa by ,.h1cb pollutants ~•·c pro-

. duce.! aud/or removed from tho atmosphere. The { 1rat atep la to clnsalf7 the 

pollu: ant aa either prf.mary or ,econdary. Prtm.,, y pollutant ■ arc ,li,{ined a, 

those eaitted directly into the at1110apbera and ,, c:ondary pollutaut s are de

fined a, thoH produced 1n the at110aphere by ch, ,teal ruction ■• For example, 

if th" a;,plic:11tion involves utilutin& the add lt J::,nal CO concent r J tion cauaed 

..., .. fiaur• 3.2. Saapl• Co11pleud .\ppl1cat1oa ClauUi.cact.on Fons 

........._._.. --
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·1 

I 

f1~• 3,3, tl ■d.aion Tree for Clau1f7in1 '<lllutaut Cbaractnriltica 

by II nw hi&hva7 liAk, CO 1a daaaified &a a pi 11Ar"7 pollutant I,. r:iuae it 

c011c·1 directly fro■ th■ •cbicu.lar aourcu u■ in£ the lint. The · . :it coa=O'II 

czar:; 'c of a HCoodery pollutallt 1s or:oll ■, vhic ii produced by I hoto

chac/.•:.&Uy 1Ait1.ated ruce1ooa tnvolv1.11.&· ruct1 e bydrocarbolls u.. i llitrosa 

oxid,.,. 

' llbm th• applic:atiO'II 111.volvH a .secoodar pollutallt, it ~,•,,ntually 

bac<J1. ,J lltCHSH}' to dat ■mioe the cbmical id< city of th• pr1 ·ry pn

cur~or, of that pollutant, ICAovl-ed&• of th• a;,· •Jr ■ of th• preut.sora aod 

their 1ourcH b required by tho 11.aeur ■ of the odelilll proce,i~: noro.ely, to 

ral..ata •1111.ona froa sources to at:110 ■ ph.ric er ·cmtratioaa, Pt 1.r.1u7 pre

cursor, are ,defined hare H thoae subatancH ti ,t are eaitted dlrP.ctly ill.to 

th• r.r.mospher ■, undergo chml.c:al reaction, and ·.hose ultimate r~·,ction pro

duct3 include the pollutant of 1nter-■ t. Dater .1nation ot tho rriocur ■ora 

ofte.~ requires Cltl)Ut advice but b oot requir, I at thil point l~ the 

claul.fic;atio_o, lnovlads• of sourca ■ of th• pt ,,cursor• 1a ou~s.:..&-7 vhan 

tb■ s"""• cliancur11ttc1 an elu•ifitld, 

A P"'ticular pollJ&tant c:■ D be both •ittd directly into t!,a aC-•pbue 

and 1•roduced by atmoaphartc chem I.cal ruction ■; hence it cau be b=>th primary 

and ,·,coodary, For example, particulate ■ulfat ~ are emitted d ! ,·•.·ccly fro■ 

c ■ tnl ytlc converter ■ oa autmaob11H and rHult .-.s ...11 froa at"'"•':,hcric re

act lc;•1t 1nvolv1.n1 S01, Io applicatioo ■ involvi"g the total con•:• ntratioa of 

A' ollutaot, it may be po ■ -lble to choose., 1iagl• clauifk'.,tion. For 

~~,, 

eD11ple, if prwry ■ourc:H are mown to be doainaot, t.be pollut.1ot 1hauld 

ba clH ■ ified pr:taary. Oil th• other hand, if a ■c:oodary 1cmu ■ t100 d"'"in11tn, 

the ••condary cla ■■ ificatioo should be used, In aituattoos vhere ll.l!lther. 

prevails, both branches should b• explored, Th• model uacd llllltt bft able to 

haodle botb pri■ary and •econdary production, Ill auch caaea, the c=pArl.aon 

vill 1.ovolve soins throush the evaluatioa proceu tv1ce1 ~ ..nti!yl.ng tvo 

applic ■ ttoa•, i:vo reference 1D0dela, tvo ,eta of ilaportancu racings and Mktng 

tvo 1.odepeudeut evaluations, The ■e evaluation■ c•a theu be vel.aht~d by the 

relative importance of prtaary aod secondary productioll and coabl.ned to 

arrive at the desired overall compari ■ on. 

Ill application ■ tnvolv1n1 a apaclfic 1ource, the clauilicatton should 

be Mda baaed upon vbether the_pollutant emitted fro■ that ■ ource i~ the 

pollutant of iotare ■ t or a pracuraor. 

Attar th• method of production ha ■ bem cla ■ tified, the proce ■••• br 

which th• pollutaut 1a r ■-ved from the ataoaphere avat be cl.auif1ed, Thia 

■■ cond cla ■ aification tbould be ud ■ by conaidarin1 removal proce•••• th-t 

an f&:,ortant over the rans• of till.a and distance involved 1A the applic•

ti.On, In •01ae 1ituation ■, reaoval of th• pollutant uy be n ■ 1li1tbla and 

the brallch labeled ''Nooe" f.a cho ■ -n. The d ■ t ■ na1n1ng factor 1■ the rela

tion ■ hip batveen the pollutant'• removal nte under the co11Jitiona being 

,tudied and ita residence tta• vith1n th• study aru. E•twttoo o( tha 

approprl.at ■ reoioval rates uy require upert advice, If rou1hl7 aorc tbao 

oae-quarter to one-third of th ■ pollutant could be re:iiove~ vithL~ the 1tudy 

area, reinoval procesao ■ fhould be accounted for vlthio a ■ 1Auut1oo IIOdel, 

If removal is illlportant, a decbioll is required H to the type of u

llOVal proc••••• involved. Chemical rC1110v■ l proc••••• are tbo1e io vbicb the 

pollutent react• chemically in the atmo1phara at, for u.a•ple, vhco SOz 

r..cta to fora ■ulfatea 11Dd cu ■-• to aiat aa the ch•l.ca,l specie ■ of inter

aot. Phyaical removal proc••••• produce a ch.ans• in the """""at of pollutant 

in the air without cau ■ 1ns aa 1-<11.ata cha.us• Jn tbe cb-1.cal -.,...,,1.. of th• 

■oterial removed, They include ■uch proc ■•••• a1 gravitational 1ettllns, 

iapactioo, pr ■ cipttatioo acaven1ia1, and dry deposition, Io c••e• vh~r• both 

cbe■ ical and phyaical removal proce ■■ ea are ■ 1gn1ficeot, th■ bracch uobeled 

"Chemical and Phyaical" ahould be cho ■ eu, even U the uaer 1.■ l.nterutC!d pri

marily 1n oaly on ■ type. Of courae, if 011• type of removal proce•• i ■ clearly 

predo ■ iOAnt• that branch should be cho,an, 

Other tarainolo17 1a frequently •ployed 1n d1.acu ■■ 1ns pollutant 

charactuiatice, lt"l.•ctiva pollutauta are tho ■- that react cb-.Lcally 1n 

the at.l>oophere, Tb,.y tbua llltlons OIi on; of th■ fwf 'lirecl,.. J..,,l,«lld 

"cb.,.ic ■ l" or "ch■:alcal and pbylical"·r-■ l. Pollatut ■ that are not 

ructlve an called .!E.!.b.!!. tlV■n U phydcal procea ■ u remove tbaa fr011 

the atmosphere. Conservative pollutant• are tbo•• for vhicb ao r-

,._,.... 
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proc,· is significant enough t~ he considered. 

I 

I 

.,i 
i 

Coiaon characteriatics of the criteria pol utanta are 1tv~i; in 

Tabl., 3,1. Th• 1ndicated cluaification• are Ul ,strative o-nly 11,,,1 are not 

intr.,,,',·<1 as an exhaustive lbt of all poHibilit1 .,., tn other cir•:•,n■ tances, 

the c l.,o•Uicatioa ■ i1ht be different fro ■ those ;hovn 1a tha _tab!·,. 

3,4 r:•.ASSil'ICATION or AVERAcrnc TIMES 

The dtchion 'tr,• rpr· clan1fyia1 avera1ii·; ti■ea iii 1how11 1.n Figure 

J.4. The ti.ma of intareet t. that over which th, -■ tlaiated co11t11•Lration ■ 

are t·• b• 'averaged. For a.particut&r pollutant, ..v•ra1ia& tilnes Crum eevual 

■ illur.,., to a yHr NY be of intarut. Applicati< ,s 1nvolv1n1 con<:, ur.ration ■ 

av&ra : ,J for 24 hours or le ■ s should be consider.- I a ■ distinct fr,,,, tho ■ e in 

vhic\, ,.,.son ■ l or eonual avua1.. are Hti■ated, The fonier are cl ·•••ified 

as s:., •,t-tara. Lonaer avaragtn1 times lil<a a ■011Lh, auaon, or y~:ir are 

clus: •· ied u lona-tera. Table 3.2 clantftea th,, averaain& timc:1 ,1pecified 

1a th,, :IMQS, 

3 .S c:.,\SSIFICATIUN OP' SOIJttCE CH>.RACT!RlSTICS 

In order to cla ■ aify aource characteri ■ tic·;, the number and the aeo■etry 

of ti·-· 30urce ■ illvolved in tho application ■uat I·. determined, llw dechion 

tree 1.·r clau1f:,tn1 1ourc• characteriatics 1 ■ sh. WII la Flaur• 3.5. The 

prop,· br ■ nct: of th• tree 11 cboaen by couid.ri: 1 both the au::abu i,nd the 

geoa: ·. .-y together. The user should chooae the b, ,nch appropriat<'. to the 

phya:, ,l characteri•tic• of the ..ourc•• a• 1nven1 .,ried for u•e in the model. 

Whenever the dice:i1ions of • stationary ••· ,rce are a11all cc, .,pared to 

tho di .ranee at which concentration ■ are to bee; :1.■ated, the 1O11rcc: can be 

tru1 .t H a geometric point. Generally, 1t1urcea ,re treated a ■ point• if 

they , .,Lt a 1ubatant1al O1110unt of any criteria pc• llutatlt. e,g. 100 ton• per 

ye.ar, Soma control ageacie• treat aourc•• with ,,i little •• 1 ton per year 

of er:t:·don• ea points. 

Sourcu that emit nall a.mount ■ of pollut;n1t are usually ar.::reaated 

and t, ·<1ted aa uniform area sources. Their lari:;, n11111ber and highly variable 

eaisol. :, ntea preclude treating thell aa indiv1d1•.;l aourc••• In ,1•!Jition, 

aoae c,;urcee, ■ uch a ■ opea qu3rriea or windblovn fields, are "tru~•• area 

source" due to thair geometry. They au uot agg,-.gatu of ■any ,..,1nt or 

line •"urea•. 

The line 1ource daaiaiution 11 ueually re~·rved for apecial problem• 

iovolvtr.a aircraft or aicro1c11le analyae1 of veh1,:ular i■pacu. M, ta the 

case •·Ith multiple point aourcu, clo ■ ely packed l.ine 1ourcu auch "" acreetl 

in do::atovn area ■ are frequently treated a■ unifo, • area aourcea. If indivi

d1111' aource dete u:tau, the aora appropriate line claHificar i.un ■ hould 

be 11Ade; if the lats baae aagregateo the line ■ to area•~ the aru class1Cic•

tion ahould be made, 

A nall allllber of ■ ourcea (genera.Hy leu than 10-20) having the aae 

geometry 8hould be clas ■ ified "limited" 1a nwober. Thus, if the iapact of a 

pover plant with five ■ tacks were being e ■ t11utad, the "Uaited" branch should 

bo chosen. The•••• choice 1hould also be aade if five 1patially aep3r•t~d 

sources are involved. Hovever, in the latter c•••• the u1er 1hould be ~vare 

tbat •- IIOdela for treet1n& a l1aitcJ n1aber of aource• •••- that tbe~e 

,ourcea are coincident la •r•c• or equiYalently that the ••P•r•tion.t betve•n 

aouccea are AOJ.l cc.pared to the traoaport diatanc... The choice ""1t...,m tho 

"limited" or the "multiple" branch should be ba ■cd on th• ouaber of sourc•s ta 

be modeled, not the nuaber of actual aourcea, Thu1, U ■ averal bundrtd S1:1All 

iaclsterators have been inventoried aa atx area ,ourc••• the aources vould b• 

characteriaed aa llmited 1A llllllber (dz aru aourcu), not aultiph. 

":able 3,1 . ClaaaUicaUon of Criteria Pollutanta
1 

lfethod of llmaval Pollutant 
Pollut,.nt Condition, h'oduct1on Proco•••• IDdu ~unba

TSP Part1.cles amaller 
than about 30ia. 

PrS.-ry None l 

Particl•• larger 
th.an about 30\A. 

Prilllary Phyaical 
(gravitatiDaal. 
Htt:lin1) 

3 

SOi llcddence t:1■~ 
under S-8 hra. 

Pruiary None 1 

ReaideDC ■ tuig 
over S-8 hr ■, 

Pr:i■ary Chemical and 
Phy11cal 

4 

co Hoet coaditioaa, Primary NOQ.e l 

1101 Hoat aourcu Git 
■A'ialy NO vbicb 
ructa to fona NO,. 

Secoadary Chemical 6 

Oxidant• Pri=ary aourcea 
are aeaerally 
ne1Ug1ble. 

Secondary Chaical 6 

•on-catbat\a 
Bydrocarboaa -

# 
Prilllery Chc,aical 2 

r 

"n.e~• chanu:teriatica are for ahort-raaae urban a1tuat1oaa without rre
cipit.tioa ao4 could cbeua• uadar other cirCUIUtaacea. 

b .
"las'idence time" 1a approduted by the ti■ e taltea to tran:ne -•· 
regioa of interut at a clulracteriatic vf.nd ■ peed. 

-
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tf either aultiple aourcu or 1t:veral 1. ,rce a•c■etriflv .·,,: to be 

111<'•>,led, the "Multiple/Co..hl.11.&tioa" branch 1a · 1101en, If a U•·:,cd number of 

100:c~H of a 11Aal• aeoaetry are to be IDOdeled. the approprtat, ~,ranch along 

ti>< "Li:ited" p•th 1a c!lood1, 

The ao:irce characterut tea of 1011111 coam- 1 aource catr110•·; ·, are 1ivc:n 

1.n ·;~ble ).J. In part.1.c:ular applicat10111, th~ aeneral suf.de,l •~• 11111y be 

11<'>•!1!1~. For cxample, ,iI tba imp~t of a...., t nuabu of ind·.,,cf.41 procua 

10.. ,·:u 1a bei.na 1.nvutiaated, the eource char sterbtics ahot,\-! be cll,.11fied 

u • li•itad nuaber -of pPi.1\t .a11rcH and not a part of ab or:::· :tted ar.. 
sc,,-,ca. 

C.oeraphic futuru abould be cllaaifb aa c011ph11: 11 ti .. tr pre:aenco 

re,l ,lru the conaideration of point•to-poi.nt v. dationa 1n the r,:.,:ed or 

di~. ~tio11 of crao1pott villd1. Application• in· ,1v1.na arua wit I, rou1h 

ter: .. l.D, areas coauinin& or clo1e to a Larae I ,dy of water, 01 reaa in 

v1l.l,.·1• or 1treet canyon ■ nhould a•oerally be, ·.1111ifiad •• ha, i:--: "cOlllplu:" 

aer. ... :· ..phic feature ■• Aru11 with level or gent,, rollin& terrnh ,i~ould 

IC" ·. dly be cludtied •• having "•iJaple" 1•01 ·aphic feature ■• llc:tena:Lniog 

th" .:~proprt.ata cla11ific.at ion may require the .,dvica of ao e:x: .·rt air 

poll.,tioo 111eteorolo11bt. The determf.natioo ma; alao depend up, .. , other 

!ea1 ,rao of the apecUic application. For exa•· •le, variation,i h terraio that 

arc, :: ~gnificant vhc:a ahort-ranae transport u l · ing conaidered <Ii ,:ht be in

•iF I ficaat when lonc-ranae tranaport 1a of in: •reat, In coast., 1 area• or 

aear the Great Lake•, the potential effect• or •ea or lak~ brc• ... ~ aay 

req·., '-re th• complex clauif 1cat1on. The preci,. • dbtanc• inl:u· I uver which 

the .:ompla clauification l'IU■ t ba maintaioed r nnot ·be 1pecifii-' without 

lino.·! nc the detail ■ of the 11ppltcat1on, If f.n S:oubt, the uacr ·.! ,,,Jld consult 

the to-:hnical :ut•rial in Append1c:ea A,J aod A,•• or obtain expect 11dTice on 

the r<1rticular aituat1.on, 

A dUferent Ht of application ■ aria•• ",en tha effects ,,t: source• are 

eotlr1ced over lona rather thaa ■hort diatance~. Ma senenl <•1le-of-thumb, 

dht,.;-icoa betveea aourcH and receptor ■ that e,,. Hd 60-100 ka (-',0--60 tai) 

•houJ.1 be c:lani!ied loa1-r11nae, The tranaport diatance ii d~-, ,·elated to 

the r<>,idcnce time conlidered vhttn the polluta,: characteristic11 .:ere 

clac1 .1.!ied. Care •hould be taken to ■ ea that f I e tvo choices arc t>ade on a 

con,,htat baai,. 

tabla 3,2 Claaaification of HAAQS Averaging Iiael 
I 

Avuogf.n~ 
TiJ:,e 

Pollutant Avera11Da TilM Cluat.fication Index No. 

tsp• Annual Loa&•ter.a l 
24-hour Short-term. 2 

soi• Amwa.l. Lona•tena l 
24-bour Short-tetlll 2 
3-bour Short•tena 2 

co 8-hour Short-tar111 2 
1-hour Short-tum 2 

Oxidant ■ 1-hour Short-term 2 

Kydrocarb'Ou 3-hour Short-tllla 2 

ROz Annual Lona-tera l 

'rheae avuacin& time ■ are alao •p•cifiad for the Prffentio11 of S1gu1fir.ant 
Deterioration (PSD) 1.ncr•eata, 

table 3,3, Claaaification of Colman Sourca Categoriea 

Souri• C-•tric Source Ch&racteriatic• 
Source ~tegor7 Number S1.za Deacription Index Nulllber 

Induatrial Limited Lars• Point l 
Proceo ■ Multiple Small Ml& 4 

Puel Coabuation Limitad Large Poiot 1 
(Jnternnl. aod Hultiple S-11 Arca 4 
Extr.rnal) 

tran ■ p?rtation Limited Line 3 
tlsltipla Lin• or Area 4 

Electricity Lilllited Poiot l 
Cenernt1.on Multiple Potn.t 4 

I11cineration Lialted Point 1 
Hultip;(a Area 4 

Urban Area Multiple VariCNI ColllbinaUoa 4 

8 SocJrce aize ii aeaaurecl· relatiTe to the point source aize specified :ln the 
emi••loo inventory. For e11:aJ1ple, rajor (larae) ■ ource• are cenerally cooaid

•••d to be tho•• that emit 110re than 100 ton■ per year. 

_,_._ -
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11.,,: a 3,t., Dec:u1011 Tree !or Clau1fy1D1 AH< ,,1n1 Tim-■ 

Ui;,:re l,.5. -t Decidoa TrM for Cla-■ if7:1Jl1 Sout·ce Characteriatk• 

,. 

l,6 CLASSI1IC.UION or TIWfSPOll' CIWtACTt1lISTtCS 

The deciaion tr•• for cw ■ 1fy1D1 trauport characteristics 1■ shovu tn 

rtaure l,6. Thi• tree claae1fi•• the application vi.th re,pect to geographic 

futures and the tranaport diataoc• froa sourcu to receptors. One ir.portaot 

1eneral fau:tor affect1D1 trauport ha• been oaitted fron the tree: m~t~orology. 

Meteorology baa been omitted ao that th• application caa be defined by rela

tively fixed or iavar:l.aDt charactuutica af th• application rather thau by cha 
' . 

variable factor• which affect traaapon ud dtaperaioa, 

Tb• application ts defblad by 1pac:1fic pollutant character1atic1, 

apecUic avera1in1 time ■, -11-11of1Ded aourca characteriltic:s, well-defined 

1ao1raphy, and a specific r•11on, Rovavu, a vida ran1• of ••t•orolosical 

coaditioaa frequently 11Ult b• ualyzad, The relevant 'Mtoorological c:o:i

s1d ■ rat1oa• aad tranaport Wider carca1A specific advena aeteorolo1ical 

conditiou are ducuHed SD Appeadicu A,2 and A,4, 

Figure J,6. D•c111oa tu• fr,r Cl.MaU71D1 truHport Cbaractuutic1 

j' -' ,; 

-
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4 l'UJ:LL'ilNAllT ANALTSI~ 

4,1 1:;TlOl)UCTION 

Ill thia section, &uidellllu and ln•tructi•· s are provided t" l!G&bla 

th• u,.,,r to carry out 1tep• 34 a• 11ven in Tabl, 2.1 and ■ hown 1.1· f'laur• Z.l, 

Th••~ ,tap ■ involve a check to ~ea that the ■ tudy model it comrat!Lle vith 

th• 01 .,Uc:ation 1n certain' HHDtial re,pitc:ta, ti, cluaU1cui?n the 

■ tudy ·:odel, the idco.t,Uic,atlon of the rehrencf! odd to b.e ua~J h the 
. l I 

COlllp11 ~soa, and th• rev:l.ev an,J poosibla modificaa oa of the ilnp?r .. ,1C:e. rat:lna•. 

Thuc ,,tepa are coaaidared in Section ■ 4.2-4.5, , :spoctively, Su·.·, l,;ient 

guid•· ! laoa for carrytna out Step 2, th• doc11ment, . ion of. the atud;. .,odel 

equat '.·on•, a.iy be found 111 Section Z,J. 

4 .z t aEClt COMP>.TIBILITT or STUDY 11'.>DEL WITR APPi. (CATIOH 

It 1a deairable, before pi-oceedina furthe,, to deteriain• th.,t the 1tud7 

r:odel Lsoetn tvo epecific requlruoentt of the appl •cation of intct,·:·t and is 

theniun c0111petibl1 vith it. Cener11ll7, rafen.. :a mode.la can -b~ 11,,od a, 
0 

1tandnrdt for corepariton even vh•n they are aot , :.rictly coepatil.,J.e vith the 

applt~~titr.1 of iaterest. 

rhe firat requiraent it that the 1tud7 11 tel should contn fa tr... tlllenta 

of al I element ■ 1D vhich the uaer h•• • ,pecUic Lntare.c or wl,kh nre required 

by tr,c nature of th• appltcatton. For example, ,r th• uau ho ■ ,!. 1 •.nained that 

•""'• ·,i&e if ic phyeical re111oval procH ■ 1a. illport, it for th• appli.::. tioo of 

interc•,;t, and ha• Ha nault chosen th• appropr'.ltl 'breach :In the Application 

Tree, the 1tud7 modal ■ hould 1.ucorporate a trut, JAt, hovever d" ,1fied, of 

that µrocHe. It th• pollut..nt of :lnterut it ,, ,jec:t to che•lc" 1 removal 

p1·oc,,,.c,, aod/or 1f it 1a • secondary pollutant, th• 1tud7 model .hould. incor

poratf' a trutm'!nt of the ef!ectt of the rtlevan· che111ic•l reac:tJo:•o. Thie 

11&7 b•: oxtanded to proc:u,e• not covered 1.u thi• ,.orkbook, If the uoer 11 

intercJted iD the effect• of 1117 proc111 vhateve , the 1tud7 IIIOJrl lll\l8t incor

porarv. a tre~taont of that proce,s. 

The second requira:ant i■ that the 1tudy , '>del ,bould provJ,l., the uaer 

vtth the daeired result ■• No attempt i■ made tci lht the variou,, !'oc11i'b1-

l1tir,o here. lt b anua...S that th• u,er ltnova , hat Htiaatu or~ dedred 

and co,1 detanaine whether or not the 1tud7 aodd provide• thea. for ex.aaple, 

th• •r,>U.catioa ■ 1'ht involve calc:ulatina the fr. 1uenc7 dt.tribut!o., of 

tnoty-four hour a••na•• at -• locatioa. 111 c:,u caee, 1 aodd <Alich 

&iv•~ ,,1117 the Mx1-111 tventy•four hour averaae :·, not c011patible ,..1th the 

u,n·'& application, b•c•u•• the desired 1.ufonuitf•>n h not avathLlo aa ID 

outp,at froa the DOdel. 

4,J CUSSIFICATIOtl or STI/DT tu>DEL 

The po,,ible treataeat• of ,everal application u ... eot1 depend uron the 

auanl tJpl of m<>'iel beina con1idered. It 11, therefore, u,~ful to d111111Cy 

the ,tudy IIOdel vtth regard to certain aeneral characteristic1. Cuidcllnca 

are provided iD thia ,ection to e:iable the UHr to cui-7 out thb c:luatf ic•

tion; further ducueaion 11a7 b• found 1n Appendu A.4.2, 

The ,tudy aodtl ehould Uret be cateaoruad .. either a ,tmuhtioo 

■odel or u a rollback/atatiatical ■odel. The dist1Dctioaa betve.in these l:YO 

broad cateaorie• are baaed upon 

• The ext<-nt to vhich the model 1n que,tioo attempt• to 
,imulate the relevant physical aud cha:iical pi-or.es••• 
vhich 1i1nificantl7 affect atmDaphertc pollution levels 
and 

• the degree to vhich locally ■eaaured ali- quality data are 
required for aoclel uaaa• or. for the aclJuataent of i:aodal 
para■etar ■, 

A aimulatioo 110dl'1 ahould attempt to de,crib• uth-tically th• eff•cts of 

ell relevant phyeical phen0111en■ expected to have a ,ignificant effect cm Alt 

quality 1D the application of lntercat. It ■hould not abaolutely regu tu the 

uiatence and uae of loc:all7 ••••ured air quality data uccpt po, ■ ibly to f~~ 

initial and boundary condition,. For example, a aodel vhich iacorporate• • 

aodel cal1bratiou procedure lnvolvina • ,tatiatical ■ djuataent of concentratloo 

e,tblates ehould etUl be clae,if1•d aa a aiaulatioa c,odel. 

lollback/atetiatical a,del ■ are 1110 fol'INl&tod utheeaticall7 and =1 

require 111107 of the --••input variable•, IIUCh •• vind 1paed or mixing heiaht, 

•• do si111Ulatioa modah. Thay do aot, however, attempt to describe the phyal

cal proc••••• involved 1n the transport &ad di•p~r•ion of pollutant, fro~ 

aource to receptor ln order to ••tlmate pollutant concentration,. lnstead, 

the rel&tiooahip bctvcan concentration, and th• model input variable1 i• detc:

■iaed -pir1cally. Thia 1a uauelly done by a11ua1D1 ..,_ af.llple fun~tional 

relatt-hip conteiA:lna oaa or aore adJueta'ble par-t•r• aDd then dat ■ ra1a1D& 

the value• of these paraaet•r• tr.at produce th• beat •sr-ant v1th ■ ir 

quality data. 

If the ■ tud7 model ii cla,,Uied a■ • rollback/1ttti1tic1l 11>0<1~.1. or 

if atatiatical conversion of averaaua time• 1• u1ed by th• i:aodel, the 

■-thodolo17 deacrihed 1n thia vorkbook doe• not apply. General gutdeliaea 

r11ardin& the co-:nperiaoa of rollback/stati•tical aodal• uy be found 1n 

Section 7 but th• uaer ahould con,ult v1th ID expert to detaniine the propu 

vay to perform the evaluatioa ln such case■ • 

It th• atudy n,dal b • •iaulatiao aodel, it MJ be cateaortzed 

eccordin1 to the follovina tvo additional f ...turu: 

..... 
. 'l,.:'tlll ,,.....,.,.,""' ' . a ·-· .•: -~ . J. If~~- 'l 

f,i ' f ' i ,. .q l .,! ~--,1 ?"'- ., ~. 1 I 
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l, Ccoual modeling approach adopted 

• 11v-r1cal, 1.nvolvfllg the 90lution b; numerical pro-
··I cedure• of equations ba•ed upon th1: coaaervation of 
I uu (J:-theory) , or 

• Saatempirtcal, fllvolvtng the u•UJ11r ion of a paq:ic•1l.1r 
functional form for the pollutant d:atributton1 end 

2, Treatment of the ti.II& dep&lldence of p<>llutant concendrnt.ion• 
. . ' . , , , I 

• Steady-•t•t•~ involvtna ao time de1 ~deuce; oily a 
a1Dgle cotia~t ••t of condition• I , uaed, 

• Dynamic• tnvolv lag the e■ t 1.mation ,, .· pollutant con
centration• aa function• of till• or•• function• of 
poalt1oa .along :i dyu.m!c trajectory; e:volut1on of the 
system 1n ti.Ille 18 ducrlbed 1n a c;: ~•l maMer, 

• Sequent1a1, 1n which a aequence of . ond1tlon• U co11-
aidered; a acparate independent cal ulat1on ia done for 
each, or 

• Clf.:aatoloau:al, fJl ""11ch • nu.,ber o different cond•tiona 
are considered, each weighted by it, frequency of 
occurreoce, a acparate calculation Is done for each. 

The u,~r ahould be able to categorize the atudy • ,del accordin& to the general 

IIOdei : .. g approacll frooa the def 1nit1ona aiven and • he etudy model •lu~umer,tatlon. 

tf fu.·, her diacuuion ta aeed ..d, Appendix A,4,2 • ·y be consulted. It •hould 

be pn,,,ted out that the f1rat cac.•aorization relo, •• to th• treatr,.:,,t of 

dlap•a• loo by thw atudy aodel and tti..t different , la.,1fication1 "'"Y be needed 

for t; . treac-au of hors.&ontal ud verUcal ell,. naioo, 

The tr..t:aent of tba t 1- depend.ace of I>'. Uutaat conc.atu t ion• Ill.lat 

l-e d1··. • niined in order to carry out the aecoad cl ,uificatioll, an,J th• 11•~r 

1hou 1 ! be able to make thb detenn1nat1oa fro• ti, , deffllitiona provided 

toce•. I. ·r Vith th• stlldy aodtl documentatloa. Ag11 :n, further diocu11oioa 1a 

11Ya.1 in Apr,endf..x A.4.2, 

Two pof.Jlt• need to be made here regardfllg r.he cludficatbn of time 

depe,: !.·nee. Th• first rdateo to th• difference l,etveea • dynui~ eiodel and 

a ae•;· -ntial model. Dyna111c modeh oftea divide the total 11lr:ulntul tiae 

inter· ·.l into a uriee of tbie atcpa aad treat tL-• pollutant diatl'll,ut1on at 

the c-, I of one 1tep aa the initial diatributioa I nr the nut, thr1, hy handlin& 

the t !. ·>i depen~ence 1.a a ca11aal 11anuer. SequentJ .1 aodel• alao c,,noider a 

Hrio:: of U,ae- period ■, but ijplore the cau ■-1 rel ,tioa batveen pol lutaat db• 

trlbu• lone at each t1- 1tep end do flldepend.mt c.;lculatioaa for ""ch, 

The aecond point 1a th.at for 11equeat1al an I cliaatoloaical u,o1a.J.a, 

the 1J1,llvid11&1 calculation• 111.ade for each of the ,:onditiona cone Id, red may 

be cat, ted out 11atn1 aither dynaaic or ateady-atr. !.e aethoda; a str,.,J7-atata 

aodlll la •lmoat alvaya uaed, Thi.a claHification abould •lao be lu•licated. 

?lrJ· laattan1 like "cU..toloaical (etud7-a1 .te)" or "••qurnt l,11 

,. 4' ~"' 

(study-atate)" arlae, 

Table 1,1 in Appeadb: I g!••• tM claaaification for •elected re!erenc1 

1110del ■ s11gauted for 11ae in thil vorlr.boolt. 

4.4 IDENTIFICATION or llEFElENC! HODEL 

Table 4.1 auggeat• reference model• that .., be as•ocieted v1th aaac of 

the iadesed applicatioaa. Each aqgeated reference aodel 1.s briefly described 

1A Appendis I. In the table, uny application• do llOt have aa assocllted 

reference aodel, la th••• cue,, tho vaer 1• encouraaed to compare hia 110del 

vith aome other applicable 11.llulation model. lf no auch aodel 1• available, 

there is ao reference model and no compariaoa can be 11■ de. Since not all 

aapecta of an application have been claasified by the foregoing procedurr., 

footnote• have been provided where additional information 1• required in deter

m1n1n& the appropriate reference aodel, 

-·,..~ 



II 
!' 
,• 

Rule 932 1 Continued 
Table 4.1. Suaguted llehreace Models · or Indexed Appl 1 · .,tion•• Table 4 .1. (Coatd.) ' 

bbex Reference ludcx ll.tennce Index ll~ference
Kud!o,; Kodtl Jhaober Model Kumbu- Hodel

5233 7111 8122 
52]4 71U 1123 
5241 w, DIFKIN (f) nu 8124 
5242 7114 8131 
5243 SAI, DIFnlf (f) 7121 8132 
5244 7122 1133 
6111 7123 1134 
6112 7124 8141 
6113 7131 8142 
61.14 7132 814) 
6121 713) 8144 
6122 7134 8211 
6123 7141 8212 
6124 7142 8213 STRAX 
6131 7143 8214 STIWi 
6132 7144 0221 
6133 7211 8222 
6134 7212 8223 
6141 7213 STRAH 8224 
6142 7214 STI.AH 8231 
6143 7221 8232 
6144 7222 8233 
6211 SAI, DIPJ:IN (f) 7223 8234 
6212 7224 8241 
6213 STRAli,SAI,DIFICIN(f,1) 7231 8242 
6214 ST!Wi 7232 8243 
6221 SAI, Dll'kIN (f) 7Z3J 8244 
6222 

Illdu ltefer~ce Index Ile! ·rence Index Reference 
Nu.mb c ; Mod el llw:iher ? .del Humb<. ,· Model 

1111 vuley, Clt.ST!1 (b,c) 
1112 

2211 Vallt t 4111 V-11le7 
2212 4112 

1113 r:oK, CRSTElt (c ,b) 2213 STllM: 4113 Cllli 
1114 2214 STMJ, 4114 
1121 \'&lley 
1122 
1123 ,;!lK 

2221 412)1 \'alle7 
2222 ,412? 

12223 RAH 4123 r:llK 
1.124 2224 4124. 
1131 2231 4131 
1132 2232 4132 
1133 
1134 

2233 4l)J 
2234 41J4 

1141 Vdley 2241 4141 Valley 
1142 2242 4142 
1143 :JJ!( 2243 RAK 4143 '..:DH 
1144 2244 4144 
1211 \' l\lley, CltST!:ll (b ,c) 
1212 

3111 Vall,;- 4211 'lnlley 
3112 4212 

1213 :••.AH, CllSTE1 (c,1) 
1214 

3113 ATM 4213 :;·!"RA}( 

3114 4214 ~rll.AH 
1221 3121 Vall<:.' 4221 
U22 3122 4.:22 
1223 !.:\K 3123 4223 H!\H 
1224 3124 4224 
1231 3131 4231 
1232 3132 4232 
1233 110,4?, AnN:. (4) 
1234 
12'1 
1242 

3133 4233 
3134 4234 
3141 Vall,,, 4241 
3142 4242 

1243 RAH, Al'll4C (e) 
1244 

3143 CDK 4243 1:AK 
3144 4244 

2111 ':.illey 
2112 

3211 Valle/ 5111 
3212 .5112 

2113 CDK 3213 STltAH 5113 
2114 3214 STWI 5114 
2121 Valley 
2122 

3221 5121 
3222 5122 

2123 f.DK 3223 IW1 5123 
2124 3224 5124 
2131 3231 5131 
2132 3232 5112 
2133 3233 5133 
2134 3234 5134 
2141 Valley 3241 5141 
2142 3242 5142 
2143 CD~ 
2144 

324) 1AM 5143 
3244 5144 

5211 Sr.I, DIFEX (f) 
5212 
5213 .!:.\I, DIFJ:DI (t) 
521' 
5221 ~.U, DUUN (f) 
5222 
5223 ~AI, DIFI.IN (f) 
5224 
523],, 
5232 

6223 S.U, lltnD (() 72)4 
6224 72H 
6231 7242 
6232 7243 
6233 7244 
6234 1111 
6241 SAI, llIFKIJf (f) 1112 
6242 1113 
6243 ut. i-rnm Ct) 1114 
6244 1121 

' 

I. 
Note1 Rafereace• to ueer, pidas uch eu11eated reference 1110del can be 

f~uod la Appendix I, 
•ror application• for which no refereiice 1• lieted, the uaer ,hould coaipere 
hi• aodel vlth another applicable aimllation model. 

bVall,,y should be used wllen the receptor hd&ht exceed• the 1tsck height 
(plUOM1 1-pactioa c•••>• 

cCISTEII should b• used only vhea receptor 1a belo,, •tack height. 

'n1VAT 1 ■ u...S for aoalyd■ of dn1le hi&hva7 Unit, ArlAC for urban h1ah"'7 
■ yet-.. 

•choose RAH for a comb1natloa of source type ■, APIIAC for multiple line source, 
(bqh~ay ayateme), 

1
SAI 1• a regional 1rtd IIOdel; DIFKlN f.■ a trajectory IIOdel, \lhich to chno,e 
•• a referD11ce IDOdel depend• upon a1pect1 of the ueer', application not 
classified fa th ■ tree. SAI tr•3ta oaly photochmical •1101, DIFJ:IN 1• alao 
deslaned to treat photoche&ic•l 11mog, but provision 1• 11111de for uaer-apeci• 
fication cf an arbitrary cheaical mechanism involvin1 arbitrary, u,er-Jefined 
chaiitc:Al ■ peciea. Area sources ""'7 require other than -h ■ ton. data for pre
proc~a•or or preprocessing by user 1n both aodels, 

lsTIIAlt allova treat11ents of oth"r than photochemical ructions. If the interut 
1 ■ ill photochcaiatry choo■ a SAI or DIFKIN. 

bCltSTER asau11111 ■ all source■ are located at the 111U11e point. For a ainale aource 
.vith wltlple 1t&cb, wbau thf.■ ts a -reasonable approximation, choou CRST!R 
rather tha.n CJ»f •• the reference 111odel. 

1 
casn:.i aH'.Jlllc! ■ all aource ■ ■ re loc11ted at the sama point. For • singl11 aourct1 
vith multiple atscka, ~-here thi ■ i• a reaaonable approx11ut1~n, choose CRSTER 
rather thaa RAK a ■ the reference aodel • 

1 for 

• 

ii 
' 

I 

'-....,,,__ 

" ,....... \'":'.~,.JI ,. _;_ ,, I,.... I .,, •.'.'I "''""" a .,...,....., ,.. ·1 " .·, • ~- :, 
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4 • .5 :.mEll Alli> MODIFICATION OF IMPOllTANC! M.Tl!i :s 

I.a indicated 1n Section 2,1, the illlportar, • rating of an ulc·•mt b a 

11uo.,ra of the il:iportal\ce of that element a• a f ·ctor 1n deter11l111Pg atmo ■ • 

pherl, pollutaot coocentr ■ tiona in the appl1catl ·n of 1ntereu. Tue f.aportance 

rat1n:i• an und u vdaht1ng factor ■ 1n co1abl.nl •R th• illdlvidual "1ment•b7• 

ele,n,.:,t co11parison1 of ch-. ,tud7 and reference ir ileh t.n.to a flr:.I comparative 

Ieval~.,t1oo. I 
' i 

Tables 4.2-4.13 ·!It 'the end of thi ■ aect1,., aive cha impo~•·•,,r.e rating 

of., :h element in eiach of the indexed appltcatl»ns, llrief dhc11-1lona of 

theG, rating• ,aay be found in Appendix A,9. At 'hi ■ point 1n th,, inethodology, 

the •. er ahould re•:iev. the importance ratio&• c• reaponding to t!o,· .ipplication 

inch.. pnvtou ■ ly conatructed and detenaioe the r. ·ed for modific.H f,1n of tho•• 

rat1, ., 1D th• apecific ■ 1tu11t1on of intaraat, • 

Throe t;rpaa of aituat ioaa &riM tlult uy Juatif7 aodifyin;. th• S..por

tanc .- rat·1.ng1 given 1n the t;ables at the and of ebb Hctiou: 

• I/hen the particul.,r circumatancaa bet• : modeled, or th~ 
particular interuta of the uaer 
b either more or leas important 

• l(hen a FU'ticular elmnunt is of 
or importance th.at lt, treatment 
catioo, and 

• \lh~n • particular almont haa no 
and hence 11 irrelevant, 

indi, 1te that an elt':.c• ut 

than the tabulated entry, 

IIUCh ' ,ervhal■ tna int,•r.·.. ~t 
h c, ltical to the •r1•l 1-

bear•·1r; on the applir.,Hlon 

lo th• fir11t attuation, t,he d ■c11ion to cl1a111e a rating d"l'"nd, ver7 

111:cl< ·•!I tha particul ■r '1tu11tion involved and _t' , particular inro:,·r.1ta of the 

UHT', Th• u••r ehould r ■vte11 the ■■ rat1n11 con, Ldering tholi• au, .. •cta of the 

ape,· I fie application not con,idei;-ed 1n the Appl o:•tion Trae. If ,u,ceHary, 

the •• :er ahauld modify the,e rattnaa, Such cha, ;ea ahould be 111a,1., only after 

tho•, :,tful rafhction and c:on1ultatioo vith •n , ,pert, For exar.,;,J u, tho uaer 

uy· h, iotareeted 1n HtiJut inl the amount of S!I 1 rCIIOVed by derc ; l.tioo 1n a 

res: .,:i vh■ r• depoaltioo would uaual17 be a..all ., 1d hence rated au of LOIi 

lmpc."clanc ■, G1ven thia particular intere ■ t, th,· importance rat1u?,: for 

phy~/,·al removal •taht be chanaed from LOW to t1: ·11UM or BICB vith r.he coo• 

curr, ·•c• of an expert, The choice betweeo M!llll .f and BICB muac b.: left to the 

u1cr'n diacretioo and depends upon hov much vei;•:,t it 1a felt tlut depo1ition 

de■ e,..,.,. relative to the other application eh,., ,ta. 

It uy aho be dHirable to give one ale:. ,nt uceptional "<'iaht in the 

technical evaluation. Ia thia ca,e, the •1-e.nL 1a deaignated CRITICAL to the 

o•aull taclulical evaluation, The c0111parbon ol th• way that el1•·o1cnt 1a 

tt'ent ,,J h veishted even 110re heavily than that .,f au element o( ll!CR impor• 

t.snc:r:. The CllITICAL deeignAtioo ahould be used ~parin1l7 and then only vhen 

the • ha, a vary 1tron1 1Dtueat IA ea effect aaaoclated speclficaU7 vlt~ 

that element, I.a an example, 1f 1t 1a dHired to pick o'ne of aeveral alter

ut tve 1itea for a aev 1ourc:e ao •• to give the "beat" resultinl air pollution 

e,ttaat••• 1ource-receptor r ■ lation,hip •iaht !e treated•• a CRITICAL elcm~nt, 

tn thi• ua.a,ple, the u,ar 11eeda to detanine the difference, 1n pollutant 

concentration••• the hori&oatal location of the fQurc ■ chana••• perh.lps by 

only rel.ativel7 ••all aou11u. Only IIOdeb that handle horizontal locatioo 1D 

a detailed UM■ r would be acceptable. Rovever, hori&ontal location 11 only 

ooa aspect of th• appllcattoa .i.,...nt "aourc-r ■ceptor ralationahip." In 

auch 1ltuations, th• u,er IIU&t 1clenttfy clearly vhich a1pect 11 critical in 

uking the compariaon betveen two model,. 

La•tly, •-• al..cnt, may be IllREL!VANT in the application o( interest 

end ,hould be so da•tanated, The•e elneot ■ are not c:on,idored at all in the 

technical comparison. Euaple ■ of irrelevant elements include chcmi,try an~ 

reaction mechanism for priaar7 conoervative pollutant ■ and physical ru.oval 

1A eituatioos for which dry depodtioo and prec.l.p1tat1on acaveng,lng &rl! unilo• 

portant, Althouih it 11&y appear a rather ■ taple utter to decide whether s 

given •l-nt 1a irrelevant, the u ■ er 1111,t be cautioned ■ 1&1n1t the lndia

erLminat ■ designation of irrelevant element&, Except in clear-cut instances 

,uch •• th ■ eX-> ■ ple, aiveo above, aoat element1 vill h4ve •t least s~me LOlr 

importance to the application and may need to be considered 1n caae, where 

ambiguity exiats. Irrelevant alC11CDt1, bovever, are never considered in the 

compari,on under any clrcuutanc:e,, 

It bear, reput1.n1 that change• 1n the tmpartaoce r■ tina• and especially 

th ■ do•ig,,ation of an application elacnt a, CltTICAL ehould b• undertaken only 

vith expert advice and a fua conviction that the apecifi~ aituatioo to b• 

eia\ll ■ ted clearly dictate ■ ■ucb chaos••• Otharvi ■ a, the un1foruiity of evalua

tion that tht, workbook caa provide 1a nullified, At 110,t, no more than one 

or two chanae, 1n the tabulated importance rat1na ■ or ■ stnal• critical de1ig

oation, if any, 1hould b• made, 

TABLES 4,2-4,13 - Dfl'OllTANC! IATINCS 

Th••• rattna ■ are based on the relative 1Jllporta11ce of 
each element to each clasa of applications aa defined 
by th• branch•• of the Application Tree. 

For an tDt ■rprctation of th• Application Index aa it 
applie• to ucb table, ■ ee Fig. 3,1, 

• Brief discu,aioo■ of the1e rating• are contained in 
Appendix A,9, 
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Rule 932 1 Continued 

5 TUAil:DIT or APPLICATION , -~ 

5.1 I:;rF.ODUCTIClf 

Thu sectlon 11vee ,p.-cU1c p1deU.11e1 {01 deteni1Jl1D1, {11r uch 

applJ.c.1tio11 eleaent, tha treot:aent u1ed b7 a siv, 1 llodel. tn 111,11-.J·,a thH• 

deter·Loattona, reference.Ea the dhpenlon equa: :011 and-th• oth,•· ,:ork1ng 

equotl••n• dotWIW!nted oa Eval~•tlon roni-Part A t,. u ■-ful. the ~., •. , au1t be 

c:arcf : l 1n determin1J11' .thei treataenu uud by th. ■ tudy llod•l. I!.. hl docu

mcata c loo ts often inadequate and occaaionally 1. :oaalateat, and. ln some 

caua lt 11ay be necessary to e.x&111ine the compute. code lt1elf to .i,:1 ~rain• 

vhn tLe Tell trutaent of ■ c:.:ae el-t 11, th• list of !Jlput v,•r • .• blea 

ahouJ.: be uomined 11nd 'check,-d for con ■ htency v ,h the working •··!' ,ttons 

and K' coral fomulation to IJ•sur• that sutficien, information b I ,put and 

that ;,•l H~mingly irrelevant data are requlred. [f th••• sencra.l ·:,1idelinc1 

■ \"e f·,llowed, the effort 1avolved in determining ch• t\"eatamts d Lhe appti

c:etk,, element, vill be 111Dir,1:&ed. 

5.2 1'.!'..ATHEYI' OF SOUllCE-ll!Cl!PTOll l?LATIONSHIP 

TheTe are 1ilc factor ■ to ba conaidered1 

• Boruontal location of ■ourc,a, 

llelu ■ e heighta, 

• Dovnviad and croaavusd diataacea, 

• Orientation of area and llae aourcaa, 

• Roriluntal locet1on of receptor•, and 

• B•tiht of receptors, 

CuU.,,• ..:e to aid the user in Jetarmininl the treo nent of then factor. 1a given 

belo\l. • Thh cuiJance and Table 5.1 lilting thte var1ou1 trut111•!11l" aasvme a 

multlple ,ource application. In the ccntext of ·oui-ce location, r ..ceptor loca

tion, relu1e height, and receptor height, the u "r ahould not c, a ;,,,re treat-
•oent., solely on thoir respect tve level, of dtttal 1. Conaideratto,, ·,hould also 

be shcn to whether the level of detail employeJ la required f.,r •.l,t appUca-

tion .,f i:1tere11t. For exa111ple, if ■ ■ lnsl• 90ur e-rec ■ ptor pair '" .,f intarest, 

.• ""'d·~l ne.d o_,ot be able to loc"t• -07 1ource ■ lid receptor ■ ,,. long •• a 

lingle pair can be treated in it• true relation~·,1p. 

-W,r to Appcndi.J: A.1.2 for detailed dbcu ■ dor, of the treat11c,nr of the 
•ourc11-receptor relation ■ htp. 

..... 

r.orucntal Loe&tton 

Tha traataent of the horuoatal locat1oa of point ■ources e&a be found 

by d'!tenainingl 

• Whether each 1ource caa be loc1ted arbitrarily at it• 
true location. 

• tf not, th• leveJ. of aagrcgation i■poaed bv the model 
a• d11tinct fr- that i.ipoaed bj th• emi11ioa inveotory, 

• Th• b ■ sia for thia aggregation. 

The key conaidcration u the level or degi-ee of aggregation required, Little 

or none iapli•• a relatively detailed treat■ent 1n cootra ■ t to treat ■ <mt• th.it 

requlre a lot, Some treat111ent ■ aggregate oa the baai1 of a par..,.eter auch A• 
1ourc, type and hence convey little information on aourc• location. 

For area aourc••• the coa11derationa are 1i11ilar: 

• \lhether•each aource can be located arbritarily or muat be 
blocb in a filled P"id network. 

• Whether the ua•r can change the acale of the arid to autt 
the detail available 1D the inventory. 

• Whether the aodel tapoae• asgregation 1n addition to any 
illpoaad b7 th• lavatory 1n developins the area 1ource1. 

• the ba•i• for the ■odel'a agsregeti.,n, 

The ■ajar dUferenc, batvem the point and aru 1ourc111 c011ee from the tvo

diae1111ioa.,1 nature of the aru 1ource1, They 1n11t be located ae block, rath'!r 

tta.n ae point•I othervi,a tbe pro1re11ion fr011 the mat to the leaat detailed 

treet81entl u th• •- for both typea. 

For line •ourceo, the lituatlon 1e 11ailar except that the line may b,: 

treated as an elongated volu■e aource having lensth, vidth, aad height. For 

the loc3tion of a line the u1er 1hould determine: 

Whether the line can have vidth aad/or hei1ht or 1.1 truly 
con11idered a one-d1aene1oMl aource, 

• If th• receptor heqht b arbitrary or if onl7 one heiaht 
(uaually arou!\d le•el) iii aa..-d, 

• Wlu>tber the Un• can be uniquely loc.ated, uaually by the 
locatioa of it• endpointa. 

• If not, the degree of aggre1ation 111poaed by tho IIOdel. 

• Th• baaio for that apregat1ou. 

Releue ltei,E.ht .. 
Aa uaed hare, rel•••• h ■ iaht mean• tbe height above ground level at 

vhicb •iuiona are phyaically releaaed Sllto the at■osphere and dou not io-

clu.4• ■ 'Ir/ coaaiderat1oa8 of p1- riae or other typH of pl- bah, 'bir.lt 
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are .: .. ilt with in Section 5,5. The user ahould i : avare, howevt·t, r-hat a0111e 

e!!t.rr1ve plume rhe ..y frequently be included ! 1 the u•er-apecl: •-•d relea ■-

hultl,L supplied n 1.Dput to 1:1odels that do not t, •.at pl\11119 ri11e <: ;•licitly, 

Th1t .,~proach 11 ducuHed in Section 5.5; th• c, •p•rbon of tr,.;it•:•:nt, of 

rele,,, " he1ght ahould proceed u if the releate I ,ighta wen the I•·· ights at 

vhlcli d11u11ona ictu•lly _l!Dter the •-tmoaphere, , ,,ere qe three r,.,,,,lderationa 

1n «:, ~-.,nainillg the le, ~1 of Jetail with which re· can height it tr• nted for 

point, area, and 11.ne',IOUrcu: 

• \lhether the model treat• elevation dif!orence• due to 
tena in. 

• Whether the IDOdel allowa th• phy•ical ·:tacit height (or 
height of rduse above ground level t.•r area and line 
sourcea) to vary between different aou ~e• or aource 
cat egor iea. 

• Whether releaae heights ~an be apecifi, J arbitrarUy by 
the uaer or whether apecific value• or ,at• of values ar,, 
i.lllpoaed by the modd. 

Receptor Location and_Receptor R•ight 

Since receptors are l"nerally taken to be pointa, the umet ohould be 

able lo deacribe the treatment of receptor locat oa and heiaht by ,o.,ltina the 

aame conlidarationa ,a outlined above, Specific. Uy, the u•er al,ould dater

■ ine 1 

• \lhcther the nceptora can be located a, biti•arily or an• 
U.mited to 1pecif1c point ■ within the .. !Ven aru, 

• If the receptor hetgbt ta arbitruy or if only one heir.ht 
(usually around l•val.) ill aaauaad, 

Viti, tbue conaideratt.ou 11nd the entriH in T-i>le .5.l, the ua-,r ahould be 

abh to ducribe and coapare treatment• of rec,·;,tor loc,tion and receptoi

he1sht, 

pownvind/Croasvtnd Di•~•ncu 

S0111e 110dela coacein parameter ■ who•• va Jue, depend expl !c ltly on down

vtnd or croaawind dutaacea between 110urca-rec, ;,tor pa1TI, In ,11,ch ca•cs, 

thu~a trut,:,ent• ■uat be deacribed and compero:,I. In other cas,·,, it ahould 

eimply be notetd oa the technical evaluation for•• that thb 11ap~c 1. ot the 

IIOutce-receetor relat1onah1p 1a "not applicabl,·." The key con, t,Jcratlon for 

all ~ource type• u whether the treatment caun,•3 • loaa 1n the r,rr.ciaion vitb 

which th• downwind aud crou,w1nd diatancH can be ■pacified. A·i,,ccta for the 

ua-.r to conaUer ere: 

• Whether precue downwind/croaawlnd d 1~tanc•• are calcu
lated for each p,,iJlt aource-receptor pair or for variu•JS 
point• withiA erre aourcu or alon1 l J.ne aourcu, 

• \/hether, for •r•a and liJle ■ ource1, :iinale repreacatnttve 
or aver•a• diatanc•• •r• u•ed• 

It abould be noted tut when the aodel aaaregatu ,ource,, the values of 

dovnv1nd/croasv1nd diatence are representative of the arid blocks u9ed in 

the aggreaation aad not of the 1ourcea themselve ■, 

Qr_ientation 

Orientation dou not apply to point 1ourcea, For aru source ■, the 

u•er aced• to con•ider1 

• Whether the side, of the area 1ourcea caa be arbitrarily 
oriented, or 

Whether they are restricted to lie alone sp~cific directions 
apecified by a arid. 

For line source,, the 1ituation la aliahtly aore coa,plu, bec ■ use • line 

preacnta a significantly different appearance dependin& upon the angl~ from 

which lt 1• viewed, The,conslderatton1 ere1 

• Whether the line can be inclined or ■uat be horizontal, 

• Whether the line caa ba arbitrarily oriented with respect 
to the vind direction; aoaut ■odel• caa tre.at only• re
atrlctC!!f r•.n;e of orint.st1ons, 

Vben th••• con•Ueratiolla hove beu ..Se, th• user •hould have 

little trouble 1n locatina the atudy aodel '• truta9\t of each aapect of 

the source-receptor relat1.0G1htp 1n table 5,1 and in briefly deacrl.bin1 that 

treatment on the Evaluatioa rora•P•rt C, In 1pplicationa 1Dvolv1n1 a,vual 

1ourco tn••• ea overall evaluation ••t be reached bas1d upon the cnparativ• 

treatment of uch ,oure:• tJP• lndividuall:r, Each trcat'!ent ■uat be weighted 

b:r the expected uiportance of that 1our~• type in the application of intr.reat. 

Table 5.1 ai~e• the treatment of the·110urc,-receptor relationshir by 

-4•1• 1n 1ener4l. Table 1,2 aive1 th• treatment of the 1ource-receptor 

relation ■ hip by •elected reference 110del1, 

.5,3 TR!ATKDIT OF EMISSION RATE 

Th• degree of spatial and teap~r•l re1olution 111U8t both be aaeesaed 

in deterainina the treatment of -iasion rate.• lleaardleaa of the aspect 

or type of source, the u ■er 11 ba11cally intereated 1n deteniining: 

• Whether en -ission rate and •i••lon pattern unique to 
each aource can be specified, or 

• Whether aver11e mata ■ ion ratae and aeneral pattern• eust 
be uaed, 

for the apatlal aapect of point 1ourc••• tha uaer need only detenaine 

whither each -rce caa he,,_ ea arbitrary •ilalon rate or whether all aourcee 

aaat have ldctical ratN, 

A-aef ■ r to Appmdis A,1,3 for 4etalled 4ilcuHioa of the treataent of e,,Uaion 
rate, 
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Table 5.1, Truui,..at of Sourca-Rec:ept ·r lelatioaahip8 

a. Horlzontal Source Loca: OD 

~"- '.::!E!. Method of l ~ 

Potnt l. Sourc:ea located at 1paci! ·c, arbitrary p<>i•,ts. 

z. S<Mirc:a• aggregated onto , .Dy sublreae. 
t 

. I 
3 •. _S'1rce1 •r.gretated onto • 117 a fcv ,ubar,-, -, • 

4. Source• aegregatcd on a I ••111 other th4nl. luc11tioa, 
lfo information on locati, 1, 

S, Not treated apUt.itly; a U aourc-■ treat.-d alib 
reaardl••• of locatioa. 

Arca l, Sourr:ee located at arbit: :ry locations; Mt 
localed as block.JI OD a g• Ld natvork. 

2, Source, located •• block,. on arid natvork. UHr 
caa chaago 1cale of arid. 

3, Sourcea located aa block oa a arid netvor~. Uaer 
caanct chana• 1cala of g, ld. 

4, Source, acgregated oa a 1 1111 other than !<.,cation, 
No infor-tlon on locati• ,. 

S, Not traated uplicitly, 

Linc 1, Lin• located at any deal, ,d po ■ 1t1on; lioiu treated 
H volu,aa · aourca vith v1·1ch and ha1aht a• i.:ell •• 
b.1gth, 

2, L1D~u treated a1 one-diJI t ■ ional (i.e.; no width 
or hci&ht) v1th arbitr ■ r: locatioa, 

3, Source ■ ag1re1ated onto uny eubarua. 

4. Sourc:e• ag1re1ated onto .. ,ily a fev eubare·11,, 

5, Sour,:ea a&gregated on a 1 1111 other than l ocat1on. 
No lnfon:.atioa oa locati ...,. 

6. llot treated uplic1tly, 

b, Ral.ua Heisht 

_Sourc,:, TlP,e - Method of T ~ 

Po1.~t 1, Account ■ for both alevat Ion of ■ tack bas" ind 
phy1lcal atack heiaht, 

2. Aaau~•• flat terrain; ao elevation correctlcna. 
Releaae at aa7 ph71ical -tack ba11ht. 

3, Several repre•entat1va r leaae heiahta c~n ~• 
apec1!1•d for nch grid . sll or category .,:,,m 
aourcoa have been acgreE ted, 

table 5,1, (Contd.) 

4. Koclal a111utof'I all ralu1e1 take place at 1ua 
u1~r...tef1lleJ heiaht, 

5, Model e11uae1 ell raleaoe1 take place at ,.,.e 
he1aht vhlch uaar ca1111ot change. 

6. _Not treated u:pl1c1tly. 

Area -1, Account ■ for both average elevatioa of are• •nd 
•llova aeveral arbitrary releaee heiiht1 • 

2, As1WDes flat terrain; no elevation correct10n1. 
Several arbitrary releaae hefgnta for each •r-=-a. 

3. A1 ■ uae1 flat terrain. OnlJ on, rel•••• hei&ht 
for uch area. 

4. Only ooe rele.aae hei&ht 1117 be specUied for all· 
area,. 

.S, Hodel aaaumea all releaaea take place at aame 
belsbt vbich uaar caanot change, 

6, Not treated upl1c1t1J, 

Lina 1, leluH hdcht and elavatioa uy both be speeified, •. 

2, Flat terrain a11uaad, arbitrary relu,e height for 
each aourca. 

3, Several repreaentat1ve rel•••• hefahta cea be 1pec-
1f1ed for each 1r1d 1quare vhen aourc•• have bcea 
!illrl&Atod, 

4, Assumes all relu,u at uae height vhich u•er caia
not chance. 

~. Not treated explieitly. 

c. Dowavind/Croaaviad DiataDcea 

Sour~"'--TI2e Hothod of Treat"cn~ 

Poiat 1, Precf.lle downvind and croaavind diataaces calc•Jlat...S 
for e.acb aourca-receptor pair. 

2. S1A1l• representative or average value uaed for 
agcregata of ,everal point aourcea, 

3. Not treated exp11cit17. 

A1:ea 1. Calculated for var1oua point ■ within each area 
aourca. 

2, S1.agl• repreaaitat1ve or •~erase value uao4 for 
each aru eource. 

J. !let truted uplicitly, 

',_,, ... 
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Table S.l. (Coatd,)Table S.l. (Contd,) 

f. aeceptor Height 

Line 1, Single value calculated for each ■ epent along_ line, 

2, 

J', 

Single repreuentative or average yalue usi,d 
tire Una. t 

I 
· Sin&le- repre ■ entative or average vallle u•cd 
·~11regate of several line sourcea. 

for 

for 

ea-

4, Not treated u:plicitly. 

d, Source Orientation 

Source •)'P• Method of Tt •·.1tm•nt. 

Po1ct 1. Not applicable, 

Area 1. Areas can ae11wne any orirutation: aidea not re•tric
ted to 11• alons apecUic d1rect1ona. 

2, Sides of area, reatricted to be alone apccific &rid 
d1rect1ona. 

J, Not treated u:plicitly. 

Linc 1. Line can aaaume any orientation vith reapcct to 
nceptor and uy be inclined. 

2, Lin• a11umed to be horizontal; orientation arbitrary. 

J, Appliee to only a reetr1cted rana• of orientation•. 

4, Not tr-ted apl1citly. 

•• acceptor Location 

H~t__hod of treatoent 

1. Raceptor located at •pacific, arbitrary location, 

z. nacaptor located at 1pecific, arbitrary location vithin ,o~a ap•-
cific area, commonly an area 1ource m1aa1on arid, 

J. Receptor• located at point• on a aeparate user-defined arid. 

4. R.ecepton located only at points defined \II thin tha model. 

5. Receptor locatiooa defined only •• being ~·ithin cer.tain boundaries 
smaller .:Chao the entire region of interest, ••I•• vithiD " given 
grid cell. 

6. Receptor location not treated explicitly. Concentration e,timate 
independect of receptor location vithin region of interest, 

t{_ethod_ of Treatment 

1. leceptor lacated at 1pecific, arbitrary height above ground. 

2, Receptor located at •pecif1c, arbitrary height above ground aub
ject to upper liA1t con1tralnt, e.g., effective •t•ck height, 

J. Receptor located at oae of 1everal di•crete u,er-defined height,. 

4, Receptor located at one of 1evoral ■odcl-dof1ned heighta. 

S, leceptor heishts defined only aa betas vithln certain rangu. 

6. Receptor ■ conetrained to ba all at the ■ a1ae halaht. 

7, llecoptora constrained to be all at sound lMvel. 

8. Not treated explicitly, 

8vtth1n each source typo, treat■enta are listed in order of decreasing 
level of detail.• Varioua combination ■ of the tnataents for uch ••
pect of the •ource-receptor Ny be uaed; the user can arrive at aa 
overall co■p•riaon by deter■inins hov the 11odel1 c011pare 1n their 
treatment of each aspect. 

-
oe,,,-~•·'~ 
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ror aru aourc:u, there are aevcral 11etho.:s for treating th.: minion 

rat~, depend in& on bov th• concentration Hti11u1L •:• are ..de, The user 11Uat 

det~: c·.t.ne1 

• llhether varf.ation 1a the miHion Utt! 1a alloved vit!tln 
a ainsle aourca or vhcther cac:h area 111 a ■ auacd to C111lt 
unifonaly. 

• If the area, -,,t be un1fon1, whether the. emiiaioa ratP.u 
are arbitrary or whethc~ they 1111et be Lhe •-• or ••l~cled 
fro11 a 1pe.c:j,f 1c .act of valuea, I . l 

, llhether concentration c:1t1Jnates are ol-tained by numer\c:il 
intearation over th• area or by rcpla,· ing th• area by a 
....11 nuaber of effective poiat aourc,·.,, 

Wbether coatrtbutlone froe all indiYiJual eru aourcea are eat:laated, 

• \l'hether a aingle est1.m.'.lte of the tQtal area ,ourc• contribution la 
m.ade. 

Sillilarly, for line ,ourcea the cona1dcrat1ona are1 

• Whether the milaioa rate caa vary aloa& the liaa or 
vhether the line 1a aaa11111ed to be• un~fona source,· 

• If the line muat be uaifona, whether the emiaaioa re.te 
h arbitrary, 

• llhether coace.:itratioa estimate• are 0L1atned by inte
gration or by r"p1"cins the line by a •,mall aUlllber of 
effect1Ye poiat eourcea, 

for the tamporal aapect, the coaa1dcratfo111 are the aame for all type• 

of aourcea1 

• Whether the •1A•1ona can vary vith tu,e, or 

• Whether couatant emiaaioa ratu are aD011111ed, 

• If tbe m1adoaa can vary vlth t:tae, whether the iiodel 
uaea 

- AA actual till• aequeace of •i•aion rat••• 

- 4 aampled ••t of eaiia ■ ioa rat••• or 

- 4 ,et of rates partully arran&ed 1a 
■ equeac:e or correlated vith other variabl••• 

With the ■• conaiderat1oa ■, the u1er ■hould be able to detcrnine a 

model'• treatment of -1• ■ 1on rate &ad to de•cribe it on the evaluation Fon1-

Part C. 

Table ~.2 stve• the sener•l treatment of ~••is ■ lon rate, Tahle B.J 

1ivcs the trutaeut of milaioa rate by the reference modele, 

s., Tll!AIMmt OP CCK?OSITICII or !HISSIOHS 

The u ■er DJat deal with tvo aapect ■ of the c:011pos1tion of t=1i11ioaa. 

For ell type• of t'1111u1ons, the c:hcaical composition must be truted ~c.,rt 

when dcalt.ug vith prilllAry, ,table pollutant•. Ia addition, for particulate 

..tter, the •Ill• dlatribution uy need to be ~oa111d.,red.• 

If trublalt of cb-ical ccrapolitloa of •iHiona 1a reciuir,..d by the 

applic:atloa, th• user ■hovU coa1ider1 

• Whether all relw■nt c01•pouad ■ are treated individually 
or whether certa1a COtlpound• are lu11pud inti> cl.i ■ ar.■ with 
each cl4o ■ treated by a repre ■ encative or hypothetical 
compouud, The ■pecUic compound ■ or cl••••• treated 
ahould.be li1tecl or dcacribed oath■ Evaluation Form-Part C, 

• If lumpina 11 uaed, the aullber of cl••••• considered aad 
whether thc ■e cl••••• are appropriate to the application 
of iDterea t. 

• Whether tho model detcraiae ■ emieeioae of certain compound• 
aa fixed fr■ctiooa of lAput -1,11oaa resardl••• of ,ource 
type. 

• llhether further aaauaptloaa an ude resatdia& the co:iopo
aitioa of u ■cr-lAput emi11ioa■ • 

• Vhether tho aodel treat ■ oaly oa• of 111■ 07 c°"'pounds lcaown to 
1ateract. 

Ia makillg theae detera!A■ tioaa, expert advice may be required, 

When fallout, depo ■ itioa, or precipitation ■c:avenging (rainout or wash

out) are 1..~volved, the !is• d1atr1but1oa of particulate utter 11 illportaat, 

Tbe trutaent u ■ ecl may be found by deten1aias: 

• Whether a ■ iH diltrlbuttoa 1a v11d and 1f ■ o, whether it 
1a coatlAuou ■ or di ■crete. 

• If c:oatinuou ■, vbether the functional fora caa 
b• ■pacified or vllether paraaeter1 are input 
for a fixed diatributioa. 

- If discrete, whether there are many aarrov lize 
raaae• or a fev broad raagee. 

• If a 11.ze diltr1but1oa 1a aot und, vllether ,ome stvcn 
fraction of the eaiHloae 1a affected by th• ■ 1.ze-dependcnt 
■ec:baniam. · 

• If ■ o, whether the fraction b arbitrary. 

These c:onddcratlon ■ ,hould enable the unr to deten,1ae the treatllumt of coa

position of -11,ion,. 

Table S,l &ive ■ the geoeral trutaeate of the coaipo1itioa of e11l11lon1. 

Table B,4 givee th• tre•t-te- uaed by the ■ elected reference aodel,. 

•a.tcr to Appendix 4.1.4 for detailed dbcv ■■ ioa of the treatllnt of cowipo
■ itioa of emiealoa,. ...·- . . . -

...,,,,.c,.. 
I.. . '~ :\'I ... II ..... " ' .. r - ,. 

..._ 
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....... n-,. i.Lbod •f ?t.c: ~t...£fU1.U!O& 

1,-ii..1 f•lll• l. wow •n1t,ac7 ..Uatoa nt" t•r ~ ,..,re,. 

z. All ...icn ..,.,.., c, Mn uaacl.c&l ...,..1oa nt•.9. 

Ana I, illOW'W v•rLlcln DYe'I' eaclt ,i,.,,. 10\ll'ce. 
J•tal coor..-U."ct.o• ••tl.aac•J !'If •--.IA& &11 1ad.iv'd11Jl c...cdJuac.S.O.. • 

. , lla41d,,lu.a1 g10Cnbvctoo• ••ti •t•4 1t7,,.iac11r41t"'.1. 

z. U•taiU t.m.ifon HU tOUl'CU ••le,b. arlt1trarr C'llif'·• I~ I r•tu. 
Toe "1 coacr1ba,c1oa ••tS...t••J "' 1uaa.J.a1 all !Adfv •.1-...:ai cOGtr11u,uoo.a, 

i lad1•Uwtl coacrUt..r:fou ut \aCN ltJ 1at,1rac1011. 

,..,...J. M•~ UDJ.foc-a •r.• 1ov.rc•,. vtc• ar,ttrar, -1•.:!•n• 
toc&l coa.r.rUuclaa 11d.aa1t..J "'' lAcepatJ..a w1ch,:.1t tar.1M.U&& !M.1• 
Yldu&l .aurc• c.ncrtbvclou • ,. .a.~.... 11111ton H'&a Nvc•r vtc~ •A1tr■s, ..J■ ri •.~,., uc.••• 
to~a.1 coatr1.bvt1oe. HliaaU-1 '•J au-.1111 all lerUv I 1 •:.11 cntr11tutS.u, 
lod1ri4u.&1 caocrllur.1ou •11 :ac.•• 1t1 n,1acs.a1 •·,,;,(1 aru Mure• ltJ • 
b.aU au.ab•r •I efhctlw p,. ,t ..urc••• · 

,.. ,.,....,. U111lfOl"II •N• Mure• ... •U vitll ell• , ....... htlo• race. 
fnc&l wo,r1l,ut1oo •HlM.t••• ·,, r•Pl ■cina •tlr• 1u• to.,rc• dU&r1• 
'""'" 11, • &&&11. a...t>er er . Uuctn ,.tac eovci1:"•· 

Ua• 1. Al.lOl'II ••rtad.• -.Loaa tb• l I·••• 
lot•SfHd ,. Nut.a coac•t ! ..cloa. 

I, u,..-..1 nl,LCr•IT -.taa&-. , .·~• la •lfem aloaa u,e 1laa. 
tau1r•t•• t• ultu..te coacen1 .,s.o.. ,. A.llov. werUcloo alo.1 &IMI 11 ••• 

&a:-lacu ll•• IIJ • n.a.11 D\Jl .:f •f 1Uacttn f•l•&t •o~• vttll 
Mi.111.oa rat.. 4•pe,d.-.c v,,~ , poa1cS-oa al•BI 11n.,.. · 

,.. • .,... uaUom U■u vitb .a~•,ttrary ..Ue1H rn•,r- ••• lcrlac• U... 111 t-..11 •~1.r ef •lfecclve poillt •ourc••• ,. Ma...- ..u U..•• ...... Cb• ill- ...S.f•ra -.La1&.oG llt•. 
a.,uc• 11.a• lllr •NU aallu •f •UacciM ,olllc 1oucc.aa. 

T-,ord_, w 1, truu m accu.al. 5tM '!1""' ! of ta111US racM aver••" n.r a 
'!h•n laun&l (t7piuU7 o, , """~). ,.•. Trut• a •••1•4 ••& ef tbe I •••1'1 ■ Mia■ t.o• 1'■ 1 •• •P•t•pc1.&CI 
c. • thorc lat•rw&.L. 

tu.au ,1.. 1eqUieac:1 •f •llon ~cera -.J.a•io• racu ,J..,ra.w, lt7 ao(al 
hv ■ &a,-.,c ..,_.• .._ tar.a, •r1•1oprtar.e t• 1Da1•r ten11. ,. truu • cs-. ,-.~• of er.heio ■ rat.. &'NHl•d o"'•" • lit.. 
uun&l <•·••• ..... u1). ,. Vil• • HC of ..s..,Loa rte•• "'111c.. ere &C •aet ,.ccs.aJly •n..,-, 

·LIi M4uence. ,. t,...u onlJ COUU•C .....,, n l'HU. 

1 !(;._ .• i L J I ,Irr.,· l 
! 
,• 
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Table 5.2, TTeatlllent of !::11~ •lon !lace I 8

Tabla 5.). Treataeat of C-po ■ itlon of Elolealona 

,. 

....... ..,....., ..........., ..... -4 

Clt.•lol • I. S.he&M• ., all ..,.,.., • ..,......, UHi.. &,..a•.,••••..,. 
c..,..... ,~ 

J. .....,_ .... ••••••• •••• • Ja,1• ..... , •• ••••H• Uf.!!tU!!.!.~.l!!!.t!.t~ 
l•••rH!I .,. ... , .,.,-.,-. IHel_, •• W•wlAw•I c,·..--.ta . 

... 
All ........ 

HI•"••· 

............................
■
.......... 
I ••• cla■ 1 U•al.. ~, a u,,.,.,...,•11"• er ..Jpo.tlMI le.al U•t••-M. 

.,....-4. 

J. .....'"
■-• ......................, ■ a•••• 1-.,lae ... IM' -1 ..,..

.
•f .-

-
.C ■ •l•t1• .....lal.  ■ _,, a fw chn••• 

,
,. ,...,. _...,_ ., -·· ., ,......,..,... '-- .. ,... ,..

..... .. 
, ..........., .......-.. 

S. fl••• --fl•.. haul"• •f 1-.,-1 ..... ,.... &a1• • ...11 ..,..._., vi ch.... ,
~ ..... ,................

•• 

......
,,••, ..... , ....

'hi 
, ..., c................ , •••, ......... -· ·-··· , ................ 

.... .. . 
J, s- a■ ... 11wt ....., phcH • II..,,. h.-:11.,. wl l•IM'• •h•I-• l•h ,..,_ •l•al•

........., •• ,... ,,....... u , .................................... , ... , ........a , .... ,....,.., ......,
. 

a. ,,........., ............. . •••• •••u•...u-. ,.....,.,••, , , .. ., .,,..,..._.u. , •~&afl-4 ,, 

1 0 fr ..h 111 ,.,.... he wtt•I• fff lw ■ all• u■e•• ~, ■ c ■nH,...l ■ I HI •f I "'"•-Utl•• 
••••• , ·-· ..........., ....r,......... . 

4. , ... ae ... J IMt ltw■te I .........., ■f ·•••4 t•t•••

s. 

..
••~• • 11 ■- .......,.,... hacu.. •• _ ..,,.., •r• ,u..,,..a •, ,,.. ••••·•• ..... • 
.,.clt•I- •I ..,.,..,. •·-

•• 

,
..... .........H ) ... hNUN h ..1 ,, Ilia ....... 

, ,.., ...,.
.;,lllllt• •-· ........ IM UtalN■la ••· lhl.. la ••flr .C 4ecrM ■ lfll ltHI •I ·•OIi,

.,.....,,..., •I, la••••• l•"h..l NC_.■,, N l ■MII•• ,-lkl... , • 

.. ..,.,..., •Ip a.,..........,._ fall-■, ,.,-ua... • ,..a,u ■u........, ... Cwe•MIIII&., ,.,..,..,., ,...,..,..,.,_ •

. '., nunmn- or PUIKE HIIAVIOa 

87 conslde~in& the followln&, the u ■ eT ■ hould be able to detet"lllir.e the 

atud7 ■odel'• tTaat■ant of plu.. behaviors• 

• 'Whether a plwa• Tia• for,mla ta u ■ad by the ■ odal,

If ■ o, whether the foniula baa bean uten ■ tvel7 vali
dated for the apccific application of intareat or for 
abailar application•. 

• Vh~ther the fonmla 1a one of tha coanon oae11 Briggs' 
2/3, Holland, com:.wr., CONCAIIE ■ jJoplified, or the ASKE 
fonula. 

....,1,h11\ U.U •oure• CTP•· CM Cl'Uta4DU .,. 11.ac,, ta ...,., ot .i.c,....... ltftl ot dc-uU. 

ltla
-..ec 

 fJ.ttUo• CO VII 
u 

l..,el 
,uc...

ef lee.all. C:b.e t\l.U..&'-LllCJ' 1f tile h,·h&l11u• 
t;,, .., ...., N La ,.,,...1.a A.l.J •••••r t~• '!:~••c...

tf tn.U111 tJ1 • v11ri&tlo111 
t &11•'"' c••ruul ••riatto•• 

•• h •-tUu. 

If the fonmla ha• not bean validated and 1■ not one of 
th• four c-n formula•: 

- To what povu of the invene vind ■ peed 
th• pl~ riaa 1a JKOponlonal, 

)lhether thua 1a a buoyancy teni and the 
powu to which lt 1a nised. 

- 'Whether thua 1a • -antta tar■• 

·,-" 
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- Whether th• formula account• for d'~fercc•• 
in at-•pber1c atability. 

- Whether plWN rise is a function oi dovuvfad 
di.stance. 

If oo plume rue foniula used, vltethu t!,e produ-:t of vtncf 
,peed and plua• rue 1a auumed constant. 

If so, whether th• coustaot can ~e chaog- J froa ,ource fu 
1ource. ' 
Upon what other· para1:1etera, lilr.e atabi11• y, the cor.stanf- can 
depend. 

Whether dovnvaah aa,J/or fUDigation are ftP..llted. 

u:i co111r-,.rio1 treatment ■ of plume rioe, the uin co•••iderat1on should be vali

dation !n either the application of interest or a1'.,1lar appUcatlo~,i. A 

properl)· validated for111ula should alway• be condrl,·ted better than an unva11• 

dated kn11Ula. 

/VJ pointed out io Section 5.2, aoa• effect lie pluma rbe 1uy ba included· 

1D th, -,al-uH of the atack or relu ■• height IIP•c l fled 'by the u ■er "a input to 

a 111.)rl< I. If thil approach is adopted, the trutv nt of plume ris'> PIU ■t ·b• 

datu·:•·,ed from the algorithm or formulae by whi~li th• effective rl"'llCI rbe 1e 

utilll:t-,d prior to its inclullon a ■ part of the r, lea ■e height. 0L11-.rvhe, 

the t ri:~tment iJDplemented 1D the c:0111puter prograffl eihould be deters, !acd. 

'-'h.n the "tilted plume'' approzilllation haa l,een uaad to trc:at cl ■ po11-

t1ou fruia particulate plume,, thb treataent 1houlJ be included umh,r dry 

dapocltlon (Tabla 5.13). 

Table 5.4 give ■ the ge:neral treatment• of l'lw,e 'behavior, ,rnd Table 1.5 

she.: ·t,e tr..-,tnentil uaed by the ..i.cted rafar1t>· .a aodah. 

•'R.dcr to Appendix A.2.2 for detailod dbcuuiou of the treat111&nt c,f plWDe 

behi.,tor. 

-------=----==--
---=:::::::=:::::::::=:===:== 

_;, 

Tabl• 5.4. Trutaent of Pl1111e Behavior~ 

~•tboof of Trc~toeet 

1. n .... rUG fonoul&Cioe val1.dace4 for tb• •pcc1f1c: appl1c:nloe of 1atarcac. 

2. ,1...,. r1.. folWIJ.atto.& v■ U.tlaca<I foi- appllcaUOG ■ ■ t.oll.ar to U,e on ■ of 
1.nterut. 

J. Fully dee.ailed treat•••t vltll plull• r1H •1111 db.,.ntoo traaud ■ bultan• 
-■1,. Lf.alted va.U.tlatl.Oll.lt 

4. Tvo-otep tre&tMnt,. Plu■ a rue b calculated •!"I thee dbperd<'II La cal• 
codatcd frc,a a v1rtuel oource at en dfect1Y• atac:lr. helabt. 

•• An"17t1c:al foffllllH, d•p-11ns 11poo anuoi-olocr a...S ac.ac:lr. paua•t•ra. 
uee4 to ut14ate plwu U■ es 

n .... rho treated ltr on• of th ■ c-• fonNJ.ae, lrl11'• 1/J, 
llollnd, CC.iCA\11, CONC.t\lE a1apllf1ed, or A.SHE. 

• Plu.. rue tr ■ atod br uav■ lUated fol'IIUl.a e&tufrlDI the 1cnal 
CU14eU.e■ a end c1>11paru1 favorably vtth c"""""n fo,...Laa.c (See 
Appendi.x A.2 and Table A.1 for thu• &Ul.tlclu...) 

• PlWM rb ■ tnated lty u.nva11'!aud fo,-la uctef71J>1 ,_ of th• 
s•n•ral cu1da11nH or comperin1 ullfavorably vttb c-a fo.-..1a,.c· 
(S■ e AppendtJII A.2 ■lld table A.l for tbeae SU1d&l1nu.) 

It, Pi-oduct of plwuo rbe Uld vllld 1p■..S ■■-UIMd c:oa1te11c. Uoer ca,1 choo•• 
•du• of coaeunt for ucll eource ••d UH different ce111.1c.anu for • 
...ii e....a,ar of ..t ■orolo11cal or -re• pu..•uu, ••••• ,tAbU1ty. 

c. Pi-o<luct of pluoe rue and vtad apaec! • ■ -uaed c:oanaat. o,er caa chuou 
value of coaauet for ••cb oource. Coenaet le Wcp-,deoc of oti..c 
,,...rce ao.tl ..,aorolo11c•1 par-tera, 

•• Aa 111 4 (c), but oee value of th• couc.aac u ■ ad fvr ell ovurcH. 

•• Slnsl• value of pl.,_ rue uHd for ell aourc ■ a, (CouH ba 1.Acludad 
1A r ■ leaH hataht.) 

5. lloc truced uplicltlr. 

'rruc:.11t1 er• 11,tacl la order of docreutns level of docall, 

bllot u1cd la aoot ■odal1 at tbu Cf.Ila; u,ad ollly 1A 1pac1al appUc1t1oea. 

especial vd1ht 1how.d be 11¥10 to fol'IIUla ■ cuac1n1 pl.ua■ rile aa a r1mc:tloe 
of dovuv!.nd dbcaece. Thia couS.tloraUon u 110re lapartuit for 1--1...■1 
Chia for dOYated r&leaN1. 

