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PREFACE

J. J. Roberts

The problem of air pollution control can be approached via two
alternative though not mutually -exclusive policies: management of emissions
and management of air quality. In the former (which could include emission
tax policies), emphasis 'is placed on the technology for control of effluent
(including in-plant process changes); regulatory reqoirements based pri-
marily on cost/effectiveness considerations are expressed in terms of
emission'standards reflecting reasonably availatle or best available control

technology.

Air quality management, on the other hand, entalls the establishment
of air quality goals based upon stated criteria or pub11c policies.
Emissions are then limited to the extent necessary to attain and maintain
soch goals. For example, the Clean Air Act Amendments of 1970 require the -
federal Environmental Protection Agency to establish National Ambient Air
Quality Standards (NAAQS) in terms of a national pulicy tequiring the pro-
tection of public health and welfare. Air qoality increments designed to
prevent significant deterioration (PSD) reflect an air quality rather than

an emission management policy.

In the Cleen Air Act of 1967, the amendments of 1970, and in the
most recently pronosed amendments of 1976, the U.S. Congress has con-
sistently endorsed a national poliey of air quality management. Though
not exolusive of speeific requirements for emiSSion'control (e.g., new
source performance standsrds, motor vehicles), tne thrust of these legis-
1ative acts is the achievement of air quality gosls through a combination

of emission limitations and land-use-related measures.

The success of a policy of aifr quality management depends very
much upon the availability of calculational procedures to relate .emissions

of air contaminants to resulting levels of pollution in the ambient air.:
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Such "air quality models"* must be sensitive to quantities and geographical
location of emitted pollutants, meteorological conditions governing the dis-
persion of airborne contaminants, and, as appropriate, the physical and

chemical processes affecting transformation and removal.

A number of regulatory programs which implicitly call for the applica-
tion of air quality models are listed in Fig.'lf Proportional rollback and,
in some cases, multi-source urban dispersion models such as the Air Quality
Display Model - (AQDM) were employed in the development of State Implementation
Plans.(SIP) pﬁrsuant te clean air legislation of 1967 and 1971. Currently many
such SIPs are being revised to reflect regional growth, recent pressures to
permit substitution of coal for scerce petroleum resources, and other reasons
including failure of original analyses to properly predict future lecvelec of
air quality and failure of emission sources to achieve required levels of
control. ‘Recent court rulings and subsequent EPA regulatlons concerning pre-
vention of 51gn1ficant deterioration (PSD) call for use of air quality models
in two modes: (1) initial classification or reclassification of geographical
areas, where the decision requires estimates oflthe economic and energy impacts
of alternative PSD increments; and (2) determiﬁation of compliance of a pro-
posed new source with established PSD incremeﬁts. The latter determination
is part of a federally mandated new source review' (NSR) process which also
entails a determination that the source will not cause a violation of the NAAQS.
Where the source is a "major" one as detined by EPA directlves and where the
source would cause or exacerbate a violation of the NAAQS, then the source can
be constructed if and only if a balancing or emission offset procedure is
_followed.** In many situations, the emission offeet eveluation will require.
use of an air quality model in what is, in effect, a SIP revision.

Figures 2 and 3 present tﬁe NAAQS and PSD increments (current EPA

values and those recently proposed by Congress). They set forthvthe quanti-

tative targets'and limits which govern the air quality management process.

*We shall distinguish such "air quality models" from individual algorithms’
(e.g. estimation of plume rise) which may be combined in the model.
Further, for our purposes a Gaussian dispersion kernel may be considered
a sub-model employing algorithms to estimate the rate of dispersion as a
function of downwind distance or time. Finally, since complex models
are frequently implemented on a digital computer, they may be termed
herein computer models or computer codes. Often the name of the .
computer code (e.g. AQDM) is used synonymously for the air quality model
from which it is derived.

*%4] Fed. Reg. 55525 (Dec. 21, 1976)
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NATIONAL AMBIENT AIR QUALITY STANDARDS (NAAQS)

CONCENTRATIONS IN pg/m?
POLLUTANTS I-hr | 3-he | 8-hr | 24-hr | I-YEAR
PARTICULATES. |
© PRIMARY 260 75 (6)
~ SECONDARY 150 60 (G)*
S0,
* PRIMARY . 365 | 80 (A)
SECONDARY 1300 ‘
co 400 100
HYDROCARBONS | 160* :
OXIDANTS 160
NO, 100 (A)

0 CO. CONCENTRATIONS MEASURED IN mg/m3

() ARITHMETIC AVERAGE
(6) GEOMETRIC AVERAGE

¥ AS A GUIDE TO BE USED IN ASSESSING IMPLEMENTATION PLANS TO ACHlEYE«
THE 24 HOUR STANDARD .

+ AS A GUIDE TO BE USED IN DEVISING IMPLEMENTATION PLANS FOR
ACHIEVING OXIDANT STANDARDS

FIG. 2



o PREVENTION OF SIGNIFIGANT DETERIORATION { PSD)

INCREMENTS ([Lg/ M?)@

“POLLUTANT |

CLASS | AREAS CLASS Il AREAS ~ CLASS Ill AREAS

3. HOUR

QTOP NUMBER - E PA,

PARTICULATE

MATTER | o v
ANNUAL 5/5 10719 UP'TO NAAQS/37
24-HOUR 1000 - 30/3 UP TONAAQS/75
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Simultaneously, they establish implicitly a level of accuracy desirable in
applicable air quality models.

Scientists have been engaged for many yeafs in the study of atmos-
pheric dispersion of windborne material from industrial and other pollutant
sources, including military activities. Much has been published on the
- subject. In additiop to definitive texts such ae Pasquill (1961 and 1974)
and to summary reports such as Turner (1967) are numerous articles and
reports describing research on the formulation and evaluation of algorithms
and models characterizing the various aspects of the'problem. Given these
research activities, coupled with the emergence of air pollution control
agencies at state and local levels and of consultlng firms established
to aid both 1ndustry and government one should not bLe surprised to f1nd
extensive proliferation of algorithms, sub-models, models and related
computer codes, each designed to facilitate oﬂe or more aspects of air
quality analysis. Further, even though many models employ a Gaussian
kernel to characterize the dispersion.phenomendn, results can vary widely
depending upon other calculational features such as manlpulatlon of emission
and meteorological data, treatment of .plume rise and interactions with
elevated inversions, evaluation of dispersion coefficients, averaging
techniques and statistics routines to estimate compliance with short- and
long-term standards. Different user-oriented input/output features may.
distinguish two otherwise identical calculational procedures. And,
finally,; the same computer code can be employed in different ways (e.g.
one versus five years of meteorological data) or results interpretcd in

different ways (e.g., in determining compliance with short—terﬁ NAAQS) .

‘Thus, with numerous models in the literatgre and. numerous users in
the field, the potential exists for chaos, or at least for frequent, honest
disagreement, even amoﬁg different units within the same organization.
Confusion of this sort has already emerged where an industry seeking a
construction permit in a multistate air quality control region is faced
with differing calculational procedures (and thus, in effect, differing
emission limits) among the various state and local agencies and, quite

pos31b1y, between ad301n1ng Regional Offices of the federal EPA.

It is evident that there is a need for some measure of standardiza-

tion in air quality analysis. As a minimum such standardization should be



19

applied to célculational procedures used throughout the federal EPA and by
state and local agencies in their official dealings with the EPA. The
issue then becomes one of determining the degree of specificity (e.g.,
specific computer codes), what in faét will be standardized (e.g., models
vs. algorithms), the rigidity of the réquirements (or conversely, the
flexibility of the user to select'nr even develop alternative calculational
methods), the extent of coverage (e;g., specificafion of a particular model
vs. specification of the model along with procedures for input of data and
interpretation of reéults), and finally, and perhaps most importantly, the
performance criteria which a calculational procedure must meet to quality

for inclusion in any official statement of such standards.

The need within the national air pollution control program for a
guidanée document on air. quality analysis persists. Despite the difficulties
outlined above, the EPA/Office of Air Quality Planning and Standards (OAQPS)
has been given the responsibility for developing the requisite Guideline.l
A first draft-was prepared and circulated for initial in-house review during
December 1976. A second draft was pubhlished in early FebludLy The tafget
'date for a final version of the Guideline is July 1, 1977

In December Argonne was apprised'of this schedule and requested‘to
organize a three-day conference/workshop wherein specialists in air quality
analysis would critique the second draft of the Guidelineﬂ Recognizing that
the federal EPA and the étates had to fulfill the important air quality
management responsibilltles outlined in Fig. 1 employing the state-of-the-
art in analytical methods, the conferees were challenged to adv1se EPA on
the best available approaches to modeling air quallty impacts and to concur
with or where possible recommend improvements to!the many aspects of

the problem addressed in the Guideline.

The Specialists Conference on the EPA Modeling Guideline was held at
the Nordic Hills Inn, Itasca (Chicago), Illinois on February 22-24, 1977.
Members of the staff of the Energy and Environmental Systems Division of
Argonne Nationai Laboratory served as conference organizers and reporteré.
Several representatives of the EPA/OAQPS assisted as resource persons.
The twenty-four conferees were drawn from private industry, universities,
public interest organlzatlons, and federal and state government. A list

of part1c1pants and aff11lat10ns appears at the front of this report.
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These participants and the conference, as 'a body, are considergd éssenti
parts of the decision-making process for deyelopment of the Guideline. The
sum of the scientific group's experience in the private sector included many
years of service as staff members for large corﬁorations and as consultants
to the entire spectrum of industrial activity of this Nation. The experience
and procedures followed in Canada and in Western Europe were brought to the
group by scientists from Canada and the United Kingdom. Those involved in
the public sector are active at the local, state, federal and even inter-
national levels. Several of the conferees are valued consultants to both
private and public activities as well as independent public interest associa-
tions promoting environmental issues. All are highly knowledgeable of the capa-~

bilities and limitations of air quality modeling.

The conferénce wés organized around a mix of plenary sessions and
concurrent workshops. Major policy issues and general technical matters
were reviewed by the conferees at-large. These general discussions provided
guidance to working groups fesponsible for examining specific aspects of the
Guideline (see Fig. 4). To assist everyone in preparing for the conference,
a reference notebook was‘prepared and distributed along with the draft
Guideline several weeks in advance. This notebook contains a Lrief charac~-
terization of each model referenced in Tables 2 and 3 of the draft Guideline
along with key excerpts of material referenced in the Guideline. The
portion of the notebook containing the model descriptions is reproduced here

in Section 3.11.

I wish to thank my colleagues at Argonne for their assistance in
preparing the background material, planning the conference, and in general
seeing to the myriad of details essential to a successful meeting. We have
acted only as organizers of the conference and as recorders and repofters
of the positions articulated by the conferees. These conferees endured a
very intensive three-day marathoﬁ. Their exceptional efforts attest to

the seriousness with which they assumed their responsibilities.

The following quotation from Chief JustiﬁéjDavid L. Bazelon of the
U.S. Court of Appeals for the District of Columbia seems appropriate to con-
cluae these introductory comments. Speaking on the difficulties that the
courts face in resqlving environmental debates, this jurist observes that

the courts are not the propef forum
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...either to resolve the factual disputes or to make the
painful value choices. What' the courts and judges can do,
and do well, when conscious of their role and limitations -
is scrutinize and monitor the decision-making process to
make sure that it is thorough, complete, and rational; that
all relevant information has been considered; and that
insofar as possible, those who will be affected by a
decision have had the opportunity to participate in it.

[Decision makers should openly disclose] where and why the
experts disagree as well as where they concur, and where the
information is sketchy as well as complete. When the issues
are controversial, any decision which is reached may be
unsatisfactory to large portions of the community. But

those who are dissatisfied with a particular decision will

be more likely to acquiesce in it if they perceive that their
views. and interests were given fair hearing.

(Address to the Atomic Industrial Forum, January 10, 1977)

This Specialists' Conference and the report which now follows represents
an important element in such a decision-making process.
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1 POLICY ISSUES AND GENERAL TECHNICAL MATTERS
ADDRESSED IN THE PLENARY SESSIONS
Moderator/Reporter: J.J. Roberts

Policy issues and technical matters addressed in the plenary sessions
dealt primarily with the broader considerations sﬁrrounding the application
of models, purpose and struéture of the guideline-document, and criteria and
procedures for inclusion therein of "approved" models. These discussions
provided guidance_to the working groups so that the individual position
papers are consistent with philosophical and techﬁical pe;spectiyes of the
conferees at large. Fourteen specific policy issues and‘general‘technical

matters are summarized below.

1.1 THE GUIDELINE TENDS TO STANDARDIZE AIR QUALITY ANALYSIS

The principal issue for the conferees is the degree to which it is
appropriate for a Guideline to prescribe calculational methods. and/or
specific computer codeé to be used in the analysis of éir quality problems.
The desirability of some guidénce is generally recognized; the degree of
specificity of that guidance is the issuef Reference was made to.the
Congressional Conference Report of Septgmber 30, 1976 on Cleén Air Act
Amendments of 1976 where an amended Section 318 addressed "Standardized Air
Quality Modeling'" and set fo}th a general prescription for a conference on
this subject which presumabl§ would lead to a'"guidance document," possibly

published in the Federal Register; Again, here, the degree of étandardiza-

"standardized" never appears within

tion is left unclear in that the word
the text of the article and, further, that the term "appropriate modeling"

appears somewhat in its stead.

A related aspect to the discussion on the extent of standardization
concerns the likelihood of approved models attaining some special status in
legal contests. It was generally recognized that’suéh would, in fact, be
the case although wording coﬁld be incorporated to soften a rigid interpre-
tation by emphasizing the opportunity and/or desirability under certain
circumstances for the user to, at his discretion, select alternative
analytical procedures. The near certainty that the Guideline would attain
special status in regulatory matters argues for a cautious approach to

designating any particular model as "approved" and emphasizes the importance
g g y P C ” PP
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1 . .
of proper .evaluative procedures.” _These legal implications-also led-to
recommendations of ''conservative'" modeling techniques for initial ''screening"

in the new source review process.2

Two widely different perspectives on the issue of standardization
were expressed by the conferees. On the one hand, a "scientific" viewpoint
emphasized that air quality problems are generally unique and should be
treated on'a case-by-case basis with appropriate profeséional couhseling.
Reference in this case was made to a position recently drafted by the
American Meteorological Society (not yet approved by the AMS Council) which
responds principally to the above-referenced proposed amendments to the
Clean Air Act. The draft position statement expressed specific concern
with "the concept that there should be currently established one particular
model which will be capable of analyzing all conceivable situations,' and
went on tovpoint out that the wide range of meteorological, geographical,
and other aspects of the air quality modeling problem, -especially regarding
short-averaging-time standards, precludes the uniform application of a
single model and, in some cases, is ''not amenable to simple mathematical

treatment,'

The other distinct perspective could be termed a "regulatory
perspective." It was most clearly articulated by spokesmen from industries
having to deal with the new source review process as applied to state
implementation plans and prevention of significant deterioration. Here,
the call was for clearly defined analytical procedures for determining air
quality impacts and, thus, compliance with applicable limitations. In
this sense, the Guideline was seen as requiring the use of reasonably
accepted, state—of-the-art mathematical models by which the applicant could
independently assure himself of a reasonable likelihood of compliance
before the investment of significant monies in the pre-construction phases
of a new development. The call was to identify those types of problems
which could be treated by approved models and the gray areas within which
special case—by—case'analysis would be necessary, It was felt that

industry's need for clarity, for reducing uncertainties in the review

1See Section 2.4 and report of the Working Group II-5
23ee Section 2.3
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process, was the princibal motivation behind the .above-referenced section

in the Congressional Conference Report. A related argument in favor.of some
degree of standardization cdncerned tne review of new pollution sources
impacting on more than one state and possibly more than one federal EPA
region., This situation is likely to occur under the prevention of signifi-
cant deterioration regulations., With different states and EPA regional
offices applying different air quality models to determine compliance of the

proposed source, chaotic regulatory situations can occur,

The conferees have reached a consensus on this issue in that it is
agreed that for certain standard types of situationé;'it would be desirable -
for the Guideline to identify an "appropriate'" or, possibly, "approved" set
of algorithms or particulaf compnter code(s) to be applied if the particular
model (s) have beén properly verified under the conditions for which the ‘
standard application would be prescribed. The dépision in this regard would
be made in accord with an approved set -of procedures for testing, Validation,
and possibly calibration. Secondly, significant flexibility should be
provided to the user whereby, with appropriate professional counnel, other
analytical methods could Be'employed where the standard éituation was not

encountered.

1.2 SPECIFICATION OF COMPUTER CODES VERSUS APPROVED ALGORITHMS

Ihe Guideline as currently proposed lists approved or recommended
computer codes to perform different air quality analyses. In fact, however,
with the exception of rollback, they all employ the same Gadssian dispersion
kernel and thus could be viewed as the same models., It is also recognized
that a computer code consists of many algorithms critical to the estimétion
of air pollution levels; among these are emission inventory estimates
(seasonal average and temporally varying), statistical analysis of meteoro-
logical data including the initial acquisition and processing of such data,
prediction of plume rise, dispersion coefficients, and approximation of area

sources,

Thus, while there is a strong sentiment among the conferees to have
the Guideline focus as exclusiﬁely as possible on the identificafion of
approved algorithms which could thén be used in creating an (implicitly)

approved computer code, it becomes readily apparent that  the number
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of steps in performing the overall air quality analysis are so closely
interrelated that such an approach would be difficult to pursue, espécially
at this time. Thus, the Guideline should, where appropriate, reference
specific computer codes, although evaluation studies should be condqcted on
individual algorithms as well as on such complex air quality models. The
working groups, howevef, had many reservations about the specific models
listed in the Guideline, due in part to the lack of sufficient verification

experience, and in many cases could not give blanket approval to their use.

1.3' APPLICATION OF STANDARD COMPUTER CODES FOR "SCREENING" IN THE NEW

SOURCE REVIEW FROCESS

" Whercaso there ic ctrong reluctance on the part of many conferees to
accept a particular code as a standard for‘a particular application, thefe
is general agreement that certain codes could be applied in a "screening" '
process wherein a determination.could be made that the source is in compli-
ance because the associated estimate of air quality impact is suitably far
below any regulatory fhreshold. The concept is one of applying the analyti-
cal procedure with sufficient conservatism to identify those situations
which are clearly within the allowable limitations. This approach would
distinguish a computer model as being appropriate for écreening but not
necessarily sufficiently reliable to be endorsed as a standard for analysis
where the decision is a close one and where a more refined analysis and/or
interpretation of the results of such an analysis may be required. There
‘still remains the necessitonf characterizing those geometrical, meteoro-
logical and other conditions under which the code is applicable in the |

screening process,

The use of standard models as screening tools to eliminate
"non-problems" from more extensive new source review requirements has

several constructive ramifications:

1. 1If the conservative estimates demonstrate that air quality
goals could be readily achieved, a quick approval action is
possible,

2, If the conservat{ve estimates indicate a potential problem,
on the basis of the results, the source can alter its
design or implement.a program involving further measurements
and/or a refined modeling approach which might yield a more
realistic assessment of air quality impact, The fact that
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the standardized model results were conservative provides a-
procedural recourse for sources to provide more 1nformation
on the expected impact.

3. From an advancement-of-technology point-of-view, pressure
is maintained on all parties to produce accurate modeling
techniques. If the standardized models are too conserva-
tive, too few '"'mon-problems" are identified and EPA will.
therefore strive for more realistic prediction methods
to reduce the conservatism. Similarly, because refined
approaches will be required for a reconsideration of a
potential denial, sources will be interested in engaging
in efforts which will tend to improve our understanding of
the teehnical issues.,

1.4 EVALUATION AND CALIBRATION

The ability of a computational procedure or any of its algorithms to
properly characterize the physical processes that govern the transport and
aerochemlstry of air pollutants and thus to predict pollution concentra-
‘tions with acceptable accuracy is clearly the most important criterion in
evaluating that model for inclusion in this Guideline, Currént1y, there is
no systematic procedure being employed by the federal EPA for the
evaluation of air quality models. Such a procedure would require criteria
for acceptability and for inclusion in a guideline, ﬁrocédures for carrying
out a test program including specifications on data and on the rahge of
conditions under which the model must be evaluated. The evaluation process
would include an internal (EPA) review as weli aé, ultimately, an independent
peer group review. This evaluation process certainly would be an extensive
one involving significant effort on the parﬁ of persons developing and
promoting particular theories and models.. A more extensive discussion of
the requirements for such a systematic procedure are described in the report

of Working Group II-5.

Most of the models referenced in Table 3 of the proposed Guideling
and recommended by the EPA have undergone some evaluation. However, in
general, it was agreed that thg existing models'wduld not meet the criteria
likely:to be impos;d'via the above-mentioned systematic evaluation procedure.
EPA itself is well aware of these limitations and will welcome specific

recommendations for a comprehensive evaluation procedure.
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The multi-source, long-term air quality models in Table 3 of the
draft Guideline generally employ a calibration sfep to fit, usualiy by linear
~regression techniques, the model predictions to a set of observed long-term
" averages. The resulting regression coefficients are then employed in all
further use of that model for predictions of future levels of air pollution
under varying source and meteorological conditions. Positions for and
agéinst such calibration were expressed. That calibration Has been commonly
used with apparently acceptable results would argue for.its endorsement as
an acceptable procedﬁre; that the use of calibration implies a failu;e of
ﬁhe model to properly represent the physical processés would suggest that
more attention be paid to those failings that to a statis£ica1 procedure to
conceal their details. The decision on this matter. wae ieft up to thé
wquing group on multi—source models, wherein the use of calibration
techniques was endorsed for evaluation of long~term average concentrations

in urban, multi-source configurations.

1,5 THE DRAFT GUIDELINE SUGGESTS A HIERARCHY WHICH EVOLVES TOWARD ROLLBACK
AS THE PROBLEMS BECOME MORE DIFFICULT

The conferees could not understand the rationale for this seemingly
contradictory proposition. Rollback techniques, as the EPA admitted, are
rarely an acceptable option in the eyes of the EPA regional offiées. While
perhaps appropriate for a first-cut estimate of the degree of required
emission control and possibly where the geography and aerochemistry of the
problem would permit an assumption of homogeneity, it makes no sense to use
a super-simple model in cpmplex situations, In general, it was recommended
that rollback not be included as an acceptable option for SO), particulates,
and CO.* 1Its appiication to photochemical oxidants and NO2 is discussed in

more detail under the report from Working Group I-3.

Another aspect of concern for ‘the use of rollback is under condi-
tions where there are an insufficient number of monitoring sites to assure

that the maximum pollution levels are used in détérmining the constants of

*Working Group I-1 did, however, accept the proposition that "if the
meteorological or topographic complexities of the region are such that the
use of any available air quality model is precluded, then the model used
for strategy evaluation may be limited to a Rollback Model."
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proportionality. Thus, one might significantly underestimate the degree of
required controls in areas not monitored. Conversely, rollback can over-
estimate the degree of control required by focusing on "hot spots' which are

not characteristic of the area.

1.6 ESTIMATING SHORT-TERM AIR QUALITY IMPACTS: STATISTICAL VERSUS
ENUMERATIVE APPROACHES :

Two very controversial issues emerge under this general topic.

Firstly, the PSD increments are stated as increments never to bo exceeded, a
-condition which has somewhat frightening implications when viewed in terms

of a statistical treatment of meteorology and air pollution and the
unpredictability of rare events, The EPA explains that this dilemma would

be resolved by applying the models to a fixed and limited meteorological
history (up to five years) wherein, if the model did not indicate a violation
of the PSD increments, -approval would be given‘fof construction of the source.
Further, it is suggested that the PSD increments would be enforced only
during the review process and thus constitute a‘pfocedural type of regulation
rather than one which would be enforced after the fact if monitored

pollution levels showed the increménﬁs to be violated., This position seemé

somewhat contradictory to the basic concept of SIP development and revision.

The second iosue which comes under this general heading concerns the
procedure for the calculation of short-term impacts, whether for determining
compliance with short-term (three and tweﬁty-foﬁr hour) national ambient air
quality standards or with PSD increments. The most common .way of employing a
modelisuch as CRSTER is to calculate air pollution levels at each receptor
site for each hour in a given period of recent history, ‘usually one to five
years. The results of this analysis are then applied in an enumerative sense
whereby as long as no more than one violation per year at any site is found
to exist, the NAAQS short-term values are assumed met, and where no value

exceeds the appropriate PSD increment, that limitation is assumed satisfied.

An alternative, and to many persons a more'satisfying approach, would
be to generate or in some way empioy a statistical representation of the air
quality at any given receptor site and apply the results of such an analysis
to the test of compliance. This approach would require some, possibly minor,

‘edefinition of the NAAQS and PSD.limitations. Consistent with this
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statistical approach, a model such as CRSTER would be run over an
appropriate period of time with the resulting computed values fitted to a
suitable cumulative frequency distribution function. It was observed that
similar problems occur in interpreting the short-term data from air quallty
monitoring sites which may be subject to occasional and undetermined

malfunctions producing erroneously high values.

It is common engineering practice to use statistically computed
criteria for design to meet extreme meteorological conditions. Drainage
for flood control and wind loads on structures are two-examples. Appro-
priate meteorological parameters are treated by special statistical
procedurcs to estimate conditions for specified periodé ranging from ten to
one hundred years. These estimates often exceed the period of record by a
factor of two or more., Although meteorological conditions associated willi
atmospheric transport models are very different from those associated with
the above examples, the cbncept of using a statistical approéch to determine-

compliance is analogous to these established practices.

Although the consensus -is that.a statistical approach is theoret-
.ically more valid, it is recognized that a detailéd investigation of

the nature of the statistics should be completed prior to implementation..
In particular, concern is expressed regarding the appropriate form of the

cumulative distribution function to be used in any curve-fitting procedure.

To the extent that enumerative (i.e., deterministic) methods are
used to determine compliance with short-term standards, two approaches
suggest themselves: (1) the above-described enumerative approach using
CRSTER, where the major question is the period of record over which calcu-
lations are to be made; and (2) a 'worst case" apprbach where the challenge
is to identify the conditions under which maximum ground ‘level concentra-

tions might occur,

~ In the first situation, it was argued by one conferee that the period
of record be equivalent to the plant life (i.e., as long as twenty to thirty
years). It was also recognized that even a five-year set of calculations

could be unreasonably costlyffor certain smaller sources.

The worst case approach via models such as CRSTER makes sense to the

conferees as a screening mechanism whereby compliance can be assumed if the
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worst case estimate is conmservatively below the allowable increment.
However, the use of an idealized plume rise algorithm (as in CRSTER) might
overleok special high pollution conditions assdciated, for example, w?th ;
aerodynamic downwash. Other specialized situations such as unusual
circulations (e.g., sea breezes) and fumigation should be cons1dered as

potentially creating the worst case situation.

" Finally, in applying a "worst case' analysis, some recognition must
be taken of the potential for occurrence of such a situation in order to

determine compliance with short-term NAAQS.

1,7 TO WHAT EXTENT SHOULD THE USER'S BURDEN IN'ACQUISIYTON OF DATA AND
PERFORMANCE OF CALCULATIONS BE CONSIDERED IN RECOMMENDATIONS SET FORTH
IN THE GUIDELINE?
It is generally recognized that for soﬁe types of calculations and.
. some computer codes the burden of acquisition of em1551on and meteorolog1ca1
data and the computer costs can be excessive for small pollution control
agencies and for many industrial appllcants. Thus, another argmment can bc
made in favor of an inexpensive screening procesebto limit the number of
situations in which more extensive air quality analysis would be required.
However, in those situations where the standards are in fact threatened and
a more‘refined analysis is required, the best available methods should be
employed. This burden would most‘likely fall upon the federal EPA and upon.

state agencies.

To the extent the Guideline recommends models for screening purposes,
such models may reflect a desire for simplicity and ease of use. To the
extent the Guideline recommends mpdels for general application in air
quality assessments, they should be characterized in terms of the potential
burden upon the user but the decision as to the appropriateness of that

burden should be left to the user.

‘.In a somewhat.releted.aspect, the Guideline would permit the
Regional Administrator to select a model other than that recommended "if the
data bases required" are '"unavailable or inadequate.'" The degree to which
it is incumbent upon the EPA or upon the applicant in a new source review
procedure to delay the progect until adequate data are assembled should be

clarified, i
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1.8 THE EPA OFFICE OF AIR QUALITY PLANNING AND STANDARDS DECIDED NOT TO
INCLUDE OXIDANT MODELING IN THIS EDITION OF THE GUIDELINE
EPA representatives indicate that they ha#e recently organized a task
force to develop methods for relating levels of photochemical oxidants to
the required degree of hydrocarbon controls. Thus, they chose to leave
oxidant modeling out of this edition of the Guideline., The appropriateness
" of currently available models for the description of chemically reactive

pollutants is considered briefly in the report of Working Group I-3,

1.9 AIR QUALITY DATA

The .importance of air quality data in evaluating the performance of
an air quélity model is evident. The conferees are concerned that, in
general, insufficient consideration has been given to criteria for proper
siting of monitors and acquisition and processing of air quality data for
validation and for calibration purposes. The EPA has a fask force currently
studying the monitoring situation in the USA, but the major thrust of this
effort would appear to be a éost/effectiveness appréach to minimizing the
number of monitors necessary to assure compliance with ambient air quality
standards, The establishment of appropriate.criteria for monitoring data
to be employed in model validation studies would be a part of the ‘evalua-
tion procedure developed pursuant to policy issue 1.4, above., TFinally, in
addition to the need for better air quality data, there is a need tor

modelers to be more aware of the data which is available.

1.10 METEOROLOGICAL DATA

- In a matter analogous to the concern for' the quality of monitoring
data, concern is expressed for the inadequacy of meteorological data
currently availaBle via the National Weather Service. Further, hourly
'meteorological observations are not available on magnetic tape from the
National Weather Records Center for many sites in the USA. = Finally, the

NWS program of twice per day urban soundings has been discontinued.

It is generally agreed that little can be done in the near future to

change the method of observation and to reinstate the sounding program. The

National Climatic Center is preparing hourly records for selected locations at
the request of EPA under an interagency reimbursement égreement. Several othe
parties from time to time obtain climatic data of this type under similar arrange- -

ments.
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Concern is also expressed for a lack of adequate meteorological data
at elevations approximating the effective stack height of major elevated
sources, as well as for how the available meteorological data are used in

evaluation and in various algorithms.

1, 11 PROPRIETARY COMPUTER CODES

The appropriatenéss of referencing proprietary computer codes in the
Guideline is a controversial issue. The large majority of conferees, =
including several private consultants, oppose the inclusion of such models
in this government publication. EPA representatives. indicate that‘they do

not intend to reference such models in the Guideline.

Arguments in favor of including references to proprietary models are
consistent with a structure for the qudéline.which«does not recommend
specific computer codes but rather approved, generic methods and algorithms
for air quality analysis. It is felt by some thét this approach would
allow a listing of computer models, public and private, which satisfied the
generlc criteria. This position is also consistent with a concern for
excessive standardization of calculational methods in contrast to more
emphasis on case-by-case analysis by qualified experts. Regarding the
‘image of secrecy associafed with a proprietary model, it is argued that the
regulatory agency could be provided with documentation and possibly
liéﬁings of the proprietary code as long as the agency did not release this
information to the public. Fiﬁally, proprietary'models can be tested
against sample problems’in order to demonstrate gheir consisténcy with

other, approved, public domain models.

This rationale for including proprietary models and the associated
procedures for their evaluation as well as their saféguard are countered by
a number of arguments. From the viewpoint of a government agency, it would
appear to be impractical, if not directly contrary to law, for proﬁfietary
models to be used in new source review and, quite probably, in the design
of regulations and SIP reﬁisions. Regarding new source review, spokesmen
from industry express great concern that the agency could be using a model
to which they as applicants had no access. The agency would at the same
time face requirementsifor compliance with various public disclosure laws,

state and federal, and in all likelihood could not hohor an agreement'tb
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safeguard the details of the proprietary model. For example, the general
counsel for EPA Region V forbade the use of a proprietary model in

regulation development for these very reasons,

. As to the use of standardized test problems for esfablisﬁing some
degree of equivalence betweén models approved via the Guideline and
alternate, proprietary models, it is recognized that such may be desirabie
whenever a private party chooses to use a proprietary model in a permit
application of in litigation. The éhallenge then becomes one of developing
a set of test problems which explore the full rangé of appliéa;ion of the
models in.order to determine with a fair degree of confidence the question

of equivélence.

1. 12 SUPPLEMENTAL:CONTROL SYSTEMS (SCS)

The Guideline makes no reference to SCS., Although many qf the
computer codes referenced in the draft Guideline are applicable to SCS
determinations, some codes ﬁore suitable to transient analysis were not
considgred. Further, an important part of an SCS strategy is the on-line -
analysis of éir quality and meteorological data and the related, near-—

term forecasting techniques.

‘ Since the Guideline does not addfess SCS, the conterees did not
consider this subject in significant detail. It is recommended that the
Guideline be amended to indicate, probably by footnote, that SCS is not
considered within tﬁe Guideline and then to provide one or more references
for the user who is interested in pursuing the federal requirements and

available methods for the implementation of SCS.

1. 13 STRUCTURE OF THE GUIDELINE

The utility of the draft Guideline would be greatly improved if
certain minor structural modifications were incorporated. Chapter
subheadings and greater reliance on tabular presentations along with a
;table of contents would make the document more readable. As mentioned
earlier, SCS must be referenced in order to clarify the intended scope of
the Guideline. Similarly, the section on growth does not provide adequate

guidance for handling this complex subject. It would be prefgraﬁle for the
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Guideline to acknowledge its limitation in this regafd.and provide

references wherein the user,can'assess the state-of-~the-art 6f gfowth
projections for éir quality management., Finally, the section on model
application should be expanded to provide more guidance on use of appropriate

emission data,

1,14 PERIODIC REVIEW AND UPGRADING OF THE GUIDELINE

By recogniéing the generally unsatisfactory status ,of pést efforts
in validation of air quality models and the need for a more extensive,
formalized procedure (see policy issue 1.4), the conferees wish_to under-

" score the need for periodic review and upgrading of the Guideline.‘ Fufther,
the absence of coverage of topics such as SCS and photochemical oxidants
and the limited treatment of oxides of nitrogen call for a significant

expansion in the scope of future editions,

The conferees would be pleased to examine subsequent drafts of. this
fifst edition and to participate in the review of future editions. However,
it is generally'agreed that A more extcnded and less intehsive reviéw'
schedule, perhapé\involving several standing committees, would be preferable ‘
to the highly compressed schedule imposed by a two- or threé-day,intéhsive

conference/workshop.

*
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2 WORKING GROUP REPORTS

The working group reports are based on discussidns held within the
working groﬁp meetings. These reports incorporate corrections and editorial
changes recommended by working group members. Extensi&e revisions or addi-
tional material submitted subsequent to the group‘meetings by group ﬁembers

or other conference participants have been referenced where appfopriate.and
collected together in Section 3.
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2.1.1 Changes in Models Recommended in Draft Guidelines

The consensus of the group was that Gaussian plume models are the best
available at this time for multi-source situations. The situation most fre-
quently referred to throughout the discussions waé‘the urban area with a large
number of sources. Concerns, were expressed regarding the need to specify the
constraints on the use of a model and on various algorithms implementing a
modei. In this regard, the group recognized the need for well written user's
guides which detail the limits of an algorithm's applicability. It was sug-
gested that a list of features which would make algorithms more desirable might
be developed. This was considered a reasonable suggestion but no attempt was

made to produce such a list..

After accepting the Gaussian plume model as the best currently available,
the specific algorithms in Table 3.of the draft guideline document were con-
sidered. It was concluded that knowledge of the state of validation of these
models was lacking and that a need existed for validation studies and, more
generally, packaged test cases to test new algorithms. The group considered
whether to retain the hierachical structure of the draft Table 3 or to simply
list acceptable algorithms with the choice of a prrticular algorithm being re-
lated to the level of detail required by the task at hand. The consensus

retained the hierachy.

The use of the Larsen procedure for estimating shqrf—term averagés in
AQDM and CDM was discussed. The group concluded that hour-by~hour calculations
as done by RAM are a preferable method but did not feei that the statistical
conversion of averaging times should be precluded in urban areas where large
point sources are not a major influence. The possibility of giving CRSTER the
capaBility of han&ling multiple sources was discussed and some validation data
on CRSTER were presented, It was noted that short-term predictions tend to be
accurate to within about a factor of two and that the suggested long-term algor-
ithms tend to overpredict. The point was also made that AQDM, CMD, and the
Hanna-Gifford model (proberly applied) give equivalent correlations with mea-
sured data. The importance of representative meteorological data and a good
emissions inventory was stressed by several members. Possible problems with -

the existing parameterizations of oz in the guideline models were noted.

The Texas Climatological Model (TCM) and Texas Episodic Model (TEM)
were suggested as additional models for Table 3. These models were repre-

sented as being essentially computerized algorithms applying the Hanna-Gifford
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model with provisions for inéluding the effects of individual point sources.
Although there was some reluctance to including models not available from
EPA or models in which a member of the group had a particular interest in
Table 3, the Texasvmodels were recommended for inclusion given the fact that
theybhave been widely used. So that other models might be included in future
revisions of Table 3, development of a formal procedure for approving equiva-

lent models was suggested.

Throughout its deliberations, the group was aware that the 'data to
make the best technical, sclentific decision are frequently unavailable but
that a need does exist for guidance in making the administrative decisions

required by law.

The final concensus of the group for specific changes and additioqs'to
the February 1977 draft guideline follow. Where doubt might‘exist as to where
changes were made, additions or changes have been indicated by a bar in the
left hand margin. Recommendations of the group for areas needing attention

or study follow the suggested changes in the-guideline.

On page 15, change Table 3:

Table 3. Multi-Source Models Applicable to Specific
Pollutants and Averaging Times?2 .

SO, and TSP SO, and TSP ' SO

Annuil Average ' 24—Hﬁur Average 3-Hour Aierqgg
aqo/co26> 27 10 B IN S WS-
| - TEMP - TEM
AQDM™/ cou’ 26 27» AQDM*/ com 26527

*
Statistical conversion of averaging times required.

a i . ' - . .
Numerical references in the table cite references in the draft Guideline.

bAppropriate reference to user's manual. Descriptions of TCM and TEM are
contained in Secs. 3.1.1 and 3.1.2. '

On page 16:

Similar models have been summarized and discussed by Lamb‘et..al.,9
Moseélo, Sternll, and others. They are available from private consultants

and other governmental agencies. However, to meet the need for consistency
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identified in the Introduction to this guideline, selected models have
been specified. Based on a determination by the Regional Administrator
that another air quality model already in use by a state agency provides
equivalent or more reliable concentration estimates, that model may be
used. Guidelines12 which provide a procedure for comparing air quality

models are in preparation.

There are limitations to the use of all atmospheric transport and
dispersion models. Users must be aware of these limitations and not apply
the models outside their limitations. Models listed in Table 3 are readily

available; there are many other published multi-source models.

On page 17:

Multi-Source Models Required for Sulfur Dzoxzde and Total Suspended
Particulates (Annual Average)
The Air Quality Display Model (AQDM)26 or the Climatological Dispersion

Model (CDM)27, or TCM may be used to evaluate multi-sourc: :omplexes.

On page 18:

If a more detailed or more suitable model is available, especially in
a Region with major meteorological or topographic complexities, that model

may be used.

Also, if the meteorological or topographic complexities of the region
are such that the use of any available air quality modeél 1s precluded, Lheu

the model used for strategy evaluation may be limited to a Rollback Model.30

Multi-Source Models Required for Sulfur Dioxide and Total Suspended
Particulates (Short-Tern Averages)

The Real-Tinme Air—Quality-Simulation Model (RAM)31’32 may be used to

evaluate multi-source complexes.

If the data bases required to apply RAM are unavailable or inadequate,
the TEM may be used. '

4

If the resources required to operate RAM or TEM are not available,

AQDM or CDM may be used to estimate short-term concentrations of'SO2 and

pafticulate matter. These models must be used with procedures for the
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i

statistical conversion of a&eraging times as discussed by Larsen_25 to

convert annual average concentration estimates to 3-hour and 24-hour average
concentrations. This technique is valid Qniy in urban, multi-source situations
and should not be used in situations dominated by single pqint sources.

Othef similar techniques for making this.conversion may also be used.

On page 19:
| ' If a more detailed or more suitable model is available, especially

in a Region which has major meteorological or topographié complexities,

that model may be used.

'. If the meteorological or topographic compiexities of the Region are
such that the use of any available air quality model is precluded, then the
model used for control strategy evaluation may be limited to a Rollback

Mode1.30
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2.1.2 Meteorological Data

In discussing the section on meteorological data it was pointed out
that the data listed was that required by the models listed and that more
detailed data was likely to be needed as models improve. .Several comments
indicated that representétive meteorological data‘is not always readily
available despite an implication to the contrary in the draft guideline. The
group felt that the requirement of a five fearAdata base was reasonable if
five years of data were available. This was strengthened by one -
member who reported on a situation where consistent results began to be ob-
tained at about 5 years when a total dosage model was used with increasingly

long meteorological data bases in the 1-10 year range.

The consensus of the group is expressed in the following recommendations

for specific changes in the draft guideline.

On éage 30:

Specific meteorological data required to describe transport and dis-
persion in the atmosphere are wind direction, wind spéed, wind shear, atmos-
pheric stability and mixing height appropriate to the site. These parameters
may be derived from routine measurements by National Weather Service (NWS)
stations and the data may be available both as individual observations and in
summarized form from the National Climatic Center, Asheville, N.C. If other ‘ .
sets of data.which encompass wind direction, wind speed, atmospheric stability,‘
mixing height or other indicators of atmospheric turbulence and mixing are
available, they may Be ised. Local universities, .industrial companies, pol-
lution control agencies and consultants may be sources of such data. A five

year data base 1s desirable.

On page 32 add the paragraph:

It is to be noted that future availability of meso and micro meteor-
ological data collections will make practical more detailed meteorological

analysis and subsequent improvement of model estimates.

' 2.1.3 Source Data

There were no major problems with the draft guideline statements about
source data for multi-source urban situations. The consensus held, however,

that other than area-wide diurnal variations could be important and that

]
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samission models should be used where available. The group suggested the

following cbaﬁge in wording tb express its consensus.

On page 35:

For multi-source urban'situations, detailed}source data are generally
impossible to obtain. In these cases, source dataishall be based on annuai
average conditions. Area source information required are types and ambunts
of pollutant emissions,vthe physical size of thé area over which emissions
are prorated, representative stack height for the area, the location of the
centroid or the southwest corner of the source in appropriéte coordinates.
Where emission models are available, dutput from such models should be used.

Short-term models may be modified to accept such data.

2.1.4 Supplementary Comments. and Information

Supplementary comments. and information on multi-source modeling were
submitted by several conference participants. Both members of the working
group itself and others contributed, This material can he faund in Sec. 3

and is referenced below.

R. Porﬁer submitted additional information on the Texas models. Sections
3.1.1 and 3.1.2 describe the Texas Climatological Model (TCM) .and the Texas
Eﬁisodic Model (TEM), respectively, in the format used in the conference note-
Baok. | : ‘ '
® .
G. Melvin presented a description of Illinois' Air Quality Short Term
Model (AQSTM) in the format of the notebook in Sec. 3.9.6. The group did not

discuss this model.

A. Boyer presented a minority report (Sec. 3.1.3) suggesting limitations
on' who should be required to apply multi-source urban models. The group as
a whole did not take a position on this subject. He has also described the

use of urban and single source models by the Ontario EPA in Sec..3.9.7.

S. Hanna has provided an extensive description of the deVelopment;
application, and suggested uses of the Hanna-Gifford . model in Sec. 3.9.1.
Included is a description of the model in the notebook format including a

formulation treating chemical. reactions.
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M. Williams has suggested adding monitoring requirements to the condi-~
tions under which rollback may be used and has commented on the choice of
receptor sites. He recommends specific wording changes for pp. 19 and 29

of the draft guideline in Sec. 3.9.2.

1

M. Smith submitted criticisms of RAM in Secs. 3.9.3 and 3.9.4. Section
3.9.4 is a letter from Dr. Howard M. Ellis of Enviroplan, Inc. The criticisms
relate to the lack of validation, problems with cz‘values, and the full load
operation assumption. Section 3.9.4 also suggests that some measure of
actual operating rates be used if five, rather fhan pné, years of meteorology

data are employed.
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2.1.5 Further Reéommendatibns»’

Packaged test cases should be developed for comparing and testing models.
These cases should include the required emissions and meteorological data

for inpﬁt and the appropriate measured air quality data against which

‘model predictions can be checked.

User's Guides should delineate cleafly the limits of applicability of

model algorithms in order to avold misuse. There is also a frequentilack .

" of clarity in the specification of the inputs needed by particulari

algorithms.

EPA should encourage continuing effért, either in-house or undér'contract,
for validating the models they are recommending. Such information is
necessary for an informed scientific endorsement of particular models and

such information has not been presented at the conference.

