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PREFACE

This final report was prepared by(~~t 1 ~~~ESC Civil and Environ-
mental Engineering Development Office C E ~ö~ , Tyndall APR , Florida.
This work was accomplished under Job Ord er Number 21035A28; Lt Harold A.
Scott, Jr. and Capt Dennis F. Naugle were the project officers.

The methodology presented in this report was developed to enable
base level environmental personnel to calculate annual aircraft emis-
sions and estimate the aircraft’s air pollution concentrations near the
base. The information required to perform the air quality analysis
methodology was accomplished using the Air Quality Assessment Model.
The model was developed by the Air Force for the purpose of predicting
air pollutant concentrations in the vicinities of airports . The results
and recommendations do not represent Air Force policy but can be used by
base personnel to estimate the impact of aircraft operations on local
air quality.

This report has been reviewed by the Office of Information (01) and
is releasable to the National Technical Information Service (NTIS) . At
NTIS , it will be available to the general public , including foreign
nations.

This report is approved for publication.
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SECTION I

INTRODUCTION

The Aircraft Emissions Estimator (ACER) is a screening methodology
to indicate any significant air quality impact from US Air Force air-
craft .~ This report contains all the data needed to perform ACRE analyses.
Annua l and maximum one—hour base aircraft operations are the only input
data required for an ACER analysis. The analysis will estimate annual
emissions and one—hour maximum runway centerline ground pollution con-
centrations resulting from base aircraft operations. The report contains
guidelines so that base environmental personnel can interpret the ACRE
results . If AcRE indicates a possible air pollution problem, a more
detailed base air quality analysis (e.g., Air Quality Assessment Model)
may have to be performed .

The ACRE air quality analysis is not site specific. The analysis
can be performed by base level personnel at any Air Force base . ACRE
will allow preliminary air quality impact analysis of beddowni and
mission changes at the base level. If an aircraft air pollution problem
is indicated by ACRE , the base should request assistance in performing a
more detailed base air pollution analysis. By screening aircraft air
quality impacts at the base level , Air Force manpower and resources can
be more effectively used.
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SECTION II

BACKGROUND

The preliminary assessment of Air Force aircraft impact on the air
quality is usually performed at the base level. This analysis is most
likely an update of the aircraft emissions inventory. A great deal of
time and effort is expended searching for the most current aircraft
emissions factors. When total aircraft emissions are computed, they are
compared with the total base emissions inventory. A crude air quality
analysis might be performed using a “Q” or box dispersion model . The
results of such models are inaccurate and very conservative.

The base environmental personnel are usually required to make quick
impact analysis of the direct aircraft impact on air quality. Since
aircraft are the only sources being investigated, a complex analysis of
all base emission sources (i.e., AQAM) is not required. In addition,
the base does not have the resources to spend on complex dispersion
evaluations. The base personnel only need the annual aircraft emissions
and “worst’ case downfield pollution concentrations to estimate the
impact of aircraft on air quality. This estimate gives base personnel a
indication of a possible air pollution problem. If the estimate indicates
a possible problem, a more detailed air quality analysis will be required.

• The base level personnel require an analytical method to determine
emissions from aircraft and the impact of these emissions on air quality .
The procedure must contain all the data required to make aircraft
emission and air quality impact analysis. The analysis must require
only minimal data to eliminate the wasted man—hours. The procedure will
give guidelines to interpret the results with respect to Federal, state
and local standards. ACEE was developed for these reasons .
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• SECTION III

USAP AI~~RA?I~ EMISSIONS

1.0 ENGINE EMISSION MEASUREMENTS

Accurate emission data are required for analysis of the air pollu-
tion emissions from aircraft engines. For this reason the Air Force
conducted a three-year engine emission survey from 1975 through 1977
(Reference 1). The most cossnon Air Force engines were sampled using
advance turbine engine emission measurement techniques . These emissions
data are the most current and accurate available .

Table 1 contains emission indices for the most coimnon Air Force
aircraft engines . Careful attention should be given to the references
from which the emissions data were obtained. The Scott Environmental
Technology emissions measurement data are accurate to ±15 percent of
the reported data (Reference 1) .- All other emissions data are extracted
from other reports; no specific accuracy limits can be assigned to these
emissions indices .

Almost all carbon monoxide (CO) , total hydrocarbon (C H ) and
oxides of nitrogen (NO ) emissions were measured using pro~e~urea
described in the Soai.~~ of Automotive Engineers Aerospace Recczsnended
Practice 1265. The particulate (PM) emissions were derived from SAE
Smoke Numbers (SN.) . The SNs were converted to mass per unit volume

I • (Reference 2 ) .  The particulate. mass rates in Table 1 were calculated
using the mass per unit volume results, engine operating characteristics
and mass balance . Sulfur emissions were calculated assuming complete
oxidation of fuel sulfur to sulfur dioxide and the average percentage of
sulfur in the fuel (Reference 3).

Afterburning engines in Table 1 (except the J—85) use extrapolated
data based on 7—79 afterburner emissions data and the actual engine AR
fuel flow rates (Reference 4) .

2 .0 ENGINE EMISSIONS FACTORS

The aircraft emissions factors in Table 1 are expressed in units of
pollutant mass per 1000 mass units of fuel consumed , a • g.,  pounds p.r
thousand pounds or grains per kilograms (Figure 1). The emissions
factors and fue l flows are given for each engine mode . The engine
thrust modes listed are the primary modes used by an aircraft during
Landing and Tak•off (LTO) and Touch and Go (TOO) cycles .

Emissions can be calculated for any engine mode using the aircraft
emission indices in Table 1. Engine Mode (EQI) , Time in Mode (TIMOD )
and Number of Engine. (NOEG) are the only param eters required to calcu-
late emissions . The Engine Mode Fuel Flow (FLFLW) and Emission Factor

• ( EMFAC) are obtained from Table 1. The engin, medal emissions are
calculated by Equation 1.
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Emission (kq) an TIMOD (EGM ) (s)  x FLFLW (EGM) (kg/s ) x
EMFAC (EGMPOL) (g/kg) x NOEG (1)

The emissions must be calculated for each pollutant type (POL)
under consideration. Each engine mode must be calculated separately.

EXAMPLE 1:

A T-38 with a J-85—5 engine has a three-minute engine check before
takeoff .  The engine check is performed at military thrust. Calculate
the amount of carbon monoxide produced by the engine check.

Solution:

Fuel Flow : FLFLW (military ) = 0 . 3 3 1  kg/s
Emission Factor: EMFAC (military , C0)= 29.0 g CO/kg fuel.
Time Mode: TIMOD (military)= 3 minutes x 60 s/minute 00 180 s

Number of Engines : NOEC = 2

Using Equation 1:

Emission (engine check)= (180 s) x (0.331 kg/s) x (29.0 g CO/kg
fuel/engine) x (2 engines)

Emission (engine check)= 10366.9 g CO

The emissions resulting from all phases of aircraft LTO and TGO
cycl~s can be calculated by using Equation 1. Flyby and box pattern
emissions can be de termined. The time in mode for each mode making up
the pattern must be determined. The pollutant emissions can be calcu-
lated (Equation 1) for each mode . The pollutant emission for an opera-
tion is the summation of all mode emissions. Equation 2 gives the
relationship.

Total Emissions All Modes (kg) on Emissions Mode 1 (kg)+ (2)
n number of modes Emissions Mode 2 (kg)+. .. -i-

Emissions Mode n(kg)

EXAMPLE 2:

A T-38 has a five—minute startup time , a 15-minute taxi -out time and
three-minute engine check. Estimate the carbon monoxide emissions frem
startup to engine check a

Solution:

From Table 1: J—85—5 engine

Fuel Flow: FLFLW (idle) = 0.057 kg/s

Ernicsion Factor: EMFAC (idle, CO) = 178.0 g CO/kg fuel
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Total Idle Time: TIMOD (idle) an Engine Star tup(s) + Taxi-Out(s)
= (5 minutes + 15 minutes) ,~c 60 a/minute
an 1,200 s

Using Equation 1:

Emission (Startup—Taxi) on (1,200 s) x (0.57 g/s) x
(178.0 g CO/kg fuel) x (2 engines)

Emissions (Startup—Taxi) an 24,350.4 g CO

From Example 1:

Emissions (Engine Check) an 10,366.9 g CO

Using Equation 2:

Emissions (Startup—Engine Check) = 24,350.4 g CO + 10,366.9 g CO

Emissions (Startup—Engine Check) an 34,717.30 g CO

The emissions are calculated in a multiplicative relation. Therefore,
accurate time in mode data is required. Doubling the time in mode can
double the amount of emissions.

The times in mode during each phase of the LTO and TOO cycles can be
obtained by direct observation or pilot interviews. The direct observa-
tion consists of going out to the flight line and timing the aircraft.
The time spent in each phase of the LTO or TOO cycle is recorded. LTO
and TOO time in mode data should be collected for each aircraft. The
best observation point is the tower. As many aircraft as possible
should be timed during peak operational periods . An average of the time
phase should be used as the time spent in that phase. Pilot interviews
are less time consuming but much less accurate.

3.0 LTO AND TGO EMISSIONS

Calculations of the pollutant emissions for each phase of the LTO
and TOO cycle are time consuming. To eliminate these calculations, the
AQAM Source Inventory was employed (Reference 5) .  The AQAM Source
Inventory uses the emissiuns indices and aircraft operational data
(e.g., climb angle, approach speed) to calculate the amount of pollutants
during each phase of the LTO cycle. The same procedures described in
2.0 are used by the AQAXI Source Inventory to calculate total LTO and TOO
aircraft emissions . Pollutant emissions per individual LW phase and
total emissions are outputs of AQAXI Source Inventory. The standard
AQAM LTO cycle is illustrated in Figure 2. Th~ TOO cycle cetits Phases
1-4 and 7—9 . The runway roll speeds and distances are modified for the
TOO faster approaches. All. emissions are calculated to and from 0.914
km above ground level.

9
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The AQAM Source Inventory calculates runway roll distances using
meteorological conditions and pressure altitude. The parameters used
for ACEE are listed in Table 2. The conditions are based on an annual
average of 12 Air Force bases in the continental US and represent a
cross section of US Air Force bases.

The taxi—out and taxi—In distances are assumed to be 4.0 km for
both incoming and departing flights. The taxi distance was determined
from an Air Force—wide average of taxi distances (Reference 6). The
average time in the taxi phase varies with aircraft taxi speeds and
operational procedures. Modifications to these taxi times and other LTO
and TOO phases is discussed in 4.0.

The AQAM generated LTO and TGO pollutant emissions are presented in
Appendix A. The aircraft emissions are listed in alphanumeric order by
model designation. The emissions for each of the five pollutant types
are given for the individual LTO phases. The total LTO pollutant emission
is the sum of the ind ividual phases . The TOO cycle total emissions are
presented and are calculated separately from the LTO emissions.

The emissions emitted during an LW cycle can be found by locating
the aircraft model in Appendix A. The emissions are expressed in metric
tons per cycle .

EXAMPLE 3:

Find the amount of NO emitted by a T—38 during a standard LTO cycle.

Locate the T-38 LTO and TOO emissions in Table A—26.

Emissions (NOn
) on 6.0 E—04 metric tons x 103 kg/metric ton = 0.6 kg/LTO

The “E” exponential notation is explained in Appendix B. The conversion
factors from metric tons to other units are also described in Appendix
A.

4.0 LTO MODIFICATIONS

The LW cycle emissions can be modified to simulate special cases
(e.g., arming, queuing). The engine thrust mode and time in mode for
each special case are required. Using Equation 1, the emissions can be
calculated for each engine mode and pollutant. Thesc’ special case
emissions can be added to the final LTO pollutant tc-~al. The result is
the LW pollutant emissions including the special cabes .

EXAMPLE 4:

At training base X , a 10—minute queue develops at the beginning of the
runway because of the heavy aircraft traffic.  What effect does the
queue have on LW CO emissions?

10

~~~~~~~~~~~~~~~~~~~~ - - - .



~~

__ — 
~I> . I

Li

I !
~~ I

A

/
(6 /

C4..)

c~J

I I

F~~~~~~
e

