AD=A067 262 CIVIL AND ENVIRONMENTAL ENGINEERING DEVELOPMENT OFFIC==ETC F/G 13/2
AIRCRAFT AIR POLLUTION EMISSION ESTIMATION TECHNIQUES = ACEE, (V)
SEP 78 H A SCOTTr D F NAUGLE

UNCLASSIFIED CEEDO=TR=78=33 NL




O e s

"..,IEO s miij 22

lll'l% el

i

e s e

ION TEST CHART
963-4




_——— 3

MA) 6726

DDC FiLE copy

i iyt

AIRCRAFT AR POLLUTION EMISSION

ESTIMATION TECHNIQUES-ACEE

HAROLD A. SCOTT, JR. -

DENNIS F. NAUGLE

ENVIRONMENTAL SERVICES DIVISION-
ENVIRONMENTAL MODELING

SEPTEMBER 1978

FINAL REPORT FOR PERIOD AUGUST 1977-AUGUST 1978

Approved for Public Release; Distribution Unlimited

IS DY AR 1 (AT
- BEST a3 p oy

an ?:x ;’um‘rssm 0 o m*rf::;ﬂ

SRAVIPILNT Mgy op PARES ¥AKH 1o mog.

RRIEODUCE 120 rhyy, Yo s

CIVIL AND ENVIRONMENTAL

ENGINEERING DEVELOPMENT OFFIGE
(MR FORCE ENGINEERING AND SERVICES CENTER)
TYNDALL AIR FORCE BASE

FLORIDA 32403

79 04 12 00% |
per— SRR




DISCLAIMER NOTICE

THIS DOCUMENT 1S BEST QUALITY
HE COPY FURNISHED

PRACTlCABLE. T
TO DDC CONTAINED A SIGNIFICANT
gS WHicH DO NOT

NUMBER OF PAG
REPRODUCE LEGIBLY.




. G
D PSS
f—

f .
: UNCLASSIFI
i SECURITY CLASSIFICATION OF THIS PAGE (When Deta Entered)
REPORT DOCUMENTATION PAGE BEFORE COMPLETING FORM
{ [T REPORT NUMBER Y 2. GOVT ACCESSION NO.| 3. RECIPIENT'S CATALOG NUMBER
Pty l
LE Lond Swubidsd £ 5. TYP EPORT & PERIOD COVERED
] AIRCRAFT IR POLLUTION EMISSION 7 N Final
ESTIMATION JECHNIQUES - ACEE, A 77 — Au 78

6. PERFORMING ORG. REPORT NUMBER

I ALTMORia- 8. CONTRACT OR GRANT NUMBER(s)
Harold A./Scott, Jr

9. PEGF?MING ORGANIZATION NAME AND ADDRESS 10. ::ggR.Agoié.xtns'n_r'f."%luoalggg. TASK
Det 1 (CEEDO) AFESC/ECA o~ Program Element: 63723F

Tyndall AFB FL 32403 /6 Jon: [ 216328

11. CONTROLLING OFFICE NAME AND ADDRESS 1
Det 1 (CEEDO) AFESC/ECA
Tyndall AFB FL 32403

4. MONITORING AGENCY NAME & ADDRESS(if dilferent from Controlling Office) 1S. SECURITY CLASS. (of this report)

Unclassified

1Sa. DECL ASSIFICATION/ DOWNGRADING
SCHEDULE

16. DISTRIBUTION STATEMENT (of thia Report)

Approved for public release; distribution unlimited.

[ e § ST R
| 17. DISTRIBUTION STATEMENT (of the abatract entered in Block 20, i different from rw;_jf b B o
U2 apR D3
1 S e o :
18. SUPPLEMENTARY NOTES
l Available in DDC.
A
|
{ 19. KEY WORDS (Continue on reverse side if necessary and identify by block number)
| Gas Turbine Engines Carbon Monoxide Smoke
. Exhaust Emissions Total Hydrocarbons
Environmental Quality Oxides of Nitrogen
Air Pollution Particulate

0. ABSTRACT (Continue on reverase side If necessary snd Identify by block number) M

‘ A five-step analytical methodology is presented that can be adapted to nearly |

1 any aircraft related air quality assessment problem. The methodology is for
use by base level environmental personnel to calculate (1) annual aircraft

! emissions and (2) downfield pollutant concentrations. The latest individual -

engine emission factors and other information requirad for the methodology are |

contained in this report.

i \\
N
DD ,an'ys 1473 UNCLASSIFIED -
i AR50 \
SEWCVU"TV CL‘ASQIPICATUON OF THIS PAGE (When Date Entered)

i s

T —— — - - e S O S —————

I — e




[ VP ———

PREFACE

This final report was prepared Det I‘SFESC Civil and Environ-
mental Engineering Development Office ‘EDO) , Tyndall AFB, Florida.
This work was accomplished under Job Order 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 Cffice of Information (OI) 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 (ACEE) 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 ACEE analyses.
Annual and maximum one-hour base aircraft operations are the only input
data required for an ACEE 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 ACEE
results. If ACEE 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 ACEE air quality analysis is not site specific. The analysis
can be performed by base level personnel at any Air Force base. ACEE
will allow preliminary air quality impact analysis of beddowns and
mission changes at the base level. If an aircraft air pollution problem
is indicated by ACEE, 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.




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

USAF AIRCRAFT 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 common 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 common 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 115 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 procedures
described in the Socicgy of Automotive Engineers Aerospace Recommended
Practice 1265. The particulate (PM) emissions were derived from SAE
Smoke Numbers (SNs). The SNs were converted to mass per unit volume
(Reference 2). The particulates 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 J-79 afterburner emissions data and the actual engine AB
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, e.g., pounds per
thousand pounds or grams per kilograms (Figure 1). The emissions
factors and fuel flows are given for each engine mode. The engine
thrust modes listed are the primary modes used by an aircraft during
Landing and Takeoff (LTO) and Touch and Go (TGO) cycles.

Emissions can be calculated for any engine mode using the aircraft
emission indices in Table 1. Engine Mode (EGM), Time in Mode (TIMOD)
and Number of Engines (NOEG) are the only parameters required to calcu-
late emissions. The Engine Mode Fuel Flow (FLFLW) and Emission Factor
(EMFAC) are obtained from Table 1. The engine modal emissions are
calculated by Equation 1.
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TABLE 1. USAF AIRCRAFT ENGINE EMISSION FACTORS

POLLUTANT EMISSION RATE (g/kg fuel or 1bs/1000 lbs fuel)*

NGINE ENGINE FURL FLOW camsow WaURED oxioIzs or ToTAL
(AIRCRAPT) oDk ka/s 1000 lbs/hr MowOXIDE HYDROCARBONS NITROGEN  PARTICULATES
¥-100-P-100 st o1et  1a 240 a2t 5.9t 0.1282
(F-15) appROAGHY 0.378*  3.000% 5.8’ 1.9° 6.7 0.27%3
(r-16) appROAGH’ 0.378* 3.0 5.8 1.9° 6.1 0.27%3
vTERED® 0.643%  5.106! 1.6 0.1} 9.8! o0.47%2
nrLITary? 1301} 10.3250 0.9* 0.1} 27.0} 0.34}:2
n’ 5.797°  ae.000° ..0® 0.0 3.8 0.15%
JT8D-17 108" 0.5  1.1507 3.0 8. 3.4’ 0.31”
(c-9) APPROAGH® 0.354'  2.810' 7.2" 0.s7 6.9 0.537
INTERIED 0.9977  7.910" 1.07 0.08" 15.6 0.3’
MILITARY’ 1.227  9.9807 0.7 0.05" 2037 0.37"
J33-A-35 et 012 1.200% 127.0% 19.5% 18t 0.73%2
(1-33) ApPROACH® 0.252°  2.000% e’ os? 1.9° 0.5723
INTERMED® 0.598)  4.750! w1l 1.3t 2.7t 0.02'2
MILITARY! 0.69'  s5.s525! a3t 0.5t a6l 0.0212
57-p-19W 1owe? 0.12"  o0.950! 79.0% 77.0* 2.2 0.16}+2
(B-52 D/E) APPROACH? 0.428°  3.3:15° 7.9° 1.4° 5.8 0.9323
NTERED! 0.819'  &.s0d 2.4 0.2 9.5} 1.92}2
mILITARY! 0.9a1)  7.46e! 1.9} 01! 1.0t 17222
WATER AUGLC 1.529%%  12.133%0 .1 2280 2.710 1.89%°
357-p-218 1oe? 0.13¢)  1.063! 72.0° 6.0 2.8 0.16'-2
(F-100) APPROACH® 0.3 2 500}t 1577 o2 o 07223
(F-101) appROACH® 0.3158* 25001t 1.7 0.2 03 0.72%3
(F-102) APPROACH’ 0.315! 2500} 15.7° 4.2} 03 0.722:3
nteriEn? o.79s! 530t 3.2 0.3 8.3t 2282
MILITARY! 0.969*  7.693! 2.0! 0.1} 3.8! 2.042
as® 4509 36.100% 4.0t 0.01% 3.18 0.15%
157-P-43, 43wB 1oe! 0.12¢'  0.986 78.0 75.0% 2.2 0.14}:2
(C-135A, KC-135A) APPROACH’ 0.23381  1.as0*! 9.7} 1.8° 5.3° 0.52%3
(8-52¢/G) APPROACH® 0.233°  1.049° .0° 9.2° 3% 0.29323
INTERMED! 0.843'  6.689 2.3 0.1} 9.9} 1.23%2
MILITARY! 0.980  7.779% 18! 0.1} 1.0} 17412
WATER AUGL0 1.52080 1213310 2.1 2.5%0 2.710 22 5210
157-p-50W 1oeet® 015730 1 25030 65.00 52910 2.410 0.13%:10
(Ke-1354) APPROACH® 0.2338' 1 gsot? 3252 14.22 3.3? 0.22%10
NTERED 0 0.487'0 386710 8.910 wet? 6.110 0.60%+10
WILITARYLO 0.99510  7.900!¢ 2.4 0.2 L 0.842:10
WATER AuG10 152910 1213330 21110 2% 2.7 22,5210
160-P-58; P3 1oLe* o.0se® 0463’ 20.0* 9.2 18t 0.02%2
(1-39) APPROACH? 0.066'  0.520 s0.5° 5.6 e 0.022:3
INTERMED® 0.180'  1.426* 5.8 0.2} a0} 0.23%:2
MILITARY! ol et «.0! 0.1} a6l 0.171:2
69-1-25 1oes’ 0.029' 0.2} 129.0! 19.0! 1.8t 0.58%2
(1-37) ApPROACH" 0.03'  0.208' 106.9" nat 17 0.28%2
INTERmD! 0.0s8'  0.698 s0.0* 1.3t PR 0.022
mILITARY! 0.3 1.008 3.0t o.st 26! 0.0242
375-p-17 1oLe’ 0.196' 1552} 86.0' 72.0% 2.8 0.2
(P-106A) APPROACH? 0.4} 3500 17.8° 5.2 .3 0.442:3
WILITARY! 1ea!  12.8a! 1.8 01! 12.0! 1.0812
b 6.766>  53.700 a.0® 0.01% e 0.15%
115-p-190 ot 0.2008  1.see! 2.0 8.0 2.6 0.232
(#-108) arpROAGH’ o.2158"  3.s00% 17.8° 5.8 o3 0.3
vTsmimD’ 1089  .6ead 1.9t 0.3t 9.0} 1.0412
wiLITARY! 1140 13,608t 35" 0.3t 10.0t 1.0412
an® 453" 360100 4.0® 0.01% 318 0.15%