A formal procedure should be developed for approving other models and

placing them in the guideline..
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2.2.1 Uistinction Belween Models and Computation Procedures

For the purposes of these deliberations a clear distinction should

be made between models and computational algorithms. The latter are

sometimes called computer programs or computer codes. A model is a set
of mathematical relationships, based on scientific principles, often using
édjustable parameters. Examples of atmospheric concentration models are:

rollback, fixed box models, Gaussian models, and moving box models.

A computational algérithm is a set of detailed instructions for
implementing a wodel. For example, AQDM, CDM, CRSTER, PTMAX, PTDIS, and
PTMIP are all computational algorithms for lmplementing the same basic
Gaussian model. For identical input data they must give the same result,

if they faithfully represent the agreed underlying model.

This distinction was made because the group agreed that the Gaussian
model is the state-of-the-art model for operational estimates of TSP an&
SOZ. The choice of particular algorithms to be used depends on the amount
aqd quality of input data available, the detail required in the answer,

the available budget, and other factors.

2.2.2 State-of-the-Art Point Source Model

The working group recognized that no model available today, nor-
probably in the foréseeable future, Is free of serious limitations, but
it was unanimous in recommending the Gaussian statistical model as the

state-of-the—art model for all point source evaluations.

It should be mentioned that the use of the term "Gaussian' is
understood to refer to the distribution of the pollutant about a plume
centerline. Consequently, the use of a particular algorithm to compute
the position of the plume centerline does not alter the fact that the

model is still basically a Gaussian model;_

Each of the computational algorithms listed on page 14 (Table 2)
of the draft Guideline contains the Gaussian assumptions for the repre-
sentation of plume dispersion as a key feature. Therefore, the group

agreed that -each is acceptable in principle.
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Several concerns were expressed regarding specific assumptions or

the management of data in several of these algorithms. However, none were

sufficiently basic to warrant discarding the Gaussian model in favor of

2
another approach. The major concerns are listed below: ?

1.

There is evidence that the o, curve'represeﬂtlng

- the A stability category in the Pasquill-Gifford

formulation may result in serious overestimates of short-term
maximum values from tall-stack sources.

The system of using a random adjustment to

winds recorded in 10° intervals may not be

adequate to represent full horizontal plume spread. This
system is used in CRSTER (see results of Group II-4 dis-
cussions).

From analysis of limited power plant data it appears that

the 24-hour predictions of CRSTER may be too low for relatively
flat terrain. It is worth determining whether thlS is a typical
result of the model.

There is controversy over the technique used for adjusting
the algorithm to terrain variations. More generally, how
should the Gaussian model be modlfled wheri a plume approaches
elevated terrain?.

There 1is evidence'that‘stability estimates, and the resultant
0, and possibly oy, values, should be functions of source
height, and not independent of it as shown.in the Pasquill-
Gifford curves. This may influence the applicability of

the Gaussian model to tall stack calculations.

Effluent released during one segment of time may have an
effect on the concentration at a receptor at some later
time. This could influeénce multi-hour concentration estlmates.

Plume rise is not considered as a final, settled issue. As
with the diffusion algorithms these estimates should be reviewed.

It should be noted that some of these concerns are specific to the

”CRSTER" algorithm, ‘namely points 2 and 3, while others apply to the

Gaussian model in general. It should be emphasized that in all‘cases,

the participants were concerﬁed with the problem of calculating short-term

ground- -level concentratlons resulting from point source and especially

tall-stack emissions. Each of the items listed were only briefly discussed

by this working group since the subsequent working groups on specific

issues would presumably deal with these concerns.
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This working group also expressed concern.about applying this set
of -algorithms beyond 50 kilometers from the source. Tﬁe concerns ranged
from vague uneasiness because of the lack of data on dispersion and model
validation at greater distances to the recognition that physio-chemical
processes, such as deposition at the air-land or air-sea interface would
alter the Gaussiaﬁ diétribution of the pollutant. Conversion and loss
processes are not treated by the Guideline models. Neglect of these
latter factors should result in an overestimate of'ground level concentra-
tions.. However, extrapoiation of the Pasquill-Gifford dispersion curves
to large distances could fesult in an underestimate of ground ievel con=-

centrations.

Although not specifiéally agreed upon as a recommendation, .it
was clear that all members of the group favored expanded efforts to refine
and improve the algorithms listed in the proposed Guidelines by careful

comparison with data.

2.2.3 Availability of Regulatory Algorithms (Programs, Codes)

- It was unanimously agreed that regulatory agencies (EPA, state
and local agencies) should be required to state clearly which models and
algorithms (programs, codes) they will use to review construction permit

applications,

If published, widely available algorithms (e.g., those on the
UNAMAP tape, available from NTIS) are used, then a listing of algorithms
together with a brief description of how optional features are selected
and which algorithms apply to particular cases sﬁould be a&equate. If,
on the other hand, they use models which are not réadily available, they
should be required to maké copies of computer tapes and complete p:ogram
documentation, and ﬁake these available to any interested party at nominal

cost.
]

The purpose of this requirement is to enable those who apply for

permits to know exactly how their request will be evaluated.

Wherever practical, regulatory agencies should use nationally-
available models, rather than ones peculiar to their agency. ' This -

recommendation minimizes the number of different regulatory situations
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a multi-state source must face. If there is some significant advantége
(i.e., special algorithms for accurate treatment of land/sea breeze,
fumigation, etc.). in using a non-standard model, then this recommendation
should be ignored. 1In such cases the‘requirement for adequate documentation

must be re-emphasized.

There should be some criteria for deciding whether alternative
algorithms or models are acceptable. It was unanimously agreed that such
criteria could include the use of reference or bench-mark type test problems

designed by the EPA.

2.2.4 Recommendation for "Screening Procedure

The comﬁutational effort and resource expenditure required to carry
out single source calculations with the CRSTER algorithm as outlined in the
Guideline were judged likely to be excessive for small sources. This
judgment took into account the fact that both the CRSTER and alternative
computation algorithms (some of which are much easier to implement) were
based on the same Gaussian model. Instead of the indiscriminate use of
CRSTER for all sources, a screening procedure was recommended. Only
sources failing the screening test or failing to qualify for the screening
test should be subjected to an analysis with the more elabopgte CRSTER
algorithm. '

The question of precisely what criteria should be used in 4ualifying
a source for the screening procedure and in deciding compliance with the
controlling standard was discussed at some length. It was generally agreed
that sources having stack heights greater than 100 meters would automatically
be subjected to the more complete analysis by the "CRSTER" model. Applica-
tion of the "CRSTER" model must of course be limited to cases where the
physical stack height is substantially greater than the surrounding terrain
variations. Reservations were expressed because applicants might use this
cirteria as a basis for stack design. Hence, it may be necessary to consider
additional criteria which take into account effluént or heat emission rate

as well as stack height.

To pass the screening test the predicted concentration using the
screening procedure must be less than or equal to 50% of the controlling

standard concentration.
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The recommended screening procedure is as follows:

a) A hypothetical joint frequency distribution of wind speed
and stability is -developed containing all possible reasonable
combinations of those 2 meteorological variables. This dis-
tribution is to be used in the selection of appropriate short-
term meteorological conditions.

b) Computations are carried out using one of the UNAMAP point
source models to determine the l-hr. maximum concentrations.

‘c) Longer-term concentrations estimates are developed using
simple ratios to the hourly maximum concentration estimate.

It 1is tentatively suggested that ¢he ratio of 1-hr. maximum
to 24-hr. maximum be taken as 3 for stack heights less than 100m.

‘

d) ‘The estimated maximum concentration is compared with the
controlling standard concentration. . If the estimated
value is <-50% of that standard,the test is passed and no
further analysis using the CRSTER model may be required.
It should be pointed out that the screenihg procedure may have to
take into consideration special effects such as fumigation, downwash,
or terrain complexities usinglappropriate algorithms. (See the reports

of the Working Groups on Complex Terrain and Plume Dynamics.)

This recommended screening procedure is quite similar to that
outlined in "Draft-Guidelines for Air Quality Maintenance Planning and
Analysis, Volume 10: Reviewing New Stationary Sources' SRAB, MDAD, OAQPS,
.EPA, February 1977. The latter guideline suggests the use of an _
approach similar to that used by the "VALLEY" model for complex terrain
cases. '

See footnote 4 for further comments.

2.2.5 On the Question of Enumerative vs. Statistical Use of the Estimates
of Short-Term Concentrations : »
In regard to this question.there was general, although not unanimous,
agreement that a statistical approach should be used. However there were
differences of opinion regarding the precise nature of the statistical
approach, the length of meteorological records required, and which con-
centration value (highest, second highest) should be applied as the control.
It was generally felt that the question of the precise nature of the
approach is sufficiently imp&rtant to warrant a detailed investigation

subsequent to the conference.,
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The following statement reflects the consensus of the majority of

participants of this working group:

In evalua;ing the modeliﬁg results to predict compliancé with short-
term NAAQS (not to be exceeded more than once a year) or PSD (not to be
exceeded), the teét shall consist of computing the predicted concentrations
" at each of the several worst receptor points, for a specified'period of times,,
using ﬁhe state-of-the-art mddeling technique (e.g., CRSTER or its equivalent).
These worst receptor points are defined by the highest concentrations for the
averaging time of concern (3 hours or 24 hours). The resultingnset of

computed values fo# each of the several points chosen shall be fitted by a

suitable cumulative frequency distribution funétion6.

In order to. be consistent with both the inherent uncertainties
in the frequency of occurrencé of rare events and the use of the second
highest concentration as required by the NAAQS, the following demonstration
" of compliance seéms appropriate:’ The distriEutibns shall be considered
to demonstrate compliance if the cumulative distributions functions indicate
that the short-term NAAQS will not be exceeded twice in a calendar year,
more than one year in each x years at any given point, and tﬁat the BSD

increments will not be exceeded more than once .per y years.

We understand that'the use of the second highest value was chosen

to correspond to the realities of ambient air quaiity monitoring. The
realities of modeling are different. Thus évfor modeled compliance -
Va preferable demonstration of.complianée would‘be;' The distributions shall
.be considered to demonstrate compliance if the cumulatiye distribution
functions indicate that the short-term NAAQS will not be éxceeded, on the
average, more than once per caléndar year, and that the PSD increments will
not‘be exceeded more than once per y years. In the latter statement éhe
"term "on the averaée" is understood to be based upon a limited but specified

length of record, say one to five years.

- The x and y in the above paragraphs have been purposely left undefined.
It was believed thdt a thorough study of the consequences of possible choices

of those values should be made before values can be assigned7.
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FOOTNOTES FOR SECTION 2.2.

This recommendation was made for cases where there is no appreciable

depletion of plume material and where the topography is relatively simple.

In a post-conference contribution (see Section.3.9.2) M. Williams
expressed some additional concerns regarding CRSTER and RAM and pointed

out a documented case in which plume rise was suppressed by an- elevated

~ inversion layer.. Such phenomenon are not properly treated by these

algorithms.

At the conference, M. Smith passed out -copiles of comments prepared by
H. Ellis regarding the "RAM" and other guideline recommended algorithms.
See Sections 3.9.3 and 3.9.4.

It is worthwhile calling.attention to a post-conference submittal in

which A. Boyer (see Section 3.9.7) describes a regulatory approach taken
in the Ontario Environmental Protection Act. This approach, which is

a variant of the screening procedure concept, requires the applicant to
make estimates of impact based on a simple point source model applied
under certain.meteorological conditions. It is then the responsibility

of the control agency to determine whether the combihed effects of mul-
tiple sources, each complying with single source standards, when opetating.

under a wide spectrum of conditions, is acceptable.

The length of meteorological ;ecord to be used for the calculations was
not firmly agreed upon. Some were happy with a minimum of‘one year and

a maximum of five years if the data were.available ﬁhile others preferred
a minimum of two years. One participant suggested that the projected

life time of the plaht might be a more appropriate record length to insure
compliance with the standard. The majority, however, were reluctant to
recommend a specgific record length without first examining the whole

question in much greater detail.
. 1

At least one working group member expressed formal concern over the,
difficulty of fitting.air quality data with a suitable functional form.
See comments by Wevodau, Section 3.2.1. This concern plus others lead
this member tb conclude that the enumerative approach, as recommended
in the draft guideline, was more acceptable at this time. Aiso see a

comment submitted by a non-working group member, R. Porter, Section 3.2.2,
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in which the suggestion was made to include with the fitting procedure

- a formal test of ''goodness of fit'".

In addition to the statement above, Mike Williams'expiessed reserva-
tions about the use of modeled second higheét concentraﬁion estimates..
His statement was submitfed after the‘Group I-2 meeting was édjourned _
and was_therefore placed:in Section 3.2.3 under the title fRationale for
Elimination of ﬁhe Maximum of Second Highest for Modeling Purposes'.
An additional comment made outside the group meeting which addressed -

William's comment was submitted by R. Pbr;er and was placed in Section .

3.2.2.
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2.3.1 Overview and Philosophy

In order to recommend a model for generalzlpplicétion, it is necessary
that tﬁe model meet appropriately specified performance criteria. In our
opinion, while a number of models are now. available for use, it is not
possible as of this writing to appraise the performance of thése models for

one or more of the following reasons:

— performance criteria do not now exist
"~ evidence of verification has not been satisfactorily reviewed
- adequate evidence of verification is not available

- acceptable evaluation exercises have not been undertaken

As a consequence, we recommend the identification of only generic classes

of models, for use, avoiding the recommendation of any specific model.

While this position is in our view a wise and appropriate one to
adopt, we realize that it falls short of meeting the short-term needs of
the user community. In order to partially satisfy this need, we propose

a two level hierarchy of model usage --

~ screening (general estimation and potential problem identification)

- refined exercise (attempt at "best" prediction)

In the case of CO prediction models, we tentatively recommend* specific
models for screening‘use; but at this time we can only recommend several
generic types of model aé being potentially suitable for refined calculations
in practical applications. The specitic models tentatively recommended

for screening purposes may be deemed suitable for certain types of refined
calculatiqn at some time in the future upon completion and/or presentation

of adequate verification studies.

In the case of the photochliemical pollutants, we again recommend
specific methods for screening purposes but only generic types of approaches
for refined calculation. In this case however, the screeriing procedures

are not potentially suitable for refined predictions.

In'any case, it is incumbent upon the user to assure himself that a
model is truly appropriate for a particular application, be it for screening

purposes or refined calculation.

* .
Subject to evidence of verification.
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Since we are unable to recommend specific models for refined use

at this time and recognizing the eventual need for such recommendation, we

wnuld strongly encourage that the following steps. be undertaken as quickly

as possible and with sufficient talent and resources:

- Establish relevant and unambiguous performance crlteria We

would “encourage the convening of a panel of experts to achieve
this end.

Establish an independent group having a charter to perform a
continuing evaluative function ~-- that is, determining if
candidate wudels satisfy the specified performance criteria.

Incorporate new information and knowledge into these recommenda-
tions annually and introduce specific model endorsements as rapidly
as feasible (perhaps hlmonthly or quarterly).

2.3.2 General Considerations

Applications requiring the use of air quality'models for set 2

pollutants fall into a wide variety of categories, of whicn~the following

are exaumples:

A need

State Implementation Plan Revisions
Air Quality Maintenance Plans

Regional Transportation Planms, including'TranSPOratidn .
Control Plans, Transportation System Management, Trans-
portation Improvement Program Requirements

EIS/EIR's

NSR

Indirect Source Review.
"PSD

Others

for both regional and local models is apparent from a consideration

of these applications and both needs can rarely be satisfied by a single

model .

By our definition, local models deal with distance scales of the

order of 1 km or less and regional models with distance scales greater

than 1 km.

Several generic.clesses of models can be identified, each having

advantages and disadvantages. The principal classes and some of their

limitations are:
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- Gaussian

a) considerable simplification of real phenomena

b) cannot treat low wind speed cases _

c) cannot properly treat cases involving complex terrain

d) cannot properly treat cases involving complex source geometries
(mainly depressed and elevated roadway sections)

e) cannot treat time varying behavior

Numerical

a) specification of the appropriate values of the diffusion
parameters can be difficult :

b) ‘generally requires more meteorological data than routinely
available:

¢c) the effects of numer1ca1 errors (e g, pseudo—di[fu51on) must :
be evaluated '

- Statistical/Empirical

a) low spatial and/or temporal resolution
b) often site or region-specific

Physical

a) specification of the appropriate values of the diffusion
parameters difficult
b) site-specific
" ¢) difficulty in achieving dynamic and geometric similarity

A general assignment of model classes to local and regional'scale

applications may be made as follows:

Local/Site—specific _ ' Regional
Gaussian ' Numerical
Numerical : Statistical/Empirical
Physical ' : Gaussian

Care needs to be exercised in complex circumstances in which these general
assignments may be inapproptiate and in which a sophisticated analysis may

be required. We emphasize that the burden is on the user to consider his
specific application and needs carefully, taking‘the limitations of different.

models or model classes into account.

The main criterion.that should be used in selecting a model for a
specific application is the past performance of the model in situations
which approximate the applications at hand as closely as possible. This
verification evidence should include work hy an independent.group other than

the model developer if possible, and should cover .a wide range of conditions
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in order to clearly define the limitations of the model. If past verification
is inadequate, a verification study should be required as psrt of the

+ analysis, including the specification of evaluation procedures and per-
formance guidelines. Verification is important because it provides the

best mechanism for identifying model limitations.” in practice and for
determining the suitebility of different models for specific applications

in an appropriate manner.

Cost/benefit considerations should play a role in determining the
level of sophistLication with which the air quality analysis is to be carried
out. Some of the relevant factors are:

-~ the economic consequences or cost of making a specific

decision compared to the cost of the analysis necessary
to justify the decision technically,

- the extent to which an increased level of effort in doing
an analysis is justified by an increased level of confidence.
in the results,

- the available resources (uuney, skilled manpower, computer)

- the data requirements (meteorological, emissions, air
quality).
We suggest that the information in the Guideline on the following topics

be updated periodically:

- the codification or i&entification of typical applicatibns

- model verification information, cla851fied particularly with
respect to typical applications

2.3.3  Carbon Monoxide Model Recommendations

Consistent with the philosophy outlined in Sec..2.3.1, we can
tentatively recommend certain models for use as_"screening" tools, suhject
to evidence of verification. The term '"screening" tools applies to
methodologies which provide épproximate and conservative estimates of
the air quality impact of a specific source type so as to identify those

situations which require no further air quality impact evaluation:
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- Model Source Category
: HIWAY Individual Project Reviews
Hanna - Gifford - HIWAX Transportation Network Review
+
(Point and Area Source Point Sources

‘Models Recommended in
Sections 2.1 and 2.2)

These models must, of course, be used 1n a manner consistent with the
scientific prlnciples and assumptions inherent in their development. Further, .
the user should apply these\models only to situations similar to those in
which they have been vefified Also, it 'is recommended that U,S, EPA '

1mmed1ately subject these models to further verification prucedures.

2.3.4 Short-Term Photochemical Pollutant Model Recommendations

In this section we divide our discussion into two parts, one dealing
with the use of models for screening purposes and one with the use of models
for more refined predictions. We also give recognition to the problems

of point source and regional modeling of photochemically reactive pollutants.

2.3.4.1° Screening Purposes

' The purpose of a screening exercise is to eliminate from further
consideration' those sources which are very unlikely to cause or contribute
to ambient éoncentrations in excess of the air quality standgrds. A suggested
teghnique for screening NOX sources withvrespect to NO2 standards is to use
a simple gaussian diffusion model in cogjunction with the appropriate
Briggs formula to compute plume rise. It should be assumed that all NOx
is emitted in the form of NO2 and that NO2 is a conservative pollutant.
Future verification work may allow the assumption of 100% conversion of
NOx to NO2 to be relaxed, théreby increasing the gtility of this technique
as a screening procedure. The Gaussian model is used to estimate the
highest 1-hr. maximum ground level concentration taking into account the

existing background concentration, potential for downwash of the plume,

+ .
Subject to evidence of verification. A specific concern is the validity
of this model for "worst-case' low wind speed conditions. '
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terrain, other sources and the full range of possible meteorological

conditions. The approach should be conservative in nature.

As a first approximation, several teéhniques may be used to estimate
the regional impact on oxidant levels of thg emission of oxidant precursors.
The technique under development by EPA (EPA, January 1977), commonly known '
as the Dimitriades - Dodgé Isopleth technique,‘should be viewed at present
as the preférred screening procedure. The technique, if adapted for the
user's specific area and circumstances, provides a quick estimate of the
degree ot control required. (A code for .such use is now being developed
under contract to EPA). If the necessary data are unavailable fdr»develop—
ing a site-specific system of curves, the more general curves éhould be
used. If it is not possible for either set of curves to be used, the only
available altérnative_is Rollback; however, we have serious reservations

concerning the use of this procedure.

2.3.4.2 Refined Predictions

Once it ‘has been determined through a screening exercise that
exceedances of the air quality standard may occur, it may be appropriate
to pursue a more refined modeling approach. Such approaches can be

divided into poiﬁt-source and regional models.

» In order to calculate the temporal and spatial distributions of

NO2 and O3 that occur in thezatmosphere, it is essential that a numérical
modeling approach be used. Numerical models have the ability to treat
through realistic mathematical representation of the transport, diffusion,
and chemical reaction proéesses that occﬁr in the atmosphere. Two classes
(grid and'trajectory) of regional numerical models have been develope&.
These models are currently undergoing testing and evaluation. Until these

validation studies are completed, these models must be exercised with caution.

2.3.4.3 Models for Reactive Plumes from Point Sources

Several models which are designed for this 'specific type of application
have recently been developed or are currently under development. Simulation of
the transport, dispersion and chemical evolution of plumes of reactive material

from point sources requires treatments of the simultaneous spread of the plume,

entrailment of ambient air with pollutant concentrations and chemical composition
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different from that within the plume, the effects of these phenomena on the
chemical dynamics within the‘plume,'and advection of the blume, all on a
time dependent basis. Clearly, models designed specifically for this type
of application should be used.

- The'data requirements for reactive plume ﬁddels_are more demanding
‘than for Gaussian models. In many cases considérable care must be'exerciéed
in selecting the most appropriate and representative inputs, in particular
the meteorological and ambient air quality variables. This may requife the
expertise of experienced modelers and meteorologists, depending on the type
of problem. Of course, this does not preclude the applicant from supple-
menting existing data bases, designing an aerometic monitoring system, and
collecting tield data to more adequately establish inpuLs.. A wodel's
performance can be evaluated only through appropriate and well considered

verification studies-based on sound inputs and comparative data.

2.3.4.4 Regtional Models

lThe assessment of the temporal and spatial impacts of a new
emissioﬁ source of NO and RHC on regional air quality requires the use
ofAregional airshed models. Airshed models require substantial amounts
of data, including a gridded emission inventory for both mobile and sta-
tionary sources of NO_ (NO + NOZ) and RHC. In addition, depéndiﬁg on the
chemical mechanism, it may be required to further classify the RHC according
to subgroups (such as olefins, aldehydes, paraffins and aromatics). This
gridded emission inventory generally requires a resolution of 1 to 5 km
depending on the application. ' In addition detailed meteofological data
are required to describe the wind flow, diffusion, and inversion fields.
Grid models are most appropriate for assessing air quality impacts on a
systems basis while reactive plume models are most useful for assessing the
impact of isolated sources. These models are complex and require éxperienced
modelers who can properly interpret the results and assess the impacts. It
is of importance to note that because of complexities of the models and their
substantial data requirements, their use will most likely be restricted
to applications in those regions where sufficienf data are available.
Even in such regions, a careful ediﬁing of the data bases must be undertaken

to ensure proper interpretation of model results.
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Again, as with the reactive plume models, the reliability of model predictions
can only be assessed through caréﬁQllyﬁplaﬁhéd and designed validation studies.
Where input data are available, it is strongly recommended'that validation

studies be considered an integral pért of the modeling endeavor.

2.3.5 Long-Term NO, Model Recommendations

An appropriate screening procedure for determining impacts of new

sources ‘on long-term (annual) NO_ levels would be to make use of an appro-

2 .
priate model now in use for conservative pollutants (sugh as CDM in urban

areas, for example) together with the assumptiohs: 1) -that all NOx emissions

are really NOZ emissions and 2) thatvNO is a coﬁéérvative pollutanf. After

, 2
.sufficient experience with this procedure, it may be possible to assume less

than 100% cbnversion of NOx to'NO, and thereby to improve the usefulness of

2
the technique as a screening tool.

In order to obtain a refined estimate it will be necessary to make

use of more sophisticated techniqugs applied on a casé—by-case basis.

Supplementary Material

Descriptions’ of two reactive plume models may'be‘found‘ih Seé.‘3.3.l
and 3.3.2. ’ o ’
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2.4.1 Summary of Discussion

‘ The section in the EPA draft Guideline that is directly related to long-
range transport considerations is the first paragraph on page 21, which
reads in part "It is recommended that estimates should not be made for
distan;es greater than 100 kilometers and that air quality impact beyond
‘this disﬁance be assumed to be negligible." The point is made further on

in the paragraph that impacts at this distance and beyond are "likely to

be small and for all except very large facilities," and the Regional

Administrator .is directed to consider specific large individual sources
on a case-by-case basis if a threat to air quality standards or prevention

of sigpificant deterioration (PSD) increments exists at these distances.

In the general discussion which arose from these remarks, the follow-

ing points were made and ‘agreed upon by the participants:

* The guideline should refrain from specifying a single distance
cutoff. It was considered preferable to give a range of distances
to indicate some degree of uncertainty regarding the maximum distance
at which relatively simple models could be used for estimating pollu-
tant concentrations, and a range of 50-100 km was deemed appropriate
although a lower value of 25 km was also considered.

+ Observational evidence indicating that Class I PSD increments
have been or could be exceeded at distances of the order
of 100 km from a single or a small number of sources was presented
and discussed. It was felt that the assumption of negligible
impact beyond 100 km would be invalid in a sufficiently large
number of cases that it should be deleted from the guideline.
(Specifically, data from Ref. 2 were presented which indicated
that S0y concentrations approaching 50 ug/m were observed
approximately 90 km downwind of a group of four power plants in
eastern England. Several participants reported knowledge of other
studies which also provided evidence for. potential PSD increment
exceedances. These were provided after the conference and are
given as Refs. 1, 3-5.)

 Regarding the different averaging times specified in the PSD
regulations for SOj, it was felt that if the short=term (3 and
24-hour) increments were not exceeded, then neither would the
annual increment. Attention should therefore be focused on the
possibility of a short-term exceedance in evaluating the potential
impact of a new source.

* The need for treatment of individual situations on a case-by-case
basis should be emphasized.

* Plume depletion and chemical conversion in plumes from elevated
sources can be significant at distances of the order of 25 km,
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and are normally significant at distances of’50—100‘km and beyond
under conditions of appreciable vertical mixing. Plume depletion is
normally significant at considerably shorter distances for near-
ground level squrces.

Attention was then focused on questions relating to the modeling of transport,

dispersion and depletion over distances beyond 50 km and the following

points were agreed upon: '

* Techniques for long range transport modeling argiavailable.
(Refs. 6-16, provided by participants after the conference.)

* Only limited comparison of predictions of these models with
observational data is available and the models cannot be
considered validated

* A treatment of vertlcal dispersion using an approach based
on K-theory is generally more appropriate than one using
a Gaussian approach whenever plume depletion by dry deposition
is significant,due to the ability of the former to incorporate a
more realistic boundary condition at the earth's surface.

* Trajectory analysis of the type usually done in the available
models requires wind, prcosure and tewmperature data both at
ground level and aloft at representative sites within the
area of interest.

Based ‘upon this discussion, several changes in the EPA guideline

were recommended.

2.4.2 Recommendations

It is recommended that the paragraph in the draft EPA Guideline on
Air Quality Models and Associated Data Bases which deals with long range
transport, specifically the first paragraph on page 21 of that document,

be altered to read as follows:

"The administration of'the national prevention of significant
deterioration policy may require that the air quality impact of a
source be estimated for great distances downwindr' It is uncertain,
however, what the impact of sources at such great'distances is. Iherg

are several reasons for this; Our knowledge of the dispersion coefficients
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for air quality models* becomes increasingly tenuous with downwind distance.
Distances beyond 50-100 kilometers require substantial travel time at the
most frequently experienced wind speeds. As travel time increases, the
daily weather cycle ;s more likely to alter plume'trajectories and dis—
persion characteristics. The impact at distances greater than 50-100
kilometers is likely to be small, however the impacts are not necessarily
ﬁggligible for large sources.l_5 Techniqués are avaiiable to examine

. thgse impacts, - 6'but only limited experience in their use is currently
availabie. If it appears that a large source (for example, a 2000-MW
coal-fired power plant meeting new source performance standards) may
constitute a threat to ambient air quality standards or prevention of
éignifiéanc deteriorétion increments at large distances, that source

should be considered on a case-by-case basis with available techniques."

Supplementary Material

A description of models used by the Central Electricity Generating
Board, England, for medium and long range predictions may be found in
Sec. 3.9.5. '

*Vertical dispersion in these situations is more gppropriately treated
with models which are based on K-theory. There also are inherent
difficulties with Gaussian models in cases where plume depletion is
significant. Plume depletion would normally be significant at dis-
tances of the order of 50-100 kilometers and beyond under conditions
of appreciable vertical mixing, and at considerably shorter distances
for near-ground level sources. '



~73-

REFERENCES FOR SECTION 2.4.

Observations of Effects from Singlé Sources
at Long Range (50-100 km and beyond)

1. Drivas, P. and F. H. Shair, A Tracer Study of Pollutant Transport and
Dispersion in the Los Angeles Area, Atmos. Env. 8, 1155 (1974).

2. Fisher, B. E. A. and P. R. Maul, The Mathematical Modeling of the
Transport of Sulphur Dioxide Across Country, presented at the symposium
"Systems and Models in Air and Water Pollution,'" organized by the
Institute of Measurement and Control, London, England, Sept. 22—24 (1976)

3.  Heimbach, J. A., A. B. Super and J. T. McPartland, Dispersion from an
Elevated Source Over Colstrip, Montana, presented as paper no. 75-26.6
at the 68th Annual Air Pollution Control Association Meeting, Boston,
Massachusetts (1976).

4. Lamb, B. K., A. Lorenzen, F. H. Shair, Tracer Study of Power Plant
Emission Transport and Dispersion from the Oxnard/Venture Plain,
final report prepared for the California State Air Resources Board
under contract no. ARB-5-306, February (1977).

5. Williams, M. D. and R. Cudney, Predictions and Measurements of Power
Plant Plume Vi.sibility Reduotione and Terrain Interactions, pp. 415-
420, preprints of the Third Symposium on Atmospheric¢ Turbulence,
Diffusion and Air Quality, spomnsored by the American Meteorological
Society, October 19-22 (1976).

Long Range Transport Models

6. Bolin, B. and C. Persson, Regional Dispersion and Deposztzon of Atmos-
phertc Pollutants with Furttcular Application to Sulfur Pollution over
Western Europe, Tellus 24, 281-310 (1975).

7. Egan, B. A., K. S. Rao and A. Bass, A Three-Dimensional Advective-
Diffusive Model for Long Range Sulfate Tramsport and Transformationm,
presented at the 7th International Technical Meeting on Air Pollution
Modeling and Its Application, Airlie, VA, Sept. 7-10 (1976).

8. Eliassen, A. and J. Saltbones, Decay and Transformation Rates of SO,
as Estimated from Emission Data, Trajectories and Measured Air Con-
centrations, Atmos. Env. 9, 425-429 (1975).

9. Fisher, B. E. A. and P. R. Maul, The Mathematical Modelling of the
. Transport of Sulphur Dioxide Across Country, Presented at the symposium

"Systems and Models in Air and Water Pollution,” organized by the
Institute of Measurement and Control, London, England, Sept. 22-24 (1976).

10. Heffter, J. L. and G. A..Ferber, A Regional Continental Scale Transport,
Diffusion and Deposition Model, NOAA Technical Memorandum ERL-ARL-50,
June (1975). -

Knox, J., Numerical Modeling of the Transport, Diffusion and Deposztzon
of Pollutants for Regions and Extended Scales, J.APCA. 24 660~664 (1974).



12.

13.
14.

15.

16:

. =74~

Rao, K. S., J. S. Lague .and B. A. Egan, An Air Trajectory Model ‘for
Regional Transport of Atmospheric Sulfates, pp. 325-331, preprints
of the Third Symposium on Atmospheric Turbulence, Diffusion and Air
Quality, sponsored by The American Meteorological Society, October
19-22 (1976). . '

Scriven, R. A. and B. E. A. Fisher, The Long Range Transport of Airborne
Material and Its Removal by Deposition and Washout - I. General Consi-’
derations, Atmos. Env. 9, 49-58 (1975).

Scriven, R. A. and B. E. A. Fisher, The Long Range Transport of Airborne
Material and Its Removal by Deposition and Washout - II. The Effect of
Turbulent Diffusion, Atmos. Env. 9, 59-68 (1975). . :

~ Sheih, C. M., Application of a Lagrangian Statistical Trajectory Model

to the Simulation of Sulfur Pollution over Northeastern United States,
pp- 311-317, preprints of the Third Symposium on Atmospheric Turbulence,
Diffusion and Air Quality, sponsored by The American Meteorological
Society, October 19-22, (1976).

Wendell, L. L. D. C. Powell and R. L. Drake, 4 Regional Scale Model for
Computing Deposition and Ground Level Air Concentrations of SOg and
Sulfates from Elevated and Ground Sources, pp. 318-324, preprints of

the Third Symposium on Atmospheric Turbulence, Diffusion and Air Quality,
sponsored by The American Meteorological Society, October 19-22  (1976).



-75-

2.5 GROUP II-2: PLUME DYNAMICS UNDER SPECIAL CONDITIONS

PARTICIPANTS
L. E. Niemeyer _ C. Simon
R. A. Porter ' - R. I. Wevodau
P. FinkelsLein

Moderator/Reporter: J. J. Roberts

CONTENTS

2.5.1 Introductory Remarks
2.5.2 Aerodynamic Dowrwash
2.5.3 BSea Breeze and Other Anomalous Circulation Patterns

2.5.4 Interactions of’tha Plume with an Elevated Inversion Ldyer



76 v

2.5.1 Introductory Remarks

Despite the wide range of problems implied by this title, the working
group focused on only a few situations not routinely treated by the standard
models but which may lead to violations of short~term NAAQS or PSD incre-

ments, especially in Class I areas. Three situations were considered:

1, Aerodynamic downwash;

2. Sea breeze and other anomalous circulation patterns;

3. Interactions of the plumeAwith an elevated inversion layer:
a., Fumigation
b. Trapping

The members were in unanimous agreement on the proper way to approach
these issues in a guideline document. Firstly; the ggideliﬁe‘sbouldasyate
clearly that it is incumbent upon the various parties involved iﬁ'the
decision making process to determine whether or not any of these phenomena

. are‘likely to occur, and, if so, whether in a manner likely to cause vibla-
tiohs of short—term'limits. Secondly, this screening process, as well as
any subsequent analyses, must be carried out under the guidance of persons
knowledgeable in the physical processes involved, Thirdly, since the
situations for downwash and unusual circulations'require a case~by-case
analysis, no standard models or rules~of-thumb should be formally recommended
in the guideline. And, finally, to assist the user of the guideline in
selecting the best available and most appropriate analytical methods for

estimating such impacts, one or more pertinent references should be cited.

2.5.2 ° Aerodynamic Downwash

Included in fhis problem area are all situations wherein the dynamics
of the effluent in the immediate vicinity of the source are influenced in a
Significant manner by nearby structures and terrain. Two closely related
approaches have, in general, been taken to simulate these conditions within
the étructure of the standard Gaussian plume model:
1. An equivalent volumetric source is assumed, with a cross-
sectional area approximating that of the obstacles -

usually the building upon which the stack or vent is
situated;
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2. An enhanced g, is employed, usually with an assumption of
zero plume rise.
These approaches are documented in references 1,.2, and 3 in sufficient
detail to permit the user to handle the most common problem of a single

building and its stack.

In a closely related matter, the membefs were agreed that the fulef.
of ~thumb, "a proper height for a stack is 2 1/2 times that of any nearby
structure,' should not be arbitrarily applied tb‘avoid downwash
conditions since (a) in many instances the rule is unreasonably"conserva—
tive, causing unnecessary expensé and unsightiy high stacks, and (b) in
other instances it may be inadequate especially if localized terrain effects
influence the air flow in the vicinity of the source. (See Ref. 4 for a

further discussion on these topics.)

'The members recommended that the guideline inclgde a listing of
~ situations in which'downﬁash effects might occur. These would serve as
warnings to the user that special attention should be giveh to the potential
for downwash. They would not represent explicit criteria. Included in this
list should be: ‘ ‘

1. Relative heights of stack and nearby structures or land
features  (both upwind and downwind);

2, Dimensions of the building aﬁd stack, in particular‘the
aspect ratio relative to the wind direction;

3. Emission characteristics - thermal'flux and effluent
velocity at part. load operation as well as at design
values; and C

4, Multiple stack configurations, !

2.5.3 Sea Breeze and Other Anomalous Circulation Patterns

The phenomenon.commonly known as a''sea breeze' can have a substantial
inflqence on the transport and diffusion of pollutants. The EPA modeling
guideline should recommend that is be accounted for in major modeliﬁg studies
in areas where the sea breeze}can be important. Three areas in which the
sea breeze can be important are in long-term modeling, short-term modeling
on a regional scale, and short-term modeling of individual sources., For

5
individual sources the sea Qreeze fumigation, dogumented by Lyons™ and
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Hales6, can lead to high short—-term: concentrations of pollutants. For
short-term studies of a large area, the sea breeze can strongly: 1nf1uence
local circulation,changing wind and stability patterns and, again,

possibly causing high short-term levels in areas where they wouldn't be other-
wise expected. This has been documented by Gatz?, For long-term models

the sea breeze effect can bave'a,marked effect on the stability climatology
of " the shore area, affecting wind patterns, stabillty, cloud cover, and
precipitation patterns. Great care must be taken to ensure that the data

used in such a model is representative of thc area, (See Fsroques)

A meteorological problem which is. similar physically - but dissimilar
topographically ~ 1s that of the mountain/valley‘winde. This, too, 1s a
local, thermally-induced wind‘field which 'must be taken into acconnt in any
t?pe of diffusion modeling in‘an area prone to these winds, or serious
errors can and'will occur. The need for correct, representative data is

never more crpcially felt than while modeling in both these problem areas.

While the committee feels compelled to point ant this deficieney iu Lhe
present draft guideline, we do not feel competent to draft an alternative
and wish to suggest that an experienced, knowledgeablc scientist in this

area be retained to draft this portion of the Guideline.

2.5.4 Interactions of the Plume with an Elevated Inversion Layer
The group considered two topics'under this heading:

1. Short ~term downwash of a plume during transition from stable
to unstable conditions (fumigation)

2. Plume interaction with mixing height

Fumigation downwash may be a significant'factor in evaluating large
sources relative to Class 1 3—hr. PSD increments. - The guideline user should
be aware of this. and seek expert advice if fumigation is reasonably
anticipated to be a significant factor. The group recognizes that there are
.many cases in which fumigation will not significéntly affect 3-hr. (or
longer) concentrations, but we cannot‘offer specific procedures to determine
if fumigation is a significant factor. Fumigation is»discussed in Turner's
-WOrkbookg, "Meteorology and Atomic Energy"lo and TVA Studiesll., 1In

evaluating the effect of fumigation on 3-hr. concentration, the user must
) .
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take into consideration the short duration of fumigation at a given receptor

site.

Current models (e.g., CRSTER) assume no concentration at ground level
if effective stack height is, greater than the miiing height.* The group
generally agreed this essumption is not uniformly valid,** Tranoing
probably dees occur eometimes even when the calculated effective stack height
is greater than the height of the miked layer, and thus the idealized
assumption in‘models such as CRSTER may lead to underescimation of 'short-term
maxima. However, we are unable to recommend a change in current models at
this time, in part because of the uncertainty in the manner currently used to
estimate hourly mixing heights. The group beiieves this topic‘needs eddi—
tional field evaluation in order to identify those physical conditions under

which plume  trapping can be assumed to occur.

* See Sec. 3,9.6 for a summary of a model called "AQSTM" which was
contributed by G, Melvin. This model treats atmospheric trapping and
other phenomenon discussed'in this section.

**See Sec. 3.9.2 for a discussion of a case in point by M. W1111ams which
was submitted after the conference. ‘
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2.6.1 Summary of DiScussions

The group was in unanimous agreement that it is not possible to spccify
a general model for providing a definitive statement concerning the air qual-
ity impact of a source or group of sources locating in complex terrain. While
a number of generic types and specific algorithms are available, it is not
possible to appraise the performance of these models or algorithms during

this workshop for one or more of the following reasons:

+ Lack of performance criteria,

« Lack of evidence for adequate simulation of physical
processes for all possible situations, and

+ Lack of acceptable evaluation exercises.

The discusaion was liﬁited to topographic complexities (e.g., lake or
sea breezes were not discussed) and single sources. Considerable discussion
-was devoted to the use of the Valley algorithm. Some validation data for
Valley were presented and éxplained(see Sec. 3.6.2). It was clear that Val-
ley was not uniquely defined for various members of the group. One opinion
held that specific meteorological conditions, 2.5 o/sec winds and F stability
for a total of 6 out of 24 hours, were intended to be used in the algorithm.
(This is the version described in the conference notebook.) Other users re-
ported that they relax this restriction in practice and use site-specific
meteorology. The point was also made that conditions conducive to highest
concentrations dcpend on the specific situation and may frequently occur with
moderate wind speeds, not always under stable conditions. It was also noted
that even as a screen, Valley is not applicable in all situations because it
might not treat critical situations like circular flows and inversions in
valleys. Doubts were also expressed concerning the use of Valley as a conser-
vative screening technique. Concern was also expressed that specifying the
meteorology would allow some group to seize on these conditions and say they
should always be used to estimate maximum concentrations even when such an
assumption would be incorrect. One Valley user expressed confidence in using
the algorithm as a screening procedure in mountainous terrain with the specific
meteorological input. -Another noted that in less severe terrain results ob-
tained from Valley with site-specific meteorology were only negligibly less
well correlated with observed concentrations than results from a Gaussian.

model using a plume half-height correction and that in general it appears to
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give satisfactory resdltg at least from viewpoint of a regulatory agency. It
was decided that two positions concerning Valley had developed and should be
noted:

+  Some members of tHe‘group felt comfortable with Valley, at

least as a reasonable screening procedure in complex ter-
rain, and

+ Most members of the group, however, felt that Valley could

not be recommended for general use in complex terrain or
even as a screening tool in all situations although steps
could be taken to render its use less objectionable as a
screen 1n certain circumstances. :

Additional discuésiqn centered on other available algorithms for and
experience with treating complex terrain. Results using a half-height correc-
tion to a Gaussian plume model in three river valléys in Illinois were pre-
'sented. This experience also indicated that the worst agreement occurred
under calm conditions or with circulating flows. It was noted that poor
agreement between predicted and measured values is usually attributable to
poor source or meteorological data. In general, the group felt that good
meteorological data is almést always a problem, particularly in complex ter-

‘rain. .

A method of correcting the Gaussian formula based on theoretical con-
siderations of flow around a hemispherical obstacle was also presented. The

method appears to work better than the full-lift aésumption.

One proposal considered the use of a combinatiQﬁ of meteorological and
air quality modeling to develop the concept of air shed zoning.23 (See also
Sec. 3.6.1.) This approach was presented as being particularly applicable
to the designation of land areas for the purpose of the prevention of signi-

ficant deterioration.-

A computerized flow correction model for use in mountainous terrain

was also described but the'group did not take any position on sﬁgh work,

The group made several attempts to develop some guidance material.
One suggestion was to enumerdte the limitations on the use of various types
of models (Gaussian, K-theory, statistical, etc.)Lin complex terrain. This
approach was abandoned in favor of suggesting an administrative procedure
for use in complex terrain situations. The procedure is described in

Section 2.6.2. It includes.a screening technique which is
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detailed in Section 2.6.3. Pertinent reférences are cited including some
analytical routines. Given the dearth of applicable, validated techniques,
the group's consensus called for requiring that a thorough and comprehensive
effort be made to evaluate sources in complex terrain and for assigning con-

siderable priority to developing and validating models for complex terrain.

2.6.2 Recommended Procedure for Complex Terrain

~ Given the agreement that no single model can adequately treat .all com-
plex terrain situations,the group suggested that a specific procedure be estab-
lished that will.lead to a rational and adequate'éssessment of a source locating
in complex terrain and that will result in a two 1evei hierarchy of a model
usage consisting of conservative screening procedures followed by detailed
analytical studies when the screens are not passed and in the development of

data which will lead to further model refinement or input data aéquisition.

The following process is recommended for use in evaluating sources desir-

ing to locate in complex terrain:

1) Review available data (air quality, meteorological, source
data, etc.) and the physical situation (action by source
alone).

2) Develop a rationale with regard to a particular analysis

technique (by analogy if necessary) (action by source
alone).

3) As a screening procedure, the source reviews initial re-
sults with Agency. (See recommendations in subsection 3.)

4) 1If no agreement is reached based on the screen or if the
source does not pass the screen, then the source has an
option to develop detailed site-specific data and perform
detailed analyses.

5) ,Agency‘evaluates detailed analyses.

6) Source constructs (if approval granted); however, air
quality monitoring may be required.