JlotH 1 1. lo adclttlca to co,q,artn1 tba tnat111Mt1 of plwaa rue, th• uHr 
1hould co1111.d.r vhathcr the •odd• treat dovnv ■ -h or fwai&octim. 
truc.o11c or dthu oc both bJ • IIC'del r•d• to -■ k• t!lat ::ood«l' 1 
trRat:..cnt of plume behavior better thaa th• traac,._c by • 
tMt l'1'or.. tha1 ■ affe<:u. 

IIOdel 

2, I/here cha "Ultecl plU11e" appto>lliAation haa lieu u..d for putlcuhte 
,1...,.,, tbc uHr 1ho11ld 1acl"4• thb under the croaCIIC\t of dry 
depo11ctoe, (Se• Tabla S.12 .) 

-
-r:: 

~ - .,.....,. 
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Rule 932 1 Continued 
$. 6 1 :i !""na:NT or HORIZONTAL AND VUTICAL WIND rn., DS 

!he trutmeat of the horboatal wind field hy the ■ tudy IIOdul may be 

deter.-,'.aed from th• follovinc coaddcraUoaai• 

• Whether the horuoat.il c0111poaeot ■ of th,· viDd velocity 
uy dcpmd on horizoatal locatioa. 

If aot. vhcther both wind speed and dln·:tlon are tre&tfd 
upl1c1tl7 or whether oac or both are n~~ treated i'plllltl7. 

. ' ' i . 
If the horuontal compoarat ■ depend on 1•• ■ 1t1on, vhethet 
the dependence S.. arbltrar7 or as ■ uaed a priori. 

If erb1trar7, vhether the component ■ an specUied at 
dlecrete pointe or H continuou ■ fuactto.,a of po ■ ition, 

\lhether both the horizontal c<>111poaent ■ •-•Y depend on 
hei&ht above 1round. 

If ■o, vtu,thcr they arc apecUled at d1,..:rete hclJhta or 
a, continuous function■ of height. 

If the vind direction la conatent vitb I• ,ight, vhe,her 
the vlAd ■ peed can depend upon hei1ht, 

If 10, whether the dependence 1' arbitrary. 

If arbitrary, whether the vind ■ peed 1' ~pec:ifled at db
crate lAtc"al• or gtvea •• a coatlAuou~ functloa of hef ght, 

\/bather • ■ pacifled dependence vith lwi· ·,t of either or 
both viad apeed and directlon 1a auuaed a priori. 

If either or both wind speed and direct t,,n are coaatant 
vith hd&ht, whether different veluce ar,, u ■ed for 
diffcrct eourcc helahta, 

r 

Whether the horizontal c0111ponent1 clepan,I oa time, 

If so, whether they are specified contir,,ou ■ ly or at a 
Hquenc:c of al ■ p,ed t 1111H. 

If ,peclfiad at a ■ equence of tiJoe ■, wh,char they ara 
a ■ sumed con,tant vithin each interval or interpolated 
between tice ■ • 

Whether tb• t utment 1a cU11■ tolo1lcal. 

Thu ■ conllideration■ ■hould pida the ueer to ,a idmtlflc.,tf.on of the 

tru.ni<!'lt of the hol'izoutal wind field. In add it ,..,a,. the following opeclfic 

lAfon,,..:itioa ■ hould be providad on the !valuation rora-Part C1 

• Th• 110del clanlflcatloa .a ■ detaralned 111 Section 4.3. 

A deocriptlon of the nature of aoy constraint ■ oath• 
allowable value ■ of the wind ■ peed aad ulrection, e.g., 
the au,::J,ar of ■ ec:tora aad v1ad •~ clc 1••• u...S 1A a ,, clin.etoloalcal IIIOdal. 

.._.h.r to AfpendtJr A.3.2 for a di■ cuuioa of the po11 ■ lble tt•taont.a of tbe 
borf ' ahd vertical wind flalcla . .....' 

""""'' 

• A deacriptioa of the nature of aay parameter•, aither 
uaer-■pccUicd or built lnto the 110d•l, that 1ovem the 
dependence of vind ■ peed and direction on position, height 
above 1rouad, or t1ac, e.,., pover lav dependence of vind 
■ pe~d on height vlth exponents dependent on atmospheric 
■ tability. 

• A description of any dependence of the horizontal wind 
coa:ponents on position, heiaht, or time that explicitly 
or iJ:lplicltly 1a aeau,aed a priori by tho ■ tudy 1110del. 

• The eourca of nature of any non-,tandard mateoroloaical 
data required lA th• modl'l deta11Dination of the vind 
field. 

• Any additional iaforaation rel ■ ting to the tre•t~ent of 
the horiiontal vlnd field not covered la thia di,cus1ion. 

The tre.atment of the vertical component of the wind {inld =•Y be det~r

aiaed ln a ■ 11111ler moaner from the follov1D1 con ■ ideration.: 

• Whethar,the vertical vind fiald 1e·tre11ted explicitly; 
whether an laplic:it treot,.ent 11 u ■ed I or wheth<'r th ■ 
•ertlcal wind fl■ lcl 1a not con■ ld ■ red in the ■ tudy model 
foraulatioa, 

• If treated u;plicitly, whether the vertical component 
depend• arbitrarily upon hori&ontal poeltlon and/or 
hei&ht above around. 

• If arbitrarily dependent oa po ■ ltloa and/or haiaht, 
vh■ thar the vertical component 1• a contlouou ■ Cuaction 
of thoae variablu or whether it le opec:iUed at db
crctu point ■• 

• Vbether there "1■ any aa ■ umed a priori clependenca of tha 
vartlcal c011ponent oa po ■ ition or h•l&ht above 1round. 

• Whether the vertical component depend ■ on tlae, 

• If so, vhether it 1• apcclfied continuously or at• 
■ equencc of elap ■ ed tlae1. 

• If ■ pecifled at a eequence of times, whether it ls assUD1ed 
constant vithin uch interval or vbethar it ■ value 1• 
interpolated • 

Althou1h these que■ :ioa■ vill enable the u■er to identify the ■ tudy 

model'• treatment oi vertical .rind field, additional info=atlou should be 

provided, This additional 1nfoniat1o~ is the ■ ame aa required above for the 

horizontal v1nd field. If the atud7 ~•l u ■e• an 1lnpl1c1t treat~ent of the 

vertical Vind field, the treat:aent 1hould be deacribed 1n suf!1c1cnt detail 

to cake clear the aesu•ptiona involved. 

Table ■ 5.5 and 5.6, reepectl•■ ly, give the treatment ■ of the horizontal 

vind field and the vert~c•l;vind flald by mdcla la 1enoral. T•bles a.6 and 

a.7 aivc the treatment ■ uaed bJ ■ elected ~efereaca 2odela. 

...... 

. . . .. . 
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Tablt S.S. Trut ■ ent ,. Dorl&ontal IIJnd Field• 

~'!!!. 

..lhMhl La,call• M•lf,lrrl.1 al ·V ■ Cl.... , ... 

t. _1,i.1our. I. &r•ur.,,. l, ••Uu•r7. 

va,..- .,.......,..cu- •,-.ctfl.... v,.......... ll•HI... ..-,u.. •• v......... '''""........,.... 
cu.. , 1,,...... f-.cU-.. •I ..,,...ul c..ca-.e.• fMMt: ,.• .r Nla'II • , .., ....... I-ell'" ef 11-• 
t••1L Illa• 

1••,,.,,,.,,. a. &rt.Our,. I z. ,,1111,.,,. 
v, ..~ .. , ...... 4hectl• •,-..cltW •~ vs..a .,.., __. •1r.c11.M .,..,,._. er4 ...... , .......,,ecu.. ., ........ , 
,....:,,, ••, ..........~ .~..:. i ........., ••••• ·~·· ..... i e .....-u ef •h••.. Ilaaal 

•• Yal"H s.,.,.1.,.. .,_,..,.. ti.Nia • 

... Yal••• c-.C••I Vlll1la NC.. t.,..-•.... 
,. 1, ..... 1r1c ,...1110-1 , • .,...eoc• Nlh ), Vl~ ·lr•U... • ,..,.., vUla ....~,. J. Cl ...t.h1tul. 

l•t ., -.4•1, Ml -.,,Jacl le •Mr ..... 
r,, 11 hew,... tN •rcll&HU• •I Vs-4 ...... U •• dl.lHJ cNI---• vw .,..,. •"" ••• ecaa.. •pee lll.. ••
t•• •..•t•• ••lv••• ,••cu.......... ,. k&at ._,tl ..a ll'elJ~11li..... U"l,H 

h-.t.a \aO>M J•lal 1t.,..-.cfN el 
M'Cllll•Ce, 

4. \llu,! •fieeJ an, 41UCUN ,....,...., •♦ .,.....,ec,a.- I ••••, ..... Mlat.to 4. IIIIM •p•..... •tr.cl ... ,..,_,.., .. 
•• •·••II 1- (ut1U•~) • ,1.. hr..,rauc•>.V&_, ........,.. ,. 1...ce .. a.-11~ .,.,,u.,,...1 ... , .,.c11,.. •c a-ta•o 

•I • ••rllc•I ,. 1J. 

t. IIJ.-1 .,,..., W-,.......1 •f ,-,tea... ,. ltectllc ••tehc ........... hU1 lltl• I. llff Ueau.. ••ll•lllJ• 
...d ..., ....J I I• .......lflcact...Vh..J Orec&I.. Nl &real....,lkllJ, 
~ ,._ _,.c- I; lc•ll- el te•-•IH 
••i.••• 

•• VIA-I ■ ,-.41 .....,..II_ .., ...., .. '• ..,, .,,_. ....., ·•"' wlaA .,....,1.. c•••••~I 
aa;.llctllp. vu• •••aa.1 (1111 ·•••l,..,.........,. .,..........,.....,.,.,. 

1, kllll vi.,.,.., ..... wl_, ,,,..,a.. c-•lnl""" ....... ,.... ~ ...,. 
..... ....... ••• ! .....u .............,•. 

___________________._._.,_......_ .....;..•_-_._........, ... ..., ....,...,,.11cu1,• 

.... , u-luerp ..,.. MM• ......, IMC ,._ ~•I wlll •cc•pl ••, a, 1..fl••• ...,1•11•..t vh,I lleW ...,,c• ... ..._ ...,.,•4•&1r ,.,....... 
l•f , ... , , •• 91Nal ....11.........",.,rlaH .... .,..u1ca,a, ., ,........, __ ..... , ..... , ...... "... u.1, la 1 ................... •l&lt 
-H '"•hl...CJ, IN ......, ........, c,,..lllaM fe1 ll•W fl "• _, M1 .........,.......... .lat.• IM-"•'• .. •--n•l•I• are flee..""' .u...,..,,... , •••.. 

-,...,, u"u err..,., I• ..,., ef •acre••"'• 1 .. ~.1 •I •et•U. 

S.7 1'RU.TMENT or IIOIUZONTAL AND VER.TICA!. DlSPER.SION 

Th• treatment of both hori%ontal end vert lo!al diapenion by the 1tud7 

modd ::a7 repre ■ ent different modeling approache,,. * For example, horizontal 

diep.:rston 111ay be de ■ cribed with • 1emtnapirical •aethod and vertical dispersion 

1117 be de ■ cribed vith a nU111erical ••thod. On th" other hand, th,, two tre ■ t

ment.s •••7 be clouly releted, tn either caH, ••·;•arate dHcriptions of the 

treat::"nt• of the1e tvo element, are required on the Evaluation ~·orm-Part C. 

Genecal treatment, of dispersion corrnponding t .. the different t:11•es of model ■ 

idenr. H led in tne cla11if1cot ion procedure cutl11.1!d in Section 4,) ue given 

in t,,l,le S.7. Certain infon.etic.n u required tv :adequately specify the rar

following 1nformat1oo 1hould be provided 1 

The social cla11ification aa deten1Ded in Section 4.3. 

• nie treatment or peraneterbatton of at11101pheric 
1tabilit7 used 1n e1tllaating the velue1 of eddy 
d1ffu1ivitie1 or standard deviations (eee Table S,8). 
Th• nue (or-•> of eny parueter or turbulence 
claa,tfic ■ tion scheme used to 1p1cify the 1tabilit7 
of the atmo1phere or the level of turbulence should be 
noted. If• clasaification acheme 1a uaed, the nU111ber 
of cl3s1es u11!<1 thould be noted. Liait1 or other 
constraillts to allowable parameter velues thould be 
indicated • 

ticul.ir treatment u1ed by the study IIIOd11l. R.egarJleae of th• aoJcl typo, the • The tre.atmeut or pe,rueteruetilln of 11Urface rou,:hn• ■-
effect ■ u ■dd in e ■ tinattng the value, of eddy diffu1t

*Refer to Appendix A..4.Z for a detailed diacuuio-1 of th• trut1ncnt uf hori- Titi1 ■ or etand ■ rd deviation ■ (see Table S.9). lnfor
1oat.o I and vertical di1pen1on, ■.ation 11Joil ■ r to that required for the tre.atment of .. amo,pheric atability should be provided... 

,______... ,,,.,;,_ 
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Table 5,6, Tre. •■ent of Verti cu I IHnd. Fleld• 

Pft"..,.HIC•.,.. 
lllor IJ.NUl t..c ■ lloa Tlao 

-------------,----------'· lahl •-• C:r....... 
t. l1Phrarr 1. Ad,lrr••r- l, •••lu•~J• 

V.-1111'•1 v1"4 fh1' •,-clfl.. •• a '•rctc•I 1.,l.. Ue1' •••cUhJ •• • V.rtl•d vi_. ll•l4 •-Ill.. •• a 
....utl•ou• func:U"" of ...,hNUI c-ca-.o-... fllM&I• •I ht-1&1,1. c•atl...oue (1N11Ctl•• el ta... 
l•·•UIOfl. 

2. ,.,,,,cu,,. 2. &rltUr••r. ! J,. Arltltr•rr• 

It,, th.el vtp,d I 1•14 ••• U , ...•i: pojate Yer&lcal ·•l.. 11•1• •~U1&4 ■ t ·t.•l1M" ■ Vert lc•l "'., ftel4 •r• If IN •& • 
ul • horhot1l ■ I 1ra,. . \ of a w•n lc•I ■ rt•. •-.uenc• ■I • lap•.. t IIMe 1 

•• Yalu•• laterpohl.. ltH.,._. t'-•• 
a.. Yah••• c•••l•nt vlrllt• eacll tat•r-

•■ l. 

l. s; •·c Ille .,,llcU poalll••I 4l'pe_....c• J, lpactflc .-.,Ucl~ M:11"1 ............~• hlh J, Vertlc•I wlM 11.a• ••--- ceut••t 
1.,, 11, l ■ Lv a.odd, ..,, et1I.Jeu to 11aer 1.a,• aod1 1..., ...~J•ct t• .....,. .,.41Ulca- la u.. (ocu4,-otota). 
._, lillc ■ lloa l, ■ rot'4 u.. ep1cUl<•llN u .. lt•1· iJ ,1.. •.-clUc•c , ... •• ,.,....,., 
... , .,.,•••1., ••••••· ..,.... 

•· 1.· .. 11.lcat vlnal lt•l• ,,,..,.., a.,atcltlr. &. Yertlc•l JlN U•l• tr••'•' t..pllcU,11• 4, llot traato4 upllclllJ, 

•, r:U•et• ul t ■ rr•I• •r 01Mr f ■CllHI •• Ith, . • of Conata or oU,•11 hr.ton (IUeue of •Hlle;•l vW Cid.. IIOI. 
HCOUHLN '"" .. , ......, •• ,,••, u•• acco• ,,,., for ltJ ••t1Ui•ln1 • t, ,t lh• «•••••.-.. a. aoJel r....-.tau...,> 
c..u, wl ..... vi lh• pollut•nt ..... c..1,., of •••• ef cit• ..,I l•1• 11nl -I•• 
••• fo1low1 • ph1 ■ crlli,•• p..ch ehher al..• l@llova • tr■ Krll,r.4 r••lli either 
vhll n,•t-•ct Iv th• local tu.,.01ra1.l11 """ •••,-cl I• 1•• luc■ I 1,,,,.,1r••llr 
or •• vc.N1114 ,.,"l& fro• ••• ocher ., •. "'°"' •• , ..... , ,.... ...1 .. , ... , 
fac&er• con ■ l 1hrlltl. fee,, • c•••••r ... 

b. AH-..eJ ••u•I t• ••r• ••••rvl••re. ~. Aa_,......... te ■ ore al ■ II 11aJ11hH. 

S. ,~.( Ue,n•J upllculr. ,. •.c .,.., . J ..,11.111,. 
o.: hue of ••rCSc;al va...a Ue14 .."" (Effect• • f ••rtlcal vlM fl•ld one 
l'•••• ....... ,.J lt1 t.oJd (lfr-h&I••-) . COfll•IJet, .I •• -4•1 ,.,...., ...... ) 

Noh, ArUtury 1..s-• ••M• either lh•t ti•• ...., viii acc•pl ,,., ■ pp.-eprlas• t11er•J,•CJfl.. wlad fl•I• •tell hat ~•- w.,.....u, 4•1•t•l•.. 
rir Iha& ch• 9'14•1 lte•lf• 1twe11 1ppro11IH• UHf 1pecl, 1.:.a&IOII et tile prol,I,,•. viii let1•r•t• the vla4 fl•U &a a Mn11t1r c•p•llltl• v1t• 
.... •••....••,, t ... ,,.,., --•"1' •-IClaa• lat r: ,r, Ua,,, _, HJ ,u...,tll•• ...Ill ._,,. lho ...,I, .. -•lralala art,,.... .... 1111111••·· ••,•••• 

.,hi'! -•t ■ Hl".,,ft&eJ ta •r••t ■ I 4ecte■ llftl ..... ef 4el ■U • 

• Th• origin or baiab for choodng the ~pec1f1c llodel S""titnpirical, Tb• functional foni enu■ed for the pollutant dhtri
perueter valu•• <••• Table 5.10), If th• ■ pec1f1c butioo ahould bo identified 1f c-nly uHd <••I•, C.uHi■u plume, o.arrovparc;eten ■ re videl7 u ■ed or have be... , published 1n 
the acientiftc literature, it h 1Uff Ident to identify plume approxilution, ■ ector avera1in1, unifoni ■ ixiog), or described briefly 
the111 (Cor example, th ■ l'aaqoill-CiffoL! dispenion 

1f not videl7 uaed, including -• ind1c•.t1oo of it ■ ort11J1, DepeodMcn of-~otfficicnts for the C3u ■ d.an plume aa,•,tel) and provide 
an appropriate reference; if they ■ re not viciel.7 used model par•••t•r• on position, het1ht, tiae, -teorolo11cal, or other YJ1r1abl•• 
and not publicly available, the ba•h for u ■ ing the■ 
should be noted. aboul4 be 1Dd1catN 1f not adequately d..cribed Wider the smaral lA!onoet1oa 

above.
• The .;..•ver ■ ging tlae for meteorological variabl••· 

Numerical, The dependence of the eddy dUfu ■ ivity on po1itioa, bel~ht,
Thia 1nfol'l11At lon may be omitted in certein c ■ •e~ 1n vhic:1 dbpcr don ii des

ti.ma, ■eteoroloaical, or other variable• ■ hould be indicated, ill addition to
cr1!id implicitly, rather than explicitly. ThiR b the CH• 1n tho MtTow 

the b••i• for the v■ luo■ or for the specific j>ara:et ■ riz ■ tion that ls ~sed by
plw,:e or aector averaging •prroxillllltion• for ho,· lzontal diapent.>n or 1n the 

tha 1tud7 raodel ( ■■e Table 5.n). The general n■11e or type of DUBerlcal
uniCo,111 mixing approximation for vertical dbper::lon, for example. 

■athod o ■ ed to 1olvc the diffu ■ iou ■ quation •hould be ■eotiooed, although 
Addition.al 1nfor.at1on 1• aho required, ,Jepend1ng on the, treatment co■p ■ ri■~ based oo the detail ■ of tha numerical teclulique ■ 1a beyond the 

clar ··Ication, 
ICope of th:l■ ■athodology, 

.....____ ,,. 

"'t'il,;<-· 
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~. '. llenlfluttoe tc.c'-, ,· et Tc••taie11t••• 
--· ,. ,._11. rh•J/4!,n-tc .. Cl•••• ltu4iel• ...,.£:el ..1111tl• ., ...,., .... I .,. .... ,-UVit••L CDfU ...,u~,,...... , ......... v,ell ..........a 

•t•rulealc•I ••r...._t•r• •• tu1. t laaa et fNltloe enJ , 1... .. 1;,e•l•n&•U•••f•r .,..,,cal aolut ••• •f 4Ufu ■ t.. auetloa 1t•&A1 ...-11"1 •nl coac•tr•tloc.• •• • t••cl&- •f 

·~·"'"" ... 11...u•, II Ulu•hll I•• ••t tau.. •• 1••ct IOft ■ •f t.■ tah,. t I•• anA/■ r Mtaoraloalc•l w ■ rta•l••• 

2. "'"' · ~ r lc•l/•t...,7-etet,e , I.a ,I• U,. uc ■pl IMC ..., 4tU, •h•t.&h ■ •r• 1-,-J,.,,, 111 tlaa. 
c, i. -1 l•a&•U•••hl' er I 
··r _, lt••r,• ao4d• ..1, 

,. lu •i'-·•1lrlc•l/•,--tc DU,-nlM 4• ■ crl.,_. •r •• • ■■1t •I ■Mp• l...ctt... 4•11,1odl•I N p0 ■ 1lloo ... 1t... 
&■ Mlk.•J fuacc Su• co,ual ■• ,.,... 1 •r• -..1c'II are a4Jvat to r•fl•cl the er ..,..,•l•ar■U ■cta 
..,. ...,uc• 19111"-•••• 
&ur,apl•••• •• Ge• ■ •h• puU aii&1.' I • 

It. Cav ■ alaa ,1--.. •• ...c traJector7. 
c .........., plllMi .,,. -1..1:a.. (horhOftUI J11,-,,,.. onl7). 
•• lo• ..,,..1 (uaU01 ••ntc ■ l 41elrSll,,lSon) • 

~- s, ..........., ....., • lb,.r,IM 4a1crl~.. lt7 aa aH\I• J ....,. lu.actto11, • lu,u:rt°" of po.SUoo onlr... .. ,. a,~J l•ctl•• coat ■ laa ,-r••• • •r• lllllldl ■re ■ dJ11a11J to r ■ llec:l Che effect. ■ ef ..C•..••••r........,... ,..........111..,..... .. c. •••••• ,1-.... 
•• Narrow pl.,... •••• ..•.,..,,.. U•rbo■tal Jhp•r■iM •ly). 
c. a. ■ ...., (11•lf•• , v•r,&c•I 4tacrU•111 hm). 

S. Cl •ucol•atc•l Tt• ■ l•nt •••••• H utur■ ■f , Je\ ..... l■f "•le «:4lt·ola&1N ■, kt ..,..,..117 .,...,-,t ■ t•. 

i.--,••••• •• l-tMor7 .-dell (,.ua■ rlcal). 
... c.......1111 ...... ( .va1e-,artc11). 
c. S■ ctor •• ■ 1•8ln1 (nan·w pl-. 1rpro•h,Jt.1oe1 ..,aaoac ■ l 41 ■ ,eritN Nlra-·-···••al).

-i,,-11:..,...,ftl ■ •"4 ••-•••• er■ llat.. •pprosl-■ t•l1 la ....., el ~••cr ■a ■ laa level •I .St111111 • 

•,..,.,.: •. .;:a ■ •• c-p•r.... tlteSr rel•the level ef ••uU ..1,. ■ fief" II Ila ■ ... 1111 ~ .. , ..... lh■ t 1••r ••• ■ nr•ac..• 
•• I I., •nUctlth le , .. .,,, lclt IN ••••, ....H. 

,' 
Steady-State, Tha avora1in1 ti••• or th<• period of t"im• over which 

a ltl'.d7-atato condition 111 aHumed to hold, aho.,ld ba indicated. 

Sequential or Clill&tolo31cal. lfo 1pacU1r: additional tnfor1natio11 11 

rcq,, l, cd if the atud7 modal ha• been clanified ·•• ■ aquent1al or cl l.aAtologi• 

cal • 

~- The tfloe dependence ehould b• JcScribed to a euff lcient u:

tent ro :Indicate it• aenual nature, For uampl", a model that l,a11 been 

clao,.<!1ed dynaic becau1a it involvu the date1·.11nat1on of a tr:.J.,ctory, but 

1n ~-,: ! ~b the time dependence of tha pollutant co..cantration b not explicit, 

1ho\.' 1 d be disC1nauiahed from a •odel 1n which it ia. In ca1u involving 

explldt t1- dependence, the method of dHcribf.,1 th• temporal vur1.at1on, 

eitl-.Pt" COlltinuouel7 or 1n a Hquenca of time at<'1••• ahould ba 1n•llcated 

alonr, with th• 11.&a of tha t1- etep u1eJ, 

Final.17, any additlonRl inforaatiDo ralev.,nt to tha tu.ati,rnnt of dis

port 

..
l,,11 that -1 affect the eval,,atioa or cl.ari!y tha operation of th• atudy 

lll>dc: . ~bould be atva11, Thia 1aforaat1oll ■ay laduda1

• Different 110daa of operation uadar different utebrolo-
1ical circuuta11caa,

• Different trMtmeota for diffarmt 1ource a•011etr1••• and

AD7 additional or different ••llllllptiona made 1n tha for
aulat1on of the atud7 aodal not covered in the dbc:unlon
I.D thi ■ workbook • 

Tabla S.7 1iva1 th• general tru~•enta of dl1pereion. Table, S,8 and 

S.9, reapac:tivaly, &1•• tha traatMote of at■oapber1c ■ tability and ■ urface 

rou1houa ueed 1D ut1-at1n& tha valua■ of tha di■par ■ ion parameter• (tho 

ecldy dUfuaiviUu or etaodard clevt.ation.). Tabla S,10 atv•• ponlbl• l>-.a<!•

for compar1na different choicu of dieper ■ 1on parameter value ■• Tabh 5,11

1ive ■ possible treatment• of th• ■ pati.al and temporal dependence of eddy

dUfudvitiu. Tnatmante of horizontal and vertical dbper ■ ioa by selected

reference modal ■ are &ivaD S, Tablu I•• and I.9, 

..-... . . .... -
p,· .., .,, .. .." 
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a 
5.o ra.u.na:Nt or CHEKISTR.T AHD REACTION KECH/Jl i :.l( 

The t'C'e&tment of che...btry snd re.action , !Chanin used by the 1tud7 

coco'/ :aay be deter.ained frn:i the follov:1J11 coue: Jerat:IJlas (expert advice m11y 

be r,quired 1n some ca1e1)1 

• Whether all relavaat ruct1oa.9 and ch•·~ical 1pecied 
an handled, 

I 
• Whether 1b1Uar compounds ara treated toaethu ',A ork 

or a,on clane• (lwirpiag approxilllatic, ) or vhetliar only 
aome of the ·relevAnt compound• ara tr 1ted. 

• \/lather the equill.brlua approJ<ilution l..s applied to the 
1y1tca of reaction ■, 

• Whetlier all° re.act ton ■ an truly fi.rat order (linear). 

• Whether th• appearance aad disappuro,·c• of pollutants 
of intereat are approximated by one r.•· more flr ■ t-ordcr 
proce11ea, 

ln addition to the ■e coa1ideratio111, the uaar muat allo d,•~ereina: 

• Whather any edjuataent ta aada for th,, affecu of in• 
complete turbuleat ■1:J<tn1, 

Finally, the follovin1 addltiond 1nforv. tioa 1hould all;o be providad1 

• A tvo-or three-word description of ti,· 1eneral chemical 
1y1tam bein1 treated <••I•, photocha.Jcal '11101 1y1tea,), 

, • Th• number of diotinct ch•ieal reactions con ■ idered, 

• The awabar and en explicit lbt of th· ch•ical 1peclu5, 
real or "lumped," truted 111 the ■ecL nin, 

• If the lua,ping ap?roJ<JJUtion 11 uae~. a li■ t of 'tho5e 
epecle• treated in the 11echani ■- thal are repraaentat lve 
compound ■ for the clauea beina uead. 

• 1f the ateady-atata approxiaation 1a uffd, a li■ t of thoH 
lpecies to which it 1a applied, 

• A ducriptiou, including the extent nf any uear input, 
of any spatial or temporal variation attributed to any 
chemical ructioa rate cooetant, 

• A ducription nf 1107 optional mode• of operation, ouch 
a ■ uaer-■ pecificatiOD of an arbitrary ructioa mechani:io,. 

Table _S.12 &iv•• th• general trutaent• tof chembtry and rMction aech

■uh... ni. treac.eou used by Hl.cctecl rcfann,·• IK>deb ara aivr.n 1D Table 1.10•., 

•ac•-,r to Appendia A,S.2 for • dbcueaton of ti.~ poaeible trt'.l<t,o~nta of 
ch,·c,btry and ruction aachani ■ m. 

5,1. 
I 

Table Trut-at of Ata>aphuic Stability 

1, AtDoaphnric •tabllity characteri~c:d by the numerical value of a
atab111ty parU1uter (aee for eJ<.'Ullple Table A,3) that aay talc 
on any valuo vithin the ranae for which the model 1s designed. 

2, AtDosphedc atabUity divided into dbc:rate clae11e ■ within vhich 
no variation 1a racoanued, 

•• Kany claaa••• includin& tiae of day or other para
■etara. 

b, Hnny clau■es, ~ includina other factor ■, or 
rev cl•••••• but includtna additional factora. 

c. Pew cla1 ■ u, Do additional factor, included. 

3. Atll01pheric ■ tability aot explJcitly treated, 

8trNtme11U 1tven in ordu of decru.s:lng leval of detail, 

Table 5.9. 'f'rutaent of Surfac:e lou1hn•aaa 

1.· Surface rouaho••• characterized by th• nw:larical value of a 
rouahnu• parameter (euch aa the rou1hneaa length) which cao 
take on an, valua within 1oaa appropriate rao1a, 

2, Surf,-ce roughn••• cbarac:terulld IA terma of di ■ c:rete cl••••• 
or typea of aurface. 

e, Many cl..•••• 

b, rev cl•••••• 

3. Surface roughnea1 aot treated up11citly. 

8Treatmenta given in order of decreaaina leval of detail; 

--~ 
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S.9 .~or PKYSICAL F.,J·«lVAL PROCESSES 

t'Vo pb7 ■ 1cal r=O'fal procu•H are coua1,:. red 1o thla vor,: .•okr dry 

depo, l~ion a.ad precip1t•t1on .caven&in&, the *" ·JelinH in thb •vctiou 

cuabh th• uaer to Umtif7 the treataeut or uc: u ■ed by the st:dy modal.• 

Dry Deeoatttou 

The trut:21ent of dry dcpodtiou may be de, em1nad froa tho Coliovlng 
I

coaai•leratioDJII: , 
i i 

• Whether both -th• effect on tha verticol concentration 
profile .iid°"the ef!ect of pollutaut rt ::,val are trut

0
1'.J. 

• If so, vhcther the deposition velocity t.. aaaumed c:onst~nt 
and/or independent of po•1tiou, 

• Wheth-er only the effect of pollutant r .noval b tre.~te,I, 
(Eff C(;tive aourca-strenath treat111ent.) 

• If so, how tha affective aourca streaf 1 h 1• dateniined. 

- Inte1rat1on of uu removal rate ,•roportional 
to around lcvol concentration, or 

- Aasumed exponential decay, 

• Whether the dcpoaitioa valocitJ 1a a f.,nction of ■eteorolo-
1ical variabl••• 

• Whether the tilted plume approximation is u•ad to treDt 
ar•vitatioaal settli.n&, 

Additional 1.nfomation relatin& to &Hum~-1 depo•itioa velo~ Icy valuaa 

or a::n•,:Nd depeudaacu on Mtaorolo&ical or oth•• para■etera •houl:1 b• 

tocluJ,-d in th• dHcriptioa on th• !valuation ro..a-Part c. 

Precipitation Scaveng.!.!!J. 

The treat111ent of precipitation scaven1in1 111117 be datenaino:J from the 

follc,,,ing conaidoratioa11 

• Whether tba 1tud7 0>0del allow, tha vasl,..iut coefficient 
to be en arbitrary functiou of tillle, 

• llhethor the washout coefficient 1a obt,· lned fr- a 
user-supplied tilae-dependent raillfall rite. 

• Whether the va•hout coefficient ii aae. ,ed to be con
stant over the period durina vhich pre,· 1pitat1oa occurs. 

• Whether eacb oc:curreace of rainfall is aeeUJ11ed to remove 
tbe •-• fraction of pollutant, 

• 'llbeth'll' th• u•u u7 ep•c1f7 ~h• frequ .1c7 of ra:IDfdl. 

•itc:-,r to Appendb A.6.2 and A.6,3 for dhcunl•.•n• of po111ble tr,•4tmeate of 
dry depoeition and precipitation 1cavengin1, 

.,.,-.. 

r ...., -··. I, , ..... -4 ....,~ ,:;;::. ,v;:-~:,;,,4..... ·• J 

A, before, llliditlon,al inforo·.,tlon reletlnc to ~"7' :,o,lrl u•·~·i-;,:11-n• 

Nch a■ vaehout coo(ficient value•, rainfall frequcncle1, «:c. 1:-.CUld ~c 

provided, Preclpltation ecaven11n1 ahould be •••u■ ed to occ~r oal• ~uri::g 

precipitatiou, lf a ■ tud7 model al~ays applies au u:poneotul iec.,37 factor, 

that treataeot 1hould !!2.£. be coaddered aa a treat2eat of prec1;,ltat1oo 

acavencina, 

Table 5,13 give ■ tha geaeral treatments of these tvo r_,.,al proce11e1 

and Table 1,11 glvea th• trutaent• of ph71lcal removal processes by selected 

reference model ■ , 

S.10 TIIEA?HENT 07 BACKGROUND, BOUNDARY AND INITIAL CONl)ITloi.S 

Thero ere five aapecta of tho element to ba considered: 

• Background, 

• Upper boundar7 conditloa at th~ ■ixin1 height, 

• Lower b~undary condition at tha earth'• 1urface, 

loundar7 condition at the vertical ■ id•• of the reaiml 
of intere ■ t, and 

• Initial condition, tA the region of illterest. 

Tha treatunta of uc:h of th••• a1pect ■ depcad1 upon the clAs ■ lfic.atl.on of th• 

atud7 111odel H -rical/dynaaic, 1NHrical/ ■ te.ad7-state, ■-1-plrl.cal/dyoa

•ic, or 1emiempirical/1tud7-■ tate.• The treatment uaed by a cl~t~locical 

model depund ■ upon the trut:■eat mploJed by the model u,ed to io t~e basic 

diaper ■ ioa calculation ■, Sequential 1tead7-1tate treat ■ eats •y account !or 

variationa by u ■ tna different valuea for each tillle intervai bvol•,ed •nd 

hence provide more detail thaa treat■enta that treat onl)' a •ln&h •tut17-

■ tata. 

Bac~round 

•NWDCrieal model• treat upwind pollutant level ■ 1n tu,u of the 

bound•r7 condition at the upwind vertical 1ide1 hence b1cqround does not 

neod to be conaidered for tha. 

For 1-1.empirical/dynaaic 1110del ■ the u,er ■u ■t deter....ine vbether 

1pati■ l and temporal variation ■ tn back1round are treated: 

llhether th• background is t1ae-deplll1dent or consuat. 

• Whether the b&ckgrcund can change arbitr ■ ril7 froa re
ceptor to receptor, or vhether it 1111,1 ■ t be unUora acroea 
the realoa of intera1t,.. 

•1.afer to Appendix A,7,l for a detailed diacuHion of trutM:Dt• :i! !ia.c:qro,:nd, 
boundary and initial condition ■, 

, .._,..· 

f ·~ ~ I-.. ·l f·, ~ .....;. ' r- -~1 ,. .,, f'-'. .~ r- -~ ., 
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ror -iapiria,1/•tudt-atat• aodea, oa'7 tM NCOlld cor,tderetioo 

aNd t • ...Se, becaaH thee cua 1>e DO tS- ,.,_ ace. 

• I t7ppn Boundary Cond1t10ll 

Th• upper bouadary cood1t1oo refen to th,• var 1Jl which ditpera1oo 

1., tHBted at the ■ 1.J:1ng height. The u ■-r ahoul,i foc:u• Oil the v,,rtat1oa• 

1n l!l!rl.n& height vh1ch can be accocmodated by th,· ■odel" aod vhetl,.ir th• 

top of th& ■ 1.x1ng layer 1., ~ruted aa an abaolut,· or partial b!rrh;r to 
i

poll,,~ 9Dta. 

For numerical/d:,na■ ic modela, the u ■er ah.,uld deteridne1 

• Whether pollutaote dbpentn1 upward are elloved to 
be ooly par~ially reflected et th• ■ililn1 he1&bt, or 
vhether perfect reflection i• apacifi<·.'. 

• \lhethar pollutant• can ba entrained in,o th• region of 
intarut froa abovo a, the ■ ix1ng heiEl,t 1ncraa•e•. 

• ·Whether the ■ixina heiaht caa vary vitli locat1011. 

for a ouaertcal/ateady-1tau model Olllf ll,e firat three coi:ddar■ tiO'Da 

appl,. 

lot 1e11i-pirical/d:,na111ic ■odela, the uaer ■uat detaminc: 

Whether tha ■ ixina hai&ht can be a fu11<:tion of t:lae. 

• Which ■ethod of treatment la Uftad1 

- Perfect reflection 11Aulatad by ault'ple ima&• 
1ources and evaluati~n of the reeult1n1 1.nff.Jlit• au■, or 

- Perhct reflection vith 1nterpolati<-, uaed between the ra1ioo 
vhera the ■ ix1na hai&ht ha, no effec:1. and tha region of uni
form ■ ixiog, 

• Whether a functional for■ ha, bean chc: en that i■plic1ty ••au■ e, 
the mixing height I.a larae enough so a not to affect pollutant
concentrat1ona. 

Whether an implicit treatment baa been ueed. 

Ia~llcit trutmenta a1.mulate the affect of the •1~1.111 h•11ht by 1Ln1t1n& the 

appr~i-riate parameter ■ of the ae&tempirical d1er ·raioo function. For exa•pla, 

the v,_,·cical di!lperaion coefficient in a CauHia" plWlle formulation may be 11111-

f.tad to 11.mulata tha li■ ited upvard spread of a plume. 

Only th:li laat three con,ideratioa, apply to a aea1aip1r1c~l/steady-atate 
model. 

L_011er !ounda!I.£ond1t1on 

The 101l'Cr bouodary condition rafera to thr var 1n vbich din;,eraioo ia 
treatrd at the earth'• eurface, 

.. 

For a n1111t1rical/dro,aaic model the follov1ng conslderat1on ■ 1hould be 

made1 

• intether partial reflectioa treated, or whether perfect reflection 
met be uaed, 

• l( partial reflectloo 1a treated, a numerical ■odel vill ,~nerally 
do ■o in ter■ s of a dry depcaltion velocity. tn thl• c ■ ~e the user 
■uat detar■ ine 1 

- intether th■ dry depoeition velocity can vary vith location vlthln 
tb ■ reaion of 1ntere1t, 

- W!Jether the dry depoaitloa velocity can vary vith t1m~. 

For ftU10 ■ rlcal/ ■ tead7-atat• aoclela, the consideration of tu,,e depr.ndence 

1a irrelneot. 
The con,1derat1oas (aad trut11eat1) are the ,a■ e for both ••ieap1r1cal/: 

dyaaaic and 1U1iC11Dpirical/ ■ tudy-•tate ■odel1, Tha uaer ahould cone1der: 

• Whether parti.al reflection 1a treated, or whether only perf•ct 
reflection 1a trutad. 

• If only perfect raflact1oo 1a treated: 

- Whether 111Ultipl• tuce aourcea or a a1Dcl• iluge 90urce 1■ uaed. 

- lntether th• 1nf1n1te sua 1ivln1 the concentret1on eat1-te 1• 
evaluated or whether interpolation 1a used between the region 
vhere the ab:1111 h■ i&ht ha■ oo effect aod the recion of uni
fora aixing. 

Nota &110 that some aemie■ p1rical iaodela use only a 11n1le i■age 1ource to 

treat perfect r11flectioo at th• urth'• eutface. Io thh case, no multl.ple 

retlectiooa can occur aad tha upper boundary 1, implicitly aaeumed to hilva 

no effect oo pollutant concentrations. If partial reflection 11 treated by 

a aaa1e111pirical 110del, the functional for■ ueed ia'llor■allf a aolutloa to 

the diffueion equation appropriate to the partial reflection bound ■ ry coa

d1Uoo. 

Vel"_tj.cal Sides 

For a oua■ r1cal/dyau1c iaodel, the follov1n1 con,ideratione ahould 

enable the uur to detcraiAe tha 110dal'• traataant of the boundary condi-
' tion, at the vertical 1ide1, lb• conaiderationa ara all:tost the 1nme for 

numer1cal/1tead7-etate 110del1, c:zcept that tillle depend•oce need not b• 

couidered. The user should deter■ bc: 

• 1/heth ■ r the flux 1nto the rcgioa cao vary froa poiJlt to point. 

• llh•ther the flux CIA differ at dUferent elevation•• 

• Whether the flux cu vary vith t:lae, or whether it aust be coa-
etant. ,. -

The u,er 1hould recall that owaer1cal model• treat background pollutant eon

centrat~oq• aa a boundar7 coodltioo at th• vertical aides. 

-•"'-,.,,-, 

'ar,i_,.o.)' 
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_.r.iimpirical modeh treat thil boundary co, Jltion at the vcrt 1c:al · 

aidu .-. , ba.cqrowid. Hence, thi.a coodit:1oa aeed a c -b• coaaidu-.1 for 

INCh I'.'.• "1•. 

J. ,1t1al Condition• 

Initial condition• aeed ocly b• coaddered 1.,r dJllaa1c 110dch. For both 

nu,aari,. ,l/dynamic and 1e11iuplrical/dynamic 11odels. the uair ahould determine1 

. 'I \lhether the inittai coacent:ration ■ c•a v ry froa po~t to f'.oint, or 
vhcther they lll\lst be unilo~ throu1hout the re1loa. 

Ia Mk! ~ thi ■ detar&iaatlon, both the dependence ,n horizontal lo~atioa aad 

elav■ t J .. , ahould ~• consider-.!. 

.' (ter takln1 thH• con• 1daration. into accc. ·nt, the HU ahould be able 

to det, .,ine the ■ tu.dy model'• treatment of each r, Levant aspect of background, 

bounde, _, and initial condition~. 

,',ny additional tnforutioa vhich vould clar Lfy the atvdy aodcl '• tuat

aent o{ a particular ele11ent ahould •l•o b• includ,d vith th• description of 

th• tr, •tment on th• Evaluation rora-Part C, Ezae :•lH of euc:h lnfotutlon 

includ-:: 

Bov background levels are deteraiaed at -~1fferent locatinnM or till••• 
For euaiple, whather they are u1er-■ pec: led at each tlir:,i L."lterval·or · 
are interpolated balweea on• initial val••• and one final v;1Lue. 

Bov 111.:&inl h•11ht ta determined aa4 upon what parueter ■ it depencla, 

The ~raaieter ■ Uait~d and the Uaitinl ,,alue ■ or the lllltl111d u■ ed iA 
aft imrl1clt treataent of an upper or lo· ,r boundary con,Htioa ■hould 
be noted, 

Bov the flux throu1h the vertical ■ idea ,,f the re1ion o( tntereat b 
determined for.different location ■ and r lme ■, 

• Ally additional u ■ uo,ption• ud• 1n th• ,.:udy aodel'• trracment that 
are not covered by thi• workbook. 

,;,3aeral treatmeat ■ of back1round, boundary Uld initial con,l I lion• are 

1iven !'I Table S,14 and the trutm,.Dt ■ u■ •d by Hl,:cted reference \l'v,leb are 

11¥•0 1:1 table 11.12. 

) .11 t i'.u.TMENT or {OIPOllAL COllllUTlOIIS 

In dealJ.,11 vith tempord cornlation ■, th• ,paotlti.. of £!..!..::!!I. lnteraet 

•re edcdons, 1Hte'>r?lo1ical ...ari-AblH, rC1110val 1-roceuaa, backgrn11nd, and the 

vati<N" 11oundar7 condition•.* 

"D•tall~-J dt.cuulon• of trut111ent ■ of t•poral c,,rrelatloa• can be found la 
Appei:,t·u ;,,ll ,2 • 

.... . . 

.. 
• • •.,.,.,W."'. 

1( the ■ tudy ■odel U dynaic or aequential, the temporal correl•t1one 

between th••• varlou ■ qu.ntitie• are u ■ually account•d for autoa4tlcally; L~ 

other c••••• th• de1rce or correlation botvcen the various time-<lcpendent 

quantitie ■ ■u ■ t be ••••••ed by the u ■ er, For both sequential and aon-,equential 

treatment• the u■er ■u■t detera1De1 

• Th• decree of tmporal reoolutioa available to describe the t~'Ulroral 
var1ations, Th• de1ree a:ay be dUfarant for different para..,eter,. 

• Whether the■• quaatiti•• are correlated to• hi1h degrea. In other 
wrd ■, vt,ether a coacentratioa e ■ tf.aate for• particular tlae 1• 
ude oa the ba•i• of values of th• varyin1 par ■aatcr ■ tlutt are appro
priat• to that particular t1ae. 

the•• coneiderationa ■hould a1;1ble the u ■er to deteraine the ■ tudy model'• 

trut1111nt of tC111poral ~orralatton ■, 

Io addition, when compartJ11 treataent ■ by tvo dUfarent model ■, the user 

•hould con ■ tder, 

• Whether the u1oitude of the v•riation ■ tJI the •peclfic application 
of intereat •r• ■ufflciently lar1• to require detailed correlation, 

• Whether the quaotit1•• correlated by the aodel are 1llporta11t to the 
epecilic application. 

For umaple, U emt. ■ 1011 rata •r• truly coa,tant, it i■ unnece,sary to cor

relate thea vith chaos•• f.n ..teorolo1y, Or, it uy be more illlportanc to 

corralate tvo hi1hl7 critical quaatitie• than to correlate four quaat1t1•• 

of l••••r iaportuc• to the application of iAtere■ t, 

Whan describia1 the treatment on Evaluation rona-Part C, the uaer ahould 

liet1 

• The quaatitiee correlated, 

• Th• d•1ree of tnaporal re ■ olutlon; for eumple, day-ni1ht difference• 
or hourly dUfereocu 111 mia11on rate■,. 

• Th• method u ■ ed to accomplish the correlations; for exa~plc, via a 
•tability vtnd ro•• or by hourly value• f.aput by the user, 

• "117 •chem• u•ed to correlate v■ riabl••I for example, adju ■ tln1 input 
mixin1 hal1ht by stability elf••• 

• #tAy correlation• particularly iJDportant in the application of lnt~r
•t, and 

• ~1 corralat1-a that are U11iaportaat bac.MJ ■• certain varlabla4 are 
conetant la th• parti.cular application of 1atere,t, 

General treat.eat, of teaporal correlation■ ara 1iveo 1n Table S,15 and 

trcat:Dlenta by •elected reference model• are 11ven lo Table 11.13, 

-

-- .ic:::::::::::: 
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Rule 932 1 Continued 

Table S,10. l',nalble llaHa for lattaaUna Dlaperalon Paruetei· Valuaa• 

Hodel 
Type P11r1•.':letera la ■ea for Evaluation 

Nu■ erical Bori&c:iltRl or vertical l, D1ffu,1vtty value ■ deter■ lned froc speclal ■eteoro
;.,Jdf ll I t[uaf.vity loatcal data •ctJUired for the apeclflc appllcatton 

of interest, 

2. Dlffuaivity value ■ e ■ tlaated fro■ routinely ■caaured 
■eteotologlcel quant it le• uling either theoretic•l 
or aoptrical foraul•e. 

3, Dlffuaivity valuea aaau■ed known; •pacified with
in ■odel. 

Salle■pirlea l h Para111etct11 depend on 
aodel f,,, •11lat1on (in 

l, Standard deviation• deter■ Sned fr- 1peciel ■1teoro
logScal data acquired for the application of ln

Caua11i1111 l'l,ume case, tereat. 
,horizont"l and vertical 
l,tandarJ Jeviatione). 2~ Standard deviation• apectfted within ■odel, value• 

baaed on prior field atudle•I correction f•ctora 
baaed on uaer-aupplied tnfor■atlon applied to cor
rect for different ■etuoroloatc•l or aurface con
dttlona, 

3, Sa■e aa No, 2 but wltbout correction factor ■• 

4, Standard deviation• e ■ tSaated within ■odal fro ■ 

analytic ■ oluttun11 to the 1dvect1on•dlffualon equa
tion (neceaaarily lnvolvtna ■ 1Japl1fled ■eteoroloay) 
and uacr-auppllod tnfor■ atlon. 

S, Sbple theoretical catlaatea of atandard d1v1at1ona 
uaad, apectfted vithln ■odel. 

1 11ue ■ tn •Pl" oxtaate order or Jccreuing applicability.
b . 
Deacrlptiont. of baae, vritt~11 ln ter■ s of a Cauaaian ■odel. 

~ -~ 
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Tabla S.11. Spatial and/or Teaporal Dependence of EcldJ Dlffualvltle•• 

l'!f!...."c• •I lo1'11011ttl •r Yen teal EA4J pUl••f"'flJ !! 
lle1 I. oat•I Lffatl• •• l■ "t •...,• Cr•un4 Tlaa 

,. , .. ,u..,,. I. A1fll1tr.r1. t. &,a.u,.,,. 
IUl• ■ hltJ r. ccUle4 •• • CNlllNuue Dlfh1elwlt1 epeclfl.. •• • c..tt11110We • u ......., .... ,,..... . 
••acll• •f I, ,&a..tel P"ICI..,, f•nct f.,. •f ••l1ht. ••••,_.... ••-=••- •• 11... . 

2. Ar•ttr•rr . 2. Arl,ltr•ry. 1. a,,aua,, . 
Dlll••hllJ , •clfl.. el ,-tau i,. • •lll•ohl.tJ .,-elf I.. el Nl&hl• •I • ·"·····.., .,..u... •t •.........,.. ,~ .... 

j 
....... .. ...,... ,.....••rt lc ■ l 1rt4. 

J. lpocfflc po•• •-• ••.--• ..,11, , .•,..utc ••,...,_.......,., •• lel••• later,-lat.. Mtw•• 
a.t.e •idd. , l .-•J•et t• ••n 1 •1111h Into aod•I, Ml •••J ■ ct t• ...... 
...,lllcetlCN1 · ":'... •pectflcettff •• 111••r __,,.Ulc ■ tl ■• ••Jon-4 epecUlc•• 

I,. •••.,•• C•••t•"' vt&hl• waclt,.,...,., ,,., ..... t ••• "'' ,.,...,., .,.,_.••• ..,.,...,. 
,. ttff••••tt, ....,••, ,. , ... 

••, ..., ••tolo). 

4. tlffH.. ICJ I .........t •f ,-•lei•": 4. Dlll..tvllp 1M07...•l of ..la.Cl 
..,ll•t•l .,. r....u, ........ . •el'llc•I INllf ■ raltJ ••~• 

11ete1 ArlJltt•rJ ; ere ..... tMt. 1M tnlt--1 vUl t1e<1tpt •"J •rproprht• •••r-4•fl... ..41 .........11:, 4.....-«• - Mrt ■ ..t•I ... ••r&lc•I 
,-•IUua • j staa er tllat tH .,..,.. , lt••ll, &h• •ppreprl•t• u..........,,.. l•f'll• viii ••tlNle tlal• ••,...,•.«•• • c••tr•tat• ••• 
plac.. • lhe all°"" ••Iv••• 

8JrN&.aeet• arr■ , ... la ••••• el 4ecu .. t111 l"•I •f 4etall. 

. . a 
Table 5.ti. Treatment of Chaistry and luctl.on Kechalliaa 

1. c-pleto wcchanlaa uaed1 

a. Syet,• u of truly first-order reaction• • er.act treatamt 
pa,,.Jhl• independent of dhperalon. 

~. Kor~ sunaral •r•tm of reaction• -

111':ludH all known ralevant reaction• excapt thoH 
'J,.:l lnitely known to ba 1nalanif1cant end 

• Trr.ata all chemical ~peciea explicitlJ. 

2. Simplif t, '1 mechanism uHd, incorporatina tha atudy-atat• 
approx ft.,., t lon for hiahly reactive 1nte-rmed1atu but not tha 
luaptna Jpproxia4t1on tor d1111lar apcct... 

3. Sillpliflt:,I aicchania11 used, involving th• lumping of similar 
ch-ical epaciu into clan•• and/or treatment of only aome 
of lhe r,l~vant compounds but not the 1tead7-,tate approxi
mation. 

4. StmpUfl11l aechaohm uaed, involvina both ateady-atate and 
aithcr th,: lumping apprax1lllat1on and/or th• treatment of only 
,_ of thu relevant COl'lpounda. 

S. !quilibt t-,.,, approicilution uaed, vlth or without th• luapina 
approxi:.:·,t1on. 

6. AppraicSr:~tt?II Lh• dlaappearanca and/or appearauce of a pollu• 
tant of lntcreat md/or the appearance of lt• rea.ctlon pro
ducts ao flrat-order reaction• and uaea exact treatment fo{ 
the first-order {exponential) proceaaea. 

7. llot treated explicitly, 

~utlllent ■ gtven IJI order ..:ruailla level of detail. 

r--· ., ' ... ,, II'' ., I• ·~ .. ➔ l '4 i~ ..... 1-. •1 5,.-.-..ill i.-~-,;~ ~' ~ 71 ~- .J 
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Rule 932 1 Continued 

Table 5,13, Treotment of l'h7dcal Re110val Proce ■ -e,a. 

Dr7 Depoaitton Precipitation Scavenaing 

l, lloth pollu1 -nt removal and d fi,ct on vertical l, Inteareted exponential decay vith ttae-dependen
concc.,nttatJ ..n profile trca1,.,1 b)' imposition ralnout or washout coefficient appropriate for 
of appropr J .ta boundary cot••I ! 1 ton at ground specific variation 1n cloud density or rainfall
aurface. , rate, 

•• D"'pc:sl• l.>n velocity a C..1..-L!on of poaitlon 
(and t I e for dynamic ~-••I•: la), surface 
roualuu· ·"• and atao11phcr le stablllty. 

2, E~ponential d1:eay with constant ralnout or vaah
out coefficient. 

b. Dcpoall 'on velocity a C<•u·•lant, Reoooval proceaa operate ■ only for the fraction 
of tl ■ e durina vhlch lt ratna; rainfall frequen

2, Pollutant , . 1110val aiaulatcd 1,y tll,e or down cy input by uacr, 
winJ-dbta,, o dependent foci or (a;ffact tve 
aource-atr, .gth treat■ent). ~:ffect on vertical 3. Each occurence of precipitation acaven1in1 a,-
concentratl ,n profile 11ot ti ,·,,Led explicitly. 81••~..S to reduce polluLant concentration by o 

cuastant factor. 
a. Factor ,leter■ ined by 1 

Cro11o1J level pollutant concentration and/ 4, Aa in No. 2 but rainfall frequeac7 fbad intar
or nally and not aubJect to uaar apeclf1catioa, 

• Dep, :,dence of depoalt tun velocity on 
time. poaition, surf11c., rouahneas, at ■oa

.5, Hot treated exp11c1tly, . 

pher !c at•bUity, 

1', Factor •·•1u ■ l to al ■ ple .,,.,onentiul decay 
ter ■• 

3, Tilted pluu approxi•tion (iravtt ■ tional aet
tlina of 1.,, a• particulate u,attar only), 

\, Not treated ezplicitly, 

t 

 





.•Treataent• aiv A 1n order ~f. J.,erca ■ lna level of detail, 

\,......,_.., 
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Table 5.14. Treataent of llaclr.aro, ,d, llouudary 

.111d Initial Conditlo11 ,• 

Rule 932 1 Cont;nued 

Table 5.14 (Contd.) 

I. 
I 

•• llaclr.ground 

T1T• of 

~.!. 

Nwnerh l l/ 
dyna1:1ic. 

Numer J ,: .,1/ c 
etead:·-,.tate 

Sade,.. trical/ 
dyti.ui,· 

Saie,,.~ irical/ 
1tud,-,tatec 

Cliu: : loS icel 

~tho!I ~LT· ·atmenta 

(Truted, a11 a bouncL1t7 cond1tf, ! at vectical br,•,·daries.) 
I 

. ' .(Trutedi u a boundary conditt, l at verUcd t,,,undariu,) 

I 

1. TiM-dcpeadcnt hvel added to calculated c:u,•rcntra
tioa.; value can change at ,,ach receptor. 

z. Aa ia No. l, but value 1a • 1ifora throughout region of 
interest at all tlJDea. · 

J. Slagle uai!ona, constant l· ,el added to cal rnlated 
concentrations. 

4. Ro tre~ted explicitly, 

1. llaclr.grouad level can vary ,. 1th location vith In recion. 

z. Slagle unifona level for e"cir• resion add,,d to calcu-
lated concentrations. 

J. Not treated explicitly, 

Laval of dutail depends upon tr~atmeat mployed by aodel 
ued to do ba,ic duperaioa cal~ulationa. 

- "···---- Upper Boundary Condition (at K' .ctn1 Bd&ht)------------------
T:,pe ~t 

~L t{etho.cl_of__,.. •atmenc• 

N..-r• ".•l/ 
dynaa,r~ 

1. Treats both partial refhc:· Ion agd entrainr.~ut of pol-
lutant~ fron above mixing l 1ycr. . 
H1.x1ag height depend• u;,on location and tv..c. 

z. Treat ■ either partial nfl• ;tion or aatrai,.ncnt, but 
not both. 

J. Treat, only perfect reflec: loa, 
K1x101 height depend, upon locacioa and tine, 

4. Treat, oaly perfect reflect lon, 
H1xing height u a conatan• and ua.ifora over reaioa of 
iatere:,t. 

Type of 
~!L Me~h~ of Treatment• 

==~~==~~tee 
L, Tre&ta both p•rtlal reflection nnd entrainment or 

lutant• fr- above ■ixlng laycr,b 
H1xia1 height depeada,upon location only. 

pol

2. T~e•t• ~it!ler partial'reflectton or eatrainnir.nt. 

J. Tt-~•t• only perfect reflection, 
H1x1D1 bei1ht depends u·pon location ollly. 

4. treats ollly perfect reflection, 
H1~:n1 heigh: uniform over region of intareat, 

Sem1eitp1r1cal/ 
Jy111t1aic 

1. Uae, ~erfect reflection boundary condition. 
Klxing height 1• a function of time, 
Uaea method of aul.t1pla iuges ·•ad evaluates infinite ,um. 

,z. Same a, llo. 1. but vith conatant ■ixiag height, 

3. Uae, parfect reflection vitb interpolation betveea 
region vhne ■ixinl height ha• 110 effect and region of 
uniform aulng. 

4, Functional for■ iaplicitly •••-• mixing helcht large--. 
enough to have ao effect. ,. hrplicit treat•nt 11.iaita appropriate parameter,, such 
aa vertical dispersion coefficient. 

Sem1npir1ca1/ 
,teady-,tataC 

1, Uaea perfect raflectioa vith constant ■ 1.xing height. 
V•H ■ethod of a1lUple lM&H and ■valuates inf lnl.t• 1\1111, 

z. Uaea perfect reflection vith interpolation between 
region vhere ■ lxin& height has no effect and reglon of 
uniform auing, 

J. Functional for■ ·1mp1tcltly aa1umea 11ixln1 height large 
enough to have no effect. 

4, lllpllcit treatJncnt lilllta appropriate parameter•, auch 
aa vertical aiaperaioa coefficient, 

CU111&tolo1ica~ Level of detail depend■ upon treatment employed by mdal 
used to do baalc diaperalon calculations, 

b. Upper lloundary Condition (at Mixing Height) 

·..-:: 
~~- , .__.., 

F,;. i't I ,t r., ~- I 5-. ,,J ,.... • I. .,""' ' ', .:.1 
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Table 5.14 (Coutd.) 

d. Vertical Sidee 

type of

~ tie~_hc,_d of Treatment•

Nucerical/ 1, Treat ■ flux into ragion •• function of location 
dynamic (including elevation) and time,

· 2. a. Truu flux into region •• function of horizontal 
location (no elevation dependence) and ti~, or 

b, Treat• flux••• function of either loCAtion 
(including elevation) or t11", but not both. 

3. Treat• flux aa • function of hori%ontal location only
(no elevation or tillle dependence), 

4, Treata flux as a con1tant, 

5. Not treated explicitly; •••um•• horizontal uniformity.

Numerical/ 1, Traata flux into re1ion •• function of location 
eteady-■ tatec: (includin& alevation). 

2, Treat• flux aa • function of horizontal location only. 

3. Traat• flm: •• a conatant, 

4. Not traated explicitly; a11ume1 horizontal unlfol"llli~, 

Semiempirical/ (Treated•• background.) 
dynamic

Sniemp1rical/ (Treatad a• background.) 
.eeady-atata

Cl111111:olo1ical Level of•detail depend ■ upon trea1:111ent ea,ployed by model
used, to do buic df..aper ■ ioa calculationa • 

------------·---------
Table 5.14 (Coutd.) 

i:. Lover Bounaary Condltlon lat t. ------------:th'• Surface) -
Type •11 

~•_I_ l'.cthod of 1 eatment• 

!lume r I cal/ 1. Allovu for partilll reflect !on tn Ce'C'IU of ,, ,try depo
dyn.ar.-1,, •ltion velocity, vhlch ca,, depend on locolll< a and time, 

• 2. ' 'rre,ts parti.al reflection "sing conatant ' dry depoa1-
ti,on velocity. 

J, Treats perfect re(lection -,nly. 

llwnerical/ 1. AlluwR for parti.al re!lec• •en in teraa of ., dry depo-
stea<l,-9tatec ·•it1on velocity, vhich CA• depeod on locatl<1n, 

2. Treat~ partial reflection "•ini; cooatant dt _, depo•·i
tion v eloc l ty. 

3. Treata perfect reflection only, 

Semr:ipirlc:al/ 1. Ass~d foni of vertical , ,,nceotration prM t le ba1ed 
dynaoric on solution to ditfwiion , 1uation vhich iucludea 

boundnq condition deacr1Hng partial ren~,·tion. 

2. Tr.. t,; ooly perfect nfle•:tion by aethod ol 11ultiple 
1.maseu; evaluatu infinit•: 1um. 

3. Tr..t:1 ooly perfect reflc, tion; uaes dntd•· lntage 
1ource treatment and inte ..•olatea between , ·,:Lon ,-here 
mixing height ha• no efh- t and re1ion of uniform mix
ing, 

4. Treah only perfect nfl,:,·~lon; uae• dnr.l" IM,;e 
1ource treo1tment vith an : ,pUcit treatinr:,r. .,f urpu· 
bound .. ry condition· (hencl' no multiple nfl ,,,:tions), 

Sesicr·,pirlc:al/ 1. A11umcd form of vartical ,oncentration prof Ila ba•ed 
•teady-etate on •olutlo"I to diffudon , •1uation vhich, 1,,rl11dea 

boundary condition ducrH ln& partial· re fl ,•ct ion, 

z. Treatll only parfect nfl,,, t1on by method v[ UJultipe 
1ma1ea; eval~te■ in!init · ■ UII• · 

3. Treatg only perfect refh·· tion; uaea dr.p,1 ,, Jmage 
■ ource treo1tment and 1.nt•·· polate ■ betveen "'Kion where 
mixing height has no •ffc t and ra1ion of ur11fon, mixing

4. Treats only perfect ref!<:• tion; u..a ■ lnp: I,• t11111ge 
1ource treal:Jllent vi th an ':aplicit treat111<,11t of upper 
boundary condition (henc~ no multiple reflcctiona). 

Cl1.m.ltolo1ical Level of detail depend• upon • reatment employd b:, model 
uaed to do baoic dispersion c.,lculation1. 

·j 
I 

. 

..; 

• 
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Table ,.u. Trut-1t11t of Temporal Correl.at1ons•
Table 5.14 (Contd.)

e. In1t1al Cond1tior,. 

Iyp~ ·1f 

.J!2::1L Hethod of 'r-'_4~lMnt• 
I 

Nusn-:, f cal/ l .. _ Trfltcd ' as a .function of 11dtioa (taclull•.••~ ' elevation). 
dyu.1 Le z. ·Specified u unifor ■, in, pendent of poQ,f l ton. 

Nlllt· • :cal/ Kot applicable, 
•te:, . .--•tate 

Sc.• ?irical/ 1. · Treated u • function of :-odt1on (inclurl 11111 elevation). 
dro,,-- ;c z. Treated as W11fot11, :l.adc1 ·ndeat of poaiti.-,n, 

SHI ·,p1r1cal/ !lot applicable. 
•te·••i·,-•tata 

CU·,, •;ological Level of deta11 depencb uron treatment •ploy,:,l b7 aodel 
uaed to do basic dispersion, ,lculation■• 

•tr, ·::i!M!nt ■ are lhted 1n order of decreulng 1,.-,el of detail ,.,11.hln each 
ty1· of 1110del. 

1>,,.,,' .Jtion u1 dao be tre.itsd by nu■edc:111 1110,i •le through an 111•1•ropriate 
ch-· 1. a of the upper boundary condition durf.n& 1 ·•• UM of the f,i::.lgation. 

cSc· utial ateady-•tate trc:nblenta caa accoW1t ··or variations fo 11arameccr1 
U, back11round and ■bin& height b1 AH1gn1ng 1 different valw to uch of 
th,· ~i&a intervals involved. Hodell providing ~hf.I capability give ■on 
de 1 .. llcd treatment ■ of thiB alenaaot than tbo■ e ,hich do not. 

., 
Method of Trut,aentb 

1. SequentW treatlllent1 (correlation ■ automatic).c

a. Bigh desres of _t-poral resolution (uauall7 one hour) of all quar.ti
tiea.

b. High dcirce• of temporal rc,olution of time-dependant queatitiea innat
llaportant to the application. 

c. Either lov degree of tmporel re ■ olutioa or failure to correlate 10111e 
i..portant quant1tiea. 

z. Non-nqucntul trutiaeata with liaited correla_tion.

a. Hi&h de1rn• of taiaporal rssolution and correlation of time-dependent 
quant1tiea illlportant to application.

b. Either 11"' degree of tmporal reaolution or feilura to correlate s011e 
i■portu,t quantitita. 

3. Correlations not treated upl1c:itl7. 

•the qu1111titte ■ of tntere•t hers are those used to determine enaisoton,, mete
orolog7, rl!lllOval proceus••• backsround, and boundary conditions.

bTreatsente are ll•ted 1n order of decru,1111 level of detail.

cFound 1n dynu.ic and 1equmtul aodeb • 

.....

...... 
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6 CCJG'ARAtlV? EVALUATl )I 

6,1 1_:;rRODUCIIOII' 

This aeetioo provides detailed suidance on c0111partn1 tvo s h"•latioo 

1110dd,. Th• comparhoo h ude after th• iloport•• ce rat1n1 of e.or.h c.lenacat 

has b· " revie.,ed and the tic·•:otment of each elu, -t ha ■ b4en deteru1.,,ed. The 

coaipo· -tive evaluation 1• tect,nical in nature and con ■ i•t• of tw¼ ,;r,.pa 

duc:r!!.ed 1n Sections' 6,2.liand 6.2,2, reapectiv~•7• Io theifiut ucep, the 

moddo 3r ■ c:oaifJnd on ao ele::ieot-by-element ba■ I ; 1D the ■ econcl, these 1ndi

v1dua I c0111parhooe and the importance rating• arc combined 1nto ti.,, tec~ical 

I • !!!lU_ :.1•...!£!!.• 

4' 

6.2 ,FCRNICAL COKl'ARISOK 

Ba!ore initially atta11pting to c0111pare the treatment ■ of an ,,lement b7 

tvo 00•.lell, •it is atroogly n:co=ieoded that the u .er be faailiar llllh th• 

technical 111&tar1&l pre ■ lll\ted in tha appropriate• ctioo of Appendlx A, Expar

ienc:c•I uHri 11&7 hava a luaer need for such ref,.· enc• materiAl. 

6.2.l Comparing Treatments of Individual Element'. 

The 1tud7 modal 1 • trutaeot of a particulu .- ela111ent ■ houlJ 1,., rated aa 

IETn:~ than," COHPAIIAIL! to, or WORSE that the rel ·reoce IIOdel'• tre.1taent, 

' Thh 1-,ting depend ■ on the nlotive level of detn: !:, vith which th,• t.wo modal ■ 

treat the element and the !!!!.'.! for a detailed tn .tmcnt. tf the nr,,Jy IIIOdcl 1 
• 

tre.atr.·-,nt h ■ ia:ni!1cantl7 more detailed than th1,1 used by the rt'f,-rcnce 1DOdel 

!!!! c~:i,idenble detail 11 ne,_.ded ,ln the applicat •on, the ■ tudy_ rnmf.,l '• treat

ment 1•• rated BE'ITER. If both trcataenta are u, ntially the aamc, the ■ tudy 

P1odel ls rated COKPARAIIL!, Finally, if the •tud; IIIOdel 1ncolporar,·" ■ub• 

i •t.inc1,Lly leu of the detail needed 1n the applt .ation, it 1■ rat, I WORSE. 

Cuidall':e on detenatnina the relative level of det .U 1e available from three 

•ourc•..:~,: 

The general table, 1n Section S, 

The diacu• ■ ion• in Appendiz A, and 

The daaree of !lu:1b111ty the uHr ha• lJI defill1nl 1npuc to 
the aodel. 

The tabl.. 1A Sectioo 5 liat variou• treat ,eot ■ of each al ''"~nt 1D 

order of decreaelng level of detail, Th••• tabl~, are the ba ■ ic toole to 

be u•c·J 1n detenaio1na the relative level of dot, n u ■ ad 1o a giv,,,, treat

ment, SOM element• have been further 1111bdividc,.I into 1everal asp"•:ts, 

each of vhich muat be couaid~red in 11alting the c, ,parbon for thos,, e.l.e

mant:,, 

11 there u only a at.Dale upact, the unr ■hould locate the trut1unt 

uaed by the atudy 1DOdel and the treatment used by the t~Cerence ~odel on tho 

approptiate tllble 1n :;ection 5. Table& 1.2-1,ll in Appendix I gin the ttr.atmcnt, 

uaed by aelected reference model,. Since oot all po•sible treatments a,e 11sccd 

ill the tablea, the user may need to infer at what level a given tre~tJDent "ould 

b• located if it were explicitly included 1n the tabl_c, On the bash of thr 

relative lev~l at which the two treatment ■ occur, the uaer •hould d~cide upon a 

comparative rating of the ■ tudy aodel with re ■ pect to the reference oodcl. 

Judpent ■u■ t be exerclaed at thi• at•1•1 a treatment occurring ate alir,htly 

higher level ill the table tbais another ia not necee ■ arily a B!TrER tr•atm~nt, 

COHPAMBL! ■ hould be 1nterpreted a■ aeenin1 "near" or "approxirnotely the t3ae" 

and ■ hould !2t be 1otarpreted •• aaean1D1 exact equality, A l11nif1cant or 

1111bat&otial difference makea the coaparative ratin1 BETTER or WORSE. 

~"hen the relative level of detail of tvo treatments 1• doternined, the 

relevance of that detail to the particular ■ ituation ahould.alao be considered. 

The table• of treatment• 1n Section 6 are general 1o nature and may indicate a 

dUferenca 1o the lev&l of detail that i■ irrelevant 1n the application of 

1Atereat, For ex&1Dple, a ■ auae that the application involves level terrain, 

that the 1tudy model account ■ for phy•ical stack heia:ht, and that th• reference 

IIOdel account, for both the topographic elevation of the ■ ource •• well ••"the 

ph7■ ical ■ tack height, In thi ■ c•••• the ■ tudy eodel would not be rat•d •• 

VORSE th&11 the reference modal, •1nce elevation correct1001 are n~t requirrd 1n 

the ap~cUic ■ ituation befJl1 modeled, 

The lituation becomee ■ore c011pl1cated for those element• for "hlch 

■ everal aupect ■ are dbcu11 ■ ed, n1e coaparhon b made !or each aspect aepa

rately and the reaulta caabined to 11ve a COIDparative• rat~g for the ele:nenc 

H a whole, The user ~hould be a:uided by two thinau 

• The likely iJDportance o! the varioua aspects in the particular 
■ ituatioo to be ■ imulated, aod 

• Th• upected aenaitivity o! model a ■ ti.lllate• to chan1ea 1n each 
••~ct ■cparately. 

Tb& actual ■ ltuatioa caa ba uaaioed to datemine vhich aspects ai1ht 

require 1110re detailed treatunt. These would then veigh ■ore heAvily 1n the 

evaluation of tha element as a vhole. Treatments of aspects to which the 

concentration estilllace, are ao■ t acnaitive would weigh more heavily than 

treatments of aspect ■ to vhich the estimates are lust sensitive. A 9u~11-

tative Judgement on thHe utten 11 being 1ou5ht; quantitative lnfonn.ation 

u not required. It '""T becoae necessary to conault an expert if questions 

re1ardio1 •ensltivity ariae, 

In difficult aituat~n•, tl,e dhtuuiona 1n Appendix A aiay hrlp resolve 

the problem. 

Specific 1uidance for all poas1ble ■ ituation ■ 1• clearlY, not fea.a1ble, 

but the aeneral principles dllcuued above ahould enable the uaer · ·are 

~.,,...., __ 
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th• t1 -,:.aut.1 1n mo•t .ttuat1.:ia1, If thb 1u1d1, e doe, not allo the ua-,r 

to r,w ·:, a dec181on, an expert •hould be coasultet.. 

·J;ie rtnal point needs to be made regardtn1 ha comparative r.,tl.ng otl 
trut,,:,... tt, For elClll ■ nte like dbpenion for whl•·, th• wodel itB<'lf wat be 

clu• 1f 1~d, the ,u..r ..uac cons lder th• appropr1at,..eH of the type ,,f IIOdel 

to the •r-plication at hand•., M,m:, factor ■ could 1•· into dJt•l'lling ,..•,..char a 

partir.,. lar type o! 11odel 1• appropriate aad no ap, 1fic suidance 1c.,11 be 1tven, 

The u,; . .- ■ ust uke a decb_iyn baaed on 'specific n<. de of theiprobl,::1: For 

uampl c, the tablu for dhper9ion in Section 5 11 .t numerical/dll!' ·:•, le trut

aieat• . · ,,ve the samie:npirical/ •teady-atata treatm, ., t•, However, a:. J hcu•11ed 

in Ap1·• ,.Jt;,: A, i! certeiJI condttions are •athfhd, a •eaiempirtc,,I /::taady

•tate , ,,•ataient may be Ju ■ t aa 100d as • numerical .'dynamic tre11tP1,,n 1 • la 

fact, 1, • high degree of ,patlal ruolut1on is r, ,u1red, th• ,.,.,1,,•:•lrical 

appro,., , ID&Y be aiore applicable. Thu•, the u ■er , uld be varno,d th.,t a highly 

detail,.. ! approach may be inapplicable &iven the u,. ·r' ■ •pacific n~• d f, Thia 

exampl.- lllustratu the nead for the UHr to be f., 11liar with the :io1ter141 

1n Apr ·i:dix A, 

6,2,2 ,:ventl Technical C0111.e.arison 

· his 1eetion deacrtbe• th• procedure for ,, ,thesbtn& the c,,, ,par1son ■ of 

the 11 ':vtdual element ■ into the TECHNICAL EVAL:IA1 ION, 

'· ··- there have bHa DO dH1111\&t1on ■ of Cl.l' [CAL .1••u, th, u ■er 

ch011ld, ,oceed •• folluv ■ t 

Exac.ine the dhtr1b11tioo of the treatm, t ■ of the HICll-r ,ted ele
aients au,ong the cat,,goriu Bf.TIER, CO.'fi' IIA.BLE, and WOIIS::. Baaed 
on tho, type of distribution and the &nl .,nee below, for,wlate a 
tentative evalueticn, 

2. lined on the dl■ trtbution and nu11ber of the HEDIUM-nte•l clem,.nts, 
determine the need to 11odify the tentat ·ve rating au1t"' ,J in •tep 
l. Hodify H required. 

J. Thg modifiad z:-atiAg obt.:,ioe.d in Step 2 dll 110rmally be the n:cu
NICAL EVALUATION. In acibiguou ■ dtuat l -na, the LOW-rat··! demcntll 
11117 need to be conatdered, 

Tf the uaer 1• unable to co~plete the T!Cill,;CAJ:. EVALUATION &lveo the 

tollovl11; au1delinee, an expert ahould be con ■ ulttl. 

l t h •ho ■ trongly sug;.;eated that the u ■ cr 

the dc~i~ione ~•• particularly in a11biguoua caa< 

6.2.%,1 Comparhon Ju,,d on HICR-RJlted Q• 

In ■ tap 1, only the high-rated eleinenta arc 

tau thr. follovin& point ■ into con•lderat1oo: 

doc11111eut the rca ~ona for 

,. 

enU (SUp 1) 

con1idered, The 11Hr •hould 

Th• relative alllllben of tnetllente 1n er...h cate1or7 (the ,:htl'ibuticn), 

•h• ■ pec1f1c ap!'U.catioD element ■ 111 ..r.h cateaol'J, 

• The relative importance of tbete ele111ents in t~e application of 
1nterut, 

• Tactor ■ unique to the appl1cat1oa of interest, and 

• ro,aible amb1auou• rating• in parentheee ■ , 

Five type ■ of d1■ tr1butioaa caD ar1oa. Each 1a de ■ cribed belov alon1 with th• 

uDncr 1n vhich tbe other cona1derat1on ■ affect the evaluation; It is not 

alway, necu ■ ar:, for the u■ er to identify the particular diatribution aa loPg 

•• the application of the aeneral idea ■ ia under•tood, 

Coue l - All Treotmcnts of Hich-Rated Elements in Same Category (RETTER, 
CotU'AllMLE, IJORSE) 

In thi• case, the compar1aon 1a obvious, For example, if there ar.e three 

hi1hl:, iaportant ele:aent1 and the treatment of uch by the· study 11,...tel ls rated 

better, ll&Ttll 1a the unembisuou• cat17 ill the "Co11parat1v .. Ratit11" colur1n, 

C••• - 2Equal Number• of Treat■ cnt• 1n Each Cate5or7 

With equal nUlllbera of treatment• ill ••ch catesory, the u•er cannot silllply 

a1111111• that one better treatMnt balance• out oae vorae treatment. Rather, the 

uaer 1hould identify those eleaent1 who■• trutm■at1 ■re be1na con1ldered in the 

three cate1orte,. The importance of the•• element• to the •pecif1c situation to 

be 110deled ■hould then be reaHeHed and an:, facton unique to that s1tunt1on 

ahould bo con ■ idered, Thi ■ proceaa should aot be interpreted u a ruulgnsoent 

of the importance rat in&• but rather a• a aean ■ to "fine tune" the HICII rat illg~ 

1n order to reoolve an otherv1•• ubiauoue 11tu•tion, AlthouJh all theuo ele

ment• are of 1enerally hi&h :llllportance ill the application, the HIGH category 

itaelf cover, a rather broad rans• Mnd aoae of these elu,cnts MY be aicre 

important than other,, If wch a determination can be ude', a basis l'l&Y exist 

for 111kin1 a comparison other then COMPARABLE, 

Other infoc!ll,ltioa .,.y b• &•ined by lookin& at any ambiguou1 element-by

element compar11ons. For exAlllple, if one of the COKl'ARAIILE rating• i• ubigu

ou ■ aad 11 indicated•• perhap ■ belongin& 1n the BETTER catesory, tho Judgo:s:1cnt 

wuld lean toward BEnER aa the Comparative Racina, Thi• Judpent is ~de only 

after the relative iJDportances of the elaent ■ rated•• better aad wor ■e have 

been considered, 

Caa• 3 - A L~Ete ~Ullber of Treat11ent1 1n One Category and a $:n.~llP.r 
fu,111her in the Other T"° 

The coooid•r•tion• here are •tailer to those described above, Th• eompor

Ative rat1n& 1a that category with the largeat number of element•. The confi

dence 1n thi■ ratln1 increa,,• •• th• relative number of treat~ent ■ in this 

cateaory 1ncreaaea. For example, a rating of COMPAR.AJIL! based on three cocpar

able treet1Dent1 and tvo vor•• one• 1a much aore tenuous than a COMPAltAJILC rat

in& baaea OD four comparable trutaeot ■ aad on• wor ■• one. Soae addt••-~al 

··-
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11111. .. t may allo be gaiJlcd by u:111iniD& any &111b1 uou• ratin&•• :,!,,ca these 

rat 1 r ;• are 1ec:ond gue•s••, their major u1e sho,·: d be in cs•es .,1,, ra they tend 

to !:"'~ acbiguity fro ■ the situation, th1<t is. if they support t!,a initial 

co::i;:-irhon. In any case, no flnal aaaignmcnt ol the C0111parative l!Jting should 

!Jc e, :.!c u.ntil the elsent ■ 11ho ■ .i treatment• are , iatcd in u,:h c,:.1,,mn are ldenti

fhd and their relative il:lportance reevaluated. It may b• poaalhlc, for in ■ tance, 

for ., sillgle IIORSE treatment ..,f .-i highl, rated ,. •esent 'i:o just Hy ;, Cc;,mpar.attve
I 

l.at Ir.~ of 1:oRSE eve11 1f the· treat1:1ent ■ of ■ ever·, 1 other high-riitd elements are 

co:u·.·.:•ABU:. l ' 

CaH 4 - Large Ku:aber" of Trutaenta in r ·1PARAJIL! and 
One Other CateA2!1, and a s....11 I· n!:Jer in the Thir,I 

The· Ht:18 coneideration ■ apply here aa enu crated 1D Ca!le ) • Hara, 

h,,ve·1,·r, any change 1D rating from the catugory "1th the lareP.st n•.11aber of 

tret<t ,•cnts vould generally be to ·that auociata<l with th• next hr1;er number 

, of 1:l,::1ent1. 

Caae 5 - A Large Number of Treatment ■ in •he BETTllt and 
WORSE Categortu and a Small Nun ,,r in COKPARAnl.!~ 

Thh type of dbtribution 1hould be con,f,'.ered anoNlou• 11ud the uHr 

ahould review the individual compari ■ on• and tmr ,rtance ratinga Lcf<>re pro• 

ceedti.a, If the anomaly cannot be raaolved, an , ~pert ahould be i:nn•ulted for 

aid in th■ comparboa, 

6,2,2.2, Comparioon Hued on HEDIUH- an,J LOW-RATED ELDU':,1'!! 
(Sop• 2 an!l...11 

In atep 2, the HEDIUl1-rated element• are , on•idercd and the user mu•t 

deci.Jt: lltlether or not to chana• the Comparative I valuation re4ch&:<1 .-it the end 

of atcp l, Keapina 1D ■ind that the KEDIUK-rat• I element• are by Jcftnition 

leu 1'oportant individually than the HICR•reted , lemeata, the UDl'l ,hould 

con11~cr th• follovtn11 

• The same conaideration• •• involved in ,tep l, aacl 

• The relative number, of HICK• and MEDI· H-rated alement6. 

