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PREFACE

In a study entitled Project Eanle, it has been determined that urban
air transportation in the tri-state area of Connecticut, New Jersey, and
New York could be provided for daily commuters at passcnger {ares com-
petitive with travel by automobile, train, and bus. The Assistant Admini-
strator for Plans of the Federal Aviation Administration (I'AA) in Washington,
D.C. directed this air pollution study to be conducted for determining the
extent that air pollution could be reduced by carrying those automobile
passengers whoe would prefer aircraft travel in a city~-to-city air service.
This report was prepared at the Center for Transportation Studies
of *he Eagleton Institute, Rutgers University by:
Cooper Bright - Ditector. Canter for Transportation Studies
Toivo Lamminen - Researéh Analyst
James Mullaly - Research Analyst
Forést Markowitz - Research Analyst

Stanford M, Singer - Rescarch Analyst
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= COMPARISON OF AIR POLLUTION FROM AIRCRAFT AND AUTOMOBILES

CHEPTER ]
B INTROGDUCTION

. In this report of an ongoing study, it is demcnstrated that air pollution

and its assoclaled physlological effects, which are created by automobile

engine emissions, can be drastically reduced by providing urban air trans-
portation for those dally commuters who now travel by automoblle kat would
prefer journey by alrcraft, As one example in the same four hour period,

67 tons of pollutants emitted by automobiles can be reduced to five tons cin-

. ploying aircraft in 1970, The number of commuters who would change {rom

automobiles to aircraft has been determined in an ongoing study called "Prejoct

Eagle" .l The Project Eagle Study, which is being conducted at thie Center {or

Laleidnon n o ol au v o 4
o

Transportation Studiec of the Fagleton Institute of Politics at Rutgers University,

M)

considers aircraft operating below 3500 feet over the tri-state area of Connecti-
cut, New Jersey and New York. In "Project Eagle", it is shown that approximate -

ly thirty per cent of the commuters who now travel by around transportation wonld

PN ST
S

change to aircraft when traveling daily between Manhattan and ihe 1] satellite

city transportation centers and their surrounding eight mile catchment areas in

"w'"v*

. Connecticut, (Bridgeport, New Haven and Stamford), in New Jersey (Linden/Rahway,

I-1
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New Brunswick, Paterson and Newark) and in New York (Farm-
ingdale, Hempstead, Mt. Vernon and White Plains). (Sce Figure I-1.)
“Project Cagle” considers a total of 117,000 commuters traveling from these
11 satellite city transportation centers to work in Manhattan during each 7-
9a .M. and 4:30-6:30P. M, peak hour travel period . z These population concen-
trations, scattered about the New York Metropolitan Area, can he termed
"satellites"” in that they are tied to the New York City sphere of influence.
This air pollution study con sidefs engine emissions of hydrocarbons,
particulates, carbon monoxide and nitrogen oxides established by the U.S.
Department of Health, Education and Welfare.3 Consideration of this new
concept in urban air transportation is in accordance with the National Envi-
ronmental Policy Act of 19694.which directs consideration of new and expand-

ing technological advances in reducing air poliution,

Study Directive and Objectives

This air pollution study is belng conducted at the request of Mr., Oscar
Bakke, Associate Administrator for Plans, Federal Aviation Administration
(FAA) of the U.S. Department of Transportation (DOT). He directed that the FAA
support this study of air pollution, comparing automobile and aircraft engine
emisstoas of hydrocarbons, carbon monoxide, nitrogen oxides and paiticulates.
Employing the Project Eagle Study as the basis for the analysis of air pol-
lution, the following objectives were established:

l. Fstablish the decrease in air pollution from engine emissions that

I-2
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will occur by transporting daily commuters traveling curreatly by
automobiles from 1l satellite city transportation ceuters located
throughout the tri~state arca into and from Manhattan in aircraft

powered by turbofan engines,

Determine the concentration of pollutants and from the : concentratioas
estallish the resulting physiological effects that would b e created by air-
craft operating at a STOLport located in the Hudson River along the Man-
hattan sho.eline during peak travel operations of a tri-state urban air trans-
portation system. This is to include comparison of aircraft and automobile
engine emissions.
Estimate the decrease in air pollution levels that can be realized through-
out the tri-state area by providing air transportation for daily travelers who
now use auto.moblles to move to Newark, Lé Guardia and J.F. Kennedy Air-
ports.

Develop models and procedures that will permit determining pollution
concentrations that would occur in the vicinity of STOLports and along

highways providing access into these STOLports.,

In establishing the objectives for this study, the lack of information and the

incompletencss of data {s recognized. But at the same time, this study makes a

case for determining findings based on available information,

Future studies will greatly improve our understanding of the way in which

various design approaches affect pollution levels, Eventually, it may be possible

to develop guidelines containing detailed recommendations on various alternatives

and specifying minimum distances and other parameters to help reduce the pollu-

tion problem in the airport and street environment,

1-4
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"The absence of a general body of such information, however, does not prevent

us from acting promptly within the context of what we already suspect, nd

Summary of Conclusions

1. The 67 tons of pollutants emitted by automobiles carrying 29,000 com-
muters between Manhattan and the 1l satellite city transportation centers with-
in the tri-state arca during the hours of 7 A.M, to 9 A, M, and 4:30 P, M, to
6:30 P. M. can be recduced to five tons by carrying them in aircraft powcied by
turbofan engines.

2. High density aircraft operations on the flight deck of a circular shapea

Rutgers Aquadrome generate carbon monoxide levels of 1.2 ppmat a distance of 100

m. oif the flight deck compared with a 3~6 ppm ambient rooftop or background
level in Manhattan,
3. Pollutants emitted each day by automobile and aircraft transporting the
same number of passengers to Newark, La Guardia and J.F. Kennedy Airports
from N.Y. County and the counties containing the II satellite city transportation

centers are as follows:

Automobiles Alrcraft
1970 13.34 tons Jday 1.03 tons/day
1975 9.01 tons/day 1.03 tons/day
1980 3,73 tons/day 1.03 tons/day

4, Pollutants emitted yearly by automobile and aircraft transporting the
same number of passengers to Newark, LaGuardia and J.F. Kennedy Airports from
New York County and the counties containing the II satellite city transy.."ation

centers are as follows:

Automobiles Adrcraft
1970 4869 tons/year 3280 tons/year
1980 1365 tons/year 380 tons/year
I-5
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S. The combination of mathemati~al meterorological models of atmospheric
dispersion for determining concentrations of carbon monoxide and procedures for
determining the physiological effects of varying carboxyhemoglobin (COIib)
levels in the Mood caused by these concentrations are applicable for determyn-
ing air pollution exposure forecasts for airports and highway segments,

6. High density aircraft operations on the decks of oblong shaped and
circular shaped Rutgers Aquadromes located at Manhattan would create carboxy-
hemoglobin (COHb) levels of less than one per cent at a distance of 100m. off the
deck which have no known physiological effects on humans.,

7. Air pollution concentrations along a highway that would provide access
for automobiles to a city center airport located in New Brunswick, N,J., can
produce physiological effects which are in violation of the Air Pollution Alert
Standards of the New Jersey Air Pollution Control Code.

8. The drastic reduction in air pollution that is possible in providing air
ransportation in the tri-state area for daily commuters and the major airport
users warrants establishing a demonstration air service.

Background

This study begins from an initial analysis of air pollution conducted at
the suggestion of Dr, Patrick Moynihan, Counselor to the President, following
his review of the Project Eagle Study given at the White House on November 20,

1969.

I-6




This analysis for Dr, Moynihan6 establishes that the high concentrations
of pollutanls cmitted by motor vehicles, which constitute about 58 per cent of
the U.S. Naticnal total air pollution,’ could be drastically reduced in urban
aredas throughout the nation, The significant reductions in air pollution that

will occur is shown in the following tabulations which are based upon round

trips made by both automobiles and aircraft.,

Number of Number of Total Pollution: 7 A. M. to
Cominuters  Vehicles 9 A.M. and 4:30 P, M, to

6:30 P, M,
Autcmobiles 8,700 7,276 15,028 lb. or 8 tons
Aircraft 8,700 74 455 lb. or 1/4 ton

In considering the analysis for Dr. Moynihan, the Assistant Commissioner

of Program Development in the National Air Pollution Control Administration of the
U.S. Department of Health, Education and Welfare (HEW) suggested that additional
analysis be conducted comparing hydrocarbons, carbon monoxide, nitrogen oxides
and particulates emitted from automobi'e and aircraft engines, In this second
analysis,8 new automobkile engines were considered to be fitted with devices
that would mect vollution standards established by the IIEW for 1971, 1975
and 19809 as shown in Figure [-2.

These two analyses established that drastic reductions in air pollution will

result by providing air transportation for commuters now traveling by automobile,




The comparison of engine emissions {rom automobile and aircraft are shown
in I'lgure 1-3. The comparison for 53 passengar aircraft considering 50% and
100% load factors are shown by the dotted lines. The two solid lines represent
automobile engine emission values computed using two different Federal Test
Cycles. The 1970 I'ederal Test Cycle using a 7 mode dynamometer procedure
and deriving pollution values by mathematical formula established a 60,34 grams
per passenger mile in 1980, The revised 1972 Federal Test Cycle gives a true
mass measzrement of emissions and avolds estimation of emissions by math-
ematical formula. The inftial value of 91.75 grams per passenger mile in 1970
decreases to 25,69 grams per passenger mile in 1980,

The values represented by the solid lines are based on a methodology
considering automobile age and vehicle useage currently being used by the
Naticnal Air Pollution Control Administration. 10 (refer to appendix A) The
automohile pollution values based on these Federal Test Cycles plotted as solid
lines and aircraft pollution values at 50% and 100% load factors plotted as dotted
lines represent the range of values that can be used in comparing automobile and
aircraft engine emissions.

No decrease is shown to occur in the aircraft values for the 53 passenger
aircraft.11 It is recognized, however, that meaningful improvements have been
made to the JT 8D engine since February, 1970, which further reduced the pollution
level. These improvements were not considered in this interim report as the

compuler printouts were not available. The pollution values shown for the 53

passcnger aircralt in this study have been computed considering two JE 8D engines.

The standards employed in this study are shown in Figure 1-3.
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Two JT 8D engines theoretically sized to produce thrust equivalent to
two 1=04 turbe-prop cigines would produce anl8, 6% reuction tn the air
pollution cmitted {rom the )T 8D emisston shown in Plgurc 1~2. The gramns

of pollution per passcnger mile for aireraft powered by two scaled down

<

JT 8D engines at 509 load facior and 100% load factor are 5.97 and 2,9

i

respectively. These pollution emissions in Tigure [-3 consist of the total

carbon monoxide, nitrogen oxides, particulates and hydrocarbons emitted by
aircrait and automobiles.
The values for both automobile and aircraft engine emissions in gram per

vehicle mile, considcred in establishing these standards, are contained in

Appendix A.

It has been established by HEW that the largest single source of carbon
monoxide is from the engine exhaust of passenger cars, light duty trucks and
three classes of heavy duty trucks. 13 The annual carbon monoxide emission
estimates from the four sources of transportation, solid waste, Industrial and

stationary fuel consumption for the New York Metropolitan area and 10 other

metropolitan areas in 1968 are shown in Figure 1-4,

In the case of New York City it is shown that 95,5 per cent of the carbon

monoxide pollution was generated in 1968 by moter vehicles, aircraft, ships, rail-

roads and other highway use of motor fuels, (See Figure I-4) By applying the

national averages for automeobile and truck emissions to New York City, it shows
that automobiles and trucks create about 90 per cent of the total carbon monoxide

pollution caused by the burning of motor fuels. i4

By decrecasing the number of automobiles used in urban transportation by carrying

the passendgers in aircraft, the major source of scrious carbon monoxide contamination

will b orednred, -1
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D TRANSPORTATION
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LOS ANGELES WASHINGTON, D. C,

Figure I=4  Carbon monoxide emissions by source calegory for various U.S. metropolitan
aresa in 1604, ‘

Source: U.S. Department of Health, Education and Welfare, Atr Nuality
Criteria for Carbo. Moroxide, National Air Pollution Control Administra-
tion Publication No. AP-62, (Washington, D,C,.: U.S. Government
Printing Office, 1970), p. 4-6.
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FOOTNOTES

CHAPTER [

"'Rutgers Universily, Center for Transportation Studies of the Eacleton
Institute of Politics, Project Lagle-A_Study of Urban Mass Alr_Transporta-

VII~-1 through VII-38.

2In4d. , p. V-15.

3automobile Tmissions Data for 1971, 1975 and 1980, provided by Ray-
mond Smith, Assistant Commissionar of Program Development, National Air
Pollution Control Administration, U, S. Department of HEW, in a personal
interview on December 15, 1969,

4Statutcs, iWo. 83: 852, National Environmental Policy Act of 1969,

5]olm T. Middleton and Wayne Ott, “Air Pollution and Transportation, "
Traffic Quartc.ly, (April, 1968), p. 184,

6Lotter from Rutgers University, Center for Transportation Studies of
the CLagleton Institute of Politics, to Dr. Patrick Moynihan, Counselor to
President Nixon on December 1, 1969.

7U.S. [Cepartment of Health, Education and Welf.re, Air Quality Criteria
for Carbon Monoxide, National Air Pollution Control Administraticn Publication
No. AP-62, (Washington, D.C.: U.S. Government Printing Office, 1970),
pp. 4-1 and 4-2,

dletter from Rutgers University, Center for Transportation Studies of the
Eagleton Institute of Politics to Mr. Raymond Smith, Assistant Ccmmissioner
of Program Development, National Air Pollution Control Administration on
December 23, 1969,

9

Smith interview on December 15, 1969, op. cit.
10Dr. Robert Kirk, Office of Program Decvelopment, National Air Pollution

Control Administration in a personal interview on January 20, 1959,

George Kittredge, Division cof Motor Venicle Research and Development,
National Air Pollution Control Administration in a conference during January,
1970.

James Beaty, Inventory Emissinns, National Air Pollution Control
Association, Durham, N.C. in a conference during August, 1970,
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11
Joseph Hebbs, Suvervisor-Installation Deslgn Requirements, Pratt
and Whitney Aircraft, in a conference on November 21, 1969,
The contaminant values of two JT 8D turbofan engines, each of
14,000 1b, thrust, at sea level conditions are based upon a 1969 IBM

Computer Print=-Qut, by Pratt and Whitney Aircraft,

12 Joscph Hobbs, Supervisor-Installation Design Requirements, Pratt
and Whitney Afrcraft, in a conference during Decemker, 1969,
13
U.S. Department of Health, Education and Welfare, Air Quality
Criteria fer Carbon Monoxide, op. cit,, pp. 4-! and 4-2,

q
Ibid,, pp. 4-2 and 4-6. oo
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AIR POLL.UTION Til ROUGIIOUT(THE?I:l}i—lbfTATE AREA O CONNLECTICUT,
NEW JERSTY AND NEW YCRK

1¢ is demoenstrated that draslic decreases in air pollution will cecur by
transporting daily commuters in aircraft, who now travel in automobiles from the 11
satellite cities located throughout the tri-state area into and from Manhattan durine the peak
travel hours of 7 A,M, to 9 A M, and 4:30 P, M. to 6:30 P.M, These decreases are due
to the low level of air pollution from turbofan powered aircraft which carry many
passcngers compared to automobiles which carry an average of less than two passengers.

This is recognized by the N.]. Clean Air Council in its report on The Status of
Air Pollution from Mobhile Sources, This report states"the indicated reduction of today's
mobile source emissions of carbon monoxide and hydrocarbons will be temporary unless
(1) low pollution vehicles are available well before 1980 and (2) mass public transportation
systems displace large numbers of cars, " 1

These reductions are arrived at by employing four different methods for
determining the numbers of daily commuters who could change from automobile to
aircraft travel. Such analysis has been conducted in the Project Eagle Stuciy.2 In each
of these four methods, the basic factor in determining choice between bus, trains,
automobiles and aircraft is costs of commuter travel. Costs of commuter travel are
computed to include cut-of-pocket costs and the doilar value of both travel time and
waiting time. In all four methods, the transportation mode having lowest costs receives
the highest preference, and the mode having the highest costs receives the lowest
preference., These four methods for determining the numbers of daily commuters who

could change from automobile to aircraft are:

e e —— e = B —




Method Nu. 1 considers out-of-pocket costs per passenger between
# terminals in a satellite city transportation center and the Manhattan
Central Business District South of 60th Street,

Method No, 2 considers:

| a., Out-cf-pocket costs for the trip {rom the commuter's home 10 the
terminal in the satellite city transportation center.
b, Out-of-pocket costs for the trip between terminals in the sat-
ellite city transportation center and the Manhattan Central
Business District South of 60th Street,
c, Out-of-pocket costsA for the trip from terminal in Manhattan to
the commuter's place of work.
Method No, 3 considers out-of-pocket costs and, in addition, the
doliar value of travel time and waiting time of the commuter traveling
F

between terminals in the satellite city transportation center and the Man-
hattan Central Business District South of 60th Street. The specific loca-

tion for a STOLport employed in this analysis is between 23rd and 34th

_—

Streets.
Method No, 4 considers:
a. Out-of-pocket cost for the trip from the commuter's home to
terminal in the satellite city transportation center,
b. OQut-of-pocket cost and, in addition, the dollar value of travel
time and waiting time for the trip between terminals in a satel-

lite city transportation center and the Manhattan Central

L Businzss District,
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c., Out-of-pocket cost for the trip from terminal in Manhattan to the
commuter's place of work,
The number of passengers who occupled each automotile travell:; to Man-
hattan during the peak travel hours varics among courties in which satellite
city transporiation centers are located. Passer?gers per automohile ranged

from onc occupant from New Brunswick, New Jersey to two occupants from

Paterson, New Iersoy.3 An example of how these four methods compare con-
sidering aircraft travel between New Brunswick, New Jersey and Manhattan
1. “Mew York City Is shown in Figure II-1.4

Employing these four methods, the reductions in air pollution achieved
by transporting daily commuters by air instead of by automobile from the 11
satellite cities in the tri-state area and into and out of Manhattan are shown
in Figure II-2, Meirhod 3, which shows the comparison of total pollution
“for automobile and alrcraft carrying 28,596 passengers, is shown graphically in
Figure II-3. These values are for aircraft operating at 100 per cent load
factor. Appendix B shows values based on aircraft load factors of both 100
and 50 per cent for carbon monoxide, nitrogen oxides, hydrocarbons and
particuiates. An example of how these comparative values were obtained
is also in Appendix B, which illustrates the four basic steps developed to

compare the pollution generated by aircraft and automobiles. These steps

- iu\“

determine;

FhE o

1. The passenger preference for automobile, bus and rail transportation

Rt

e
REL™ e

between the 11 satellite city transpcertation centers and Manhattan, E
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Figure II-2

COMPARISON OI' AUTOMOBILE AND
AIRCRATT POLLUTION

Total Total Pollution (Tons/Day):
Passengers | 7A, M, -9A, M. anc 4:30P, M, ~6:30P, M,
Using

Automo- -—
biles and

Method _ Dircraft 1970 1975 1980 _ |

-{I. Automobile 206,290 48.06 32.46 13.47
Alrcraft 20,290 3.64 3.64 2.64
(100 Load

Factor)

11, Automobile 17,362 35.64 24.08 9.97
Aircraft 17,362 2.89 2.89 2.89
(100% Load

TFactor)

I1I. Automobile 28,596 66 .86 45.16 18.72
(100% Load 28,596 5.00 5.00 5.00
Factor)

[V, Automobile 25,580 61.16 41,29 17 .14
Aircraft 25,580 4,91 4.91 4.91
(100% Load

| __ _Factor)
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Ticure 11-3
COMPARISON O AUTOMOBILE AND AIRCRAI'T I'QLLUTION
PER DAY - (METHOD III)
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2. The passenger preference for automobile, bus and rall transportation
with the Introduction of ajrcraft service.

3. The automobile passengers that would change to aircraft
service.

4, The total tonnages of carbon monoxide, hydrocarbons, particulales
ard nitrogen oxides produced by aircraft transporting the same pas-

sengers who previously traveled by automobile.




Caouclusions

1. The §7 tons of pollutunts emitted by automobliles carrying 29,000
commute.:rs between Manhattan and the ]l satellite city transportation centers
within the tri-state area during the hours of 7 A.M. to 9 A.M, and 4:30 P, M,
to 6:30 P.M. in 1970 can be reduced to five tons by carrying them in aircraft
powcred by turbofan engines operating at a 100 per cent load factor,

2, With aircraft operating at a 50 percent load factor, the 67tons of
pollutants emitted in 1970 by autoinobiles carrying 29,000 commuters between
Manhattan and the 1l satellites during the peak travel hours in 1970 can be
reduced to ten tons.,

3. The drastic reduction in air pollution that is possible in providing
air transportation for daily commuters between 11 satellite city transportation
ce nters located in th= tri-statc arca of Connecticut, New Jersey and New York
and Manhattan warrants establishment of a demonstration air service,

4, The drastic reduction in pollution that is possible by carrying daily
commuters in aircraft supports the recommendation of the New Jersey Clean

Alr Council that the pressing need is for mass transit.

1I-8
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FOOTNOTES : =
1
CHAPTER [1 ‘—:
1
New Jersey Clean Air Council, Department of Environmental
Protection, Status of Air Pollution from Maobile Sources, (July 1970), ’
p. 9.
. 2Ru'tgers University, Center for Transportation Studies of the

Eagleton Institute of Politics, Projent Faale - A Study of Urban Mass
Atr Transportation for Connecticut, New Jersey and New York., (Nov-
ember, 1969), pp. VII-1 through VII-38,

3'I‘ri-State Transportation Commission, Automobile Occupangy
“Print-Out for Rutgers University utilizing the 1963 Home Interview Survey,
February, 1969.

&UHWWHMWHNWWENWBNWM im 4 NWLLM

4All cost variables based upon the base year of 1963 which re-
presents the latest year for which complete information on passenger
preference including peak hour automobtle occupancies for the journey-
to-work is available.
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CHAPTER III
AIRCRAFT POLLUTION LEVELS AND PHYSIOLOGICAL EFFECTS CREATED
AT A NAPNHATTAN STOLPORT

A new STOLport concept of empluying a floating concrete alrport called

anbtdad b s s

a Rutgers Aquadrome, has been developed in "Project Eagle. nl In thiscon-
i'cept the Aquadrome will be located alongside the bulkhead of the Hudson

River with direct connections to ground transportation systems ncw existing

st i i, o A bl st

" in New York City. It is planned to employ a site in the waterfront areas now

NVE. TN B VT

_occupied by abandoned piers. This type of flcating airport was selected after

‘conducting an operations analysis of heliports, rooitop landing areas and

sl

runways gupported on pilings.

" |A' ailkitld,

Types of Aguadromes

i bl

Two types of Aquadromes are considered in this analysis of air pollution

levels at a Manhattan STOLport, One is an oblong configuration 2040 feet

long and 420 feet wide, which satisfies the INTERIM DESIGN CRITERIA 'CR ;
METROPOLITAN STOLPORTS AND STOL RUNWAYS, 2 established by the Federal
Aviation Administration (FAA) of the U.S, Department of Transportation, It

is established in "“Project Eagle" that this oblong shaped airport could accom-
modate 60 flights using 53 passenger aircralt between 7 A,M, to 9 A, M,

These aircraft could accommodate 3,180 commuters from the 11 satellite city ..