3| g K
3 ! 4
4 TABLE 1. USAF AIRCRAFT ENGINE EMISSION FACTORS (Continued)
: POLLUTANT ENISSION RATE (g/kg fuel or lbs/1000 lbs fuel)*
‘ GINE INGINE FURL FLOV CARBON UNBURNED OXIDIES OF ToTAL 1
. (AIRCRAFT) HODE Xg/s 1000 lbs/hr MONOXIDE HYDROCARBONS NITROGEN PARTICULATES® :
3719-68-15 1is! 0242 1130 s7.0* 12.0} 2.8t 0.5%2
(F-4 C-D) APPROACH® o.a1*  3.500% 9.4% 1.3 o8 1023 3
NTERNED" 0.6758  s.3sst a6t 0.3} 5.6 2.812
1 1 1 1 1 1 1.2 E
MILITARY 1.125 8.929 2.2 0.2 8.9 2.2
2’ a.062'  32.24% 4.0° 0.01° 3.8 0.15%
119-GE-17 1oet? 0.134%  1.060'? 66.0%2 23112 2912 0.18%2
(F-48) APPROACH? 0.4a1* 3500 15.4%2 0.512 4512 0.5112
INTERNED 0.882)2  7.000*2 2.8 04l 5812 0.7212
ILITARY 2 1.23712 9 82012 c2he 0. 10612 0.9212
as® 4.404°  34.950° 4.0® 0.01° 3.2° 0.15°
J85-GE-5 1oLe? 0.0s*  0.4s3 178.0* 0.0} 13! 0.003%:2
" (¥-5) aAppROACH! 0.126*  1.000* 7363 6.4° 183 0.007%:3
(1-38) APPROACH’ 0.184%  1.462° 43.0° 3.5° 237 0.on%3
INTERMED® 0.28¢"  1.463! 4.0 3.5t 2.3! o.o1!
MILITARY oA 2w 29,0t 0.8 2.6t 0.018*
i 28® 109! 8323 26.0° 0.07° 2.0% 0.008°
! R-3350 oLe!? 0.0132  0.107%2 743.0%2 191.0? 1502 60.012
(c-119)(c-121)  INTERMED'? 0.077'%  0.610'? 692.0'2 9.512 9.412 400"
A MILITARY'2 0.118"2  0.936*2 1160.0'2 20.412 n3? 20.0%2
| R-4360 1oLe}2 0.018"  0.140? 743.012 191.02 1.082 60.012
(c-97) NTERMED 0.100"2  0.7942 692.0'2 9.512 9,412 40.0%?
c MILITARY'? 0.1%2 12182 1160.0'2 20.4'2 102 20.0%2
E | TF30-P-3 oLet 010" o0.8s0 72.0! 62.0% 2.3 0.01}-2
: (F-111A/E) APPROACH? 0.265  2.100 9.23 201 a8t 0.05'2 3
IN"ERMED” 0621  4.926 1.3t 0.1 9.4% 0.4523 3
MiLITARY! 0775 6.148! 0.8t 0.03! 12.0! 0.40'-2
as® 4.838"  38.400% 4.06° 0.01° 3.1° 0.15°
2 TF30-P-7 1oLe} 0.119'  0.948! 53.0} 30.0° 3.0 0.02}2 1
FB-111A APPROACH® 0.26s*  2.100% 1.s° 3.2 5.1 0.12%2 k
E INTERMED® 0.719%  5.706} 1z 0.2! 14.0! 0.4412
ki MILITARY! 0.914  7.258! 0.8! 01! 20.0} 0.35!-2
| as® 4.838"  38.400 4.0° 0.018 g 0.15% 3
Bi 1
3 TF 30-100 1oLe* 0.1  0.948! 48.0% 19.0! 2.9! 0.02%2
3 3 4 4 3 3 3 2.3
(F~111F) APPROACH 0.265 2.100 9.9 by 6.3 0.08
: INTERMED" 0.903}  7.164! 0.7} 0.1} 20.0} 0.32}2
i 1 1 1 1 1 1 1.2
f MILITARY 1.144 9.077 0.7 0.1 28.0 0.24
b t AFTERBURNER® 6.804"  s4.000! 4.0° 0.01% ) 0.15°
3 e TF33-p-3 1oLe? o.13'  0.900 107.0! 84,0 1.8 0.23:'§
Al (B-52H) APPROACH’ 0.478°  3.797° C.F 2.6 5.8° 0.98%
) INTERMED® 0.786>  6.236* 2.3% 0.7} 8.5} 1880
| miLiTapy! 0.937  7.436! 1.7 0.6} 10.0! 1.73
i a
4 1 1 1 .2
e TP33-P-7 1oLe? 0.13¢8  1.067! 93.0 77.0 1.8 o1l
3 (c-141) APPROACH’ 0.3157  2.500 1897 3.6 3.8’ 0.39
INTERMED o.omt  7.230! 1.3t 0.1} 9.4} 1.30%2 4
1 1 1 1 Vi 1 1.2
MILITARY 1.098 8.711 0.8 0.03 12.0 0.91
4
E:
TF34-GE-2 1oLe’ 0.049>  0.390! 106.0% 32.0! 2.0} 0.0a!:2 ;
: (a-10) APPROACH’ 0.1s7*  1.250% 8.3 $ad ) PR
NTERNED! o186 1.amt a3l 0.2! 2.5 0.0!?
1 1 1 1 1 1 1.2
HMILITARY 0.323 2.562 2.3 0.1 10.0 0.05
i TF39-GE-1 1oLe’ 0.143  1.133 67.0 23.0t 3.0t 0.01512
¥ (c-58) APPROACH” 0.188”  1.500 39.2° 13.2° 3.9 o.olsi'3
4 INTERMED® 15180 12.025 0.7t 0.2! 28.0! 0.03012
i WILITARY! 1.sesd 126870 0.7} 0.2! 28.0! 0.025%2
|
§ E
5
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TABLE 1. 7AF AIRCRAFT ENGINE EMISSION FACTORS (Continued)

POLLUTANT EMISSION RATE (g/kg fuel or 1bs/1000 lbs fuel)*

ENGINE ENGINE FUEL FLOW CARBON UNBURNED OXIDIES OF ToTAL
(AIRCRAFT) MODE ka/s 1000 1bs/hr NONOXIDE HYDROCARBONS NITROGEN PARTICULATES'
TFa1-A-1 oet 01271 1.000" 9.0 92.0! 1.5t 0.15%2
(a-70) APPROACH® 0.401*  3.500% 10.2° 2:2° 6.8° 0.36%3
INTERMED 0735 s.831 3.2t 0.4 12.0} 0.52*2
MILITARY! 1.061) a0t 1.4t 0.2 21.0* 0.6742
156-A-7 oe! 0.001'  o0.725¢ 32.0* 21.0% 3.9t 0.83%2
(C-130A-F) APPROACH® 0.104  0.8277 2.2 12.4° .4 0.97%3
INTERNED® 0.233*  1.ee8* 2.4} 0.5t 9.2! 0.513-2
MILITARY! 0.248>  1.96s! 2.} 0.4} 9.3l 0.s0%2
76-G-10 1os!? o.0mt?  o.25012 23.8%2 7.6 7.4%2 0.38'2
(0v-10) APPROACH'? 0.07*  0.4s0* w222 .82 8.512 0.5012
INTERMED 0.101%  0.300*2 5.912 0.2 9.912 0.6312
MILITARY'? 01132 g.90012 2.3 0.0612 10332 0.n'?
10-360 o | 0.004*  0.030"* 8480 145.0%3 1 60.013
(0-2) apPROACH3 0.008*  0.062%3 945933 23.6"? 5.5 4093
(1-41) APPROACH'? 0.00s%  0.040° 879.0% 70.613 253 55.0-13
NTERMED 0.009"  0.070%? 972.0%3 17,413 6.613 0.0
MILITARY!? 0.011 0.090*3 1030.0*3 22,613 5.313 20.0"3
0-470 ; oLel? 0.002*  o.015%? 743053 191013 128 s0.03
(0-1) APPROACH? 0.008"  0.061%3 713,283 1 1.083 5.5
nTeRMED 3 0.0 0.088!? 697.0%3 9.513 10> 0.0
rrLITARY! GG G 1,160.0% 20.4%3 9.413 PO

*Average sulfur emissions are 1.0g/kg fuel for turbine engines using JP-4 fuel and 0.6g/kg fuel for piston engines using “aviation gaso-
line".

1. Souza, A. F. and Daley P. S., USAF Turbine Engine Emission Survey, CEEDO-TR-78-34, September 1978.

2. Particulate mass flow rate calculations.

3. Approach engine emissions were calculated by a power curve interpolation method using engine mode fuel flows and emissions indices
4. Mahler, Lt Col, HQ TAC/DOV, trip report containing approach aircraft fuel flows by Lt P. D. Music (Det 1 ADTC) dated 15 August 1977.
5. Souza, A. F., F-100 Afterburaer Turbine Engine Emission Test Report, CEEDO-TR-78-54, September 1978.

6. "Development of Emissions Measurement Techniques for Afterburning Turbine Engines", AFAPL-TR-75-52, October 1975. All engine's
afterburner emissions (except for the J-85 engine) use the J79-G15 reactive plume emissions indices from AFPL-TR-75-52.

7. Pace, R. G., “Technical Support Report - Aircraft Emission Factors," USEPA Office of Mobile Source Air Pollution Control, Ann Arbor, MI,

March 1977.

8. Peterson, Lt Col Roy W., HQ ATC/DOV, letter report containing aircraft engine approach mode fuel flows dated 3 August 1977.
9. Hacker, Capt Kenneth, lst GEG SAC, fuel flows for B-52 approach are given in a letter dated 21 December 1976.

10. Souza, A. F. and Scott, H. A., J57-59W Engine Emissiun Test Report, CEEDO-TR-78-37, September 1978.

11. Personal telephone communications from Lt David Van Gasbeck (NGB/DEM) to Lt John Hunt (Det 1 ADTC) on 2 August 4977 giving ANG's
aircraft engine approach fuel flows.

12. "Aircraft Engine Emission Catalog", AESO 101-74-1, NARF, North Island CA March 1974.

13. Bogdan, Leonard and McAdams, H.T.: Analysis of Exhaust Emission Measurements, CAL Report No. NA-5007-K-1, October 15, 1971.
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Emission (kq) = 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)= 0.331 kg/s
Emission Factor: EMFAC (military, CO)= 29.0 g CO/kg fuel
Time Mode: TIMOD (military)= 3 minutes x 60 s/minute = 180 s

Number of Engines: NOEG = 2
Using Eguation 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
cycles can be calculated by using Eguation 1. Flyby and box pattern
emissions can be determined. 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
relatienship.

