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Development of an Air Force Air Quality
Assessment Model (AQAM)
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The U, S. Air Force, through a contractual effort by Argonne National Laboratory,
is developing a computerizad Air Quality Assessment Model (AQAM) to- bettar
analyze the environmental impact of airbase operations. While most emphasis
Is placed on improving the accuracy of treating aircraft operations, nearly any
municipal or industrial emission source can be analyzed. Emission calculations
are performed within the model so that only detailed source activity information
must be input. Ambient air quality can be predicted for hourly, daily, monthly,
or annual averaging times of up to ten pollutants. This report describes the gen-
eral capabillities and structure of the AQAM.
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Development of an Air Force Air Quality
Assessment Model (AQAM)

D. F. NAUGLE

INTRODUCTION

The primary objective of the U, S, Air
Force Air Quality Assessment Model (AQAM) 1s to
predict ground level amblent air quality pollutan
concentrations which result from emlssion sources
both within and surrounding Air Force bases,
Special emphasis has been given to the accurate
description and diespersion of ailrcraft emissions,
However, nearly any urban point, line, or area
source can be treated, This model can be applied
to at least four different functions:

Environmental impact assessments

2 Comparison of predicted concentrations
to state and federal air quality
standards

3 Prioritizing the significance of emis-
sion sources

4 Evaluating potential pollution design

criteria for the engineering of control

devices,

[

SOURCE l\'Vl"‘ﬂURY PROGRAM

t

The AQAM is being developed for the Air
Force by Argonne National laboratory (_1_).1 It
incorporates many features from previous urban
dispersion models., Annual pollution levels can
be predicted using stability wind frequency dis-
tributions as applied in the widely used Air
Quality Display Model (2), Short-term dispersion
(1- to 24-hr time averaging) uses the double
CGaussian equations as presented in a dispersion
workbook by D, Bruce Turner (3). Average urban
emission densities can be either directly input
or calculated from the average categories as
used in the Northern Research and Engineering
Corporation Airport Model (4), Automotive emis-
sions are calculated by using segments of the
Argonne National lLaboratory Transportation Model
(5). All line sources, including aircraft, use

* 1 Underlined numbers in parenthesis desig-

nate References at end of paper,
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Table 1 Emission Sources for Alr Quality Analysis

D. ENGINE STARTERS

E. HYDRAULIC TEST STANDS

F. LIGHT CARDS
G. COMPRESSORS

H. TURBINE AGE EQUIPMENT

AIRCRAFT GROUND MuB I E FACILITIES.
1. FIXED WING 1. AGE 1. POWER PLANTS
2. HELICOPTER A. GENERATORS (2 TYPES) 2. INCINERATORS (PATHOLOGICAL)
B. HEATERS 3. INCINERATORS (WOCD & PAPER)
C. COOLERS 4. AIRCRAFT FUELING FACILITIES,

5. CAR & TRUCK FUELING FACILITY,

6. TANK TRUCK LOADING UNLOADING.
7. DISTRIBUTION TANK

8. STORAGE TANKS
9

. HEATING PLANTS

A. AIRMEN DORMITORY

B. BOQ

G, FAMILY HOUSING
10. TEST CELLS

11. RUN UP STANDS

|, OTHER
2. LIGHT DUTY VENICLES
WILITARY
3. LIGHT DUTY VEHICLES
CIVILIAN
4. TRUCKS

5. OFF ROAD VEHICLES

the Argonne Line Source Model (6),

Unique features of the AQAM include very
detailed algorithms to accurately describe air-
craft operations, Aircraft emissions are not
grouped into generalized categories (e.g., air-
craft with over 400,000 1b grnss welght), Ine
stead, engine mission factors, aircraft landing
and take-off i3557—3§cle times, runway roll
distances, take-off profiles, and approach pro-
files are all treated specifically for the
particular aircraft types of interest, Also,
atmospheric conditione are treated in more de-
tail by the AQAM than by previous long-term
dispersion models,

OENERAL DESCRIPTION OF MODEL

The AQAM presently has four functiona?
elements as presented in Fig, 1, The Source
Inventory Program accepts operational input data
and computes the true snhugl mean emissions for
each source, This output alone is very useful
and may be adequate for many environmental impact
assessmerts without any further dispersion analy-
sis, When dispersion calculations are needed,
thie trus annual mean emission is adjusted to the

m%ﬁmmm‘m R R AT b P Ao S o e T e e il

12. INDUSTRIAL FACILITIES
13. TRAINING FIRES

actual monthly, weekly, and daily time period
emission rate for use in the Short-Term or lLong-
Term Dispersion Model,