7) - Air quality data reviewed as necessary.

1

This.approach requires control agencies to have access to the sgrvices
of qualified personnel who are highly knowledgeable in dispersion climatology
and the characteristics of atmospheric flow in complex terrain. In addition,
the EPA must serve as a cleaﬁinghouse for data concerning the application of

i

various models in complex terrain situations.
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ft is further recommended that specific procedureé can be applied for use
as scréening tools for specific physical Situations. Within the time limits
of the ééssion, such a procedure could nof be fully'developed. However, an
outline of phenomena which should be considered in various complex terrain
situations and suégestions fpr modifiéations to flat-terrain models are pre-
sented in the following sectﬁon of this report aiong.with the refefences to

some of the appropriate literature.

For those sources which do not pass the scéeening procedures, detailed '
studies may be conducted by the sources to develop the meteorological.data
necessary to select and verify an analysis procedure which will result in an
air quality impact assessment sufficiently_refined to make the necessary sit-
ing decisions. At this point the assistance of a meteorologist knowledgeable

in complex terrain problems and familiar with the area of interest is required.

2.6.3 Assistance in Defining Screening Techniques in Complex Terrain

_ This section provides a general discussion of ‘phenomena which should
be considered in addressing compliance with air quality goals in regions of
roggh terrain. The purpose is to provide some guidance on appropriate mode1~
ihg techniques as a function of. various. source configuratiohs with respect to
topography and meteorological situations which might be expected; Modifica-
tioﬁs are suggested which could be incorporated in a dispersion model origi-
nally developed for flat terrain anaiyses and which would be one of a number.
of genericﬁiypes (e.g., Gaussian, "K-theory"). The modifications are proposed
in the context of developing "conservative'" models which would tend to over- |
predict air quality impact and which would be appropriately used for '"screening"
purposes. Two broad .categories of meteorological flow situations have been
defined: 1) plume interactions with terrain under organized flo& conditions,
vand 2) effects of local meteorological phenomena on dispersion in cdmplex
terrain. '

2.6.3.1 Plume Interactions with Terrain under Organized Flow Conditions

This section is concerned with how a plume affects ground-level concen-
trations in flow situations which might be considered to be organized in
“"le sense that‘the wind field:would have high spatial cérrelations'from one
wucation to anotﬁer and would’not.be significantly affected by local circula-

i
3
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tions. These are flows which lend themselves to some simplified types of
theories (e.g., potential flow, modified potential flow, etc.). The approaches
discussed below are categorized by different geometry and atmospheric stabil-

ity classification considerations.

(4) ~ Alterations to Plume Trajectories Due to Terrain Effects

Plume Height Greater than the Height of Nearby Terrain. Under these
conditions, models which are appropriate for flat terrain can generally be
utilized with some modest modifications. If the plumé height is mich greater
than the terrain, flat terrain assumptions may be valid if some consideration

"l For

is given to the possible enhancement of turbulence due to "rogghneés.
plume heights not much greater than terrain heights, some modifications to

the plume centerline tfajectory seem appropriate. If the plume is embedded

in a stable layer above the terraiq, it is a reasonable approximation to
assume that the plume trajectory would be horizontal for purposes of computing
-ground surface concentrations. (Note, however,; the comment about the possiBle

effects of "lee wave'" phenomena. )

For a plume approaching a terrain object during neutral atmospheric
stability conditions, modifications which are suggested from potential flow
_theofy appear appropriate. A commoniy used modification to Gaussian models
involves adding an increment to the plume height oﬁer the terrain equal to
approximately one-half the terrain height (distances estimated from the valley
floor). A more conservative estimating technique would be to allow a smaller
iift of the plume centerline above the terrain. This is, however, a poten-
tially poor assumption when the plume height 1s nearly equal to the tgrrain
height. Under non-stable conditiomns, allowing full lift of the piume,'that
is, a terrain following trajectory, would appear to Be geherally.nonconserva—
tive, although it appears from'é theoretical point of view to be reasonable

for flow normal to two-dimensional type ridge orientations.?

Plume Height Lower than:the Height of Nearby Terrain. 1If the plume
height is initially loweF than the height of nearby terrain, the approach to
defining the flow pattern anq,'hence, plume centeriine trajectories, depends
critically on the local topography, atmospheric stability, and airflow. Poten-
tial'flow theory provides some insight on the approach for neutral atmospheric

Stability conditions. If the flow is normal to a ridge, a plume embedded in

At
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the flow will accelerate and lift over the ridge with an actual cénterline—
standoff distance equal to approximately one-half the plume height above the
upwind valley flow. Because of the flow acceleration, however, the stream-
line spacing decreases and, through distortion effects, the vertical dimen-
.sioﬁs of the plume decrease. The net effect suggest no alternation of the .
effective standoff distance in the exponential term in a Gaussian model. 3

A numerlcal simulation appropriate for this flow 'situation should account for
these kinematic effects automatically. If the flow is normal to a more iso-
lated three-dimensional terrain object (as opposed to a two-dimensional
ridge), the effective standoff distance (considering both trajectory alter-
nations and. plume distortion effects) will be less than tHat for flow over a
ridge shape. A value of about one-half the effective plume height in the
absence ofvterrain is an approximation suggested for terrain objects with
roughly equal horizontal and vertical dimensions. Under stable atmospheric
conditions, for flow normal to a two-dimensional ridge, the flow may pass
over the ridge if the stability is weak and wind speed.islnot too low. If
the temperature inversion is strong and the windlweak, the flow may "bhlack"
and effluents would tend to stagnate upwind of the terrain. In either case,
careful consideration would be given to how the principle of conservation of
mass will act to alter plume trajectories and constrain the types of flow
situations possible. On~site meteorological measﬁrements, as well as any
information on air quality concentration patterns, are extremely useful in
such situations. For stable flow normal to more three-dimensionally shaped
objects, the possibility of "blocking" is greatly reduced because the flow
will tend to pass around the sides of the terrain. The possibilities for
‘relatively.high ground level concentrations exists under these'conditions,
however, if the blume flows directly toward the terrain. The frequency of
occurrence of possible meteorologicgl conditions which would cause this flow

situation should be carefully assessed.

Under these postulated situations, insight regarding the expected plume
behavior can be grgatly enhaﬁced with field observations and/or scaled-down
physical modeling studies (stratified wind tunnel or water-towing tank experi-
ments). However, the frequency of occurrence and persistance of meteorological

conditions cannot be determined by these techniques.
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(B) Alterations to Turbulent Diffusion Rates in Complex Terrain Modeling
Studies ,

General Considerationé. A number. of field measurement studies have
iﬁdicated that the association utilized in flat ﬁerrain of stability classi-
fication indices with turbulent diffusion rates are ﬁot necessarily valid in
complex terrain. In particular, a number of phenomena tend to decrease the
possibilities for very low diffusion rates associated with stable classifiéa—
tions. ¥ %7 . A shift of stable classifications toward neutral appears:
often to be appropriate for purposes of estimating atmospheric turbulence
lévels. " Under stable conditibns, the presence of terrain may also greatly
enhance crosswind "meandering' of a plume which in effect reduces time-

. N .
averaged concentration values.

Considerations in the Near-Field of Sources. .For purposes of examining
the iﬁpact pf emission sources on nearby high terrain (within 10 km) careful
consideration should be given to the effects of buoyancy-induced entrainment
on plume dilution during the rising phase of'plume growth."»® TInclusion of
buoyancy-induced turbulence can result in markedly different estimations of

plume centerline and groundfleVel concentration values.

Far-Field AieruaZify Impact. Additional considerations must be given
' to estimating the impact of plumes which travel large distances (30 km or

more) before encountering high terrain:

1) If at the location of the encounter, the plume dimensions
are the same order or larger than the terrain dimensions
and the plume centerline is below the terrain height, then
near centerline concentrations can-be expected to occur at
ground level, "

2) The transport wind field may be highly variable both spa-
tially and temporally. Therefore, methods for estimating
dispersion rates under these conditions need to be given
special attention. ’

3) Removal of gases and particulates by chemical reactions,
scavenging, and deposition processes may be important to
include in the estimation techniques to provide realistic
estimates.
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(C) Other Factors Affécting thé Estimation of Air Quality Levels under
Organized Flow Conditions

Lee-Side Flows. Observational data and physical model experiments
show that under stable atmospheric conditions, the flow may accelerate on the
lee side of mountain ranges and cause streamlines to closely approach the lee
surface. It is possible that this type of flow‘could cause a down draft of a
plume‘toﬁérd the surface an& would‘increase ground-levei concentrations.
This type of flow is often characterized by the productioﬁ of lee-waves down-
wind of the mountains. Flow sepafatiop effects on effluent dispersion of
sources both upwind and downwind of an obstruction are discussed in a subse-

quent section.

Channeling Effects. Topogréphic features will alter larger scale
meteorological flows to tend to follow terrain contours. This results in
"channeling" of winds into preferred directions and therefore an increased
persistence of winds in directions along valléys. These effects are of spe-
cial importance in the analysis and application of wind data.at a site for
purpeses of estimating 24-hour and annual éverage concentrations where, for

point sources, persistence of wind direction is a major concern.

Fumigation and Limited Mixing Depth Effect. Special attention should

be given to possible high ground-level concentrations on high terrain during

- meteorological flow conditions characterized by fumigation of elevated plumes

to the surface by vigorous mixing. Other factors being equal, larger ground-
level concentrations can be expected undef these conditions in rough terrain
than in flat terrain. Anothér concern is limitations to dilution rates
associated with the "lidding" effects of an elevated inversion above high
terrain. This phenomena needs further understanding; an approach simiiar to
that adopted for fumigation simulations may be reasonable. Numerical simula-
tion models which can account for the effects of spatially and time varying
meteorological parameters would be especiélly appropriate for aﬁplications of

this type.
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2.6.3.2 Effects of Local Meteorological Phenomena on Dispersion in
Complex Terrain ~ '
(A) Surface generated flow systems
(1) ' . Upslope-downslope
(11) " Surface inversion dynamics

(i11) Mechanical forcing and turbulence

i

(B) Interaction of shrface generated flows with
larger scale meteorology

(1) Separation and decoupling
(ii) Channeling
(i11) Lee waves and blocking

(C) Worst case estimates
(4) . Surface Generated Flow Systems

A major complication in dealing with dispersion over irregular topog-
raphy is the fact that é‘simple atmosphere-surface interface does not exist
as it does over a flat surface. The amount of solar.energy received by
irregular terrain surfaces varies widely with elevation and orientation of
the surface toward the sun (aspect). This differential heating gives rise
to locally forced wind systems and atmospheric stability variations which
‘have to be considered. The irregular terrain, simply by its presence, also

acts to alter .an otherwise straight wind.

N
P

(i) Upslope-Downslope

;75  The genéral character of surface winds in moﬁntainous terrain is
rea&ily identified. Winds blow upslope (toward higher elevation terrain) on
clear sunny days and downslope (toward lower elevation terrain) at. other
tifn_es.lz’“’”’19 This description is deceptively simplé because complex
valley-mountain geometry often disrupts this flow.!*»1? Modeling the disper-
sion from ground or low level sources musf take into account these persistent
and regular‘upslope—downélopg winds. Since such winds are rather shallow,
often not exceeding 100-200 meters depth, 10,13,1? tall sources may be sub-
jected to quite different flows underlining the need for site specific data |
taken at both the sourcé emission and effective plume height levels. One
must be certain in areas of complex terrain to ensure that the winds used for

dispersion analysis in fact represent the immediate environment of the site.
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(i1) Surface Inversion Dynamics

13,19 Ground

Surface based inversions often form in mountain valleys.
based emissions, low level sources, as well as tall sources, can be trapped
by such conditioné. Maximum surface concentrations may occur as a result of
the limited vertical mixing, ‘especially dufing.times of minimum inversion |
height. Gaussian models are of limited value for calculating such concentra-
tions. Rather; a model which divides the total emission by the volume flow
rate of air in the valley below the inversion, a so-called box model, is more

15,22

appropriate. This technique may be suitable as a conservative screening

method.
(i11) Mechanical Foreing and Turbulence

Turbulence can be fofced, enhancing mixing and dispersion, by the
presence of topographic relief.!® Such a conditidn»is difficult to analyze
although terrain types can be identified which give fise tb mechanical turbu-
lence. Abrupt changes in elevation, isolated topographic features and very
irregular surfaces all can contribute to mechanical Forcing.“’16 Physical
modeliﬁg techniques (wind tunnel, water chanriels) can be used most success- .

17

fully to qualify and quantify such mechanical turbuleﬁce generation. Physi-

~cal modeling techniques do not, however, deal with the frequency of occurrence

and persistance of the meteorological conditions modeled.

(B) Interactions of Surface Generated Flows with Larger Scale
Meteorology
A major complication of mountain.meteorology is the fact that normal
_passage of large-scale meteorological systems is greatly altered by the
topography. The expected surface induced flows, for example, may be strongly
altered or not occur at all as a result of larger scale ﬁatterﬁs. These

local effects of larger scale systems can have a major effect on dispersion

modeling.
(i) Separation and Decoupling

Particularly when wind blows perpendicular to a ridge the flow may
separate from the downwind (leeward) side. Separation causes a closed circu~
lation which can bring a plume down to the surface as well as a wake effect

often far downwind of the obstacle.? It is not uncommon for various types
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of flow sYstems to exist within a mountain valley reasonably indepéndent of,

" or decoupled from, the aloft meteorology.’>!"s1%

The modeling of a plume
under such situations can be very complex, especially if the plume travels
between each flow regime. Phenomena based flow fieldsvcan be introduced into
‘Gaussian models to be used as screening techniques. However, é»preferred
modeling technology is again the use of wind tunnels and/or water channels,

but the problem of persistence would need further evaluation.

(it) = Chemneling ‘

Wind components blowing parallel with a valley often descend well into
the valley and channel a strong flow along the valley axis.?»12>1%,19 The
conventional Gauésian model is appropriate so long as the wind field is

properly specified.
(111) Lee Waves and,BZocking

Lee waves generally occur with stable flows and set up a standing pat-

tern of waves downwind of major terrain features.’»1% Depending upon how

close to the surface these waves and their associated flows occur, either

,19

separation or a high velocity surface flow may result.® Blocking, another’

result of stable flow, occurs upwind (windward) of terrain and basically

represents a region of stagnation.?»!®

Upwind slopes with a reasonable flow
component perpendicular to the ridge line may be éubjéct to such blocking
under stable atmospheric-conditions. A ‘box model such as described above
could be calculatedluéing-the ridge top as mixing‘héight and a aurface area
appfopria;ely defined. Such a process could be used -as a screening techniqpe.

An alternative is the use of combined meteorological and’disﬁersion modeling.23

(C) .Worst Case Estimates

Worst cése estimates of ground level concentrations under terrain-
distufbed flow conditions may be addressed with simple modeling techniques
if care is taken'in selecting model input variablés. Perhaps the most impor-
tant effect of topographic fibw features is the severe constraint on repre-
sentativeness of input data including mean wind, stability, and turbulence,
since these flows exhibit stfoﬁg space-time variability, particularly in the
verticai. Some determination must be made that the plume is involved in the
same flow regime as the meteorological input data throughout its path to the

potential receptor site.
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Many drainage flows are relatively shallow (< 200 m in depth) and wind

measurements near ground level may not apply to an elevated plume if it is

above the drainége regime. ‘AlSO the lateral radius of representativeness of

wind measurements becomes very small in broken terrain.

If the net transpbrt is properly estimated and if alterations to dilu-

tion rate due to local effects are accounted for, Gaussian plume or box model-

ing coﬁcepts may be reasonably applied to obtain bounds on ground level

concentrations of pollutants. In establishing procedures for estimating the

impact of a proposed facility the following steps'should be considered :

1.

Examination of topographic charts on several scales with
varying degrees of smoothing will aid in determining the
basic setting with regard to basin strﬁcture, channeling,

downwash, drainage,and stagnation potential.

A quantitative critical review of existing meteorological
records from sites within the same general - topographic
domain will aid in establishing the existence and occur-
rence frequency of topographic effects on transport.
These data are likely to be sparse and not properly ‘
located for a site analysis, so site meteorology must

be considered next.

Based on the inéights gained from the first two steps,
perform a series of observations to establish the radius
of representativeness. This should include elevated

winds by means of pibals and concurrent observations from

‘combinations of topography such as different slope'faces,

Valléy-mesa, hillside-plain, and source-receptor points.
In documenting local flows, consideration should be given
to their recurrence frequency, depth, lateral extent,

diurnal pattern, net wind speed,and some measure of tur—

bulence intensity.

The preliminary anmalysis outlined above gives a basis for
estimating bounds on ground level concentrations for screen-

ing purposes and dids in the design of subsequent monitoring
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networks. Using the morphology of local flows and the
design of the proposed facility, an assessment can be made
of thé interaction of the plume with these wind domains,

'includiﬁg the likelytpollutant trajectories.

Examples of simple model applications giveﬁ the insights from steps 1-

‘4 above are:

a. Plume Involved in'Drainage Wind. These flows maintain a

, downslope,cémbdnent and are estimable from squthed toﬁo-
graphic charts. The turbulence in these winds is often
‘greater than would be’ implied by a blmple AT predlctor
and should be measured in order to not underestlmate
dilution. Flows may vary from 1 to(lO m/oce but are
often rémarkably steady andramenable to Gauésian plume
modeling along the determined (possibly curved) plume
axis. The daytime counterpart to the_drainége wind is
generally weak, brief and sporadic and is dominated by

‘the large scale flow regime of the day.

b. Plume EZebated above Draindge Flow. 1If it is determined
that the plume and receptor are in the more uniform wind
field above the local drainage wind,traditional modeling
techniques [for organized flqws] may be applicable to

worst case determinations.

c. Stagnation. A plumé imbedded in a stagnént flow created
by a basin structure or blocking by a ridge hay be treated
using modified Gaussian plume 1:e<:hniques.21’22 (The Valley
model is an example of one such technique.) Plumes above ‘
‘a stagnant region -in a well defined wind field may be more
'amenable to the traditiona1 Gaussian plume model applica-

tions.

- d. Separated Flows. These are local in character and depend
on the existence of some general meteorological conditions
of stability and wind speed. The'geometry of the source:
and the obstacle producing the separation is very 1mportant

W1th an upstream source estlmated to be involved in the
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separated flow region, a well mixed zone on the lee side of
the obstacle ("bon"-model) may be adopted. With the source
" in a lee side downwash, maximum ground level conéentrations

would be due to a nearly direct path of pollutant to the-

' ground in a fumigation mode.

2.6.4 Supplementary Comments and Information

Supplementary comments and information were'submitted by both members

of the working group and .others. This material can be found in Sec. 3.6 and
is referenced below.

D. Fox submitted a description of the TAPAS model in the format of the
conference notebook (Sec. 3.6.1). This model can. be applied in complex terrain.

In Sec. 3.6.2, H. Slater discusses the Valley model and some compari-
sons of observed and estimated concentrations including a description of the

conditions under which the data were obtained.

‘ M. Williams (Sec. 3.9.2) has suggested a specific change in the wording
for p. 30 of the draft Guideline. The suggestion concerns the choice of wind
speed when an elevated source impects high terrain. He presents data on the
unacceptabiiity of ground level inferences of stability, wind speed, and direc-
tion during stable conditions. He also suggests some changes in the Valley
algorithm. In Sec. 3.6.4,he also comments on the'use of plume half-height
corrections, the uniformity of the wind field in the lower atmosphere under

stable conditions, and the influence of terrain elements on stable plumes.

The letter from Howard M. Ellis of Enviroplan submitted by M. Smith
(Sec. 3.9.4) comments on the use of a half- ~height rather than a full-height
(CRSTER treatment) reduction in effective stack height in complex terrain and

on turbulence and dispersion enhancement.

G. Melvin {Sec. 3.9.6) has presented a description, in the notebook
format, of the Illinois' Air Quality Short Term Model (AQSTM) which can be

used in complex terrain. ,

In Sec. 3.6.3,D. Henderson has commented on the use of local meteoro—
~ ..
logical conditions in Valley and on the conditions under which the model is
)'st applicable. He has also noted factors which determine the degree of con-

servatism of a box model.
EY '

Y
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2.7.1 Introductory Remarks

This working group dealt primarily with detailed'aspects of the
Gaussian plume model in general and with some issues specific to some of
the algorithms recommended in the proposed'guideline. The problems asso-
ciated with special modeling’'situations such as complex terfain were not

. '
discussed.

The general consensus of the group was that while some serious
concerns were raised and some important questions needed to be answered,
none were so serious as to prevent interim use of the Guideline recommended

simple terrain algorithms such as '"RAM" and 'CRSTER"..

The most important issue raised by the group was the validity of the sub-
jectively extrapolated portion of the o, curve for the fasquill—Gifford stability
class A and its applicability to the computation of ground level concentra- -
tions from tall stack emissions. Similar questions were also raised re-
garding the upward turning“stability B curve and_fhe downwafd turning
stability D, E, and F curves for a,- fhe'group supported the method of
multiple images for treating dispersion in a limited mixing layer and
stressed that for elevated releases the surface based stability parameter
must be acéompanied by information about the layer containing thelplume.

Of specia] importance is the position of the plume relative to a ground

based or elevated inversion layer.:

There was significant difference of opinion about the validity of
the prediction of neutral hours by the "STAR" computer program and the

implications for both ground Based and elevated releases.

The group unanimously agreed that these questions deserved serious
attention and recommended that a thorough and systematic study be con-

ducted of both the theoretical arguments and available data.

These issues are more fully discussed in the following text.
Discussions on several additional issues, including some specific to the

CRSTER algorithm are also presented.

2.7.2 Vertical Profiles of Wind Speed

The working group unanimously agreed that the representation of

the increase of wind speed with height now employed in the EPA modeling
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systems 1is satisfactory}' This system takes the form of a power iaw with the

exponent varying according to stability categories.

2.7.83 Comparison of STAR, AT, and T

In order to make any dispersion evaluation, the available meteorological
data must be stratified according to categories representing the diffusive
capacity of the atmosphere. A variety of simplified approximations have been

used to represent this variable.

The group notes that the various systems, when applied to the same
data, give widely diffcrent Jdistributions of stability categories. Many
authors have pointed out these differences, but a pair of examples show the

extent of the problem.

Table 1 compares the frequency of the Pasqdill—Gifford stability
categories estimated Irom tower temperature difference (AT) measurements with
a set derived from standard deviation of the wind fluctuations (Ge) measure-—
ments. The discrepancies are enormous, with differences as great as a factor
of 3 or 4 among the major unstable, neutral and stahle groups. Table 2 com-

pares a "STAR" calculation with the AT and o, estimates. Again the variations

S
are huge.

A question was raised regarding the prediction of neutral stability
categories by the "STAR" program. While the group did not unahimously agree,
some participants expressed the opinion that the "STAR" program tended to pre-
dict unrealistically high numbers of neuﬁral hours especially for low level

sources.

It is the coﬁsensus that the technique of estimating stability now used
in the EPA computer evaluations (STAR) can be used in the interim but that it
be reviewed to resolve this question and to develop an alternate system which
will eliminate the unrealistically large percentages of neutral hours if nec-

cessary.

We doubt that AT, at least over modest height intervals, will serve as
an alternative because of instrumental accuracy problems, and because it is
based on only one of the several key factors responsible for turbulence. A
possible alternative might be based on wind fluctuations for estimates of hori-
zontal dispersion and either AT or net radiaion measurements for vertical dis-

persion.



JOINT FREQUENCY OF oy (30') and AT

Table 1

200' - 5'
MARCH 1971 -~ FEBRUARY 1972

. * l
DATA (%)

Neutral

‘Category. A D Sum
A 0.10 .51 1.24 5.58 12.03 1.75 11.40
B 0.20 .72 0.89 4.02 1.33 0.66 7.91 }36.28 Unstable
c 0.57 0.33 1.88 9.97 1.97 1.00. 16.97
D 1.41 0.84 | .61 29.21 3.35 "1.59 45.90 45.90 Neutral
E 0.82 0.45 87 2.78 1.50 0.61 11.28 :
: ' . o~
F 0.01 0.03 .13 0.19 0.26 0.04 0.77 )20.05 Stable &
G 0.00 0.00 .00 0.00 0.00 0.00 0.00
" Sum ,‘ 3.20 1.84 .09 12.87 60.29 12.29 . 5.65
. | -8
13.13 12.87 76.23 102.23
UnstaEle ‘Stablé'

*
From: Environmental

Report, Trojan Nuclear Power Plant, Oregon.



*
.Table 2

A B c’ D E F G
- sTaR™” 1.08 7.68 7.93 57.17 8.74 17.39
AT 3.20 1.84 8.09 12.87 60.29 12.29 5.65
ay 11.40 7.91 16.97 45.90 11.28 0.77 0.00
' Unstable . Neutral - Steble
STAR . 16.69 57.17 26.13
AT 13.13 - 12.87 76.23
7 36.28 45.90 20.05

Data based on an Environmental Report on the Tfojan Nuclear Power Plant, Oregon as
reported in a letter dated November 22, 1976 from James Carson. to Maynard Smith.
(See reference materials at end of report)

%k
The STAR program used selects only six stabllity classes.

-g01-
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For further discussion on problems associated with surface based meteoro-
logical data, see Section 3.9.2 for some remarks by M. Williams regarding the

'LAPPES Program data.

2.7.4 Mixing Height Interpolation Scheme Used in CRSTER

There are reservations about the intefpolation scheme uséd in CRSTER to
obtain hourly mixing heights. This system shoﬁld-be tested against. available
data and the results should be documented. The.schemé éhOuid be examined and
could be improved using houriy surface temperatutes to intefpolate the mixihgm

‘heights between.the standard hours of radiosonde observations.

2.7.5 .Vertical Uispersion Estimutes

There is évidence3 that in their present form, the Pasquill-
Gifford 0, curves are unsuitable for calculation of the ground level concen-
tration due to emissions from-tall stacks. In particular, the stability A
and, to some extent, the stability B curves may result in'largé overestimates
of the short-term maximum ground-level concentration (l—hr.'to 3-hr. averages
especially) and in underestimates of its distance when comparea'with obserQa—A
tions. Extrapolation of the A curves for Oy and o, beyond the 800m range

leads to values of czloy equal to 10, which seems physically unreasonable.

-Also, there is evidenée«that the.present g, curves for Dy E and F
stability .(which turn downward) result in underestimates of the maxi- -
mum ground-level concenttration on varluus Lilie scales and ovcrestimates of
its disténce. - The degree of the undé;estimateé.or overestimates is roughly

proportional to the plume stabilization height or stack height.

The group strongly recommended that the changes to be made to correct
these deficiencies be determined through a systematic study of available
data for a wide variety of‘cohditions and other pertinent infarmation on
the effécts of tall-stack plume éharactgristics on ground-level concen-
tra;ions; Possible changes suggested by such a study, especially for tall

stack calculations and distances greater than 1 km, might include the
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elimination of the A curve.and the use of the B curveAfof both A and B
stability categories. Alternatively, the a, curves for the A, D, E, and

F cdtegories may be reformulated to show an approximate linear dependence
on distance'(on a log-log plot), stdrting at a distance 100 meters from

the source. If this pro;edure is adopted, the effects of thermal stratifi-

cation in limiting the vertical growth of plumes can be accounted for by

- the use of multiple reflection terms in combination with a specified mixing

depth. These adjustments (i.e., inclusion of multiple reflections) apply
only to plumes that stabilize within the mixiﬁg layer and thus in-practice

" are most applicable to the A and D categories. It should be néted that the
algorithms RAM.and CRSTER treat limited mixing in this manner for stabilities

A through D.

Additional comments on this subject were submitted after the -conference '

by M. Williams (see Sec. 3.7.1) and D. B. Turner and L. E. Niemeyer (see Sec. 3.7.3).

‘Finally, in order to account for variations in surface roughness
and urban/rural differences, it was suggested that some latitude be given
to exercise professional judgement in making minor adjustments in stability

class assignments. See related comments by Moore below.

2.7.6 Initial Plume Dimension

Plume size at ‘the plume stabilization distance (at downwind
distances of approxiﬁately ten stack ﬁeighté) should be determined and
incorporated into Oy and Oz determinations by adding.variances or use of
virtual distances to account for initial size of buoyant plumes. A '

possible algorithm for doing this has been discussed by G. Briggs.%

2.7.7 Horizontal Dispersion Estimates

D. Mooré} of the Central Electricity Generating Board (CEGB)
presented some recent resultg of the determination of ground level ¢
values due to elevated sources. The'results obtained from surface sampling
(with a sampling time of roughly one hour) to distances of 14 km, indi-
cated linear variation with distance for all cases studiéd.A The constant
of propottionality varied from 0.04 under strong winds fo 0.2 under light

winds. These results appeared to be very similar to the Pasquill-Gifford



-106-

.curves which apply to the plume distribution relative to its centerline and
which are characteristic of 3-minute sampling time. Currently, the CEGB
is using Oy values which are a continuous rather than discrete furction of

the stability variable5

The group concurred that the present PG.cufves for Oy should be used
for rural cases and for l-hour sampling periods for elevated sources. This
position takes into considefation the original basis for these curves (ground-
level releases 3 to 10 mirute sampling times) and the influence of Wind shear
for elevated sources which effectively enhances the horizontal spread near

lground level.

The positidn‘was comcwhat less clear fur near ground releases. The
general opinion was that for ground level sources and l—houf sampling times
the present PG curves for oy should be adjusted for sampling time using the

1/5 power law.

To account for increased site roughness or heat flux, Oy values
should be shifted one stability category toward unstable (except a shift
from B to A).

-

The incorporation of ‘the Briggs'’ urban 0 curves in. urban models
p . 1424 y

warrants further consideration.

Extrceme caution is advised in. the uee of so-called "stability C"
category. Contrary to the trend for decreased dispersion with 1ncreas1ng
stability, the stable, light wind situation which characterlzes the
"stability G" case has been shown (see.for example Van der Hoven ) to
occur with rather large horizontal plume meander. Thus, the use of Pasquill G .
results in serious overestimates of short-term concentrations from low-

" level sources.

2.7.8 Wind Direction Randomization

Most wind data avallable for air pollutlon studles ‘are recorded to

10° direction intervals, whereas the time hourly-mean values would have
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thown variation within these intervals. To assume that the winds are actually
fixed on the lOb radials will result in unrealistic maximization of concentra-
tions in these directions. To overcome this tendency, a randomizer has been
introduced in the CRSTER computer program to force deviation of the wind

from one hour to the next.

.Occasionally this randomizer will repeat the same random number for
. . ’ N
several hours in a row. It may therefore create an unrealistically. large-
3-hourly calculation. The repetition effect becomes very unlikely over

longer perinds, and presents no problem.

It is recommended that this problem be reviewed, since three consecu-
tive identical wind directions is exceedingly unlikely in nature. A
possible solution would involve an automatic override to prevent successive

duplication of random numbers for short-term evaluations.

See further comments contributed after the conference by M. Smith,

Section 3.

2.7.9 Review and Comment on Pasquzll s Recommendations for Interim
Changes to the Pasquill-Gifford Curves!
1. No change should be made to the present "PG-curves" for Oy" It was

felt that Pasquill's recommendatlons regarding g, could not be generally

0
implemented at this time.

2: 1In regard to adjustments to stability classes to account for surface
roughness and the urban heat island effect, a practical comprom;se was
recommended: In an urban area the stability class should be changed
by one unit in the direction of unstable to account for the combined

effects of surface roughness and the heat island.

3. A correction should be made in the Gaussian model which takes account
of the plume dimension at an appropriate distance downwind from the
release point (see Section 2.7.6 of this report) but not necessarily

following precisely Pasqu111 s suggestion.

2.7.10 Use of Models in Urban vs. Rural Areas

It was noted that CRSTER is intended spec1f1cally for rural

~alculations (i.e., relatively smooth surface without heat 1sland effects)
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For urban cases (rough surface and urban heat island effect) the
appropriate version of 'RAM should be used in lieu of CRSTER. 'Howéver,
the group emphasized that the. EPA should be certain that thé 'RAﬂ '

algorithm has been validated by comparison with field data.

If CRSTER were to be used in urban-type situations the stability

class should be changed by one unit toward the unstable.
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FOOTNOTES FOR SECTION 2.7.

Cramer, in a post-conference contribution, see Sec. 3.7.2, emphasized
that this statement should not be interpreted to mean that the power-law:
exponents currently used by the EPA are not subject to change. He
suggested some possible modifications.

Ibid. Cramer feels that the PG stability categories predicted by _
STAR are very satisfactory provided that mixing height, vertical temper-
ature gradient, and the wind profile exponent are also specified for
each combination of wind speed and stability.

In his post-conference contribution, H.- Cramer (see Sec. 3.7.2) has
prepared a well documented argument for modifying the PG 0, curves,
this argument deserves careful attention. :

The group was cognizant of the fact that the original o, curves for
stability A was based on direct measurements, i.e., observations of
vertical distribution, only out to 100m and on indirect measurement,
i.e., reduction from observations of ground level distribution, out
to 800m (see Ref. 1).

In his presentation, Moore advocated that O, and Oy be expressed as’
analytical/empirical functions of source height, sampling time, and
surface roughness, as well as stability, wind speed dnd dOanind dis-
tance. See Ref. 4 and Sec. 3.9.5. :
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2.8.1 Principles

While the desirability of providing model recommendations to the
user community is well recognized, it is clearly unwarranted to offer such
recommendations when supporting information is inadequate or unavailable.

' Consiétent with this philosophy are the following.requiremedts:

~ The specification that models must meet certain standards of
performance if they are to be endorsed in the Guideline for

general use.

~ The acceptance of model verification as a common practice in

overall model use where performance is not established.

To'pro?ide an orderly basis for determining model performance, we foresee
the following peeds:
- Prescribed standards for modei performancé*
- Specified model verification procedures
- Established performance evaluation procedures

In order to meet these needs, we strongly recommend that: ¢

- An effort be mounted to establish the appropriate
standards and procedures (under the auspices of EPA).

- A continuing function be established within EPA expressly for
the purpose of model evaluation. ' . A

- Established standards and proce&ures be revisited on abregular

basis.
See Section 2.8.4.

Recognizing that these recommendations do not satisfy the short-term
needs of model users, we recommend that the following practices be adopted

on an interim basis until the needed functions are put into practice:

*Also of concern is the extent of generality of model applicability.
In other words, there is a need to place constraints on the range of
model applicability over which the performancé standards are expected
to be met. o

i
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- the extent of evaluation undertaken for models mentioned in the
Guideline be indicated in a manner consistent with Section

2.8.6.

- areas of-applicability of the models and constraints (areas of

non-applicability) be listed.

Examples of the type of information to be supplied are shown in Section

2.8.5.

2.8.2 Considerations

We believe that attention must be given to the following considerations
in attempting to prepare guidelines. for model evaluation practices and

procedures:

- Verification should be viewed in two contexts - general and site--
specific usage. The distinction between the two contexts should
be maintained wherever appropriate, giving recognition to potentially

differing verification requirements.

- Performance standards should vary in stringency and content, giving
recognition to:
- the differences in models

= variations in desired level of accuracy (compare screening
use and refined use of models)

- loftiness of performance goals. (This gives recognition of

" the two-step process of (1) selecting a model with a certain
potential predictive capability and (2) establishing the extent
to which its- capability is realized. See Section 2.8.6. :

- Verification activities should be carried out with overall project
and information-gathering-goals in mind, i.e., give proper consi-

deration to:

- the problem to be resolved
- the nature of the Standard to be met (its form, its averaging
time, etc.)
~ Verification goals should be in concert withvpotential level of
achievement insofar as it is limited by the accuracy of data input

to the model and data to be compared with predictions.
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"— Obligations of the user (in contrast with the control.agency) should

be specified

- Recognition should be given to the trade-offs between costs and

benefits prior to mounting any substantial verification program.

2.8.3 Other Issues

We wish to call attention to certain other issues that bear on model

-evaluation:

- the "verifiability" of a model - Can a particular model, as a

practicai matter, be evaluated? 1In some cases, it cannot.

- the permissibility ot calibration - Under what conditlous is Ll

practice warranted?

-~ the differences in verification requirements for long-term versus

short-term predictions

- the importance of evaluating models under conditions which "stress"
the model, i.e., which are designed to most readily uncover suspected

flaws or shortcomings

- the differing evaluative requirements for relative (e.g., rollback)

versus absolute (e.g., Gaussian plume models);predictors

- indication of the types or categories of statistical procedures

to be used in model evaluation, at a minimum

We believe that each of tﬁese issues should receive full codsideration in

preparing a guideline document.

2.8.4 Proposed Mechanism for Meeting Requirvements

Clearly a well defined mechanism must be established as quickly as
possible to meet the requirements outlined above and indeed to insure in a
larger sense that suitable models are properly developed and rationally

applied.

The Clean Air Act of 1970 requires modeling as a tool to achieve the
intent and goals of the Act. Accordingly EPA has the total responsibility

for all aspects of modéling from concept through'épplication. Since the
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requirements for validation and perforﬁance as described herein are a key
part of the overall modeling problem, EPA has the responsibility to carry
out these tasks. It is a major effort on a continuing basis requiring addi-
tional internal support together with assistance by grant, contract and
consultants. In short, EPA must establish within its organization a group
responsible for carrying out the tasks described;Ato do so on an ad hoc

basis is totally inadequate.

There are a number of advantages in having an identifiable group

within EPA with total responsibility for the modeling effort inelnding:

1. Model évaluation, performance, and applicability can be more readily

achieved and documented and the results made .available to all‘parties. 

2. Results of model applications can be evaluated and retained in a data

.bank for use in subsequent model improvements.
3. Uniform methods can be established for processing new models.

4. A higher degree of standardization can be achieved in the use of models

both for enforeement aud alr quality management.

This proposed mechanism would provide for -a periodic review.of models in ‘use
as well as those proposed for adoption and probably would involve formal
meetings with outside éxperts. However, the effectiveness of such formal .
meetings would be greatly emhanced by having the benefit of the results of

a continuous effort within EPA. '

!

2.8.5 Example Model Evaluation Information

‘Examples of evaluation information for models listed in the .Guideline

may include the following information.

CDM - An urban multiple-source model that has been éubjectéd to

limited evaluation for __  cities. Results indicate that

SO2 calculations, are madevmore accurately than those for TSP.
Correlation coefficients ranged from to for SOZ- ‘
and gorrelat;on coefficients ranged from to for TSP.

CRSTER - A single point source model for the calculation of the dis-
' tribution of short-term concentrations around ‘the source.

Studies at four power plants indicate the maximum concentrations
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calculated are within a factor of 2 of the observed concentrations

at local monitoring statioms.
Examples of limitations are:
CDM is an urban model;that‘should not be applied to rural situations.

RAM is a multi—sourcé short-term model'thaf has not been evaluated.
It is composed from algorithms such as the Gaussina plume model and
plume rise equations similar (identical?) to CRSTER and in a similar

application could be expected to give similar results.

None of the models listed have been validated in complex terrain.

Use of differential receptor heighrs has not been validated.

2.8.6 Levels of Model Performance and Quality

We should recdgnize(that'models operate at varying levels of performance
and quality, and should be tested (validated, verified) against the standards
of the various levels. We suggest that there are roughly four such levels,

which in descending order are:

Top Level. A model in this level will predict concentration.of any pollutant
at any time, any place, any averaging time, with uncertainty equal to the '
uncertainty in the input data (emissions, meteorology). An examble of this
type from phys}cs is F = ma. For that model we.truly can predict with
accuracy equal to input data acduracy, for all size and time scales, excluding

relativistic and uncertainty principle limitations.

To validate a model in this category would require comparing its time
and space resolved predictions. with equally time and space resolved observa-

tions, using all sorts of meteorological inputs.

Second Level. A second level model would not claim to give accurate time

and space resolved answers but would attempt to predict time-resolved dis-
tributions of results which were comparable to observed ones. For example,
the qbserved mean and s.d. of the concentration at any point should agree
with the predicted one, within tﬁe uncertainty of the input data. An éxample

of this type from biology is mendelian genetics, which predicts the distribution

of properties (quite accurately) but generally does not predict, for example,

which seed will contain &hich:properties. After the fact we have worked out
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a great deal of "first principles" to explain the distribution, but that came

after the fact.

Third Category. A third category would be models for which we have plausible

scientific bases, but for which we have not yet been able to show that the
models do truly make accurate predictions. For sﬁcﬁ models presumably a
verification of their predictive powers is possible, but not neéessarily

easy. An example from physics of this type is the existence of "black holes."
Current theory says they may exist, while direct observation currently seems

possible but not easy.

Fourth Category. _A fourth category of models are ones for which the scientific

bases 1s questionable but perhaps plausible and for which experimental veri-
fication is unlikely or impossible. A non-related example is the way we all
raise our children; we have poorly-founded but plausible ideas of how one

should do it, and no effective measures of their performance.

If we accept the idea that there are such categories of models, we can

enunciate the following ideas:

1. Although models in lower categories may have uses for screehing purposes,
for disputed regulatory decisions one should use as high a category model as

:is available.

2. There should be little effort devoted to models of a lower category if

a higher.category model is available for the same task.

3. The category into which a model falls should be determined on the basis

of validation and testing, rather than any other way.

4. The validation requirements for the various categories should be different
f:om category to category. For the first category the requirements must be
for space and time resolved correspondence between calculated and observed
concentrations. For the second category it would be correspondence between
computed and observed space (but not time) resolved means and standard- devia-
tions of the concentration diétributions. For the lower two categories,
validation within fhe category would seem unnecessary; the objective of

validation would be to move the model to a better category.

5. - EPA should be asked to classify existing EPA models into these categories
and indicate what levels of performance they believe can be reached in the next

five years for each pollutant and each averaging time.
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This whole set of ideﬁs is summarized in Table 2.8.1.

Supplementary Material

A comment on the use of unverified models for making relative predictions

may be found in Sec. 3.10.10.



Table 2.8.1. Categorization of Models by Validation Technique

Category

Air Pollution Models which

. Proposed Validation

Descriptionf' .may fall into this Category* ' Technique
. Ly ‘
I Time and Spacé Resolved ' y Comparison Between
‘ SourcééReceptor‘Models ,. Time & Space Resolved
| Observed & Calculated
II Statistical Prdperty ' Single Source Gaussian ' . Comparison of Statis-
Only Models Plume (e.g., CRSTER)? ! tical Properties of
” {Spaced Resolved) " Multi-Source Gaussian? Space Resolved
Observed & Calculated
III Models with Plausible Most CO Models, » Movefto Upper. Category
Scientific Bases, but Any Model Requirihg if Validatable
Currently not Validated EmEirical.Calibration,
to Above Levels ‘ Pﬁotbchemical Models
v Models with Less Plaus- Rollback | Not Validatable?
ible Scientific Bases, ; i o
'Probably not Validatable -

e - i
These choices are to some extent a

depending on use.

rbitra:y and as shown some model fall in more than one category

~6LL-
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3 SUPPLEMENTARY MATERTALS

This section contains commentary, opinions, and other written material
submitted by the participants both during and after the conference.’ Except
for retyping and minor editorial corrections, no changes have been made
in the content or expression of these contributions.

' Sections 3.1 - 3.8 contain material germane to the working group

reports (Sections 2.1 - 2.8,-re$pecti§ély).
Material which is of more generél interest has been plaped‘in Section 3.9.

Comments which refer to the issues discussed in.the plenary sessions of

the conference and additional issues are contained in Section 3.10.
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3.1 GROUP I-1

3.1.1 Description of Texas Climatological Model (TCM)
Submitted by Richard A. Porter at conference.

TEXAS CLIMATOLOGICAL MODEL

Reference: Porter, R. A. and Christiansen, J. H.; "Two Efficient
Gaussian Plume Models Developed at the.Texas Air Control Board."”
Proceedings of the 7th NATO/CCMS International Technical Meeting
on Air Pollution Modeling, Airlie House, Va., September, 1976.
(Copy attached.)

Christiensen, J. H. and Porter, R. A.; Users Guide to the Texas
Climatological Model, Texas Air Control Board, Austin, Tx, May, 1976.

Abstract: The TCM is a climatological model that predicts long-term
arithmetic mean concentrations of nonreactive pollutants from point
" suurces and area sources. The TCM ig conceptually similar to the
Climatological Dispersion Model (CDM) but incorporates design features
that reduce the model run time by as much as two orders. of magnitude.

Equationsg: See references cited above.
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Source-Receptor Relationship

Arbitrary locations@Rp for each point source. Unlimited number

- of sources.

Arbitrary location and square grid width for each area source.-
The model will allocate area sources into a uniform square grid.
Receptor location is arbitrary grid (max. 50 x 50).

Release heights for point sources are accepted for any height.
The area source algorithm (Gifford-Hanna) does not consider
height of release.

- Receptors are at ground level.

No terrain difference between sources and receptors.

" Emission Rate

All gsources have a single average emission rate for the averaging
time period (i.e., month, season, year).. ‘

Chemical Coﬁposition

One, two, or three pollutants are treated Simultaneously.

Plume Behavior

1..

2.
3.

4,
5

Plume rise calculated according to Briggs (1971) neutral/unstable
equation.,

Effective stack heights less than 10 meters are considered 10 meters.
Effective stack heights greater than 300 meters are considered 300
meters.