~~~~

Li

(“a

V
~~~~~~

V ~V — —
~

V 
‘V~~~~~ -,~~~~-V-V~~~--  ~~~~~~~~~~~~~~~~~~~ ... - V



T _ .~
~

Using Table 1:

For the J-85—5 engine:

Fuel Flow: FLFLW (idle) = 0.057 kg/s

Emissions Factor: E1IFAC (idle , CO) ~ 178.0 g CO/kg fuel

By Equation 1: -

Emissions (queue) an (.10 mm x 60 s/minute) x (0.057 kg/s) x
(178.0 g CO/kg fuel) x (2 engines)

Emissions (queue) on 12,175 g CO

From Table A-26 :

Emissions (Normal T—38 LW) on 4.0 B—02 metric tons CO 40,000 g

Emissions (Modified T—38 LW) on 40 ,000 g CO + 12,175 g CO — 52 ,175 g CO

The CO emissions increased 30 percent during the 10-minute period due to
the queuing delay .

The time in mode can be calculated for each of the LW phases . This
calculation is important for determining the time of each phase of the
standard LW cycles (Appendix B) and checking emission calculations.
The aircraft engine type, EGM, ?LFLW(EGM), EMFAC(E(~1, POL) and LTO phase
emissions are required to make the time in mode calculation.

The following equation calculates the time spent in mode :

TIMOD(s) = [LW POL Emission (kg)) x (1000 s/kg)
[EMFAC (EGM , POL) (g/kg)) x [FIzLw(E(~.1) (kg/a))

The amount of extra time that must be added or subtrac ted from the
standard LW phase can be determined.

EXAMPLE 5:

The average T—38 taxi—out time was estimated to be 10 minutes. Does
this time compare with the ACEE LW taxi-out phase?

From Table 1:

FLFLW (idle) 0.057 kg/s

EP~~AC(id1e , CO) — 178.0 g CO/kg fuel

12
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From Table A—26~ LW Emissions (Taxi—Out , CO) ~ 1.31 XE—02 metric tons
CO x — 13,100 g CO

Time: TIMODF [(13.1 kg CO) x (1000 g/kg)] * [(0.057 kg/s fuel) x
(178.0 g CO/kg fuel) x (2 engines)]

Time (Tax i-Out) — 646 a — 10 minutes 45 s

The 10-minute observed time and predicted 10—mi nute 45 second LTO taxi-
out time are similar . The normal LW cycle taxi—out emission can be
used .

All special modifications to the LW and TOO emissions (Appendix A) will
result in mora accurate results . For quick estimates, the LTO and TOO
cycle emissions tabulated should be used.

5.0 ANNUAL EMISSIONS

Most emissions are expressed in terms of annual emissions. Aircraft
annual emissions can be calculated using ACEE. The annual aircraft
emissions calculated by ACEE can be compared with other emission sources
on and around the base . The compar ison can give the aircra ft ’s contribu-
tion to the area’s total emissions.

The number of annual aircraft operations is required to compute
annual emissions. The aircraft data must be in the form of LTOs and
TGOs per year. The data can usually be obtained from the base operations

V sections and are reported monthly. The aircraft types might have to be
separated and data manipulation might be necessary to reduce data into
yearly operations format for ACEE.

The yearly aircraft operational and the LTO and TGO emission data
are required. The number of LW operations per year is multiplied by
the pollutant emissions from one LW operation (Equation 4). The
result is the annual aircraft pollutant emisBions . All emissions of the
same pollutant are added to obtain the total aircraft emissions.

Annual Emissions (metric tons) LTO pollutant emissions (metric tons) x
Number of Annual Aircraft LTO5 and TGOS

(4)

• The pollution emissions changes can be calculated for operational changes
(e.g. ,  decreased engine checks times, decreased arming times) or subtracted
from the modifi ed LW, TOO or flyby cycle.

The detail to which to modifications and special operational
characteristics are addressed will depend upon the purpose of the analysis.
ACEE LW and TOO emissions can be used for quick estimates of emissions.
The modified LW and TOO cycles can be used for environmental impact
statements . Section V gives the limitation of ACEE emissions , and
should be examined before any application of ACEE emissions.

13
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SECTION IV

SHORT TERM AIR QUALITY

1•0 AIR QUALITY

A ir  quality analysis is the most important factor in determining
t i I~~ impact of aircraft on the environment. Dispersion and emission
analyses are the two main factors in air quality analysis. The diaper—
sion analysis estimates the atmosphere’s ability to transport and dilute
pollution due to advective winds and eddies caused by atmospheric
instability. Atmospheric dispersion of pollutant is independent of
source emissions. The emission analysis determines the amount of pollu-
tants released into the atmosphere.

The AQAM short term model quantifies the ambient air quality
resulting from atmospheric~ dispersion and source emissions. It can
calculate atmospheric dispersion as a function of wind speed, mixing
height, atmospheric stability and distance from almost any base emission
source. Gav’ssian dispersion models are used by ~QA11 to predict air
quality ground level concentrations at air bases (References 7 and 8).
These concentrations can be compared with US National Primary and
Secondary Ambient Air Quality Standards to predict the impact on air
quality . ACEE uses AQAM short term and typical meteorological condi—

• tions to predict ambient air quality resulting from aircraft operations.
ACEE does not consider other base sources (i.e., power plants).

2.0 METEOROLOGICAL CONDITIONS

Meteorological conditions determine the dispersion potential of the
atmosphere. Under poor atmospheric dispersion conditions, air pollution
problems can exist. These poor dispersion conditions usually occur
during the early morning hours. Calm wind speeds and a stable atmos-
phere cause very little diluting or transporting of pollutants. The
lowest dispersion potential of the year is called the “worst case.~’ The
National Ambient Air Quality Standards are described in terms of annual
average concentration or concentrations not to be exceeded more than
once per year.

Typical “worst case” meteorological conditions were used for ACEE
dispersion and air quality calculations. These condition8 are presented
in Appendix C and Figures 4-7. The meteorological data are annual one-
hour averages from 12 US Air Force bases. The averages represent a good - -

I - cross section of weather climates in the United States. The morning
conditions were chosen because the greatest potential for air pollution
problems occur then. The small tailwind for takeoff gives the maximum
downfield pollution concentrations for the “worst case.” The tailwind
i~ not typical of normal aircraft takeoff procedures.

14
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TABLE 2 • ACEE ANNUAL METEOROLOGICAL CO~)ITIONS
12 AIR FO1~~E BASES ANNUAL AVERAGES

Meteorological Data

Average Temperature 17.8 C (64 F)

Pressure Altitude 359.6 in (1180 ft)

Average Wind Speed* 3.8 rn/s (8.5 mph)

* A headwind to the aircraft ’s takeoff and landing is used for AQAN
Source Inventory calculations .

15



TABLE 3. GROUP NUMBER

Ai rcraft  (‘0 NO PM SOx
A— 7 2 3 2 2
A—b 2 2 1 2
A—3 7 3 2 1 2
B—52D/F 5 5 4 5
B—52G 5 4 4 5
B—52H 5 4 4 5
B— 57A /E 3 2 4 2
B—57F 3 4 3 3
C—5LS 4 5 2 4
c—7 1 2 2 2
C— 9  1 3 3 2
C— 97 5 3 5 2
C—119 4 2 4 1
C—121 5 3 5 1
C—l3OA/G 3 4 4
C—130H 2 4 3 3
C—1355 4 4 4 5
C— 141 4 4 3 4
F-4 2 3 3
F—4E 2 3 3
F— 5 3 2 2 -

F— 15 .1. 3 2
1 3 2

F—100 3 3 2
F -l Ob 2 3 3
F—102 2 4 3 -

.

F-104A 3 3 3
P— 104G 2 3 3
F - lOS  3 3 3 3
F—106 2 3 3 3
p— fllp~ 3 4 3 4
F — l l lD  3 4 2 4

• 
F — ] 1 I F  3 4 2 4
Y C—1 35 A 4 4 3 4
0— i 1 1 3 1
0— 2  2 1 3 1H ov—l o 1 4 2 1
T - 3 3  2 1 2 2
T-37 2 1 1 1
T—38 3 1 2 2
T—39 1 1 2 2
T—41 1 1 3 1

16
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3.0 RUNWAY CENTERLINE CONCENTRATIONS

Downfield centerline pollutant concentrations were calculated for
• each major aircr a f t  type , using the AQAM short term program. The AQAM

short tern model simulated downfield ground receptor concentrations
re su1LL~cj from an aircraft  takeoff and climb to 914 in and its approach
and i andinq from thu same altitude . The centerline concentrations
represent t u e  highest ground concentration . The AQN4 short term Gaussian
dispersion model calculated the hourly average centerline concentrations
resulting from one aircraft LTO and TGO cycle. The pollution concentra-
tions were estimated at points 5 to 35 km down the runway centerline
(Figure 3) .  The start of runway to 5 km pollutant concentrations were
rot calculated because of inaccuracy due to near field effects . The
takeoff and climbout downfield pollution concentrations were calculated
for LIae typical “worst case ” meteorological conditions.

The pollutant concentrations are presented in tabular form (Appendix
C) and graphical format (Figures 4-7). Table 3 lists aircraft groups
with similar pollutant concentrations and is used in conjunction with
Figures 4-7. The groups include 98.0 percent of the aircraft emissions
in the group. The graphical method considers the worst case for a quick
analysis of pollution concentrations . By knowing the aircraft type, the
group can be found. The distance from the start of runway roll is
selected and the pollutant concentration associated with the distance is
determined. The upper boundary of each group ’s plot should be used for
rnult.ic~~,ine aircraft. All other aircraft concentrations can be estimated

• 
• using the midpoint of the plot.

~hc downfield pollutant concentration (Appendix C) tables are
brok down tc individual aircraft groups for the worst and average
meteorological conditions. The tables can be used for greater accuracy.
The aircraft type is the only information required to determine centerline
pollution coilcer$trations.

Th~ ~~~ “hort 1 eni prr 7rnn~ de~ 1s only with one—hour time periods.
‘~~~~- i t mher of aircraft  taking off during a one—hour time period are

muI •~~ipli .od 1 ; tuc r $rticulal pollutant concentration. The result is the
one— ioin- ~v~ L age i’- -i lutant  concen tration. For environmental assessments ,
tho o ixL ; uO ncml — - i :  of planes taking of f during a one—hour time period
should h: ~~~~~ The con centrations of al l aircraft takeoffs during the
same time period and at the same receptor are suimned for the total
center1~ ne concentration at the receptor point.

EXAMPLE 8:

Base X has a town lying on the runway centerline 20 km from the start of
runway roll . What are the NO~( concentrations resulting from the follow-
ing 0800-0900 recorded maximum operations?

22
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I
Departures

T—37 14
• T—38 10

Using Figure 5for a quick estimate:

T-37 NO Concentration at 20 km = .6~~tg/m3

T-38 NO Concentration at 20 km
Note: figures 4—7 have log concentration scales.

Multiply each concentration by the number of departures:

• T-37 0.6 mg/rn
3 x 12 departures 7.21~g/rn

3

T-38 1.5 mg/rn
3 x 10 departures = 15.0 1~g/m

3

Adding the concentrations:

Total NO concentrations at 20 km 22.2

Using Tables C-67 and C-68 from Appendix A:

Total NO concentrations at 20 kin = 22.l1~~/m
3

• Note: T~e value 0.00 indicates that the centerline concentrations are
less than 0.005 mg .

The centerline concentrations calculated assume a straight climbout and
represent the highest ambient pollution concentrations. Pollution
concentrations will decrease rapidly from either side of the runway

• centerline. Special fighter climbout procedures are not simulated by
the AQAM program; however , the pollution concentration would be lower
than the straight climbout now being simulated by AQAM because of the
steeper climbout angles used by fighters and trainers.

4.0 COMPARISON WITH STANDARDS

The pollution concentration can be compared with the National. Pri—
mary Standards. ACEE concentrations represent the “worst case. ” These
“worst case” concentrations can be directly compared to “not to exceed
more than once a year ” standards . A power law (Reference 9) is required
to convert one—hour averages to 24- or 8—hour average concentrations.

The Pollution Standards Index (PSI) and EPA Report (Reference 10)
can facilitate evaluating effects of aircraft on air qual ity. The PSI
is based on a scale of 0 to 500 according to health effects. A PSI of
100 is the Primary National 1~mbient Air Quality Standard (NMQS) . A PSI
of 50 is 50 percent of the Primary NAAQS. Hydrocarbons do not have PSIs
because there are no known direct health effects associated wi th this

23
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pollutant (Reference 10). Every pollutant can be normalized using the
PSI scale. Since all the pollutants are normalized, their PSIs can be
compared directly. Problem pollutants can be identified directly.

‘ - I
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SECTION V

ACEE DATA ANALYSIS

Calculated emissions and air quality data using ACEE must be ana-
lyzed . ACEE is not a final analytical tool . It is a decision step to
determine the possibility of an air quality problem resulting from
aircraft . A more powerful analytical model such as AQAN must be used if
ACEE detects a possible air pollution problem. It is important to
remember that ACEE is a conservative screening device . Any indication
of possible aircraft pollution problems will have to be examined more
thoroughly. A more comprehensive air quality examination will either
confirm or reject the ACEE “possibility” of an adverse impact of air-
craft on the air quality.

1.0 EMISSIONS ANALYSIS

The annual aircraft emissions can be employed to make crude air
quality analyses. The annual aircraft emissions can be compared with
other base sources or environ sources . A survey of most major United
States airports indicated that the average aircraft annual emissions did
not exceed two percent of the total source emissions (Reference 11) .
The two percent aircraft emissions can be used as a guide if the base is
located in a major urban area . However , the two percent figure is not
valid for areas where the base is the only major source .

Base aircraft operations resulting in annual emissions in excess of
226,796 kg of any one pollutant per year should be investigated more
closely. The EPA defines 226 ,796 kg annual emissions as a major source.
The possibility of an aircraft related air pollution problem could
exist. ACEE air quality should be examined carefully in this case. Any