Operational input to the Source Inventory
Program is broken into three categories as shown
in Fig, 1, AIRCRAFT DATA includes all emissions
directly related to operations of the aireraft,
Adrcraft taxi, landings, take-offs, fuel venting,
and ground support equipment are examples, AIR=-
BASE DATA includes all emiseion sources within
the confinecs of the airbase which are in the
aireraft operations category. Lxamples are jet
engine test cells, power plants, heating plants,
military industrial operations, vehicular opera-
tions, and space heating of buildings. ENVIRONS
are defined as all emission sources outside the
airbase, Examples are municipal power plants,
ceivilian industry, and civilian vehicles,

The Short-Term Dispersion Program calculates
air quality dy using hour by hour meteorological
input data, Computations can be averaged for
time periods up to 24 hr, This allows direct
comparisons to federal ambient air quality
standards {which may be specified for a 1-, 3-,
8«, or 24-hr averaging basis, depsnding on the
pollutant type).
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Table 2 Source Inventory Output for Aircraft
¥ 33 AIRCRAFT - ANNUAL EMISSIONS (METRIZ TONS/YFAR)
QP IRATISN (%) HC NOX b Sox
staruy? CebibIt & 1s3352¢72 Cel13EeLl 1e1392¢02 14519481
Taxt out 1e00320¢2 J.0ch2+32 JeBLBE®UL 241613¢)2 2.882c¢20
INGEND CHICK L, TI02IeCd 5.927C¢)3 S5.518L¢5C 1ei22E¢31 LedB7E=J1
RUNWAY 2JLL Bol 7741 77400 75700400 1.21.:2418 9.,677E-01
cLIMY TofieTioLs B,iFWF+¢dC  El242040C lesulieys Batolc=il
] cLIMY 2 Loboniisell 1.4152¢51 14090L¢01 3¢13.:2¢51 1.¢5c2+00
% APPRQATH ! tanibieC2 2.u03E¢CY 9,97CE+00C 5¢5332¢101 1.438E400
i APPRJACH 2 10227002 2.a782001 66328 +)C Je73beul Lebllceul
LANJIING 163.400.2 JeAafoZe0L  woBILE#SC CW7LinlIe)) Sebibe=l
Taxl 1IH R brryzel 2enl3I432 JeN7CLedd 1.738:¢)¢ 2e317:¢01d
SHUTO 9NN 209062401 7.3752¢C0 1.0Uot+0C 5¢590:2¢00 Te59vc =32
ARP » DE3 SV 7,253+ o103 002 ZoWT3Ze00 1.1913¢)1 bob37C-41
7 FUEL VENTING 7 1.1652¢62 0. Go Co
FILL ¢ 321 ) 203542412 de C. Ce
TIUCH ¢ G) 7553032 1e1d22e22 5.978E¢318 1.9622¢92 $.839:¢00
i TIT7AL LeTa32¢(3 314~72E+)3 240G99E¢02 9,3322¢]2 1.868L¢01
H
; TAIANSINT
{
! Table 3 Source Inventory Summary Output
SUMMARY OF ANNUAL EMISSIONS (METRIC TONS/YEAR)
)
CPIRATIIN (o] H3 NOX PN SOx
ATRCRAFT 7404962403 246032003  Ge39bc4d2  3.7812403 J.094Eeul
; GROUND MIITL  2,5:72+03 3.9972+32 3 900402  2,7118¢518 1e303c¢04
! FACILITIZS S.629i¢lc 1eeb5E¢02 3.26L¢€E002 1.7 318c¢)2 3e2u7c4d0
{ ENVIRONS % e Go c. Co
GRANN TOTAL 11053004 To16IE403  1.093E¢03 1.2792¢33 5.3835:+01

PERCENT OF EMISSIONS FKOM ALL SOURCES

OPIRATIIN ¢ H3 HOX P 50X

{ AIPCRAFT £3,397 82,554 L3238 9:,3014 68,037
} GROUND MIATL 24,893 124393 J1.97¢ 1,370 254330
i FACILITIZS 5,305 4e0253 27.81¢t de0l3i bev 33
! ENVIRONS 0.0C9 $e302 0,300 0,020 0,000

The Long~-Term Dispersion Program utilizes
extensive climatological data from the Meteoro-
logical Data Program and emissions from the
Source Inventeysy Program to produce monthly,
seagonal, or annual average amblent concentra-
ticns, Averages cah also be performed for one
of several daily time periocds (e.,g.,, annual
average air quality for the time periocd 0600 to
0900 can be calculated), Analysis can be done
for all pollutants, but is especially important
for oxides of Nitrogen which presently only have
an anmual ambient air quality standard,