No plume rise for area sources.

Down-wash and fumigation not considered.

‘Horizontal Wind Field

Climatological approach

16 wind direction

Mean wind speed calculated for each stability class from the joint
frequency function of stability, wind_direction, and wind speed.

. . Wind speed corrected for physical stack height (same as CDM).

. Vertical Wind Speed

Assumed equal to zero.

Horizontal Disperion

'Assumed'to be uniform within each 22.5 degree sector .(same as CDM).
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Vertical Dispersion

'l. Gaussian plume.

2. 6 stability classes (Pasquill-Gifford- Turner) A, B, C, D-Day,
D-Night, E+F.

3. No provision for variation in surface roughness.

Chemistry/Reaction Mechanism

Exponential decay according to user input halflife (same as CDM).

Physical Removal

Same as I above.

. Background

Background may be entered by calibration coefficient for each
pollutant.

Boundary Conditions

Perfect reflection éssumed at ground. Mixing height not a factor
because investigation shows no effect for typical climatology using
the CDM .47L total mixing scheme.

Emission and Meteorological Correlation '2

Emissions not varied.

Validation/Correlation

1. Model_is<se1f—célibrating‘with input of field receptor observations.
2. -High correlation achieved of observed to calculated values for
Houston TSP.1975, Houston SO2 1972, Dallas TSP 1972,

Output

1. Arithmetic mean concentration for the averaging time of the Clima-
tological input data and emission data (one month to one year).
2. Any combination of the following outputs are available:
a. Listing of concentration for an arbitrarily spaced square grid
of up to 50 by 50 elements. ~
b. A print plot of the grid concentrations.
c. Punched card output for isopleth maping (same as CDM)
d. A listing of the five high contributors to the .concentration
(by 7% concentration) at each grid point.
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P. Activity

The TCM has been widely applied for evaluation of new source impact

upon existing air quality and for evaluating the impact of growth in
urban areas. The model is in use by more than 50 industrial firms,
environmental consultants, and government (federal, state and local)
agencies throughout the U. S. and Canada. Speed of operation (up to

2 orders of magnitude faster than .the CDM) and convenient output formats
have made this model popular with a wide variety of users.
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3.1.2 ‘Description of Texas Episodic Model (TEM)

‘Submitted by Richard A. Porter at conference.

TEXAS EPISODIC MODEL (TEM)

References: - Porter, R. A. and Christiansen, J. H.; "Two Efficient Gaussian
- Plume Models Developed at the Texas Air Control Board." Proceedings of
the 7th NATO/CCMS International Technicdl Meeting on Air Pollution '
Modeling, Airlie House, Va., September, 1976. (Copy attached.)

Control Board, May, 1976.

Christiansgﬂ, J. H.; Users Guide to the Texas Episodic Model, Texas Air

Abstract: The Texas Episodic. Mudel (TEM) is a short-term (10 minute to 24
hour averaging time) Gaussian Plume Model for prediction of concentra-
tions of nonreactive pollutants due to up to 300 elevated point sources
and up to 200 area sources. Concentrations are calculated for 1 to 24
scenarios of meteorological conditions, averaging time, and mixing height.

Equations:' See references .cited above.

-
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Sburce-Receptor Relationship

1.

2.
3.

4.
5.
6.

Unique emission rate for each source.

Up to 300 arbitrarily located point sources.

Up to 200 arbitrarily located area sources.

A uniform square receptor grid of arbitrary spacing with up to 50
by 50 rows or columns.

Terrain assumed flat.

Unique release height for each source.

All receptors at grourd level.

Eyiesion Rate

Chemical Composition

One, two, or three pollutants treated simultaneously.

Plume Behavior

l.

3.

Plume rise according to one of six equations from Briggs selected.
according to stability and distance from source. Effective stack
heights less than 10 meters are considered 10 meters. - Effective
stack heights greater than 2000 meters are considered 2000 m.
Mixing height penetration factor (P) is a user input. If effec-
tive source height (H) is greater than P times the mixing height
the plume escapes. Otherwise the 47L mixing scheme from Turner's

Workbook 18 used.

Does not treat down-wash or fumigation.

Horizontal Wind Field

1'

2‘
3.

User eupplied stability, wind speed and direction for the averaging
time period (10 minutes to 3 hours) or for each 3 hour period to
build a 24-hour day.

Power law variation of wind speed with release height (same as CDM).
Steady state wind for each scenario.

Vertical Wind Speed

Equal to zero.

Horizontal Dispersion

ll
2.

3.

4-

Semi-Empirical Gaussian Plume.

User supplied stability class for each scenario (Pasquill ~Gifford-

Turner).
Turner (1969) dispersion coefficients.
No adjustment for surface roughness.

i
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Vertical Dispersion

1. Semi—empirical Gaussian plume.

2. User supplied stability classes (Pasquill Gifford -Turner) for
each scenario. :

3. Turner (1969) dispersion coefficients.

4. No adJustment for surface roughness.

Chemistry/Reaction Mechanism

Exponential decay with user supplied half life

Physical Removal

Same as I aboveé.
Background
May be input with calibration factor.

Boundary Conditions

1. Lower boundary: perfect reflection.
2., Upper boundary: reflection from top of mixed layer by the <47L
scheme of Turner (1969) except as ddecribed in D.2 above.

Emission/Meteorolggical Correlation

User Supplied values of wind speed, wind direction, stability class,
mixing height, ambient temperature for each scenario up to 24
-scenarios

Validation/Calibration

1, Limited validation with observed vinyl chloride.observations.
2. Calibration by user supplied coefficients: (A B) so that
Xcal = A + BX predicted

Output

<

1. Concentration mean for each receptor grid point for averaging
" times of:
a. 10 minutes
‘b. 30 minutes
c. 1 hour '
~d. 3 hours
e. 24 hours (based on eight 3-hour scenarios.)
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Output is available for from 1 to 24 ‘scenarios in the following
~ formats: :

a. listing.

b. print plot.

c. punched cards for isopleth maps. .

d. ‘culpability list of the high five contributors to the concen-
N 'tration at each receptor grid point. .
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3.1.3 Minority Report on Application of Multi-Source, Urban Model
Submitted by A. Boyer at conference.

MINORITY REPORT

The. Application of Multi-Source, Urban Models

The application of compléx multi-source urban mpdgls is to be primarily
the responsibility of controlfageﬁcies.' The resulfs of multi-source simulations
may be used by contfol agencies to assess the effects of changinghsdurce
strengths; éontrol measures, or changing land-use patterns. Multi-source simf
ulations mhy also be used by control agencies fbr_amending guidelines for the
application of single source models in areas where many single sources inter-
act. . |

Individual sources sould not be expected to do more than apply single
source models. In those cases where industries or members of the public choose

to apply multi-source urban models control agencies should encourage such

activity by providing urban source inventories.
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3.1.4
' Description Of the Envzronmental Research & Technology, Inc. Model ERTAQ
Post Conference Submission by B. Egan

- Abstract: ERTAQ is a steady-state sector-averaged Gaussian plume model
that calculates concentrations of up to six pollutants from an
unlimited number of point, line, and area sources. The model may
be operated in either the ''sequential'' mode to calculate one-,
three-, or 24-hour concentrations for analysis of historical ''worst-

-case'" impacts or in the ''climatological average' mode to calculate
long-term averages for periods represented statistically by stability
windroses. Dispersion coefficients may be user-specified. In the
sequential mode, a fourth class of source, '"tall stacks', is available
that provides for optional use of distinct dispersion coefficients
more representative of this class of source. The model may be
applied in both flat and hilly terrain. Up to 128 receptor points
may be specified, at each of which the user may specify background
concentrations as well as calibration factors. The contributions
of individual sources to selected receptors may be isolated at the
user's option. In addition, program options are available for
user-specified input format, storage of output f11es, and manlpulatlon
of the results of intermediate computations.

i ﬁEguations:

-Q
u €18

For sources other than ''tall stacks', at user's option,; the crosswind
dispersion function g, may be sector-averaged over 22.5° by

1 .
g1 T 2x tan (W716)

For ”tall stacks', the crosswind dispersion function g. is given by
the statistically "expected" value within the 22.5° sector for
receptors within the downwind sector, i.e.

' 1 X T'/16
21 _=Tx—/8—erf( ) i

for receptors in the sectors adjacent to the downwind sector,
X
g, = 1 - er{'( 4:«;?:)
1 77 O

‘This formulatlon avoids the difficulty of using centerline one-hour
values when accumulating concentration estimates for multiple-hour
averages. ‘ :
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The vertical dispersion function g, is given by

315 = {w[ (-—)]+Z [srf4 (“”"Lﬁ}

H-23L ﬂ
+‘¢1P{ QE ) )
m1x1ng depth ‘

height of plume centerline above the ground level
receptor.

Where L

non

Terfain Correction- (tall stacks only):
H =-Hs +4H - Tf X Min (zr - 2, HS +A}ﬂ?

-wherein

H = height of plume above terrain at receptor
" H = height of stack above stack base

Aﬂ = plume rise -

Zr = topographic height of receptor .(above sea- level)

Zy = topographic height of stack base (above sea- level)

Tf = stability dependent, user-specified terrain correctlon

factor.

Source-Receptor Relationship

Unlimited number of point, area, liﬁe, and tall-stack sources at
any locations,

Up to 128 receptor points at any selected locations.
Unique topographic elevation for each receptor.
Rebeptors must be at ground level.

Emission Rates

Unique emission rate for each source that may be varied according
to diurnal, weekly, or monthly scheduling.

Chemical Composition

N/A

Plume Behavior

Briggs (1970) final plume-rise formulas

Stack-tip downwash (Gifford) for tall stacks

If plume height exceeds mixing height, concentratlons further

downwind assumed equal to zero.

Plume and mixing depth both respond to terrain obstacles (see Equations).
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!

Horizontal Wind Field

Wind direction constant at all heights over all space.
Wind speed varies with height according to user- spec1f1ed power-
laws dependent on stability class. .

Vertical Wind Speed

Assumed equal to zero except as implied by terrain correction
factors.

Horizontal Dispersion

Gaussian plume sector- averaged in various ways dcpendlng upon

application. 5 stability classes used with user-specified dlsper51on
coefficients; different classes of sources may have different
coefficients. "Urban'" and ''rural' options.

Vertical Dispersion

Gaussian plume,

5 stability classes used with user-specified dlsper51on coefficients;
different classes of sources may have different coeff1c1ents

"Urban' and '"rural" options.

Option for initial vertical source dimension.

Chemistry/Reaction Mechanism
Not treated directly (see J).

Physical Removal

Half-life decay factors.
Background

May'be specified for each receptor of‘for all receptors. May be
calculated if appropriate emissions inventory is input. :

Boundary Conditions

Perfect reflection at the ground and at the top of the mixing
layer. Mixing height follows terraln with correction factor

(see Equations).

Emission and Meteorological Correlation

None specifieally, but see B. Emission Rates (above).

T
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N. Validation/Calibration

Calibration option available which involves external determination
of linear calibration coefficients; slope and intercept may be

applied in subsequent runs. Comparison with observations made in a
number of studies. ‘

0. Qutput

Concentration values at each receptor. Output routines search
complete data sets for high values and identify time periods of
interest. ' ' ‘
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3.2 GROUP I-2

3.2.1 Comments on Section 2.2.5 Submitted by R. Wevodau After the Conference

o
ESYABUSNEDIEOZ

E. I. pu PoNT DE NEMOURS & COMPANY

INCORPORATED

WILMINGTON, DELAWARE 19898

ENGINEERING DEPARTMENT
LOUVIERS BUILDING

March 9, 1977

Dr. D. M. Rote ,

Argonne National Laboratory
9700 South Cass Avenue
Argonne, IL 60439

Dear Don:

I offer the following comments on the first round report of
Working Group I -~ 2: .

Item 6'- "On the Question of Enumerative Vs.
Statistical Use of the Estlmates of Short-Term
Concentrations"

I agree with<the consensus opinion that a statistical
approach is theoretically more valid. However, I
believe it is very important that the detailed inves-
. tigation on the precise nature of the statistical
! ‘ approach be completed prior to endorsement of this
' approach. At this time, I favor the enumerative
approach as recommended in the draft guideline. My
~ main concern with a statistical approach involves
. the difficulty in fitting air quality data, whether.
measured or predicted, to a suitable cumulative
frequency distribution function.

In model applications to evaluate compliance with air
quality standards, I favor use of the second highest
~value. I agree that fumigation, stagnation, thunder-

~ storm downdraft and terrain-induced mixing, none of
which are considered by CRSTER, can be important
factors in potential short-term violations, However,
substitution of the highest computed value for second
highest value is not an approprlate alternative in '
these situations.. This approach sklrts the issue.

¢

¢
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2
March. 9, 1977
Dr. D. M. Rote

In these abnormal situations alternative procedures

. which do consider such factors should be employed
(or developed) instead of using the highest computed
value from a model which does not consider these
factors.

I believe the report’ls accurate and representative. You have
done an excellent job in coordlnatlng and reporting the opinions
expOsed during our workshop sessions. : _

" Very truly yours,

ENGINEERING SERVICE DIVISION

R. I. Wevodau

RIW:bmw -
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3.2.2 Comments on Short-Term Analysis and on M. William's "Rationale for
Elimination of the Maximum of the Second Highest for Mbdelzng Purposes"
(3.2.3 below).

Submitted by R. Porter after the conference.

Comment 1: Lake shore-fumigation should be included in consideration of any
short-term standard. Also Briggs (1969, p 51) recommends that plumes will

not escape in a 1id situation unless the calculated‘plumelrise'Ah is greater
than 2 times the mixing height. Normal fumigation and thunderstorm downwash

are too short in duration to influence a 3~hour mean. -

. Comment ZiA The problem with the.second high standard for modeling is that
" we are'attempting to predict concentrations too far out on the tail of the
distribution already. 1/365 is even harder to predict than 2/365. Any
probabilistio‘scheme should include a test of the gOodness of fit of the
calculated data to the assumed frequency distribution. (See the submission
to the NATO committees). Results in Frankfurt shomed that if the data

doees not fit the distribution absurd numbers are generated for the second
high. - See Section 3.10.1 for a more  expanded discussion of this topic by

Porter.
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3.2.3 Rationale for EZtmznatzon of the thtmum ‘of Second Highest fbr
Modeling Purposes .

Submitted by M. Williams after the Working croup'I-z'meeting.

Since the modeling used will not consider model uncertainties, the
observed second highest concentration at a point ‘may indeed be somewhat
greater than the standard if the second highest ‘model value is permltted to
approach the standard. It should be noted that: CRSTER doés not calculate
concentrations during fumigation or stagnation. It is also p0551ble that
thunderstorm downdraft circumstances or rapid terrdrn rudueed mixing may
result in high concentration in the real world. The model does not reflect
such circumstances, thus it may not represent the actnal frequency of high
concentrations. Thus, a procedure which uses model'balcdlations for the second
highest does not assure compliance with standard. In order tq provide 3.
greater margin of safety, i.e., to provide greater assurance that the
observed concentrations will not exceed the standard when the model
estimate does not, the qﬁantity to be compared with the standard should be

the estimated maximum concentration.
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3.3 GROUP I-3
3.3.1 Descripfion of the SAI Reactive Plume Model

NAME OF MODEL: . Reactive Plume Model (RPM) -

Source of Model: Systems Applications, Inc.
950 Northgate Drive
San Rafael, Cal1forn1a 94903
Sponsor: California Air Resources Board.
Sacramento, Ca]ifornia 95825

References: Liu, M K , M. A. Yocke, and P. Mundkur, *Numericé] Simu-
lation of Reactive P]umes," 68th Meeting of American Institute
of Chemical Engineers, Los Angeles, California, November 1975.

Liu, M. K., D. Durran, P. Mundkur, M. Yocke, and J. Ames, "The
Chemistry, Dispersion, and Transport of Air Pollutants Emitted from
-Fossil Fuel Power Plants in California," Draft Final Report submitted

to California Air Resources Board, SAI Report ER 76-18, April, 1976:

Type of Model: Lagrangian--for either single poinf or areal source.

Special Feature of Model: This model is designed to estimate concentra-
tions of reactive species downwind of a single point or areal source -
of po]lutanta Assuming the polilutants are well mixed in the vertical,
this model is more suitable for plume fumigation and frapping
conditions. . o

Status of Model DeVelopmeht: Opérationa}_

CHARACTERISTICS OF THE MODEL FORMULATION

Model Equation: Mass conservation

b i (‘&) + ulc.. - C_).(lgvi+lﬂh)
dt dt chem h'~ai i )

: P]ume-Risé: Input to model.

- Turbulent Dispersion: This model contains two options: -either the
measured plume width and plume depth (as a function of downwind
distance) of the.classical Pasqu1]] -Gifford methods (Turner, 1959)
may be used. Plume dispersion is determined either by the clas-
sical Pasquill- G1fford method (Turner, 1969) or from the observed
plume width and plume depth as a function of downwind distance.
Provision has been made for entrainment of background pollutants.
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1

Wind Shear:” Wind ve1oc1ty at plume height must be used. Although
a simple correction according to a power law can be ea51ly
_incorporated, no treatment of wind shear is currently in the model.

- Terrain Interact1on: ~ No current treatment but simple cuns:derat1on
(similar to the Valley model) can easily be incorporated.

Chemistry: This model is written in a modular form which can accept
any chemical kinetics submodel with a maximum of 50 reaction steps.
The kinetic mechanism that is currently in this model is a mod-
ified version of the Hecht-Seinfeld- Dodge mechanlsm (1974) for
hydrocarbon NO -502 system.- , ,

| Sbat1a] Sca]e. Medlum scale (~tens of k]lometers)

Temporal Average: Short'and Medium (hourly dverages).
; S S

DATA. BASE REQUIRED e I e

- Source: Stack location I
Either stack emission rates or 1n1t1al pollutant concentratxons -
within the p]ume
.Meteorology: MWind speeds
' Stability class (or plume w:dth and p]um_ depth)
Rad1at1on intensity ‘ ,

. Other:- k]net1c mechanism
~ Ambient po]]utant concentratlons

CHARACTERISTICS OF THE MODEL COMPUTATION
Computer Language FORfRAN 1V
Computing Time: 10-50 PCU seconds (CDC 7600) for a typlcal run
Storage Requirement: ~145,000 actua] large core.

IBM 370/168 Compatibility: VYes

KNOWN MODEL APPLICATION: ThlS model was applied to the fo]]ow1ng seven
point sources (Liu et al., 1975, 1976; Tesche et al., 1976):

Moss Land1ng Power Plant, Monterey, California
Los Alamitos Power Plant, Los Angeles, California
Haynes. Power Plant, Los Angeles, California
Mobile 0il Refinery, Los Angeles, California

Four Corners Power Plant, Farmington, New Mexico
Hobbs Power Plant, Hobbs, New Mexico

Jefferson Power Plant, Jefferson, Texas
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3.3.2 Description of the DEPfCT‘MbdeZ

Reference:

‘Abstract:

Equations:

1) Sklarev, R.C., and J.C. Wilson,

"Applications of DEPICT to the Garfield, Navajo, and
Ormond Beach Air Quality Data Bases"

Science Applications, Inc. Report prepared for
Southern California Edison, July 1976 -

2) Sklarew, R.C., Wilson, J.C., and Frabrick, A., ‘ A
"Evaluation of Air Quality Models Point Source Models"

Science Applications, Inc., July 1976, under contract

to the California Air Resources Board, Sacramento, CA.

The DEPICT (Detailed Examination of Plume Impact in Complex

Tbrrain) is a 3-dimensional eulerian numerical point source

. model. The model calculates the temporal and spatial. .

concentrations of inert or reactive pollutants in -flat or
complex terrain. = The model is modular in design and has %
ability to update algoritims in an efficient manner. The
model currently uses either the Eschenroeder 16-step or the
Hecht-Seinfeld 39-step chemical mechanisms for ths reactive
pollutante. The model is applicable to assess air quelity
impact for point sources located in rural environments. -

Conservation of Séecie Equation.

A. Source-Receptor Relationship

Point sources only; (10 maximum) uniform grid squares, user defined grid.
Sources can be treated as ground level or elevated releases. ’

Receptors are located at center of grids.

Receptor locations are 3-dimensional.

B. Emission Rate

User specified emission rate for each pollutant for each point source.
‘Emission rates cen vary hourly for each source.

i
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C. Chemical Composition

D. Plume Behavior

Plume rise calculation is based on the vork of Briggs with simple_ _3;
modifications to obtain estimates of inversion penetration.. :

Four cases are considered
wvholly unstable atmosphere
2 deep ground basgse inversion
3) e¢levated stable layer ,
4) shallow ground base inversion.

'E. Wind Flow Field

The'model calculates a three dimensional wind field using the’ following

equations. .
S 1) du 4d% , dw _
A ) .52:'Fﬁsé - ?r._, O
2) (= x 99 ' '
\ . a)(

RN

——e— - - S e e

‘ : 725 o

Where b is the perturbation velocity potential and tare . tramsaission coePficients
based on temperature profile or stability classes (1-7) Wind observations are
projected upward from the point measured through the portion of the grid -
without any measurements based on the power law /= ‘93(710'1

The initial horizontal wind components are calculated using a /4;—-,
interpolation scheme of the vertical profiles for each laver.
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I.

J.

K.
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Vertical Dispersion

The vertical diffusivity parameters are calculated based on the
algorithms of Smith and Howard.

“wind speed at point of interest ' 'w_ I

~.
u
(E;; - gtandard deviation of the wind vane fluctuation and is
dependent on stability class.
L_ turbulence scale 1ength (in meters) and dependo on height
above ground and stability ‘

'S

Horizontal Dispersion

The horizontal values of diffusivity are calculated using bh° relationshio
K,‘-O(K'- o )

where <. depends on stability class.

Chemistry and Reaction Mechanism

The nodel bas the option of using either the Eschenroeder 16-step or the
Hecht- Seinfeld 39-step mechanism. .

Pﬁysical'REmoval

The 16-step mechanism includes-a reaction between H02 and particulates. The
Hecht=Seinfeld has o physical removal process. - L ,

Background
Treated as an hourly input for'the chemical mechanisms. _
i

Boundary Conditions

Lover boundary (surface of earth) perfect reflection.
Upper boundary - see plume rise,



. I L =144~

L. Emission and Meteorological Correlations

User supplies hourly values of wind speeds measurements (surface and aloft) s
mixing height measurenenta > sta'bility fields, end emissions.

M. Validation/Calibration

Preliminary validation of the DEPICT Model has 'been completed for the fol]_owing ‘
areas°‘ -

* " 1) Gerfield- Smelter (SFG)
2) Navajo Generating Station (502)

3) Ormond Beach Generating Station
(skg, NO, HO,, 03)

N. Outgut i,

. The model pradicts the hourly temporal and spatlal concentrations for each
grid for inert or reactive pollutants. : :
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3.3.3 Description of the SAI Urban Airshed Model

Post Conference Submission by Philip M. Roth

References:

AbStract:

Equations:

(a)

(b)

Roth, P. M., S. D. Reynolds, P. J. W. Roberts, and

J. H. Seinfeld (1971), "Development cf a Simulation

Model for Estimating Ground.Level Concentrations of
Photochemical Pollutants," Final Report and 6 Appendices,
APTD 0908-0914, Systems Applications, Inc., San Rafael, CA.

Reynolds, S. D., M. K. Liu, T. A. Hecht, P. M. Roth,
and J. H. Seinfeld (1973), "Urban Airshed Photochemical
Simulation Model Study:-Volumes I-III, EPA-R4-73-030 a-h.

-Systems Applications, Inc., San Rafael, CA."

Reynolds, S. D. et al. (1976, 1977), "Continued Research
in Mesoscale Air Pollution Simulation Modeling," Volumes
[-1V (EPA 600/4-76-016 a-d) and Volumes V-VII (in review
by sponsor), Systems Applications, Inc., San Rafael, CA.

The SAI Urban Airshed Model 1is - a fully three dimensional
grid-based model capable of predicting the spatial and
temporal distribution of both inert and chemically
reactive pollutants. Basic inputs to the model include
the specific meteorological, emissions, and chemical
characteristics of the region of interest. Predictions
for up to 13 pollutants may be obtained, inciuding CO,
S0, 03, NO2, NO, four hydrocarbon classes, total aerosol,
PAN, HNO2, and H202. A 42 step kinetic mechanism is em-
ployed to represent the pertinent chemical phenomena.
.The atmospheric diffusion equation is solved numerically
on the three dimensional grid to predict the dynamic
changes in pollutant concentration levels over a period
of up to a few days. The model is applicable to the
examination of regional air pollution problems, such as

~ the evaluation of alternative emission control straegies.

v aC. dC ac, '
ax < H 3x ) MY < H 3y > Y (kv 3z ) : Ri. %
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c; = concentration of specié i )
u,v = horizontal components of the wind =~ o
w = vertical component of the wind
Ky = horizontal  turbulent diffusivity
Ky = vertical turbulent diffusivjty
= rate of formation of specie i by chemical reactions
= rate of emission of specie i ‘ '

Source-Receptor Relationship

1) -~ Emissions from line and area sources are apportioned-to
each grid cell and are assumed to be emitted at ground Tevel.

2) Each point source is treated separate]y The stack he1ght
and plume rise determine the cell in which the em1ss1ons
enter the grid.

3)  Ambient concentrat1ons are calculated for each grid cell.
Each concentration. represents a spatial ‘average over the
valume of a grid cell. _

Emission Rates

Emissions are caicu]ated external to the main program using
. EPA or other appropr1ate emission factors. All emission
rates can vary in time.

Chemica] Composition

Both inert and reactive species are considered. The thirteen

- pollutants for which predictions are made include: CO, SO,,.NO,
NO2, 03 four hydrocarbon classes, PAN, H202, HNOp, and toftal
aerosol nitrate; sulfate, and organ1c)

Piume Behavior -

A point source plume enters the modeling grid at a height
ca]cu]ated from the actual stack height plus the plume rise
given by the formula of Briggs. Consideration is given to the"
determination of whether the plume penetrates an elevated
inversion layer, and, if so, whether it breaks through the layer.
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E. Horizontal Wind Field

Horizontal wind components are calculated external to the main
program using objective analysis techniques in conjunction with
avaliable data taken at the surface and aloft. The wind field
is fully three-dimensional, thus allowing for the treatment

of wind shear effects. Temporal variations are also considered.

F. Vertical Wind

The vertical wind component in each grid cell is calculated
using the continuity equat1on and the horizontal wind component
inputs.

G. Horizontal Dispersion

The horizontal turbu]ent diffusivity (Ky) is assumed to
be a constant.

H.  Vertical Dispersion

- The vertical turbulent diffusivity (Ky) varies in space and
time and depends on the height above the ground, wind speed,
surface roughness, and the atmospheric stability class.
Algorithms developed by Liu et al., and Lamb et al., are’
included in the model.’

I[. Chemistry/Reaction Mechanism

A generalized lumped mechanism consisting of 32 reaction steps
developed by Whitten et al., is employed to describe the

. chemical interaction of organics, NOy and 03. Organics are
segmented into four groups determined by the following carbon
bond characteristics: single bonds, relatively reactive (fast)
double bonds, sTow double bonds, and carbonyl bonds. Six
reaction steps are included to treat the oxidation of S0p. The
formation of nitrate, sulfate, and organic aerosol products is
parameterized by four reaction steps.

J. Physical Removal

Surface deposition of species is treated in each grbund-1eve1
grid cell. The rate of deposition depends on the type of
vegetation or ground surface in that cell.
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Background Pollutants

The influence of background pollutant concentrations is treated
in the initial and boundary conditions of the governing equa-
tlons

Boundary Conditions

The pollutant flux~for each species must be specified at .

all points on the houndary (both horizontal and vertical) where
the wind is blowing into the modeling region. The boundary
condition at the ground incorporates .the influence of ground-
Tevel emissions as well as surface removal processes. "

Emission and Meteorological Correlation

Emissions and meteorological inputs to the model are compiled
in special data preparation programs. These programs are -
tailored to each application of the model in order to provide
an effective interface between the existing observational data
and the emissions and meteoro]og1ca1 input file needs of the
SAT model.

Validation/Calibration

Evaluation studies using an early version of the SAI Model
developed in 1973 were carried out for Lus Angeles, Las Vegas,
and -Denver for CO, NO, NO2, 03 and hydrocarbons. The latest
version has been applied to Denver and is currently being
adapted to St. Louis, Los Angeles, and Sacramento.

Qutput i

The model produces gridded maps illustrating the spatial
distribution of one-hour-average poliutant concentrations
over the entire region of interest. Vertical concentration.
profiles and predictions at air monitoring stations or other
user-selected sites may also be displayed. The model output
may also be interfaced with contour plotting routines to
generate diagrams of concentration isopleths.
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3.3.4 Description of the Enwvironmental Research & Technology, Inc. Model ARTSIM 2.0

Post Conference Submission by B. Egan

Réference: '"Lagrangian Photochemical/Diffusion Model', ‘Environmental

Research & Technology, Inc. (In preparation), May 1977.

.Abstract: ARTSIM is a trajéctory;oriented model intended.for regional
application. It simulates chemistry and diffusion in a moving
polluted air mass.. The chemical model contains 54 reactions and
éxplicitly treats four hydrocarbon classeé,.namely,~a1kene§, alkénes,
aromatics and aldehydes as well as photochemical oxidants, SOz,band
sulfate. The model computes pollutant concentration as a function

of height and time. It contains 3-modules:

(1) trajectory generation;
(2) source emissions; (3) chemical/meteorological. .

Equations:

‘9¢C 3C oc
st~ 5r (K(20) 350 + R(©)

Q2

_where ¢ = vector of pollutant concentrations
K(z,t) = diffusion coefficient which varies with height
and time | |
R(c) = vector of chemical reaction rates

A. Source-Receptor Relationship

Area and point sources are used. Elevated point sources may be used.

Generalized input structure allows use of source emissions data at

various ‘levels of resolution. Source-oriented and receptor-oriented

trajectories may be specified.

“B. Emission Rate

- . . S . .
Rates must be specified for each primary pollutant. Hourly rates
. for traffic and stationary sources required.
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C. Chemical Composition

S4-reaction chemicai model including NO, N02, 03, 802, sulfate, alkenes,

alkanes, aromatic hydrocarbons, and aldehydes.

D. Plume Behavior

N/A

E. Horizontal Wind Field

Hourly u- and v-components must be input for trajectory calculations.

F. Vertical Wind Sﬁéedl

Not included.

G. Horizontal Dispersion

Assumed negligible

H. VerticalADisgérsiOn

Diffusivities are specified at up to 10 vertical levels with arbitrary
time resolution. Any atmospheric stability class can be used for

various times of day.

I. Chemistry - Reactivn Mechanism

See Section C

J. Physical Removal .
Physical removal is simulated by a Variety of ground boundary conditions
and/or chemical reactions in kinetic model.

K. Background

Background concentrations can be specified as initial or boundary ‘

c¢conditions.
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L. - Boundary Conditions

a) Source boundary condition at ground:
aci ‘
K(o,t) T Qi(t) , 1 denotes ith species, wi(t) = source flux
b) Constant-concentration boundary condition:

¢. = constant
1

c) Absorption at the ground:

.Bci n
K(o, t) 37 - vy Ci s
vq = deposition velocity
n =

power of c;
d) Top boundary condition (impermeable boundary)

aci . S
— =0 , for all i.
A 9z

M. Emission and Meteorological Correlation

N/A

N.’ Validatibn - Calibration .

a) A. Q. Eschenroeder, J. R. Martinez, and.R. A. Nordsieck,
"Evaluation of a Diffusion Model for. Photochemical Smog

Simulation', General Research Corporatibn, CR-1-273, Oct. 1972

b) AeroVironment, Inc., '"Las Vegas‘Valley Air Quality Study",
April 1976 ‘

¢) AeroVironment, Inc., "Truckee Meadows Basin Air Quality Study",
April 1976. '

H
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N. d) Stanford Research Institute, "Present and Prospective San Francisco

Bay Area Air Quality", Decémber'197ﬁ.

0. Output

" Species concentratidns‘as functions of time and height above ground.
. Time resolution is arbitréry down to 1 minute. Variable vertical mesh

spacing may be‘used}
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3.3.5 Deséription of the Environmental Research & Technology, Inc. Model LAPS

Post conference submission by B. Hgan

Reference: R. A. Nordsieck. "A Local Air Pollution Simulator (LAPS);
_ - Volume I, User's Guide," Environmental Research § Technology,
2030 Alameda Padre Serra, Santa Barbara, California 93103,
1977 (In preparation).

Abstracf: LAPS employs numerical techniques to calculate concentration

. fie1ds downwind of single or multiple concentrated sources. These
sources may be individual .point sources at various heights, an area
source strip on the ground at arbitrary orientation with reépect-to
the wind, or combination of the two. The model uses the Lagrangian
or trajectory approach with lateral dispersion. "Steady or unsteady
conditions may'be modeled and the averaging times associated with
the calculated concentrations are related to the averaging periods

~'of the inPUt emissions and meteorology. Vertical mixing conditions

- are simulated hsinghtime--and space~vary1ng eddy'diffusivities.h Up
to seven pollutants may be modeled simultangduSly with optional

equilibrium chemical coupling between the species.

' Equations:

The basic transport equation modeled by LAPS is:"™

ac ., .dcC 82c

SR e enite lnz(z,ug—g} + QUGLY,2,t)
where
¢ = pollutant concentration
u = wind speed in x-direction
. Dy(é) = lateral eddy diffusivity at‘;
'Dz(z) = vertical eddy diffusivity at z
Q(x,y,z,t)=

source-sink term to model pollutant emission fluxes

and simple chemical reactions
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In the Lagrangian formulation, the coordinate system of the air
-pafce1 is orieﬁted'with x in the direction of the wind and moves at the
wind speed u. Thus, the wind speed relative to the moving eeordihate
sysfem is zero and.the term_u%%vis removed from the equation.‘ LAPS
‘solves the reduced- equation by a combination of finite difference tech-
niques in the z and t dimensions- and multiple superposition of an analytical

solution for Gaussian spreading from a finite-width source in the y and t
directions. ‘ . ‘ '

A. Source-Receptor Relationship

Up to 10 point sources at arbitrary locations.
Unique stack height and cfflux paramcters for cach stack.

Separate. uniform area .sources allowed over entire region and/or -within

~a finite-width strip located and oriented by user input.

Specific receptof locations not currently caIculated but a ground
concentration map is- prOV1ded and vertlcal proflles are

available at user spec1f1ed tlme 1ntervals

B{ Emission Rate

Uhique average ‘emission rates of all. pollutants for each point and

area source.

C. Chemical Composition

Up to seven chemical species can be specified by name and molecular :
weight. '

D. Plune Behavior

Briggs (1971) final plume rise formula for neutral or unstable -t
conditions with u > 3.1 mph

Downwash not treated.

Plume rise limited to inversion height unless stack penetrates base

of :inversion layer.
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"E. Horizdntal Wind Field

Wind speed is uniform over y and z, but may be varied with time.
Vertical mixing induced by wind shear can be modeled through adjust-

ment of the vertical eddy diffusivities.

F. Vertical Wind Speed

Neglected.

G. Horizontal Dispersion

Lateral dispersion is treated using an analytic solution for one-
-dimensional diffusion from a finite-width source.. Each cell
in a row at each vertical station is treated as an isolated
source which diffuses laterally for one time step. The results
of these calculations are superposed to give the complete solutiqn

in each row of cells.

The lateral eddy diffusivities can be varied with hcight and time.

H. Vertical Dispersion

Vertical dispersion is modeled using a Crank-Nicolson finite difference

formulation for vertical diffusion with variable eddy diffusivities.

The vertical.eddy diffusivities can be varied with height and time.

I. Chemistry - Reactién Mechanism

3 is optional. -

First order conversion of S0, to sulfate is optional.

Equilibrium chemical coupling of NO, NO,, and O

Governing rate constants and conversion rates are input parameters.

J. Physical Removal

Fallout not modeled.

.'Rainout not modeled.
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J. (cont'd) _ _
Impaction of particulates or complete chemical uptake at the ground

is optional for any species.

K. Background

Vertical profiles of background concentrations are specified by the

user for each species.

L. Boundary Conditions

Optional time varying surface fluxes of each épecies 1ndependeut1y

specified for a source step and for the remaining area.

Constant. ground concentratlon may be spe01f1ed for any species to

enable calculatlon of surface uptake.

Reflection coefficient at sidewalls may be set by the user.

M. Emission and Meteorological Correlation

N/A

N. Validation - Calibration

Thus fan validations have consisted of comparisons with various
analyt1cal solutlons, for example, for steady state Gau551an
plumes and step changes in flux or concentration boundary con-
ditions. In each case, it has been possible to achieve accuracy
in the 10% and under range,4Which is certainly within the accuracy

~of real-world input data. No comparisons with neasured data -
have been attempted as yet, owing partially'to the scarcity of
good measured data, either roadside CO profiles or point source
plume eoncenfrations collected with simultaneous car counts or

~pollutant emissions and meteofological_data.

0. Output
Vertical concentration maps giving concentrations at mesh points in
an array of up to '10 vertical statlons and 20 horizontal statlons

at user-specified time intervals. (Optlonal)
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0. (cont'd)
Ground concentration maps showiné grOund-conCentrations at up to
' 20 stations normal to the wind direction at user- spec1f1ed time

, 1ntervals along the air traJectory (Optlonal)

" Ground concentration contours - A prlnter plotted symbol map derlved
from the array of ground concentrations dellneates up to 10 user-
specified contour levels. The user ‘may select which spec1es are
to be plotted and specify d1fferent contour levols_for each

selected species.

Concentration vs. distance plot - This option produces a printer-plot
. of ground concentrations vs. dlstance ‘along the fraJectory for

up to f1ve user- selected spec1es.

Ground concentration crossplot - This optional output gives ground
concentration proflles normal to a roadway (i.e. a source strip)

at user- spec1f1ed intervals along the road



-168-

THIS PAGE
WAS INTENTIONALLY
LEFT BLANK



-159-
3.4 GROUP II-I ’ _
3.4.1 Description of the Environmental Research & Technology, Inc. Model EGAMA

Post conference submission by B. Egan

Reference: Egan, B.A. and J.R. Mahoney, 1972a: 'Numerical modeling
: of advection and diffusion of urban area-source pollutants."
J. Appl. Meteor., 11. 312-322,

Egan, B.A. and J.R. Mahoney, 1972: ‘'Applications of a
numerical air pollution transport model to dispersion

in the atmospheric boundary layer.'" J. Appl. Meteor., 1l.
1023-1039.

AY

Abstract: The Egan-Mahoney advection-diffusion model (EGAMA) simulates
the dispersion mechanisms of grid-cell emissions using a numerical
solution to the basic tracer equation.. The model utilizes moments
of the concentration distribution within each grid cell in a computation
scheme designed to virtually eliminate numerical, pseudo-diffusion
effects. The capability of this model to treat spatial and temporal
variations in the wind and diffusivity profiles allows for specialized

~adaptations for a wide range of 1 modeling, applications, e.g., near-
field dispersion of highway ‘sources, fumigation episodes due to
sources located near land-water interfaces, and long range transport
problems.

_gpatlons The hasic mass conservation equation for a pollutant species
in a planer non-divergent flow field may be written:

aC ac ac 9 ac
- " Uax Vay s Kgz) +Q-R
' where C = pollutant concentration
: U = component wind speed in mean (x) dlrectlon

v cross wind speed ‘component
K = vertical eddy diffusivity ‘
Q. = emission rate
R = Removal or production rate (specific form

depends upon mechanism)

A. Source-Receptor Relationship

Emission rates may be assigned to each grid cell. Average concentrations
within each model grid cell are computed by step-wise integration
for evenly spaced time intervals. Two or three dimensional grid

_ systems may be specified. : ‘

B. Emission Rate

Time and spatially variable emissions within each grid cell can
"vary with time and represent average values over the geograph1ca1
space encompassed by a 51ng1e grid cell.
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Chemical Composition

Transformation and decay as well as surface deposition of the
contaminant species under examination may be incorporated. These
processes are of primary concern for long range transport applications.

Plume Behavior : .

No plume rise formula per se is incorporated by the model. Emissions
are assumed well mixed in the vertical within each grid cell. :
Preliminary plume rise- calculations (e.g., Briggs formulae) can be
performed to establish the vertical location of each emission

source. :

llorizontal Wind Field

Steady-state or ‘spatially/temporally varying ambient winds may be
specified throughout the grid system. The speed at any point is
considered constant during a given time step. The effects of
obstacles on altering the flow field may be simulated.

Vertical Wind Speed

Normally assigned zero initial value. Vertical wind speeds resulting
from flow over obstacles or downwush are internally generated (for
example return flow circulation in depressed highway sections).

Horizontal Dispersion

Turbulent diffusivities can be specified to simulate horizontal
dispersion. In applications with large grid cells, horizontal
dispersion is often neglected compared to the transport terms.

Vertical Dispersion

The vertical diffusion’ component is simulated by a conventional
forward-time, center-difference technique modified so that variable
grid spacing can be specified in the vertical. In regions where
parameters or concentrations vary rapidly with height, resolution
and accuracy can be improved by smaller vertical grid spacing.

Chemistry/Reaction Mechanisms

Program presently allows‘incorporation of two specie reactive
chemistry. Mod1f1cat10ns are underway to expand capability to
multlple species.

Physical Removal

Surface deposition of the contaminant species modeled is simulated

at the lower boundary of the grid system. Other removal processes,

including chemical transformation and decay can also be incorporated.
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Background Concentratlons

Can be spec1f1ed as initial conditions throughout the grid system
and in the form of b0undary values which are advected into the
computational region.

Boundary Conditions

Winds, diffusivities, and pollutant fluxes at top and bottom of
grid system may be specified.

Emission and Meteorological Correlation

Could be specified.

Validation/Calibration

Extensive valldatlon/callbratlon study - performed for highway
appllcatlons (2D-version) limited validation of 3D ver51on performed
in long range SOy modellng study. :

Qutput

Concentration fields at a11 gr1d locations at spec1f1ed time intervals
or time averaged

)
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3.5 NO SUPPLEMENTARY MATERTALS
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' 3.6.1. .Description of TAPAS Model
Submitted by D. G. Fox at the conference.

. Reference:

"Abstract:

Equations:

(a)

(b)

(<)

(d)

(e)

o))

(2)

TAPAS

Fosberg, M.A. and D.G. Fox.. "A Topographic Air Pollution
Analysis System' to be submitted~to'Atmospheric Environment..

Fosberg, M.A. and D.G. Fox. "An Air Quality.Indéx to Aid

in Determining Mountain Land Use'. In Proceedings of the
Fourth National Conference on Fire and Forest Meteorology,
Nov., 1976, USDA For. Serv. Gen. Tech Rep. RM-32, p. 167- °

- 170, 1977.

Fosberg, M.A., D.G. Fox; E.A. Howard and J.D. Cohen. v
"Nonturbulent Dispersion Processed in Complex Terrain",
Atwmos. Env. 10, p. 1053-1055, 1976." :

' Fosberg, M.A., W.E. Marlatt and L. Krupnak. "Estimating

Airflow Patterns Over Complex Terrain, USDA Forest Service
Research Paper No. 162, 16 p., 1976.

D.G. Fox, G. Wooldridge, and others. "An Experimental

Study of Mountain Meteorology'. In Proceedings of the

Third Symposium on Atmospheric Turbulence Diffusion:and
Air Quality. Amer. Met. Soc., Raleigh, NC, 1976

T APAS combines a simulation of the wind field over mountain-

ous terrain with a Gaussian derived diffusion model. The
diffusion model is employed in each grid cell of the calculatlon
in order to provide an estimate of the mixing conditions

_within these cells. These conditions are combined with

the Pollutant Standards Index such that a maximum allowable
emission is calculated. These in turn represent an
atmospheric constraint for planners to work with.

Wind Model .
(a) Cressman objective analysis

~ (b) Potential flow over topography
- (c) Influences of surface temperature and roughness.

See reference (d) . . .

Dispersion Model
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Al

Source-Receptor Relationship

(a) Sources are evaluated on the basis of their instantaneous
emission rate (mg/sec) for{’values and in terms of their
total emission (mg) over the standard time period for the

'ﬂavalues

(b) There is no distinction made between point, line and area
sources. ' : .

(c) There are no specific receptors, Analysis is.for gfound
level concentrations.

Emission Rates -

(a) Calculated'from EPA emission factors-external to the model..
(b) Model provides the total allowable emlssion within each grid

cell (ranging from .25 kmZ2 to 9 km<) to achleve a preselected
level of air quality. .

Chemical Composition

Only non-reactive pollutants are treated. .

Plume Behavior

No explicit treatment of plume behavior.

Horizontal Wind Field

The wind component calculates an overall driving wind by
Cressman objective analysis. .This is then altered by
topography within the restrictions of potential flow. The

" potential flow is corrected by surface temperature and
surface roughness considerations.

Vertical Wind

o

The calculated wind is constrained to follow the terrain at
the surface. The rate of change of vertical velocity (Qw/22)
b £ explicitly calculated as the divergence.
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,Horiéontal Dispersion

A Gau551an formulacion is’ altered to include the effects of
mass divergence ( sec; ref. c¢) on horizontal dispersion. -
This effect is coupled with the values of Jy presented by
Turner for each stability class. Other more sophisticated
forms of dispersion can be included

Vertical Dispersion

G;.is determined from Turner for each stability. class. Other
- forms of dispersion can be included.