conclusions made concerning aircraft impacts should use the ACEE air
quality data . Emissions data do not give any information about the
dispersion of pollutants in the atmosphere.

2.0 SHORT TERM AIR QUALITY ANALYSIS

The downfield ambient air quality can be estimated using ACEE . The
air pollution concentrations can be estimated for one-hour periods. The
calculated results represent the maximum air pollution concentration
from an aircraft takeoff and climbout. The results must be interpreted

4 very carefully. The limitations are summarized in Section VI. Failure
to recognize the limitations will result in poor conclusions with no
value for assessment of air quality .

The downfield dispersion curves are given for CO, NO , PM and SO,~.
The total hydrocarbon dispersion curves have not been cczn~uted because
hydrocarbons do not have any health effects in themselvc.s . For hydro—

• carbons the emission estimates are the most valid indicator of a signif i—
cant aircraft contribution .
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The Gaussian dispersion model does not predict reactive pollutants
concentrations, e.g., oxidants. ~-Ioweyer, hydrocarbons are a main ç~ ntrib-
utor with NO in forming oxidants. The downfield hydrocaxbons presented
in Appendix ~ are for future reference when hydrocarbon pollution is
better understood.

The centerline concentration curves and tables (Appendix C) are
based on one—hour worst case meteorological conditions. The AQAN Short
Term program uses special one-hour wind averaging schemes. An attempt
to predict the air quality for more than a one-hour time period is
invalid without special correction factors. The curves and tables
assume a “straight out” climb path.

The one-hour pollutant concentrations can be compared with the
worst case National Ambient Air Quality Standards (NAAQS) to provide a
point of reference. The predicted ACEE concentrations can be easily
compared with the NAAQS by using EPA ’s Pollution Standards Index (PSI)
The PSI normalizes all pollutants on a scale of 0—500 according to the
short term NAAQS and health effects. Thus, all pollutants can be compared
at the time. The 5-km point is probably the best to use when deter-
m m m c  the overall impact of aircraft on air quality. The centerline
pollutant concentrations 6 km to 35 km can be used to determine aircraft
air quality impact off base.

• Any pollutant concentration exceeding 50 percent of the one-hour
NA1~QS* should be examined more closely using AQAM or other techniques.
An AQAM analysis would use specific meteorological conditions for the
base. AQAM simulates all special base aircraft operations and gives a
much more detailed analysis of pollutant concentrations. If ACEE air
pollution concentrations are below 50 percent of the worst case one—hour
standards, the base aircraft operations have little adverse effect on
air quality and further analysis is not required.

• 

~
‘ Special attention should be given to state and local air pollution
otandards where applicable.
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SECTION VI

CONCLUSIONS

ACEE is a preliminary screening procedure to determine the impact
of aircraft on ambient air quality. The preliminary impact analysis is
performed at base level, saving time and manpower. ACEE is not site
specific and can be used at any US Air Force base. ACEE contains all
the information required to perform a preliminary air quality impact
analysis including: (1) present Air Force aircraft engine emissions
factors, (2) LTO and TGO cycle emission factors and (3) climbout air-
craft downfield dispersion data. ACEE contains the procedures and
examples needed to make preliminary aircraft impact analyses.

ACEE includes procedures to: (1) calculate the annual aircraft
emissions at an Air Force base and (2) estimate the one—hour “worst
case” ground level air pollution concentrations resulting from an air-
craft LTO cycle. The analyses of these results are explained f ully in
ACEE. The ACEE analyses show one of two things: (1) aircraft pollution
impact is negligible, (i.e., aircraft pollution concentrations are below
50 percent of the NAAQS primary standards) or (2) an aircraft air pollu-
tion is possible. In the second case , a more detailed analysis using
AQAM or other techniques would be required . ACES will not predict an
aircraf t air pollution problem . It only indicates the possibility of a
problem . ACEE is the first step in the Air Force aircraft air pollution

• 
• 

impact analyses.
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LTO and TGO Aircraft Emissions
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APPENDIX B

CONVERSION AND VARIABLES

The following is a list of variables used in the ACEE methodology:

Variable Variable Names Units

EGM Engine Thrust Mode idle, approach, normal,
military takeoff and
afterburner

POf. Pollutant Type CO, B C , N O ,  PM , SO

EMFAC(EGM , Pot ) Eng ine Emission Factor mass units pollutants/
for the specified Thrust 1000 mass units fuel
Mode and Pollutant Type

FLF-LW(EGM) Engine Fuel Flow for the kg/hr
specified Thrust Mode

NOEG Number of Engines per engines/aircraft
Aircraft

- 
- Exponential Notation

The LTO emissions tables were computer generated. The LTO mode
poflutant emissions differ by orders of magnitude. To present these
data , exponential notation had to be used. The relationship between
exponential and scientific notation is:

AE ± N A x 10
±N

where : A is a real number
N is a integer or ~Iero

Examples:

1.2 E—02 — l 2  x l0
’
~’ = 0.0L~

1.2 E+0O — 1.2 x 100 = 1.2

l.2 E-I - 0 2 .1 .2x 1 0
2 

=20
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TABLE C-28 . A- 7 WORST CASE DOWNFIELD CONCENTRATIONS

4 I N C~~AF- T A 1 NOHMAL 1 LTO

A TMOSPrIEIrUC CUNIJITIONS WOMSI CASE.
STAb ILITY CaT1iiO~ Y 6
w 1Nt~ S~-’ELO (ME T~ RS/SECONb

) 1.00
~IP4U DIRECTI ON TAILwINU
1~ M~ tNATURI (F) idaUO
HIkiNG DEPTH (M~ TLI~S) 11~~.0o

I I
I OISTi~NCE I P~~CEPTOI~ CONCENTHAT ION DATA I
I FROM I I
i SrA RT OF A 
I TAscE—OFF I ( M I C H O b N A H S / C u .  METER ) I
I (kM) 1 CO HG NO~ PT 5~~ I
I I I
1 1 1
I I 1.11 a t ~e .5b .02 .04 1
I 6 1 1.01 .75 .47 .Od .03 I
I I I •9~~ .U .~~I .01 .03 1
j  I .~~a .13 .31 .01 .03 1
1 9 1 1.01 .76 .33  .01 .0~ I
I 10 1 1.05 .79 aiO .01 .0~ A
1 11 1 1.09 .d~ .2b .01 .O~ I
I 13 1 1.14 .66 .~~b .01 a0~ 1
1 lb I 1.i~ .87 .2~ .01 .0~ I
I 17 1 1.1 3 .66 .~~0 .01 .Uc~ I
I 19 1 1.10 a84  .16 .01 a0 ~ I
I ~ 1 I 1.06 .dl .16 .01 .0~ I
I 2~3 1 1.oi .17 alS .01 .U~ I
I ~ 1 I .9~~ .71 .13 .01 .01 I
1 31 A .b4 .1~ .01 .01 1
I 3S I a l l  .t 9  .Iu .00 .01 I
I I I

-~ -- - 
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TABLE c—29. A-10 WORST CASE DOWNFIELD CONCENTRATIONS

AIW CP4A S T A 10 NUNMAL 1 LII.)

ATMOSPHERIC CONDITIONS wOWST CASt:.
STAbILiTY CATt:GONY 6
WIND SPEEL, (METERS/SECOND ) 1.00
WANt ) DIRECTION TAILWIND
TL MPtRATURE (F) i~ .U0MiXiNG DEPTH (METEWS) 1i~~.00

I I I
I UISTANCt: I ~tC&TOR CONCENT -SAT ION DATA I
I FkOM I I
I SIAR I O~- I I
I T*~ E—OFF I (MICHUGRA MS/Cu. METER) 1
I (N M) I CO I-SC NOX PT SO~ I
I I I
1 1 1
I S I .65 .~~b .01 .00 .01 I

6 1 .18 .23 .06 .00 .01 1
7 1 .15 .22 .06 0.00 .01 I
8 1 .14 .~~2 .05 0.00 .01 I
9 1 .7s .24 .Ob 0.00 .01 1

Jo I .11 .23 .05 0.00 .01 I
11 .19 .24 .04 0.00 .01 1
1-3 1 .60 .24 .04 0.00 .01 I
lb  I .au .24 .04 0.00 .01 1
1 1 1 .16 .23 .03 0.00 .01 1
19 1 .75 .22 .03 0.00 .01 I
21 1 .72 .22 .03 0.00 .01 I
23 I .ob .21 .03 0.00 .01 1
21 I .62 .19 .02 0.00 .01 I
31 1 .57 .17 .02 0.00 .01 I
35 1 .~~2 .16 a J ~~ 0.00 .01 1

I I
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TABLE C-30. A-37 WORST CASE DOWNFIELD CONCENTRATIONS

A 1I~CHAi- T A i7 NORMAL 1 LW

ATMU~ Ps-iFHIL CONUIT1ONS wORST CASE
STA~i1L 1TY CATEGORY b

* iNl) SPELt) (METIWS/SECONO) 1.00
WA Nt) DIRECTION TAILWINL )
TEMPERATURL (F) Jd.00
MI XING DEPTH (METc . H~~

) 115.00

1 1
DI STANCE I NECEPTUN CONCENTRAT ION DATA I

FROM A - I
St ART OF I I
TA KE—OF F A (MICROGRAMS/Cu . METER) I

(1cM) 1 CO PlC NOX PT 502 1 
I 1
1 1

5 1 2.86 .41) .07 0.00 .03 1
6 I 2.59 .37 .Ob 0.00 .03 I
1 1 2.44 .35 .05 0.00 .03 I
6 1 2.iS .34 .05 0.00 .04 I
9 1 2.49 .34 .04 0.00 .02 1

I 1 0 1 2.26 .34 .04 0.00 .02 1
I 11 1 2.24 .34 .04 0.00 .0~ I
I 13 1 2.14 .33 .0~# 0.00 .02 1

15 1 2.04 .32 aUJ 0.00 .04 1
I 11 1 1.94 .30 .03 0.00 .02 1
I 19 1 1.83 .29 .03 0.00 .02 I
1 41 1 1. 1 3  .21 .03 0.00 .01 I
1 1 1.64 .2b .02 0.00 .01 1

27 I 1.45 .24 .02 0.00 .01 1
1 31 1 1.31 .21 .02 0.00 .01 1
I I 1.19 .19 .04 0.00 .01 I
I I I
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TABLE C-31. B-520/F WORST CASE DOWNFIELD CONCENTRATIONS

AIRC RA F T 8 520/5- NORMAL I LW

ATMUSP~1EH1t, CONDiTIONs WORST CASE
STA8ILITY CATEGOMY 6
WI NS) SPEED (METIRS/SECUNO) 1.00
WI NU DIRECTION TAA LWIND
TEMPERATURE (F) 38.00
MIXING DEPTh (METLMS) 115.00

I
I DIST ANCE RECEPTOR CONCENTRATiON DATA
I FROM
I STAR T UF
I TA KE—OFF (MICROGRAMS/CU. METER)
I ( 1c M) CO NC NOX PT S02
I 
I
1 s 15.00 13.52 2.12 .30 .40
I 6 13.64 12.30 1.85 .26 .36
1 1 12.11 11.53 1.61 .24 .43
1 8 12.19 11.02 1.54 .22 .31
1 11.19 10.61 1.44 .20 .30
I 10 11.47 10.40 1.36 a 9 .28
I 11 11.19 1 0.14 1.30 • 8 .21
1 13 1 10.61 9.64 1.19 • 71 15 10.02 ‘~.i0 1.10 a 5 .24

- . I IF  9.43 8.57 1.04 • 4 .42
1 19 1 8.86 8.05 .95 • 3 .21
1 21 1 8.33 1.57 .89 • 2 .20
1 23 1.85 1.13 .63 • 2 .19
1 21 1.00 o.Jb .1’. • 0 .11 1
1 31 1 6.30 5.73 abb .09 .lt-
1 35 1 b.l~ 5.20 .60 .08 .1.3I I
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TABLE c-32. B-52G WORST CASE DOWNFIELD CONCENTRATIONS

AINC)-4A 1- T h—52G NORMAL 1 LEO

A r M O~ PH1NIC CONO ITLUN S w O RST CASE
STAb ILITY CATLuONY
W INO SPEED (MEIt.RS/sECONU) 1.00
WI NO OIRLCTION TA ILW1ND
TEMPERATURE ( F )  38.00
MIXING DEPTH (METERS) 115.00

1 1 1
I DiST ANCE I RECLPTON CONCENTRATION DATA I
I FR OM I I
I St AR E Of I 
I T~ IcE—OFF 1 (MICROGRAMS/CU. METER) I

( 1cM)  1 CO MC NOX PT 502 I I 11 1
I 11. ’.b 16.57 1.03 .17 .31 I

6 1 15.89 15.10 1.39 .14 .27 1
7 1 14.~~8 14.15 1.22 .12 .25 I
8 I 14.20 3.51 1.10 .11 .23 1
‘1 1 13.72 3.07 1.04 .10 .22 110 1 13.45 2. 12 .95 .09 .21 I

11 1 14.01 2.40 .89 .09 .20 I
13 1 12.34 1.77 .79 .08 .19 I
l b  I 11.65 1.12 .12 .07 .18 1
1, 1 10.98 0.47 .66 .06 .17 1
19 1 10.30 9.d4 .*0 .06 • S I24 1 9.69 ‘~.2b .56 .05 a 4 I
23 1 9.13 8.74 .54 .05 .14 1
21 1 13.14 7.78 .46 .04 • 2 1
3 1 1 7.3.3 7.01 .41 .04 • 1 1
35 1 6.66 6.37 .31 .03 • 1) 1

I
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TABLE C-33. B-52H WORST CASE DOWNFIELD CONCENTRATIONS

AIRCRAF T 13 52 N NORMAL 1 L1O
ATMOSPHERiC CONDITIONS WORST CASE
STA b ILITY CATE GO P4 Y 6
WIND SPEED (MITERS/SECOND) 1.00
wINO DIRECTION TA1LWIN O
TEM PERA TURE ( F )  Jb.00
M IXING DEPTH (ME tERS) 115.00

I I
!~ DISTANCE I REC EPTO R CONCE NtRATI ON DATA

FROM I
STAR t OF
TAKE—OFF (MICRO (,RAMS/Cu. METER)

( KR)  CO NC NOX PT 502 
£

5 16.42 20.11 1.21 • 9 .29
6 14.139 18.19 1.02 • 6 .25 I

i 1 13.139 17.54 .91) • 4 .23 1
8 13.~ 2 18.11 .131 • 3 .21 1
9 12.14 16.11 .74 • 2 .20

ISJ 12.37 15.65 .68 • 1 .19
11 12.04 15.24. ab4 • 0 .113
13 11.40 14.43 .51 .09 • 7

1 15 10.75 13.64 .54 .08 •I 11 10.11 12.82 .47 .01 •
19 9.51 12.05 .43 .07 .14

- - 21 d.9f 11.33 .40 .06 .ii
23 1 8.42 10.68 .31 .06 .12
21 1 1.52 9.5.3 .34 .05 .11

1 .31 1 6.71 8.59 .29 .04 .10 1
I 3s 1 b a I t ’  7.130 .26 .04 .09 I
I I
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Tl~.BLE C— 34. R—577~-E WORST CASE DOWNFiELD CONCENTR1VrIONS

AIN CRA P T N STA—E NORMAL 1 LW

ATMOSP-’rILRIC CONb ITItJN~, w OR ST CA SE
SIA 8ILITr CATE~ Oh- V 8
W IN D  SPELO (METERS/sECOND ) 1.00
WI NO DIRECtION TA ILw IND
TEMPERATU RE (F) 313.00
MI XING OEPTI—S (ML1€. RS) 115.00

I I
L)ASTANCL . 1 RECEPTOR CONCENTRATiON DATA

~~ROM I
STA RT OF I 
1A~ L— OFF A (MICROGRAMS/CU . METER)

(KR) CO MC NOX PT 502 
I 
I

5 2.63 .33 .06 0.00 .0’.
6 2.35 .31 .0s 0.00 .03
I 2.21) .29 .05 0.00 .03
8 1 2.11 .29 .04 0.00 .03
9 2.08 .29 .04 0.00 .02
10 2.03 .29 .1)4 0.00 .02
11 1 2.01 .29 .03 0.00 .1)2
1-3 1 1.94 .29 .03 0.00 •02
15 1 1.138 .213 .0.3 0.00 .02 1

I 1, 1 1.77 .27 .03 0.00 .02 1
19 1 1.68 .25 .02 0.00 .02 1
21 1 1.59 .24 .02 0.00 .01 A
23 1 1.50 .23 .04 0.uQ .ui I

I 21 1 1.35 .21 .02 0.00 .1)1 1
1 31 1 1.42 .19 •0~ 0.00 .01 1
I 3~ 1 1.11 .17 .04 0.00 .1)1 I
I I I
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TP~BLE C— 3 5.  B—5 7F WORST CASE DOWNFIELD CONCENT RATIONS

AIR C RA h— T 13—57 F NORMAL 1 LII)

ATMOSPHERIC CONDITIONS WORST CASE
STA131LITY CATEI~ORY 6
WINO SPEED (METERS/SECOND) 1.00
wI ND DIRECTION TAILwIND
TEMPERATURE (F) 38.00
MIXING DEPTH (METERS) 115.00

I I
I DISTANCE I RECEPTOR CONCENTRATION DATA
I t ROM I
I STAR E OF I 

TAKE—OFF I (MICROGRAMS/Cu. METER)
(icR) I CO NC NOX PT 502 

I 
I
1 1.81 2.24 •9 .05 .05

8 1 1.66 2.06 .24 .0’. .04
1 1 1.59 1.913 .21 .03 .04
13 1 1.b6 1.94 .19 .03 .04
9 1 1.5t’ 1.94 .17 .03 .03

10 1 1.t’6 1.95 .18 .03 .03
1 1 1 1.56 1.96 •I~ •Q~ .03
1-3 1.54 1.94 .13 .04 .03
15 1 1.t’t) .813 .14 .02 .03
I l  1 1.43 .131 .11 .02 .04

1 19 1 1.37 .72 .10 .02 .02
I 21 1.30 .63 .09 .01 .04
1 23 1 1.43 .sS .013 .01 .02
I 21 1.11 .40 .1)1 .01 .04
1 31 1 1.00 .26 .06 .01 .1)4 1
I it’ 1 a ll .15 .06 .01 .02 I
I I
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TABLE C-36. C-5  WORST CASE DOWNFIELD CONCENTRATIONS

~ INCRAET C 5 NORMAL 1 LID

AIMU SPHER1C CON .iITlONs WORST CASE
SIA 8IL ITY CATEGORY 5
wIN I) SPEED (METERS/SECOND ) 1.00
WIND DIRECTION TAIL.WINI)
TEP4PIRATUHt . (F) 313.00
MIXIN (; r)EPTM (Mt [ERS) 115.00

I I
DISTANCE I RECEPTOR CONC€NTRATLON OAT~ I

FROM I
STAW I OF I 
TAISE—OFF 1 (MICROI3RAMS/Cu. METER) 1

(IcR) I CO HC NOX PT S02 I 
A 1
I I
I ~~~~ 1.135 4.41 .01 .23 I

1 8 1 5.10 1.15 3.51 .00 • 9 1
- 7 1 4.94 1.69 2.a9 .00 • 1 I

13 I 4 .137  1.67 2.49 .00 • 5 1
9 1 4.135 1.66 2.20 .00 • 4 1

10 1 ‘..134 1.6b .96 .06 • 4 I
I i 1 4.132 1.65 .131 .00 .13 1
13 1 4.12 1.82 .55 .00 .12 1
15 1 4.54 1.56 .ib .00 .11 I
17 1 4.32 1.413 .22 .00 .10 I

1 19 1 4.10 1.40 .11 .00 .09 1
21 1 i.d1 1.33 .01 .00 .09 I
23 1 .3.86 1.28 .9.3 .00 .08 1
21 1 3.213 1.13 .131 .00 .07 I
31 1 ?.96 1.04 .71 .00 .07 1
35 1 4.10 .92 •64 .00 .06 I

1 1

64

— 

~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~ :_  ~~~~ 
—

~
---

~
--— --- --  

~
--

~
--—— S— 

