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1 Abstract

Q’On February k4, 1976, the Secretary of Transportation ordered the FAA to monitor
Concorde emissions at Dulles Internationsl Airport during its initial 16 month trial
period. To comply with this order, it was necessary to measure the ambient pollution
levels (background) in and around Dulles Airport and to trace the dispersion of
emissions from & single Concorde aircraft. While the more conventional background
measurements could be easily performed, there was no known case where the vertical
and horizontal profile of the emission plume from a single aircraft had been identi-
fied. Speciael instruments were required to measure the discrete, non-stéady nature
of the dispersion of the aircraft plume. The final measurement system, which
consisted of continuously recording electro-chemical sensors coupled with high-speed
chart recorders, successfully detected CO emissions from a single aircraft.

Results of this measurement program on and around Dulles Airport show:

. Concorde CO emissions from taxiing aircraft dilute to background levels within
2,000 ft and do not reach the terminal in measurable amounts.

. Emissions from the airport property could not be detected at Sterling Park, or
several more distant communities, even when the winds were blowing toward them
from the airport.

« Actual Concorde operations ere less polluting than had been indicated in the
Final Environmental Impact Statement (FEIS).
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APPENDIX A

A.1l Overview

This appendix describes in detail the air quality and supporting
meteorological data obtained at Dulles International Airport (IAD) 1
during intermittant periods between 15 May 1976 and 27 July 1977. These
data were acquired as part of the monitoring program established by
the Federal Aviation Administration in response to the requirements for
air quality and noise monitoring during the period of test flights by !
the Concorde into Dulles International Airport. |

The air quality data consists of the following data sets:

° Hourly avetaged background (May, 1976-September, 1976)

g e va

® "Single Event" aircraft CO emissions during taxi (May, 1976-
August, 1976)

(] "Single Event'" aircraft NOx emissions during takeoff (September,
1976-April, 1977)
® Multipoint single-tower measurements of CO emissions for taxi

(November, 1976)

(] Multipoint two-tower measurements of CO emissions for taxi
(February, 1976-April, 1977)

® Multipoint three-tower measurements of CO emissions for taxi
(June-July 1977)

Supporting meteorological data (other than wind speed and wind direction
obtained on-site, temperature and temperature gradient for the two-tower

and three-tower experiment) include the following sets:

o Hourly surface observations as reported by NOAA at the airport

B T S e

e Twice daily rawinsonde ascents made at the NOAA upper air

station near the airport.

Additional supporting air quality data were obtained from the network
of monitoring stations established by agencies of the states of Virginia
and Maryland, and by the National Institute of Health. These data are
included in the hourly-averaged background data set.




All of the data were obtained either as strip chart recordings or
as written log entries. The strip charts were subsequently digitized,
and the information formatted, coded and put on computer punch cards
to facilitate machine analysis and processing. In the following sections

of this document, the content and format of these data sets are discussed.

The locations of the monitoring sites in the vicinity of the airport,
and the characteristics of these sites are presented in Figure A-1 and
Table A-1.

A.2 Hourly Averaged Background Data Set
A.2.1 Station Set
This set of data consists primarily of measurements from

] Site #1 - Sterling Park

@ Site #6 - South Ramp

and the stations from the states of Virginia and Maryland, and the
National Institute of Health. These stations are identified as follows:

State Station Name
Virginia Herndon
Massey
Xerox Training School
Club Run
Lewinsville

Douglas Elementary School
Seven Corners

Maryland Burning Tree
Gaithersburg High School
Poolesville Elementary School
Rockville
National Institute of Health -
Bethesda

The location of these regional stations, relative to Dulles International
Airport is shown in Figure A-2. Table A-2 summarizes the parameters
measured at each site. The units used to specify the parameters are
identified in Table A-3.
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TABLE A-1

CHARACTERISTICS OF MONITORING SITES

Approximate Operational
Site ¢ | Location Measurement Punction Status
1 Sterling Park CO0, NO & uoz. Monitor air quality change June-Sept (1976)
total RC, par- in the community during
ticles Concorde dperation
methane, WD/VS®
2 2000 ft north CO, NOy, WD/ws# Measure takeoff emissions as | May-Aug (1976)
& 125 ft east precursor to defining loca-
of the east tions for 3-station takeoff
runvay** grouping. Background station
3 1100 fct. north NOx Measure takeoff emissions May-Aug (1976)
§ 1000 ft east as precursor to defining
of the e.:t locations for 3-station
runvay takeoff grouping.
4 Taxi Grouping - | CO, WD/wS# Trace emission propagation May-Sept (1976)
480 ft north during taxi (single event)
of the jet
ramp taxiwvay &
200 ft.east of
the mobdile
lounge ramp
S Taxi Grouping - | CO Same as & Nay-Sept (1976)
190 fet.north of
the jet ramp
taxivay & 200
ft.eant of the
mobile lounge
ramp
6 South edge of o, NO & NO2, Monitoring pollution back- May-Sept (1976)
the main ramp; total HC, par- ground of the airport
on the south ticles, osone
access road WD/ws#
? Northwest of Vertical temp. Measure inversion dase Continuous
‘airport (NOAA-
owned)
[ ] Vest of the WD/use Monitor wind apeed and Continuous
west runway (no recorder) direction
(NOAA-owned)
9 3000 ft. scuth WD/ws* )nuucr wind speed and Continuous
of Site 6 rection
(NOAA=owned)
10 Taxi Grouping - | CO Same as & June=July (1976)
aidvey between
Sites 4 & 3

#WD/WS-Wind dirpction/Wind speed

**All dimensions are measured from centerline of ramp, runway or taxiway

unless otherwise needed.
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Site #

Approximate
Location

Measurenent

Function

Operational
Status

1

12

13

14

15

17

18

19

20T

21T

22T

Taxi Grouping -
200 ft,north of
Site 4

Takeoff Group-
ing - 285 ft
east and 100
ft.north of
Site 13

‘ Takeoff Group-
!ing - 185 ft.
, east & 140 f¢t.
-north of Site
i 14

Takeof f Grouping
450 ft.east of

the east rurivay
| & 1040 ft, south
,of 1ts north end

Start/idle
Grouping - north
of the west & of
the jet ramp
taxiway

South of the
east runway

North of the
west runway

South edge of
main ramp 1700
fre*e yest of
Runway 19L,
56-ft.elevation
on tower

41-ft. elevation
on tower

26~-ft. elevation
on tower

co

CO, NO & Noz.
total HC, ozone,
WD/WS*

CO, NOy

CO, NOy

CO, WD/WS*,
(at one site)

Same as 4

Trace emission propagation
during takeoff (single event)

Same as 12

_Same as 12

Trace emission propagation
during engine start/idle
(single event)

Monitor takeoff emissions
Monitor landing emissions

Air intake position (tower)

Same as 20T

Same as 20T

July-Sept (1976)

Oct 76-May 1976

Sept 76-May 1976

Sept 76-May 1976

Spot check

Spot check

Spot check

November (1976)

November (1976)

November (1976)




TABLE A-1

(Continued)

Site #

Approximate
Location

Measurement

Function

Operational
Status

237

24

23

26

277

28TT

291T

NTT

3217

14-ft.elevation
on tower

South edge of
main ramp **
1665 franw
wvest of Runway
19L

1665 fehe* yest
of Runway 19L
164 f¢t south
bt Site 24

D700 fro*d yest

‘of Runway 19L

164 ft.south of
Site 25

Same as 20T
80~ft ele-
vation on
tower

164 ft.south
of 20T. 80-ft.
elevation on
towver

Same as 28TT
56 £t.ele-
vation on
tover

‘x"f t.
elevation on
towver

26-ft.ele-
vation on
tover

14 £t.ele-
vation on
towver

CO, WS/WD*

Seme as 20T

Tower measurements

Tower measurements

Alr intake position

(Surface)