111-1




transportation centers to Manhattan.3 Location of such an Aquadrome,
parallel to the shoreline and within the established pier line in the Hudson
River, conforms to the port requlations established by the U,S. Army Corps
of Cnolneers. The location selected for this alr pollution analysis is between
23rd and 34th Streets, as shown in Fiqure III-1,

The other Aquadrome is circular in shape and 1,000 feet in diameter
(see Fiqure IIT-2). It does not meet the INTERIM DESIGN CRITERIA of the FAA.
It would, however, accomodate vertical and short takeoff and landing (.V/STOL)
aircraft which operate with greatly reduced runway requirements. In computing
air pollution emission values for aircraft , the highest density air operations
which could occur during the peak hours of commuter air transportation operating
from one Rutgers Aquadrome was considered. The present state of the art in
quidance equipment and the flight capabilities of currently operating V/STOL
aircraft makes it possible to conduct about 514 daily flights betweern. 7 A. M.
to 9 A.M. These flights would operate under visibility flight rules with a
landing interval of about 28 seconds. Such air operations are current
standa.d practice in the U.S. Navy Amphibious forces employing VTOL
aircraft from both LPH and LPD type ships. It should be noted that by al~
lowing for a 28 second landing interval sufficient time is allowed for
v nforseer delays in passengers leaving the aircraft, aborted flights, etec,
Employing 53 passenger aircraft, a total of 27,242 daily commuters could
be accomodated. The diameter of the circular shaped agquadrome considered

in these calculations is 1,000 feet, Two aircraft would take off and land

111-2
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from each side of the aquadrome cither stmultancously or ot 14 second in-
tervals, This method of air operatiens is in accordance with the present
practice in U,S. Navy fleet doctrine where two or four aircraft take off and
land simultancously {rom a flight deck about 500 feet long and 100 feet wide.
Flight operations under instrument flight rules (IFR) were not con-
sidered as the total number of flights occurring from 7 A.M. to 9 A.M. would
be considerably less than under VFR. This is primarily because of the greater

time interval required for landing. For V/STOL asircraft now operating in the

‘fleet to establish a landing interval of 30 seconds under IFR would require

improvement in current technology in air traffic control which includes IFR
automatic landing systems or comparable control methods.

Atmospheric Dispersion Estimates of Aircraft Operating from an Aquadrome
Lecated in Manhattan

These air pollution estimates are computed separateiy far the landing
maneuver, operations on the flight deck and the takeoff maneuver., The dif-
fusion of pollution generated by sircraft operating on the Aquadrome flight
deck is determined by using the area source model of atmospheric diSpersion.4

The diffusion of pollutant emissions from aircraft into 1he surrounding
airspace during in-flight landing and takeoff maneuvers differs fundamentally
from calculations for diifusion from the flight deck area of the Aquadrome,

The pluma of pollutants generated by the aircraft in flight was not considered

to be a continuously emitting source. Rather, it is considered to be a quasi-

instantaneous line source that has a finite time limit for pollutant emissions

111-3
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over a finite distance. In addition, there are further complications created
by the extraneous variables of an alrcraft in flight, such as the heat content

i of the pollutants, the atmospheric turbulence created by the aircraft itself

—prT

and the initial momentum of the pollutant {n aircraft enaine exhaust, Review
of pertinent literature {ndicates there has been little success in dealing with

d:ffusion from such a complicated source as aircraft in flight.

The need for determining the pollution levels of aircraft in the ianding
and takeoff maneuver and the resulting effects on the community dictated the

choice of a mathematical model that is dependent upon the following qualifying

"

assumptions:

1. Variables arising from in-flight aircraft exhaust emissions, such

as heat content, atmospheric turbulence and pollutant momentum, enhance the

mixing of the pollutants with the ambient air,

e vy

2. Concentrations arrived at without considering the above variables

at a distance of 100 meters must be greater than the actual concentrations

that would exist at 100 meters.

3. The exhaust plume is such that for small segments (e.qg., 1 meter)

~p -

the plume may be considered to be an effective line source, which is emitted
over a small period of time,

By making these assumptions, it is possible to apply the quasi-
instantaneous line source model to calculate the concentration of pollutants
at distances from aircraft in flight, For the equation and actual calculations,

refer to Appendix D.

, 111-4
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The atmospheric dispersion estimates at a downwind receptor distance
of 100 meters from aircraft using an oblong shaped Aquadrome and a circular
Aquadrome based on the area source and quasi-instantaneous line source models
are shown in Figures 1II-1 and 11I-2, These are compared with the ambient
rooftop or backaround level of 3-6 ppm existing on Manhattan Island. 5 The
pollution from aircraft adds to this 3-6 ppm background level.

Comparative Unit Area Emission on an Aquadrome and Manhattan Island

Afircraft operations on the flight deck of an oblong Rutgers Aquadrome

_produces 887 pounds of carbon monoxide between 7 t0 9 A.M. and 4:30 to

6:30 P.M. This compares to total carbon monoxide emissions of 16, 800
pounds emitted during the same four hours over an area of .2 square miles
adjacent to the Aquadrome. 6 Aircraft operations on the flight deck of a cir-
cular shaped Aquadrome vield 312 pounds of carbon monoxide between 7 to
9A.M. and 4:30 to 6:30 P.M. This compares to the 16,800 pounds emitted
from the .2 square mile area of Manhattan (see Appendix E).

A comparison of unit area emissions per second (Q) from the oblong
shaped Aquadrome, the circular shaped Aquadrome and the adjacent ,2 square
mile land area is then made predicated on the pounds of carbon monoxide
emitted between 7 to 9 AM and 4:30 to 6:30 P.M. Such a comparison shows
that the emission rate {Q) of alrcraft operating on an oblong shaped Aquadrome
15 1/2 the emission rate of the land adjacent tc the Aquadrome (Figure 111-4).

Calculation of these ecmission rates are contalned in Appendix E.
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_ Using An Oblong Shaped Aquadrome

Carbon Monoxide Levels of Alrcraft

on Manhattan
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Flying from a Circular Shaped Aquadroni
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' Aquadrome emission rates to range from /2 to /9 the rate of emission from

Conclusions
1. High densityalrcraft operations on the flight deck of a circular

shaped Rutgers Aquadrome generate carbon monoxide levels of 1.2 ppm at a

distance of 100 m. off the flight deck compared with a 3-6 ppm ambient rooftop

or background level on Manhattan.

2. The quasi-instantaneous line source model devised to obtain maxi- .
mum values for CO concentrations at 100 meters from aircraftduring the take=
off and landing maneuvers shows that such values do not exceed .77 ppm,
as compared with a 3-6 ppm ambient rooftop or background level on Manhattan, =3
3. The carbon monoxide levels in parts per million (ppm) from aircraft
operating from an Aquadrome compared to the background or amblent levels 1

on Manhattan are supported by employing the unit area method which finds

the adjacent land segment,

-
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FOOTNOTES

CHAPTEK IIT

lllutgers University, Center for Transportation Studies of the Lagleton
Institute of Politics, lvojcct Eaale - » Studv of Mass Air Transportation for
Connccticut, New Jersey and New York., (November, 1969), pp. V-! through
Vv~28, .

2Department of Transportation, Tederal Aviation Administration,
Interim Design Crit2ria for Metropolitan STOlLports and STQIL Runways -
Notice 5325.20, (Jonuacy 1, 1569),

SRutgers University, Project Eagle, op. clt., p. V-16,

4Northem Research and Engineering Corporation, Nature and Control

- of Aircraft Enqine Emissions, (Washington, D.C.: National Air Pollution

Control Administration, Department of Health, Education and Welfare, 1968),
p. 143.

5C. Simon, Manager of Data and Meteorology, New York City Depart-
ment of Air Resources, in a conference on January 15, 1970, The ambient

rooftop concentrations were taken at an elevation of 100 feet above street level.

6U.S. Department of Health, Education and Welfare, New York-New

Jersey Air Pollution Abatement Activity-Sulfur Compounds and Carbon Monoxide
(Cincinnati, Ohio: National Center for Alr Pollution Control, 1967), p. 143,
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CHAPTER IV
AIR POLLUTION REDUCTIONS BY SUBSTITUTING AIRCRAFT FOR g
AUTOMOBILES IN PROVIDING TRAWNSPORTATION TO NEWARK, 3
LA GUARDIA AND J.F. KENNEDY AIRPORTS
By providing air trarsportation to the three metropolitan airports in

New York and New Jersey for travelers who now use automobiles, the
tota} daily reduction in air pollution would be about 12 tons. Automobiles
now making these trips create about 13 tons of pollution; whereas the air-
craft that would replace them would generate about 1 ton. This pollution
consists of carbon monoxide, hydrocarbons, particulates and nitrogen

“oxide. Comparisons of the yearly amounts of pollution added to the atmo=

-sphere by automobiles and the aircraft that would replace them are: B

Automobiles Alrcraft
1970 4869 tons 380 tons
1980 1365 tons 380 tons

Passenger Volume

About 9,000 individuals travel by automobile daily to La Guardia, J. F.

Kennedy International and Newark Airports for domesiic aircraft ﬂlghts.l The
dally automobile travel from eight cou":}des to each alrport 18 summarized in
Figure IV-l1. These paséengers originate from the counties containing the satel-
lite cities of Paterson, Linden-Rahway, New Bruﬁswick, White Plains, Mt.

Vernon, Hempstead, Farmingdale, Stamford, Bridgeport and New Haven and

New York Cournty (Manhat-in),

V-1

e b A A o o swah. AE3E DTN SIS arzs __:.____,_._,J
. ~ - .
ST




Figure V-1

Daily Automobile pagsengers
(1963 - 1964)

D ———

County Kennedy Newark La Guardia
(Satellite) International
Union
(Linden/Rahway) 55 361
Middlesex
(New Brunswick 115
Passalc
(Paterscn) 5% 132
Essex
(Newark) $S
Westchester
(Mt, Vernon) 222 30 87
Na ssau
{Hempstead) 701 305
Fairfield
(Stamford) 119 60
Westchester
(White Plains) 221 3
Nassau
(Farmingdale) 132 66
7 New York County
(Manhattan) 2632 1230 1793
Fairfield
(Bridgeport) 117 39
TOTAL 4302 1899 2457
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The namber of daily automobile passengers was determined from the total
number of yearly passengers to each airport using all modes of transportation,
The number of yearly autumobile passengers is first determined from the modal
split by year for cach mode of travel. This yearly travel by automobile is then
divided by the number of days shown in the yearly survey to yield daily auto-
mobile travel, 2 The following steps were followed to determine the total
automobile mileages traveled between the satellite city transportation centers

and cach of the three major airports:

1,  Multiply the nun_mber of automobiles traveling from the satellite city
transportation center and Manhattan to the three airports by distance
traveled,

2. Add the total automoblle distance traveled between the 11 satellite
city transportation centers and Manhattan to each of the thrce major
airports. The total distances to each of the airports from the

satellite city transportation centers and Manhattan are:

JFK 82,708 passenger miles per day
Newark 21,768 passenger miles per day
LaGuardia 28,392 passenger miles per day

3. Multiply the total distance to each of the airports by the automobile

engine emission standards shown in Figure 1'\/-2.3

Automobile Travel

The following tabulation summarizes the daily total pollution generayed

when 20090 daily passengers trave] to the three metropolitan airports by

-3
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o B AN,

automobiles in 1970, 1575 and 1940.4

Year Carbon Hydrocarbons & Nitrogen Total
Monoxide Particulates Oxides Pollution
[ounds | Tons IPounds l'ons Pounds |Tons Pounus |Tons

N 1
1970 21,038, 10.52 ‘ 3,655 1,83 1,989 .99 | 26,6797 13.34
1975 13,154; 6.58 2,584 1.29 2,279 }1.14 18,017, 9.01
{
1980 5,486! 2.74 | 954 | .48 1,024 .51 7.,4641 3,73

Alrcraft Pollution

The pollution created by aircraft carrying the 9000 passengers who formerly

traveled by automobhile was determined by the following steps;
1. Estimate the aircraft passenge. miles for flights from each satellite

city transportation center and Manhattan to each of the three major
airports.
Add the total aircraft passencer miles traveled hetween the 11
satellite city transportation centers and Manhattan to each of the
three airports, The totalrdistances to each afrport from the satellite
_city trancportation centers and Manhattan are:
JFK 73, 173 miles

Newark 19, 268 miles
LaGuardia 23,879 miles

3. Multiply the aircraft passenger miles by the aircraft emission standards,
shown in Figure I‘\,'-2.5 These pollution values are average emissions

for takeoff, cruise and landing over varying stage lengths to each airport,

(APPLNDIX F)
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The total pollution gencrated by aircraft in transporting passengers to

three metropolitan alrports each day are:

Year Carbou Hydrocarbons & Nitrogen Oxides | Total Pollution
__Monoxide Particulates
Pound Tong FPounds Tons |Pounds | Tons Pounds | Tons
19701(837 L,az 730 .39 451 .23 2,058 1.03
Iy I )
1975|837 l A2 780 .39 45] L 23 2,068 1. 03
1980 [ 837 ' D 780 .39 451 .23 2,068 1.03

Comparison of Alrcraft and Automobhile Air Pollution

Comparative pollution values of carbon monoxide, particulates, hydro-

carbons and nitrogen oxides for automobile and aircraft providing transportation

from the eleven satellite city transportation centers and Manhattan are tabu- 49

lated in Appendix F. The tabulations are for Newark Airport, LaGuardia Alr- -
port and ].F. Kennedy Alrport, Comparative values for travel to all three
alrports is also summarized ‘n Appendix F. Yearly pollution emitted by aute-

mobile and aircraft travel are shown in the following figures:

Figure IV-3 Bargraph Newark Airport
Figure IV-4 Bargraph LaGuardia Airport
Figure IV-5 Pargraph J.F. Kennedy Airport

Figure IV -6 Bargra.ph all three metropolitan airports

P
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LA GUARDIA AIRPORT

T'igure 1V=4
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AIRCRAFT POLLUTION FOR ALL THREE AIRPORTS
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Conclusions

1,

Daily pollutants emitted by automobile and aircraft transparting the
same number of passengers to Newark, LaGuardia and J. F. Kennedy
Alrports from N, Y. County and the countles {n which the 11 satel-

lite city transportation centers are located are as follows:

Automobiles Alrcraft
1970 13.34tons/day 103 tons/day
1975 g9.01tons/day 1,03 tons/day
1980 3,.73tons/day 1.03 tons/day

Pollutants emitted yearly by automobile and aircraft transporting the

"~ same number of passengers to Newark, LaGuardia and J. F. Kennedy

'Airports from N. Y. County and the countles in which the 11 satel-

lite city transportation centers are located are as follows:

Automobiles Alrcraft
1970 4,869 tons/year 380 tons/year
1980 1,365 tons/year 360 tcns/year

The drastic reduction in air pollution that is possible by providing
air transportation in the tri-state area of Connecticut, New Jarsey
and New York to the three major airports warrants establishing a

demonstration air service,
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FOOTNOTLS

CHAPTER 1V

lThe Port of Now York Autnority, New York's Domestic Air Passenger

Market, Annl 1963 thicugih March, 1964, (New York: Aviation Econonmics
Division, The Port of New York Authority, 1968), pp. 21-23 and 87-91.

21bid.

3 putomobile Tmissions Data for 1971, 1375 and 1980, provided by
Raymond Smith, Assistant Commissioner of Program Development, National
Air Pollution Control Administration, U,S. Department of HEW, in a personal
interview on December 15, 1969.

4Smith interview on December 15, 1969, op.cit,

Sjoseph Hobbs, Supervisor-Installation Design Requirements, Pratt
and Whitney Aircraft, in a conference on November 21, 1969,
The contaminant values of two JT8D turbofan engines, each of
14,000 lb. thrust, at sea level conditions are based upon a 1969 1RM
Computer Print-Qut, by FPratt and Whitney Aircraft,




CHAPTER V
ATMOSPHLERIC DISPLRSION MCDELS FOR DETERMINING THE
PHYSIOLCCICAL EFIECTS OF AIR POLLUTION CREATEL BY AlIR-
CRAFT AND AUTOMOBILE ENGINES
Having established the cecinparative amounts of air pollution emitted
by aircraft and automobile engines, atmospheric dispersion models for determining

ambient concentrations have been employed to show on the basis of the nhyvsiological

effects the degrees of "Imminent Endangerment” under the Air Quality Act of 1967.l

Both the {loating airport concept (Rutgers Aquadrome) and the center city highway
access analyses contained m the Project Eagle Study have been selected for evaluation
as to the physiological effects on people subjected to engine emission pollution.

The analysis of the air pollution that would occur from aircraft operating

on two types of Rutgers Aquadromes are shown in Figures Il1I~1 and l11-2. The

Physiological effects of these air pollution levels are determined in this chapter,

The highway seament used as a model for determining the varying traffic
volumes and the physiological effects is the proposed N,J. State Highway Route 18
Extension (Figures V-1 and V-2),

This particular highway segment was selected as it has been the subject
of extensive traffic and cost analysis in the Project Fagle Study and extensive
planning data is available.

The highway segment onld run from a Stol/port proposed for location in
the Central Business District (CBD) of New Brunswick, N.J. across the Raritan

River to Alternate Route 18.2 This highway seygment, shown in Figure V-1 is also
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Figure V-£
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particulgrly well adapted to a study of physiological effects, as a high
density living complex, industry, parkland and a residential area are
contiguous to the hjgh.way. Figure V~—.2 is a cross section of the high density
living complex located along the proposed New Jersey Route 18 Fxtension,
The pollution models that have been applied to the total peak hour highway
traffic are also valid for any fraction of highway traffic such as the additional
number of travelers utilizing a STOLport. These models can be applied to the

highway networks serving ot}}er center city STOLpcrts.

Atmospheric Dispersion Modzals

Emissions data for automobilés and aircraf; provide a general idea of |
the presence of certain pollutants in a given area and may be thought of
as showing the potential of atmospheric concentrations. Whether this
potential is realized depends strongly on meteorological factors.

The mathematical-meteorological models used in this analysis consi&er
CO concentration distributions to be largely dependent on wind speed and wind
direction relative to building and to’pographi‘cal configuration. The wind
direction and wind velocity information employed in this analysis were obtained
from the U,S. Department of‘ Comrﬁerce, Environmental Data Service, National
Weather Records Center, Asheville, North Carolina. The data consists of a
series of spec’ial computer print-outs provided to Rutgers University. This data
has been compiled i‘n terms of wind direction vs. wind speed for varying time

intervals during the 1956-65 period.3



The calculations obtained from these models are in the form of pollutant
concenfrations at specific locations. Gaussian distribution functions are used
to model the area source and line source emmissions patterns assumed in this
comparative study of aircraft and automobile pollution. . These models yield
pollution values in parts per million (ppm). (The equations and calc‘ulated carbon
monoxide concentrations are given in Appendices ¢, D, and H.)

Time Concentration Problem for Carbon Monoxide Uptake in the Bloodstream

The carboxyhemoglobin (COHDb) in the bloodstream is determined con-
sidering carbon monoxide .concentration in ppm and time of exposure.
Experimental data has established the relationship between these two
variables4 to be -- |

Log % COHb = .85753 Log CO + .62995 Logt - 2.29519

where:; - CO is measured in ppm and t is the duration of
“exposure in minutes,

This relationship is shown iq Figure V--3.5

In determining the effect of carbon monoxide on humans, the results of
the major experiments reported to date are summarized in ligure V-4,
Because some of these experiments give information on carbon monoxide
(ppm) and'length of exposuré and do not give per cent COHb, these latter
values, where missing, were determined by applying the procedures con-
tained in Figure V-3, In deteﬁnining the effects or standards listed in
Figure V-4, it is récpgnized that at present very little deﬁnitive information

is avallable. The effects from both COHb as well as the standards of state
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Fiyure V-«

of Carl-ch Monoxide in Humans

ICO - .vel

More tian B

| Gra) 4

Longtin of

Exposure

COMHL %

Litcet or Standard

7 Duys

. -——— e -

1. Increased fatality rate ammong hos-
pitalized heart attack paticents,

10

I Hour

Less
than 1

1, Maximum residential level used in
highway location considering oflice
and public buildinas (N,J. Dept.
of Transpurtation).”

10

24 licurs

About

2.5

1, Increased risk of automobile
accidents. 8

2. Impairment in performance of
psychomotor tests, 3

3. Increcase in cases in heart f{atality, 16

4, Errors in arithmetic, 1l

14

7 Days

Headaches;
12
Nausea,

o -
.

.

15

8 Hours

—
.

Tentative 8 hour average not to be
excecded more than 15 per cent of
the time on an annual basis (New
York State Air DPollution Control
Board). 13

30
(Average)

6 Hours

—
°

Air Pollution Alert--New Jersey
State Department of Health. 14

30

8-12
Hours

About
5.0

et
.

Tentative 8 hour average not to

be exceeded at any time (New

York State Air Pollution Control

poard) .15

2, Errors in r2sponse tc color stim-
ulus, 16

3. Visual discrimination of hrightiiess.!?

(continued on p, V-11)




digure Voo continued
CO Tovel lLenagth of | COHb(%) Effect or Standard
—fepm) ) Ixposure

50 50 Min- 1.6 1. Impairment Iin 3 o[ 4 parameters of
utes visual function.
50 90 Min- 2.0 l. Impairment in judging differences
utes in time intervals,!9
2. Errors_in auditory duratian determina-
tion, 20 )
50 6 Hours 5.6 1. Alr Pollution Emergyency--New Jorsaey
(Average) State Department of Health. 1
60 1 Hour 2,25 1. Tentative 1 hour average not to

be exceeded maore than 1 per cent
of the time on an annueal pasis
(New York Statc Air Pollution Con-~
trol Board).

100 2 Hours 5.0 1, Shortness of breath and tissue
hypoxia.23
200 2 Hours 10.0 1. Shortness of hreath;
2. Headaches.
300 2 Hours Over
10.0 1. Headaches;
2. Fatigue:
3. Dizziness;
4, Dimness of vision, 25
400 2 Hours Over 1, Headaches;

10.0 2. Collapse; 6
3. Death, if exposure is ccmtinued.2




governments are listed together. In this manner, it is possible to establish
a rationale for understanding state standards in terms of the effectc of COHb.
Physiological Effccts at a Manhattan STOLport

The folloWing air ;.aoll'uvtion levels in ppm's have been established in this
study. Values for all Aquadrome operations cre given for concentiations existing
at 100 meters from the: flight deck and 100 meters from the landing and take=-off

flight paths.

. CO (ppm) , 55
Landing Flight Deck | Takeoff | Background

Oblony Shaped B
Aguadrome .77 1.79 ' .38 3=-6

Circular Shaped .
Aquadrgme W77 1.2 .38 3-6

Applying these air pollution values assuming duration periods of two hours to
Figure V-3 establishes thc COHD levels resulting ffom.aircraft operations are
below 1 pe‘rc,ent. The U:.'S_. Department of Health, Education and Welfare

states, "no human health effects havg been demonstrated nor have they been
observed for COHb levels of 0 to 1 percent, since endogencus CO production

makes this a ;:whysic.)logical.rang-s:."28

. Even when considering the total pol-
lution created by aircraft being added to the existing background level of air
pollution, the COHb level remains below 1 percent. This analysis demon=
strates that no threat to the environment occurs from high density aircraft
operations on oblong shaped and circular shapéd Rutgers Aquadromes located
on Manhattan. To determine the air pollution that would occur with high
density automobile traffic, which could be compared to h'igh density air

traffic, the segment of highway contained in "Project Eagle" is selected for

analysis.