~~~~~~~ 
- -  - -

~~



TABLE C-37. C-5LS WORST CASE DOWNFIELD CONCENTRATIONS

AINCRA ~~T C—b LS NORMAL 1 LII)

ATMOSPHE RIC CONDITIONS WORST CASE
STAb ILITY CATEGORY 6
WIND SPEED (METERS/SECOND ) 1.00
WI NO DIRECTION TALLW INO
TEMPER ATURE (F) 313.00
MIXING DEPTH (METERS) 115.00

1 1
DISTANC E 1 RECEPTOR CONCENTRATION DATA 1

1 ROM I I
StART oF I I
T AKE-OFF I (MiCROGRAMS/CU . METER) I

(KR) I CO MC NOX PT S02 I
I £ 1

1 I
1 5 A 4.10 1.23 3.48 .01 • 6
I 3.85 1.15 2.86 .01 a ‘+ I
I 1 3.11 1.11 2.40 .01 • 3 1
I 13 3.62 1.09 2.11 .01 • 2 1
I .3.56 1.07 1.95 .01 • 1
1 10 3.50 1.05 1.77 .00 • 1 1
I 11 3.43 1.03 1.63 .00 • 0 1
1 13 3.21 .913 1.41 .00 • U I
I 15 3.013 .92 1.25 .00 .09 1
1 1, 2.139 .131 1.1~ .1)0 .013 1
1 19 2.11 .131 1.02 .00 .013 1
I 2i 2.54 .76 .93 .00 .07 1
1 23 2.39 .12 .138 .00 .1)7 1
I 27 1 2.12 .64 .75 .00 .06 1
I 31 1.90 .51 .66 .00 .05 I
1 35 1.72 .52 .59 .00 .05 I
1 1
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TABLE C-38. C-7 WORST CASE DOWNFIELD CONCENTRATIONS

AIRCRAFT C 7 NORMAL I LW

ATMOSPHERIC CONDITIONS wORST CASE
STAb ILITY CaTEGORY 8
WINO SPEED (METERS/SECOND) 1.00
wI ND DIRECTION TA1LW IND
ILMPERATUR€ . (1) 313.00
M IXiNG DEPTH (METERS) 115.00

1
DI STANCE I RECEPTOR CONCENTRATION DATA

FROM 1
STAR ! OF I 
TAKE—OFF I (MiCROGRAMS/Cu . METER)

( K R)  1 CO HC NOX PT
I I 

I
5 1 .t’i .34 .12 .1)2 .02
8 1 .41 .30 .10 •02 .02
F I .44 .28 .09 .01 .02
13 1 .42 .27 .08 .01 .02
-
~ 1 .41) •26 .013 .01

10 1 .39 .25 .Ob .01 .02
11 1 .313 .25 .01 .01 .02
13 I •Jb  .23 .1) 1 .01 .01
15 1 .34 .22 .06 .01 .01
1 1 1 .31 .20 .06 .01 .01
19 1 .~~ 9 .19 .05 .01 .0
21 1 .21 .113 .05 .01 .0
24 1 .26 .11 .05 .01 .01
2/  1 .23 .15 .04 .01 .01

1 31 1 .20 .13 .04 .01 .0
1 35 1 .19 .12 .03 .01 .01  

66

—~~~~~~~ - - - 
~~~~~~~~~~~~~~ --—--—- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ — - - - - -



_ _  
- - 

- - 
~

-
~~~~~~~z=~~~ 

-.
~~~

--

~~~~~

- -

TABLE C-39 . C-9 WORST CASE DOWNFIELD CONCENTRAT IONS

AI RCRA FT C 9 NORMAL 1 LiD

ATMOSPHERIC CONDITIONS WORST CASE
STAbiLITY CATEGORY 6

~1N O SPEED (METEWS/SICOND) 1.00
wINO DIRECTiON TAILWINO
TEMPERATURE (F) 313.00
MIXiNG DEPTH (METERS) 115.00

I I I
I DISTANCE I RECEPTOR CONCENTRATION DATA I
I FROM I I
I STAR E OF I i
I TAKE—OF F I (MICROGRAMS/Cu. METER) I
I (K M) I CO MC NOX PT 502 I
I I 1

I I
5 1 1.09 .24 .40 .11 .06 1
8 I .99 .21) • 13 .09 .05 1
/ 1 .93 .19 . 4  .01 .04 1

1 .139 .1~ a 3 .06 .1)4 I
9 1 .13b .17 • I .06 .04 1

I Ii j .13’. • 7 .11 .05 .03 1
I 1 1 .~~2 .Lo .10 .05 .03 I
I 3 I ./13 • 5 .09 .04 .03 1
I 5 I .13 • 4 .013 .04 .03 1
I I I .139 .1’. .01 .03 .02 1
1 9 I .134 • 3 .06 .03 .02 1

21 1 .130 • 2 .06 .03 .02 1
23 1 .t’/ .11 .05 .03 .04 I
4 1 I .s0 .10 .05 .02 .0~ I

1 31 1 .45 .09 .0’. .02 .02 1
35 1 .41 .013 .04 .02 .01 I

I I I
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TABLE C- 40 . C— 97 WORST CASE DOWNFIELD CONCENTRATIONS

AI RCRAFT C 97 NORMAL 1 LIO

ATMOS PrIERIC CONDITIONS wORST CASE
STAb iLITY CATEGORY b
W I N D  SPEED (MITERS/SECONO) 1.00
MINt) DIRECTiON TAILW IND
TE MPERATURE (F) 313.00
MIXING DEPTH (METERS) 115.00

I
I DIST ANCE RECEPTOR CONCENTRATION DATA
I FR OM
I STAR ! OF
I TA I c E— O F F  (MICROGRAMS/Cu. METER)
I ( ,<M) CO MC NOX PT S02
I I
I I
I 5 I 36.28 1.134  .31 1.03 .02 1
1 13 30.93 1.64 .27 .89 .02 1
1 7 2 7 .2 5  1.53 .23 .81 .02
I ..s9 1.413 .20 .76 .01
I 9 22.61  1.4 13 • 1-13 .72 .01
I 10 1 21.05 1.46 • 7 .70  .01 1
1 11 I 19./13 1.413 a 13 .138 .01  1
1 1 3 I 17.14 1 .44  • .3 .134 .ul I
I 15 1 16.13 1 .40  . .2 .61 . 01  I
1 11 I 14 ./ 9  1.35 .11 .57 •O l  I
I 1~ 1 13.65 1.29 .10 .54 •()~ I
I 21 I 12.bb 1.23 .09 .51 .01
1 23 1 11.131 1.17 .08 .48 .01
1 2 1 I 10.40 1.05 .07 .43 .01
I 31 1 9.213 .95 .06 .39 .01
I 35 1 8,39 .81 .06 .35 .01
I I
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TABLE C-41. C-119 WORST CASE DOWNFIELD CONCENTRATIONS

AIRCRA F T C119 NORMAL I Lb

ATMOSPHERIC CONDITIONS WORST CASE
STAbILITY CATEGORY 6
WI NL) SPEED (METLRS/~ ECOND) 1.00
WIND DIRECTION IAILWINO
TEMPERAT URE (F) 38.00
MIXING DEPTH (METERS) 115.00

1 1 I
I DISTANCE I RECEPTOR CONCENTRATION DATA I
I FRoM 1 1
I SIA RT OF I I
I TAKE—OFF I (MICROGRAMS/CU. METER) 1
I (KR) I CO PlC NOX PT S02 I
I I I
I I I
1 5 1 7.11 .63 .05 .29 .01 1
1 b 1 6.06  .57 •O b  .25 .00 £
1 7 1 5.313 .54 .04 .23 .00 1
I 13 1 4 . 1 3 1 3  .51 .03 .22 .00 1
I 1 4.b1 .50 .03 .21 .00 1
1 10 1 4.20 .413 .03 .20 .00 I
1 11 1 3.~~5 .47 .03 .19 .00 1
1 13 I 3.53 .4~ .02 .113 .00 1
1 15 1 3.20 .41 .04 .16 .00 1
1 17 1 2.94 .39 .02 .15 .00 1
I 1’) 1 2.68 .36 .02 .14 .00 I
1 21 1 2.413 .34 .02 .13 .00 I
I 23 1 2.31 .32 .01 .12 .00 1
I 2/ I 2.02 .28 .01 .11 .00 1
1 31 1 1.80 .25 .01 .10 .00 I
I 3s 1 1.132 .23 .01 .09 .00 1

I I

-



TABLE C-42 . C—121 WORST CASE DOWNFIELD CONCENTRATIONS

AI RLP A P- T C 1 1  NORMAL I Lb

A IMUSPREWIL CONUII IONS WORST CASE
STAb ILITY CATEGORY 6
WINI) SPIEL) (METERS/SECOND) 1.00
WIND DIRECTION TAILWINI )
TEMPERATURE (F) 313.00
MI XING DIP FrI (METERS) 115.00

1 I
DISTANCE I RECEPTOR CONCENTRATION DATA IFROM I I
SEUR I OF 1 
T AKE—OF F I (MICROGRAMS/Cu. METER) 1

(KR) I CO MC NOX PT SO~ I I I
I I

5 1 47.813 1.41 .24 .79 .02 1
13 1 23 ./ 7  1.213 .20 .69 .01 I
/ 1 20.93 .11 .18 .62 .01 1

1 18.89 1.13 .113 .58 .01 I
9 1 1/.313 .12 .14 .55 .01 I
10 1 16.16 1.11 .13 .53 .01 I
i i I 15.18 .11 .12 .52 .01 1
1 3 1 13.62 .10 .10 .49 .01 I
15 1 12.38 1.07 .09 .47 .1)1 1
II 1 11.34 .03 .08 .44 .01 I
19 I 10.4/ .913 .013 .41 .01 I
21 1 9.11 .94 .07 .39 .01 1
23 I 9.Ob .89 .Ob .37 .01 1
2/ 1 7.9/ .80 .06 .33 .01 1
41 1 7.12 .13 .05 .30 .01 1

1 13.43 •b( .04 .27 .00 I
I I

10 
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TABLE C-43. C-130A-E WORST CASE DOWNFIELD CONCENTRATIONS

ALR CRAI- T C 130 NORMAL 1 LFO

ATMOSPHERIC CONDITIONS WORST CASE
STAbILITY CAIEUORY 13
wI ND SPEED (METERS/SECOND) 1.00
wI No DIRECTION TA ILWIND
TEMPER ATURE (F) 38.00
MIXING DEPTH (METERS) 115.00

I I
I OISTANCI RECEPTOR CONCENTRATION DATA 1
I FRO M 1
(S I AW I UF I
I T~ r~E—OFF (MICROGRAMS/Cu. METER) I
I (K R)  CO PlC NOX PT 502 1
I I
I I
I 5 2.9b .1313 .92 .11 .15 1
1 2.84 .79 .131 .10 .1’. 1
I 7 2.73  .75 .14 .09 .13 1
1 13 2.o1 .11 .139 .09 .12 1
1 9 2.62 .613 .134 .08 .12 1
1 10 2.s7 .65 .61 .013 .11 1
I Ii 2.51 .62 .bti .08 .11 I
I 13 2.38 .54 .s2 .07 .10 I
I 15 4 .23 .44 •4 t~ .07  .09 1
1 1,  2.09  .35 .44 .013 .013 I
I 1~~ 1.9 5 .213 .40  .013 .013  1