Same as 20T

Same as 20T

Same as 20T

Same as 20T

Same as 207

Same as 20T

Novenmber (1976)

November (1976)

November (1976)

November (1976)

Feb-March (1977)

Fedb-April (1977)

Feb-April (1977)

Feb- April (1977)

Fed-April (1977)

Feb-April (1977)

*R%215 ft. south of south jet ramp centerline

*aRrSouth end centerline
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TABLE A-3

UNIT SPECIFICATIONS FOR BACKGROUND STATION DATA SET

Parameter

Wind Direction (WD)

Wind Speed (WS)

Carbon Monoxide (CO)

Nitrogen Dioxidg (Noz)

Nitric Oxide (NO)

Ozone (03)

Total Hydrocarbons (THC)

Total Suspended Particulates ug/m3

Units
Sterling Park §
South Ramp Virginia

Degrees (N=360°)
MPH

3
ppm mg/m
ppm ug/m3
ppm ut;/w3

3
ppm ug/m

3
pPpm mg/m
ug/m3 ug/m3

Maryland

Ppm
ppm

none
none
ug/m3

T
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A.2.2 Data Formats
A.2.2.1 Sterling Park and South Ramp

The outputs of the sensors were recorded by means of strip chart
recorders running at a speed of 1 inch per hour. These charts were
returned to ERT's Concord facilities where they were digitized auto-
matically. The output of the digitizer was fed into a computer where a
tape of hourly-averaged values, in the proper units, was created for
each of the parameters. The card-image format of the final data set as
shown in Table A-4. Examples of the information content of the back-
ground data set are shown in Figures A-3 and A-4. In Figure A-3, the
data have been stratified by site, parameter (N02), month (August and
September), day of month, and hour of day. In Figure A-3, the strati-
fication is by stability class and wind direction. With the parameters
contained in the data set, other kinds of stratified analyses are

possible.
A.2.2.2 State Agency Data Set

These data, received by ERT through the FAA, consists of hand-entry
tabulation sheets in the standard SAROAD format used by the Environmental
Protection Agency (EPA). An example of this entry form is shown in
Figure A-5. The format is already set up for computer processing. The
data were put on computer punch cards following the SAROAD format using
the parameter specifications as entered in the data sheets. A data

tape was prepared for this data set,
A.2.2.3 National Institute of Health

The data received from the National Institute of llealth consisted
of computer printouts of hourly-averaged values similar in format to
that shown as Figure A-3. An example of the print out is shown in
Figure A-6. The computer tabulated data were put on computer punch
cards in a format identical to that used for the Sterling Park and

South Ramp data set.

A. 1()
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FROM COFY FURNISHED TO DDG S
E TABLE A-4
1
% EXTENDED ENVIROMAP ARCHIVE FORMAT
|
! !
§ \
: [Ficla | Co's |variable |Format | Description
1-2 1FORM A2 Dataset Indentification
oo : i
= O :
o 3-4 IEXP (1) A2 Experiment ID
et 5 (2 1 11 Experiment Mode
J L+ 6 (3) 11 Data Type .
o 7 _ (4) Il Interval Units
a §-9 (S) 12 Integration-Interval
10 (6) Al Process Option
11-12 IYEAR 12 Year (YY)
e 13-15 1DAY 13 Day (DDD)
i o £
S o He-lt 1HIOUR 12 Hour (1)
a 18-19 IMINUIE 12 Minute (MM)
20 INCNT I1 Data Item Count
21-24 KODE(1)" A4 Sensor 1D Code: 1st Scnsor
25-34 VAL(1) IPE10.3f Data Value
35-37 KCT(1) (0113 3 Sample Count
38 KFG(1) Al Flag Character
8 139-40 2X Reserved for Future
©
A
41-60 - -~ | 2nd Sensor
61-80 -- - -- 3rd Sensor

| A.11
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A.3 Single Event and Multi-Point Data Set Description
A.3.1 Measuring and Recording Techniques
The data from these series of experiments consist of the follewing:

a. High speed (2 cm/min) strip chart recordings of the outputs

of each sensor

b. Observer log of events and the instantaneous wind speed and

direction at the time of an event, where an event is defined

as the taxi of an aircraft in front of the line of CO monitors.

Figure A-7 shows an example of the typical 3-pen trace recorded on the
high speed chart recorder for an event.

The following information was digitized from the strip charts for
each sensor output and for each event:

° Background Concentration (ppm)

® Peak Concentration (above background) (ppm)

® Event pulse half width (secs)

® Peak time (secs)

@ 1/2 peak time (secs)

The definition of these parameters are shown schematically in Figure A-8.

Note that the half width time and peak time is measured relative to the
event time. Event time is the time recorded by the observer in the
observer log as the time that the aircraft visually passes in front of
the CO monitoring shelters. The recording of these times are not of
sufficient precision to be used to determine the transport time of the
plane from the source to the monitoring. The times proivde a measure
of reconstructing the pulse shape should this be a desirable parameter.

The above set of parameters together with observer records of

° Date
° Event time (LST)

(] Aircraft type

A.16
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Pollution Parameter Definition
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Parameter
Card Column Name

1, 2 Event No.

3-10 Time Period

11 Aircraft Type

12 Mode of Opera-
tion

13 Direction of
Operation

® Aircraft operation mode

® Wind speed and direction

® Direction of aircraft movement

form the basis of the data card of an event.

tion fields used on the punched cards:

Code or
Range

01-99,
00-nn.

(zero)
(blank)

A general computer card format was designed as shown in Figure A-9
to incorporate the digitized strip chart values of CO, Nox and THC,
and the field observer logged information pertaining to the passage

of each aircraft. The following is a description of the data identifica-

Description and Comment

Event 100 is coded as 00,
however they are numbered
chronologically within each
experiment series.

Month

Lay

Hour (1-24)
Min

B-707
B-727
B-747
DC-8
L1011
Concorde
Turbo
DC-10 |
B737 (three tower only) '
DC9 f
DC-10 (three tower only)
Cessna (three tower only)

ENGINE start
Take off |
Landing

Taxi

East

West Omitted in
North one-tower set
South

<—-_,,,R,_ .
e S Hrener .



Parameter Code or
Card Column Name Range Description and Comment
14, 15 Instantaneous 00-98 Miles per hour
Wind Speed Note: 99 is missing value
indicator
16, 17, 18 Instantaneous 50.0-99.0 Percent scale on strip
Wind Direction chart recorder (100% = 540°
: 50% = 0°)
Note: 99.9 is missing value
indicator
19, 20 50 meter timing 0.0-9.8 (tenths of seconds)

(omitted in one-tower set)
Note: 9.9 is missing value

indicator

The first 20 card columns are repeated within each set of cards corres-
ponding to a specific event for each experiment series. Any exceptions
appear in the above 'Description and Comments' column, In Figure A-9,
the computer card format is shown. The fields from card columns 21
through 80 contain the digitized strip chart values of air quality data,
and are described by sensor location within the next two subsections of

Singe Event and Multipoint experiment descriptions.
A.3.2 Single Event Experiment Description

Outputs of 3 CO sensors arranged in a N-S direction to the north of
the taxiway to Runway 19L and 3 NOx sensors arranged in a SW-NE line to
the east side of the end of Runway 19L constitute the data base for the
two "Single Event'" experiments. Since only 3 sensors were operative
during each experiment, the digitized values obtained from the strip

chart recorders are contained on a single card per event.
A.3.3 Tower Demonstration Data
A.3.3.1 Experiment Description