Physiological Lffects from High Density Automobile Traffic

‘The standards employed in this automobile air pollution analysis are
thosc established by HEW for 1970, 1975 and 1980.2° The GOHb levels are
determined from carbon monoxide concentrations (ppm) and time of exposure
for the years 1970, 1975 and 1980. In addition, other variables are con~
sidercd, 1.e., topography, atmospheric dispersion conditions, back-
ground carbon monoxide levels, peak hour traffic volumes, wind velocity
and wind speed.

In determining the physiological effects from high density automobile‘
traffic, the proposed N,J, State Highway Route 18 Extension analyzed in
"Project Eagle" is used for this analysis.

Topography

This highway segment is located in the valley of the Raritan River. The
Watchung Mountains to ti'fé’ north and west contribute to the stability of the

air in the lowest hundred meters due to air drainage of dense, cold air into

the areas of lowest relief. The cold off=shore waters of the Atlantic Ocean

act to moderate temperatures urder conditions of easterly winds throughout

the year except during the winter months. These two potential sources of

atmospheric stability enhance the possibilities of high pollution concentrations
1)

in the New Brunswick area.

V=10



Donie Condition

When a layer of warm air flews over a stagnant layer of cold air, a

tenmporature inversion develops. A temperature inversion creates siable conai-
tions thiat can producce a dou » which limits the vertical diffusion of pollutants
emitted urder {t. Dome condition implies an elevated inversion layer with a 3

slightly unstabio surfuce layer below. Over time, a gencral increase in con-

centration results,as pellutants are slowly spread towards the top of the dome and,
then recirculate downwards. ‘Since low-level temperature inversions in the: New
Brunswick area tend to occur during the peak travel hours, the automobile gencr-
ated pollution can be cxpected to have its maximum impact. This local condition
canresull in concentrations of carbon monoxide which have a direct effect on
public health.

Typical variations in temperature and wind speeds with height for surface
inversions are shown in Figure V-SBO. Under surface based inversions, the
ver tical dispersion of pollutants from an area or line source is minimal. Auto-
mobile generated turbulence however, might create a shallow turbulent layer
which enhances the vertical dispersion of pollutants from a highway segment,

This dome condition is perhaps analogous to a box model of diffusion. The
exponential decrease of pollutants in the vertical is not really much .diffe.rent
from the horizontal decrease found with the area source model except wind speed 3

(u) is replaced with a vertical dilution factor.3!

No computations for the dome
were attempted in this study.

Plume Condition

A plume conrdition exists when winds continually transport pollution in

organized {low away from the lecal generating area. High local pollution is




Figure V-5

Variation in Temperature and Wind Speed for Surface
Inversions

Height

\
\

> Temperature —9

wind Speed

-~-Dry Adiabatic Lapse Rate
—=—Actual Temperature Profile

Source: American Society of Mechanical Engineers, Recommended Guide for

the Prediction of the Dispersion of Alrborne Effluents, (New Ycrk: American
Society of Mechanical Engineers, 1968), p. 18.
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prevented from occurring, as pollutants are dispersed over a wide region,
Important paramoeters in this study are the velocity, direction and time
of occurrence of the winds in relation to the highway and the high density
living cormplex, During the four hour morning and afternoon periods of auto-
mobil - traific considered, north, northeast or east winds produce the highest
polluticn levels under plume conditions, The low wind conditicns of 0 to 3
miles per hour, would crecte the most dangerous human impairments,
along the highway. This 0=3 mph wind speed is the lowest wind category used
by the National Weather Re‘cords Center. Appendix G tabulates wind
direction and velocity by month and annually for 10 hours of the day (5, 6,
7,8,9,10A,M, and 2, 3, 4,5, 6, 7P,M,). The Appendix also contains
tabulations of occurrences of continuous winds from the quadrant N, NNE,
NE, ENE, and E tor four consecutive hours. The 6-10 A,M, and 3-7 P, M,
periods were considered in January, February, March, April, November and
December. To make the time intervals comparable because of Daylight Savings
Time (DST), Sto 9 A.,M, and 2 to 6 P, M, periods are used for May, June, July,
August, September and October. This was necessary as wind information is
recorded using Eastern Standard Time (EST). The above two summaries which
are for 10 years were prepared for Rutgers University by the U.S. Department
of Commerce, Environmental Science Services Administration, Environmental
Data Service, National Weather Records Center, Asheaville, North Carolina.
The data base employed for the computer runs is the Climatoloyical Summary

1956~1965.




Backaground Carbon Monoxide Levels

Daily and peak tra\;'el hour background ievels of carbon monoxide in the
New Brunswick area were obtained from Station No. 5 of the National Center
for Air Pollution Control, HEW, located at the Raritan Depot in Edison, New
Jersey. The average daily level of carbon monoxide from September, 1968
through Seotember, 1969 was 2.0 ppm. The peak travel hour concentration of

carbon monoxide was 14 ppm during the same monitoring perlod.32

Automobile Emissions: 1972 Revised Federal Test Cvcle

The 1970, 1975 and 1980 carbon monoxide emissions from automobiles
were adjusted to reflect the revised 1972 Pederal Test Cycle. This cycle gives
a true mass measurement of emissions and avoids estimation of emissions by

mathematical formula used in the 1970 Federal Test Cycle.33 (Refer Figure I~3)

Automobiie Traffic Volumes between 6 to 10A,M, and 3 to7 P.M,

The range of automobile traffic volumes duriug the 6 to 10 A, M, and

3 to7 P.M. hours considered in the analysis are:34

AUTOMOBILE TRAFFIC VOLUMES

6to 10 A,M, 3to7 P, M,

1970 4,950~-14,256 - 7,825-22,536

1975 5,940-14,256 9,390-22,536

1980 7,151-14,256 11,305-22,¢53
V-14
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The two basic highway traffic projections used in thiz analysis were
developed by the New Jersey Department of Transportation3S and the Tri-
State Transpecrtation Commission.36

Figures V-6 through V-9 summarize the automobile pollution levels
and resultant physiological eifects that would exist along the highway seg-
ment, Human impairments were identified that would occur from carbon mon-
oxide concentrations caused by automobiles during the time periods of 6 to
10A. M, and 3to 7 P,M. Concentration computations were performed using
an area source model with a receptor distance of 15 meters under siability
Class D conditions, considering northeast winds at 4 mph and 6 mph, and
automobile emission rates for 1970, 1975 and 1980. The detailed calculations
supporting the results shown in Figures V=6 through V-9 are contained in
Appendix H., This Appendix contains calculations employing the line source
model.

Carboxyhemoglobin levels for varying concentrations of carbon mon-
oxide in Appendix H have been derived by employing two methods. Method
1 employs the time=concentration graph shown in Figure V=3, In this method
concentrations below the 10 ppm level over 4 hour durations are not con=-
sidered 1o produce human impairments because of the lack of toxicological
studies at low level concentrations. Method 2 considers the human effects
of carbon monoxide levels below 10 ppm over 4 hour durations,which requires
extending the mathematical relationship of percent COHb to CO concentrations

over time,to the region of lower concentrations (refer page V-5).
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Tre irst two Nigares, V=6 and V-7 {(Mcthod 2), which cuver the 3 to
7 P.M. period accounting for about 30 percent of total dafly trafflc, indicate
that in one out of twelve cases, the COHb levels exceed the Alr Pollution
Alert standard established by the New Jersey State Department of Health,
A casc 1s defined as each COHb (%) level derlved by using traffic volumes,
autoncbile emission standards by year and northeast winds at 4 mph or 6 mph.
An Air Pollution Alert is declared when in "any consecutive six hours in the
immediately preceeding twelve hours, the carbon monoxide dosage is equal
to or ¢xcceds 180 parts per million-hours ."37 This Air Pollution Alert level
of an average 30 ppm over six hours converts to a value of 3.5 percent COHb
as shown in Figure V=3, Human impairments of vision and slowed reactions
(1.5 percent COHDb} result in 10 of the 12 afternoon cases,

The pollution on this highway segment during 3 to 7 P. M, also violates
the Air Quality Act of 1967 (Imminent Endangerment) by creating a "direact

38

effoct on public health.” Under this violation the Secretary of the U.S.

Department of Health, Education and Welfare has "authority to proceed
imiediately to court for abatement of any pollution that creates substantia!l
and imminent public health endangerment anywhere in the country."39 The
Committce on Public Works,' United States Senate,

"...feels this far reaching authority is necessary during

the standards development period, due to the passage of

time which wil! occur prior to establishment of en~

forcible standards., And we cannct allow time to justify

a continued danger to anybody anywhere in the country

whether it is an interstate or intrastate pollution situa-
3 tion.
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Tais provision directs itself to the control of po!-
Wwaon sources which are contributing to air poilution
under conditions resulting 1n an imminent and substan-
tial endangerment to public health. Under this provision
the Sccretary would have absolute authority to take the
required control steps to avert disaster episodes such
as occured in the heavily industrialized Meuse Valley
of Belgium in 1930; in Donora, Pa., in 1948, in New
York City in 1953 Jand 19627; and in London in 1952

and 1962, Such incidents are obvious, dramatic, and
tragic,"4v

Figures V=8 and V=9 (Mcthod 2} show the human impairments which will
occur during the 6~10 A. M. pericd when almost 20 percent of the total daily
traffic occurs on the highway segment. Of the 12 cases occurring during the
morning period, no cases exceed the Air Pollution Alert criteria established 3
for N.J. Human impairments of vision and slowed reactions occur in 8 out
of the 12 moming cases. The automobile traffic pollution occurring in the
morning also creates a "direct effect on public health" as prohibited by the
Afr Quality Act of 1967.%% Figure V=10 (Method 1) and Figure V=11 (Method 2)
identify the range of oceurrences of Air Pollution Alert and human impairments y
for both the 6-10 A, M. and 3-7 P.M. hours which can be expected to occur
between 1970 and 1980.42 These occurrences are based upon an analysis of
special computer print=outs of wind speeds and directions, provided to Rutgers
University by the U.S. Department of Commerce, Environmental Science
Services Administration, Enviornmental Data Service, National Weather
Records Center in Asheville, North Carolina. These print=outs contain the
hourly wind speeds and directions compiled over a 10 year period at Newark, .

New Jersey. E
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FIGUREV - 10
Qecurrgnees of Air Pollution Alert and Human Impairments:
1970 through 1980 (Mcthod 1) :
Air Pollution Alert Human Impairments*
; Time ( 23.5% COHb) (= 1.5% COHb)
1 6 A M. to
] 0 40
L 10 A, M,
1 .
3 P.M. to
5 15

7 P.M.

*x
3 " T'Aflr Pollution alerts are counted in occurrences of human impairments.
f
F
%
f
g
¢
!
é: v-22 ;
- . o e . S .




FIGURE V-11

QOccurrences of Air Pollution Alert and Human Impairments:
1970 through 1980 (Method 2)

E Air Pollution Alert Human Impairments*
o Time J { > 3,5%COHDb) o ( = 1.5% COHDb) ,
) H

6 A.M. to ! ;

( 0 ‘ 100

10A. M, :
! 3 P.M. to i '
! 5 ; 25
| 7 p.M. ;

1.
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*, . . . . .
Air Pollution Alerts are counted in occurrences of human impairmaonts,
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Air Pollution Lincergency

The laws of the State of New Jersey define an air pollution emeraency

as "any consecutive six hours in the immediately preceeding twelve hours,

the carbon monoxide dosage is equal to or exceeds 300 parts per million-

43

hours . This carbon monoxide dosage of an average 50 ppm over six hours .

to a COEDb of 6 percent when using Figure V~3. This COHb level will cause
breathing impairments among humans. During any Air Pollution Emergency
condition, the Govemor of New Jersey has the power "to prohibit, restrict
or condition raotor vehicle travel of every kind, including trucks and buses,

in the area ."44

Ajr Pollution Dispersion under Stable and IUnstable Atmospheric Conditions

A neutral atmospheric stability condition (Class D) has been assumed
in the foregoing analysis when determining dosage effects of air pollution.
This section, however, deals with occurrences during periods of atmospheric
instability.

Factors affecting the determination of atmospheric stability include the
turbulence generated by solar radiation. One technique of evaluating solar
radiation is to use an "Aerovane" type of wind system, and to record actual
directional fluctuations in the wind pattern experimem::xlly.‘15 When dealing
with a localized area, such as a roadway or airport, actual on-site measure-~
ment is the principal way to obtain steady and non-=steady wind flow data.
Another approach in evaluating the influence of solar radiation involves the
determination of cloud cover over a specific geographic area, Cloud cover is

an additional factor in formulating basic rules about atmospheric stability.

V=24
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When solar insolation is high (e.g., during the day under clear skies),

the lower atmosphere can be expected to be unstable. On the other hand, when

TR

solar insolation is low, as in the evening or during overcast conditions, the

ail

atmosphere will be relatively stable. These rules are the bhasis in this analysis
for calculating values of the vertical deviation of the plume (o= 3).
Categories can be devised, such as Turner's A,B,C,D and E categories, 16

which determine patterns of turbulence, which are related to the standard devia-

tion of the azimuthal wind direction (cre).” These standard deviations may be

expressed mathcmatically as functions of travel time or travel distance on the

il

basis of experimental measurements, 48

..t

In certain cases over a large, open area of even terrain, solar radiation

can be the enly oignificant fuctor aflccting stability, In the case of the pro-

st L, ol b, o 1

posed extension to the New Jersey Route 18 Highway, however, the terrain is

uneven, This highway passesbetween the Raritan River and a 50 foot embank-
ment . Automobiles moving along this highway would generate turbulence in
the vicinity of the high density living complex. This turbuler.ce generated by
automobiles, effects of uneven terrain, and solar radiation are considered in
the dosage effects of air pollution., Because no accepted rulcs are presently

avallable for introducing these additionai factors into the analysis and actual

ol bl s, b i s

atmospheric measurements are lacking, assumptions are made of their likely
influence on the diffusion of pollutants,
The use of a neutral stability category (Class D) during the four hour

daytime exposure periods reduces the number of times these

eadlnltbiled o st

o bl
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conditions will occur annually when compared to Class D occurrences at
hourly intervals., Class C would occur under these same four - hour
pericds a greater number of times than is the case with Class D, because
of daytime solar insolation which produces greater instability.

Employing an unstable cate gory (Class C) reduces the CC concentrations

(ppm) to 70 per cent of the values shown in the precading analysis conducted

under conditions of neutral stabkility (Class D). In this unstable case, in=~ g
creased atmospheric turbulence enhances the diffusi on of the pollutants by
creating a larger vertical deviation at the llving complex. This comparison of
one case in 19 which cons;lders the same traffic volume and wind velocity under
stability categorles C and D is shown in Appendix I.

The movement of automobiles along the highway which creates unstable

atmospheric conditions presents a special problem of atmospheric (1‘15;::<=_=rsicn.‘19

Mathematical analysis of this effect has not been published to date., Conse-
quently, a number of assumptions are made, which both enhance and impede the -
diffusion of pollutants, The amount of mechanical turbulence generated is de-
pendent primarily upon automoblle speed and the spacing interval between automo-~
biles. Such localized turbulence produced by the movement of automobiles can

be considered to promote diffusion by increasing the vertical plume height

over the roadway above the ground level ¢ralssion previously considered under

neutral conditions (o’Z o = 0). )

v-26
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In evaluating this unstable condition éxfearted by automobile movement,
a two~-step method has been devised at the Center for Transportation Studies
to account for the total vertical deviation (o7z7). Step one involves the
calculation of the initial vertical deviation (d‘zO) of the plume over the
roadway. A very unstable category {s assumed, where d‘zo = ,40 X‘gl.
where X Is the width of the roadway (16 meters). 50 The value of T, o
becomes five meters.

The second step involves the determination of the virtual distance, X 5 .
This virtual distance is the distance at which the emissions are considered to
be released at ground level; This distance (X z ) can be calculated for the
Class C (unstablc) category by considering the approximate equation that re-
lates the standard vertical deviation (Q7z o ) with the downwind distance Xz ).

.75

Solving the equation (o‘zo = ,17TX 3 H o = § meters) yields a value for

o
the virtual distance (X z ) equal to 100 meters, To achieve a flve meter value
for o, o under stability Class C requires that the roadway be considered a

virtual source existing 100 meters away from and parallel to its present proposed
site . (See Figure V-12) This procedure enables the area source calculation to

be made considering ground level emissions (o, o= © ). Using the theoretical

100 meters distance of the roadway from the proposed site plus the 15 meter
distance from the embankmeﬁt to the high density living complex, the standard

vertical deviation is calculated (o, T) . Recalculation of the area source model

resulted in CO levels (in ppm) equal to or about .15 per cent of the CQ levels

previously arrived at under neutral stability Class D conditions, (See Appc:iiix 1),

In using the area source models for concentration calculations on the high-

way segment, the wind velocity component ( U) has been orientated at a right

V-27
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angle to the roadway. In most cases the wind will not be found at such a
perpendicular orientation, In the case of the highway segment, which is
boarded on one side by a relatively steep (45° ) embankment, there will be

channeling of pollutants along the roadway cut. There has been no attempt

made at computing concentration valuecs for this channeling condition, but

it 1s expected thet these concentrations would generally be lower than those

values obtained for a perpendicular wind orientation,

The results of this study allows considering the CO concentrations
ranging betweer 15 - 100 per cent ©f the previously calculated values
using the neutral atmospheric conditions (Class D)., This range considers both
stable and unsiable categerics of atmosnhraric conditions. Cartalnly, nare
diffusion rescarch and atiwospheric sampling are required to determine the

effects of automobile turbulence on atmospheric dispersion.
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Federal Air Pollution Laws

Major {ederal laws deallng with the problem of air pollution are found in
42 United States Code (“Health and Welfare"), Chapter 15B ("Air Pollution
Control"), Section 1857 through 1857(L). Thesa statutes represent the
cumulative air pollution legislation from 1955, (when Congress responded to
"growing public concern with legislation authorizing a federal program of
research in alr pollution and technical assistance to state and local gov-
ernments, " 'Slthrough the Clean Alr Act of 1963 and the Air Quality Act of
1967,

The first subchapter ot Chapter 15B entitled "Air Pollution Prevention and
Control"', is divided into sections dealing with Research and Development,
ailr quality standards and designation of "air quality control reglons."

Research and Development-The Secretary of Health, Education and Wel-~

fare (HEW) shali, "Establish a national research and development program."

V=30




Coinciding with this, the Sccretary shall as well, "conduct and promote the
coordination and acceleration of research, invastigations, experiments,
training, demonstrations, surveys and studies related to the causes, effects,
extent, preventlon and control of air pollution; encourage, cooperate with, and
render technical services and provide financial assistance to air pollution
control agencies, and other appropriate public or private agencies, institu-
tlons and organizations and individuais in the conduct of such activities." 52
In carrying out these provisions, the Secretary of HEW is authorized to
make information readily available to all agencies and parties concerned, by
coliection, publication an‘d "other appropriate means," He is also authorized
Lo encouraqn conpceration between governmental agencics and between such
agencies and those outside the sphere of government, in the conduct of
research and "other ectivities," Moreover, the Secretary can “make grants
to air pollution control agencies, to other public or ncn=-profit private agencies,
institutions, and organizations and individuals" for purposes relating to the _
prevention and control of air pollution, The Secretary, in order to facilitate
research related to fuels and vehicles, shall conduct and accelerate programs
related to combustion and use of fuel byproducts, furnish grants for such
research to appropriate organizations, and construct and operate facilities 23
Under the same section (1857b), the Secretary shall review scientific
studies on "the harmful effects on the health and welfare of persons by the
various known air pollution agents (or combinations of agents), He can also

construct facilities and grant funds for the training of personnel (such as the
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maintenance of research fellowships), public, or non-profit private
educational institutions or research organizations.

Law Enforcement-In the event, by his own judgement, the Secretary
determines that a discharge, or discharges, are likely to pose a threat of
potential air pollution, he may convene a conference, to be held near the
area of potential pollution. If the findings of the conference show that
potential air polluticn is imminent, he {s to send such findings to the partles
concerned (that is, the potential polluters, and the appropriate state or inter-
state or local agency with jurisdiction i{u the ares), 54

Such air pollution or ‘potentlal alr pollution is subject to abatement under
Scerion 1857d of the title, States are entitled to set their own standards of
ambient air quality; if such action is not forthcoming, the Secretary of HEW
shall propare regulations "setting forth standards of air quality and recom-
mended control techniques issued pursuant to Section 1857¢-2 of this title
to be applicable to such air quality control region or portions thereof."” The
section cited refers to that requiring the Secretary to establish, no later than
one year after November 21, 1967, arbitrary air quality control regions, kbased
on jurisdictional boundaries, urban industrial concentrations, and other factors."
The Secretary shall, after consultation with aparopriate advisory committees
and federal departments and agencles,..develop and issue to the States such
criteria of air quality as in his judgement may be requisite for the protection
of the public welfare. The criteria will reflect the latest sclentific

rnowledge, and those variable factors which may alter public health,
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The techniques, which will he deter.ained capable of achieving the level

of air quality sct forth in the criteria, will appear in the Federal chistcr.55
When the Sccretary finds that the ambicnt air quality of any air quality

control region, or portion thercof, is below the air quality standards established,

and that such is the fault of a State's non=-enforcement of such standards, the

Secrctary is to bring such information to the attention of all parties con-

cerned, If the pollution is endangering the health and welfare of persons in

a state other than that in which the pollution originates and is not then

properly rcoulated, the Secretary may request the Attorney General of the

United States to bring suit in the appropriate Federal district court. This

suit brought cn behalfl of the United States will immediately enjoin any con-

tributor to the alledcd pollution to ston the emission of contaminents causing

such pollution or to take any other action as may be necessary. If the pol-

lution is occurr.ng on an intrastate basis, the Secretaiy, on request of tie

Govemor of the &ffected State, shal provide technical and other assistance

necessary to assist the State in judicial proceedings to secure abatement of

the pollution under state or local law, or, on request of the Governor, the

Secretary shall request the Attorney General to bring suit on behalf of the

United States in the appropriate Federal district court to secure abatement of

the pollution. 56
In cases of "iinminent and substantial endangerment" to the health of

persons from a particular poliution source, the Sccretary may request the

Attorney General to seek injunction against any coatribution, to stop emission

of such contaminents causing the pollution.