Total Emissions All Modes (kg) = Emissions Mode 1 (kg)+ (2)
n = number of modes Emissions Mode 2 (kg)+...+
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 from
startup to engine check.
Solution:
From Table 1: J-85-5 engine
Fuel Flow: FLFLW (idle) = 0.057 kg/s

Emission Factor: EMFAC (idle, CO) = 178.0 g CO/kg fuel




Total Idle Time: TIMOD (idle) = Engine Startup(s) + Taxi-Out(s)
= (5 minutes + 15 minutes) x 60 s/minute
= 1,200 s

Using Equation 1:

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

Emissions (Startup-Taxi) = 24,350.4 g CO

From Example 1:

Emissions (Engine Check) = 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) = 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 TGO 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 TGO cycle is recorded. LTO
and TGO 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 TGO cycle are time consuming. To eliminate these calculations, the
AQAM Source Inventory was employed (Reference 5). The AQAM Source
Inventory uses the emissions 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 AQAM Source Inventory to calculate total LTO and TGO
aircraft emissions. Pollutant emissions per individual LTO phase and
total emissions are outputs of AQAM Source Inventory. The standard
AQAM LTO cycle is illustrated in Figure 2. The TGO cycle omits Phases
1-4 and 7-9. The runway roll speeds and distances are modified for the
TGO faster approaches. All emissions are calculated to and from 0.914
km above ground level.
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The AQAM Source Inventory calculates yunway xoll 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 TGO 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 individual phases. The TGO cycle total emissions are
presented and are calculated separately from the LTO emissions.

The emissions emitted during an LTO 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 Nox emitted by a T-38 during a standard LTO cycle.
Locate the T-38 LTO and TGO emissions in Table A-26.

Emissions (Nox) = 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 LTO 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. These special case
emissions can be added to the final LTO pollutant tc%al. The result is
the LTO pollutant emissions including the special cases.

EXAMPLE 4:
At training base X, a 1l0-minute queue develops at the beginning of the

runway because of the heavy aircraft traffic. What effect does the
queue have on LTO CO emissions?

10
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Using Table 1:

For the J-85-5 engine:

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

Emissions Factor: EMFAC (idle, CO) = 178.0 g CO/kg fuel
By Equation 1:

Emissions (queue) = (10 min x 60 s/minute) x (0.057 kg/s) x
(178.0 g CO/kg fuel) x (2 engines)

Emissions (queue) = 12,175 g CO

From Table A-26:

Emissions (Noxrmal T-38 LTO) = 4.0 E~02 metric tons CO = 40,000 g
Emissions (Modified T-38 LTO) = 40,000 g CO + 12,175 g CO = 52,175 g CO

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

The time in mode can be calculated for each of the LTO phases. This
calculation is important for determining the time of each phase of the
standard LTO cycles (Appendix B) and checking emission calculations.

The aircraft engine type, EGM, FLFLW(EGM), EMFAC(EGM, 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) = [LTo POL Emission (kg)] x (1000 g/kg)
|EMFAC (EGM, POL) (g/kg) ] x [FLFLW(EGM) (kg/s) ]

The amount of extra time that must be added or subtracted from the
standard LTO 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 LTO taxi-out phase?

From Table 1:
FLFLW (idle) = 0.057 kg/s

EMFAC (idle, CO) = 178.0 g CO/kg fuel
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From Table A-26: LTO 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 (Taxi-Out) = 646 s = 10 minutes 45 s
The 10-minute observed time and predicted 10-minute 45 second LTO taxi-

out time are similar. The normal LTO cycle taxi-out emission can be
used.

All special modifications to the LTO and TGO emissions (Appendix A) will
result in mor2 accurate results. For quick estimates, the LTO and TGO
. 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
s emissions calculated by ACEE can be compared with other emission sources
on and around the base. The comparison can give the aircraft'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 ocbtained from the base operations
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 LTO operations per year is multiplied by
! the pollutant emissions from one LTO operation (Equation 4). The
result is the annual aircraft pollutant emissions. 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 LTOs and TGOs

(4)

The pollution emissions changes can be calculated for operational changes
(e.g., decreased engine checks times, decreased arming times) or subtracted
'J from the modified LTO, TGO or flyby cycle.

‘ The detail to which to modifications and special operational
characteristics are addressed will depend upon the purpose of the analysis.
ACEE LTO and TGO emissions can be used for quick estimates of emissions.
: The modified LTO and TGO 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.
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SECTION IV 1

SHORT TERM AIR QUALITY

1.0 ATR QUALITY

Air quality analysis is the most important factor in determining
the impact of aircraft on the environment. Dispersion and emission
analyses are the two main factors in air quality analysis. The disper-
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
1 calculate atmospheric dispersion as a function of wind speed, mixing
height, atmospheric stability and distance from almost any base emission
source. Gaussian dispersion models are used by AQAM 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
guality. ACEE uses AQAM short term and typical meteorological condi-

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

2.0 METEOROLOGICAL CONDITIONS i

! 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 conditions 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
| 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
is not typical of normal aircraft takeoff procedures.
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TABLE 2. ACEE ANNUAL METEOROLOGICAL CONDITIONS
12 AIR FORCE BASES ANNUAL AVERAGES

Meteorological Data

Average Temperature 17.8% (64°p)
Pressure Altitude 359.6 m (1180 ft)
Average Wind Speed* 3.8 m/s (8.5 mph)

* A headwind to the aircraft's takeoff and landing is used for AQAM
Source Inventory calculations.
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3.0 RUNWAY CENTERLINE CONCENTRATIONS

Downfield centerline pollutant concentrations were calculated for
each major aircraft type, using the AQAM short term program. The AQAM
short term model simulated downfield ground receptor concentrations
resulting from an aircraft takecff and climb to 914 m and its approach
and landing from the same altitude. The centerline concentrations
reprcsent the highest ground concentration. The AQAM short term Gaussian 3
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
not calculated because of inaccuracy due to near field effects. The 3
takeoff and climbout downfield pollution concentrations were calculated
for the 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 3
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
multiengine aircraft. All other aircraft concentrations can be estimated
using the midpoint of the plot.

The downfield pollutant concentration (Appendix C) tables are
broken 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 concentrations.

The BQAM chort term program deals only with one-hour time periods.
The rumber of aircraft taking off during a one-hour time period are
multiplied by the particular pollutant concentration. The result is the
one-hour average pollutant concentration. For environmental assessments,
the maximum number of planes taking off during a one-hour time period
should be used. The concentrations of all aircraft takeoffs during the
same time period and at the same receptor are summed for the total
centerline 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 NOx concentrations resulting from the follow-
ing 0800-0900 recorded maximum operations?
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Departures
T-37 14
T-38 10

Using Figure § for a quick estimate:
T-37 NO_ Concentration at 20 km = .61Ig/m3

T-38 NO_ Concentration at 20 km = 1.51ug/m3
Note: igures 4-7 have log concentration scales.

Multiply each concentration by the number of departures:

T-37 = 0.6 mg/m3 x 12 departures = 7.21ig/m3

T-38 = 1.5 mg/m3 x 10 departures = 15.0 1@/m3
Adding the concentrations:
Total NO_ concentrations at 20 km = 22.21hg/m3

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

Total NO_ concentrations at 20 km = 22.1'“g/m3
Necte: 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 dirxectly 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 concentxations.

The Pollution Standards Index (PSI) and EPA Report (Refexence 10)
can facilitate evaluating effects of aircraft on air quality. The PSI
is based on a scale of Q0 to 500 according to health effects. A PSI of
100 is the Primary National Ambient Air Quality Standard (NAAQS). 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 with this

23
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pollutant (Reference 10). Eyery 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.
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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 guality problem resulting from
aircraft. A more powerful analytical model such as AQAM 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 gquality.

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
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 ccmguted becausg
hydrocarbons do not have any health effects in themselves. For hydro-
carbons the emission estimates are the most valid indicator of a signifi-
cant aircraft contribution.
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The Gaussian dispersion model does not predict reactiye pollutants
concentrations, e.g., oxidants. Howeyer, hydrocarbons axe a main contrib-
utor with NO_ in forming oxidants. The downfield hydrocarbons presented
in Appendix 8 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 AQAM 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-
mining 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
NAAQS* 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

standards 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 fully 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. ACEE will not predict an
aircraft 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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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
Ol Pollutant ’ v '
P ollutant Type co, Hny NOx PM SOx
EMFAC (EGM, POL) Engine Emission Factor mass units pollutants/
for the specified Thrust 1000 mass units fuel

Mode and Pollutant Type

FLFLW (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
pollutant 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 "

where: A is a real number
N is a integer or zero

Examples:
u -
1.2 E-02 = 1.2 x 10 * = 0.082
1.2 E400 = 1.2 x 107 - 2
1.2 E402 = 1.2 x 102 = 20
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APPENDIX C

Downfield Pollutant Concentrations Tables
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TABLE C-29. A-10 WORST CASE DOWNFIELD CONCENTRATIONS

AIRCRAFT A 10 NOKMAL 1 LTO
ATMUSPHERIC CONUITIONS  wORST CASE
STABILITY CATEGORY 6
wIND SPEﬁD (METtRS/thUND) 1.00
WIND DIRECTION lL“lND
TtMPtRATURt (F)
MIXING DEPTH (Mtitub) 115.00
1 I N , I
I UlSTANLt 1 RECEPTOR CONCENTRATION LATA I
I FRUM It 1
1 TAKE-OFF 1 (MICRUGRAMS/Cu. METER) 1
{ (KM) i Co HC NOX PT SO¢ ¢
I 1
1 5 1 85 Y4 o0/ «00 «0l
1 6 I o718 «23 V6 «00 «01
7 1 oIS .28 «06 Ve 0O «01
8 I ol4 od_z «05 0.00 «01
Y i o715 -4 «05 0.00 «01
1 10 1 ol «23 «05 000 01 I
11 1 o7y «24 «04 000 «01
13 1 80 24 V4 0.00 «01
15 1 «80 24 « 04 0.00 «01
1 17 It ol8 23 «03 000 «01 I
1y I el5 022 e03 000 «01
) 21 1 o712 o222 «03 0.00 «01
23 I oO” 21 «03 0.00 e01
1 el 1 «62 olYy «02 0.00 o001 I
I 31 1 eo7 ol7 «02 000 ULl I
{ 35 } 92 o l6 T Ve 00 «01 i

—————— - — - - - - - - - - D . GG\ e . e D D e G G G . - - .
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TABLE C-30. A-37 WORST CASE DOWNFIELD CONCENTRATIONS