Three series of experiments were conducted using meteorological
towers. The first made use of a single tower located near the south
edge of the main ramp, west of Runway 19L. Two additional 'ground
level" CO sensors were arranged inline southward from the tower, involving

a total of 6 CO sensors. The ground level tower sensor also recorded
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THC. The second experiment consisted of the addition of 1 CO sensor at

the top of the first tower, and the replacement of the middle ground
level sensor with a second identical tower. With the third ground level
sensor, a total of 11 CO sensors were involved. This two tower experi-
ment grouping also included the measurement of THC at the ground level
position of the first tower as well as the addition at the same location
of wind speed, wind direction, temperature and temperature differential.
For the final three tower series of experiments the most distant
ground level sensor was replaced by another tower. This provided an
additional two CO sensors, located at the top and middle positions
corresponding to the same first and second tower sensor locations. A
total of 13 CO sensors were involved. An additional wind speed and wind
direction sensor was placed at the top of the first tower. Lower level
meteorological data and THC continued to be ménitored at the same loca-
tions as used during the Double Tower experiment, with the exception
that the lowest sensor levels were at six feet instead of fourteen feet.
Important note: during the Double Tower series, wind speed and wind
direction data were recorded on the same chart with scale of 0-50% = &
wind speed, and 50 to 100% full chart scale representing wind direction.
During the Triple Tower experiment series, the recorder pens were
reversed, and wind direction is recorded from 0-50% and wind speed from
SO to 100%. [Both scale values are the same. One chart unit WS =
1 mph, 1 chart unit WD = 10.8°, full scale WS = 50 mph full scale
WD = 540°.]

A.3.3.2 Data Set Description F

Three separate data sets were gencrated for each experiment group-
ing. This is due to the unique combination of parameters and their
increase in quantity of sensors as the tower experiments progressed.
There are, however, common elements to each tower series data set which
are incorporated into the computer card format used in the basis of the
identification of an event. These pertain to the field observers
records of aircraft passage, as described above. The sensor fields are
valid for the Double and Triple Tower series, however the Single Tower
data omitted the peak and half-peak tine values. The following describes
the air quality and meteorological data as coded on computer punch

cards:




RN ot

1) ONE TOWER DATA - CO (one card/event)

Card Column Sensor ID Parameter
21-23 20T -divisions above background (F3.1)
24-26 -pulse width @ half peak (sec) (F3.0)
27-29 21T Repeated as for 20T
30-32
33-35 22T Repeated as for 20T
36-38
39-41 23T Repeated as for 20T
42-44
45-47 25G Repeated as for 20T
48-50
51-53 266 Repeated as for 20T
54-56
57 none Blank
58-60 Background

2) TWO TOWER DATA (four cards per event)

CO data -

Since, as shown in Figure A-9, there are four allowable

sensors per card, the following comprise the data set:

Card 1: Sensors 27T, 20T, 21T, 22T.
Card 2: Sensors 23T, 28TT, 29TT, 30TT.
Card 3: Sensors 31TT, 32TT, 26G, 23THC.

Met data -
Card 4 - The first 20 card columns are identical to the
first three cards. The remaining columns contain measured

and digitized wind speed, direction and turbulence data

according to the following format:

A.23




Card Columns Parameters

21-25 3 min, ave. wind speed, u, (mph), for
time centered upon event
26-30 3 min. ave. wind direction, 6, (deg)
for time centered upon event
31-35 % (deg) for 3 min. sample of 6-sec
averaged values
36-40 o, (mph) = o, + W+ (1 rad/57.3 deg)
41-45 AT = temperature difference and first

tower between 14 and 67 ft. 3 min
average starting at clock interval
closest to event time

46-50 AT, = same as AT, but 18° min average
cefitered on events 3 min. period

51-55 T ambient air temperature, hourly
average estimate.

56-60 Pasquill Turner stability class (4 = neutral)
c. THREE TOWER DATA SET - CO data (4 cards per event)

Card 1: Sensors 27T, 20T, 21T, 22T
Card 2: Sensors 23T, 28TT, 29TT, 30TT 4
Card 3: Sensors 31TT, 32TT, 34TTT, 33TTT
Card 4: Sensors 26TTT, 23THC

A.3.3.3 Strip-Chart Data Summary for Tower Experimeats

Available are 4 volumes containing xerox reductions of strip chart

e AT A e
= -~y RPNy 3

images categorized by aircraft event, separated by date corresponding 1o
each series of tower experiments. Table A-5 is a summary by aircraft
types. Tables A-6(a) - A-6(c) provide a distribution of events by date

for the Single, Double and Triple Tower experiment series. Contained
within each volume is a listing of each event number, time and type of |

aircraft passage. |

A.24
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Aircraft Type

B 707
. B 727
B 747
DC-8
L 1011
SS§T
Turbo
B 737
nc-¢
DC-10
Cessna
A-37

Total

TABLE A-S
SUMMARY BY AIRCRAFT TYPE
FOR
ONE, TWO AND THREE TOWER EXPERIMENTS

e - —————————

One ‘l‘:)w;r Two Tower Three Tower
46 31 49
15 34 27
15 3 8
l.i 5 12
17 0 15

9 | 9
0 0 1
0 0 )
2 0 3
21 0 18
0 0 3
0 0 o
1350 74 173

e e L e

28
32

19




Table A-6 a
DISTRIBUTION OIF EVENTS BY DATE

I Single Tower

Date ' Event No. |

4

1 11/1/76 1-15 i
2 11/4/76 16 - 20
3 11/5/76 21 - 3%
4 11/7/76 34 - 45
5 11/8/76 46 - 59
6 11/10/76 60 - 86
7 11/11/76 87 - 99
8 11/12/76 100 - 123
9 11/13/76 124 - 137

10 11/15/76 (2 unnumbcred)




10
11
12

13

Table A-6 b
DISTRIBUTION OF EVENTS BY DATE

IT Double Tower

Date

- —

2/21/77
2/26/77
2/28/77
3/2/77
3/4/77
3/7/77
3/8/77
3/15/77
3/19/77
3/23/77
3/24/77
3/26/77

3/31/77

Event No.

1-4

S (6 §7)

8 - 12
13 - 19
20 - 32
33 - 45
46 - 50
S1 - 62
63 - 66
67
68,69,70
71 - 78

79,80




'
k! Table A-6 ¢
DISTRIBUTION OF LEVENTS BY DATL:
IIT Triple Tower
Date Event No.
1 6/27/77 1-18 :

2 7/6/77 19 - 23

3 7/14/77 24 - 50
4 7/15/77 51 - 58 §
S 7/22/17 59 - 75 ,
6 7/26/77 - 76 - 129 %
.7 7/27/77 130 - 100 i
| 8 7/22/77 161 - 174 (A-37 only) ,

A o A A T
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APPENDIX B

SINGLE EVENT MODELING METHODS
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B. SINGLE EVENT IMPACT MODELING

B.1 Statistical/Empirical Models

The advantage of statistical models is that they summarize the
observational data in an informative manner as well as suggesting the
relative importance of measured variables, without relying upon elaborate
knowledge of the mechanisms producing the results. Statistical methods
are most efficiently employed when a specific hypothesis is first
formulated for testing. When statistical methods are used to '"explore'
the data for meaningful relations, there is always a finite chance that
a '"'statistically significant" correlation or regression will be found
where none actually exists. It is thus best to examine the physical
relationships of the variable chosen for correlation or regression
analysis so that highly cross-correlated variables can be excluded, to
avoid confusing the analysis.

The single event twin-tower experiments have been summarized,
(Appendix C) stratified according to aircraft type, to compare the
means, standard deviations, and ranges of the most important variables.
Simple linear correlations and cross plotting of measured concentrations
and estimated doses vs. wind and turbulence variables and aircraft speed
are carried out to provide the initial insights into the strengths of
exéected trends or relationships. The multilinear regression process
makes efficient use of each measuremen: by allowing it to contribute
information about the effects of several variables simultaneously. As
in Section _ a relation of the form:

E(y) = B, + By X, + By X, + ... +8 X (B-1)

where E(y) is the expected value of the dependent variable y, and X5
Xy o.X, are the values of the m independent variables, is sought.