The last two scctions of the subchapter deal with the creation of an Air

Quality Advisory Board in the Department of HEW, and the regulation of pol-
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lution from Pederal facilities, The members of the Board shall consist of

fifteen members and a Chairman, appointed by the President, none of whom

shall be Federal cificars or employees., Made up of representatives of various

b Dt

state, interstate and local government agencies, and of public or private

interests related directly to problems of air pollution, the Board shall,

"advise and consult with the Secretary orn matters of policy...and make such |
recommandations as it deems necessary to the President."” 57 l

In order to prevent air pollution from any Federal facilities, the 2

Secretary of HEW shall establish classes of potential pollution sources under

e

7which Federally controlled facilities must qualify before being issued a
certiticate of permission for an atmospheric discharge. 58

Air Pollution Standards-The second subc napter of Chapter 153 refers to E,

Motor Vehicle Emission Staundards., The Secrelary of HEW shall, *giving

N i

approgriate consideration to technological feasibility and economic costs,

as scon as practicable, establish standards, " applicable to the emission of

any kind of substance, from any class or classes of new motor vehicles,

or new motor vehicle engines, which in his judgement cause or contribute to,
or are likeiv to cause or contribute to, air pollution, which endangers the
health or welfare of any persons, Prohibited acts under this subchapter
include manufacture, sale or importation of vehicles or engines not in con-
formity with regulations, failure to make reports or provide information to
the Secretary regarding specifications, or removal of anti-pollution devices,

once installed, prior to its sale or delivery to the ultimate purchaser.sg "
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Jurisdiction over such illegal acts, as in Subchapter 1, is given tc the

United States District Cc>urts.60

Engine Emission Standards Testing-The Secretary shall determine the
manner of testing of automobiles and/or engines, and upon conformity with
established regulations, the Secretary shall issue a certificate of conformity.
Similar requlations are provided concerning fuels; the manufacturers are
required to register such fuels with the Secretary, giving the commercial
name and the physical makeup of the fuel, including fuel additions, and
their chemical composition, (All informatien acquired, regarding trade

secrets, will be kept in confidence.) Any violation of thi= secticn is pun-
ishable by finc.61
In addition to this, the Secretary of HEW shall initiate, in no later than
two years after November 21, 1967, a comprehencive report on the need for
and effect of national emission standards for stationery sources, as well as
conducting an insestigation into the controlling of emissions from jet and
piston aircraft as wells.2 Under Subchapter III (*General Provisions") the
Secretary of HEW is authorized to prescribe such regulations as are neces-
sary to carry out his functions under these lavs, He may also delegate to

any officer or employee of the Department of HEW such of his powers and

duties as he may deem necessary or expedient, except those of prescribing

regulations.63

Pending Legislation-Regarding Federal legislation a set of amendments

have been preparcd in regard tc the existing statutes cited. Besides extending
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and increasing the financlal expenditure provisions for two years past fiscal

& 4would do away

year 1971, these "Clean Alr Act Amendments of 1970"
with the "Alr Quality Control Regions." The Secretary would then establish
National Alr Quality Standards; that is, after consultation with appropriate
advisory committecs and Federal departments and agencies, {and no later
than six months after enactment,) he shall puklish in the Federal Register
proposed requlations establishing nationally apolicable standards of ambient

air quality and recommended control techniques,

The amendments also provide for the establishment by states or

"interstate alr pollution control agencies mandatory plans for the implementa-

tion, maintenance and enforcement of such standards of air quality. Such

“plans must include adequate emission standards, provisions for inter-gov-

ernmental cooperation, adequate means of enforcement and provision for
revision from time to time. If any particular state or agency does not file

a letter of intent to adopt such a plan, the Secretary is authorized to develop
a plan for the state or agency. The amendments provide enforcement of the
plans through the U.S. District courts, and conferences, in the same man-
ner as the statutes.

Other major provisions of the 1970 Amendment Bil) concern motor vehicle
emission standards, specifically, “compliance testing and certification."
The Secretary would be able to test any vehicle or englng produced by any
manufacturer. The amendments also provide for revocation of the certifi-

cate of conformity if any of these vehicles do not conform with regulations,
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The Secretary, or those delegated authority by him would, under the amended

A,

form, be permitted to enter any factory business or establishment, in order ;

to inspect and test vehicles or engines coming off the assembly lines s

well as records, files, papers, processes, controls and facilities.

Regulations regarding fuels would be amended to designate fuel additives

as well,

A Senate bill, entitled the "Air Quality Improvement Act"65 includes i
the changes made in the House bill, as well as extending federal regubtions f
to cover vessels and aircraft, The Senate Amendments would also call for A
Federal assistance in developing vehicle inspection programs and the —i-
development of low emission vehicles. j

ir P tion Laws in New Terse

The "Air Pollution Control Act (1354) n66 provides for a nine=member
Air Pollution Control Commission 1o be established in the State's Department
of Health, Membership will include representatives from the Department of

67

Labor and Industry and the Department of Agriculture. The Commission -

retains the power to promulgate, formulate, amend and repeal "codes and
rules and regulations controlling and prohibiting air pallution throughout the
State...provided, however, that no such code, rule or regulation and no

such amendment or repeal shall be adopted except after public hearing..."

68
of which appropriate prior notice shall be given to the public.
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The State Departimient of Health, in accordance with codes, rules and .
rcegulations promulgated by the Commission, shall have the power to conduct
research programs related to the air pollution problem, prepare and distribute
ivformation relating to the problem, require the reaistration of all potential
sources of emission, and enter any building or place in order to investigate
compliance or non-compliance of a potential polluter with rules, etc.,
promulgated by the Commission, In addition to this, the Department shall
have the power to institute legal proceedings in relation to complaints of
air pollution, The Department of Health can also cooperate with, and
rcceive money {rom, the Federal Government and the State Government for the
study and control of air po;lution. 69

The Commission shall organize county air pollution control associations
in cach county, which shall investigate all air pollution problems in their
respective counties, These county assoclations shall also have the power
to pass on all rules, etc., which apply to strictly local (that is, county)
pollution problems, before enactment by the State's Commission, 70

In case any written complaint is filed with the State Department of Health,
an investigation of the complaint shall follow, and, if necessary, the
Department shall "immediately endeavor to eliminate any source or cause
of air polluticn "by conference conciliation and persuasion."7 1If the pollution
situation remains unaltered, the person complained against will have to

appear before a hearing to answer charges of non-compliance. 1If, after the
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hearing, the party complained against, has not remedied the situation within
a reasonable amount of time, the New Jersey Department of Health is em-
powered to "institute a civil action in any court of competent jurisdiction,
for injunctive relict to prevent any further violation of such code, rule or
regulation,”
The court shall be givenr such injunctive power and the power to authorize
a weckly penalty of $100 for non-compliance?z‘rhe Alr Pollution Emergency
Control Act (1967) ,7-QNhich supplements the Air Pollution Control Act , provides
emergency powers in order to "prevent or minimize disasters of unforseeable
proportions.”" Upon recommendation of the New Jersey Commissioner of
Health, the Governor may declare any area of the State to be an area of
"air pollution emergency." In such an emergency, the Governor may, by
order(s), prohibit, restrict or condition motor vehicle travel of every kind
(including trucks and buses), commercial activities, operation of incinerators,
burning or other consumption of fuels, or any other activity which may con-
tribute to air pollution emergency in the area.?4Any orders promulgated by the
Governor in any case of air pollution emergency shall be enforcible by the
Departments of Health, Cefense, and the State and local police and air pol-
lution enforcement personnel forces. They may use such reasonable force
as is required to enfcrce the orders, by means of entering any property or
establishment belleved to be in violation, by stopping, detouring, rerouting

and prohibiting motor vehicle travel ari traffic or "by closing down or
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restricting the use of any business, commercial, retail, manufacturing,
industrics or other establishmant, '75Any willful vioiation of the Governor's
orders can be penalized by"a fine of not more than $§100, 000 or by imprison-
ment for not more than ten years, or both, w76
The 1967 Act alsa provides for hearings to be held if any party is
aggricved by such orders issued by the Governor. The hearings shall
determine whether or not the orders are urreasonable.77The State Commis-
sioner of Health shall also prepare a set of stand-by orders which the
Governor may choose to use In the case of any air pollution emergenc;y.78
Chapter 12 (" Emergen;:ies") of the New Jersey Air Pollution Control
Code?,g scts forth the specific pollution levels by which to control air pollu-
tion in New Jersey. This code consists of a "group of administrative regu-
lations published as chapters, " which have the force and effect of law.
This code cnrunclates emergency criterla necessary for the declaration of
an Air Pollution Alert, Warning or Emergency. Such a condition shell exist
whenever the State Commissioner of Health determines that the accumulation
of contaminants "in any place, locality, county, or other area i{n the State
is attaining or has attained levels which could, if such levels are sus-
tained or exceeded, lead to a threat to the health of the public." 80
The State Department of Health, in conjunction with the United States

Weather Bureau, shall conduct an internal watch, and prepare an "Air Pollu-

tion Forccast," which will determine whether a high air pollution potential
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will exist for the next thirty-six hours, 81

If, for any consecutive six
hours the carbon monoxide dosage is equal to, or exceeds, 180 parts
per million-hours, the Status will be one of “Air Pollution Alert, w82 If
the dosage rises to 300 parts, the Status will alter to "Air Pollution
Warning. »83 The Alr Pollution Warning Standards for carbon monoxide
are also the "Air Pollution Emergency" Standards.84Sulfur dioxide dosages

are also outlired for Alert Warning and Emergency conditions.

All persons responsible for the operation of any source of air contamina-

tion (including power~generating facilities, manufacturing industries, refuse

disposal operations, etc,) shall have prepared standby plans, consistant
with good industrial practice, for reducing emission of air contaminants
into the outdoor atmosphere during periods of Air Follution Alert, Warning
and Emcrgency. In the event of Alerts and Warnings, guldelines for such
standby plans are set forth in the code regulating open burning of wastes,
use of incinerators, use of fuel-burning equipment, etc. In the case of an
Air Pollution Emergency, far more drast'~ measures may be taken, such

as the closing of schools, businesses and government offices, and the

prohibition of the use of any (except emergency) motor vehlcles.85
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Conclusions.

1. The combination of mathematical meteorological models of atmo-
spheric dispersion and procedures for determining the physiological effects
of varying COHb levels dcveloped in this analysis is applicable for deter
mining air pollution exposure forecasts for airports and highway segments,

2. Air pollution concentrations along a highway segment estimated
by mathematical meteorological models prodcce physiological effects which
violate the Imminent Endangerment Section of the Air Quality Act of 1967,

3. Air pollution concentrations along a highway that wouid produce
access for automobiies to 38 ¢ity center airport located in New Brunswick .

New Jersey zan produce physiological effects which are in violation of the
Alr Polluticn Alert Standard of the New Jersey Air Poilution Control Ceode.,

4, High density aircraft operations on the decks of oblong shapad
and circular shaped Rutgers Aquadromes located at Manhattan create carbox-
yvhemoglobin (COHb) levels of less than one percent which have no known
physiological effects on humans.

5. The mathematical meteorological models for determining the
physiological effects from air pollution are applicable to other highway net~
work s including evaluation of alternate routes for proposed highway locations.

6. Calculations indicate that automobile emissions along the proposed
New Jersey Highway Extension to Route 18 produce human impairments ision,
slowed reactions, breathing and hearing.

7. More diffusion research and atmospheric sampling is necessary to

support a mathematical analysis of the effects of atmospheric stabiiity con-
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diticns and turbulence generated by transportation vehicles on the atmospheric

dispersion of pollutants.
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APPENDIX A

Motor Vchicle Emissions
(Grams per Passenger Mile)

2 2 ﬁ‘-

1970} 19702 1975} 1975% 1980 1980 3

Emissions  Actual Coals  Actual Goals  Actual 3

Hydrocarbons 8.8l 12.10 0.40 8.51 0.20 3.11
Carbon Monoxide 38.95 72.35 8.87 45.24 3.79 18.87 1
Nitrogen Oxides 10.35 6.84 0.73 7.84 0.32 3.52 P
Particulates .40 .47 0.08  0.38 0.02  0.17 _§
Total Aircraft Vehicle Emissions: Approach, Cruise, Take-Off

at 100% l.oad Factor
(Grams_per Passenger Mile)’

1970 1975 1980
Hydrocarbons .3696 .3696 .3696 ‘
Particulates 1,0107 1.0107 1.0197 \
Carbon Monoxide 1.4717 1.4717 1.4717
Nitrogen Oxides .8151 .8151 .8151

lBase" n HEW estimates of emission-controlled vehicles that will be
in production at that date.

In converting the grams per vehicle mile to grams per passenger mile,
an average automobile passenger occupancy of 1,24 persons is used. In
the case of aircraft, occupancy load factors of both 100 per cent and 50 per
cent were considered. The 100 per cent load factor was demonstrated to be
feasible in the Project Eagle Study. As shown in the tabulation sbove, the
values for aircraft in grams par passenger mile is computed allowing separate
emission rates for approach, cruise and takeoff. In converting the grams per
vehicle mile to grams per passenger mile, a trip length of 20.8 miles is used
for the 53 passenger aircraft. This 20.8 mile trip length represents the averaqe
air passenger distance traveled in an urban air transportation system during 7
A.M. to 9 A.M. and 4:30 P.M. to 6:30 P.M. between Manhattan and the 11
transportation centers in Connecticut (Bridgeport, New Haven, and Stanford),
New Jersey (Linden/Rahway, New Brunswick, Paterson and Newark) and New
York (Farmingdale, Hempstead, Mt. Vernon, and White Pluins).

l.\ " ]



APPENDIX A -- continued

2]
“Based on a methodology constdering automobile age and vehicle useage
corresponding to automobile age (refer to following tabulation), This procedure

ts currently being used by the National Alr Pollution Control Administration,
Durchan:, North Carolina,
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Automobile Population Average

Per Cent

Per Cent Average Use Useage

Automobile Age of Total Annual Factor Factor
[Years) Automobiles Mileage (X) X
P

0 (new) 10.9% {13,200) = 1,438 15.7%
1 10.4 (12,000) = 1,248 13.7
2 10.0 (11,000) = 1,100 12.0
3 09.6 ( 9,600) = 922 10,1
4 49,1 ( 9,400 = 855 9.4
5 8.6 ( 8,700) = 748 8.2
6 8.0 ( 8,600) = 688 7.5
7 7.4 ( 8,100) = 599 6.6
8 6.6 { 7,300) = 482 5.3
9 5.6 ( 7,000) = 392 4.3
10 4.5 ( 5,700) = 257 2.8
11 3.2 ( 4,900) = 157 1.7
12 1.7 ( 4,300) = 73 0.8
12 4.2 ( 4,300) = 181 2.0

Z= 9,141 100,1%
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AAYIR IS BADS BB B
CONMPARTEON OF AUPOORTIE & ATCCRSTT CDOTIVTVN - oy,

Aionaet e Uk TSN Nirodgen T Yetal
Posveacers[tonoxide jomions & [Ouiies (Tons)
Method Proforrine [ {ons) Fotticolate:: (Tone)

MAroeralt

('I:l"?_l_l =)

———— i me 4 = -

: I. Automobile 14,872 24,08 4,18 2.28 30.54
Aircralt 12,872 2.00 | - 1.88 1.11 T 4,29
(50< Toad
factor)
Reduction 22.08 2.30. 1.17 25.55
TAuiGmabile | 20,100 37750 6.58 3.58 48,06
Afrena it 20,220 1, 45 1.37 .81 3 .64
(100% load
.fd(t(()l‘)
Reduction 36,44 5.21 2.77 44,42

b et e e e e - v e e ———

I1. Automolile 7,706 11,31 1,96 1.07 14,34
Adraraft 7,706 1. 42 1.33 .79 3,84
(509 load
faclor) .
Rcdm:_lion 9,89'. B3 ' .28 lQ.SO

Automobile | 17,362 28,10 | 4.488 2.66 35,64
Mreratit 17,3062 1.16 1 .09 64 2.3¢
(100% load .

factor) .
Redusiion 26,94 3.79 2.02 32,75

II.Autorobile| 23,098 42,43 7,37 . 4,01 .53.81
Aireraft 23,008 3.59 3,37 1, 87 8,83
(50% Joad
factor) ;

Reduction 38.84, 4.00. 2.14 44,98
Automobile | 26,590 52,72 9,16 4,98 -66. 86
Alrcraft 28,556 2. 01 1. 88 . 1, 1 5. 06

(1 00% Yoad
factor)

____Reduction 50.71. 7.28. 3.87 61,86

IV, Automobile 22,042 40.17 6.98 3.80 50.95
Nrcraft 22,012 3.22 3.02. 1,77 8,01
(5097 load
factlor)
Roeduction 36,95 3.96° 2,03 42,94

Automobile 2%,5¢0 18,22 8.37 4,56 61,15
Alrerafe 25,580 .97 | 1es 1,09 4,91
(607, toad
factor)

P bt 46,725 6.52 3.47 56.24

[ . me i e e rr—— e — - —




APPTIDIX B
COMPARISON OF AUTOMORILE & AIRGRITT FOLLUTION - 1075
T ALOMODLNITTCN o T T (iiyaro= T RO en T ol
, Passengersinonoxide [carlons & [Oxides (Tons)
Mcthod Preferring | (Tons) Particulated (lons)
_hircraft (Tons)
I. Automobile 12,872 15.06. 2.96 2.61 20.063
Alrcraft 12,872 2. 00 1..88 1.17] 4,99
(50% load
fuctor)
Reduction 13.06 1.08. 1.50, 15.64 ~
Automobilce 410,2%0 23,70 4“. 66 4, 11 32. 47—
Aircraft 20,290 1,46 1,37 .8l 3. 64
(100% load
factor)
Reduction | 22.24 3.29 3.30 28.83
II. Automobile 7,706 7.07 1,39 1,22 9,68
Alrcraft 7,706 1.42 1,33 .79, 3.54
(50% load
factor)
Reduction 5...GSA .06 .43 6.14
Automobile | 17,362 "17..57 3.45 3.05 24,07
Aircraft 17,362 1.16. 1..09 . 64 2.°89
(100% load
{actor)
Reduction 16,41 2.36 2,41 21,18
III.Automobile| 23,098 '26.53 5.21 4,60 36,34
Aircraft 23,098 3.59 3.37 1.87 8.83
(50% load
“factor)
Reduction 22,94 - 1.84 2.73 27.51
Automobile| 28,596 52,97 6.47 5.71 45.15
Areraft 28,596 2,01 1,88 1,11 5,00
(100% load :
“factor) .
Reduction 30.96 4,59 4,60 40,15
IV, Automobile | 22,042 25.12 4,93 4%; 34,40
Mreraft 22,042 .22 3.02 177 8.0l
(50% load
{actor)
Reduction 21,90 1,91 2.58 26.39
Aulomobile | 23,580 30,16 5.92 5.22 41,30
Alrcraft 25,580 1, 97 185 1.09 4, 91
(1009 load
faclor)
Reduction 28,19 4,07 4.13 36.39

n-2




Method

I. Andtorrobile
Alrerait
(500 Yoad
factor)
Redauction
Automolile
Alreralt
(1007 loac

factorn
Roeduction

IL. Automobi]e
Adreraft
(507 Joud
fuctor)
Reduction
MAMutomobile
Aircroit
(10055 load
factor)
Reduction

CONARTSC

S

APCLEIIN B
MO ATCORIOTILEL L ATUORAVT FATLUTION -

TR
Panneacern
Froeferring

Areralit

(WIS TR

Ty -

RO
o IIVER T

O
oTotal

Monoxide  Joarbons & [OQxitdes (ronn)
{Tons) Particulated (Tony)
. (Tons)

6.28
2.00

4,28

1.09.
1.88

- .79

8.54
4,59

3.55

20,200

20,290

9.89

b, 45

8,43

1.72
1.37

.35

.95

13.37
04

9.73

7,70
7,706

2.95
1. 12

1,53

.51
1,33

.55
.79

4,01

.47

17,362
17,262

"7.33
1.16

6.17

1,37

.73

9,98
2.34

7,09

L. Autonwobile
Adrcrafit
(50 Yoad

{factor)

Automobile
Aircraft
(100% load
‘factor)
Reduction
V. Automobilce
Alrcraft
(L0 Joud
factlor)
Roeduaetion

Automobile
Alreraft
(l vy Tond
facior)
1, .

Reduction |

[
(PPN 03]
o O
[Co I Gul
(ol o5]

11,07
3.59

7.48

2,07
1.87

(20

-15.07
'8.83

5.24__

joo i on]
~ ~
w0
0D
[ea I o3

[y g

13.75
2. 01

11.74,

2.

.51

2.57
I, 11

1,46

-18.71
5. 06

13.71

22,042
22,012

10.48
3.22

7.26

1,82
3.02.

;1,96
- 1.77

.19

14.26
8,0:

6.25

(o

IS
[
[ @]

[ AT SV
e

12.58
1.97

10.61

2,35
1.09

1,26

17.12

4,47

12.21




APPENDIX Li-cont'd.

The following example of Method No. 3 illustrates the four hasic
step;s developed in the Iroject Dagle Study which compares the pollution
generated by aircraft and automobiles. In this case, aircraft operatc at
100% load factor,

Step 1 determines the pésscnger prefercnce for automobile, bus, and
rail transportation from satellite cities to Manhattan, The first table
summarizes the 1963. costs for determining passenger preference. for sach
mode of travel including aircraft. The next table computes the actual

passenger preference for auto, bus, and rail travel,

B-4



APER DX I

SURMIARY O oS n

i Cost Variakles _ E

Cul of 1 Valoe of 1 Value of Total
Satellite hade Pociiet v Travel Time Waiting Ynne | Cost |
L RN B N 5 (5 | B!
[}
Nowark Auto 1.80 2.40 .00 4,20 1
bus LA 2.40 .38 3,21

kail Lad .90 .36 1.7¢

AMreraft 1.69 L83 1.50 4,02

llempstead AUto 1.78 8,55 .00 10,
lius
Rail .92 4,035 1.8Q 6.77
Rivcratt 2,11 1,47 2.70 6..8

13
)
—— ._5___.________.__.,.__.4___4__.__._

Patcr=on huto 1.23 | 3.865 .00

5.08
pus .70 3.59 .63 4.€3
Fi:lil
hircraft ! 1.69 1.01 2,10 4,60 |
[}
3 “I‘
Linden/ Auto 1,65 6.00 .00 7,63
ol ay Lus .65 5,54 3.00 f Sl g
Ruil .78 3.25 1.38 5.41 i
Aircraft 2.11 1,061 3.00 6.72 i
Farmingdale | Aito 1,88 11.25 .00 13,123 !
Bus !
Rail .99 5.40 2,88 Q.27 ;
Atrcrait 2.11 1.59 2.79 G.49 i
f——— e e} 4

__-—-T_ -— _— N
M, Vernen | Auto 1.74 7.60 .00 9,31
Bus
Rail .63 . 2,08 1.20 3.8
Aircraft 1.16 1.14 2.40 4

.07 12,10 .00 14,17

™D

White Plains| Auto
Bus
Rail .81 41,40 1.43 6.64
hNircraft 2.11 1.80 i




D, | |

Radalite B Atk i atainde bast et chten il chinios dst s dni

AVTORDIN Y

SUNTIRY QU 00T

1 T T Costvarantes ] R
! Oat of Value of Value of ! Total |
Watellite | niodoe Poocvet Travel Thwy | Wolting Tuan ! Cost 1
S (NS AR £ NN NSO (SR SN DA N N
Ve Bransseick Auto 3,83 . .00 8.18 :

4.55
Bus .90 4,55 .84 6.29
Rail .95 3.85 .98 5.78
Arcraft 2,60 1.29 2.24 6.13

b e = ——- - ——

|
|
'

Bridgoeport Auto 2.941 7.35 .00 10.29
Ris
Rail 1,37 4,90 2.45 8,72
Alrcralt 2.81 1,63 2.80 7.24

b e e e - e = = e i . s e v e e e - ——

New llaven ; Auto

Rall

1
‘ 1 Bus 2.
1
Arccaft 3

'

_________ SN HSSUURN SN S S -

Ctarford Auto 2.54 7.80 .00 10.34
3us
Rsil .94 5,40 1.44 7.78
Alrcralt 2.60 2.26 4,80 9,66

A R SN S

[o0]
-
c
.
o
o
—
N
-
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APPUNDIN B

ACTUNL PASSEN AR PRELER 200 COR B, B, AT SO0 T

e et e et s - T g e

I
Satelite City L Cout (3) ! Batio_ | Fectore aoe ()
WS SN 43 0 . N SRR 718 £ SN PRI K214 £ 2 A0

E Newark Auto 4.2G 1 4
. Bus 3.21 1.32 27,37
i 2,50

[ Hempsatead Ao 39,00

} . Rail i 61,00
]
|

—— e e e e e —————— e e —————— e e —— e ——————a

Patersoa Auto 5.08 1 48,78
Bus 4,83 1.05 51.21

Linden/Rahway | Avto

______ I R R DU

Farmingdale Auto ' 35.06 l

— —— - —— ] —— —_— -

Mt. Vernon Auto 29,00

Rail 69.00

White Plains Autlo 28,00

Rail 71.00

New Brunswick Auto 33.20
Bus 34,40
Rail 32.40

Brid joport A:uto 10,29 1.00 46.03 |
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Satellite City

New Tlaven

\

Auto
Bus
Rail

APPENDIX 8
ACTURM DASSEMOER PREFIRUNGE VQR 3US, RATT,, ANT AUTOQRIDNILE

Total

Cost (8)__

—— . b or e etk 4 8 - 2

12.96
17,90
12.65

- -

1,38

1,00
1.41

——— —————— ot e S e

1 Ratio ) Preferenan (99

—h et e L e e e e be S e e

36.10
26.38
37.20

(R o

Stamford

e

Anto
Bus
Rail

&

10,34

7.78

- —— = Oy s Sy i

1=

1.00

43.10

56.89




Step 2 determines the passoenier preference for automobile, bus, and rail

transportation with the introduction of aircrafl scrvice.