Th• conaideraeion of the d1atr1but1on of the HEDIUH-rated <.>LP.ment• and 

factor• unique to the application follov lin•• p rallel to thooc Jtscuaaed 1n 

Sectiun 6,2,2,1. If the distribution of high an·. mcdiua element" ,,re aimilar, 

110 ch,rnge 1a mad• 1Jl the rat in&, If the dbtrib11tiona are ditccr, ·,t, the 

dul.Doility df a change become ■ stronaer a• the relative aumbcr 0£ medium 

elements increaeH. When the number ■ of high an-! medium element~ nre considered, 

the u,, ... r muat think about vhic:h element ■ are tnvnlved and their rd.1tive impor

tanc:c Jn the spec:1f1c situation of interest, fo. example, consi,fa the tvo 

cueo outliDed in Table 6.1. In c••• A, the user would be much •">re likely to 

chans" the initial C0111parat1ve la ting fro■ IETIH to COMP/Jl,\BI,! t h,m in cue B, 

bee~.. -- .,f the relatively larger 111:abar of HEDtt::J-rated alments in case A, 

,.,.,_;.• 

Table 6,1, !(feet of Humber, of 
!l•ata on !lat ing• 

Importance Comparattva 

,. 
Caae hting letter Co.parable Worae R.atJ.Dg 

RICH l 1 0 !El'!:!-. 
MEDIUM 0 6 0 ~OMi'AP..A.BLF. 

I RICH 3 l 0 ~ 
MEDIUM 0 4 0 lliill. 

ID moat caae•, atep 3 abaply :Involve ■ writing dovn th~ ~O"llporative 

Rating reached at Cha end of step 2 aa the T!CIINICAL EV.-\1.UATIO!I. Th., LOli

retcd elnenta dre ui:ually not con•idercd. In caaes in which the UQer 

conoidera that a contemplMted chaos• baaed on the HJ!DlUM-ratr.d element• is 

Ulbiauou ■, it aay be necuaary to look at Ch• LOW-rated element• 1n •n 

att.?111pt Co resolve the Ulb1su1ty, The rule ■ for the co■ parieon are ed ■ entially 

the•-• as 111 •tep %, ucept tb.1t 1D thia c••• the uaer 1• uamlntng the di1-

tributio11, numbr.r of eleaanta, and fJoportance to the appllcatfon to ,.,e if the 

f.adicated direction of chauge 1a tha HIH •• Chat being contemplated. tf"'it ia, 

the Amb1su1ty -Y be reaoved, If not, the change ahould probably not be mad ... 

If problams •till re:ufll, ea expert •hould be con.ulted, 

At thb point, the TECHNICAL EVALUATION 1a c:omplete, 

6,2,Z.3 ~""',ear11toa vith a CltlTlCAL Element 

If a CRITICAL element has been des~anated, the procedure ia almott the 

■-•• except that the lnttial catlll& 1• baaed upon coaaideration of that eleioffl'lt 

aloua, Poaaible aub•equeat aodtf1cat1oaa are than baaed first upon c:onsidr.ratioa 

of the treatment ■ of the RICH-rated al•enca and then upon thoae of the HEOUIN

ratr.d elementa. However, U a critical element ts tre4ted wrse, the u•er r:uiy 

consider 11111kin1 this aingle compart1on the ba•h of the entire TECHNICAL 

'EVALUATI(J(, For comparable and better treatment ■ of the critical element, the

entire procedure • •hould ba applied. Since then will 1e11er111ly be only a 

alnglc critical eleaent and aeveral RICH-rated ehmenu, t:,e us<,r 11111st Jecid'l 

hov many high element• would be required to override 011 lnitlol Co111parativc 

Rating based 011 the critical element alone, A;ain, the uacr 111u~;; r~llch " 

qualitative judgment baeed 011 the considerations discusaed above .1nJ 1UUat not 

baae an entire comp•riaoa ou a •lnale critical element. 

,_ 
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. '!; 7 ltDLl.!lAClt/STATISnCAL Kl! :LS 

7, l G,:;ll~lAL 

· 'ill• empbad1 in thiJI vorkboolt 11 oa the coc ,•ari.soa of 1imut;,, too 

modeh. By delinitioa, tbue model• aiaalata aatl,, utically th• e tr ,~eta of 

phy ■ ic.,l and c~.u.ical procuau that affect air q•. 1Uty, Furthcm,.,ao, th• 

relevu ,t pbeaorena an coaaldered :iad ducribed 1, teru ,of fundnr: •ntal 

phyafr.,!_ principle• of seaen,i applicability. A.a I ruult, • 111(>...t.,tioa 1110del 

hu tt. proper.ty of· b~in& thn,,ferabh fro ■ one 1, atioa to ~nothn .1s loo& H 

tb• 11:,ltation• :impo•ed by aa,waptioDS ude 1a th•· baaic fonatlatf,rn of tho 

IIOdel , ro oot violated, Air quality data taken v I hia the resion "r 1Dtercst 

ia aol ,equired except tofu bo1111dary and/or Wt ·a1 conditions. 

11..ldels which do aot Htl■ fy these criteria ·,ay be eacountcr,•,l by the 

u.ser. Thia section providu geaenl guidelinH f..,,. theb· evalWltku aad 

CO'"l'&rl ,on, Si:ch model ■ are l.:nied rollback/natl ·tical 110dels thrn,,ghout 

thil '-'"tl<book and are ch.'aracterhe,l by oae or botl, of the follovin1: l'roper

tiu: 

Only• very fev of lhe factor• relating co emiaeioDS, 
meteorological, traMfoniatioa, and re1t,• .-al procueea 
ar• explicitly coa.siJereJ 1D the fonaul. ioa of the model. 

' Locally mea•ured air quality data h re•:,.ired in order to 
determine empirical! y the valuu of var I ,U.S coefficients 
or parameter ■ 1a the model, 

Included in thie c.leHification ia the 1illl1• e rollback 11odd .1nd 

variou:; cxten3ion, of it, lhe d111ple rollback 1100 l !!!.!!!!!!, a lir.,,.1-r relation 

batveet1 total pqllutaot e■i.11ion1 vithia 10• na1 ·n and pollutant roncentra

tiona 1,,lthin tbat region. It doea 'not explicitly ,:oaaider th• apnt.JJl di1tr1-

bution uf cmi.ssion ■, the location of the receptor11 of iotereat, nor ,1ay meteoro

log1cn1 factou. 

.H 10 included 1.a tha rollbaclt/atatiltical , •tegory are thoc,• model ■ that 

nctutr .. the u.se of actual atmo&pheric monitoring ,; .ta, including bPlh air 

quality J.lld uteorolocsical variabltoa, for the •pl, 1cal adju1tment of model 

par..11:ct~r•. The rebtionahip between air quality ,,nd &elected mer, ·rological 

par:u•cti:=• a deteraine.d empirically 1D theae .,d, L1, co-Illy thruur,h th• 

uae of ce11teH!Ja or other ■ totiltical techoiqu... 

7,2 t~VAIIU~ Alll> DISAl>VAIITAQS 

Th• 111■ Jor technical advantage enjoyed by "tetiltical 110deh 

1a the cloae relatioaahip betweer, coaceatratioi:i <. 1t1.1utu and val u,·~ actually

~ai,r,:d under more or lese ■ Wlnr circUldtanceu. the effects of. all tho•• 

fact~," that detcraine atmo ■ 1•heric pollutant coo, .:atrationa are b 1,Ucitly 

accoLoir.ed for 1o the air quality data uaed to de•. ,lop &Ad optimh" th.a 110dal, 

th.. 
.,...,~.,. 

e ,, :11 .., be eaU abO'Ut rollback, eiDce III aiT quality -•un. nt h uaed .

I 
I 

\ 
f.I· :, 
' 

to eatimate the ratio of eaia•iooa to at1101pheric conceatrationa. Due to the 
' aature of the procedure• uaied in developin& a 1c.ti1tical aodcl, infor:i.ntion 

11 often ava114ble reaardin& the atatiatical 11gnificance of the variJiblu 

that are taken 1nto account and the uguitud• of the atatistical error v,ede 

b7 the model; no such inforaation 1a available for rollback. Other advan

tage• of rollback/atatiltical 110del1, euch •• their lov developcent coat and 

lov reaource requirementa, are primarily pragm.atic in nature, 

Th• aaJor di.sadvaatage of rollbaclt/atatiltical a>del• also arise• frnm 

tbeir dependenca on air quality deta, A •tatietical model 1• aot, 1JI gcacr3l, 

applicnle under condition& that are ouuide the range of c:onditioria uicluded 

vithio th• data u.sed in it ■ development and optbli&atioo. The range of coodi

tione collllOllly includu variation• in Mteorologlcal •ariablea, but for prActi

cal ~uona very little variation la the •pati.sl dt.tributinn of ~~ ■ l.onA can 

be iuvcatigated, Cooaoqucotly, atatiatical model, are not generally 1uited for 

application& that involve th• coo91derat1oa of e1gn1f1cant chaogu in the dis

tribution of eal.f ■ ioa• a:ad, aa a reault, are uot tranaferable without re

evalwitioo of their ■ pacific empirical para-ter• or coefficient,. PDllbaclt 

coaeidcn only one aet of condition•, ■ pecific:ally that act of meteorological 

conditiooe and ellisaion ratu which eicieted over that period of tille 1JI vbich 

the air quality aieaaurement uaed in the .:idel vaa ude. Therefore, it 1e aino 

1111auited for tb• conaidcratioa of chan&e• ia the eai1eion di1tributioa. 

tb• applicability of rollback/etatietical .,dell 1• 110re lialted tbao 

tbat of a 11mu.lat1oo 110del for other reaaon ■ aa vell. For eumplc, only 

rather geoeral concentration eatiat3te1 u7 be obtained. tbe dcpcndP.ncc of. 
pollutant concentratioua oa. poeitloa e&DDOt aonaally be predicted, nor c.ao 

indiYidual eource cootri.buti- at ao7 giYWO po•itioa of !Jltere ■ t. 

lf a 110del that fall■ into the rollbaclt/1tati1tical category i■ to l>e 

evaluated, the uaer ■ hould consider the appl1c1btlity of the p,,rtlcuhr ::.oc!cl \ 
to the application of wtereat, kecpina 1n ■ ind th• generally 11.:ited •ppli

cability oC auch 1110del1, Statiati..:31 moccla ~-re oftea forwulatcd for a ver7 

apecific purpo••• lf that purpo1e coincide ■ vith th• raqulre::,a,t ■ of the 

uaer, nod Uthe rang• of condition ■ of !nte:~st to the u ■cr are 1.Dclo.ded 

vithin thoH usad to dtvdop tho mc,del, the 11odel b appllcable and :uy stvc 

better re,ulte than a ■ 1.m:ulation model, Otherviee, the -,<!cl uy oot ~• 

appropriate, 

7 ,3 COtl!'AllISON OF IUlLLBAl.'1:/STArlSTICAL ~DELS 

the only bade tl>At u7 esht for the compari.soo of a given ■ tatiati.c.sl 

-Jdbl ~1th a gi~•n eimulacion IIOdel i ■ .the ob1erved perfonaance of eaco 1D 
,; previous practical applicatiou. In general, the philoaopbie ■ and goals of 

tb,•.se tvo a;,proache• to eatiJlating at.Do1pheric pollut.1ut lcval1 are sufftctently 

different•• to preclude any .,.,t.-tlc, objective, a priori tecludc.al coo,p.irisou.. . . 1: 

·--_,·,......,r; ·:, -i 3":,. ·• f- ..,.~ ' ,,.,. ' ,. "' ~·•f Ill' .. I : "., l .1 f·..· I f ~ L,J I.. ·.;· ·i t. ·,I r 
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J!, bo,,·vu, util;Latu :,! the cnon made by the ~ :1111lation model In applications 

11.mibr t, -::!le one of tntel'Ht al'• available, they may be coapared ulrectly vith 

the exp,,ct~ erTor for th• 1tatbtical aodel, ther- by allovin& a c,•,·;,arativa 

aval1111t!•Jn to be made. Cnfortuoately, even thb !· sb doea not ul:,t for roll

back, ,, :nee the emtssion-concentl'ation relationshl: u an aaawaed """• rather 

than o ... : obtained using acceptud 1tatistical proc, urea. 

rt may ba pouible in •=• casaa to aalta a ,·oapari ■ on of •1 Mllback/ 

atatint ~cal model vith a. •iD\"lntion model by dete, lnin& tha ;appro:1.l111:ition1 ' that 

llllllt be i::ada to reduce the vorktns equation• to a I I.near relation,."'' th conotant 

coeffic. l•:nta betvecn tha pollutant concentration .,.,d the total emJ•;,;lon rate, 

The dc;,:·ca of validity of the necessary approxit,at 'ona iD tha situ,1tlon to be 

tDOdelc•! ls a eieasure of the de11ree of comparabilil; of tha simulnt l,•n model and 

the rc1;oac;k/atatlstical 11odel. If ti.le approach Is adopted, the i,v;1l11ation 

Form pi->vides a convenient fonl4t for recordtns t~ · necaa1ary ir,!or:,.;ir.lon. 

Fcrth•·s· 0re, 1f the elemcnt-by-eleir.ent comi:-arhont, are 1ntei:prctcJ . · a mt,01.,.ure 

of the· \'alidity of the nlevaot approxim.ati:in1 lr, soin11 fro• ~h~ •· ! •:"l.it1.on 

codel t rcatment to the rollbaclr. or •tatiatLcal ID<l• ·l treataient, t!t.: !1,foniatlon 

can be .a,anarized •a1ily on Part D of the fona. ~'•• t•chnic,l coair:irillon can 

io tht, caH be ude t'olloviau; tbe aaae auidaline,. aa are 11Hd for lhe 

c011part,on of' two aimulatiOD 11odeh H deecribed L, th• other 1ectl.,ns of this 

vork.b~.:ilc. 

lt uy not alvaya ba poa ■ ible to aak• • c, ,,parboa in thit1 ·.,,innei:. A 

1tatisl lcal model uy 1t111 · bc ■Yaluated on it ■ p:·:tt performance. llovever, 

a1nce r'lllbaclt ia1 (1) not really baaed upon con•. ldaration of th•, ;,ppl1cat1on 

el..:nt ~ dilcuucd in thh vorltboolr.; (2) not obto: :1ed by etat~sticJ l analy1ta 

of •rrr<>priat• air quality dna: and (3) aa yet 11· ,ertfiad, no ba"t~ exi■ t• 

for ohj,,ct1nl7 anluat1Ds the p41rforunce of a r llback 110del. 

~-,r~ 

-
'--,• 
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Appendiz A: TEO!NICAL SuPPOltl ,1An:llAL 

:;ftction• A.1-A.8 of this Appendix contain 1 •1chnical diaclJll,d,ms of 

tbe •?:,l 1catioa eleaeat• and deacrib• aethoda of "·eat111a th•• ta ,. ,J-;,la. 

Brief ~ l~cuuiona of the rationale for the import, .,ce ratio&• are s. l~ea 111 

Sectt.,,, A, 9. 

A.l l. :1 SSION QWIACTEIUSTDCS 

A.1.1 •,~ 

,·o predict the c~acentratioa of a pollutant, • a:>del auat tr,,~t th• 

aduJ..·,11 of that pollut&At and ita precuraora, if aa7, aa vall •~ 1ho 

eaiut,".s of tho•e eubet1111cH vhich react vith th,. pollutant or iL,· precunora. 

'lb• e.., :nion• aad tbeb' diatribution can be chara, :.edced b7 apecl hln& tbe1 

Source-receptor relat1onah.1pa, 

!llliaaion ratea, and 

Coa,poaitioa of th• ead.aaiona. 

Theae : :.re• aprUc:attoa element• are cliacu"ed to~ ,tber ban but th•> user 

abould ,-,~It• aeparate comparieon• of their treatmen•:a. 

. t,1 aourc:e-receptor relationship includH 1 

Source locatiou, 

Height at vhich emJ.aaionis are releaaed foto the 
atmooph1re, 

Receptor location, 

llaceptor hei'1tt, 

For line and area 1ourcee, the orientation of th• 
■ourc• to a fixed direction, aad 

Dovnvind and cro1avind diatancea betveen 1ource-receptor 
pain, 

Thua de• lnlld, aource-receptor relationehip comprio,, th• poeitionul factor ■ 

vhich d,·tendne the extent to which diaperaive, ch lllical, and rem•,.,! pro

ceuu .,(feet P(!llutant concentration•. Oace rel,· sed at a partic11l.1r loca

tion and height·: pollutmt• travel downwind aad u" dilperaed, ult l1:.,1tel7 to 

ba dat•·~tftd at the receptor ■ of 111tere ■ t. It 1a J,·r111g tbia time of travel 

th.at dh.;,ersion, secondary sencration, and removal procesaea are o.:tlve in 

utarb;; th• concentratiooa of th• pollutant of interest • 

f-;tlaeion ratH ar• cle.arlJ iaportut becaua• they determine tha total 

quant1· • •• of uteri.all eaitted into the atmapher,: durill1 the ti.mo of ia-

t•~• :source', e■iaeioa rate 1eoerill7 varies ~1th tiae. For ~Ynniple, 

aahaioa rates fro■ a •tacit 1enerall7 vary over t1- acalea ranging fr011 

1:11.outH to 7un. For liJle and area aourcea, •P•tlal vari.atioa vithin a 

ain&l• aource may alao be J.aportant. The treatment of these temporal ond 

apat1a.1. variation• w•t be coa•tdered vhm tvo mdel• are compared aoJ aro 

diacuaaed 111 Appeodix A.1 .J dulillg with tba treatmot of e•ilaion ratea, 

Fi.aallJ, the c011poaitiou of e■iaaiona 111&St be coaaidered in aome 

applicatiooa. Cheai.c:al composition 1a importaat for eecondar, or uattive 

pollutant• aod in •o• •itu.1tiona vhere ,cveral epecie ■ of particulate 

matter are of intoreat. lhe •1•• distribution of particulate Clllissions 1• 

alao ia,portant vhea fallout, depoaitioo, oc pre.:ipttatioa acannging IIUllt 

be conddered. It ahould be noted that the ideotificatioa_ of poutble dolt.I 

Cid ••coqdary production machanuu can depend upon ltuovtng the cou,po1ition 

of ~Hioa• other tha:i thoH vith vhich the uaer ia uia.J.7 coacernrd, 

Th• follovin& three aubaectioa.11 describe the treat11ents of theae 
' application elemcate. 

A.1.2 Treatment of Source-Receptor Ral&tion•hip 

Io thi• diecusaioa, location muna a specification of tbe source's 

borizontal position. The release height apecifiea the vertical position of 

the re.lea•• of em.iaaiona to the atmosphere, and does not include a specific 

diacuoaioa of treatment• of plwne rise, which are di ■ cus,ed as a sep4rate 

element, pl- behavior, !a Appendix A.2, 

For p,>int ,ources, there are baeicallJ tvo level• of deuil vith which 

horizontal location can be treated. lbe Urat allova eacb aource to be 

accurately located at it• true poait1oa vith reapec:t to •ome horizontal grid 

•J•tem, thu• allovtoa a maxim1111 degree of apatial reaolutioa. The sec,,nd and 

lua detailed approach locates each point source only to the extent of identi

fyios a &rid cell containing the 1ourc1, thua aac:rificiag some degree of ,pa

t1al re•olution, Thia latter treatment ta uaed bJ' numerical 1110de.ls that treat 

all point sources lying vithin a 1ivea baaic grid cell vithout r~gard to _their 

precise location but that do diatinguiah 'betveen ,ources loc•ted 1_n di!ferent 

calla, The lo•• of re ■olution betveen the fir•t aad •econd level• u e,aen

tiallJ the Mme u that incurred in developing an e■iaaion■ inventor,. when 

...11 point aourcea are aggreeated to aru •ourcu. For the purpose of this 

vorltboolt, hovever, the inventory la ua1111ed to be &iven and the lesa detailed 

treat•ent then.involve ■ the a■■ ignmeat of the point 1ource• to grid ~ell• 

despite th• aveilability of mote preciae .1.aforaatioa. If the ar,greg~tion to 

area aource ■ .ta part of the iii,ventoq, it "abould not be c:oneiJered vheo com

par1111 mdala. 'lb• compariaoa ■hould be baaed on the treatlll!lltl of the point, 

area. and line ■ourcea giveu 1n the inventory • 

...... 
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Ihe location of poiat aourcu by grid eel cau. of cour&<e, i,-e treated 

at var i ·>118 level.a of detaJ.l. Th• moat detailed t. ,acuate preen,,• aignifi

cut "· ,t.1&1 ruolutioa 00 a nlathel7 fine gdd. The lean det. ·i!.:d 

•acril \c•I all apatial ruolutioa and do aot di■ t1 ;ubh between o.,.•1·c•• 

regar,.i: .. 9 ■ of tb ■ir locatioa vlthin th• regi.oa of laterut. Hr.•d~! · ,,.:lag the 

lu.•t ; ,tailed trut:i.ent caanot adc,quately treat ltuation ■ invt>l"I ~ altera

tioae !:\ th• apatul di ■ tdbutloa of emi.nion ■ • ! ,tailed trutuw· l: also 
I 

frtqu,· ~17 permit a Uoer grl.J to be ueed ill aru. vhere th• us.tr ,, ·1ine a 

high ~•.,ree of apatU:1'r:•.Jlutio0. Thia treatmen· 1a ■ 01Dftlhat ~" Jetailed 

than " u■ ing a fb..S arid aize, if the block ■i · 1■ smaller vii!! c alloving 

tb. ■ ut , r th ■ added flexibility of matchin& the d,· ·•• of re ■oluti"" to the 

and• •J f the 1pec1fk appUcatloa. 

Ccca ■ iooally, a 11>del m-•7 aggrepte ■ource· na a baei■ not directly 

relat«.J to locetwo. 1h11 occur• vheo 1ourcu ar• aggregated, for "x.uiple, 

by imh:.:tri&l category. UaleH thil type of trea1 .eat ie used in ,.,,;1junctio11 

vtth o ,;, of the locatioa.J. treatment ■ described al . .ve, it provid,w ,,,, 111.for

ution ,n the locatioa of aoul'cee and 1a equivale,.• to the lust J · ..,iled 

treatn, ,t of horizontal location. 

!"he rel ea•• height of poiat 1ourcu 1• trea,.ed ill it• 1DO&t ,1.,1 niled 

foni vL, n both th• phydcal 1t.1ck height (without plume rue) and LI,., •levatioa 

of the t,,ae of th• ■ tack above some refereace elu .tioa caa be 'l""'' l fied for 

each a.•, rce. A leH detailed treatiaeat aHumU f ! .t terraia ind re;; :iiden oaly 

the pl,, 1cal stack height or rcleaoe height above .,rade. lbue tr,· ,Lmenta caa 

be use.I ~vcu when the borhoutal locations of the ·.011rcu are "grJ,:,:.,d" by th• 

model c.11,to 111bareaa of the regloa of illterut. L• a detailed trcn11·.,nta are 

frequer,tly u■ ed vhen th• model grid.s the po1Dt ao11.,:ee. Thu•· invP\•re 

,pecif)·!.:g oae or ■ everal reprraeatative raleaae I, lghu, vhich m:1;· Include 

aa ele·: .. r.ion. correctioa, for e:icb 1ub11rea of the £· ld. LcH dc-t.·d l ls 

availab I.~ vbcn. th• ■-me relu■" heiabt• are applh , to a.U. the sub,,,:~•• 

(Wbea re;,ruS11tativ• raluH hc.1aht• mun be &Hi1. od, the Iller ft. !"entl7 

calculr.t c ■ a repreaeutativ• plume rue aad adds it co the ph71ical , "lease 

height, nln;:e model• udng •uch trutmenta geaeral'Y ..1te ao provt . 1,,n for 

th• int, ,a.al calcuatioa of a typicl\J. plume ri ■e.) At th• leant d, ·tled 

level r. lca ■ e height 1a aot treated explicitly; al I emi111ioae aro ~: -.,.1ted aa 

if they "re raleHed at the ..... heiaht. 'Ibis aoc·aplicit treatr: :t 1a u.aed 

iD au:::: lcal modell 111 vb1ch all emiHioaa are tn . ted ae part of tl,c bouadary 

couditi->a at growid leval. 

!!;fore procu.diD&, it in coavtnieat to .U.C,•1 ■ receptor locntl011 

because ,uceptora are usually taken ae points. .A.E la th• c.u• vilh 1-oint 

' source~, the borizoutal locatioo.a of receptor• can be ■ pecUied aa 1•rr.c1■• 

poi.Dta or u locatioaa 111 ■oma grid block. llben t:" receptor• are lo2Ud 

prec• tvo ..thod• or a cor>illati.oa of the tvO .,re 1eaeral17 w, :,I. Th• 

·~· .. • .. 

fir■ t allov1 the uoer to locatil!! tho receptora arbitrarUt. tb.e &e<:ood p1"caa 

the receptor ■ at the intuHctioD.I of a grid aetvorlr., the apaciDa or &eale 

of llhich IDAY be fixed or uader th• uHr'a coatrol, Both eethoda 11117 provide 

equhalent leval• of detail 1111d the uHr wuet decide which le better ,utted 

· to the particw.ar applicetioa. It 11,ay also be, of cour ■ e, that apcclfyi01 

receptor locetiooe by ■ ubarca only 1a aufficient to tho u•er'a purpooc, but 

hera euc:h trut11c-.11t• vill be rated as lea• detailed thaa treatment• thAt 

locate receptor• precisely 1D th• horizontal. the level of deta.11 of receptor 

location, &110 depends upoa whether th• eleTatioa of the receptor CJ111 be spe

cified. Clveu comparable apecificatioa of horizontal receptor locat1ona, • 

treatment vhich allow• the ueer to epecify arbitrary receptor heights 1• n:,re 

detailed thaa one which aaaumea tll4t all receptora~·are at th• &a""' hell(ht 

(u.euo.l.ly arouad level). 

Ia the context of ,ource and receptor locationa, it auat be .stressed 

that the u ■ er ■ hould not alway, rate oae treat-at aaai11.1t aootber 10lely 

00 the level of debil, Coaeideratioa aho\lld al•o be .given to whether the 

level of detail provided 1a aeceaaary ia the particular application. For 

iaatance, if the applicatioa 1.,volvea the impact of a aingle source at a 

specific locatina, the ability to locate 01.meroua 90urcen 4Dd receptor• 

precisely la irrelevant u lone•• the pair to be studied can be loeated 

•• deaircd, lbua, the comparisons 111.1de by u•e of the tables 111 the workbook 

1bould b• mdifi~d to reflect the apecific requirement• of the application of 

intereat, Tho table uslllll!lle that it I.a deaired to locate a number of aourc•• 

&11d ~•captor• et arbitrary locatin01. Stace all required cuu could not be 

fore1ee11, the u•er muet 1110dif7 thU aeoQral list to reflect the application of 

intere ■ t. 

For area source,, the treatiaente of ■ ource location aad release height 

f~llov the Nm■ general progrua1oa •• for point ,ource,, t~~t i~, a Cull 

■ pecificntioa in three dime11■ ion• (both horizoatal location and reluse 

height) at tb• moat detailed level and a complete lack of explicit recoguttion 

of different source location• aad height• et thl lea,t detailed level, Two 

adclitio1utl conliderations must be abea to area ,ourcH, hovever, bc:c.1use of 

their two dia:iensional nature, Fir,t, a modal which accepts area aourcea at 

arbitrary location ■ provide ■ 1110re detail thaa oae which place, all areA 

source• 00 a fixed grid even f.f the tize of the grid caa be changed by the 

user. In ~he lotter caoe, th• user'• area source■ muot be mapped onto the 

modal'• gridded areAa and heace the differences between are.a ■ teud to be 

averaged out. Such a lo•• of detail 111&7 be wuaportut vbca tbe difference 

ill eminiou rates in adj11ceat area• 1a am,all. The wier ....at decide thia.. 
baaed 00 b1e knovledge of the aituatio:i of iaterut. Second, a:odd• vb icb. 

treat erbitrarily 1ized area eourcu generally allov greater flexibility 

thaa thoae vbicb liait area ■ ourcea to oae or 1everal ,et liz ■a. Thie ,..o ba 

'-..,...,,,__.,.. 
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r 
· partic;, , ., rly iJ:pon-c wm duUAc vitla •c:r-ue• ar 

wJ.aca "' d1ZSCy fidda • .l&&ill tbe aur -•c ct&cidr 

\lbethc· ,his c:ansiduaUau 111 uip;,ruur; in tbc pu 

lntur::: .• 

: .aother d.iffareoc:e bct\lr.cn poillc Gld area I 

area C'- I have &D arbitrary ~rieautiDll vith 'l'Upec -

ltlst i,:,, '.::la c~c u« ~R.u: - •oae cype of er! 
. I 

•pace : ! bence th• orimcac1o" of an area e&anot 

;i _ tovn:• such c.. opaa pt.: 

-,lien coaparin& " . 1cla 

lcular applicat (. , of 

urcea arises bi .. ,,,ie a 

to the 'llind dir ,·t.1011. 
I 

ay ■t- that .1:1 I lxed in 
i 

e adju ■ l:ed even .,.:on the 
' real 1· ,1c:a1 •ource i■ tilted vith respect to th aodel ~. Fo•· '-'""Puta-

tional •·•rpo•u, •ome model• aasuae a •pacif!c or. otatloa vhich ,.- . , be 

Ullrel•.. d to the_ actual orieut,1tlon of the aour.:e. tblll aaauaptii:,, i:s 

frtqut.• ly ru■oiuble whm the airea aoun.u ue •t :eg.atea of ,upy .1.ll 

poillt "r line sour.:ea. A •ome•,1bat ,aare deuiled l ·!atmeat pe'C'mits 1 "c area 

sourer :o auUN! an ad,ltrary orientatioa; •ucb t o.ac-nu -y be ,... cful 

wbeu d· llnc vitb true area •o"rcu vbere uia ori• tatioa of the :• ·1.11 

aourcis. can be arbitrary. 
:, 

.. 
, 1,a a,at detailed treat-.t of lina ■ ourcei, sp«:Uiu the pr, .;I.Jle 

locati •. and orlaotatioo of tb.:: Un• by, for e:z.&mi · •• ualnc it ■ en'· •.1lllt ■ 

and pr· .tdu for some width and Might for the 11• , (thua really tr, 1tiog
C: 

it u elongated vol~ •ourca). For la.finite J ,oea, 01111 the or t,•ntatioti .., 
of th,. 1 loa 1a •P«ifiaJ. Cw7ed Uuea are uau&ll , appn,d,aated ~" ueries 

" of at• ,;lit line aepaau ■o.d !or hiaJ:ivay• ■ om " Ith CAD be provJ,! d b1 

) 

) ... al.1.ov! : th• uuaber of l&11a■, medi4l ■ trip width, ,ad roadway vtdt!, t.o be 

.. ■ pee.ti . J. Lu ■ detaUed tre.,cac1i't ■ apecify ocaly •:he hori.t01atal h 11t1oa ... 
.,J 110d f., .l to allov for vidtbl o 'l'alca ■ a height &Iii>' :,a apec1Ued. C · • 11 auat be 

Uken ·. lth line 9ourca aodel• to aoeertaill 'Wbethe they allov the J l11e to 

auu=. ·-!l arbitrary orientation vith rea;:ect to t' , receptor. s,,, n,odd.a, 

for e ·11le, require that the i::ccertoi:: be located ,,ear the perpen-: k ular 

bucc·l r of tbs l.1Dc and v1ll oot ptopedy treat . receptor lying ,, ,,r tho 

axi ■ o i. tha line ■ourca. I.a l'ith p>iot and area , •1urcu, illcrenoJ :•:, degree.a 

of ag, - ~atloa vithi.ll tbe .,d,•l ptodw:• leaa det.i' led treat.Mat•. 

ro application• invol•in& a comb1Aatio11 of "ource type.a, tl:~ degree 

of dc11 .1.1 of the traataent e&n be different for d !fereul: aource t;·;,c•. 

llovcvc r, au overall evaluation can &till be aad• l y c:omparl.111 che rcferaace 

modal Lra&tJDeUt~vith tha ■ tudy aodal treatJDeut fo, each ■ourca ca~••,1ory and 

aakin,; 4011& a ■ -ea•11CPI: of tbe 1.aportaoce of uch · 11:egory to tho 1•-•tticular 

•pplic• tioo, 

3oN modeliac par.,..tera detenained by th<? aource-receptor re:latioo

■ bip 1·,y depend explicitly oa the dov!Niod or cru aviud dlataoceu betveen 

■ ourc,:,-receptor pair•. For ill ■ tanca, in Cauadan pl.me model• the diaper ■ ioo 

para• ·• are D'>~1 f11114:t1011 ■ of tbe dovnvim! dtatance. When thia 1a the 

ca• ,a di■ tancea wu ■ t be calculated. It ahc, iJ.d b• D!>Ced, hovc.v-:r, that 

• ::aodel MY not ever need 1:0 calculate the dovuviad or erauvilld di ■ t•nce 

explicitly. For example, a numerical dyuaic model 111&y move an air parcel 

along a t'l'ajectory but never uaa the di ■ tance along the trajectory, tn such 

ca•es, the dovnv1od/crosavind diatancea are not calcw.atad and thrir treat:ent 

can be ignored. \.'beo re1uind by the mdel theaa diatancu an u•UlJ.ly &H\IJJled 

to be deteraioed by the horuootal •~p•rat1oa betvaen pair• and hence do oat 

dapeud upoo re.lea ■ e height or 'l'otceptor hei&ht. When point aourcu are lovolved 

and both cbe aourcca and receptor■ are located u polot ■, the capability cxlat.1 

to ca.1.culate a UDique dOVAwlad and cros ■viAd clistaoea for each •ourcc-reccptor 

pair either along a curved trajectory or aseuiaiog a ■ tea~-st•t• win,t 1n n 

■ ingla direction. When a ..odal srid ■ aithe'l' sourcea or receptors, less dlltll.11 

1■ available, ■ ince only aver•&• or repreaaotat1ve separation ■ can be deteniioed. 

'Ibis 1■ al■o the c■ ae for ana and line ■ourcea. F1nall1, b.o dovnwind or crou

viod diotaoces CAD be deten&ioad if no di ■ tioctio11■ betveeo source• an~ rcc~p

tors are 1118de on t~• baAi■ of location. thta ta th• caae, for instance, wben a 

box 110del 1Dc:ludea an entire regio11 iD a a1ngle box. 

These treatlllll!llta of aource-recaptor rel.atioa•hip are liated by their 

l•ru of detail in Tabla 5.1. Trutlllellt■ b1 ■ u11••tad refetenee models are 

&1vaa in Tabla B.2. 

A..l.3 _J'reatment of l':lllis•io11 Rate 

Ooc:a the p,,aitional ralatioaebipa becvee aoureca and receptors ha•,o 

beca datera!ned, tbe eaiaaioa rate of each aource au■ t be apecilied. TWo e ■ pecta 

of the al-nt acaiaaiou rate era important! 

- Spatial ,i1atr1but1oa of eai.11 ■ 1011■ and 

- Temroral variation of eai.1•1011■• 

the treat~ot of the •patJ.al d1•tribut1oo of a.ias1oQ8 1a cloaelJ related 

to the treatment of horizontal location dillcua ■ ed ill Appaodu A.1.2, 1ioce the 

degree of ■ patial re ■ olutioo available depend• upon hov clone to their reAl 

po ■ itio111J tba a:tdel loeates aourcea. For point aources, no additional iofor-
• 

aatioo io required to dcacribs the apatW di•tributioo beyond what is alrrady 

civco 1D the treat-at of source-receptor raletio11ahip. Ia the caeP. of line or 

uea ■ ources, however, the m&ODer 1D vhieh tba diatributed nature of the sourcs 

1a taken into account requiru consideration and is discu■ aed in this section. 

Tvo ?Dint ■ of viev exl.Jlt i::egarding the treatment of distributed ■ ourcc■• la 

determining tbe treatment of dbtributed ■ Ou'l'CU by a 1110del it is useful to 

identify whieh point of viev i■ adopted ■:-,ply in order to clarify lhe trr.atm;:."t. 

Io llllllY cue■, there 1a no illtrilldc difference lo the level of detail as~ociated 

with tba tvo po-■ ibilitiea. 

..... . 
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tribut1on fia ■ an infinitest■al aru or Una aepent, ass~ed to ccntribute u ., .:>a th• li.nt poiot of rlot. tbc tot&l. cou :U:,atioa of the tixc 

em.19 ■ 1. : cll.■ trlbadoc b esciL·ted by addlng up ea '.mates of the c.. : rthutiana 

.·I fros c-. · · f 1.adirldu&l. part ■, uc.!l cc::1.111.ati.ng of 
. 

a u Lfonily -.ittfo. .itea or 

I_ line ■c ·-mt. for a.urple, llul.fu d1ollid• Gda ■ic J froa resldeatl. space 

our.in.. ,a m1 a:rbau area are 11:1 ■t c.,_J,7 repru,. ·.ed a■ a rectu '.ir array 

of squ:s::, ~ ■ ourc:ea, uc:J:t cl..'lnctertaed b7 • Al ,n eld.f ■ iall rat,. l "r usut 
\ 

aru. .~the:r aai::ple u the reprc:iait.atioia of av J1110tin -.ust- .111 a sec 

of fin:.·, U.na 11ourcu, ·~ o~ vb.1ch U character :u b7 a pven • •~ ■ iou· 

rate p, · llZlit length. !.ach ~ rt 1a considered to : -l a ■ eparate •;- , ·. e, a.ud 

the c.oc: s ihutioa from uch of thue p&rta to th& r-

c ■ U-: ..: . lhe total. ccatrtbutioll fia111 tJie entir< 

mtltd I•, ~...,.J.ng all thue 1AdlridU4l co11tr1.butio1 

t '""' the other poiot of view, the o,renll f 

dnV,P ·.~ity 1o wicb, boveve.-, tl1• la~l emi.laic 

point. .\ at.ngla utiluta of tr• to:.l cantributiG 

cll■ trit.:,~ion 1a aa.de without e.ipUc..1tly eatiaat.int 

· of the : ·1dirl.dual pana cosprbial tba ■a.ace J.m,r 

iDy,entc: / M1 have exactly the umc fora u before· 

adopte,! f•>r an arr117 of aquare aru ■ ourcu u 1D 

vell •.i tn uau ill which only oua l.J.aa or uu ■o 

latter •,,tUlltiou, the eau ■ ioa nt• per aDit langt 

&llovc,I co T&rJ' rithiA th• ■ou,·c• itae.lf. 

1 ,ore 1a 110 1Dtd,J1 ■ ic cl.I ffannce 1A th• lr. 

tbue l"- ., point• of Tiev if 01117 th• tot.al COlltril 

tant c,, :<11ltrat1on 1■ of 1.Dter~st. If th• iMiTi, 

& trut .:1t wic:h edopta th• fir■ t point of "f'iev 3 

v!iich ~J ,pta the •ecoud. Bove"er, much depeada ui 

aethodn 111ed to aa.ke the individual eati:atea in t 

to uth,...ce indivLiu&l coatrib:,tioa• vithiu a mod< 

an &lgc" ttba for alloc.atina the total calculated ,. 

Uat.ant cauc.cnt; ~ J.oa 1.a 

lutr1but1.ou 1a '. .,~-o csti

1trll>at:1oll 15 l, ,r-de4 u a 

rat•-, Tar)' , : ·12 point to 

froa the give" ,l.saioa 

the c:aauibuti<.,, lroa uclt 

.:ory, - th.,,· . the aou.r,:a 

'Ibia. poiot o! ,L:v ;.., be 

~ fir•t ■xci,1•l· ..:1>0Ye, aa 

:ce 1a of intex .~. In the 

or per 1111.lt u u7 be 

l■ of datail •t ,f.ated vith 

:ioa to th• eet ! ·ced pol.lv

·il coutrihutior.. , . r• dellirad, 

lik&l7 to be ., .. , ·c:lor to on• 

a th• 1.-·1 of ,'. .nlil of th• 

, tvo truta:ent... In ord.,r 

adoptina the ~- ..ad approach, 

C1tribut:lon ~,,,.; , he indivi

dual p~ ::, muat be incorporate.J. In the fint •Pr oach th• iodivi.' ,.t contci

butiODD ~r• indapendent!y eatimated. 

11:1attrnr point of Tiav is adopted, ■oM tec'.-uqu• -■ t be u"-;J to esti

mate tk c.oatrihutioa of aithc,· the oTerall di ■ trl•.ut1oa or of uch of it• 

COllll'ODt·•,: paru.i The rut of the di■ cuHioa addr, au llf!thoda of ,.. \f.ng theae 

••tl.eat,·J. The various po••ible ccthod• fall int<• tvo general cat,· ,•>I"ics: 

- AAalyti.c or numadcal iAtcgratioa, aad 

• Source ■ ubatitutioa - the rcplacc-..at of ., 1111• or area 
~ource vith a ■ t1181.l number of point ■ ourc •· 

l,1 principle, the 1110■ t deteiled treat11111at ,,t the apatial di,it.ributioa 

of c \.8 involvn th• 1Dtegratio11 over tlle gi·:· a di ■ trillutioa or the coa-

a poiot ■ ourca. If th• •p~tial distrlbutioa and the inflaitesimAl coatributloo 

have a ■ ufficiently ■ 1■ple fora, the iategral IIUIY be evlll.uated &n3lytically. 

Thu■, for example, the pollutant concentration dov:r.,1D~ of a uai!or-m horl~onu.l 

liae eource of •pecified leagth orieated perpendicular to the v1nd uy bt utl

-ted by ■eaaa of a Conmua obtained b7 iAtearatiag the Cau11 ■ u.n pltn:1e n.presalDo 

for the contribution from each l.afiaiteaillial •epeat of the line. In geoccal, 

however, the •patial distribution and tbe poiat source co11centratioo e ■ tiMtce 

are sufficiently coarplicated that such an ualytic expre ■ eio11 cannot be derived. 

Ia such c..ea, elten1attv" methods ■u&t t,e used. 

One alternati.,. 1■ to evaluate th• 1Dtagral by ■o- appropriata a11111eric:al 

procedure. If the numerical procedure 1• ■ ufficicatl7 detailed that the apatial 

Teriation present in both th• eal.■ aiona and the poillt ■ ource for!IIUla 1a calu!n 

into a.:cou11t, the reault m.ay be equiv11lent to that which "ould be obtained by an 

&11Alytic integration. The level of detail of the treatlllCIDt 1■ dircr.tly related 

to the diatanca be~eea au,pling point ■ at vhich the ami11i00 rate aud point 

■ourcia estimate are evaluated; the ■■allar th• dhta11ce, the higher the level 

of detail. Sine• for a atven receptor th• nurby emiseion.a are expected to 

contribute mre heavily than thoaa fur.her avay, treatment ■ vhi.ch incorporate • 

high rcaulution near the receptor anJ pro1ru1ivel7 lover re,olution at sreater

diata11ce:i involve a relatively high level of detail. 

Another al•.eroative u to ■ i■plify the integratloa by introduc1na 

additional approdmationa ao that dther &JI analytic axprauion 11ay be doriveJ 

or the numerical 1ntegrotion 1a made ■ ignificantly eaaicr. For ex:i:oplc, a 

coanon .a.:,rrox111o<1.ti•,o u■ cd in de.ulna vith au array of area ■ o.urccs in to ,usur.ut 

that elllf.o ■ ioas arc unifonal.y dutributed in the cro ■ wind direction. lo a,nat 

urban area ■, thia ..y be a reaaonable •••11111ption; in gentral, the levcl of 

the treet ■ ~nt depend ■ upon tlle appropr-1atenes ■ of the ass11111ptiona in the uuer-'• 

apecific application. lba elt&lllflle Juot given correspond• to what is often 

called tho narrow pl.....e approximation. In thb approximation, only the 

eaia ■ ions from those area aourcu which are directly upwind of the receptor, 

or in general thoaa loUich are intersected by a trajectory which ■ ubacqucntly 

paaau through the receptor location, have an affect on the e ■ tieateJ pollu

tant conceotratio11. Further discus ■ inn '"1 be found 1a Appeodix A.4.2. 

lho lea■ t detailed treatment ■ involve th• replacCJ11ent of a line or 

area ■ ourGCJ b7 a ■■all number of point aourcu having a combined esia5ioo 

irate equal to that of the ■ ourc:a they ar-e replacing, 11111: amaller the nu:ober 

of effective point ■ourcu ia, the le•• detailed 1■ the trut=nt; a treat ■ eat 

iavolving the u■ e of a arg• 116■ber of point ■ amounta to the uae of a 01.Uteri

cal intearatioa piacedura. the poeitio11 of the affective point ■ 111117 b11 cha.sen 

to approJtillote tbe aprud of udaaio1111 vithin the aource bcin& replaced, er.d 

tba ■ trength of each ..y depeud upoll their poaitioo. 

\.,.._._,,, 
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1:-.are are c,,o components to tbe treatment , temporal varial 1 •11 of 

mu,i"" rates: 

'Iha de~•• of temporal resolution which ti• model allow ■ 
and 

- Tbe ■ uitebllit7 of the technique for tre,,:1D1 th• variativn~ 
to the particular.application. • 

I 
The de.,.•!• o! tempora,J. ~uo~u~iou h deteradned b} the iDtez:ral it 1.h.lch 

. I
emin l, ·, ratu c:An be changed in the IDOdel, Even rhe mo,t detai~e,! t rut111enta 

ciu2 u:•,·,, tiy h311dle properly at 11101t hourly variatl na in eaieaion r.·.tca, Th• 

overall tt!Dporal reaolutioo of a model is often 11 1ted b7 th• tem,,., rnl reso

'Dle emisaion c ta •hould reflect a aillilarlutiou ,,f the eieteoroloatcal d.1ta. 
If a larg,. number of ti111e il.Lervals 

must t,,, treated, say &11 8760 hours in a year, so,. 1110del• take a ;-,,,.p.l,e of all 

tht< bow9 a.ad thua treat only a ■ ubaet of all available time intctrv'lls.·. thia 

appcoach providu 10111r.rbat luu detail than accou,,• 111g for all t:IJ,.,; interval• 

but uy give reault• which an eq11iv&l1nt to tho••· obtainacl fro111 a 'r,,lly de

tailed t r&atJDe11t particularly ,.,hen the accurac7 of the 1DOdal h c:011:,lJered. 

Len .i, r3ll 11 offered by trut111ent• which "1low n • temporal varial Inn, 'per

llLittinr, -,nly constant allliHion rate■ to be ,pecifi, d. Within thee<" lilllitl, the 

1horter tha interval ovar which change& in emiH1r.. , rate ■ can be •l'•·dfied, th• 

1110n dl!L.iileJ the treatment. 

re,olu• 1011 at the IIPSt detaile~ level. 

r~r tho•• 1110dela which :illov ■ome temporal •,ariatioa ia emJ" :i Ion 

rate,, 1. he auitability of the tec:hnique of haodli1- . th• variationG ,.,.,at al ■o 

be con,iidered. One tec:hnique 15 comonly u.ed 1a <!yo.amic model11, !ho total 

tim.s r,riod of iotereat 1a divlded ,into intervab, Each time i~teivd 1a 

1110de.L-.,t. tn 1ucce11&ion, the pollutant dhtributioo .,t the end of on,• Interval 

111rvi:·.1i as the initial distribution for the next, Thia t7pe !)f de~ :Lled · 

af,pro:tch ii necca ■ ary \lheo 1ig,1ificant variations to Uli1aion rat,·" ,,ccur 

over tl,c averagina time of. intcre11t. Ia simpler , 1tuationa, a scc,•1.J tech

nicjue L1·~.ating tha aituation •" a ■ et of ateady BL ,tu 1a applical>J,,; th• 

steady-11cate approach 1a generally siJllpler to imp\ .u,ent. Thia app1n,1ch look• 

at each time period separately. It caa acc:ount fc. r the till• 1equ,•11•.:l', but it 

ignore" tha pollucoat diatribution remaining at ti., end of each inr vrval when 

a nw interval 11 conaidered, Tbe •teady atate t,-.at-nt i, the r ..•ro COIIIIDOn, 

Some 1r., .. 1da all<?W the entire sr.t of 1teady-atate "' tuationa to be L"'aced. 

Other,, ulmulate 00!7 a 1i11gle situation at a time .,od 111uat be appll, J repeti

tively when longer ti11e period11 are of iatere•t. 

The repititioua application of a 1DOdel alln :a temporal var1.:lfoas in 

emiaai-,n ratea to be tr~.ated using only coo•tant 1 ,t... For exam1•l", if it 

11 dee! nd to u•• a climatologital D>del dcaigoed Lo eatimat• aoou·, l average• 

each 110nth and the twelve 1Dd1vidual reaulta averaged, It would, of course, 

alao be aeceaaary to un aeteorologi.cal data appropriate to each m::,oth in 

the individual ruoa, 

As waa the cue vith 1patial variation, a aodel that aggregates 1ource1 

1a inhe~entl7 le•• detailed than one which truta each ,ource individually. 

Io aggregating, each aource'a eadaaion pattern io maskPd in an 11verage v~lue 

and so~~ detail• of the 1ituatioa are lo1t. 

On• further aepect of caii,sion rate muat b• discU9 ■ ed: the treatment 

of tha a1D0unt of emissions ba11td oa other input parueteu such •• vehicle mile ■ 

traveled (IIMl'), vehicle mix, or populatioa, When ect1111l emission rates (or a 

Hquence of rates) ore supplied to the model, tha degree of detail depends upon 

tha degree of detail u■ ed 1a geoeratioa th••• nuiabera ~nd 1• oot li~ited by the 

model itself. When the 1110del it■ elf calculates th• emi,sion rates, a 1110dei requir

iaa 1110r ■ detailed ioput generally provide, a 110re detailed treacm~nt, For example, 

a model which ••tiMte• vehicular amis ■ ions bucd on VKT, average speed, and 

vehicle mix ia l••• datailod than one which ute• VKT, vehicle lllix, aad allow, a 

different average speed to be as1igned to each class of vehicles, Since the 

camber of possibilitiH ia large, ao attempt to unit treat111ent• will be ude •· 

here. Aa a seoeral guideline, tha user 1bould compare the levela of detail 

required in the inputs of the 110dela being evaluated, It shQuld also be noted 

that avaluatiag this upect of ellia ■ ion rate may be lmpoe1tble; for e~a~ple, 

one modal aiaht ruquire •pacific elli••ion rat•• to ba input, while a ••cond 

model calculate ■ elllis ■ ioo r■ tea fro• other iafoniatioo,. 
Tabla 5,2 gives th■ geaeral treatments of emi ■ eioo rates io order of 

decreuina lsvel of detail. Specific treatJaent• used by 1uggeeted reference 

models ora given 1D Table B.l. 

. A.1.4 !reatlllCllt of Composition of Em.hsiona 

O1eaiical Comf_oaition 

In applications iavolvias chemical reactioua (aecondsry generation or 

re,ctive pollutanta), the chemical c0111posit1oa of ea!Hion• 1a important. At 

the moet detailed level, the embaions of all relevant iadirldu.a.l compounc!a 

are treated. Somewhat leH detail ii obtai.aed whea Mveral or lll&DY related 

compound• an "lw:ipcd" together 1.ato • •1.agle claH and oi:J.y the total 

eaiiaaione of all members of tha cl••• are treated, l'Vo thins• must be coa

aidered when a 1110del treat• the eai••iona of at leaat some of the relcvoat 

cOU1pouada ia tar-ms of lU111ped cla••••• Fir,t, the criterion for dctet!IWli.ng 

1D which clue a particular cqmpouad belong• Dlllt be appropriate for the 

chemistry to be mdeled. Second, tba compound cho1ea to represent the cl••• 

DJat also be choaea appropriately; in some case■, it aay not be a.a actual 
fr011 ,.,,·tage aiaia,ioaa rate• and the 1ourcu hava r.igoificaat 11011th!y varia- c:011pouad but a hypothetical repreaeatative cos:pouad, For ax&111ple, 1r 

tio modal could be ruo twelve timaa with endaaioa rate• ap11ro11riate for .,_ 
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!i ·caee or :>hotochaieal ox.idauta, 1t vouJ.d be illlprec !cal to uae full ,teta11 and 

;1 treat r ,a emiaaiou of every po~11ble oi-ganic comP<• 1d iudividually. Con-
.I .•,. aeque11t: 1, they IM)' be" lumped foto clueu depc:udJ ~ upoa their. de,;• ·-: of 

I 

I. photocl. • J.J.cal rea.c: tivit:,. 'Ibu~, if five rcac tbit ·. cleuea verc u•; ..I; each 

eource ,.uu.l.d have uaociate.d with it up to five dt1 fereat eaiasion ,,,tel tor 

organl, •·011pouud1, oae eiduion rate· for each reac: lvity c.t•sa. rd.~ cless1-

fiC4ti, · 1,1ould aleo be appropri~te to the oxidant . roblem vhereoa l· l. ,;sifica
I tlon bi, £or iaatance, mo,lecf;,r weight my aot be. Io geueral, th·.,' greater 

degree . f claui!i.catiou 1ato .i:,propriata, di.a tine: clae•u, the gL- ltcr the 

level ,,f detail of the tre&tlllent. I.es• detail 18. ,:atlable when a,•••J·1ptiona 

regard t• ~ the co111poaition of e.s;laeiou, ere built I •·o tbe _1110del, a .. ~1r aa llhea 

a pbotc. hcrdcal oxidant model 11:111um<>..s • cei-taiu pc. :..ntage of the nr1:Jn1c 

eruaaL . , to be r•.active regardlen of the actual , ,ture of the ao,11,:,!s iu

wlved. Still lu• detailed treat111euta deacribe t! 1 Uli ■ aiona of onlr ooe of 

1everal ~0111pounda knoWll to interact. 

H.,del treatments must also be checked to e11, ,rtaiD whether ,111 relevant 

eraiaaicil" have beeu treated. l"or example, model• • ,r pbotochernlc.tl ,•.ddants 

that tr•·.: t ructhe organic cortpound• but aot NO e, I NO eaisaions ,, r•, iDher-
• I 

eatl7 1",11 detailed th.au thoH vhich trHt NO eod/r, -~ NO , beceuae lhl ca act 
1 

H All nr,,ne acavenaer ud the NO/orgaaic• ratio 1r iJaporteat io dct ,,cllliniua 

th• ntcut of oz011e formation. Expert advice may I , needed ia 111&k..i;;:: th••• 

detenil.•.:tioua. With regard to thi.a la1t poiot, c; ·• muat be exerd,.~d to 

co1181d1:; hen oaly corapounda vhJcb 11n actually "e1. tted" by the 00,;1 ,,ea. 

Thoe ,: ·:, oaly be a 11ubaet of the total ul.llllber of c mpound ■ vbich '" •· in

volved in the cheaical Uuetica ud 111:17 not even ir lude th• polluL,,:c of 

intereoc, For e:umple, ozone "uateu'iuu ■" are ne&lj :ible or zero but th• 

1'11rlnic11,• of the organic precursor ■ muat be treated in 110d•l• for p 1• >locllemical 

oxidant. the uaer vould uot de.,,, a photocherdcal r del inapproprfr, ,, because 

orone e ,.: • •1eioa1 are not treated. 

Sl:e_~!atributiou of Particulate Hatter 

n,c a:11t detailed treatm,,nt of the ■ ize diar. lbutioa of em.ltl• d partic

ulate i:..• t car would Ulte into account a coatiau\JIII of particle aizeo by ...Uovi!lg 

the fuectiouel for11 of the particle 111:e diatributi, a to be apeciUc,,I. Iu 

•~vhac le•! deta;U ID approprlete distribution is assumed and th~ 1•,1rU1etera 

111Sceaa1r1 to de.ac;ibe that diltr1butioo ere iDput. Lesa detail h ,,11aUeble 

ill treat:..-,nu which trut all p.1cticlers vithia • gl · ua reaa• of aiz." aa if 

they Md lb• u- repreacntative ■ ize. Thi• treeta nt 1a analogouE to th• 

lwapiDg ,, f varioua chemical apedea described above. Siailarly, a t 1 ,,..ta.eat 

uaiag ,. ll•r du interral• ofhr• 1110ra detail (&t erally, more s !.·,· intervala) 

than • ttJ<1C-t that diYidM the total range of •! ,,. into fever, ·"J.;,u intu-

,,.1a, t• \Ma detail 18 co11tdacd 1a u ..c-uu 1.hat ua.- that ·c-,r.ao 

fraction of the perticulatu are affected b7 the mw:haa.laa of iutere!t. lhi■ 

is really• two-cl••• treatment! a fraction of the particulate,, for example 

■i&ht be aaeuaed large eaouah t11 fall out of• plU111e, wbilo tho rCJMiader 

are &IIUllled to behave like a 1••• The leaat detail, of cour1e, 11 offered 

by tre£tmeata which fail to treat tho aize diatribution •~rlicitly 1a 

aituatioo ■ 1a which it may be iarportnnt. Such i■ the ca•e vhm all particulate 

eidaaion~ are treated•• a 1aa, includfn& that fraction which is au{f1c1~ntly 

larae robe subject to significant grevitatiODal aettlla&, 

It ahould be noted that a complete characterizntion of the com!")•ition 

of emJGsio,ta lllllY require a Joi.At treatment of chera.lcal compot1t1on and the 

aize di1tribution. Io ■ uch caaea, the appropriate aize di1tributio11 =Y not 

ODly vary from source to source but ai.sy alao vary from chemical compound to 

cberucal compound. Such detail 1a beyond th• level at which 1110del• prr.ee~tly 

operate but the uaer should be evrare of tbe coaple:r.tty of• complete apec1t1ca

tioa of tbe epplieeGiou. 

Tablu 5,3 and B.4 aive th• trnt111C11t1 of th• compoaitiou of ea!a1iou 

· 1D general and by augaeated r•f•reace ■odela, rcapcctively, 

A.2 PLUME l!HAVlOI. 

A,2.1 ~ 

Upon rele.aae, an efflueot gCJ1erall7 baa ■oae upvard momeotUIII an,J buoy

ancy. Hixb& with the uibfeat air beaba 1-diately aud continuu u the 

effluent ·travel• dovawiad and dillper ■ ea. Ia tbe Wtial phaaea of th.J..s travel, 

the plU1110 centerline 1a detendJJed 1iaalteoeou.al7 b7 tbe ri•• dua to the 

iaitial lll'J..DtWII end buoyancy eud the downviAd ad~ection. Al mixin3 contllluu, 

the plunv ceaterlin• 1a deterlllined by the iaitial coadltion• to progrcHh-elJ 

leaser degree• until it 1a determined predoidnantly by the d011DWind 3dvccr!on. 

The height to which the initial 1110111cntu111 and buoyancy carT7 the effluent I.I 

ealhd the "pl~ riu" and this height plua tbe phydcal releuc height h ten111d 

the "effective •tack height." 

A• these de!1n1tiona indicate, aome 1110dela treat pl...,. rlRe only far 

point aourca,. When area and liue aourcu are •&&regatca of sraall point 

1ourcea, the plUJDe rise a11ociated witb uch iadividual area or liae 1ource is 

an average or rcpreacotative value, thia diacusaioa focu~e• oa pluac riae 

from point source, and certa.ll!. other types of plume behavior. tbe uu r should 

be evare, hovever, that th• ,ame factor ■•• diacu,eed hereio 11Ult be conaidered 

if• model explicitly treat• plume riae fto■ area or lio• sources. -
Kiiay iateractia& factoT ■ affect pl- behavior. lll,eu the stack ell.l.t 

velocity b nall cospared to th ■ viDd ■ peed, the pl'99 may beod ovu 1-diatdy 

ftar nleue _ud dawl!irub u7 oecur kh1114 tbe stack. lhi• la - .,, 

..•_.,.,.·,,..,.__ ..,, 

'•~-
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•P•cial 1ituationa to be coo1idered vheo pllml behavior 1• treated. If the 

suck exit velocity u large, ■ 1xing of the effluent and aal,1ent air v111 be 
! lncreaaed, rapidly d1••1pat1ng the plme'• buoyancy and 11011entwa ·and cau.s1og
I a lov plume rt••• Pl1m1 ri•• al■o depend■ on stability, atmoapheric·tnipera

ture gradient, pluae buoyancy and Vind 1peed. Tha buoyancy of_ a hot pl~ 1a 

determined by the heat release rata: hotter pluaea ri•a.higher than colder 

plumes, other condition■ beiq the same. The heat releua ratet depend• on tha' .•tack nit valoc1ty:' the 41ffluent'• temperature, molecular 'vaight, aud •pecific 

heat; the •tack d1 ■-tar: and the atmoapharic temperature and p~•• ■ ura. A for-. 

■ ula relating theaa variable ■ -y be found lo Hosea and lral111r (1972), Io 

addition, the relative bua1dity and 110l1tura content of the plume may be impor

tant •. Many plume• cootalu soma water and after rel•••• the condensation of 

ga•eou• water or vaporiutloo of liquid water adda or remove ■ heat fro■ the plume 

and hence affect ■ buoyancy. The coadenaation of vatar vapor can ba large enough 

to cauae a very lov pluae r1ae, aa cu be the caae v1th'cool1Dg tower plume ■, 

?ha mo-tu■ of the pl~ depend• upoo tha 111111 of the affluent aod tha 

•tack exit velocity. ?ha de.natty of tba plume 1• tbua llllportant and the product 

of velocity a.od ■ tack di■-tar ia a Maaura of tha aquara root of tba 110montU11 

relusa rate. For ■ tack• v1th very high axit veloc1t1a ■, th• momentua tara may 

be much larger thaa tba buoyaocy tana, Thu "ao ■ezitu■ oaly" caaa 1a not ao

counterad 1D m■t coama appl1cat1ona, 1o vb1ch tha priDcipal intaraat 1• in 

buoyaocyeffecta. 

There are other factor• vbich alao affect plume riaa1 

tarra1o aisd nearby bu1ld1oga, 

• Humber of aaarby 1tack• and local beat aourcea, 

• Shapa of tha stack open.1.ng, 

• Wind d1rect1oo 1D d1rect1ona1ly iobom>geoou• a1tuat1oaa, 

• Wind ahaar, and 

• Prac1p1tat1on, 

I 

No aingle treataent of pl~ rlae deals vltb all tbue factor• and there 

1• no generally accepted treatment; ovar tventy separate formulae are available 

and nev ona ■ g,ot1nua to appear. >'.oat analytical fonulation■ make the plu.■• 

ri•• directly proportional to the reciprocal of the viad ■ peed at th• top of 

th• ■ tack. tvo terma, one proportional to the ■ quare root of mmentwa and the 

other to 110111 povar of th• heat r■lea ■ e rate, are alao included but the mo~entua 

tar,■ la frequently omitted, it ■ effect being negligible 1a 11&11y coanoa 11tuatioo■•
', When plwae r1•• 1• treated aa a function of d1atance, data for power plant plume• 

indicate& that the plima rise varies•• the 2/J power of the dovuvlnd diataaca. 

n be aeparate folWUlae for different: eized ■ tacu aDd diffareiat atal>i-Ii 

1it1u but the trut~t: of epec1al plume behavior 1a generally not included io 

th• truta&Dt of pl- riaa. 

th• epecial plume bebav1on uaually conaidered 1nc1uda1 

Dovuvaeb 

• Plima trappiug, and 

• lnvanioo brukup full11ation, 

The c01ld1t1ooa 1ud1og to dovavaab v•r• noted above. A rule-of-thumb HY• that· 

d--■ h 1bould be coaaidered vbaoever the phydcal •tack hetsht 1a le■ a tbaa 

about Z 1/2 tf.mu the height of the building it 1• on or th• height of nearby 

obatacle• to airflow or whenever the •tack exit velocity 1a le ■■ thaa about 

11/2 ti■ea the vlodapeed at the top of the atack. Thia rule-of-thumb 1, only 

a rough guide and 1n ■any •1tuat1oae, for inatanca, v1th a cold pl11111e having 

Uttle buoyancy, dovuvaab •J need to be coaaidered avao for ■ tacka vhou 

beiahta exceed tho•• 1a41cated. Plima trapp1og occur• vhea a ■ table layer 

u1ata above a neutral or uoatabla layar. A plume ealtted into the lover neutral 

or uoatable layer v.111 riaa uotil it reaches tha bale of the ■ table layer vhtre 

it become• trapped between the ,tabla layer and cha growid. Very hot 

pluaee may be able to 11puocb throuab" the ■ tabla layer and th!MI -y not be 

trappod. Fua.lgation occur ■ vhea a atabla aurface-baeed 1overs1oa 1• brokea up 

by heatlua fro• th• ground, Pollutant ■ that vere e■ittad into the 1tabl• layer 

are then th•nall1 llixed 1A the vertical aad relativaly high ground level coa

centratlooa can reault, aa dl■cuHad in ,Appendix A, 4, 

A,2.2 traat■ent of flume Behavior 

M noted pravioualy 0 there 1a ao 1eoeral17 accepted Ntbod of treating 

plume rlaa, Several ~ypu of treataaata of var1ou• de;reea of detail exiet. 

WithiD eaeh type, the appropriataaua of a givea treat■eot·depend• upon whether 

the method ha• been verified in the field for tba appl1cat1oa of iatereat. Io 

fact, the beat compart ■oo of tvo plwae ~1•• for■ulae 1• obtained by comparing 

their prad1ct1oaa with ob,ervad plume rlaa value• under the condition, of in

teraet. 

the ao•t detailed level of trutaent would account for the ■ illlllltaneoua 

ri ■ ina and dbper■ioa of tba plume. 1b1a problem 1■ extremely collll'lax and baa 

been treated oaly 1a very epec1al1J:ed appl1cationa ■ uch •• •cl.f-cootaalnation of 

buUd1na• \lbere the behavior of the plima 1-edlately after release ls of prl-

•rr coacero, • 
~•t model• are unable to handle d1•pera1oo during the laitlal rl1log 

pbaee of _plu/lll travel aod uaually treat tba a1tuat1on by ..paretln& the ridna 

pl- from th• diapera1na pl- and cou1dar1D1 tvo d1at1oct atepe: -\•~~ 

~ 
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lint, th• plUM r1H 11 detendned baaed oa 1taclt &ad 
1Deteorolo1ical par.-teu, th.la pl1aa ri.ae aa7 b• a fuactioa 
of tbe dovavf..nd dbtaace. 

Second, diaper ■ ion ill treated by a••uain& • virtual aourca 
uiittiog at m effective ■ tack be.igbt equal to th• phydcal 
rdeua height pluti th• plUN rue, 

Thia 1a tbe tn>• of treatNllt fo1111d 1a -,at d.iaperaioa JW>dala for prillar7 

pollutant ■,. Bovever, aaa7 f(!pu.lH are used to utimata tba pl,,_ rin, M 

noted above, comparillon to a nfaraaca -,dal'• treatment abould balbaaed upon. l • 

vhicb treatmeut givu bett.er ♦ an-eat vith obaarvad pl.- ria'es for th• 

applicatioo under cooaidaration. Such c:oaparativa re ■ ult• are •c&11t7 •nd 

another method mu•t normally be u ■ ed U a c011pariaon 1a to be aade, 

Without prejudice to other tnai:..nta, 110de.la usia& the follovia1 

pl- ri•e fonm.ala• can be coa ■ idered applicable 1a many aitustioaa, unl••• 
comperativa field 1tudiu indicate othervue for th• ca•• at baad1 

Bri&g•' 2/3 power lav, 

• Holland, 

• COIICAW't or CONCAWI ailiplified, ad 

• ASHE, 

The Brin•' and Bollaad foraulM Ila-.. beea "verified" for povar pl.mu, 

Only Rollaod h.aa a aeparate -atum ter-. and corrac:tioa factor• have beea 

■ u11e•t•d to accouat for atabilit)', lriU• uaea aeparate formulae for 

different •tabilitJ cl••••• aad ia tbe oal7 oae that treat• plme riae u a 

fuactioo of d~villd diataace, The (l)!ICAJI'! formuiattona coa11at of ainal• 

formulae aod are the only oa•• ta which pl\DC rt•• 11 inver■ el7 proportional 

to a fractional pa...r of the viad ■peed, ucept for th• Bri11• ( ■ table) formula, 

It mu•t be 1treaaed that thi1 li•t does aot •aa that other foraulaa ahould 

not be tu1ed, The•• four are videl7 u.sed and do a fairly good job of predic:tioa , 

in many cuH, Other forwulae -1 be better in 1pecific appl1cat1001, but tha 

only valid avideuc:e of thia 1• direct caapariaoo vith ob11rvation1. 

If th• user ha ■ aa unverified foraula in a atud7 model, the follovina 

11aar&1 guidaliaea, valid for bot, buay-t pl,.., only, "1!7 be helpful! 

• Plume ri~• 1hould be prvportt_.l to the reciprocal of 
!, vind ■ peed to aoae power l>.tweea 1,0 and 0.70 for nonatabl• 

,'I coaditioaa, Cal.a cooditioo.s require the oada ■ ion of viad 
•pod froca th• fonw.u used. 

i' 
I 

• A buo7aac7 tar-. ■ust be included (heat rele ■H rate 1hould,, ,. be rat,ad to a power bee- 1/) and 1), 

,: 
I 

·• Other th1D1• beiua equal, e foraila vith a aomentwa ur-.. ,, would be preferred, 

I 

• Other thina• beiag equal, a formula 11Yia1 pl1ae rue u 
a fuactioa of d-1.nd diataac1 would ba prefer-raid. (Thi• 
coaaideratioa 1a -re illportaat for lov level IOW'CH than 
for elevated aourcea.) 

It must again be ■ tre ■■ ed that verificatioa in the field for the applicAtioa 

of iatera ■ t 1a the prefened deci ■ ion parameter. U•e of the above guidelines 

1• recommended 0017 a• a laat reaort, For eue ia compartaoa, the videl7 

u1ed formulae are coepared 1a Tabla A,l, 

lb• nut lover level 1a detail ■ till uaea tba t--atep procadura but 

do• aot attempt to elti■ate • apec:lfic plUN ri•• ba•ed oa &tack parameter ■, 

Iaatead, tha uaer 1poclf1u a value for the product of •o• pover of the villd 

■pHd Cid pl111111 r1••• lb• model then calculatu • pluma riae for each vind 

1paed, Thia method u&uil)' uauau that pl,,_ riH 1a iovene.J.y proportioa&l 

to the v1nd apeed but dou not allow differeacea betveea aourcu or other 

meteorological parameter• to affect tha pl111111 riae, 

A ■ till lea• detailed trut■oat allove pl.- riae to be coaaidered 

but only per-.ita a ...U awaber of apec:Uic v&luu. tb1.■ true-at ia uHd 

frequently for aggreaau aourcea aad hence 1• common 1a the trutmaat of area 

110urc:u 1D urban aodala. lb• ,,aluea of plume riH cbo•ea are aver•a• or r•
preaeatat1ve valuu aad are often 1nclud•d 1a the ralaue be11ht (•e• 

Appendix A,1,2), 

Iha leut d~tailed treat-t dou not deal with plUN rfae explicitly, 

tbia 1a the caea, for ua11ple, 1a proport1oul aodel• md aode.J.• which treat 

nrt~cal cliapera1on br uaum1D1 Ullifora aixing, 

Tbara are oaly a 1.1aited awaber of treatMnta of the apecial plu■e 

beha'lior, Dovavuh 11 typically aot truted expl1c:itl7, Treatments of d

vub are aonoll.7 devaloped upra1aly for that problea aloae, Baliulty (1965, 

1!168) aad Turner (1'69) dtacu.. dOVIIVUb la paeral aad lbould be coaaulud if 

dovnwaah 1a expected to be •1ga1ficaAt, Kore recent 1tud1ea of dovavasb near 

building• are fouad 111 Bubar and Sard•r (1976) &11d Robina &11d Cutro (1977). 

Several technique• of ■cCOUlltina for bu1ld1a& influeacea oa pl-• di ■ per1ioo 

are preaented by Buber (1977), Ia 1eaeral: -■n)' additional ■ tudiea are 

nece11ary to thoroughly uaderataad the co.pl•• effect& of dovavuh oa around

level conc:entratioaa, 

nuaa trappia& c:aa ba acc:011DOdated 1a tvo-1tep •de.I.a by &HUIIWll that 

the plume 1a reflected froa the baae of the atable layer aloft ,md froa th• 

srouad. lt.cpeated reflection■ lead to un.iform mhin&, Th• plume U ueumed to 

be unaffected by the inveraioa lid until 1~• vertical apread ieache ■ the 1table 

layer and to b• uniformly raize/ afta' aome auitabl• dovuwiad di1taace there

after, letweea theH tvo d.i•taacu, laterpolat1on of coaceatrationa 1a u.aed. 

· (SH th• di;tcuH1011 of boundary coaditioaa 1a Appendia A,7,) Carpeoter •t 11. 

\ .... , .,... ~ .. ,:, .1 ,, . . J t ., t J I. 
, ~ .1 
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(1971), Fooler (1965), Hale ■ (1956) and Bierly and Hev■on (1962) &ive treatment ■ 

that can be u■ ed for trapp1na. The foniula developed independently 1n th,

. I latter tvo paper ■, and included in Turner (1969), frequently 11 u■ ed in 

Cau ■■ ian pl1D1 model ■• 

lnveraian breakup~• generally not treated by model ■• Carpenter et al. 

(1971), Tunaer (1969), and Fooler (1965) aive formula■ which cap be uaed to 

utimat ■ ground levd. ·conl:!'lntratiana during inveraion breakup if the u■ er mat 

connider thia condition. (SH tha diacuaaioo in Appendix A.4,)•. 

One further treatment of pllllM behavior uaed to treat the depoaition 

of particulate utter 'for -which gravitatiooal aettling 1• important ahou.lJ be 

noted. Thi ■ 1a called the "tilted plume" approximation and 1a di.lcuHed 1D 

Appendiz A.6.2. 

The varioua general treatment• of plume ri11 are given in Table 5,4, 

Treatoentl of ■ pecial plume behavior are not rated. th~ user ahould note bov 

the •tudy a:>del compare• to th• reference a,dal in th, number of apacial ca•u 

of plume behavior each treat,. The11 treatment• ehould be compared to tho•• 

given in the reference ■ cited above. Treatment ■ by 1ugge1t1d r1f1renc1 modela 

are dc ■ cribed in Table 1.5. 

Table A.l. Comparison of Videly Uaed rl- Rile foraalaa1 

A.3 HOIUZONTAL AND VEJCIICAL VIND nfl.llS 

A,3.1 ~ 

lh• prta.q •cbaoisa for tba transport of pollution in the at:m1pbara 

.u advection, the hori&ontal motion of air which carries pollutant ■ along from 

one place to another. Thia transport of pollution by the wind ■uat be accounted 

for b7 any datandAi■ tic mdal which att1apt1 to predict th• 1patial di1tribution 

of IOM ..terial being emitted fro ■ a aat of lusoVD ■ ourcH. In certain circia-

1tani:1, there aay alao be a ■ ipificaot vertical component to the ■eao ■ t ■o•

pheric 110tion and 1n thua caac• pollutant ■ ■ay ba tranaported in the vertical 

direction aa well, 'Ihi• appendix describe■ th• general features of and method• 

for treatment of the horizontal and vertical traoaport of polluti~n by the wind. 

Horuontal Wind Field 

l 
lbil tera refer ■ to th• ..gnitud• an.cl direction of the horizont&l coapo

neot of the vind v-d.ocity aa f1111ctiou of horizontal poaition, height aboTe 

around, and tima, Hereafter, wben th• t•~ vind ■ peed aa.cl direction ■ re used 
.i tbe7 vill refer to the hori&oatal coapon ■ Dt, 1D accord with co111110n uaage. 

function of 

Foraul ■ 
Wind Speed 

Proportionality 
lluoy ■ ncy 

Proportionality 
Ko111nt1111 

Tara Included! 
fuocl;1011 of. 
Stability! 

Dovovind 
Diatancat 

Brigg ■ (1/u)l/J ata'bl ■ 
1/u neutral, unata'ble 

Ql/4 ■ table'b 
Q1/3 neutral, unata'ble 

no'b ,.. 1•• 
Holland 1/u q YH 

CYH DO 

COIICAYE (l/u)O, 70 q0.58 
DO no DO 

CONCAIIB 
1i.apl1f1ed 

(l/u)0.7.5 Ql/2 DO DO no 

ASKJI {1/u)l/3 ■ tabla Q1/3 
■ table no JH DO 

1/u neutral, unatable ql/l neutral, 1111•ta'ble 

;; 
1
u • vind ■ peed at top of atack 
Q • heat rel•••• rate 

·, bA iaomcnt\111 ter■ 1a included io the literature 'but 1e oaitted in the aoat c«-en 
for■ulotiona uaed 1n aodela. 

'ilber -~-.a,1ac1 corraettoa factor• are UNd. 
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th• sa•ral propertiu of the vf.nd ■ peed and directioa aoac nl..,aat 

for pollut&Dt tru■pon ■rat 

• A ■ y ■ tanatie l.Dcreue 1A ■ peed and ■ hift 111 directioa vith 
height abOTe p-ouad vhicb 

- I■ vu7 proDOUDced vitbia aa izlver ■ ioa, 

- Becoa,u lH■ &ad lea ■ prooouaced u the atmo,phere 
range ■ froa ■ table· through neutral to uaatabl• coa-
ditioaa, ~- i · i 

- I• ■ ignificaatly affacted by vari&tioa, 111 ■ urfac• 
pro~rtiu upviAd and po ■-ibly dowuvind of tha locatioa 
1A quenioa; 

A Ho ■ itiY1ty to the pre■ e11ce of topoaraphic fHturH 1ucb 

- Bill ■ or 11101111taiu 

• liver valley■, ud 

• Large bodiea of vaten 

• A dg,,.Hicaat diuroal vari&tioa, reflectiDa th• d1ura&l 
variation of auo ■ pheiic ■ cabUity; aad 

• Significant ae.aaonal variationa, raflacti.a1 ■-■oaal 
chauge ■ 1A the veatber. 

the variatioa vith altitude la du• to the frictioaal iDteractioa betven 

wiad ■ad the ,urface of th• earth. tu effect ■ are moat proaouaced aear the 

■ urface &Ad becou, lea■ evident at. hi&h•r ·■1•vetioa, WltU at ■oM altitude 

th• ■ urface effect, become aegligibla. th• affect• of vaiiatioa, ia atmo•

pheric ■ tability oa the rate at which wiad ■ peed aad directiOD cbaaa• vitb 

■ lt1tude ■ imply reflect variation ■ in the exteat to which the aoment11111 of _ ■lr 

at differeot level, 1, beia& aixed by turbul,ace. Euhaac,d vertical mixiaa 

1uch •• exi■ t ■ uader UMtable condition■ tend ■ to ■ mooth out ud decreue th• 

dependence of vi.nd lpNd and directiou on hei&ht. la ■ table conditioaa, ver• 

tical •1xia& aad "1th it the influence of one l ■ yer of air 011 another 1, 

decreased. A■ • re■ult, both vind ■ peed pnd directi011 caa have• 11gnif1cant 

dependence on height la •table, ■ ad e ■ pecially taver ■ ion, condition■, 

Th• aro ■a effect of hill ■, ■ount ■ in■, or river valley• oa vlnd ■ peed 

and direction 1! to channel the elrflQV end to promote the forNtioa of local, 

organized clrculatioa pattern,. Hore aubtle effect• can occur a■ vell, ■ uch 

•• mountain and valley brcei ■• and drainage flQV ■, and the poa ■ lbilitlea are 
numerous and varied. A u■ eful •-ry ■ nd dl1cue ■ ion 1• given by Slade (1968).

i' 
• The principal effect of large bodie ■ of vater la ■ imllar to ■ ome topographic 

i'. eftecu. A •urface-ba1ed breeze, callad a lake or ■ ea breeze depending 01I the 'body of veter iavolnd, tend ■ to blov froa th• v■ ter toward the land durtn1 the 
, : d ■y ••ult of d1ffereacee la ■ lr t-perature above adJoWn& laad end vater 

1urfacu', lh1• breeae ma7 blo1f la a directlOI\ oppodte to the prevailia& vind 
I 

aad may extend a cOGaiderable di■ tuca inland. la dtuatioa• la vhlch the lake 

or ,ea breeze act■ agaia■t th• prevailing vind, a coavergenc• zoae in vhicb 

there are ■ igaificant upvard vertical motion■ 1 ■ fol"IDld, Pollutants may be 

tran■ ported inlnd near the ■ urface, rl ■ e in the conver ■eace zone, and be tran1-

ported back out over the veter at height ■ of ■ everal huodred meter,. Situation■ 

la vbich the lair.• or••• breeze act• ia th•••- direction a■ the prevatlin& 

vlnd are le ■• complex and "circulation call ■" ■ uch a, var, Juat de ■ cribed do 

aot form. Aay mov■11eat of cool maritt.. air oato an adjacent, var ■ laad ■ ur• 

face re ■ult ■ la u elevated temperature 1aver ■ ion extendln& ■ 0111■ di ■ tance 

inland. Continuoua fualgatioa of elevated plWDe ■ con occur during thl• cond1• 

tioa, bec ■ uae the ba ■e of the inver ■ ioa 1 ■ eroded ■■ the air move ■ onehore. 

It ■ hould ■ 110 be pointed out that urban area ■ themselves have a ~lg• 

nificant effect oa the vind field,.raagia& fro• aodification of the flO'o'. vhen · 

reaional vlnd ■ peed ■ are hi&h to the e ■ tabll ■hMnt of local circulation pattern• 

due to tha urban,heat i ■ land effect vhen reaional rind ■ are vealr.. Systematic 

chaaae• in vind directloa and 1peed occur over urban area ■• tvea in 1tron1 

reaional flov• there 1• a •Y•t-■ tic tendency of the air to rise over cit1••• 

accoapanled by• net inflov at lov level•• 

loth ■ eaaonal ■ nd diurnal variation• in the aean rind apeed and dir;c. 

tion occur, Ve vill aot di■cu■■ ••■■on•l variation• except to point out that 

they depend on the location of th• region of latar11t and caa be ■ ipificant. 

Dramatic var1atioaa •1 al■o occ~ duriD& frontal pa ■■aau o_r other vutb■ r 
, cbaaa••• Diurnal vari■ CS.ou are related to the diurnal v ■ r1ation of 1tabU1ty. 

end the affect of ■ tablllty oa the variation.■ of the vfJld field wltb altitude. 

Diurnal variation• are met important duriD& period ■ of _cloudlen vuther, 111 

vhlch there ara ■ troaa diurnal vari&tloa• la stability aad corre1poadin'1Y lara• 

variatloa• 1A th• &Jeteat of atmo ■ ph•ric mi:dag. la •table coaditioa■ at night, 

the vlad ■ p.Hd aear tbe puad may be VlrJ lov vhile at the same ti.lie at bdght1 . 

of a f•v ten• of •t•r ■ it i■ oft■D quite high, la uaatable coudltioa ■ th• vlod 

■ peed, although uaually r ■ th•r lov, 11 aot •troa&1y dependeot oa altitude. Both 

high ud lov v1ad ■ P••dl •Y occur uadar neutral coadltioa ■, although blab vtnd 

■ peed■ tea.d to produce antral coaditiou even oa clear day ■ aod aigbt■, ■ a 

di■ cu■■ ed iD Appendix A.4. 