4 1  .di .113  .31 .06 .07  1
1 23 ./1 .11 .35 .05 .07 I
1 27 1.52 .913 .30 .05 .013 1
1 31 .3~ .8~s .21 .04 .Os I
1 35 .23 .79 .24 .04 .05 I
I I
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TABLE ( - - 44 . C-130H WORST CASE DOWNFIELD CONCENTRATIONS

A IRCRAFT CijO H NORMAL 1 LTO

ATMOSPHERIC CONDITIONS wORST CASE
STAbILiTY CATEGORY 13
WIND SPEED (METERS/sECOND) 1.00
~Ir4 L) DIRECTION IA ILWINL )
TEMPERATURE (F) 313.00
M IXiNG F~~PTH (METERS ) 115.00

1 1
DIST ANCE I RECEPTOR CONCENTRATION DATA I

FRoM I I
S IA RT oF 1 I
TAKE—O~ F I (MICROGRAMS/CU. METER ) I

(K R)  I CO MC NOX PT S02 I 
I
I

1.21 . 1  1.03 .013 .14 1
b 1.14 .87 .813 .07 .12 1
1 1.10 .135 .71 .013 .11 1
13 1 1.01 .83 .10 .06 .10 1

1.05 .134 .64 .05 .10
10 1.03 .131 .59 .05 .09

1 11 1.00 .79 .55 .05 .09
1 1-3 .94 .75 .413 .04 .08
1 is .139 ./0 .43 .04 .07
I iF .133 .613 .39 .03 .07
1 19 . 1/  .62 .36 .03 .013
1 21 1 .12 .513 .33 .03 .06
I 23 1 .bt~ .54 .30 .03 .05
1 2/ 1 .~~U .4~ .213 .02
1 31 1 .S4 .43 .23 .02 .04
1 35 1 .~~ .49 .21 .02 .04
I I
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TABLE C-45. C-135B WORST CASE DOWNFIELD CONCENTRATIONS

AIR CRAF T C 13513 NORMAL I Lb

ATMOSPHERIC CONDITIONS wORST CASE
STAb ILITY CATEGORY 13
wI NO SPEED (METERS/sECOND) 1.00
wI NO DIRECTION FA ILW1NI)
TEMPERATURE (F) 38.00
M1*1NG Ijt.PTrs (MEIERS) 115.00

I I
I DISTANCE I RECEPTOR CONCENTRATION DATA
I FROM I
I STA RI OF I
I fArcE—OFF (MICRoGRAMS/Cu. MITER)
I (KR) CO I-IC NOX PT S02
I I
I - -

1 5 13.03 7.43 1.44 .24 .40
1 5. 11  7.13 1.22 .21 .113
1 / 5.131 7.04 1.07 .18 .le
I 13 s./0 7.10 .90 .16 .15
1 9 5.130 7.24 .813 .15 .15
1 10 5.92 /.4U .131 • 3 .14
1 11 o.01 7.53 .75 • .13
1 13 6.06 7.61 .6/ .11 .13
I iS 5.96 7.49 .130 .10 .12
1 17 5 ./ t ,  1.25 .54 .09 .11
1 19 5.52 6.95 .50 .013 .10
I 21 b.2o 0.63 .413 .07 .10
1 23 5.00 6.31 .43 .07 .09
1 21 4.53 5.71 .3/ .06 .013
1 31 1 4.11 5.18 .33 .05 .07
1 35 1 3./s 4./3 .30 .05 .07
I I
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TABLE: C-4(~. c—14 1 WORST CASE DOWNFIELD CONCENTRATIONS

AIRCRA FT C 141 NORMAL 1 LTO

ATMOSPriE~~IC CONDiTiONS wORST CASE
STAbILITY CATEGORY 13
WI ND SPEED (MITERS/~ ECOND) 1.00
wIN O DIRECTiON FAILW IND
TEMPERATURE ( F )  313.00
M iXING DEPTH (HElENS) 115.00

I
I DISTANCE RECEPTOR CONCENtRAT iON DATA I
I I-RuM I
I START OF I
I Turc E—OF F (MICROGRAMS/CU . METER) I
I (KM ) CO MC NOX PT Su� I
I I
I I
I S 4.H1 3.90 .113 .013 .11
1 13 4.47 3.63 .134 .05 .10 1
I 1 4.31 3.51 .5b .04 .09 1
1 13 4.2o 3.41 .49 .04 .013 I
I 9 4 .2 /  3.49 .45 .03 .013
1 10 4.30 3.s2 .41 .03 .013
1 11 I 4 .3 3  3.54 .313 .03 .07
1 13 4.30 .3.52 .34 .03 .01
I is 4.11~ 3.43 .30 .02 .07
I 1/ 44.02 3.30 .28 .02 .06
I 19 3.133 3.15 .25 .02 .013
I 21 3.134 2.99 .23 .02 .05
I 23 3.46 2.84 .22 .02 .05
I 2/ 1 3.11 2.bo .19 .01 .05 1
1 31 I 2.82 2.32 .1/ .01 .04 I
1 35 1 2.57 2.11 .15 .01 .04 I
I I I
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TABLE C— 47 ~ F-4C--D WORST CASE DOWNFIELD CONCENTRATIONS

AIR CRAFT I- 4 NORMAL 1 Lie

AT MOSPHERIC CONDITIONS WORST CASE
STAbILITY CATEGORY 6
wIND SPEED (METERS/SECOND) 1.00
Wi NO DIRECTION TAILWIND
TEMPERATURE (F) 313.00
MIX ING DEP1H (METERS) 115.00

I I I
1 DISTuNCE I RECEPTOR CONCENTRATION DATA I
I FRO M I I
I S I AR I O F I I
I TA KE—OF F 1 (MICROGRAMS/CU. METER ) I
I ( K R )  I CU lIC NOX PT 502 1
I I 1
I I 1
I 5 1 1.31 .23 .34 .013

13 1 1.19 .21 .29 .05  . 0 7
1 1 1.12 .21 .26 .04 .013

P1 1 1.013 .20 .23 .04 .06
9 1 1.06 .20 .~~1 .04 .05
10 1 1.u, .20 .20 .03 .05
11 I 1.04 .20 .113 .03 .05
13 I 1.01 .20 .io .03 .04
15 I .91 .19 .15 .03 .0~ I
IF 1 .93 .113 .13 .02 .04 1
19 1 .813 .17 .12 .02 .03
21 1 .133 .113 .11 .02 .03
23 1 . i o  .113 .11 .02 .03

1 2/ 1 ./0 .14 .09 .02 .02
I 31 1 .133 .13 .013 .02 .02 I
1 35 1 .57 .11 .07 .01 .02 1
1 1 I
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TABLE C-48. F-4E WORST CASE DOWNFIELD CONCENTRATIONS

A!RCRA~ T I- 4 1 NORMAL 1 LIe

ATMO SPHERIC CONOIfIO~ $ WORST CASE
SIA 131 L ITY CATEGORY 13
WI ND SPEtD (METtRS/SLCOND) 1.00
wI ND DIRECTION TA ILWI~~L)
TEMPERATURt. (F) 313.00
M IXi NG DEPTr-t (METERS) 11~~.00

I
DI STANCE 1 RECEPTOR CONCENTRATION DATA

FROM I
S 1Af ~T OF I 
TArE-OF F 1 (MICROGRAMS/CU. METER )

( K R )  1 CO MC NOX PT S02 
I 
1
I .99 .17 .~~ b .05 .09 I

13 1 .139 .18 .41 .05 .1.)? I
I I .133 .lb .3o .04 .013 1
13 I .130 .15 .32 .04 .013 1
9 1 .113 .15 .29 .03 .05 I

10 1 .(b .15 .27 .03 .Ub I
ii I ./s .15 .25 .03 .05 I
1 3 .12 .14 .22 .03 .04 I
is 1 .b9 .14 .20 .02 .04 1
1/ 1 .135 .13 .113 .02 .04

1 19 1 .132 .13 .1b .02 .03
I 2 1 1 .58 .12 .15 .02 .03
1 23 1 .S5 .11 .14 .02 .03 1
I 27 1 ..9 .10 .12 .01 .03 1

- 
- 1 31 1 .44 .09 .11 .01 .02 1

I 35 1 .‘eO .08 .10 .01 .02 1
I 1 I
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TABLE C-49 . F- 5A WORST CASE DOWNFIELD CONCENTRATIONS

A iR CRA F T F SA NORMAL I. Liii

ATMO Sl~P1E H1C CONDITIONS WORST CASE
STAbILITY CAtEGORY 6
WINO SPEED (METERS/SECOND ) 1.00

• WINO DIRECTION TAILwINO
TEMPERATURE (F) 38.00
MIXING DEPTH (METERS) 115.00

I I I
I DISTANCE i RECEPTOR CONCENTRATION DATA I
I FROM 1 1
I SI A RT OF 1 I

TA KE—OF F 1 (MICROGRAMS/CU. METER) I
(K R)  1 Ct _I I-IC NOX PT 502 1 

I 1
I I

S I 2.136 .34 .07 0.00 .04 1
1 13 1 2.4U .32 .013 0.00 .03 I

I I 2.2~, .30 .05 0.00 .04 1
PS I 2.15 .30 .05 0.00 .03 1
9 1 2.Ob •29 .04 0.00 .02 1
0 1 2.03 .29 .04 0.00 .02 I
1 1 1.913 .213 .04 0.00 .02 1
3 1 1.131 .27 .03 0.00 .02 1
5 1 1.17 .213 .03 0.00 .02 I
7 I 1.1313 .25 .03 0.00 .02 1
9 1 1.55 .23 .02 0.00 .01 1

21 I 1.46 .22 .02 0.00 .01 1
23 1 1.37 .21 .02 0.00 .01 1
21 1 1.42 .18 .02 0.00 .01 I
31 I 1.10 .1/ .02 0.00 .01 1
35 1 .99 .15 .02 0.00 .01 I

I I
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TABLE C-50. F-15 WORST CASE DOWNFIELD CONCENTRATIONS

A I R L RA)- T F 15 NORMAL I L~~U

A IMOSPrIEhIC CONO1TiO~ S WORST CASt.
STAb ILITY CATEGORY 13
W i NO  SPEED (METERS/SECOND) 1.00
w I NO DIRECTION TAILWINI )
TLMP1W~~TUNL (F) 38.00
MI XINO DEPTH (METERS) 115.00

1 1 1
[i[sTANCt. I RECEPTOR CONCENTRATION DATA I

I FROM 1 1
I S1AR1 OF I I
I TAKE—OF F I (MICROGRAMS/Cu. METER) I
I (KR ) I CO I-IC NOX PT S02 I
I I I
1 1 I
1 5 I .(b .11 .31 .01 .07 I

13 £ .1313 .10 .21 .01 .06 1
7 £ .134 .09 .244 .01 .06 I

1 13 1 .62 .09 .22 .01 .Ob I
9 1 .130 .013 .20 .01 .Os I

1 10 1 .130 .013 .19 .01 .05 1
1 11 1 .59 .013 .113 .01 .04 I
1 13 1 .57 .013 .17 .01 .04 1
I 15 1 .55 .013 .15 .01 .04 1
I 17 1 .52 .07 .14 .01 .04 1
I 19 1 .50 .01 .1.3 .01 .03 1
I 21 1 .6- 1 .013 .12 .00 .03 1
I 23 I .44 .013 .11 .00 .03 1
1 21 1 .‘.0 .05 .10 .00 .03 I
1 3! I .3b .05 .09 .00 .02 1
I 35 I .33 .04 .013 .00 .02 1
I I 1
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TABLE C-51. F-16 WORST CASE DOWNFIELD CONCENTRATIONS

A IRC RAF T f—1 6 NORMAL 1 L$O

ATMOSPHERIC CONOITIONS WORST CASE
STAbI L ITY CATEGORY 13
WI NO SPFED (METERS/SECOND) 1.00
WINO DIRECTION TA ILwINO
TEMPERATURE (F) 313.00
M IXI NG DEPTH (METERS) 115.00

I 1 1
I DISTANCE I RECEPTOR CONCENTRATION DATA II FR OM I I
I SI Ak T OF I 1
I TAKE—OF F I (MICROGRAMS/Cu. METER) I
I ( K M)  I CO MC NOX PT 502 I
I I I
I I I
1 5 1 .24 .03 .213 .00 .02 I
1 13 1 .21 .03 .23 .00 .02 I
1 7 1 .21 .03 .20 .00 .02 I
1 13 1 .22 .03 .113 .00 .02 I
I 1 .24 .03 .11 .00 ..~~ I
I ii) 1 .26 .04 .113 .00 .02 1
1 11 I .29 .04 .15 .00 .02 I
I 13 I .32 .04 .14 .00 .02 I
I 15 1 .34 .05 .13 .00 .02 I
1 17 1 .34 .0b .12 .00 .02 I
I 19 I .34 .05 .12 .00 .02 1
1 21 1 .43 .04 .11 .00 .02 1
1 23 1 .32 .04 .10 .00 .02 I
I 2F 1 .30 .04 .09 .00 .01 1
I 31 1 .27 .04 .08 .00 .01 1
1 35 1 .2s .03 .01 .00 .01 1 

I
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TABLE C—5 2 .  F-100 WORST CASE DOWNFIELD CONCENTRATIONS

AIRC RA F T F 100 NORMAL 1 Liii

ATMOSPHERIC CONDITIONS wORST CASE
STA bILITY CATEGORY 13
wI ND SPEED (METERS/SECONO) 1.00
wINt ) DIRECTION TA ILWINO
TE MPERATUR E (F) 313.00
M IA ING DEPTh (METERS) flS.0U

I I i
I DISTANCE I RECEPTOR CONCENTRA1ION DATA I
I I-RUM 1 1
1 S IA RI OF I £
I T AKE—OFF 1 (MICROGRAMS/CU . METER) I
I (KR) 1 CO I-IC NOX PT 502 I
I 1 I
1 1 I
I S I ?.12 1.59 .27 .02 .013 1
I b £ 2.01 1.b4 .23 .02 .01 1
1 1 1 1.95 1.51 .20 .02 .013 1
1 13 I 1.91 1.49 .113 .02 .013 1
I ‘I I 1.138 1.4/ .1/ .02 .Os I
I 1 0 I 1.13~ 1.413 .Ab .01 .05 1
I 11 1 1.132 1.44 .15 .01 .05 1
1 13 1 1.13 1.313 .13 .01 .04 1
1 15 1 1.133 1.30 .12 .01 .044 1
I 17 1 1.53 1.22 .11 .01 .04 1
1 19 1 1.43 1.15 .10 .01 .03 1
I 21 1 1.444 1.08 .09 .01 .03 1