AIRCRAFT A 37 NORMAL 1 LI0
ATMUSPHERIC CONDITIUNS WORST CASE
STASILITY CATEGURY o
winb SPEELD (METERS/SECOND) 1.00
WINO DIRECTION TATLWIND
TEMPERATURE (F)  38.00
MIXING DEPTH (METer>) 115,00
b | 1 : i |
I DISTANCE 1 RECEPTUR CUNCENTRATION DATA I
I FROM L : 1
I TAKE-OFF 1| (MICRUOGRAMS/CU. METER) I
I (KM) 1 ({0 HC NOKX PT Sue2 I
" x--—¢------—l —------——-o——-—a-----—-—--------—-----—c--—-—l
1 I 1
I s Al Buse <40 .07 0400 03 1
£ 1 s Lt i 37 06 0:00 031
[ 7 1 Beokd 035 .05 0:00 203 1
I o] 1 _2..15 034 « 05 0.00 o002 I
1 Y I CelY 3 e 04 0600 02 1
I 10 1 2e26 « 34 «04 000 002 I
i I 11 ( 2ecc e 34 «04 0.00 02 1
i 13 { 2ele «33 « 04 0.00 .02 I
I 15 { Cel4 032 « 03 000 o002 1
1 17 I leva «30 «03 0.00 e02 I
I 19 I led 3 29 e V3 0.00 02 I
1 2l 1 le/3 o2 «03 0.00 «01 I
i 8y 3 163 226 202 0400 04 i
{ I a4 I led> 23 02 000 «01 [
; i 31 1 1e31 o2l e 02 0.00 «01 I
{ 35 { lelYy olY elc 0600 «01 %




TABLE C-31. B-52D/F WORST CASE DOWNFIELD CONCENTRATIONS J

AIRCRAFT © S20/¢ NORMAL 1 LTU

ATMUSPHERIC CUNUILITIUNS WORST CASLE

STABILITY CATEOLURY 6

wiIND SPEtD (METERS/SECOND) 1.00

wIND DIRECTION TAILNI ND

TEMPERATURE (F) 38.00

MIXING DEPTH (MtTtKS) 115.00

R I : 1

L ODISTANCE | RECEPTUR CUNCENTKATIUN DATA I

1 FROM I

I TAKE=-QOFF | (MICNOGRAMS/CU- HETtR) I

I (KM) 1 (V] HC NO PT Su¢ I

I 1 2 3 i

I S I 15.00 13.5¢2 cell «30 «40 1

1 <) I 13.04 1230 le85 «26 «36 I

I { i 12.17 11.53 leb7 o 24 ¢33 1

I H 1 12019 110 lebS4 «22 «31 1

1 9 1 11.179 10067 .44 .20 e30 I

I 10 I llee? 10.40 1.36 .19 w28 1

I 11 1 llely 10e14 130 ol8 o2l |

1 13 1 10.01 Yeb64 lelYy o177 «26 [

I 15 1 10.0¢ 910 1.10 15 8 3

I 17 1 Ye43 HaS7 l.0¢ olé 22 1

1 1y 1 8.86 8.09 «95 «13 21 1

I el { 8.33 {a57 «8Y ol2 «20 1

I 23 I 7e85 To13 «83 el2 «19 1

1 27 1 Te00 0eJd6 ol4 10 ol7 I

1 31 1 6430 Se73 «bb e 09 ol I

{ 35 { Selc 5,20 «60 «08 old [
I




TABLE C-32. B-52G WORST CASE DOWNFIELD CONCENTRATIONS

ALIRCRAFT B=5206 NORMAL 1 LTO
ATMUSPHERIC CONDITLUNS wORST CASE
STABILITY CATEWORY o
WINLU SPEED_ (METERS/SECUND) 1.00
wiNU ODIRECTION TALLWIND
TEMPERATURE (F) _ 38000
MIXING DEPTH (METERS) 115.00
1 i Eye I
I DISTANCE 1 RECEPTOKR CONCENTRATION DATA 1
I FROM 1 I
I TAKE~OFF I (MICKOGRAMS/CU. METER) I
1 (kw1 c H NOX PT 502 I
- - - - - —-———--------o—--—----u------------—--o---——-1
1 1 1
1 fo 1 174406 loeo7 1003 el7 31 1
I 6 1 15.89 15410 1¢39 olé 27 1
1 4 1 14,88 14415 le22 ol «25 1
1 8 1 l4.20 13.51 le10 oll «23 1
I 9 1 13.72 13.07 le02 el0 ol 1
I 10 i 13.35 1272 «95 «09 o2l I
1 11 1 13.01 12¢40 «89 «09 «20 1
L 13 i 12434 11.77 o 19 «08 el19 |
I 15 I 1le06b llele ol «07 «18 1
I 17 1 10.96 10047 « 66 « 06 «l7 I
1 19 1 10430 e84 .60 06 e15 1
I el i 969 Je2b 156 .05 o141
I 23 1 Yeld Bell e <05 lé
1 27 1 Beld Te78 e406 «04 el2 I
1 31 i Te33 701 el « 04 oil
} 35 { 6.66 6437 037 «03 el0 1
L

60




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

ALRCRAFT 8 52 R NORMAL 1 L10
ATMUSPHERIC CONUITIONb WORST CASE
STABILITY CATEGURY
wIND SPEED (NETLNbIStCUNU) 1.00
lINU_DlptCTION T lL IND
TEMPERATURE (F) «00
MIXING DEPTH (MtTtRb) 115.00

I : i I
{ VISTANCE 1 RECEFPTUOR CUNCENTRATION DATA 1
{ FROM i
I TAKE=OFF [ (MICROGRAMS/CUs METER)
{ (KM) I CO HC NO X PT Sue I
I
I 5 l16e.42 20.71 le21 el9 29
1 6 [ l4.8Y 1879 l.02 el6 225 |
1 7 13.89 1754 90 ol «23 1
1 8 l;.‘d l6e?71] -7 elJ3 «21
I 9 ] 1274 16.11 o1& ol2 «20 ]
I 10 1 12¢37 lsobb « OB ell «19 1§
1 11 1204 1524 x-13 el0 olb
I 13 11.40 14043 o7 «09 ol7
1 15 10e75 13.62 OS¢ «08 el6
1 17 1 10011 12.82 o4 «07 el5 1
I 19 1 9e5] 1205 c43 207 0l I
I 21 i BeY4 11633 «4l «06 el3 I
I 23 { Be42 1Ge68 37 « 06 el I
3 e I leD2 90?3 33 «05 edd I
i 31 1 6eT1 BeHY 2y e04 el [
% 35 { 6e1l5 T80 e 20 « 04 « 09 {

L
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TARLE C-34, B-57A-E WORST CASE DOWNFIELD CONCENTRATIONS

AIRCRAFY H STA-t NORMAL 1 LTO

ATMUSPHERIC CONDITIONS — wURST CASE

STABILLTY CATEGONY 6

WIND SPEED (METERS/SECOND) 100

wIND DIRECTION TAILWIND

TEMFERATURE (F) J8.00 )

MIXING DEPTH (MEIERS) 115.00

1 L k
1 ViISTANCE ) RECEPTUR CUNCENTKATION OATA ¢
I FROM 1 I
I START OF l----------‘--‘--—‘----°--“--'T-------'-'-'---I
1 TAKE=OFF | (MICROGRAMS/CU. METER) 1
I (kM) I co AC NOX PT sue 1
eecccnccce [ necccccncennresecrarececnncessnenssnaseessses |
! 1 5 1
I 5 1 2eb3 33 06 000 04 [
1 6 1 2e39 e31 ) 000 U3 I
I / 1 2e2U 29 « 05 0.00 «03 1
I ] I cell 29 e 4 0.00 «03 I
)’ 9 1 2e 006 29 o4 0,00 02 1
1 1v I 2eU3 oY o V4 0.00 005 1
I 11 i 2e01 .29 <03 0.00 cue 1
1 13 i Te94 voY 203 0400 sue I
1 15 1 .86 o208 3 0.00 o2 1
I it | le77 o 27 «03 0.00 «02
1 19 1 lebY ogb 02 0.00 +0c 1
i 21 1 lebYy 24 e 0c 0.00 01 1|
{ 23 1 leb0 P Uz 0.00 o0} 1
1 2r i le35 21 e 02 0«00 «01 I
I 3k 1 le22 olYy e 02 0600 «01 I
} 39 } lel1l ol7 o 02 000 WUl {
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TABLE C-35. B-57F WORST CASE DOWNFIELD CONCENTRATIONS

AIRCRAFTY B=ST7 F NURMAL 1 LTO
ATMOSPHERIC CONDITIONS wORST CASE
STABILITY CATEGORY 6
WIND SPEED (METERS/SECUND) 100
wiND DIRECTION TAILwIND
TEMPERATUKRE (F) 38,00
MIXING DEPTH (METEKRS) 115,00
I ol o : 1
} Ul?;guCt { KRECEPTOR CONCENTHATION DATA 1
4 I
1 S[AR[ Uﬁ l"""“""""“"""""““f"““"""‘I
I TAKE=OFF [ (MICROGRAMS/CUe METER) £
{ (KM) } co HC NOX PT Sue I
wmmmmm o mme | coaoeme oo --------—-------------u-------——--I
I 1 I
I S 1 le8l Cel& «2Y «05 el [
1 6 1 leb66 2606 2% «04 «04 I
1 7 I lebY le98 «21 «03 «046 [
I 8 I leb6 leY4 olYy «03 «04 [
1 v l lebd leYa ol7 «03 «03 I
I 10 1 le96 le95 ol6 «03 «03 1
i 11 1 156 1.96 oS .02 03 1
I 13 1 leb4 leYve ol3 e02 «03 I
i 1S 1 ledU letd elc «02 U3 I
I 17 jf le4s le81 oll 02 +03 1
1 19 ) 131 le72 el «02 e02 I
1 21 I le30 le63 «0Y «01 el I
i 23 1 le23 leoY «UB «01 02 I
I el I lell le4vu e 0/ «01 02 1
I 31 1 1.00 le26 « 006 eU1 sie I
} i { o9l Le kS « 00 e 01 = {

B Sl S
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1 LTO

WORST CASE

C-5 WORST CASE DOWNFIELD CONCENTRATIONS
NORMAL

cSs

TABLE C-36.