'Ill• horizontal viDd apud and directioa are 1a fact randomly fluct~ti!lg 

qu.autltle■ vith fluctuatioa1 occurriDa over time ■cal■■ from much le■- tbAn a 

■ ecoad up to year ■ .ad beyond. Qualitatively, ■ bort-term fluctuation■ are 

perceived•• turbuleaca vbile loag-term fluctuatloa ■ are perceived u part of 

the day-to-day ch■ aae■ iv the veathar. for the purpo ■ es of deaci-ihiDg tbe 

trao ■ port of pollutioa, the iaterut 1e 11on1ally 1a th■ me■ D vind •peed ■ nd 

direction over - ■ pacific t1- interval, or ov,r each of a •equea.c:e of 

tiM interval•. ?be trn•port of pollutant■ by the - v1lld t,, •h• opara·,_ I 
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tiooal def1ait1oo of advectioo, and tb• trauport of pollutant• by th• fluc

tuation• •bout thil MAIi 1a tbe operatiooa.l definition of cliaper•ioo, Io &DJ 
given situation, tbe averag1ng ti.Ille for vhich mun vind M&aureaent1 are 

available deteni.1.ne• the diatinctioo betveeo advectioo and diaper1ioo, Typical 

averaging time• ill practice range fro■ about 10 llioutu up to about 3 hour•. 

Vertical 111.nd Field 

The ve~tical ~o.;.ponbit of the lfiud velocity ii in uii.y c••H audl lu, 

1.raportant th.au tb• horizontal componeou, for the •1mple ru•o.o 'that io ■any 

caaea 1t 1• zero over the averagi.og time of 1.oteraat, Ia •o- aituat1oos, 

hovever, primarily tho•• 1n which there are aignificaat topographic feature• 

ill the region of interut, aiplflcant vertical vind coaponent ■ 11&y be pn

aent. llheo they are, they provide an •ffact1ve machani•• for vertical trao•

port of pollution and 1hould be taken into account. 

'··A,3,2 Treatment of Hot contal and_Vertical llind Field! 

The treatment of tbe vind field by an air quality aodel depend• oo the 

type of mdel according to th• claaaification •chem■ introduced in Appendix A,4, 

For example, dynamic mdel• treat tbe time dependence of th• vind field io 

addition to it• apatial dependence, numerical mod•l• can guerally handle ■ore 

complex apatial variation• than 1emiempirical model•, end 10 on. Thu•, treat

ment• of viDd field uy be claaaified by th• vay both •p•tial aod temporal 

variation• are handled, 

Spatial variation in either horizontal or vertical direction• 1• 

uaually handled in numerical mdel• bY, •pectfyin& the wind velocity componant• 

at diacrete point• defined by• 1uitabl• grid, the grid apaciog being choau 

to reflect the actual apatial ruolution availabla in the data from which the 

modal wind field 1s calculated, Thi• grid ■ paci.og then deter■inea the apatial 

reaolution of the model•• a vhole, The grid aiay be on,, two or three-dimen-

11.ooal depending on the model. Similarly, 111 dynamic model• the tesporal 

vari.ltion in vind •peed and direction at• given point 1a uaually handled by 

■ pecifying a 1equence of mun value■ representing average• over 1ome ba ■ic 

time ■ tcp, typically on• hour. 

AD &lternative to the u•• of •a•ured wind apeeds ad direction in 

lj combination vith an interpolation procedure u to model the wind flov vithin 

I, the reaion of interut 1n • e ■ parate calculation uaing fluid flow modeling 

/ techniques and to thereby determine the viod field in a manner 1uitable for 
1I:, uH in the air quality ■ imulation model, lba approach 1a often used with 

I 
diaperaioo mdel ■ for complex terrain, and io principle allova great flexibility 

1 1n the spatial and temporal variatious in tha vind field that can be ducribed 

1· by the model. The u■ er ahould be awue, however, that not only are aimplifying 

1· H 1• generally introduced 1n practice, but alao that th• ,un.:,er 1n vhic> 

·.1,; ... 

th• buic equatiou are implemented 1.n • comput ■ r cod• auat be carefully con

aidered 1n order to ainiai&e numerical erron, Expert advice ■ay be necesaary 

to properly take thue con ■ ideration11 into account. 

Treatment• at lover level• of detail involve proar•••1vely larger n11111ber1 

of atmplifying a11uaption ■ regarding both 1patial and tuporal variations. Hott 

,cmiempirical model• incorporate 1uch aaauapt1on in their formulation and, if 

aufficient information U available, the user ahould conaider vhether they are 

appropriate or acceptable for th• apecific application of interest, Expert 

advice 111&y be nec•■ Nry 1n thue considerations, Often the utility of a 

semiempirical aodal deaian•d for uae in a liaited ••t of circUlll8tancu is ex

tended by making additional aaauaptions. AA ex.aaple illuatr ■ ting th11 practice 

will be given belov, 

lb• nature of tbe duired ruulta may affect the amount of detail 

naceaaary in the treataent of the wi.nd field, particularly 1n regard to the 

sue of the regioo of 1nt•r•t and vhether or not the entire spatial and tat

poral di•tribution of pollutant 1• duired, It i• aore 1aportant, for example, 

to be able to ducribe the •patt.l variation• 1n th• wind field over a luge 

area than ov■ r a aaaller one ai■ply b ■cauae the variation• ar• expected to be 

-n dgoificaat in th• forMr case, Another example 1 ■ the situation 1n which 

the maximum concentration for a given avarag1n& time ia to be ••ti.mated, rather 
than the expected mean concentration value, Ia tb.1.a ca••• aHu■ption• or 

infoninion on v.lnd pen~tenc ■ uy be required, 

Another ■ajor factor which detenain•• the required level of detail in 

treating the wind field ia the extant to-vhich it 1• necu ■ ary to describe the 

vertical component. u mentioned above, it LI often• ruionably good appr4x1-

mation to aasume that the •an wrtlcal component of th• vtAd velocity 1• &ero 

over the averaging time of intereat. If thia a ■aumption ia made, the pracrical 

treatment of th• wind field 1s ftrJ -ch aiaplified; only the horizontal wind 

need be treated, 'DI• horizontal variation of the wind apeed aad direction 1• 

conatrained by the phy•ical requiremflllt that air call.Dot accumulate anyvhere, 

•nd normally tha ■implut poe ■ ible approximation 1■ made, i.e., that the wind 

■ peed end direction are indepcndcat of horizontal po•itioa over th• region of 

1.Dter ■ •t and depend only on the height above cround. Ia practice, the depen

dence of v1nd dirtction on height U often 1pred aa well. Ihe dependence of 

viad apeed on height 1a u■ually given by an aaaumed functional form vhich may 

depend on the surface roughnus and atmospheric atability. lbe most co1111>0n form 

1a a ■ impl• pover law dependence with different exponent1 for different stabi-

11.ties although a lo1arith■ic for■ may b! used near the ground under neutral 

conditiona. Finally, the ai;ple•t treatment in the zero vertical component 

caae is to asaume that the wind •peed and direction are uDifonD within the 

mixin1 layer over the ragioa of intereat. Thi• treatacnt is often ad~pced in 

Haiemplrical mdeh. lh• wind 1peed 1a aonially cho.,en to be th•• wouH 

-....__, 
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be obnrv.d at a bci&ht equd to the elli.n1on hei&ht and tbu Yalu• 1a often 

ut1i:i.stcd usi.na a mea•und or ..awned value at •oM lover nfueac• b•1abt, 

uaually 10 aeten., ia combination vith an aHumed vi.ad profile. 1bi.s proce

dure ruu.lt• 1a a different effective vind •P••d for ••ch different aa1••1oa · 

height and potentially eacb different aource u vell. Alteni.atlve.l.7 1 a •1ngle 

effective viad •peed c•n ~e u••d for all ■ ourcea reaarlf1ua of individual 

difference• in uJ.aaioa height. 
' ' : i

If th• vertical·,c:ompoaeat of the vind c:annot be aaaumed to be zero, 

the treatment of th• entire vind field 1• complicated aaeia by 'the requirement 

that air cannot locally accumulate, except that nov there 1a ao coaatraJ.at oa 

the vertical component. Ia practice, thia requiremADt providu a relatioaahip 

batveeo the hori.zontal and vertical componeau which 1a uaed to calculate the 

vertical vind apeed, aiveo meaaurement• of the horizoo compooent• at aeveral 

location• vi.thin the region of interut. Wind field• vbic~ aatbfy thiD non

accumulation nquirnent are often c:alled ".,..a-conaiataat" viad field• becau!'• 

the requiremcat 1• derived from the concept of the conaervatioa of ma••• Any 

vind field u•ed 1n a di•peraioo 110del ahould be 11&aa-coaaiateat; othervi1e, 

error• la the eati11&ted conceatracioa vlll re•u.lt. Wind field• detaniiaed by 

fluid-flov 11>del1 are 1eaerall7 deaigaed to aatiafy the ma1a-conai1teacy require

ment. 

It 11 ral•tively •••1 to ■atufy th• ma•• con1iateac7 requiruent if th• 

Yertical viad component -1 be •••11111ed to be aero, la thi1 caae, for elt&llple, 

if the viad apeed and d1ract1oa do not depend oath• horiaontal poaitioa coordi• 

aatea x and y, the••• coasi•t•acy requirement 1• automatically aat1af1ed 

r•&•rdl••• of th• dependence of •1th~r 1peed or direction on height above ground. 

AD air quality model du1gaed for uae in complex a1tuat1oaa may either 

require the viad field to be 1nput and therefore place the burden of detendaia& 

the proper v1.nd field on th• uaer or require the aeceaeary meaaurement• ao that 

th• viad field uy be calcu.lated 1ateni.ally. In the latter c:aae, the vind field 

uy be detendued prior to or concurrently vith th• actual d1apera1oa calcula

tion,. Aa indicated aboye, aimplifytaa aaa11111ptioaa are often incorporated. 

ror example, a model destaned for uae in flat terrain may ba combined vith 

•••umptioa1 regardtaa the flov of air over topoaraphic feature ■ to produce a 

nev model which may atve result• of sufficient validity for the user'• purpoae. 

Often 1uch trtatmenta of the vertical component ara implicit, being incorporated, 

for example, ia the form of asaumptioas about the height of the plume ceuterliae 

above th• terrain vithout aa explicit deteTillinatioa of th• vertical component 

that would re1ult ia auch behavior. For the purpoae of th1a vorkbook, ■ uch 

•••umptioaa repre•ent an implicit treatment of the vertical vind •peed and 

ahould be evaluated a• auch. 

... 

' tba a1tuatioaa ia which treatment of th• vertical component 1• de1irab~• 

ar• those ill which the reaJ.on of interest contain• •isaJ.f1caat geographic 

complexitie• auch a• 111011ata!na or hill■, river valley ■, large bodies of v~ter, 

and '° on. Ia the f1rat tvo cue■, th• uaual problem 1a to describe the chaa

nelina and vertical d1aplacemeut affects of the terrain on the general viod 

flov. tbdela vhich ara capable of dotoa thi• have been developed •ad are ia 

currant uaa. Near large bodi•• of vatar, tha problem 1• to de•cribe the effect 

of a temperature difference batveea adjacent •urfacea. Although model• of this 
situation ban been developed, they ue pdurlly of a research nature and 

have not been iacorporated into a diaparaioa 110del. 

Ia applicacioaa iavolvia& avaraaia& time• of s aoath or more, a 

climatological approach is oftau uaed. Ihe entire rsoae of poa1ible vind 

direction• is divided 1.ato several (uaually 16 or 36) aectora, aad the eatir• 

range of poaaibla viod speed• 1a divided into several (typically •ix) diacret ■ 

ci.a ■ aas. At the ■ama time, th• poa•1ble range of 0 at110apheric 1tabUitiea 11 

also divided into ao- number (uaually six) of di■ crete claeaea. The proba

bility of obaervina ai-.ltaneoualy·tha vi.ad dinctioa 1a a given aector, the 

viad •peed vithia a atvea claaa, and the atabllity v1th1a a atveo cl••• 11 

dateniaed fro■ local obaarvatiooa for eacb poatibla combination of wind 

direction, viad apeed, and stability cl•••· 'Ibe reaulting joint frequency 

diatributioa 1n called a atability vind roae, Each combination of th• three 

element• defines a particular 11111teorolo1tcal aituatioa for vbich diaperaioa 

calculatioa1 ar• don ■, normally uaiaa a ••1•p1r1cal .odd. 1be loartena 

avaraaa pollutant distribution 11 obtained by aultiplyioa th• re ■ ult• for 

••ch meteoroloaical aituat1oa by the prpbeb111ty of obaerviog tlat particular 

aitµation and ■ -1.Da over all poHible caa,e,, Thu•, more infoniation ab,;,ut 

the viad fiald th.an juat the ...a viod ■ peed and direction over the averaain& 

time of interest 1• uaed, although 1n each 1Dtteorolo1tcal situation the 

eHumptioa 1a co1111110nly aade that the wind 11 uniform aad constant. The 

climatological approach is not aece•••rily re ■ tricted to 1emie.mptrical 1110dela; 

in princip~•• 11117 type of a,del could be u••d to do the baste di1peraion cal

culation• u long a• dlscreta vind field "claHea" could be 1uitably defined 

and the probability of obaervia& each detenaiaed. 

The varioua treatmeQta of the horizontal vind field are listed in 

Table 5.5 aod the treatment• of the vertical viad field are aiveo in Table 5,6, 

Treatment• uaed by suggeated ref•r•ace model• can be found ta Tables a.6 and 

1.7 for horizontal vind field and vertical viad field, re•pectively, 
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A,4 H01lIZONTAL AND VUIICAL DISPDSION 

A,4.1 ~ 

Oue of th• •Ht illportant eleee11t• 1n aHHsin& the iapact of •aiaaiona 

on air quality 1a th• ••tiaation of th• extent to vhich the effluent 
from ao_urc:u 1a diapeued by the atmosphere, 111 c:oq,ar1D1 the treatment& of 

di.apersion by tvo ~iffere11t modela, the uaar should keep tha lolloviq thr•• 

fac:tora 1D m.1Ad: 

• 'lhe operatio11al def111itio11 of diapera1on, 

The duration and size of th• emiaaion a11d the 
aource-receptor diatance or travel time, and 

• the coonectioo between the extent or rate of 
disp•r•io11 &Dd the level of atmoapheric turbulence. 

lhue factor• det•niin• th• applicability of the varioua treatment• of 

di.8per1ioa and th• phyaical featuru of the problem vhic:h need to be taken 

1.oto account, 

the tena "diffudon" 1a u••d by aome authors 1D exactly the aa-.. •-• 

that th• tena "diapenion" 1a uaed throughout thia workbook, th• tera dia

p•r•ioa 1• uaed her• to avoid any coafu ■ ion vith the procu• of molecular 

diffuaioa, in vhic:h the aprud of one 1ub1tance 1a another 1• th• re ■ult of 

entirely diff•rea, phenouna than tho•• rupon■ ibl• for atmoapheric dlaper ■ ion, 

b~..:-.:J L.:,..,...;J L..... J 1-..,.•,J L '. .J l t· . :J c·· _::, t.: .ii ... ... ,..'-
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th• operational definition of diaperaioa la interrelated vtth that 

of advection and depend• upon the avera11D1 time of 1.nterut, The vind speed 

a.ad direction at a point are randomly fluctuatin1 quantitiu: rapid fluctua

t~ona are perceived a• turbulence and very alov fluctu,tiona a■ part of the 

day-to-day variation, in the wuther. th• operatio11al definition of advectioa 

ia the tran ■ port of pollutant by the!!!!!!. viad •• mea1urad over some specified 

averaaia& tiae. Ih• operational defiAition of diap•r ■ 1011 11th• transport of 

pollutant by fluctuations about thia mea.n which occur over time ■ le•• than the 

avera1tn1 tin, lo other word ■, advection 1• th• overall downwind movement 

of th• eaia1ion aa a whole aod diaperaioo 1■ th• spreadiog of the pollutant 

about thia ~v•rall motion. 

To fix th••• id•••• couider tvo photo1rapha of the tame continuous 

pluae taken from above, one la a aoapahot and the other 11 a time expo1ure 

(Figure A,1), The pluae in the aoapahot 11 obaerved to follow a meandering path. . 
called the ■ traaUine. The width of the plua• at any point 1■ limply the actual 

phy11cal 1pread of ..terial about the in1tantaneou■ politioo of th• plume center

line. la the tia• expoaure, however, the pluaa appear• to follow• much atraighter 

path and 1• characterized by a much wider and 110re 1moothly varyin1 cro11-.aectioa. 

tbe longer the expo ■ ure, the wider th• croa ■ -,ection appear ■, Th• time exposure 

ahova only the ••an wind diracti~n over the expoaure time, and the abaerved dta

peraion about th• apparent plua• centerline repreaent, not only the phyeical 

llUllW( COIIClNTlATIOII 

Flgura A,1, Dependence of Cro11vlnd Pollutant Dl ■ tributton 

fro■ a ContiAuoua Polnt Sourc• on Avorag• ,e. 

'-·~.,' or 
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, spread but alao the t1JM-avera1• effect• of the ..aaderiaa of th• pl1De. Thu•, 

-•ader1 1D the plWN.vhich taka place over period• of tiae •horter than the 

exposure, ~r 1ver11ia1, ti.!De are coDllidered ·part of the diaperaioa. The 1aap1hot 

cle~rly exhibit• the effect• of the •hort-tera wind fluctuation• re1poaaible for 

aeander1~~-

Tbe practical con,equence 1• that for th• horizontal caae the extent of 

the dispersion about the meaa pl11111• ceaterliae depend• on the ~veta1ia1 time. 

Thia effect Joes aot ·~cc~- fot vertical diaper1ion for av~ra11n1· tia•• loaaer 

than about tea llliaut••· due to abaeace of fluctuation• ia the vertical coaponeat 

of the wind over th••• tuie seal••• 

The example juat 1tvea conaldered the ca1e of a contiauoua release. A 

aaapahot of the pollutant diatributiua follovin1 aa inatantaneoua rel•••• durln1 

aoa-cal■ condition• •how ■ a cloud of ..terial centered at ■ om• point dOVDwind of 

the source, where•• a time expo1ure 1hov■ a ■eanderiaa path _ori&iaating at the 

1ource, In both picture,, the obaerved extent of the di ■ peraioa repre1eat ■ th~ 

actual croaawiad apread of material 1a the cloud, although dispersion ia th• 

downwind direction 1■ not ahown in the time exposure. Meandering in the path 

followKd by the cloud ehould clearly not b• treated a■ part of the di1per1ion 

of the cloud, 

Based on th.ii type of consideration, and a ■ 1usaia1 that only th• ■e■n 

wind apeed _and direction are known over th• averaaiag time of interut, 

■c1nderin1 ahould be c;OD■ idned part of the prucen of horb,•at~l di11panioa 

from a point 1ource when both the followin& conditioaa ar ■ ■et: 

lbe duration of the relea ■ e 11 areater than the 
averagin1 ti■a, and 

• The 1veragin1 time 1■ areater than the aource-
receptor travel time. 

If these condition ■ are aot Mt, more 1Jlformatioa about th• viAd field 1• 

required 10 that a 1110re ruli■ tic deacriptioa of the actual trajectory 

followed by the pollutant ellli ■■ ioa ■17 be obtained, Ia particular, variation& 

1a th• wiad wbich occur over timu sr ■-t ■r thaa tha ever ■ aina ti.me but lea ■ 

tlu!a tbe travel time ■hould be explicitly taken into account either by aa ■ ump

tioo or by actual calculation of tb• trajectory. (See ~ppendix 4.J for• dia

cuaeioa of trutmeat ■ of the wind field.) 

the 1.ii.itial ■ ize of the emi.taioa deteraine■ the relative aportaace 

of any further di■per■ ioa in either tbe horizontal or v ■ rtical direction. 

the larger a plw:ie or cloud of pollutant, the ■ lover 1.1 the relative rate 

of growth du■ to th ■ action of atmo ■ pheric turbulence becau ■ e aa the plum• 

1rowa IA 1ocrea ■ 1naly larae part of the turbulcoce acta over too sia.ul a 
I. 

•cale to be effectin. Ibe effect on the horizontal di ■ per ■ ion eatJ.aate ■ 

of ·taa tbe avera11A1 tiae ii al■ o diaiabhed foi; extended aourcu ■ uch
1: 

and area• for the ... teaaoa, 

la order to quantitatively eatiaat• the uteut or rate of d1aoars1~3 

uadar ■ pacified coaditioaa, th• effect of tho•• factors which det,mtne the 

intensity of atmo ■ pheric turbulence mu.at be suitably parameterized, Jecauae 

diaperaioa 11 a direct result of the action of turbulence. The 11101t iaportant 

factor• aoveraia1 the production of turbulence are1 

• lb• wt.ad ■ peed, 

• Tba rou&ha••• of th• around aurface, and 

• Ibe flux of heat beiD1 tr ■uaferred between th• 
around surface and the air. 

lb• fir■ t two factors aovern tbe 11&chaaical aeaeration of turbulence by friction 

due to the variation of wind ■ peed with he11ht (wind ahur), itself cauaed by 

the frictional interaction betvaea t~• a•n ■ ra.l flow of the wind and the rouah

aua of the aurface, lb• third aoverna the tbenal 11neretioo of turbulence 

due to aurface heatin1, Iba aurfece heat flux itaelf depends on: 

the ■olar aagle (durioa the day), 

• The extent of cloud cover (both day and night), 

• !bar.al propent.. of the sr-' eurface, and 

• !be ut-t of aatbro,u°auic but aea•r•tioo 
(la ubaa anu). · · ' · · · 

ta di&cuul.q at■o ■pbedc turbu+-•...•d ~P•~S.011, it la CODflaleot 

to 1atroduce tu C09Capt of ■ tao•pberlc: ..ecabilit7. At a alvu lldpt, tba 

aca,-,bare MJ M cluelfled u llUtaltle, uucta~ or 
0 

atabie ac~rdiq to 

llbatlMr tlM rat■ of ilecrua of' t-,eraturti ~1th beiaht (Choe Lap..· r.ce) t. 
., ~• ~. equal, tc>t or sruter than- II critical' valu-1 ·l!alled tbe dry uialiatlc: 

lapee nte, (equal.u approd-■ td.7' 1•-c:/100 .::tera), aa ■ howa 1a Table 4.2, 

lb~ eipificaace of thla c:J.auiticatioa 1■ that near the gromd,_ h 
0 

1gh le~~la of 
0 

turbuleace ud llicb ratu of dbper■ ioa are 'ieuer~lly aaaoc:tated vith unatabla 

CODditiou ■ud low level• of turbuleace with ■ tabla condition ■• the teraia 

u■ ed in the claa ■ 1fic ■ t1oa ere 1a fact ducriptive of the effect• of the 

different typu of tuperatur• aradieat oa vertical turbulent motions, vertical 

mtion beiaa eahaaced under un ■ table coad1t1ons and ■ uppres ■ ed under ■ table 

cond1t1oaa. A temperature 1averaton u aaid to ~xtst when the lap•• rate 1• 

aea■ tive (temperature incru ■ in& v1th heiaht). Ih• ■ tmoephare 1• extremely 

stable within an iDven:ioa ud turbulence 11 ■ trongly auppre ■ aed. Aa a co~

■ aqueace both cha rate of ftrtic&l diaper ■ ioa llld. the actual phyaical aprud 
. .: 

of a pl- 1n the laerizonta.l direct:ioa ■ re ■ troagl7 ■ uppre.uad, elthough 

coa.aiderable -.aderilla oftthe pluae can occur. _____:::==---=
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!,, Tabl• A.%. Cea•ral Atmo•pheric: Stability ClaNificatiOll Accor,ilq 

to Taaper•ture Lap•• late• 

I' 
·; 

ielatioo of Ac:tu.al Lap•• ll&te to the Atmo•pb•ric Stability 
Dry Adi.ab•tic: Lapse late ClHaificatioa 

Cre.cer tll&a .Uastable 

Equal co lleutr•l 

Lu• ·than Stllbl•, 

a ' This clasaification u not th• nme •• the widely used P••qu111·atability 
c:lassific:ation sc:he2e. 

Th• te:i,perature profile 3Ur the.cround is itself deten:iined by the 

aame factor& listed above a■ bein& •i&nificant determiaantl of ataospheric 

turbulence. At any 1iven tiae, the difference between the actual lapse rate 

and the dry adiabatic lap•• rate 1>I decer111ined by the balance between two 

compet1a& effectll 9 th• adclit1o11, to or re:-c,val from tb•· air .of heat ener17 · 

du. to aolar butio& or r•d1.atioaal cool1a1 of tb• croUlld ■ urfaca, f.aidiaa to 

produce uutable or K■b-1• coadidou i-upect1.;ely~ ~d 2) •th• teadeacy of the 

tu.rbw.ence itHlf. wbetbar ..cbad.cally or thermally c•neraud. to •-tla out 

• th• ci...peratute proflla ad prvdu.ce Hatral coadittoua. · 

· 'ia' ~da~· ~!Ir •: .ataoapharic llt.rer11oa a;,del• ~o 1,e ...iu1 ia a-·vert.ety~- . ,. ,··· ' 

o:C ...,t..,rolosJ,c:a1 aitua~f.paa, "°- coa,r•ifnt --•ur• of ac-spberk ■ tabllitJ'...... ...,. .. . .' 

. ~ ~"!~~~--J f.~dty i,■ IIQM tD detara1ae th. anropdate ...a1uaa of tJao ■a 

-•~ DAra•ura ,(auc, u CJ -d a 1a C-ian· pl-.- IIDClel•J•'viiicb dat ■nina . •.-:-. . ... .. y a 
, _tll~ pr,,,U~t~, •.ltttlllt cw rat•• of dUpenio•.' A· a...,.ir- of d1fferen~ Hteo~lo• 

&ic&l _P•r--ter ■ or d...■ 1ucat101l scb- b.av• b- aae4 tor thh pl&rl)OH and 

·an 111.cnuiaa number of aodel• uke ua• of th• 1110r• f1111daaeatal auaure■ of 

turbulence iate.nait7. SOM of th• 1110n coaaonly uaed onu are iliven in 

Table A.J. 'lh• u•er •hould coa•ult a atandard teferanc• <•·&•, Slade, 1968) 

or an air pollutioa aeteorologist for tbe defiaitiona of the llicbardaon number 

or the Koa1a-Obulthov leagth if the m>del being evaluated aake ■ UH of one of 

thue par ■-ter•. A d1•cuuiou of tb• Paaquill-Clfford claaaification •cha• 

1a &ivea by turner (1969) and the Brook.haven ac:h... 1a diacu■ sed b7 Siacer 

"and Saith (1966). A review of varioua ■yauu for curac:.terizing turbulence 

'·1■ aiwii ·.;,. ca~tor.i Cll76). . - .. 
tba b&JJic factor• vhicb detend.ne ataoepheric atullity near the 

around have already beea 11CDtioaed, Tbo dependence of tbeaa factor• on the 

tiae of day, the nature of the topography, aud the nature of the ground ■ ur

face give• riae to certain characteriatica of which tho user ahould be aware. 

At:aoapheric atability near the arouad uuder1oe1 very tiplficant diurnal 

variationa du• to the ri•ins and aettins of the •un. On aunay daya, the arouad 

la v •ad beat ia added tolhe air near the aurface, cauain1 the air tempera-

f. .. , :J r· . I [. J r.· J ~ ., J 

tur• tori•• and produc.i~& uaatabl• cooditioaa, On clear oJ.1hta, the crouud cool• 

llior• rapidly tbaa the air, heat 11 removed fro• tbe air oear the ground, and a 

1rouud-ba ■ ed "radiation in••r■ ion" i■ produced, ~t any tue, cloud cover tends 

to balance the exchaage of beat ud produce aeutral cooditioua. 

There are important differences betve&a urban and rural area ■• Urban 

area• are aoraally ■ucb rougher thaa tbe aurround1a& rural are.is, aud the heat 

produced by anthropo1euic activity in the city ia aa importaat factor at 

night all year rvund •• veil a• during the daytiM in Wiater. The combinatioa 

of th••• factor• re■ult ■ 1A subatantially bi1her level• of turbulence, and 

corre■ pondlnpy hi&h•r ratu of di■ peraion, over citie• durin& both day aad 

niaht. The frequeacy of ■ urface inver ■ iona ia auch lower in cities than in 

rural area•1 when• surface inver ■ ioa exi•t• in tbe ■ urrounding countryalde, 

th• temperature profile witbia an urbaa area 1enerally corre•ponds to neutrsl 

or weakly atable ~onditiona, 

table A.J, eo-ly U■ ed Nca■uru of Ataotpheric StabWcy 
ad l\analac• lateultf 

~uou• Hu.aure. 

1. temperature cr•dieot or, ..u1....1eatl7, to-i,eratun diff•r-c• betvHG 
two rafar..aco btisJIC•• 

z. , ••, ~ 
•. T & 

~ • (dry &dlabatle lapse rate)•(miHnt lapH i-ate) 

• u•C1100. + at/b) 

& • accelaretioo dua to ~avlty, 

t • ambient te ■perature. 

(S 1• negative in ua ■ table coadition,, aero in neutral 
condition• aad posit1Te in ■ table conditioa ■.) 

3, Standard deviation of the horizontal co ■ponant
C~e> or of the vertical component (a~), 

of the wind direction 

4, llich&rdaon numbn. 

,. Monin-obukhov lenctb. 

Diacreta Qaaaificatioa Sch.... 
# • 

1, f191u1ll-Qfford ■ tabllity clu■ Uic::atioa. 

2. Brookhaven cu ■ tinesa claaalficatioa. 

. . . . 
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I, Topocrapby uy 1i1nific1ntly affect 1t1bilit7, th• nocturual in

veraion vithin a valley. for example. uy ~• much d••P•r and loncer lastin& 

1D the 1DOrning thaa that over flat terrain. this 1s caUJ1ed by • c:ombiution 

ot unev~n heatinc of the cround surface due to the varuble angle with vhich 

tbe sun'w ray ■ strike th• ground and the teadeacy of cooler air to ••ttle in 

lov p~3cU in the terrain. lh• presence of foe alao delays th• heating of 

the ;r~.n~ and prolongs the er.Utenc• of stable conditions. Forested area, 

and re~icn• uf complex terrain al•o have aurface rouibne•s comp ♦ rable to thoae 

of urbaa areu, -d ·r~t• iof, d1apenion are ccin:upondinglJ higher than over 
I 

11nt17 -rol11Ag JraMlaa4, tcir esaaple. 

lh• stability of tJM aic-pbere et bigber •l•v•tiou ii alaci a•la

poruut: bet« for ·a.c-pllerf.c: ·.u.perdoll, " ..any aiv• c~ ~b.e-~tal>lli~,. •· .. . 
of t:b.o at-i,ben u b&lgbU al>oft a fer bWMlred ..cars la detanalud -ialJ 

• ¥ 

bJ tbe Lsrg,e eul.e fubl&'.. of CM vuthar u vell u by tb• 1111•ral plbp•rttu 

of the ataNpbere u a MaOle, kl- 10-15 ta, the at1101phare ii 01l tbe aftraae 
. ., -· . ' . ...'• . ,: . 

alightly stable, eo Chet turbulence auarated at tbe •urfec• Ula proi,..pt• up-

wrda oal7 eo f.u before it Le .taap..s ciut. 121111 'l'..ulta in • upper ·Hait, 

called the win& b&i&Jat, to tlui altitude to vlw:b poUutaiat• -vlll .U.perH 

owr a Ilion: period of tiae. In the abaeace of an elevated iavneioa, tbi• 

llixing hei&bt la detanaiaed bJ the HM vad.ablu ~bat det~ne tbe stability, 

AD elevated inversion -y ex1at, however, u.sually ia u,ocietion vith a lara• 

high pru,ur• area, Such 1Dveraion• are called aubaidance 1nveraione and al'e 

very l!f fcctive in liaitia& vertic•l d1apenion. Subddance inversion• exilt 

at altitudes of the ord•l' of 1000 • and the llllldmua aixiaa hd.aht on any 1ivea 

day ia Uaited by the hei&bt of the bue of theH 1avenioaa, Sine• relatively 

lov vind ,peed• are alao u,ociated vitb thue lar1• hi&h pl'-■ 8ul'a •r~•. 

they ca•,•• 11011111 of th• vorat pollution epbodll, 

An additional faator, relatin& prta.r1:ly tci verd.cal •d-1apen1on, ·u !:be 

fact that th• urth '• ■ urface for,m1 !' barrier vhicb Uld.ta aot 01111. the. extent 

of lllixina 1D the vertical direction but a.lao the phy•ical ,u:e of the turbulant 

fluctua.tioa• which c.auH th• dJ.lperdoa. lb• fint effect la aoraally handled 

H a boundary coad1t1oa, but the ••coad 111pliu that tba higher th•. •ltitude 

above ground, th• sruter th• dze of fluctuation th.at can exilt, In addition, 

th• relative. importance of 111ec:!i,aaical17 aeaented turbulence compared to ther

ully c•nerated turbulence deer••••• vitb altitude, Thu•, th• rate of vertical 

di•peraion frtn1 alevated aourcea 1a so-hat differeat fro• that gro1111d level 

eource•• at l•a•t until th• eats,ioa froa th• elevated •ourc• reaches th• &round. 

Since horizoatal and vertical diaper,ion are coa•idered to be •eparate 

element• 1a th1• vorkbook, lltld in order to tie the previou• di1cuaaion1 together. 

it 1• useful to •~ariz• h•r• tho,e factor, which relat• 1pecifically to either 

horizontal or vertical diaperaioo, or botb, the•• ■ umal'i.. are aivcn ta 

tu• 4 and A.5. 

,,..,,_,;,r,,, 
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Table A,4 Factor, Affecting th• Level of Atcx,1pheric Turbulence 
and the lat.. of Horizontal. and Vertical Dbpenlon 

• Wind 1hear, it••lf dependent oa 

- Wind •p•ed• and 

- Surfaca roughne■, 

• Surface heat flux, it ■•lf dependent oa 

- Solar anal•, 

- Cloud cciver, 

• Surface thermal pl'opertiu, and 

- Allthropogeaic: hut product:ioa, 
- Oro1raphy (arouad •lope relative to 1olar anal•) 
Atmo ■ pheric atabilitJ, itaelf depaadeat oa 

- Th• factor ■ llated above, and 

- Synoptic vuther featuru (partic:ularly above 
a few huadred ..ter• altitude) 

Tabla A.5. Factor■ Detanalaina K&anderina Contribution 
to Horizontal Di■ peraioa 

Duration of pollutant reluae 

• Source-receptor travel time 

• Da■ ired avaraaina ti■• for pollutant coneantration■ 

Iaitial ,ize of tb• a■i ■ •ioa 

• Oroaraphic barrier, 

• Street canyon■ 

A,4,2 J'rHtmen~ of llorhontal and Vertical Dilpenion 

la order to evaluat• the treatMnta of horizontal and vertical di ■-

p•r•ion 1a a ,pacific modal, th• u,er ahould 1uiov, 

• The technic*l benefit• and lillitation ■ of th• 
differaot type• of treat ■ent ■ and 

lhe various vay, of parameterizioa :he effect• of 
the t■portant meteorological varlablH in each type. 

lb• rem&inder of thi• ■ action addreaau th••• point ■, 

A.4.2,1 l'teatment Clae,1fication 

•
Treat•nta of diapersioo m&y be uHfwJ.y clauified 1a the foUovl0g 

tvo vay,1 

..... 
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!' Rule 932i Continu~~ 
i, 1) Accordina to the 1ener&l. aodelin& approach adopted, 

• ~-ric&l. •thod•, which involve the numerical 
•olut1on of equations ducribina th• conservation 
of 111an, 

• Seaieaaptric&l. mathod1 0 vhich a••1.111e a particular 
functional fono for the pollutant diatribution, · and 

• Method• which do not treat diaper•ion explicitly1 1and . , 

i 
2) Accordin1 to.the vay the ti.me dependence of the pollutant 

di.■ tribution ta treated! ' 

Oynaaic treatment•, vhich predict the pollutant con
centration aa a function of time•• vell a• po•ition, 

• Study •tate treatments, vhich predict the average 
pollutant concentration u a function of po1ition only 
for •hort averagin& times, and 

• Climatolo1ic&l. treatmenta, vhich predict th• average 
pollutant concentration al a function of poaition only 
for long averegina time• u1ia1 a 1tati.atic&l. diatribution 
of aeteoroloatc&l. condition,. 

Method• vhich do not explicitly trut horizontal diapersion, vertical diaper1ion, 

or both may atill 1a ■om• ca■e• b• 11-1at1on model• and uaaplu vill b• 

dillcussed belov, Empirical or 1tati1tical .odels, vhich al.so do not aeaerally 

contain explicit trut ■ant• of diaperaion, ar• diacu•••d in Section 7. 

l!umeric&l. Hethod• 

The mo1t advanced and aophiaticated aodel• of atmospheric di1peraion 

, fall into thil categor7. Th• current stat• of· the art 1a r'epreaented by 

"clo11un model•" which conaider .l!!!5h th• coocantration and th• flux of pollutant 

•• vell •• IIQat of th• meteoroloaical variable• aa unknown function• of poaition 

and tiine to be determined by numerical aolution of the relevant equation,. The 

' Uu:i.: obt ■ iHd in thi• approach 11 directly related to the rat• of diapenion, 

This type of treatment 11 at111 1n its fo1'11Ul&tiv• 1t•&• and baa not vet been 

u1ed in practical applications. For thi.l rea1on, cloaure aod•l• w111 not b• 

di,cusaed further here, 

lh• u•ual approach 1n numerical model• 1a to ducrib• the flux in 

ter,u of th• c~ncentratioo distribution, ao that th• flux 1a no longer an 

independent quantity. Thia 1a done by 11111k.in1 the "gradient-transfer" 

approxiution, vhich •••uae• that the pollutent flux 1• proportional to th• 

concentration gradient. The proportionality factor 1a called the !!!_<!I. 

diffusivity and 1a u ■ ually ayaboUzed by th• letter K, hence thi ■ approach 

1a oft"n reCened to H "l•lheory." The re1ult of mki.D& thi• approximation 

11 an equation, called the adve~t1on•dif~usion ~quation, vhich pr.,dicts the 

poll· conccntr~tion a• a function of position and tiM, Treatment• of th• 

v1ad field are dbcu11ed 1a Section A,l. lba advection-diffudon equation 

ault usually be aolved by any of a variety of numerical aethod•, includin&, 

for eumple, finite-difference or particle-in-cell techniques, bu, the user 

should ~o: be too concerned vitb the detail• of th• numerical aethod u,ed by a 

aod~l beina evaluated. there are cartainly advant•ae• and di1advantagu vith 

the varinua approachu, but th• focua b•r• 1a mr• on th• parameterization and 

treatment of meteoroloaical and other factor,. 

the eddy diffusivitiea for diap1r11on in different direction• are not 

necua.rlly equal, but thia diacualion vill be rutricted to vbat 11 by far th• 

110st coaaon ca••• that in wich only two eddy diffu•ivitiu are uaed, one for 

vertical diaperaion and one for horizontal d11peraioa. the eddy diffusivity 

v&l.ue• reflect th• level of at1111apheric turbulence and their par..,.1terization 

in term• of observable aeteoroloaical quantitie• ahould be considered by the 

user in evaluatin& a nuaerical IIOdel. 

Semiaapiric•l Methods 

·thu catesory ioclud.. all treataenta in vhich an explicit functional 

fora ia •••11111ed for the concentration distribution. th• aaaumed form may be.. 
baaed oa ob1ervation, theoretical conaideratiou, numerical a1E\Llation, or a 

combination of the••• It may be a function detend.ned elaewhere and assumed 

appropriate for the aiven application or it uy be deteniinad •pecifically 

for tbe application of interut 1a the proce•• of runnin& the model ita&lf. 

the 1101t co-on exaapl• of a ••aie ■ pirical aethod 11 the GaU5s1ar. 

piuM treatment of diaperaion fro ■ a continuous 1ource •• described by 

Tumer (1967), Thi• particular approach involve, the assumption that th• 

horizontal cro1awind pollutant diatribution lro■ 1uch • 1ourca !11.'.lY be 

deacribed, on averaa•, by• Gauaaian function and that, except for the effect• 

of th• around, 10 can the vertical diatribution, The only parameter, beside 

the winJ 1peed vhich appear u:pl1citly in theH funct.iona and 1,;hlch reflect 

the prevailing aateorolosical condition, are the horizontal and vertical 

atandard deviation•, or diaper11on coefficient&, correapondina to the a ■ sumed 
' horizontal and vertical Cauuian diatribut1ona. 

Another uaaq,le of a aeaieapirical model 1a the simple box model, 

which a••umea a epatially un1fona pollutant d1atr1bution vithin tome 

region, Diaper ■ ion 1.s not explicitly treated 1a 1uch a model, but additiow 

a1aumption1 are 1.■ plicitly beina uda. If the pollutant di1tributioa ii taken 

to be uniform 1n th• vertical direction up to so■• apecified hei&ht, tbe 

proces• of vertical di■ peraion 1a iaplic1tly bein& aesumed fut enou&b to 

juati{y that treatment over the- time acal• of th• problem. The •••11111ption 

of uniforoty in the horizontal crosswind direction 1• often used and is 

Ju ■ tified u· th• di•tribution of wsaion• b relatively unifon:i; th11 

approxiution, when u1ed in conjunction with th• detenlination of p, 

·--'~,.~'' 
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Rule 932 1 Continued 
, level• due to area 1ourca uJ.s1ioa ■, 11 called the aarrov-plme approxiutioa, 

A type of nartov-plume approximatioa may al■ o be used for trutios point 

·1' eourcu 1D c.lim.atoloaical aodal ■ and v111 be dbcusHd io that coatext later 

1D chi, •action, 

Dynamic Treatmeata 

lbia catesory include•. all -thod1 io vbich the coaceotr~tion 1• pre
0

dicted explicitly al 
0

a fl&Ddtion of time. trutmeota ia vhiih oaa o~ more 

trajectorie• of pollutant release, are calculated from viad fiel~ data, or 

are •1cply aa1waed oa any reason.able baaia, are a.l•o included wider the 

definition of dynaaic model• followed in chi• workbook, Dynamic trutmant• 

may be either numer1cai' or 1ellliempirical in nature, 

Dynamic model• 11.11t be able to properly handle 1ituatioo1 involvioa 

changing meteor0l011cal condition• and the raaultin& chaos•• in the rate of 

dispersion, there 1■ usually ao difficulty io doina thia 1a numerical 110del1, 

but if a time-dependent aeneralizat~on of a semiempirical ltudy-atata method 

1a uuJ, problema can ariae 1a makin& sun that the model parameter ■ vh_ich 

detcribe the~ of di1persion at eay iiven time are continuou• function• 

of time, For example, if th• horizontal crotsvind pollutant dlatribution 

about soma trajectory 11 asaumed to be Cau••i•n, the horizontal ltandard 

deviation 1hould be a contiauou ■ function of time, Moat c-nly uaed 

foniulaa or 1raph■ 1ive the standard deviation•• a functioa of dovnvind 

di•tanca or traval tiM only for th• ca ■• ia which the mateorolo&ical con

ditions are con1taot, and are not-directly applicable Ulldar chancing coadition1, 

A treat~ent \lhich u,aa a ducription of the rate of chana• ~f th ■ 1tandard 

deviation as a functioa of aieteoroloaical condition• ii u ■ ually preferable 

for dynamic 1110dell. 

Eumpl•• of numerical/dynamic treatmant1 are l) tho•• u•iD& the 

numerical •elution to the full time-dependent three-dimen1ional advection

diffualon equation and 2) tho• ■ u■ ina the narrow-plume approx:l.lMtion for• 

arid of aru 1ourcu over which• trajectory ii calculated aod trutina 

vertical diapar1ion by nuaerically ■ olvin& the one-dimea■ ional (vertical) 

time-dependent d1ffu ■ 1on equatioa, An example of a eemiempirica.1/dyumic 

treatment \/Ould be on• 1n which a trajectory ori1lnatia1 at the location of 

a point sourcefU calculated and the pollutant dutributioo about the tra-

1ectory it aaaumed to be Gauasiaa. Gau••ian puff 1110del1, ia vhich a plum• 1■ 

treated a,• 1eriu of puff• which follow their o,m trajectorie1, are also 

■ emiecplrical/dyoa■ic model ■. 

Stead1-State Treat_ment ■ 

.....,h cateaory iac.lud•• all ■ethod ■ in vhlch temporal variation• of all 

rel ·.uaatitiu are ipored and ia vhicb the trutmaot of advection \IIIU 

'".......,i 

I 
only th• Nan Iliad ,peed and direction for the avera1in1 time of interest, 

Thia type of treat-nt predict• tb• av•r•c• concentration a,• fuoctloo of 

po ■ itioo only, Staady-■ t ■ ta Mthod1 uy be either aumerical or semiemplrical 

lo o■ ture, l'h• ao1t familiar example of a 1&111npirical/ ■ taad7-■ tate trutzaen~ 

1a the baaic Gauaaian plUM IIOdel aod aa example of a a1111arical/1teady-■ tat• 
treataent 1a oae 1a 1"tlich tbe ti■a-1ndependeat var ■ ion of the advectioa-diffu1ion 

equation 1• ■olved au■erically, 

Climatolo1ica.l t1·eat ■entl 

1111• category include• aethod• which predict the average pollutant 

diatr1bat1on for 1001 averaging tlmaa, typically a aonth, 1u1on, or year, 

u•ing a joint frequency diatrlbutioa vhich aivu th• probability of ■ i ■ulta

•naou ■ ly ob1arving 1pecifltd viad ,peed, vind direction, and other moteoroloslcal 

variablu. to thia approach, aora inforutioa about the viad field thaa Ju•t 

the ■eao vind •P•~d and direction over the desired aver ■ 1in1 time la u,ed 1n 

order to avoid treatin& variationa vhicb occur over time 1calu leu than the 

avera1ln1 time u part of the horizontal di ■ per ■ ioa procu ■, CliNtOloglcal 

aodel ■ may 1a principle u■e eith■r a nWD■ rical or •&111emp1rical approach for 

th• individual ca.lculatioaa, althou&h ia practice 1emiampirical/1tudy-■ tatl· 

treatment• are almo1t alvay1 u■ ad. 

A,4,2,2 Benefit• and Limit~ti~a• 

Num•rJcal_lfethod• 

'l'h• -1n beoafit to be pioad by u•ill& a numerical ~pptoacb 1• 

flexib111ty in the 1ptcif1catioo of the wind field aod the meteorological 

variablu detaraining atmoapher1c turbulence level• a■ functioas of position 

aod ti- and in the ■ pecification of boundary coaditiona. In principle, 

numerical aathod• allow the ducriptioa of dhpenion for a rulhtic vind 

fiald in complex 1ituatioo■, They are al ■o, 1A principle, cap~bla of treatlns 

the 1patial diltribution ud t ..poral behavior of chemically reactive eollu

taot ■, 

111• Min technical liaitatioo 1a on• of 1patial ra,olution, Numerical 

■ethod• calculate coocentntion va.luu at only a finite numbar of point• in 

apace, nonially corra,pondinc to eo ■e conveniently defined arid, and the 

re ■ olution vhich can be achieved i1 fixed by the arid 1pacing. Io addition, 

th• grid 1pacin1 should not be con1idered arbitrary, 1inea it may be determined 

to a large uteat by th ■ vay the vind field 11 determined (1ce Appendix A,)), 

Varlatioo1 1a the eoocentratioo d1atr1b;t1on, in the viod •peed and direction, 

and in the e■ia ■ ion1 tbema ■lvu vhlch occur over di•tance• smaller than the 

arid ■ p~cin& cannot be re1olved, Thia lack of re ■ oluti~n ha• ,everal conse

quence•1 

"--' 
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• Eais•ion• fro■ point or line aources into a specific 
grid cell are !Ji effect diapersed inatant•neoualy vithin 
the cell, r~ther than described in tenia of a 1ub-gr!d 
acale distribution; · 

• The value of the eddy diffusivity aust reflect the intensity 
of turbulent fluctuation, •JP to the sizo of the £rid spacina 
&nd'iS therefore ~rtially determined by that spacin3; and 

• Pollutant concen~rations cannot be predicted at arbitrary 
receptor·locatfons, except by interpolation froa concen
tration val~u at arid points. 

1'1• seriousness of these conaequences depeada on the apec1f1c application, and 

I. on the a:istance of practical limit• to the amount of computational effort 

required and to the coaputer atorage require■enta, In &•neral, however, the 

numerical approach 1• iAapproprJ.ata for the treatment of dispersion vhen the 

size of the emission being dispersed is smaller thaa th• srid apscin~. 

Another vay of statin& thi1 conclusion 11 that the nU11erical approach 

using the eddy d1ffua1vity concept 1a inappropriate vhea the size of the 

pollutant distribution being disperaed 1■ auller than or comparable to the 

■ tze of any turbulent eddies contributin& •i&nificaatly to the diapersion, 

M ~ re1ult, the eddy diffusivity approech 1• not fundauatally suitable for 

describing !lorhontal diaper■ ion, and 1a partic11lar th• meandering contribution, . 

but beci:u ■ e of conatnint ■ on the ah• of v ■ rtical fluctuations due to the ' ..~ 
pre~enca ~f boundaries at th• around and at the ■ixina height, can be ju•tified 

for the treatment of vertical diapenion_ fro■ ground level aourcu or fro■. 

elevated aources after th• plume'ha1 reached the aroUAd, Trutment• of hori-

zontal diaper1ion uaing the edd~ diffusivity approach do exist, however, ia 

spite of the physical fact that dispersion by meanderin& cannot be considered 

a gradieat-tranafer proceea. Such trutments describe horizontal disp,rsion in 

a phQnomenolo&lcal vay, rather than ia a manner which reflect• the baaic 

physical proceuu, &nd the ,election of aa appropriate value for the horizontal 

eddy diffu•ivity a.iat be baaed on more empiric•! ground• than i• the case for 

the vertical diffusivity, (See the di•cu•sion of parameterization in numerical 

models later in thi• aprendix.) 

lt 11 •o■-timas posaibl• to ducribe the pollutant diatribution oa a 

scale smaller than the srid apacing in an empirical or theoretical vay, and 

use the nume~ical approach to describe the large scale distribution. Thia 1a 

in fact deaifable in th• case of point sources in order to ain1m1ze the oumer-

ical erro·ra resulting fro■ the poor ruolution near the aource. 

Another limitation in moat cases 1• th• lac~ of fundamental knowledge 

and appropriate meteorological data upon which to baa• th• prediction of eddy 

diffusivity values, particularly at height• above 100 -t•1• ur 10, Thia 

11eans that further usu11ptlon1 :auat be 111&de re11arding the appr-,pr!;ate values to 

u• l!Odel.I 

Semiupirical Method• 

The principal techaical benefit aained in thia type of approach 1• 

that the aaauaed ahape of the pollutant diatr1but1oa may be based upon actual 

obaervatioaal data. Furthermore, the diatributlon obaerved experimentally 

■ay be u11111ed to be the ane imd-_r aiailar Mteorologlcal aad topographical 

condition•, thu• eli■inating the need for nev ob•ervatioa• for each nev 

application, In ~o•· caau, the au11111ed diatributioa .., be derived oa the 

ba•i• of theoretical cona1derat1oa,. 

lb• ae■iupirical approach baa tvo advantages over th• n\aDerical. 

approach fro■ a technical poiat of viav, 

• letter apatial reaolution can often be achieved 1a 
practice and 

• The effect of Maadering may be treated in a more 
appropriate vay, 

Th• gea.-ral 11.■itation on thia type of approach is that it 1hould aot 

b• uaed 1a aituatioaa 1a llbich then 1a inaufficient oburvational data or 

theoretical reaulta fro• llbich to d ■ ter■ine the proper functioual for,;,, tf 

th• aaau■ed ahapa 1.a derived theoretically, it• 1uitabllity depend• on th.ti. 

nature of th• aaaumption• ude 1a the derivation, Thu• ■ay ~ot be appropriate 

for the real •ituation, 

M indicated above, th• IICllt comon example of this type of approach 

11 the Causaian plume treatment of continuous emiaaiona, la their basic form, 

Gauaaian-plWN baaed method ■ ar• inherently restricted to1 

n~t or gently rollina terrain for a cooaidera~le 
diataace upviad and dowaviad of the aource, 

• Primary pollutant ■, and 

Conservative pollutants, 1,e., no aign1f1caat physical 
or chemical ■ ink.a, 

It 1a poaaibl• to extend th• utility of Gau••ian model• to applicatio01 1n

volvina complex terrain by ultin& variou• a11umption ■ regarding the extent 

to \Illich the plume follova th• terrain and by making modifications to the ba1ic 

formulae, 'Iheee 1110dela all fall vithln the category of se■iempirical modela 

and in view of the wide range of :,osaible modifications and 1nterpret3t1on1 

expert advic ■ iuy be required in making a comparison, The only general guide

line that can be given 1• that the baait or Juatification for the aaa11111ed 

pollutant di ■ tributlon ahould be ■ cientifically aound. Ideally, modification• 

to the basic Cau ■■ iaa d1atributioa sh,!)uld be baaed on appropriate observational 

data, often 1n co ■biaatio"n vitl. theoretical conaideratioaa. If no iaformatioa 

1• available regardlna the bui• for any particular a1 ■ 11111Cd pollutaat diatrlbucion, 

it 1• impoaaib!e to accurately a••••• ita validity except through an appropriate 

field ■aa■ ure■oat prograa, 

"·-,-· 
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It •hould be point out that, 1iveo certain approx1aat1ont, th• ,tandard 

Cau..,1an plume foniula represeot• the ateady-•tate_,olutioo to th• advection

diffu•ion e~uation for a siosle point •ource. The conditill1lll vhich have to be 

Mt are that 1) the vind field ■ use be uniform, conataot, and ·have no vertical. 

coa,ponent, 2) the rate of pollutant d1aper•1on alona the direction of the vind 

111Uat be nesli&ible compared to the rate of pollutaut tranaport by advection, and 

J) the horizontal and ver~ical eddy diffuaivities au.at alao be W\ifor■ and coo

ltant. The extent to vhich _the application of 1ntenat deviatep fr.o■ tbu• 

aaaWDptiona detendnet.th~ need for ■odificationa to the fdr■ ula or for a differeot 

model1n1 approach, •·••·• a 0U111erical model. 

It 1• al10 poaaible to extend the ba•ic Couaaiao ■odel to non-conaervativ• 

pollutant•. (See Appe?dic•• A.Sand A.6 for d11cu1aiona of poa1ible treatment•,) 

Limitation, to the bade Cauuian plum• model abo exht becauH of the 

ateady-state nature of the model, Th••• are di,cuaaad in the aubaection on 

d7D&lll..ic treatment•. 

The narrov plum• approxilll.ation ■ention•d earlier d•••rv•• further co=-ant 

at t:11e point. Thi• approxilll.ation can be uaed for either point or area ,ourcea, 

1lthough it• u,e for point 1ource1 1• re•tricted to climatological modal• except 

for the short-t•na 1110de of the Valley Hodel, For area aourcea, the narrow plume 

approx1~at1oa a1110unta to the aaaumption that emission rate• fro■ nearby aourc•• 

are •u!ficiently 1imilar that the pollutant diatribution may be aaa11111ed to b• 

horizontally unifor■, In the narrow pl11111e approximation, pollutant concentration• 

alona some well-defined tr•J~ctory are function• of heiaht above around and 

po,sibly travel ti•• but not of h~risontal croa1vind poaition, The narrov plU11e 

approxtm.ation may be uaed in either a eteady-,tate or• dynamic approach and the 

trajectory 111ay be a atraiaht line, a con ■ tant path deter•io~d, for example, by 

topography, er it may be determined fro• actual wind field data. The accompanying 

treat~ent of vertical di1per ■ ion may be either 1emiempirical or numerical. 

~amic Treatment ■ 

lbe c.ain benefit• are1 

Th• ability to deacrib• the tenporal variation of 
the pollutant concentration and 

• Th• ability to treat the effect• of tiJDc variationa 
in and correlation• between udsaiona, meteorological 
paraa.etera, and removal process••• 

Technical limitation• depend upon hov tha ti•• dependence b handled, 

Tille dependence uy be incorporated in an empirical or ad hoc vay, in vhich 

cue the 1uitability of the treatment in a 1iven application depend• on the 

ob1etvational or theoretical buia for that particular treatment, aa vith the 

empirical method• diacua1ed above. 

Ti■• dependence 11 mra co111110nly treated by dividiaa the total period 

of 1 ,t into a number of ,equentul ti■e 1teps. lbe varutiun of ao-

~,.. .. ·-~ ...... r--•"I r~· ., .. ., . . , ,,... ·;·,r :-,.. lit' .........,. -·, . !TM-. ·~ 

....,......~ ,' 

..,,·_...... ,1 l ~

q1.1,11ntity auch u an aia11on rate 11 then 11-Jlated by Aretcribin1 a 1equ•~ce 

of values, one for each ti■e 1tep, Such III ap~roach predict• the conce~tr~tion 

at a flu.it• nuaber of point• in time end the temporal ruolution of the aetbod 

u determined by the 11&1 of the ti■e ltep. Tl•• variation• ■ore rapid than 

tbe ti■• atep cannot be ruolvad, 

SteadI,_Sta~e Treatment• 

No eignificant technical benefit• are aaiAed by u•ina • 1teady-1tate 

mdel la preference to a dynamic approach, Steady-1tate model• are 1enerally · 

1i11pler and ea1ier to u••• however, and the deci11on to u1e auch an approach 

18 bued oa the•• consideration• al vall a, on the fact that the 1110at videly 

u,ed 1emiempirical approach, the Gau111&n pl1111e 111thod, 11 a 1teady-1cate 

method, 

Limitation• include the a11111Dptlon1 of a conat1nt ~mJ.,1ion rate and 

a con1tant level of atmoapheric turbulence. lb• •pacified aver11ing ti111e 

ehould be areater' than th• ,ourca-receptor travel ti••• a, pointed out in the 

aeneral diacu,aion, 10 that the effect of aeand•rina 11 properly treated. The 

a1,umption of constant ellli1aion rate auarantee• that th• duration of the re

lea•• i• lonaer th&n tha averaaina ti••• and the 1tudy-1tat1 approach 1• 

clearly limited to the treatment of tho•• 1ourc•• which eatisfy this require

ment, Inatanta11eou1 or very ehort relea•u autt be treated u•in1 dynamic 

•tbode, Witbi~ it• limitation•, the 1teady-1tete epproacb 11 juet a, 
applicable•• the dynamic approach for tbe calculation of av•r•ae concea

tration value,, 

Cl~toloatcal Treatmezit• 

Thi• type of approach 11 used in practice oo.J.y for the calculation of 

lona-t•r• aver•&• concentrat1opa, th• principal b•nefit baioa one of con

venience compared vith the alteniative, of u1ing a dyna■ic model or a 1equenc1 

of a lar1• nUlllber of steady-state calculatioll8 •. 

A calculation 1a don• for each •~t of •t•oroloaical condition, vhich 

1• represented 1A the Joint diltributio~ beina ueed, and the 1verage pollutant 

d.iatribution 11 obtainlld vith the contribution fro■ each ••t of condition• 

baina weigi1ted by it• probability ot occurrence, 

Limitation• of th• method uy be divided into tvo cateaoriea: 

Limitation• of the 110del used to do each ••parau 
calculation,- and 

• L1.mitat1ona of th•.cliaatoloaitel approach, per••• 

lh• former are ducr1bed in other parts of thu Hction and the oo.J.y additioDAl 

r■-ark that .noed• to be ude h•r• ii tbat the ■odsl used 1a11t be of aufficiently 

aeneral applicability to lla able to haacUe the variety of ■eteorolr ,n-

....
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Rule 932 1 Continued 
ditioM repruented 1A th• cl111Wltolo1ical frequency diatribution. lhe,lattar 

include tbe epproxiutions 1Acur~ed by rapruenting th• vide ranae of eon-. 

dition1 that occur• 1n n.acure by a fWte number of ■ pacific 1ituAtion1, by 

the suitability of tho•• 1ituation1 vh!ch ara u1ed, and by the oai11ion of 

meteoroloaical .vuiablu aucb aa precipitation and 111.xina bdght fro■ the Joint 

frequency f~nction • 

I
Io the treatoent of dispersion, at l•••t one of the para11eters defioina 

. ' ' i i 
the frequency function'ahould be a ■eaeure of the level of 1t11101pheric tur-

bulence.- The me11ura of turbulence •o•t coA11110oly u1ed in cliutological model• 

11 the P11quill 1t1bility claaaification, although other, could_be used, lt 

11 also co-on to u,e ~he narrow plume approximation for poin: source,. Thi• 

•pproximation require• an as1umption tlat the cr~ssvlnd or an1ular Ji1tribution 

of pollutant from a point 1ource over a 1ufficiently lone period of ti•• 11 

elven •imply br t~e frequency di1tribution of the vind direction, r.,11 

1s1umption 11 re11on1ble if the variation lo the vind direction frequency func

tion is nealiaible over an anaular interval corresponding to the angular width 

of the plume, Since the vind direction frequency function take• the for■ of 

probabilitie1 of observin1 wind fro• within well defined 1ector1 (co~nly 10~ 

or 22.5 9 wide), thil approach b abo referred to a, "•actor averagina." 

A 111111ury of th• different aenaral type, of treatMDt ii given in 

Table ),7 •. It lhow.d be pointed out that in any given model, hori~ontal 

and vertical di1par1lon uy be treated 1~ completely different way ■ (althouah 

both liill be either dynamic or 1~e.ady-1tata) and the tr..t■ent• in ,ny ca,e 

1bould be evaluated 1eparately. In Table ).7, the treatment• are ranked in 

order of decrea•ina level of det~il, but the u1er 1a cautioned that in the 

cases of horizootal and vertical diaper1ion the relative level of detail of 

two treatments 11 not by it1elf a reliable indication of their relative tech

nical performance, Aa dilcu••ed above, thara are limitation• on the applica

bility of certain approache.a, and the u1er ■u1t detel'llline for hia •pacific 

application if th••• are violated. If they are, tho•• approache■ ■ hould not 

be u1ed, If the tvo mdel1 beioc compared u,e the 1a111, or tvo equally 

applicable approach••• the relative l•v•l of detail uy be uaed as• valid 

indicator. 

A.4.2;3 far1111e_~~rizat_f._on 

At1D01pheric diaper11on model.a are a•nerally deaiaued for use in• 

variety of conditiona, uch characterized bye different laval of atmo,pheric 

turbalence and conaequently different rates of diaperaion. Various meteorolo-

1ical condition• are handled within a 1tvan model by ueln& different nus:ierical 

values for the relevant model parameter• such 11 eddy diffuaivities or C.aus1ian 

St . deviationa, lbe detel'lllination of the appropriate value• fro■ meteoro

1, and othar data ii an S..portant part of the total procedure by which 
....~! 

I 

prediction• of pollutant concutrationa are ■ade, In an aaluation, the user 
' ahould take into account any conatrainta ~n theta par1111eters that are 1:iherent 

in or built into th• 1DOdel, particularly if they clearly preclude the use of 

the correct valuea, An axa■ ple of such a con1tr1int ii a built-i~ eddy 

diffua1vity or •tandard deviation value vhich 11 not apptopr!ate for the user', 

application and which the uaer cannot conveniently 1110dify, the det1niJ.oation 

of the appropriatenu ■ or correctnua of any •uch ■ pacific paruieter value 

uy require expert u1iltance but a aeneral RUideline ia that the value in 

question lhould be obtained fro■ obaervation• or theoretical analy•i• ae 

clo1ely a ■■ocutad a• practicable with the ■ pacific location and mete9rol~gical 

condition• of intareat, tf 1ufficiant inforution about the 1ource of tb• 

value• used in a given model ia availabla, the appropriateness of tho1e speci

fic parameter value, ahould be cona_idered in ■akin& the evaluation. Tab~• 5,10 

providu a list of 10111 of the po1aibilitiu for both numerical an~ ,aie ■pi

rical 1110del1.

Soma aeneral remark■ reprdina the vay in which at■oapheric 1tabilitJ 

and aurface rou1hne1■ are treated by variou■ type, of model• are 1~ ,rler 
bare, 

Numerical tbdela 

Confinin& our attention to aradieot-tranafer model ■ only, -~e borizootal

■ad vertical eddy diffu1ivitiu are the para■eter1 tbrouah vbich tn• ,nfluancu

of 1tabllity and 1urface,rnughnu■ on di1per1ion are &1~~:1stad,

A■ indicated above, the eddy diffuairlty approach i• not in 1eeral 

appropriate for tba treatment of horizontal diapersion. F~r thia ru90n, ·the 

bui, for choo•tnc a 1pecific value of the horizontal diffu1ivity need• to be 

considered further. It 1a po ■ aibla, by appropriate •election of tbe time or 

,pace dependence of the horizontal diffuatvitY, to force a numerical .,dal to 

reproduce approximately the result• of a 110re 1ophi1ticated calculation, or ot 

a aeaiempiricel 1111>del. lf thi• 1■ the c ■••• the para■eteri&ation of the 

horizontal ditfuaivity need• to be Juda•d on th• ba1ia of the trutmant bein1 

reproduced, 

In 1•narel, the horizontal diffu•ivit7 uJ be expected to be roughly 

independent of hori&ontal poaition ucept vhen ■ ipificant terrain future, 

are pre1ent. 

The vertical_diffu1ivity near the ~round aay be rea1onably utiaated 

in term of the wind 1peeJ, aurface roughne,, (atven in ten,a of a paru,eter 

called the "rouahnes1 lenatlt', ••• Sled; (1968) or Puquill (1974) for the 

definitiu~ and ••tilllate, for different 1ituation1), and parameter, which 

determine the rate of heat-exchanae betveen the e,rth'• 1urface and the air. 

An expert 1hould ba con1ulted for the detail• of the formu.i.tion. 

~ 
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At higher altitudu, then 1a very liaJ.ted data ud the exact para

•teri&ation of the vertical diffu•ivity ia a 1ubject of current re••arcb. 

Coosequeatly, aay par•-cerization D18t be ~•ed on further •••111tptiona and 

it 1a not uocomoa to liaply uH a convenient functional fon havin.& the 

duired qualitative behavior and havillg the correct behaYior nur the grouod. 

Semiemf!rical lt>dela 
I 

SiDce the Ca~•~ian_p~ume aodel u by far the mat cy-,d •~ample, 

the dhcuuion vlll be' rJcrtcted to thia caae. the uaer 1hould be abh to 
' follov a •ilLt.l•r line of thought for other treatment•• In the Cau1sian plume 

approach u de1cribed by Turner (1969), the horizontal and vertic•l 1taadard 

dev1.atioo• need to be ,parameterized. Atmo•pberic atability 1a divided into 

1everal discrete cl••••• and the atability cla•• to be uaed in a given 

1ituation 1a determined from the vind ■ peed, 1olar angle, and the extent 

of cloud cover. The horizont1l and vertical 1tandard deviation• are then 

pruc:ribed function• of the 1tab1llty clan and downwind di1tance fl'oa the 

1ourc:e, lb• effect• of aurface roushne•• may be acco1111t1d for in the nature 

of the pre1cribed function• or by additional moJification of the ba1ic. 1tan

dard deviation or may aot be truced explicitly, 

Table• 5.8 and 5.9 lilt varioua treataent1 of at11111pheric stability 

aad surface roughneae, rupectively, Tebl•• J.8 and B.9 li&t treatment& 

of horizontal and vertical diaperaioa, reapectively, uaed by 1uggeated 

reference modela, 

A.5 CllEKlSTRr AND IEACtION HEQWUSK 

A,5,1 ~ 

There are tvo comon lituationa in vhich chuaiatry playa a role 1a . 

deteruaiuing atmoapheric pollution level•. On one hand, the pollutant of 

intcre1t may undergo chemical reaction vith 10me other atmoapheric component; 

that 1•, a chemical a1nk ex11t1 for that pollutant and it' ia referred to•• 

being reactive, (tf the pollutant undergou ao reaction, it 11 called inert,) 

On the other hand, tne pollutant of interest 1113y be produced in the atmo•phere 

by cheudc:al reaction& involving other pollutants (precursor ■); such a substance 

is called a 1e~ondary 

source.a, 1• 
pollutant. (If the pollutant 11 directly e~itted by 

it called primary,) Clearly, in each caaa the chem.lcal ructiooa 

involved affect the concentration of the pollutant of 1nterut, In the !ir•t 

ca1e they provide a proce•• for the removal of that pollutant and •erve to 

de.:reaae it• ambient coacentrattoa, ~hile in the aecond caaa they •erve to 

generate the pollutant and lncreoae it1 concentration. Example• of primary 

reactive pollutaot• are the hydrocarbon precur1or1 of photochemical ,mg. 

!xa~ of ,acondary, relatively inert uterial• are •ulf•t• and photochemical 

'"·,,,. 
,.. -'·1r- .. ~ ~"'."":'., I:";.; ·3 r. ·. ;·,;,'I r;:: •.-.. i.•;{I .. f"~ .•·., 

eero•ol. A pollutaot uy ~e both ,,condary and reactive; euaples are nitr~gen 

dioxide (NO) and ozone (0 ). If the pollutant of interest 1• both primary and 
l I 

inert, the element of atraoapheric cheailtry 1a irrelevant and does not need to 

be coaaider..d, 

Aa pointed out 1n Sactioa l,J, th• deciaioa to regard a pollutant•• 

buns either reactive or inert depend• upoa the effective rate of ructioo 

coaparc•S to the lensth of tia• that the pollutant spends vithta the realon 

of lntacest. If the u••r u intereated 1a • ahort-r•na• applicecion involving 

a alovly reacting uterial, that pollutant MY be regarded•• effectively inert 

for the application even though over a longer range this vould be• pO<lr approx

ia&tion• .An example of 1ucb a pollutant 1a 1ulfur dioxide (SO). 
• l 

In th• caae of a 1econdary pollutant, 1oma treataeut of the cheiaical 

reaction• which produce that pollutant vlll be required. Otherviae, the 

connection betveen precuraor eaiaeiou and the concentration of the pollutant 

of intereat 1• completely loat, 

the aubjact of at1101pharic chea11try encompa•••• &11 extraely vid• r•nga 

of topic• and only tho•• vary baaic or senaral aspect• that are directly rele

vant can be deacribed in thil vorkbook. If atmo•pheric reaction• play• •lsui
ficant role in the uaer'• application, the advice of an expert •hould b• •-;;ught 

resardiag the level of detail vith vhicb th• particular ••t of chemical ructioa1 

u1ed by th• .,'odel repreaent• the •Y•tea to be •laulat1d, 

Thia dilcuaaioa vill refer priaarily to ruction• betve1n 1a1eoua 

aaterials, The extent to which atmo•pheric particulate aattwr ac:tually 

'participatu in chemical ruction& vitb ga1eou1 component• 11 not at pre1ent 

vell under•tood but if thi& po11ibility axiat•, the advloa of an •xFort 1hould 

again be aouaht. Kovaver, many of the HM eonaid1ration• apply•• in the 

completely ;aaeoua ca••• 

lhe basic probl•• 1n modeling the diaper1ioa of reactive systems 1• 

to ducriba the rates of production and removal of variou1 pollutants, 

Equally•• important 1• the illteractioa batvten the fhemical reaction proc••••• 
&11d th• di•per1loa proc•••• la order to•••••• the treatment of cheialcal. 
reaction• by• aodal., th• u••r wat con1lder tvo different. aapecta of that 

treatment I 

• The level of detail vith which t.be chemJ.cal reaction 
aecb&niam u ducribed, and 

• The manner in vhich the effecta of spatial inhomogeneity 
on the average rate• of change of the pollutant concen
t.ratioaa are truced. 

It will be uaeful fSr th• uaer to und•r•t1nd a fev ba1ic fact• r1-

&•rding tba general nature of chemJ.cal reaction rates. Th• rate of a cheaical 

reacti90 llay be defined vith ■ ufficient precision for th, purpose of tbi• 

vorkbook •• the ugnltude of the ti•• rate of change of the conce 'D of 

·-.._. 
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a ructmt or product of the reactioa 1a quutioa. (lh• reactant• are the 

chuiical apeciea actually 1111dergoiag ructioa,) Tb• reaction rate depead• oa 

tbe co.nceatratioaa of all of th• atmoapberic componeau participating in th• 

ructioa, 

Ruction, c.aa be clasdfied u either elementary or complex. Ao 

"elementary .ructioa" U oae ia which th• chudcal reactioa a• written reflecu 

the true aequence of eveat1 o.n the molecular level. For exampli, an importAat 

ruction in photocheadc:al ~11101 1e that bet-eea oione aad aiidc oxid.s (tlO). 

Thia ruction involvu the colliaioa of a 110lecule of NO vith a 'lDolecule of O , 
. I 

followed by a reactioa and tb• aeparation of the product•, oae molecule ucb of 

HO and oxygm (O ) , Th• moat important property of elementary ·re.1ctioa ■ i ■ 
I L 

that the r.1te of such a reaction is a predictable, 1i111ple function of the reactaat 

concentration ■, Ia th• example above, the rate of th• ruction 1 ■ ■ imply equal 

to a constant (the rate constant) timu the product of the oaone and aitric oxide 

concentrations.· On the other hand, a "complex reaction" l■ essentially a ■ tate

ment of the .!!!1 effect of so,ae (pouibly luge) number of eleaenta·ry ruction ■ 

oparatina ■ i111Ultaneou1ly, with only the initial reactant, and final product• 

being explicitly written, In aeneral, the rate at which the initial reactant ■ 

disappear 1s not equal to the rate at which the final product• appear, 

Heither rate 1• a predictable function of th• concentrations of only th• initJ.al 

aad final chemical species, The sequence of el•m~ntary reaction• who•• net 
effect 11 of iatere1t foriu what i■ called th• "reaction mechanbm" and the 

4••cription.of th• pollutant concentration• a, functio~• of time muat uau.ally 

be aada in terms of what 1a known .about tlie naction mechaniam, It 1hould b• 

pointed out that, ia addition to the m&in raactant• and product• of intereat, 

th• ,aechan1•~ 01 a complex reacti4n uau.ally 1avolve• the exiatet1c• of other 

chemical 1pec1e• that should al10 be tr•ated. 

An •~treme example of a complex reaction ls th• &•n•r~tion of photo

chemJ.cal smog from nitric oxide and hydrocarbon, under the action of 1-1.i&ht, 

In this case the ruction •chani•• 1avolvu literally hundred• or even thou• 

•ands of reaction•. 

M meutioned above, tbe expreaeion for the rate of ea eleaentary 

reaction can be predicted 1n an a priori vay. la practice only three ca••• 
need to be considered; these three ca•e• are outlined in Tabla A.6, in which 

the "order" of ~••ch type of reaction ta abo defined, lhe constant appearing 1a 

the rate expreseion for a 1iven reaction is called the rate conatant for that 

reaction, 

The moat illlportant feature in Table A,6 of which the u,er should be 

aware i• that the rate of a firat-order reaction 1, a!!!!!!!: f1111ctioa of the 

pollutant concentration. Th• rat.a ■ of 1acond and third-order reactiou 

are ~onlinear function• of the pollutaat concentr.ationa, Thh fa.ct baa 11ani

fi, 11equ ■ nce1 vhaa the ,patial dt.tribution of reactive pollutant• ia of 

ini 

I 

Table A, 6, !laentary ltuctioa ltate Expruaioat 

Rate Expres ■ ion Reaction Order 

(con1tant) x (tbe conceatratioa of one ain&l• reactant) First 

(constant) x (the product of th• conc•ntrationa of 
reactant ■)· 

tvo 
Second 

(con•tant) x (the product of the conceattation• of tbr•• 
reactants) Third 

la order to describe tbe evolution of a complex raactiaa ayatem, it 1• 

110rmaUy oacea,ary to kllov the ieaction mechaai••• Thi• ••chani ■ m conaists of 

a ••t of (elementary) reaction• vhose rat ■• are known function, of the po!lutant 

concantration,, If tbe initial pollutant• are uniformly mixed within ,oae 

cloaed volume, their conceatratioaa a1 fuactioa• of tiM My be predicted by 

nUNrical 1olution of a aet of coupled ordinary, non-linear differential equa

tion• derived from the reaction Mchaaiam, lo practice, a 1implified mechanian 

may be uaed in which many of th• reaction• of l••••r importance have been 

omitted, Alao_the aet effect of May reactions may have been expreaaed ia ~. 

tenu of a fev characteriatic reactiona uaina tome kind of average or cocp01ite 

rate coaatant, The level of detail with vhich the reaction mechaoi•• ia treated 

affect, the accuracy of the result• aad the mechaaiam beiaa used should be 

justified by conpariaoa vith experimaatal 1tud1••• 

ltnovleda• of the reaction Mchaaiam inllludea not only know 1.eda• of the• 
raactio111 which can occur but alao lcuovl•d&• of the value• of the rate con-

ataata of th ■•• reaction•, th• appropriate value• ar ■ normally aupplied vith 

tbe ■od•l 10 that th• uaer 1aaerally doe, aot need to •upply the ■, llowever, 

there ia often coaaiderable unc:artainty 111 the experimental measurement of 

rate cooatant, aad the value, of con•t•ata important in atlllOepheric chemi,try 

are continually beina red ■ tenioed, Obviou,ly, ia a practical applicatioa the 

value, ueed ebould be u up•to-date •• poaaible, ln addition, rate coaataat, 

depend on te■perature. 111 •om• c•••• it may be important to use values appro

priate for the ambient temperature 1a the uaer'a apecific application. 

Further complicatioa1 arise vhen diaparaion 1• conaidered. It is imp,)r

tant to empha•i&e at thia point that cheaical reactions are loca_l phenomena in 

the 1ease that the rate of an elementary reaction at acme point in 3pace depend• 

upon the reactant coaceatratioa(•) at that point, Ibua, the rate of a aiven 

reaction 18 in aeneral a fuactioa of po1ition and ti••• reflectin& th• 1patial 

'and temporal variation in ryctaat concentration ■, For most react!or.s of in

tereat, the rate expruaioc 11 • nonlinear function of pollutart c<>n-:ent~aticns, 

because so•t reacti<>ns of interest happea to be 1econd-order. This !~plies t~t 

in a>lt c•••• of intere•t the averase rate of a 1iven reaction wit~' • 0 m• fin~:~ 

volume of interest~ be obtained fro ■ th• rat• ezpreaaion •12~ n-

·._ 
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iertini th• average reactant concentration•, unless all reactants are •~~iiJ~l~ 

ldxed vithin thia volume, ln this caae, there 1• no ap3tial variation in th• 

., reactant concentration• and hence no apatial dependence of th• reaction rate, 

the only other aituation in vhich th• avera,• reaction rat ■ ia aiven•by th• 

rate expreaalon uain1 th• aver•&• pollutant concentration 1■ that of• first

order reaction. In most cases of inttreat, •P•~ial inhomo1 ■ neity in th• 

reactant concentration• cauaes the chemical and diaperai~n proc,sscs to be
' .coupled in a very coaplicated vay, 

. I 

Tb• natur• of turbulent dispersion and the ■ mall aia ■ of IDOSt real 

udasion 1ource• suarut ■• that in appli:ation• of practical intereat there 

are aigniflcant variations in the concentration• of r ..ctive pollutanu over 

diataace• much •m.1.ller than th• 1pati&l re,olution of 110at current aodela, 

The degree of inho11101eneity depend• on the level of atmospheric turbulence 

end on~~• spatial diatribution of th• aourcu, In principle, th• effect 

on th~ average reaction rate of thi• inevitable inho1101aneity at diatanc• 

acalcG ~elov the resolution of th• modal ahould be taken into account, ta 

practice, hovaver, thia ha• proved to be a difficult p~blam and 1• atUl 

fundamentally unaolvad. 

A,5.2 treatment of Chemi•try and Reaction Mechanism 

It ia coaveni1111t to divide th• diacu1aion of trut11ent1 into tvo aaparate 

parts, th• fir•t dealil\1 vith th• apacial caa• 1n which all relevant ruction& 

are firlt-order reaction,, th• 1econd with th• more 1a1aral aituation, 

Al pointed out 1a th• 1enaral discua1ion, moat chnical reaction• of 

importance in air pollution are 1econd-order reaction,. thia being the ca••• 

it 111JY 1aem unrealistic to couidar an application in which all the reaction& 

of intere1t are fir•t-ordar, there ar• two 11tuat1001, however, in which only 

firat-order reaction• need be con1idered, 'lb• fir1t involve• the treatment 

of radioactive rather than chwcal tranafor-atioa1; radioactive decay la 

riaorou1ly a fir1t-ord•r procu1. Th• 1acoad art••• al• re1ult of approx

imtin~ the diaappearanca of on• pollutant and th• appearance of its ra1ction 

product••• a fir•t-ord•r proces, with 1ome empirically derived effecti~• 

rate constant, 

A fir~c-order procu• baa the property that the rate of that procesa 

ia a linear function of the concentration of the reactant involved. Ma 

ruult, it turn• out th.at the effect of one or more firat-order rroce1ae1 on 

the reactant and product conceatrationa may be dctenainad independently from 

the cffa;t of di1per1ion; in other ~ordu, fir1t-ordar tranaformation proces1ea 

and the diaper»ion process 4r& completely 1eparable ~od any of the many treat

ments ,,f di•f•r•1on may~• uaed. Furthermore, in ca••• where l!l'>re than on• 

Ir • involved, th• contributiQa fr, ■ uch m3y be evaluated ~nd the total 

predictct coace~tration obtained by limply addin1 the i~divid~ source con

tribution•. 

lb• aimpleat ca•• &rile& vith a primary pollutant subject to aome 

fit•t-ordar removal procua, ta this ca••• th• effect of the procus 1• 

11aply to cau•• th• pollutut concentration& to decay exponentially vith a 

half-life which may be aaaily determined fro ■ th• rate conatant for the proces1. 

Many diapanion modal.a now 111 Ule have th• capability of 1J.aulatin1 tb1a 

aituation, 

Mora often, hovever, ·th• Ular' ■ application involve• a 1y1tem of 

chellical nactioaa, mn of vhich ere aecond-ordar; the moat coanon example 

la photochwcal 1mo1, Ia 1•neral, • a1111ar1cal/dyuamic 110dal la required, 

ainc, the che■ic:al ■ix avolvu in time 1a a nonlinear way, the ob1ervation&! 

baaia for• 1e■1empirical approach u not uaually avail•ble, althoup.b 1tatis

tical modal• have bean developed for ao■a li■it•d application&, 

Two aapect• of the trtatHDt by • 11ven modal 1hould la principle be 

evaluated, 

• Th• level of detail uaad 1A the ruction mechanu ■, and 

'lb• treatment of th• affect of 1ahomogeneoua ■ixioa on 
avara1e reaction rat••• 

With re1ard to the treatment of ruction •chaoilm, Uttll can be Hid in 

1enaral, becauu ao 1a.1cb dap ■odl on the apec!fic llataU1 of th• chemistry. 