— 1 23 I 1.213 1.01 .09 .01 .04 I
I 21 1 1.12 .90 .Oti .01 .03 1
1 31 1 1.00 .131 .0/ .01 .02 1
1 35 I .91 .73 .013 .01 .02 1
1 1 1
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TABLE C-53. F-101 WORST CASE DOWNFIELD CONCENTRATIONS

AIRCRAF T F 101 NORMAL 1 LID

ATMOSPHERIC CONDITIONS WORST CASE
STAbI LITY CATEGORY 6
WINO SPEED (METERS/SECOND) 1.00
wI NO DIRECTION TAILWIND
TEMPERATURE (F) 38.00
MIXING DEPTH (METERS) 115.00

F I 1
I DI STANCE I RECEPTOR CONCENTRATION DATA I
I FROM I I
1 STAR I (iF 1 I
I TAKE—OFF I (MICROGRAMS/CU. METER ) I
I (K R) I CO PlC NOX PT SO2 I
1 I 1
I 1 1
1 5 1 1.013 1.15 .54 .0~ .10 1
1 13 1 1.51 1.07 .46 .01 .09 I
1 1 1 1.43 1.02 .41 .06 .013 1
1 13 I 1.38 1.01 .37 .013 .07 I
1 9 1 1.37 1.01 .33 .05 .01 I
1 10 1 1.Jb 1.01 .31 .05 .013 1
1 11 1 1.35 1.02 .213 .04 .013 1
1 13 1 1.32 1.01 .2b .04 .05 1
I 15 I 1.2/ .98 .22 .03 .05 I
1 17 1 1.21 .94 4 2 0  .03 .04 1
I 19 1 1.15 .139 .Ib .03 .04 1
I 21 1 1.u9 .os .11 .03 .04 I
1 23 £ 1.03 .130 .113 .02 .03 1
1 21 1 .93 .72 .1. .0? .03 1
1 31 I .133 .66 .12 .02 .03 1
£ 35 1 .Ib .130 .11 .02 .02 I

I
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TABLE C — 5 4 .  F-102 WORST CASE DOWNFIELD CONCENTRATIONS

AIRCRAF T P 102 NORMAl 1 Lb
ATM OSPHE :RL c CONDITIONS W ORST CASE
STA b ILITY CATEGO RY 13
wIND SPEED (METERS/SECOND) 1.00
wIND DIRECTION TA1LWINL )
1€M~ t.kATURt. (F) 3~~.00MI XING DEPTH (METERS) 115.00

I I I
I DISTANCE I RECEPTOR CONCENTRATION DATA £
I F R O M 1 1
I STA RT Of I I
I TAKE—OFF I (MICROGRAMS /CU. METER) I
1 (KR) I CO I-iC NOX PT I
I 1 
I I I
I I .131 .57 .21 .04 .05 1
1 13 1 .144 .53 .23 .04 .04 1
I / I ./u .51 .20 .03 .04 1
I 1 .b9 .50 .113 .03 .03 1
I 1 .b~ .~~I .113 .03 .03 I
1 10 1 .bb .52 .15 .02 .04 1

— I 11 1 .139 .52 .14 .02 .03 1
1 13 I .1313 .52 .12 .02 .03 I
I 15 1 .613 .51 .11 .02 .02 I
1 1/ £ .133 .49 .10 .02 .02 I
I 19 I .131 .47 •09 .01 .02 1
1 21 I .58 .45 .013 .01 .02 I
I 23 1 .55 .43 .Ob .01 .02 1
1 2 1 1 .~~9 .39 .0/  .0 1 .02 1
£ 31 1 . e 4 4  .45 .013 .01 .01 I
1 35 1 .‘~I .32 .Os .01 .01 1
I I I

— 
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TABLE C-55~ F-104C WORST CASE DOWNFIELD CONCENTRATIONS

AIRCRAFT F lt)4A NORMAL 1 LTD

ATMOSPHERIC CONDiTIONS WORST CASE
STA bILITY CATEGORY 13
wI NO SPEED (METERS/SECOND) 1.00
WINo DIRECTiON TAILwIND
TEMPERATURE (F) 313.00
MIXING DEPTH (METERS) 115.00

I I I
I DISTANCE I RECEPTOR CONCENTRATI ON DAT A I
I FROM I I
I ST AR I OF I I
I TAKE—OF F 1 (MICROGRAMS/CU . METER) I
I (K R) A CO PlC NOX PT 502 I 

1 I
I 1
I 2.013 .42 .23 .04 .07 1

13 I 2.00 .40 .21 .04 .06 1
7 I 1. lb •40 .19 .03 .06 I
13 1 1.92 .39 .113 .03 .0~ 1
9 1 1.90 .39 .11 .03 .05 1

I L U 1 1.87 .38 .113 .03 .05 I
1 1 1 1.133 .313 • .03 .05 1
I 3 I 1.14 .313 • 4 .03 .04 I
1 5 1 1.134 .34 • 2 .02 .04 I
1 1 1 1.53 .32 • 1 .02 .04 1
I 

- 
9 1 1.44 .30 • I .02 .03 I

I 21 I 1.34 .213 • 0 .02 .03 1
- 

- I I 1.2o .26 .09 .02 .03 1
I 21 A 1.12 .23 .013 .02 .03 I
1 31 1 1.00 .21 .07 .01 .02 I
1 35 I .91 .19 .013 .01 .02 I
I I I
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TABLE C— 56. F—104C WORST CASE DOWNFIELD CONCEI’ITRATIONS

a I R C RA F T  F I O4 G  NORMAL 1 LbO
ATMOSPHERiC CONDITIONS WORST CASE
STAb ILITY CATE GOR-~ 6
WINO SPEtO (METIRS/SECOND ) 1.00
WINO DIWECTION TAILWIND
TLM~~ R ATURE (F) 313.00
M IXiNG DEPTH (METERS) 115.00

I I
I DISTANCE I RECEPTOR CONCENTRATION DATA
I FROM A
I SbA RI OF 1 
1 T~~ 1— OFF I (MICROGRAMS/Cu. METER)
I (KR) I CO I-IC NOX PT S02
I 
I
I 1.2! •db .29 •03 .013
1 13 1 1.21 .25 .26 •03 .06
I 1 1 1.113 .25 .23 .03 .05
1 13 1.15 .24 .21 •02 .05
1 9 1.13 .24 .20 •02 .05
1 10 1 1.11 .24 • 13 .02 .04
1 11 1.013 .23 .7 .02 .04
1 i i  1.03 .22 • 13 .02 .04
I 15 .90 .21 • 4 .02 .04
I IF I .90 .19 .13 •01 .03
1 19 1 .13~ .113 • 2 .01 .03
1 21 1 ./9 .17 • 1 .01 .03
1 23 1 ./ 4  .113 • 0 .01 .03
1 2 1 1 .b~ .14 .u9 .01 .02 1
I 31 1 .59 .13 .013 .01 .02 I
1 35 1 .53 .12 .07 .01 .02
I
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TABLE c-57. F-lOS WORST CASE DOWNFIELD CONCENTRATION S

AIRC R AFT P 105 NORMAL 1 LTD

ATMOS PHERIC CONDiTIONS wORsT CASE
STAb ILITY CATEGORY 6
WIND SPEED (METIRS/SECOND) 1.00
WI ND DIRECTiON TAILwIND
TE MPER*TURE (F) i13.00
M I X I N G  DEPTH (METERS) 115.00

I I I
I DISTANCE I RECEPTOR CONCENTRATION DATA I
1 FROM 1 1
I ST ART OF I I
I TA RE—OFF I (MICROGRAMS/CU. METER) I
I (K R) 1 CD MC NOX PT 502 I 

I I
I I

5 1 2.01 1.24 ..5 .06 .07 1
1 13 1 1.9~ 1.20 .39 .05 ,Os, I
I I 1 1.94 1.1- 1 .35 .04 .06 1
I $ 1 1.92 1.16 .32 .04 .05 I

9 I 1.90 1.15 .29 .04 .05 I
10 I 1.d~ 1.14 .21 .03 .05 1

1 11 I 1.135 1.12 .25 .03 .05 1
13 1 1 .77  1.01 .23 .03 .04 I
15 I 1.613 1.02 .20 .02 .04 I

1 1. 1 1 1.58 .913 .113 .02 .04 1
I 19 1 1.413 .90 .17 .02 .03 1
I I 1.39 .135 .113 .02 .03 1
I 23 I 1.31 .19 .15 .02 .03 1
I 27 I 1.16 .71 .13 .02 .03 1
1 31 1 1.0’. .134 .11 .01 .02 I
1 35 1 .95 .513 .10 .01 .02 l
I I I

- I
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TABLE C- 58. F-105 WORST CASE DOWNFIELD CONCENT RATIONS

A I R C R A F T F 106 NORMAL J L I D
ATMOSPHERIC CONDITIONS wORST CASE
STAb ILiTY CATEGORY 13
WI NO SPEED (METERS/SECOND ) 1.00
WI NO DIRECTION TAI LWIND
TEMPERATURE (F) 313.00
MIX ING DEPTH (ME TERs) 115.00

I I
DISTANCE A RECEPTOR CONCENTRATIoN DATA I

FROM i I
STAWT OF I I
1A~ E OFF I (MiCROGRAMS/CU. METER) I

(KR) I CO tIC NOX PT S02 1 
I I
I 1

S I 1.441 1.00 .54 .04 .09 1
13 1.29 .92 .45 .04 .013 1
1 1.22 .139 . 4 4 0  .03 .01

I 1.2 0 .813 .35 .03 .Ob I
9 1.19 .ci~ .32 .04 .013

10 1.19 .90 .29 .02 .05
11 I 1.19 .91 .27 .02 .05 1
13 1.113 .92 .2’. .02 .04
15 1.15 .90 .21 .02 •04
1, - 1.10 .87 .19 .02 .04 1

I 1.05 .133 .113 .02 .03
21 1 1.00 .19 .113 .01 .03 1
23 1 .95 .15 .15 .01 .0.3 £
27 1 .1313 .6b .13 .01 .03

I 31 1 ./ 8  .132 .12 .01 .02
I 35 1 . /1  .513 .11 .01 .02 1
1 1 1
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TABLE C-59. F-lilA WORST CASE DOWNFIELD CONCENTRATION S

AIRCRA FT F lil A NORMAL 1 LEO

ATMOSPHERIC CONDITIONS WORST CASE
STAbILITY CATEGORY 6
WI NO SPEED (METERS/SECOND ) 1.00
WINS) DIRECTION TALLWINt )
TEMPERATURE (F) 313.00
MIX ING I)EPTH (METLR ~~) 115.00

I I
DI STANCE I RECEPTOR CONCENIRATION DATA I

FR OM I
I START OF I 

TAKE—OFF I (MICROGRAMS/CU. METER ) I
(sc M)  1 CO sIC NOX PT Su2 I 

I 1
I I

5 I 2.130 2.10 .19 .12 .11 I
6 1 2.o3 2.01 .137 .10 .09 I
/ 1 2.54 1.96 .s9 .013 .09 I
8 1 2.4413 1.94 .53 .07 .013 I

I 9 1 2.43 1.92 .413 .07 .07 1
10 I 2.39 1.90 .4’. .013 .01 1
11 1 2.35 I.~~d .441 .06 .07 I
13 1 2.24 1.131 .3b .05 .013 I
15 1 2.12 1.72 .32 .04 .05 1
11 1 .99 1.62 .29 .04 .05 1
19 1 .87 1.52 .21  .03 .05 I
21 1 .76 1.43 .24 .03 .04 1
23 I .bs 1.is .23 .03 .04 1
2/ I .~~1 1.20 .20 .0? .04 1
31 1 .32 1.08 .113 .02 .03 I
45 1 .19 .913 .15 .02 .03 I

I I
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TABLE c-60. F-h iD WORST CASE DOWNFIELD CONCENTRATIONS

A 1RCNAP T Fi ll S ) NORMAL 1 LiD

ATMOS PHERIC CONDITIONS WORST CASE
STAbiLITY CATEGORY 13
WI NO SPEED (METERS/SECOND) 1.00
WI NO DIRECTION TA ILWIND
TEMPERATURE (F) 313.00
MIXING DEPTH (METERS) 115.00

I I
I DISTANCE I RECEPTOR CONCEN1RATION DATA
I FROM I
I START OF 1 
I TA KE—O FF I (MICROGRAMS/CU. METER )
I (KR) I CO SIC NOX PT
I I 
I I
I 5 1 2.10 ./1 1.1/ .02 .14
1 13 1 1.913 .613 1.00 .02 .12
I I 1 1.91 .137 .139 .01 .11 I
I .3 1 1.1313 .138 .130 .01 .10 1
1 9 1 1.d3 .813 .13 .01 .09 I
I 10 1 1.80 .ob . 61 .01 .09 1
1 11 1 1./6 .134 .132 .01 .013 1
1 13 1 1.1313 .62 .55 .01 .053 1

• 15 1 1.59 .59 .49 .01 .0/ I
1 7 1 1.49 .55 .44 .01 .013 1
19 1 1.40 .52 ..0 .01 .06 I
21 1 1.32 .49 .31 .01 .05 I
23 1 1.2’. . 41 3  .34 .01 .05 I
2/ 1 1.10 .41 .30 .00 .04 1
31 1 .99 .3 1 .2b .00 .04 I
35 1 .139 .34 .23 .00 .03 I

I I
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TABLE C-61. F-111F WORST CASE DOWNFIELD CONCENTRATIONS

AI RCRA F T F- 111F NORMAL 1 LID

ATMOS PHERIC CONDITIONS wORST CASE
STAbILITY CATEGORY 13
wINO SPEED (METERS/SECOND) 1.00
WI NS) DIRECTION TAILW IND
TEMPERATURE (F) 38.00
MIXING DEPTH (METERS) 115.00