APPUNDIX 83
PREDIGERD PASSENCIR PALITRINGS FORBUS, BAIL, AUTONOHILE, AND ATRCRAVE

Total .
Satcllite City Cost (8) Ratio Peelerence (24)
Newark Auto 426 1.00 17.03
Bus 21 1.32 22.48
Rail L70 2.50 42.58
Aircraft 4.07 1.05 17,88
Hempstecad Auto . 1033 1,00 24.03
Bus
Ruoil 677 1,52 36.52
Aircraft 628 1.64 39.40
Paterson Auto 508 1.00 32,25
Bus - 483 1.05 33.86
Rail
Aircraft 480 1.05 33.86
Linden/Rahway | Auto 765 1.19 22,75
Bus 915 1.00 19.12
Rail 541 1.68 32.12
Aircraft 672 1,36 26.00
Farmingdale Auto 1313 ' - 1,00 22,57
Bus
Rail 927 1.41 31.82
Aircraft 649 2.02 45.59
Mt. Vernon Auto 934 1.00 18.65
Bus
Rail 391 2,38 44,39
Aircraft 470 1,98 36.93
White Plains Auto 14.17 1.00 19,64
Bus '
Rail 664 2,13 41,83
Aircraft 721 1,96 38,49
n-10
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APPENDIX B

Total ,
Satellite City Cost_(3) Ratio Preference ()
New Brunswick ] Auto 818 1,00 19,84
Bus - 629 1.30 25,79
Rail 578 1.41 27.97
Aircraft Gl3 1,33 26,39
Bridgeport Auto 1029 1.00 27.77
Bus
Rail 872 1,18 32.77
Alrcraft 724 1.42 39.43
New llaven Auto - 1296 1.38 24.29
Bus 1790 1,00 17.60
Rail 12,65 1,41 24.82
Aircraft 945 1.89 33.26
Stamford Auto 1034 1,00 29,49
Bus .
Rail 778 1,32 38.93
Aircraft 9,66 1,07 31.55

n-11




S‘;l_qg.giclutcrminr-:; the automobile passengers who would change to aircraft
travel., The procedure followed in Step 3 is first to cstimate the automobile,
bus, and railroad passengers in terms of percentages preferring aircraft travel,
The decrease in number of automobiles and automobile passengers travelling
to Monhattan who would éhange to aircraft travel from cach satellite city is
then established. It is shown that a total of 14,298 automobile passengers
travelling in 10,861 automobiles from the 11 satellite cities into Manhattan

would change to aircraflt travel,

=12



APPLNDIX B

AUTOMOBIIE, BUS, AND RAILROMY PASSENGERS PREFERRING ATRCRATT TRV

Projected
Actual  Split With

Y% comulers
Prefoveing

Satellite City _ Mode Split (%) Aircraft Sorvice (%) Aireraft Service
Newark Auto 20,74 17,03 -3.71
Bus 27.37 22.48° ~-4,89
Rail 51.85 42,58 ~9,27
Aircraft 17.88 +17,88
Hempstead Auto 39.00 24,03 -14.97
Bus
Rail 61,00 36,52 -24.,48
Aircraft 39.40 +39, 40
Paterson Auto 48,78 32,25 -16.55
Bus 51.21 33,86 =17, 35
Rail
Adrcroft 33.86 +33. 86
Linden/Rahway  Auto 30,73 22,75 -7.98
Bus 25.83 19,12 -6,71
Rail 43,39 32,12 -11,27
Aircraft 26,00 +26,00
Farmingdale Auto 35,00 22.57 -12,43
Bus
Rail 65.00 31.82 -33,1¢
Aircraft 45,59 +45,59
Mt. Vernon "Auto 29,00 18.65 ~16.35
Bus
Rail 69.00 44,39 -24,61
Aircraft 36.93 +36.93
White Plains Auto 28.00 19.64 ~-8.36
Bus
Rail 71.00 41,83 ~29,17
Aircraft 38.49 +38,49

B-13




APPENDIN B

AUTORORIL, B0, AND BALKOND, FAGEENCER PRIERRING ATRGRAIT TRAVEL,
Projoctod S
Split With

Sotellite City

.
s O

Actual

_oplit () siveraft Servieo (v)

% Commuters
Prefoevring
hirerall Sorviece

INew Dronswick | Ao 33.20 19,84 -13.36
Bus 34,40 25.79 -8.61
Rail 32.40 27.97 -4,43
Aircralt 26.3Y +26.39
Mridgoeport Auto 46.09 27.77 ~18,32
Bus
Rail 53.91 32,77 -21,14
Aircraft 39,43 +39,43
New ITaven Auto 36,40 24,29 12,11
Dus 26.38 17.60 -8.78
Rail 37.20 24,82 ~12.38
Airvceraft 33.20 +33.26
Btam{ord Auto 43,10 29,49 ~13,061
- Bus
Rail 56.89 38,93 ~17.96
Areralt 31,55 +31,5%

=14




- AIPENDIX B
REDUCTION TN AUTOMORILI TR L WITTL THE TN TRODUCTION OF A RCRATT TRAVEL.

Decrease in

Number of Decrease in
% hAutomobile Automobile Number of
Passoenyers ) Passengers Zam=9%am Automobiles
Total Chanaqe. Air- Travelling to Auto Travelling (o
Satellite City Comnuters  craft service Manhottan Qocupanacy Manhattan
Newark 8,632 -3.71 320 1,00 320
. Tlempstead 32,167 . =14,97 4,815 1.25 3,852
Paterson 17,931 -16.55. 2,987 2,04 1,454
Linden/Rahway 3,892 -7.98 311 1.33 234
Farmingdale 13,335 -12.43 1,658 - 1.25 1,326
Mt..Vcrnon 18,394 | -10,35 1,904 1,15 1,656
‘* * White Plains 14,847 8,36 1,241 1,15 1,079
: New Brunswick 1,876 -13.36 251 1.00 251
Bridgeport 1,179 -18.32‘ . 216 1.25 173
New Haven 171 12,11 21 1.29 16
é ? Stamford 4,934 -13.61 672 1.25 538
i “Total 14,3?6 10,899

| _ . P-15%




purtig:ullutcs and nitrogen oxides produced by §3 passenger aircraft

and automobiles each transporting 14, 298 passengers. These commuters
represent the automobile riders who would change to air transportation.
To transport 14,298 people requires 10,861 automobiles which travel a
total distance of 268,503 miles,

A total of 536 aircraft flights travelling 623,333 passenger
air miles would be required in transporting the same total of 14,298
passcngers,

Total pollution created by 14,298 passengers travelling by
automebile is determined by multiplving the 268, 503 automobile vehicle
riiles by the 1970 engine emission values per vehicle mile for
carbon monoxide, nitrogen oxides, hydrocarbons and particulates, The
daily pollution generated by automobile travel equals 66.86 tons. 1

The total pollution created by 14, 298 passengers travelling |
by aircraft is determined by multiplying the 623,333 passenger air miles
by the aircraft engine emission value per air mile for carbon monoxide,
nitrogen oxides, hydrocarbons and particulates. This aircraft travel

produces 1.67 tons per day.

B-16
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APPLNDIX b

VEHICLI; MILLS OF 11,294 PASSENGERS TRAVELING, [ROM SATELLITE_GIIILS.
TO MANIATTAN 10,899 AUTOMORILLS

. Total

Number of CGround Automobile

Satellite Gity Automohiles Mileage Mileage
Newark ‘ 320 12 ' - 3,840
Hempstead 3,852 24 92,448
Paterson 1 ,454 20 29,080
Linden/Rahway 234 21 4,914
Farmindale | 1,326 32 42,432
Mt. Vernon 1,656 17 28,152
White Plains | 1,079 26 28,054
New Brunswick 251 38 9,538
Bridgeport 173 ) 55 9,515
New Haven 16 76 1,210

Stamford _538 ' 36 19,368
TOTAL 10,899 268,557

B-17



APPLNDIN B

ATRCRALT RIS {EQUIRED. TN SERVING_ 13,266 PASSENGERS TROM
SATELLVRL CITINS IO MANUATIAN

Total
Passengor
Capacity of  Trips per_ Total Total
_ Number of Onepircraft ! Aircraft Aircraft T rips

Sat2lite City Passengers . (Zam=Sam) (7 aw-Cam)  Required _Reguind
Newark 320 265 10 1 10
Hempstead 4,815 212 8 23 184
Patcorson 2,967 265 10 11 110
Linden/Rahway 311 212 8 2 16
TFarmingdale i,GSB 212 8 8 64
Mt. Vernon 1,904 265 10 7 70
White Plains 1,241 212 8 6 48
New Bruns-wvick 251 . 212 7 1 7
Bridgeport 216 159 6 1 6
New Ilaven 21 -—- -- - -
Stamford 672 212 7 3 21
TOTAL 14,376 535

1, The aircraft employed has a 53 passenger seating capacity.

2, This; includes the trips to Manbatian from the satellite cities at a 100%
load {actor and the trips from Manhattan to the satellite citics carrying a 100%
load factor, Thus 10 trips for one aircraft between 7 A.M. - 9 A.M. is equal
to S round trip {lights between Manhattan and a satellite city. Only five of
thesc flights carry passenlgcrs to Manhattan. The same total of 14,376 can be

carried from Manhattan during the 7 A,M. - 9 A.M. period,



ATPENDIN B
ATRCRAIT, PASSENCER MGG QT 1.1, 208 PASSLTCTRS CRAVILI TG TROLY SATRLLITL

PR
CNNVTRE O s ATEAN,

Nircrait
Total Trips Air . Possenger
sSatellite City Required  x Miles o Passencers = Mijlen

Nowarl: 10 11 53 5,830
. Tlempstead 184 20 53 195,040
Patorson 10 RV 53 81,620
Linden/Rahway 16 19 53 16,112
Farminadalo 64 26 53 £3,192
Mt. Vernon 70 30 ' 53 111,300
White Ploins 48 13 53 33,072
New Brunswick 7 20 53 7,420
| Bridgeport 0 32 53 10,176
New Haven - - -
Stamford 21 67 53 _74,571

Total 623,333
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APPERIDOED
OB JLTTEIOR G0 1 TR PRV PROX SATELLT (T

T T T I O B T B PR AR NP

AT
1970_Automobite Bl

CPossongor Miles  w gm Passerger ©ilee o fot] Pollution

. m—— s b el e e a—— m— - e PSS

Carion Vonoside 266,857 (].24) 2 72.35 24,093,773 qm,
A33,010 52,720 < 1b.

Hydrocathons and 208,507 (1,24) = 12,57 4,185,935 gm.
Particulatoes 333,N10 9.159 b,
Nitrouvon Oxides 258,557 (1.24) = 6.81 2,277,785 gm,

333,010 4,924 . lb.

Aireraft Travel

Pagsenger
Liiles x gm Aassenger Mile = Total Pollution

Carbon Mononide . 623,333 } - 1.4717 917,358 gm,
2,007 b,

Iydrocarbons and
Particulates 623,333 1.3803 859,387 gin

asy

1,883 b,

Nitrogen Oxides 623,333 .81kl 508078 gm,
1.k

n-2n



APPRENDEL B

Dany, '.‘)J,Ll_“l" PTOL LA, 200 AN GRS TR ELLINC BEYWELR SATIN AL
G AR MRS ATAN (/A% 988l LAII M= P i)
Tons of Pollution

Carbon Nydrocarbons & Nitrogen Total
Mode Monoxide Particulates Oxidas Pellution
1970
Automaohile 52.72 9.16 4,98 - 66.86
Travel Cee :
Aircralt ! .
Travel 2,01 : 1,88 Lo 5,00
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APPENDIX C

ARTA-SOURCE MODET :

Concentrations . o hoe estimated at o u'qwnwind receptor by employing
an arca-source moicl {for both the circular and oblong aquadromes, and
" for the highway secment, IEmissions from either aquadrome or roadway areas
are considered to constitute a surface of randomly distributed multiple
sources. This surface is assumed to be a uniform area source with respect
to a receptor located a variable distance downwind from the edge of the
aquadrome or highway segment. The prevailing wind is orientated along one
side of the arca under investigation.

Each infinitesimal strip of the arca normal to the wind direction is an
effcctive line source., The inlegration of the concentrations found in all
such strips, from the windward to the down wind edge, establishes a re-~
lationship for the concentration from the area source that will be found at
the downwind receptor,

From Slade, the line source formula is given as:

2 ‘1/2 { 2 %
X=(% | oL exp., I~-h
(1‘[.)’ o.z U k 20 2
z

Where X is the concentration (grams/ metera) » oz 1s the vertical deviation
of the plume (meters), U is the wind speced (meters ,/seco:d), h is thestack
height, and Qp is the rdt(; of mass emissions per unit length (grams/meter/
second).

For ground level emigsions:

h% N
Cxp. \— 2,0'22/" =1



The equation can be rowritton as:

1/2
X=_2__)/ QL

el
11 T, 4)

Because another dimension besides length is {nvolved in area calcula-

tions, this dimension (width = 8) must be introduced into the equation. This

is done by considering infinitesimal strips of width dS., Thus, the relation-

ship of each infiniteczimal strip to the concentrations is written as:

dX(8) = -_2___ _Q ds

The integral for a receptor a distance (T) from the downwind edge becomes:

T+L
= _2 d
X 2 Q% S
y 21T U l o,
v

Where X is the concentration, Qa is the strength of the area source

(rate of mass emissions per unit area), U is the wind speed, S is the distance

of the receptor from any infinitesimal strip source, o, is the standard devia-

tion of the plume along the vertical, L is the along~wind dimension of the
area considered, and T is the distance of the receptor from the downwind edge,
To evaluate the integral, it is useful to note that 6", can be expressed as

a function of travel distance from any infini{esimal strip to the receptor (S).

For a stable condition of neutral stability:

3/4
c'z = ,12 8§
Inserting this value of o, Into the integral leaves:
2 Qq T+L ds
X = oD
Je> T 184

T

Integrating further yields:

X = 8 _  Qa_ [ SRR L1/4]
NS 12U



REFLRENCEL: Northern Research and Engineering Corporation; Nature and

Control of Aircraft Enainc Exhaust Emissjons_  (Washington, D.C.: National

Air Pollution Control Administration, U.S. Dept., of Health, Education and

Welfare, 1968), p. 142,



OBLONG SHAPED
ATMOSPHERIC DISPIRSION ESTIMATES FROM AQUADROME I'LIGHT DECK
AREA CON‘)IO[’I\[NC 6 AIRCRAFT ON THE Do CK SIMULTANEQUSLY
T m e o e i _2040 T .__.__,,.__._‘,_/'_7

s e s o ~....,--.-..___ »- _.._....- ] /I\

y ea o /L,mlsgxon/ /
/ 420"
/

< ---.....__- - —

AREA-SOURCE:
2000' AQUADROME

CONVERSION S
320° = 97.5m 2040' = 622 m
ARLA = 60,645 . m2

FORMULA;
L n

X = 8 0 ET+L)“—T*J
X = Conceutration (Grams/m 3)
Q = Source Strength (Grams/m*/sec)
u = Wind Velocity (2.5 m/sec.)
L = 97.5m
T = Dislance of the aquadrome from the receptor (100 meters)
CALCULATIONS:
Q:

Over 1 Hour (3600 sec.), there arel0l,337 grams of CO emitted
from the aircraft,

Q =101, 337 grams/°0 645 m /3600 sec.,

Q = .000464 cm/m%/sec..

L L
X =2,51 (_.P_Q,O_‘!_({’) EIOO +97.s)'r-(100)“-l
(-12)(2.5) -

X = .001]63 1(100 +97, s)/-(lodﬂ

197,5 * = x , .

log X = 3 logle7.5= ¥ (2. 29557
log x=.57389 or x = 3.749
1003 = y , . -

logy = ¥ log 100 = ; (2,00000)
logy = .50000 0r v =3,162

x -y =.587

C -4

TOPRE




X =.00165 (,587) = .0Q00684 .0023
0 - .30

=,0023 om/m >

_Q_023_ = ,00005 gm /vol. 22.4 liters
44,
-00005 = 00000179 =1.79 ppm
28
N\
AREA- SOURCE: . AREA = 76,641 m?
CIRCULAR AQUADROME ; L = 1000 : ‘
i ]
\\. )
\{
\\-_..._.._.._..
FORMULA;
| L 4
X=8_ _O_ ET +L)% -7 "]
JAT L 12u
X = Concentration (grams/m )
Q = Source Strength (grams/m /sec )
u = Wind Velocity (2.5m /scc.)
L = 305m '
T = Distance of the aquadrome from the receptor (100 Meters)
CALCULATIONS:
Q:
over 1 hour (3600 sec.), there are 35,615 grams of CO emitted
from the aircraft. 5
Q = 35, 615 grams/76,641l m “/3600 sec,
Q = .000129 gm /m 2/sec.

= 2,51 (.000129 ) [(00 + 305)%- 100-“'_]
(.12) (2.5) '

e s A=
X =,.000224 . | (405)%~ 100 ¥ |
.30

' L
405% = x L , N
log x= 4 log 405 = T (2.60746 )

=5



log X = ,65187 or X = 4,486

y = 3,162
x -y = 1,324

X = .000324(1.324) =

= ,000429 Gmmsﬁmz
.30

.30 m
X = .00143 gm/ m3

200143 = ,0000321 /vol.

22.4 liter

44.6 (num. grams vol. 22.4 liters at STP)

0000321 = ,00000115 = 1.2 ppm
28

Enagine Emission Rates Used on Flight De ck Arca .

T T L T T L I o T R e

Alrcraft Operation

T

LRI E LT

Engine Emission Rate !

i
Landlng Ground Roll | Take-off |
Taxi Idle
Open Door Idle
Close Door Idle
Take-pff Ground Rl.u_-x-m.L Take-off

Fuel Consumption Rates - IT8D

Idle 920 lbs. per hour per engine

Take -off 7765 -lbs. per hour per engine

Carbon Monoxide Emissions ~ One JT8D

Idle .0499 Lbs., CQ/Lb. Fuel

Take-off .00123 Lbs, CO/Lb, Fuel



APPENDIX D

Atmospheric Dispersion Fstimates During Takeoff and Landing Maneuvers

The following assumptions are made in conducting a study of the maximum
atmospheric dispersion estimates that would occur during takeoff and landing
aboard a Rutgers Agquadrome:

1. Variables arlsing from in-flight aircraft exhaust emissions, such as
heat content, atmospheric turhulence and pollutant momentum, enhance
the mixing of the pollutants with the ambient air.

2. Concentrations arrived at without considering the above variables at a
distance of 100 mneters must be greater than the actual concentrations
that would exist at 100 meters.

3. The emission of pollutants {rom the aircraft is carried out such that the
plume can, for small segments, he considered an cffective line source,
where lateral movement of pollutants in one small segment is compen-
sated for by the lateral movement of pollutants in another small segment,
In this manner, uniformity of concentrations is preserved and the lateral
deviation of pollutants (o y ) is effectively O,

By making these assumptions, it is possible to apply the quasi-instan-

taneous line source model to calculate the concentration of pollutants at dis-

tances from aircraft in flight, The formula* for this model is:
Q X=u 2 + h2 7
X = L exp 4- 20% 2 &, 2 X
o, oz j

where: X Concentration (gm/m3)

Qp, = Source strength (gm/m)

o L= Standard deviation of the downwind direction of a plume
concentration distr ibution (4m at 100m distance from source)

o, = The standard deviation in the vertical oi the plume con-
centration distribution (3.8m at 100m distance from source)

*Slade, D.H., Estimates of
dispersion from pollutant relcases

The next step was to consider the exponent:

2 2 of a few scconds to 8 hours in
{x~-ut) + h =
, - — —_— duration, Tech, note 39~ ARL-3,
CxXp L?. °'x2 20, 2 :
y

April , 1966
L 1/
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In order to avoid complications arising from the emission time rate (t) and
the calculatior of effective stack height (h), an assumption is made that
effectively maximizes the concentrations by considering the exponent to
achieve the maximum value, or:

exp - f_ 2 o, + 2 o 22
thus:
X = QL : calculated value for a maximum of concentrations.

The following values are used in determining emission estimates during
take~-off and landing maneuvers:

Fuel Consumntion Rates During Take-off and Approach for the JT8D

Take-off 7765 lbs. per hour per engine
Approach 2925 lbs, per hour per engine

e e TSN e e et VR L e B e e WAL, Lot a e { o AL’ RS r'
Cruise 5000 lbs. per hour per engine




BUFTALO [_15,\ + 18° c]

.6 MINUTES CRUISE 4.04 MINUTES
331,72 lb. /{ /I‘ *\<3.70 b,
A zsooln. AN
,CLIMB - APPROACH
(, 4,0 mi, | \l{ 9.2 mi,
B e

POLLUTANT EMISSION RATES

... CLIMB 2 JT8D Enginas

SR W

i 1 LB, FULL =, 00123 LB, CO

'
S

[

HEIGHT CALCULATIO!N AT 1000': -
CLIMB:
¢ L o= L of ascernt

Tan-& = 2500 = .10293
24, 248

£ = 5“ 53" ,10293 =X where X is the heignt.
1000

X = 102.9' or 31.4 meicrs

APPROACTE:
FAlRSANSTIST S Y

L-e—= L of descent

~
-/
e R (P = 2500— = . 05146
48,576
- = 257

= 5l.5" or 15.7 meters ,05140 = X where X is the
1000 height,




CLIMB: _INSTANTANEOUS RELEASE MODEL:

Contiiuous acceleration vields a value of:
A (acceleration) = 2,7 ft/sec2

Vi 7135 {t/sec,
Vp £ 295 ft/sec.