Th• •implut c••• 1a that in which either th1 d11appuranca of• particular 

pollutant, or th• appearance of ita ruction product&, or both era of in

tarut. ta thi• ca••• if th• re3ctioa tilla 1cale i• rathef long compared 

to th• di1per1ion t1u ecal1 an~ 1! the reaction product• are relatively inert 

ao tlult, for uacpla, th• ori1inal ;,ollutant i• not regenerated by further 

ructiun, it may be suftic1anc to spproxillllt• the ruction by• fir•t-ord•r 

proce•• u•in& an effective rate constant detenained &111pirically, Io thu 

approximation, all detail• of th• actual ruction ■echan11 ■ are ignored. lb• 

converaion of 1ulfur dioxide to 1ulfate aero1ol over lona diatancea 11 • 

coamonly treated 1n thla aaonar, 

In more complex caaea, auch •• that of photochemical •1101, the 

••cli.nia■ abould be treated at aome mre appropriate level of detail. lb• 

required level of detail depend• on the nature of th• reactiou being des

cribed and the nu~b•r of different che ■lcal 1paciea involved. The user should 

,eek expert advice in evaluatin& a IDOdel with reapect to the mechanism being 

uaed. In any case, the asaumed mechani ■p 1hould be 1ufficiently valid so•• 

to 11va reasonable agreement -with experimental obaervation ■• 

Ia t~e photochea1cel 11101 caae, three approxi■ ationa are co11nonly used 

and wlll'be diacu11ed briefly•• axuplu of the po1aibilities that •o arise, 

., .,,,. ;., ....... :ti . ' ~•.J n..... .i l;. ... ,_,j £,. ..•.-ii i ... ~ i,, ... .i ~,.. ,,,.J f."" .;1 .. ' 
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The fir•t deal• with the treatment of highly reactive intermediate• 

which are pruent in photochemical 8110&, Thue intenaediate apeciea can b• 

treated Just like any other pollutant in that their concentrations may be dea

cribed explicitly u function ■ of ti.me. Du• to their hi&h reactivity, how-

ever, the approximation 11 usually ud• that they exiat in a ,1teady or atationary 

ltate such that tor each.~he rate of removal 1quala the rate of production. 

tlaUng thu approx1mation allow• their concentration• to be •x~ressed ■athema
tic&lly ill teru of' tho•~ of 111ea ■ urable pollutants and thu• e11m.1nated from 

the rate expressions altogether. By el:lainating thue 1peciaa•. from the 

equation ■, ccasidersbla simplification occur•. Thia approximation, called the 

steaJy-atate or 1tationary-scate approximation, should be teated for validity 

in any apecific caae snd there are indication• (Farrow and Edelson (1974)j that 

it is not necea ■ arily valid for the photochemical amoa case even thouab it la 

commonly used, Thu 1pproxi111ation 1• not restricted to application• iovolvina 

photochemical smog but may be used in describing any reactive ayateao io which 

highly reactive intermediate apeciea ere present. 

A aecond and lu1 detailed treatment ia aometimu uaad when the reaction 

i,echanism may be approxiuted by a ■ mall number of fHt ruction• aucb that each 

one in th• set ii accompanied by ita reverse ruction. For example, over• 

abort period of tiM the photocheaaicel ■ mog 1y1tcm uy be approxim,ited by• 

mechanism conai1tina of only two reaction11 1) the photoly•i• (ab1orptioo of 

light, followed by cheaical ruction) of HO to produce HO and O and 2) the 
. 1 I 

reJrerse reaction of HO and 0 to produce N0 • [f each reaction in the ••tit 
1 1 

fast enouch, the entire 1yate■ r~•ponda very rapidly to change ■ in compo•ition 

brought about by diaperlion, and the cbeaical compodtiou of the pollutant. •' 

mixture at any point may be predicted by a ■ 1uaing the 1y1tem of chhlicel 

reaction• to be in equilibrium, Thia approxilllation, called the equilibr111111 

approxim.ation, 1a equivalent to the •••11111ptioo that tbe rate of reP10val equal• 

th• rate of production for every chemical epecica preHot, not Just ti\• re• 

active 1ntermed1.atea. Ibe equ111briua approxilllatioo 1a valid when the reaction 

tillle for each reaction 1n the ayatem 1• much aborter than the time required for 

1isnif1cant concentration changes reaultina from dieperaion processea, 

The equilibria approxillatioo may be uaed io ateady-1tate as vell at 

d)'ll&lllic IDOdele. It allow, the prediction of the chemical composition of the 

pollutant ■ix~r• at a 1iven point aiven (1) the compo•ition of the oriain•l 

pollutant emie1ion, (2) the co■poa1t1on of the surrounding air into which 

that cmiaaion 11 being disper•ed, and (3) tht concentration, predicted on the 

which they are not ill 1aoeral, The approxi■ation 1a made that clu ■ea of hydro

carbon uy be defiaed 1ucb that all aeaaben of a atven clau share some de

airable property, 1uch u bavtn1 ■ 1.milar reaction rates or reaction products, 

11!• total concentration of all ■ember• of each cl••• u then mdeled u1inc • · 

11■plificd reaction mechanill ■ involving the u•• of average class rate constants, 

?bu technique 1• tenaad "l11111Ping" of hydrocarbon,. the validity of the pro

cedure abould be deterained by comparuon of prediction■ with obaervations fr~= 

experimente. 

For the purpo1e of coaparing two model• it 1hould be •••umed that, all 

other thin&• beina equal, it ii better to treat reactive inter.oediate• ex

plicitly than to employ th• 1tead1-•tate approximation. The more accurate 

the reaction mecb&ni1m bain1 uaed the bttter, 

If the detailed spatial and temporal evolution of a dispersing reactive 

•Y•tem 1• to be'described, the 1yatea of chemical reactions should be tre3t~d 

1D 1ou detail, For other purpo1ee, particularly involving 1econdary pollutL,tl, 

experimental and/or ob1ervttion&l data may be uaed to provide the ~eceasary ~iiv. 

between the concentration of the pollutant of iotere•t and the precur ■ or level• 

at an earlier ti••• Thi• may be e1pecially u ■ eful for ca•e• in vhich not 

enough 1■ known about th~ ructi~n mechani• ■ or in which only a maximum con

centration regardlu1 of location 11 de11r•d • 

Th• other a1pect that ne1dt to be evaluated 11 the way in ,Which the 

ratu of change of the average pollutant concentration, are evaluated. D1•• 

p■ r■ion model ■ for reactive pollutant• 1•n•rally attempt to predict the 

average concentration, of all relevant pollutant• within eom• euitably defined 

volume• or cell• a, functi~n• ol ti.ae. Thwi th••• models should be able to 

evaluate the time rate• of cbange of th••• quaotitie•. Aa di•cu11ed earlier, 

if the pollutant• are uniforaly diatributed within• aiven cell, the appropriate 

rate, ot cbana• uy be calculated from the elementary reaction rate expra11ion1 

ulna the averaae cooceotratio11■ appropriate to the 1tven cell. Errors will b• 

introdu~ed if thi• procedure 11 u1ed 1~ ca1e1 in which 1patial inhomogeneities 

exi~t •:; the pollutant concentrations over diatancea emaller than the cell 

~ize. At present, th11 effect ii generally not treated at all. Thia 1• not 

to imply that modeler ■ are unaware of the effect, but th• problem of providing 

~o Ade1uate general trutment 1• still u1entially unsolved. 

Io ~WllllllrJ, ao ■ t di■ per1ion model• for reactive pollutants uae ele~ent ■ ry 

reaction rate expre1 ■ ioc• which are truly valid only in homogeneous regionsi. baail of the dilpenioo model alone. 
AAd make no attempt to acCOJlllt for imperfect m.ixina at sub-arid d1stauces. If 

•' lb• third approximation deal• "1th the very larae number of hydrocarbon• the user 11 confronted with a model which doe, in fact treat the effect of 
'• vhlch are actually preaent in.the polluted atmosphere, all of which participate inhomogeneiti•• in ao.. fashion, ezpert advice should be sought on'the =nner 

111 tha fonutioo of photochemical emog, Aa a practical ■atter it la 1mpou1ble of treatment before aakin1 au evaluation. Bowev ■ r, io general, ao· - •onablt 
to the concentration of each even if their ell11aion rate, were known, ....... 
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·, tr•atmcnt vow.db• bett•r than none at all. fable 5.12 &iv•• the treat..at• 

of chemi1try and reaction ■echaai•• that Mve beea d11cusaed. No tabl• of 

tr11t~eat1 of th• effect of ■ pat1al 1ahomoseae1t1e• oa the rate of change of 

average pollutant concentratiou 1• provided. At th1• wr1t1ns no practical 

icneral treatment• exi•t u:cept in 110d1l1 developed 101•17 for the purpo•• of 

doing basic research. Table 8.10 give ■ the tr•atmenta of chemiatry and reac-
. . 

tion mechani•• uaed by 1u11ested reference mod1l1. 

A.6 P)IYSICAL IDIOV.U. •rRoqr:ssr:s 

A.6.1 ~ 

the two u.Jor p~y1ical removal proce1111 which atfect ambient at

mospheric pollution hvd1 are dry depoaitioa aad precipitation 1cav ■D&ill1, 

ta identifyin& them as phyaical proc•••••• th• intention ii to distinguish 

thm fro~ th• chemical proce•••• di1cu1 ■ ed 1n Appendi,c A,5, evan thou&h oa a 

funda0ent•l laval th•r• ar• chamicel a1pect1 to each, After d•f1n1n& th••• 

eluent ■, uch vill be di1cu1 ■ 1d in turn. For• mor• technical di1cu111on the 

uur la referred to th ■ article by Rldy (1973) :aa well H th• 'proc ■cdill11 

of the •ympolia on pnc1pitat1on ■ caven11n1 (En1d.mann and Slinn (1970.) J ■ nd 
on 1tmoapher1-1urface axchu1• of particulat• and ga1eou1 pollutant• [Ena ■mna 

and Sehmel (1976)). Technical but atill introductory d11cu1sion1 are aleo 

liven by Van der Hoven and Enselu.nn iA Slade (1968), 

Dry depuait1on 1 ■ defined a, the removal of a 1a ■ eou1 or particulate 

pollutant at the earth'• ~urfac ■ ~y any of the several proc ■ 11es, includill&• 

1mpact1on, ab ■ orption, and ch-ical ruction, The illportant point 1• that 

th1 ■ proce1 ■ occur, oaly at th ■ "'-lrface, 

. Precipitation 1cav1n11n1 11 d■fin1d a ■ the r1110val of a gaaeoua or 

particulate pollutant by precipitation. In the pa■ t, the dl■ tinc;ion h•• been 

made betveen the abaorption or other collection of pollution by cloud droplet ■ 

bdore precipitation actually occurred (denoted by the tera "rainou~") •IMS 

th ■ scavensing of pollutant by th ■ precipitation 1t1 ■lf •• it Call¥ throu1h 

the polluted air (denoted by the t ■ r-m "va ■ hout"). ror purpo ■ H of th! ■ "ork

boolr., th1 ■ dhtinctioa will not be emphadzad but the user should b_e aware of 

ita uhtaace. 

Dr!...Q!J!.o_•-it_ion 

! Tha rate of reJ:10v1l of an 1tmo1ph1ric pollutant per unit area of groundIj .turface 1■ called the depo ■ ition rate (dimen ■ ion,: ua1/time/1rea). It 
!: depend ■ uponi' 

i, • Th• nature of the mecha~in by which the pollutant, once 
tran ■ ported to the iround, interact• with and 11 removed 

i· ■ t the sround ■urface and 

1: Tha rat• of v•rtical traneport of that pollutant, 

£ ......... 
~: ,..,. ..,,, .....,1 -· 

I 

?h• pollutaat 1• remved fro■ the air cur tbe sroUDd, thereby creatins a 

noa-zero vertical concentration 1radi1nt nur that surface, Vertical dispersion 
proce1 ■ 11 t~nd to s:nooth out thil 1radient by tranaporting pollutants dovu

vacd1, thereby prov1d1na aore for po ■ 1ibl1 removal, Ihe ambient pollutant 

coacentration near the sround 1• low•r than 1t would be otharvi••• vith the 

ugnitude oi t~• de?l ■ tion dependini on tha relative rate of removal at the 

■ urfaca. A corr11poadin1 net d ■ creaaa per unit dovnw1n~ distance in tha total 

amount of ?Ollutant·bain& adv■ cted by the viad i■ al10 ob11rvad. 

Th• deposition rat• depend• on the nature of the interaction batveen 

pollutant and ground aurface and a• luch dep ■ada on a wide variety of pollutant 

and 1urface charact1riltic1. Although th••• ar• hiahly dependent on the 

1pecific application of int1r■ 1t, a few aeneral 1tatement• caa ba made. Th• 

deposition of ga11oua pollutant ■, (or •xampl ■, increa ■ es •• the 1olubU1ty or 

reactivity of the ga ■ incraa•••· lha depoaition of airb~ru particulate utter 

1• highly dependent on particle •ize, If th ■ pollutant of 1.Ater••t i■ found 
' 

predominantly 1r1at1r than a cartain a1ze raa11, tb11 added factor ■ hould be 

taken into account 111 the tr11t1Uat, a■ di1cu ■■ 1d below, 

The de~ ■ 1tion rate ■110 depend• atronaly on the rate of vertical 

traa■ port and therefore oa the aame factora •• do11 vertical di~persioa, 

(S•• Appendix A.4 for a dilcu11ion of th••• factor,.) 

With r••ard to the depoa1tion of particulate Ntter, the ■• re.marltl 

on depotition refer pri.marily to particle• ■uller th ■ n approxiaataly 10 micron• 

1:1 ■ iz•• Particle• largfr than thi ■ are auffic1ently u■ 1ive that gravitational 

■ ettling becomes 11gn1f1cut and thue particle ■ •imply drift dovnward at a 

rat ■ dependent on th■ir ■ is• and vdght, ■ de1111 po11t1oa INchani•• 11 vary 

different fro ■ that described ,o far and ill Aen ■ ral IDWlt b■ truced differently; 

••• for example the diacusa1on in Slade (1,68). Particulate 111atter su.Uer 

than 10 micron• behaves 1111ch like a 1•• in many respect ■ and 1ravit~tional 

■ attling 11 u ■ ually negligible, 

If th• removal i1 ■ ffic1 ■ nt enouah, a 1ignif1cant fraction of tbe 

pollutant my be removed before it 1• transported out of the region of in

terest and ambient atmoapheric concentration■ can be 1ignificantly affected. 

In some application, th ■ depo ■ t'tion rate or the total depoaition vithin a 

•tven area over some 1pecified period of time ,uy be of interest, in addition 

to or iAstead of the actual ambi ■at concentr ■ tioa, In either case, dry 

depoeition i■ an important phenoa ■ non. 

Precipitation Scaveng,tns 

Thi• tera ~clud ■ a proco ■••• vhich take place vi.thin clouds, such as 

the formation of cloud droplet• about pollutant part1clH _vhich serve •• 

cond ■aaation nuclei and th• ab ■orpt1on of pollutant, into u11t1ng "~t•' 
•• well a■ the ■caveu1in1 actioo of precipitation fallins throu1h p 
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air. Th• taponanc• of uch of th••• proc••••• depend• atron1ly on t~• 

charactuiatica of the pollutant, aa 1n the case of'dry depoaition, and 

again only vuy ceneral co-enta can be aade. For caaeoua pollutant, the 

solubility 1n water i• the aost Slllportant factor and thia often depend• to a 

aica1Clcant extent on the preaence of other dla•o~vad aaterial_ 1n the prec1p1-

tatioo. The aolubil1ty of,sulfur dioxide, for exaaple, jlecrea•e• a• the 

acidity of the precipitation 1ncrea ■ es, The particle aize ta •fain the aoat 

1lllportant factor tor' the •f•venctns of aeroaola, The rate of pollutant re

aoval by falltna precipitation 1• alao detera1ned to a aiaoific~nt utent by 

the •1•• of the talllna drops and the rai.nfall rate. 

A,6.2. Treataent of OrL..!!!.l!.o•ition 

Aa indicated above, th• re111oval of pollutant at th• around surface haa 

two :iaaJor e!fecta on aabient pollutant concentratlona1 

• A depletion of the aaaa of pollutant betna advcted by 
the wind, reault1ng 1n lover concentration• than vould 
otherviae be expected, and 

• A reduction of around level concentrationa ce>11pared to 
tho•• at higher elevation,, reaultina in a non--unifora 
vertical dt■ trtbution. 

All trutaenta of dry dapoaition that are uaed 1n practice detcr1b• the firat 

effect but not all deacribe the aecond, 

The net downward pollutant flux reaulting froa r•ov•l at around level 

i• commonly aa ■uaed proportional to the pollutant concentration at around 

level, the proportionality constant actually being dependent on a variety of 

factors auch aa: 
• Th• nature of the pollutant, 

• The nature of the around aurface, and 

• Th• prevailina aeteoroloatcal conditiona, particularly 
the at:111o ■ pher1c 1tability our the around. 

The proportionality coutaat it called the "deposition velocity" and it ■ 

value in any aiven ■ ituation deteraines th• aianilicance of the effect of dry 

deposition on pollutant concentration. Theoretical procedure ■ exist whereby 

appropriate value, aay be eatwted for a ,pacific application but their 

accuracy h unc_ertain and value& derived froa l~eld observation& are nearly 

alvay, uaed 1:1-practice. 

AHU11ina that tha downwind flux of pollutant aay be parueterued 1n 

thia v~y, the problem of treating dry depoait1on becoaea one of descr1bina 

it, effect on atmo ■ pheric pollutant concentrations and of calculatina the 

uount ~f pollutant depo,ited in the area of intereat. Olfferent typea of 

•~dels treat these effect ■ 1n different -y ■, dependtna ■pacifically on the 

vay ~•l d1apara1an ie treated and OD the vay the dependence of the 

pol coocentration oo hd1ht above around 1 ■ pred1ctad, 

Since pollutant r-al occurs at the around aurface, the but 

trutaent of dry depoaitioa h to utheutically apecify the appropriate 

bouodary condition at the urth'• surface and to deteratne or describe the 

cor~••poodilla effect& m.aaerically or analytically, The uthm&tical 1tate111ent· 

of th• boundary condition, vhich 1■ used 1n aod•l• vh1ch treat vertical di1-

per ■ ioa by a numerical aethod, involve ■ both the vertical eddy diffusivity 

and th• dapo ■ ition velocity and define& the relationahip between the pollutant 

concentration aad the concentration aradient at the around. Numerical solu

tion of the diffusion equation in the vertical direction then detu-m1ne, the 

predicted pollutant concentration•• a function of hetiht ••well•• the pre

dicted rate of pollutaat deposition on th• around. This procedure may be used 

in either dyn..ic or ■ teady-atate aodels, 

K.:>del ■ vhich treat vertical di ■ peraion by• , ...ieaptrical method do not 

necea ■arily handle dry dapoaitioo in a le ■■ appropriate way than d~ nu=erical 

aodel,. If, for ,example, the aaauaed fora for the vertical concentration

dietrtbution is based on auitable analytic aolutioa ■ of the vertical d1ftu1ion 

equation obtained uaina the correct boundary condition ■, th• treatcent mar~• 

ea appropriate•• any other, Noraally, hovevar, aeaiempirical aotels incorporate 

certaf.n aaeuaptioa ■ vh1ch are to ■ 01ae extent 1nv ■ lid for tba treatment of 

dry depoaiUon,

Moat ••1•pir1cal IIOdele incorporate the perfect reflection boundary 

condition, •• diacuaaed 1a Appendu A,7, Math...ticelly, thb corrupond,

to the ••-ptioo that th•• 1a IIO oat varttcal pollutant flux and no net
reaoval of pollutant froa the auioaphere at the around. An additional re,ult

1• tut the pollutant cooceatratioo 1a oearly iodependeot'of heiaht near the

groUAd. Thia aJ.ao correaponda to the •pecial c••• of a aero value for the 

dapoaition velocity. A aodel incorporatina the perfect reflection boundary 

condition cannot treat the effect of dr7 depoa1t1oa on the vertical concen

tratioa profile, If thia approx1ut1on 11 u ■ed 1n a aodal, •• it is 1n most 

Gaua11au plume aodal ■, but it is ■till deairable or nacea,ary to allow for 

the depletiou of the pluae aa it i■ advected alona, a ti.me or do\lllvind'diatanca• 

dependent factor aay be applied to the'concentration value calculated by th• 

baaic &l!llliaap1r1cal formula. Thi• factor aerve, to ■ imulate a reduction 1n 

th• total uaa of pollutant 1n the ,1U11a and to aodel pollutant removal by dry 

depoaitioa, In eaeance, thia type of treataent involve ■ the determinatioa of 

aa effective source ■ trenath vhicb ia a decreaaina function of travel ti.me or 

downvind distance. The aiaple ■ t axaaple of thi ■ treatment ia the use ~tan 

exponential decay factor 1n acveral currently . available modela. By approprLlte

choice of the value of the 4ecay conatant, it 
' 

t ■ po ■ aible to 1imulate ~rude!y 

the affect of the removal of pollu:ant, An implicit a111Umption 1n thia treat

ment is that th• ahape of the vertical concentration dl ■ tr1but1on is unaffected 
by the re110val proce••• Thia aaa1111ption 11 ••lid only if tbe ratr ·tical

aiaiq 1• lar1• C011pared to the rate of pollutant raaoval,
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A somcvhat aore detailed treatment, de•cribed in Slade (1968), 1nvolvu 

th• a1S1.1~ption that the pollutant 11 rnoved at a rate proportional to th• 
ground level concentration,' llovever, this coqccntration 1• given by tb• 

·i Gaussian plume formula vi.th perfect reflection, aodified by• factor to account, 

for that ma1a of pollutant already lo•t. The effectiv• 1ource 1trcngth •• • 

function of dovnvind di•tanc• mu1t b• determined by qu•dr•ture for the 1pec1fic 

p1ramcter values involved and presented tor u1e 1n 1r1ph1'cal or tabular form. 
I

A• 1n the 11.c,pler and l••• detailed exponential decay treataent,,the 1apl1c1t 

auumpt ion ii made t~t· ·~hei 1hape of th• vertical pollutant ~btrlbution 1■ 
unaf!ected. 

The 1pe.cial case of particulate utter for vhich 1revitation 1ettlin1 

h illlportant 1a generally tnat•d by vhat ha1 c011e to be laiovn H the tilted 

pluae approxi.m.ation, Th• vertical pollutant distribution 11 datenained a1 a 

function of tilll• or dovnvind diatanc• u ■ in1 vhatever aodel 1a appropriat•• 

A downv~rd aotion vith • velocity •qual to tha appropriate ■ ettling velocity 

1• added to vhatever other motion ha1 been predicted for tha d1atr1bution. 

For ■ teady-1tatc 110dcl ■, tha effect 1s to tilt tha plume c•ntarlina dowvard1 

vith a slope determined by the ratio of th• 1ettlin1 v•loc1ty to the ho~izon• 

tal vind speed. One should in principle uea a different ■ ettling velocity, 

, and hence a different elopa, for particulate utter 1D different 11.ze rang••• 

Tabla 5.13 li1t1 po• ■ ibla treatment ■ of dry dcpo1ition, Tabla B,11 

li■ t ■ the treatment• used by •ug1e•tcd reference aodela, 

A,6.3 I!~~•l;lllent of Precipitation Scavenging 

The var1ou1 proc••••• vho•• net effect ii called precipita~ion 

ecavengins are not usually aod•l•d wdividually ucept perbap• in specialized 

research-level modela, ln1tcad, the total effect is 1enerally treated 1D an 
approxbate vay. 

Both the rcmovel of pollutants in cloud1 and tha acavenging by falling 

precipitation are usually considered to be exponenttal proc•••••• Thia uy 

not•be 1trictly true in all caa••• For e~a.mple, the uptake of so by cloud
2 

droplet• 1 ■ not really an exponential proc••• becau1• of ch•ical reaction ■ 

vhich occur in tho droplet ■ th11111elve1, Precipitation falling through a 

polluted layer ~y take up a eoluble gaa at one height and rel•••• it at a 

lover hci&ht bicau•• of evaporation of the drop ■ expo•ed to a clean at

ao1phere. Th••• effect• muet be aodeled on ao individual ca1e-by-ca1e baei■ , 

If removal in cloud, 1• treated a, an uponential proc•••• the decay 

ccm ■ tant 11 called the ratnout coefficient, I! removal by fallin& precipi

tation is treated•• an exponential proce11, tha decay con1tant 11 called the 

va1hout coefficient, The10 coeffictente in principle depend qn a v1Je variety 

of~ I pollutant characteri ■ tlc ■• Empirical value, are often used and it 

~- ..•. 4' r· .. -..,fll:tTir.11 .. 

ia often assuaed that the relat!on1hip batvaen the vashopt coefficient and t~e 

total rainfall rat• ::i.ay ba apr••••d by a paver lav, Tbs va ■ hout coefficient 

i■ a function of drop ■ tze. A ■ore t•tailed treatment vould take this into 
account and detenain• th• total rate of pollutant removal by lntecratiog over 

an a ■ suaed drop size distribution function. Ihia 1■ rarely done in ?r•ctice. 

lf the rainfall rat• 1• variable, IO 1■ the va1hout coctficient, 

the pollutant concentration then decree••• in a 1D&nner reflecting this variability: 

the deer•••• 1• not repreeented by 11■pl• exponential decay, For tha purpo1e 

of da•cribtnc th• affect of ra1Dfall on pollutant concentration,, the vaahout 

coefficient mu ■t be know or •••ua•d, including any ti■• variation due to 

veriation• in th• rainfall rate. 

lf the application involve, UI averaging tiae 1111ffic1ently lon1 that 

aor• than one ra1Dfall occurrence need ■ to be Cr••t•d, even 11J:lpler methods 

are often u ■ ed. For a:uple, the a ■■u ■ption u7 be ud• that every till• it 

rain• tha ubient pollutant level 1• decr••••d by-• conatant f ■ ctor ~hich 

uy be empirically derived or eat:l.aated froa the avera1• duration of r ■ in-

fall 1n the area, If a cliaatological aodel 11 being ueed, th• correlation 

betvaen frequency of rainfall and othar aeteoroloc1cal parueter1, particularly 

vind d1raction, ■ hould be takm into account •. Ignorin1 thi ■ correlation 

rapreeent ■ an even l••• detailed treatment and corr•1pond1 to •imply auper

iapo1in1 total rainfall contour ■ on calculated concentration contour, eo 

eetimat• the effect on lon1-t•na aver•1• concentration value,. Thi• correlation 

la moat ■ imply handled 1Jl clillatological ■odel, by includin1 preclp!tatioa in 

the ■ et uf meteorolo1tcal variabl•• for vhich Ch• joint frequency function ii 

usad, ln this caae, exponential decay aay b• an appropriate treat~ent of th• 

effect, of preci?itation, Many cli.natologi~al audel1 nov availa~le rr~vid~ :~e 
option of 1pacifyin& an exponentul tec ■y rate but do not spec!fically treat 

precipitation condition• separately, Th••• ::iodal, ~pply the exp~r.•ncial de~ay 

factor in everz distinct :ieteorological condition aodeled. This i• 2:.,;. an 

appropriate treatment of precipitation 1ccvenglna due to th~ intenitta~cy ~f 

rainfall, 

Table 5,13 list ■ the pouible treat:iienc ■ of preciplt•t!,;n ,~1,·•::.~n, 

vhich are vithin the ,cop• of th1• discu ■■ ion. Table B,11 lists tr.a 

treatment• u ■ed by •u•a• ■ ted reference model•. 

A,7 BACXGIIOUND, BOUNDAJrt·AND INITIAL CONDITIONS 

A,7,1 ~ 

AA a1r pollution 1110del ducribes.tha pollutant di•trlbution vithln 
•a limted volume of apace for a limited period of tbe, Thi ■ vol11111• u 

bounded on the botto■ by the urth'• ,ur!ace, on the sides by the perimeter 

of the region of interest, and ~n the top by the upper li■it to verti~al 

di1per1ion, Even for models llbicb calculate only ground level.co ·•tions 

\.._,, 
r . ·~ M ~:·.v.jiif li!i••·~;.J ,.;:;, Rir•J '-rr.d 1...d b.!•·~ 1•-:.::::l ~., 
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expllcicly, th• three die>ensional nature of dispersion 1• accounted for 

through inclu1ion of •uch par•~eter• a• atacK height, plume riae, or aixins 

heisht. Ia any case, tr&atlllent• of th• folloving four upect• of the aiven 

application are required: 

Effects due to th• existence of a finite upper 11.ait 
to dhpenion, 

';'he effect of the .-nb'• ■ urface aa a b&rri.-r to dif
per ■ ion a~. aa a ft•atlal aink for at1110 ■ pberic ~ollvtanta, 

. l '. l ' 

The contribution to-pollutant level• vithin the vol11111• 
of interest fro■ upviad 1ource1 not included 1a the 
u,del, and 

• The faitial coaceatrationa tbroushout th• volume of 
int•r••t at'th• b•1ianin1 of the ti■- period of iatereat. 

H1111erical and aemiempirical model• treat the first three a ■ pects ia different 

vays; dynamic and ■ teady-■ tate 1110del• treat th• laat aapect· in different vay ■, 

The firat tvo Hpectt ate ·generally called boUAd■ ry condition• in both 

numerical and aemieapirical model ■, because they relate to effect• at vell 

defined phyaical boundarie ■, Th• upper limit to di■per■ ioa 11 colll:!IOa\y treated 

a• an abaolute barrier vhich klep• pollutant• above it ffQ ■ eaterina the modeled 

volume and vhich prevent• pollutant• diaper1in1 upvard vithin th• modeled volume 

from goins any higher, In auch caaes, there 1• no net flux of pollutant 

through the boundary. Thi• condition 11 celled the perfect reflection boundary 

condition and 1e a common assumption uHd for the upper boundary; other 

u1u111ption1 reaardina th• upper boundary condition •re l&H co-on, However, 

there are circu111St4nce• in which pollutant• uy enter the ::iod•led region through 

the upper bounda-ry. for example, pollut.int• lyin1 above th~ :nixing l.iyer can be 

entrained within the modded volua,e H th• ■ 1xi11g height incna11as ln the n,ornins 

a, a result of aolar heating, In practice, only numerlcal/d~namir 1110dtl• treat 
such situations in detail, A areat deal of 1m~rec1a10n exiat1 in specifying 

the flux (or flov) of pollutaat aero,, th• upper boundary due to the lack 

of reliable e1tim1t•• of auch tranafer in real situation,, Even whea 

perfect reflection 1• as1umed, the exact value of the ■ ixins height 11 

aene-rally subject to error, being ba,ed oa extrapolation, from measurement• 

made at different location, or times than thoae being ■odeled. 

tvo effect• detemin• the nature of the lover boundary conJ1t1oa1 

• The behavior of th• earth'• aurface H • barrier to 
downward di■ per1ion, end 

• The r•t• of rmoval of the pollutant at that aurface, 

The•• two effect, are uaually e1s1111ed to be related, becau ■ e the rate of re• 

moval 11 proportional to the around-level concentration. Various proce ■ aea 

daten,la• the degree of absorption and vhich are moat taportant depend ■ upo~ 

t~ tcular ■ 1Luet1on. for ex11J11ple, l•r1• particl•• can 1ettle out 

(be perfectly absorbed) under th• influence of aravity, Sulfur dto~id• csn 

be abaorbed by veaetatioa and ozone can react chm!cally v1:h ._.ari)ua ~11te

rial• on th• earth'• surface, Tb• around can also ••rv• a, L source o: 

pollutant ■ aa, for uuple, vhen settled part!cl~• .ire :ecntr~~~:, ~~ 

aufUciently 1tron1 vind• or vhen •m• pollutant 11 'Jeir.1 e::itt.:.: ':,·• , .. ca: 1:,i, 

It vould be exceedingly cC1:1plu :o attr.npt to n·..at in)· of t~..r, -,:, ·~is')· •.·, 

deta 11 .ind model• l!!ll&t rd:• on •P?r,xi::l&u, c:eat::e:; ! s ~f :l\.. ,·.nt t... , ~.·t~:·.: 

;,rccuHa, Wb1n -reac..,,l at :he 11urhc• can b• 1ar.ond, t~.u,a ~ .. ·•,; :.1: · !ux 

of i,~llutant :t:ro,11~ ct.a lover !J,;.•J,i:;.i:., .ind the ;,e:!•:: rs:l~~; 1.: r, t .. ·ar.,! ~ry 

cone1ition ta r.ppropriatu, ''hen th• r,:lo•:a! r.:e u w1rv '..irF.i ::-:J ,:;•Jait·..,:\ 

apprc.ac~,., t~~ ~or.d!:ion which ,.-u-.:lC :a c:a.!:,·: ''r111·t"ec: .,·,.11:,:;.. t'..,"n." !\11: ...•e,: 

t!iirH, t\.'<> c.xtreme, t,oth •f!o1c:1 ::us: be tr11t-:.i, ':"~:elr i·,.a.~•:c !::p;rcsn:e ~~ 

d1t<1~!S!r.1d :i:v :!lo rst• o( re::..;v:al co"'"·?•'!'•~ :;i ::-• ra~• :t ,·u:!:1l tnn•~~r:. 

It i.11 tl'.us ir.lportan: that 11ppl!.at1c:u ia•,o.'l'.::a pt.y,i kd Jir.ks at the nrt!i' • 

,ur!.ac11 h.andle vertical cranspor: lr .in Ad,quat• :-a,.~.er. ':ll• rer.10,·11 l of 

pollutantt at th• earth'• 1urface 11 :e~-:n•J "~ry d,cpc•i:!:in'' ,m<l 11 c!itcuued 
' in more detail 1n Appendix A.~. 

lt ,hould al ■o be noted that nuaerical aodala senerally t-reat at least 

aome fraction of cha minion ■ of pollutant ■ .by ■pec1fytna th• appropriate-· 

flux throu1h th• lover boundary •• part of th• lover "boundary cond ltion." 

In thb discua,1ion, th• "boundary condition" refers to what happens to polh:tanc, 
already emitted; e11i1 ■ ion ■ treated aa occurrina at the boundary should 

be conaidered aa a1pect1 of ,ource location and eai11ion rat• (Appendix A,1), 

Tte third ■ apace, edvection of pollutant, into th• volume of interest, 

1• related to the concept of a bacqround level. Such cofc•ntration, are due 

to ·natural and i:ian--de aourcea not bein1 modeled, becau,e they are outside 

the modeled re1ion, Thi• definition of back1round differ• from another 

■ omotimea used ln vhich th• backarouad level i• taken•• the concentration 

vhich vould u:iat if all 1outc•e 1n the modeled inventory ceased to •it, Tbe 

letter definition vould include coatributioo ■ fro■ 110urc•• vithin the modeled 

re1ion but·not included ill the illventory, ln th• aen•• uaed here, backgrouod 

■ iaht b• defined operationally as the pollutant concentration aeasured Just 

outaide the upvind boundary of the reaion of interest. Such a concentration 

vould frequently depend on the direction of tha vind, the location of the 

me ■ suraenc, or the tiae vhea the meaaureaent vaa made, For aon-conaerv•tiv• 

pollutants, thi ■ coacentration -.,ould b• expected to change aa the air h 

advected throu1h th• 1tudy region due to the operation of various removal 

mechanta■,. For 1econdary pollutants, the incomin1 fluxes of precurso-rs muat 

al ■o be taken into account, bccauae they will 1en ■ rally interact significantly.. 
vith ..tniona i.-ithin the region and 1reatl7 affect the predicted leveh of the 
pollutant of intere ■ t, 

011oaa, vhir.h h both reactive and ,econda_r7, lllu1trate1 th., dtuatioa 
vell, "lacqround" oaon• concentration ■ ...~red just upvind of ,rea, 
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ar• fre1uently reducad vithiD th••• area, due to the iuiti.al 1caven11n1 of 

ozone by precursor nitric oxide misaions. l)owovind oi th• urban area, ·che 

1 precursor• reac~ and ozone concentrations rise aaain to hich levels. Jack-
I . 

around Is thua usually not a tilllple additive tena but 11 a function of 

poaition and tillle vithin th• re1ion of intere ■ t. A ain1l•, additive bacqround 

r.umber can be defined only for prilllary conaervative pollutant•• Othervia ■, th• 

flux of pollutant anJ/or pii'ecunon into the atudy regioa at the vertical
1 

boundar!as auat be kn,ovn, Even for priaaary conservative po~lutahta, the in-
. . ' i . ' 

cocing flux 111Ust be i<noVJI aa a function of poaition and time if aignificant
I 

variati~na occur over t!Jaa or distance scalea amall compared vith the av1ra1in1 

ti:::a and the siz• ~r the re1ion or int1reat, aural SO or aulfa~• levels pro-
2 . 

vida ex~aples of aituations in which a 1ingle, additive bacqround level ia 

ll~el, to be appropriate. 

It baa been •••used 1n thia diacuasion of backarouod and the side 

bound_ary condition• th.at the atudy region baa been choaen carefully to 

i.Dcluda all la,portant aourcea. It vould be improper, for uaapla,.to eatiNt• 

the total 24-hour uxiaia SO concentration in the vicinity of a power plant
I , 

vhile treatin1 the COlltribution of a nearby plant as a bacqround value. Both 

plants vould need to be included 1n the study region and modeled. The second 

plant could be ucluded only if the coatribution of th• fir ■ t plant alone, 

rather than the total concentration, ware desired. 

One other point n•ed• to be ude about background. Circuastnacae may 

aria• in vhich background la aegli1ible, an7 bacqround concentration being 

1111■ 11 in coaiparioon to th ■ coacentration of llltareat. ror example, 1n caae ■ 

vhere the uximwl abort-tam concentration, near• large, relatively iaolated 

■ ourc• are being ..tilllated, bac kgr~und cen u.uall y be ignored, · In such ca ■u, , 

modal ■. i1norin1 bacqround an applicable. Th• user 1111at coa'1der ;he appli• 

· cattoa carefully vhen uking auch a determination. 

Th• la ■t aapect cover ■ the initial coaditiona, tho ■• concentration ■ 

exi ■ tin1 throu;hout th• atudy r ■ &ion at th■ be&inning of the tila• period of 

intere1t. The•• coacentrationa are not treated e.xpl1c1tly in ■ teady-atat• 

aodela but 111Uat be apecified in order to aolve the equation• used in dynamic 

, l>Odele. Initial concentration ■ may be included implicitly in atl!ady--etate 

models when background level ■ ar■ ••tiiuted. They ar ■ likely to b• ao■ t 

important for 1hort-ten averaga1 for vhich th• initial concentration• can 

conatltute a 1ul,atantial part of the final tillle-avera1ed concentration. Thia 

aituation vould occur most frequently vhen the initial concentration, are 

large and travel time acro11 th• reaion of intere5t is equal to or greater 

than the averaaing time of intera,t. All noted ln Appendix A.4, thia type of 

situation calla for a dynaaic, rather than a 1teaJy-1tate, treatment. The 

concentrations of aecondary and reactive pollutants are particularly 1en1itiv ■ 

to the •~ttial concentration ■ and di1tribution• of pracur ■ or ■ and·potentiol 

I 

react&Dt ■, reapectively, Initial condition ■ are tlu ■ l:lportant for such 

pollutant• and a dynamic approach is better .uited to their treat3ent. Thi• 

is particularl7 true when 1hort•tem concentration• are desireJ as is the case, 

for example, vith ozone. 

A.7.Z Treatment of Background. Boundary and Initial J:oncl!tf.ohs 

Sine• nuaerical and auiapirical ■odel ■ treat dispersion fro• different 

pointa of view, they uploy different method ■ for hanJling background and 

boundary conditiona, Initial condition ■ •r• treated diffareatly by dynamic 

and atead7-atate l!Hldals. th• u ■er should be av■ r• that both ''boundAry 

condttiona" a11d "initial cor.d1t1on•" aignify tvo rabted but not entirdy 

equivalent concept•• Firat, they ~un a ■ •t of ■atherutical axpra11iona 

required to ■ olv ■ the r■ rtial differential equation, used 1n numerical models 

and second, the phyaicJl coaditiona_b•ing ■od ■ lad. Th• utheaatical up~e11ion• 

are the representetions of the phyaical condition• in a fora suitable for 

numerical ■odela, Semtaplrical modela -.a ■ t treat the aaaa phyaical conditions,. 
■ till often referred t~ •• th■ boundary condition ■, u1in1 different methods. 

The dt~caaaion ta convententl7 divided by conaidaring first the treatment• of 

backgro,1nd and bounda~y condition• by n1111erical aad aeaiempirical models and 

then the traaaient ■ of initial condttiona by dynuic and ateady-•t•te modelf; 

Bockground and Boundary Conditions 

Part of the difference between the trutaanta ~f bacqround and boundar1 

colldltion~ by nuaerical and ■ aimpirical IIOdela la atmply a difference in the 

■ethodolosl•• ua ■d to u~r••• the ■am• phyaical condition. A• vill be seen, 

ho-ver, the nwaerical approach sener ■ lly provide•• sore ~•tailed and flexible 

treatment of th••• conditiona. At thi ■ poillt, the uaer ahould keep 1A aiod 

that applicability of both approach•• to the application•• discuaaed in 

Appendix A.4 • 

A• a.oted above, uay proceaaea can take pl•c• vhan a pollutant contact• 

the earth'• aurface. Perfect reflection or ab ■ orption ■ re 1 ■ nerally approx

i»tiona to the real situation. Th• appropruten••• of tha approxl.matiun bein1 

u ■■d must be a ■ aeaaed by th• user vhen coaparln& •od•la. Nuaerlcal model• 

treat perfect r•flectign ..th-■ tically by requirins that the vertical gradient· 

of pollutant concentration be zero at th• surface, that la, vhat co•~• doun 

111,at so bac• up. Perfect abaorption ~orreaponda to the reqaireent that the 

concentration b• zero at th• boundarr, Perfect r ■ fl~c:1on 11 n~m~lly a1au:ed, 

becauae it 1• u ■ u~lly a :aich batter approxiclatton to the ?hysic3l situation 

than ls perfect abaorption. Both of th••• ■ ltuationa :uy •l•~ b~ r.andlct 

■ •ally b7 aemie■ pirical aod•la. S•iupirical •~dela treat perf~ct r~flection 

at the lovor boun:lary by including an "i.aa1• aourc ■" equivalent to the 

reel 1ource but loc•ted like its ■ 1rror laage with the earth'• •urface ••... . .. 
-...,...._ 

. ,. ,, 
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the ::1:-Tor. rte "oethcd of bases" h the techni'lu• •ployed in the mo•t 

, videly used forms of the Ca•asiAn plur.e 1:10del ar:d can 01111 'be uaed to handle 

·• porhct reflection or absorption.
1 

I 
Partbl nfhction at th• earth'• 1urface ia treated in numer'ical 

liodeh by ulin1 the concept of a "dry Jepo•ition velocity."' Thia para■eter h 

a measure df the r~t• of pollutant removal at the earth'• ■urface. ln ••••nee, 

the eathaatical fonaalation .allow ■ part of the inco■J.n1 pollut~t to be ab• 

•orbed oo that the t~t~l. a~unt bein1 dhperaed is depleted iaftu ~eflectioQ. 

Kott ,e.miempirical model ■ developed to date cannot treat partlal'· reflection •• . 

a bouodary condition. An approxilll•t• treatment of dry depo•ition •• a pollu

tant re1110val prqce11 by aaaumin1 an upon•ntial decay of the pollutant 1• fre

'!"•nrly uaed. Thi1 ls di•cusaed in more detail 1n Appendix A.6. Dry depoaition 

could alao be treated as a boundary condition by 1eaiempirical model• Uthe 

111u~ed functional fona of the pollutant distribution ver• based upon analytical 

solution• of the diffuaion equations aubject to the appropriate boundary 

coodition. Numerical model• can •l•o chan1• the ■111ount of abaorption to 

represent different condition• throu1hout the 1tudy region; •-iempirical 

modela can usually only deal vith one overall avera1• dry deposition ~-,t• 
throughout the region of inter••t• 

At the mixing h•i&ht, perfect reflection la 1•nenlly aasui:ied, 

Numerical models uae the 1 ■111• form of mathematical b.)undary condition a, 1t 

the surface but apply it at the hetaht correspondins to the top of the 111bin1 

layer, vhich can very vith location and time. Th••• 111odel1 could alao be 

uaad io principla to cover the caaa of partial penetration of th• ■ ixin1 leyer 

(partial reflection) 1illlply by altering th• boyndary condi~ion •• is done to 

treat d-ry dapoaition at th• aurface. They can allo account for the tranthr 

of pollutant• into th• resion o( lnt1re1t by ■uitable modification• of th• 

upper boundary conditiona and thua treat fumisatton or entrainment, It should 

al10 b~ noted tnat numerical model• ra'luir• a finite upper lilllit to diapareion 

ir: order to 1olva the relevant •'luation•. 

Mat the 1round, 1aiempirical aodel1 1enerally treat only the caaa of 

perfect reflection. Tvo aethoda are commonly u&ed. Th• first ia th• aethod 

of f.Jll.<ge1 in vhich 111111• 1ourc•• are addad above the mixinl height to account 

for the reflection• fro• that barrier, vhich le 1enerally aaeu■ed to have a 

conatant elevaµon. It turn• out that an infinite number of illlages are required 

to account for th• wltiple reflectiona from the around and the •txing height 

(eea turner (1969)) and the re1ult 1a uprea ■ ed as an infinite sum. In moat 

ca1es only the first fev terms of the au■ contribute •i&nificantly and the WIii 

may be evaluated eaaily to 1ufficient accuracy. A aar• comaon tre~taent reli•• 

upon the ob•~rvation that near th• aourc• th• plum• 11 not affected by condi

tions at the top of th• ■ ix1n& layer and that far enou1h dovnwind, the pollutant 

1.e '1.y ■ ixad vithin th• entire aixin1 layer, letveen the di•tance at whic' 

'",~s-· 

•• •• .. .... ... 

th• plwae firat f••l• the effect• of th• ff.Alt• •ixlna height and the diatance 

at vhich the vertical profile b•c-•• unilora, the concentration is obtained by 

interpolation (see Turner (1969)). A ·orari.ation of thb treatment uaed in scae 

ceu_Hian plwae model ■ treat• the efhct of the •1X1na hei&ht illplicitly by 

lJlaitina the vertical apread of the pluae b)' requirina that a• rmaiQ conatant 

after the vertical apre.ad of th• plume (a•) uceeda eoae fraction of th• mbil2a 

hd&ht. Paaquill (1976) dbcua ■ H tho l:lllitationa of the undhturbed and 

unifona a:lxin& approximationa and has pruented • tabla for UH in interpolatina 

re,...lt1 in ceaee where th• wa a1et be .valuated, (See alao Yamartino (1977)), 

Evaluatina the...., will 1enerally give aore accurate reaulta than il2terpolat1oo. 

The s•in in accuracy ia ali&ht cona1derina the uanituda of other inaccurecie1 

in ■odelin& treat:ienta end interpolation 1a uaecl aon frequently. Smimpirlcal 

aodela can alao, in esaaice, 1gnore the upper boundary condition by using a 

functional fona for the vertical concentration profile that places no lfmita on 

the hei&ht to vhich pollutant, can diaper ■•• Thia may b• an appropriate repre

eantation of the real situation of th• lar1• aixina hei1ht1 at abort dist•nc•• 

froa the eource, Saimpirical aod•le can b• 110d1fiad to account for fwalgation• 

by uaina equ&tiona (functional foraa) for pr ■dictina concentration• duri111 the 

t:l•• of the f111111&at1on. (SH, for auple, th• equation• 1Jl the appropriate 

refereacaa cited in Appendix A.2.) 

lfwaeric•l aodele that th• condition ■ •t the aid•• of th• recion •• 

■athm&tical apecificatione of the pollutant flux into the re1ion, Aa noted 

above, thi■ 1■ th• aoat fund•eatal .,., of traet111S bacqround lev•h. S•i-

9!1Pir1cal a.odtla cannot treat th•H u l,oundar1 condition• and "bacqrouad" 

can only be treated•• a 1eneral additive term. Thia tena may be a function. 
of location within th• resion but 11 1•n•r•lly treated a,• atncle con•t•at 

,value tlua tsnoring directional dependence and apattal variation•• Any tmporal 

variation ia alao 1enerally flnortd. 

Jn_i~J•J cond itiona 

A• pointed out previously, initial condition, an treated explicitly 

only by dynamic aodel•. Ally contribution• to th• concentrations duet~ 

pollutants in1t1.ally present 1'0Uld be handled•• part of the additive back

around ;avu by 1teady-1tate ■odel1. Al ■uch they 1'0Uld be indhti111uhhabh 

fro,a the coacentratione aa.-ecl to be edvectad into the re11on •• "true" 

bacqround. In dynamic tnabllente, •ore detail 1e available when the initt.al 

conditions can b• arbitrary function ■ of location than vhen sinale uniform 

valuas Ill.let be au1J111ed throu1hout th• re11on of tntereat. 

A flu.el word h in order about cl1■atolo1ical models and temporal 

variation ■• A• noted 1A Aps'endix A.4, thh approach can aak■ UH of any of 

the baaic types of aodal1 di•cu•aed althou1h a atudy-•tate method is ~oat 

often u~ed., Thia, th• treataent of bacqround, boundary and initial conditions 

by cUa•tolosicd ■odele vill depend upon the nature of the ■odel · 

the dispersion calculationa. lotb dynaatc and Hqueatial •taady-al- ,___ , els 
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"n, of courn, account for tmporal variation, 1n bacqrounc! and boundary 

conditions, Qy,iaa1c aodah uaually allov bportant paraaeter, to change re

latively 1111oothly over tilHI ..que11t1&l ,tudy-1t2te aodeh allov parameter ■ 

to ••sua• nev value• at the b&1iMin1 of each nev tiae interval over which a 

1tudy-1tate h auumed to hold, D:,n-■ ic aodel, CIOat freque11tly treat the 

&:1ount of ••tut.al advected or entrained into the reaion of interest or the 

mixing hei&t.t as tbe dependent; aequential study-state aodelT ■ oat frequently 

treat only tmporal, v!ir1&~ion1 1n the 11ixin1 height, ' 
' ; 

Th• ran1t1n1 of treatment• of bacqround, boundary, aad lnitial condi-

tion, h aiven in Table 5,1'. In trutina these elme11t,, eboat any combination 

of type, of trutmenta at the varioua boundaries can occur, I11 ratina a modal, 

the user should rate the aodel', treatment of each elme11t ■ aparately and combine 

th.,. to an-ive at an overall rating, T•ble 1,12 liat• the treatment• of back-

1round, boundary and initial conditioaa uaed by suggeated reference modela, 

A,8 TE111'0RAL COIU\ELATIONS 

A,8,1 ~ 

A• noted in pnvioua ~blectiona, many of the el•enta or quant1Uu 

u,ed to paruatuise an el•ant treated by a modal can vary vith tiae, The 

Yariationa of the ■• quant1t1•• •bout their mun value■ are frequently 

correlated 1n the ■ ituation beina modeled, for exaiipla, the application ..7 

involve• ,ourca vith • diurnally vary1na •1■■ ion r■ ta &ad aetaorolo1y vith 

the typical diurnal variation• f.n atmo,pher!,e at.ability d..cribed 1n 

Append 1x A,4. \lhen ,uch correlationa. occur it b uaually iaponant that th• 

aodel correlate the tiaa-dependent quantiti••• that ia, treat thm 1n wch a 

wy that conceptratton estia•t•• are made on the baai ■ ·of values vhich do 

occur togethu in the application of intereat, 

Implicit in the laat 1tatment 1• a re.aitzation that th• treataent of 

correlation• 1, closely related to the degree of taaporal resolution obtainable 

in the aodel. ln particular, the re ■ olution till• for the correlated quantities 

muat be lesa than the tilll& over vhich the vari■ t1011 ■ can occur, for ouple, 

if two :orrelated quantitiea vary hOurly, the model auat treat e~ch of thaa 

v~th • ,11:le re,olution of one hOur or l••• for the tre.atlllent of correlations 

to be ;,ouibl~. 

>J pointed out previou ■ ly, there 1a a lilllt, frequently baaed oo practical 

conatdr.ration1 or data availability, to the raaolution tiae and hence to til,au 

over v:-tich correlation ■ can be co11aidared, Th• lilllitiq factor 1s that elcaent 

or quantity vith the ■ infmum dcarH of till• ruolution uaona thoae elmenta which 

are ioportant to the particular application and which a:hibit 1Nfficiently 

lar1e temporal variability to affect the model re1Ult ■, The primary interest 

tr 1117 1n correlatina mi1aion rat••• ■ eteorolo1ical paruutera, and rat' 

of rmov■ l •ad tranafomation proceuea, Of couraa, in' application ■ vhue 

•haion rate ■ are al:oat constant, correlation, iuvolvina thm are mall a:,d 

aay be 1&nored, Ger.erally apealtinl, the correlation ■ between the various 

aeteorolo11cal parai:ietar1 alao need to be treated, 

Dyn.mic and sequential model ■ handle t•poral correlations •u~om.atically 

within the t11ae reaolution uaecl by the aodel, Theae ■odela generally allov 

the values of ■oat illlpo;taat par..eter~o be cbanaed at each tiae step and 

■ inc• th• data for each ■ tap are aenerallr input•• a unit by the user, they •re 

automatically con-elated. Steady-state aodel ■ which treat one or acveral 

apecific seta of miasion and aetaorolocical data treat correl•ti~ns v~lch 

occur on a till• 1cale !on1er than the averaaing tiae of the data auto=attcallr 

and 1&nore thoae vhlch occur over sh->rter tila••• The correlatit>na are l.:plicit 

in the atructure of the input data aa in the !ynaatc caae, This t)'P& of treat::eat 

la frequently ani::ountered in ■odela ~h.ic" eat:11!1.at• ■ hort-tena con,· entrat1or.J. 

On the othu hand, cliaatoloatcal model.a UH atatbtical vind roua 

and hence the only correlations inherent in thh approach are between those 

parameter ■ upon vhich the vlnd roaa b baaed, typically at11,oapheric at•~llity, 

wind apeed, and wind direction, A thrH-hour r ..oluUon 1■ typical of vtad 

roaea. All other correlation., particularly tha.. involvina m.iHiOna, =use 

b• treat•d aepar ■ tely, 

tvo factors ahould b• coneidend vben evalu•tina the treat1u11t of 

· correlatio11 ■ 1 

• Th• IL&&eltuda of the vart.■ tiona 1n the alven applic ■ t1on 
over ti•• acalu 1Ha than the avara11n1 ti■•, and 

• Th• importance to th• ■ ppl1cat1on ,of the quantit'iea involved, 

Th• firat factor ha• been diacua•er:l above, A• for the aecond, ailaply 

corralat1111 ■any tt■ e-depend•nt quantitie ■ may b• leH important thaa 

corr&latina a fev critical quantitiea, ••I•• vind direction and siasioa 

rate vhen tbe affect of • pe&ltina power plant •t a apecUic location ls 

deaired, 

A,8,2 Trutlllent of Taapo-ral correlati~n.t. 

lea1nn1na vitb th• aoat detailed, there ara basically three levels 

at which t•poral correlation• can b• cruted1 

• Sequmtial aad fully correlated, 

• Non-■ equenttal vith liaited correlation, and 

• Not treated expl1$itly, 

Th• Urat type of treat:aent la found in dynamic model ■ or 1n sequential aodela. 

ln th••• aodala, the correlation ■ are treated automat~lly. The second type 

of treataent b o:mplifled by cl11a&tolo11cal mode.le. Althouah v •tatht1cal

■ode\ ■ Ny tiaplicitl7 treat correlation ■ by their choice of varia, bey are 
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claui!ied here aa 11a1D1 th• tl\Ud t7;,• of treatiu,nt and an dhcuned ta 

Section 7, 

Within the ftr1t tvo trutaent, there 1• a variation in the level of 

detail dependtns on: 

The dqree of ttmporal re,olution and 

• ·Th• quantities al1~ved to var7, .• I 
The deterai.aanta and ilaP,orta'1C!I of tbue aapecta have hen d1.,acu ■ ~ec!" in the 

sencral diacunion ill Appalldlf.x A,8 .1, 

table S,lS liat ■ th• trutaenta of tcporal corralattoaa and the 

treatment• by 1ug1e•t•d reference model• are 1tven in Table 1,13. 

I .. 
I 

. A,9 111l'OlltANC! RATINGS FOi. A1'1'LlCAIIOK ELEMENTS 

Source - Receptor 1.elatton ■ h1p 

Th• 1ource-receptor ralattonahip ta UIWDed to b• of at laaet ■adS

:laportance 1n all appltcattona, Kaa7 factor. 1.Dfluaac:tns traneport and 

diaperaton depend oath• eource-racaptor aeparatton aad orientation, Th• 

ralaticnahip ta -avhat aora :laportant for 1econdar7 pollutant•• becauH of 

tha need for a detailed dHcrtption of the ■ txtna of vartoua precuraora, For 

a1ailar rH1on,, it 1a eleo a011avhat ■ora :taportant vhan ch•ical ainka are 

involved. Short•t•ra concentr1tton1 are ■ore 1an1ttiva to tbia rel•ttoa,htp 

than long-terqi concantrattona, ,inc• chanstns ■atcorolo1ical conditioaa tend 

to average dif!ereace, in concentrftioaa fr0111 point to point, Th• concentra• 

t1on .4 tstrtbution in dtuationa tnvobtaa limit~ nuaber1 of __ aources depend ■ 

heavily oa the aource-receptor ralation1hip. tn aituattone tavolvtna -ltipla 

eoJrcca vhere call inaccuraci•• 1D one relattonahlp are likal7 to b• balanced 

b7 wccuracie ■ 1a another, thil relattonahip 11 le11 :laportant, Area eourca 

1ppltcatton1 require a little l••• detail than point or 11.lla epplicationa, 

be<:auae the apet1al a:tent of aa area aourca ukee an error la the aourca

receptor relationahip l••• ,tsnific•nt 1n affecting concentration estimataa, 

Th• :lmportaace of thia almenc 11 -•vhat enhanced 111 c0111pla 1aographic 

aituationa vhich place con11dcrable :laportanca on the preci1• ralation1hip 

betveen source, receptor, and 1eo1raph7, Short-range application, are ■ore 

aenattive to th• aource-receptor ralation1hip than lon1-ranse applicactoa1, 

At long d btanceli ainiona have ueuall7 become rdattval7 unifonaly mixed and 

a change in 1eparatton or orientation that \IO!lld be critical at 1hort ran1• 

produces 01117 a nqlisible effect, Th• importance of the aource-recepto~ 

relationahip to each of the applicat1on1 1a at•en in Tabla 4,2, 

[r.lhaion Rate 

,.... • thins• betas equal, concentration, of prtaar7 pollutant• are 

propo to a1a,1on rat,,. ror 1econd1r7 pollutant,, the relative 

I 

concentrations of the prec:ur1or1 are ver7 faportant factors in deter.::inioc 

concentration,. Dl11aion ratea vare tlu1 al-71 rated as of at luat ~edtuo 

importance to all applications, and•• aoaiavhat aore f:llportanc for secondary 

Chao for priaar7 pollutanta, Th•••• con11deration applies to rucctve pollu~ 

tanta, ukin& m1aa1on rate 1li1htl7 ■ore important vhen chatcal sloks are in

volved than vhen only ph7 ■ 1cal linka or 1.Dert pollutant, are modeled. EID in ton 

rate, muat 1eaerall7 receive ■ore attention tn 1hort-teni or ■ hort-rana• appli

cation, than in lona-terqa or lons•range application1 vbere other factors such 

a, chan11n& ■ eteorolog7 and r•oval proc••••• non1ll7 can aa11Um• creater 1111-

portence for dataraining concentretton1, Baiaaion rat•• are rated•• somewhat 

■ore important in 1it11ation1 involving a ltatted nuabar of aourc••• because of 

the likelihood of ccapenaettn1 errors ta th• 1111ltiple aource caae, No distinction 

ta ude between dilferent aource •-•triu nor batva•n the taportanc• of 

miHion rataa ill a:laph and c:oaplax 1.«11raph1c aituaUona, Ratings of th• 

1aportanca of m1uion ratea to the vartoua application, era ,1tv•n 1n T•bh 4 .3, 

Coapo1ition of pai1aion1 

Thi• diacua1ion deal, onl7 vith tba ch•ic•l c011po11t1on of miaaions, 

tf the u1er'a application require, th~ apeclfic:~tion of• all• diatribution for 

particulate utter. the taportanc• ratiqa ta tabla 4,4 1hould b• reconaidered, 

No 1ener1l 1tat1111enta can·b• uda in th11 caaa, and the uaer ehould con1Ult an 

apart to deteaatn• fllportanca retina ■ appropriate to the application of tntarett, 

Chmical c0111poaition of ai1aion1 la crtttcall7 :laportant vhen 1econd1ry 

pallutant1 or chmtcal aink1 are involved and of little :laportanc• vhen d••lina 

vlth pruaar7 pollutant, and either no ainka, or physical 1i11k1 only. No 

difference in taportance betvean lon1-ta1C111 and 1b0rt-tera applications 1• aasumed, 

A ali&ht extra importance 11 a11tsaed to application, involving multipl• sources 

or long-rans• transport, bec:au1• of the increa1ed po,aibility for chmical re

actiooa vhen many different ai,atona are ■ ixed or a lon1 time is al!oved for 

reaction, to occur, Th• :lmportanca in atapla and complex 1eo1rapbic situations 

ia the s11111e. Th• illlportance ratinl• for the chmical c0111po1ltion of BD111ions 

•r• atvan in T•ble 4,4, 

Pluae Behavior 

Table 4,S aive1 the illlportan.:e of plume behavior tn each of the indexed 

applications, Plume behavior 1• equally :llaportant for both primary aod 

aecood1r7 pollutant• but 11 rated 1:10re important in ca••• vhere physical sinks 

ara pre1ent thao vhen chemiccl or no 1inka are preaent, Thia i• because the 

pluae behavior determine• hov u1ily th•.pluaa contact• the around, allowtna 

the phy11cal removal proce•••:o operate. Chemical removal can occur through

out th• entire volume of mixin1. Plume behavior 1• also rated more important 

ia abort~tena than in lons-t•t• average,, becau1e over short-time spans small 

varut1on1, uaked b7 avar11tn1 over lon1 ti•• 1pana, u7 ba 1ignifJ 

lbe 1reater •pati.el inho.aogeneiti•• •••ociated vith point aourc•• mak.'-, 
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beh&vior 110r• important for point source, than for lin• IOlll'c••· Siailarly. 

it 11 ~~:evhat 1110r1 iapJrtaot fer line than for aru 1ourc••• Io complex 

,eogr~fh1c situation,, ~lune beilavior !• important in dateni.lniog vhether th• 

plw,.. '-'!ll be affected by the co:nphx lituation or riH above its influence. 

~ver a !on& ran&•• vertical !llixing tend ■ to become unifoni and hence plum• 

~eh.lvior is relatively unimportant, 

aorhontal Wind Field I 
I, 

The horizontal ~indifiald is 1enerally an important ~lement in any 

application, becau•• advection 11 the principet proc••• for pollutant 

transport. It 11 cooeldered ■ omevhat 110r• important vhea chemical ruction• 

•r• important and when ■ hort-ter.a rather than long-term •v•r•1•• are daaired, 

because of the need to'knov th• vind field more precisely, Th• determination 

of the horizontal vind field 1• 110r• illlportaat in complex terrain du• to tha 

ch.lnnelin1 of the viad and other affect ■, The horiaontal'vind field 11 aome• 

what more illlportaot in limited point or lina 1ource ca••• than aru or multipl, 

eource c••••• Finally, th• horizontal vlnd field 11 con1idered to ba very 

illlportant in those ■ ituation5 in which th• actual trajectory of a parcel of 

air muse be deter ■ i~ed, becau•• the temporal and 1patial variation mu1t be 

reproduced. Thi• 1• th• caae for lon1 ran1• tranaport and for very abort re

lease times (puffs). Table 4.6 give• ch• importance ratin& of h~rlzontal vind 

field for each application. 

Verttcal Wind Field 

Th• vertical vind field 11 con1idued a•nerally unimportant in many 

ca ■e• of intcreat, becau•• it i• nurly zero on aver•&•• Vertical wiad field 

1• important in 1ituation1 requirin& ·tbe ••timation of coac~trationa at 

:zioderataly .hort rans•• in reaiona coatainin1 complex terrain due to tbe effect 

of the terrain on the (three-di■ en1iooal) wind field. Vertical.wind field 1• 

cons!dered &li&htly more important 1n applicatione involvio& chemistry than 

tho•• 14 -which chemi1try 1• uni.aportant due to th• need for a more accurate 

description of the v:tnd field. Vertical vlnd field ls aleo considered more 

illlportant 1D estimatin& 1hort-term rather than long-tera estimates. No di1-

tinction wes made for different source geometries or number,. Table 4.7 1ive1 

the importance ratin&• of vertical viod field for the indexed applicatione, 

Horiiootal Di1ier1ioo 

Table 4,8 1ive1 the J..ciportaoce rating of horizontal dl1per1ioo for uch 

of the indexed applicatioot1. Horizontal disperaioa 1• coMidered to be of at 

le.aat medium importance 1o every application, Horizontal dispersion U 1110r• 

important at abort ranae than at 1001 range. becau•• th• di1perslon ?roe••• 

1a the 110•t rapid aod produce• the 1reate1t change• 1o concentration ••timat•• 

at 1hort range,. Horizontal d11per1ion l• considered l••• taportant for r.ru 

- ....... ,,...... ,•;ti . •'nct.11 ! ..,..,,..:"""
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aourc•• than for 1111• sources, and lua for line than foe point 1ourcts due to 
I 

the emia1ion 1ize effect. In the c••• of aecoodary pollutant• and/Jr t~• :aac 

of chemicall7 reactive pollutants, it 11 very 1.mportant to be able to desert~, 

the mlxl!l1 of emisaioos with the ambient air. 1loce chemical ruc:ion rates are 

1ea1itlv• to local conc1atration1; therefore horizontal dil?ersloo 11 considered 

quite important in th••• ca•••• Similarly. if phyaical atnu are pre,enL, it 

1• 1•nerally more taportant to handle horizontal diaper,100 properly, dependin& 

on the aature of th• removal proce••• Th• iaportance of horizontal disper,ton 

1• conaiderad to be higher for 1hort-tana aver•&•• ~hao for 1001-tena, becau•• 

the averacing which can occur over lon1 time• 1enerally allow, si~pler treat

■eotl to be adequate. Finalfy, horizontal di1per1lon 1• con1idered to b• equally 

important in either simple or complex terrain. 

Vertical Dh£Ol'aioq 

Table 4,9 1iv•• the importance ratin1 of v•r~ical diaper1lon for each 

of tha indexed appllcatiou, Vertl~•l dtaper1ion 1• 11ven at lea1t a ■edl,.. 
' ratin1 for every applic~tton, Itl importance ta conaid•r•d tadependent of 

aversging time, and approdutely independent r.l t;,t typo& of terrain. 'ier:ica: 

J;:1;,e-:1!.:~ J.~ ccn1lc!er11.: =u..:.1 aor• ianporto1:,t J~ ,~: _.,.t :.1.~;..i th•:1 •t !~.~; :_;,, 

"' •• :;.·;•: • .!..;:~r'Ort~r.: :~r ,1h,..;..,~ar)' and/or :.~.1::~.;1:,. :- ..• .:: . .-. po1:u:.anr,,.a ., ~= 
.; .. ,.:. •. : ..•.. ::.,~\•:,,~ ;,,r,:-:-;.-.,.,. __ , ::ar:i.: 1,lor:y •·· .. ,. .. r~.:: ...-: .• ·•• -:;,c:t:..i .•. • .,,;;a- ... , • 

• · ·~ .:.::. . :-:..;:.;c c,;· vur:.~.· ;., ; ... ,.per11tc-n 1, r:,L... r1.: .. :.;,,;., ..1der: • h: .. • • .;, <:;·• 
• ; 1.;:::~ ,~. 

~::.. a:~:.,!~r·: ur..: :~~.-.1,.ti .. :: ~~•;.iunis:-: 

:;•;t !::;,.:::ar.;a ,{ ~:1.1:;J.1t:, an:! it• ;:utr.e::: !• :i:erai.itd pril::.lrii)' 

':.;t -:!Ira ;l:.e::i!.:a.:. r.•:..1re ::t t~o pollutant• Ul\"Jl\·c.:i and to •Jme •xtent b;,· th• 

tra•••l J!atanc~; no othe: cl:.eractari•ti~• o~ t~• aFplicat!oo need be cunsidere:, 

Chanhcry 11 irnle·,ant !er primary inert pollutanu, 1a of iaportanc• for 

prillary reactiv~ or 1econdary loert pollutant•, and 1, of even mar• illlportance 

for ••cond•~ reactive pollutant,. The iaportaoce of chemistry is rated lower 

for primary reactive and aecoodary loert pollutant• than for secondary reactive 

pollutant,, If chemical ruction• provide both a 1ourca aod a ■ ink tor a ,1ven 

pollutant, chead1try i• more 1aportaQt thaa if they provide either source or sink: 

but not both, Thu i• a 1oa,evhat arbitrary rankioa: the real 1.mportance of a 

detailed treatment of choiatry depend ■ 011 th• complexity of the •Y•tem of re

action, and the number of pollutant• involved, Chemistry 1• considered 

1li1htly more important for lon1-ran1a than for ahort-raoge application• due 

to th• lonaer travel time aod are.atar OP_POrtunity for ructions to occur. 

Table 4.10 1tve1 the lilt or'importanca rati111• of chemi ■ try and reaction 

machaoia ■ for eacb of the indexed applicatlona. 
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Phzsical R.emoval Processes 

We coalider two procHHI in th11 category1 dry ~•politioa aad pre

cipitat1oa scavenging. Phylical recioval u important, by definition, ia thoH 

application, for vhich the u1er ha• taken th• physical or cbelllical/phyeical 

link branch on .the Application iree. Ph:,eical removal la also 1Ughtl)' ■ore 

important for pollutant• vith chemi:al ■ ink ■ than consel"/'ativ• one,. Phy1ical 
. I 

removal 11 more iaportaat for long-rans• than for 1hort-ran1• aJplicatioa1, 

because of th• cumul~t'iv• ~fleet• of th• proceu. It• iapohanc• h coneid~red 

roushly _independent of source type aad avoragina ti••· Phydcai- re ■oval la 

coa11dered ■ li&htly more 1.aq,ortaat 1o complez rather thaa ai.aq,le terraia, due 

to the incruHd ■ urfaca roupHa. It should be poillt•d out that the iaporteoc• 

of prcclpitatioa ■ ceve~1io1, a•• reaoval proceas, depend• priaarily oath• 

fractloa of th• time during vhich precipitation occur• 1o the appllcatioa of 

i.atereat, Thua, for ahort-tena application.I precipitatioa acavengina aay 

usually be neglected, vhile for loaa-tera, or posaibly loa1-ran1e, applications 

a conveaient mea1ur1 of itl importaace is the rainfall probability. Tabla 4.11 

lists the importance ratina• of physical removal for th• iodexed applicatioas. 

Background I Bouru!arz an,Ctaitial Conditions 

Th• illlportaaca ratiaa• of backsround, boundary and initial conditioaa 

to the indaed application.a are 1ivu 1o Tabla 4.12. thu• condition.a var• 

ratad •• highly important for ••coodary pollutants vhere p~acursor backsround 

lev•l• cao ■ ipiificaatly 1oflueoca th• pollutant coocaotratiooa 1n the regioo 

of i.ater••t aod for application• 1Dvolvin1 ainu vhera th• advected conceatra

t1oDJII might be aipiificantly depl~ted duriag traaait. Thu• .•~emeata are 

crucial for applications iavolving reactive pollutant ■ ·vher• the detail• of th• 

pollutaat llliJc mu•t be known. th••• element• are equally iap~rtant for short 

aad lone-term averagia& ti■a• aad for ahort aad lon1-ran&e transport. Thay 

ere indepeadeat of the •pacific aource characteristic• and a•ography and are 

aa ■ umed to be of at lu ■ t Mdiu■ i■portaoc• to all applicatiooa. 

Temporal Conelation• 

Temporal corralatioa.a relate the ti■• veriations of the other epplicatioo 

elements 1a their proper aequence. Tb• importance of teaporal correlatioa• to 

th• indexed •Pelicatioaa u givea in Table 4.13, They are rated more i■portant 

for 1econdary than for primary pollucaata, because the euct sequence aad 

correlatioa of em1 ■■ 1oa.a aad meteorology detenaine vhether the pollutaata are 

brought i.ato contact eo that ructioa.a caa occur. the ambient conceatration u 
le ■• senaitive to correlations for prf.aary pollutant,. Siadlarly, vhen phy1ical 

· •ad chemical •ink& are iavolved, it 1• taportant to trut'correlation,. Whea 

treating abort-tar■ average&, it u generally importaat to lalov t~• detailed 

shor· , fluctuation• 1a the relevant factor• and to correlate them properly1 

II•.'· ·..ll ll'' Ill s: ... ~ ~•·· ·,:1 "' 

auch detail 1• usually UAAeceaaary vhao trutio1 looa-ter: averages, Thus, 

correlations are mre i■portaot iD 1hort•ter■ thaa 1~ long-cen:, ap?licationa. 

~o diatinctions are ude between th• varioua source t:,pe1. ~re bportance 11 

usociated with temporal correlations in complex 1eorraphic situations. Here 
correlations betveen emissions and dispersion factors can dete1111in• vhether a 
particular emission passes within the perturbin& influence of the complex 
1eography. Short-rans• applications usually require ■ore attention to temporal 
correlations, At short ranae, rapid changer normally occur ln pl1.1111es whereas 
at lon1 range these changes are slower and require less detail to treat 
adequately. · 

·,..,.,_.... 
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Rule 932 1 Continued 
All'EllDil J 

MCJ:Cl.001'1) MA.TD.LU. OK SUGCZSTED U:RllXCI MODELS 

Appeaclix I. IIACJ:CllOUND KATEllIAL 0lf SUCCtsTED UFD!llCZ !l>DELS 

Append~ J 1• divided 1Dto two parte, Ih• fint. Appendix 1.1. 

cwallu o(Table 1._1 vhldi 
0

providH the cludficatlOll of Heh ,uu••t•d 

refereac• 110del, a,iid rule• 1,2-1,13 vhich provide the trHtJNllt6of each 
. '. i. . ' 

of the tvelve appltcatloa eleNat1 uaed b7 tbeae model ■, tb• aacond ·part,

Append1i 1,2, provide ■ abatr ' ■ ct• of ■ad th• vorktn1 equation ■ u••d b7 the 

,u11c•ted reference -d•l•• A &,lo•••rr of ■ ymbol• 11 p~•ided at the end 

of Appendiz 1,2. 

(X)HnlfI'S or APPENDlJ: I 

II, 1 IIETEIWICE HlDEL tllATMENTS or APPLICATION ELEKl:KIS 

J. 2 IIUEll!lict K>DEL .AIISTIACI'S. AJID EQUATIOKS. . . . 
a.2.1 C>K ••••• • ••• • . . 
B.2.2 RAK •••••••• , • , 

.. ... 
'

B • 2. 3 Sio.gle Source (CRSTEI) • .
B,2.4 Valley. , 

... 
11.2.5 ATM •• 
S.2.6 STUM, 
1,2,7 APRAC-lA, . . . . . 
B.2,8 BIVAT • 

. . . . . .... 
B.2,9 DIR.IN, • .
1.2,10 SAI • , , , , • , • ••, 

. 
Glonary of Syabola 

11.1. llF'EllENC! K:IDEL Tll!Al'KEHTS or .Al'PLICATiaf EL!HEHTS 

nti ■ appendix prOYid•• th• cla111ficat1on of eacb au11••t•d 

nfereace 110dd 1n T.ble 1.1 ed the tTeae.nt uaed b7 each model of 

th• tvelve application ■ l• ■ ellta la Table ■ 8,2-11.13. 

Tabla J.l. laferenca Model Claaaif1cat1oll 

Su11eated 
hference Clau1f1cat1on 

Al'IAC-lA Seaia,pirical/Sequwtial ( ■ tud7-■ tate) 

AtK Semi•piricaUClilutolo1lcal (atud7-1tate)

Crt« IDia,pirical/Clfutolo1tcal (1tead7-■ tate) 

Sin1le SourH (CUTEll) Sai•pirical/Sequaatial ( ■ tudy-■ tate)

DU'UH lluaerical (verticel)/s-1-pirlcal (horizontal)/
Dynaaic 

BDIAT S•iempiric•l/Stead7-■ tate 

IAH Sm.f.aptrical/Sequeatial ( ■ tud7-1tate) 

SAI 1'1aer1cal/D:,aaa1c 

S'IlWf Sm.f.emp1r1c:al/Dyna•1c 

Valley (abort-tera) Smimptrical/8tead7-atata 

(loq-tera) l•i-pirical/Cliaatolo11cal ( ■ tead7-1tate) ... 

Table 1,2. Treatmellt of Source-laceptor llelatioll ■bip

by laf•r•ac• ~dela 

........ ..... •~ a.1U•l&l 1..rc• _. ....... , l,M.a&J• 

..l!wL S!!SU1 IIISbd e( Jrt15ffl5 
.,IAC•tA Ltae 1M ena INt IJMULM l&M •NHN hHUk UaUI •1111 H"HHJ INH..,_. _, i-..i:9'f, 

........... , ... , ..... lf•ffl1) .u...,.... I ., S I ., , ..... 

IH uclll IM.,IH kc• He .!.&II.W1!t -H _,,......... aH.. el a t•lH 1rU 
tHHI.. - • rec-,,.. ,. uu..., ''" ,..... ,....... Hu,ur) ..... lMII 

I) a.,u •f dt•lH Nrllll4Ht.. laHM.. la l••Htl& fhlHHh•,

I) Wl61 N ....rt..... 11,J• ~,... IOOI a ....,. -,,, 1000 e It• ftHflH, 
U.JfetNM, , ...,• ·

,, .. 1• anu,...u, ,...,.,., ,....,.,•. n,•

.. ::.::::.::'::.:::7"c~·,.!1:..~:·c:;l'' ,..

....... ......... 
n .. ,....Hh - ...11 ••,. 

AJII , Ut.lu.., l••U• fH di ....._.,, Cl f♦t 1U H-.rce tn..>'
M•.. ,Mta.U: .. ,__.1r ,,..,, ■1 ,u..tu, 

AIUH.., rec.,1■1 IMMa-, Cl)' 

u,..- Ual 1,nu.a, •l..,■t.a.- Ml HNI_., 

tr.-c• -.&1s,i1e ,.Y,, , ...., _, u,,., ...,.,., 

f•..C• .. let• HdfS.ft, 

CIII ·•Lal ... .... UHUHJ a.&e,.... t•r J•IM ...,.... Cl IH ,.1&1)• 

...U.. 9'Mll't• .,....., .. •f ..U•n tlH la ••r...•f&aN sr1A1 •er .., ,~_,.-,w,, .... •,ecLlr 
U1•1•r Nh..&.. •f ,.,_ 1r1• ■ &.ae, ...._the•• ... , M •.-,•,-

.....,_.... 4b•llf • tM art•• Cl fer Httt 

a....,,." , ... , .. •lillllHrtlr, ,u' 
,.,., '"'-'•--· r, ,..,,,..t■ It ...,u.u• ... all ..___. H N '"".. e1 ■ae .., ......u,.., ■ ttlcur,

(CIIIIQ 

:-.::::•:.!:!!.7 r.;&rlst.. •• H ulatlM (...,w 11•, _, u.. , 

· 

-.,..__.. 
,.....,, ,.. •"'!I ~ r. 'J ·1 
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Rule 932 1 Continued 

Tabla 1.4. Tr••taent of Caiapo11t1on of !lll111ion1 
by Reference Hodell 

'I 

II
I 

11et11o• •f Tr••ta••t 
lefereac• 

1to••l Cl>•lcal Co•po•ltl•• lh• Dteut•utlH 

APW:-IA 

Alll 

a.. 

u.,,.........c 
(CUTP) 

DIRlitl 

IIVAY 

Ult 

141. 

ITLVI 

,.u., 

Not •ppllca~l•& ~•■ I •••IP•• for p•lu•7• -nHll•• 
,ollut•t. 

llot eppllc•l•1 .:O...i •••I&••• for ,.,...,, ureactba 
pollutaat. 

Not •r,Ucal,la1 ...■ 1 4Hlsud for p•IM•J ,olluuau, 

llot •r,Uc•l,101 -•I •••lped for p•lury, un•••ctha 
,ollutMl • 

tr••t• -t••to.. af co, ..,, ... reactive tt1•to-c•rNA1, 

i.11 ■ 1owa .r "°• J• tave•t•ry ...~4 to ,. Ntlral7 
110z1 coa••rt., t•t•r••ll1 ••tlrat1 l ■ to NO. 

lty4rocarhll• I• l••••tory •••laM c• •• tatal hJ41'0-
carN0•1 1aacth• h ■c:U.., of mltll ■ 1ourc• laJ4roc•l"9 
-le•lo•• N ■ .-4.<o 1,a 70,U l,7 -11ht. 

ltattoury •ov••• l,7d•oca•I,- aoa....i •• I,• 1001 
r•acth•. (4,S)• 

ho1•- optlou Uoer dlroctl7 laput U••• up t• t.llrH 
••"lt•ar7 ,olbu••• ((or •ppllcalloa• Mt lawolwl•a 
photvch••lcal -,>. (Not •,rllcal,I•• cli••lcal raactlH 
... Ua•t•4.) 

llot •ppllc•l,hl -•I 4Hlpad to UHl prlurJ, iara• 
actt•• ,oll,uaat. 

llot •r,llc...h; aodol dt•IP•4 •• trHl prlu•J• 1111ra• 
acthi ,ollu•--•• 

tr1at1 ••l•tloae of r••cttve hy4rocarlton ■, u.nreactlve· 
llydrocark••• 11(), "°z• an4 CO, 

Ueer laputl aobtle 1ource ••haloa• of hy4rocarlMMI•• 
.,_, .... co. 
lloHl• aou•ca lo1d•ocarbo11 ••hoIon• opUt ·••••..111 
Iota '7.41 (100h h•c••o•) rHoUw• ftacU011 .... >2.6:1: 
1111reactlv• fraction. 

Nollll• •ou•co IIOa ..,.11-■ ...._. to h t91 IIOJI 
CNV■ rt .. ·•···••IIJ •• Ill. 

UH< IDput• ..........., aov•c• (l,o•lo poln• an4 ••••> 
..i..1u1 or react lvw a.r•rocarboae, 1111r1actlv1 hy4ro
•••b.... , Ill, IIOz ..,4 CO. (4,S)0 

Tr••C• two coapound•; OM ta •••uaetl to~• SOz th• other, 
•ulht• (S04). (4) 0 

Tr••t• oalJ Oflll eo•pourMI. 