For the development of a single event model, the dependence of con-
centrations and doses upon the wind speed and direction and turbulence
intensities examined initially. As expected, the plume transport path
geometry and factors affecting plume rise were important when a sufficient
number of cases were examined. Since aircraft type is a variable that
does not have a continuous scale of values, stratification of the data

set by that variable helped to maintain regression model sensitivity,
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B.2 Transport Models

As discussed in Section 7, pollutant transport and dispersion models
which attempt to describe the pathway and/or concentration distribution
of materials downwind of their source are frequently employed as
alternatives to statistical interpretations of experimental results.

Both the Gaussian models and numerical advection diffusion calculations,
described below, derive from the differential equation describing the

conservation of mass under advection and diffusion:

? 3 ? ? p 2 :
[ﬁ*uﬁ’vw*wﬁ)x— k Vv X [B-Z)

where x is the pollutant concentration and u, v and w are the components
of the mean wind velocity in the x, y and z directions, respectively.
The Gaussian form of the solution was seen by Gifford (1960) to be
analogous to the empirical diffusion equations used by Sutton (1932) and
Pasquill (1959), and it is that form that has come into most frequent
use. As presented in the Turner's Workbook of Atmospheric Dispersion

Estimates (1970), the general form of the equation for estimating pollu-

tant concentrations from a continuous point source is:

X(Ys2H) * i e [1/2 DY -
yz y

(B-3) .

[xe -172 E5B%) « e (/2 AT
2 2 -

where
(x,¥,2) are the (along wind, cross-wind, and vertical) components
of a Cartesian coordinate system

x is the pollutant concentration (mass/volume)

H is the effective height (stack height plus plume rise) of
emission, and therefore the centerline height of the

plume (length)

Q is the source strength (mass/time)

B.z
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o are dispersion coefficients that are measures of cross-

wind and vertical plume spread. These two parameters are
functions of downwind distance and atmospheric stability
(length)

u is average wind speed (length/time)

The source base is at z = 0 in the coordinate system, and the plume

centerline reaches the equilibrium height H (plume rise plus stack

height) at some distance downwind from the source. The most important

assumptions upon which the equation is based are the following:

1)

2)

3)

4)

S)

6)

The wind speed and direction are constant throughout the

period of interest.

The plume rises until it reaches an equilibrium altitude;
thereafter the plume centerline height remains constant at all

further downwind distances.

The distribution of concentration values off the centerline is
given by the product of two Gaussian distributions, ore in the

y-direction and one in the z-direction.

The concentration profiles described by the Gaussian form are
not "instantaneous' plume profiles; they represent concentra-
tions averaged over one hour. Consequently, they incorporate

the normal variability of wind flow for this time period.

None of the effluent is lost from the plume. Therefore, when
the plume intersects the ground surface, it is assumed that

all material is reflected back above the ground.

The effluent rate is constant, and the meteorological param-
eters determining plume geometry are constant; (i.e., the

equation represents steady state conditions).

Because this form of the Gaussian model is not entirely appropriate

for emissions from a single aircraft traveling down a taxiway or a

runway, the next three sections describe each of three modified, or

quasi-instantaneous, approaches to this Gaussian form of model. Also




described is a numerical advection method for solving the same original
transport equation. All of these approaches are expected to be more
appropriate than equation (B-3) for modeling the concentrations in the
near field of a taxiway or runway.

B.2.1 Quasi-Instantaneous Gaussian Models

When single-event concentrations are to be predicted, the instan-
taneous line source form appears immediately to be the most correct
form, since we are concerned with the passage of a single source (the
airplane) along a line (the runway). When many airplanes are in con-
tinuous transit along the runway with only negligible spacing in between,
it is normal to sum up their contributions and arrive at the usual
"continuous line source' form of the Gaussian equation commonly used in
highway modeling. In the analysis of the single-event data (Section 6),
three different modeling methods have been compared against measurement
data obtained at Dulles Airport.

These methods differ only in the derivation of plume spread para-

meters o and o In each case, the derived parameters are utilized

2
with a single "instantaneous line source' form of the Gaussian diffusion
equation to determine the expected peak concentration at each sensor.

The instantaneous line source equation is derived below.

Instantaneous Line Source Gaussian Equation

In order to derive the Gaussian diffusion equation for an instan-
taneous line source at height, H, it is convenient to rearrange

Equation B-3:

1 LIyl
x(x,y,z,H) = 8L exp -3
; > /E;bv é %
1 H) 2 1 (z+H)?
z2- + :
ko exp - 3 —o—- + exp - ¥ ic-,—- (B-4)
21roz 2 z 2

where x is the pollutant concentration in g/ms, Q is the source strength
in g/sec, u is the mean wind speed in m/sec, and oy and o, are the
standard deviations of plume read in the lateral and vertical direc-

tions, respectively.
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This form of Gaussian equation allows for '"perfect reflection' of

pollutants by folding over the vertical distribution at ground level.

The result is a doubling of the surface concentration through the second

of the curly bracket terms, as can be shown by setting the height, z, to

zero.
The two curly bracketed terms are, respectively, the ''probability
densities'" of pollutant mass in the y and z directions. The area under

each probability density curve is, by definition, unity.

The conversion from the continuous point source form to the instan-

taneous line source form of the Gaussian equation is straightforward.
The continuous point source distribution is Gaussian along the y-axis,
and constant along the x-axis. Conversely, for the instantaneous line
source, the distribution is Gaussian along the x-axis (normal-to-the-
runway axis), and constant along the y-axis (runway axis). The proba-

bility density along the x-axis may be written as

2
1 1 Xm
P(x) = —————— {exp - — (B-5)
van 5 2 cx

where Xm is the distance along the normal from the plume centerline or
parallel to the mean wind component normal to the runway. Since the

distance, Xm, is measured along the normal wind axis from the plume

centerline, we have to take into account the motion of the plume center-

line as advected by the wind normal to the runway. If x is measured in

a stationary coordinate system from the runway centerline to a sensor at

distance d2’ then the transformation to the moving coordinate system
(Xm) yields:

X = d - ut (B-6)

Where u, is again the component of the mean wind normal to the runway.

When 6 is the angle between the mean wind direction and the normal to

the source line, then u = ucos 0. The coordinate system outlined above

is depicted in Figure (B-1). The probability density along the x-axis

now coincides with that given by Sutton (1932), as used by Turner (1970)

in equation 5.21:
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P(x) =

exp

7

Here, P(x) reaches a maximum when d2 = unt, or the centerline of the
plume blows over a sensor at distance, d2, from the runway centerline.

The only remaining problem is that of defining the proper line
source emission term, g [gm/m]. The term Q/u in the continuous point
source equation does have the proper units, but we must redefine the
velocity u in the transformation to the instantaneous line source form.
Three velocity vector components along the runway axis can serve to
stretch and compress the plume and alter the emission rate per unit
meter. They are: (1) the component of the mean wind speed, up = u +sind,
parallel to the runway (along the y-axis); (2) the jet exhaust velocity
uj (y); and (3) the aircraft taxi speed, s.

Lacking satisfactory knowledge of the jet exhaust velocity as a
function of down-runway distance, only the effects of s and up have been

considered in this analysis; so that

a4 e -5
P
rather than :
qQ » Q(s ¢+ Y, Ly) * up) (B-9)

Substituting P(x) (Equation B-7) for

2
exp (-1/2 =) = P(y) (B-10)
/2 o, o

in Equation B-3 and using the redefined source term (B-8), the resultant

form of the instantaneous line source equation, as used in the preliminary

analysis is:
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In trial analyses, plume rise was characterized by three different
methods. The first characterization assumes no plume rise, so that the
mean plume height stays at the mean exhaust emission height. The other
two characterizations are the expressions fit statistically by R. J.

%i ’ Yammartino (March 1577) to the data from the November 1976 single-tower
: experiment. His first expression is based on a mean plume height, the
second on a Gaussian plume height.