Chemistry/Reaction Mechanism

None

Physical Removal

. None‘
Background

" Can be removed if know, from the calculated total allowable
emission. ‘

" Boundary Conditions

No upper bound on vertical diffusion within each cell although’
the wind is calculated assuming a lid, a specifled distance
above the topography.

Emission and Meteorological Correlation

None

- Validation/Calibration

‘The wind wodel has undergone various tests of accuracy and its’
parameters have been adjusted accordingly. The dlffu51on—wind '
combination has not been validated: -
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A matrix of the allowable emissions within each grid cell is

output for each individual ambient air quality standard, i.e.
1 hr.CO, 8 hr. CO, 24 hr. TSP, or for any other preselected

- level of air qualit:y, i.e. for 24 hr. TSP Y= 100

ﬂés 75 M g/m3 . orl=8,7%s =75 /(g/m (cléss 1)
or}é =17, 7{' 75 /(g/m3 (class II)

The model is able to accomodate selectlon of different values'
of <//at: different grid points so that class I, II and I11
areas can be analysed together
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3.6.2 Validation Data on the VALLEY Model

Submitted by Herschel H. Slater, post-conference

Valley Model: Comparisons of Observed and Estimated

Concentrations and Related Observations

The Valley Model was.inifia]]y used to estimate the 1hp§ct of
‘ emiséioné.fkom sing]e}sbﬁfces~bh‘elevated,terrain; "There are few data
favailable to evaluate this Or.ahy'bthef médé]jor‘analyfical routine in
rough terrain situatibns,‘becauseE (1) it is difficult to 1o§ate and
operate monitoring equjpment in comb]ex terrain; (2) the fepfesenta-
tiveness of meteorological data 1s'oftén.uncéFLAin;iéﬁd (3) sohe short-
term standards are addressed‘to'rare events. Sensing the rare event may
require a very highly reliable, continuously operating monitoring
program. | |
| The dramatic example of the latter i§ provided by data collected by -

‘the Kennecott Copper Corporation at two of their sampling sftes on .
January 20, 1976. The bearings from the main stack to theimonitors were
within 5° of each other (about 250° True);_ One monitor was about 2.7
miles (4;5 km) from and'300 feet (100 m) above the stack top. It meas-
ured a 24-hour 502 concentration of 2.71'ppm. The second mohitof was
about 3.0 miles (5 km) from and 1100 feet (350 m) abo9e the stack top.
It measdred-0.0Z ppm for the same 24-hour period. Tﬁe maximum concen-
trations at monitors with elevations near or below the base of the.
stacks were'at most 10-22% of the highest concentrations measured on the
“hillside. (It is probable the concentrations' at. the monitors near the
elevations of the stack bases were,caused.by sources other than the
pollutants emitted from the stacks.) It is quite apparent that the
effluents frbm'the stacks were qontained-ianr below an inversion and

“lay along the hillside above the base and below the crest.
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Comparisons of'esfimated and observed 24-hour sulfur dioxide con-
centfafions'measured at sites located at elevations greater than the
‘stack top of a nearby .source are shown in Tab]e A-]. In five ca;es,_the
emissfon.rate was well documented. To maké the concentration estimates
it was assumed that stable conditioné (F) and light wind speeds (2.5
mps ) described the dispersion conditinhs.

| Quantitative comparisons have been maﬁe which.digress from the
original purposes and'app]iéatiQns of thé Va]]ey Model; e.g., compari-
“sons made for 1-hour averaging tjmeé. Also, observations exist which
can be only qualitatively re]ated‘to tﬁe plume impingement‘condeptvof
the Valfey ﬁode].' Some examples which,méy provide some useful insights '
follow. | | |

Lantz, Hoffnagie ﬂnd Pahwa(s) developed 1-hour estimates from the
Valley Mode]land»cdmpakea estimated and observed concentrations ffom'the'
Navajo Génefating'Plaht Study. Using 4 sets of meteorological inputs
they developed 12 data-pairs. The ratio of estimated to observed
maximum 1-hour concentratidns ranged from 0.7 to 2.4.

(6)

Slowik and Pica used the Valley Model to estimate concentrations
at a samb]inj site on Laurel Ridge, Pa., near the Conemaugh Generating
.Station. Compariéons were made with one year of 1-hour sulfur.dioxide_
concentfations.. The data were screened on-the basis of wind directions
collected at a wind sehsing site on Chestnut Ridge, 14 km from the |

.mohitoring site. The §tudy presumes that tﬁe wind observation on

Chestnut Ridge defines -the plume trajectory in all cases. If this
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Comparisons Betweéh Eétimate& Méiiﬁum éﬁd Secbnd

(a) Micrograms per cubic meter except where otherwise indicated.
(b) Emission rates not well-documented.

(c) Reliabi]ity of a1r qua1ity data not ascertained _f

4-77 .

TABLE A-1
-, Highest and Observed 24-Hour SO, Concentrations. .
~Estimated Concentrations Are Based On Valley Mode]
Assuming F Stability and 2.5 mps Wind Speed.
: _ . 1- -} ..24-Hour ConcentFation(a)- _Ratio
Location Source Period Estimated ~Observed Est/Cbs
' NI : 2nd 2nd
. Max High Max | High
(1) . ' |
Crusher™"* | Garfield ?j;?j;i 2480 2564 . | 2473, 1.0{1.0
f;g};;g‘ 2480 6130 3130 | 0.4]0.8
Lower(z) | darfield 343?5/75, 1.18 ppm  |2.66 ppm  {1.20 ppm. | 0.4 | 1.0
11/1-25/76]1.18 ppmt®?{2.71 ppn(€)| 2.14 ppn )| 0.4 0.6 .
N et R N N Y
N e N I R
C-Hi]1(1f4)~Anacondé Although some .data. have been acquired at C-Hill near the
- | Smelter | Anaconda smelter, unresolved uncertainties with the data
~ [ make it inadvisable to apply them for validation purposes.
Cpielptyy ftorencl | 1975 | 1sa00(P) | 2sa7 | 476 6.16.4
Jones(i) | Miami 1974 8610(b) . 2042 1760 4.2 14.9
Ranch Smelter | 1975 | s610(P)- | 2642 | 1548 3.3]5.6
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very tenuous assuﬁpt{on is accepted,.then the ratio of estiﬁated to
observed 1-hour concentrations was 40 for the maximum houf]y, 65 for the
second'highest and 30 for the 90th percentile concentrationf

Keen observers df'p]ume configuration have long noted that plumes °
from the stgéks of sources located in hilly terrain usually h&veréreatest
- impact on higher terrain. Studies of the plume travel of the C)ifty
Creek power b]ant and observations near the Widow's Creek facilfty
confirm this observation in a qué]itative senée.‘ (The Navajo Qtudy
provides quéntitativé confirmétjdn.) Observers do not agree that a
particular p]ume‘configuratidn such as high-wind fumigation;.inversion
‘break-Up‘fumigation:or impingement is associated with greatest ground'
level concentrations. The critical conffguratfon is influenced by thé
characteristics of the*source; its site, the frequency of weather evénts,
the location and orienfatibn of nearby térrain featufes, and the‘operaiing
schedule of the facility. | | |

S;prer(7)-has described severa]'tircumstan;es which support quali-
tatively tHe éssumption§ oﬁ which the Valley Model is based; namé]y,‘in
hi]]y terrain thelhighest 24-hoﬁr-concéntrations caused by pollutants
'emitted from'a stack whose top is Tower than the elevation of nearby
terraiﬁ features occur under light wind stab1e~condftion§. 'Scorer
describes b]ume'charactéristics of a number of sources. He states that
gin-Bohemia (p. 36): "The QaSes frdm large power stations .drift.with
very little dilution above the height at which they were emitted, but
below the mountain tqps,,unti] they impinge‘on the hillsides and damage

the pine trees...." He de§cribé§ a situation in New Zealand where,
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due to steeply sloping nearby mountains, éir pollutants are trappe& in
calm weather and often impinge on the hiT]sides. Further, on page 46,
he cites the coastal.area of Lebanon where "...the plumes from the
factory chimneys ét the coast impfnge on the rich fruit-growing fields
which slope up steepiy in]énd..." ‘

The classic Trail, B.C. study of Hewson and Gi]l(g) suggests that,
on occasion, higher concentrations occurred on‘the slopes of the Columbia
River Valley, above the valley floor but below the crests'of the sur-
rounding hills, than‘élsewhere.-m | _ | _

An oft cited trqcér study by Sfaft, Dickson, and_wendéll(g) was
conducted in Huntington Canyon, Arizona. Based upon the sipg]e'lihe-of— ;
. best-fit tﬁrough observed vs. estimated concentrations from the four 1-
hour valid tracer tests conducted during stable conditions, within a 48- ..
hour period, the autﬁoés conclude that the dilution in the Canyon was 15 |
times that to be expected over flat terrain. Estimates were made by the f
bivariate Gaussian formulation, using the fiat-terrain Pasqui]]-Giffdrd
diffusion pérameters corresponding to the stabiiity observed in the
Canyon. Howevér, when the same data are expreésed as the ratio of ihe

estimated concentration to the study—peribd maximum observed concen-

tration at each of the four sampling arcs (at distances about 2.2, 2.8,

4.2, and B.é.km),»we obtain Yalue#_of 0.95, 1.1, 2.6, and 1.0, fespeétive}y.
Relative to many modeling resu]ts; this is an excellent relationship.

It is interesting to note that each maximﬁm occurred at an end samp]er

of the respectiVe arc. How adequately th{s set of data represents the
dispersion conditions when the’highest concentrations of the year occur f

has not been resolved.

3
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3.6.3 Comments by D. Henderson

>

#MWMW

€0 ST, Submitted after the conference
“ i) . : .
$  UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
Vo, m°‘€o¢°e REGION Vil

I860 LINCOLN STREET

“ER, COLORADO 80203
s

March 23, 1977
REF: 8AH-A

Mr. Albert E. Smith

Energy and Environmental Systems Division
Argonne National Laboratory

9700 South Cass'Avenue

Argonne, IL 60439

Dear Al:

- As a follow-up to our recent telephone conversation concerning comments
on the EPA Modeling Guideline Working Group II-3, I am submitting the
following suggestions. My first suggestions are related to use of
the EPA Valley Model in complex terrain. These are followed by sug-

_gestions on the written statements. prepared by. Bruce Eagan, Douglas
Fox, and Sumner Barr.

As 1 indicated in the workshop I have used the Valley Model differently
_than presented by Herschel Slater at the workgroup. I have attempted .
to use local meteorological conditions which would take into consideration
the frequency of occurrance of the particular stability, wind direction
and wind speed frequency distribution. This allows more versatility

in applying the model, but requires consideration of persistance of
the prescr1bed meteoro]og1ca1 condition.

Severa1 suggested changes to the Valley Mode] User's Guide were given
- by me to Herschel Slater and Ed Burt on the telephone. I suggested
. that in the 1ntroduct1on a statement sim1]ar to that given be]ow be
included.

"The EPA Va]]ey Model is a mod1f1ed Gaussian techn1que designed for
making ground concentration est1mates for plumes emitted from area
sources and elevated point sources. Experience indicates that maximum
24-hour ground level concentrations frequently occur in elevated ter-
rain when plumes are contained in a stable layer below the height
of the terrain with the flow blocked under 11ght wind conditions.

This condition was given primary consideration in the Valley Model
development for short term estimates."
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rThe following comments pertain to the submission referred to at the
beg1nn1ng of this letter. o :

On page 11 at ‘the end of section (ii), the statement is made that
.the box model approach is a conservative screening method. Without
specifying averaging times, and how the.top of the box is defined
one cannot generally conclude that a box model is conservative.

The results of the box model are very sensitive to the des1gnat1on
of the top boundary .

At the bottom of page 11 and also in one of Dr. Eagan's sections,
physical modeling is proposed as a useable technique for source im-
pact analysis in complex terrain. The- gu1de11nes should point out
that the frequency of ocurrance and persistance of meteorological
conditions are not determined in physical modeling techniques.

Several other suggestions;were‘given to you on the te]éphdne, but I
believe the above covers those items I agreed to write you about.

I hope these suggestions will be helpful to you. -

. Sincerely yours, |

Ep—

Donald Henderson :

Regional Meteorologist



-178-

3.6.4 Comments by M. Williams
Submitted after the conference.

Cn the occasions of wh‘ich I am aware, the use of a plume half height
' _correctioﬁ -w ould have produced drastically lower values than those obse rved
or those predicted by Valley, Thesé cases involve stable flow tow,ard.te rrain -
as high as fhe‘a'pproximate plumé height.

With respect to the use of the principlé of c.onnse r\./ati.onu[ m'ass to éon
sider what flow si‘tuati‘on's may be possible, it is very irr-npo:r_tant that overly
simplistic‘mod.e.ls not be used. .The re‘l is a tgnAdAency on the' part of some to.
use verry siméle m'od'el.s w hich assume that the wind isbapi)roximétely uniform’
in direction;l the over than .lowér 2000 feet of the; é.trriosphe re. Undert stable
coﬁdﬁions this assu@ption-is ffequ_ently false Furthermore, the use of fhié
ass(;mﬁtioh ma;r suggest r.estr'icti'ons én'lplur'r;e. beliaviar which do nat. in fact,
exist.- Wec have fo;md case;s whe r'e a stable plume rf;a,chéd' a distant ridge top
(55 km) with 1ittl§ or no standoff dlis-ta-nce, 'Theb ridge was appro.\:imate‘lyva two
dimensic;nal fegture oriented at 45° fo the direction of travel. Wihds we re'ap-
proxil"r).ately 3.5 m/sec.’

With reépect to alteration of‘ diffusion rates we have found that terrjain
elements do not Aappear to i'n.fluen'ce the diffusion of stable plumes unless they
are at full plume h‘eight. As long as there is no inte:r'vAening' terrain befweeﬁ
an object and the séurce, it seems‘ \thét no alteration in diffusion rates is justi-

fied for elevated plumes.duri'n_g stable conditions.
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3.7 GROUP II-4

' 8.7.1 Comments on the Group II-4 Discussion of the Pasquill-Gi.fford
o, Curves : -

Submitted by M. Williams after the conférence.

Unfortgnately I was not a party to the discussico which produced these
con_clgsions so I do not kn'k.)w what basis was‘u:sed to prodﬁce the stated con-
clusions., "Howe‘vex.', I have révieWed data Whi_ch doés re‘lat-e to the vql.'lestion
at han-d. First, the Cer(xt‘ral Electricity Cener-ating Bloanrd has reported on
rmeasurements n.ear to power plants with stacks of 137 meters and 183 meters
in he’ightfi The calculational te chnique was that of the Pasqﬁill Hmin method
which is similar to the Turnelr method except that t};e' Lffg;z are a littie
3s'n;1aller in the ?asquill t( chnique ;{nd the plume‘rise is calculated differently.
'fhe plume ‘hréights calédlated through the H&;-\ meihod are significantly
‘sma‘_ller than th'ose calcul;ted through Brigg's,piume rise used in CRSTER.
Mea snrements near (1.4 km) the plant with the taller stack generally gave .
values comparable to those ﬁrgdicted, the exc’ep_ti.on‘ being that during A

' stéb‘ility with winds of 2 9 m/sec a :3-r'ni'nu.te c;)nc.en.trlatic.in“of‘58 pphm was
predicted while t-h(—*ndeasured' value 'was only 32 .}:;ph‘n‘l aﬁd 'the highest _nu.ea'sur-
ed value was o_nily 36 pphm.- Using a Brigg'é plmne"rise_with Turner disper-
sion parémeters the _c:a]culated value is 40 pphm which zippeall's to be in good
agreement, Thus this evidence indicates that f‘afily good a.gfeement is ob-
tain.d if the Turner values are takén'a"s 3-10 minﬁpe values. The same docu-
‘ment shggests that the maum;m one-hour values are from half to three-

quarters of the 3 minute values. Thus the Pasquill curves may overpredict
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by 23 to 100% if used as onz-hour values at distances of about 1.4 km. This

. In addi-

would suggest that the corrections should be applied to Ty MOt Oy

Fion to the ground-level measurements there are m‘easurementé of actual
plume dimensions. These indicate that vertical gpreads will be well in ex-
cess (more thaﬁ twice) of those expected for Class B occurred even though
the wind speeds weré t‘oo high (5.8 m/sec) for Category A.. ‘This data does

not seem to sixpport e,itfxer th? replacément \oI‘ Category ‘A by Cateéory B or the
linear extra'polatio-n' technique. Both of these procedures \Xrould lead to dra-

\

matic underprediction:for low wind speed, near plant cases.

The measurements do suggest some underprediction at 5 km, Further-
more some of 6y for caiegorie_s B-D were greater than given by Turner

curves,

in addition to the English work there is work in eastern Montana which

]

suggests that the Turner &, curves are ... appropriate, 'I'hese data are based
, 16é-d e ) . . . . . .

on work with a silver -’ tracer., I have enclused Iigurcs 5 and 6 [rom this

work,

Finally, the Lappes study also suggests the importance of looping type

situations. The work shows that the highest ground level concentrations en-

Aot

countered occurred close in. There were two occasions where it locked as
though the plume was undergoing classic looping type behavior near the Key-
stone plant. In both cases peak values were comparable to those predicted
witb a Brigg's plume rise-Turner dispersion parameters cormbination. Fur -

mcre, repeated instances of high concentrations were found at 11:00 a.m.

_2-



These data suggest that whiie, the,'COmpu'tatib-ﬁaiprocedures may require
some revision it would be impsudent to change the @, curves wi.t_:h.out_ 4mu.ch
more careful analyses, Wiﬂ'\f»t'hé-v;e'xiati,nvg data as strong an argument can be
‘made for changing the. €y .»ci.rriv‘es@as can be made for changing the &3 curves.
The .sggge,s.t'_,ea thange'g-for A stability vrrvlig_ht viery well lead ‘to dramatic under-
p‘redictions_.-"'i |

The reé‘o‘mmendéﬂ changes for the o;fh‘,é_i'r-éategqries also appear_l to be
j\'1r1's"'-.'1ppfc>rt‘a’_bf.le,. ' -.(;,er'taihly 'thfe,'._l‘hfeal'suref:raentsv'é-ﬁx dispersion durihg stable con-
ditions in the ,,‘S.ou'tﬁwés’t-'_s'hoW"-a_f;!fnlii‘fch'di‘ffe_re,r-ltfl:béh'avior. TVA experience also
indicates béhavior sifni-la; t6 that found in ‘fdf:ae Southwest. Experiments re-

" ported by Slade also are inconsistent with the proposed chaﬂngés.

'3, - L. Martin and F. R. Ear¥er,: 'Furiher Messurements Around Mecdern Power

Stations I-III", Atmospheric Envirdénment, Vel. 7, 1973, pp 17-37.

"y

~es A. Heimbach, arlin E..Super, Jchn 7. MsPsrtiand, "EPispersion‘ From

RES
b}

Tievated Scurce Over Cloést?ip, Montana', jpeper #75-24.€ presented

.
>

o™
!

‘ iy +3 - . ‘ R : - . .
the @A77 Anrual Meeting of the Air Pciluficn Ccrtrel Association
in Ecston, June 1975,

. "
R it

Ponler,. ¥ ancé- L.E. Tiemeyér, "Disversion Erom T211 Suacks: An Fvaluaticn

‘) "

s

. .

rocéedinne cf the Secoda International @lean Air Congress edited v

bt

"U

»

uh&f"&".ﬁefeﬁs{ , pibligf_1:o§é.i A1eT1 .
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i. Francis-A. Schiermeier and ‘Lawrence E. I\‘ieméyer, "Lafge Power Plant Effiluent.
Study (LAPPES) Volume I,;Tllfr,-i"ét}i'ﬁment.s_zt'ibri,,?yécedures, and Data Tabulatiohs

(1968)" , U S. Dept: of H{*E.:W., June.1970 pp 235¢2L8.
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7.2 Supglementar Y Comments on Discussion Topics of
Working Group II-4

Submitted by H. Cramer a_fter the conference adjourned.

1. VERTICAL PROFILES OF WIND SPEED

I am:in agreement with the working group's statement that the representa-
tion of the increase of wind speed with height employed in the EPA models by means
“of a power law with the exponént varying according to stability categories is satis-
factory. However, this statement of the working group should not be ini;érpreted to
mean that the values of the power-law exponeuls now uscd by EPA are .fixed and: not
subject to change. For example, wind-profile exponents are known to vary not
only with stability category But alsq with wind speed and surface broughness. Spec-
ifically, it may p‘fove desirable to vary the preserit values of the power-law expon-
ents for the C and D stability categories with moderate and high wind speeds ahd |

with large changes in surface roughness parameters.
2. CONFLICTS AMONG SYSTEMS FOR ESTIMATING STABILITY CATEGORIES

In my experience the STAR program incorporating Turner's syétem uSlug
hourly surface ohservatloub to assign Pasquill stabhility categories is very satisfac~
tory provided. 1t 1s recogmzed ‘that other meteorological parameters such as the-
mixing height, vertlcal gradient of potential temperature and wind-profile exponent
must additionally be specified f‘dr each of the various combinations of wind-speed
and stability categories. Of these pérameters, ‘the mixing height is by fai‘ the most
variable and should not be considered fixed for any stability category, especially
neutral. (One of the basic deficiencies of the Pa.squill—Giffo‘rd .bz ‘cu'rves is that
- they contain implicit mixing heights -~ see comments below under Topic 3.) In my
view, the opinion expressed by the working group that the STAR progrem tended to

predict unrealistically high frequencies of occurrence of neutral stability reflects
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"a lack of understanding of the importance of taking the mixing height into considera-
tion when considering the behavior of tall-stack plumes during neutral stability.

The STAR program output yields a stability classification that strictly applie_s in

the first 10 meters or so above the surface. If the plume stabilization height is in

a stable layer above the surface layer, which is frequently the case for t:ill stack
plumes, the plume behavior does not and should not correlate with the behavior ex-
pécted on the basis of the stability category assigned to the surface layer. The
STAR program s_tability classification must be -supplemented by detailed specifica-
tion of the wind and temperature profiles along the vertical from the ground surface
V beyond the height attained by the upper edge of the plume as it travels downwind.:

As shown in Figure 1, the meteorological inputs requ\ired for application of the
Ga'ussianvplume model to tall stacks are thus directly related to vertical profiles of
wind velocity and temperature (and in some cases to the vertical profiles of humidity
and turbulent intensity as well) representative of a lgrge feference air volume. This
reference volume, which includes the source and the points on the ground at which
concentrations are to.be calculated, extends vertically to the top of the mixing 1ayer
and has horizontal dimensions 1arge enough to contain significant.ground-level

concentrations, - -

I would like to register my complete and irrevocable opposition to the AT

. method for determinfng stability categories. Even if one ignores thé very consider-
able and insurmountable practical difficulties in mea surinAg'and'interpreting small
vertical temperahire differences of the order of 0, ‘10 C, the AT observations are
strictly applicable only ovér the measurement height interval wﬁich is generally -
100m or less. In working witﬁ tower AT measurements and following the AEC
(ERDA) guidelineé relating AT to stability 'categories, I have never been able to
obtain results that éppear to be reasonable on the basis of any conventional criteria.
On the other ﬁaﬁd, use of the Turner and STAR program procedures yields results
that' appear fo be consistent \}vith' the wind measurements made 6n the towers and

other conventional criteria.
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Schematic representation of the reference air volume,

Figure 1.
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3. VERTICAL DISPERSION ESTIMATES

As we have discussed over the telephone, the first sentence on page 7 of
the 2 March First Round Report of Working Group 114 was typed incorrectly and
should be changed to read:

"In their present form, the Pasquill-Gifford ¢, curves are
unsuitable for calculating the ground-level concentrations produced

by tall stack emissions., Specifically, the o, curve for A stab-

ility results in large overestimates of the short-term maximum

ground-level concentrations (1-hour to 24-hour averages) and in

large underestimates of the distances to. the maximum concentra-
tion compared with observations. "

There are two basic deficiencies in the Pasquill-Gifford o, curves that
make them inherently unsuitable for describing the vertical dispersion of tall stack

plumes:

° They rej_er specifically to the vertical dispersion of plumes
from sources located at or near ground level and thus con-
tain the effects of the large vertical gradients of atmospheric
density (temperatufe gradients) and turbulence near the air-

ground interface

e  They are prinqipally based on measureme_nts of vertical
' plume dispersion méde at distances less than 1 km from the
source; the portions of the curves extending beyond 1 km are
extrapolations and were originally intended only to serve as
rough approximations to vertical dispersion from ground

sources at these longer distances

The light lines in Figure 2 show the Pasquill—Giffdrd curves for the A, B,
C, D, E, and I stability categories. The strong curvature of the A, D, Eand I
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FIGURE 2. Pasquill-Gifford o, cu‘r.ves (light lines) and suggested modi-
fications (heavy lines). )

5
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curves reflects the influence of the vertical gradients of temperature and turbulence
in the air layers close to the ground on the upward vertical dispersion of plumes
under very unstable conditions (A stability) and under neutral or slightly stable to |
stable conditions (D, E and F stability). Béth measurements and theoretical rea-
soning indicate that the aownward dispersion of plumes from elevated sources
toward the ground surface is characterized by o, curves that plot as straight
rather than curved lines on double logarithmic paper (i.e., o, « X) as shqwn by
the heavy lines in Figure 2 labeled A' through F'. The upward dispersion of plumes

from elevated sources depends on the vertical temperature gradients and turbulence

in the air layers above the plume stabilization height.

In the absence of elevated temperature inversions that restrict upward
plume growth, there appears to be an approximate linear relationship between ver-
- ticalblufne dispersion and o . For example, Pasquill (1974, p 202) cites experi-~
ments by Hogstrom (1964) in which smoke puffs were released at a height of 50 m
with the result that o, encreased linearly with travel distance out to abqut 300 m
in all stabilities; at longer distances, oz tended to increase less rapidly with dis-
tance possibly because of a restriction on further upward expansion by an elevated
stable layer at the top of the mixing layer. Pasquiil (1974, p. | 200) aélo cites
experiments by Hay and Pasquill (1957) involving continuous tracer releases at a
height of 150 m which showed a linear relationship bei;ween vertical spread (IO-Z)'
and the travel time to downwind distances of 500 meters, the maximum distance
at which measurements were made. Briggs (1975, 'p. 36) notes that recent studies
of tall stack plumes show o, approximately linear with distance in the most un-
stable categories.

The strongest evidence of the inapplicability of the Pasquill-Gifford o, -
curves to tall stack plumes comes from comlparisons of observations of plume
" 'behavior and measuxjéments of ground-level concentration with model predictions.
The approximate relationship betWeeﬁ o, and the maximum hourly ground-level

concentration for a tall stack plume is given by
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where H is the plume stabﬂization,height and both O"Z and oy' are evaluated at.
the distance" mea.;( of the maximum ground-level concentration. * Assuming all

parameters to be fixed except 0 and o at x » the predicted y is
: z y max

directly proportional to the ratio (UZ/ OY)Xmax’ rrfi.);o, rthe'dis.tanc‘e at which xmax

occurs is the distance at which o, = H/\/E or 0.707H. For sjmplié:ity, we agsume
_a plume stabilization height of 500 m for A stability and a plume stabilization height
- of 300m for D stat;ility. By means of the two relationships given above and fefer— ‘
ence to the o, curves in Figure 2 and the Pésquill-—Gifford gy curves, we obtain -

- the results given‘in Table 1. As might be expected; the P. G. o0, curve for A

TABLE 1
RESULTS OF EXAMPLE CALCULATIONS

A Stability D Stability
H o 500 m . 300m
. (Gz)xmax , 354 m 212 m
‘ P. G. 900 m . 21, 000 m
X - . ‘
. max Mod. P. G. | 2,000 m 4,500 m
) - P. G. 7 200m 1,000 m -
y xmax : N
Mod. P. G, 390 m 270 m
o P. G. 1.8 0.2
© /oy,xmax ‘ _ |
Mod. P. G. 0.9 0.8
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stability places the maximum ground-levgl concentration about twice as close to

the stack as the modified o, curve and yieéids a. maximum concentration twice

as large és the modified o, curve. Sirhilarly, the P. G. o, curve fo_r D stability
places the maximum ground-level coricentration abouf five times farther from the

stack than the modified o

, curve and yields a maximum concentration four times

A smaller than the modified g, curve.

. Table 2 shows the trz/oy ratios for a}l the Pasquill-Gifford éurves at distances
from 0.1 to 10 kilometers. Note that the o,/ oy, ratios for C stability are approxi-
mately constant with increasing distance (which reflects the condition that 0, =X)

- while the ratios for other stability categories either increase with distance (A and
B stability) or decrease with‘distance (D, Eand F stat_;i}ity). Aésuming that the
vertical dispersion of tall stack plumes toward the ground when the plumes are con-
tained in the surface mixing layer requires that 0, « x (following the modified P. G.
curves shown in Figure 2 and the P. G. curve for C stability), departures of the
r'rz/ ay ratios‘ in T_able .2 from a homi‘nal value"of about 0, 6* provide a relative '
-measure of the .overestimation (crz/ Gy > 0 6) or underestimation (oz/ Oy <0. 6)’of
the maximum hourly ground-level concentration. It follows that the P. G. o,

curves lead to large overestimates of the maximum ground-level concentrations for

A and B stability and to larg'e-underestimates for D, E and F stability. Similarly,

the P. G. o0, curves lead-to large underestimates of the distance to the maximum

ground—level‘concentration iﬁ A and B stability and to very large ové'restimates' of

the distance to the maximum ground-level concentrAation for Ij, E and F stability.

The degree of ové restimation or underestimation in a partic@xlar stabil'ity category-

isvdirec‘tly related'to the plume stabilization height. The‘ minimum plume stabilization

heights by stability category at which these effects become significant are approxi-

*Weil and Hoult (1973) in a study of SO, observations from the Keystone plant found

- that a value of o,/0 = 0.6 correlateg best with hourly maximum ground-level con-
centrations during unstable conditions. o
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TABLE 2
'RATIOS OF 0,/0, FROM THE PASQUILL-GIFFORD CURVES

7

D1(itlzr)1ce zt:tt;lgl :)tgy{ D o D E . F
0.1 - 0.53 0.54 0.59 0.60 _0.60 . 0.57
0.2 . 0.57  0.57 0.60  0.56  0.56  0.54
0.5 . 0.96 0.63 0.58 © 0.50  0.49 0.47
0.7 - 1.32 0.66  0.58 -0.47  0.46  0.44
1.0 ' 1,97 0.69  0.58  0.44  0.42 . 0,40
1.5 | 3.39  0.74  0.58 0.41  0.38 _ 0.36
2.0 5.05  .0.79 0.58 - 0.38  0.35 . 0.33
3.0 . 8.49 - 0.85 0.59  0.35 0,31 0.28 -
40 | o ' - 0.91 0.59 0.33  0.28 - 0.26
50 | 0.9  0.59  0.30 026  0.23
6.0 - 1.00 0.59 - 0.29  0.24 0.21
8.0 x 1.07 0.60 0,27 0.22 0.19

10.0 : : 114 . 0.60 . 0.26 0,20 0.17
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mately 100 m (A stability), 300 m (B stability), 45m (D stability), 22m (E stability)
g
and 11m (F stability). ‘ :

Coﬁfirmation of the effects described aboveis readily found }n the results
of model validation 4studies soonsored by EPA. For example, Lee, et al, (1975)
“describe a validation etudy of the EPA CRSTER Model (which_ uses the Pasquill- -
Gifford curves) that involved the application of the model to foor power plants. In
each case, there was no significant positive correlation between concurrent calcu-
lated and observed hourly and 24-hour average 802 concentrations. For a year 'of
data, the CRSTER Model tended to overpredlct the maximum observed hourly SO
concentrations and to underpredict to maximum observed 24-hour average concen-
trations. The poorest model performanoe was at the Canel Plant, which is located
near Cape Cod Bay and coneequently has a much greater f‘requenoy of occurrence
of D, E and F stability than the other'plants studied. ’i‘able 3 shows a comparison
of hourly SO2 concentrations observed at monitor stations in Tacoma, Washington
downwind from the 172-meter staok of thc ASARCO cupper smelter with two sets of
concurrent calculated concentrations. One set of calculated concentrations was’
made by means of the ehort-term Gauesian pldme model described by Cramer, et al.
(1975) whichv except for the use of o, curves similar to those shown by the heavy
lines in Figure 2, is practlcally identical to the EPA CRSTER Model. The second
set of calculated concentratlons (Pasqulll Glfford) was made by means of the same
short-term model except tha? the Pasquill-Gifford curves wexje used. Differences
in the two sets of calculated values in Table 3 are essentially due to the differences in
the o, curves because the same source and meteorological inputs were used for both
sets. For all the cases shown in Table 3, the average ratio of calculated and ob-
served conoentrations is 0. 1>1 for the model calculations using the Pasquill-Gifford
curves and approximately uﬁity for the model_ calcullations using the modified curves.
The principal -explanation is that the Pasquill-Gifford curves for D and .E.stability do
" not allow the plume to come to the ground at the distances of the monitors. - This is

the same result found by Lee, et al. (1975) at the Canal Plant. The modeling

10
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"TABLE 3

' COMPARISON OF CALCULATED AND OBSERVED
HOURLY SO, CONCENTRATIONS

o Calculated Concentration Ratios of Calculated and
Case ) Observed (ppm)* - Observed Concentrations** | Pasquill
No ~ 'Monitor Concentratior: . - ' : Stability
o (ppm) * Pasquill~" | Cramer, et al. | Pasquill- |Cramer, et al. | Category
Gifford (1975) Gifford (1975) .

N26th and Pearl C(1.23) 0.03 0.88 (0. 02) (0.72) D

2- | Reservoir - 0.27. 0.00 0. 04 - 0.00 0.15 D

Highlands 0.73 0.06 0.44 - 0.08 - 0.60 D

3 | N26th and Pearl 0.40. (D.46) 0.12 0.25 0.30 (0.26)] 0.63 (0.54) C

. N26tP and Pearl | ‘0.56 (0.68) 0. 00 0.61 0.00 (0.00)| 1.09 (0.90) E

Reservoir 0.62 0.00 0.64 0. 00 1.03 E

6 N26t and Pearl 0.30 (0.22) 0.04 0.30 0.13 (0.18)| 1.00 (1.306) D

.| N26th and Pearl 0.26 (D.26) 0.01 0.23 0.04 (0.04)| 0.88 (0.88) D

7 | N26th and Pearl 0.60 . (0. 46) 0.00 " 0.26 0.00 (0.00)| 0.43 (0.57) D

8 N_26th and Pearl 0.32 (0.21) 0.00 0.44 0.00 (0.00)| 1.38 (2.10) E

.~ |Reservoir 0.37 0.00 0.39 0.00 1.05 E

*Numbers enclosed by parentheses are concentrations measured by the ASARCO SO2 monitor at ‘N26th and Pearl.

**Numbers enclosed by parenthese_s ‘are ratios of calculated and observed concentrations for the ASARCO 802 mon-
itor at N26* and Pearl. : :



4

TABLE 3 (Continued)

Calculated Concentration

Ratios cf Calculated and

. Observed (ppra) * OCbserved Concentrations** [ Pasquill
Case . . o
" No Monitor Concentration Stability
' (ppm) * Pasquill- { Cramer, et al. '{ Pasquill-. {Cramer, et al. | Category
Gifford (1975) Gifford (1975)
| n26th and Pearl 0.37 (0.67) 0.00 0.64 0.00 (0.02)| 1.73 (0. 96) D
9 | N26th and Pearl 0.31 (0.21) 0.06 0.11 0.19 (0.23)] 0.35 (0.52) A
N26th and Pearl 0.25 (0.25) 0. 00 0.31 0.00 (0.00)| 1.36 (1.36) E”
12 | McMicken Heights 0.50 0.25 0.52 0.50 . 1.04 D
Meeker 0.28 0.04 0.28 0.14 1.00 D
Meeker-Brown 0.31 0.06 0.35 - 0.19 1.13 D
13 Meeker 0.38 0.06 0,42 0.16 S 1,11 D .
Meeker-Brown 0.42 0.07 0.50 0.17 1.19 D
! Meeker 0.59 0.06 0.56 0.10 0.95 D
Meeker-Brown 0.49 0.05 0.53" 0.10 1.08 D
14 McMicken Heights 0.30 0.06 0.09 0.20 0.33 4 C
- | Tukwila 0.41 0.06 0.10 0.15 0.24 - C
N26th and Pearl | 0.42 (0.35) 0.00 0. 87 0.00 (0.00)| 2.07 (2.49) E
19 Reservoir 0.50 , 0.00 1.00 . 0.00 2.00 E
N26th and Pearl 0.27 (0.17) 0.07 0.10 0.26 (0.44)] 0.37 (0.59) B
Mean Ratios 0.11 (0.12)] 0.97 (1.00)

*Numbers enclosed by parentheses are concentrations measured by the ASARCO SOg monitor at N26th and Pearl.

**Numbers enclosed by parentheses are ratios of calculated and observed conccntrlations' for the ASARCO 502 mon-
- itor at N26t? and Pearl. . |

-G8l
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techniques, emissions data, meteorological data and the air quality observations
referenced in Table 3 are described- in detail in the report preparéd for EPA by

Cramer, et al. (1976).

13



-197-

REFERENCES

Briggs, G. A., 1975: Plume rise predictions. PJerQreseribed at the AMS
Workshop on Meteorology and Environmental Assessment, Boston Mass. ,
September 29-October 3, 1975.

Cramer, H. E., H. V. Geary and J. F. Bowers, 1975: D1ffusmn—mode1 calcula-
tions of. long ~-term and short-term ground- -level 509 concentrations in .
Allegheny County, Pennsylvania, H. E. Cramer Company Technical
Report TR-75-102-01 prepared for the U, S. Environmental Protection _
Agency, Region III, Philadelphia, Pennsylvania. EPA Report 903/9-75-018,
NTIS Accession No, PB-245262/AS. '

Cramer, H. E., J. F. Bowers and H. V. Geary, 1976: Assessment of the air
quality impact of SO, emissions from the ASARCO-Tacoma smelter. EPA
Report No. EPA 910/9-76-028. U. S. Environmental Protection Agency,
Region X, Seattle, Washington. ' '

Hay, J. S. and F. Pasquill, 1957: Diffusion from a fixed source at a height of a
few hundred feet in the atmosphere. J. Fluid Mech., 3, 299,

Hogstrom, U. 1964: An experimental study on atmospheric diffusion. ‘lellus, 16,
206.

Lee, R. F., M. T. Mills and R, W. Stern, 1975: Validation of a single source
dispersion model. Paper presented at the 6th NATO/CCMS International
Technical Meeting on Air Pollution Modeling, Frankfurt/ Main, Germany,
24-26 September 1975.

Pasquill, F., 1974: Atmospheric Diffusion (Second Edition). Ellis"Horwo,o'd
Limited, Sussex, England, 429.

Weil, J. C. andAD. P. Hoult, 1973: A correlation of ground-level concentrations of
sulfur dioxide downwind of the Keystone stacks. Atmospheric Environment,
7, 707-721.

14



-198-

3.7.3 Comments on Report of Working Group II-4

Subﬁitted by D. Bruce Turner and L. E. Niemeyer after the conference.

Group II-4 exbressed concern wifh the adequacy of the PaSquill—
Gifford vertical dispersion coefficients for unstable conditons when
applied to sources with tail stacks. Nevertheless, this distingﬁished
grbup did not see fit to make a recommendation for changes at this time.

The Pasquill—Giffora curves have stood the test of over a decades' use.

The prudent course of action is to continue to use the time—testéd factofs"
until such timé és the data which are now becoming available as sampling data
from the vicinity of facilities with tall stacks are organized, until they
are subjected to full sgientifiC'réview and scrutiny and until the
scientific community agrees that currént values fof the vertical dispersion
parameters resﬁlt in wholly unsatisfactory estimates. It is our current

task to encoufage, enhance and aid a prompt scientific analysis and review
of‘thié matter. To our knowledge such activities are.undefway by several

atmospheric scientists and by professional scientific societies.
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3.9 GENERAL SUPPLEMENTARY MATERIALS
3.9.1 Use and Formulation of the Hanna-szfbrd ModeZ

U.S. DEPARTMIENT OF COMMERCE
National Oceanic and Atmospheric Administration
ENVIRONMENTAL RESEARCH LABORATOR!ES

Post Office Box E
Oak Ridge, Tennessee 37830

February 25, 1977

Mr. Kenneth Brubaker

Energy and Environmental Systems Division
Argonne National Laboratory

9700 S. Cass Avenue

Argonne, Illinois 60439

- Dear Mr. Brubaker:

I've had a chance to review the section on my model on pages
2.18 through 2.21 of your report "Descriptions of Air Quality
Models and Absttracts of Reference Materials." There are a
few corrections that should be made. I suppose these problems
are basically my fault, since we have published our model in
a series of articles, rather than in a comprehensive user's
guide. :

You and the EPA break up our model into a short-term and a
long-term model. In reality, we never intended such a division
and believe the model is equally applicable to averages from

20 or 30 minutes on up. Historically, we began in late 1969
with the equation

{2 1 (A13/2)l {Qo'*‘ ZQ, \
U a(l —b) i=1 |\
i

(@i + 1)i= = (@i~ 1')'4} W

~Awhere 0, = axP. After applylng this equatlon to several gridded
urban areas, we discovered that the formula

X = C(Qo/V) @

works just fine for most areas, where

i\’ -|— 1 "‘ ___,_.,l_;-,._... ' (3)
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The "constant" C theoretically equals about 600, 200, and 50 for
stable, neutral, and unstable conditions, respectively. So, you
see we do have theoretical expression for C, in contrast to the
statement made in your review. Further, we always caution that
[¢Y) should be used in place of (2) whenever thée local emission .
Qo is much less than the Q's of neighboring grid blocks. Also,
it has always been recommended as part of our model that strong
point sources (there are usually 10 or 20 in an urban area) be
treated separately using the standard plume model.

Of course, whenever good observations of concentrations are
available, the constant C in equation (3) or the expression
/§7F(Ax/2)1'b/(a(l—b)) in equation (1) should be replaced by

a calibrated value. The diurnal variation of C has always been
questionable, but through the analysis of much CO data from
several states I have recently developed a diurnal curve for

C. This will be reported in the open literature during the next
few months. -

We have also found from studying observed pollutant concentrations
that the calibrated C varies with the pollutant, being highest

for CO, lowest for SO2, and intermediate for suspended .particles.
There are several hand waving arguments for these differences.
Other modelers at the Nordic Hills workshop reported exactly the
same behavior with their models.

In 1973 I extended this model to include the photochemical
pollutants NO, NO2, and oxidants. The seven-step reaction
mechanism proposed by Friedlander and Seinfeld was used, although
any kinetic mechanism could be plugged into the model. Predictiomns
of this model were compared with predictions of other models in
the Los Angeles basin, showing that our model was just as good

as the others. In thils case as well as in the other reprints
that I have enclosed, we test or validate our model extensively.
Because of the ease with which our model is applied, I can
confidently state that it has been validated in the open
literature much more often than any other urban dispersion

model. Whenever a new set of observations comes out, we test

it.

The following outline is my suggestion for a revision to pages
2.18-2.21 of your report:

References 1)Hanna, S. R. A Simple Method of Calculating
Dispersion from Urban Area Sources. J. Air
Poll. Cont. Assoc., 12, 774-777 (Dec. 1971).
2)Gifford, F. A. and S. R. Hanna. Modeling Urban
Air Pollution. Atmos. Environ., 7, 131-136 (1973).
3)Hanna, S. R. A Simple Dispersion Model for the
Analysis of Chemically Reactive Pollutants.
Atmos. Environ., 7, 803-817 (1973).
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Abstract: This is basically an area source model that can
be applied to any size grid square. It can be used in
conjunction with the Gaussian plume model, which is used to
treat the largest point sources in the region. Chemical
reactions and physical removal mechanisms can also be
incorporated into the area source model.

Equations: For grid squares in which the local area sources
emissions are much less than those in neighboring grid squares:

'ﬁ 2 1(Ax/2) LA
X ‘J U —a(i‘_ ) {QO + iZ=:] QI

(@i + 1)1~ — @i 4.1)'*1}

for area sources across which em1391ons are nearly uniform
C(Q/U)

where

§ 2N 41 1-$ 1
C=.\/;,( ) “) a(l =)

If good data on ¥, Q, and U are available, C can be estimated
or ''calibrated'" with these data.

A. Source-receptor relationship
Uniform grid squares defined by user.
Receptors and area sources at ground level.
Receptor at center of grid square.
Point sources at any location.

.B. Emission rate
User-specified for each grid square or point source,
emissions not time-varying over the period of interest.