C ■ pabla er treat h•a •t aoac o•• coapoun4 or a 1t111l• · 
r•pr•••nta,tva coaro,an4 &a c.a••• vh•r• cheaJcal r••ctlotw 
occu•• (6)• 

llot appUcal,l•I -al ••11-4 t•r p- pollutu••• 

Uoar ••,..t• •1.aal• ..rtld• ■ IH (... 4ndt7) tor -
I• ••lcul•tl•& ••nlaal "lacltJ few partlcul■ tH. 

t,••r. tlll'II t,,.••r ..... ,.u.111. ut•r•llr .,.... t 

vld• ........., ... •l•ah Hit••"'· ......,.••, .. 
•1-cara (•_, oloah ••-■ h1) for vw•1- ........ (O• 

.............,11c1,1,. en" 
11oc .........,uc1c1,. O>" 

llot ■ p,llc_.,l•I -al '"'P•• tor au- ,allutuu• 

.., appuc•l•1 eo4 ■l •••I.... tor , ..-• ,.,iu,..u • 

.., tr-■••• upUdtlp. O)• 

llot appUc••l•& -al 4eelpa,i lor pH- ,.uutaat■, '!, 

11or t,.., ....,ucau,. 01• 

Not ir..t•• axpUcltl7. (7)• 

•..._.•r• ta ,,uenthe••• r•f•r to tr.-atHat• of ch•alc•l coapoeltlo• ta Table S.J. 

•11ua1t•r• 111 ,.rentllc••• refer t• Ue■ ceeat■ of •••• •t•trl.,utloa ta fal,l■ S.J. • 
CCISTD ■ bout• b• u■ •4 0017 whea r•c•vr.ur Mtahc le 11,elw ■ t•ck h•l&ht, 

•o.at.... •..clllcal17 to UHl photoche•lc•I oal•anu, 

.... 
·-
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Rule 932 1 Continued 

Table 1,6 (Cont'd) 

bfennce Method of Treat..nc•"odd 

StaAH Trajectory aodal, 

V\nd ■ pHd and dlrocUon epecUled at U-hour 1ntervele on a llorhontal arlcl, tater• 
P<tl ■ ted fr- radlo ■ oncl• ....ure■eau, 

Vtnd ■ pcecl and dlrecelon 1nt ■ rpolaud ta tlae betwea ....ur-u, 

Ar~luar:, vlnd ■ peed, dlrecUoa nluH alloved, 

Vind apccd, dlrccelon lnd ■ pandaat of hal&ht, U,7,2 ■) 

VALi.rt 1, Long-t■ra c■ lculatlona: 

Conatant, untfora vtnd dtractlon and ■ peed, except for ■ table cond1t1Pn• 
over compl•x terrain for which iaplicit treatment of locational hetcht 
dcpendencl•• 1• l ■ pleacntad - eff■ ct of·plume deflection by t ■ rrain 1• 
accowited for by linear interpolation of centerline concentration ■ 
betvoon 10-■ value at illplnaoaent point and uro at 400 • above iapin1e1M1at 
polnt,· (6,8,5) 

Cllutoloatcal traataent vith 16 vind ■ octor■, 6 vind apoad cl•••••• 

Wind apead cl••• valuaa input by uaer, uaad vtthout correction for 
hel&ht, (4 1 7,3) 

. 2. Short-ton t ■ chniquHI 

SIIIN ae lon1-teni except priaary intent le for u■ a vhare terrain elevation■ 
approach or aceod plu• height, In ■ uch ca•••• intent t■ for u■ er to tnput 
atngla vtad apead, ••I• 2.S IIP•• for typically one viacl direction(and 
atablllty), 

aNuuar ■ la ,-renth•••• r•f•r to th• depellcl••~• on horlaontal location, h•lsht al,or• 1rouncl, au Ciao•• 
&iv•• 1n fal>la S,S, · • 

•ann ■ bou14 •• u■ e4 oal:, U .th• receptor hd&ht le lH ■ the■ tba 1t1ck bllaht, 

CA■--• vlnd cl1rectloea ·ah ■n co ae ■ relt 10°, raod-1HI vlnd llr1cUoa I>:, ad.UUo■ of tbo -1111c (a-4)0 

Vb ■ ra n la • rand- auool>or liecwaa O end t. 

••~•:--r,;,,flfl1,,,/ 



Rule 932 1 Continued 

.Tabla 1.7. Treatment of Vertic.1 Vlad field by aeference Modal• 

Reference 
Hodel Method of Treatunt• 

APM.C-lA Aaauaed equal to nro, (4b,4b,3) 
Str¥t canyon sub-model& epectflc podtional and height dependence bulrt in, &HuMd 
coaatant ln1time, (3,3,3) 

Ant Aaauae~ equll to a:ero, (4b,4b,3) 
CDK Aaa1aed equal to zero, (4b,4b,3) 

Singh Sourceb AHumed eqwh to zero, (4b,4b,3) 
(CIIST!lt) 

DIFklK Aa1u..d equal to zero, (4b,4b,3) 
BlVAT Aaeuaed equal to zero, (4b,4b,3) 
RAH Aa1umed equal to &aro, (4b,4b,l) 
SAI VertlFal vlnd apeed epecified for each of• 1equence of hour• ■ t point ■ on a three• 

dlmell9ional arid. 

Value• aaawaed linearly incraaaln1 function• of beiah,, valuea near ■ urface detera1aed 
fro■ horizontal wind apeed and direction ■ uaia1 -■■ conai ■ teacy requ1re•nt■, 
(2,3,2b) 

STUM Aaaiaad equal to ~•ro, (4b,4b,l) 
Valley 1, Loag-tera calculatlonal 

Aaauaed equal to zero for atable atmoapharic condltiona, except for 111plicit 
treatment of deflection by terrain above i■piaae■ent elevation aa noted in Table 1.6, 

l■plicit tre ■ t■ent for neutral and unatable condltlona1 plu• aaauMd to nuin 
at a constant height above terrain, No tiaa dependence (4e,4a,3) 

2. Short-tera calculation• (24-hour Mxl■ua only)1 aa la lona-tera calculat1ona for 
■ table condltiona, (4b,4b,3) 

8Kuiabera in pareath•••• refer to the dependence on hor1sont ■ l location, heiaht above around, and 
ti■- aa aivan ia table 5.6. 

bcun:a ahould be uaed only if the receptor 11 le•• than the atack heisht, 

·-"-
, . ... 
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Rule 932.1 Continued 

Table 1.10 TrHtMllt of Ch&1abtry md luctioD lCec:lwlin by l&f&r&DC& M:ld&l ■ 

w ....... 
lkNlele lleello4 of Truc-c• 

APIAC-J.t. lot created up11dU7. (7) 

.&DI lloc cruc" erpl1dU7, (7) 

CllC Trut ■ Olll.7 fir ■ t-order r_.,a1 procHHeJ e11pouat1al deca7. 

S1 ■~•• cooacuc uHr-■uppUN halfllh ...... (6) 

1- ,1a,1. 1ourc... loc creaced upllc1Cl7, (7) 
(QStD) 

D11UII Photocbca1ul ..,, ■1■u■ 1 (4) 
Suceu rucUou 1DH1v1aa 10 cb■-1ca1 apadu (IIO, le, 1a1z 
o,, 111102, 1103, •20,, OI, ao2, CO). 

l.up1D1 ■ pprodauSoa for Z ■ pcc1u (le, SOz), 

ltead7-■t ■ ce ■pprod-■Uoa for 4 ■ pecla■ (II03, 1jo5, OB, SOz), 

U••· ■ pec1U•• 1102 pbocol7al.o rat• COCIOCUC H fuacUoa ., 
u.. (up co JOO •••1"UIC1al wa1uH). 

llo adjuca■at -■de for eff ■cca of 1ac11■1phce turltul•t llix1A1 
IM,lov cba rHoluc1oa of tlw 1r1d, 

Proac ■a opt1oa ■llOV8 u■■ r co pro ■ criN arltierarr ch-.lca1 
rHct1oa -■ch..ta■ (up to 20 cb■-1ca1 opec1H, up co 20 
r ■-ct1ooa). 

UIIU lloc cruc.s upl1dtl7. (7) 

MK True ■ 0&17 Uuc-ord.. r■-val procu■ 1 .,.,_..,1a1 deca7. 
11a~•• co-■ canc u■ er-■ uppUed llalfllf• u■ ed. (t) 

l4I l'hococbell1ca1 ...,, ■1 ■ c•1· (0 

rlfc ■ -11 rHct1ou 1Dvoh1aa 10 apedu C•O, 1102, 03, le, O, 
011, UOz, 102, 1103• 111t02). 

L,apiaa appr011iaat1oa for 2 ■ pec1.. (Re, 102). 

Stud7-■ c■ ca approdaat1oa for 6 oped-■ (llil3, 0, IOz, OI, 
IIOz• IIIIOz) • 
IIOz pbotolrli• race calcul ■ t•d ucerull7 •• • tuacUoa qf 
u... 
llo adJuacant ■ ude for cb• •ff••t• of 1acoeploc• turltul•C 
•1111111 ltelov th• n■oluUoa of the arU, 

Su.vt SOz•oulface aeroHl 171cu1 

SOz co 1ulface coav■ nioa ■ ppra.iaaced lt7 • Unt-ord•r 
proc-■ 1 "1th 1oceraall7 d■ fia■d value of tlw race CODICUC, (6) 

Veller Truu oaly Ur ■ c-order •-w•l procH1HI expooaaC1al 4eca:,. 

S1011•, cooot..c u ■ 1r-1..pplie4 halflU• ...... (6) 

• IIIM•r• 1a paronth.... refer to crutNDt ouabou 1D Table ,.12. 

• autu ahould be ll■ od 0017 U receptor hotaht t, 1■ 11 thu ocack bdpc • 

• - :::..--
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Rule 932 1 Continued 
Tal,l" 11.12 (C.:Uot'd) 

•• l•tu..1 CM4l1&_.I 

ltlt.lC·&A .........,....,........... .., •nUcMI ■ •......,......, ... 1N1-.1rlul/1lla.1el•1h ■ I ... •,,u..., •. 
(■ ,..,,.n.ae) 

...,,u,.-.,•.&:M ._.......... /dlM&Jv1hel 
(H•..rHele)~ ' 

i II•••• a..,HI a-1..,.uk ■ I/M..,...u.1 .. .,...,...... 
(Ql1U) C•••..•·••-'•).,.... ..._,,c•I (t,.irUcal)/ lfHI' ■P«llle1 H~IIIH1 &■ Uhl __ ..._,e&leaa I•• ■U .,...,..... IINIM •r ■1 ..., ...,1.a ■ 

1-1...1,lul (lwlll-1 ■ IU ......... ,.11 '"'' "°>• ,,o,. ~•.•, .. -di ........., ................ u,........ 
.... .,,u, .. , •...l-,lrk../1,..MJ•H.&•··-· ...............,.......... ..,ucaH ■ •.... a..& 

,....., ... ,u.., ... ...,,...,,.,....,. •- l ■ Ubl CN5 ■■Ufll... 11 I ,,..lM (rNllt" K, ·• fJ• NJ• Cl, _,,..u" a)
,,..&Uc f■r Mell ll'H HII, (l) 

...... ...,...,,1c.,,,,...... .. .,,.....,.. 

......, a.-1--,1rlul/c11-• ■ l•1lcal ..., INllc ■IIII ■• 

(H ■..r■Uld ...............,....., ...... 
·•Nullbera in parenth•••• rafar to treat-ata of backsround sivea ill Tabl• 5,14• for IIOdela bav1na -••• 
cla ■■ ificatioo •• tb• rafereoc• 111>Jel. · 

bNUlllber ■ io par ■ nth•••• refer to treataenta of tha uppar boundar;y condition (at the aixina heiaht) aiv•n in 
Table 5.14b for 1110dela havin& ~h• ..... cla ■ aification •• th• reference aodel. 

CNU11ber ■ lo pare1atha ■ e ■ refer to treataenta of the lower boundary cooditioo (at tha earth'• aurface) 1ivu 
in Tabla 5.14c for aod ■ l• havln& the aaaa cla,aificatlon •• the reference aodel, 

dNUlllbere lo parentheaee refer to treataenta of the boundary condition at vertical 1tdee aivan in Table 5.14d 
for IM>dela havin~ the••- claaMification •• the reference -dal. 

•~wabera in paranthe ■ e ■ refer to treataenta of initial con~1t1ooa 1tveo in Tabla 5.14• for IIOdal1 havin& 
the••-■ claaaification •• the reference aodel. 

fsea al ■o tha dbMcription ot tha trcut..nt ot the upper boundary coodttlon, 

ICKSTEll ahould be uaed only when the receptor hel&ht i• below tha atack hei&bt. 

Tabla a .13 Treatment of Temporal Corralationa 
by lleferaoca Modal• 

..,...... .......,t~nl a...wu....... T,.e •I fn,a&Milal _, Qlaaa1HLM C.l'HLltN• ......... 1..-■1&.l1 c•n•lAClaa• &a,ua.-, • t..-cu• •• ...,, •• ,.._ .., _. .., ., '"' ..._......,,,. 
V~ .,.... 4lr•ua... Kaloll&.11 ... M&"'C Mll:M ... ,_.. 
'""• ■ I..._, ■ I 1111111 Mr. (LI) 

~•U•L (cla-1 ♦ 1... u1,a4 .,.... wM• •wecca.., au•U&.cr wn.&MM dA ..,..,u. 
lill■ U' l&.U.. un■ l■U•• U7 •1•• n ... - Ms-.. .- ..,,.Nl ■IU■ l ,.,...,.... t.1..i.a sacu ..,.• .,.., •1 INftYI.. •l" e&..r ......, .., 

Nla"'t "-l&hC urnlM.. vlllt. ,K.Ulll,, ...... , ...... lia&.I• 
•• •u ,ur..--, U-.&1 I•• Melt. t&.M, Ulo) 

C. .............ll■ l (cl...HL-1- w.., .,.... via................,u,, .....""..... 
.... l)J u.,,.. un■J.e11.. .c•'1-lll17 w1a, .._. 
....... lff ■ I ■-& ..IN l■ ll■ 

....... .._L&l'I .,_J•KH --..N&ac H •C.loU1&J &MM1 

ClHe 4-l.J • C•fu..,_ ............, .., ..,. 
.....,....a..,&c.e,a,.....un. 

,i.•• • <.,...,........,. ., ........ _. .ru...... .,,._.,.. 
&•1146.1 ..a.... 
CMN 1--..,... 1U•••&at&u.l ....... -ci... •• C, I (Mr,.......,n.w &ta..t•lasl&&I. wa... 

lah•&.N ,.,.., ..,..,..._ ..., ..,..,.. .u......, AU -u..• 
...., Irr -- , ...,... 0~) 

l&aal ■ ......- 1....-u•h nff■ LsU••• U.-• .,..u........, ....... ., .................,••, ..... 
(Cllflll ......u, ••• .,• ..t.,....a .... i&M, ......... _,....~......, ...It&......,,.. 

,.., ....,uu, •&AN .. "- u .....-··"· ......,1a1 ....1.... , .................,...., 

'"'' ,._ 
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Rule 932 1 Continued 

TaLI 1,U (c-&'•l 
1.2 lUEUNCE MODEL AISTRACTS AND EQUATIONS 

a.t.r.. Desr..., , ...,..1 ....1ue1r 
-1 'f"ne et t'r■ amaa, ...i Q,IH&ltl.eo (;ol'Ttllo&M 

..... 1...,..,w u __, .. 1a a, tu..&•H !lf'MI.. Ne• --..1 •IIU. •LHM&I ,,... .... 
iMIIIHt can•J.a&-. 11W .._.,.•• .,.... ....,. _, •&nau.. ClnJtcurr,, •U1.leal 

IIILlh•l•llr ••l... H ..... •&111&,.,a&alal WLaM,, IMJJ ,....,_ 
IJ•I• I.Ca fflN1MI, , -·-·"· 
illf,Mla ........, ....... waa-.. (1') 

•
1114T ......1~1.1• a.c '"uw11k, ............,• ..-uu ..~••• ••._.. ,..,, ..... ,.t &.Hnth • ... ,..,,_..,1a1 nu~,,••• 11..r ...,u........i, ..,.,,.., ., .......... -.na4, "'•u.., 

reUc LN• •.a--U• •• , ■ La.LIii "\alflrt.l, ......, .., -t•Rl•11cal ••rUlllH U11JI,.. ............., ..,-,.n. IH Mn•'--•.,.. at u.•IIUU1 d••• ... ,,__. ••••· 
1a,..,. ft&ea ••n•H, •• aHNklN wa.o, .,.._, ,.,...ura, 
llal 

l&I s....--, Yl n•&aial -., M >t , ....uo ,,.,...,.,. .-n .._,, ••U.• .-.n• •hH- Car 
..._...;: unwla&I,... .,.c• ,.....,..i.,,., aru .,.. ..... ,..,., ~• c,....., ,l..,) ...,...,.. -.1.ul•u. w""4 .,..; •••4 u,ecu.., a&a&a1 11.14111 •• ...l'J 

....n1.c.a1 ••L~ ., '""•· .....1c.1 .u, 4ur..... ,u ., ....., 
ffnLul YUdNe el ,:ft, 1e.ll•, l1W-.&,aa 11--■ •C ....... 
.., ... •1 pMc.Lr,u rue ,_....,. 

..., .............. ,......1-•• (Le) 

,.....,, ... 1 ....ca.a,, .... ll••uu, •Y•• .......... MLIM ........ --~ ........ .."""' "LHa..H _,..._,u fer '1Ml•laf,vl ••I••• 
.,....i.1&.ca& wena,... ■•riaMc.al , .....,, •• ...,.u.i, .,...,.. •• u ._,, &au.

••l• NM4 N tMa..•'""• Ml•I ........... 1111 '""" •1 lalar,-a.., ......,__ .......... 
"'1.atl.. racea C.-..C.Ml 1 •I ..,n&.,.. di-. MlrlH ,.,--.c ■H• 
(lt} 

Wa.lhp ,.-..,..-,u1 (cta.a.1ele1• WW -,-4. "'·""· ...un, C.ffftLa.Mi4 •a. H••Llt,, 
LuU1 la.au:H uo•LH&H ••• riN ..... 
•••n'611Hl wr&A•&.t•• ......""' ,.,......, ..c I .....n,i.c.N wUI, .,.., ••,_,,•••• 

Ill.al~ ~118& °''""'°' -•'111& &e HoaUl<J 
•1Mo1 (1\1 

•"-&•CH• .... 

a- "' ,;,. ,.,.._ "1•1 

Cl.oH 1,C1 lotto,_ •Ill•• 

CLN• .,..,, I ..,.._ ..., .. fOT ,o, 
•I caa••• , 
Cluo D(o.i&~&)I o.-,.-4.S ■ ((afura- oai-: 
♦ (.Spuiao ..1..l) I•• 601 of cu••• 

lall"al-0,h(at'CH.... •&1• fer 
601 ., , ..... 

a ... 1.,, un..-111saccs.- auiaa .._,,ia, 
("o,.roL• Ir•••-' .. Clue DI•

~.1-.. u.au • . 
,....,C.•H"9 --• 

Cl.au &,1,C 1D1 AIH.,.._ walYII. 

c1ua ,.,, ,.... s.-r,... _.., 

._,. ,. -- ,.._ .. •--• 1o , .... s.11. 
'atl'II ....U .. "!"" -.iJ .._ ...,... •11M le ..,_ °KM.II Ml.pl, 

.... . . 

Thia appendix provide• abatracta &11d working equation• for each reference 

model identified and 1u1ge1ced for 111e Vich thia workbook. A glosaary of symbols 
1•. given at th• end of thi1 appcodix. 

ll.2.1 CDK 

!lcfercnce1 luaaa aa4 Zilaa'C!Ull (1973), Brubaker, at. al. (1977). 

Abstract: The Clflutological D1aperaion Hodel (CD.~) ia a clilutological study-

etata Cauuian plume aodel for detemtn1ng long•tara (HHOMl or annual) 

arithmetic average pollutant concantration ■ at any ground level recaptor 1n an 
urban area, 

A 1tati1tical model bated on Laraen (1968) 1• uaed to tranefoni the 

average concentration data froa a 11.aited 111111ber of receptor, illto expected 

geoaetric •un md uxiaua concutrat1on valuea for eeveral different averagillg 
ti.au. 

ES!!!llon~: 
N16 

~int• 2'f E l1 ! ~ ♦k la SIA(pn)/pn
11•1 II 

Xaru • !:f[tl qk(p) t tl tk.ta S.la(p)] dp 

with qk(p) • f Q(p,8)d8 

Sector k 

1 62 
Sla(r,) • Iii a, u, u-, [- ½ ( ;a ) ] Ap [ • :~ ~:;2 ] ~or a, .! 0.IL 

1 
lla(p) • u,L t:ICp [- 0.6,2 e ] for a > o.lL

u,tl/2 1 

a, • ar, 
b 

I a, b • f1mctton1 of atabilS.t7 c:l.a-■ (a) and dOV11vizMl diatanca (i>) - • 

tbraa rua•• of diatuca u1ad1 100 - 500, 500 - 5000, 

5000 - 50000 a 

C&l1brat1onr 
Xcalibrated • Xbac~round + 4 + 1 'Xuncalibratad 

vitb 
Xuocalibratad • X,Out + Xaraa 

Statiatic:&l. trusafor■atioo of averag1D1 tiiMa for 1-24 bour ••eragea. 

., 

"'"'-- '"--' p..,,,.,. . ... , -- .... ffl,.,._.. 1111 'lf.... Iii ...1:11 t .... .,... L _..,_j t...~-• ....._., ·-- r.. ., ..,
"'-· -~:.I t 
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Rule 932 1 

l,Z,Z RAM 

llehreuc_~: B.noko aod turner (1975), 

Abatract: 1AM 18 a ,tud7 1tata C&uHUll pl1,aa --1-.l for aat1aat1Dg l:ODCUl• 

tz-,t1on1 of nlatinl.7 11:abla pollutant• for a·nrag11lg tm.. fr011 ao bour to 

a day ill llrban aru1 fr011 pg1At aod ar• 1ourcaa. Lnal Cl&' gaotly rolliDk 

terraill i1 aaaumad, Calc:ulati.oa.a are p•rfoniad for aach bour. I 

' 
!:3uations1 

Contriblltion froa 11Dgla upviDd are.a 1ourca 

Xz 
:x,. • ~ I f u; illtacral avaluatad -•ric:all7. 

xl 

,I 

x1, x • poiota of intaraaction of ray from rac1ptor through araa2 · 1ourca 1A quaatioa.. 

----··- --- ..--1 
St1ble coodiUoa.a: f • 1'Iici::

• 
12 

:X,01ot • ~ 11 lz 
'I & 

Neutral or nabl• condition.a with a < 1,6L
I -

l 
f ".' 7Eio:. 13 

a: 

:X,01ot • 211U2 aa: 1113 
1 

Mautz-al or uoaubl1 condition• vith a,> l,6L 

f .1
L 

'X~- • Q I·l">int -/fi uLa 
)' 

l 

Io vh1ch 1 

11 • up [- ½ ( ~) J 

'2. upJ-½(~:H)
1 

] + ap[•½(~:i•] 
l a:-H+2nL l z+B+2nL- [ I] [ Z ] 

13 • ntjup - 2(~) + up -·z{o;-) } 

Continue~ 

Mµing Height Algoritlpl 

Tvo different aixiAg he1chta can ba calculated. Ooa 1• for b11icall7 

rural 1urroundina1; th• other u for urbaa. locatioiu. Th• IIHr ii aiven th• 

option to apcc:ify vbich ha waa.ta to 11••• The way ill whicb hourly m1&1oa 

bciahta an dataraiAad froa au:illua a1&11lg b.a.1&ht• ()m)P) for yaatard&y 

(1•1), today (1) aad t0110rrow (1+1) and aiAiaua aixinl haiaht (liN'DP) foz

today (1) aud toaorrov (1+1) 1a dapicted 1A r1cure 1,1. · 

For urban a1x1ft& height, batvaea. aidnigbt and aunriaa; 1! the 

atabllity 1a oautral 11ltarpolata batwaao KXDP _ and MXDP (D, if
1 1 1 

1tability 11 atabla uH NNDP1 @• for bour ■ batvaua aunr1aa aDd i40Ci, 

if th• hour before auari•• vaa aautral, interpolate batvaea KXDPi-l and 

KXDP1 (y, Por auariaa to 1400, if tba hour before ■unr1H waa ■ table, 
iotarpolata batvaua MMI>Pi aad KXDP 0.· For 1400 to ■unHt, UH MXl>P G).1 1 
Por houn between. •~naat aDd atda1ght; if 1tabil1ty ia aeutral interpolate 

betweeo KXDP1 aDd MXDPl+l 0, if atability ii atabla 1oterpolate betveea. 

KXDP i and HNDPi+l 0• 
for rural ■ixina height between m1dn1aht and aunri••• 1aterpolatc 

between HXDP1_1· and MXDPi {!:. For houn batva&n aunriaa and 1400, U 

the hour before ■unrin WH o&utral 111.tarpolat& between HXl)p _ and lOCl>P Q:,.
1 1 1 

For ■ uaris& to 1400, if the hour before sunriaa wa1 ■ tabla, interpol.at• 

between 0 aad MXDP1 @ , For 1400 to ■unaet, UH KXDP i @ . Por suoHt 

to aidni&ht, iatarpolata batwau KXDP and KXI>P i+l @ , · . 1 

1,2,3 SiDal• Source (CllSTEl) 

i~terence: EPA {1977), 

Abatract1 Siagle Source {CISTll) 1• a ataady ■ tata GauH11D plwae tac:aic;ue 

appl1cable whara tarraio alevatioa. doaa aot axcaed phydcal ■ tack b&iiii.t. Th• 

purpo ■ 18 of the tcchoiqu• are; 1) to datem1na tba ius:Laua 24-bour con.c:ea

tnt1oo fro■ a aiaale poiat aourca of up to 19 ■ tacks for oaa year, 2) ,to de

termine the mataorologic:al coa.ditioa, which cauaa the uxillull cooceatratioaa, 

and 3) to ■ tora conr.antratioa iafonatioa. uaaful ill calculaciaa frequea.c7 

diatributioa1 for varioua averaging t1aaa, Tba coacentratioa for e.acli hour 

of tbe year 11 calculated aad aidat,ht-to-aida.iaht avaraa•• are dat&r1UJ1ed 

for ucb 24-bour period. 

E9uationa: 

. x·_L_ for a, i l.6L• 211UO a 1113 
y I 

• 
for a, > l,6Lx·~•1 

1 ... 
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· X • 0 (1tab1lit7 claH 7) ye1tcrday (1-1). today (1) aQd toaorrov (1+1) aad s1a11zwa :aa1n& hai&ht 

L • co111u11t. 1.Ddapmdmt of dovavi.Dd dutanc• (liNDP) for today (1) and t0110rrov (1+1) 1• depicted b rtsur• 5,2._ 
D • (,c_ack h&11bt + plua• risa) - (dUhnnc• 1D alr,atioa batveeo ncaptor Por urbu a1x1n1 height b•tvecn a1da1gbt aQd S\larua; 1f the 

aad bu• of ,uck) ■ tabUitJ u acutral 1nterpolaca batvccn KXJ>P _1 aad KD>P 1 (D, if1 
2 1tab111ty 11 ■ table UH MNDP @, For boura bctvccn euaruc aDd 1400,1 

11 • up[-½(~) ) if the hour bcfor• ■ unris• waa acutr■ l~ 1.Dtcrpolat1 betvacn l«DP _1 and
1 

KXDP Q). For ■uaruc to 1400, if th• hour before auar11a_waa stable, 

iDtcrpolat• batVHII HIIDP1 and KXDP 1 0- Por 1400 to IUIIHt. \IH lW>P1 (D. 
13 •%J~P [- ½ ( ·2~~Dn +exp[-½ (z~f]} 

1 

For hours batween 1un1et and aidnight; U 1tab111t7 1s oaatral 1Atarpolate 

between MXDP and HXJ>Pi+l @, if ■ tability 1s ■ tabla l.Dta~olata batvcai1 
MXDP l and HNllP t+l 0• 

H1Jl1og Height Algor1tlull_: 
For rural a1x1ng baiaht between a1da1pt and ■ 1111rua, 1nt•rpolat• 

l\,,o d1ff1r111t aix1n1 ha1aht• u11 b• calculated, Ou• 1• for basically be~wHn HXJ)p1-1 aad HXJ>Pi @. For h911n_ batvHD swar1H aDd 1400, 

nJral surroundioa•, th• other ·11 for urba11 locations, Th• u■ ar is given if the hour b•fora 1uarila waa 11cutral 1nt•rpolat ■ b•twceo MIDP 1_1 and 

th& optioo to 1pacify which ha wa11t1 to u••• The way 1a which hourly KXDP (v. For 1uaru• to 1400, if th• hour before euar11e va1 stable,1 
llis1A1 hdaht• u1 dctuai.Dcd froa au:Sau• lli:l:1.D1 hc41:t• ()(XDP) for' interpolate between O and HXJ>P @ . For 1400 to ■ waHt, UM lCIJ)p i @ . 

1 

... 
z:.. 
w 
:a: 

"'z .. 
:a 

·ror 1u111Ct to midnight, 1ntcrpolata becvecn KXDP1 and MIIJPi+l @ . 
(a) URBAN ... 

YESTERDAY I TODAY TOMORROW 

M_X DP 1-1 • ••·•••t--•••@.••••••••••••• fi' D•, 
- ~. MX .-
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l'f.aure 1,2, KixiJII K•f.aht A11orltha Uaad Sa CUT!a 

1,2,4, Valley 
cro■avind di■tanc■ of th■ receptor fra the NU poaition of th■ 
plua■ .frc-■ aourc■ n for direction k, &1111 where for:lletercnce: lurt (1977), 

Neutral or uuatable condition■ -Abetract: Valley 1• .• cliaatolo1ical, Gauaaian 110d■ l vboa■ primary intended 

uee 1a the e ■ tillation of the uxi■ua 24-hour so and TSP concentration• at2 X 16 ~ [0,693p 
1round level from ■ in1l1 faciliti ■• in rural cOCDplex terrain, althouch annual klmi • Zwp u 13 esp - ---------tTn , 

n t ' Ut 1/ 
aver~&e so2 aod TSP concentration• uy al■ o be ••ti11&t1d and flat terrain 

applicatiooa are po ■■ ibl■, 2 s [ 1(21L• + •t■i,u ) 
2]! esp -- (

13 • Iii "za 1-5 Z om
!s_.utioa ■: .;; 

• Loa1-tana calculation■: 
for o < ZL 

N a- • 

x • I ~ ,vh■r■ 
n•l -13 • i tor 11 > ZL 

• Ila • 

16 6 6 
, vb■r■ 1■ ■ f1111ction ofI I r •u. •1ra xu.a 11111 x~•- • o if a,__ >Ll t•l •l ......n ..-uut • 

...._:...------ ~~-.--.;., 
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Rule 932 1 Continued 
Stable conditiOM 

Vitb ~(011) • ~ [ fv ap (-'>.tJu'v.t> + .xp [ -Cv/v.,/ f•(Qn)]] 

)2] [ 0..693on]t6 n 2 1 61,oul • eff~tive ,ource atrm1tbQ. [ (xk.!mn • 2•on ul &oza exp - 2 ~ up - uztl/2 • true eource atrm1tb aoclUiad b7 depletion of pollution due to 
dapoa1t1on and va,bout at diatauce• leH than 0

11 
, 

l • vashout coefficient 
Define D • C•t•ck hei1ht + plwae riae) - (receptor 'elevation) • S,SS ( Rainfall race (m/hr)] 0 •6 

if D .!. 10 Mtera, •~ta• q v • dry deposition velodt7 (aecer/Hc)
1

1f D • 10 meter ■, Ht H • 10 Mten and interpolate concentration. linaarl:, to 
&ero •~ a he11ht of 400 meters above ( ■ tack height+ plwae ri ■e), 

f (p ) 
p -

1
) dx• fflil n(L) up (-81 /la

■ n a I: 
• Short-tet11 calculation,: 0 I: 

fv • fraction of th• till ■ vaahout occurs(11.aximca 24-hour couceotration for a •in&l~ elevated point source,) 

2.032 •6 S,_(I) ) • -- up (-8'/Za 1) • 
X • 24 Xkaa ..... n a.,,ul z 

vith Xkb,o give11 b:, the 1table cooditiooa forwula oo th• preced111& pa1e, az • ==~tJ::!v~P;~::::c~o(!f;cimt, a function of atabilit7 cl•••(■) 
and vith n 

l • via.d speed cl••• index. corre1pondin1 to ul • Z,S Mter/aec, and. Th• equation, for tbe •i■ aioa rate froa a viDclblovn aource are quite 
• • 6 (Paaquill•Gifford "1" atab111ty clua). compla and vili 110t be aiven here, 

k m.oy be •••1cncd the full ranee from l to 16, or any part(a) thereof, 
dependin& upon tht relative location of 1ource1 and receptors, If k, l, 1,2,6, STII.AK 
• or n a1aU1Ae1 aultipl• values, then a •-tion av.at be effected•• in 
lonc-terw concentratiooa above; in tbi• ca••• Hand o ahould be aub lleference1 llaleu, et, al, (1977),
acripted vith land/or ■, a, appropriate. Thi• 11 no! th• reconunded '· method of application, Abatr ■ ct: STRAK (Source-Tranaport•leceptor Analy ■ i• Model) ia a trajector7 
H,__ 1a rea,aianed the valua'of the &dJU11ttd L if the calculated or model uatna a C..u ■ aian croaavind pollutRt dutribv.tion da■ igned to..._u • 
·••isned Hboi>u > L•• eatilllate around-level concentration ■ of pollutant• over ■ource•receptor 

d11tancoa of up to approxilutely 1000 lea. STIAH ia de11gned to treat 
1,2,5, ATM so2 missions fro ■ ••v•r•l alevated point aourc ■ a and the conver11on of 

so2 to sulfate aerosol,!eference: Culkovaki and Patterson (1976), 

J~u~tions1Abatr•ct: The At ■oaphuic tranaport Model (4tK) 1a • clf.a&tologtcal ateady

atate Cau,aiaa plwa• aodel for ua ■ in •••01cale raaa• (up to SO km) ■odelina, (1) UnUaited •1xina heiabt c.aae: 
Thia modal iaclude, the effect of surface roughnes, on d11per1iQl\ coefficienta, n1 (x) { [

C • - up (•71/Za 1) up -1 211a a u 7 ~]+ up[-~]}trues dry depoa1t1on and precipitation acevenaing, and treat• gravU:ational 17 za, 1 zazz 
aettl1ng of huvy particulate ■ u1ing a tilted plum■ ■ pproxiaation. Th• ■odel 

dlli Aini11 pru.arUy intended for calculatina ■onthly everaae1 but average• for other dx • R. -1 u ,;;;; (~::di J up (-bl/za, l)time period• C.fZ> be eatimatedb:, the uae of appropriate cl1Aatolog1cal data. 

Althouih th• treat ■eat of AlK 11 coaprehenaive in the Workbook, the model 
01 • Q tbe •1••toa rat ■ of the ith ■ource at x • o.01 • 

ahould only be uaed for point •ource depo ■ ition application ■ at thls ti■ e, 

CZ) l"or a liaited ■ ixi.n& li\tght (L):
E.9...uationa; 

c1. 75ufA., ~ up C·11 /2a1>
7 

Xpoinr • t tl -~ ~la <011>+t 
D. 
la 1t.<0a.>/0n 

-.,.c-..--
... ··•11-.a, r··--, kT-if .,.,,.;..:i&i.-~ 111H ~ 112:d!ii fl6i 111111 :MIi a:t.J ~ . ' rlfil L4 It.id L.11 t.iiiil Miiad Ir· ., " 
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Rule 932 1 

dili 11111 Ot"'dt 
-•l --- - --dx i u uL 

ni - Qoi at I: - o. 

I/bare c • around lev■ l conc•n~ratioa of 1pec1•• 1,
1 

n • total m••• of 1pecie1_i 1a the plume pu•1J2& a dovovind p~•n•
1 par uu1t Ua• 

1 • (x,y,a:)dyd&J f r
1 1 

0 -r • rate of 1a1n (or lo ■■) of ■ p ■cie ■ i by ch-teal raaction
1 

l • va1hout coeffici ■ nt for 1pacie1 1
1 

vdi • dry dapoaitioa velocity for apaci•• 1, 

1,2,7. Al'UC-U 

leference1 Ludv1& and Kaacu ■o (1972) ·•Del Ludvi1 and t>abbert (1972). 

Ab1tract: APRAC 1• a aodal vhich compute ■ hourly aver•&• carbon monoxide 

concentration, for any urban location, Th• aodel calculate ■ contrlbutiolU 

from d11per1ion on variou1 ■calu: utreurban, ..1n1y froa 1ourcaa upwind 

·ot the city of intare1t1 1ntreurban, from freevay, arterial, and feeder 

,treat 1ource11 and local, froa di•p•r•ion vithin • atraat canyon, 41'1AC 

raquire1 an uten1ive traffic l.nventory for the city of 1.atereat, 

Esuations: 

!xtrau.bau • X • ~-15 x 10-ll F r • annual fuel con1umption with.ill 22.s•
• uL sector utaodUl& fro■ 32 laa to 1000 Im 

upvind of receptor. 

l·b iJ l·biJ)0.8Qi X 1♦1 • Xi 
lntraurban • XiJ • -- until th11 upresaion equal,

uaiJ ( 1-bij 

Qi Itbe ''box aodal value" ul, X 1+1 - xt) 

Thereafter the box aodel toraula 11 ua..s. 

i • upwind a'ru 1 ■ pent label 

J • atability cl••• labal b 

•tJ and bij fro■ (a )1J • •ij x ij for x v1th1n ••pant 1
8 

ltQ.Streer C.• -~ - Lee aide X 
L 

• 
(ut<,.l) ((x 1 + 1 1)~ + L J 

0 

,..~ r, r-•·3 t .'.] r l t~~ 

Continued 

IQ• (l-11:) 
111Ddvard ■ id• Xv • (lt+O, S) SI 

lnteraad1at• vtnd direction x • .!
2 

<x + x.,,> (lau thu :Jo••froa 1treet
1 L direction). 

In vhich 
x • horuontal diatance fro• traffic lane 

z • h•i&ht above pavaaeat 

It • conatant •7 

L • vehicle ,ue •2 aeter• 
0 
u • rooftop vind •P••d 

Q • CO mi,sion rite/meter
1 
S • 1treet vidth 

a• average buildina hei&ht •38.8 meters 

1.2.8. BIIIAT 

Reference: Zilmel'lUll aod Tbo■p ■ou (197S), 

Abatract: BIIIAY 1a a CauHiaA plume aodd that c011puta ■ the hourly 

concentration, of non-reactive polluta&1ta dovuv1ad of roadvaya. It 1a 

applicable for unifora viad condition• and leval terrain, Although 

beat auitad for at-arade hi1hva71, it can al10 ba applied to depreaacd 

hi1hway1 (cut 11etiou1), 

!9uat1ou11 

X • .S rD fd1 1Ace1nl alona lan1th of 1111• Hpaat, avaluatad 
u .J, ua1A1 trapezoidal rula. 

q • CO -iaaion rata/untt laa1th 

for .cable condition• or 1f ■iziq h•i&ht L ! SOOO • 

1 
t • 2iiaa 1112' 

y I 

for neutral or unatabla cond1t1oaa, vi.th a ~ 1.6 L 
1 

l 
f • 2iao 1113 ' . 

y & 

for neutral or unatable coad1t1ou, vith a > l.6L
1 

l 
f•~•1 

With 

•1•ap[•½(~f] 
'2. 2 

♦-

13 • 21 up[•½ (!~f] 
:::-,-



Rule 932 1 Continued 

!,2,9, ~lntt!f 

Retere~ce: li.u'tinez, et.al. (1973). 

Ab1tract: The DIFXI~ (DUfu1ion/Ki.Detic1) IIOdel 11 a aiauical/dyn41Dic 

(trajectory) :aodel for photochuical 81101 aillulation. It daterai.Des the 

trajectory of a11 air p&rcel ecro•• aa ai111oa 1rid network and calculate ■ 

pollutant cooceatrationa •• !unction, of tiaa. The IIOdel obtain• crn

ceatrat10n1 end flux•• at up to· ten •uh po1At1 between 1rouad,levc'I. and 
. . . .' . , 

the top of the aix1n1 layar. 

Eguat1ons: 

DIFXIN nwaerically eolvee th• vartic.al diffuaioa equation 

3et O ( act)at . 'fi Ky i"i"" + a, for 1 • 1, 2, •• •• p 

A.1001 • trajectory detenif.Aad tr- 1urface wf.Ad ...,ur•eata, aubJact to tba 
folloviD1 1D1t1al and boundary coadition ■ 1 

A. ln1t1al Condition, 

C1 (z, ti.Ditial) • f 1<•> • initial coacentratioa diatrOutioa tor 
apecia• 1, 

I. Boundary Condition, 

(1) I• 0 (at 1rouad level) 

ic1 - ~ ii • •,<t> (perfect reflection plue addition of e111i1 ■ ioa1 
fr- 1rouad level flux) 

(2) & • L(t) (at ■ ixia& hei1ht) 

act
• 'v az • 0 (perfect nflactioa) 

where c • aua conceatrat1oa of apecie• L1 

11 • rate of production (or depletion) of ,peciu 1 through 
chmical ruction 

lv • vertical eddy diffuaivity, • fuactioll of Mf&ht •• 

q1.(t) • 1rouad-lnel flux of apaciu 1 

1.2.10. s.u 

Rderence: leyaol:.de (1973). 

Abatract: Th ■ SAI 1DOdel 11 & auauical/dynamic model for etudying the 

di1pua100 of photocb-ical polluta.ota, •ploying a fixed grid coordinate 

ayatm and a ftnite differe.aea ■ olution of the atmospheric diffuaioa 

equation. The 1110del calculatu aa •1••1oa inventory baaed on extenaiva 

traffic 1nµut data as well•• atationary eource •issiona. It requir~• 

utcosive ., poloaical data iacludi.D1 both apatial aad t•poral var:Latiou 

·-·P'41"':4 ~~ ,.a b~ t i.lill Ir&... ,. •ll 

&ad UHO • lt111et1c aach&ain for photochaical ..., 1Dvol'f111s (UtHn 

cbmical ructioaa aad tall chaical apaciea. 

!quatioaa1 

S.U au■ arically ■olvH the advaction...SUfuaioo aquat1on1 

a a a aIT (Alle ) + ii (u&ie1) + ay (~e1) + ip (We1)1 

{ ac: 1) { ac,.)• fx
3 

'aAB ix + fj' 
3 

'&All iy 

+apa {ii'v 
ip
act) + 1.1b11 + S1,bll• 1 • 1, Z, • • , • p 

vhu, till • a(x,y,t) - h(~1 7) • elavatioa cliffareac:e betveea the ■izia1 
height &ad grouad level, 

W • V - p lli!!l. •. ___. 
ac • --

a - h(xa.J.l 
p • U(s,)'1t)} .•••-u•· 

aubjact to the follovtng1 

A. laitial Collclitiona 

c,.(x,y,p,tiaitial) • f1(x,7,p) • 1.Ditial coaca11tratioa cl1atr1bution fc 
•ptoei.. ,., 

J. louad.ary Coaditiou 

(1) p • 0 (at ground level) 

Ky act 
- bi ip • q1(x,7,t) Cperfect reflection plua addition of 

aiaa1oae froa ground level flux) 

(Z) p • l (at aixtn1 hai1ht) 

Iv ilc 
vc1 - AB ? • Wg.t if W ~ 0 (aat,rial from outdde of r-11011 

P entut.aad 1f aizin1 height ii 
iacruaiAg) 

L ilct 
71 -•O if W> 0 (perfect reflect1oa vith ao eatraiAacat• All 3p 

otherviH) 

,. 
(3) x • Xz or Xv (aloag the 111t or wut vart1cal bouoderiH) 

• act - -'"L - 'a h • ua1 if U • a !, 0 (tnaaporc wind 1At• region;_ 
■atui&l edvactad 111 fr
outaida) 

', __...,,,.,-' 

r· ·1 ad-~ ~~ ·-- r- ■ .. .... -.I ..... .,_ 
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Rule 932 1 Continued 
- la 3cl • 0 U ii • ii > 0 (tran1port viDd out of resion) 

3:s 

(4) 7 • yN or 7s (aloog the uortb or 1autb vertical boundariea) 

Siailu to (3), ucept involviD& v, they- ccapooct of the viDd. 

vhere 
- . ' ' i
II • horizootu· _vuid vector 

D • outwardly direct..S unit vector perpendicular to the vertical 
boundary 

ct• mean concentration of 1paciu t 

p • nU111ber of epaciH 

u,v,v • cocaponent• of vind 1D x, 71 • diractioo• 

lu; 'v • horizontal,alld vertical ed47 tlUfu81vit1u 

St • •ialioo nta of ,paciu I froe elevated .ourc• 

a1 • production rate of 1pac1•• 1 b7 cb•ic&l ruction 

qt• sround-leval flllll of apci••, 
I

'I 11 • concentration of 1pact11 1 abova region 

I, t • c:oncmtratio111 of 1paciu I out,id• reg1o111

I~•xs•~•Kw • north"11, aoutbern, eaatan11 vuteni boundariea of region 

, h(x,7) • ternio elr,atioo 

B(x,y,t) • elevation of 1Dvar1ion ba11. 

A,B 
h 

Hl.mou 

k 

kn 

t 
L 

• 
D 

N 

Q 

~ 
T's 
ut 

u,v 

V 

ll 

1 

• 
p 

o1 , o• 

♦k la' tkla 
n 

)( 

GLOSSAI? or $YMBOLS 

lcsr•••1on coefficient• u ■ed in calibration procedure,. 
Stack hei&ht 

Effective ,tack b•i&ht • ( ■ tack ~•igbt) + (plme ri••> 
Wind ■ actor index 

Wbd eector inde:s corrHpondini to th'e ■ actor cootaioin1 
the a-th aource 

Wind ■ peed claa ■ tode:s 

K1x1u1 hei1ht (L if a function of ■ tab111t7). . 
Stability clu■ index 

Point and area aource index 

Total aumber of poi111t and area aourcea 
Eaiaaion rate 

!lai ■ aioo rate for tba a-th ■ ource 

Pollutant half-life 

lepre ■ eatativa bori,ootal viod ■peed for chat-th Viad 
•P••d claae 

CQcaponeat• of hori1cnatal Viad •peed 
Vertical Vind ■ peed 

DovnVind di ■ t&Qce or di ■ tance 1111 x•d1ract1oa 

Crosawiad di■ t&aca or diatance 1o y-directioa 
Vertical diataoca 

0-iad diatqce 

Croasvtad, vertical tliaper ■ ion c04fficienta (1ubacripted 
vith • if a function of atability) 

lfeteorolo1ical jolot frequency function for Iliad in 
aubcardiGal direction ka' k 

Pollutaot cooceocration 

!1 
I'. 

i,,· 

"-· 
.___,. 
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Rule 932 1 

lo1tcal and other d.&ta are available 1D tba approprt&t• for.at. 

The uaer b.&1 already c:Lu1Uied the appl1c:attoa aad 1D tba proc:eH baa 

detena1.Ded that sulfur dioxide traa,fonatioa ud removal are aot tiaportaat 

aiouah to 1elec:t aay other pollutaac c:haracteri ■ tic: ■ brmc:h thaa aumbei oaa. 

JJ • c:on..quaic:e, 110 c:bac:k 11aed be a.ad• at thia poiat to datenaiDe vhethar or 

IIOt SCIH iacorporatu trut1UUt1 of theH al-t ■, Rad tha a.ppltcatioa tadu 

besua v1th 11waber three, for uaaple, 1Ddicat1A1 that - phfa1Cil removal 

proceu ii ilAportant, 'tha u~er VOl&ld hava beac required at tb.11 point· to de-
. . I 

termiaa vhather SCIH 1.Dcorporate1 a treataaat, however 111DplUied ,· of that 

proceH, SCIH prov1du lll_tiaatu of variou1 perc:aatil• oae-hour coaceatra

t1001 at eac:h rec:eptor, 1aclud1a1 tba aaxlal■ upec:tad valua, aad therefora 

don eltt&ate prec:1..17 th• qu&11t1ty of inter..t, If tha appl1cat1on had in

volvad the aatimat1oa of tba aaxia&■ 24-bour so conceatratiw, SCIM vould
2 

110t have baaa found appl1cabla, bacau,a it doaa Dot aatiaata thta quantity 

directly, avaa thou1h~e.aaca11ary pro1ru aodifLcat1oaa to do thi• calcu

latiou 11117 ba 1tr1i1btfoni.rd or nea tbou&h tba aaca,aary calculat1oa ■ could 

ea1117 be doaa by hand, 

/J a re,ult of thaae chacka aad datanain.ation•, SCDf 11 found to ba 

applic1ble to the appl1cat1oa of iataraat, Tb. "Applicable" box oa Part 4 1• 

cha,:kad to 1.lldicata thia detar■ 1Aattoa, 

Tba da ■ cript1o11 above aho i■pliea that SCIH la a 11-latioa aodal aad, 

1a viav of tba sutdal1aaa for 1104&1 claH1f1c:at1on 1a Section 4,3, the appro

priata cl1111f1catioa ta1 

Scmieap1rical/Saquaatial (Steady-Stata). 

Step 5 11Japl7 involvu re.ferrin& to Tabla 4 .l to 1daat1!7 I.AH u • ■ u1-
ge1tad refer~nca model for applicatioa 1243, 

n,e out ,tap (,tap 6) i■ to reviav cha 1aportaaca ratios• of tha appl1-

c:at1ou elmant, for appl1cat1ou indu iw.abar 1243 aad to determ1a• U UI041f1-

cat1ou1 to thu• ratina• ar• neceanry to aore accurately datiD• th• relative 

i■pon:auca of the al•uat ■ 1a tha dtuattoD of real iatar••t. bpert advice 

11&7 be necuury 1a thia ■ tap. It 11 aeauaecl her• that tba 1aponanc• rat:l.n&• 

•• aivco 1D Tabla, 4,2 - 4,13 are appropr1ata vttb tba azcaptioa of tho•• for 

coazpo11t1ou of -1,,1ou1 uad che■ iatry aad reaction aecbaain, vbich are aod1-

Ued from LOW to IUELEVANT for purpo..a of thb U.llllple. Kotte• that the 

rat:l.na for pby ■ ic;al removal hu aot been ch&Daed from LOW to IIUl.!LEVANT even 

thouah ao pbyaical removal proce,, ta coa•iderad bportaat anouah to effect th• 

appl1cat1011 cla111ficat1oa, Tba diatiactioa between LOW aad IUELEVAH't 1a tbat, 

u u-plained :l.n Section 4 ,4, the treataaata of IIUI.ELEVAKT almeot ■ are aot takell 

:l.nto accou11t et all 1a th• evaluatioo, vbil• tb• treataeata of LOIi elaaat, 11&7 

be c01111dtred 1a cortain ca ■••• It 1a aa•wud for tbia -pl• that tba iDvolva

•c.at of aulfur dioxtda 1a ataoapbaric ch-teal raactioaa 1a &ad around Sampla 

City ' 'dared ■o uai■portut that it ■ hould pl.11 ao role at all 1D avalu-

f~:-i ~ p.:s r! ~ pr.:, r1 t7 r· ·., 

Continued 

atiDa ■ 111ulat10D ■odela, Tbanfon, tba •l•cat• "coapoaittoa of eataaioa ■" 

and "cb-1.stry aad raacttoa ■acbaalaa" an ta.fact 1rralevaat. I.a coatra ■ t, St 

11 aaeuaad that dry dapodtioia of 11111fur dio:a:141, vhil• iaot 1aportut aaou1h to 

aff~ct tb• appl1c:at1oa claaa1f1catioia, D&vartbal••• do• ■ occur aad ta aot ta

•1anU1caat aaouab to b• total17 irralavaat. nu,, th• i■ portaac, rat1A1 of 

phyaical r-val 1• kept at LOW. lotb 1D1t1al aad aodUiad iaportanc• rat:l.ns• 

for eacb el•mt ar• iDHrtad 1D Part I of tba !valuation Pora, 

Tb• nu:t •tep C•tep 7) 1a tba datanaiaation of tbe treatllmt b7 SCDI of· 

au appltc:atioa al••nta IIOt rated IUELIVAKT, Oparat1D1 aquactoa• u ■ad by 

SCIM are reproduced on the rav•r•• •14• of Part 4 of th• naluatio11 fora. D11A1 

th••• aquattoa, and th• aatartal 1D tba raf,rcc•• a, ,ourc••• ducriptton, of 

th• treataenta by SCDC, toaatber vttb tha cona■ pond1Ds reference 110del treat• 

aenta ot.ta1Aed froa Tablaa 1.2- 1,13 aad the taportaaca rat:l.n11 for each ala• 

-at, are •11tared oo Part C of tba evaluation for■, na treat-t• by SCDI 

ven datanaiAad 1D 'accordaaca vitll tba pidaliD•• 11v• 1a Sec:Uoo 5, 9Upph

MDted by the d1acua ■ 1oaa pnacatad 1D Appelldu 4, 

After both the 1tud7 110dal aad rafareaca model treat11&11ta of a atvea 

ale■cat have beea entered oa tba Evaluation Fora - Part C, th• coapar1aon or"'· 

tbaH two treataeata aa7 be aad• u•in& t!\a au1del1au 1D Section 6.2.l. Tha lsv&l 

of detail 1Dvolvad 1D aach treatmeat 1• axamtnad vitb refareaca to tba relative 

raalr.iaa of traatmenta 111 Tablu 5,1-5,15. The n1111lt of aac:b co■pari1011 cou

aiata of tb• ■ t111la adjacttv• fro■ the Ht amu, CCIG'AWL!, WOISZ vbicb IIOlt 

accuratelJ 4Hcr1bea tba traatmact uaad by the ■ tud)' aodal 1D coapar11011 vf.tb 

that uaed by tb• ref.rue• 110del, 1'h.1a ra1Dlt ia tba catarad 1a tbe place 

provided 1D uch ■ -c:tioa of Part c. 

Tb• variou ■ treatllaata by SCDt aad bl( of aoat appl1c:at1oa el•eata an 

clearly COMPIJlABL!, and are virtually 1dat1c:al 111 an■ ral cuH. The a

cept1oaa an the al-ti borUODtal v1Dd Uald a11d bacqroU11d, boaadary and 

1ait1al coaditioa ■, Th• two treataalta of bor1&011tal v1Dd field an ba1ic:all7 

COKPARAJILE. Bovaver, sent doaa aot aploy a raado■izat1oa procedure for. viad 

d1ract1ou &11d llAM doH, "1th tha result ,that sent 0D17 allov ■ 36 differ.at vind 

4u-,ct1oa ■ "bile LUI allov■ 360, Thu•, SCDt !!l: be aouvbat WOllSE 1a it ■ trut• 

mait ot the horizontal "iad field, Ia c:&aH of doubt, botb ruult ■ an 1.Ddi

cated oa the Cora; tb• prtaary evaluation H uaual, folloved by a aacolldary 

evaluatioa 1a pareatbaaea (aaa tba entr1•• 011 Pert C). Tba --• aituatioa 

ert ■H for bacqround, boundary &lld 1111t1al coaditioa•. Th• two treataet1t1 

are b&aically COKPAJIA!LE, but SCIH may be a little WORSE becauae of it• le•• 

detailed treatment of the upper boundary.condit1on, On the other b.&Dd, SCD{.. 
allova a bacqrouad value to ba 1Dput, lotll compari ■oaa ,re 1ad1cated oa Put 

C of tba £valuat1oa lorm, 

IA tba cuH of •1H1oa rate ud t•poral correlatioa ■, it 1a 11ar -, 

~o Juda• the 1aportaac:a of area NUrc:a ea1..1oaa 1D S•pl• CitJ hfora "' 
' ,..,_ 

_,,,.. --- ------· 



II Rule 932 1 Continued 
UTEICDIX C 

Anl.ICUIQQ TO S11Ct11C ll>D!LS 

An'lllDIX C Afft.ICAI'ICIIS TO snanc IIJDILS 

Thia appendix contain ■ cumpla ■. of tba application of CM ••tbodology 

pruanted 1n thu vorkhook to ..,,"al ■ pac1f1c ataoapharic dupardon! modala. 

tach aubacctioll dul ■ with. dUf~rant atudy aodal and illuatratJ. the nature 

ot the tnforut1on required about a atudy -d•l, the factora 1.Dvolved '. 1n ..Id.A& 

1.ndiYidual ela&nt-by-el-mt co11~riaona vltb a referanca modal, and tha pro

cua of arrivin& at a final tacboical .valuat1oa.. Each aqbaact1oa. coaat.1u ot 

a body of tut 1n vbich tba · ruaona for obtai.Di.D& the ndoua' a1-ei1t-by-el•ant 

coaparbona and th• final techllical cvaluat1oD are explained. ID tha Unt 

ua,aple, tba antil'• procedure 1a Uluatratad. In aubHqumt -pl••• it 1a 

aaauaad t~t tba firat five ■ tap• 1D the c011pariaon need little additional ex
planation· &nd that the Application Claaaif1cat1on fora and the lvaluat1oa. Fora -

Purt A have bean coapleted. tn each uampla, the appl1c:at1oD for vhJ.cb tba 

atudy 110del 1• con1idared baa been choaea. ao that the atudy -4•1 1• 1a. !•ct· 

applicable in order to 1llu1trat• th• ••thodolo&7. A co,aplata aat of fora. 

for uch •~pla, fUled out 1D accordance vitb the diacu111on prase~ted 1D tba 

ten, u located at th• ea.d of ucb aubaactioD, The u ■ar 1bould refer to tbaaa 

coaplatad fora■ vbila raadiA& tba tut. 

C,l t:.XAXPL! 11 

C,2 D»!PL! 21 

C,3 llA.'<PL! J I 

C.4 !IAXPU: 41 

c.s 1!:IAXPU:51 

C.6 EIA.MPU: 61 

C,7 !XAKPU 7 I 

c.a UMPU: 81 

C.l !:IJJ{pU: l: 

CON'?!NTS OP Al'PENDU C 

SCIM/1243 , , •• , . . . . .. . . . ... . . .. 
AQDM/1143 , • , • , . . . . . . . . .. 
PTDIS/1213, . . .. . . . . . 
PTHAX/1213 , • . . . . . . . . .. ..... 
PTMTP/1213 ••• , • 

IIANNA-GlFl'OII>/1243. 

BANIIA-GlFFORD/1143. . . . . . . . . . . . . ... 
Al'P!KDU J/6243 ••• , • .. 

SCIM/1243 

lo tbia naaph, the applicatioa of 1Atara ■ t involvaa aat:laating tba 

au1- upecte.d one-hour 1Ultur d1o:ld.de con.cmitration 111 Supl• City, a moder

ately 11zed urban 1ru located in 1ently rollin& tan-ai.D far froa any lar1e 

bodie ■ of ~~tar, !acb ■ t•p in the entire ■atbodology 11 Wuatratad, WbUa 

raad1n1 the ~ut, th11 uHr abould rater to the cooaplctad foru at the end of 
Cha HCt 

Th• Urat 1tap umiln■ tba cla11Uicatioa. of the ·appl1cat1on a■ a:

plaia.ad in Sactton 3, Vitia re1ard to pollutant charactarbtic•, .-alfur dioxide 

la a pr:laar, pollutant noc ■ubject to 11pU1c:ant r-val proc••••• within tba 

tillla ■cal• of the application. The liH·of the ra1ton of intare1t ia of the 

order of 50 Ira or leu, and the ru14cca t:laa of a pollutant •1ttad vitb.LA 

tbb resioa 1a le■ 1 than 5-8 boure for tJpical wind apead1, A.I indicated in 

Table 3.1, tba appropriate pollutant cbaractariatica 1Dda a.uabar under tb&H 
circ-■ tanca1 11 on ■• 

The avara1in& tiaa 1• •hart (uuder 24 hour ■ )l tba •ppropriat ■ av•r•&1nl 
tiaa index a1mber ii two, H ducuuad 1A Sactioa. l,4, 

The Supl• City •1111011, :lAYetory 1a ••-ad to conta1D both po1Dt and 

araa 1ourca1 and tba appropriate aourca cbaractar11ttc1 1Dda nu■ bar ta tb&r•• 
fora four, a■ uplai.Ded 1n Sectioa l .5. 

finally, 11Aca the tarraJA :lA vbich Saapl• Cit7 1■ located 1a llapla aDd 

the liH of tha resion Of 1Dtaralt 1a lu■ than 100 1111, tba appropri&U tran1• 

port c:haractari ■ tic1 1Adu nuabar 1a tbr.., •• uplaJAad 1A Sactloa. 3.6, 

Tb• completed Applicat1oa Cla, ■ 1ficatioa Fon for thi ■ uupla caa be 

found at the and of Chi ■ ■ action. A.I 1ndicatad, .tba appropriate applicatioo •· 
index 11 1243, 

At thil t1aa, th• baaic 1Afor.at1oa. Hct1ona of the Evaluatioo Pon, • 

Part A ara al ■o coaplatad by 11at1D& the reference doc1mantatioa and prapar1D1 

a ■ hort ab1tract da ■cribin& SCIK'1;,od• of oparatioa, 

Tbi ■ co111plete1 atep 1, 

The aext 1t•p in the coapariaon iAYolva ■ the doct111mitadon of the ■ tudy. 

-4al equation ■, The rahra,ica ■ luted oa th• froa.t of the Evaluatioa !'on, -

Part A ara uaad to deteni1na th• workJA1 equatioa1 ahovn on the revar ■• aide 
of the for. to co11pleta 1tep 2, 

Tha■ 1 raferea.cu al'° iD.dicate that SCD( ■ al.act ■ a 1upla of ona-bour 

period ■ fro11 tha total a.uaber 1D ■ ooaa period of rac:ori, trp1cally Oda yur, 

The a.ample 1a obtained by tald.A& every n-th hour vhara n 11 an inteser ■ paci

fied by the u ■ ar, llavin1 ■ elected the ■upla, SCIH appli•• • 1tud7•atata 

Cauuiui modal Hparataly to uch hour 1D the 1aapla and HtiaatH fro,a tbua 

reault, both the lone tam avaraga coacuitrat1on and th• fr1quan~y diatri

bution of one-hour concentration ■• Vitia thie information, SCIM ..,, be c:laa11-

f1ed and it• compatibility with the applicatioa of real 1.otere ■ t c~kad (1tep1 
3 and 4 1n the co•~•riaon). 

It 1a a ■ s1med, in tbil ...,.pla, tbat-tba Suipla City ea1u1oa l.llventory 

ia ■ tructured 1n • aanner coapatibla vtth $CD( 1nput requir-t1, 1pecificall7 

that aU required ■ ourca ia.formatioa 1■ a,raUabla, that area aourc:H an de

fiDed 1D a 1uitabl• aaoiaar, that the nuabar of poiAt and aru 1ourc:H 1.1 vltt-· 

I Ualtati-1, alld 10 Oil, It U al.a •• ■1111&4 that the DAC&HH')' aeteor... 

':i 

' ..,✓ 
I~-Jt l/i,Wlf Mill l"<.Vial , lM·I -.U'i ,.a IC •. t ffi.'7,\f r··--I r,, J tr. •.111 llt·, • ,I .......... 1...., •.... J 
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Rule 932.t...iQ_~tinued 

APPLICATION CLASSIFICATIOH FORII 
INDEX 

NUMBERS 

INSERT APPROPRIATE 
RUMBERS IN THE 
BOXES PROVIDED: 

--·--·---~-PRIMARY:) l 12 

CHElllCAL 8 PltYSICAL 
3 

5 EJ 
7 

I [I]2 

EJ 
[] 

• 

A. POLLUTANT 
CHARACTERISTICS 

6. AVERAGING 
TIME 

C. SOURCE 
CHARACTERISTICS 

0. TRANSPORT 
CHARACTERISTICS 

I 

NONE 

SECOND~_v' CHElllCAL 6 
PlfYSICAL 

CHB'ICAL 8 PHYSICALB 

LONG-TERII 

~ 

2 

3 

4 

SHORT-RANGE I 

2 

3 

4 

. Fora th• appl1catton ind•x by tranafarrtna the four index numb•r• into 
the correepondtna box•• belovr 

..._ APPLICATION 
- INDEX El F2 E4 F3 I 

tba comparilon ■ becauH Sent and lWl dUfar 1D the lrnl of detail with vbich 

tba temporal variatioll of area aource eaiuiona are d&1cribed, Th• coep&riaona 

actually ude 1D the uaaple &Hua• tbat area ■ourc■ contribution■ are not 1ta

DUic:&11t eaouah to juatU7 rat1D& the SCDC treatamt HtTER.. If th•H contd-

. butiona were aore iapoitmt 1n tha application, the additional detail 1D the 

$CD( trut111mt •i&ht juatU7 a H'ITD rat1JI&, 

?ha sya.thqia of tbaH 1Ddb1Aual ccapartaou iDto a f1nal technical 

waluation (atep t) t■ docuamted - tha IYaluaUOQ Pora - Part D, Tbe cus.t

U.nea 1D SectlOD 6,2,2 are u ■ed to arrtve at tU. ff.Dal naluatlon, IA the 

-pl■, there are no CUTICAL e.1-t•• Tharftfore, tho iDitial naluatiOD ta 

bued on th• c011parboaa for th• thr•.• IIICB-rated ellaenta. All of then c-

periaona are COHPAJIAILE, reault1n& 1A an iaitial coaparative rattna of COKPAA

ilLE, Of the element ■ rated KEDil»I, all five hne COMPAK.ULE tnatmmta1 there

fore no ch■nge 1D the iaitial rating 1■ iadiceted, . Even _it the ncoadary evalu

etiona for hor:t&oatal v1Dd field aad backaround, bou.ndary aad initial con• 

ditioaa were uaed, the7 vvuld not carry auffic1ent wight to alter th• cvalu

at1oa. nw,, th• technical evaluetioa of SCD1 for Application 1243 1• t~t 

SCIM 11 CCJQ>AJI.ABLE to the r•hreace aodel, L\H, Thi• evaluetioa 1■ further 

aupported by the diatr1but1Dri of coapariaoa• for tha LOW eleacnta, altbollah 

tbeae wuld aot be coaai.dered hare, bec:au ■• tbe ratiag baaed upon HICB and 

KEDlDK elmeata 1a uaambiauoua • 

• 

-
'-..-
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lVALUA?IOII 101H 

•~ A: Ab ■ trac;_t .and ltehre11e_u 

Studz Model I Saapl-S Chroaoloatcal Input Modal (SCDI) 

ktereoc~1 toch, l,C. and c.a. StadalclaT, .t Uaar'• 11anuai for tlui 
&.,,,pl.ctl Clu'O'rotogicaZ Input NocuZ {SC1N}1 C!OKEl' 1'tport 
llo. !-261, prepared tor D.S. !PA uoJar Contract llo, 
61-02-0281, , (Dacaabar 1974), • 

1 
1.och, 1.c. and, S.D. Tba79r, Validatian and S~tlrxty 
Analym of tlw, Cauuian PZ- Nultipt. - Squ;t<oa Urbczn 
Diffu.n,c'il Ntld.z, IITIS l'I 206951, llat1ooal Tecbn1caJ. 
Wormatt.oo Service, Spr1Dat1ald, Va. 221Sl, · 
(llon11bcr U71), 

Ab•trac.t:: Tbe Saphd Chrooolo11cal Input Hodel (SctM) ts a Cauadu 

pl1111e-baaacl mdal deas.pacl to aatiaate aaan l.oo1-tena pollu

taot coocuttaUooa au tba fraqucc7 diatn.butioD aod -~

- of OGe-boui- pollutut coucutrat1ooa 1A a11 urban area. 

Clauif_icatiOD I sea1-,uical/Sequ-ctal CSteu:,-State) 

Application Index, 1243 !lefereoce Kode!;1 MM 

Applicat tOQ Oucript ioo I Kutaiaa 1-bour so coocantrati.oG ill an urban area,
2 

Hodel ApplicabUity; Applicable 0 Not Applicable 0 
...... 

-

IVALUil?Olr J'OIK 

Pan: A (reverse} r !gu.at11'o~ 

$~wiy Hodel I SCIK 

!quatiooa_: 

PoiAt aourc.. 1 

~ • lW;la 1aRp [-½(;;)I] Rp (- :x ) 
......,....., .... r-w~n.... r- ½(·:JJ 

Araa aourcau 

xd • . 

XA • ~11'f ?Jz> 1 (1:,a;B) ap {- ~ )u
1o s .., 

vttb q(1:) a q(x,o), q(r,8) • •i•aioa rate p•r unit area at ' 
poa1t1oo (r,8) fi-0111 receptor 

(Nauov pluae appi-ox:lllat1oa) 

Iatesi-al ..,aluatacl uaia& ti-apaaoidal l'llla. 

• 
Total ut:lllatad coacaatratioa Xtot • X + L leg

4 
. D•l 

. N - awabar of po1At aCIUl'CH 

Venical diaperaioa coettici&lltl 

a • axb X < X z - l 

<l'i • L z > I: 
- I 

a • -L (x-+x I-2x1 ) 
Z < XZ · 2 Xa•\ l 

< I: 
I 

•{L }l/11 ,ad xz • ( ¼ ) 1/b
"1 Za 

\......_.. -
'- . --'---
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Put ll 1 1-portanc• &At illg• 

ApplicaUoo Index: 1243 

( 
Application Import&ncr l\At1ng 

n ...1mt 1Ait1&.l Modi!1ed1 

Source-Receptor keleti01U1bip 

laiadOD late 

Collpoeitio'll of !aiHiou 

n- lab&Yior 

llorisont&l Vind Field 

Yart1c&l Viad Field 

Bari.rontal Di■ pudon 

Yart1.c&l Diaper.ion 

Cbaaiatry cd bactiou HachaD.f.aa 

Phydcal a...oval Procueu 

lacqrouad • loundary, Initial c:-dit1-• 

Tcporal Correl.atiOD ■ 

JC M 

Jl JC 

L t ., 

JC JC 

L L 

• a 

L II 

L L 

K M 

K JC 

-c:, 
a, 
::, 
c::-+> 
c:: 
-~0 

Avith the exceptiou of the duignatiou of nn:u:vANT elaenu, it 1■ upected 
that ~ one CllITICAL duignatiou and poHih~7 one ot be r aodification 
..,. be -de. 

EVALUATION POIIM 

Part C : Treau,ent of Elements 

ApplicatJon Indu:: 1243 

lication Eleaent: Source-

Reference Hodel : RAH 

Treatment: Arbitrary location &nd release laeigbt 
for each point source. Fl&t terrain. 

Area ■ ourcea defined a■ ■quare·cell ■ (or aultiple ■) 
in• rectangular array; up to three effectin re
lease heiaht ■ (for u-5•/•~c) uaer-aJ>:eeifie4. 

Arbitrary receptor location ■ - all at the -
lietaht above (or at) around. 

Preci ■• dovnvind, croaav1nd distance ■ for eac1I 
source-receptor pair, 

Side ■ of area aource ■ ••t 11• alooa arU ._.ary 
directions, 

Study Hodel: SCDf 

h1ponance llattna: MEDIUM 

Coapantive £v ■ luat1oa: CCl(PARABLJt 

Treatacnt: Arbitrary location and ai ■■ ion 
lleight for point source ■• Flat t,irraiD. 

Arbitrary location and height for receptor ■• 

Area ■ourcea defiaed •• square cell ■ iu up to 
three concentric array• vith u ■ er-defined artd 
■ ice ■• 

Up to five uaer-defined relea ■e height ■ for area 
eour, 

tract, •·•0 w• •nc1 and cro■■vind di■taGCa for -b 
■ ,.: •·• -r•,~1tor pair. 

lic ■ tion Eleaent: rat ■■ ion hte 

Reference Hodel: UM 
Trutroent: Arbitrary constant eai ■ aion t&te for 

each point end are& source. 

Are ■ source contr1~ut1ou ■ obtained by uuaerical Iiintearat1on alona upwind diatance of narrow
pluae approx1aat1on formulae for area aource 
¥1th aivea effective relaa ■ e height. 

Include ■ only tho ■• area ■ 1atereected by the 
upwind ray. 

ItudJ lbdel:_ SCIM 
Iapon:anc• a.uni: MEDIUM 
Coaparative Evaluation: CQHPAV.IL! 

reataent: Arbitrary constant e&taaion rate for eachpoint source, 

Arbitrary average eat ■■ ion rate for each araa eource; 
area eource eaiaaioue a ■■ uaed fUDction ■ of averaaa 
eai ■ aion rate, temperature and tiae of day. IArea aource coatribution• obtained by nuaerfcal 1nte
arat1on along upwind dlataoce of n&rrow-plu- approx
illatioo formulae for area aource vith given effec
tive release height; include• only tho■e area■ 
intersected by the upvlnd ray. I

, 

It 

I 

I 
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EVAUU.TlOil FORN 

Part C : Treatmen: of t:1 e-nt5 

A.,pl1cal1un Index: 114) 

j 

A 11cat1on Element:lication Element: Pl e Behavio 

Keference tbdel: II.AH 

Trut-nt: 

u ... ~•-llrigg•' (1971, 1972), downvind di ■ tance de
pendent plume riae for point aourcea, 

If pl..e height exceed• mixing height, &round 
level·concentrationa aaauaed zero, 

No plume riee calculated for area aource ■: 

ea ■ u■ed to be included in relea ■ e height, 

r-igation, dovnvaah not treated. 

Reference tbdcl: 1AM 

Treatment: Seaie■ pirical/Sequential (~teady-Stete), 

Constant, uniform vind epeed and direction aaauaed 
for each of a eequenca of bouu. 

Arbitrary vind ■ peed ■ end direction value• to to• 
"input by ueer: direction ■ rand-iHd by edditioa of 
(a-4) 0 vitb a • random iJ\tegu fr-..J.ero to nine. 

Iliad epeed 1• aoclified to corre ■ poDd to .,,alue at 
relu ■• betght, ■odlftcation dependent only on 
■ tebUity claaa, 

?: 

4, 

.. 

... 

r 
1 
11' 

ob 

,. 
t 

l, 

! 
J; 

l: 
~ 

( 

{ 
.. 
.. 
.. 

... 
1 

1 
I 

J 

1 
i 
J 

~ 
cu 
::, 
C .., -
C 
0 u 

"\J 

-"" ::, 
c:: 

Study Model: SCIM 
Illf".Drt. ■ nce R3t1ng: HlCH 

Coaparative £vAl1Ution: COtll'AllAIILE 

Treatacent : 
Two atap procedure uaing llrig&•'(l969) for 

point aourcea, 

llot treated explicitly for area aourcea
•••umed included in input relaaae hei&hta, 

If •tack height +50% of plwae riae exceed ■ 
■itxing height, eource 1• excluded, 

fumigation, downvuh not treated, 

EVAUIATION IOIH 

Part C : Treat-nt of Element ■ 

Application Index: 1243 

llcatloa !le.ant:A lic ■ tion Element: Verti al Wi Field 

Refer~nc• tbdel: ltAH 

Treataent: Semiespirical/Sequential (Steady-

State), 
AHu■ed equal to uro (111p!icit). · 

Stud:, Hodel : SCIK 

llllpOrtanc ■ bting: LOW 
CloaparatJve Evaluation: COKPAR.AIIL! 

Treataent: Se■ ieapirical/Sequential (S~eady-
State}. 

A ■ au■ed equal to iero (implicit). 

Study Model: SCDl 

Importance bting: HmIUH 
Coaparat1v• Evaluat1oa1 COHJ'AlillL! (WORSE) 

rrut-t: Se■ i ■-piric ■ l/Saqueutial (st..dy-Stata), 

Cotaetant, uniform vind ■ peed v1th1n each of aaquenc: 
of.one-hour perioda, 

Arbitr~ry vind ■peeda and direction• to 1o•'input 
by u■ er, 

1ol1a4 speed aoclified (power lav) to corr ■ apond to 
Yalue at releaae height, ■odificttioo,sTocedur ■ 
•epenc11 only on ■ tability (uaatable, neutr ■ l, 
atable). 

ference lbdel: UJ1 

reat ■ent1 Se■le■p1r1cal/Sequenti ■ l_ (Steady-State), 

Gau■■ ian plUlDe function a ■ aumed for point aource1, 

At■oepheric •~•bil1ty divided into ■ ix (Pa ■ quill
C1fford) cl••••!•. detenuned hourly, 

Duper ■ 1on coefficient ■ fro■ Turner (1969) or Kc!lroy 
■ad Pooler (1968) at uaer option. 

Surface rOU&hn••• not treatad &Xl'licitly 

OD■ llour averaging tiae used. 

Araa ■ourc ■■: Narrow pl1me approxiaation. 

tudy ~del: SCDi 
Importance latiog: BICK 

Comparative !valuation, COKl'AMIILE 

Treat..nt1 Sea.1~ ■p1rJcal/SaquentJal (Study-Stat ■). 

Cauaaiu pl- f1111ction for point ■ource ■, 

AC-apheric atability divided into four cl••••• (urbu) 
or five cl••••• (rural), determined hourly. 

Diap■ raioa coefficient ■: Kc!lroy-Pooler (1968) for 
urkn area, Paaquill-C1fford (Turner, 1969) for 
rural are■ •• 

Surface roughn••• 110t treated explicitly, 

On-hour averaging ti■e. 

Area Source ■: Narrov pluae epproxi ■atton. 



£YAUIATIOII fOIM 

Part c: Treatment of Eleaent• 

Application Indez: 1243 

I 

Phyaical _R-,vallJcatfon "fl-ent: Vertical Diaperaion A lication Ele ■ ent: 

Referaoc• lbdel: RAM 

Treatment: Se■ 1-pirical/Sequential (Steady-
,.. State). 

Caua ■ i•n pluae fw,ction •••uaed. 

At■oopheric atability divided into aix (Paaquill
C~fford) cl•••••• detenained hourly. 

Diaperafon coefficient• fro■ Turn•~ (1969) or 
HcElroy and Pooler (1968) at uaer'• option. 

Surface roughnen not truted explicitly. 

Referaoce Hodel: RAK 

Treat-nt: s-ia■pirical/Sequential (Steady-State). 

Exponential decay - firat order (linear). 

liqle, conatant uaer-apecified decay co,utant. 

Study lt>del: SCIM 

,l ■ portance Rating: RICH 
Coaparative !valuation: COMPAi.ABU 

Treat-t: s-ieapiricel/Sequeatial (Steady
State). 

Cauaaian pluae function. 

Ataoapheric atability divided into four cl••••• 
(urban) or five claaeea (rural), daterained 
bClu.rly. 

Diaperaion coefftcienta1 Mcilroy-Pooler (1968) 
(urban), or Paaquill-Cifford (Turner~ 1969) 
(rural),

-0 
cu Surface rougbneaa not treated axplic1tly,:, 
C 

+J 
C 
-

Study lt>del: SCDI 

Iaportance l.at1D11 LOW 

Coaparat1ve lvaluat1oa: OCt<P.uAJILB 

Treataeat: 

l:xpoDeatial decay, 

9tnale, conataat ueer-aupplled decay CODataat, 

0 EVALIII.TION POIK
I J 

Part C: Treat11ent of lleaenu( r
Application Iadea1 1243 

·v, 

41.... 
:, 

ax: 

Uc•tion !leaant: Back round loll1'da 

l.eferenc• lbdel: 1AM 

Trut-t; lackgrOUDd not truted explicitly. 
loth upper and lover boundariea - perfect 
reflection. 

1) Keutral and· uaatable condition•: aethod of 
aultipl• taaae• treated by auaaat1oa of 

11=~:~; ==~::.u:~1n:•.:.::=<~er1:!fter: 

2) Stable condition ■ 1 aixing lt.ei&ht aaauaed to 
have no etfec:t• 

. Mixing height for a given hour obtained inter
polation of radiosonde data, 

·11cat1on !leaent: 

eference Hodel: 11,M Ireataea~I Sequential. 

U■ er suppliea hourly value• of vind •peed, vind 
diTectun, aidna beiabt, ln4 otbar ■eteorologtcal 
Yariable• r•quired for detenainatton of 1tab111ty 
cl■•• Cld pl- Ti••• (Correlation ■ autoaatic.) 

biaaion rate ■ con1tant, DOt correlated vttb other 
par..te1:1, I 

ltudy K>dell SCDI 

hportanc ■ l.atina: MEDIUM 

0>~rat1ve Evaluation: COMPAU.Bl.I (IIOaSE) 

·Traataent I a.cJtaround - stnale Coa.atant Value 
.-er looundary - perfect reflection, 

Upper boundary - 1ap11c1t traataent: 110 effect 
imtil a •O,S (■iztna heiaht), -•1- oa value• 
llizing ~etaht, linear intarpolation on a to 
tranaition re1i°5 tranaition diatancea ~eter
lltned uaing a -az . . . 

.Hiiina heiaht interpolated fr- radioaooda data. 

( 

tudy llo4el: ICD( 
Iapo~aoc:e bttq: MEDIUM 
Coaparattve Evaluation: COMPAi.AiU 
Treat•at':. Sequential, IVaer euppli ■■ hourly Yaluea of vind ■ peed, dtrac- ... 

. Uoo, autea heiJht and other Y■ riablea required . 
for 1tabUity dataraiaation, (Correlation ■ autcaattc.) 

Point -rce -i ■ aiona cooatut, not correlated 
vtth other paraaetera. IAru aourc ■ •1-■ iona an Mpirical funetton of 
ubicnt t~eratura and hour of the day • 
(CorrelatiOll ■ autcaatic,) 

r 
I 

= 



~ 
EVALUATION FORM 

Part C : Treat-nt of Elcmeata 

Applicatioa Iadex: 12,J 
~ 

~ 

:.;(: 
JI! 

C: 

"l 

.. 
,.. 

i. 

"9 

... 
!!I 

.i;;i 

~ 

' 
"O 
a, "" ::, 
C 

":"' ...., -
C .a 0 

c.., 

~( 

.,,.. ii .. 

A 11cat1on Element: 

bfereoce Hodel: 

Treatment: 

Two IfOlELEVAHT eleaeot ■: 

• Collpo ■ itioa of l!lai ■■ ion ■ 

Che.ahtrJ and RucUon Hecbania 

tudJ Hodel:• StudJ Hodel : 
laporta~ce latin1:lmportaoce btiog: 

Coaparative Evalu■ tiDG: 

Tr-■ t-ot: 

Coa,p■ rative Evalu■ tio,u 

reataent: 

!VAUIATION FORM 

Part D: Technical Compari ■ on 

Application Index: 1243 aafereoce Hodel: 1AM Study Hodel SCIM 

11cation Element: 

Reference tbdel: 

reataeat: 

Importance R.ating 
of Application 

Elmeot ■ Total 
H1111ber of Treataenta 

IETr£1l COMPARABLE WORSE 

Coapar ■ Uve 11.ating 
of 

StudJ Modal 

atlTICAL 0 

BICK , 0 , 0 COKPARA!L! 