At the first tower, the three plume rise characterizations express
the plume centerline height as

H=A 5 +B /A

where u(mph) is the wind speed for each single event. The subscripts 1

. —

and 2 refer to two sets of aircraft types (see Table 7-2). Values for
the parameters are:

T

: No Plume Rise Mean Height Gaussian Centerline

£ Al(ft) mean exhaust height 24.7 -2.6 &
ﬁi A, (ft) 1/2 mean exhaust height 297 9.1 !
¥ By (£t mph,’5) 0 205 65 1
%g B, (ft mph™’ ) 0 9.9 43 i
§

In the analysis, plume rise was assumed to be complete by the time

the plume reaches the first tower. Thus, H was assumed to be identical

at all sensor distances downwind of the taxiway or runway.

Modeling Approaches Used to Define Sigmas

g DA A oSt VR o1

In order to evaluate the Gaussian diffusion equation, the standard

4

deviations of plume growth, Y% and O, must be known. This analysis




explores the methods used to quantify o and 9, through three methods: f
(1) a method suggested by Turner using Pasquill-Gifford-Turner disper-
sion parameters, (2) a method based on the measured turbulence data at
Dulles airport during the experiment, and (3) a circular jet method.
The first two methods are chosen because of their frequent usefulness
in obtaining estimates of concentrations or doses from Gaussian models.
The 3rd method, the circular jet approach, is chosen in order to
realistically model the physical process of jet engine wake dispersion
(see Lin, 1958).

At time, t = 0, all three methods assume an instantaneous line

source centered along the runway, as indicated in Figure (B-1). At the
aircraft itself, the plume is assumed to have an initial volume based on
the engine geometry of the particular aircraft being modelled. Behind
the aircraft, the volume of the plume grows in direct proportion to the
growth rates of o and 0, When the initial size of the plume is greater
than zero, the usual course is to describe a virtual source distance,
Sv' at which the plume dimensions extrapolate to a zero source volume.
Thus, oy and o, will be always proportional to the distance from the
virtual source.

Dispersion parameters at any down-plume distance can then be expressed

as functions:

(s €} "
o o 8@, N s B w853
X 2 un v
(S*U)2
o, =g (d|f1 + "_B;‘L +5) (B-12)

where dZ is the distance of the sensor normal to the runway at which
O and o, are to be quantified.

From the plume's initial location along the runway at time, t = O,
the plume is advected by the component of the mean wind, un, normal to
the runway. Figure (B-1) illustrates this process as the plume is
advected by W, = ucos® from the runway to the sensor at dz = 165.5m =

ut. During this same time t, the portion of the plume at the sensor

B.8




has travelled a distance from the plane, parallel to the runway, dl -
(s + up)t, where up = usin® is the component of the mean wind parallel
to the runway (neglecting the contribution of the jet exhaust velocity,
uj(y) in transporting plume mass away from the aircraft). Therefore,
the distance that exhaust is transported from the aircraft to the

sensor is:

B
b Vd2 LR T [y ST (B-13)
¥ ucoso

so that, in equation (B-12) above

s =f (D+8)
X v
s, =g (D+58) (B-14)

where the functions f and g depend on the method used. A description of

cach method and the critical assumptions necessary in their use follows,

Pasquill-Turner Method

The initial volume of the plume is taken so that 4,72 B equals
the exhaust span and 4.72 o, equals twice the height of the highest
engine above ground. Thus, the initial plume width in each dimension
is taken as two pulse widths (one pulse width at half peak height equals
2.3060). This is the same as saying that 99% of the plume mass is con-
tained between the two most widely spaced exhaust jots in the horizontal
and between the ground surface and twice the height of the highest
exhaust jet in the vertical. These initial source dimensions are
described pictorally in Figure (B-1). Observations of aircraft exhaust
plumes closely support these choices of initial source dimensions. Two
virtual source distances are described, one based on the initial o at
the aircraft, and one based on the initial oL at the aircraft. (See
equation B-12,) The sigmas are then quantified at sensor distances
d, = 65, 115, 165 meters by the look-up tables in Turner (1970, Figures 3.2

and 3.3).




Critical assumptions to this method are:

a)

b)

d)

e)

£)

The growth rate of the standard deviation normal to the
runway, o, can be described by oy growth curves from Turner
(1970).

Although a quasi-instantancous line source is being modeled,

the ox's and oz's chosen are those used to describe spread
from continuous sources. This choice is based upon the fact
that the source is somewhat more persistent than a puff-like

source.

The only contribution of the jet exhaust dynamics is to "advect"
pollutant mass parallel to the runway. This approach assumes
that jet exhaust dynamics plays no role in diffusing the plume

normal to the runway.

The effect of wake caused by the body of the aircraft, as it
obstructs the mean wind flow, can be entirely taken into
consideration by the choice of the above mentioned initial

source volume.

At the runway centerline, the plume is assumed to have a
Gaussian distribution, although one might expect the plume to
be composed of the superimposed Gaussian distributions of
spread from each individual engine exhaust.

The plume does not grow appreciably in the time its width from
+20 to -20 passes the sensor. This assumption has no effect
on the centerline plume prediction but will cause errors in
off-centerline predictions and derived pulse lengths. An
allowance for plume spread during transit past a sensor should
be made in order to compare predicted pulse lengths to obser-
ved pulse lengths. Experimental data suggests that the plume
grows appreciably as it passes a sensor; many of the pulses

on the strip chart are log-normal.




g) The taxi path of the aircraft is sufficiently long to allow
a steady-state situation to develop. The model will be in
error if the aircraft turns at the end of the taxiway while E
it is still contributing pollutant mass to any sensor. Such

cases should be analyzed in a different manner, as by the
Argonne Line Source Model.

Turbulence Measurement Data Method

The standard deviations of plume growth % and o,, can be derived
at any downwind distance by knowing either the standard deviation of
the azimuthal wind angle, Og» OT the turbulence intensity, ou/u.

Based on %> the relationships are:

b
o, = adgy (D + va)

ik d
o, = €0y (D + sz) (B-15)
where a, b, c, and d are coefficients tabulated in Slade, 1965
(page 134, Table 4.7).

Based on ou/u, the relationships are (Pasquill, 1974):

9% % ou(D + va)/u (B-16)
q, in 0.6 oy for neutral conditions
R for moderately unstable conditions

Both of these approaches were tested in the analysis. The param-

eters % and o /u were derived from the measured turbulence data, and

D+S was computed as in the Pasquill-Turner method. Critical ?
assuﬁp?foﬁs a) and c¢) through g) from the Pasquill-Turner method also ;l
apply here. |
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Axisymmetric Jet Method

It is well documented (see Lin, 1958) that an axisymmetric (cir-
cular) jet in a boundary-free medium growing in width, Dg» with respect
to downwind distance can be described by:

Zox = De = 2d tan ¢ (B-17)

where d is the downplume distance from the source, and ¢ = 5° is the
radial growth angle.

The modeling method here is still quite similar to the Pasquill-
Turner method and can also be described by Figure (B-1). The only real
difference here is that the above linear growth formula is used to
derive Oy instead of Turner's sigma curves. Also, since the growth is

circular in the circular jet approach, G Wy is assumed.

The virtual source distance Sv’ can be defined through trigonometry

as:

LH (B-18)

Sv * Ttan ¢
where LH is the exhaust span in the horizontal.

Only one virtual source distance is described here and it is
dependent only on the horizontal exhaust span and independent of the
height of the exhaust jets. This is critical to the circular jet method
since the method is based on the assumption that the plume always has
equal horizontal and vertical dimensions and it is not, therefore,
theoretically correct to describe the plume as anything but circular.
Thus, the horizontal exhaust span depicted for the Pasquill-Turner
and Turbulence Data Measurement Methods in Figure (B-2) is, for the
Circular Jet Method, also taken as the initial vertical width.