C. Chemical composition
Define the normalized concentration

xg* = xu/cq @

When chemical reactions are not important, then according

to eq. (3), x* = 1.0. :

Assume that C = Ax/Z, where Ax is the width of the region

and Z 1is the height of vertical dispersion. For illustration,
use the Friedlander-Seinfeld (1969) seven step photochemical
kinetic mechanism.  Then
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3 [03] 8 Egg%l B a constant - (5)
: o o ‘,.' ; o Axd
ln [NO] = [NO]‘ -1- [Nozl [RH] ( QNO; QR" U3 Z’) (6)
- 3 ! (0] [RH]* ax
¢ g In[NOy* = = No T -1+ [1\0] [RH] (ﬂ Oro Orn 773 Zz)
A
- [Noz]' [RH]* ('\ Ono, Oru Uxx;7) » :
9. o Ax?
a7 10 RHI" = e = 1~ (N0, (o Ovo, Uzz)

. ®
— (OINOT) (4(0r0,/ 20 ). '

where t* = tU/Ax and ¢, A, 8, and u are rate constants, These . A
_equations can be rewritten, using the reference, for any kinetic
~mechanism.

D.

- Plume behavior -

Gaussian plume model with Brlggb plume rise for point
. sources. . 4

’Horlzontal wind field

User—supplied wind speed and direction over ‘a 16 point wind rose.
No variation of wind with height.
Constant winds for each calculation.

Vertical wind speed
Assumed equal to zero.

Horizontal disper51on
- Narrow plume approximation for area sources.
Power law Oy = ax> for point sources.

Vertical dispersionl
0, = axP assumption used, with a_and b from Smith (1968)
or Briggs (1973).
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1. Chemistry and Reaction Mechanism
Friedlander and Seinfeld (1969).
Any mechanism could be input, however.

J. Physical removal :
o 1/(1 + C(vgq/u)) factor applied to concentration
prediction, where vq is the deposition speed.

K. Background
Use whatever is appropriate for the local background.'

L. Boundary conditions :
Lower boundary; perfect reflcction unless wet or. dry

deposition 'is occurring.
Upper boundary: mixing height limited.

M. Emission rates and meteorological paraneters are all input

N. Validation/Calibration
Extensive validation has been done in the referenceSg

0. Output
Concentration over the appropriate averaging time at each

receptor.
- The chemical model has a time varying output however.

I hope that these comments will aid in the preparation of your
report.

Sincerely,

L5 Y
Steven R. Hanna o
Research Meteorologist

Atmospheric Turbulence
and Diffusion Laboratory

SRH:mja

~cc: D. B. Turner
Herschel Slater



-206~

|
3.9.2 Recommended Changes in Draft Guidelines

Submitted by Michael D. Williams

On page 6

1 beli_eve that the second highest of all estimated concentrations-should
. be used. Thus on page. 6 the relevant sentence would read:

"Thus, emission limits which are to be based on an averaging time of
24 hours or less shall be based on the second highest of all estimated concen-
trations (plus a background concentration which can reasonably be assumed to
occur with that concentration; see section on background concentrations). "

This is consistent with the protocol between EPA and Salt River PProject
with respect to the measurement program for the Navajo Generanng Station
Sulfur Dioxide Field Monitoring Program.-

I note that if the highest, second highest concept is to be used, then
meteorological data equivalent to the life of the facility should be used rather
than for a five-year period. It seems likely that the second highest at an in-
dividual point'in a year will increase as the number of years tested.

) - A
Pag.¢'19 ‘ ' . 4 . s

Under item (4), with respect to an area with meteorologmal or topo- -
graphic complex1t1es, I beheve this item should read'

.1(4). If the n’ieteorolog‘icél or topographic -.,omplcxitieb of the region . ... ...
are such that the use of any available air quality model is precluded then the
model used for control strategy evaluation may be limited to a rollback model30,
if a dense mionitoring network is in place and has been operating for at least
two years. In this context a dense monitoring network would be one in which
all points expected to receive high concentrations on the basis of models appli-
cable to the terrain are well covered, " : : '

I believe this change is justified because a rollback model based on a

limited sampling network which does not address the points of controversy
is likely to be much worse than best estimates based on existing models.

Page 29 " n ' .

The last sentence in the first paragraph should read:



~207-

4 "The receptor gr;d must allow sufhc:ent spatlal detail and. resolutmn
80 that the location of the maximum or highest, - second highest concentration
is 1dent1f1ed for all areas. " : : o

_ The phrase "wh1ch are generally access1ble to the pubhc" could, under
‘some mterpretatmns. be limited to roads1de areas:; Thé mountain climber
strugghng with a difficult pxtch probably needs clear air too. Furthermore,
the intent of the standards is to protect more. than just human life. Finally,
the health of vegetation ona steep slope not generally accessxble to the pubhc
’ may be very 1mportant for esthetxc or soil holdmg purposes.

. Page 30

After the second sentence in the secand paragraph 1nsert the follow1ng

' .sentences' - : 4 , .

"In cases where the 1mpact of elevated sources on hlgh terram durmg'
stable conditions is to be consideréed the relevant winds are those measured
at expected plume height rather than ground level or near ground level., In
‘cases where the frequency. of A stability conditions is important, methods.
_should be used to either make direct measurement of the frequency through
the use of a bivane or adjust the frequency g:.ven by the Turner categoriza--
tmn scheme to provide a better estimate of the actual frequency "

Durmg stable condxtmns the ground level' mferences of stab111ty, wind -
speed and wind direction are likely to be so poor as to make their use unac-

. ceptable. Table I reports all days of stable cond1t10ns (at plume height) re-
ported in Schiermeier's "Large Power Plant Effluent Study (LAPPES) Volume
III. Instrumentation, . _Procedures ahd Ddta Tabulations (1970)" January, 1972.
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TABLEI

L D1rect1on . Direction
Speed : 7 Nifference Difference

Date Time  Height * (mps) Direction ~ 50m - Sfc 400 - 50 m

April 20 0708  Sfc 2.2 7140, 580
o : 50 m . 4.3 145.8 ' L. . 48,20
, 400 m - 12,0 194, I ‘ -

April 22 0700  Sfc - .0.0 T ; --

50 m 2.6 217, -- .63,

: _ . 400 m 12.1 280, - -
April 27 0635 Sic 5.0 - -- -
K 50 m 70.5 3.4 A 150.

' A © 400 m 220, 4.4 -- --

April 28 0800 Sfc 0.0. -- -- ‘ --

g 50 m 1.1 124 -- . 8l
400 m 4,4 205.0 . e

April 30 0830 Sfe ~ 0:0 : . - -- -- - -

: i .+ 50m 4.8 - 146, o e- 32,
400 m 5.6 178, . -~ e
May 5 0700 Sfc - .8 ‘215, 2. L --
'  50m 3.2 - 213, - 39.
e 400 7.0 252, -- , --
‘May 8 - w3800 Sfc - .8 < 7195, o33, 0
‘ 50 m 4, . 228, A - 35,
. 400 17.4 - 263, .- -
May 9 0700 Sfc .8, 230, 3, -
- " 50m 3,60 ¢ o233, 0 L 36,
400 m 14.3 269. - --
- May 11 0630 Sfc 0.0 -~ -- --
50 m 4.8 216. -- 39.
400 m 7.5 255, - _— o--
May 15 0830 Sfc 1.3 225, .. -87. R
50 m 4,6 1138, ~ -- 27.
400 m 9.5 165, -- --
Oct. 14 0800 Sfc 0.0 - . -- --
50 m 1.3 211, -- - 16
400 m 8.6 195. : -- R

Nov. 9 0900 Sfc 4.4 110. 20. --

: 50 m 4,7 130. _ e 27.
400 m 13.2

157. -- --



-209-

Exhibit #1 also shows that surface winds tend to be poor predictors.

With respect to the second line work by Luna.and Church ""A Comparisoh
of Turbulance Intensity and Stability Rates Measurements to Pasquall Stability
Classes, " Journal of Applied Meteorology, Volume 11, June, 1972; pp. 663-
669, illustrates the large discrepancy between stability as indicated by fluctua-
tions in the vertical component of the wind and by Turner stability categories.

Finally I have difficulties with both CRSTER and \alley. The principal
defects in CRSTER are that fumigation is not considered and that reduced
plume rise with a capping inversion is not considered. I note that a group
(Dames and Moore) modeling for utilities in the Southwest has suggested that
the plume rise may be restricted to 2/3 of its normal value. There is a case
in the Lap¢se study in which the plume rise was about one-half of its expected

values (May 4, 1970, near Howmer City). I believe some changes could be in-
corporated into CRSTER which would permit better predictions in the case of
limited mixing situations.

With respect to\llley, I believe a number of modifications are reason-
able which would improve its prediction capabilities. These can be drawn
from experience at the Navajo Plant plus aircraft measurements of stable
flow dispersion in the Navajo region, Four Corners reglon and the TVA.
For more distant travel I recommend that time of travel be considered.
The principal elements of the model changes are described below.
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Modifications to CRSTER

Schiermeir's LAPPES study carries a case where the mixing layer
. clearly inhibited plume rise. On May 4, 1970, ground level concentrations
were consistently about 0.5 ppm at 3 km downwind between 10:30 and 10:45
(p. 80). Helicopter temperature profiles gave a strong inversion at 765
" meters (p. 218); pilot balloons indicated an average wind speed between stack
top and 750 meters of 2.2 to 2.5 m/sec (p. 244). Plant operational parameters
(pp- 287-288) gave one unit at 2126 gm/sec, VS =21.3, T = 1490 €, DT = 1370 C,
while the other unit was at 2856 gm/sec, VS = 21.3, T =158, DT = 106. With
a stack helght of 244 meters and stack radius of 3.65 meters, the expected
stack height will be 1380-1535 meters. Under these circumstances CRSTER
would give a zero concentration because the expected height would be greater
than the height of the mixing layer. A B stab111ty calculation using the actual
height 765 meters would give x = 1376 ug/m as opposed to a measured maxi-
mum of 1493 ug/m The predicted maximum would occur at 4,5 km. On the
other hand, an A stability calculation would give 3742 at 1.2 km. Thus, for A
‘stability one would have to use an assumption that one-half of the plume pene-
trated the stable layer and was trapped. On this basis I suggest that

He = Lif L > Hs + .5 Ahc
however, for A s‘ta.bility

(1) Qe_Q Q (L - Hs-.SAh) .
Ahc 7

Mg+, FANCELE Ry« bhe

Replécer’r;xl_qnf for Valley

The resulté of the Navajo study indicated that the maximum 3-hour con- -
centraticu veuld be represented by: ‘

1y - e
-/I(Ho_‘(B

@  x = S=
LT v d’ﬂ ()'E

~with the values considered as 10-minute averages and extrapolated to 3 hours .

via a technique:
: -1

(7}’(} ‘Xm'Mu‘ﬁ!?.‘ 3 7 ' vh.:»u vs .

Note that the equation for ¥ doés not use plume reflection. The parameters
oy and oz are Turner values for E stability, However, aircraft data in TVA,
Four Corners and the Navajo area suggest that the dlstance dependence is in-
correct. Instead a form:

- 15
Oy 6 &« x
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is suggested. Thus I recommerd

oy

140.6 x + 55 ) Oy; oz in meters
) x in kilorheters
)

@z = 68,0 x 21

W

. Finally, I believe time of flight should be considered: Thus the model
would calculate the concentration expectéd at the receptor at x and then examine
the wind directions for the +'me x/u: If the wind direction were reasonably con- .
sistent during that time the calculatéd coficentrations would be presumed to
have occurred at the receptor. Othiérwise, théy would not. Work by Start,
et al. in Utah suggests similar relatiofis apply to unstable and neutral condi-
tions. '
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Figure 6. The arrays of direétioh by height for 70 pilot balloon runs
from surface to 4000 feet above San Juan Plant Site, March 15-23, 1972.
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3.9.8 - Comments on the RAM Urban Model

.Q "u'[/r-Singer mcteoro[ogists, t.gnc. DATE: February 4, 1977

TO: (MES/ Model Study File . (Maynard E. Smith)

FROM: JRM
RE: The RAM Urban Model

Howard Ellis made many points in his study of the RAM Model, a
few of which deserve comment in regard to the Argonne Conference.

RAM is an urban model de51gned to calcilate maximum 24- hour con-
centrations on a grid using a year's worth of data. It could be used
for 1l-hour and 3-hour predictions. Criticisms of it follow:

1. The model has not been validated. An extensive validation
study must be done before the predicted results can be con-
Sidered realistic

2. o, values are exce381ve1y high for Pasquill A and B (they
are equal for these two classes). The o, curve for Pasquill
A and B is not as extreme as the CRSTER Model. However, the
-effect would be a doubling or tripling of the predicted max- - -
imum concentration compared to our modeling of tall stacks '
for l-hour periods under very unstable and unstable conditions.

3. These o3 values were developed from the St. Louis tests in .
the mid-60's, using low-level tracer releases and do not ap-
pear to be applicable to even low-level sources, let alone
elevated sources. In brief, oz is considered inversely pro-
portional to the crosswind integrated concentrations observed
in these tests. Ellis documents several studies showing that
the urban plume centerline is lifted by a mean upward wind
component, leading to very low surface CIC and the resulting -
inflated oz values used in RAM. .

4. What the proper urban oy values ought to be is uncertain.
Ellis thinks they ought to be about 1.4 times the corresponding
Pasquill-Gifford rural Oz . I disagree with this conclusion for.
the o, corresponding to "A'" stability. Those values are al-
ready far too high as was pointed out at Muskingum

Some evidence does exist to support a "1.4" factor for the

" - other stability classes, though 1t is not conclusive. But
there is no doubt that the RAM 0,'s corresponding to "A" and
"B'" stability are much too high.

I have prepared some plots comparing Smith-Singer, Pasquill-

Gifford and RAM o™ -curves. All systems agree rather well on

o} values ' ‘ , _ :

i

5. The EPA assumption of constant full load operation of sources
in urban areas is absurd

JRM:rg
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3.9.4 Comments Regarding EPA Models

ENVIROPLAN, INC.

An Environmental Planning Company

Y N

47 GRIENT WAY, RUTHFRFORD, N. J. 07070

201 935-5098

- February 16, 1977

T

Mr. Maynard E. Smlth
Smith~-Singer Meterologlsts, Inc.
134 Broadway .

Amltyv1lle, New York 11701

Dear Maynard

Concernlng your 1/29/77 letter, I wouid like to stress
the following points concerning the E.P. A. Models'now»in use.

1. RAM Model (Urban Version). Thls model was used
for the first time in E.P.A. regulation setting in Ohio and
has seven serious problems. The enclosed evaluation adequately
describes our concerns as well as recommendations for a Revised
RAM Model for urban areas. ‘I and many of the electric utilities
in Ohio with plants in urban areas will be very grateful if you
would read the enclosed critical evaluation, perhaps discuss it
with me prior to the meeting, and then torcefully present the
criticisms you concur with at the 2/22 meeting. Perhaps the
most. serious problem with Urban RAM ie the use of vertical
dispersion rates that are greatly in excess of Pasquill-Gifford
vertical dispersion rates and that lead to predicted maximum
short-term concentrations from power plants that are two to A
four times previous predictions using Pasquill-Gifford dispersion
rates. I consider the use of Urban RAM as presently constituted -
. to be the single most serlous problem with present E.P.A. models .
. for urban areas. L

r

2, _Use of Pasquill Stability Class'A as the Most .
Extreme Vertical Dispersion Rate. My concerns with this issue
and the necessity of using a less extreme vertical dispersion
rate under the most unstable meteorological conditions are
presented in the appendlx to the Muskingum River Piant report
prepared by Enviroplan in late 1976 Your .office has a copy
of thls report. ' '

3. Prediction Modeling in Complex Terrain. Two issues
are of special importance here: 1) the assumed point of closest |
approach of the plume centerline to ground-level as the terrain
rises, and 2) .the enhancement of the turbulence and dispersion
as the plume approaches elevated terrain. The Egan approach to
issue l) of reducing the effective stack height by half the
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Mr. Maynard E. Smith
February 16, 1977
Page 2

increase in ground elevatlon seems more reasonable than u31ng
the E.P.A. CRSTER Model's full ground displacement procedure
of subtracting the entire difference in ground elevation
between receptor and stack base from the effective stack
height. Progress on this issue and issue 2) would be helpful
in eliminating some of the very major conservatisms. in E.P.A.
prediction modellng w1th CRSTER. '

4. Proposed Use of Five Years of Meteorologv in tHe
Predlctlon Modeling. If E.P.A. adopts this procedure of using

five individual years of meteorology in modeling, it ‘is important ..

some measure of actual operating rates rather than constant
maximum possible operating rates be used. One excuse for using
constant maximum operating rates is that only a single year of
- meteorology is being used for analysis. If the number of years
of meteorology increases, some adjustment in the assumption on
operatlng rates is needed to produce reasonable predlcted con-
centratlons.

Flnally, I would certainly welcome any future
opportunltles there may be to participate dllectly in ruture
meetings of this type. :

_Sincerely,'

ENVIROPLAN, INC.

(_f/>// A
Dr. Howard gi’Ellis
o President
HME/pl -
Enc.

ENVIROPLAN. INC. * An Environmental Planning Company *
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3.9.5 Descriptions of C.E.G.B. Air Quality Models

Central Electricity Research Laboratories

‘Description of C.E.G.B. Air Quality Models

'ARéferences Papers by Moore D.J; listed ih EPA—660/4-76 030a, also:
Scriven, R.A. and Fishér B.E.A. and Fisher B.E.A.Ai975 Atms Env. 9
49 and 59 and 1063. . o -
‘fishgr B.E.A. and Maul P.R. énd Modré.D;J. 1976 P?oceeaingsjof Syﬁposium
. ’Syste@s and'ﬁodeis in Air.And water Pollutioﬁ'-:Instit;te of Measurement
and Control, iondon; | | "
Moore, B.J. 1975 Proc. Inst. Mech Eng. 189, 33. and-1976 Atmospherié
Pollution 51-30 Ed. M. Benarie, Elsvier.
Abstrac? | .
'\ The C.E.G.B. models include
'(i)‘ Gaussﬁnimodels for pfedicfing maximum g.l.c.s. frbﬁ single
sources, the-verticai“;;;;ad being related to an average
vertic#l diffﬁsivity, copservation of emitted material assumed.
' kii) Diffu;ivity érofile'modéls f;r calculatiﬁg meéium and long . -
réngeieffects inéiuding wet and dry deposition'énd chemical

T
. reactions.
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Gaussian Model

A F'Source-Receﬁcor»Reiationshig
Poinﬁ source only; twin stacks assuﬁed sepérate for plume height *
calculation single source for g.l.c.(célculatioq. Muiti-flﬁe stacks as single
sources. Receptor measuring‘points usually at 2 m above surface.

B. Emission Rate

Take from station load and fuel data. -

C. Plume Behaviour.

Plume tise calculated form C.E.G.B. plume rise equations. .Growth
due to relative motion taken into account in calculating location of maximum
g.l.c. but not its magnitude.

D. Horizontal Wind Field

Wind speed and direction measurements made to about 2 stack heightsA
on adjacent tall towers. Value of B based on measurements of crosswind spread
and fluctuations in measured wind direction.

E. Vertical Dispersion ozz = LX..

L is a function of:

'Height of source and/or height of mixing layer (H,h) (m) -

free stream wind speed ‘ o ) (ﬁs—l) , L
Lapse rate above stack top : g ' (ae/az) (Kmqu
Sensible heat flux due to (i) solar heating of ';2

ground. (E.) (Wm 7)

: o”
or (ii) advection effeqts

or cooling of : -2

cloud-tops (El) (Wm-°)
Surface roughness length ' ' .(Zo) (m)
Coriolis parameter . (£) (s_;)

Assumed independent of sampling the T for T > 3 min.

F. Lateral Dispersion °y2 = 1X + B x2.

§ .
B is 2 function of free stream wind speed and sampling time T(s) (for

given source location and wind direction).
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G. - Emission and Meteorological Correlations.

The calculations give ensemble mean values of maximum g.l.c. under

a restricted range of meteorological conditions and emission rates when plume

material remains within. the mixing layer. Vertical wind effects and interaction

with the top of the mixing layer'cause,variations about the ensemble mean and
lead to a scatter with values falling within a range O to 2 times the ensemble
mean value..

_ Terrain effects are not included ag the sites studied are mostly’

.Calculhtioné refer tofSO2 ﬁut could be appliédlto an&‘éﬁhér
cqnseantive emission with negligible fal} velocity.
| Backgroﬁnd is4estimated from obser§atioﬁSQ‘ The model may be used
to make estimates of concentfatlon out to about 3 tlmes the dlstance of.
pax;mum'g;l.c.'
Sampllng perlods from 3 minutes to 1 year.

H. Valldatlon/Callbratlon

Compar1son with 3000 hours of obéervatlons ‘at 2 power statlons.
r.m.s. re51duals " lé per cent for ensemble.means of grouped data (27 pr1nc1pal
meteorolog1ca1 categorles ) |
I. Outgut -

Maximum g.l.c., distance of maximum, for_speéified samﬁiing period.
Can givé spatial distribution if required.

K-Profile 'Mbdel

A. Source—Recéptor'Network
Individual large sources treated as point sources.as in a gaussian
model. Lower level emissions averaged over 10 km squares.

Long range model All'émissions estimated over -127 km squares.

Chemical Composition - Normally ‘SO

2°
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B. Horizontal Wind'Field

Average wind direction calculated using available meteorological

‘data (wind or pressure field).

C. Vertical Wind Speed - None.

D. Vertical D1sger81on

‘K prof11e, K proport1onal to helght in layer of depth Zl, constant

from Z, to h, zero above h. Constant value of h cons1stent w1th values of L .

in gaussian model (K1 = %? where L and K are both’indepgndent of z).

E. . Crusswind Dispersion
Based on gaussian model for hourly average and wind rose or

distribution of wind trajectories for annual average.’

F. Surface Deposition.
Use is made of effectivé déposition velocity'(vg)iat the top of
the surface layer, which-is accurate for long range transport.
Vo= Ve
1+ E= iz /2

Ky

For near and middle distance transport exact K model uses Vg at ground.

G. Removal by Precipitation

Can be included by suitable:decay'constant for'h0ur1&nor daily ~
average. Precipitation included statistically,with constant éxpécted duration
of dry and wet periods for annual average.

H.. Chemical reactions

] , Conversion of SO2 to SO4 included.

" Background: Man-made contribution may be calculated if source inventory available.

I. Vélidation/Calibration

Flux of S0, leaving_U.Kt'comparea with aircraft measurements of
vertical profiles for middle distance trahspért.
.Dry and wet aepééition of S over W.’Europextompared with OECD
,netwérk. dbservations of conceqtrations of SOz'aqd 364 at diétantes up th

80 km from groups of power stations compared with aircraft cross-sections.’




-220-

G.l.c. of SO. and 0] at,distances up to 150 km from urban

2 4
complex.
J. ~ OQutput

Variable to suit ;equireméhﬁ - e.g. surface deposition pattern,

g-l.c. patterh;50£'fluxa



-221- A
3.9.6 Description of the Air QMZity Short Term Model

Reference: "Air Quality Short Term Model," Illinois Environmental
( Protection Agency, Springfield, Illinois, January 1976.

Abstract: The Air Quality Short Term Model (AQSTM) is a steady
state Gaussian plume model for estimating concentrations -
of relatively stable pollutants for averaging times from
an hour to a day from multiple point sources in level or
complex terrain. Concentrations can be computed to simu-
late inversion break-up fumlgatlon, lake: shore fumlgatlon,
and atmospheric trapping.

Equations:

1) Contribution from each upwind point source

X = Q ’;XP "1/2 (‘1—)2 '- oxp -1/2 (—:—)2

Trc, o, U

2) Trapping

¥=—9 oxp |3, (-
2\o,
Va2 Oylu ‘ o

3) Fumigation

7. Q Cexp | 1 (., ),z N
)( '2’n- vor b , .-./2 -c-r-,—, .
| yt i , :

where! hl.: H+ Zd"l
’ Oy o, + H'/a"

4) Continuous Lake Shore Fumigation

¥ S [ )]e*puuﬂ
b) X lf‘r—c"P F]C)‘f[( \

\f“'Cﬁapt«l. A

—-H ., )
'w\,’c_ve‘- T) 1:5:"' ) -F * /

7
C)_X“ F_QG% : Q)CP[: (O_‘]M\ll

N 6-' =G Corres ondin -1[0 CzslAmCQ ‘CVOM Vw-h:al 'Pbl\‘\" SOt
L{/l’le ¢ LGU\ w'\uf'\ Ylelgs G.;al{: Q+ X
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Source - Receptor Relationship

Arbitrary location for a maximum of 200 point sources

Up to 900 receptors located on uniform rectangular grid
Unique release height for each point source

Unique separation for each source-receptor pair ]
Unique topographic elevation for each receptor and source
Receptors must be at ground level

Unique cunstant emission rate for each source

Chemical Composition

Treats one or two pollutants simultaneously

Plume Behavior

Briggs (1971, 1972) final plume rise formulae

Does not treat downwash, If plume height exceeds mixing height, maximum

plume height is limited to the mixing height. Treats fumigation by: (a)

user specifying specific height of limiting lid and averaging time, or (b)

user specifying rate of rise of inversion breakup (m1x1ng height) and Startll
Horizontal Wind Field . height.

User specifies hourly wind speed and directlon

Wind speed corrected for release height based on power law variation,
Constant, uniform (steady-state) wind assumed. 1In complex terrain, plume
allowed to rise % the distance between the base of the stack and the height
of a ground-based receptor. Plume assumed to remain at constant height abow:

Vertical Wind Speed . ground following initial rise.

Assumed equal to zero

Horizontal Dispersion

Dispersion coefficients from Turner (1969), no adJustments made for
variations in surface roughness or travel time.

User-supplied hourly stability class :

Averaging time adjustment according to Turner (1969)(to one hour).

Vertical Dispersion : [

Dispérsion coefficients from Turner (1969); no adjustments made for
variations in surface roughness, averaging time or travel time
User-supplied hourly stability class ' :

Chemistry/Reaction Mechanism ‘

Not treated
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Physical Removal

Not treated

Background

Not treated

Boundary Conditions

Lower boundary: perfect reflectlon

" Upper boundary: user—input mixing height used, perfect 1ef1ecLion‘
' . assumed '
Permits user to input continuous non-horizontal boundary layer
ar rising houndary layer.

Emission and Meteorolggical Correlations

N/A

: Validation/Calibration

‘No calibration option provided
Direct application of Turmer (1969) procedures

Output

Average concentration, source contributions at each receptor for
total period of interest .
Individual point culpability list for 5 maximum receptors

Computer Time Requirements

14 sources w1th 800 receptors requlres 8 seconds CPU t1me
(IBM 370/168)
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3.9.7 Application of Air Quality Models Under the Ontario Envzronmental
Protection Act .

Submitted by A. E. Boyer: post-conference.

The design of pollution control equipment and the
administration of environmental protection legislation are both
complicated by the wide variability of air quality resulting from
the interaction of pollution source characteristics and limiting
meteorological variables.

. From the point of view of source de31gn, it is often
desirable to design facilities to operate under whatever range of
meteorological and operating conditions are likely to occur during
the life of the source. An evaluation of limiting meteorological
conditions, however, often shows that these limiting conditions
occur a small fraction of this time; to design facilities to
operate under all conditions, including these infrequent happenings,
may result in greatly increased design costs. -

The development of environmental legislation requires
resolution of the need for laws which are easily understood and
enforced and at the same time, cover a wide range of complex
possibilities. These two ends are not easily resolved.

The development of several air quality simulation models
provides tools for the analysis of the interaction of important
source and meteorologlcal conditions. The problem then is how to
apply these models within the legal and englneerlng limitations
noted above.

The Ontario Envirommental Protection Act provides the
framework for agencies and pollution sources to function within
a simply enforced law based on a point source model. This Act
also allows for redefinition of these simple controls in the
event subsequent ambient air quality does not meet desired goals.
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An example of the application of both simple point
source and complex urban air quality simulation models within
Ontario legislation.is illustrated by Boyer and Shenfeld in,
"Atmospheric Impact of Coal Firing'", Power Magazine, March 1975.
The question of converting an urban power generating station to
an all coal~fired operation is examined. In this example, the
Ontario Ministry of the Environment applied a multi-source urban
model to the question of air quality impact under the assumption
of the interruption of natural gas consumption by industrial and
commercial users, limiting meteorological conditions and con-
version of a large power generatlng station to an all coal- flred
operation.

, The conclusions of the above study are less important
here than the methodology and the division of responsibility
between the individual sources and the control agency, in this
case, the Ontario Ministry of the Environment.

Each of the sources contributing to the S02 levels under
study had previously been required to meet short-term (30-minute)
air quality criteria for various pollutants. Compliance with
this regulation can be satisfied by estimates of impingement
concentrations based on a simple point source model. Certain
frequently occurring meteorological conditions are specified for
the basis of this estimate., ' S

The responsibility of the control agency is then to
estimate the combined effects of multiple sources under a wide
spectrum of weather and operating conditions. This is accomplished:
in a variety of ways, including the application of urban air
quality simulation models. L,

If after appllcatlon of the urban model, the control
agency decides that the combined effect of multlple sources all
meeting the regulatlon for a 51ngle source is unacceptable, then
the single source limits may be changed by the issuance of new
guidelines for the application of single source models. Other
options may be included in the amended guldellnes as, for example,
the use of supplementary control systems.
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Working within this framework, each source is assured
that so long as ambient air quality objectives are met, the
single source requirements with which they are forced to comply,
will not be made more stringent.

: The advantagé of the guideline described above is that

it allows for enforcement based on a simple stralghtforward point
source model, while at the same time, allowing for a more detailed
.assessment of complex multi-source modeél applications by the con-
trol agency. In addition, while the various evaluations are in
progress, it is in the interest of both the agency and the various
sources that ambient air quality goals are met.

The procedure suggested above is similar to the use of
emissions offset regulations used by the Environmental Protection
-Agency. They are different in that the Ontario guidelines make
allowances for not only emission offsets to achieve desired air
quality, but also variations in stack design, emission temperature ‘
‘and velocity, and in some cases, may include options for supplemental
-controls under limiting meteorological conditionms.

l. Boyer, A.E. and Shenfeld, L. "Atmospheric Impact of Coal
Firing", Power, March 1975. ' ' .

.2." P.S. Womg, K. Heidorn and D. Yap, '"Modeling Sulphur Dioxide
- Levels in the Sarnia Area", Water, Air and Soil Pollution
(1976) 407- 414
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3.9.8 Comments Regarding CRSTER ‘

SmitA '-)Sin ger «ﬂ/[ eteoro/ogiste, \g ne.

134 BROADWAY. AMITYVILLE, N. Y. 11701 TEL: 516-691-3395

Mavch 21, 1977

Dr. John J. Roberts '

Deputy Division Director

Energy and Environmental Systems
Argonne National Laboratory

9700 South Cass Avenue

Argonne, Illinois 60439

Dear Dr ~ Roberts:

Your letter of March 4 about the Spec1allst Conference on the
EPA Modeling Guideline suggested that individual letters be sub-
mitted for the Appendix where participants have comments which are .
pertinent to the sessions, but were not actually a part of pro-
. ceedings. : . .

, In Session II-4 the randomizer system used in the CRSTER model
was discussed, and the working group decided that the method should
be studied to see whether wind direction variability is adequately
represented. This letter is a partlal response to that suggestlon

.The CRSTER model provides for a random adJustment to the wind"
directions which are typically reported only in 10° intervals by
the National Weather Service. This procedure is supposed to simu-
late the real w1nd fluctuation from hour to hour. - ‘

The effect of the system on calculated ground level concentra-"
tions has been evaluated. Table 1 shows the concentrations directly
downwind of the three-hourly mean wind under three conditions;

(a) with no direction fluctuation, (b) with a *10 shift, and

(c) with a +49, -50 shift. The 1atter is the maximum varlablllty
possible in the existing CRSTER system. Only with the maximum fluc-
tuation is the mean ground-level concentratlons reduced appreciably.

Most modeling systems based on real data use a method sumulatlng
a more rapid lateral plume diffusion than allowed by CRSTER. TVA .
uses oy values which are larger than Pasquill-Gifford; both Smith- .
"Singer” and the state of Maryland use wind shear terms; Cramer assumes
more rapid diffusion while the plume is rising after release.
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Smit‘-&nger «Mefeoro/ogistp, ggnc.

Dr. John J. Roberts ~ March 21, 1977

Two studies' are suggested to EPA to define a better :randomizer
system: ' - o
1. Study real‘hourly wean wind direction fluctuations
to determine the typical fluctuations over 3-hourly
and 24-hourly periods. '

2. Examine the o values implied by the TVA, Maryland
and Smith-Singer systems. These data should show
how the randomizer might be improved.

Sincgrely yours,.

ar CET

ayn
Mark L. Kramer

John R. Martin o :

"'MES:1la
Enclosure



- EFFECT OF WIND DIRECTION RANDOMIZATION ON GROUND-LEVEL CONCENTRATIONS

.(HypothetiCal'300—meter stack)

Wind

Speed Stabilitz Distance
(m/sec) ' 4 (km) '
2
6 -~ Unstable -3
10
15
< 6- - Neutral - - . 10
A 1s
Wind Categories: - 1lst Hour
Fixed Direction . 360°
Minimum Variation 360°
Maximim Variation 360°

Sm ;inger J‘Melcoro/ogisls, Jnc.

Three-Hour Concentrations Along _180O Radial(ug/m3)

U _ . B — L
"Eixed ‘ - "Minimum - ‘Maximum
Direction K Variation: Variation
97 . : 96 ' . 84
769 76l 649 |
. [\
453 1 o : 448 371 $
261 : "~ 258 ' 209
3 _ 3 , 1.5
264 o212 116
535 D Y 219
2nd Hour .3rd Hour
360° 360°.
3599 001°

355° 004°
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3.9.9 Comments On the Need for Model Accuracy
Post Conference Contribution by J. L. Shapiro

In several different parts of the rebort, referencés are made
to the required accuracy for uniformity of validity of models. For
example, the Preface refers to an implicit "level of accuracy desirable, ' .
In Section 2.5.4 '"the group generally agreed this aséumf)tion is rnot
uniformly valid.'" There are other references to this subject, both

ex,pliéit and implicit.

While some attention was directed to this by Group II-5, with an
indication that performance standards of models should be related to the
"loftiness of performance goals, " the overall.tenor of the report does not
adequately reflect this view. It appears that the validity of models as
evahiated by the workshop participants is readily déstroyed by citing
instances where the models' predictions were exceedéd. In general,
the group is relatively satisfied witlh models that over-predict as

compared to models that under-predict.

This traditional approach obviously is necessary in many
applications but it is also obviously highly over-restric tive in some
cases, particularly where PSD limits are on the border line of
significance. In such cases, models‘ should be adopted which are.the
bést available and which most closely represent an "expected value"
with the recognition that some cases will over-predict while others
will under-predict. As experience is gained and we l-eax:n more about

.the details, we would expect thét such models will be refined to reduce

the magnitude of the errors.
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3.10 POLICY ISSUE SUPPLEMENTARY MATERTALS

3.10.1 On the Use of Statistical Techniques for the Prediction of Second
High 24 Hour C’oncentratwns
Post Conference Contribution

Richard A. Porter, P.E.

Air pollution standards styled as levels '"not to be exceeded more than
one time per year" require a probalistic approach in modeling. However, models
. that are currently available (listed in the draft guideline) are not suitable
for deterﬁining the second high value. Only the RAM model is available with
a statistical post processor, but the RAM modcl contalus no method for testing
the model-generated data for goodness of fit to the proposed log-normal dis-
tribution. Predictions of values at the extreme end of the probability dis-
tributionAfunction are very sensititive to the fit of the data to the proposed
distribution. Order of magnitude errbrs ﬁay be encountered when the data is

forced to fit the wrong distribution.

Many investigators have examined the frequency distribution of air

. pollution concentrations at air pollution monitoring facilities. A wide ranga
of skewedAfrcquency distributions have been fitted to the empirical data. The
distributions proposed include Weibull (Barlow, 1971; Milokai, 1972) and neg-
A ative-binomial distributions (Prinz and Stratman, 1966); but by.far the most ‘
extensively fitted distributions are 1og—n§rma1 (Bencgla, and Seinfeld, 1976;
Knox and Pollack, 1974; Shoji and Tsukatani, 1973) in the multiple source ur-
ban environment'and exponential (Gifford, 1959; Scriven,'l965; Gartreli, 1966)
in an environment dominated by a single source. In the case of the urban
environment the work of R. I. Larsen (Larsen, 1970;'1971) based on analysis of
seven years of continuous monitoring data from USEPA monitors in urban areas
is the most widely cited investigationAof the log-normality of air pollution
concentratiqn. Studies by P. J. Barry (Barry, 1971; 1975) support the theory
that receptors,dominated by a single source,record concentrations of pollu-
tant that are exponentially distributed. The work by Barry is based on sev-

eral years of data using ARGON-41 injected in the plume of a power plant.
(Porter and' Christiansen; 1976). '

In the paper 'Predictions of Annual Sulfur Dioxide Concentrations for
Frankfurt An Main, Federal Republic of Gerwany, Aug., 1971 to July 1972

(Porter and Christiansen, 1976), a frequency distribution of concentrations
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was generated using the Texas Episodic Model for 242 receptor points in the
Frankfurt area. Two methods were used to estimate the parameters df the
log-normal distribution: 1) the graphical method of Larsen (Larsen, 1971),
essentially the concept usedjin RAM; 2) the Delta- Log-normal distribution
(Atehison and Browﬁ, 1957)[ a three parameter log-normal distribution that
accepts zero variates. Tests for log—normaiity using the Kolmogorov-Smirnov
Statistic ¢illienfors; H. W., 1967) failed at 73 of the 242 receptors for

one or both of the methods used to estimate the log-normal parameters.

All but two of the receptors that failed the test for log-normality
were located on the edge of the urban area. Both théory and ohserved data
suggést that ﬁhe frequency distributiqn of concentrations at a receptor due
to a single point sonrce is exponential (Gifford, 1959; Barry, 1975). 1Iu
theory, a receptor located- in the center of a uniform area source will have
a iog—normal‘distribution of concentrations (Bené¢ala, and Seiﬁfeld, 1976).
One can expect that receptors that are located in urban areas (away from the
influence of a strong single source) will have log-normal distributions, and
receptors that are influenced by a single source will have exponential dis-
tributions. However, the frequency distributions of concentrations at recep-—
tdrs that do not fit in one of the above categories are probably a mixture
0of the two distributions. The experience with the Frankfurt study cited
above indicated that unreasonably lérge values for the second high concentra-
tion were predicfed for non-urban receptors that had low predicted mean cou-
centration. These receptors failed the test for log-normality. It is sug-
gested that any modéi that uses statistiéally processgd‘data to estimate con-
centrations should include a.test .of the data for goodness of fit to the pro¥

posed distribution.

Alternative Methods

The alternative to the statistical approach is to use the 'worst case"
estimate for the concentrations. The RAM model can be used to survey a'spec-
ified period of meteorological record to determine the worst case condition
in terms of predicted concentration. Or a short term model (such as the Texas
Episodic Modél) can be exercised on selected scenarios of meteorology that
can be expected to fesulc in the highest concentrations for the sources in-

‘volved.



-235-

REFERENCES FOR SECTION 3.10.1 A ' .

Barlow, R.E., Averaging Time and Maxima for Air Pollution Concentra-
tions, NTIS AD 727/413, ORC 71-17 (1971).

Milokaj, P.G., Environmental Applications of the Weibull Distribu-
tion Function: 0il PoZZution, Science, 176:1019—1021 (1972).

Prinz, B. and Stratman, H. The Statistics of Propagatzon Conditions,
Staub, Vol. 26, Number 12, pp. 4-12 (1966).

Gifford, F.A., Statistical Properties of a Fluctuating Plume Model,
Proceedlngo of Symposium un Atmospheric Diffusion and Air Pollution,
Advances in Geophysics, 6:117-137 (1959) v

- Scriven, R.A., Some Properties of Ground Level Pollution Patterns’
Based on a Fluctuating Plume Model, CEGR Lab Note No. RD/L/N 60/65
(1965). .

Gartrell, F.E., Control of Air Pollution From Ldarge Thermal Power
Stations, Revue Mensuelle 1966 de la Sec. Belgé des Ingenieurs et
des Industrials Bruxelles, pp. 1-12 (1966):

Larsen, R., Relating Air Pollutant:Effects to Concentratzon and
Control, Journal APCA, 20:214-275 (1970).

Larsen, R., A Mathematical Model for Relating Air Qualtty Méasure-
ments to Air Quality Standards, USEPA Pub. No. AP-89 (1971).

Barry; P.J., Uses of Argon 41 to Study the Dzsperszon of Eﬁquent
from Stacke, Nuclear Techniques in Environmiental Pollution, Inter-
national Atomic Energy Association, Vienna, pp. 241-255 (1971).

Barry, P.J., Stochastic Propertzes of Atmospheric szfhswvzty,
“Atomic Energy of Canada Ltd. AECL 5012 (1975).

Shoji, H. and Tsukatani, T., Statistical Model of Air Pollutant
Concentration and Its Application to the Air Quality Standards,
Atmospheric Environment, Vol. 7, pp. 485-501 (1973).

Atchison and Brown, The Lognormal Dzstrzbutzon, Cambridge Univer-
sity Press, (1957)

Llllienfors, H.W., On the Kolmogorov-Smirnov Test for Normality
With Mean and Vartance Unknown, J. Am. Stat Assoc. 62:399-402
(1967) . :

Porter, R.A. and .J.H. Christiansen, Predictions of Annual Sulfur Dioxide
Concentrations for Frankfurt An Main, FRG, Aug; 71 to July; 72,

Practical Demonstration of Urban Air Quality ‘Simulation Models,
NATO/CCMS Air Pollution Pilot Study in print (1976) .



-236-

15. Bencala, K.E. and J.H.'Seinfeld, On F?equencf Distributions of Air
Pollutant Concentrations, Atmospheric Environment, Vol. 10, pp. 941-
950, (1976).



-237-

3.10.2 Methods for Estimating Levels Not to Be Exceeded or Not to Be
' Exceeded More Than Once Per Year

Distributed at Conference
Richard A. Porter

The soun& scientific approach to estimating compliance with standards
styled "not to be exceeded more than zxzx times per zxxx' is a probabilistic ap-
proach. However, none of the models that are now widely available contain
the statistical post processor necessary to make such a probability state-
ment . ' Therefore, some method must be stated for estimating complidnce with
such short-term standards without having the necessary statistical post
processor. There are two possible methods: 1) survey of historic data;

2) estimation of worst case from meteéorological and source considerations.

Survey of Historie Data

This is the method used by RAM. The question bécomes : What period of
record should be used ? Using more than onae year of dita causes problems with
computational time. Using only one year of data limits the number of meteor-
ological conditions examiﬁed. Practical considerations cdn decree the per-

iod of record examined. Less than one year of ddta would be uhacceptable.

Estimation of Worst Case

An experienced modeler can estimate the worst case conditions when
only a few sources are being considered.' Such an option is very economical

and should be available as a tool for estimating worst case.

!The paper Predictions of Annual Sulfur Dioxide Concentrations for Frankfort
Air Main Cermany, Aug. 71 - July 72. 7th Technical Meeting of the NATO/CCMS

Committee. (Porter and Christiansen, 1976), discusses the problems associated

with frequency distribution determination. »
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3.10.3 Position on Recently Proposed Amendments to the Clean Air Act

(Draft, prepared by the Committee on the Meteorological Aspects
of Air Pollution of the American Meteorological Society and
not yet approved as of the date of the conference by the Amer-
tean Meteorological Soctiety Council.)

Distributed at Conference
Bruce A. Egan

The 94th Congress considered, at length, proposals to the Clean Air Act'
of 1964, as revised in 1970. Many issues were discussed and presented to
Congress and its committees in consideration of these amendments; a joint
House-Senate conferénce bill was also prepared. Congress adjourned without
passing any amendments. The Committee on the Meteorological Aspects of Air
Pollution of the American Meteorological Soclety feels it necessary to estab-
lish certain issues of policy regarding the use of meteorological knowledge
in air pollution studies. Inasmuch as these policy issues were addressed in
the Clean Air Act Amendments, we feel it is important to comment on areas

where meteorological expertise is required.

v Existing legislation and Environmental Protection Agency regulations
have established National Ambient Air Quality Standards (NAAQS) desighed to
protect the health and welfare of the general public by not allowiﬂg air
pollution levels to exceed certain values for different averaging times.
Under these regulations, the establishment or'continuatioﬁ of any source of
~ air pollution is allowed if it caﬂ be shown that pollution from that facil-
ity &ill not add to the pollution burden by an amount which would cause an
excess of the NAAQS. A second type of regulation adopted by the Environmen-
tal Protection Agency addresses the emission of pollution from new industrial '
and other sources. New Source Performance Standards (NSPS) require that a
facility must restrict emissions of certain criterion poilutants per unit of
production using Best Available Control Technology (BACT). Thus there are
in existence two types of standards, one which addresses ambient air qﬁality,
and a second which requires that each new source be conﬁrolled so as to lim-

. 1t, within prescribed amounts, its pollution emissions to theatmosphere.