‘xw“ﬂm,“.,‘,-‘&;ig.wauwv"- s hes
AIRCRAFT

20 st

1“ v -
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(MICROUGRAMS/CuU,
NOX

RECEPTOR CONCENTKATION DATA
Co HC

I

1
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NORMAL
WORST CASt

C-5LS WORST CASE DOWNFIELD CONCENTRATIONS

TABLE C-37.
C=5 LS

AIRCRAFTY

e L e Lo e T L e e e Lo T R e e e e e T T T T
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TABLE C-38. C-7 WORST CASE DOWNFIELD CONCENTRATIONS

AIRCRAFT C 7 NORMAL 1 LTO
ATMUSPHERIC CONDITIONS wORST CASE
STABILITY CATEGURY 6

WIND SPEED_ (METERS/SECOND) 1.00

wIND DIRECTION TAILWIND
TEMPERATURE (F) 38,00
MIXING DEPTH (METERS) 115.00

- - - - - - S WS T W h R S S G S S e e G O e e G G O A D G A e e

I 1 I
I DISTANCE RECEPTOR CONCENTKATION DATA I
I FROM | I
I SIAR’ OF l------‘-----‘-ﬂ----------‘-----.'- ------ --—---I
I TAKE=OFF [ (MICROGRAMS/CU. METEKR) 1
{ {KM) % Cco HC NOX PT Sue {
1 ) 1 i
1 5 1 D3 034 elc el 02 I
{ 6 i Y e30 elV 0 el2 I
I / 1 b4 «28 «UY «01 002 I
i ] 1 «42 27 «08 «01 02 I
I b4 1 e40 26 «08 «01 002 1
I 10 [ e 39 25 «0b «01 w02 1
I | I 38 «29 «07 «01 02 1
1 13 1 « 30 «23 o «01 «01 1
I 15 1 34 22 eVb «01 o0l 1
1 17 1 e 31 «20 «V6 «01 U1 I
I 19 I oY 019 .05 001 -01 1
I 2l 1 o 27 18 « U5 «01 «U1 I
1 o3 1 «26 o17 U «01 «01 I
1 2t 1 «23 old e 04 «01 «01 I
I 31 i 220 013 <04 01 S0l I
} 35 { o1y elZ U3 «01 «01 {

il
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; TABLE C-39. C-9 WORST CASE DOWNFIELD CONCENTRATIONS

AIRCRAFT C 9 NOKMAL 1 L10

ATMOSPHERIC CONLITIOUNS wORST CASE

STABILITY CATEGORY 6 _
k wiND SPEED ‘NETtHb/bECUND’ 100 |
- wiNu DIRECTION ATLWINO ‘
t TEMPERATURE (F ) 206 , 1
; MIXING DEPTH (MﬁTtRb) 115,00 |
E I I . ) o L I
' { DIETSNCE 1 RECEPTOR CONCENTRATION DATA {

ROM ]

1 TAKE=OFF | (ﬂICNOGNAMS/LUo METER) I

1 (KM) 1 cO HC PT Sve 1

I I . I

1 o] 1 1009 o2l o2l oll o006 I

1 H 1 99 «20 elb « 09 e05 1

1 { 1 Y3 ol9 ol4 o 07 o004 1

I o] 1 e 8BY ol «13 «06 olae I

I Y 1 « 86 o1l7 oll «06 P |

1) 10 i oU? ol7 oll « 05 03 1

1 11 I 82 «l6 «l0 « 05 «03 1

I 13 | o /8 ol5 o0y e 04 «03 1

1 15 1 o /3 ol4 « 08 e04 «03 I

{ 17 i «bY old o 07 «03 o002 I

1 19 | o044 013 «06 «03 el I

{ 21 1 «60 ole <06 «03 «02 I |

I c3 I ¥ oll U5 «03 02 I |

)! el 1 -1 el0 « 05 «02 olc I 1

I 31 | 045 « 0y U4 «02 «02 |

% 35 { .‘01 006 .0“ 302 .01 { |




C-97 WORST CASE DOWNFIELD CONCENTRATIONS

TABLE C-40.
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TABLE C-41, C-119 WORST CASE DOWNFIELD CONCENTRATIONS

AIRCRAFT C119 NORMAL 1 LTO

ATMOSPHERIC CONDITIOUNS WORST CASE

STABILITY CATEGORY 6

wIND SPEED (METEKD/&ELOND) 100

WIND DIRECTION TAIL NO

TEMPERATURE (F) 38,00

MIXING DEPTH (HETERS) 115.00

1 I B I
I DISTANCE RECEPTOR CONCENTRATION DATA 1
1 FRUM ] 1
1 S AR r UF T L e B L T R P —— - e - - |
I TAKE~OFF (MICROGRAMS/CU. METtR) 1
{ (KM) Co HC NOX SO0¢ }
I I
1 oo 7ell .63 “05 .29 W0l I
1 b 1 Q.Ub o7 «05 25 «00 I
1 7 538 -1 e 04 «23 «00 I
1 o} 40848 051 «03 22 «00 I
1 Y | 4eb51 50 «03 o21 «00 I
I 10 1 4020 «48 «03 «20 e00 I
pioi %y i 3.9: cel 03 .19 c00 I
1 13 I 3.53 e 44 o002 olb «00 I
Facadu o ARG BEHY el c02 ‘16 200 1
1 17 1 2e9¢2 e 39 P4 15 «00 1
1 T 2.68 36 02 e P 200 I
| 21 i Ce4l e 34 02 «13 «00 I
I 23 1 2e3l . «01 «l2 «00 I
I r 44 1 2e02 «28 «01 oll o000 I
I 31 1 le80 . «01 «l0 «00 I
{ 3% } le62 o2 . «09 «00 {




TABLE C-42.

C-121 WORST CASE DOWNFIELD CONCENTRATIONS

S0z

02

L]
(=]
-

I
1

ALRCKAFT C 121 NORMAL 1 LTV
ATMOSPHERIC CONDITIONS WORST CASE

STABILITY CATEGURY 6

WIND SPEED (METERS/SECOND) 1.00

winv DIRECTIO TAILwWIND

TEMPERATUKE 38400

MIXING DEPTHA (METERS) 115.00

1 1 ,

I DISTANCE 1 RECEPTOR CONCENTRATION DATA
1 FROM I

I START OF [===ceccccmamcccccaccnc e e e ccee——— = o o e e |
I TAKE=OFF | (MICROGRAMS/CUe METER)
{ (KM) } (oY) HC NOX PT

I I

I 5 I 27.u8 le4l .24 79
I 6 I g3-’7 le26 «20 « 69
1 { | 2093 lel?7 18 62
I -] 1 18.89 lel3 olo «58
I Y I 17+36 lel2 elé 55
i 1v 1 16616 lell «1l3 e53
1 11 I 15018 lell ol 52
I 13 1 13.62 le10 ol0 49
i 15 { 12.38 1.07 « 09 a7
I 17 1 lle34 1.03 «08 44
I 1Y 1 10e47 e 9Y «08 o4l
1 21 1 9e /1l 94 e 07 e 39
i 23 I Ye 00 «8Y <006 «37
1. 81 3 19 <80 206 33
I 51 1 Tele «73 <05 30
} 35 i. 6s43 o6/ U4 027

oococoCcoCoCCcCOoOOCOC
€ B ot et o et et st et ot e

o et e e e o e e ot e B e B e e B B o o ot Bt et




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

AIRCRAFT C 130 NUORMAL 1 LTO
ATMOSPHERIC CONRITIUNS WORST CASE
STABILITY CATEGORY 6
wIND SPEED_ (METERS/SECOND) 1.00
WINU DIRECTION TAILWIND
TEMPERATURE (F) §.00
MIXING DEPTH (METERS) 115.00

k! . 5 I
I DISTANCE 1 RECEPTOR CONCENTRATION DATA [
i FROs . |
[ START (F [===cecccecmccccmccccceccccccccccccccccccceaae
[ TAakb=OFF 1 (MICROGRAMS/Cue METER)
} (KM) i CoO HC NOX PT S0¢ ]
I I
1 5 1 2e96 l.88 Y2 ell olb 1
1 =} 1 Y- 14 le?79 o1l «10 ole [
I 7 1 Celd le75 ol& «0Y «l3
1 - ] 1 o0/ le71 e OY 09 ol
I 9 1 2e6¢2 l.68 eD& «08 ol
1 10 1 -1/ 1.65 «61 «08 oll |
I 11 1 Cebl le62 -7 ) «08 oll
1 13 | Ce 38 leb4 - T4 «07 ell
1 15 1 celdd ledd bt «07 oUY
1 17 1 2eVY9 1.35 e 46 « 06 oUb |
I 19 I ley> le206 040 «06 08 1
I cl 1 le8Y lel8 o 37 «06 «07 [
1 23 I le71 lell e 35 «05 w07 I
1 21 i leb2 98 1] «05 «06 1|
1 31 1 le3d0 <88 o2 e 04 «05 1
% 35 % le23 o719 24 «04 «U5 {

71




TABLE C-44. C-130H WORST CASE DOWNFIELD CONCENTRATIONS

AIRCRAFT C130 H NORMAL 1 LTO

ATMUSPHERIC CONUDITIONS WORST CASE

STASILITY CATEGORY 6

wiNL SPEED (METERS/SECOND) 1.00

WIND DIRECTLION TALLwWIND

TEMPERATURE (F) 38400

MIXING DePTH (METERS) 115,00

X 1 7 4 1
I DISTANCE 1 RECEPTOR CONCENTKATION DATA I
1 FRUM I I
) | 5‘“8]’ L_’F I-— -------- - - - .- e - - - - - --:--------—-—----x
1 TAKE=OFF 1 (MICROGRAMS/CU. METER) L I
% (KM) { Co HC NOX PT Su¢e }
I s I
I e 1 le21 91 l.03 «08 elé [
1 o 1 lela «87 <88 « 07 sl &
! ! I lel0 e85 o7 «06 oll 1
i 8 1 leO7 «83 o0 . «l0 I
[ Yy i 1e05 «8¢2 064 «05 «l0 I
1 1v I le03 «81 -1 . 0y I
i 11 I l.00 o1y «95 « 05 «09 1
1 13 1 94 75 Y. e 04 «08 I
1 1o 1 oY « /0 43 e 04 «07 I
1 ik 1 83 “66 39 203 07 I
1 19 1 oI/ 062 «36 «03 V6 I
I 21 1 ol 58 033 <03 206 I
1 23 { « 68 «54 «30 «03 U5 [
1 el 1 «0U Y] «206 «02 e05 I
1 31 1 e D% 43 «23 «02 04 [
£ 35 { e 4B 39 «21 «02 V4 {

72
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TABLE C-45. C-135B WORST CASE DOWNFIELD CONCENTRATIONS

AIRCRAFT C 1350 NORMAL 1 LTV

ATMOSPHERIC CONDITIUNS wORST CASE

STASILITY CATEGURY o

wIND SPEED (METERS/SECOND) 1.00

wINU DIRECTI1ON TAILWIND

TEMPERATURE (F) 38,00

MIXING DEPTH (METERS) 115,00

g0 o 1
I DISTANCE 1 RECEPTOR CUNCENTRATIUN DATA I
I FROM i 1
I TAKE=OFF | (MICRUOGRAMS/Cue METER) I
} (KM) % Cco HC NOX PT S0e {
I 1 i
I S 1 604 Tebd le44 o2& o0 I
1 5 1 5el7 7413 1.22 2l ST
i 7 1 Se0 T Te04 1.07 ol8 el 1
I 8 1 970 7e¢10 e Y0 el6 195 1
I Y { Se80 Tel4 88 e15 «15 1
1 10 1 Se Y2 7.‘20 o8l e13 el [
1 ll 1 0.01 153 o175 ol old I
I 13 I 6.06 71.61 o6/ oll ol3 I
I 15 1 9496 TedY -1 el0 el2 I
I 17 1 Se 76 1.25 eS¢ «09 oll I
1 19 1 Seb2 OeYH 50 U8 «16 I
1 21 1 5.26 0e6J3 040 «07 «l0 I
I 23 i 5.00 6e31 X! 07 «09 1
[ el 1 4053 Se71 o3 «06 «08 I
i 31 It 4011 Se.18 33 «05 «07 I
} 35 { 3¢ /5 4e73 . « 05 « 07 %

73
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TABLE C-46. (C-141 WORST CASE DOWNFIELD CONCENTRATIONS
AIRCRAFT C 141 NOKMAL 1 LTO
ATMOSPRERIC LUNDITIUNS WwORST CASE
STABILITY CATEGORY
winNv SPEtU (MtTtHS/:tCOND) 1.00
wInp BIRECTION = TAILWIN
TtMPtRATURt « 00
MIXING DEPTH E[tRb) 115.00
1 I .