The complete formula for 9 and o, is:

re

b

s
%% % tane(d, y1 ¢ ;3 * Ztan¢ (B-19)
B.12
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The concentration, x, is computed as before. The critical assumptions

to this approach are:

a) Diffusion is a consequence of only the dynamics of the jet
exhaust plume itself. The contribution of mixing due to
turbulence in the ambient air has been considered small, in
this preliminary analysis. In later analysis, ambient
turbulence may be shown to become important after some down-
plume distance where jet-generated turbulence has decayed to
such an extent as to have comparable intensity or eddy

diffusity as the situation in the ambient air.

b) A basic assumption is that we are, indeed, describing a
circular jet, even though the horizontal exhaust span, LH’ is
much longer than the vertical exhaust span, LV. Indeed, the
approximation of a plane jet (very long width, very short
height) may be more valid. In this case, Lin (1958) suggests
using a half-width growth angle in the horizontal of 6-1/2°
rather than 5°. The half-width growth angle in the vertical,
however, is not well documented, since few experiments can
sufficiently match the plane jet in its theoretical limit:
infinite width, zero height.

Assumptions (e), (f) and (g) from the Pasquill-Turner method
above also apply to this approach.

B.2.2 Quasi-Continuous Gaussian Models

The transport model utilized in the AVAP program is based upon the
Argonne Puff Line Model approximation to the continuous Gaussian form of
line source model identified at the beginning of the previous section.
The Puff Line Model is conventionally used in AVAP with source and
meteorological data and dispersion parameters that most nearly represent
hourly average behavior of a continuous source. In the current model
development effort, the basic Puff Line Model has been modified to
incorporate "instantaneous' (three minutes) meteorological data and
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dispersion parameters. The assumption of a continuous rate of emission
over the length of the source aircraft's path is made here, but the
assumption is also made that the period of emission is short compared to
the transport time to the sensor receptors. A more approximate assump-
tion that accompanies use of this form for analysis is that the period
of peak concentration passage (or dose accumulation) is small compared
with the (three minute) averaging time for the meteorology. The advan-
tage of the Gaussian Puff Line Model is its ability to accurately
calculate dispersion rates for wind angles which are nearly parallel to
the taxiway, and the ability to handle accelerating or decelerating
sources. A detailed description follows.*

To treat long thin sources and, in particular, mobile sources such
as aircraft and motor vehicles, a general line source model has been
developed. The basic theory of the Line Source Model is presented in
this section. For further discussion of the theory the interested
reader is referred to (Wang and Rote, 1975; Rote and Wangen, 1975).

The basic line source equations can be derived using an approach
similar to that used in the Puff Model. We begin by assuming that the
effluent emitted over a time duration t, from a finite straight line
segment, can be treated as a sequence of long thin "puffs'" or '"linear
puffs" extending over the length of the line segment.: In other words,
if the average concentration at the receptor is given by:

X = %—Ic(t)dt. (B-20)
where C(t) is the time dependent concentration, then we are assuming

that this expression can be replaced by the alternative expression:
~ — 1
D M-I [cimdt (B-21)
i i

where Ci(t) represents the contribution to the receptor concentration
from the ith linear puff as a function of the time. The duration t is
taken to be the averaging time (= 1 hour) over which the meteorological
parameters are considered constant. It is further assumed that the

*This description has been prepared by the original authors of the Puff
Line Model, D. M. Rote and L. E. Wangen.
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time of formation Y of each puff is short compared to the averaging

time t and that each puff rapidly comes to rest relative to the ambient

air mass. The effect of the penetration of a jet exhaust plume into the

ambient air due to the high exhaust velocity is discussed in Appendix B.
With these assumptions, it is convenient to treat the transport

of a linear puff of pollutant using the Green's function technique. For

a ground-level horizontal line source at an angle ¢ relative to the

wind, we can write the concentration due the release of such a puff,

at the receptor point (x,y,z) averaged over the period t as:

X " % F dt JL d £ K (x,y,2;€,t) q, (B-22)
o o

where a; is the linear mass density of the puff, and L is the length

of the straight line segment.

In general, the linear mass density q will be a function of position
along a particular line source. For the present, only uniform linear
mass densities will be considered. (The topic of non-uniform emission
densities will be discussed in detail later.) For the special case of
constant density,

Mass | _ Qi ass)
G Length L(Length)

where Qi = the total mass of the puff. K (x,y,z:£,t) is known as the

transport kernel and can be expressed as

K (x,y,2;E,t) = (2vr)"7’/2 oh‘2 & ">
Z
(x - £ cos ¢ - ut)2 vty ~ & sin¢)2 z2
exp - > + 5 (B-23)
Zoh 202

where ¢ is the angle of the line relative to the x-axis. In writing
down the above expression, we have temporarily ignored ground reflection

and 1id effects and chosen the x-axis of the coordinate system along
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the wind vector y with the origin of the coordinates at one end of the
line. Furthermore, we have assumed that the turbulent diffusion of
pollutant about the centerline drawn downwind from each infinitesimal

line element df can be represented in terms of the usual Gaussian
horizontal and vertical dispersion coefficients % and 9, respectively.
These coefficients are assumed to be functions of the stability and
travel time.

If t = the travel time for a puff, then, since we have assumed
that L is short compared to t, it follows that the exposure time of
the receptor to the puff will be limited to the time interval from
t - si/2 tot + si/Z, where the exposure time duration (Si) is less
than 1. In other words, the transport kernel K (x,y,z;§,t) is highly
peaked in the neighborhood of t so that one can effectively rewrite
the integral in Equation B-22 as

L
1 ' 3 =
xi e -T- - - JO o ql K (X,)’,Z,E,t)- (B 24)

Furthermore, provided K (x y,z;£,t) is sufficiently peaked at t = t, it

is permissible to replace the functions % (t) and o, (t) by their values
At t=t, 1.0, Gh = o v, 5; =0 (t) inside the integral. Consequently,
for uniform emission density, the average concentration can be approximated
by

o «1/2 s o] 2¢
X; = 27 (@2m a; (sing 0 ) ~ exp |- 2
ut
erf .Ls_ln:u + erf __l 4 (B-ZS) ;
V2 o V20,
h h i

The division of a long line into short segments to insure the {
criterion $; <1 is performed automatically within the line source 1
dispersion model computer program. However, no attempt is made within

the computer program to subdivide the width of the line. Hence, for a
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line of width W, after a sufficiently long travel time T, the condition
> t will be violated. In other words, assuming that the downwind

s

i
plume dimension is given by 2 * % J, T+ Tw) where J is the stability,
T + T" is the total travel time from a pseudo upwind zero width line

source, a value of T exists such that, for greater travel times,

2" % J, T+ TW) >t * WS. (B-26)

For the extreme conditions of stability J = 1, t = 1 hour, and WS = 1 m/sec,
we find that, using the dispersion curves of Figure 13, $; > T when
T + T" > 3,000 sec. Under such conditions an approximation to the
hourly average concentration could be computed for any given hour
during the exposure of the receptor to the plume by multiplying X by
t/si.
When the line is elevated to height H and ground reflection is

taken into consideration the z dependent factor

2

z
exp |- should be replaced by
252
z
(B-27)
2 2
exp |- LE_EEEL_ + exp - Li_;égL_
20z 20z

When one end of the line is at the origin and the other extends essentially
out to infinity, the first error function in Equation (B-25) goes to 1,
and Equation (B-25) reduces to the form

peed < = q; SR
Xgo o 2 1 (2n) /2 1 (sin ¢ °z) 1

ut
(B-28)
22 2
exp |- - 1+ erf |+ z:?}
o, Zoh
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The dispersion coefficients ¥ (J,T) and o, (J,T) already defined in
connection with the short-term point and area source model are also used
for % and Oy respectively. The initial width Ay and height Az of a
physical line source are treated in analogy with the physical point

and area sources by first assigning initial values of horizontal and
vertical dispersion %o and 5% and then computing the corresponding
positions of pseudo upwind line sources. Returning to the total
contribution due to a train of linear puffs, one can regard the train

of puffs as resulting from a sequence of discrete events such as the

movement of a number of aircraft or in the case of a continuous stream of

automotive traffic as simply a mathematical artifice. In the former
case, to compute the total Y, one can simply multiply i} by the number
of aircraft movements provided that they occur within the appropriate
time period. In the latter case, Qi is replaced by the total emission
Q for the line segment for the time period.