The Meteorological Data Progrsm produces
8 meteorological data tape (for input to the
Iong-Term Dispersion Program), The data tape

consists of specialired climatological data
categorized by diurnal time periods on a monthly
and annual basis. This is a unique feature of
AQAM which is presently undergoing a value
analysis,

-

SOURCE INVENTORY PROORAM

Manually calculating a total emission ine
ventory can be a tedious procedure, This is
particularly true for aircraft which have highly
variable engine emission characteristics and many
engine modes throughout the landing and take-off
cycle, This Source Inventory Program was, there-
fore, deaigned to contain data banks of emiesion




Pt

A Tt

S TR IS T

information, Totul emissions are then calculated
when given only source activity information from
a rield eurvey, Jet engine test cell emissions,
for example, can be calculated by knowing only
the type of aircraft engines tested and the
operating times in each engine mode,

The Holland (7) and Carson-Moses (8) plume
rise relationships are programmed into the com-
puter code for optional usage, Either can be
used with input information of stack height,
stack exit temperature, gas exit velocity, stack
diameter, and building height,

Examples of typical emission sources on an
Alr Force Base are shown in Table 1, Alrcra/t
are given an area source geometry at the parking
ramp, and line geometries for taxi, take-off,
climb-out, approach, and landing, Coordinates
of all area and 1line sources must be input,
Aerospace Ground Equipment (AGE) are considered
area sources while vehicles can have either a
1ire or area source geometry, Facilities can be
treated as having point, line, or area source
emission geometries, Also, any sources hot
specifically programmed can be added without
romputer code changes by the use of NAMELIST
input statements. .

Sample source inventory computer outputs
for aircraft is presented in Table 2, Similar
outputs are generated for each aircraft type and
for totals of all aircraft, All components re-
lated to the aircraft LTO cycle are listed
separately so that the effects of any pollution
control strategies can be readily analyzed,
Similar types of summary charts are also auto-
matically printed for all AIRBASE and ENVIRON
emission sources.

Computer output summary tables of all pre-
viuus source calculations are shown in Table 3,
Total annual emissions are given for up to ten
pollutesrts of intereet, The percent of each

firce category toward the total is also calou~-
lated,

SHOUT-TERM DISPERSION PROGRAM

The Short-Term Dispers’on Program is used
to predict air quality concentrations resulting
from specifically input meteorological conditions,
These predictions are important when assessing
the impact of sources releasing aocutely toxlc
substances, such as carbon monoxide, or when
comparing predioted results with limited ambient
air quality measurements,

The first task of thies program is to read
in the Source Inventory tape containing the cale
culated true annual mean emissions for each
source, These annual mean emipsions are then
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Fig., 2 Example of activity pattern information

adjusted to the specific time period of interest.
For example, most military aircraft have decreased
flying activities during weekténds and after dark-
ness, Inaccuracies would result from simply
dividing the true annual emissions by the total
number of hours per year to get an hourly emis-
sion rate, Activity patterns as graphically
shown in Fig, 2 are, therefore, input into the
Shorte-Term Program and emissions are automatically
calculated for the particular month, day, and

hour of interest, By programming activity pate
terns, which are usually available from past
records, the logistical problem of recalculating
total emissions for each time geriod is avoided,
Without activity patterns, emissions rates would
have to be broadly categorized (e.g., emissionc
per weekday), This would minimize calculationg
but also introduce inaccuracies,

The next task of the Shogt-Term Program is
to process the hourly input of specific meteoro-
logical conditions, Atmospheric stabilities (9},
wind speed, wind direction, temperature, and
mixing depth are input and can be chahged on an
hourly basis,
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Dispersion calculations can now be done
since the specific source emission and dispersion
oonditions are known. Computations are done for
sach of several thousand possible sources, and
the results are summed at each of 300 possible
receptors, Ambient concentrations at each re-
ceptor are calculated for three categories ==
AIRCRAFT, AIRBASE, and ENVIRONS = go that pol-
lution contributions for each category can be
identiried,

The final task of the Short-Term Program
1s to output the data in s usable format, Re=
sults can be printed hourly or averaged oser
3=, 8a, or 2U-hr periods, °a exsnple oi the
tatular output $s shown ih Table 4, Similar
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tables are produced for AIRCRAFT, AIRBASE,
ENVIRONS, and TOTAL, Results can also be plotted
for graphical presentation,