I DISTANCE 1 RECEPTOR CONCENTHKATION DATA
I FRUM 1

I START OF l==mee==== e e
I TAKE=-OFF 1| (MICKOGRAMS/CU. METER)

{ (KM) % CO HC NOX PT Sue
I I

I 5 1 4e81 3oV o106 Vb
1 6 1 boul 363 -1 « 05
I 7 i 4431 3.51 «55 «04
1 ] i 40206 3.‘07 49 e 04
I 9 I &l 3049 045 <03
I 10 I 4430 3.38 01l «03
1 11 I 4033 3054 « 38 03
I 13 I 4230 3.5¢2 - 34 <03
1 15 1 4418 3043 «30 o02
| | ¥} 1 4402 3.30 oeb «02
I 19 1 3683 3015 25 e02
1 21 1 3e04 Ce9Y 23 «02
I 23 I 3.46 CeB4 4 «02
I rdi i 3611 2e50 ol «01
i 31 i 2e8e 2.3¢ o7 Tl
} 35 i 2e57 lell - «01

74
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TABLE C-47, F-4C-D WORST CASE DOWNFIELD CONCENTRATIONS

AIRCRAFT F 4 NORMAL 1 LTO

ATMOSPHERIC CONDITIUNS wORST CASE

STABILITY CATEGORY 6

WIND SPEED (METEKS/SECOND) 1.00

wiNuU DIRECTION TALLWIND

TEMPERATURE (F) 38,00

MIKING DEPTH (METERS) 115,00

1 1 ks 1
1 VISTANCE | RECEPTOR CONCENTHRATION DATA 1
I FROM { I
I TAKE=OFF | (MICROGRAMS/CUue METER) 1
1 (KM) % Cu HC NOX PT Soe 1
I-----_--—— --—------------------------------------------l
I 1 , ; I
i 5 1 1.31 .23 <34 06 o081
I 6 1 lely 21 29 e 05 «07 [
1 7 I lel2 «21 « 26 e 04 «06
I 8 1 1.08 220 - c04 w6 1
I 9 I leuo 20 2l 04 05 |
I 10 i lel> «20 «20 «03 U5 1
I 11 I le0a «20 olB «03 oS 1
1 I3 I 1.01 «20 el6 «03 04 |
I 1 )| o917 o199 -] «03 «04 |
1 17 1 Y3 olb ol3 «02 004 |
I 19 I «88 «17 ol «02 03 I
I 2l 1 83 «l6 oll 002 V3 |
I 23 I o!U elb6 oll o002 «03 1
1 el 1 o /0 olé e 09 02 U2 1
I 31 I b3 ol3 «0b e02 02 I
{ 35 { o7 oll o 07 «01 U2 %
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F-4E WORST CASE DOWNFIELD CONCENTRATIONS

TABLE C-48.
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TABLE C-49. F-5A WORST CASE DOWNFIELD CONCENTRATIONS

AIRCRAFT ¢ o7 NORMAL 1 LTO

ATMUSPHERIC CONDITIUNS WORST CASE
STABILITY CATEGORY 6

WiND SPEEUV (METER&/SECOND) 1e00
WIND DIRECTION TAILwWIND
TEMPERATURE (F) 38.00

MIXING DEPTH (METERS) 115.00

- TP e G T D S ED G S G S G S G P G G e W -

I 1 I
I UISTANCE | RECEPTOR CONCENTKATION DATA 1
I FROM 1 I
[ START OF l~=s-==-cececcccccceeccecccececeeseem—e————=—-
I TARE=OFF | (MICROGRAMS/CUes METER) [
} (KM) } (H{V] HC NOX PT Sue {
I I - I
I o 1 2e66 e 34 U7 000 «04 [
I e} 1 o4l 032 V6 000 w03 I
I 7 1 2:25 30 105 0400 03 1
[ o} 1 2el5 « 30U o 05 0400 o3 |
I 9 1 2e08 29 o004 000 oO& I
1 10 1 2e03 «2Y eV 000 02 1
I 11 1 le9b 28 V& 0.00 «02 1
i e N | 1e87 7 103 000 202 1
1 15 i 1el7 «26 «U3 000 02 1
P 1R 1 Lres .25 03 0200 soe 1
1 19 I lebb5 23 e V¢ 0.00 « 0% I
I 2i 1 le46 22 o 02 0.00 01 1
1 23 i ) (e T «21 U2 000 ol 1
i i 1 le22 «l8 o 02 0600 e01 I
| 31 i lel0 «17 e 02 000 V1 I
% 35 { oYY S U2 0.00 «01 }
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TABLE C-51, F-16 WORST CASE DOWNFIELD CONCENTRATIONS

ALRCRAFT F-16 NUKMAL 1 LI1O

ATMOSPHERIC CONDITIONS WORST CASE

STABILITY CATEGORY 6

WIND SPEED_ (METERS/SECOND) 1.00

WINU DIRECTION TalLwIND

TEMPERATURL (F)_ 38600 5

MIXING DEPTH (METEKS) 115,00

I 1 » 1
I DISTANCE I HRECEPTOR CONCENTHRATION DATA I
I FROM 1 I
I START (F [==m=e-ecececcccecccccccccccccccceeccceccenaaaxs]
I TAKE=OFF 1 (MICROGRAMS/CU. METER) [
{ (KM) } Cu HC NOX PT sSue

I J§

I 5 1 «l4% «03 e 26 «00 «02 1
I © i «21 003 23 «00 Y

I SO <2l 103 <20 <00 c02

i 8 ] . <03 ‘s <00 202

I 9 I 24 «03 ol «00 02 1
I 10 i - c04 .16 <00 102

i 11 1 oY o4 elb «00 «02

I 13 I e 32 « 04 olé «00 «02

I 15 I e 34 « 05 ol3 «00 02 I
1 17 i e 34 VY ol «00 e02 I
1 19 ¢ o« 3% o0 ol «00 o002 I
e S 33 : el +00 202 1
I 23 1 e 32 « 04 10 «00 o002 I
I ra4 1 30 e04 «09 «00 «01 [
I 31 § 27 e 04 «08 «00 «01 I
1 35 i o295 «03 0017 «00 «01 }
I 1
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F-100 WORST CASE DOWNFIELD CONCENTRATIONS

TABLE C-52.

1 LTo
wORST CASE

NOKMAL
6

OND) |

LwWI
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<
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TABLE C-53. F-101 WORST CASE DOWNFIELD CONCENTRATIONS

AIRCRAFT F 101 NURMAL 1 LTO
ATMUSPHERIC CONUITIUNb WORST CASE

STASILITY CATEGOR 6 |

wiNUD SPEﬁU (HETtHS/SECUNU) 1.00 |

wiNDU OIRECTION TAIL |

TEMPERATURE (F) 9900 |

MIXING DEPTH (METERS) 115.00 |
i i i I

I DISTANCE 1 KRECEPTOK CONCENTRATION DATA I

1 FROM 1 1

] START Of lee=ccccceccccccccccccaceercaccancceancnceaeaa=]

I TAKE-OFF I (MICROGRAMS/CUs METER) I

{ (KM) % Cu HC NOX PT Sue {

I 1 : g I

1 5 1 leob lel5 «54 «08 el I

i 6 1 le51 le07 e 46 e 07 09 I

I 7 1 le43 le02 o4l «06 «08 |

I M 1 1038 1o01 aid <06 07 I

I - 1237 1201 b & <05 07 I

I 1v 1 l.36 l1.01 «31 «05 «06 I

1 11 1 1635 1.02 -] e 04 «06 I

I 13 1 le32 le01 o259 «04 U5 1|

1 15 1 le27 oYl o 22 «03 «05 I

I 17 i le2l 94 220 «03 P |

1 19 1 lelb5 «83Y oll «03 04 |

I 2l I leuy «dd «l7 «03 & I

1 23 1 1.03 «80 elb «02 «03 1

| el 1 Y3 o172 ola «02 03 I

I 31 1 «83 e 66 ol « 02 03 1

% 35 { o /6 «60 oll «02 02 %




TABLE C~54. F-102 WORST CASE DOWNFIELD CONCENTRATIONS

AIRCRAFT Fr 102 NOKMAL 1 L1TO

ATMUSPHERLC CONUITIUNb WwORST CASE
STAsILITY CATEGORY

wiND SFEED (METERS/StCUNU) 1.00

wiNU DIRECTLION TAILNINU

TEMPERATURE (F) 38.00

MIXING DEPTH (MtTERb) 11500

I I 3 I
1 DISTANCE | RECEFTUR CONCENTRATION DATA [
1 FROM 1 1
I START UF [===s=cccccmcccccmcrcn e e e cccecmcccccan]
I TAKE=OFF I (MICRObRAMS/LU. METER) 1
1 (KM} { Co NO Sul 1
I I i !
1 5 I .81 .57 W21 <04 <05 1§
{ 6 i o l4 oS53 .23 04 <04 I
{ ) 1 o /U e91l « 2V «03 04 1
L o} 1 « 09 «50 o 18 «03 004 1
I Y I 008 o?l o 16 «03 QOJ 1
I 10 1 el-] «52 ol5 <02 e03 [
1 11 i L6y .52 el .02 «03 1
I 13 I <68 3-Y4 olc «02 «03 [
1 Es 166 51 whi c02 02 1
I Ll { «63 o 4Y e1l0 «02 «02 |
I 1y I e61l o471 e 09 «01 «02 1
I 21 1 o58 e4b T c01l w02 i
[ 23 i .55 c43 c08 Lol cve I
I el I e 4Y e 3Y e 07 eVl 02 1
I 31 1 44 ¢35 « 06 «01 «0]1 1
{ 35 % o4l « 05 eV} «01 %
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TABLE C-55. F-104C WORST CASE DOWNFIELD CONCENTRATIONS

AIRCRAFT F 1U4A NURMAL 1 LTO 1
ATMOSPHERIC CONLITIONS WORST CASE

STABILITY CATEGORY 6

wINU SPELED ("ETERb/thUNU) le00

wINU DIRECTI TAILWIND

TEMPERATURE (F) 38.00 .