When the angle between the wind and the line becomes small and
the line is short (see below), Equation B-28 can be approximated by

its limiting expression at ¢ = 0,

q, L 2 2
= o gl anl/2 (4 T 2 Y __| (B-29)
Xio 27 (2m) L“] {0, o3 " wg |- e R (
&0 _Oh
z

The general expression for an inclined line source with angle of inclina-

tion 8 is derived by Rote and Wangen, 1975,

In applying the above formulas to actual situations, it is important
to bear in mind that the line geometry must be such that an instantaneous

release from each line segment i must contribute to the receptor
significantly only during an interval small compared to v, i.e., 8 ¢,
Thus, for a long line source at small angles relative to the wind one
should divide the line into shorter segments and evaluate effective

3‘ and 3; for each segment separately. It is precisely these considera-
tions that prevent one from writing down a simple expression such as
Equation B-25 for the long line in the small angle case. If a line
segment is above the lid or if an inclined line penetrates the lid, that

portion above the lid is excluded by the calculation,
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B.3 Dispersion Parameter Averaging Times

According to Pasquill (1974) the relationship between the appro-
priate averaging time for wind and turbulence parameters and plume puff

travel time is:

where S is the averaging time, T is the puff travel time to the

receptor (monitor) at distance X, and B is the ratio of the Eulerian

(measured at a fixed point) to the Lagrangian scale (moving with the
mean wind u).* As an example, for a puff moving at u= 3 m/sec (“7 mph)
the appropriate averaging time for measuring the lateral speed of a
puff at a monitor 60 m away is (60/4.5) = 5 sec as long as the sampling
(or emissions) time is at least five times the 20 sec travel time.
Selection of the optimum sampling and averaging times for standard
reporting of wind parameters is complicated however, by four factors;
(1) the times are functions of wind speed, (2) they are functions of
monitors distance from the source, (3) the time period of release is
difficult to determine (it may range from ~1 to 30 sec for moving air-
craft, while it may be virtually continuous in a cueing situation),

(4) the use of chart speeds of 1-2 cm/min makes it difficult to accurately
digitize data for averaging periods less than 6 sec, and finally,

(5) the value of B is not known to have a constant value for all atmo-
spheric stabilities.** Consideration of all of these factors, and the
relatively large data base of research results that exist for sampling
times of 3 min leads to the conclusion that fixed sampling and averaging
times should be used for the estimation of turbulence parameters in the
present analysis program. The present analysis results were based on the
use of high speed wind charts will have wind direction and speed
digitized every 6 sec for the 3 min period centered upon the passing of
a monitored aircraft. This will enable calculation of o Wil B oy and
Moo x s L These values can be used to estimate 0,5 the vertical

dispersion parameter from;

*Pasquill has established that 8 = 4 (s a good estimate by its mean
value.

**The Hay Pasquill measurements of 8 cover a range of 1.1 to 8.5.
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These estimates of lateral dispersion parameters will be directly
comparable to the Pasquill-Turner estimate for the 50 to 200 m
distances over which continuous concentrations monitored. For greater
distances these parameters should optimally be calculated according to
the most recent recommendations of Pasquill (1976).

B.4 MINUIT* Program Used in Multiparameter Fitting Models

The CERN program MINUIT was used in the parameterization model.
This program will minimize a function of N variables, compute the

covariance matrix, and find at xz = X;IN + 1 true errors. Three types

of minimization methods are available to the user. They may be briefly

characterized as follows:

1) Search for the minimum using a Monte Carlo method. This may

be used at the beginning of a fit when no reasonable starting

point is known, or when it is suspected that there are several

minima. It does not converge in the usual sense.

2) Minimize using the simplex method of Nelder and Mead.** This

is a "safe" and reasonably fast method when far from the
minimum. It does not compute the covariance matrix, but it

gives some estimate of its diagonal elements.

3) Minimize using a variable metric method by Davidon.t This is

extremely fast near a minimum or in any ''nearly-quadratic' region

but slower if the function is badly behaved. It fails com-

pletely in regions where the covariance matrix is not positive-

definite.

*F. James and M. Roos, MINUIT, CERN D506, D516 1971.
**J. A. Nelder and R. Mead, The Computer Journal, 7, 308 (1967).
tW. C. Davidon, The Computer Journal, 10, 406 (1968).
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APPENDIX C

SUPPLEMENTARY STATISTICAL SUMMARIES AND CROSS
4 VARIABLE ANALYSES FOR SINGLE EVENT DATA




R

g
£
£
2

2
2
2
E
E

15 BEST Q!

FROM COFY

THIS PAGE

0000°v9
0000°06
0062°902
0009°wet
000£°se
goos* 121
0000°vs
0000°t
0000°09
000%8°1
v000°2e
0008°S
0000°01
0S4ty
0000°02
0842
0000°g1
0083°e
0000° vy

0°0

00
9000°%
0006°6%
gog2°9r
0000°%9¢

0%

°.
°.
°.

coo0o

0000°0%
00s2°0
0000°0S
00s6°0
0000%0%
0001°%
0000°0%
0000°t
0000°20¢
0000°2

WNuIngn

0000°%g
G000°0s
00§2°st2
co0s°net
0008°es !t
0006°¢8?
0000°ve
0000°?
0000°09
000s°t
0000°2:L
005.°s
0000°ge
1% 334
0000°ys
0S40
0000° 9y
00§2°S
v000°9es
0000°t2

wWulZyxn

eSO CT NN

3dnV8

2992°91
29¢L1°91
rg62°52
24568°S1
84%9°
esop°et
0002°61
ive1°0
s2te’2l
262£°0C
(111 24 ]
99.9°0
0284°1
64S9°0
12iv°2
?11£°0
0000°2
eESv°0
LLe5°%
2901°2

NV3iw 4C °3°S

Si2v°*9t
£EP9°uo
2088°69
SiL9°9®
£Eve°we
SIgE LS
sege’er
£SEP°U
9e09°92
29g4°V
LIS A4 9
fe20°¢
1961°S
Sg4s°l
2910’4
2956’0
0000°9
sleg°l
1£96°98
9925°9

‘O.ﬂ

¥IMOL 3INO 1SS 40 A¥VWWNS TVDILSILVIS

Cupg*ile
ou99* 2
00Se° LS
999,°%s
0v0e*wL
££06°4L
0gp02°ig
oug2*u
ogCp®C2
ougs®o
9999°0
oQo2te
000Q°g¢§
19gg°e
9999°g§
9s01°%2
CuUoo*es
Ogle*e
Se6e’Sit
£EE8°S1

NY3m

—_AuMINOr OO0

On BVA

asop
as0p
2s0p
2s0p

MNhe Mbs  Mba ~'-§

o X

(395)

E

»
- N e N O 0O~
-~

(23p) aA
(3dm) sa

Nnvmvor\nmg
D I IR B

9z 105U3g
-‘N
92 g Zanol

.ﬁ'
95

sz A0SUIg

141

18 IamoL

O

W95

C.1




THIS PAGE IS BEST QUALITY PRACTICABLE

¥FxuM COPY FURNISHED TO DDC

S660°600
666£°9%62
9666°192
6665°8£12
666S°t02
0005°001
0000°012
0000°2
0000°25t
00042
0000°20¢
0004°Y
0000°24
US4E°Y
0000°201
0002°
0000°9001
00§4°2
0000°95¢
0000°g2