FOR 1000' SEGMENT:

L J/ 3.4 m

. 9__1000 (305m)..— Yy
135 ft/sec. _+ VF

2

Vav = Vi + VP

v ro AT

Ve - Vi =AV
24,288 [160 ft/sec. = 6.6 ft/sec. over 1000 feet.

295-135 = 160 ft/sec.

Vav = 135 + 141.,6 = 276,6 = 138, 3
2 2
Vav = 138 .3 ft/sec
D = ST = (138.3 ft/sec.) T
1000 ft = T = 7,28 sec
138. 3 ft/sec.
7.23 sec. (1000' Climb) = ,075

96 sec. (Total Climb)
.075(331,72 lbs} = 24,88 lbs. Fuel consumed in 1000' Ft.

24.88 lbs (,00123) 45%m/lb (Rate of Mass Emissions per unit length)
305m

13,9842 =.04585 gn/m
305m



Grams CO
.0000215 Vol.22.+4 liter
0000215 = ,0000GC758
28 (num G in voi, 22.4 liters at STP)
ppm (CO) max = .77 ppm
at 100 meters
APPROACIH:

1 \'\\
. sAL Landize Deck

\ - |
) A G )H. /f

D=5

X = Qp__exp (x ugz + he
oy oy 207 x° &y
MAXIMIZE EXPONLNT
exp (x-u)2 4 X ]7 1
. hO"XZ ZC"',“;A ))
THUS:
X max = Qg
T'b"xO"/
where

variables:

= 4 (Slade - neutral stability)
o g 3,8 m (Slade - ncutral stabtlity)
Q = .04585 gn/m
X max = 04585 = _. 04585 GM/m
(.14 (3) (3.8)  47.73 m*
. 04585 = ,-00096
- 47.73
X max = .00096 yn/m -
ppm (C O} max =

. 00096
44 .6 (num,

ppm (CO) max

of 22,4 liter vol.)

SIMPLIFY PLUME TO BECOME AN APPLICATION OF INSTANTANEOUS
INTINITT, CROSS WIND LINE SOURCEL

]

Iy



APPROACH VLLOCITY TN THE LAST 1000' SHOULD BE EQUIVALENT TO 1.3 Vg,
WHERE Vg 1S THE VELOCITY AT LIFT-OFF.

vV, =135 ft./sec (D-3)
(155 ft./sec.) 1.3 = Approach Velocity
175.5 ft./scc = Approach Velocity

1000 ft, = T
175.5 ft./sec
570 sec. = T
570 sec. = ,0235
242.4 sec.

(393.70 lbs. fuel) (.0235) = 9,252 lbs, fuel used in last 1000'

9.252 lbs. (.006658) 457gm/lb. = .0923gm/meter

305 meters
USING ASSUMPTIONS OF CLIMB, HAVE:
X max. =Qp

™ ox U,

where variables:

oy =4n (Slade~ neutral stability)

‘ez =3.8, (Slade- neutral stability)

Qp = ,0923gm/m
X max. = .0923 = _,0923
(3.14) (4) (3.8) 47,73
—+0923 .. = .00193
47 .73
X max = .00193 gm/m3 :
ppra (CO) max = .00193 Grams CO

44.6 (num. 22.4 liter vol, 1m) = .0000433 Vol, 22.4 liters

ppm (C O) max = .0000433 = ,00000155"
28 (num. grams vol 22.4 liter at STP)

ppm (CO) max = 1.55 ppm
at 100 meters

CONSIDERING | ENGINE, HAVE 1/2 Q FOR CALCULATIONS, THUS:

Climb = .38 ppm
Approach = ,77 ppm

e v e

[ S



Calculations have been made considering combined cinission from two
JT-8D aircraft engines, Each englne in flight, under the three previously
stated assumptions, will create two separate emission trails, The cmission
trails arc considered to initially have a height and width of 0 (& , = 0; ox = 0)
under the assumption that each trail is a quasi-instantancous line source, where

o, and 0"y must be equal to 0. 0, and o3 values after engine emission can be

<
derived over time or distance. In this case it was possible to consider the
spread of pollutants to be achieved over distance, as Slade has derived experi-
mental values for ¢, and o, overa distance of 100 meters. From these experi-
mental values, and glven an actual horizontal separation distance betweern the
JT - 8D engines of 20 mcters, it becomes evident that the two emission tralls

of pollutants wlll_ not sprecad enough so that the twn separate trails will mi.c.
Fach trail will undergo a horizontal spread (%) of 4 meters over the 100 meter
distance, so the two:trails will still be separated from one another by more than

12 meters. For this reason, concentrations derived for an emission rate ( Q)

that combines emissions for both engines must be reduced by a factor of 172,

iitoth




~f 3 ) PERIODS 7 A M, =9 A, M,
:..' ’/’ I“'- oy e e e e @ a e
&
ml ot
< 3
-y
I
Wy
e acnanan N IAE IR
e 1% B4 th
N
[T
1

Alrcraft "‘
Emissions:.
. 886,96

s a— i p— et

sT.

s o v A P A § 2905 1o - it ¢ 3 0

APPINDIN T - GARBON MONOXIDL THATSSIONS DURING
and 4 P, M, =6 D, M,

Total Emissions:
16,800 1b, *

*U,S., Dept., of
Health, Education

& Welfare, Nat'l
Center for Alr Pol-
lution Control, N,Y.-
N.7. Alr Pollution
Abatement Activity

"Sulfur Compounds &

Carbon Monoxide
(1967) p. 143,
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Aircraft Emissions:
311.73 b,

s 2 - Srpn s ot e e 4 \

APPCNDIX E - (JARBON MONOXIDL EMISSIONS DURING
PERIODS 7 A M. =9A. M, and 4 P, M.~6 P. M,

Total Emissions
16,800 b, *

4 *U,S. Dept, of

Health, Education &
Welfare, Nat'l
Center for Air Pol-
lution Control, N.Y,
-N.J. Alr Pollution
Abatement Activity,
Sulfur Compounds

& Carbon Monoxide
(1967) p. 143,




APPENDIX E
Calculation of Emission rates for the oblong shaped Aquadrome, circular
shaped Aquadrome and from an adjacent area of .2 square miles is as {cllows:
Step 1., Pgrcentage of automobiles traveling to Manhattan between

7A.M., -9A M. and4dP .M, -6P,M, *

7A.M. 4%
8 A.M. 8%
g AQM. __6_:’@
18% ¢ 3 = 6% per hour between
7 A.M. -9 A M,
4P, M, 8%
SP.M. 8%
6P,M, 8%

24% + 3 = 8% per hour between
4P .M, -6P.M,

Total peak hour automobile traffic is--

A.M, 6% x 2 = 12%
P.M., 8% x 2 =_16%
28%

Step 2. Total emissions over the .2 square mile area between
7AM, ~9A.M, and 4P, M, - 6P, M,
60,000 pounds x .28 = 16,800 pounds
of carbon

monoxide

Step 3. Calculate emission rates (Q) = grams/square meter/second

.2 Square Mile Area

Grams of Carbon Monoxide is-~-

16,800 pounds x 457 = 7,677,600 gm,
*Source: Tri-State Tran sportation Commission, Travel Time Compari: s to
Manhattan Central Business District, Interim Technical Report 4175-5250,
I\A’:U'Ch, 1970' po Zo ’ ’

r-3



Area 1560 x 1560 x .2

486,720 m2

" Seconds = 60x60x4 = 14,400
7,677,600 gm,

486,720 m2/14,400 sec.

Q:

Q .0011 gm/m2/sec

Oblong Shaped Agquadrome

Grams of Carbon Monoxide are-=-

886.98 lbx 457 = 405,350gm,

Area = 622 x97,.5 60,645 m2

Seconds = 60x 60 x4 = 14,400
405,350 gm,

Q = -
- 60,645m%/14,400 sec

Q = .000464gm/m2/sec.

Circular Shaped Aquadrome

Grams of Carbon Monoxide are-~
311,73 lb x 457 =142,460yms.

Area = TT ( 152 %2

76,641

Seconds = 60x60x4 = 14,400
142,460gm

76,641 m2/14,400

, 000129 gms./m2/sec.

O
i



Step 4, Ratio of Q rates for aquadrome and adjacent .2 square mile

land area.

Oblong Aquadrome

Land .0011
Q = = 2,37
Q Uhlong .000464
Aquadrome
Circular Aquadrome
Q Land .0011
—_— F — F  B.53
Q Circular .000129
Aquadrome

The land area thus emits carbon monoxide at a rate 2.37 times
greater than the oblong shaped Aquadrome and 3.53imes greater

than the circular shaped Aquadrome,
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Total Aircraft Vehicle Emissions : Approach, Cruise, Take-off at 50% Load Factor

-r

1. Newarki 2.laGuardia | . 3.]. F. Kennedy
Airport ; Airport Airport I
Hydrocarkous - &
Particulates 2.7748 + 2.8056 3.0930 :
- T R f . P AR oy oSN e i Ll e AL -ﬂ
Carbon Monoxide | 2.8798  2.9478 ! 3.3698
i Nitrogen Oxides | 1.6108 ' 1.6282 ' 1.7860 !
i Total 7.2654 | 7.3816 8.2488
1. Average stage length of 10,14 air miles based upon Domestic Air Passenger
Market.
2. Avcrage stage length of §.71 air miles based upon Domestic Air Passenger
Market,
3. Average stage length of 17.0] air miles based upon Domestic Air Passenger
Market.




APPENDIX G

HOURLY WIND DIRECTION AND VELOCITY DATA

The {irst scction of Appendix G summarizes wind velovity vs.e wind
dircction by heur for Newark Alrport, Newark, New Jerzey, Thic data was
compliled by the U. 8. Department of Commercn, Envircimerntal Sclenge
Services Administration, Lnvironmental Data Service, National Weather
Records Center, Asheville, North Carolina,

Since wind velocity and direction are the mmajor variables of the math-
ematical meleorological atmospheric dispersion models used in the study,
this data was cssential in determining the physiological effects of car-
bon monoxide,

Hourly-These hourly occurrences can be used to determine carbon mon-
oxide concentrations (ppm) and the resulting physiological effects on humans
(% COHDb) during 10 separate hours of the day,

Morning and Afternoon Periods-Comparisons of the physiclogical effects
of carbon monoxide between morning hours and afternoon hours can be mace
from the hourly tabulations, Generally, the larger number of low wind con-
ditions occur in the morning hours,

Month by Month-Monthly variatiorns in carbon monoxide dosages can
also be ascertained, For example, on the average, the largest numbker of

low wind conditions occur during the suinmer months.,
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APPENDKX G, cont'd.

On¢ month-Examination of the wind patterns for the month o August
at 6:00 A,M, shows 300 occurrences of all wind directions and velocities.
Of this total 72 occurrences were between 0-3 mph; 145 occurrences were
between 4-7 mph; and 43 occurrencés were at 8 mph or more than 8 mph.
Likewise, it is poscible to determine wind directions of the above occur-
rences at the various wind velocities,

This wind dircction and velocity data collected over a 10 year period
(1956-1965) provides sufficient information from which it is possible to

forecast air pollution levels in the future,

£ Al bt b e S




6 A,M. = EASTERN STANDARD TIME

APPENDIX G

January | Fcbraary March April May June

A -B-C|A -B-C A -B-C [A- B-C |A- B-C A- B=-=C
N 3-4-21| 4-3-8 0-6-12 2-4-7 2-5-7 2-5 -11 |
NNL | 0-7-24] 0-9-22 |1-7-23 0-5-25] 2-10-36 | 3-11 -22
NL 4-4-24| 2-4-22 |1-6-26 2-8-22 | 1-14-20 | 3-7 ~11 |
ENE ] 3-4-4] 0-3-5 [0-3-13 2-2-10| 2-3-5 1-4 -4
L 2~-1-1 1| 3-2-3 2-4-8 2-5-7 1-2-4 6-3 -3
LSE | 1-1-0] 0-0=-3 1-0-4 0-4-5 1-4-5 0-4 -1
ST 0-0-1[1-1-0 0-2-0 0-2-1 0-0-2 0-1 -0
SSE | 1-1-1 1 3-0-2 1- 0-0 1-3-1 1-2-3 2-0 -1
S 1-2-2 [ 2-0-0 3-1-1 3-4-1 7-5-1 -6 -1
SSW | 3-8-10] 2-7-6 3~10-6 3-15-9 3-14-14 | 9-20-14
Sw 5-24-8 | 6-1211 [3-16-8 7=11-13 | 14-27-14 |17 -39 -1C
WSW] ] -11-13] 1-11-12 [1=-11-8 2-8-5 2 - 14-8 =9 =5
W 3=9~19] 0-5-~19 [2=4~10 3=6=11 | 1=65~13 [ 0=5 =0
WNW[ 0-2-37| 0-3-32 |1-4-32 0-4-19 | 5-5-6 1-5 -10]
NW 0-7=27| 0-0-29 |1-5-27 0-9~261 1-4-7 1-3 -0
NNW|[ 1-1-16] 1-4-14 [0-4=23 3-2-12 | 1=0=11 | 2=-3 =0
Calm 2 5 1 4 5 S
Total 30~-83197| 30-65-188 |21-83-206 |34 -92-174| 50-114-146 |57 -125-118

KEY:

Column A is Wind Occurrences at 0-3 mph,
Column B is Wind Occurrences at 4-7 mph.

G~

Column C is Wind Occurrences at

_2 8 mph,



APPENDIX G
6 AuM, = FASTERN STANDARD TIME

Column A is Wind Occurrences at 0-3 mph,
Column B is Wind Occurrences at 4-7 mph.
Column C is Wind Occurrences at 2 8 mph,

July August September| October November December
A -B-C{A =B-C | A -B-C |A- B-C |A- B-C | A- B-C
LN i l-9-11) 6-147 13-7 -19 |1-8 -10 |2-8 -5 0_-4-11
NRY ) 8-12-36] 5-1521 13-15-33 |1-17-37 12-8 -22 |1 -6-28
NE | 4-7-5 | 3-9-10 |5~7 =16 |4-5 =13 J2-9 =-10 |3 -9-14
LNT | 0-7.7 | 2-0-2 2-4 -4 |3-0 =6 |3-1 -3 2 -3-4
E 2-1-7 | 3-3-0 2-2 -2 |1=-0 =2 J1-2 -1 0 -2-1
LSE 3-2-0 | 0-1-0 0-2 -0 [0-0 -0 [1-2 -4 0- 2-1
SE 0-1-0 | 0-1-1 0-0 -0 [0-0 =2 |0-0 -2 2 -0-0
SSI | 1-0=3 | 1-5-4 0~1 -0 J0-1 -3 |1-3 =2 0-0-1
S | 7-1-3 | 2-7-8 2-9 -3 |3-2 -1 |1-6 -6 1 -3-1
| SSW "7 277-13| 5-21-12  [4=27-10 |4-15 =11 |4-16 -7 7 =164
SW g - 52-18| 21 = 41-2 10-30 -7 |8-23- 11 |3-18 -14 | 9 =24-9
WSWI| 6-16-2 | 7-0-4 5 |6~10 -3 |5-12-2, |4-12 =10 | 7 =-16-19
W 1 3-4-2 | §-5-1 4-~3 -4 |3-12-10 |5-7 -17 [ 3 =9-20
WHRNW| 3-7-8 | 2-8=5 1-2 -5 [2-8 -16 |3-5 -21 |2 =-6-20
NW |7 1-4<7 | 1-5=5 3-0 =6 |é-6 =17 |0=2 =20 |0 -6=18
NNW| 1-3-7 | 0-6-6 2~5 =12 |2-6 -10[3-2 -15 [ 2 -4-6
Caluf 5 6 5 5 4 3
Total| 61 -14310672 -145-93 | 52-124~124 |44-115 - 151 38-105-157 [43 ~-110-157
KEY:




APPENDIX

G

7 A M. - TASTLRN STANDARD TIME
January February March April May Junre
A -R-C|A =-B-C | A -B-C |A-B-C |[A- B-C A- B-C
N 0-6-14F¥0-5-12 [0-2-16 1-3-9 |1-5-5_ 2-4_ =12
NNE | 2-9.27| 1-7-27 1-4-24 2-4-28 |2-9~3] 1-15 ~31
| NC 3-4-11] 2-3-24 |0-4-29 1-7-18 |3-6-26 4-9 -9
ENE | 3-2.2 -3-6 3-2-17 1-4-15 |2-3-¢ 1-2 =5 |
k 2-2-2 | 5-3-2 1-1-7 4-6-6 |3-2-6 1 -5 -1
[ ESE [ 1-0-0 [1-71-1 1-4-1 1-5-4 [|2-4-3 2-2 -0
SE 0-0-1 | D-p=2 1-1-1 0-2-0 }j0-3-0 0-1 -1
8SL | 2-2-1 | 0-1-~2 0-3-0 2-0-3 [2-3-2 6-3 -1
S 1-2.2 | 2-2-0 2-2-1 4-3-4 |4-4-1 5-6 -]
SSW | 0-7-13| 2-7-6 1-7-5 4-7-12 |5-1%17 6-15-17
SW 2-22-5 | 6-1F8 5-14~10 3-10-18 | 6=-3423 2-30 -15
WEWJ 3-16-i2] 5-10-14 |1-14-11 1-9-6 |2-10-13 0-16~9
W 2-9-13]1-8-19 [2-1-7 3-0-13 |2-4-4 - [ 4=-3 -3
WNW[ 1=-11-35 0-2~29 |0-6=-34 0~4-27 |0~3-8 3-2 -10
NW 1"0-8-20, 0-2-24 |0-3-233 1-1-22 |1-0-13 4-1 -8
NNW]| 0-3-25 0-4~13 |0-2-26 0-1-16 |0~-2-13 [ 1 6 =6
Caln 2 3 0 5 1 7
Total] 2440348329 -69-185 |18-70-222 |33-66201 [36-103-171 |49 =122 -129
KEY:

Column A is wind
Column B is Wind
Column C {s Wind

Occurrences at 0-3

mph,

Occurrences at 4-7 mph,
Occurrences at 2 8 mph.

35



7 AJML - TASTERN STANDARD TIML

APPENDIX G

July August September| Oclober | November | December
| A -B-C A -B-C | A -B-C [A- B-C |A- B-C | A~ B-C
N L UTiRl2) ves -4 1227219 1-6-8 1-3-11 | 2-4 =11
NN L-117) 520 =36 422045 3-17-39_|_1-14-20_| 0-13 ~30
NE ) 2-10-10) 212 -G |5-5-9 6-9-14 | 2-7-7 | 2-7 -9
ENBE L 1-2-6 | n-g -3 11-3-5 1-1-6 0-3-2 2.4 -3
E 1 #-6-3192-4 -1 [2-5-3 4-0 -1 9 -0 -2 0~5 =0
LSEF 1-0-1 13- -1 |1-3-0 0-0-1 2 -4-2 1-0 -1
SEf2-1-0 1 -0 -2 [0-0-0 0-0-1 | 0-0-3 |2=-1 -1
S5 1 0-1-1 1'9-4 -2 lo-0-1 0-0-2 2-0-0 1 -0 -2
S 44-6 | 1-p -6 |1-2-6 1-3-3 | 3<7-7 1 1-6 -0
| SSW i 8-1%15] 5-17-10 [1-1%13 3-12-12 | 1-8-11 | 4 -18 =9
SW 112 -30-18] 9+40 -12 |14-26-10 B-23-11 | 9-32-11 | 12-14 =10
L WSW[4-12-9 | 511 -4 |8-132 2 - 14-3 3-9-14 | 2-15 ~27
W 6-8-6 | 5-9 -4 |4-8-4 6= 10-9 0-7-11 | 1=9 -15
CWNW T T=4-4 155 -6 |0-1-3 2-9-18 | 1-6-27 | 0=5 =25
NW 77T 37 <7 13-0-8 | 1-1-17 | 0-2=22 | 6=3 =15
NNWI 3-1-5"1"3-2 =13 [1-1-11 1-3-11 | 2-2-18 | 2~2 -12
Calnt 7 7 7 7 4 2
Total 56 -129125| 61-132-117|5440%139 |46 -108156| 33 -104163 | 34-106-170

KEY:

Column A is Wind

Occurrences at 0-3 mph.
Column B is Wind Occurrences at 4-7 mph.
Column C is Wind Occurrences at ) 8 mph,

1
fe7]




APPENDIN G
8 A.M. = PASTERN STANDARD 'IiMLE

e e et e . e
January February March April My June

A -B3-ClA -B-C A =B-C |A-B-C | A- B-C A~ B-C

N 0-2-17 | 0-3-30 10-0-14 | 1-1-18 | 2-979 | 0-4 -9

NNE J1-7-30 | 4-4-25_ |0-3-28 2-5-21 | 1-5-26 | 3-¢ =31 |
| NE ]2.8-13 | 3-7-23 |1-(-28 0-4-21 | 2-1118 | 3-7_=18
LNE 11-3-0 3-4-4 1-4-17 2-7-18| 4-3-14 | 1-3 =12
L 0-2-1 2=2=4 1-4-8 2 =10~ 2 2-7-h 3-5 =2
ESLE |l-2-1 0-1-1 0-2-3 2-5-6 1 -2-7 2-4 =0
’ SL 10-1-0_ | 0-0-0_ |0-1-0 0-1-3 | 3-0-1 2-5_ -0
SSL |0-1-2 0-2-2 1-4-1 0-2-2 0-3-2 1-5 =2
S [1-2-1 34 -2 0-1-14 0-2-6 0-~2-1 H-7 =4
SSW |2-8-7 2-6-5 1=-5-8 1-7-11 6-3-22 2-13 -15
SW ™ 13=19-13 | 2-1%7 0-5-12 3-7-151 4-19-23 | 3-17 -16
WSW(0-12-17 | 2-8-14 [0-6-10 0-9-16 | T-14-13 | 3-10 ~-13
Y 1-10-18 | 0-4-20 |0-2-12 N=1-11] O=G<7 1 <G
WNW|0-7-32 | 0-2-33 |1-0-232 1-0-30 | 2-3<14 | 3-5 ~10
NW [0-4-33 | 0-2-25 |0-4=39 0-3-28 1 U<9-16 1 1-3 =15
NMNW[0~1-22 | 0-2-18 |0=5=35 0-0-11 | 227-17 | 0-1 =18

Calm2 1 0 3 0 4

Totall4-8% 207 |22-68-193 | 6~52-252 |17 -64-219| 30 -82-198 {32 -104 ~164

KEY:

Column A is Wind Occurrences at 0-3 mph.
CHhlumn B is Wind Occurrences at 4-7 mph.
Cclumn C is Wind Occurrences at ) 8 mph,




9 A.M., - FASTERN SPANDARD TIME

APPENDIX G

Jonuary | February March Arril May June

A =B-C|A -B-C A -B-C |A=- B-C |A- B-C A- B-C
| N 10-3 -34l0-1 -8 J0-0_ ~13 | 0-2-12 | 0-3 -12j1-5 -3
NNE |2-8 -29| 0-7 =28 |0-4 =31 | 0-5=-22 | 1-6 =29] 110 =25
TNE T 0 18 427 19 |7-6 -27 | 0-6-16 | 1-5 -15|0=-70 -23
EWR 072 24 | 2-3 <7 |0-2 =17 | 1-6-16 | 0-6 =167 -3 =10
L 373 21 | 2-2 -6 |0-2 -10 | 0-9-8 0-2 =11 [0-6 =38 |
ESE [0-0 -y | 0-0 -0 [0-6 -4 0-6-11 | 4-8 -6 [1-7°-3
SL 0-0 -0 | 0~-0 -1 J1-0 =0 3-1-0 1<3 =1 {2-1 =0
SSE JU-2 -1 {1~2 -1 |0=-3 -4 0-2-2 0=7 =1 |2-6 -0_
S 1-4 -3 | 0~1 -3 [0-3 -1 3-3-5 1 =2 =1 | 5-4 <3
SSW [0~-14 -7 | 1~9 -7 [0~-3 =~§ 3-2-16 | 2-4 =191 2317 =1¢%
SW G -11 -12] 0<f <17 |0-4 =12 | 0-6-13 ] 1-6 =20 3-i17=76
WEWIT=14 15 3-6 =17 |1-2 =16 | 0~8=17 | 2~10~15{72-7 =15
W 0-3 =22 0-1 =20 [0-4 -8 0-4-15 T<3 =1L [2-3 =9 |
WNW|0-4 <41) 0=0 =32 12-3 =36 | 1-4-27 [ I=-4 =17 0-5 -1%
NW |n0-2 -27| 0~2 -34 {1-3 =-338 | 0-1-24 1-2 =17 1~-4 -6
NNW[G-2 =221 0~0 =21 [0=-3 =30 [ 0-1~1D =0 =54 | 3= =]
Calml 0 C 1 0 1
Totall14-79 -217113 -49 221 |7 -48 -255|12-65~223| 18-71 ~221{ 27-95 -178

KEY:

Column A is Wind Occurrences at 0-3 mph,
Column B is Wind Occurrences at 4-7 mph.
Column C is Wind Occurrences at ) 8 mph.