'1 
j 

MEDIUM 

LOW• 

5 

2 

0 

0 

5 Cl) 

2 

0 (2) 

0 

COKPARABL! 

l 
4 

11UL£VAXT -L 
Total 12 (Should 

DX 

equal 12) 

XXX DX 

T'ECRHICAL EVAlllATIOII COHP/JlAU! 

j 



ii Rule 932~ Continued 

C.2 a.ua1.l ZI AQDK/1143 

Th• appl1.ut1.oa of iAtaruc 1.DYOl-... tu utfaati.oa of lons-tera •ulf~r 

diodd•. concctntiooa 1D s-pla C1t7, a a>dantely dud artlan aru located 1a 

seotly rolliD& terrain, th• a-a urban aru uaed 1n 1:zampla 1, AppCAdu C,1, 

Tb ■ appropr1ata_a.ppl1catioll 1ndaz la U43 and the auueated reference 110del 

1a CDK, Tba completad Appl~tion ClaHU1c:at1on Fora and .Evaluation fora for 

th1a uaaple iaa7 ba fowid at the and of thia HC:tloo. 1 

' lt 1• auuaed th.at. th4 uHr can c:l&HU7 AQDK, dataratnla that AQDK 1a 

applicabla, nvtev and aodU7 th• iaportanc• ratlnga, dateraln• the. equation• 

uaed by AQDH, and dataraina th& tteat11&11ta of th• application •l-ezita b7 both 

AQOK and CDK, Tb& clHdU.caUon and app11c:abil1ty c:hac:k1 are 1t~&11htforward. 

Tba tmponanca ratiP& aod·U1cation1 are th• •- H 1D !ltaaph l, apecU1cal17, 

thlt the al•ent1 coapoait1on of •1••1on• and chcmi1try and ruction aech&D1a 

are rated lllULEVANT du& to th■ non-1.Dvolv•ant of aulfur dioxide 1n atao•pher1c 

chcmhtry Q"Yer th• d1atancaa and t1aea of 1.nt•rHt. Th• d•terainatioD of tha 

aquatioo ■ and of th• trutaenta are atrai&htforvard, TH raaulta at• praaentad 

OQ th• EvaluatiOQ Fora-f1rt A(ravar1a) and C, r1apectival7. 

AQDH and CDK are a1ailar 1A 1101t raapacta and 1101t coaparhooa rHult 

1D COKP.IJ\ilLI ntin&•• The tvo a:cept1oaa ara •1Hion rate and horizontal 

vi.ad field, for both of vhlcb AQDK 1a rated "I/OISE. Tb• AQDK treat11cnt of 

•111ion rat• 11 rated WOUE pr1aarU:, bacauH of the 111& of a ,1n,1e affactiva 

point aourc• approxiaation for aru ,ourca, 1D•t••J of tha ■ora datailad 

111a&r1cal 1Dta1ratioa uead by Cl>H, 11114 1&co~aril7 becau1& CDK allon a day/ 

oi&ht variation 1a •1••1on raca, vnarua AQDK allo1111 no yari&tion. Tha AQDK 

traatuent of tba horizoutal vi.Dd f1elJ u rated WORS~, bacauaa CDK uae• a. . 
vind apceJ vhicb 1• corrected for emiaalon hai&ht whil• AQDK doea not incorpo-

rate any auch var1.&ttoa. 

With onl7 ona al•ant rated of RICH iaportanca, tha 1nit1.al ratiD& 1a 

the 1ame aa the ratin& for that almant; 1D this ca1&, Cb.a 1D1t1.al ratin1 1a 

COKl'IJVJIU:, Tba KEDIUK-ratad al-t•, hovwar, definital7 ahov a biaa toward 

a rating of WORSE, Io Chi• caaa, takiA& t.nto account tha reJ.ativaly low nuabar 

of RICH-rated eluanta, tha ralacivaly bi&h proportion of KEDilJK-rated aleaonta 

for which AQDH UHi a WOltSE trutaent, and tha aba.,.,ca of aa7 alamenta that •r• 

treated atTn:a b7 AQDH, a chm&• in th• coaparativ• ratin& of AQDH froa COHPAll

AIILI to WOIS! 1a ju•tifled. l'urtharaora, tha diatrf.bution of coaperbona for 

tha LOW-rated alfaenta ...pporta thia concluaion, altbouah littl• ve1,bt ahould 

be &i•en to tha LOW-rated el•eat•. Tharefore, the appropriate technical 

,valuation for AQDK 111 application 1143 i• "IIOllSE, 

APPLICATION CLASSIFICATION FORM 
INDEX 

NUM!ill 

INSERT APPROPRIATE 
NUMBERS IN THE 
BOXES PROVIDED: 

PRIMAR(::) k' v ...... , .... ,. 2 
'),,,,:- ..._ PHYSICAL l 

CHEMICAL 8 PHYSICAL 
A. POLLUTANT 

CHARACTERISTICS NONE 
5 EJ

, CHEMICAL .
l SECONDARY ~ ' 

...., PHYSICAL 
7 

CHEMICAL 8 PHYSICAL
8 

LONG-TERM 
B. AVERAGING < zTIME ' SHORT-TERII : EJ 

POINT 
I 

AREA 

EJ.z 
C. SOURCE~ 3CHARACTERISTICS 

4 

HORT-RANGE 
I 

LONG-RANGE--.. 2 
CHARACTERISTICS ~----· _........_ s:;:EoRT-RAng) 

O. TRANSPORT ~ 

s ~ 
~ONG-RANGE 

4 

Fora tha application iadax by tranafarrina tha four indax ouab1r1 1.nto 
tha correapoadiq box ■• balov1 

"'t~~~~IO• ·El F1 Fq F3 I 

-

(..,.....J ..._:,;.::~" ~ . ''.I.. ... . '- 'H;J ~ it.~ ....... ~ ~•.ti Ma)·~-~ Ilia l.W L:.J ~ 
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Rule 932 1 Continued 

EVALIJ.UIO• 101M 

l_a~_L__Abatract end ltefanncH 

Studf Modal I Air Qa.al1ty D1aplay Modal (AQDK) 

Ra!ereacea1 nv Sy1tau Croup. "Air Quality Diaplay Modal." Prepar..S for 
Natioual Air Pol.lutioa Control Adainistration under Coatract 
No. PB-22-68-60 (NTIS Pi 189194), DREW, U.S. Public Be.tlth 
Santee, Vaahtnatoa, D.C., wov-bar 1969. ' 

' ' i 

Abatract: Tha Air Quality Diaplay Kodal (AQm() is a clillatological ataady 
1tata Caua1t.D pluaa aodal that ■ atSaataa annual aritlmaet1C 
neras• sulfur dioxide and particulate concctratioaa at gr~ 
level. A 1tatht1Cal aodal baaed on Laraen (1969) ii used to 
tranafor1a tba avara1• concmtratioo data fr- a liait ■ d auabar 
of receptor ■ 1Dto upected geometric aeaa aad aaxtawa concaa
tratioa valuaa for ••••ral dUfarenc avaragiA& t:laaa. 

Claasif1cat1oa: S•1•p1r1cal/Cl111at,olog1cal (Jtudy-Stata) 

Appl1cat1on lada:1 1143 l•hrcaca Model I CDH 

Application Daacrtpt1001 Urban, lons-t ■ra, conaafY&ttva pollutant ■, 
atapl• tarntn. 

Hoda! AppllcabilitYI Applicable (!} Kot Applicable □ 

EYAl.1JA1"IOII JOIK 

Put A(ravaraa)I Equation~ 

Study Modal& .&QDK 

!.9.uation~1 

?ofAt aovrcu.ooly. 

n 6 5 
• - B1abar of IOUrCHx-[ [ L .It t.aXn.t. 

n•l .t-1 .-1 
n 

vitb 

¼a• lL~{~) exp"(-½(!.)'] for x ! Iii. 
Zn: Z• Pt."• C "• 

for x 2. ~16 ~ l~)Xn.L■ • 21x iii:L C 

ltnur iatarpol.actoa for Iii. < :x < 2zt, 

Iii. 1a def1Jled by "• Cxi_) • 0.471. 

1 • croHviJld dtatanc• batvam ~aoaptor &114 aectoi; It caaterlfA• 

C • Hctor v1dth.•t receptor locatin 

a (x) • axb + c, •• b, c • function& of atabiltty cl••• (a) 
• a, b, c for neutral condition■ aplit into 

• > 1000. ca•• aod :x.S, 1000a c•••• 
Calibration: Xcalibrated • A + • (X'bac:k1r01111d + Xuncalibrated J 

vitb Xuacaltbrated atvan by cha f1r1t equation above. 

Lar ■m (1971) statiattcal traaafor■attoo of averaaina tau uead for 
l - 24 hour av•t•&••• ..... . 

-

..-.r:::: 



!VAUIArlOR PORM 

Part I: leportance B.eting ■ 

Applicatl- Iada:: ll4J 

Importance P.ating 

tuiti&l Hodiftad• 

r:..ueiDD late 

Compoeiti= of !aiedo

Pl\m& Behavior 

ilorizoncal. Villld field 

Vertical Vind Piud 

1loruontal Diepcr ■ iou 

Vart:1.cal _D leper ■ ioD 

Phy ■ ical leaoval Procu ■ e■ 

l&cqrouud, llouudary, luitlal Couditiou■ 

T-poral Corralaticm■ 

K K 

I( I( 

L I/ 

l( II 

K K 

L L 

K II 

11 11 

L ti 

L L 

K K 

L L 

-0 
a, 
~ 
C: 
.,-..., 
C: 
0 
u 

( 
; 

°' QJ 

::, -IX 

-Vtth the e=eptiou of the duignatioD of Iltlll.!VANT el-t■, it 1■ npectld 
that !!...!!2.!i -• CllTlC.U. duicU&tioD &Ad pouibly one other m>d1t1catioll 
may be uda. 

ffAIJJA.TIOlf POIK 

P ■rt C: Treataent of Element ■ 

Applic■ tiou Index: 1143 

A l icet ton !1-ent: Source-llace tor &elatton ■ bt A licetton !leaent 1 !minion lata 

aafereoca Hodel: CllM 

Treaao.ant: 
Arbitrary location for each point ■ ource. 

Arca ■ ource ■ ■ pectfted a ■ integral ..1ttple ■ 
of ba■ tc grid cell a1ze, located Oil u ■cr~ 
deUnad artd; ■ idea lie aloaa grid IMMMlary 
direction•. 

laceptor loeet(oa arbitrary. 
Arbitrary relea ■ e baf.&hta for point 8114 area 

.au.re••• 
Preciae aeparation for each aourca-recaptor 

p ■ ir. 
•eceptor ■ are at around level. 
No tarreill cltffarence ■ l>etvecn aourca/recaptor, 

Stucly Hoclel1 AQlllC 

laportaoce a■ Uq 1 K!Dlllf 

C-pal"atfva Evaluation: COKPALUU 

'l'reataau 

Arbitrary locat1- for each polnt -• 
Arbitrary locat1- ancl ■ iza for each aru aourc 
Up to 2ZS receptor■ locat-4 Oil 1111Uona 

rectan1ular 1rlcl, 
Up to 12 u ■ er-■ pectfied receptor locat.toaa. 
Arbitrary releaaa beiaht for uch polnt, 

area ■ource, 
Preche dovnvilld ancl cro ■■viDd dhtuu:■ for uc 

. aource-receptor pair, 
acceptor ■ at ground level. 
Wo terrain·dlfterence• betveen •-re• -4 

receptor, 

aataranca Hodel, 

Treataent: 

S1.ngla arbitrary -inion rate fol" each poSAt and 
area eOUrce. 

0
Area :latagraticiaa are doaa 11uaarical17 oua 21,S 

■ actor at• ttae; ■ --pli11g at cli ■c'C ■ ta 111tar
-,al• ou a polar grld entered 011 the receptor, 

Da7/ni1ht variatioll■ 1n •1H1-•, --• 
variatiou aaauaed fol" all aourc••• 

StudJ Hoclal:· AQOt( 

Iaportaoce lating1 H!DllJN 

Coap&rativ ~aluati-1 VOISI 

Tr•ta•tl 

PoiAt aourcea1 ■ ingle rate for each •-"•• 

Ar ■- ~ear aingla rate for aacll -re■, 

..ch ■ource treatad bJ affec:tiva ■ ingl• eource 
appro:d.aat S.O., 

No teaporal variation all-.!. 

===== 

vtv 
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... 
L. EVAI.U.\TlOH FORM 

Part C: Trutaent of !leaenta 

r Application Index: 114) 

L( 
AppUcat ion !leaent: Ph•e Behavior lic ■ tton Element: Horixontal Wind Field 

Reference ti,del: CDH CDK 

( T,i;ut-nt: 

lrtaga' 2/3 (1971) neutral/unatable fDnoula uaed. Cltaatologtc ■ l approach. 
If ■ tack height+ pluae ri ■e ta greater than 16 wind direct ton•. 
■ 1xing height, ground level concentration ■ 6 v1nd apeed claaaea. 
•••uaed equal to xero. ind ■ peed corrected tor·r■ leaae heignt baaed oo 

Alternative to lrigg ■ - 1Aput value of pl..... rt■a power lav variation, upooent ■ froa DeKarr ■ t• (1959). 
tiae ■ vtn~ ■ peed for each point aource. ■ tant, unifor■ ( ■ teady-■ tate) vtins· aaauJaad. 

No pluae ri■ e calculated for area ■ource■• 
Does not treat fualgation or dovova ■ h. 

[ 
Study tbdel: A.QDK AQDK 

C laportaoce lating: KEDlUK MEDIUM 

Co■parative Evaluation: COKPAIAIILE 

Treataent1 raataeata 
Holland (1953) fGrwsla, vith adjuataent for lSaatological approach. 

■ tab111ty. 6 wind directiona. 
No plu■e riae calculated for area aourcea.[ • 

vt.nd apeed cl•••••· 
Doe• not treat fuaigation or dovnv ■ ah. variation in vind ■ paed with height.
lf atack height plua pluae ri■e 1■ greater than ■tmt, unitor■ ( ■ taady-etate) vtn6·•• ■-ed. 

[ 
■ixing h~tght, ground level concentration 
aa ■u-d equal to xero. 

~ 
CI.J 

C[ -..., ::, 

C: 
0 

, ·l 

IVJ.I.mTlOII FORM

E: Part C: Trutaent of El.,..ot ■ 
O'I 

Application Indez: 1143 

[ 
GI 

::, -

L 

A lication Element: Vertical Vind Pield 

lefarence tbdel: CDH 

Treac1111nt: 

A■■ waed equal to xero. 

0: 

n. 

u 
u Study Model: AQIIK 

IIIIM)rtance btiDJI LOW 

Coaparative £valuation: COtlPAliBLI 

TTeat ■ent: 

Aeauaed equal to aero. 

a 
of 

t ' 
\ 

A lication Eleaent: Hori&ental Dia er ■ ion 

Reference tbdel: Cl>K 

Tre ■ t•nt: 

6e:11ieapirical/Cl1a&tological (Steady-Stat&). 

UuUor■ diattibution vith1A each of 16 aector ■ 
(aarrov-pluae approzSaation). 

Averaatnc tiae • l,aoath to 1 :,ear. 

Surface roughDeaa aot tr..ted ezpl:lcitly• 

Study Model: 

lllpOrt&~e latiag I M!DIIJK 

Co■parath• Evaluatioa: CCKPAlilSU 

Trut•at: 
ClSaatological approach. 

Liaear interpolation between 22.5° aector caater
liae■ ; center value calculated by ■ ector avera11Ag 
procedur• (urrov plu- approxiaetion). 

Avera11D1 tlae • 1 ■oeth - 1 year. 
Surface rougba••• not treated u:plicitly. 

u 
r..- .. C 



EVALUATION POIH 

Part C: Treatment of Eleaenu 

Appl1catloa Index: 1143 

i 
A llcatlon !le.,..nt: Vartlcal D1apara1on 11cat1.,.;, !leaent: Phyalcal leaoval 

lle!arenca Hodel: CDK ference Hodel, CDK 

Treataent: reataant: 
s-1eaap1rlcal/cl1.matological (Steady-State) 

Dry depoaition only.,,. Cauaalan pluaa funct1.on •••uaed. 
5 atabllity claaaee •• deft.ned by Tumer (1964). Effective ■ ourc• treat ■ ant u1ln1 exponential decay 
Neutral atabillty ■ plit into day/night ca•e•• (Firat-order proce ■■). 

givl.n.g ■ ix cl••••• 1n.all. Slnala cociatant uaer-■ uppliad h&lflJfa uaed.Di ■ peraton coefficieat• takea froa Turner (1970). 
Area eourcea - atabllity claH 1a decreaaed by 1 

cateaory fro• 1nput •aluea to accOUAt for urb&A 
effecta. 

Neutral diaper ■ ion coefficient& are ueed for all 
neutral and ■ table cl•••••• 

Ho proviaion for variation• 1D aurface rouahne••• 

-0 
C1,J 
:::, 

-+> 
C 

C: 
0 
u 

{ 
J,, 

°' CV 

:::, -
~ 

Study Hodel : AQDK 

l■portance latina: HICK 

Coaparacive Evaluation: COKPIJV.IU: 

Treat..,nt: 

Seai-plrlcal/Caua ■ lan pluae. 
5 ■ tabtlity cl••••• (Turner, 1964). 
N..,tral atability aplit lnteraally into 60% day. 

40% night. 
Di ■ peraion coefficieat ■ froa Pa ■ qulll (1961} and 

Cifford (1961). 
Neutral diaperalon coefficient& uaed for all 

neutral and ■ table cl•••••• 
No provi ■ lon for variationa 1D ■ urface rouahrl•••• 

tudy Hodel: 

Iaport_ance hting; 

rut-■ nt: 

AQDK 

LOW 

1101$! 

Nat truted explicitly. .. 

IVALUATIO!I FORM
• Part c, Treataent of Ele•nta 

Application Index: 1143 

A ltcatioa !le ■ent: !ack round lounda Ucation !leaent: t- oral Correlation ■ 

Reference Hodel: 

Trutment: 

Input ■ 1ngle conatant backaround value for each 
pollutant. 

Lover boundary (ground): uauaea perfect 
reflectiont uaea atngle iaaga aource. 

Upper boundary (nixing height), 110 affect until 
vertical dl•peraton coefficient equal ■ 0.8 of 
a1xf4a height, unifora ••rU.cal aixin1 ••..._.. 
beyond th1• point. 

Study Hodel: AQOK 

Iaportanca latlna: NIIDIUK 

Coaparattve £valuation: Q)Kl'AJLULI 

TTaat-tl 
Input atnale conatant bacqround value for aach 

pollutant. 
Lower boundary (ground} 1 perfect reflection; 

■ tnale laag• ■ource. 

Upper boundary ( ■ ixln& ht): ao effaci: until 
o ?_.4711 (occur ■ et x•xL); for • > 2ir.L, untfona 
■ ixlng; ln betveen. llneas tncarpolatloa 
t~an ■ ltloa re&lon uaed. 

CDM 

Treatment: 

WlAd ■ peed. direction, atabtlttJ correlated via 
villd ro••·KixJaa hetaht u adjuat.S accord1Aa to 1tabtltty 
claaa: • 
Cl••• A - 1.S • aft•~ clt■atoloaical value, 
Cl••• D (niaht) - avaraae of eomtna ud aftar-

- cliaatologlcal valu••• 
Cle ■•! - 110rnlns cli■ atological Yalua. 

!lllladoa rat-■: day-oiaht variation allowed; all 
eourcae a ■ 11v■ed to ••rt by ■ aa• factor. 

Non-aaquentiel (cliaatoloa1.cal) ltatted co-rralatioa. 

Study Hodel: AQDK 

Iaportance htiq: L0V 

Coaperetive !valuattoas 0014PAIABL! 

treat-ta 
Wind ■ peed, direction. atabllity corralatad via 

vtnd ro■•• 
!al ■ eion rate - ■ot correlated vtth UlJ otbar factor. 
Non-aequential (clt■ atoloaical) li■ lted correlation. 
Nixing beiaht adju•ted accordina to ■ tabllitJ claa ■ : 

Cla ■■ A - 1.S x aftemoon cliaatologic•l value, 
Cl••• D (nlght. internally divided) average of 

100 aatera and aftemoon c11-tolo1lcal value, 
Clu• I - •••u■ ea 100 ••t•r ■• 
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r-. !VAWATIOII fORH 

Part C : Treatment of Ele,..,nui.., 
.&ppl1cat1oa Index: 1143 

r 
( •~ 

[ 

( 

C. 
[ 

K-0 
Q) 

C 
::, 
C-~ 
C 
0 u 

{ J 
') 

~ ~ 

C -
G) 

::, 
a::: 

A lication Element:Application Ele..ent: 

Refer~nc• tbdel:leference tbdel: 

Treat ■eotl 

Two IRRELEVANT elementa: 

• Co■ poait ion of E■ iaaion• 

• Che ■ lYtrJ and auction Kachanl• 

Study lbdel I 

l ■portance 1.atlng: 

StudJ tbdel: 
laportanca latin1: 

Co ■parative Evaluation: Co■parativa Evaluation: 

TrutMDtlTreatMnt: I 

• 

EVALUATION FOIH 

Part D: T~hnlcal Cocoparhon 

Application lndexi,_""'la.ala.-4'-"l______ lafareaee tbdel 1_..;CUM=..______ Stud:, t'..oclel......:A::9i:DK~·-----

Importance Ratio& Coaparativ• lacin& 

L 
of Application 

Element• Total 
Humber of Treatment• 

aEtTD COKPA.IIJLE VOllSI: 
of 

StudJ tbdal 

CRITICAL 0 

u HlCH 1 0 1 0 COKPAI.AIILI 

IIEDIUK ' 0 4 2 VOUI 

D LOW• l 0 2 1 

t1 
IUEUYANT 

Total 12 

DX 

(Should equal 12) 

m DI 

D 
Tr.CIIIIICAL SVALIJAl'ICII IIOkSI 

n 8uaed Ntl:, 1n aabi&uoua caaaa. 

(( 
h 
C 



II Rule 932 1 Continued 
APPLICATION CLASSIFICATION FORM 

INDEX 
H~ 

C.3. DWil'U 31 PtDIS/Ull 

The appl1cat1oa of 1nter••t 1nvolv•• th• ••timatioa of cround level 

.centerli~e ,ultur·dtoxid• concentration• at variou ■ diatanc•• dovnvlnd of a 

power plant located 1n relatively flat tercain. The appropriate app11cat1oa 

index 1• 1213 aad the •u11e1ted reference 110del 1• CRSTEll (S1n&l• Source), 

Both CRSTU and IIA.~ are 1u11e•~•d aa reference aodels tor •RPlicati~a 1213 in 

Table 4.1. ID accordance with footnote J of that table, Cl.STD. ha•!becn 

choaen, 11nce the applica~ion pt 1Dtera1t involve• only• •11111.a paver plaat. 

l'TDIS 1• claaaified aa a Seaiuipirical/Steady-State model and 1• deteniioed to 

b• applicable. Part A of th• Evaluation Form a.-riz•• the &eneral informa

tion re1ardio& thia exaaple. 

The illlportaoca ratiD&• are civen oa Part B of th• !Yaluatioo Form; 1n 

thil eumple thrH modification• have bHa made. Due to th• phy ■ ical and 

chemical characteri1tic• of ■ ulfur dioxide and tba ,hort rans• of the app11ca

t1oa the elemeat1 phy ■ ical re111e1val proca11e,, cbemiatry and reaction mechan

h■, aad compodtioa of wuioo1 have bHn rated DR.EI.EVANT. 

The rover ■• aide of Part A of th• Evaluation Form 1iva, the equatio~a uaed 

uaed by PTDIS and Part C aive, th• treatMDt ■, illlportance ratio&•, and compari

aoo reault• for all elem1111t1 not rated llUI.ELEVAMT. A• can be ••ea, the tre1t-

111eDt1 are ve-:y 11111lar 1n all c•••• and in all ca••• a comparativa ratin& of 

COMPAJVJILF. 1• appropriate. For 1ource-receptor relation,hip aad horizontal 

viod field, some confuaion NY ari1•.r•1•rdin1 th• appropriate rating, th• 

pouible source of confulioi:i bdn1 the ,pecif.ication in the application du

cription oi:i Part A that centerline around level coaccntrat1ona are desired. 

PTDlS 1• deaigoed ■ pecifically for t~i• application. vheru• ns~~ (Sinal•

Source) i• designed to e•tilllat• concentrations at receptor, oa a polar grid 

vitb • 10• increment betveen-;ucceaaiv• radial direction,. In addition, CllST!lt 

accept• real 11eteorolo1ical data in vhich the wind direction 1• aaaumed given 

to the oeare1t 10• and randomizes tbi1 directioa by the addition of an integer 

ct,o..o fro11 the value, -4• to +5° • Thua ClSTEJl may not provida centerline 

concentration e1timatea; it va ■ never 1ntanded to do so explicitly. CRSTEll 

wuld in fact be found not applicable in thi ■ ca■e v~r• it th• ■ tudy madel and 

PTDIS the reference modal. Thi• difference in objective• doe ■ not invalidate 

the u•• of ClSIEl a■ a ba ■i• for comperi•on but implie• that tho••·•~pect, of 

aGurca-reccptor re~etionahip and horizontal vind field vhich have treat111eDt ■ 

vt,tcb differ limply becau•• of the different objectives of the tvo 110del ■ 

ahould not be conaidered 1n ukin& the compubooe. 

The Evaluation Form - Part D ■ Ullllll&rizea the individual comparison re

•ulta aod •hov, that the technical evaluation of PTDIS for application 1213 

111 obvic.uuly COHPAJVJILE •...... 

A. POLLUTANT 
CIIARaCT ER ISTICS 

Ii. AVERAGING, 
TIME 

C. SOURCE 
CHARACTERISTICS 

D. TRANSPORT 
CHARACTERISTICS 

Fora the application index by transferrin1 the four 
the correapondin1 boxe1 below: 

index numbers into 

...,_ • APPLIC.\TION 
IN CEX F1 F2 El E3 I 

,, ,, ~ 

2PRIMARJ:2 I<;~;;;~~: 
3 

CHEMICAL.8 PHYSICAL 

NONE 
5 

I/" CHEMICAL 
SECONDARY 6 

PHYSICAL· 
7 

CIIEMICAL 8 PHYSICALS 

LONG-TERN 

,..:;_:--- - --·->"' < 2 

POINT 

7 -------- < \ ~::: : 

., MULTIPLE/COMBINATION 
4 

SHORT-JIANGE 
'COMPLEX I 

01MPL() ~::S:::::==o·~=T-=·~~~~~V:~=---.- : 
...., ---·- -------- 4 

INSERT APPROPRIATE 
NUMBERS IN THE 
BOXES PROVIDED: 

w 
EJ 
EJ 

Ea 
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Rule 932 1 Continued~ 
EVALUAtIOIC FOIIH 

Part A: Ah•tr•ct and Reference~ 

Studz. Models nDIS 

j!_ehrence• I Env1ro1111ental Protectioa Agency, u,•.,.,, lf■ tfJork fo'l" Appliffl 
Hod.Zin;, of Air Pollution (UNAHAP}, NTIS Pl 22'771, Hatioa.el 
Technical Iafoniatioa Se"tce, Springfield, 'ta. (1974).

I 

Turuer, D.a., f()irkbook of At»l:>ephArrio Diep■r■lo, E:s!"0'at••• 
NTtS Pll 191482, llational Technical tnfonatioa Service, 
Springfield~ Va. 

/-~I ?Tl>tS 1• a ateady-.tata Cau,aiazl plume -.»del that estim.atea 
abort-ten center-11ae coaceatratloa• directly downvind of• 
poiAt •ource at diltanc:e ■ 1pec1fted by the uHr for a .tngle 
u1er-epecified eet of ■eteorologtcal condition,. Tbe effect 
of 11.mitinc vertical dllpenion 1'7 a mf..11:1ag helcht can be 
included and gradual plume rlee to the point of final r1~• 1• 
al10 conaidered. An option allova the calculation of isopleth 
half-vidtha for apecific conceatrattona at each dovnvind 
dutaace. 

Cl••siftcatioa: Semapiri~al/Steady-State 

A.2J!.l1CAtioa Index: 1213 leference Modal, Single Source 
(ClSTER) 

Application Descriptions Single elnated po1Dt aource, flat tenain, 1ulfur 
diozide, downwind ceuterliae srouud level concen
trat1011 ■ only. 

Hodel Appl1cabil1tYI AppUcable ~ Not Applica1'le 0 

EVALUATIOlf FORK 

Part A(reverse)1 Eg~ttona 

Studz Nodd I PTl>IS 

E!f.uat1onu 

X(a:;O,OcB) • 2..J a ,, •• 
1 • 

vitb 1 • l
1 

and •, • J~:[Up [ _ ½ ( 2 8 r] °;~ rl ] ~ + up [- ½ ( 
2 

X•OifB>L 

EVALUATIOll FOIH 

fart •1 Iaportance latilln 

Appl1cat1oa Indea:1 1213 

Applic.atioa Import ■ ace bttng 
Elmeat Illltial Hodified• 

Soqrce-laceptor llalatiODSbip a n 

Eili■ aioD llate R ll 

Co■poaitioa of rat ■ aioa• L I ✓ 

Pliae Behavior B 8 

llorizootal Wind Field a 8 

Vert1ca1·wind Fiald L L 

Boruoatal Dupenioo a a 

Vertical Dieperaioa a a 

Cbe■ utry and leaction Mec:lwlln L I ✓ 

Phyalcal llemo-1 Procease■ L I ✓ 

llacqround, Boundary, Initial Condition■ K K 

Taaporal Correletioa• • 
. K K 

-With tbe e:i«:eptloa of the du1pat1oa of tRJJ!I.EVANT eluenta, it ii upccted 
that at -moat ooe cunc.u. deaigaatioo and po ■■ ibly one other ■odUieattoo 
aay be ■ade. ...~ .. . 

----0--/ 



EVALUATION ruRH 

Part C: Treat..,nt of Element~ 

Application lndex: 1211 

licat1on·t1 .....ent: !!A Rte 

Singla Source (CRST!R)lleferenc• t\>del: 

Trl!at-nt: 
Up to 119 eourcea all aaauaed to be located at Single arbitrary value for each aource. 

aeae poait ion. 
leceptor location ■ reetricted to 36 azisiths onthly variation allowed. 

(every 10°) and five uaer-apecified radial 
dhtancea. 

Arbitrary &tack height for each aou'cce. 
Unique ■ tack height for each eource. 
Unique topographlc elevation for each receptor: 
-•t be less than each ■ tack height. 

leceptora auat be at ground level. 
Preci ■ e downvlnd/croaav1nd di ■ tance for each aourc 

receptor pair. 

tudy Mo_del I PTDlS 

Iaportance llating: RICH 

reat..ut: 
SiA&le arbitrary cOll&t&llt valve. · 

Study Model: PTDIS 

laportance Rnting: BlCR 

Coaparative Evaluation: COttPAUBLE 

Treataent: 
Single atack of arbitrary height. 
Up to SO r"ceptora, all at ground level, directly 

underneath plwae centerline, at arbitrary uaer
apecified downwind diatancea. 

Flat terrain ~••uaotd. 

"C 
cu 
::, 
C 

~J -
C 
C" 

(. 

EVALtJATIOH FORM r-
N i 
C"") Part C: Treatment of Eleaent• 
0\ 

Application ln4ex: 1213 
CV 

1 
::, - lication Element: Plume Behavior 

Referenc• ludol: Single Source (CllSTEll) 

Treatment: 

lrigg•• °(1971, 1972) final pluae riu foraul ■■; 
plu- riae not treatedaa a functioo of dOWD.
v1nd dhtanu. 

If pluae height exc~eda alx°f,ng height; cocac:en
trationa furtbotr downwind aaauaed equal to zaro. 

Doo• not ·tre•t either fualgatioca or clovnwaah. 

c:: 

Sludy Hodel: nt>IS 

l111POrtaa.:1 latlng: HICK 

Cuaparatlv,o l::v;aluation: COHPAL\BLE 

Trt1ataent: 

lrl1&• (1971, 1972) pluae riM formulae. 
Altematsv-ly, one uaer-aupplied pluae r1•• value 

can be u•N. 
Doe ■ not tre.at fu■ lgation or dovnv11h,, 
U pluae he iiht exceed• ablng height, ground 

level concentration a ■ auaed equal to zero. 

( 

A lication Element: llorizoatal Wind Field 

Refer-ce Hodel: SiDgle Source (CRSTEll) 

Treatment: 

Seaieapirical/SJqueotial (Steady-1tate) 
Constant, unifona vlnd ■ peed and direction aa ■uaed 

for each of a aeque11ca of boura. ~ 

Wind 1paad1 (arbitrary) alld diractiona (aeareat 10•) 
input by uaer; diractio111 ra11doaiaad by addition 
of (n-4)• vitb n • ra11doa integer froa O to 9. 

E.Wind apeed corrected for relea1e height vith correc
tion• dependent only 011 atability cl.aaa, 

ij 
Study tt>del: PTDts I 
laportance ·1.■ ti11g: BICK 

Coaparat.ive Evaluation: COHPilAIILE 
·i 

Treat-t: it 
.:.:: 

Sea1mpir1cal/Steady-state) 
Wind direction& laplicit along aource-recaptor -direction. 

F.Uaoa user-defined vlnd apeed. 't a
No variatio11 ill wind apaed vith height. 

Conata11t, unifona (ateady-atate) vlnd aa ■uaed. 
r 
~ 

t 
r .' 
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l!VAUIATJON FOIIH 

Pare O: Tte.ot.ent of r.lr•ent11 

l.ppllcation Index: 1211 

~C!oa t:le-at: Vertical Wind F1e1,/ 

~efercace Hodel: Single Source (CKSTER) 

Treet-at: 

M•u-d equal to zero (iaplicit). 

.., 

Study Hodel: PTDlS 

Iaportance IIAUng: LOW 

Cb.paraLive t:valuatioa: COHPAR>.al.l 

TreatMDt: 

J.a.,_d equal to zero (iaplicit). 

"'O 
CJ 
::s 
C .., 
+' -C: 
0 u 

Part C: 

A 11cat1on Eleaent: Rori.&ootal D1aperaioo 

11.eference Model: Single ~c• (CllSTD.) 

'treataeot: 

S.aieapirical/Sequeaciel (Steedy-Steta). 

Ceu ■ aian plume function aaa1D&d. 

Ataoapheric ■ tability divided into ■ even cl••••• 
(Paaqui\l-Gifford); cl••• 7 - extriaely ■ tabla -
elevated pluae aa ■ uaed·aot to tciuch around. 

Diaparaion coefficient• froa Tunaar....(1969). 

Surface roughneae not treated explicitly• 

1-hour averaging ti-. 

Study lt:>dcl: l"TDts 

I-.,ortaace Kating: RICH 

Coaparat1v11 Evaluation: CCHPAllilL! 

Tnn•nt1 

Seaietipirical/Staady-State. 

Cauaaia11 plume fuuctio11 aa...ed. 

Calculation• for• aingla -r-■ pecified cPt•quill-
Cifford) atability clua. ' 

Diaperaion coefficient ■ froa turner E1969); ao 
adjuat:aanta -de for variatiofla 1A surface rough
uaa, averagillg t1- or travel _tille•• -

Avera11.ng tiae unknovn, appnld.utely 10 - 60 ld11utea. 

EVALUATION PORK 

Treat-t of !leaenta 

... lication Element: Vertical Diaperaion 

&aference Hodel: Single Source (CllSTEll) 

Treat-t: 
Seateapirtcal/Sequeritial (Steady-State). 

~uaeian pliae function &H\aed. 

.J Ac-apberic atability divided into aeven cP•
quill-Cifford) claaau; claaa 7 - extr-ly 
atable - elevated pl~ doea 11ot touch arOUlld.., 

; Diaperaion coeffici-ta fr- turner (1969). 

-• Surface roughneaa aot treated expllcitl7• 

ApplicatiOD Index: 1213 

erenc:e !bdel, Sillgle Source (CllSTEI.) 

nataentz 

7 

J Study llucl&l: PTtlIS 

I■,porta11ce btin11 RICH 

Coaperative Evaluatioa: COHPAJVJLZ 

7 Trut-t: 
Saaiaipirlcal/Stu~:,-State.... 
Cauaaian plume functloo eaa....t. 

, Calculation• done for uaer-apecified (Paaquill
i Cifford) atabilf.ty cl.aae. 

J 
! Dtaperaf.on cuafficienca froa TUl'ller (1969). 

Surface ruughne•• not treatad explicitly. 

7 

J 
\ ' 

1 

Jl&ckgroUDd not treated explicitly. 

i:.-r boundary& perfect reflection 1A bori&ontal 
plane at rec■ ptor height. 

Upper boundary1 perfect reflectf.oa; aethod of 
a&ltiple 1-gea treated by auautioa of aerie■ 
Ulltil vertical diaperaioa coefficiant • l.6x 
(llixiq height); 1111ifon1 •artical aixillg thereafter. 

Hixing height for a given bour obtaiaed by inter
polati01t of radioaonde data. 

Study lbclel: PTDlS 

lllportence llating: H!DIUK 

Coaparative Evaluatloo: CXIHPAlilLIC 

Treataellt1 
aacqr-d not treated expltcitl7, 
Lover boundary: perfect reflectioo• 
Upper boundary: (neutral and unatable ~itioaa) 

u ■ er-input ab:ing helaht ued; perfect reflec
tioa •••-ed. 

Upper boundary: (atable· cOftdltion ■) - concept of 
■ bing hei&ht not employed; no upper boundary 
conaidered - given ■eteorological condition ■ 
1■plicf.tly a■■ u■ed to extend hi&her tban plu■e 
at all distance ■• 

~ltiple reflection ■ nu■erically accouated for by 
-■-ation of ■ eri••· 
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EVI.LU,\TION FO~ .... 
Part CJ Trc•t-nt of _t:1-.:nri, .~ 
Applicetloa la.lex: 1213 

..., 
Jicetion Eleaent: Teaporal Correlatioo• Jll,:f.:r,:nc• Hod&l.: Single Source (CRSTER) 

Treat-at: 
Sequential; correlationa aut-■ tic for ■eteorolog- l tllll!L!VANT Ele■ental ....lcal para-tera. 

~ 

• Co■ poeition of Eaiaa1ona )~
Usertauppllee hourly .valuaa of vind apeed 0 vtnd .... 

direction. ■ixiag height, and otber aeteorolog • Chl!llliatry and llcactlon Hechanu,a 
ical variable• required for deter■lniag ■ t • PbyaicaJ. le:aoval
bility claaa and pluae riae. ]Ko&lthly eaiaaion variation allova liaited e■ia
aioa/Mteorology corral.&tioaa. 

]
Study HDdel: PTDIS Study Jbdel: 

Iaportaace btiDg: KEDIUK Iaportaac• Rating: 

Co■parative Evaluatioo: COHPAliBLI Coaparaciv• Evaluation: ~ 
'.i~ 

TreaL■mit: Treat■ent1 jj 
Uaer auppliea approprute value■ of all l■pat 

varf~~l•• fur the hour ta queatioa; correletiuaa 
autoaac!c. " 11 

;.~
do! 

~ 
"'C Iii 

~ 

QI
::, 
C 

fJIII..., -
C ffi 
0 u 

IVALUAflOH !ORK 
C 
( 

0. Part D: Technical Co■pariaon 

ci, 

Applicatioa tade&~I-,11"'2.i.l,._:,______ Warac:e" Hodel :Single Source (CllSTEll)Study Kodel._PTD~_x_s______::, -a: 

I■ portaace lating Co■parativ• lat.lftl 
of AppUcat !on llu■ber of Trutaeau of 

Eleaaeata Total BET1'Ell COHPAMBLE WORSE Study Hodel 

OtnCAL 0 

DtCR 

MEDIUM 

u,,/1. 

6 

2 

l 

0 

0 

0 

6 

2 

1 

0 

0 

0 

COHPAIAIU 

COKPAJIABLE 

... 

tUEUVAHT -2..... XXX 

Total 12 (Should equal 12) 

XXX XXX ., 

T!CIDllCI.L EV4LUATIOH COMPAJIABLE 

•u ■ed ooly tn Ulbiguoua caaea. '."! 

( •·
l,s 

(' 
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Rule 932 1 ContinuJ?4 

C.4. r:wO'U 41 l'1lfAX /llll APPLICATION CLASSIFICATION FORM 
INDEX 

The appllcatioo of illtcreac !nvolvaa th• eat1aat1oa of IIAX1mulD around NUM8EIIS 
level conceutrationa of IUlfur dioxide dOVDviad of a 11D1l• pov•r plant lo INSERT APPROPRIATE 
cated 1D relat1vel7 fut urraia, ... -u u the dovnv1Dd diltani:• to th• NUMBERS IN THENONE 

I BOXES PROVIDED:IISXUNID, for a variety of coad1t1ona. th• appropri.at• applicatloa 1ndu 1• 
CHEld_!t_A.!,,

1213 and the susaut•d reference model b S1nala Source (~lSIEI.) 1 CllSIER 

A., POLLUUHT 
CHARI.CTERISTICS 

B, AVERAGINGt TIME 

C. SOURCE 
CHARACJECIISTICS 

D. TRANSPORT 
CHARACTERISTICS 

the corr11pondtn1 boxc ■ 

\ SECONDARY ~ 

@iili:) ( 

\ 

~ 
, lONG-RANGE 

~ 

2 
PHYSICAL Sii uaed wtead of JtA'1 becau•• the applicatloa 1Dvolvea a •iii1l•'po1Dt eourca,

' ' ! ' CHEMICAL 8 PHYSICALu expllliJ\ed in foc.tnota.j to Table 4.1, PtJf.U ii claedfied ae ,a SemJ.upir1cal/_ 4 
Steady-Stet• model and ie deteraiued to be applicable. Part A of th• Evalua NONE 5 EJtion Form eumaarizee the 1eneral 1.afoniation tor thi• 11tampl1, f CHEMICAL 

6Th• importance ratln1• are 11ven on the !valuation Fora - Part Bl in ...._ PHYSICAL 
7thh example four modlfic:ation■ have been made. Due to the ph7aical and ch..

CHEMICAL llP_HYSICAL8 

th• element ■ ph7aical remo,,al proce••••• chai1tr7 and reaction ■ecb&a•im• and 

ical characteriatice of ■ ulfur dioltJ.de and th• abort range of the application 

LONG-TERMc011poaition of eiuaeion ■ hllve bean rated IllllELEVAHT. Ia add1t1oa, due to th• ~"":::=:::::=::=:--------
d••ire on the part of the uaer to aetiaata ~ dovaviad concaatratloae uadar "1ioRT-TEV [jJ2 
e variety of condition1, the taportauc• ratio& of back1rouad, bouadary and 

1D1t1al cond1t1o3s ha• bean mdifiad froa KEDn'K to BICK, Thi• 110d1f1cat1on I 
raflect ■ the need for traat101 th• effect• of 11.mited llixin1 due to a lov-lyin1 AREA z 
iovera1on, a eituation vblch may reault in relatively hi1h 1rouiid level concen

\ LINE S 
tration•. EJ

MULTIPLE/COMBINATION 4Th• r•ver ■• aide of fart A of th• Evaluatioa rona 1ivee the equation• 

u■ ed b7 PTMAX end Part C 11••• the treatiunte, import ■ ace ratinse, and coai ~QRT-RANGE 
pari ■ on reaulta for all •laMDtl aot rated IR.lEL!VANI. Aa cu be ,aan, the I 

z
treatment• are very 11.mllar 1n all ca••• and 1n all but one caa• a rating of 

COKPAltABLE 1• appropriate, The one elaeat which PTHAX do•• not trut la a s ~ 
111a11n1r comparable to that ueed by QSTEl 11 backgrouiid, boundary and initial 

4
condition•, for vhicb tb• treatment by PtJf.U 1■ rated WRSE. A• in the pre

viou ■ eumple, Ptl1AX 1a rated COMPARABLE to CRSTD. for eource-receptor rela Fora the application index ~r tran1ferrtn1 th• four int.•~ ~,~,ber, t~to 
below:tionship and horicootal Wind field 1n spite of obviou• dlfferenc•• in the 

treatment, of these clements. becaua• the difference• r•late to a ■ pect1 of 

each elee>ont vhich are not relevant to the real application of 1Dter11t, ...._ - APPLICATION 
INOEX 

Part D of the Evaluatioa Fora •-rice• the individual coaperieoa re F1 E2 ~ F3 i 
■ ult ■, Th• initial technical evaluation for PTKAJC i• lo'ORS! due to the vor ■• 

treataent of bacqround, bouDdary and 1.aitid couditiou, Spaciflcally. the 

treat111eot u■ ed by PTHAX of th• effect• of the upper bouodary i• vor ■ a than that 

used b7 CRSil!lt. St.ace the uaer 1• particularly interacted 1D ..x1DUIII concen

tration ■, vh1ch 11ay reault 1n part fro■ a lov-ly1na upper boundary, th11 ■ 1ogle 

w:>R.Si co~pariaon la con ■ idared ■ufficieot Juatification for• WORSE 1oit1.sl 

c:o•p•riaoa. Furth1t1110ra, due to the aall number of KEDIUM- aod LOW-rated ela-

Nat ■ e 1■ oo ju ■ t1f1cat1oo for moclif7ln1 thi• iaitial ratios. Thu■, th• 

appr I teclmical evaluation for l"tHAX 1a application 1213 1• ~'ORS!, 
'[(sa•.•·;,'' 
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Rule 9_Rt, Continued 

IVALUUIOII ,OIK
EVALUATlOlf FOllX 

Fart It lmportwe latinge 
1a!_t A1 Ab.tract and lleferencee_ 

AppU.cat1oa ladu 1 1113 

Studl'., Modal_: PfflAX 

Applic&tioa I~rtanca btin15Enviro1111ental Protection Agency, U1•r'1 .T11ti.iorlc forl._eferenc~•t 
AppU■d ,V,odeling of Air PoUui:io,i (C,':tAHAPJ, tlTIS PB El.meat Initial KodUied8 

229771, National Technic&l. lnfoniatioa Sarvica 4 
Spr1naf1ald, Va, (1974), , 

' ·. i . 
T~ner, D,11., llorkbook of Atnioep1urrio :X1p1N1io;,i E1ti.- Sourc:e-1.eceptor ltelattoaahip B R 
11at••• NTIS PB 191482, National Technic&l. laforillat1on 
Service, Sprin1f1eld, Va, (1969), l'aiadoo Rate R B

1.,
Coarpo ■ itloa of Ellialiaaa L 

I B1l11111e Behavior 

1'n!I.X 11 a 1tw7-1tate Gau1a1&n pluaa IIOdal that par Boriloatal W1ad ri&ld I BAb1tract1 foru an anal7a1a of the ux1'rum 1bort-t•rm-conceutration1 
fr- a ainal• point 1ource •• a function of ,tabil1ty aad Vertical W1ad'11eld L L 
wind apaed. Tb• final plum• bei1ht 1a u1ed for each COlll

putat ioa. A ■ eparata anal71i1 auat ba aade for each Borf.aoatal Dtapvaloa B B 
individual ■ tack; the 1DOdal cannot 1lva th• 11&Xt.awa 
coacentratioaa fro• a coabinatioa of atacu. Vertical D1apera1oa B B ... 

L I ICh•iltr, and lluc:UOG Kechuia 

L I I1h711cal ll,,aoval Proce11e1 
Clae ■ if~_at1oar Sniemp1r1cal/Study-Stata 

B ,,lackaround, l'louadar,, Iatttal CoadtttoM H 

)(AppUcaUoa_ T-.poral Correlauoa.a K
l.afareaca Models Sinale Source 

~: 1213 -• (ClSTU) 
Awttb tba uccptioa of tb• deaigaatioa o( W!IZVANT el°Cllents, it 1■ u-peetedApplication Ducriptioa1 Ku:iaua around hval aulfur dioxide c:oacentutioDI 
·that .!S...!!?!.t oaa CllnCAL deeip.tio11 and poaa1bl7 oae other aodUic ■ tS.oafrom a 1ia1le povar plant 1a relatively flat terraiA, u7 be ude. 

Applicable 0 Not Applicable D
Model Applicability: 

EVALUATIOlf FOIH 

Part A(reven•)f !Qaation.1_ 

.;; 

Study Mod__el,1 1'l2L\X 

~uat1.o_a~I 

X(s,0,01B) •~up r _ !{!_} 1 

]
1a• L 2 as 

, ... _ 

.., ..... "'' _,.... f, ....) 1 .i 
~ .-.~ 1 ~- ' .,,i l--~· ,'1• ' 

.....-
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EVALUo\TIOH FORN 

Part CI Treat:oent o( !le11enu 

Appllcatl- Ind~A: l~Zl~JL.-

I 
AJ•1•l_l_£'!_t_!_~n. J:I .,_nt: Sourc-ll•c~!!!l.!!!Dthle _ 

a~(ur•n~u HuJel: Slagle Source (CllSTD) 

Tre•t-nt: Up to 19 eource• all ae ■ umed to be 
1~ated at aoae poaltion. 

l.eceptor loutione restricted to 36 a&iJlutha 
(Every 10•) and five u ■ er-epecified radial 
diatancea. 

Arbitrary atack height for each it0urce. 

Unique topographic elevation for each receptor, 
-at bale•• thlUl stack heights, 

Receptors ■uat be at ground level• 
Preciae downvind/cros ■ wind diatance for each 

aource receptor air • 

Study Hodel: 

[■portan~e Rating: HIGH 

Comparative £valuati_:· COHPAIAJILE 

·Treat ■ent: 

Single etack of arbitrary height, 
Dctenailie11 dcNnwind diat11nc• of· ■alt1- • 

ground luvel concentration. 

Flat torraia aea-.1. 

~l!llc.r tun r.l•,.ont: .J:111.!u.:;iu::,n"-'R,.,&ut.,.g,_______ 

kofer•nc• Hudul: Single Source (CRST~R) 

Tre•u,ent: 

Single arbitr•ry vabw, for aach aource. 

Konthly variation al1-e4. 

Study Hodel1 

lllponance latillg: HIGH 

Co■parative Evaluati-: CCICPALULE 

Treat■ent: 

Single arbitrary cOAataat value. 

• . 

EVALUI.TIOlf PORK 

Pare O: Treat■ent of Elementa 

.t.ppUcation lndeE: 1213 

licatioa EJ.e■ent: 

Reference Hodel.a 

TreatMnt: lriggs1 (1971, 1972) fu!!. plume rise; 
.!!2!. treated as e fuuctlott of dOIIDViAd dis
tance. 

U pl- height exceed ■ .iz1ng height, con
centratioas further dovnvind aaauaed equal 
to cero. 

Study Ibid: l'1MAX 

l■portance lacing: IICH 
Cumparetive !valuation: CXJKPALULE 

Treat-t: T\IO step proc91hare uahg Brin•' 
(1971, 1972) !!!!!. pl- riae foraulae. 

Does aot treat f..tgati011 or cl-aab. 

Jafereace Hodel: Siagle Source (ClSTD.) 

Treataent: Seaiapirical/Sequentiel (Steady-State). 

Constant, .mtfom villd speed and dtrectioa aaeumed 
for ~ch of• aequence of houra. 

Vind apeeda (arbitrary) aod directtona (neareat 
10°) illJM!t by UHr; dtrectlollS randoai&ed by 
additlon of Ca-4) 0 vltb n•randoa iateger froa cero 
to u-. 

V1Dd speed corracted for raluae 11dght, eorrecttoa 
uaf.Ag power law variation vith exponent& depen
deat oa atabilit7 claaa• 

Study Hodel: rnu.x 
llll")rtUICe lat1q: tnGB 
Coepacative haluatioa: COIPAIASLE 

Treat■ent: Seaieaptrlc:al/Study-Stste. 

Vind directi.oaa f.apllc:it aloaa -rce-raceptor 
direction, 

Ro variation ia villcl speed vith lleight• 

.Constant, -1.for■ (sceady-etate) vind aa ■la■d. 

Uaea fixed, intemal17 defined eet of wiad apeed 
valuea ranging fro• O.S to 20 ■/aec. 

-. 
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!VALU.\TIOtf POUi 
Part C; Treatment of Ele-nta 

Applicatioa Index: 1211 

Appllcatlun Element: Ycrclcal Hlad YJ 
llct.reaca Ho<Jc,l I Singla Source (CRSTER) 

Treat-at: 
Aaa....,d .qual to aero (iaplictt), 

,. 

Study t!udel: 

la,portaac:e Rating: 

eo.pacative E•aluation: COHPAAA.BLE 

Treatloeat: 

Asauaed equal to aero (illpliclt), 

A lication Eleaeat: Vertical Dia 

Part C: 

leferaac:a ~del: Sin&le Source (CUTEll.) 

Treataent: Seaiempirical/Sequential (Steady
State), 

Caua■ un pluae function aaa\Ded, 

Ataoapheric stability divided into ■ even 

(Puquill-CifCord) cl.auea; Claaa 7 - ntreaely 
■ table - elevated pluae doe ■ not toucb ground, 

Diaperaioa coefficient■ fr- Turner (1969), 

Surface roughnaaanot created explicitly, 

Study Hodel; PDW: 

1-c,ortance llating: area 
CotaparatJ•• Evaluatioa: COKPAIABLE 

Tr~•t-ut: S-iC!IIJ)irical/Stead,-Stat ■• 

CaUMal.an plum. functian aaauaed, 

Calculotlona dnne for ■ Ix Pa11quill-Cifford 
atobility cl•••~•• 

Dtaper■ ton coefCicienta fre111 Turner (1969), 

lkrrf ■ce ruu1lm,,aa not treated explicitly, 

A licatlon Ele'!'f'nt: Uoricontal Diaperaton 

Reference ljodel: Single Source (CkSTER) 

Treataeat: Sealeapirical/Sequential (Steady-State), 

Cauaaian pl,_ function aaauaod, 

Atao~pheric atability divided into aeven cl••••• 
(Paaqulll-Ctfford); Cl••• 7 - extr..ely ■ table 
alevated pluae aaaWNd aot to touch ground, 

Diaperaloa eoeff1elenta frCIII Turner (1969). 

Surface l'Oaghne•• not treated expliciLly, 

One-hour averaging tlae, 

Study tbdel: P'JMAX 

l..,ortuce Rating: LOV 

Coaparative Evaluatloa: eotPAllAllLE 

Treataent: Seaiemplrical/Steadr-Stat~. 

Cau ■■ iu pl\De functiou aa--4. 
Calculat1- for each of ■ ix Paaquill-Cifford 

atuil1ty cl•••••• 
Diaper■ lon coefficient ■ frCIII Turner (1969~; no adjuat

aenta ude for varution■ in aurface rouchDe••• 
&T9r■ &ing time or travel tiM, • 

Avar■ gln& u.ae unlmown 1 approxiaataly lo-60 aiaute■ , 

EVALUATION fOIIK 

Treatment of !leaent• 

·Application llldex: 1!113 

er ■ ioa A lication Element: llaclt round llounda Initial 
Reference Model: Single Source (OSTEll) Condition• 

Treat-t: lacqrouad DOt treated explicitly•. 

Lover boundary, perfect raflectioa in hori&oatal 
plane at receptor height, 

Upper boundary1 Perfect raflect10111 -thod of 
aultiple iugea treated by ■uaaation of ■ eriea 
until vertical di ■peraion coefficient• l,6x 
(aiJda& hei1ht); unifon vertical 111.xiag thar•
attu. 

!Usina height for a 1ivea bow. obtained by tntar
pol.atian of radioa01Mla data. 

Study K>del: PnlAX 
~rtance lati11g: IICB 
Comparative Evaluation1wasg 

Treat'-t: 

Bac!kgrodocl not neatad explicitly, 

Lover boundary: perfect raflectloa et ground level, 

Upper boundary: llixiq height aaal■led high enough 
to have no effect. 

( 

= 
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EVALIIATION FOIIH 

Part C: Treat.,.,nt of Elements 

Applkatioa ladex: 1~]3 

llcation Ele-nt:~_l.!_c;5!lli_n Ele-nt: T 

Reference Hodel:Kefdrenc• Hodel: Single Source (CRSTl!.R) 

Treataent: 
,-. for ceteorological paraaeters. 

Treat.enc: Sequential; correlations automatic 

ltlree IRRELEVANT Eleaenta: 
u ■er •uppl1e• hourly value• of vind ■ peed. vine! 

• Coapo ■ ition of c■ isaionaJirection, llixins height, and other -teoro
loglc ■ l variables required for deteraining • Chesai•tl'f and &eaction Mechani■• 
■ tablllty ~lase and plume rise. • Phy■ ~cal &eaoval 

Honthly eai•sfon variation allows liaited 
-1••1....-..,teorology correlation ■• 

·- -----------------,H------------------
Study Hudel:S\.uJJ t'uJel: PtHAX 

laportance btf11g1Jac,c•rlaac• lt.1l11111: KflllllH 

Co■paratlva i::valu&tiuu1Cu"'i>"rall,,. l::v.aluation: COKl'AIIABLE 

Treataeat1Tr.,..c-nt: 

CorrelaLtous autoaatic - \Iser aupplteii sppro
prl~\.e duta for situation of Lntere ■ t. 

"C 
QJ
::, 
C 

+.> -
C: 
0~-

EVALUATlOM FORK 

Part D: Technical Coapariaon 

AppHeat ion Index :_12_1_3_______ aatereace Hodal:Singla Source (CllSTD.)Study Hodel. PnlAX._____·ii
• 

laportance Rating Coap■ rative Rating 
of Application Nueber of Treataent ■ of 

· Ele■ents Total: BETTER COKPARABLE WORSE Study Hodel 

Cl.lTlCAL ·O -. 
DIC11 7 0 6 1 

MEDIUM 1 -0 1 0 

1 0 1 0 

llUWZVAlff --1- :ax ux XXX 

Total 12 (Should equal 12) 

TF.CJINlCAL EVAWATIOH 

8 U ■ ed unly in ambiguous c••••• 

= 
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Rule 932 1 

c.s. EJCAMl'Ll s, mm/1213 

Th• application of 1Dterut 1.DTolvea the eatiliation of total oae and 

24-!lour ground level •ulfur dioxide concentratioa, from a few (le•• than 10-

20) nearby power plaau located 1D 1eutl7 rolling rural terraiD. • The .,1ppl1ca

tion index 1, 1213 aad 1D tbi• example th• au.,~•t•d reference model 1• RAM, 

11ace the application 1.Dvolv•• •everal 1ource• at dlffernt location•. PtMl'P 

11 clas1i!ied a• a Sea.iamp1r1cal/Sequeatial (Steady-Stat;) 110del1aad ia deter• 

'lliaed to be applicablAI., ' 
The importance rat1J1g1, 1havo oa Part I of the !valuatioa•.Fora, incor

porate the 1110dificatioa of coarpo1iti011 of eal••ion•, che111iatr7 ead reaction 

uchane1m, and ph711cal removal proce•••• froa LOW to IIUlELEVANT. No other 

1DOd1fication1 are made,· 

The reverie aide of Part A of the .Eveluatioa fot111 &ive, th• equation• 

wied by l"IKIP and Part C 1ive1 the tre.at:ment•, i.mportance ratia& ■, and compari• 

10n, reBult ■• A• can be 1e1111, the trutaenta by Pnrrr are all quite 11111ilar 

to those uaed b7 llAH and are rated COHJ'ARAJIL! 1n all ca■ o•. Th• treatment, b7 

RAM of tho ■• a1pect1 of •ource-receptor relationehip, emiaeioa rate, and other 

element• that involve coa,ideration of area 1ource1 are not 11ven in Part D 

in this e:u.mple, b1cau1e are.a 10urce1 are not involved in thi• application. 

Th••• treatment, by RAM are irrelevant and ara aot conaidered in makia& the 

comparison,, A queation 111&7 ari1e vith ragard to horizontal wind field, b

eau•• PTKTP doe, not adJuat the input vind •peed for the ,ource release b•i1ht1 

ill 1atilutin1 the contribution of each e, doe• llAM, Bovever 1 Pn«TP do•• not 

require that the wind ,peed aear the aurface be input 1 aud th• uaer ia free to 

input value, appropriate for an average ralu ■• ~•ight fort~• 1ource1 irlvolvad. 

P1J1Tl' doe, not diat:llisui&h betvem different height• and uee•th• input wind 

,peed for all 1ourc••• Thia difference betveea RAK aad FniT1' 1• not coneidered 

•i&nificaat enough to rate P'n(TJ' vor••• 

Tha raault• of th• aleaeat-b,.-el-t compari•ona ara ,_.ri&ed 1a 

Part D of th• £v1luatton Foni and clearly indicata that PntTP ahould be rated 

COMPARABLE to lAK for thi• application. 

...... 

Continued 

APPLICATION CLASSIFICATION FORM' 
INDEX 

NUMBER~ 

INSERT APPROPRIATE 
NUMBERS IN THE 
BOXES PROVIDED: 

CHARACTERISTICS 

,,VUI I .. t:;,... ' 

',, 1.vnv-nNnu~ 

J ~RT-RAffV 

SJRIMAID ~ ""...."•"'- 2 
PHYSICAL 

3 
CHEMICAL 8 PHYSICAL 

A. POLLUTANT 
CHARACTERISTICS NONE S EJ 

\ SECONDARY I:" CHEMICAL 6 
...._ PHYSICAL T 

CHEMICAL 8 PHYSICAL
8 

II•. AVERAGING 
TIME 2 oJ 

? --~.. -w 

I 

, \ ~·;;; :
C. SOURCE 

CHARACTERISTICS EJ
, MULTIPLE/COMBINATION 

4 

-.!!ORT-RANGE 

2
D. TR AN SPORT EJC:.,-, -- J 

GG-RANGE 
4 

Fora the application index by tran•f•rring the four index n=ber1 lnto 
the corre•pondJng boxe ■ balova 

....,_ APPLICATION 
INDEX fiE 2 E1F3 I 

• 

-
·..... .,,.,,.,~ 
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Rule 932 1 

!VALUATION roRH 

Part A: Abstract and leferenc•• 

Stw:I I. Ko4_el I P1fflP 

lleferen_c~1 Ebvlronantal Protectioa Aaeacy. u,,,.,, W1t,,,or~ for Apptt.d 
Hadlt(,7tg of Alr Pollution (UNAHAP), BtIS Pl 229771, lfa
tioaal Tectµlical In!onution Service, Springfield, Ve. (1974), 

Turner, D.I., llorkbook of Atmo•ph•ric °'•P.•r,ton !E,tuirat.., 
NTIS P"B.191402, National Techaicel Infonutin Service, 
SprioaUeld; Va. (1969). 

Ab1tract1 1'1MIP ii• 1te1dy-1tate, Caua1i1d pl1111a IIOdel that eatiaate• 
for a number of arbitrarily located receptor point• at or 
above ground-level, the coocentratlon fr0111 a number of point 
aourc••• Plume ri ■• i• datarPIJ.nad for each aource. Down
vind aod croallVind diatancea are datenalnod for each aource
receptor palr, Concentretion• at a receptor from varloua 
aourca• are a111:111ed addltlva. Bour by hour calculation• 
are made baaed on hourly meteorolosical data1 both hourly 
cnoceotratiooa and averase• over aoy averaaing tillla from 
ooe to 24 hour• can be obtalnad. · 

Claes1!1~: Semiempirlcal/Sequeatial (Steady-State) 

Application Iadex I 1213 lleferenca Kode_ll JWt 

APJ?lication Daacription1 Short term (one and 24 hour) ground level coa-
ceotrationa of aulfur dioxide fro■ •averal pover plant•, relatively flat 
terrain, abort range, rural area, 

Kodal Applicability: Applicable ~ Not Appl1cabla 0 
. 

-

i J l 

Continued 
IVALUATIOI 101K 

Part A(reverae)1 Eguatlo11a 

Study l'fodel1 1'1HTP 

£quatioaa1 

11 

X(:a:,7,1) • L Xu (a,7,11B )
0a-1 

with 

Xu (x,7,s;B11) • ~ g gs
121rua a

1• 

g, - up [-½f~r1 
1 

• t~{up[.; ! (1-B11 + 2kL ) ] + ap [-½(I+ l°a: 2kL (]}11 
k-a, 2 a1 

Xu• 0 U B > L.
0 

'-.......,;,.,' 
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nAUl4TION FOKH 

"'O 
CJ 
::, 
C: .., -
s: 
0 

f ' 

°' CJ 

::, -ex: 

Part Ct T~tc,ant of Eleeent• 

Appl1cat10II laclex1.....,.,~?~l~J.___ 

I 
Application Elema~t: Source-lec•ptor lelatiOllahlp 

leferenc• K:>d•l: RAM 

Trea_taent: Arbitrary location and relaaH height 
fot,~ach point aource. flat terrain. 

Arbitrary receptor locat1011a - all at the aaae 
height above (or at) groulld. 

Preciae downvind, croaavincl dutancea for eacb 
aource-receptor pair. 

Study K:>del: P1'KTP 

Iapurtance bt1ng: llICB 

Comparative £valuation: CQKPAIAIILE 

Treet-nt: Point aourcea oaly. 

lication· Ele•nt: !lliaaiou lat• 

ference K:>del: 1AM 

Arbitrary conat&Dt eaiaaioa rate for eacb point 
•ource. 

tbdel: Pl'KTP 

HICK 
-,.ratiYe !valuation: COKPALULE 

Sinala coaatant aaiaaion rato for each point 
aource.

Arbitrary locat1on end rel•••• bei&ht for eacb of 
up to 2~ point aourcea. 

Flat terrain •••uaecl. 
Arbitrary location and height for each of up to 

30 receptor•. 

Pr11eiae downvind, croaavi11d diatancu eYaluated 
for each aourca, receptor pair. 

ffALDATmll 108H 

1.pplicaU- IDda:: 1213 

· I!!5!ortuce btinz 

tllitial Hod1f1ed8 

So\arce-leceptor -&alaUouhip 

?aiuiou late 

Coapoaitioll of !lli.Hlou 

Plume Behavior 

Bori&out&l Villd F~d 

Vertical Villd Ueld 

lori&Olltal. Dia9eraiou 

Vut1cal Diaper•iou 

Chemiatry and l.eaction Hechau1-

Ph7a1cal 1.-1 Procuaea 

lack&~, lloundary, lllitial. eo.ditiona 

Temporal Corralaticnu 

B B 

I I 

L I I 

a a 

I B 

L L 

B I 

I • 
L I I 

L I I 

K I( 

ll ll 

-Vith the ezr.ept.ion of the designation of IRRELEVANT elements. it 1a e:q,ecud 
that !.L.!!2.!!. one cunc.u. deaipation and poHibl7 oae other 1110dificati011 
aay be aade. 
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EVALUArIOff FO!IH 

Part C: Tre•t-nt of !!lcnicnta 

Application lml•&I !211 

A llcation -~lc-nt: Vertical Wind Field' A llcatlon Element:fforicontal Dia er■ lon 

Keferenc• ft>del: RAM 

Trutmentl Seaieapirical/~equential (Steady
-State). 

M■ umed equal to &ero (1.aplicit). 

Study tbdel : PDffP 

b,portance Rating: LOW 

Co■parative Evaluation:· COMPAltABLE 

Treat■etatl 

A...u■ad 

Se■ iempirical/Sequential 
State). 

equal to zero (i■plicit) • 

(Steady-

EVALUATION POJIM 

Part c: Treatment of !Jement• 

Application Index: 1213 

lication Element: lication Element:Horizontal Wind P eld 

hfereAce Hodel I RAM 

Treatment: Two etep procedure, 

Uaea Briggs' (1971. 1972) dowmrind di■ t ■nce 
depeudent pl1D8 riae foraLlae for point 
aourcer. 

If plume height exceeda ■ixi.ng height, ground 
level concentrationa aaalllHd &ero, 

l'ullligation. dovnvaeh not treated• 

h1purtanc11 ILlt1n1: HICB 

O,■p11r ■ Uve Evaluat1oa1 COtll'AlABU 

Tr~tMUt: Two ■ tep procedure. 

U••• Bri~s•' 2/3 (1971, 1972) downvind di ■ tance 
dependent pluae riae fora.la ■• 

Dew& not tr••t fua1gatioa or d..-vaah • 

lf plu■e height exceed ■ aixiag height, concen
tration further dovnvind a ■ aiaed Eero. 

Reference Hodel: JU.M 

Treatment: SemJ.empirical/Sequential (Steady-State). 

Cauaeian plume function aaauaed. 

Ac.c ■ phttic ■ tab111ty divided into ■ ix (Pa ■ quill
Ciffo~d) cla••••• determined bour~y • 

Dieper ■ ion coefficient• .froa Turuer-(1969) or kcElroy 
and Pooler (1968) at ueer'• option, 

Surface rougbneaa not treated explf'citly; 

One hour Heragi.ng tiae used. 

Study Hodel: Pnm' 

Iaportance Rating: RICB 

Co11Parative Evaluation1 COHPAIIAIU.E 

reataent: Seaie■pirical/Saquenti•l (Steady-State), 

Cau■■ ian pl- function a ■■ taed, 

At1')•pheric ■ t ■ bility divided illto ■ ix (Paaquill-
Gifford) cl•••••• ■uppliad hourly. 

Dlepar ■ lon coefficient• fr- Turner__(l969). 

SUrf ■ ce rouahaa•• IIOt treated eiq,licitly. 

bo..r averaaina tl■a. 

llafereACe lbdtl: 11AM 

Treatment: Seaie■pirical/Sequ~ti&l (Steadr-State). 

Constant, unifon vind ■ peed and d1rect1oo •••iaed 
for •~ch of a aequence of houre. 

Arbitrary vln4 ■peed• and direct1oa valllea to 10• 
iaput by u■ er1 direction■ raDdOlli&ecs by addition 
ol (n-o• with n-rand- integer froa ll!HO to 
Dine. · 

Wind ■ peed 1 ■ -ditied to corre ■pond to •al- at 
relea ■ e height, aodification dependent oaly on 
■ tability cl•••• 

Study Hodel: Pnm' 

I■portance latiug: BICR 

Coaparative Evaluatiw: CO!!PAWLE (WORSE) 

Trut■ent: Seaie11pirical/Sequential (Steady-State), 

U••• ■ equence of up to 24 uaer-euppl1ed hourly value ■ 
of v1nd apeecl (arbitrary) end direction (aeareet
degree), 

Conat ■ nt, uaifor■ vtnd apeed end direction for each 
hour; GO variation of vtnd ■ peed, direction vttb 
height; no correction ■ade far release height • 



IVALU4Tlotl FORM 

Part C: Treat-nt of tle ■ ent• 

Applicatloa ladex:~1~2:.::1~3___ 

Uc at ion Element: Temporal Correlationai licatioa Ele..,nt: 

aelcreace h>4~1: RJ-~ efercacc Hodel: 

Treat-at I Sequential/ reetaea.t: 

Uaer aupplie• hourly va.luea of vlnd apeed, viDCI Three IRll.ELEVANT elemental 
direction, aixing height, and other MteorO-: 

• Cocapoait1011.-of l!aiaaioa•logical variable• required for deterainatioa of 
1tability cl••• aad pl1ae riaa. (Correlatiooa • Cbeai•t~ end ~eactioa Kechani•• 
autoaatic.) • Phyaical J.eaoval Proce•••• 

taiaaion rate ■ constant, not corralated vith ocber 
para ■ecera. 

Study Hodel: PTKrP 

laportance ltatiag: MEDIUK 

Co ■parative Evaluation: COMPARABLE 

Tuat-c: Sequential. 

tudy lbdel: 

aparatlve !valuation: 

rutaeac: 

Uaer auppltea hourly valuea of viad apeed, viad ..direction, 1tability cl•••• aixiag height. 

Correlatioaa aiaong Cheae paraaetera are aato
llAtically treated. 

Ea11aion· rates constant. 

-0 
Q.J 
::, 
C ..., -
C: 
0 

c..> .EVALUATION FORM 

Part C: Tnetaent of tle-nt ■ 
rApplication Index:...1:.:2:.:l:.::3;.___ 

licatioa Eleaent: Beck round 

ference tbdel: II.AM 

I. l1cation El.....ent: Vertical Di er■ ion 

~f.,rence HoJel: llAM 

TreatMnt: s.-teapirical/Seq~ential (Steady
Stace). 

Gaussian plume function aa ■ uaied. 

Ata~spheric •tability divided into ■ ix (Pa ■qu111-
Cifford) cl•••••• determined hourly. 

D1 ■ p1<r1ion c~efficieat ■ froa Turuer (1969) or 
McElroy and Pooler (1968) at user1a optioo. 

Surfuce rouahneaa not treated explicitly. 

not truted upUciUy. 

lotb vpper and 1-er boundarie■ ~ perfect reflection. 

1) Neutral and un■ table condicioa11 aethod ot aul
tiple ~ugea treated by •-tioo of infinite 
aeriea uath fl • 1.6'< (aixing ha:1.ght); unifora 
a:l.ldng uauaed1theruftar; 

2) Stabla coodition ■ I aiziag height &1■1med to 
have - effect. 

MixiD& height for a given hour obtained by il:lterpola
tion of radiosonde data. 

Study tt>del: Pnm' 

l11111e.1rcence latiog: HIGH 

0Diaparative Evaluation I COMPARABLI 

Treatment: Seaieapirical/Sequeutial (Steady-
State). 

Cau ■ •tan pl,... function aeauaed. 

Alao»pertc etability divided into •ix (Paaqulll-
CJfford) cl•••••• aupplied hourly. 

Di ■ peraion coefftcient1 fr- Turner (1969). 

Surface roughae ■ a not treated explicitly. 

One hour averaging ti-. 

tudy tbdal: ,nap 

aportance latiug 1 K!DllJK 

rattve haluation: eota'AI.ULE 

rutamt: Backsrouod aot treated explicitly. 

Both ~pper•.and 1-•r bouaderie■ - perfect reflection 
ea,laed. 

Multiple reflection ■ treated by -tion bf ■ eriee. 

Uaea U1er-euppUed hourly aixlng bei&ht. 

= 
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Rule 9 Continued 

£VALUATION FORK 

Part Dt_~T ■chnical Com_e,arbon 

StudJ tblel._PTl~rrr.;..P______Application Index1__!lll leference Hodel1_RAM;.;.;;"'-------

l•rortance Rating 
of Application 

Element ■ 

ClllTICAL 

Total 

0 

Niaber of 
BETTER 

treat•ent ■ 
COIU'ARABLE WORSII 

Comparative Retina 
of 

Study Hodel 

HIGH 6 0 6(5) 0(1) COMPARABLE 

MEDIUM 2 0 2 0 COKPARAIILII 

w,■ 

IIIU:L!VAIIT 

l 0 

_.,_ lXX 

Totel 12 (Should equal 12) 

1 

XXX 

0 

XXX 

TECHNICAL EVALUATIOtf COMP.ARABI.! 

9ua.d only in ambiguoue c ■•••• 



II 
Rule 932 1 

C, 6 CA.'ll'LE 61 IWiNA.-CIF?Oll>/1243 

In thl• txa111pl1, tb• epplicatioa of interest 1.rivolv11 tb• 11timatioo of 

one and cvency-four hour total suspended particulate coaceatratio01,from near 

,round-level ar•a •ourc•• vithia •a urban area located ia relatiYAly flatter

in tha aodaling literature, iOo• fot111 1a that ued ia thia example, and th• 

r•in• 

RA:-1. 

tl,e ~ppl.!.catioa index 1a 1243 aad the 1u11nted rehreace ■odd 11 

there are tvo forms of the Ranna-Gifford model which have bleea 
. ' di•cu•••d 

othar f o:-ai h und ia Exaaple 7, Appendill C, 7, the uHr ma:, ex.amine the equa

tions presented on the rever ■ e aide of ?art A of the Evaluation fon in th••• 

tvo exa~pl•• to •ea tha difference• betvaea tha cvo var1iona of tha modal, 

the lla1U1&-Gifford model ii aot available a■ a computer progra• accoe

panied by a comprebea•iva user'• ■anual, llather, the a,odel h11 been pre ■ eated 

aad diacus11d in a ,1rie1 of literature puhlicatioaa, three of which are cit.d 

on Part A of·the Evaluation Form, Coaaaquently, different uaera may 1mpl-at 

tbe method• of lia1U1& and Gifford in different vay ■ aad the ra1ulta obtained 

may aot ba ■ trictly ■■ id to have ari ■eu from the ■ am• al1oritlua. Ia thi ■ ex

ample it 11 111U1Ud that the equation• are applied 1eparat1ly to each of·• 

aaquenee of twenty-four bour ■, Th• referaaca model, RAK, work• in the aame 

manner. 

ThG Hanna-Gifford aodal ia claa1ifi1d Swempirical/Sequential (Steady• 

Stete) a~d 11 determined to be applicable to the aituation to be modeled, 

The importance rating• 1hova. oo Part I iacorporata three 110dification1, 

Chamiatry &ad reaction mechani•m haa·beaa de ■ i&nated aa DUlELEVANI'. Theim
0 

portance of plume behavior baa been chanaed from Mf:OlUK to LO~.on the •••ump• 
tioa that the particular aru aourca ■ in quaation do aot give ri•• to ■ ipifi

cant plume riae. Alao, aiace the 1ource1 are aear gro111Sd•l1v1l, there 11 no 

ne~d to conaider dowva1h and !umi11tion, Finally, the iaportance retina of 

horizontal diaperaion lua b•en changed fro■ HIGH to KEDitnf due to the fact that 

only area aourcn are ,·i inten ■ t in thi ■ case, The modified rating correapond ■ 

to the ratin! for horizontal dhperdon in application nuaber 1223, vhicb ln

••olve1 area 1ource1 ::oaly, 

Part C &ivea th• trut:JM1U,ta, 1.■iportanc• ratin&a, and compari ■ on ra1ult1, 

It ■ hould ba noted that tbe treatment• by RAM, the reference 1110dal, of tha 

vuioua aspecta .:.,r u.ch .i-t tbat deal with point 1ourcea haTe been Ollitted. 

?be•• tnatJHat ■ are irralevut 1n thi• particular applic ■ tioo aod are aot con

aiderad 1a NltiJla the n-aluatioa, 

Both llAH and the Bamla-Cifford IIOdel mak.a use of ■ iailar method• for 

eatilllatin& total ar.,. 1ourc• contr1but1oaa aod tbia ai■ilarity ia reflected 

1a th~ treatm&nta of 11&117 of the applicatioa al..nta, Sipificant diffareacea 

in th,. IIOdela occur, ~•r, a■ a re ■ult of dUferencea in th• 1.apl-nta-

" - ...., 

Continued 
tioa of thue aiailar metboda, Navertbele ■■, 'the initi&l coa;,arative evalua

tioll of th• Baona-Cifford IIIOdel ii COMPAIAMZ, baaed oa comparable trut ■ent ■ 

of the three BICK-rated element,. It •bould be noted tbat for oaa of tba high 

al-t•• 1ource-receptor ralatioa■ hip, the Bann.a-Gifford mdal .,., rated COH

PAIAILE ■Ten though it a■ 1111M ■ ground leT■ l eai11ion1 vhila RAK allow• tha u,ar 

to ■ pacify aon-caro effective &111ion h1i1ht1, Ia th1 application of interest 

thia difference ia uaimport,at, ba:,uae the eai11ioa■ are knavn to be releaaed 

aur th• around, Ia other application•• in vhich it 1• kaovn tbat aoma or all 

auch 1■11aioa ■ effectively occur above around laval, th11 difference may be 

•1gn1Uc&At enough to ju1tif7 a WORSE ratio&• Thia type of dechioa can onlr 

be Nde by a peraon faailt.r vith the actual aituatioa of 1.ntere ■ t, 

Tba tvo KEDIUK-rated element, whoae treatment• by the l!.alus.a-Gifford 

model are rated WORSE are bori&oatal viad field and background, boundary and 

initial coaditioaa, Tba treatment of horizontal wind field by the eaa.n.
Gifford model 11 rated l«llSE, bacau ■ e oaly ■ ixteen po11ibla rind direction• 

are uaed vherua UH accept• v1nd diractiona to the ne•re ■ t 10• and randomii•• 

th••• 10 that tha vind direction may corra,pond to any of 360 different value,, 

Tb• treatment of background, boundary and illitial condition, is rated WORSE, 

becauaa the Hanna-Gifford mdal doe, not treat the effect• of the upper boul\.,~ 

dar;y. A aecondery compariaon of COMPAIIAILI 11 1.adicated, becauae !or ,round 

le•el 1ourcc1.1ha affect, of the upp~r boundar;y aay not be felt for• aub•tan

ti&l diatance dovnviad, dependlll& on the depth of the miaed llyer and the vi.ad 
apeed, 

The aubataatial number of MmillH-rated elnent• that arc treated WllSE 

b7 Bruma-Cifford to1athar vitb th• relatively aaall number of RICB-ra,ed •l

-ta and the ab1ence of aay BIGS or KEDlUN-rated •l-ta
0 

tbat ara treated 
mt!ll provide• adequate juatificatioa for 110dUyiag the coaparativa .,.,lua

tioa fr011 CCIG'AllJIU: to WOllSI 111 tbia applf.catbn, The trHtltffltl of th• LC,11-

rated element• aupport thi• :aodificot!on although little vei&~t 11 ■ tta,hed co 

tha, The appropriate techaic1l evaluation of the Hanna-Gifford :xidel in appli
cation 1243 1, therefore WORSE, 

l""'."t""'., .. ·,-:J I· ·11 Ir :1 ., ., .,r- - ., F .. -~ r 
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Rule 932 1 Continued 
APPllCATION ClASSIFICATION FORM EVALUIJJOlf FORM 

INDEX l'•rt AL_Abstra_ct and Reference~NUMBERS 
Stud.L..KQde_l: !wma-G1ffordINSERT APPROPRIATE 

NONE NUMBERS IN THE 1tefereucu_1 N&IUla, S.I., "A Sillple Method of Calculating D1•per,1on frnBOXES PROVIDED: Urban Area SourcH." J. A!r PoUutio11 Co,1tri,t A11111., 'fol. %1, 
1;0, 12, PP• 774-777, Decabtr 1971, 

EJ 
Gifford, F,A., aad S,l. S.nna, "Hodelina Urben Air Pollution.• 
A~-,iii6i-t0 l>nri~t, Vol. 7, PP• 131-136, 1973. 

Gifford, r.A. arul S,l. Hanna, "Urban Air Pollution Kodel1Jlg," 
P•per No. H!-3:0, rroc, 2nd International Cle3n Air Congrea,, 
~••hiilgtoo, D.C., pp. 1146-1151 (December 1970) • 

Abetrect1 · The Baana-G1fford 110del 1a an area eource model baud upon 
the ••--pt1oo of a Gaua•ian pollutant d1•tribut1oo la tbe~ verticel and u•illa the aarrov-plu•• approxllllatioo (bo,ao
geaeou• •iu.lon• 1n the crosswind direction) 1a tbe 
horlzootal direction. 

w 
EJ ~la11ificetton1 Seat•pir:lcal/S•f{'lential (Steadr-~t•t•) 

Applicatiu~ !ndex1 1243 Jtefereace Hodd1 II.AM 

APPlic,c;on Description1 Oil• and 1wutr-four hour coac ■ntratioo, of total 
,uspcided particulate aatter fr011 area 1ource1 f.o an urb40 area for a 
siven ?•riod, flat t•natn. 

into 

-...._ APPLICATION 
- INDEX F1r2F4E3I Hodel APfl1c~b111:,1 Applicable (!J Not Applicable 0 

A. POLLUTANT . 
CHARACTERISTICS 

B. AVE RAGING 
TINE 

C. SOURCE 
CHARACTERISTICS 

D. TRANSPORT 
CHARACTERISTICS 

PRIMARY_:) ~ CHEMICAL r ?'r. PHYSICAL 1 3 
CHEMICAL 8 PHYSICAL 

SECONDARY 

NONE S 
. / CHEMICAL 

6 
, PHYSICAL 

7 
CHEMICAL 8 PHYSICAL 

8 

LONG-TERN 

,..::.:" ' ' ... ·::,.. ,l 2 

POINT 

2 

3 

4 

COMPLEX 
SIIORT-RAN(;J~- I 

2 

SIMPLE 3 

4 

Fona the applicattoo index by tr•n•f•rrtna the four index nU111ber1 
the corretpondtna boxes belov1 

• 

-



EVALUATIO!f l'ORM 

Part A(reverse)1 

' 
Equations 

Study Model: iwma-GUfOl."d 

Equation•: 

X • ff ,;_ J•q(x) dx llarrav plume approdmation, ground 
I' • o a& lnel -rcu. 