1 1 1
I DIST ANCE I RECEPTOR CONCENTRATION DATA
I FROM I
I STARE OF I 
I TA KE—OFF I (MICROGRAMS/CU . METER)
I ( Sc M )  I CO MC NOX PT S02
I I 
I I
1 S 1 2.144 .73 1.11 .02 .1’.
1 a 1 2.01 .69 1.01 .02 .12 1
1 1 1 1.93 .138 .539 .01 .11 1
I I 1.88 .67 .130 .01 .10 1
I 9 1 1.8’. .613 ./3 .01 .09 1
I 10 1 1.131 .65 .131 .01 .09
I 1 1 1 1.113 .135 .6~ .01 .013
1 13 I 1.89 .62 .55 .01 .013
I i~ 1 1.130 .59 .4~ t .01 .07 I
I 1/ 1 1.50 .5a .44 .01 .013 I
I 1~ 1 1.41 .52 .‘.U .01 .013
1 21 I 1.32 .49 .37 .01 .05
1 23 I 1.24 .46 .34 .01 .05
I 27 I 1.10 .41 .30 .00 .04
1 31 1 .99 .37 .2/ .00 .04 I
I 35 1 .d~ .34 .23 .00 .03 I
1 1 1

~~~ --~~~~~—_ ~~~~~~~~~~ -—~~~~~- - - 
-
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TABLE C-6 2 . KC-l3SA WORST CASE DOWNFIELD CONCENTRATIONS

A IRCNA~ ’1 ~C liSA NORMAL 1 Lb

ATMOSPHE RIC CONDITIONs wORSI CASE
STAbILITY CATEGORY 13
WIN S) SPEED (METERS/sECOND) 1.00
WINS ) OIRtCIION TAILW INO
TEMI-ERATURE (Fl 313.00
MIXIN G DEPTH (METERS) 115.00

I I
I L)IST1~NC L 1 RE C~~PTO P( CONCENTRATION DATA
I S ROM I
I ST A R E OF I 
I Ti~~E —OF F i (MICROGRAMS/Cu. METER )
I OcR) 1 CO MC NOX PT S02
I I 
I I
1 5 1 8.813 1.08 .85 .06 .113
1 I 8.02 13.442 .1~ .05 .113
I 1 I 7. ’.b 6 .00 .133 .04 .15
1 13 1 1.12 5.11 .51 .0’. .144
1 9 1 1 3 . 8 1  5.52 .52 .03 • 3
1 10 I ~.o1 5.313 .49 .03 • 2I ii 1 13.50 5.23 .-b  .03 • 2
1 13 1 b .lb ‘..9b .41 .Oi • I I
1 15 1 s.c~I 4.69 .313 .02 • 0 I
1 1, 1 5. ’.f 4.41 .35 .02 • 0 I
1 19 1 5.14 4.15 .32 .02 .u9 I
I 2 1 1 ~~.d4 4.91 .30 .02 .0” 1
1 2.3 I 4 .So 3.653 .213 .02 .013 I
1 2~ 1 ‘..07 .3.29 .24 .02 .07 1

31 1 .3.137 2.913 .22 .01 .06 I
1 35 1 3.33 2.69 .20 .01 .013 I
1 1 I 

— 
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TABLE C—63. 0-i WORST CASE DOWNFIELD CONCENTRATIONS

A IRC RAFT 0 1 NORMAL 1 Lb

ATMOSPMENIC CO~ uI1IUN~ wORST CASE
STAb iLITY CATEGORY 13
W INO SPtEI) (METERS/SECOND ) 1.00
WIN D DIRECTION T A j L w I~~DEEM.~LRAT UKE (F- ) 4 13.00
• I XING DEPTH (METE.~S) 115.00

I I I
DISTA NCE I NECERION CONCENTRATION DATA 1

FROM I I
SIAR E OF I
T*KE-OF F I (MICROGRAMS/CO. METER) I

(KRI I CO PlC NOX PT S02 1 
I 1
I I

5 1 .139 .05 .00 .02 0 .00  I
13 1 .s9 .04 .00 .02 0.00 I
/ 1 .54 .04 .00 .02 0.00 I
13 1 • ‘.13 .04 .00 .02 C.00 I
9 I .‘.4 .04 .00 .02 0.00 1

I 10 .441 .04 .00 .02 0.00
1 11 1 .39 .04 .00 .02 0.00
1 13 1 .35 .04 .00 .02 0.00 1
I iS I .32 .03 .00 .0 0.00
I 1/ 1 .40 .03 .00 .0 0.00
1 19 .27 .03 .0~. .0 0.00
1 21 .2s .03 .00 .0 0.00
I 23 .24 .03 .00 .01 0.00
1 27 .21 .03 .00 .01 0.00
1 31 .19 .02 .00 .01 0.00
1 35 .1/ .02 .00 .01 0.00
I

/



“AD-A067 262 CIVIL AND ENVIRONIENTAL ENGINEERING DEVELOPMENT ocric—ric F/S 13/2
AIRCRAFT AIR POLLUTION EMISSION ESTIMATION TECI*4IQUES — AC EE.CU)
stp ye H A SCOTT, D F NAUGLE

UNCLASSIFIED CEEDO—TR—78—33 NL

EN%



I

A O • ; .

1.0 :~‘~ ~ 
--

_____ ~ ~ 2.2

Intl ‘ 
.

IlOI~
25 IlIII~ iiio~

MICROCOPY RESOLUTION TEST CK~~T
NA1~O~4AL ~tJ REAu o~ STANbA RC6-I%~-~



TABLE C-64. 0-2 WORST CASE DOWNFIELD CONCENTRATIONS

A1HC~ A FT 0 ~ NONMAL 1 LiD

AiMOSPP~ER1C CONUITLONs wOKST CASE
STA bILITY CATLG~.ftfl’ 6
WINu St~E~.() (‘4€JERS/SECONO) 1.00
wINO DIRECTION 1AILV~INDTEMs~~RATuRL (F) 3d.00
MIXING D&TM (NE1EKS) 115.00

I I
I OiSTAN (.~. I N~.CEPTOi~ cONcENri~ATIoN DATAI ~~~OM
I Si Ai-~ 1 OF
I TA$.t-OF F (MICHOGRAMS/CU . MET€:R)
I ( P(M) I CO HC P40* PT SOgf
I 

___ 
I
I 1.4~ .14 .01 .0? .00 1

b 1.~~4 .1~ .00 .06 .00 1
1 7 1.13 .11 .00 .06 .00 I

8 1.0? .11 .00 .05 .00 1
1 9 1.03 • 1 .00 .05 .00 1
I U 1.01 .11 .00 .05 .00 1
I 11 .99 • .00 .05 .00 1
I I .96 •.2 .00 .05 .00 1I I .~~~~ •I~ .00 .05 .00 1
I U I .88 .11 .00 •Ob .00 I
I 9 1 .84 .11 .00 .05 .00 1

U I 21 .79 .11 .00 .05 .00 1
1 23 I .75 .10 .00 .04 .00 1
I 27 I .68 .09 .00 .04 0.00 1
1 31 1 .61 .08 .00 .04 0.00 I
I 35 1 .56 .08 .00 .03 0.00 1
I 1 1
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TABLE C-65. OV- 10 WORST CASE DOWNFIELD CONCENTRATIONS

AIkU AF T OVIO NORMAL 1 LTD

ATMUSPhENIC CONDITIONS wOHST CASE
STAbiLITY CATEGORY b
WINO SPEED (METERS/S€ CONO) 1.00
WINO DIRECTION TAIL.IND
TEMPERATUR~. (F) 38.00
MI XING DEPT,i (METENS) 1Lb.u0 

a_a  

1 1
I DISTANCE ~(tCEI~T0K CONCENTi4ATION DATA II FROM II SI AR I OF ~~~ ~~~~~~~~~~~~~~~~~~~~~ I
I TAK E—OF F (MICKOGi~ANS/CU. NETER) I
I 1KM) CO IIC P40* PT Su~ I 

a aeee a e e e e e eaeeeee ~~~~~~~aaaaeaa a aeee e eeeee eee 1
I

.11 .04 .11 .0 .01 I
6 .15 .04 .09 .0 .01 I
1 .14 •04 .08 .0 .01 1

1 8 .13 .04 .08 .0 .01 1
9 .13 .04 .07 .00 .01 1

111 .13 .04 .07 .00 .01 I
11 .13 •04 .07 .00 .01 1

1 IS 1 .14 .04 .01 .00 .01 1
15 •I.~ .04 •Oe .00 .01 I
17 .13 .04 .06 .00 .01 1
19 1 .12 .04 •Qb .00 .01 I
21 .12 .03 .05 .00 .01 1
23 .11 .03 .05 .00 .01 I
21 1 .10 .03 .04 .00 .01 1
31 1 •09 .03 .04 .00 .01 1
35 1 .09 .05 •04 .00 .00 1

I I
eee~~~ee e e e e e eS ee e e e e  a a 
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TABLE C-66. T-33 WORST CASE DOWNFIELD CONCENTRATION S

A 1NCNA b T T 33 NOKMAL 1 LTD
AT MUSPPIEK1C CONDITIONS •OHST CASE
STAbIL ITy  L*TE6w ~Y 6
WIND SPEED (METEHS/SECOND ) 1.00
wINO DIWECTION TAILWIP4O
T~ MP~ RATUK~ IF) 58.00
M1XIN~ D~ PTrs (METEKS) 115.00

1 1
1 DISTANCE 1 ~(LCEPTOM CONCENTKATION DATA I
I FROM I
I S~ A~ 1 OF 1 aaCe e aeee ae aeae~~~~~~~ e e e~~~e I
I TAIcE— OF F I (MICHOGHAMS/Cu. METEH)
I (sc M )  CL) MC P40* PT S02 -j .eee eeee~~ e eee a eeae aa aaae eeae easaa sea 1
I I

S 1.db .24 .05 .01 .02 I
1 1.Db .22 .04 .0 .0~ I

I 1.~ 4 .21 .04 .0 .02 I
8 1.46 .20 .03 .0 4 .02 1

1 9 1.~ 0 .19 .03 .01 .01 I
10 1.36 • 9 .03 .0 .01 I
11 1.32 • 8 .04 .0 .01 I

I 5 1 1.23 • 7 .02 .0 .01 I
15 1.15 .16 .02 .0 .01 I

1.08 • 5 .0~ .0 .01 1
I 19 1.01 .14 .02 .0 .01 1

21 .9~ .13 .O~ .0 .01 1
23 .88 • 3 .02 .0 .01 I
21 .18 .11 .01 .00 .01 1
31 .10 • 0 .01 .00 .01 1
35 .03 •09 .01 .00 .01 I

I

________ 
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TABLE C-67. T-37 WORST CASE DOWNFIEL) CONCENTRATION S

A IRCKA~ T 1 37 NORMAL 1 LTD

ATMOSPHERIC CONDITIONS WO RST CASE
STAbiLITY CAT EGORY 6 -

W IND SPEED (METERS/SECOND) 1.00
WIN D DIRECTION TAILWINO
TEMPERATURt. (F) 38.00 -

MIX iNG DEPTH (MET ERS) 115.00 
- 

aaeflaa~~~~~~~~~~aeneeea ae aen eafl 

I I
1 DIsTANCE. I RECEPTOR CONCLNTKATION DATA
I FROM I - -

I SI ART OF 1 — e eee a
1 TAiLE—OFF 1 (MICRO6RAMS/CU. METER
I 1KM) 1 CO MC NOX PT S02 I

I — a a e ee aa e aeasaaeea eea ee I
I 1 1
I I 1.uu .13 .02 .00 .U1 I
I 1 .91) .12 .02 .00 .01 1
1 7 1 .85 .41 •0~ .00 .0
I 1 .151 .il .0~ .00 .0
I 1 .115 .11 .02 .00 .01 1
I 10 1 .16 .10 .01 .00 .01 1
I 11 1 .14 .10 .01 .00 .01 I
I 13 1 .10 .10 .01 .00 .01
1 15 1 .66 .09 .01 .00 .01
I 11 L .61 .09 .01 .00 .01 1
1 19 1 .51 .015 .01 .00 .04 I

• I ?1 .54 .08 .01 .00 •Oi I
1 ~3 .50 .07 .01 .00 .00 I
I 21 .45 .06 .01 .00 .00 I
1 31 .40 .06 .01 .00 .00 I
I 35 .36 .05 .01 .00 .00 I
I I
ae ee eflfl O eflea eeeflfle — ann aeeeeneneeaeee an aa
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TABLE C-68 . T-38 WORST CASE DOWNFIELD CONCENTRATIONS

AI RC RAF T I 38 NORMAL 1 LTD
ATMOSP HERIC CONDITIONS w ORST CASE
STAbiLITY CATEGORY 6
wIND SPEtL) (ME TERS/SECOND ) 1.00
WIND DIRECTION TAILwIP4O
TEMPERATU RE. (F)  38.00
MIXING DEPTH (METERS) 115.00
n~~~~~fl aaeaaflee Seefl a ene ooaanaeana eseoas flfl ee

1 - I I
I DiSTANC E I RECEPTOR CONCENTRATION DATA
I FROM II ST AR I OF I ~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~ I
I l AKE—OFF I (MICF4OGHANS/Cu. METER)
I (1(14) 1 CO MC P40* PT S02
seeeeee e a I eeae aaa eeeese eaa aso e~~~aa eaaaee 000eae aaCej

I I - - - I - .-
I 5 1 2.~ 2 .36 .05 0.00 .05 1
I 6 1 2.41 .34 •04 0.00 .0~ 1

7 1 ~.20 .33 .04 0.00 .0~ I
1 15 I 2.12 .32 .03 0.00 .02 1
I 9 1 ~.0l .31 .03 3.00 •02- I
I 1) 1 2.03 .31 •03 0.00 •U~ I1 1 1 1.#9 .41 .03 0.00 .02 1
1 Ii 1 1.90 .30 .03 0.00 .02 1
1 5 1 1.80 .28 .02 0.00 .01 I
I I I 1.o9 •~ 7 .0~ 0.00 .01 1
1 1 1.59 .25 .Q~ 0.00 .01 1
I 21 I 1.49 .24 .02 0.00 .01
1 23 I 1.410 .2~ .02 0.00 .01 1
I 21 1 1.2b .20 .02 0.00 .01
1 31 1 1.12 .18 .01 0.00 .01 1
I 35 1 1.01 .16 .01 0.00 .01 I
1 1 1
eefl ee saoaee f loee.easeeeca a _ _ c e  a aee aaaee Sawea afl ne~~~~~~~
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TABLE C-69. T-39 WORST CASE DOWNFIELD CONCENTRATIONS

A iRCRA F T V 39 NORMAL 1 LTO

ATMOSPHERIC CONDITIONS WORST CASE
STABILITY CATEGORY 6
WINO SPEED (METERS/SECOND ) 1.00
WIND DIRECTION TAILW1ND
TEMPERATURE (F) 38.00
M I X I NG OtPTP’ (ME IENS) 115.00

eeeeeeceaesaee sees~~~a eae ee e c  eneea aoaeeeaaea ee c_ c e _ _ a _ a

I 1 1
1 DISTANCE I RECEPTOR CONCENTRATION DATA I
I FRO M I
1 ST A I OF j  ace sac — eaaaee ae a a oe a  se5e~~~asaaaae a

• I TAKE-OF F I (MICROGRAMS/CU. METER) 1
I (1(M) I CO MC P40* PT S02 I
eeaeaeee aa ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~ eea~~~a

1 I
I 1 .04 .08 .05 .00 .1)1

• I b 1 .515 .07 .0.1 .00 .01 1
• I 1 1 .s4 .07 .Us .00 .01

I 15 1 .b~ .07 .0~ .00 .01
1 9 1 •bO .06 .02 .00 .01 1
1 111 1 .49 .06 .U~ .00 .01 I
I II 1 .47 .06 .O~ 0.99 .0
I 13 1 .45 .06 .0~ 0.vu .0
1 15 1 •42 .05 .0~ 0.00 .0
I 11 I .39 •Ob •02 0.00 .01 I
I 1 .11 .05 .01 0.00 .01 4I ~1 I .34 .04 .01 0.90 .01 t
1 24 1 .32 .04 .01 0.uO .01 1
1 21 1 .29 .04 .01 0.00 .01 1
I 31 1 .26 .03 .01 0.00 .00 1
1 35 I .23 .04 .01 0.00 .00 1

H I I I
seaa~~~aeeaee asefl neaaS 0fl~~~eaeaceae eac e~~~f laaacae aaaa aaaen
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L
TABLE c 70. T41 WORST CASE DOWNFIELD CONCENTRATIONS

AIRCRA F T T 41 NORMAL 1 ITO

ATMOSPHERiC CONDITIONS WORST CASE
S T A b I L I T Y  CATEbORY 6
W1~dU SPEED IMETERS,SECONO) 1.00
WINO DIRECTION TAILWINO
TEMPERATURE (F) 38.00
M1A1N6 OEPT~ (METERS) 115.00

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~e ae~~~a0aea aeeanasecae ee fl ~~~f lflfl

1 I
DiSTANCE I RECEPTOR CONCENTHATION DATA I

FROM I I
S I *14 1 OF I aee aaeaeaeaa ec eeaee~~~eeeaee~~~~~e~~~ee O~~~0~~~ee Ce ac I
TA KE—OF F I (MICRObMAMS/Ci). METER) 1

11(M) 1 CO IIC P40* PT S02 I——— 1 aaa~~~ce eseeaeeeoe a~~~oaseae~~~eceasaaeaaaa aaoeaea 1I I
5 1 .11 .01 .00 .03 0.00 1
6 I .64 .06 .00 .03 0.00 I
F I .sl .06 .00 .03 0.00 1
8 4 •b3 .~~b .00 .93 0.90
9 .50 .ub .00 .u3 0.uO
10 1 .415 .05 .00 .02 0.00 1
11 1 .46 .05 .00 .02 0.00 1
13 I .~~J .05 .00 .02 0.00 1
lb I .‘~U .05 .00 .02 0.00 1
11 I .31 .05 .00 .02 0.00 1
19 I .35 .04 .00 .02 0.00 1

I .33 .04 .00 .02 0.00 1
23 1 .31 .04 .00 .02 0.00 I

I 2/ 1 .2 1 .0* .00 .02 0.00 I
1 31 1 .2~ .04 .00 .01 0.00 1
1 35 1 .22 .03 .00 .01 0.00 I
ea e c c e c c eae ese~~~eee Oeeeeaeee ae0aaaaeea a_a o~~~ea eeaeaea~~~~~aee

. 4
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APPENDIX D

EXAMPLE ACEE APPLICATION

Super Air Force Base is a UPT training base. An environmental
assessment must be made for increased number of training missions to be
f lown the next fiscal year . The downfield pollution concentrations must
also be determined for Home City. Home City is citing the A? base for
its CO concentrations during the morning missions. -

The increase in aircraft operations is as follows:

Increased LTOs Increased TGOs
(per year) (per year)

T—37 1,500 250
T—38 1,000 200

• These increased T-38 LTOs will result in a 5-minute queue delay before
takeoff.

STEP 1 - CURRENT AIRCRAFT OPERATIONS

From base operations, the following operational data were collected for
the current fiscal year.

LTOs (per year) TGOs (per year)
• T—37 15,000 2895

T—38 16,525 2982

STEP 2 - MODIFY EMISSIONS FOR THE QUEUING

Since every item in the LTO cycle compared favorably with the ACEE time
in mode, the ACEE LTO cycle is used. The only emissions that have to be
added are the queue time.

The idle engine mode is used during the queue. Locating the idle ernie-
sion factors in the Table 1, the emissions per 5—minute queue can be
calculated:

Engine 185—5:

EON Idle

NOEGe2

TIMOD 5 m m  x 60 s/mm 300 s

99
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Emissions (POL) (g) ?LFLW(.idlo~ (kg/c) x TIMOD(s) X ~MFAC(id1e, co)

CO 3 ,043.8 0.057 300 378.0
H C 513.0 0.057 300 30.0

22.2 0.057 300 3.3
PMX 0.05 0.057 300 0.003
SO 17.1 0.057 300 1.0x

These factors are added to the LTO cycle emissions. Thus, the LTO
emissions are presented below:

CO C l i  NO PM SOx y  x x

LTO Total (metric tons) 4 .0X102 6.1X103 
6.OXlO

4 2.3x].0 6 3.5x10 4

(From Table

+ Queue Emissions 3.OxlO
3 

5.1x10
4 

2.2x1&5 x10 8 1.7x10 5

(metric tons)

Modified LTO Emissions 4.3x10 2 6.6x10 3 6.2x10 4 2.4x10 6 3 7x1O~
4

(metric tone)

Note: Queue emissions were converted to metric tons.

STEP 3 - CALCULATE ANNUAL POLLUTANT EMISSIONS

The nmmmber of operations LTO and TGO are multiplied by the emission factors.
• The annual emissions computed by this process are presented below:

Current Yr (ops/yr) + Additional (ops/yr) ~ Total (ops/yr)

- 

• 

T—37 (LTOs) 15,000 1,500 a 16,500
(TGOs) 1,895 250 a 2,145

T—38 (LTOs) 16,525 1,000 a 17,525
• (TGOs) 1,982 800 a 2,182

CO C
~
H N0

~ 
P1~ SO 

•

T—37 (LTOs/yr) 16,500 16,500 16,500 16,500 16,500 •

x Pollutant Emissions 1.5x10 2 2.OxlO 3 3.Q~3.O~~ 5.6,c10~~ 1.4x10 4

(metric tons/LTO)
(from Table A - )  p~—2.~)  

________  ________  ________  _________

T-37 Pollutant Annual 247.0 33.0 5.0 0.9 2.3
Emissions (metric tons/yr)
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Projected Pollutant Annual Emissions (metric tons)

CO CH  NO P14 SOx y x x
T-37 (LTOs) 247.5 33.0 5.0 0.9 2.3
T-37 (TOOs) . 4.5 0.3 0.3 0.0 0.1
T—38 (LTOs) 701.0 106.9 10.5 0.0 6.1
T—38 (TGOs~ 8.5 0.5 0.4 0.0 0.2

Total A/C Emissions 961.5 140.7 16.2 0.9 8.7

• Change in Emissions

The H C , NO , PM and SO emissions are below the 227 metric tons per
year.C 

~owev~r, CO annua~ emissions exceed 227 metric tons. Additional
analysis would be required. This should include a comparison with base,

- • local and regional emission inventories. Aircraft nationwide contribute
only one percent of the total annual emissions. Remember, ACEE is a
screening device; closer examination might or might not predict an air
pollution problem from aircraft.

STEP 4 - AIR QUALITY ANALYSIS

The greatest number of aircraft operations during a one—hour period is
found from aircraft operations records. An interview with the operations

• personnel will give a good estimate of greatest number LTO/hour. An
interview is a good method to gather the data for quick assessments.
The maximum number of LTOs/hour is 22 at 0800 hrs which includes 10
T—37s and 11 T—38s.

The particulate dispersion curve is used to make a quick assessment.
Using Table 2, the T-37 and T-38 group number is 2 for CO. The T-38 group
number is 3. Home City is located 30 km downfield from start of
runway roll.

3 The worst case downfield CO concentration is 0.4 mg/rn (T-37)
and 1.1 mg/rn (T—38) (Figure 4). The one—hour pollution concentrations are:

(0.4 ~g/m~/LTO) x (10 T—37 LTOs/hr) 4 .0
(1.1 $~g/m /LTO) x (11 T—38 LTOs/hr) 12.1. . /~II

3
• fl 

Total CO at 30 km ~ .16.1 /m

The worst case one—hour S0 ground level concentration at 30 km downfield( Home City) is 16.1 mg/rn using the downfield dispersion curves.

The aircraft pollution concentratIon T-37 and T—38 tables in Appendix C
can be used to make more accurate calculations at the 30—km point.
Using the concentration values in the appendix, the 30—km downfield CO
concentrations are computed:

101