- e e e %
3
APPERDIX G i
9 A.M, = PASTERN SFIANDARD TINE :
—_———— e —_— e - e 3
Joruary | February Muarch Arril Ny Jiue 3
A =R-CliA =B-C | AN -B~C |A=LE=-C |i- B-C | 5= B-C i
BTN [ S R N T WY MR L DS E I M S U B R B R ST T
NKEJ2-8" %9 07 -28 15-4 =31 | n=5=22 | 1-# =281V 05 =25 )
R U a8l 427 10 1G<6 -7 | 0-G-16 | 1o =10l che =23 ]
. LWL |02 724 7223 -7 [0-2 =17 1 1-6-16 | 0-w =7@7-4"270"
LS5 22 =6 To=2 =10 | 0-9-8 [ F=2 =11 =47 =577
| EST 070 2y [4-0 -0 [n-6 -4 0= ST |Ta~g =0 17 T i
’ SL JU-0 -0 {v-C -1 J1-0 -t 3-1-0 -5 =T 772-1 -1

ool Wb,

SSE 10-2"-) 11-2 -1 _[0-5 -4 0-7-2 AN FETEET
S 1-4 -3 {n-1 -3 [0=3 -1 3-5-5 SRR N I

SEVT [0 1a <7 | 120 =7 |0-3 =t | 3-7-<1a | 2= T IR
SW o-IT =72 7<a -7 |0-4 =-12 | 0-h=13 [ 1-06 =203~ 3ie
W SWT =14 1056 =17 11=2 =1v | 0-v=17 | Z-10-15{7=% ~=105
N A S R A R R S R REE
WNW[lo=-4 <41} 0-0 =22 ]2~3 =36 -4 =27 | 1<% =127 2% <7
NW [0-2 -27| 7=2 =34 |1=3 =380 | O-1=2T [ 1=7 =717 71~4 =

NNWI0=2 =22 6-0 -21 10-3 =30 { 0-1=1v | 2-0 -24|5-2 -+

SRR R T

'

|
|
L
ot o kst il s e, s

Callql 0 0 1 0 1

Totall4=79 -217|13-49 221 |7-48 -255}12~-65-223]18-71 -;21] 27-95 -178

]

KEY: oI

Column A is Wind Occurrences at 0~-3 mph,
Column B Is Wind Occurrences at 4-7 mph.
Column C i:s Wind Occurrences at 2 8 mph. ST

"
ol b g e e A

e

Mot ish




APPENDIX G
9 A.M, = PASTERN STANDARD TIML
July August September | QOctober Novewmber | December
A =B-C|A =B=-C | A -B-C [A- B-C [A- B-C | A- B-C

| N rmnomiiboss <o 1l =5 131 1-7°-60 -5 -1110 -5 =11
W -y 020 Vg =32 |2 =13 -47] 3-14 -agl2_-5 =170 -11 -23
N Ve v a6 <08 (1 =11 -25] 214 -15)3 -7 -l2|1 =-10-18
LTy -3 =7 |1 <1 =8 3-3 -23 -1 -8 |1 -2 -2
. Jb=3 -6 | 3-8 -G 12 -2 -2 | 4-2 -204 -1 -6 |3 -2 -3
LSt i0-3 -4 | 1-4 -2 |1 -3 =51 9-0 -210 -2 -0 |2 -2 =2
”_ 1'?___"0 _2=0 =1 4 -0 -1 1-0_ -311 -2 =0 0 -2 =0
_SSL j4-4 -0 |1-1 -2 |4 =0 =11 Q-1 =141 =3 -2 |1 -1 -0
S 1-5 -3 [ 2-8 -8 14 -3 -4 | 2-0 -31]3 -2 =7 |0 -3 =6
SSW 13-y ~-10| 4-11-23 |3 -11-16] 5-9 -10[3 =6 =171 =6 -9
SW o 13-16 =291 2-16-18 |2 =15=21} 0=17 -18{2_ -8 -19]4 -14 =27
WEWIl=11~15{1-2¢ -13 10 -5 -8 ] 31-9 -8|0 -9 =-21]2 -13-22
~W 1-9 =11]1-9 =7 (0 =4 =7} g-5 =10]1 =7 =1510 -3 =22
WNWI[2-5 13| 3-8 =10 |1 -4 -13| -1 -26/2 -2 -30|1 -4 -29
NW {3-1 14| 11 =15 11 =1 =7 | 3-3 =21l0 =3 -22|1 =2 =20
NNWIZ-d4 -12] 1-2 =16 |0 -3 -14] 0-6 -22[0 -1 -24]1 -3 -15
Cal 2 ] 0 1 0 0

Tota}§29-102-179| 2794 -188 {27 -81 -198|28 - 91 -19]7.5 -64 2211| 18 -83 =209

KEY:

Column A is Wind QOccurrences at 0-3 mph,
Column B is Wind Occurrences at 4-7 mph.
Column C is Wind Occurrences at 2 8 mph,




10 A.M. = EASTERI STANDARD TIMLE

ACTENDIN G

Column A is Wind
Column B is Wind
Column C is Wind

January February March April May June

A -B-C|{A -B-C A -B-C |A- B-C |A- B-C A= B-C
N 2 -1-15} 1 -2-8 |0-p -314 | 0=-2 =18 3-% -5 |0 -1 -7
NNEJ2 -5-27[ 1 =2-25 {0-y_ -34 | 0-1_ =-14] 0-3 =-20]71 -10-23
[ NE 10 -4-20[ 1 =-7-18|1-6_ -20 | 0-6 =15 0-1 -17]2 -9 -17
P LNE AT w1 -4 | 2 ~4-6_ |0-5 -22 | 0-3 -16f 0~12~16]3 -0 ~-13]
£ S -4-3 1 4 =4-6 ]0-3 -9 1-5 -12 1-2 ~10]1 <4 -5
ESE |0 —4-p | 9 ~1=-2 ]0-5 -9 1-3 -18| 4-7 -1212 -4 =5
SEJ0 =1 -0 | 2. =0=0 [0-0 -0 1-3 -0 1-2 -3 |3 -3 =4
SSE 10 -2-1 | 2 -2-0 [0-7 -3 7 -7 6| 2-4 -8 |3 =12 -3
S U -3-4 | 1 -5-3 [1-2 -3 0-3 -5 1= =6 |1 < =5
SSW [Z «5 1210 =5-7 [U-]1 -9 0=-3 ~18 1-2 ~15]1 =5 =14
SW 3 -8-2)) 1 =-4-12 J0-] =37 } 3-5 =11} 0-0 -23}1 -10-16
WEWI1 «5~12[ 0 =7-22 |1-] =il | 0-4 =18/ 0-7 -25]2 -4 -1i¢
W 0 -4-2010 =0-1Y {1-] =18 | 0=~1 =15 0-2 -15/0 -2 =11
WRNW0 -4 <50} 1 -2-41 j6-92 ~33 1-1 ~32] 0-3 -19[2 -1 =26
NW 0 -1-24]0 =0-27 |G-y ~33 | 0~-1 =-28 1-3 =-15]1 -2 ~13
NNWI|D -4 =45 0 ~2-90]0-4 =33 | 1-2 =19 0-2 =29[0 =2 =iG
Calin0 0 0 0 0 }
Totalld -58-236 16 -47220{4 - 38 -268] 10-45 245 1259 ~239 24 =75 201

KEY:

Occurrences at 0~-3 mph,
Occurrences at 4-7 mph.
Occurrences at ) 8 mph,



APPENDIN G
1o ACML = BASTERN STANDARD TIME

‘ b Ao F‘:c‘m..'u.b(-:r OQculoher lovember | Devember 3 %
| A BeCPA SBeC A =B=C A B-C A B-C | A- B-C et
s I TETIY SRS . - ] f’
N ] o= b v.s iy v -qpl3 -8 -14) 1-2 -8 10 -0 -9 | 4
N o T o T TS Tl 10 - 32| 1-4_-1814 =10 =30 §
NI o7 TR TS 7 97la -9 =32 1-6 =121 -7 =10
LW oT =g v 1d -4 {4 S5 <12]3 =7 -3 | 0=5 =519 -2 -6 -
B es ey v -s o -y -5 43 -2 -3 1-5 -4 11 -1 -1 :
N [T S T EAT Sy -8 |1 =2 -3 2-4 =310 -1 -2 ]
TR AR VL3 -0 4 o1 <1V -n -0 2-0 -11p -0 =0 ?
R Sy A g Ty o2 el -2 3-3 -3 ]0 -2 -3 %9
T3 T[Sy S IGO0 |y 2 <6 |0 <2 =2 -4 -4 Tq -5 -3 ;
SN TR T TTOUTEE (2 g -18]3 -9 -16] 2-8 =212 -G ~17 :
TEWTT TSR TS T ITATG [y <10 —onje =4 =23 1-7 2314 -10-14 ;
WOW | o5 =TT g -9 |2 =4 =9 =5 =2316 -6 =28
W DT CH O TOUTET20 —2 =7 [V =3 =14 0-1 =2371" -3 -25
TWNW T ST T T T TSy g [T =3 =157 0-2 2T -3 =32
TNV [T e T =Ty -y =15]0 -1 =240 1-1 =310 -2 ~-247
' 1

-3 -18 1

j
¢
w

U L R R T =27 0-T-24

Calull N 0 1 ' 0 0

o e, B A i

Tota}?>86-2u2]11-94 -206{18 - '/3-20126 -65 =219 16~ 60 224 | 24 - 61 -223

WA

KEY:

Column A is Wind Occurrences at 0-3 mph.
Column B is Wind Occurrences at 4-7 mph.
Column C is Wind Occurrences at 2 8 mph,



APPLNDIX G

3 P .M. = DASTERN STANDARD TIMEL

aaary rebruary Mauich April May June
AN -B=C|A =-B-C | A -B=-C [A-DB-C |A- B-C A= B=C
N - 1= 71 0-0- 8 10-0-13) | 1-0-11) -0~ 4] 0-0- 5
NNE j2= 2= 13 ] 1~ -39 |0-4-12 | 0-0- 7| 0-5- 61 0~0-_39
NE _J9- 06~ 201 5-3-12 Jo-3-23 | 0-2- & 0-3- 7] 0-2= 5
ENE J1-4- 4] 0-2~-_6 | 2-2- 14 0= 2= 11| _0-1~12] 0~ 3= 8 |
L _12-6- 4| 0-3-_5 [2-2~-10 0= 2= 10| 1= 2~ 11| 1= 5=_9
| LSL 12-1- 31 2~6- 7 [0-4-18 0- G- 31| 0~ 8-34| 1- 3- 24
| SE _10-0- [ 1~-1- 3 {0-3- 7 | 6-1-22] 9-1-28] 0~ 1~ 17
SSE 11- 6~ 5| 1= 1~ 5 [0=- 3- 12 1- 2- 22| 0-3- 29| 0- 3- 33
S 1~ 2= 41 0~5- 6 [0=-2- 3 1= 1- 5§ 0-i- 3] 1-4-15
SSW 10- 0~ 14| 0~ 1-16 {0=-0- 8 0- 0-10) 1-0-18| 1= 2= 20
SW_10- 3~ 18] 0- 1-14 [0- 0-10 0= 1= 16] 1- 0= 23] 0- 3= 15
WSEW{1-1- 16 0~ 2-19 10~ 1-16 0- 1~ 16| 0=~ 0-25] 0- 4~ 16
W 0- 2~ 39| 0~1- 27 |[0=- 1- 23 0= 1-_17] 0=~ 0= 20| 0- 4= 2]
WNW/ 1~ 3~ 46 | 2- 5- 48 ] 0= 5- 45 0- 2- 44| 0- 1- 26| 0= 2= 23
NW ¢~ 2~ 45| 0-2- 27 |0~ 0- 38 0- 2~ 27| 0-1-20] 0= 1~ 25
NNWJ[(=- 2- 28] 1= 0-16 J0=1-25 ! 0~ 1- 16| 0= 1= 14| 0= 2= 12 ]
Calmo 1 0 0 0 0
Tota}l2-41-257 {11-34-238 | 4-31-275 3-24-273| 3-27-280 | 4-39-257
KEY:

Column A is Wind Occurrences at 0-3 mph.
Column B {s Wind Occurrences at 4-7 mph.
Column C is Wind Occurrences at ) 8 mph.

G-13



APPLNDIX

G

3 P.M, = FASTERN STANDARD TIME

Column A is Wind Occurrences at 0-3 mph.

Column

B is Wind Occurrences at 4-7 mph,

Column C i= Wind Occurrences at ) 8 mph,

July Auanst Sepicmier{ October Novermber Dccember
A =R=-C|A ~B-C A -B-C |A- B-C |A- B-C A- B-C
N 40-2- 2} 0-0- 3 10-2-11 |1=-2=- 9_|0=-1-11 0-1-_9
| Ny 1= 1= 10 0- 0- 14 | 0= 2- 18 | 0= 3- 10 | 0~ 2-10 | 0- 2- 24
NE 0-2- 7] 1-1-1 | 1-3- 9 |0=-2-17 J1-3- 8 3~ 3- 12
INLT6= 2= 7] 1= 1- 6 10- 3- 17 | 0= 4- 11 | 0= 3- 7 | 1= 3= 2
L | 0- 5- 6| 0= 2- 5 |1 0=-0-13 |1=-4~ 5 |0=-3~- 5 3- 5- 4
| ESE 10~ 1- 20| 0- 5- 15 | 0= 7-20 |1-4- 20 | 1- 3- 16 1- 3- 4
| SL 10=3- 171 0= 7-23 | 0= 1=-13 [0= 5~ 8 | 1= 4~ 7 0~ 1= 2
_SSL 0= 2-33) 1- 3- 27 | 2-3=16 |2~ 6= 8 | 1= 2= 10 0~ 3~ 6
(N 0- 3= 17 |= d= 12 2=-1-12 2= 2=~ 7 0- 2~ 5§ 1- 0~ 8
SSW | U=-"3=20( 0~ 4- 25 [ 1= 1-16 |0=4=17 |1~ 2~ 18 0- 8- 16
SWT0="4-"22] 0-0- 16 | 0= 1- 26 | 0= 2~ 23 | 2= 3= 20 0- 2- 19
WSW /0= 1- 25| 0~ 3~ 27 | 0= 3= 17 |0- 2~ 27 | 1- 4~ 22 2- 7- 24
% 0~ G- 28| 0= 2= 19 |[0- 2- 13 |1~ 0- 16 | 0~ 5~ 27 1- 2- 31
WNAW[T= 2="31] I- 2- 29 | 0= 4~ 23 [1- 2= 23 | 0- 0- 41 0~ 3~ 31
NW | U= 3= 15| 0~ 2~ 23 | 0= 2= 14 | 0= 2~ 35 | 0= 2~ 29 0- 1- 36
TNNWT=2=7 57 0="1-12 [0~ 3- 18 [0- 2= 19 [ 0= 1- 15 0- 1- 22
Calul 0 0 0 1 3
Total 4-41-265] 5-38-267 | 6-39-255 |9-46-255 | 9-40-251 |15-45-250
KLY:




APILNDIX G
4 P.M, - LASTERN STANDARD TIML

Za—me— oz

Januvary March
-B-C A -B-C B-C
AN EEC ) 0= 3= 5 |0- 1010
NNE 3- 11 0- 2- 9 2
| NI - ooy [ 0- 1= 24 6
ENE 2- 5 .y 0= 3= 17 10
E 6- 5| 1-2- 5 | 1= 2= 10 10
LSL 6- 1 0- 4- i3 29
SL 1- ) 0- 0= 12 22
SSL - 2 3- 3- 16 24
S 4~ 3 0- 0- 5 9
SswW 5- 13 0- 1- 4 9
SwW 3- 15 G- 2- 8 14
WSWIT G- 2="21 1- 4= 17 17
W 3= 33 0- 0=~ 30 12
W N 2~ 44 0- 0- 47 38
NV 2- 40 0- 1- 35 41
NN W 0= 22 | 0- 1- 26 15
Cal m 0
Tota)12-47-251 5=-27-278 2-30-268
~—
KEY:
Column Occurrences at 0-3

Column B is Wind Occurrences at 4-7 mph
Column C is Wind Occurrences at ) 8 mph
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4 P.M, - EASTERN STANDARD TIME

APPENDIX G

Il July August September| October November | December
A -B~-C|A -B-C A -B-C [A- B-C A- B-C A- B-C
N U S 0-1- 0 |0-3-_5 | 0-1- 7]/ 0-1-10]0-0-_56
NN 2= 8 s - 11 g2 3. 13 0- 5~ 13| 0-2- 81 0=-9- 22
NE et 71 0- 0210 Jo= - g | 0-0-10) 1-3- 6] 1-4- 9
ENE [0~ 0- 8 0- 0~ 7 0- 1= 21 0- 4= 11 0- 4- 9 1- 2- 3
B i== S0 3-1- 2 |og-4-1q | 1-3- 6] 2-4- 6 4-1- 4
ESE 11~ 3- 17| 0= 5= 16 |1- 4~ 19 0- 5- 23| 0-8- 8] 1-2- 4
| SE 10~ 1= 26 | 0= 1= 28 |q0- 3= 292 0- 3-10] 0= 4- 6] 1- 2~ 3
SSE [0~ 5-42 | 0~ 4= 35 [0~ p- 24 1- 4= 15| 0- 6- 13} 3-5- 7
S |0~ 2-14 1 0= 3= 17 |1~ 0-_10 0-3- 7| 0-1- 7| 0-3- 4
SSW li=T-"T6 | 0= 6= 20 [0- 0- 14 0- 3= 221 0-7-171] 1- 6- 18
SW {0~ 2-715 | 0~ 4= 20 |1- 2- 23 0- 5-722] 0- 3- 25| 0= 8= 17
WSWI0~ 6= 201 0~ 5- 27 [qg- 2- 20 0= 2- 19} 1- 1- 16| 1= 6= 24
W U= 2- 17 [ 0-2-20 [0~ 1- 10 O0- 1~ 13/ 0- 3- 29| 0- 2- 31
WNW 1= 1- 37 | 0- 3- 22 |g- - 25 1- 0~ 321 0-0-34 ] 1- 2= 34
NW  |0= 2= 20| 1= 3-20 (0= 1- 17 0- 3- 34y 0- 2- 35} 0~ 2= 36
NNW|N~"[-"5{0-0-1Z |g- 2- 18 0- 1~ 20} 0- 2-15}] 1-1-17
Calul 0 0 0 1 1
Total6~41-263 | 4-39-267 |[3-39-257 3-43-264| 5-51-244 ]|16-55-239
KEY:
Column A is Wind Occurrences at 0-3 mph,
Column B is Wind Occurrences at 4-7 mph.
Column C is Wind Occurrences at ) 8 mph,




APPENDIX G
5 P.M. = EASTERN STAND/ARD TIME

January February March April May Junc
A -B-C|{A -B~-C A -B-C (A~ B~-C |A- B-C A= B=-C

N 0- 2- 4] 0-2- 7 |0-4~ 7 |0-0-_51|0-0- 6 0-_2-
NNL [0-1-16| 0-2- 12 [ 0- 2- 0- 0-11 | 0= 0- 5 0- 1~

- 18
NE 2= 5- 211 0-1- 9 10-2-18 |0~ 2- 7 | 1-2- 9 0- 2~
1

~Iton bas o i

LNJE [0-2- 4] 1-3~11 ;1- 2- 0- 0-_ 5 | 0- 2- 4 1~ 1-
L 4- 7- 2-4- 6 | 2-4- 9 |0~ 5-15 | 2= 2- 9 1-_2-

4
LSE 10-4- 2] 1-8= 7 [0~ 2- 11 [1=4- 20 | 1~ 5- 44 | 0= 6= 31

ST |0-0- 2] 1-2- 3 |0-2- 9 |0=-5-17 | 0= 4- 23 | 0- 4= 21
SSE 0-3- 3] 0-5- 6 |0-0-17 [0=-5-30]0-1-39 | 0- 5~ 44
5 0-6- 4| 1-2- 5 |1-0- 8 [0-2-11 |0-0- 6 | 0-1- 4
SSW | T-4-" 9| 0- 2= 7 [ 0= 3= 9 |1-1-14 [0-0- 8 | 0- 1- 17
SW_10-7-21| 1- 5= 16 | 0= 2- 7 | 0- 0- 13 | 0- 1= 22 | 0~ i- 16
WSEW[T-7-"24| 1~ 5- 21 | 1- 2- 20 |0-0- 8 | 0- 1- 26 | 0- 5- 14
W 0- 4- 26| 0= 5- 25 | 1= 1- 28 | 0- 0- 15 | 0= 0- 16 | 0= 0- 27

WNW] 1= 5- 337 0= 1- 36 | 0~ 0- 33 | 0= 1- 40 | 0= 0~ 27 0- 0~ 37

NW 0- 1~ 49y 0- 2- 36 { 0~ 2- 46 |0- 0= 32 | 0= 1- 22 0-1- 16

NNW/|1-1- 18| 0-0-18 j0=-0-24 |0=- 0-29 | 0- 0~ 20 0- 1- 14

Calml 0 0 1 1 0

Tota}l1-59-240] 8-49-225 | 6-27-277 | 3-25-272 | 5-19-286 2-33-265

KEY:
Column A is Wind Occurrences at 0-3 mph.

Column B Is Wind Occurrences at 4-7 mph.
Column C is Wind Occurrences at ) 8 mph.