IONG-TERM IISPERSION FROGRAM

The Long-Term Program performs many more
oalculations than the Short-Term Program, Cals
culations to determine the contribution of each
source to the many receptors must be done gep-
arately for 16 wind directions, six wind speed
classes, and five atmospheric stability condi.
tions, Well over 1 billion computations can be
required, These are all in addition to the data
storage, data conversion, summation routines,
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and other "hookkeeping" procedures to produce the
output in a meaningful format, A centra'! Memory
Unit Core Storage capacity of 300,000, 60~bit
words on the CDC G600 computer are typlcally
used,

S8sveral user options can be utilized in
the lLong-Term Program so that adequate analyses
can be performed but unnececsary computations
are avoided, The simplest case is to request
only the arithmetic annual mean concentrations
for the total 24-hr period within each day, If
more specific predictions are desired, they can
be made separately for each month of the year,
Diumal patterns can also be readily analyzed by
making monthly predictions. in any of the follow-
ing daily time periods;

0000 thru 2400 {all day)

0600 thru 1800 (daylight hours)

0600 thru 0900 (peak traffic houras)

0900 thru 1500 (major working hours)
1500 thru 1800 (afternoon traffic hours)
1800 thru 2100 (nightly inversion forma-
tion)

7 2100 thru 0600

L=a AN IR S VRN b B

(overnight hours),

Only the specific meteorological conditions ana
emission rates will be used within each of the
foregoing time periods of interest,

The ability of the long-Term Dispersion
Program to utilize the diurnal patterns'of both
meterology and emissions is another unique feature
of AQAM, An annual or monthly average can be
made using time periods 3 thru 7. An average
formed in this manner should give results cone
siderably closer to reality than one using daily
average emissions and meteorological conditions,
For example consider the fact that ambient con=-
centrations (X) result in the atmosphere by the
dispersion of emissions (Q), Therefore,

X = £(Q) (1)

The atmosphere!s dispersive ability is represented
by the function "f," Since both "Q" and "f" are
strongiy dependent on the time of day, the re-
sulting mean concentration (X) for a daily period
is more accurately calculated byt

-g £1081) + Fal@g) + .Fple,)  (2)

n

Xper day

Rather than the commonly used method ofy

ipor day = rpex' day (Q)per day {3)
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Fig. 3 Meteorological data program schematic

The acocuracy improvements by using this
tecrnique have not yet been quantified, Argonne
National Iaboratory is presently investigating
this difference using AQAM, They are comparing
long-term air quality predictions in the Chicago
area using the five daily time periods to those
made using single daily means of emissions and
meteorological conditions, The results will then
be compared to actual air quality data.

The output of the Long-Term Dispersion
Program ig8 in exactly the same format as for the
Short-Term Program, Isopleth contours (equal
pollution 1lines) of the Lony-Term results ara
especially significant because winds from all
directions have been considered, The resulting
isopleths often have considerably different
patterns than those of a wind rose, This 1s due
to the effects of different atmospheric stabili-
ties and wind speeds on the dispersion of pollu-
tion sources which are elevated above ground
level,
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METEOROIOGICAY, DATA PROGRAM

To supply climatological information re-
quired by the Long=-Term Dispersiocn Program, a
computer tape of meteorological data must be
compiled specifically for each location of
interest, These tapes are compiled from data
which is stored at the liational Climatic Center,
National Oceanic and Atnospheric Administration
(NOAA), Asheville, North Carolina, Past records
of periods between 5 and 20 years are typlcally
avallable, The Meteorolopical Data Program
described in this section is being operated for
Air Force agencies by the USAF Environmental
Technical Applications Center (ETAC), Washington,
DC,

Information is structured to first give the
average annual conditions as follows:

1 Average temperature (deg F)

2 Average number of degree days (days e
deg F)

Average pressure {millibars)

Average pressure altitude (100 ft)
Average wind speed (m/sec)

Average dally temperature variation
(deg F)

7 Average afterncon maximum depth (m),

N F o

Data is then categorized into daily time
intervals of: 0000 thru 2400, 0600 thru 1800,
0600 thru 0900, 0900 thru 1500, 1500 thru 1800,
1800 thru 2100, 2100 thru 0600. Within each of
these time periods, data is stratified according
to the following scheme in Fig, 3. The widely
used Martin-Tikvart frequency distributions (10)
compute average mixing depths over the entire
period., Greater accuracy should be obtained
by using this array which varies mixing depth as
a function of wind speed, stability, diurnal
time period, and month, The degree of this ac-
curacy improvement 1s currently being studied in
a sensitivity analysis of the model,
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