Thé Suﬁreme Court of the United States has determined (Sierra Club
vs. Ruckelshaus) that the Clean Air Act Amendments of 1970 empower the Envi-

ronmental Protection Agency to issue a ‘third type of regulation to-prevent
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“"the significant deteriorétion of air quality and in particular to preserve
existing clean air regions. Reguiatiods were promulgated by the Environ-
mental Protection Agency in 1974 which provide for the classification of
areas within the U.S. according to allowable increments of deterioration.
In Class I (pristine areas) no significant deterioration of air quality
would be allowed. Class II areas would allow very little deterioration

and Class III regions would allow air quality to deteriorate to the NAAQS.

A number of methods or 'models' have been used historically by federal,
state, and local agencies, by industrial‘sourCes and others for calculating
the ambient air quality resulting from various configurations of air pollu-
tion sources. Mathematical models, when used resboﬁsibly with good meteoro-
logical data, have proven invaluable in analyzing the effects of new construc-

tion on ambient air quality.

This committee is particularly concerned that language 'in certain of
_the versions of the Clean Air Amendments proposed to the 94th Congress and
in the Conference Report (House of Representativés‘Report No{ 94—f742, Scp-
tember 30, 1976) included wording to the effect that a model or a group of
‘.modelsvwould be desigﬁated by the Administrator of the Environmental Pro-
tection Agency to evaluaté the impact of new and existing sources of emis-

sions on ambient air quality.

The term 'mbdel', with reépec; to éir'quality considerations, has
been taken to mean a relationship, analytical Qr,empifiéql, which relates
the ambient gi: qualityyas measured at a receptortto the emission of mate-
rial from sources influencing that receptor. Such relationships can be
established and have, in fact, been validated on many occasions, if meteo-
rological conditions are adequately known. While there is much active re-
search in progress to improve the current state-of-the-art of such models,
the presenﬁ‘models do not permit accurate predictions of ambient air qual-
ity when meteorological conditions are not known. Further, many meteoro-
lpgical phehomena'which are responsible for threats to short averaging time

standards are not amenable to simble mathematical treatment.

Our specific concern is with the concept that,tﬁeré should be currently
established one pérticular model which will be capable~of analyzihg all con-

ceivable situations. From a professional me;eordlogical point of view, we
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feel this is not a tenable pbsition to support. The scales af atmospheric
motion which are responsible for dispersing pollutants vary from site to

" site and exhibit quite variable behavior While meaningful averages can.
generally be calculated and_established from dafa, there is no model cur-
rently available which has a proven reliability‘for a range of commonly en-
countered topographical_aﬁdgmeteorological sitpationseof importance. The
diversity of meteorological, geographic, and site-specific conditions which
exist is such that very careful choice of a model is important and atten-
'tion must be given to whether a given modeling approach adequately handles
the situation of concern. Models, after all, are simply an extension of
professional opinion and abilities. on the part of the model maker. To in-
cautiously or casually apply a modeél to a speciflc situation without care-
ful meteorological and other professional consideration ié not appropriate
for problems having significant economic and social implications. Whilé

it may be desirable from a legal point of view to adopt one uniform method
_ for calculating air quality, it is a scientifically indefensibie and un-
reasonable procedure, given the non-uniformity and complexity of the atmos-
phere, and the wide variabiiity in meteorologicaliy relevent geometric fac-

tors.

The above discussion has been iﬁplicitly considering the pollutants
for which non—de;erioratidn standards are presently being proposed,‘namely
sulfur dioxide and particulates. When one considers the problems of mod-
eliﬁg the transport and transformation of other pollutants oflconcern such
as sulfates or oxidants which may involve atmospheric chemical reactions
and other physical phénomena still not well understood (for example, dis-
persion of pollutants over long distances) then the arguments are even more
compelling to not advocate the adoption of uniform modeling techniques.

The state-of-the-art simply does not justify it.

The atmosphere is a lgrge but finite resource. Uéed responsibly, it
can provide a disposal mechanism for many of the pollutants of our modern
soclety. Responsible use, however, includes continual consultation with
professional meteorologists %hose knowledge and experience will provide
guidance on the best current methods for evaluating the effects of emissions
on air quality, and who can provide ‘even more reliable methods as our under-

standing of atmospheric phenomena increases.
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3.10.4 Consistency and Standardization
Distributed at Conference
" Bruce A. Egan

Considerable discussion at the conference centered on the issues of
needs for consistency and standardization and the compromises inherent in

adopting étandardized models.

Standardization of approach was stated as a concept which would great-
ly relieve the work load presently within the various EPA regiocnal offices
and support facilities with respect to reviews of SIP revisions, New Soufce.
Reviews, PSD, etc. Standardization was also stated as an objective expressed
to -EPA by various industry groups who were cohcerneﬂ'that different EPA re-
gionalloffices had different approaches and this may result in'variations.in
required emission limitations for what otherwise could be cqnsidered similar
source situations. Therefore, differences resulted simply as a matter of
location. A case where twd regional offices disagreed on the methodologies
for the same source affecting both regions was cited as indicative vf the need
for a consistent approach. It was stated that new éources needed to be
assured that, after construction was started, the ground rules would not
éhangeAso aé to require still more stringent émission limitations. Section
318 of the September 30, 1976 House of Representatives Conference Report was
cited as fequiring that a modeling conference be held and that...'special
attention shall be given to appropriate'modeling necessary. for éarrying out'
subtitle C of Title I (relaﬁing to prevention of significant deterioration

of air quality)."

Standardization of modeling apprdaches has»the~potehtial for creating
otHer prbbléms.~ The present state-of-the-art does not‘permit the identifica-
tion of a single specific model whiéh Qould be most appropriate for most |
sources. Site by site analyses which include room for professional judgmént
regarding choice of modeling techniques and meteorological parameters is
generally required. They are eépecially apﬁropriate'for the analysis of
siting and'contfol'alterﬁatives of.sburces where lérge capital investments
are involved. The proﬁlem with the_uée of a specific standard model is that
if this model is.non—conservative (that is,-it is considered to be appropriate
for a '"most probéble" concentration estimate)‘it can be expected to err

sometimes by overpredicting and sometimes by underpredicting. Over pfedictions
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would suggest emission limitations which are beyond that .called for in order
to maintain ambient air qﬁality standards and therefore not cost-effective;
underpredictions would suggest emissibn limitations which would result in
concentrations in excess of the standards — therefore not fesponsive to EPA
regulations. .Thus, a standardized approach 1f used to define emission »
limitations which would result in concentrations close to an air quality goal
(NAAQS or PSD increments) has hidden costs associated with potential "over-

kill" and "underkill" on a site by site basis.

A second problem associated with standardization as discussed above
is that it tends to discourage the advancement of our scientific understand-
ing of air pollution phenomenon. A standardized approach would have resolved
the debate of the two fegional offices cited above but the resolution might
not have satisfied either's concerns about the specific technical issues at
hand. Science advances more responéively Qhen technical differences are

aired and a judgment paésed on the basis of the technical. arguments.

A solution proposed in these guidélines which meets the concerns out-
lined above is to move toward the adoption of standardized models for screen-
ing purposes. These models would be purposefully made to pioduce "conserva-
tive" estimates of ambient air quality levels. They would be used to iden-
tify and efficiently deal with "non-problems." 1If, for example, the conser-
vative model indicated that a new source would not threaten air quality goals,
a quick approval could be granted. If the model indica;éd‘a.potential pro-
blem; then a refined modeling and aunalysis approach should be defined which
would attempt to produce more realistic estimates of the actual impact. The
required approach could invoive the collection of more complete data, more
applicable (site-specific) meteorological parameterization and model valida-
tion efforts. The guideline document can then provide guidance on the choice
" of generic models (basic model types) which are thought to be most appropriate
for the various source types and for various combinations of source config-

‘ uration, local meteorology, and local topography.

Discussion concluded in the topic of providing in the guideline docu-
ment a strong statement regarding the rights of sources to choose alternative
modeling approaches for the refined types of estimates. The predictions which
result from the use of alternative models must be defensible in a scientific

sense implying adherence to known physical principles and the presentation of
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modei validation data. A corollary to this dlscu551on was the recognition
that if a new model were to prove superior ‘to the screening model from an
accuracy point of view (adJusting for the bu11t‘1n conservatism of the
screenlng modgl) then the new model mlght be a candidate for upgrading the
standardize& model at a future date. A conclusion was the recognition of

the need to establish a very good data base in the public domain for purposes

. of evéluéting alternative modeling épproaqhes.'
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3.10.5. Statistical EvaZuation'of.CompZiance
Distributed at Conference

Noel de Nevers

-~

In evaluating the modeling reéults to detérmine compliance with short-
term AAQS (not to be ex@eedéd more than once per year) or PSD (not to be
exceeded), the teét:Shail consist of computing the pfedictéd concentratidﬁ
at the worst receptor poiht; for each applicable period (1 hr., 3 hr., or -
24 hr. where-applicable) for a period of not less than *__years and longér
if data are available and using the most probabl§ modeling techniques. The
resulting computed values shall be fitted by a suitable cumulative frequency
distribution function. The distribution shall be considered to demonstrate
cdmpliénce if the cumulative distribution function indicates that the cecond
high short term standard will not be exceeded twice in a calendar year, more
than one yéar in each _ years, and that the PSD increments will not be

exceeded more than once per ___ Yyears.

) , i 4 . _ :
This version should be regarded as a draft version.. The final form is
incorporated in Section 2.2.5.
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3.10.6 Statistical Evaluation of Compliance (Revised) *

Distributed at conference by Noel de Nevers

In eVéluating the modeling results to determine compliance with
short-term AAQS (not to be exceeded more than once per year) or PSD (not
to be exceeded), the test shall consist Qf computing the predicted concen-
tragion at'the wofét receptor ﬁoint, for each aﬁplicable period (1 hr.,

3 hr. or 24 hr. where applicable) for a period of not less than 1 year

" and longer if data are available (but generally not mofre than 5 years) and
using the most probable modeling fechﬁiques., The resulting computed values
shall be fitted by a suitable cumulativé frequency distribution function.
The distribution shall be considered to demonstrate compliance if the

- cumulative distribution function indicates that the (segond high) short
term gmbieﬁt air quality sﬁandard will not be exceeded twice in a calendar
year, more than one year in each xx years, and that the PSD incfements

will not be exceeded more than once péer y years.

(The above assimes we MUST uec thc same format (second high) as
is used in the definition of the AAQS. We understand that the format was
chosen to correSpond to the realitigs;of ambient air guali;y sampling.
The realities of modeling ére different:. Thus for modeled compliance -
we would prefer the appropriatb.seétioﬁ of the final sentence to read
". indicates that the short term ambient air quality standard will
not be exceeded; on the average, more than once .per qaléndar year, and

that the PSD ... . ")

We haVe-purposely left the x and y in the above paragraphs'undefined.

We believe that a thorough study of the consequences of possible choices

’

of thosé valués should be made before values-are assigned.

* g '
This version should be regarded as' a draft version. The final form

is incorporated in Section 2.2.5,
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3.10.7 Comment on Statzsttcal Guide for Compltance
Dtstrtbuted at Conférence

W. A. Perkins.

It is common engineering practice to use statistically computed cri-
teria for structural de51gn to meet extreme meteorolog1ca1 condltlons A Draln—
age as flood control 1mproves and wind loads on structures are two examples.
Appropriate meteorological parameters are treated by special statistical
procedures’to estimate conditions for specified return periods ranging from
10 to }OO’yeare (10% to 1% of the distribution function).. These estimatee

often exceed the period of record by a factor of two or more.

Meteorological-conditions reqnired for atmospheric transport models
are very different from those used in the above examples. However, the con- -
cept of u31ng a statlstical approach to determine compliance is analogous to-

‘established practlce.
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3.10.8 Validity of Hour-by-Hour Estimates of Air Qualzty (The Use of the
' Nowcast in Pollution Potential Forecasting)

Distributed at Conference

A. E. Boyer

v

A practlce developed in pollution potential forecasting has been to
analyze current conditions so as to prepare a consistent plcture of air
quallty and meteorological data in map format. This process is very similar
to the meteorological exercise called "map analysis." 1In the case of the l
weather map, selected reports of pressufe, temperatﬁ{e, wind, precipitatibn;
and other variables are used to estimate the continuous initdal distribufion,

of air mass and frontal characteristics.

, In the case of pollution potential forecasting, an exercise referred
to as the,fnewcaSt" consisté of analyzing initial values of wipd velocity and
shear, continuous teﬁperature gradients, stabilities, along with'measured'and
simulated air quality, values to estimate the continuous 1n1t1a1 state of

veloc1ty and thermal structure of the atmosphere.

The nowcast is an attempt to use a limited amount ef air quality and
meteorological data in the vicinity of a.polldtion source to present a snap-
shot erdanalysis df the continuous.distribﬁtion of air quality and meteor-
ology iﬁ three dimensions. It.is‘based on the concept tﬁat if.one is given
the height of an elephant .at eye level, it is likely that oae could estimate
other dimensions of the elephant. " In’a similar fashion, given a limited
number ofAmeteoroiogical; source, and air quality ﬁeasurements, a skilled
meteorolegist using mathematical simulation;modeis can fill in the gaps
between the reporting points. This initial state analysis is then the basis
of decisions for the need for environmental-control in phe coming hours. It
is 'a corollary of meteorolbgical‘predictions that no prediction -can be.more
.detailed of more accurate than the initial state analysis upon which if is
based. It is for rhis. reason that’ the ‘concept of the nowcast or of the

1n1t1a1 state analysis of air quallty and mcteorology is so. 1mportant.




-248~

3.10.9 A Comment Concerning the Use of Unverified Models as "Relative
Predictions" , :

Post—-conference. contribution submitted by Philip M. Roth

Oftentimes there is doubt as to the accuracy of a particular_model
as an hebsolute predietof" doe to shortcomings in its formulation;' On
occasion such models are osed_instead to:estimate;differences in concentraf
tion between a base case and a case of interest. Insofar as we can see,
there is no evidence to support the - hypothe81s that a model whose absolute
predlctive capability is in doubt will, in general, perform more reliably
when used as a relative predictor. Hence, those notes of .caution raised
concerning the use of ‘models as absolute pfedictors, i.e., the‘heed for
model evaluation and veriflcation for a variety of relevant condltlons,

should apply when these models are used as relative predictors as well.
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3.10.10 Cbmmeﬁts on Various Issues
: qmitk—&nger meteoro[ogists, \gnc.

134 BROADWAY, AMWYWLLE N. Y. 11701 TEL: 516-691-3395

March 25, 1977

Dr. John J. Roberts

Deputy Division Director

Energy and Environmental Systems
Argonne National Laboratory

9700 South Cass Avenue

Argonne, Illinois 60439

Dear Dr. Roberts:
This letter summarizes several ideas Wthh we consider
. pertinent to the issues raised at the recent Specialist's Con-
ference on the EPA Modeling Guidelines. We would like to have
it included in the Appendix. :

1. Screening,Procedures

Over - the past decade the effort required for the approval
of any facility emlttlng pollutants has grown enormously
‘Much of this effort is good because it represents genuine
concern about environmental problems but some is totally
unnecessary paperwork and computation. We strongly favor
the use of screening techniques to 91mp11fy approval proce-
dures.

As recommended by Working Group I-2, it should often be
possible to reach a ''yes-no'" decision about a new facil-
ity from a limited set of calculated hourly mean concen-
trations. These should cover a wide range of hypotheti-
cal wind and stability conditions, but need not involve
any site data. If none of these test calculations exceed
a specified concentration level, the facility could be

accepted without further study.

To apply such a system one should know how hourly values
dre related to 3-hourly and 24-hourly concentrations.

The recent paper by Martin and Reeves* should be helpful
to EPA in developing such a screening procedure. They
show the following ratios apply. for a typical group of
power plants:

* Martin, J. R. and Reeves R\ W., Relationships Among Observed
Short- Term Maximum Sulfur D10x1de Concentrations Near Coal-Fired
Power Plants, 1977 Annual APCA Mceting (in press). -
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SmitA-&nger meteoro[ogists, «gnc.

Dr. John J. Roberts March 25, 1977_'

AN

Maximum 3-Hour Concentration = 0.77
Maximum l-Hour Concentration =

Maximum: 24-Hour ‘Concentration = 0.28

Maximum l1-Hour Concentration

Maximum 24-Hour. Concentration _ | 37
Maximum 3-Hour Concentration

2. Air Quality Standards

Although we understand why EPA is reluctant to revise
the established air quality standards, a number of the
Conference participants favored a change in expressing
the standards so that more reasonable and reliable
statistics could be employed. Revising the air quality
standards so that maximum values are not involved would
be a great improvement for the following reasons:

a. The maximum or second maximum, whether computed or
observed, is an inherently controversial quantity.
One can always argue that the examination of a
longer period of record or a more adverse set of
assumptions would reveal a higher concentratlonthan
had been discovered to date.

b. ‘A standard based on extreme values tends to involve

‘ spurivus data. Improper recorder operation, computer
errors or even one untenable assumption may suggest
an apparent. violation where none exists.

c. Protecting against an absolute maximum is not a real-
istic objective. All human activity involves risk
and it is reasonable to balance the severity of the
event against the probability of occurrence. Total
elimination of risk is an unreasonable objective.

There is no technical reason why the short-term standards
cannot be redefined so that the limiting values fall with-
in the normal statistical population. Careful choice of
new limiting values would still prevent the existing max-
imums from being exceeded very often, but it would elimi-

nate the controversial ''mever' concept.

For example, one mlght specify in a new 3-hourly SO, stand-
ard that a concentration of 200 ug/m3 should not be“exceeded
in more than 1% .of the cases. Based on typical probablllty
distributions this would insure that a 1, 300,ug/m level
would seldom be exceeded
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Dr. John J. Roberts March 25, 1977

3. Alternative Models or Algorithms

The participants emphasized the basic conflict between
the need for more consistent regulatory treatment and
the need to retain flexibility. In striving for con-
sistency, EPA Guidelines should not stifle alternative
approaches to solving air quality and emission problems.
If they do, certain situations would be treated unrea-
sonably, and both research and 1mag1nat1ve review would
be discouraged.

On the other hand, capricious  acceptance or rejection
of alternatives at the state and regional levels could
destroy regulatory consistency, a primary objective of
the Guideline.

We recommend a review procedure for alternative algorithms
in which the systems would be evaluated by the EPA techni-
cal staff in Raleigh. Once an alternative system has been
approved, it would no longer be necessary to justify its
-use for each subsequent application in any region, other
than to assure that the system 1s appropriate for-a par-
ticular problem. 4

The term ''equivalent'" should not have the same stringent
limitations as would be true of air quality measurements.
Diffusion modeling is much less precise, and there is no
certainty that a given EPA algorithm is significantly bet-
ter than some other alternatives. The limits of accept-
ability should therefore be correspondingly broad.

4. Rollback

The initial reaction of most of the Conference participants
was to reject rollback entirely as a modeling technique.

It seems to us, however, that rollback still has a place in
control strategy. It is appropriate when applied to a large
group of very similar sources which cannot be modeled or con-
trolled in any other way. Residential heating and automo-
biles are good examples of this type of source.

Rollback should not be used as a substitute for a more
erudite analysis merely because the problem is complex the
modeling is difficult, or because it is time-consuming.
Appllcatlon in these circumstances 1s precisely what has
given rollback a bad name.

5. Baqgground Concentrations

The definition of background concentrations is still an
unsettled problem. However, there are serious flaws in
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John J. Roberts _ March 25, 1977

two methods which are frequently proposed.

a. For an isolated source, or closely-packed group of
sources, the proposed background is the maximum
concentration at a nearby air quality station
determined when the source cannot affect it. This
definition suffers from the same drawbacks as the
maximum in an air quality standard. Instrument
problems and very unusual meteorological circum-
stances may be responsible for this single value.

It is erroneous and overly conservative to assume
that this maximum background exists throughout the
region and on all time scales. A significantly
lower value should be selected.

b. The draft Guideline suggests an optional method to
determine background when no monitors are near the
source. This method consists of using as background
an average monitored concentration from sites in
similar topographlc and cllmatologlcal settings.

The flaw in this technique is that the average moni-
tored concentration at one location is influenced by
its own local sources. It does not represent back-
ground even at the point of measurement. Transferring
this concentration from one location and calling it
the background at another site compounds errors.

." Use of Measured Air Quality Data

Accurate air quality data, regardless of the agency re-
sponsible for measurement, must play a more important role
in assessing compliance with standards and in model vali-
dation.

As mentioned earlier, the frequency distributions of air
quality data are more valuable than isolated maximums.
They provide a more complete picture of the impact of a
pollutant on the area. Distribution curves will reflect
the effect of emission changes more faithfully than maxi-
mum values, since they are much. less sensitive to minor
variations in meteorology or measurements.

Another important use for the data distributions is in
the validation of diffusion models. Comparing the pre-
dicted and observed concentration distributions is more
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effective than relying upon matching the observed and .
predicted maximums, especially for short-time.scales.

MES /MLK/JRM: Tg

L4l

Slnc rely yours,
e

//// ey

May ard E Sm th

% (AZ/ ////JW(

Mark L. kramer '

j( R Monis

"John R. ‘Martin

Ty
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3.10.11 Comments on the Use of Proprietdry Models and Sbme'EmampZes

ERI | Post conference submission by B. Egan

ENVIRONMENTAL RESEARCH & TECHNOLOGY, INC.
CONCORD, MASS. * CHICAGO * LOS ANGELES » WASHINGTON,D.C.

REF: AQSD-1428

25 April 1977

Dr, John J. Roberts

Argonne National Laboratory
9700 South Cass Avenue
Argonne, Illinois 60439

‘Dear Nr. Roherts: .
I would like to offer some supplementary material relating to the

issue of proprietary models and the inclusion of descriptions of models

in the Report of the Specialists Conference on the EPA Modeling Guideline.

ERT feels that it will be very important for EPA to clearly articulate
its position regarding its intended exclusion of proprietary models in
the Modeling Guideline recommendations. In particular, a clarification
should be made regarding whether the intent is to discourage the use of
proprietary models by EPA regional offices or whether the intent is more
generally to not accept the results of analyses performed by anyone on
the basis of proprietary model computations.

As a consulting firm with business in the areas. of model development
and application, ERT is concerned about the implications of the latter
possible intention. We feel strongly that, just as patents and copyrights
protect investments in other commercial areas, establishing a proprietary
status to models or algorithms which have commercial value, provides a
means of encouraging and protecting private investments in the development
of advanced modeling techniques. Our company, for- example over the
years -has invested well over one-half million dollars in internal development
projects relating to model development. We believe that private investments
have historically contributed substantially to advancing the state-of-
the-art of modeling and we, therefore, wish to discourage EPA from
"legislating away'" incentives for further advancing our capabilities in
the area of modeling air pollution impacts. In our opinion, proprietary
status does not at all preclude the possibility that a model (including
computer code) can be reviewed and tested in detail by concerned parties.

Having stated our feelings about the principles involved, as a
matter of practice we recognize the potential benefits of having a
number of our models more widely appreciated. We are, therefore, offering
for inclusion in the Report of the Specialists Conference, the enclosed
descriptions of models which ERT currently utilizes in air quality
studies. We have summarized the main features of four of the models in
accordance with the format Argonne used in the referenced document:
Descriptions of Air Quality Models and Abstracts of Reference Materials.

" 696 VIRGINIA ROAD CONCORD, MASSACHUSETTS 01742 (617) 369-8910 TELEX:-923 335 ENVIRORES CNCM  CABLE: ERTCON



" Dr. John J. Roberts . | 27 April 1977
REF: AQSD-1428 : -255- .

Versions of each of the models have been considered non-proprietary by

ERT in the past. If it becomes a prerequisite for inclusion in the
modeling guideline, ERT would .offer the current versions as non- proprletary
also. :

I would suggest that the ERTAQ descrlpggon be included in’ the
'section on multiple-source, set 1 pollutants; the ARTSIM and LAPS models
be included in the section on set 2 pollutants and EGAMA be included in
the Long Range Transport and Loss Mechanism (II-1)J

For more general interest we have enclosed a tabular description of
computer models utilized by ERT for a variety of applications. An
important point is the recognition that a number of important environmental
assessment problems require special models which include detailed treatment
of effluents as a function of unique source configurations or thermodynamics
(e.g. cooling towers, gas turbines). Other applications, such as SCS
(Supplementary Control Systems) feasibility studies, require specialized
.programs which utilize system operational input data and provide output -
information which includes considerations of a variety ‘of engineering
and operat10na1 constralnts

I hope these materials will be of use to you in the final report.

Singerely yours

e A. Egan /‘ '
Manager
Air Quality Studies Division

/mk

Enclosures

% .
Section 3.1.4

+Secti‘ons 3.3.4 and 3.3.5

#Section‘3.4.l
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“TABULAR SUMMARY OF SOMI KLY ERT, INC. ATR QUALITY MODILS

-ATRAJBOX

Model with well-mixed BO

approach :

Lincar Chemistry and Depo-
sition processes

Tracks transport of air from
its origin to receptor for a
specified time ,

~and SO

Model Key Elements/Features - Typical Applications
ERTAQ o Gaussian Plume in Vertical Regional Studies
e Scctor Crosswind Averaging ""Background' AQ
e Climatological Wind Rose -Input Seasonal/Annual Averages
° Briggs Final Plume Rise Arbitrary Source-Receptor
’ Geometry
e Turner (Pasquill/Gifford) °, Level Terrain Only
@ Point, Line and Arca Sources Low Level Sources
e Climatological Mixing Depth Transportation Links
PSDM e Double Gaussian Plume (ASME Designed for stack height
coefficients) determination
e One or Two Point Source Sites Isolated Source DEC
Only (< 10 stacks per source) Feasibility Studies
e Sector Centerline Concentra- ' Identifications of '"Worst
*  tions Only Case'" Metcorology
e "Weather Condition" Inputs Identification of Maximum
~ Ground Level Concéntrations
EGAMA e High Resolution Numerical Highway Ihpact Studies
Simulation Model based on (Especially we!l suited for
Conservation of Mass Equation neay roadway AQ estimates)
o Eddy Diffusivity (XK Theory) Special Studies:
~vs, Gaussian Dispersion Downwash
e Time and Spatially Variable Street Canyon
] Terrain Effects
Meteorological Inputs Allowed . .
. : . Fumigation
o Requires independent determina- i
tion of flow fields (Done -Resoarch Tool
internally for Highway Appli- Long range transport
cations) ’ ‘ Chemical Transformation
o Forward time-step "Marc'ing" Sca/pake Breeze Flows
. Computation Routine
. Air Trajectory Transport Regibhal Transport of SO2

4 A
Ideal for predicting daily

. mean concentrations at a

receptor for an episode,
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SUMMARY OF SOME KLY ERT, INC. AIR QUALITY MODELS continued

Model

Key Clements/Features

Typiéal Applicafiohs

COOLTOWR | @

Based on Convcttive,Rise of
Cumulus Cloud Formations

Moisture Paramectrization, Phase
Changec and Plume Merger
Considerations

Meteorological Data Inputs

e Cooling Tower Studies: Visible .
Plume Length, Icing and Fogging

Potential;

DEPOT o

Drift Deposition Model which
Includes Consideration

of Plume Dynamics, Droplet
size and Mass Distributions,
evaporation effects on drop
fall velocity :

e Cooling Tower Salt Deposition
Predictions

L4

PSDM-2 | o

PSDM modified>to~incorpor1te'
fall velocity and ground
deposition rate

e Particulate AQ studies . -

FUMIG °
_Laver Parameterization

Based on EGAMA and Bounda:y

° Time dependent inversion
‘breakup fumigation

o Sea Breeze Fumigation

PROBL °

used to generate statistics

for probability analysis of
exceeding stonderds

‘ SULFA3D o Three-Dimensional Advecmive; e Long range regionai transpcrt
4 ’ 1 Diffusive Grid Model ' :
e Linear Deposition and Transfor-|e Regional Sulfate Predictions
- mation processes with first '
order Chemistry
MONITOR e Dispersion Model inputs used ° thimél~Monitoring Site i
' : "'to rank usefullness of Location ‘
alternative monitoring = . .
locations .
Dispersion Model inputs @ SCS Feasibility Studies

v
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TABULAR SUMMARY OF SOMII KEY LRT, INC. AIR QUALTTY MODELS continued

PLUME

" Crosswind

Morton, Turner and Taylor
Local Similarity Hypothesis

Conscrvation Lquations and
Entrainment Cocfficients

Mcteorologicai Sounding Data
Inputs

Model Key Elements/Features Typical: Applicatidns

RATE BOX Onc-Dimensional Sector/Squaie., o Point or Urban Scale Sulfate
Model with well-mixed BOX Predictions -
Approach for Point/Urban Area '
Sources o Ideal for local 802, SO4 and

Co. " " H,SO ’
.Finite-Nifference Numerical 2774
Solution
i Includes Washout and Rainout’

DIFDEP Samc as Plume with TWO Tracer |e Point Source Sulfate Problems

(Diffu-~ Equations for SO2 and SO4

sion/Dep- ' ) .

osition) Linear Chemistry and Remnval @ Acid Rain Predictions
Processes ‘ S

CRSVAL Modification of EPA CRSTER lo Estimates of houriy ground
Models for Compiex Terrain ° level concentrations due to

o : : large point source in areas
“Incorporates souce features ¢ of complex terrain
of EPA-Valley Mudel " o
Gaussian Plume uoncentrétion_ e National and State Ambient
profile with Multiple Images Air Quality Standards Studies
. DIFKIN Finite Differen.e solutions @ Regional maximum oxident

based on mass conservation Egn. concentrations '
_Chemical kinetics and the @ "Background" 03 concentration
upward spread through a
series of vertical cells ¢ Transportation strategy
Vertical diffusion coefficients gvaluat1on of 03 concentration

ASTEC » Gridded Area Sources ® Regional.Model (Flat Terrain)
Gifford/lanna Concept e Multiple Area Sources (Homo-

R X N

Computationally Inexpensive geneous Emission Ggometry)
Rising Plume Deflected by le Gas Turbine Plume Studies

Unconventional Stack Ceometry
or Effluent Characteristics

Final Plume Rise Predictions
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3.11 Descriptions of Air Quality Models

This section is an exact reproductioﬁ of Sections 1 and 2 of the
notebook entitled "Descriptions of Air Quality Models and Abstracts of
Reference Materials' prepared by ANL staff and distributed to the parti-
cipants prior to. the conference. A supplement to that notebook was prepared

and distributed at the conference. It has also been reproduced here.

Section.3 of the notebook, which has not beeii reproduced here, contained

abstracts of thé references cited in‘the draft Guideline.
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SECTION 1

GENERAL



-262-

Introduction

This section contains two oUtlines the first lTisting the aspects of
atmospheric dispersion wh1ch simulation models must treat and the second

prov1d1ng a list of features def1n1ng app]1cat1ons to wh1ch mode]s are app11ed.

The first outline of model characteristics provides the framework for
the model descriptions in Section 2. It also provides a eommon basis. for

comparing and evaluating models.

The second outline of features of model applications is intended to aid '

in the identification of spec1f1c features character1z1ng s1tuat1ons related

-
to var1ous issues to be addressed
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Model Characteristics

I. Genera1 considerations
A. Method as implemented
B. Basis for parameterization

II. Specific elements
A. Emission characteristics

1.

3

Source-receptor relationship

a. Downwind distance

b. Orientation

c. Release height-elevation

d. Horizontal location

e.. Ground level vs. elevated
Emission rate

a. Spatial variation

b. Temporal variation

Chemical composition of emissions

B. Transport characteristics

1.

c

d

e.

H

a.

b

c

d

Vv

a. Terrain effects
)

H

a

b

C.

v

a.

b

c

Plume behavior

a.- Plume rise

b. Fumigation - inversion breakup
Downwash
Looping
Trapping

orizontal wind field :
Shear (variation in speed and d1rect1on)
Periodic variations (seasonal, diurnal)
Terrain effects (e.q., channe]ing)
Persistence :

ertical wind speed

. Lake breeze : ,

orizontal dispersion
Stability
Surface roughness »
Averaging time as compared to transport t1me

ertical dispersion ‘
Stability
Surface roughness
Mixing height

d. Elevated vs. ground Tevel sources

C. Removal and transformation

1.

2.

Chemistry and reaction mechan1sm
a. Secondary production

‘b.  Chemical removal

Physical removal

a. Dry deposition

b. Precipitation scavenging
Cc. Resuspension:
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D. Background
1. Long term
2. Short term -
3. Directional dependence
Initial conditions
Boundary conditions
1. Ground
- 2.. Mixing height
3. Sides in complex terrain
G. Correlations
1. Emissions
2. Meteorological parameters

mm

“III. Validation
A. Sensitivity analysis
B. Field studies

1v. Ca]iBrat1on - confidence limits

V. Requirements for implementation
A.  Resource requirements
1. Personnel -
2. Monetary
3. Computer - .
- B. Data requirements

“VI. Output
. A. Averaging time.
. B. Spatial resolution
C. Source culpability list
D. Frequency distribution.
E.

Special output (e. 9. amount’ depos1ted
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Features of Model Applications

Pollutant character1st1cs
A. Production
1. Primary
2. Secondary
3.- Resuspension

B. Removal
1. None .
2. Chemical
3. Physical

C. Chemical identity
1. Single substance
2. Mixture

Averaging time
A. Long-term: (month, season, year)
B. Short-term: 1-24 hrs. (1, 3, 8, 24)

Source character1st1cs ,

A. Number
‘1. Single
2. Multiple
B. -Geometry
1. Point
2. Area
‘3. Line

- 4. Combination
C. Release height
1. Ground -level
2. Elevated
D. Temporal =
1. Constant
2. Timebvarying :

Transport characteristics
A. Geography _
. 1. Simple terrain
2. Complex terrain (rough terrain, 1ake breeze) :

3. Urban
4., :Rural _ .
B.. Range o
1. Short -
2. Meso
: 3. Long
C. Transport time
.. Output
A. Mean

1. Specific 1ocat1on
2. Arbitrary locations or isopleths
B. Frequency distribution
‘1. Specific location
2. Arbitrary locations or 1sop1eths o
C. Maximum at specific receptor or overall maximum

A¢t1v1ty
A. Overall planning -

- B.  Source-specific rev1ew
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SECTION 2

DESCRIPTIONS OF MODELS
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Introduction

“ This sectﬁon provides brief descriptions of the models suggested for usev
in the guide]ineé. Rollback has not been included. A brief discussion of the
limitations of rollback is brovided in Reference 30 in Section 3. The format‘
of each deséription follows the outline of model qharacteristics given in

Section 1. The descriptions are in alphabetical order.



Reference:

. Abstract:

- Equations:

~269- APRAC- 1A

APRAC-1A

Nos. 34, and 35 in the guideline.

Ludwig, F.L. and-R.L. Mancuso. - "User's Manua1 for the APRAC-1A
Urban Diffusion Model Computer Program." Prepared for Division
of Meteorology, Enviranmental Protection Agency, under Contract .
CAPA-3-68( 1-69) (NTIS PB 213091), Research Triangle Park, North
Carolina 27711, September 1972.

Ludwig, F.L. and W.F. Dabberdt. "Evaluation of the APRAC-1A

Urban Diffusion Model for Carbon Monoxide." Prepared for Di-
vision of Meteorology, Environmental Protection Agency, under
Contract CAPA-3-68 (1-69) (NTIS PB 210819), Research Triangle
Park, North Carolina 27711, February 1972.

APRAC is a model which computes hourly average carbon monoxide
concentrations for any urban location. The model calculates
contributions from dispersion on various scales: extraurban,
mainly from sources upwind of the city of interest; introurban,

from freeway, arterial, and feeder street sources; and local,

from dispersion within a street canyon. APRAC requires an
extensive traffic inventory for the city of interest.
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T,r; wh\‘ck. x = hocizontal distance from Haffic lane :
' sz = l{e‘"ak{~ above’ pavement |
K= constant ~ 1 o
Lo= velicle siae . 2w
| u = .rgo(«%y wind gpeed
Qe = CoO e.m.":;s{"a,{ rake [ weter

W = shvect Q:A,tg

H - avernqe ‘D'l,\’t.l(l‘l.v\j f\/\e(éM ~-38.8 wmeler |
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APRAC-1A

A. Source-Receptor Relationship

User specifies set of traffic Tinks (1ine sources) by providing link
endpoints, road type, daily traffic volume
The traffic 1inks may have arbitrary length and orientation
Off-link traffic allocated to 2 mi x 2 mi grid
Link traffic emissions are aggregated into a receptor or1ented area
source array
The boundaries of the area sources actually treated are 1) arcs at
radial distances from the receptor which increase in geometric
progression, 2) the sides of a 22.5° sector oriented up81nd 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 is established for each receptor:
Sources assumed at ground Tevel
- Up to 10 receptors
‘Receptors at ground Jevel
Receptor locations are arbitrary
Four internally defined receptor 10cat1ons on each user-designated
street are used in a special street canyon sub-model

B. Em1ss1on Rate

Da11y traffic volume for each link and off-link grid square is 1nput
and modified by various factors to produce hour-by-hour emissions -
from each Tink

Link emissions aggregated as described above: sector area
source contributions obtained analytically '

0ff-1ink traffic emissions on 2 imi grid are added into sector area
sources -

In street canyon sub-model, a separate hourly emission rate is
provided by user for the link in question

C. P]ume'Behavior»

Does not treat plume rise
Does not treat fumigation or downwash except in street canyon sub-model
In street canyon sub-model, a helical circulation pattern is assumed

- D. Horizonta] Wind Field

Hourly wind speed and direction in tens of degrees is input
No variation of wind speed or direction with height
Constant, uniform (steady-state) wind assumed within each hour

E. Vertical Wind Speed

Assumed equal to zero except in street canyon sub-model
Helical circulation assumed by street canyon suQ:mode1
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F. Horizontal Dispérsion

Sector averag1ng un1f0rm distribution within sectors
22.5" sectors beyond 1 km
45,0 sectors within 1 km

G. Vertical Dispersion

Semi~-empirical/Gaussian plume

6 stability classes; stability class determ1ned 1nterna11y from user-
supplied meteorological data: [modified from Turner (1964)].

Dispersion coefficients from McElroy and Pooles (1968), mod1f1ed
using information in Leighton and Ditmar (1953)

No adjustments made for variations in surface roughness

Downwind distance variation of o_ assumed to bhe ax~ for purposes of
_doing analytic integration :

In street canyon sub-model, empiricaT function of w1nd speed and street
width and direction is used

H. Chemistry/Reaction Mechanism.

Not treated

I. Physical Removal

Not treated

J. Background

. Box model used to estimate contribution from upwind sources beyond
32 km based on wind speed, mixing height, annual fucl conqumpt1on
In street canyon sub-model, contribution from other streets is
included in background

K( Boundary Condithns

Lower boundary: perfect reflection .
Upper boundary: perfect reflection; ignores effect until concentrat1on
equals that calculated using box model; uses box model (uniform
vertical distribution) thereafter
Mixing height determined from morning radiosonde data as follows:"
midnight to dawn: constant at pre-dawn value obtained using
minimum urban temperature
dawn to sunset: afternoon maximum temperature used to obtain
maximum height; hourly values obta1ned from surface temperature
variations
sunset to midnight: 1linear 1nterp01at]on with time

L. Emissioh and Meteorological Correlation

Emissions a function of houk_of the day and day of the week
Meteorological parameters are functions of hour of the day
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M. Validation/Calibration

No calibration option- provided
Some documented validation exper1ence available

N. OutEut

HourTy concentration values at each receptor
Frequency distribution based on hourly values can be obta1ned
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Reference: No. 26 in the guide]iné.

TRW Systems Group. "Air-Quality Display Model." Prepared
for National Air Pollution Control Administration under
Contract No. PH-22-68-60 (NTIS PB 189194), DHEW, U.S. Public
Health Service, Washington, D.C., November 1969

Abstract: The Air Quality Display Modelv(AQDM) is a c11matologica1
: -steady state Gaussian plume model that estimates annual
arithmetic average sulfur dioxide and particulate concentra-
. tions at ground level. A statistical model based on Larsen
(1969) is used to transform the average concentration data
from a limited number of receptors into.expected geometric
mean and maximum concentrat1on values for severa] different
averaging times.

Equatfons:

For bé‘Hf\ Pc;m{: (:m‘(\~ acea, Soucces ' | ’ -

6 6 §
l L= ka IZ' g: Petm xum
wit ”
Xum = 2nx Tam o-zu,(c y)""‘l’[‘“( ) ] \q'
kam E';%_x%i (c»sl) o ‘ )C" Xz 2Xx,

[inear mkr,ﬁo)k"‘:‘w\, far ' XL £ x C2X,
Xe defined by o (k) = 047 L

y = crosswind distance between recepﬁar ond Seh(vr k cenéerlme
= Sechr width at. receplor locabion |

T, (x) = ax’+ e 5 g b = fanchons of s#b,"/,‘,t., class (m)
o b, for neubal condihons Sphit into
X > /00om Case ond X & (900 m case.
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AQDM

A.  Source-Receptor Relationship

Arbitrary location for each point source

Arbitrary location and size for each area source

Up to 225 receptors located on uniform rectangu]ar gr1d
Up to 12 user-specified receptor Tocations

Unique release height for each point, area source
Unique separation for each source-receptor pa1r
Receptors at ground level

No terra1n differences between source and receptor

B. Emission Rate

Point sources: single rate for each source’
~ Area sources: single rate for each source

Each source treated by effective single point source
approximation

No temporal variation allowed -

C. Chemical Composition

Treats one or two pollutants simultaneously

D. Plume Behavior

Holland (1953) formula, with adjustmént for stability

No plume rise calculated for area sources

Does not treat fumigation or downwash

If stack height plus plume rise is greater than mixing he1ght,
ground level concentration assumed equal to zero

-E. Horizontal Wind Field

Climatological approach

16 wind directions’

6 wind speed classes

No variation in windspeed with height
Constant, uniform (steady-state) wind assumed

F. Vertical Wind Speed"

~Assumed equal to zero

G. Horizontal Dispersion
- ClimatoTogical approach
Linear interpolation between 22. 5° sector renter11nes,
center value calculated by sector averaging procedure
(narrow plume approximation) :
Averaging time = 1 month - 1 year
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H. Vertical Dispefsion

Semi-empirical/Gaussian plume

5 stability classes (Turner, 1964)

Neutral stability split internally into 60% day, 4OA night

Dispersion coefficients from Pasquill (1961) and Gifford (1961)

Neutral d1spers1on coefficients used for all neutral and stable classes
No provision for variations in surface roughness

I. Chem1stry/React1on Mechan1sm '

No provision for treatment

J. Physical Removal

No provision for treatment
K. Background
‘Input single'constant background value for each pollutant

L. Boundary Conditions

Lower boundary (ground): perfect reflection
Upper boundary (mixing ht): no effect until o >, 47H
’ (occurs at x=x,) %
for x > 2x un1forﬁ mixing
in between=Tinear interpolation
transition region used

M. Emission and Meteorological Correlation

Yind speed, direction, stability
correlated via wind rose

Emission rate - not correlated
with any other factor

Non-sequential (c]1mato1og1ca1)
limited correlation

Mixing height adjusted'according to stab111ty c]ass
Class A - 1.5 x afternoon climatological value
Class D (night, internally divided)

~average of 100 meters and afternoon climatological value

Class E - assumes 100 meters

N. Validation/Calibration

Calibration option available
Substantial experience but limited documentation
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0. Outgut

1 month - 1 year averag1ng time 51mu1ated (ar1thmet1c mean on]y)
"Arbitrary averaging time by Larsen (1969) procedure
(typically 1-24 hr)
Assumes o T
1) lognormal concentrat1on d1str1but10n, _
2) power law dependence of median, and max imum
concentrations on -averaging t1me
Up to 225 gridded receptor locations, ;12 arb1trary 1ocat1ons
Individual po1nt drea source cu]pab111ty Tist for each receptor
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Reference: 'No. 27 in the guideline.

Busse, A.D.’and J.R.- Zimmerman. "User's Guide for the Climato-
logical Dispersion Model." 'Publication No. EPA-RA-73-024

(NTIS PB 227346/AS), Environmental Protection Agency, Research -
Triangle Park, North Carolina 277171, December 1973 ‘

Abstract: The Climatological Dispersion Model (CDM) is a chmato]ogwa]
C steady-state Gaussian plume model for determining long-term .
(seasonal aor annual) arithmetic average pollutant concentra=

tions at any ground level receptor in an urban area.

A statistical model based on Larsen (1968) is used to trans-
form the average concentration data from a limited number
of receptors into expected geometric mean and maximum con-
centration values for several different averaging times.