EVALOI.TIOI FORK 
~ 

C1' 
::, Part B: Icportance R.atir.3:: 

C:-+J 
C: 

Application Iadex: 1:!43 

0 
~ 

Application 11!,portance ltuing 

~- lleaient Iuitial Kodifieda 

CTI 

.... 

~ ;t 

~ 

Ff, 
'.i. 

ll 

l 
J 
~ 

r. 
I 

ii 

• ~ 
~ 

~ ... 
ii 

I 
'-

! 
,. 

Cl.I 

::, -c:: 
Source-Receptor l.elatlouahip 

!'aiuion !lat• 

M 

K 

K 

K I 
Co111J>0sltion of E:uuions L L 

Pi~1H Behav~r 

Boriz:onta! l:tnd Field 

B 

K 

LI 

K 

f. 

£ 

"u:ical li!iDd Field 

8oriz:ontal Diapu-aion 

Vertical Diaperaioa 

Cheaiatr,- and luc°cioa Kaclwlisa 

Phydcal a-.&1 Procuau 

-L 

B 

B 

L 

L 

L-

Kl 

·• 
I I 

L 

I 

; 
I 

t 

lacqrouad, Bouadar.,, Initial Colllditioaa I( K 

Temporal Correlatioaa K K 

'with the exception of the dedgnacioa of IRBEU:VIJIT elsents, 1t is expected 
that at moat one Clllnc.u. das1gnat1oa aad poaaibly oae other IIOdification 
-yb~ 

( 

= 
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EVALUATICN FORH 

Part c: Tre•t-nt of El<e!lenta 

Application Index: 1243 

A llcatlon Elemenc1 Source-Rece cor Relationahi 

&eference Hodell II.AH 

Tre.at.aent I 

Ar•a aourcea defined a• aquar• cell• (or ault1-
ple ■) in a rectangular array; up to tbree effec
tive releaae h•ighta (for u • ~•/•ec) uaer
■ pecified; aidea lie along «rid boundary direc
tion•. 

Arbitrary receptor location• - all at the•
height abov• (or at) ground. 

Flat terr¥in ¥&awaed. 

Downvind dlataucv calculatad for point• along raya 
vhich interNect area 

Study t\>del 1 

h,portance hting: 

Coapa rat1 ve Ev.ilua t iOG: 

TreatMnt: 

aourcea. 

Hanna-Gifford 

KEDIUK 

COHPARABU! 

Area aourcea only, •quare calla in a rectangular 
array. 

&eceptora and aourcea both at ground level. 

Eacb receptor aaa....S locatad at center of a grid 
aquare. 

Flat terrain aaauaed. 

11cation Ele...,nt: 

RAM 

Arbitrary constant e■iaaion rate for each area aourca. 

Area ,ource contribution ■ obtained by numerical inte-
1ratton ■ long upvind diatance of narrov-pluae 
approxiaation foniulae·for arer ..ourca vith given 
effective releaae height. 

Include ■ only those areaa 1nteraected.by the upwind 
ray. 

tudy Hodd: Hanna-<:1tford 

la,portance Rat.ing: MEDIUM 

parative £valuation1 COHPARAllU:: 

Nat-t: 

Arbittary cODatant eaiaaion rate for aach area ao&rca. 

Area aource contribution• obtained by analytic inte-
gration along upwind diatanc ■ of narrc,,,,!.pluaa 
approxiaation fonaulaa for area ■ ourca at 1round 
level oriented perpendicular to vpvind direction. 

lncludee only grid aqu.area directly uJNind of 
receptor • 

Emiaaton Rate 

EVALW.nON FOAH 

Part C: Treataent of Ele■ent• 

Appllcatioa Index: 1243 

•',•tl!:_c-'Uj•'!! ,!':le..,.nt: Com oaSttun of Elllia ■ ion ■ 

l<Atfer,.nce tbJel: RAH 

Tre.it-nL: 

:u..,1e rc.;-r .... ..:otati'lllil pollutant only; uo treat
aent uf aice Jiatribution. 

Study tbdel: Hanna-<:ifford 

l■porcanca &.stillg: LOW 

Co■parative EvaluaUon: COKPABABIZ 

tr...t-nt: 

Single representative pollutant only. 

No treot..,nt of aice distribution. 

A 11cat1on Element: PlUDle Behavior 

laference ttodal: llAM 

Treat-■nt: 

No plume rise calculated for area 50urce ■; ■■ suaed to 
be illcluded .in releue height. 

Fuaiption, downvaah not treated. 

lluoa-G1fford 

LOW 
rative EvaluatiOD; \IO&S! 

Not treated explicitly; effactive release bei&ht 
aaauaed cero. 

P\DigatiOD, dovnva ■ h aot treated. 

J ( 
, 

., 

7 



IVAUIATICIM PURH 

!'.!!L':.!_ __Tro ■ t-ut uf r.lo•a•ll• 

AppUc ■ tioa lndo,u 1243 

; 
lication Eleacnt: Hori&oatal Wind Field 

l.cfarence Hodel: llAM 

Treatment: Seaiempirical/Sequential (Steady-
',. State). 

Conatant, unifora villd apeed and direction a ■■ uaed 
for each of a aequence of hour ■• 

Arbitrary viad ■ peed• and direction valua ■ to 10• 
input by u ■ er; direction ■ randoaized by addi
tion of (n - vitb n •rand-integer tr11114) 0 

cero to nine. 

Wifld apeed 1■ eodified to corre ■ pond to value at 
rele ■ ae height. IIOdific ■ tion dependent only -
■ tability cla ■ a. 

efereace MJdel: It.AM 

re•t-nt: Se11ir.mpiric ■ l/Saquaotial (Steady-State) 

Aainmed equal to &ero (implicit). 

"'O 
(I) 
::s 
C 

+J -... 
N 
M 

°' CJ 

::, -
~ 

Study MJdel: Haana~iCford tudy Hodel: Ka1111 ■~1ftord 

l~rtance Rating: HEl>lUM Importance l.ating1 LOW 
eo,....ratlve £valuation: WORSE Coaparativ• £valuatioa1 COHPAIU.BLI 

Tra ■ c-nt: s-t-i,1r1ca1/Sequential (Steady reatMnt: Salliaapirical/Saquential (Sta ■ dy-Stata), 
St.atca). 

Aa11-4 equal to zero (i ■plicit), 
Coaatant, unifura wind ■ peed, direction ■ a ■-.1 

for each o( a ""quanc:e of hour11. 

Wind ■ peed arbitrary; Viad direct101' tHtricted 
to one of 16 equally ■ paced direc.ttoaa. 

EVALUATION R>RK 

Part C: Treat■ent of EleatenU 

Applicatioa Index: 1243 

A ltcatioo Element: Horizontal Di e ston ltcatiun £le1:1eat1Vertical Dis er ■ tcm 

l.eference fobdel: RAM ference Medel: 1AM 

Tre ■ c-n~: Semiempiric ■ l/Sequential (Steady rreata,ent: Semieapirfcal/Sequential (Steady-State), 
State). 

Caua ■ ian plUllle function aaau■t:d. 
"8rrov pJiac approximation for area ■ ourcea; 

bori&ontAl diaper ■ iou not treated explicitly, Atmoaphcric ■ tahfltty divided into aix 
Cifford) fl& ■ ae ■, detenained ™>urly. 

(ra ■quill

Dlaper■ ion coefticianr ■ tr- Turner (1969) or Ncllroy 
and Pooler (1968) at u■ ar 1 • opt1on. 

Surface l"O\lghneaa IIClt treated explicitly. 

Study Model: Hanna-Gifford 

1-..ort,mce katin11: KmIUM 

Cil>tlp~rative tvaluat101l: COHPARAm.E 
0i."r..at-nt: SVtliHlpirical/Sequential (Steady-Sure), 

llolrrow plu,..., •rp,·oxiMti.:in; hori.r;ontal diapera!on 
1141t tr~Mled exvlicitly. 

11auna-c1ffurd 

HIGH 

rative tvaluatioa: COHPAJVJIL! 

reat-nt: Seaieapirfcal/Sequeatial (Stead:,-State), 

Cau ■■ iaa plime function aa ■1aed. 

Atmapheric atability divided into claa ■ea (Saith 
1968). 

Di ■per■ ioa coefficient a • axb vith a,b fr~ Smith 
(1968) or artgg ■ (197lf. 

Surface roughnesa aot treated explicitly. 

{ 

= 



.. 
t:VALW.TION ?ORN 

Part C: Treatment of !le...,nt ■ 

Application Index: 124).. 
Application flement: Physical a .. moval A licat lon Element: Back round Boundar 

l•ference 1-'<>del: RAK 

Treat-at: 

Exponential decay - firat ord.,r (11.Dear) 
procuaes. 

Single, conatant u■ er - ■ pecified decay con■ tent. 

Study lbdt:l; H■ Ma-Gifford 

Iaportance Rauag: LOW 

Comp6rativ., Evaluation: WJI.SE 

Treataeat: 

Not treated explicitly. 

~ 
41 
:::, 
C: ... ·-
C: 
0 u 

•'J'.£_11Mth•!!!:!.:.-,,t; 

ConJitionsReference Model; RAK 

Treetaent: Dnckground not treated explicitly. 

Both upper and lover boundaries perfect reflection. 

1) Neutral end unstable condition•: ■ ethod of mul
tiple iaagee treated by swmution of infinite 
eerie• ~ntil oz• l.6x(mtxing height); unifora 
llixing as ■ umed thereafter; _ 

2) Stable condition ■: ■ixing height a ■ e11111ed to have 
DG effect. 

Mixing height for given hour obtained by.interpola
tion of radio ■ onde data. 

StuJy Hodel; HeMa-Gifford 

I ■oportaoce· hting: MEDIUM 

Co■p■ rattve Evaluation: IK>RSE (COKPAllABLt) 

reac-t: 

1 Background: eiagle additive con ■ tant. 

Lover bou:idary: perfect reflection. 

Upper bouadary1 aesuaed hi&h enough to haYe no effect; 
at.oepheric stability a ■■ umed coa■ taat to above the 
the plua ■ height. 

EVALUA'tJON FOIUI 

¥art C: Tr., ■ tment of F.leMeats 

Application Index; 1243 

Tl!m onl Con:-elatione 

kch:rea.i:1: :-l:Jd: RAM 

Tleeta:nt: Scqueuti&l. 

User auppLie• lwurly value ■ of vind ■ peed, vind 
dlc••-ti1>n, 11ixing height, &nd other 11eteor
ulogical v~riablea required for deteraination 
of ■ tahility claH and plume ri••• (Correla
ti~n~ autoa,atic.) 

EaiHiua ro1Le• coaatant. 110t correlated vitb 
ot111,r par.uietera. 

Hanna-Gifford 

l•rurlaucll ll.itin11: Hl::llt\lM 

,:....,.1r11l lvc- t:v01luac1on: CUKP.AkAIILE 

Tr'1at.,nt: SttqueatJ ■ l. 

HourlJ valut!a of viad epeed. direction, atability 
auppli!!J by uaer. (Correlatioaa automatic.) 

Ealaaton rare ■ conataac; not correlated vith other 
paraaetcr ■• 

A Ucation Eleaent: 

Reft!reace Mi>del: 

Trutaent: 

One lllB.ELEVANT element: 

•Cbeiaiatry aud Reaction Mechaaia■ 

Study fbdel: 

I-a,urtance Ratin&: 

Coaparative ·Evaluatioa1 

reataent: 
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Rule 932 1 Continued 

EVALUATION FORK 

Part D1 Technical Coat..J!.ariaou 

Appl1cat1oo lodex1_1_2_4_l___-+--- leference Kodel1__RAK;.;..;..;...._____ StudJ KDdel_H&nna-CUford 

Iaportance Rating 
of Appllcetlon fflllllber of Treatments 

c-parat1ve lllatf.n1 
ef 

!luente Total BE'ITER COHPARABL! WORSE Study Hodel 

CUTICAL 0 

RlGH 1- 0 

K!Dl!IK 6 0 

LOW 4 0 

IIUl!UVAIIT 

Total 

1 

lZ 

XXX 

(Should equal 12) 

I 
I 

II 

1 0 

4(5) 2 (1) 

2 2 

XXX XXX 

ttCHNlCAL !VALUATION 

COMPARABLE 

WO!lll 

VOR:!J 

'1 
'I· 

·,,_,,,.~• 
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Rule 93_2..1 Continued 

I 

. C. 7 EXAHPL.E 7 I IWINA-Gll'fOIUJ/114 3 

The application of iaterut invol•tes the e ■ ti.mation of lor.g-:-term groW\d• 

level tot~l 1u1pended particulate concentration ■ ariaing from near around-level 

1rea 1ourca ■ in an urban area located ia relativ1l1 flat terrain, The applica• 

t1on 1ndu: is 1143 and t~• 1ugge1tad raferance model 11 CDH, 
1 

As axplaioed in !x&JDple 6, Appendix C.6, two forma.of d,e llaane-Gifford 
1 

110dcl have beea di~c~a1ed ia the referencH given on Part A of the Evaluation . ' 
fona, .One 'IU uHd io Example 6 and the other 1 ■ u ■ed in tbh ·e>ta11ple, Al•o• 

am pointed out ia Ex.ample 6, th• Hanni-Gifford model baa been pre1cnted in a 

1eries of literature publication ■ rather than 1n a ua•r'• uaual accompanied 

',y a coa,ru:er c:>d«. A• • result, the ia,plement.itioa of the Bann.i-Gifford model 

in a ~peci:i= application may depend to some extent oa the user, In this e.x

..:1plc the ~rocedure uaed by II.Inna (1971) ia considered. 

Th• Ha:ina-Gifford modal 11 claa ■ ified Semiupiric:al/Climatological 

(St~adv-St~:e), The climatological cla1aification aee1111 mat.appropriate, 

•ince a.cl.LJ11atological average wind ,peed ia u•cd in the equation, even thouah 

thia Cot'lll of the 110del doe• not appear to ex,ictly corre1pond to the definitiou 

cf a climatological model used 1n thia workbook. In fact however, the equation 

used in thil example may be derived from a cliui.:itologic:al veraion of the other 

foni of the D10del given cartaia aaaumptiona regnrdiag the nature of th• 1ta• 

bility-wind ro1e used, Th• Hanaa-Gifford model ii determined to be applicable 

to the aitt.Utioa to be model~d. 

T\io modification• have been made ia the importance ratings. Cbemi ■ try . 

and reaction mcchanin ha1 been lated IlUUl.EVA?.'T, ind the 1mpdrtaact rating 

of pl_um• behavior hH baen changed fro11 MEDIUM tu LOW due to :ha auumed nature 

of th• area aource ■ in qua ■ tion, as in the previou1 eX&lllple~ 

The iworkin1 equatioaa 1r1 aiven on th• reverie 1ide of Part A ind th• 

treatment•, illlportancc rating1, aad co■FAriaona are given on ?art C of the 

Ev~luation Form, The treatment• by the reference model (COM) ~f poin~•~ource 

nl&ted upecta :,f otach element have bua ,:,aittc-:! u th•:, a=• irrelevant •.n 

this application. 

Only one element, vertical di•per1ioa, 1• c~ted £a ~•i~i ~r H;r.H 1~

pottance in th,h .ipplication and the trut:iient b)I' thil f.-irm ,>( thf: :,.1:i.:r,

Gifford 110del i■ cou1idared WORSE than that used b1 CDK, becau•• only one 

1tabilit1 cl••• {neutral) 1• conaidered,· Bad the model been implemented in 

a •lightly different way, thi1 particular aapect of the treatment could have 

eaa!ly been 1110dificd. A ■ econdary coaipariaon of COHJ'ARAIL.E i• indicated, 

because ututrol 1tab1lit7 1• indeed expected to occur 1110re frequently than 

aa7 other iii an urbaa area. A. uaer f&llliliar vith th• 1pecif1c area to be 

mod 'J 1n tbe b••t po•itlon to judge the adequac1 of tbia trcatw:nt 1n 

that ar••• Other aapecta of the tvv tru~t• of vertical di■per■ioa ■ra 

comparabla. 

The treatment ■ of the MEDIUM-rated alement ■ ■ hov a definite biaa tovard 

·a WORSE ratin1. The trutlMnte of elli•eion rate end horizontal di■ per11oa are 

ratad definitel1 COHPAIA!t.E, and the creat11ent of ■ource•receptor relatioa ■ bip 

1• rated COKPARAJIL! altboup vitb a ,ecoadary ratin& of WORSE due to the treat• 

aeot of only th• oae &rid •qaare cont&iniDg th• receptor, Tho validity of 

tbi ■ procedure ia.rel■ tad to the ■ pac1al variability of the amta ■ ion rate• for 

nearb1 grid •quara ■, vhich in turn depead1 in pare oa the ■ ize of tbe &rid 

■ quare ualld. Tb• crut11e11t of horizontal vi.ad field 1• rated wor.sE, aa 1■ the 

treataeat of backgrouad, boundary •Dd 1.nitial coaditioa ■ &l.thouah for thia 

e.lemont ~n a ■ econdary ratiJi& of COKPARABL.E 1■ indicated. The uncertainty in 

th• compari ■ oa for becksrouad, boundary aad initial conditions arises ~ecause, 

althoush th• Hauna-<;ifford aod•l doe ■ aot treat effect• due to the upper boun

dary, th••• effect• u1 aot be illportant for 1round level ■ ourcea &t short to 

mderaca raage.'depend1.ag 011. the depth of the mixing layer, Of the tvo uacer• 

Cain ratiaga, the oae for background, boundary aad iaicial coaditiona ia cou-

1id1red the 1reacer, aad the diatributiou of treatment• for KEDIUH-rated ele• 

•nta.which deaerve the IIOIC consideration are 0,3,2 aad 0,2,3. 

The reault• for th• MEDIUM-rated element• cl••rl1 aupport the initial 

rating of WORSE •ad tbe LOW~rated el•-nta al,o ■ upport thi ■ rating, TI,e 

appropriate tcr.huical evaluation for tbia form of the llanna-Gifford 1110del 

ia therefor• WOllSE in th1• application. 

•. 7 

_.,..· 

"·>'1:" ~ 
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EVALUAnoK FORKAPPLICATION CLASSIFICATION FORM 
INDEX !'_art _Al Abstract and JtefenacuNUMBERS 

INSERT APPROPRIATE $tllAly Hodell Haaaa-GUford 
NUMBERS IN THENONE 
BOXES PROVIDED: bfereacea1 Hanu. s.a., "A Sillple Method of Calculating Di1per1ton fro ■ 

CHEMICAL Urban Area Source••" I. Ai~ Pol:utio" Co"trol A••"•• Vol, 
21. No. 12, pp, 774-777, December 1971. 

EJ 
c,.J:n, .... ,.,c{ 

\ SECONDARY 

k' PHYSICAL • ~ 
Gifford, r.A., ead s.1. Ra.aaa, '"Modeliag Orban Alr Pollu

CHEMICAL 8 PHYSlCAL tioa." AtJnoqh•rio .l!)nnro"",a,1t. Vol. 7, pp. lll-136, 1973.
A. POLLUTANT 

CHARACTERISTICS NONE Gifford, r.A., aiid s.a. llaDD&, "Urban Air Pollution tlc>del5 
taa." Paper No, KE-320, Proc. 2nd International Clean AirCHEMICAL__,;===-----1 Coaar•••• Vaabtaaton, D.c., pp, 1146-U51 (December, 1970).{ 

DUVC:ICAL
"'-------7 

CHEMICAL 6 PHYSICALS 

~.!:!?._NG-TE!!!_) ID. AVE RAGING 
TIME SHORT-TE RU Abnractt th• Banaa-Gifford aodel 11 aa ,ru 1ource model baaed upon2 ~ th• •••umption of• Gauaaiaa pollutant d1.str1bution ta the 

vertical and uaina th• aarrov-plume approximation (homo
POINT aeaeous eadssiona in the cro1avf.nd direction) tn the hori-I 

EJ 
zontal direction. ~ 

2 
C. SOURCE ~ LINE 3 

CHARACTERISTICS 
~DI r /r"UIIII~ 

4 

ICOMPLEX <LONG-RANGt 
o. TRANSPORT Cl~•dtJ.catioa1 · Se■ieapirical/Clillatoloaicd (Study-State) 
CHARACTERISTICS 3fei~' 

2 w 
4 Application Indexl 1143 Reference Hodel: cmt 

Fora the application index by tran1ferrin1 the four indu nu~bers into Application De1cription1 Long-tal'II around-level total 1uapended particulate 
th• correapondina box•• belov: concentrations fro■ au~ sround•level aru sources in an urban area, 

.___~ APPLICATION 
INDEX 

... F1 F1 EE, Iq 

. . . 
Hodel Applicablllt:71 Applicable ~ Not Applicable 0 

-
,. 

~-
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Rule 932 1 Continued 
EVALUAIION FORMEVALUArtOJI FOIIM 

Part A(reverae): Equations tart 81 Importance btinga 

Application Indai 1143
Study Hodell Baun.a-Glfford 

Q 
Application I■2ortance it.ting~~· 

X • C ...!!. El-eat Initial XodUied8 

u 

with 
Source-Receptor Relati~bip K KX • ground level con.centration 1A a &iven grid aquara. 
Ellliuioa bte K KQ • tmisaioa rat• par unit area in th• ■ am• aquare.

0 Co■poaitioa of Ellll1111one L Lu • aver•a• vind speed over th• period of intereat. 
Pluma Behavior · K L /1-b 

C • ff( 2lf+ldx) 1 Ror:uontal Wind Field · )'ii 2 .0::U M H' 
Vertical Wind Field L Lvith 
Bori&ontal Diaperaion K HN • 4 

Vertical Diaparaion R RAx• arid apacins (■etara) 

Chmht~ aad Reaction Kechanim L I/a• 0,1$ ■atara1 -b 
Pb7aical Removal Proc,,a.. L Lb • 0,7$ 

hcqround• Boundary. ta1tial Cond1t1ou . (a and b conapoad to parameter ■ fa the repre1aotati.oa of tba K H 
••rtical diapuaion coaffici111t1 

ta■poral c,rrelatioaa L L
b a •ax,

1 
-With the azception of the deaignatioa of IalElZVANT a.l.aanu, it 1a upacted

Tbe v ■ luea are thoH recoamended by H,!. Saith (1968) for neutral that at ■oat on, CllITICAL deaipatioa and poa ■ tbly one other 11odUicatioo 
at.ability,) ~7 b-.--;.a.. 

, ...~. 

I· 

ji,(-" 
1: 
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!VAUIATION FORM 

Pa~t Ca Trea:oent of !le11~nt• 

Application ladex~:~l~l~'~l___ 

i 
~~-!.':.!!.!.<>..!1..!il"•<'nt: Source-Rece tc,r Relftt lonahf 

llcf11r11nc• Hudel: CUK 

Trc•t-nt: 
Area ~9urc.,s inte;ral multiple ■ of baaic grid 

a;qu.re. 

11.aceptor location arbitrary. 

Arbitrary relea ■ e height ■ for area aourcea. 

Preci ■ e aeparation for each ■ource-receptor pair. 

Receptor ■ are at ground level. 

lo terrain difference ■ betveen aource/receptor. 

Side ■ of area aourcea lie along grid boundary 
directions. 

llcstic,n F.le-nt: 

efereoce tbdal: CDH 

r 
\ 

Arbitrary e■i■ aion rate for each area eource. 

Area integration■ are done nU111erically one 22,s• 
aector at a tiNI aaaapling at diacrete point ■ 
defined by specific radial and aagutar intarvala 
on a polar arid centered on the receptor. 

Day/ni~ht variation ■ in -iaaion•• a ■- variation 
aaaumed for all aourcea; no other teaporal varia
tion. 

Study 1-bdel: Hanna-Cifford 
l■purtauce it.ting: MEDIUM 

Comparative Evaluation: COt!PA.RABL! (WISE) 

Treataent: 

Single aquare. ground-level area 801.lrce over vhich, 
-1aat,ma are approximately unifoni. conaidered 
for Mch receptor. 

Arbitrary &rid •f~e. uaar-apecified, 

Cround-levul receptora, located arb1.trarUy within 
■ ource •re•·· 

Flat t11rr1tln 
~ Area aourceacu 
::, 
C: .., -
C 
0 r • 

' .
O'\ 

cu 
::, -

aa ■ uaed.-

aqware cell• 1n ueer-apeci.fied &rid. 

lication Elem nt: Co■podtion of l!llliHtona licatton Element: Pl- Behavior« 
lt4fereAce Hodel: CDM 

I 
Treatment: 

Treat• up to tvo independent ~ollutant■, 

EVAUIATION IOIH 

Part C: Treatment of Elements 

Application llldeu ll~ 3 

Study fbdal: 

faportance llattng: 

Coaparative Evaluation: 

Treata.11t: 

lndependent pollutant ■• 

Ha1111a-C1fford 

LOV 

COHPAlABL! 

treated one at a time. 

tudy tbdel: Hanna-Cifford 

l■portaace la ting: MEDIUM· 

Co■parative Evaluation: COKPAR.UL! 

reat-t: 

Siqle conatant e■iaaion rat• for th• ·aource area. 

Area .-rca contribution obtained by analytic 
inta&ration along upwind direction of narro
pl- approxi■atioa foraulaa for cround-1eval 
eource, 

Reference Hodel : cm( 

Treataent: 

Ho'plume riae calculated for area aource ■• l>oea not 
treat fumigation or dovnvaah. 

Study Hodel: Kaana-Cifford 
Iaponuce lattnc: LOV 

Coaparative Evaluation, COHPAJI.UL! 

Tnataeat: 

Kot treated explicitly; effective raleaaa hei&ht 
aaauiaed zero. 

Doe ■ not treat dOVDVa ■ h or fuatgat10Cl. 

t 
' 
I 
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EVALIIATlON FORM 

Part C1 Treat..,nt of Ele..,nt3 

Applfcation lndex:._~1~14_J__ 

~• ,t le at ion Element: ~rhontal WinJ Held 

Kcforenca !Ldel: CUK 

Trcataeot: Cllaatolugical. 
" 

16 vind directiooa. 

6 wind Mpc~.J claaMee. 

Vh.J 11pc11d corrected for relea ■ e height baeed on 
povur luw variation; exponent ■ fro,a DeKarraia 
(l~S9). Slab111ty claa ■ dependent. 

Con11tant 0 unffor• ( ■ toady-atate) viod a ■■ oaed. 

Study tbdel: Hanna-Gifford 

ll••ortance hting: MEDIUM 

Co■parative Evaluation: WORSE 

Tr..c-nt: Cliaatological 

OnJ.y average wind epeed in area of intereat ie 
cou ■ idered. 

No variation of vind epoed vith height. 

• 

A Ucat lun Eleracut: Vert lcal Wind ►-icld 

Reference tbdel: CDK 

Trutaent: 

Aa-d equal to zero (i ■ pl1c1t). 

StudJ H>del: llanna~ifford 
laporunce Rat1ng: LOIi 

c-parative Evaluation: COKPIJIAJLE 

'fnat■entl 

Auoaed equal to sero (i■plicit). 

EVALUATIOlf FORM 

Part C: Treat-at of Ele.,enca 

Applicatioa Index: 1143 

A lication Eleaant: Horizo 

leference Kadel: CDK 

Tre■ taent: Se:aieiapirical/Clil:l.ltological (Stead,
State). 

Unifo?'lll dietribution vithin'.each of 16 ■ ector ■ 
(aector averaging). 

· Averag1n& ti■e • oue aonth -to one year. 

Ataoepheric ■ tability aad eurf ■ce rouahneee -t 
treated explicitly. 

Study Hodel I llaau-Gifford 
l ■pc1rtaaca lati11g; MEDIUM 
Coaip ■ rati va Evaluat.iOlll COHPIJAILE 

TreatM11t1 SeaJ.-.pirtcal/Cli..toloaical (Steedy
Stata), 

Karr-pluae •ppruxf ■atioa; borJzoatal diapereioa 
-t tre11totd explicitlyj 

Treataent: Seaiempirical/Cl:1.catological (Steady-State). 

GauaeUD plume function ae ■ umed. 

live atabilit7.claa••• u defilled by Turner (1964), 
neutral atability eplit iDto day/night ca■e■ • 

Di■ per■ i.oll coefficient ■ takan froa Tunu (1970). 

Area ■ource■ - ■tability cl.a■■ 1■ decrea■ed by one 
category fr- input valuea to •-t for urban 
effecta. 

leutral di ■per■ ion coeffkiut■ are uaed for all 
D8Utr■ l and ■ tabla cl•••••• 

Surface rou hne ■■ not treated 11c1tl 

Study Model: Banaa~ifford 
l■portaDCe latin&I BICK 

Co■parative Evaluation: WRSE (COKP.U.UU:) 

Trut-t: Seaieapirical/Cliutological (Steady-State) 

C.ueaian pl- function a ■a-.d. 

Sin&le atao ■pberic ■ tabilit)' (neutral) con■ 1dered. 

Di■ peraio11 coefficient a- • ■ xb • a b fro■ Saith
(1968). s • • 

Surface rougbnee ■ aot treated explicitly. 

I 

, 
' 

., 
i 

' ..i 

1 
... 

"'C 
cu 
::, 
C..... 
~ 
C 
0 
u 

1 



EVALUA'!'lOH fOIIH 

Pa rt C: Trea tmerit of El eaent• 

Appltcatiun lodax:.~l~l4~J~---

~lcatlon Ele•ent: Ph a teal Reaoval 

keference lt:Jdel: CON 

Treatment: 

Treata only firat-order (linear> procesaea. 

Single, co_natant user-auppliad halflife ueed -
exponential decay. 

Study tbdel: llanaa-Cifford 
ll!pOrtance Rating: LOil 

Coaparative Evaluation: WORSE 

Treatment: 

Hot treated explicitly. 

'"O 
CV 
::, 
C 

+I -
C 
0 
u 

' Part i;s 
I 
C. Application lndex:....:;;1~14~3'----

~I A 11cation Element: Teaporal Correlation■ 

lefereoce Model: CDK 

Treatment: Wind speed, direction, atabilit7 
correlated via wind roae, aixing height 1a ad
justed according to stability claas1 

Claes A - 1.~ x afternoon climatological value; 
C1-a D (night)• average of ■oruiag and aft•~ 
D001I cliaatological value ■, Clea ■ I• aoniag 
cliaatological value. 

l!aiaaloa rate■ I day-night variation alloved1 all 
NUrcea aaau■ed to vary by 1-■e factor. 

Nan-■ "'!uential (cU..,.tological) Ul'lited corre
lation. 

Study H:>del: llaaaa-Cifford 

l■portaoce Rating: LOW 

C..parat1ve EYaluatioa: WORSE 

Treat-at: 

Correlations not treated explicitly. 

A lkatlon Ele-.it: Background, lloundary, InlttaJ 
Condition•Reference Hodel; CDH 

Treataentl 

Input siagle conatant background value for each 
pollutant. 

Lover bouodary (ground); Perfect reflection. 

Upper boundary (aild.ng height)! Perfe~t reflec
tion. 

!lo effect until vertical di■per ■ion coeffict-t 
equal ■ O. 8 of aildr.g height, unifot111· vertical 
llixiAg usuaed beyond thi.■ point. 

Study lbdel: tlanaa-<l ifford 
laportant:e lating: KEDIUH 

CoapautiYe !valuation: WORSE (COHPARAJIL!) 

Treat•nt: 

·Back1rouad1 singla additiva coa■ t ■at. 

Lower bouadary1 perfect reflectioa. • 

Upper bouada-ry: Ao ■WHd high ■nough to ha~e no 
effect; atao ■ pheric ■ tabilicy aaa...d con,taat to 
aboTe the pluae height. 

IVALUATlOH FOIIH 

Treatment of Element ■ 

Reference K:ldel: 

Treat■esat: 

One DUlELEVANT element, 

o Chetlliacry and reaction ■ech■ni••· 

.a 

Study Nodal I 

1-.ponaoce &&ting: 

Co■paratift. lvaluatioa: 

Treat-t: 

( 
i 
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Rule 932 1 Continued 

EVAWATICft FOllH 

fart D: T~chnic•l CCl!D~artso~ 

Application lndex:...!!il Reference Hodelt,__c~n~H"------- Stud7 Hodal~H•n~-Cifford 

i 
l ■ portaoce Rating Comparative Rating 

of Applic ■ Uon Nu■ber o! Treatment ■ of 
Elea ■nt ■ Total BETTER COHPARABL! WORSE Study Hodel•· 

' 
CRITICAL 0 

Hlctl 1 0 0 (1) l (0) WORSE 

HEDIUK 5 0 3 (4-Z) Z (1-3) WOllS! 

LOIi 5 0 3 z 
... 

IRRELEVANT l XXX XXX m 
·Total lZ (Should equal 12) 

~ 

\_,,....,¥ . ~ 

TECRHICAL !VALUATIOlf WORSE 



II Rule 932 1 

c.a. EXAMJ'LE a, APPDII)IX J/6243 

Ia thi ■ ax.ample, the application iavolve• the e1tlmatioo of the perceat 

reducti~a of hydrocarbon emJ.1 ■ ioa• required ill order to achieve the Natioaal 

Ambient Air Quality Standard for photochemicel oxidant ia Saaple City,· a 

• 1110deratelr si&•d urban area located 1a ceatly rolliac terraiD. the appropriate 

Application Iadex is 6243 aa~ the •uaie ■ ted reference IIOdeJ 11 the SAI urbaa 

photochemical'1110del. 

Th• •tudy 1:10del 
0 

1J:1, thi ■ ·•UJDple 11 Appendix J, Appead1x J con1i1t1 of 

·a siaale graph of percent.hydrocarbon reduction again1t maziaum measured one

bour photochemical oxidant coacentration. Givea tho appropriate oxidant mea-

1ure ■ ent fro■ S111ple C1t7, the required percent reduction ■17 be ~eed directl7 

from the graph. the curve 11 baaed oa a aiaple rollback model ill comb1D&t1on 

vith an empirical "upper limit curve," vh1ch reprenat ■ the upper envelope of a 

plot of 111aximum daily oae-hour oxidant level• against 6-9 AM aoa-■ethaae hydro

carbon· levell, the data bdn1 accumulated from aeveral U,S, citiea, The upper 

lillit curve provide ■ ■ a approximate relation1h1p betveea oxidant le~el ■ aad 

precur ■ or (hydrocarbon) lev■ l• uader worat ca,e condition ■• The-appropriate 

clas ■ if1cat1oa of Appendix J 1a _therefore lollback/Statiatical, 

the equation ■ are documeated and Appendix J 11 deterained to be ■ ppli

cabla and the "applic.able" box of Part A of the Evaluation Porm 1a checked, 

Thea, 1D accordance vlth the in ■ tructioa ■ ia Section Z, the guidelines ia Sec

tion 7 ere coaaulted 1Dllled1ately follow1Dg Step 4 of the procedure, the cla••i

fic•tion of the 1tudy aodel a1 • Rollbaclt/S~atiatical model. It 1• •••um•d 

that an element-by-element eUl:lination of the approltimatioaa inherent 1n Appendix 

J co~p•red to the SAI model 1• de ■ i;ed. Therefore, Parca I, C, ~ad D of the 

Evaluation Form are filled out in the aame- 111aner as if tvo aimulatioa model ■ 

vere bein1 compared, 

With only oae exception, the elemeat-by-elemcnt co■puiaon• of Appendix 

J with the Sit.I model 1ad1cate that Appendix J i■ \IORSE, The dngle elc-at 1D 

which they are rated Co:n>AlAJLE 1• physical r111110val, vhich 11 not tre ■ ted by 

the veraion of the SAI DOdel used a• a reference model 1n th11 vorkb~ok, the 

technical evaluation of Appendix J la clearly WORSE. Thia ahould be interpreted 

•• ■eaaiag that tbe approximatioa1 that. ■ult b1 made to reduce th• SAI vorkin1 

equation• to the AppenJix J curve are detera1ned to be aot Ju1t1fied la thi• 

applic1cioa, ; 

Continued 
APPLICATION CLASSIFICATION FORII' 

INDEX 
N~ 

INSERT APPROPRIAT 
NONE NUMBERS IN TH£ 

I BOXES PROVIDED: 

zPRIMARY 
CHEMICAL 

PHYSICAL 

~ POLLUTANT 
CHARACTERISTICS 

CHEMICAL 8 PHYSICAL

~HEMICAL 8 PHYSICALS 

B. AVERAGING 
TIME 

LONG-TERM 

POINT 

C. SOURCE 
CHARAC fERISTICS 

O. TRANSPORT 
CHARACTERISTICS 

COMPLEX 

SIMPLE 

SHORT-RANGE 

Form the application 1adex by tran1ferrtng the four index number• into 
the corre1pondin1 box•• below: 

.____ APPLICATION E E2 Eq Fl I 

3 

4 

5 EJ 
G 

7 

z EJ 
I 

z 
3 [l
4 

I 

z 
3 ~ 
4 

IN DEX 6 

...
' ' . 

• 

~ 

,,....,- ."-
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Rule 932 1 

EVALUAilON lOIUI 

Part_)._;__ Ab ■ trai;_t and l~farenc:e-_ 

i_~~ Model,_1 Appendix J 

lefereace, 1 Federal le1i ■ ter lt Ho. ua. ~gu■ t 14 •. U71,. 

Air Quality Criteria for Nitro~cn Oxid••• AP-841 En
VirODllCQt&l Protection Aa•Q~y, Wa ■ hinaton. (Jaruary 1971),

' . 

Abt tract_: Appendix J 1• a ..thod for c ■ t1Jaat1ng th• perceat raduc
tloa of hydrocarbon ea1 ■ •1ou vithin an urban area required 
1n order to achiave ·the National Aabiant Air Quality Stan
dard for photochaicd oxidant 1n that area, The method 
ia baaed on th ■ u,c of ■ tmple rollback toaether vith an 
empirical relationahip between tha maxialua ob ■ erved oxidallt 
concentration and ■ea ■ urad non-mcthana hydrocarbon concen
tractiona, 

Clas ■ lf1cat1on1 lollback/Stati ■ tical 

Application Indax1 6243 Jteferenca Hodal'I SAI 

Applicetioa Deecription1 E•timatc percent reduction 1n hydrocarbon emia-
■ ions 1a given urban eru required to Met photocheaical oxidant atandard, 

.~del AeelicabilitI: Applicable ~ Not Applicable D ... 
; 

Cont;nued 

IVALUATtOII FORM 

Part A (ravar ■ c): Equation• 

Studt. Hodd_: Appendix J 

E9.uat ion• 1 

X..X - X.tdPercent hydrocarbon emia ■ ion reductioa • ---------- x 100 x..x 
(A■ auaaa zero background hydrocarboQ concentration), 

X..X • nonmathana hydrocarbon concentration a ■ -oc:1ated vith t.ha 
ob ■ arvcd maxi- oxidant level, 

no111Uthana hydrocarbon concentration (0,24 ppmC)X.td • 
a ■■ ociatad vith the pbotochaaical oxidant national 
aabient air quality etaQdard (0,08 pp■ over a 1-hour 
period), 

the hydrocarbon conceatratioQ for a given oxidant concentration 11 
dataraiaad Ufiag the •pirical "upper l.tait curve." the upper envelop• 
curve of• plot of 11Uiam daily oxidant level again ■ t ob ■ crvcd 6-9 AM 
hydrocarbon lav•l• the data baina accumulatad fro■ ■aver■l U.S. citia1. 

The rc■ ult 1At the Appendix J curvc1 ... 

ll&IIIUM IIUSUIID l•NOUI PII0TOCNIIICAL OII0ANT co•cUTUTI0N, ,,. 

OIS DJO o.u 0 JO100 0J0 

·o~... I• I I I I I 
:i ··wIx ,o ---... 
..i 
=:1 10.... ' "'...= 
:= -
:;:. 408.... 

•ou, IIO HYUOCARtON 0~ 'N0TOCHt•ICAlh; I / OII0UT IACIIROUNO ·ASSUll[O•o!i►- ro ......... 
i~ -... 

0 
1:1'" ,~o zoo z,o JOO ,SO 400 t,O 900 :151 IOO 

IIAIIIIUM MUSUIH 1•110UI PN0T0CIIUIUI. 011D.INT C0IICENTUll0I, ,u•S 

-
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EVALUATION FOR.'t 

Pare a: I:aportance R.atings 
I 

Applie&tiOll Index: 6243 

r 
i.. 

App1.icat1oa 

n-c 
Importance R.atillg 

Ilutia.l Mod1.!1ed• 

r 

L. 

Source-1.eceptor lal.at1011.1h1p 

!'a1H1oa late 

Coapo■ itioll of !'aiae:Loua 

Borizoatal llilld Field 

Vert1cal Iliad Field 

BorizOGtal D1.apua:f.oa 

Vertical Diaperdoa 

Ch•iscry md 1-ctioa Kecballiaa 

l'hydcal l.aloval l'rol:eHu 

Backgrwad, lound&ry, IAitial ColMiitf... .. a 

Temporal Corral.atioaa 

R a 
B B 

B B 

a Kl 

H B 

L L 

B B 

B I 

B a 

L L 

B a 

a B 

-With the exceptioa of th• duigaatiou of IJUl.?LEVA.'fl' elements, it u apectecl 
that .!L.!!2!.£. Olla OITICAL duiguatioo. and poHibly one other modificatioa 
may be -de. 

IVALUATION FOltK 

Part C : Treatment of Element& 

.lppUcatiou Index; 6243 

A lication Eleaient: Source-leceptor lelatioaahi 

aef~rence Model: SAI 

Treataeat: All aource ■ except power plant ■ aggre
gated to aquare grid cella ill 25 X 25 array; 
location of power plaat apecified only by grid 
call; grid call aice arbitrary~ · 

Arbitrary rel•••• height for power plant; other 
•iaaiona treated •• upward flwcea at g~ 
l.ve1; toposraphic elevatioa arbitrary. 

leceptou at ground level and la each of up to 
five vertical calla; boricontal locatioa 
arbitrary, 

Arun ■ orl•nteJ by fixed grid bouadariea. 

_StuJy lbdel: AppenJlx J 

l..ourtant>e !lat IUi: RlGH 

~ar■ rat lY1! Ev11lU11tlUftl WORSE 

TC""l-ul: 
Recertor■ at srouod level. 

Othwr a ■pects not treated explicitly. 

llcatioa £1eaent: Elllis ■ ioa Rate 

fereace l'bdel: SAI 
reataent: Point.source (power plant) emissions die

tributed hoaogeneou ■ ly throushout eatire vertical 
col,- above grid square coataining the aource; 
eaisaion rates ■upplied by u■ er. 

Other eaiaaiona treated•• upward pollutant fluxea at 
ground aurfaca. 

Sequence of hourly average rate ■ for -bile aourcea. 

Stationary aourca rates eaa-4 conataac. 

late ■ for -bile aourcu deteraiaed froa uaer-suppUed 
eaiseion factor ■ aad traffic data, 

IIICR 

!valuation: WISE 

Dou not treat variation& within study area explicitly. 

Accouat ■ for change 1n total ui ■■ ioaa 1n region of 
intereat becveea baseline and predictioa period ■• 
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Part C: Treatacnt oC Ele■ ents 

Application lodex: 6243 

A lication Ele-nc: 

Reference tbdel: SAI 

Treat•entl Treat ■ 
csrbona, unreactive hydrocarbons, NO, N0

2
, and 

co. 
U4er inputs 1DOb11e source eaiaaiona of hydro

carbons, NOx' and co. 
Mobile aource HO eaiaaiona a ■ a,med to be 99:Z: 

H0 ; convertedxlnternally to NO.
2 

Mobile aource hydrocarbon emiaaiooa aplit inter
nally into 67.4% (mule fraction) reactive frac
tion and 32.6% unreactive fraction. 

----------·--------------------------------------
Study fl,Jul: Appendix J 

J..,urtanc11 11,itJug: lltCH 

C.,a.pa rat Jve t:val u•ltvu: WORSE 

Treau...nt: 

ilo-thnnu hydrocarbon eaiaaiona only. 

emiosions of reactive hydro

lication Element: C0111 

eference tt>Jel: SAi 

"tudy tbdel: 

laportance IlaUna: 

parative EvaluatJonz 

rreatMnt1 

11 

oaltion of l!'Ja1aa10n1 - Contd,) 

User inputa atationary aource (both point and 
area) eaisaiona of reactive hydrocarbon■, un
reactive hydrocarbon&, HO, N02, and co. 

EVALUATION PORN 

Patt C: Trut•nt of Ele..nta 
Appllcatioo lodex:_6_2__4_3__ 

, licatJoo ~leaent: Pluae Behavior 

Reference tbdel: SA.l 

Treatm11nt: 

Use ■ Bria&•' formulae (1971) for point -c•• 
only to determine if pltae. fro■ a power plant 
peMtratea inveraion. 

tf plaae hei&ht exceeds llixing height, eaiaaion• 
froa aource are not treattd. · 

Doea aot treat either fuatcatioo or d-h. 

Plwae rise not created explicitly for aourcaa 
other than paver plants. 

Study H>del: Appendix J 

laportance llatina: KEDitlH 
Comparative Evaluatioo: WRSE 

Treat ■enc: 

Not treated explicitly. 

Uc:ation Eleaent: Horizontal Wind Field 

farenca Hodel I SA.I 

rutaent: JIUMrical/Dynamic, 

Fixed crid ■odel. 

Wind sp&i!4 alld direction epecifia<f for each of a 
sequence of boura at po1nt• oo a hoTi&ontal 
grid• interpolated fr- aurface aeaeur-nta. 

Arbitrary Vind speed, direction Yaluas allowed. 

Wind speed, direction independent of hei1ht. 

Appendix J 

HICK 
WKSE 

Treata&llt: lollback/Statiatical. 

Hot treated explicitly. 

tudy Hodell 

aparat1Ye Evaluation I 

.,J 



EVALUATION PORK 

Part c: Tre•t-nt of Eleaents 

Application ledex:"""62~4~3--__ 

~Hll.c.':'c tun Element: Yecci 
1wfurenc11 K:>dcl: SAI 

Tce:ou,unt: N-r1cal/Dynaaic, 

Vertie,~ vlnd •peed ■ pecified for each of• 
■equence of hour• at point ■ on a three-diaen
aional grtd. 

ValueN •••-ed linearly lncreaaing function• of 
belKht, value ■ near surface detendned froa 
horizontal vind apeed, directions uatng Ma■ 
con•J ■ tency requirement. 

Study lbdel: Appeodix J 

l ■purtance Rating: LOW 

Co■(lurative J,:valuatiun: WIS! 

Tr11■ t-nt1 Rollb&ck/Statiatical, 

Ni•t treated u;i,licitly. 

-0 
a,
:, 
C-..., 
~ 
0 
u 

lication Ele-nt: 

Reference KDdel: SAl 

Treataent: Nu■erical/Dynaaic. 

Huaerical aolution of advect1on-d1ffua1on equation 
ln three di■en ■ lona. 

Horizontal edJy dtffuaivity value ••■u■ed untfor■ 
and conatant and ia fixed in the co■pucer coda. 

Study Hodel: Appendix J 

l ■portaoce latina: RICH 
Co■parative Evaluation: ~RSE 

Trutaent: F.ollback/Statiatical, 

Jlat treated explicitly. 

rt; 
lt,l 

L 

EVALUATION FORM 

Part. C: Treatment of !leaent11 

AppUcati- lndex: 6243 

A lication Element: Vertical. Di ■ per1ion lication Eleaent I Cheaiat and leac ticm 

leference tbdel I SAI 

Treatmen,: Nuaerical/Dynamc, 
Noaerical aolutioa of advaction-diffuaion equation 

-in three dt ■en1ion1. 

Vertical eddy diffuaivity an eapirical functioa of 
vind ■ peed end height above ground. 

lafernce tbdel: SAI Kechanin 

Treatment: Photochaucal Saog Sy ■ tem, 

Fifteen reaction ■ involvina 10 apecie1 (NO, N02, 
P3, lie, o, OK, !!Oz, lOz, N03, HNOz), 

1.lapiD& approxiutioa for 2 ■peel•• (He. 102). 
Stead,-.tata approltiution for 6 ■peel•• (N03, o, 
102, OH, 110

2
, HN0 ),2

photoly ■ i• rate calculated internally•• aw2
fllnction of ti-. 

No adjuataaot1 •de for the effect ■ of illco-.,lete 
turbulent ■u:ing ~elov the reaolutioa of the grid, 

Study !bdel: l,ppendh ,J 

laportance latiag: llICH 

Co■rarative Evaluation: 11011.S! 

Treatment: aollback/Stati ■ tic•l, 

Not treatwd explicitly, 

Study !bdel : Appendh J 

laportace lating 1 BICK 
Coaparattve Ev&luati-1 liOllSE 

Treataent: Photocheaical oxtdant e ■ ti-tion oaly, 

Tw apecte ■ onl71 aoa--thaae hydrocarboa aad 
photoch-ic ■ l oxidant, 

Elaptrical relation (the •upper lialt curve•) uaed 
to de ■ cribe relation between hydrocarbon coa
ceatration■ under wor ■ t case condition ■• Ii 

( 

= 



L 

~ 

'- !Vil.LUATlON f\JIU1 

Part C: Treal..,ut o{ •:1.,...,11cs r Application lndex: 624)
t 
""' ' 

==l.:.l::.c•=tl::.;o:.:nc:...:1':.:'l:;:e:.:me=n:.:t:.::~:..Pl:.:•La::.1::.c::;11::;l:.....:!t:::e1110V=:..:.:•:.:l~------I-J!:n~l:..!1:!:c~at I ou l'.1 e11ent : Background , llounda ry, 

r Reference t'.odtol: SAI efereace Hodel: SAi Initial Coaditiona 

Treatment: 
I• reat11ent: tauaerical/Dynamic. 

Not trejted explicitly. 

[ 

[ 

[· 
Study Hodel: 

h,portance Rating: 

Comparative Evaluation: 

Trutaent: 

[ Not treated explicitly. 

[ 
-0 

::, 
C -L .... 
ClJ 

.µ 
C: ·~ [; 
0 

, 
O'I 

GJ-::s 

Background (aee treatment of fluxes at vertical 
aides).

I 
Uppers Perfect reflectton for pollutant• vithia 

region of intereat (turbulent diffuaiva flux•~- . 

All-• for eatrairment of pollutant• fro• above 
llillng layer. 

Lover, •Iaplicit perfect reflection; no adJuataent 
aade to eaieaion fluxea to account for reaoval. 

Appendix .J tudy Hodel: Appendix .I 

LOW laportance Rating: RICK 
COMPARABLE aparative Evaluation: "10RSE 

rutaent: llollback/Sta tiatical • 

Background level ■ of non-ethane hydrocarbon and ' 
photocheaical oxidant both aaeuaed xaro. 

Boundary, initial condition• not treated' 
upUcitly. 

EVALUATION FORM 

Part C: Treatment of Eleaent• 

.lppllcation Index: 6243 

[ a:: 

(Coutd.) SAi 

reataent: Sequential up 

A lication Element: rel Correlation• 

Reference Model: BAI Condition• 

Treatment: NU111erical/l>yDA111ic. to 24 houra.
' L- Vertical, Treated as a function of position and 

elevation; total flux noraal to aide of region 
required to be c~ntinu~• acroaa boundary. 

C 
Inieial1 Kean initial coacentrationa of a1x 

apeciea (reactive HC, N0 0 O •NO, CO, ua
reactive UC) ■peclfied for iacb irtd cell. 

C 
Study t\>Jd: 

lapurtaru:e ltatlng: 

Coaparative Ev-luation: 

Trut-nt: 

C XXX 

□ \/ 
u 
[ 

C -- - ---·-- ·- -----·-----------+----------,--------------

Correlations automatic. 

Par■-tera updated every hour: aobile aource -i•aion 
for eacb ground-level &rid 1quare, polat aource 

(power plant) -laaiona, vind ■ peed and direction, 
llixin& height at every vertical column of srida, 
vertical eddy diffu ■ ivity at every vertical later
face of grid cell•• incoatng fluxe ■ at boundari••• 
N0 pbotolyaia rate con ■ tant.

2 
Updat ■ baaed on uaer input value ■• 

tudy Modal: Appendix .J 

..,ortance lating: HICH 
aparativ ■ Evaluation: WllSE 

reataent1 
Not treated explicitly. 

Total eai ■ 1ion1 all-ed to change between baseline 
and fore~•t periods. 



II Rule 932 1 Continued 

EVALUATION lORH 

Part DL_Techntcal Co11p_arb9a 

Application ladex1 6243 leference Hodel1,_:SA~l:...______ StudJ Hodel..!2.e,~n_!h_,1_ 

-
laportance JI.attn& Coaparatlv• lat1n1 

of Application N111aber of Treat■ ent ■ of 
!luenta total BETTER COMPARABLE WORSE Study Hodel 

i 

C&lTlCAL 

HICH 

H!DlUH 

LOW 

IUELEVAH? 

0 

0' 
1 0 

2 0 

0__,_ XXX 

Total 12 (Should equal 12) 

0 

0 

1 

XXX 

' 
1 

1 

XXX 

WORS! 

WQ!IS! 

TECIDflCAL !VALUATION WISI 

•' . 

,. ., 
..... , ..._.,,,. .• ·-., -, , ' ..... ~- ~ 
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APP!HDU D 

All'UCA?IOK CLlSSlrICA?lON AND 

!S>DEL EVALDATIOK POIMS 

AFP!::'1>IX D. APPLICATION Ct.ASSIFlCAtlOK ANl)tl>DEL 
. EVALUATION FORMS 

laclud&cl 1D thi• appaadiX ia aa outliD ■ of the atepa 1D tHe model eval• 

uatioa methodolo17 pra ■ aated in thia workbook togeth•r vith a copy of ••ch fora· 

required by the procedure. 

The folloving F•&e, entitled, ~RJOIOOK SE.CTIOH AllD FORK FOR EACH STEP 

IN COlil'ARISOS, li•t• the oioe •t•P• ia the comparison procedure. It refera th• 

reader to the workbook aectioD cootai~iog inatructiona for each atep and identi• 

fl•• vhtch for.a to uae for documaDtin& cha raaulta. 

The firat atep cl•••if1•• the application and the reault• era recorded 

oa the Al'PLic.\TIOK CLASSIFICATION FORH. Soma baaic 1Dfoniatioa about the atudy 

model 1• alao recorded OD the EVALUATION FORK• Part A, 

The re,ulta of atepa 2 - 5 are alao documented OD the EVALUATION FOIIH • 

Part A. Th••• 1tep1 iovolve dociaentin1 the atudy model equation, (reverae 

Iida of form), checkia1 the 1tudy 1K>del compatibility, cla11Uyia1 th• 1tudy 

eodel, and ideatif71D1 the reference 110del, 

la atep 6, tha importance rating of the application aleaeDt• are re

vieved aod modified if oec••••rJ• The !VALUATION FORK - Par~.B 1■ used to 

record both the iaitial and 110dified importance rating,. 

The trutmeat of the application elemeata by both 110dela are deacribed 

OD the EVALUATION PORN• Part C and then compared. leaulta of the element-by• 

element compariaona are recorded oa the fon1 to complete 1tep• 7 and 8. 

ta the l••t 1tep of the procedure, the compariaoa, of individual element• 

are combiaeo with the laportanc• rating• to arrive at a technical evalu.atioa of 

the 1tuJy model, EV.U.tATIOK FORH - Part D provides a convenient fr11111evork for 

makiog th1• overall cocpariaoa. 

APPLICATION CLASSlflCAT..~11~ / 

lltDEX 
NUMBERS 

INSERT APPROPRIATE 
NOHt NUMBERS IN THE 

BOXES PROVIDED: 
CHEMICAL ZPRIMARY 

....._ PHYSICAL 3 

CHEMICAL 8 PHYSICAL 
A. POLLUTANT 

CHARACTERISTICS NONE 5 EJ
, CHEMICAL 

\ SECONDARY {/ 6 
....._ PHYSICAL 

7 
CHEMICAL 8 PHYSICAL 

0 

LONG-TERM 
a. AVERAGING 

TIME <SHORT-TERM z EJ...POINT 
I 

LIMITED ~ AREA z 
c. SOURCt LINE 

3CHARACT[RISTICS EJ
MULTIPLE/CONBl_lfA_TION _ . 

4 

SHORT-RANGE 
I<LONG-RANGE 

COMPLEX . 
2 

CHARACTERISTICS 
D. TRANSPORT 

SHORT-RANGE 3 
SIMPL~ LJ 

4 

Fora the application index by tranafarrin1 the four index number, into 
the corre1pondin1 boxea belov: 

....,_ APPLICATION 
• INDEX F.F E F I 

• 

....c 



II Rule 932 1 Continued 

Step 
Workbook Fon 1n 

Nuabv Actioo Sectioaa Appeadb D 

l Cla1aify applicatioo 
·' 

Record ■ tudy m>d~i-~~~tioo 

2 DocUIIICDt 1tud7 -=idal equation• 

3 Oleck atudy ■odel co ■patib1lity 

4 Caesify •tud7 mdal m•• 
5 Ideotify refereoce mdel 

6 lteviev iaport.anc• nt1D11 

7 Ooterlllin• tr••~ta ot .i-u 

8 Co:iapare treatment ■ on element-by-
elemeot ba ■ u 

' Synthe ■ in 1Ddiv1.dual co ■pari■ oH 
into overall coapariaon 

8 
If tbe stud)' model ha ■ been claHified u a rullback/ac.ati■ tical 1110del, th• 

user should proceed directly to Section 7 wherein such aiodela are discu.■ aed. 

IYALUATlOII lOIHWOWOOlt S!CTIOtl AND POR.'! roa UCB. S'IU DI. OOMPAIUSOK 

fart Ai Abatract and lefereoc•• 

St~I. ~~_l1 

lle(erenc~1 

A!,etnct1 

~1a..u1cauo1u 

~licatiog_ Ind~: "let.ranee Ho,!;i: 

App11cat1oa Deacr1pt1on: 

!iodel Applicabilitt1 Applicable 0 lot Applicable 0 

3 

2.J 

2.J 

4.2 

4.3 

4.4 

4,5 

5 

6,2,l 

6.2.2 

4Pplication Cl•••i• 
ficatioa, For■ 

' 
!valuation Fon .t. 

llever:ie side ot 
Evaluation Fora A 

EYaluatioo Fon A 

lvaluatioo Fon A 

!valuation Fon A 

11:Yal.uatioa Fora I 

lftluatioo Pon C 

ll:valuatio11 Pon C 

!valuation Fon D 

-
..-:::: 

._,, II 
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- Rule 932 1 Continu_ecl 

EVALUA1l6N JOBH 

p,.rt JI: Importance btinge 
._... 

Application Indexa 

• Application Importance Ratiag 

Elei(ent Initial KodUied8 

Source-Receptor Relationehip 

r'.lliHiOII late 

Coapo11tioa of Emie1ion1 

?11111a Behavior 

RoriZoatal Viad Field 

Vertical Viad Field 

HoriZontal Diapereioa 

Vertical Dieperaioa 

Cheat.tr, aad leactioa KechanS... 

Pb7eieal lemoval Proce•••~ 

llacqrouad, Boundary, Initt.al Coadit1ou 

Temporal Correlation• 

-Vttb the··c,xceptioa of the dedgaation of Ill!L!VA!I? elmeata, it b expected 
that~ one CllITICAL deeignatioa aad poeeibl7 one other aodUicetioa 
u7 be made. 

EVAl:IIAtlOlt PORK 

Part A (reV11r1e): Equati~ 

Sty!II, Model: 

!9.uation11 

\,_~ 



,.... 
~ 

P•rt C: 

IVAUIATlotl POIK 

Treatoent of Et-cs J ' 
Application llldtUC:._____ 

fl u 
Reference Hodel: 

Treataent: 

;. 

Study Hodel: 

Iaportance Rating: 

Coaparative Evaluation: 

Trutaent: 

Anlicati011 Index:,_________ 

Reference Hodel: 

Treat-t: 1i 
Jl 

] 

] 
Study Noclel: 

Iaportaace Ilating: 
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Pima County Code 
Title 17. Air Quality Control 

Chapter 12. Permits and Permit Revisions 
Article V. Open Burning Permits 

17.12.480 
Open burning permits. 
A. In addition to the definitions contained in A.R.S. § 49-501. in this Section: 

l. "Agricultural burning" means burning of vegetative materials related to the 
production and harvesting of crops and raising of animals for the purpose of marketing 
for profit, or providing a livelihood, but not including the burning of household waste or 
prohibited materials. Burning may be conducted in fields, piles, ditch banks, fence rows. 
or canal laterals for purposes such as weed control, disease and pest prevention, or site 
preparation. 

2. "Air curtain destructor" means an incineration device designed and used to secure, by 
means of a fan-generated air curtain, controlled combustion of only wood waste and slash 
materials in an earthen trench or refractory-lined pit or bin. 

3. "Approved waste burner" means an incinerator constructed of fire resistant material 
with a cover or screen that is closed when in use, and has openings in the sides or top no 
greater than one inch in diameter. 

4. "Class I area" means any one of the Arizona mandatory federal Class I areas defined 
in A.R.S. § 49-401.01. 

5. "Construction burning" means burning wood or vegetative material from land 
clearing, site preparation, or fabrication, erection, installation, demolition, or 
modification of any buildings or other land improvements, but does not include burning 
household waste or prohibited material. 

6. "Dangerous material" means any substance or combination of substances that is 
capable of causing bodily harm or property loss unless neutralized, consumed, or 
otherwise disposed of in a controlled and safe manner. 
7. "Emission reduction techniques" means methods for controlling emissions from open 

outdoor fires to minimize the amount of emissions output per unit of area burned. 
8. "Flue," as used in this Section, means any duct or passage for air or combustion 

gases, such as a stack or chimney. 
9. "Household waste" means any solid waste including garbage, rubbish. and sanitary 

waste from a septic tank that is generated from households including single and multiple 
family residences, hotels and motels. bunkhouses. ranger stations, crew quarters, 
campgrounds, picnic grounds, and day-use recreation areas, but does not include 
construction debris, landscaping rubble. demolition debris or prohibited materials. 

l 0. "Independent authority to permit fires" means the authority of a county to permit 
fires by a rule adopted under Arizona Revised Statutes. Title 49, Chapter 3, Article 3, and 
includes only Maricopa, Pima, and Pinal counties. 

11. "Open outdoor fire or open burning" means the combustion of material of any type, 
outdoors and in the open, where the products of combustion are not directed through a 
flue. Open outdoor fires include agricultural, residential, prescribed, and construction 
burning, and fires using air curtain destructors. 



12. "Prescribed burning" means the controlled application of fire to wildland fuels that 
are in either a natural or modified state, under certain bum and smoke management 
prescription conditions that have been sped.tied by the land manager in charge of or 
assisting the burn, to attain planned resource management objectives. Prescribed burning 
does not include a fire set or permitted by a public officer to provide instruction in fire 
fighting methods, or construction or residential burning. 

l 3. "Prohibited materials" means nonpaper garbage from the processing, storage, 
service, or consumption of food; chemically treated wood; lead-painted wood; linoleum 
flooring, and composite counter-tops; tires; explosives or ammunition; oleanders; asphalt 
shingles; tar paper; plastic and rubber products, including bottles for · household 
chemicals; plastic grocery and retail bags; waste petroleum products, such as waste 
crankcase oil, transmission oH, and oil filters; transformer oils; asbestos; batteries; anti
freeze; aerosol spray cans; eiectrical wire insulation; thermal insulation; polyester 
products; haz.ardous waste products such as paints, pesticides, cleaners and solvents, 
stains and varnishes, and other flammable liquids; plastic pesticide bags and containers; 
and hazardous material containers including those that contained lead, cadmium, 
mercury, or arsenic compounds. 

14. "Residential burning" means open burning of vegetative materials conducted by or 
for the occupants of residential dwellings, but does not include burning household waste 
or prohibited material. 
B. Unlawful open burning. Notwithstanding any other rule in this Chapter, a person shall 
not ignite, cause to be ignited, pennit to be ignited, allow, or maintain any open outdoor 
fire in a county without independent authority to permit fires except as provided in 
A.R.S. § 49-501 and this Section. 
C. Open outdoor fires exempt from a permit. The following fires do not require an open 
burning pennit from the control officer or a delegated authority: 

1. Fires used only for: 
a. Cooking of food, 
b. Providing warmth for human beings, 
c. Recreational purposes, 
d. Branding of animals, 
e. Orchard heaters for the purpose of frost protection in farming or nursery operations, 

and 
f. The proper disposal of flags under 4 U.S.C. 1, § 8. 

2. Any fire set or permitted by any public officer in the performance of official duty, if 
the fire is set or permission given for the following purpose: 

a. Control of an active wildfire; or 
b. Instruction in the method of fighting fires, except that the person setting these fires 

must comply with the reporting requirements of subsection (D)(3)(f). 
3. Fire set by or pennitted by the control officer of Department of Agriculture for the 

purpose of disease and pest prevention in an organized, area-wide control of an epidemic 
or infestation affecting livestock or crops. 
4. Prescribed burns set by or assisted by the federal government or any of its 

departments, agencies, or agents, or the state or any of its agencies, departments, or 
political subdivisions. 
D. Open outdoor fires requiring a permit. 
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1. The following open outdoor fires are allowed with an open burning permit from the 
control officer or a delegated authority: 

a. Construction burning; 
b. Agricultural burning; 
c. Residential burning; 
d. Prescribed bums conducted on private lands without the assistance of a federal or 

state land manager as defined under; · 
e. Any fire set or pennitted by a public officer in the performance of official duty, if 

the fire is set or permission given for the purpose ofweed abatement, or the prevention of 
a fire hazard, unless the fire is exempt from the permit requirement under subsection 
(C)(3); 

f. Open outdoor fires of dangerous material under subsection (E); 
g. Open outdoor fires of household waste under subsection (F); and 
h. Open outdoor fires that use an air curtain destructor, as defined in 17.12.480 (A)(2). 

2. A person conducting an open outdoor fire in a county with independent authority to 
permit fires shall obtain a permit from the control officer or a delegated authority unless 
exempted ·under subsection (C). Permits may be issued for a period not to exceed one 
year. A person shall obtain a permit by completing an PDEQ-approved application form. 

3. Open outdoor fire permits issued under this Section shall include: 
a. A list of the materials that the permittee may burn under the permit; 
b. A means of contacting the permittee authorized by the permit to set an open fire in 

the event that an order to extinguish the open outdoor fire is issued by the control officer 
or the delegated authority; 

c. A requirement that bums be conducted during the following periods, unless 
otherwise waived or directed by the control officer on a specific day basis: 

i. Year-round: ignite fire no earlier than one hour after sunrise; and 
ii. Year-round: extinguish fire no later than two hours before sunset; 

d. A requirement that the permittee conduct all open burning only during atmospheric 
conditions that: 

i. Prevent dispersion of smoke into populated areas; 
ii. Prevent visibility impairment on traveled roads or at airports that result in a safety 

hazard; 
iii. Do not create a public nuisance or adversely affect public safety; 
iv. Do not cause an adverse impact to visibility in a Class I area; and 
v. Do not cause uncontrollable spreading of the fire; 

e. A list of the types of emission reduction techniques that the permittee shall use to 
minimize fire emissions; 

f. A reporting requirement that the permittee shall meet by providing the following 
information in a format provided by the control officer for each date open burning 
occurred, on either a daily basis on the day of the fire, or an annual basis in a report to the 
control officer or delegated authority due on February l for the previous calendar year: 

i. The date of each burn; 
ii. The type and quantity of fuel burned for each date open burning occurred; 
iii. The fire type, such as pile or pit, for each date open burning occutred; and 
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iv. For each date open burning occurred, the legal location, to the nearest section, or 
latitude and longitude, to the nearest degree minute, or street address for residential 
bums; 

g. A requirement that the person conducting the open bum notify the local fire-fighting 
agency or private fire protection service provider, if the service provider is a delegated 
authority, before burning. If neither is in existence, the person conducting the burn shall 
notify the state forester; 

h. A requirement that the permittee start each open outdoor fire using items that do not 
cause the production of black smoke; 

i. A requirement that the permittee attend the fire at all times until it is completely 
extinguished; 

j. A requirement that the pcrmittee provide fire extinguishing equipment on-site for the 
duration of the bum; 

k. A requirement that the permittee ensure that a burning pit, burning pile, or approved 
waste burner be at least 50 feet from any structure; 

1. A requirement that the pennittee have a copy of the bum permit on-site during open 
burning; 

m. A requirement that the pennittee not conduct open burning when an air stagnation 
advisory, as issued by the National Weather Service, is in effect in the area of the bum or 
during periods when smoke can be expected to accumulate to the extent that it will 
significantly impair visibility in Class I areas; 

n. A requirement that the permittee not conduct open burning when any stage air 
pollution episode is declared by ADEQ or PDEQ; 

o. A statement that the control officer, or any other public officer, may order that the 
bum be extinguished or prohibit burning during periods of inadequate smoke dispersion, 
excessive visibility impairment, or extreme fire danger; and 

p. A list of the activities prohibited and the criminal penalties provided under A.R.S. § 
13-1706. 
4. The control officer or a delegated authority shall not issue an open burning permit 

under this Section: 
a. That would allow burning prohibited materials other than under a permit for the 

burning ofdangerous materials; 
b. If the applicant has applied for a permit under this Section to bum a dangerous 

material which is also hazardous waste under 40 CFR 261, but does not have a permit to 
burn hazardous waste under 40 CFR 264, or is not an interim status facility allowed to 
bum hazardous waste under 40 CFR 265; or 

c. If the burning would occur at a solid waste facility in violation of 40 CFR 258.24 
and the control officer has not issued a variance under A.R.S. § 49-763.01. 
E. Open outdoor fires of dangerous material. A fire set for the disposal of a dangerous 
material is allowed by the provisions of this Section, when the material is too dangerous 
to store and transport, and the control officer has issued a permit for the fire. A permit 
issued under this subsection shall contain aB provisions in subsection (D)(3) except for 
subsections (D)(3)(e) and (D)(3)(f). The control officer shall permit fires for the disposal 
of dangerous materials only when no safe alternative method of disposal exists, and 
burning the materials does not result in the emission of hazardous or toxic substances 
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either directly or as a product of combustion in amounts that will endanger health or 
safety. 
F. Open outdoor fires of household waste. An open outdoor fire for the disposal of 
household waste is allowed by provisions of this Section when permitted in writing by 
the control officer or a delegated authority. A permit issued under this subsection shall 
contain all provisions in subsection (D)(3) except for subsections (D)(3)(e) and (D)(3)(f). 
The pennittee shall conduct open outdoor fires of household waste in an approved waste 
burner and shall either: 

1. Burn household waste generated on-site on farms or ranches of 40 acres or more 
where no household waste collection or disposal service is available; or · 

2. Bum household waste generated on-site where no household waste collection and 
disposal service is available and where the nearest other dwe11ing unit is at least 500 feet 
away. 
G. The control officer sha11 hold an annual public meeting for interested parties to review 
operations of the open outdoor fire program and discuss emission reduction techniques. 
H. Nothing in this Section is intended to permit any practice that is a violation of any 
statute, ordinance, rule, or regulation. · 
I. The term of any open burning permit shall be as specified by the control officer, subject 
to the following limitations: 

l. The term of a temporary open burning pennit shall not exceed three consecutive or 
nonconsecutive days within a thirty-day period; and 

2. The term of an extended open burning permit shaH expire as specified on the original 
application, and shall in no case exceed ninety days. (Ord. 2004-97 § 3 (part), 2004; Ord. 
1993-128 § 3 (part), 1993) 



ORDINANCE NUMBER 2019-_2_ 

AN ORDINANCE OF THE BOARD OF SUPERVISORS OF PIMA COUNTY, ARIZONA, 
RELATING TO AIR QUALITY; AMENDING THE PIMA COUNTY CODE TITLE 17, BY ADDING 
SECTION 17 .16.125. 

THE BOARD OF SUPERVISORS OF PIMA COUNTY, ARIZONA, FINDS THAT: 

1. The Pima County Board of Supervisors as the governing body for the Pima County Air 
Quality Control District adopts air quality ordinances under the statutory authority of Arizona 
Revised Statutes Title 49, Chapter 3, Article 3. 

2. The Pima County Air Quality Control District operates within the Pima County Department 
of Environmental Quality. 

3. The intention of this ordinance is to adopt and implement visible emissions and stabilization 
requirements in order to ensure continued particulate matter, specifically particulate matter 
at or less than 10 micrometers (PM10) emissions reductions in the Ajo PM10 Planning Area. 

IT IS ORDAINED BY THE BOARD OF SUPERVISORS OF PIMA COUNTY, ARIZONA, AS 
FOLLOWS: 

Section 1: Title 17 is amended to add Section 17 .16.125. 

Chapter 17.16 - EMISSION LIMITING STANDARDS 

·----
Article Ill. - Emissions from Existing and New Nonpoint Sources 

17.16.125 - Inactive mineral tailings impoundment and slag storage area within the Ajo PM10 
Planning Area. 

A. Applicability. This Section applies to the owner or operator of the inactive mineral tailings 
impoundment and slag storage area within the Ajo PM10 Planning Area. 

B. Definitions. The following definitions apply for the purposes of this Section: 

1. "Affected area" means the Ajo PM10 Planning Area. 

2. "Ajo PM10 Planning Area" means the area designated in 40 C.F.R. §81.303, adopted as of 
June 30, 2017 with no future editions or amendments. 

3. "Chemical or organic soil stabilizer" means hygroscopic material, solution of water and 
chemical surfactant foam, non-toxic chemical stabilizer or any other chemical or organic 

Ajo - Inactive Tailings & Slag Processing Page 1 of 5 



dust palliative that is not prohibited by the U. S. Environmental Protection Agency, the 
Arizona Department of Environmental Quality, the Pima County Department of 
Environmental Quality or any applicable law, rule, or regulation, as a treatment material for 
reducing PM10 emissions. 

4. "Coarse" with respect to copper smelter slag material means no less than 3/8 inches in 
diameter. 

5. "Copper smelter slag" means the waste material consisting primarily of iron sulfides 
separated from copper matte during the smelting and refining of copper ore concentrates. 

6. "Crushed rock" means crushed stone or angular rock of a size 2 inches or greater in 
diameter. 

7. "Department" means the Pima County Department of Environmental Quality. 

8. "Gravel" means a loose aggregation of rock fragments of low silt content (5% or less) and 
less than 2 inches in diameter. 

9. "High wind event" means an hourly average wind speed of 25 miles per hour or more or an 
instantaneous wind gust of 40 miles per hour or more as measured in the affected area by 
a meteorological monitoring station. 

10. "Inactive" with respect to the mineral tailings impoundment and slag storage area means 
that activities in support of ongoing mining operations or for any commercial purpose no 
longer occur. 

11. "Meteorological monitoring station" means one of the following: 

a. A Pima County Department of Environmental Quality meteorological monitoring station; 

b. A station operated by the National Weather Service; 

c. A Remote Automated Weather Station operated by the United States Forest Service, 
or United States Bureau of Land Management; 

d. An Automated Weather Observing System or Automated Surface Observing System 
station, located at an airport, and either operated or certified by the Federal Aviation 
Administration; or 

e. Any other meteorological equipment or wind instrument that is installed, calibrated, 
operated, and maintained by the owner or operator in accordance with the requirements 
for SLAMS/SPM (non-NCore) instruments in Quality Assurance Handbook for Air 
Pollution Measurement Systems, Volume IV: Meteorological Measurements Version 2.0 
(Final), publication number EPA-454/B-08-002, March 2008, and no future editions or 
amendments, and manufacturer's specifications, as applicable. 

12. "Mineral tailings impoundment" means the earth-fill embankment dams used to store 
byproducts of prior mining operations that separated mineral ore from other unused 
material. 

13. "Opacity" means the degree to which emissions reduce the transmission of light and 
obscure the view of an object in the background. 

14. "Particulate matter" means any airborne finely divided solid or liquid material with an 
aerodynamic diameter smaller than one hundred micrometers. 

15. "PM10" means particulate matter with an aerodynamic diameter less than or equal to a 
nominal 10 micrometers as measured by a reference method contained within 40 C.F.R. 
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Part 50, Appendix J or by an equivalent method designated in accordance with 40 C.F.R. 
Part 53, both sections adopted as of June 30, 2017 with no future editions or amendments. 

16. "Slag storage area" means the area used to store copper smelter slag. 

17 "Vegetative cover" means rooted vegetation or unattached vegetative debris lying on the 
surface that is not susceptible to movement by wind. 

C. Control Measures. 

1. The owner or operator shall implement and maintain at least one of the following 
reasonably available control measures to reduce PM10 emissions from the inactive mineral 
tailings impoundment to ensure compliance with subsection D.1 below: 

a. Application of crushed rock or gravel; 

b. Application of chemical or organic soil stabilizers; 

c. Application of water; 

d. Establishment of vegetative cover; or 

e. Any other equivalent methods or techniques approved by the Department and EPA 
Region IX. 

2. The owner or operator shall implement and maintain at least one of the following 
reasonably available control measures to reduce PM10 emissions from the inactive slag 
storage area: 

a. Application of a cap consisting of coarse copper smelter slag material; or 

b. Any other equivalent methods or techniques approved by the Department and EPA 
Region IX. 

3. To prevent trespass in the inactive mineral tailings impoundment and slag storage area, the 
owner or operator shall install and maintain the following: 

a. No trespassing signs; and 

b. Physical barriers such as fences, gates, posts, shrubs, trees, or other measures to 
effectively restrict access from the general public. 

D. Opacity Standard. 

1. The owner or operator shall not cause or allow visible emissions to exceed twenty percent 
opacity from the mineral tailings impoundment. Opacity shall be determined in accordance 
with subsection E.1 below. 

2. The opacity standard in subsection D.1 above shall not apply during high wind events if the 
owner or operator has implemented and maintained reasonably available control measures 
required in subsections C.1 and C.3 above for the mineral tailings impoundment, as 
documented by subsection F.1.a below. 

E. Monitoring. 

1. To demonstrate compliance with subsections C.1 and D.1 above, the owner or operator 
shall conduct weekly visible emission observations of the mineral tailings impoundment. 

a. All observations shall be conducted in accordance with 40 C.F.R. Part 60, Appendix A, 
Reference Method 9. 

b. As an alternative to subsection E.1.a, the owner or operator may elect to conduct 
observation in accordance with ASTM D7520-16. If so, the owner or operator must 
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have standard operating procedures in place to ensure that equipment is operated and 
maintained in accordance with manufacturer's specifications per Section 8.1 of ASTM 
D7520-16. 

2. To demonstrate compliance with subsection C.2 above, the owner or operator shall conduct 
monthly inspections of the slag storage area to assess the effectiveness of control 
measures. Inspection reports shall, at a minimum, include identification of inspector; 
inspection date and time; findings of inspection, and any corrective action or preventive 
measures to be taken. 

3. To demonstrate compliance with subsection C.3 above, the owner or operator shall conduct 
monthly inspections of trespassing signs and physical constraints. Inspection reports shall, 
at a minimum, include identification of inspector; inspection date and time; findings of 
inspection, and any corrective action or preventive measures to be taken. 

F. Recordkeeping. 

1. The owner or operator shall maintain and make available to the Department or EPA Region 
IX the following records upon request: 

a. Records of reasonably available control measures implemented and maintained as 
required by subsection C above; 

b. Records of visible emission observations required by subsection E.1 above; 

c. Records of inspections required by subsections E.2 and E.3 above; 

d. Records of observer EPA Reference Method 9 or ASTM D7520-16 certifications; 

e. Records of the owner or operator's installation, calibration, certification, operation, and 
maintenance of any meteorological equipment or wind instrument used for purposes of 
id~ntifying high wind events; and 

f. Records of meteorological monitoring station data used for purposes of identifying high 
wind events. 

2. If the owner or operator elects to conduct weekly visual observations in accordance with 
subsection E.1.b, the following records shall be maintained: 

a. ASTM D7520-16 certification documentation, data sheets, and all raw unaltered JPEGs 
used for opacity and certification determination, recorded in a form suitable and readily 
available for expeditious inspection and review: 

b. Standard operating procedures used to ensure that equipment is operated and 
maintained in accordance with manufacturer's specifications per Section 8.1 of ASTM 
D7520-16. 

3. All records required by this section shall be maintained by the owner or operator for a 
minimum of 5 years. 

G. Notification. 

1. The owner or operator shall provide written notification to the Department at least 30 days 
prior to initiating weekly visual observations in accordance with subsection E.1. The 
notification shall identify proposed observation points/locations and provide justification for 
the selection of those points/locations. 

2. The owner or operator shall provide written notification to the Department at least 30 days 
prior to using any meteorological monitoring station as described in subsection 8.11.e. 

H. Reporting. 

Ajo - Inactive Tailings & Slag Processing Page 4 of 5 



JAN 2 2 2019 

1. The owner or operator shall report to the Department any visible emissions in excess of 
opacity limit established by subsection D.1. The report shall be in two parts as specified 
below: 

a. Notification by telephone or facsimile within 24 hours of the time the owner or operator 
first learned of the occurrence of excess opacity that includes all available information 
from subsection H.2. 

b. Detailed written notification by submission of an excess opacity report within 72 hours of 
the notification under subsection H.1.a. 

2. The excess opacity report shall contain the following information: 

a. The approximate location at the mineral tailing impoundment where the excess opacity 
occurred; 

b. The level of excess opacity as measured in accordance with subsection F; 

c. The time and duration or expected duration of the excess opacity; 

d. The nature and cause or suspected cause of the excess opacity; 

e. The steps that were or are being taken to limit the excess opacity; and 

f. Any corrective action or preventative measures taken. 

3. In the case of continuous or recurring excess opacity events, the notification requirements 
of this subsection shall be satisfied if the owner or operator provides the required 
notification after excess opacity events are first detected and includes in the notification an 
estimate of the time the excess opacity events will continue. Excess opacity occurring after 
the estimated time period or changes in the nature of the excess opacity as originally 
reported shall require additional notification pursuant to subsections H.1 and H.2. 

Section 2. This Ordinance is effective 30 days after the date of adoption. 

PASSED AND ADOPTED by the Board of Supervis 
22nd day of January , 2019 

APPROVE:D ASTO FORM: REVIEWED BY: 

~lz/lP/19 
Ursula Nelson, Director 

Deputy County Attorney Department of Environmental Quality 
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