APPENDIX G
5 p.M,. = DARTERN STANDARD TIME

July August Scptember Octoker November | Dcecember
A-b-ClA ~B-C AN -B-C |A- R-C A- B-C A- B=-C

0= 0-10_10~-1-_5 | 0-1-1010-4~14

AT N OV N )
N 0 s e 7 Ji- - 9 o= 1-32 | 0= =10 1-2-18
0_|0-2-13 J0-1=_9 | 2-1- 7] 1-4-16

0= 0 9 41 2- 2-17 |1-2-15 | 0= 1- 9| 0= 3-_5§

L O-4- 71 0-2- 4 [0=-4- 5 [1-4-_9 ]J- 8- 5| 3-5-

| DST [T-T1- 13 1 0- 4- 18 |0-4d-18 [0-7-134 | 1-1- §] 0-5-

| SST]0-"4-"40 | 0= 2- 50| 0= 3- 31 0= 5- 18 | 0- 7- 16 | 2= 4-

0

3 : 3
SL O- 4- 31 | 1- 3- 22 [0-3- 26 |0- 7- 14 0-5- 21 2-1- 1
2

4

S U-2-12 ) |- 4- 12 10-3- 8 [0=- 2~ 10 Q- 7= 11 | 1- 4~

CSSWI-2-TT7 - 8- 1 (0= 1- 14 0-1-22 | 1- 5= 16| 1-10-_15

TS 0- 3= 2. (j-; - l4< - 5- 14 0- 4- 19 0-11- 14 0-_8- 17

W 0~ 2- 2 0-1- 22 (0= 1~ 17 {0~ 2- 14 0- 3- 23 1 0-13- 23

3
WSWI1-1- 15| 0- 5- 27 |0- 2-_16_]0- 0- 20 | 0- 5- 19 | 1- 8- 22
3

WNW[0~ 2= 35 | 0= 3= 36 10- 3~ 22 |0- 0- 28 0- 3- 2 1- 3- 30

3
NW 0= 1- 1b | 1= 0-14 j0-4- 25 |0- 4= a7 0- 3- 28 ] 2~ 1~ 36
1

NNW|T1=10- 10 | fi= 2= 9 |0- 0- 12 |0- 3- I8 0- 2- 211 1-2-13

Calntl 0 0 2 1

Tota)}5-40-265 | 4-43-263 | 3-39-257 |[2-44-264 7-64-229 |17-77-216

L

REY:

Column A is Wind Occurrences at 0-3 mph,
Column B is Wind Occurrences at 4-7 mph.
Column C is Wind Occurrences at ) 8 mph,




APPENDIN G
gp, M, = LAGILRN STAMNDARD TINI.

January February March April NMay June

A -B=-C|AN -B=-C AN -B-C |A- B-C A= B-C h- B-C

N 1" G' 10 U /I_ 5 O“ - n l 0= - (‘)_ 1_ 3 V{\_ R

L R C VA iR I T S S| ke
- | 0= 0= 15 )iz 0= 9 | 1=3= 3 | n-0-_53

ST e T
S 1- 5- 7 U= 2-_ 9 | 1= =13 | -0~ 9 1Tyl
SEW 1= 5="11] 4= 7- 30 | 1= 1-10 | 9= 3- 16 | 0= 0= 8 " a- 1~ 12
| SW_12-5-722] 1-6-12 | 0= 6~ & | (= s~ 9 | 0= 2-21 1 o 1- |&
WEWI - 7- 16| 1= 5- 15 [1-2- 1% oo 5. o [0- 0= 19 oo ip
W 1- 4- 26, 1- 7= 23 [ 2= 2= 25 {u=- ]- 15 | 0= 1= 27 | ¢_ J. 23
WNW[ 1= 6= 472} 1= 1- 41 | 0- 3= 34 [n-1-33 | 1= 0-15

NW 10~ 2= 54| 0= 1- 31 | 0- 1- 46 |0~ 2~ 41 | 0- 1- 26 | 1= 3= 1

/'\

/
BTSN N ) NN N S V0 I P B B U S S
LB 00T 1- 8= 8 [ g 3213 - 0= 7 | 0- 1= 9 | o0 7]
Lo T38-5- ol 1-3- "3 ] 1-4- 9 |1- -4 | 1= 2~ G | 2- ¢= 11 |
ESL 1~ 8- 2| 1-10-_4 | 0= 2- 12 | 6-11= 24 | 0-11- 35 1 - 5= ju |
8T [ 0- 0| U= 2= 1 [ 0= 5- 6 |0- 1-15 | 1= 2- 8 | 0-7- 22
7 0- 4~ 14 - G- 18 V_(_)—'_L- -‘li___ L 5= _.‘_j_:‘{r_j
T

[ NNV 0~ 2- 171 0- 1- 19 | 1- 0- 20 |0- 0- 25 | 0= 1- &

Calm3 1 0 0 ¢ 0

Totall8-54-238|13-65-205 | 6-43-261 2-40-258 | 4-31-275 2-40i-257

i sy o
1

—

'

)

KEY:

Column A is wind Occurrences at 0-3 mph,

i Column B is Wind Occurrences at 4-7 mph,
Column C is Wind Occurrences at ) 8 mph.
3




APPENDIN G
0P R, - BASTERN STANDARD TIME

Tuly Auovirt Seprteaber; Qctober November | Daecewmber
A =R~ A ~-B3-C A -B-C [|A- B-C A- B-C A- B~C

B S I S

N -0 gl u=1- 2 |dede o [0-1=.5| 0-0-10] 0-2- 11
A I T N T e 0- 1- 14 | 0- 0= 15 | 0- 0= 11 | 0=.3~ 23

Se t 7

NG 10-1- 4| 0-2- 9 |0-4-11 |0-3- 9 | 0-4-13| 0~ 8- 13
s /
’%

_—,Efﬁ“,L 1’_::1}_4 0~ 1- 0- 1- 16 |0~ 1= 11 1- 0 3| 1-2- 2
LT lU-2% 51T0-2- 3 |0-o0- 5 |2-7- 3 | 1= 3- 1- 3-
CESL 12-5- 11 0-4- 15 | 0= 3= 137 |1- =12 2~ 4- 1- 4-

SL 0= 1- 27| 0= 5= %1 | 0= 3= 10 | 2= 6- 7 | 2- 4- 1= 1-

B EENTE TN WIS N S S [ ST NS N BN

OIW IO D
iD= i1

S J0= 228 0= =17 [1- 3-12 |2-7-13 | 1= 8- 0- 4-

- SSVT0- 1=15 ] 0= 22 19 [ 0= 3= 15 |0- 4- 19 1-12- 16 | 0-13- 14

TSW IO 15 05 17035720 0= 0= 15 J0- 5- 23 l1- 8- 15 | 7-18- 15

W 0=-"5-"337 u=1- 10 |2= 2- 16 | 0-10- 10 1- 5- 12 | 2-10- 12

W 0- 2- 21} U~ 1- 20 |0-5- 18 |0~ 5- 14 |} 1-13- 30 | 0- 8- 22

WA 1= 3-20 | 0~ 3= 42 | i- 6- 17 |0- 2= 22 1- 2- 26 | 0- 6- 29

NW J1-1-"24) 0~ 1- ¢ |0=3=18 |0- 3= 39 | 0- 2- 34 | 0= 5- 36

S AT P S A

NNVTU-T=""7V0~1= 11 [0- 3- 13 |0~ 0- 15 | 0~ 1- 13 ] 0- 1-15

Caln0 0 .10 0 | 0 2

Tota]17-35-268 1-35-274 | 6-47-246 |7-68-235 | 15-75-210 }15-92-203

KEY:
Column A is Wind Occurrences at 0~3 mph.

Column B is Wind Occurrences at 4-7 mph,
Column C is Wind Occurrences at ) 8 mph,

G-20
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APPENDIN G
7 P.M, = BASTLR{ STAND. R TUMLD

January Feoruary March April Nioy ' Jrine 3
A -B=-C|h -B-C N =B-C |[A= B=C |h=- B-C A= B-=C 3
N 4 0-1- 7 0-1- 400-2- 8 | 0= 4. 7| 0-0- ¢ 0=2- 2 E
CNNE 0= 3= 140 g 4511 0= 6+ 18 ] 0e 0o 93] o e 1L 0= 7
ER NCEEIR Y I ER RS U R T IS S S C N T
bk §oe-4- § 2-7- 701 8- 12 | (9. Q] 0= 42 9] 1-3- 3
b 0- 3- § 2-1- 411-2- 9 | g=11= 12] U= 3- 11 | J=- 4= 1 | :
. LSE 1 1-2- ) 3-3- 7[1-1-12 2~ 8- 21] 4Y-14- 28 ; 0=-11=- 1¢ | E
8L | 0-2- O 2-1- 210-3- 4 |} j- - 5| 0-8-13 ] 1- 3 14 3
' ]98T 0-1- ) 0= 5- 3[0=-9- 9 9~ 4~ 19| 2~ 4- 29 [ 1-11- 41
S 0- 4- ( 1- 3- 80~ 7- 5 0- 1- 13| 9- 0- 20 | 0= 3= 1¢ ] 7
f SSW 2-"¢- 14 2. 9<10 [0=10- 10 | - n- 21] 0= 2= 15 [ 0= 2- 1) | 3
| A I N R DN [0 XLV AP B I S S
WoeWTI1-12- 19 0- ¢~ 60=- o~ 9 0- 3~ 10| Y= 2- 17 | o-70-"19 :
W T-19- 28 1~ 5- 20 |T<=-4- 20 - 3- 9| U~ 2-17 j a-1-17 :
WNV 1~ 2= 40 0= 7- 32 |1= 1= 30 | - 6- 27| 0= 1= 13 | 0<"2="25 x
N W 1= 2=-734770-"1-"32 10- 1- 46 I- 7= 52| 0< (=22 |N-T51n
NN W05 0= 20 TS T2 85 0- T 20 [0 o- 27 [ H=6= 27 1SSy
Calmn 1 2 0 0 0 0
Total l1-71-228 17-66-200 | 8-63-239 6-55-2391 4-46-27r0 | 1-58-255

KEY:

Column A is Wind Cccurrences at 0-3 mph.
Column B is wind Occurrences &t 4-7 mph,
Column C is Wind Occurrences at » 8 mph.
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Total 6--10

7 U ML = PASTERN STARDARD TIME
e —_— e - —
[ Jad Avangt Septembor Qclaber Novemher | Dacember
' A -B-ClAN -B-C A -B-C |A-B-C |A- B-C A- B-C
L= Qe A 2= 2 1l )= 6 0-2-_ 2] 0-0-10] 0= 2= 1 |
PV V=210 0= 3= 12 1- 4- 20| 0- 0- 11| 0= 3- 23 |

J- 2= 510-2- 8 | 0=4-_9 1- 0= 11| 0- 4- 13| 0- 8- 13
_ij" I_':' -1 _U-/" ] 0~ 0= 14 J- 1- 11 1- 0- 3 ____1_—‘_2" 2
[ e L 0= 4- 5 1- 7- S| 1= 3- 4] 1= 3=~ 2
S- - 8|u= 6= 8 1- 7- 10 | 5- 6= 12| 2- 4~ 6! 1- 4- 1
- 50 {80~ o= 14 1- 3- 10 - 2- 5| 2-4- 3} 1= 1- 2
VST TS 0-10- 32 | 1= 7- 7| _3-9- 91 0- 4- 2
1_"“1 Tel 0= 6- 26 | 1- 9- 14| 1- 8- 5| 0- 4= 5
L= = Lifi- a2 0= 3= 14 | 1-11- 24| 1-12- 16 | 0-13~ 14 __
“(J-"‘-"T}:'n—".'“;*_ 19 0= 8- 18 | 1-10- 19| 1- 8- 15| 7-18~- 15
T s - =T - 7= 8 | 7= 4- 11| 1- 5- 12 | 2-10- 12
LR N ) 0= 5- 17 2-10- 5] 1-13- 30| 0~ 8~ 22
(AR P U T S 7 B I P P 0- 4= 21| 1= 2- 26| 0~ 6~ 29
BT T (R TP 1Y = 2= 15 1- 7= 271 0~ 2- 34| 0- 5= 36
0 3= To | 1i="1= 172 0- 2- 12 0- 3- 12 0-1- 13| 0~ 1- 15
0 ] 0 1 0 2

17257 | 6-55-24¢ 5-74-221 | 17-87-206] 15-75-210 |15-92-203

APPENIDIN G

Column A is Wind Occurrences at 0-3 mph.

Column

B is Wind Occurrences at 4-7 mph.

Column C is Wind Occurrences at ) 8 mph.

G272



T
|
|
|
\
|
%
‘l\

Appendix Gi Joab ;1193

WIND YERSISTERCE TAZULATICN

liourly surface vind observations at licvmrk, K., J. were exuamined for persisicnce - i
during the period Jauuary 1y56 - Deceaber 190H9.

A persisience 45 defined as bz ccourrence, at five coaseculive hourly reading. of
wind dircetions of calm, N, ik, i, Bt or © (dn any ordur)with wssocintead
speeds of legs than 13 mph.  The heurs exmmained wore Co-1000 and 15-5500

. EST for thio wmontihic Jaauary ihroush April, loverver and Deceember.  For the 5
months Ly throush Getober the hours were Cher o0 ool 2031070 E5T,  Oolas

reporicd tox the live consecentive howrs el the criteria of percisience.
When a cali was reported vithin the five hour period o porsistence was
continued i1 all oilher conditiocus ssre nai.

i
¥
E
ke
r
4
g
£
£
:

Four cpeed classes are presented; 0.3, 4.7, 8212 end 0-12 wph. I the
reported wind specds for Lhe five consccutive hours '¢ll entirely within
either tha 0-3, "7 or (=12 wph cless, Ll porsinlence vas assigned to that E
clacs., If the reported wind speeds tell in more than one class, the

persistence wasg assigned to 19~ 0-12 ph class,

TRy

Incidants occurring in the n.  in: hours vere tabulated in the £ clous, ‘
those in the aficrnoon hours in the PM class, Wulle those ocourring both
in the morning and afternocon 0L the same Gny verc tabuluted in all three
classes (AJ4., P.l., and both}.

T e cate, L L ek 1

¢

R I

Ly e
A}
»

i izert

e o I
W] -

' i ' S Y 3.1k

_aens B
N

G-23




Appendix O

Wond Persistonce Tabulation STN: Newadk, N. ], (1956 = 1905) '
) wlith Urgo Ty (el

0-3 4=t M) el
JARUARY A 0 0 5 22
P oh . 0 0 4 20
PUTH ¢ ¢ Y 6
Fropuany AN 0 2 e 29
P 0 0 P 15
HAANEH ] 0 0 2
HANGY 0N 0 1 5 50
"o 0 0 5 15
BUTH 0 0 1 2
APRIL hoN 0 ] 0 26
P ) 0 z 1l
BIIYH 0 0 0 1
1AV A M 0 ¢ 6 23
oM 0 0 1 )
AUTH 0 0 0 2
JUIHL AN 0 1 5 2
"M U {] 2 t
LT 0 0 0 )
iHJ
- JULY A K 0 | 5 4
B 0 2 2 4
gt ) 0 1 2
AUnusY LN ) 1 4 %5
PN 0 0 ] 3
BITH 0 0 0 0
_ REPTEMPER A M ¢ 1 L0 49
oM 0 0 2 13
BUTH 0 0 0 1
NCTONER T A M 0 4 6 53
P M 0 1 1 12
. PUTH 0 0 0 3
o MUVELRER A M 0 2 2 3l
PN 0 0 3 13
BOTH 0 0 0 2
. DLCEHMRBER A M 0 5 3 a7
PN 0 2 7 23
: BOTH 0 0 1 o
U SUS TUT 1 A 1 0 10 21 LG5
P ] 2 23 90
AOTH 0 0 2 15
SUR TUT 2 & M 0 10 20 Chh
P4 4] K " [}
BOTH 0 0 1 o

Sub Tot 1 Janwary, February, March, April, November, December
sub Tor & Moy, June, July, Atqust, September, October

=24
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Appendix G

o o gt oy o 1

1 ey e

Methodoloqy of Figure Y- (Method 1)
Time of Rackground and Automobile Total COHD Occurences
Exposure Endogenous Pollution 1970-1980 2
COHb
6 A. M, to 1% 2 19ppm = 2 3% 20 Alerts
10 A, M, 2 2% (4-7 mph)
6 A, M. to 1% 2 10ppm = 21.5% 40
10A.M, 2 .5% Impairments
(0-12 mph)
IP.M., o 1% 2 19ppm = 23% 10 Alerts
7P. M. 2 2% (4-7 mph)
3P.M. to 1% 210ppm = 2 1.5% 15
7P.M. 2.5% Impairments
(0-12 mph
7 AL M. to 1% 2 10ppm = Z1.5% . 13 t
mpairments
7 P.Mn Z'S% (8_12 mph)
7 A.M. to 1% 2 l1ppm = 2 3% 3
7 P.M. Z 2% Air Pollution
Alerts
(8 = 12 mph)

1, The Background and endogenous Carbon Monoxide is sufficient to sustain a
1% COHb level. Endogencus CO produces a physiological range of 0 to 1%
COHb, The 1% value is probable because hackground levels averaging 2pp:n:

and peaking at l4ppm add to the endogenous CO in the blood. This back-
ground level alone could produce a 1% level.
2. The occurences between 1970-1985 are predicated upon the actuil occurences

ceE

recorded by the National Weather Records Center in the 10 rear interval 155 -
1965.




APPENDIX I
In the aruea source model, emissions arc assumed to constifute a
surface which has randomly distributed uniform sources.

The equation for

the area source made), from Appendix C, is:

e

8 Q - L
= T/t T r(.ls + L) - 15% ;
A 21T

au — -t
The vertical plume dispersion statistics reported by Slade are approximated

by the expression:

o, = .12 83/4

, (meters

where: o is the standard deviation of the plume concentration
distribution in the vertical.

S is the downwind distance of the living complex.
For the area-source model,

X is the concentration (gm/ma)
Q is the strength of the area

source (rate of mass emission
per unit area) gm/m2/sec.

L is the alonyg wind dimension of the arca source (i6 merters)
u is the wind speed (2.5 meters/sec)

15 is the number of meters from the edge of the roadway to the
living complex (T = 15 mecters) .
a 1s the numerical coefficient from the expression for O, (.12

The second model estimates concentrations downwind of a contin uously
emitting infinite line source, when the wind direction is normal to the line,

The mathematical expression for the line source model, also from Appendix

C, is:

| H 2
X (x, vy, 0oy H) 2 Q

— z
V2N o, u
where: X (X, ¥, O; H) concentration of the point (x, y, o)

from an clevated source with effective
height of emission H
Qis the emission rate per length of a
line ‘source (gm/m/sec)



Case Ycar Traflic Wind Line Arca
No.. o Veloaity  Sourcn. Source
(ppm) (ppm)
1. 1970 4,900 6 S 4
2. 1970 4,950 4 8 7
3. 1970 14,256 0 14 10
4, 1970 14,256 4 23 19
1. 1975 5,940 6 4 3 y
2. 1975 5,910 4 7 5 B i
3. 1975 14,256 6 9 6
4, 1975 14,256 4 15 11 e 5
1. 1980 7,151 6 2 1
2. 1980 7,151 4 3 2 Tt T 3
3. 1980 14,256 6 4 2
4. 1980 14,256 4 7 4
t
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APPLNDIX 1]

In cvaluating oir pollution conditiung, previons expericnc: in carbon
mona:ide moniroring hag beon considered. Concentrations in tunacls some-—
times peak around 260 ppim but average much lower. Concentrations in
trench portions of the Brooklyn Queens Dupresswiay in New York Ciliy average
around 50 ppm with peaks to 100 ppm during 1ush hourc. At night, values
drop as low as 1-2 ppm, (Date /rom Raritan Dcpot in Edison, N.J., Station
No. 5 of Lastern Redgional Air Pollution Conarol Activity, U.S. Dept. cf HEW,)

Peak hour travel on East River Drive in Now York City produces an
average of 160 ppm at roadside. A total of 8000 aviomobiles produce this
peak hour level., Thiz concentration falls to 10-12 ppm at ¢ 50 foot height in
apartments huilt over the one~zide—-open decked section of the Last River Drive,
(Data from confercnce on February 5, 1970 with Dr. Simoi, Director of
Data and Mcteorology of the City of New York Department of Air Resources,
regarding the monitoring on a .one-sided open decked section of the Last

River Drive.)

Pollutant Caiculation for Non=Perpendicular Wind:

Considering a highway 16 meters wide and a 15 meter receptor distance
off the highway, the arca-source computation predicts an increase of con-
centrations by a factor of 1.08 when the wind is oriented &t 45° to the road-
way. The arca=-source formula is not, however, amenalle to adjusimant that
wonld enable the application of a directional deviation (¢c.g. expressced in

terms of the sine of the angle between a perpandicular (normal) wind and o non-

-8



perpendicular (non=normal) wind.) This type of adjustment is possible using
tha line=-source calculation of Turncr.*r In the arca-source the non~normal
wind must be considered through recalculation of cross=-wind distance over
the roraway and an increascd receptor dista;xce. Both roadway and receplor
distances increasc with non=perpendicular winds. Lach area=-source cal-
culation must be cxamined bosed on specific distance increases, and can-
not be predicted through the use of any generalized relationship. In the
specific example of the highway case, a deviation of 45° from the normal
predicts a 1.08 increase in concentrations, For deviations greater than
450, the relationship should not be attempted for reasons pertaining to
topography and the possibility of a channeling of pollutants along the road-

way.

*D. Bruce Turner, Workbook of Atmospheric Dispersion Estimates, Public
Health Service Publication No. 999-AP-26, (Cincinnati, Ohio: National Air
Pollution Control Administration, 1969), p. 40,
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APPENDIX I

CAIBON MONOXIDL CONCENTRATIONS UNDLR VARYING CONDITICNE OT
STABILITY

YEAR: 1970
WIND VELOCITY: 4 mph

WIND DIRLCTION: Northeast

’
I. PEAK- HOUR VOLUME = 2,500 automobiles
Staldlity Cliss Concentrations (ppndl1S mcteis from roadsid.
1)  "D" coutiruous 13
2)  "C" continuous 9
3)  “A" cver roadway 2
"C" on embankmen:
II. PEAK-HOUR VOLUME = 7,200 Automobiles
Stability Class Concentraifon (ppm) 15 metars from roadside
1) "D" continuous 37
2) “"C" continuous 26 ]
¢
¢
3)  "A" over rcadway 6
"C" enemnbaninent
. ¥ .
KEY T8 STARILITY CATEGORIES 3
. ) D3y Night :
S,f:yi‘tatc; 'I'_IJ“:;.. Inc;{-.-n'-]ﬁs—a::( l’:)é-;f.:ﬂg —I'i;iIZI—-/?)::ctcasl *Source: D. Bruce Turner,
_ Y e _. [, or ~'3/8 R 1 A b ol
msec! Stiorp Maderate Sedt b8 Llow Ckud Cloud W.O.kbO\’?v\ ol -Lt.mg-"m"( He.
Dispersion Dstimuios, :
v A h3 3 Public Healtn Suivice Pulli- .
23 AB B c £ F cation No. 93%9--pP-2¢ .
35 B BC ¢ 0 E (Cinctnnati, Ohio: N:-
56 ¢ cD 0 D b tional Air Pcllution Control 1§
> 6 C 0 D 0 D Administration, 19¢%), n. o,
'1-‘5 o L'.' L0 et Lo e L W e s Cnt cnig e 03 dunag GPC 099.2%8
Gag L0 01 ! 2
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