MIXING DEPTH (MEIENS) 115,00

1 1 [ I
I DISTANCE I RECEPTUR CONCENTRATION DATA I
1 FRUM i I
I SIAR' UF I-----—--—---—---:—o---—----—----—»--_----------I
I TAKE=OFF 1 (MICRUGRAMS/CU. METER) 1
} (KM) i CoO HC NOX PT S0¢2 {
I 1 1
I S I 2.08 Y 23 «04 U7 1
1 o I 2e00 o4l o21 «04 «06 1
1 7 1 196 04l elY «03 «06 I
I 8 1 l.9£ ¢ 39 olb «03 «05 1
1 9y 1 le90 «3Y ol «03 «05 I
I 1¢ i leB7 » 38 elb «03 e05 I
I 11 1 le83 38 elb «03 «05 I
10880 1 Sk 36 Tié 203 e I
I 15 1 le64 «34 olc «02 e04 [
1 17 | 153 e 32 oll «02 o004 [
I 19 1 loed4 «30 oll «02 «03 I
1 21 1 le34 28 «10 «02 «03 1
P oohaes 3 L2t 026 L9 02 203 1
1 el 1 leld 23 « 08 «02 «03 I
I 31 1 1.00 «21 «07 «01 o002 1
i 35 { 91 «19 « 06 «01 e 02 }
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é TABLE C-56. F-104C WORST CASE DOWNFIELD CONCENTRATIONS
i

AIRCRAFT F 104G NOrRMAL 1 LTO

: ATMOSPHERIC CONUITIONS  wOKST CASE
1 STABILITY CaTEGURY 6

WIND SPEED (METERS/SECOND) 1.00
WwINO DIRECTION TAILWIND
TEMPERATURE (F) 38,00
MIXING OEPTH (METERS) 115,00

Rt o S T S ———

I I

I VDISTANCE | RECEPTOK CUNCENTHRATION DATA I
i FROM | I
2 b‘ARr 0* 1-—--------—-—--Q------------—----------—---o-I
I Take=0tF | (MICROGRAMS/CUes METER) I
f (KM) I CO He NOX PT Soe {

--------——l---—-—-----------—------—--------------------

9 I I y I
. 1 o 1 loél odb o2Y «03 VO |
1 o] 1 1.21 25 « 26 «03 «06 1
I 7 1 lo18 25 23 «03 05 I
i #. ] 1015 <24 el c02 005 1
I 9 I 1e13 «24 20 e02 «05 I
1 iv i lell 24 ol8 e02 e04 1
I j ¢ { 1.05 oéd ol7 e02 «04 1
1 13 I 1.03 22 elb o002 o004 1
I 15 1 « Y6 «21 ol «02 o4 I
I 17 1 « 90 «19 e 13 e01 «03 I
1 }9 I 8B4 ol8 olc «01 03 I
I 21 i i <i7 Tl 01 c03 I
I 23 1 ol4 el16 e10 «01 «03 1
i el 1 « 05 o l4 « 09 o0l o002 |
I 31 i 'Sy v13 L08 01 c02 1
} 35 } «53 el2 e 07 «01 e 02 }
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TABLE C-57. F-105 WORST CASE DOWNFIELD CONCENTRATIONS

AIRCRAFT F 105 NURMAL 1 LTO

ATMOSPHERIC CUNDITIONS wORST CASE

STABILITY CATEGORY 6

WIND SPEEL (METERS/SECOND) 1.00

wINU DIRECTION TAILWIND

TEMFERATURE (F) 3800 ]

MIXING DEPTH (METERS) 115.00

1 I . I
I VISTANCE | KRECEPTOR CONCENTRATION DATA I
1 FROM 1 I
I TARE=-OFF | (MICROGRAMS/CU. METER) 1
% (KM) i coO HC NOX PT S02 }
I 1 ) I
I o) 1 2e017 lelé e 4D «06 «07 I E
1 6 1 le9Yy 120 e3Y « 05 200 1
1 { i le9é lel7 e35 004 «06 I
| ] 1 le9e lalo «32 e 04 . I
i gl " 1290 1:15 .29 T04 205 1
I 10 1 187 lelé vl <03 205 I
I 11 I le85 lel2 25 «03 «US [
1 13 1 le77 1.07 223 «03 o6 [
I 15 I l.68 l1.02 «20 o002 o004 I
1 17 1 leb8 «906 olb 02 e04 I
I 19 I le48 «90 e17 «02 e03 I
I 2l 1 le39 «85 0 l6 002 . I
I 23 I 131 o /9 «l5 «02 «03 I
I e 1 lel6 o71 elJ «02 «03 I
I 31 I lev4 «bé oll «01 o002 I
{ 35 { Y5 «58 olu «01 02 {
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TABLE C-58. F-105 WORST CASE DOWNFIELD CONCENTRATIONS
AIRCRAFT F 106 NORMAL 1 LTO
ATMOSPHERIC CUNUITIUNS wORST CASE
STABILITY CATEGORY
wINU SPEED (MtTERS/thUND) 1.00
WIND DIRECTION TAILWIND
TEMPERATURE (F)

38.00
MIAING DEPTH (METtRb) 11500

i I
I DISTANCE 1 RECEFPTOR CUNCENTRATION DATA /|
i FRUM I i
I START UF [===cmcsmccccmcccccccccceccccacanceenccccaaaaax]
i TAKE-OFF |} (MICROGRAMS/CUs METER) I
I (KM) i Co nC NOX PT SQe %
1 i v L
I o] i 10‘01 1.00 53 « 04 «09 1
1 © & le29 92 45 «04 el I
I 7 I l.22 89 o4V «03 «07 I
I 8 ) { le20 88 35 003 «06 I
1 9 1 lely o 8Y e 37 e03 o006 I
I 10 { lely «90 «2Y 02 U5 1
1 11 1 119 9l 27 «02 U5 I
i 13 1 10‘8 Ve «C4 o 02 04 [
1 15 1 leld e 90 21 «02 04 [
T S e L87 oIy 02 04 I
I 19 I 1.U5 «83 olB «02 03 I
1 21 1 l.00 o 1Y elb «01 «03 1
i 23 1 95 o75 015 <01 c03 1
1 21 1 .db 68 ol3 «01 «03 I
1 31 i o /8 062 ole e01 02 I
} 35 { ol ebb oll «01 U2 {
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TABLE C-59. F-111A WORST CASE DOWNFIELD CONCENTRATIONS

AIRCHAFT F 111A NUKMAL 1 LTV

ATMOSPHERIC CUNDITIONS WORST CASE

STABILITY CATEGORY 6

WIND SPEED (METERS/SECOND) 1.00

wINU DIRECTION TAILWIND

TEMPERATURE (F) 3J8.00

MIXING DEPTH (METtH)) 115.00

I 1 I
{ DIE;GNCE i KRECEPTOR CONCENTRATION DATA L
I TAKE=OFF 1 (HICRObRAMS/LU. METER) I
{ (KM) % (of0) HC NOX RrT Sue {
1 I ¢
1 S I 2e 80 2e10 o lY ol oll I
I 6 I 263 2.01 o§7 el0 o0y I
I 7 i 2056 1.96 .59 T8 09 I
I 8 { Ce4d le94 D3 «07 006 I
I Y 1 Ceé3 1.9¢ X o 07 QU? I
1 10 1 2e3Y 190 b4 «V6 «07 I
I 11 1 2435 1.88 c4l <06 07 1
I 13 1 Cel% led1 ¢ 30 «05 o060 I
i 15 1 2el2 le72 e32 « Q4 U5 I
I 17 { 1299 l.62 .29 <04 <05 1
I 19 i le87 lebe o2l «03 U5 I
I 21 I 1076 1.‘03 24 «03 «04 [
1 23 i 165 le3bd «23 e 03 e04 |
1 ra4 I 10‘07 le20 ecl e 02 V& I
1 31 I l1.32 le08 olb «02 «03 I
{ 35 { lel9 9t ol «02 «03 {
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TABLE C-60. F-111D WORST CASE DOWNFIELD CONCENTRATIONS

ALRCRAFT F1llU NURMAL 1 LTO

ATMUSPHERIC CONDITIONb wORST CASE
STABILITY CATEGORY

WIND SPEED (METtRb/bﬁCOND) 1.00

WIND OIRECTION TALLWIND

TEMPERATURE (F) 38.00

MIXING DEPTH ("tTERb) 11500

I il S : I
I UDISTANCE I KECEPTOR CONCENTRATION DATA I
I FRUM 1 I
I SIAR" UF l-—-——-----—--------—-------------------------I
I TAKE=OFF 1 (MICROGRAMS/CUes METER) 5
% (KM) { Cu HC NOX PT Sue {
1 1 . I
I 5 I 2ell o/l Le Ll «02 old I
I & T .68 100 .02 a2 1
I 7 i 1.91 co7 <89 <01 G111
1 4 1 l.806 «606 o 80 «01 o0 1
I 9 I le83 Ot «l3 «01 «09 I
1 10 1 l.80 e85 «61 «01 «09 1
I 11 I 1.76 <64 “h2 <01 c08 |
i 13 i l.68 .62 <55 <0l coB I
i i5 1 1459 59 AV 201 W07 1
1 ) O 1 le49 055 e44 o0l «06 I
1 19 1 1.‘_00 b .‘_00 «01 «06 1
1 2l I PEE e 7 c01 205 I
I 23 1 le24 040 e 34 «01 «05 1
1 ev 1 le10 o4l -30 «00 «04 1
i 31 I e 99 «37 e 26 «00 e04 I
} 35 % « 89 ¢33 «23 «00 «03 {
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TABLE C-61. F-111F WORST CASE DOWNFIELD CONCENTRATIONS

AIRCRAFT F111F NORMAL 1 LTO

ATMUSPHERIC CONUITIUNS wORST CASE

STABILITY CATEGORY

wINU SPEED (MhTth/thOND) 1.00 i
wINVU DIRECTION TAILUINU |
TEMPERATURE (F) |
MIXING DEPTH (MtTth) 115-00

1 I Xy’ ‘ 1

[ DISTANCE | RECEPTUOR CONCENTKRATION DATA )

1 FROM I 1

l SIAR[ U" I ------- -—-—----—-------‘------------------—--—I

1 TAKE=OFF 1 (ﬁICRUGRAMb/CU¢ METER) I

% (kM) } coO HC NOX PT S0e2 {

I _ I ‘ I

1 5 i 2ele o173 lel7 « 02 01‘0 1

1 6 [ 2e01 e 69 le01 «02 ol I

I e 1293 68 o8y ‘01 &l 1

I ] I l.88 e617 «80 «01 «10 [

I h I l.84 « 66 o3 «01 09 1

I 10 i letl e 65 0617 «01l «09 I

I 1l 1 le78 «65 -Y4 «01l o008 I

I 13 1 1.69 «62 55 «01 «08 1

I lf’ I le60 «59 4y «01 U7 I

I 17 1 le50 «56 044 «01 «06 I

I 19 E ledl 52 e4( «01 «06 I

Fooighe 3 1032 149 <37 0l 205 I

I 23 I lel4 046 e 34 «01 U5 I

I el i leld o4l e 30 «00 04 [

1 31 1 99 e 37 o2 «00 «04 1

% 39 { «8Y e 34 «23 «00 «U3 %

- —
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TABLE C-62. KC-135A WORST CASE DOWNFIELD CONCENTRATIONS

AIRCRAFT KC 135A NUKMAL 1 LTO

ATMUSPHERIC CONDITIONS wORST CASE

STABILITY CATEGORY o

wWIND SPEEL (METERS/SECOND) 1.00

WIND DIRECTION TAILWIND

TEMFERATURE (F)  38.00

MIXING DEPTH (METERS) 11«00

I i i ] I
I DISTANCE 1 RECEPTUR CONCENTKATION DATA 1
I FRUM /! 1
I STARIT UF ["""-"“""f““""‘“"“""“"“""‘I
I TAKE=-OFF 1 (MICROGRAMS/CUues METER) if
% (KM) { Co HC NOX PT Sue {
1 I I
1 S 1 B.86 To08 e85 <06 ol ]
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TABLE (C~63. O-1 WORST CASE DOWNFIELD CONCENTRATIONS