~~~~~~~~~~~~~~~~~~~~~~~~~~~



~~1

I!
(0 .41 J1g/m~/T-37 LTO) x (10 T-37 3.TOs/hr) 4.]
(1.15 g/m /T-38 LTO) x (1]. T-38 LTOs/hr ) 12.6 $ /rn

Total CO at 34 ]cjfl 16.7

• The 11-kin worst case CO concentration is 16.7 ~ g/m
3 or 0.01 Øg/ni

3 
using

the downfield concentration tables (C—67 and C-68).

The primary and secondary NAAQS CO are 40 mg/rn3 maximum one-hour concentra-
tions not to be exceeded more than once per year.3 The maximum one—hour
concentration calculated using ACEE was 0.01 mg/rn . The computation is
far less than the primary and secondary NAAQS for CO. Therefore, the
ACEE result is valid and predicts that aircraft CO concentration contri-
butions are negligible over Home City. ACEE predicts aircraft concentra-
tions only. Other base air pollution sources are not considered for
analysis.
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INITIAL DISTRIBUTION

HQ AFSC/DEV 1 AFETO/DEV 1
HQ AFSC/SGB 1 USAFSAM/EDE 2
HQ APSC/SGPA 1 HQ AFISC 2
HQ TAC/DE 1 HQ AUL/LSE 1
HQ TAC/DEEV 1 HQ USAFA/Library 1
HQ TAC/SGPA 1 Det 1 AFESC/TST 1
HQ SAC/DEPA 1. 1 MSEW 1
HQ SAC/DEPV 1 OUSDR&E 1
HQ SAC/SGPA 1 USAF Hospital , Wiesbaden 1

• HQ USAFE/DEPV 1 Argonne National Laboratory 1
HQ USAFE/SG 1 AFWAL/CC 1
HQ MAC/DEPM 1 USAFRCE/ER 1

• HQ MAC/DEEE 1 Det 1 AFESC/ECC 25
HQ MAC/SGPE 1
HQ PACAF/DEMU 1
HQ PACAF/SGPE 1
HQ ADCOM/DEEV 1
HQ ADCOM/SGPAP 1
HQ USAFSS/DEE 1.
HQ USAFSS/DEMM 1
HQ AFC S/DEEE 1
HQ ATC/DEPV 1
HQ ATC/SGPAP 1
HQ AAC/DEV 1
HQ AAC/SGB 1
HQ AFLC/DEPV 1
HQ AFLC/SGB 1
119 AFLC/MANT 1
HQ AFLC/MMRF 1
rJSAFRCE/WR 1
USAFRCE/CR 1
Naval Air Propulsion Ctr 1
Naval Envmtl Support Office 1
ADTC/CZ 1
DDC/DDA 2
HQ AFSC/DL 1
HQ AFSC/SD 1

• 119 USAF/LEEV 1
• HQ USAF/SGPA 1

OSAF/MIQ 1
OSAF/Ol 1
AFIT/DE 1
AFIT/Library 1
National Science Foundation 1
EPA/ORD 1
USA Chicf, R&D/EQ 1.
USN Chief, R&D/EQ 1
USAFOEHL/CC 1
USAFOEHL/ECA 1
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ADao67 2621. ABERDEEN PROVINS GROLI4O MO FLD 9
DIRECT DETERMINATION OF TOTAL ZINC IN MIXED PAINT PISMENTS(U)
JUN 55 M SWANN

UNCLASSIFIED LSD R 2h9 DOD ONLY
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SUPPLEMENTARY

INFORMATION j



CE~ DO-TR-78-3~ - Aircraft Air Pollution
Emission Estimation Techniques - ACEE

HQ £1’ESC/KDVC
Tyndall 173 Vi. 32403

1. Page No. 23 - Change “Using Vi~ur. 6” to rsa~ “Using Vigurs 5. ”
- change all. “mg/rn to sad “il/rn .“

Page No. S4 - change 1•2 21 - 02 • 1.2 ~ io~~ • 0.02” to read “1.2 3 - 02
— 1.2 x 10 0.012. ”

- Change “1.2 3 * 02 — 1.2 ~ io2 
— 20” to read “1.2 3 +  02

— 120.0. ”

Page No. 100 - Change “(Vra m Tabi. 1-41)” to read “ (Vram Table 1-26). ” P
- Change ‘(tram Table 1-40) ’ to r.ad “(tram Table 1-25)

Page No. 101 - Change “Chang. in Eai~sions (Percent)” to read “Change
in I~missions .”

- Change all “mg/rn3
” to read “$Jg/m3 .”

Page No. 102 - Change all “mg~m
3
” to rsad “~.g/m

3
” .~c.pt for “40

and “0.02 mg/rn • “

2. Thi. errata is unclassified.

HAROLD A. SCOTT . 1st Lt . USAF
Pro)ect Officer
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