Equations: o W 6 b b ‘ .
xPo'l»“t T ;\z:t Z;\iid 22\ A é“an S gun (Fa) /fv\'

iarea "Ib"‘ [Z %E(P) Z Z 4’ka Sflm(e)l Af’

with g (P) = S&(f,o)ég'

Sector k - ' !
2. (9) = _____;;_mp __\_(_H_)'L}ew{ 0.642 ¢ ] &‘_ 5, £08L
{2 T U, 2w JTTL wTe LR
48 o 0.682 ¢ ‘a e ‘5o
n_mu") QLw\s[ e | {Iw 0‘2>08L

T = 0 b s funchime of shabi M}l class (w) omd
‘ Jownwind distance (p) ~ Hheee anges
0{» d(s&xv\cg u&ed . : .
- o0-S00 wa
S0D- 5000 wa -
$000— SO000 wa
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CoM

A. SourceFReceptor Re]diionship

Arbitrary location for each point source

Area sources equal uniform grid squares

Receptor location arbitrary

Arbitrary release hts for pt. and area sources

Unique separation for each source-receptor pair
- Receptors are at ground level

No terra1n differences between source/receptor

B. Emission Rate

Point sources: single rate for each source
Area sources: single rate for each source
o area integrations are done numer1ca11y one 22. 5° sector

at a time; 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 var1at1on assumed .

for all sources. :

C. Chemical Compositioh‘

Treats one or two pollutants simultaneously

D. Plume Behavior

‘Only ‘Briggs (1971) neutral/unstable formula used.

If stack height + plume rise is greater than mixing height,
ground level concentrations assumed equal to zero.

Alternative to Briggs - input value of plume rise t1mes w1nd
speed for each point source.

No plume rise calculated for area sources.

Does not treat fumigation or downwash

E. Horizontal Wind Field

Climatological approach

16 wind directions

6 wind speed classes

Wind speed corrected for release height based on power law
variation exponents from DeMarrais (1959)

Constant, uniform (steady-state) wind assumed

F. Vertical Wind Speed

‘Assumed equal to zéro
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-‘G. Horizontal Dispersion

C]1matolog1ca1

Uniform distribution within each of 16 sectors
(narrow-plume approximation)

Averaging time = 1 month to 1 year

H. Verfica]'Dispersion

Semi-empirical/Gaussian plume
5 stability classes as defined by Turner (1964)
Neutral stability split into day/night cases on input
Dispersion coefficients taken from Turner (1970) -
Area sources - stability class is decreased by 1 category from
input values (to account for urban effects) :
"Neutral dispersion coefficients are used for all neutra]
and stable c¢lasses..
-No nrov1s1on for var1at1ons in surface roughness

I. Chemistry/Reaction Mechanism

. Exponential decay, user-1nput ha1f11fe

J. Physical Remova]

 Exponential decay, usereinput ha]f]ife
Always applies the same ‘rate constant

K. Backaround

Input single constant'baekground value for each pollutant.

L.. Boundary Conditions’

Lower boundary (ground): assumes perfect reflection

Upper boundary (mixing height): no effect until d1spers1on
coefficient equals 0.8 of the mixing he1ght, uniform vertical
mixing assumed beyond this po1nt

M. Emission and Meteorological Correlat1on

Wind speed, direction, stability correlated via wind rose

Mixing height is adjusted according to stability class:
Class A - 1.5 x afternoon c11mato]og1ca1 value
Class D (n1qht) - average of morning and afternoon c11matolog1ca1 values
Class E - morning climatological value

" Emission rates: day-night variation al]owed, all sources vary

by same factor

Non-sequential (c11mato]og1ca]) limited corre]at1on
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N. -Validation/Calibration

Limited validation experience
Calibration option available

0. dutnut

One month to one- year averaq1nq time simulated (ar1thmet1c
mean only)
Arbitrary averaging time by Larsen (1969) procedure
(typically 1- 24 hr )
Assumes ’
1) lognormal concentrat1on distribution,
2) power law dependence of median and maximum
concentrations on averaging time
Arbitrary. number and location of receptors A
Individual point, area sourcé culpability list for each receptor
_ Po1nt, area concentration rose for each receptor



Reference:

Abstract:

Egdétions:-

289~
. CRSTER

" CRSTER

No. 13 in guideline.

Environmental Protection Agency. "A User's Guide to the
Single Source (CRSTER) Model." Office of Air Quality Plan-
ning and Standards, Research Triangle Park North Car011na
27711, 1977. (In preparation)

" CRSTER s a steady state Gaussian plume technique apb]icab]e ~

in uneven terrain. The purpose of the technique is to:

1) determine the maximum 24-hour concentration from a single
po1nt source of up to 19 stacks for one year, 2) to deter-
mine the meteorological conditions which cause the maximum
concentrations, and 3) to store concentration information
useful in calculating frequency distributions for various
averaging times. The concentration for each hour of the
year .is calculated and midnight - to - midnight averages

are determined for each 24-hour period.

X = 2

- Q_wgd'\'a'z‘ 8«%3 {:v( Tz & ‘6L'
,—_ Q_ -‘
Y o uley for > 6L
¥=0 ('s'\mhih‘t—w class 7) - S
L = tmshank , wdependent of downwind dis4ance .
H = (shack ke\am- + pluwme rise) - (diFFevence in elevahbn

Sehueew recepi:or Omd base of shck)

q: &WEL(;

%3 +°°{%\’(:_ an;4 ]+e*\a["(an+H)]]]

n=-, A
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CRSTER

A.

Source-Receptor Relationship

Up to 19 point sources, no area sources A

A1l point sources assumed at the same location

Unique stack height for each source

Receptor Tocations restricted to 36 azimuths (every 10° ) and
5 user-specified radial distances

Unique topographic elevation for each receptor; must be less

" than stack height

Receptors must be at ground level

Emission Rate

Unique average emission rate for each source
Monthly variation in emission rate allowed

Chemica] Composition

N/A

Plume Behayior

Briggs (1971, 1972) final plume rise formulas

Does not treat fumigation or downwash -

If plume height exceeds mixing height, concentrations further
downwind assumed equal to zero 4

Horizontal Wind Fie]d"

Same as RAM

Vertical Wind Speed

Assumed equal to zero -

Horizontal Dispersion

Sem1-emp1r1ca1/Gauss1an plume
7 stability classes used; Turner (1964), Pasquil (1961)
Class 7: extremely stab]e, elevated plume assumed not
to touch the ground
Dispersion coefficients from Turner (1969); no further adjustments
made for variations in surface roughness, transport or
averaging time

Vertical Dispersion

Semi- emp1r1ca1/Gaus51an plume

7 stability classes S

Dispersion coefficients from Turner (1969); no further adjustments
made : : ‘
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Chemistry/Reaction Mechanism

Not treated

Physical Removal - A'~

Not treated

Background
Not treated

BoundaﬁxﬁCond1t10ns

Lower boundary " perfect ref]ect1on at the same he1ght as the receptor
Upper boundary: perfect reflection
Multiple reflections handled by summation of series until = 1.6 x
mixing height .
Uniform vertical distribution thereafter
Mixing height is constant and follows topograph1c variations:
Taken from base of stack for. determining whether plume punches through
_ Taken from receptor elevation for determining vertical concentration -
distribution
‘Hourly mixing height obtained from radiosonde data us1ng same
interpolation algorithm as RAM

Emission and Meteorological Corre]at1on

Same as RAM '
Monthly emission variation a]]ows 11m1ted emission -
meteorology correlation :

Va1idation/Ca11bration

No calibration option provided .

Comparison with observations around at Teast 5 separate power plants
have been made _ ,

Additional work in progress ‘ : !

Output -

Highest and second h1ghest 1-hour and 24 hour concentrations at each
receptor for the year plus the annual arithmetic average at each
receptor .

-For each day in the year, the highest 1-hour and highest 24-hour
concentration values found in the field of receptors

‘Hourly concentrations for each receptor are output onto magnet1c tape

for further processing, for example to obtain the frequency
distribution :
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 Abstract:

Eguatfons:
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HANNA=GIFFORD

Numbers 28, 29 in guide]iﬁes

Hanna, S.R. "A Simple Method of Ca]cu]at1ng D1spers1on from
Urban Area Sources." J. Air Pollution Control Assn., Vol. 21,
No. 12, pp. 774-777, December 1971.

Gifford, G.A., and S.R. Hanna. “Modeling Urban Air Pollution."
Atmospheric Environment, Vol. 7, pp. 131-136, 1973. '

~ (also S.R. Hanna, private commun1cat1on*)

Two slightly different vers1ons of the same mode] are de-
scribed. The first is a purely deterministic version which
does not require any local air quality data for its imple-
mentation. The form of the second version may.be derived
from the first on the assumpt1on that area source emissions
are uniform. For actual use however, it is recommended that
local air qua11ty data be used to, in essence, calibrate the -
mode]l. :

Short "LQPM :

Q,b Ql_e-c\‘v\eé b\-l G.Z.: 1973

(ox/i)‘ b 0o kb, b))
X /\FL a(1-5) ‘-{&o*ng;Rz'f‘) - (z-1) 1}

b

Lov&os krwp s

&
W

% .
See also Section 3.9.1.
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HANNA-GIFFORD (Short-Term)

A.

Source-Receptor Relationship

. Area sources only;. uniform grid squares, user- deflned gr1d
. Sources assumed at ground level
Receptors assumed at ground level ' Ce
‘Each receptor is assumed located at center of a grid square
Unique separation for each source-receptor pair

Em1ss1on Rate

Arb1trary user-specified emission rate for each gr1d square
Emission rates assumed constant R

Lhem1ca] Composition

| N/A

P1ume Behavior

Plume rise not treated :
Does not treat fumigation, downwash

" Horizontal Wind Field

User-SUpp1ied hourly wind speed and direction :
No- variation of wind speed or direction with height
Constant, uniform (steady-state) wind assumed within each hour

Vertical Wind Speed

Assumed equal to zero

Horizontal Dispersion

Narrow plume approximation; horizontal dispersion not treated explicitly

Vertical Dispersion

Semi-empirical/Gaussian plume. ' b
Dispersion coefficient assumed of the form o_ = ax
Analytic integration of upwind area source
contributions assuming each can be represented
as an infinite crosswind str1p of width equa1 to
area grid spacing.-
Dispersion coefficient parameters a, b mod1f1ed from Smith (]968)
Stability classes modified from Smith (1968)
No adjustments made for var1at1ons in surface roughness

Chem1stny and’ React1on Mechan1sm

Not treated
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_ Physical Removal

- Not treated

'Backgroﬁnd‘l

Not treated

Boundary Conditions

.Lower boundary: perfect reflection
Upper boundary: mixing height assumed high enough to have no effect;
. treats only effects of lower boundary ,

Emission and Meteoro]oQica]‘Corre1ati0ns

Emission rates meteorologlca1 parameters all 1nput by user on hour]y
. basis _

Validation/Calibration

~ Calibration. not used in previous app11cat1ons. Some validation experience
has been published
In nearly all app11cations, a s1ngle set of d1spers1on coefficient
- parameter values (a = 0.15, b = 0. 75) has been used correspond1ng
to neutral stab111ty

OutEut

Hour-by~hour average concentration values at .each receptor
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HANNA-GIFFORD (Long Term)

: This model is intended for use in predicting an area- -wide average
po]]utant concentration, and is expected to work best for 1ong averaging
times. The work1ng equat1on is.

X = CQ/u

in which
. X = average concentration within a suitably defined region,

Q = average emission rate per unit area within the same region,

u = average wind speed in the polluted 1ayer over the desired
averaging time, and

- C = proportionality constant to be determ1ned empirically for
- each dlfferent region

Speciffc values of C for both SO2 and TSP concentrations in a large number of
u. S. cities have been presented by Gifford and Hanna (1973). It is recom-
mended that local emission, meteorological and air quality data be used to
‘determine the value of C appropriate for the region of interest. If such )
data is not available, an approximate average value of C = 225 has been

- recommended for use in eva]uat1ng the true area source effect 1n the absence
of remova] or decay processes.
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Abstract:

Equations:
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HIWAY

HIWAY -

No. 36 in guideline.

Zimmerman, J.R. and R.S. Thompson. "User's Guide for HIWAY:

A Highway Air Pollution Model." "Publication No. EPA-650/4-74-
008 (NTIS PB 239944/AS), Environmental Protection Agency, Re-
search Triangle Park, North Carolina 27711, February 1975.

HIWAY is a Gaussian plume model that computes the hourly con-
centrations of non-reactive pollutants downwind of roadways.

It is applicable for uniform wind conditions and Tevel terrain.
Although best suited for at-grade highways, it can also be
applied to depressed highways (cut sect1ons)

s | |
x = sz— I ?JQ : dmkaml : h|on3 levxﬁH\ o{: lwu?. S‘Qﬂmevd: )

, e evaluakd usivé MPQSofJn( rule
% = Q0 mes;{ov\ rate J unit levxj .

3 {m Shable wndi ho“s oc m»kmﬁ \«\6\3&)\' L = 5000 w

f-

2u17 4Tz % ‘%1—

' &( Mw’mﬂ or W\sh‘o(e comh *\W\S Ad‘z < Leb

b= in:n’oi}a“33

. g’w newbrod or unstable Cof\d.\“jn‘o-y\s)‘ o> oL

B
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HIWAY

A.

Source-Receptor Relationship

Hor1zonta1 finite line, mult]ple Tine sources (up to 24 Tines)
Straight lines, arbitrary orientation and length
One road or highway segment per run
Arbitrarily located receptors, downwind of the. sources
Unique source-receptor distance defined
Arbitrary receptor heights
Arbitrary release heights .
‘Cut section mode
Receptors cannot.be 1ocated in the cut
Emissions treated as coming from 10 equal uniform line sources
at the top of.the cut
Flat terrain assumed
Line sources treated as sequence of p01nt sources; the number used is
such-that convergence to within L% is achieved

Emission Rate

Constant uniform emission rate for each lane

Chemica1'Compositioﬁ

N/A -

‘Plume Behavior

" Not treated
Horizontal Wind Field

User specifies arbitrary wind speed and direction
No varjation of wind speed and direction with height
Uniform, constant (steady-state) wind assumed

Vertica]'Wind'Speed

Assumed equal to zero

Horizontal Dispersion

‘Sem1—emp1r1ca1/Gauss1an p]ume ' '
User specifies which of 6 stability classes to be used; Turner (1964)
Dispersion coefficients from Turner (1969); for
distances less than 100 m, dispersion coeff1c1ents from
Zimmerman and Thompson (1975)
Level grade mode - initial value.of d1spers1on coefficient equals -
3 meters .
Cut section mode - initial value of d1spers1on coeff1c1ent approximated
- as a function of wind speed
No further adjustments to dispersion coefficients are made
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H. Vertical Dispersion

Semi-empirical/Gaussian plume
User specifies stability class
Dispersion coefficients from Turner (1969) for distances 1ess
than 100 m, dispersion coefficients from Zimmerman and Thompson (1975)
Level grade mode - initial o 1.5 meters
- Cut section mode - initial oi function of wind speed

I. Chem1stry/Reaction‘Mechanism -

Not -treated

J. Physical Removal .

Not treated

K.. Background
| ~ Not treated

.L. Boundary Conditions
Lower boundary: perfecf reflection
~Upper boundary: perfect reflection
) Stable conditions or mixing height greater than 5000 m:
assumes no effect, treats only ref]ect1on from ground

ii) Other stabilities with ¢_> 1.6 times m1x1ng heights
assumes uniform mixing

~ 4¢%7) Other neutra] er unstab]e conditions: perfect ref]ect1on,
multiple reflections treated by summation of series

M.  Emission and Meteoro]ogjca1 Correlation
N/A; user inputs all specific parameter va]ues for hour in quest1on

N. Validation/Calibration

Validation studies have been published

e Qutput

' 1-hour_avefage.concehtratjon at each receptor
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PTDIS

Reference: Same as PTMIP.

Abstract: PTDIS is a steady-state Gaussian plume model that estimates
‘ short-term center-line concentrations directly downwind

of a point source at distances specified by the user. The .
effect of 1imiting vertical d1spers1on by a mixing height
can be included and gradual plume rise to the point of
final rise is also considered. An option allows the cal-
culation of isopleth half-widths for spec1f1c concentra-
tions at each downw1nd distance.

tquations:

'K(X.Y,O',H) =

.1n\161,¢g 3 3
¥ = MP[T%L(%,Y] L
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“-_

X=o0 i@ H>L
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PTDIS

A. Source-Receptor Re]ationshig

Single Stack of arb1trary height N

Up to 50 receptors specified by user; all receptors at
ground level, below plume center11ne, at user-spec1f1ed
downwind d1stances

Flat terrain assumed

B._ Emission_Rate

Siﬁg]e constant value

C. Chemica],Compositioﬁ

N/A

D. Plume Behevfor

Br1qqs (1971, 1972) p]ume rise formu]ae

Alternatively, one user-supplied plume rise value can be used

Does not treat fumigation or downwash .

If plume height exceeds mixing height, ground 1eve1 concen-
trdt1on assumed equa] to zero.

| E. Hor1zonta] N1nd Field

Wind d1rect1ons 1mp11c1t along source receptor d1rect1on
Uses ‘user-defined wind. speed :

No variation in wind speed with height

Constant, un1form (steady- state) wind assumed

Fr Vert1ca1 w1nd Speed

Assumed equa1 to zero

G. Horizontal DispersiOn

Sem1 emp1r1ca1/Gau551an plume '

Calculations for a single user-spec1f1ed stability c]ass,

- Turner (1969)

Dispersion coefficients from Turner (1969), no adJustments
made for variations in surface roughness, averaging time
or travel time
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Verttca] Dispersion

Semi - emp1r1cal/Gauss1an plume

Calculations done for user-specified stab111ty class

‘Dispersion coefficients from Turner (1969); no adJustments
made for variations in surface roughness

Chem1stry/React1qn Mechanism

.Not treated

Physical Removal

Not treated
Backaround
Not treated

Boundary Conditions

Lower boundary: perfect reflection

Upper boundary: user-input mixing height used; perfect

. reflection assumed

Multiple reflections numerically accounted for by summat1on
~of series

Emission and Meteoro]oqica] Correlations

N/A

Validation/Calibration

- No calibration option provided
Direct application of Turner (1969) procedures .

Output

Centerline, ground-level values of concentration.and normalized
concentrat1on (concentration x wind speed/emission rate) o, o
and plume height at user-supplied downwind distances

Isopleth halfwidths of up to eight user-specified ground

- Tevel concentrations, at same downwind distances as above

¥4



Reference:

Abstract:

Equations:
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- PTMAX

PTMAX

Same as. PTMTP.

PTMAX is a steady—state Gaussian p]ume model that performs
an analysis of the maximum short-term concentrations from

a single point source as a function of stability and wind .
speed. The final plume height is used for each computation.
A separate analysis must be made for each individual stack;
but the model cannot give the max1mum concentrations of a-
combination of stacks.

X(x00;,1) = —;‘*%Tﬁ %P[j‘i(%)il
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29 PTMAX

PTMAY

A. Source-Receptor Relationship

~ Single stack used o
Determines downwind d1stance to ground- 1eve1 max1mum concentratwon
Flat terrain , 4
Unique release height

B. Emissiqn Rate

Single value _ﬂ

‘Chemica1 Composition

e’

- N/A

D. 'Plume Behavior

| Briags (1971, 1972) final plume rise formulae
Does not treat downwash or fumigation

E. Horizontal Wind Field -

Wind direction implicit along source-receptor direction
Calculations done for fixed, internally defined set of wind
speed values
. "No variation -in wind speed with he1qht
" Constant, uniform (steady-state) wind -assumed

F. Vertical Wind Speed

- Assumed equal to zero

G.. Horizontal Dispersion’

Semi-empirical/Gaussian plume o

6 stability classes as defined by Turner (1964) ‘

Calculations done for dispersion coefficients from Turner (1969);
no adjustments. made for variations in surface rouqthss,
_travel. or averaq1nq times

H. Vertical D1spers1on

Semi-empirical/Gaussian plume

Calculations done for 6 stability classes

Dispersion coefficients from Turner (1969); no adJustments made
for var1at1ons in surface roughness

I. Chem1stry/React1on-Mechan1sm

Not'treated :
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Physical Removal -

Not treated
Background

Not treated

Boundary Conditions

Lower bouhdary: perfect reflection
Upper boundary: mixing he1ght assumed h1gh enough to have no effect

Emission and Meteoro]oo1ca1 Corre]at1on

nA

Va]idation/celibratibh

No calibration option provided. - o
Direct apnlication of Turner (1969)'procedures

Qutput

Max1mum qround 1eve1 concentrations, d1stances to maximum
"~ “values and final D]ume heights for all stability c]asses
and wind ‘speeds .
Averaging time less than-1 hour (Turner, 1969)
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PTMTP

Reference: No..17 in the guideline.

v Env1ronmenta1 Protection Agency. "User's Network for
Applied Modeling of Air Pollution (UNAMAP). (Computer
program on tape for. point source models, HIWAY, Clima-
tological Dispersion Model, and APRAC-1A), NTIS PB 229771,
National Technical Information Service, Spr1ngf1e1d V1r-
ginia, 1974. -

Abstract: PTMTP is a steady-state,. Gaussian plume model that estimates
- for a number of arbitrarily located receptor points at or
above ground-level, the concentration .from a number of point
"-sources. Plume rise is determined for each source.- Down-
wind and crosswind distances are determined for each source-
receptor pair. Concentrations at a receptor from various
sources are assumed additive. Hour by hour calculations
are made based on hourly meteorological data, both hourly
concentrations and averages over any averag1ng time from
one to 24 hours can be obta1ned

Eguatiqns:
K(xm H) = nfqﬁs“;s"
3&“?[“5?)2] . -
e 3 [l L[4y

X-0 i HsL
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PTMTP

A. Source-Receptor Relationship

Up to 25 arbitrarily located point sources

Up to 30 arbitrarily located receptors

‘Unique separation for each source-receptor pa1r
Unique release height for each source

Terrain assumed flat

Arb1trary height above ground for each receptor -

B. Emission Rate

Unique constant emission rate for each source

C. Chemical Composition

N/A

D. Plume Behavior

Briggs (1971, 1972) plume rise formulae

Does not treat fumigation or downwash

If plume height exceeds mixing height, concentration at -
any receptor further downwind is assumed equal to zero

E. Horizontal Wind Field

Uses user-supp11ed hbur]y wind speéd and d1rect1on
No variation in speed and direction with height
Constant, uniform (steady-state) wind assumed within each hour

F. Vertical Wind Speed

Assumed equa] to zero

G. Horizontal Dispersion

Semi-empirical/Gaussian p]ume

User-supplied hourly stability class, Turner (1969)

‘Dispersion coefficients from Turner (1969); no adjustments
made for variations .in surface roughness, averag1nq time
or travel t1me

H. Vertical Dispersion

Semi-empirical/Gaussian plume

User-supplied hourly stability class

Dispersion coeff1c1ents from Turner (1969), no adjustments
made for -variations in surface roughness
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Chemistry/Reaction Mechanism

,'Not treated

Physica] Removal‘

Not treated
.~ Background
Not treated

Boundary Conditians

Lower boundary: perfect reflection

Upper boundary: user-input mixing height used; perfect
reflection assumed

Multiple reflections numerically accounted for by summat1on
of series ,

‘Emission and Meteofo1ogica1 Correlation

User- supp11ed hourly values of wind speed, d1rect1on, stability
class, mixing height, ambient temperature (used in plume
rise calculations) are correlated

Va11dat1on/Ca11brat1on

No calibration option prov1ded
Direct app11cat1on of Turner (1969) procedures

Outgut

Hour]y concentration, individual source contr1but1on 11st at
each receptor .
Average concentration, source contributions at each .receptor
. for total. per1od of interest ,
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RAM
Reference: No. 32 in guideline.

Hrenko, J. and D.B. Turner. "An Efficient Gaussian-Plume
Mu1t1p1e Soyrce Air Quality Algorithm." Paper presented

to the Annual Meeting of the Air Pollution Control Association,
Boston, Mass., 1975. (Available upon request from EPA, OAQPS,
Monitoring and Data Analysis D1v1s1on Research Triangle Park,
North Carolina 27711)

Abstract: RAM is a steady state Gaussian p]yme model- for estimating
- concentrations of relatively stable pollutants for averag-
ing times from an, hour to a day in urban areas from point
and area sources. Level or. gently rolling terrain is
assumed. Ca]cu]atwns are performed for each hour.

Eguatmns A

Lovﬁnbuho\\ FVUW\ S\V\%IQ : | % lx.z |
upwmd acea &ource ' :TA_J F dx‘ ln‘ﬁﬂm( deu&kd

X numeccall
= ponls o{- v\terSQc{-non of m\1 Frow recepjrtsr |

-“nvousk frea Sour(,e in %ueshon

Stable tondibons | F= —— _52_-.'
x"OIV\t
0z £ ,\.G.l_..

y
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RAM

A. Source-Receptor Re]ationship

Arbitrary location for point sources

“Receptors may be
1) arbitrarily located . :
2) internally 1ocated near individual source maxima
3) on a program-generated hexagonal gr1d to give good coverage to

a user-specified portion of the region of 1nterest

Receptors all at same height above (or at) ground

Flat terrain assumed .

Unique stack height for each point source

User may specify up to three effective release he1ghts for area sources,
each assumed appropriate for a 5 m/sec wind speed. Value used for
any given area source must be one of these three

Unique separation for each source-receptor pair

B. Emission Rate

Unique, constant emission rate for each point, area source
Area source treatment-.
‘Narrow plume approximation
Area source used as input; not subdivided into uniform e]ements
Arbitrary emission heights imput by user
Areas must be squares; side lengths = integer multiples of a
basic unit- ' ‘
Effective emission height = that appropriate for 5 m/sec wind
Area source contributions obtained by numerical integration
along upwind distance of narrow-plume approximation formulae
for contribution from area source with given effective re-
lease height. :

" C. Chemical Composition

N/A

D. Plume Behavior

Briggs (1971, 1972) plume rise formulas

Does not treat fum1gat1ons or downwash

If plume he1ght exceed mixing he1ght ground 1eve1 concentration assumed
zero ‘

E. Horizontal Wind Field . _ !

Uses .user-supplied haurlv wind speeds . :

Uses user-supplied hourly wind directions (nearest.100), 1nterna11y
modified by addition of a random. integer value between -40 and +50
Wind speeds corrected for release height based on power law variation, .

exponents from DeMarris (1959); different exponents for different
stability classes, reference height = 10 meters
Constant, uniform (steady-state) wind assumed within each hour

F. Vertical Wind Speed

Assumed equal to zero
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G. Horizontal Dispersion

Semi-empirical/Gaussian plume

Hour]y stability class determined 1nterna]]y by Turner (]964) procedure
" six classes used

Dispersion coefficients from McElroy and Pooler. (1968) (urban) or Turner

(1969) (rural). No further adjustments made for variations in surface
roughness or transport time '

H. Vertical Dispersion’

Semi-empirica]/GaUssian~p1ume
Hourly stability class determined internally :
Dispersion coefficients from McElroy and Pooler (1968) (urban) or Turner

(1969) (rural). No- further adjustments made for variations in surface
-~ roughness : B

I. Chemistry/Reaction Mechanism

| Exponential decay, user-input halflife

J. Phyéica] Removal

" Exponential decay, user-input halflife

K._ BaCkground
. Not treated

L. Boundary Conditions

Lower boundary: perfect reflection

Upper boundary: perfect reflection

Neutral and unstable conditions
Multiple reflections numer1ca11y accounted for by summation of series

until dz = 1.6 x m1x1ng height :
Uniform mixing assumed in vertical thereafter
Stable 'conditions: ignore effect of upper boundary
. Mixing height for a given hour is obtained by suitable interpolation using

data from soundings taken twice a day. Interpolation technique depen-
dent on mode of ‘operation (urban or rural) and calculated stability
class for the hour in question as well as the stability classes for

the hours just preceding sunrise and sunset. See attached description
~and figure . . . o

M. Emission and Meteorological Correlation .

User supplies hourly values of wind speed, direction, mixing height and
other meteorological variables required for determination of stability
. class and plume rise

N. Validation/Calibration

No 'calibration option provided '
" No documented validation or compar1son with observational data '



RAM -
~305-

0. Outguf

Hourly and average (up to 24 hours) concentrations at each receptor

Limited individual source contribution list : , .

Cumulative frequency distribution based on 24-hour averages and up to-
1 year of data at a limited number of receptors - can be obtained from
spec1a1 versions of RAM (RAMF, RAMFR) :
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Two different mixing héights are colculated by the preprocessor.
One is for basica]]& rural suﬁfdﬁndings; the other is for urban
locations. The user is given the opt1on to sp(c1fy whwch he wants
~to use. Hourly mixing he]ghLS'ar: ueLermlnod from maximun heights

(MXDP) for yesterday (i-1), today (i) and tomorrow (i+1) and from B
Cominimum wixing heights (HENDP) for todoy (1) and tomorrow {i+1)

(5ce Figure 1.)

For urban mixing height, between midnight nnd sunrise; if the
Stabi]ity i 'neutra1 1ntnrpo]ate bol\non MXDP T and be.i Ay if
stability is stable use ."-ﬂ-.'DP_i 2. Tor hours betwcen sunrise and
100, if the hour before sunrise vas reutral, interpolete between -
MXDPi:] and HXDPi (3.‘lFor sunrise to 1400, if the hour hefpre sunrise
was stable, interpolate between HKDP . and MXDP . ¢ For 1400 to

sunset, use MXDPi (5. For hours betveon sunset and midpight; if

stability is neutral interpolate between M)(DP_,i and MXDP1+) oy, if
stebility 1s stable interpolate between MXDPi and MNDPi*],(73

For rural mixing height between midnight and SUnrixu,,intefp01ate ,
bcﬂweén.MXDP%_]_and MXDPi'Qy For hours between:sunrise'and'1400, if
Cthe hour before'sunrise was neutré] interpolate between HXDPi_] and
!JXDPTG@. For sunrise to 1400, if the Houf before sunrise was stable,
interpolate betwégn 0 andeXDP 16 For 1400 to §Unseﬁ, use HXDP.
j13 For sunﬁvt ta Midniqht intorpo]utc botweon HXDP and M\UF +]Q]9
A Tisting and detailed description of input formats for the prevrocessor

are given in Appendix A.
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: VALLEY

U VALLEY

Reference: No. 14 in gu'ideh‘ne.

" Environmental Protection Agency. ™“User's Guide to the

. Valley Model." Office of Air. Quality Planning and Stand-

" ards, Research Triangle Park, North Carolina 27711, 1977.
(In preparatwn) : -

Abstract: VALLEY.is intended for use in calculating annual and maximum
- 24-hour average SO, and TSP concentrations from single po1nt.
sources in complex terrain. A climatological approach is
used in calculating the annual average The maximum 24-hour
averages are calculated by assuming F stability and a wind
speed of 2.5 m/sec and are intended to apply to the situation
in which the plume impinges on a hill.
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VALLEY

A. Source-Receptor Relationship

Arbitrary location for each point source ‘
Arbitrary location and size for each area source
112 receptors on radial grid, 16 directions; relative
radial distances internally fixed, overall .scale may :
be modified by user; location of gr1d center defined by user
Unique release height “for each point, area source
Receptors at ground level; -ground level elevations above
mean sea level defined by user
Total number of sources less than or equa1 to 50

- B. Emission Rate

Point sources: single rate for each source
Area sources: single rate for each source
‘Each source treated by effective point source approx1mat1on
o No temporal variation allowed

C. Chemicq] Composition

N/

D. Plume Behavior

Briggs (1971, 1972) plume rise formula for both point/area sources
Alternatively, a single constant plume rise value may be input
-for any or all sources ‘
Does not treat fumigation or downwash
If plume height exceeds mixing height:
A. for long-term calculations, ground level’ concentrat1ons
. assumed equal to zero
B. for short-term calculations, maximum plume he1ghL is
‘ 11m1ted to the mixing he1ght :

E. Horizonta] Wind F1e1d

A. For long-term calculations
- Climatological approach
' 16'wind directions
6 wind speed classes ‘
No variation in windspeed with height
Constant, uniform (steady-state) wind assumed
User must specify wind speeds representative of
each class; these are not internally defined
B. For short-term calculations, specifically to predict
the second highest 24-hour concentration expected in 1 year:
Class F stability and 2.5 m/se¢ wind speed assumed with
user-defined direction. These conditions are assumed
to exist for 25% of the 24-hour period; an 1nterna1 ad-
justment is made for this
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E. Horizontal Wind Field (Cont'd)

C. In stable conditions, in complex terrain, concentrations
for receptors located above the point of impingement are.
obtained by linear interpolation between the value ob-
tained at the point of impingement and a value of zero -
at a height of 400 meters above that point. The value
at .the point of impingement is taken to be equal to the
value 10 meters below plume centerline. "For receptors
located below the point of impingement, the effective
plume height is equal to the height of the plume above
receptor elevation or 10 meters, whichever is larger.

The plume is assumed to remain at a constant elevation
following the initial rise '
-In neutral or unstable conditions, in comp]ex terrain, the
. plume is assumed to remain at a constant height above
. topography, following the initial use
No variation of wind speed with height
-Constant, uniform (steady-state) wind assumed’

F. Vertical Wind Speed

In stable conditions, assumed equal to zero.
In neutral and unstable conditions, assumed such that
the plume remains at a fixed height above terrain.

G. Horizontal Dispersion

Climato]ogica1 approach

Sector averagina (narrow plume approximation) for calculating
center values of each of 16 sectors; linear interpolation

~ between centerlines as in AQDM

Averaging time 1 month to 1 year for long-term calculations.

A

H. Vertical Dispersion

Semi-empirical/Gaussian plume
Urban mode:
5 stability classes (Turner, 1964)
Neutral stability split internally into 60% day, 409 night
Dispersion coefficients from Pasquill (1961) and Gifford (1961)
Neutral dispersion coefficients used for all neutral and stable classes
No provision for variations in surface roughness
Never considers stable cases, hence never deals with topographic effects

Rural mode:
6 stability classes; Turner (1964)
Dispersion coeff1c1ents from Pasquill (1961) and Gifford (1961)
Neutral stability split internally into 60% day; 40% night (has
no effect on dispersion coefficients), long-term mode only
No adjustments made for variation in surface roughness
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1. Chemistry/Reaction Mechanism

Exponential decay, user-input halflife

J. Physical Removal

Exponential decay. user-input halflife

K. Background

Not treated in any mode

L. Boﬁndary Conditions

Lower boundary:. perfect reflection
"Upper boundary: perfect reflection | -
Neutral, unstable conditions - multiple reflect1ons accounted
for by summation of series :
Stable conditions - ignores effect of upper boundary,
treats only reflection from lower boundary.

" M. Emission and Metebrd]ogica1 Correlation

Wind speed, direction, stability correlated via wind rose approach
Emission rate not correlated with any other parameter
Non- sequent1a1 Timited correlation
Mixing height adjusted according to stability c]ass
Urban, Tong term:
. Class A - 1.5 x afternoon c11mato]og1ca1 value °
Class D (night) - 0.5 x afternoon climatological value
Class E - assumes morning climatological value
Rural, long term: .
Class D (night) - 0.5 x afternoon climatological value
Stable classes - ignores existence of any m1x1nq height
(assumes no limit) :
Short term calculations - input value is 1qnored only F
stability is considered

N. Va11dat1on/Ca11brat1on

No ca11brat1on option ava11ab1e .
Some validation experience, but 1imited documentation

0. OQutput

Long-term mode:.
~ Long-term arithmetic means, source contribution 1ist for -
‘each receptor . .
‘Short-term mode: ' ‘
Second highest 24-hour concentrat1on, source contribution
Tist for each receptor . :
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4 Materials Distributed to Eurticipants Prior to the Conference

In order to prepare the invited participants for productive
dellberatlons, a number of letters and documents were dlstrlbuted at least
two weeks prior to the conference.- This section contains a listing of the

documeénts and reproductions of the correspondence.
The distributed documents were:

1. A draft of the "Guideline on Air Quality Models and Associated
Data Bases:, Source Receptor Analysis Branch, MDAD, OAQPS,
U.S. EPA, Jaunuary 1977.

~
-

2. "Descfiptions of Air Quaiity,Models and_ABstracts of
Reference Matcrials", a notebook prepared hy K. Brubaker
and A. Smith f;oﬁ EES/ANL with,assistance‘from the staff
of OAQPS/EPA, describing the technical details of the
models sgggesfed in the draft guideline, and abstracting

the references cited therein.

3. "Turbulent Niffusion - Typing Schemes: A Review', F. A.
Gifford, Nuclear Safety, Vol. 17, No. 1, Jan.-Feb. 1976.

4. "Atmdspheric Dispersion Parameters In Gaussian Plume
Modeling"

PaLt I - "Review of Current Systems and Possible
Future Developments', A. H. Weber,

EPA-600/4-76-030a, July 1976.

Part II -'"Possible Requiréments for Change in the
"Turner Workbook Values', F. Pasquill,
EPA-600/4-76-030b, June 1976.

Reproductions of other correspondence follows:
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Uof C-AUA-USERDA

ARGONNE NATIONAL LABORATORY

We are. pleased’ that you have agreed to participate in a workshop for
the peer-review of modeling guidelines proposed by the U.S. Environmental
Protection Agency. - We realize that your schedule is full and appreciate
your willingness to assist in this important task.

The EPA Office of Air Quality Planning and Standards has prepared these
modeling guidelines for application in the review of new sources under federal
regulations such as those governing prevention of significant deterioration -
and as an aid in the revision of State Implementation Plans. EPA as well as
the States must fulfill these important review responsibilities now; there-
fore, our challenge is to advise on the best approach to modeling air 'quality
impacts within the current state of the art and with consideration for required
data and resources.' As participants in the conference, we should view the -
forthcoming draft guidelines as a well-considered attempt by EPA to meet this
challenge. Hopefully, our efforts will build upon their draft to produce the
final version. : ‘ ' : ‘

The conference will be held at Carson Inn/Nordic Hills near Chicago,
J1linois, from February 22-25, 1977. A tentative conference schedule and bro-
chures describing Nordic Hills are included. As you can see, our schedule is
full but the accommodations are excellent. . ' ‘

Also enclosed is a registration and housing form and a return envelope.
Plecase indicate the nights for which you will require lodging. Since the.
conference does not begin until noon on Tuesday, February 22, you may find
it convenient to arrive in Chicago on Tuesday morning.

~ By February 8 you should have received a copy of the proposed guide- .
iines and background information.. Please contact Donald Rote [(312)739-7711
ext. 5266 or FTS 388-5266] or Albert Smith [(312)739-7711.ext. 3259, 3240 or
FTS 388-3259, 3240] if you have not received the material by this date..

9700 South Cass Avenue, Argonne, lllinois 60439 - Telephone 312-739-7711 - TWX 910-258-3285 + WUX LB, Argonne, lllinois
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The costs of rooms dnd scheduled meals will be paid directly by the
sponsors. To cover the cost of meals outside the conference, per diem of
up to $15/day will be paid to eligible participants. As government agencies,
we cannot make cash.advances. Forms for reimbursement of allowable expenses
(air fares, ground transportation, and other conference related expenses)
" will be available at’ the conference. Please note that receipts are required
and that government employees can be reimbursed only if their expenses are not
covered by their agencies. If you wish us to purchase your airline titkets
in advance, please fill out and return the attached "Request For Airline
Ticket'. We must receive these ticket requests before February 4.

In addition to the expenses noted abqvé; you will be paid an honorarium
of $150.00 per conference day.

A list of attendees has been included for your information.
' Again, let me express my sincere appreciation for your attendance at
the conference. With your support I feel sure that the conference will yield

a workable set of guidelines.

Very truly yours,

John J. Roberts .
Energy and Environmental Systems Division

JIR/blt
attachments
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Dear -

I wish to thank you for accepting an invitation to participate
in the Modeling Workshop and helping us to develop more uniform and
consistent modeling guidance.

The choice of ana]yt1cal procedures to assess env1ronmenta1
impacts has become a significant, and often the paramount, issue in
the administration of the new source, nonattainment, and prevention
of significant deterioration‘po1icies. I believe that we have gathered
a distinguished and balanced group of sc¢ientists to consider this
important problem.. Certainly the group represents a broad spectrum of
interests and concerns. But more important, you and other participants
- are recognized not only for your scientific competence, but for your
appreciat1on and depth of understanding of the nature of the problems
that arise in administering a national environmental program.

I wish ybu success and have asked my staff and their associates
at Argonne National Laboratory to do whatever 1s necessary to help
you make the workshop a success.

Sincerely yours,

Walter C. Barber:
' Director
0ff1ce of Air Quality P1ann1ng
and Standards
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&)

U0l C-AUA-USERDA

ARGONNE NATIONAL LABORATORY |
' ' February 3, 1977

TO:' " Conference Participants

FROM: John J. Roberts W

SUBJECT: Background Material for Conference on EPA Modeling Guidelines

Enclosed please find some information which you will find of use
in preparing for the upcoming Conference on EPA Modeling Guideline: a’
‘draft of the guideline itself; descriptions of the models suggested for use °
in the guideline; and excerpts from the references cited in the guldellne. .
Several additional references will be sent under separate cover. :

If you intend to propose alternate models or submodels for
consideration’ by the conference, it would be most helpful if you could °
document your position in a format similar to that used in Sec. 2 of
the ‘enclosed Descriptions of Air Quality Models and Abstracts of Reference
Materials. Thirty-five (35) copies should suffice for the conference
participants; we will also have copying facilities available on the
premises at the conference. In addition we will be able.to make 8% x 11
viewgraphs. An overhead projector for the viewgraphs and a 2 x 2 slide
projector will also be available.

¥

i ' We look forward to meeting with you and to discussing your ideas
for improving the guidelines.

JJR: tb

Enclosures

'00 South Cass Avenue, Argonne, lllinois 60439 * Telephone 312-739-7711 * TWX 910-258-3285 + WUX LB, Argonne, Hliinois
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UotT-AUA-USERDA

ARGONNE NATIONAL LABORATORY

February 4, 1977

TO: . Participants in the Specialist Conference on EPA Modeling Guideline

FROM: John J. Roberts (}&

SUBJECT: Potential Conference Issues -

We have some additional®* information which may be of use to you
in connection with the up-coming Specialist Conference on EPA Modellng Guideline.
A number of issues and questions are likely to arise as you review the
draft and discuss it with your colleagues. Without focusing attention on
specifics and without the intention of biasing your thinking, we have
prepared a list of potential issues. This list is certainly not complete
and we welcome additions or other modifications. Furthermore, we do not
expect to discuss each of these issues in detail unless the participants
feel such discussion is warranted. The issues identified so far fall
into three categories: ’

1) Policy Issues
2) Guideline Contents
3) Guideline Format or Structure
‘The major objective 6f the conference is, of course, not to
simply identify issues but to reach consensus regarding the guideline

itself. This consensus could presumably take one or more of the following
forms as appropriate:

1) Statements regaiding the adequacy of the guideliné in
terms of the issues (majority and minority opinions may evolve).

2) Recommendations of specific changes and additions or deletions
. to the guideline including both the content and format thereof.

3) Identification of issues which are regarded as important but
which can not be adequately addressed at this time because of
incomplete information or other constraints.

Again we 1ook forward to meeting with you and to a fruitful

conference.

JJIR:tb

*A copy of the draft guideline along with other materials is being sent
under separate cover.

9700 South Cass Avenue, Argonne, {linois 60439 - Telephone 312-739-7711 - TWX 910-258-3?85 * WUX LB, Argonne, lliinois
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Potential .Conference Issues -.

1. Policy issues
‘1.1 What should be the limits of the discretionary powers of users?

‘1.2 - The guidelinefwill be subject to a periodic review and updating
process. What should be the form and period of review?

1.3 Which concentration estimates should be used for specific policy
questions? That is, which short term estimate (highest 2nd highest,
etc.) should be used for SIP and NSR?

1.4 Should pragmatic considerations (computer and/or manpnwer cost and
time) enter into model choice guldance? ‘

2. Applications (or problems associated with specific applications)

2.1 Features which are associated with specificbapplications (for
general list of such features see the table in Sec. 1 of the
notebook prepared by ANL) -

2.2 Importance of each of these features‘for specific applications '
and .the requirements for accuracy of treatment by models.

2.3 Criteria for deciding whether features such as downwash, complex
terrain, anomalous meteorvlogical conditions, etc., deserve
special treatment.

3. Suitability of models specified in the guideline and criteria for
: selecting alternatives or updatin

3.ll_Matching nodels -to application requirements (qualitative
considerations) .
3.2 Accuracy determination and specification

- What measures of accuracy should be used - How should they
‘be determined? ' :

- What constitutes acceptable validation7 (purpose, procedures,
i documentation) . .

- Calibration - What role should 1t play7 ;
What method(s) should be used?
Criteria for use‘7 :

3.3 Criteria for acceptability of alternatives to the proposed models
.or portions thereof? o :
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Specialized technical issues

4.1 Chéracterizaticn of turbulent diffusion

4.1.1 Typology of regimes
4.1.2 Algorlthms within each reglme

4.2 Boundary condltlono

4.3 Formation and lose mechanisms - guldance on when to worry and

“how to deal with

. .
4.4 TEstimation of short- tprm concenLratlons

4.4.1 Calculations of multi-hour concequatlons
4.4.2 Statistics.of 2nd highest value
4.4.3 Suitability of peak—to—mean ratio technique

£~
;]

Receptor points: density, location, grid or cell size

Data requirements - Representativeness (location, duratlon), Accuracy
(sampling method, quality control)

5.1 Air quality data
- Background. estimation
- Model validation
- Model calibratinn

5.2 Meteorological data

5.3 Emission data

- Temporal. and spatial resolution, accuracy

Structure and content of guideline

6.1 Appendices - Summary and/or documentation of .models?

-
’
\)1(

Guidelines for modeling photochemical smog?
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