ALKCRAFT 0 1 NONMAL 1 LTu
ATMOSPHERIC CONDITIUNS wURST CASE
STABILITY CATEGORY &
WIND SPetD_ (METERS/SECOND) 1.00
WIND DIRECTLON TAILWIND
TEMPERATURE (F) 38,00
AIXING DEPTH (METERS) 115,00
] 1 o _ I
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TABLE C-64. O-2 WORST CASE DOWNFIELD CONCENTRATIONS

AIRCRAFT O 2 NORMAL 1 LTO

ATMUSPHERIC CONDITIONS  wORST CASE
STABILITY CATEGURY &

WINU SPEED (METERS/SECOND) 1.00
wINO DIRECTION TAaILwIND
TEMPERATURE (F) 38400

MIXING DEPTH (METERS) 115400

I 1 I
I VDISTANCE 1) RECEPTOKR CUNCENTRATION DATA
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TABLE C~65. OV-10 WORST CASE DOWNFIELD CONCENTRATIONS

ATRCHAFT  OV10 NORMAL 1 LTO
ATHUSPHERIC CONDITIONS — WORST CASE
STABILITY CATEGORY
WIND SPEED (METERS/SECOND) 1.00

INQ DIRECTION TAILwIND
TEMPERATURE (F)

38,0
MIXING DEPTH (METERS) 115.00
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I i 1
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TABLE C-66. T-33 WORST CASE DOWNFIELD CONCENTRATIONS
: 4
E AIRCKAFT T 33 NORMAL 1 LTO i
1
ATMOSPHERIC CONLDITIUNS WORST CASE
STABILITY CATEGORY  ®
i wWINVD SPEED_ (METERS/SECOND) 1«00
wINVU DIRECTION TAILWIND
TEMPERATURE (F) 38.00 :
MIXING DEPTH (METERS) 115.00
I Wi s
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TABLE C-67. T-37 WORST CASE DOWNFIELD CONCENTRATIONS

AIRCRAFT T 37 NORMAL 1 LTO

ATMUSPHERIC CUNVITIUNS WORST CASE

STABILITY CATEGORY 6

WwIND SPEED_ (METERS/SECOND) 1.00
ECTION TAILWIND

TEMPERATURE (F) 38,00
MIXING DEPTH (METtRb) 11500
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TABLE C-68. T-38 WORST CASE DOWNFIELD CONCENTRATIONS

AIRCHAFT T 30 NORMAL 1 LTO

ATMOSPHERIC CONDITIUNS WORST CASE
STABILITY LATtGORY 6
u NU SPEED ET&RS/SELONDI 1.00
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TABLE C-69. T-39 WORST CASE DOWNFIELD CONCENTRATIONS

AIRCRAFT T 39 NORMAL 1 LTO
ATMOSPHERIC CONULDITIONS WORST CASE
STABILITY CATEGORY (-
WIND SPEED (Nﬁ'ENSIStCOND) 1.00
WIND DIRECTIUN AILWIND
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TABLE C~-70. T=-41 WORST CASE DOWNFIELD CONCENTRATIONS

AIRCRAFT T 6] NORMAL 1 LTO
ATMUSPHERIC CONDITIONS WwORST CASE
STABILITY CATEGOURY 6
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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
flown the next fiscal year. The downfield pollution concentrations must
also be determined for Home City. Home City is citing the AF 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 emis-
sion factors in the Table 1, the emissions per 5-minute queue can be
calculated:

Engine J85-5:
EGM = Idle
NOEG = 2

TIMOD = 5 min x 60 s/min = 300 s

99

el




ST

Emissions (POL) (g) = FLFLW(idle) (kg/s) x TIMOD(s) X EMFAC(idle, CO) c

co 3,043.8 0.057 300 178.0

H_C 513.0 0.057 300 30.0 i
NS Y 22.2 0.057 300 1.3 i
pM" 0.05 0.057 300 0.003

sa_ 37.3 0.057 300 1.0

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

Cco C NO PM SO

H
Xy x x

2 3 -4 -6 -4 !
LTO Total (metric tons) 4.0X10 6.1X10 6.0X10 2.3x10 3.5x10

(From Table A-46

+ Queue Emissions 3.0x20"°  5.1x107% 2.2:10°  s.0x10®  1.7x1070 i
(metric tons) '
& ois : -2 -3 -4 -6 -4
Modified LTO Emissions 4.3x10 6.6x10 6.2x10 2.4x10 3.7x10
(metric tons)
Note: Queue emissions were converted to metric tons.
STEP 3 - CALCULATE ANNUAL POLLUTANT EMISSIONS i 3
The number 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) i
T-37 (LTOS) 15,000 1,500 = 16,500 '
(TGOs) 1,895 250 = 2,145
T-38 (LTOs) 16,525 1,000 = 17,525
(TGOs) 1,982 800 = 2,182
co CxHy NOx PM SOx
T-37 (LTOs/yr) 16,500 16,500 16,500 16,500 16,500
x Pollutant Emissions  1.5x1072 2.0x107>  3.0x10"% 5.6x107° 1.4x10°4
(metric tons/LTO)
(from Table A-#) A-25)
T-37 Pollutant Annual 247.0 33.0 5.0 0.9 2.3
Emissions (metric tons/yr)
100
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Projected Pollutant Annual Emissions (metric tons)

co CxHy NOx PM SOx
T-37 (LTOs) 247.5 33.0 5.0 0.9 2.3
T-37 (TGOs) * 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 ch . Nox, PM and SO_ emissions are below the 227 metric tons per
year. ﬁowever, cO annuaf 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. Aan
interview is a good method to gather the data for quick assessments.

The maximum number of LTOs/hour is 22 at 080C 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., The worst case downfield CO concentration is 0.4 mg/m- (T-37)
and 1.1 mg/m™ (T-38) (Figure 4). The one-hour pollution concentrations are:

(0.4 Jig/m3/LT0) x (10 T-37 LTOs/hr)
(1.1 Pg/m”/LTO) x (11 T-38 LTOs/hr)
Total CO at 30 km

uouun

The worst case one-hour CO ground level concentration at 30 km downfield
(Home City) is 16.1 mg/m~ using the downfield dispersion curyes.

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

$hus

T RN WP S

A o



(0.41 flg/m3/T-37 LTO) x (10 T-37 LTOs/hr) = 4.1 po/m,

1 m

(1.15 Pg/m”/T-38 L1O) x (11 T-38 LTOs/hr) = _12.6 Yg/m
3

Total CO at 34 km 16.7 Ma/m

: 3 3 :
The 31-km worst case CO concentration is 16.7 ﬂg/m or 0.01 ﬂb/m using
the downfield concentration tables (C-67 and C-68).

The primary and secondary NAAQS CO are 40 mg/m3 maximum one-hour concentra-
tions not to be exceeded more than once per year.., The maximum one-hour
concentration calculated using ACEE was 0.0l mg/m~. 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.




INITIAL DISTRIBUTION

HQ AFSC/DEV

HQ AFSC/SGB

HQ AFSC/SGPA

HQ TAC/DE

HQ TAC/DEEV

HQ TAC/SGPA

HQ SAC/DEPA

HQ SAC/DEPV

HQ SAC/SGPA

HQ USAFE/DEPV

HQ USAFE/SG

HQ MAC/DEPM

HQ MAC/DEEE

HQ MAC/SGPE

HQ PACAF/DEMU

HQ PACAF/SGPE

HQ ADCOM/DEEV

HQ ADCOM/SGPAP

HQ USAFSS/DEE

HQ USAFSS/DEMM

HQ AFCS/DEEE

HQ ATC/DEPV

HQ ATC/SGPAP

HQ AAC/DEV

HQ AAC/SGB

HQ AFLC/DEPV

HQ AFLC/SGB

HQ AFLC/MANT

HQ AFLC/MMRF
USAFRCE/WR
USAFRCE/CR

Naval Air Propulsion Ctr
Naval Envmtl Support Office
ADTC/CZ

DDC /DDA

HQ AFSC/DL

HQ AFSC/SD

HQ USAF/LEEV

HQ USAF/SGPA
OSAF/MIQ

OSAF/O1

AFIT/DE
AFIT/Library
National Science Foundation
EPA/ORD

USA Chic £, R&D/EQ
USN Chief, R&D/EQ
USAFOEHL/CC
USAFOEHL/ECA

o b e e e e e e e e b e N B R b b b b e e b b e et e b R e e e e

AFETO/DEV

USAFSAM/EDE

HQ AFISC

HQ AUL/LSE

HQ USAFA/Library

Det 1 AFESC/TST

1 MSEW

OUSDR&E

USAF Hospital, Wiesbaden
Argonne National Laboratory
AFWAL/CC

USAFRCE/ER

Det 1 AFESC/ECC

N R b NN













AD-A067 262|. ABERDEEN PROVING GROUND MD FLD 9
DIRECT DETERMINATION OF TOTAL ZINC IN MIXED PAINT Pl6
JUN 55 M SWANN - Fe——
UNCLASSIFIED LSD R 249 DOD ONLY

SUPPLEMENTARY

INFORMATION




AD
A06726 2

I+
Il

22 e s




'SUPPLEMENTARY

INFORMATION




e —T T — . - - ’ ‘ h “‘1!

ERRATA

CEEDO-TR-78-33 - Aircraft Air Pollution
Emission Estimation Techniques - ACEE

HQ AFESC/RDVC
Tyndall AFB FL 32403

Page No. 23 - Change "Using Figure 6" to r.lg “Ulinq Figure 5."
- Change all “mg/m~ to read "u/m".
Page No. 54 - Change “1.2E - 02=1.2x 10.1 = 0.02" to read 1.2 E - 02
=1.2x10 “=o0.012." 2 )
= Change “1.2 B + 02 = 1.2 x 10 = 20" to read "“1.2 E + 02
= 120.0."

Page No. 100 - Change "(From Table A-41)" to read “(From Table A-26)."
- Change "(from Table A-40)" to read "(from Table A-25)."

Page No. 101 - Change "Change in Emissions (Percent)" to read "Change
in Emissions."
- Change all “mg/m " to read "pg/m L

Page No. 102 - Change all “ngén “ to read “uq/ns“ except for "40 ng/- g
and "0.02 mg/m™."

This errata is unclassified.

L P A

HAROLD A. SCOJT, 1st Lt, USAF
Project Officer

P v A ST R FUR- e~z £ PRI