IINVY

©
©
<
(X -N-X-X-X-X-]

000 e

000

0000000 9WO0O0O000C00O0OWOOO

©00O0OOOAMOO00O0O00
‘@ e @ e wooweveo

WOWINIW

9661 °600
666£°962
96¢06°192
6665°612
66658°102
0005°¢9n?
v000°0%2
vogo°*2
0000°2¢1t
0004°2
0000°201
0004°"
0000°9¢
0S45°?
0000°201
0002°y
0000°901t
00gL°2
0000°95¢
0000°52

WIWIRYN

37dnvs

2LaL Lt
insL°01
pJel®e
6LOv° L
1060°%
0£££°9
o6l 0t
6960°0
0599°9
96£1°0
e021°§S
6891°0
ge28°2
1081°0
0go02°s
26£1°¢
18lo°S
2901°0
EwER°tt
20L40°0

NY3INW 40 *3°S

ogRe*vot

6uuL® 19
negg’es
£594°0¢S
1698°0S
22s6°¢hy
iS99°4S
0S9s°0
lels°eg
entg’o
(YY1 4
0§21°1
veei1®et
geev’l
6g2L°1e
6Ev6°0
9g01°82
§024°0
Ss92°ue
LATY Ad

.Ooﬂ

98t0°%ig
Sg96° 1
899.°%2¢9
989l
Y3 54T ]
99r9°¢0
6ev2°%Ln
1580°%y
6666°S2
ey
7698°0S
6265°1
94vE 4
[TLISA
OesL®sn
00st°t
2908°Sy
68L6°0
2nes*eed
oQog*2l

NY3IN

Lus - 4 ¥04 (SLSAL 0D ¥IAMOL 3INO) AYVWWNS TVIILSILVLS

~NMmManNnoOro0O

On BVA

asop
asop

3sop
asop
asop

L
3
°
w
-

Mha b M ha MRy M B

O~ 00O
PR e

NAO N e
b B I B R

- N e WVNO~ ©

9z 10suag
414 205u9g
141
W92 Ts 2amol
244
W95

9z 20sU3g
sz 10s5uag
44
W92

T4 23m0]
244
V95

C.2




f1bu T‘)lﬂ)c e

2

~Q000°24L
20000°9§
20009°298
~0062°€02
50008°202
Dp0s2°9e
000°06
000°1
000°2¢
0084°0
0000°p1t
0S40°€
000025t
0s2t’ey
0000°90!
uosL®e
0000°921
Q000°2
0000°99
uv000°¥2

THIS PAGE IS BEST QUALITY PRACTICABLE

IONVY

0°0
o'
0000°g
0000°¢
0°0
0000°s
°.
°.
°-
00
0000°pe
os21°0
0000°91
os2t1'0
0°0
0°0
0000° 9
os2t’o

0000%262
0000°t

WNWINIH

OOOO.NB et Oho..ﬂ
0000°bg it OBnCoﬁ
0009°591 st L182°st
0052°902 st 0959°01
000§ °202 5t £09¢°p!
vos2°69 st 0060°9
0000°06 ) £995°6
0000°1 )] 9980°0v
OOOO.Nh 131 Nﬁﬂcuﬁ
00§L°0 a 9140°0
0000°95t st 4566°L
v000%y St 0e92°v
0000°05? s! sele’y
00§2°#n st 0982°0
0000°nn1 st n0§6°01
OOﬂhQO mﬂ Mnﬂ..c
oszi°2 st 1401°0
OOO0.0”M st hO—b-O
0°°°.m~ (4 0094° )
¥IMOL 3NO

9461°22
Se£9°91
9eL9° 1§
20LL°9S
iv9S°4S
9996°82
(SHo° ¢S
600£°0
toge°se
igne’v
2496° 0§
Lm0l
9451°0¢
S401°1
tgfi’co
964" 4
CYYR A%+
1695°V
foLe’vwl
4569°9

.QDQ

LZTL9 40 AYVWANS TVOILSILVIS

0848°%
111134 ]
00tg’es
e682°sn
0099°Ss
006122
0u00°(t
S4E1%0
2elg’s
"3 Rd7)
666£°2S
L9%4°%y
6664°US
ouney
6665°€0
4994°0
0000 °®2¢
££99°0
Sdts®Lls
£LEE°¢6S

NY3IW

~NFIVoOHrOO

On BVA

asop 0z 9z l0su9g
*PP. 81 St J0SUdg
asop 81 .yl
asop L1 .92 1s om0}
asop 91 ,Iv
as0p ST 495
1 v s
A
1 u iosuag
rn®
ot
|
X 6 144
8
x %
9 18 2amoy
J
: g 0
(95) 1 ¥
i) 2 ¢ %
(3p) an 2
(ydm) S [
PE |

C'J




0000°992
0006°091
0064°S92
00§4°062
9664°592
00sL®v02
0000°25t
0000°2
0000°g01
00SE°S
0000°92%
053ty
0000°021
008L°y
0000°%8
908€°Y
0000°06
0008°S
0000°18
0000°93

THIS PAGE IS BEST QUALITY PRACTICABLE

i CusY FURNISHED TO DDC

00§
00s
000

v & T e o @

QOO0OO0ONANMNMOO
(-N-N-X-¥ R R X-¥-]

0%
0000%p2
0s48°0
oooo"on
00s2'0
0000°%¢
0002%0
0000%03

0%0
0000°042
00004

WNWINT W

0000°n92
0006°001
0000°L62
0000°90¢
g666°242
00§4°p02
v0go0®ast
0000°2
0000°001
00s€°s
0000°0s1
000S°Y
0000°0s?t
0000°S
0000°¢e0?¢
00gS°Yy
0000°w»1t
0008°¢€
0000°18S
0000°¢€2

WNKIXYW

gw92°s2
1609°02
LL65°12
1€66°92
6019’02
g9n9°02
sdes°2t
cl6t°0
1€99°01
p9ig°0
1820°¢
9SE£°0
1400°¢
9645°0
2520°4
4045°0
28LE5°9
te82°0
6s21°S
00561°%

37¢nv8 NVIW 40 °3°S

8861°4¢
£6£8°V9
0£i9°¢ee
LEDS°ROT
££21°%9¢
¥SS6°6L
2lgs ity
£5£9°V
6lgn°ss
92no°t
£500°1€
900£° ¢
S110°1g
otin®l
go002°% 42
L1351 Ad
I599°92
L6t11°1
92s8°e!
oesSp e

.QI’

LYL8 40 RNYWANS TVOILSILVIS

8105°0n
6UbL°SS
66l19°%20t
00pg°*901
6eM4°s0
66£2°0L
SoSplit
7989 °0
242492
0008°0
000@°0g
£0le°l
0000°0g
£880°t
0002°4¢
folp°t
6665809
L190°%
i590°91§
4999°s1

NYIN

sNMOoNOrO©O

ON aVA

asop 02
Isop 61
asop 81
asop L1
asop 91
asop ST

L L R R T T L

(298) 1
(add) X
(33p) an
(ydw) sn

-‘Nlﬂ'lﬁﬂ'\ﬁﬁg

9z Josuag
114 10sU3g
4
W9z s Ismol
oIy
W95

92 losuag
£74 dosuag
o1
W92
1# Iamo]
44
95




$M18 PAGE IS BEST QUALITY PRACTICABLE
FROM COrY FURNISHED 70 DDC ___—

0000°09¢
0000°018
0005°»12
0000°tg2
0000°9913
0000°29%
0000°06
0000°®
0000°06
0006°t
0000°291%
Qo§L°%2
0000°9%
0sis’s
0000°22
0s4e°?
0000°94
osat*2
0000°4€
0000°s2

JINVY

0000°we
0s«s’0
0000°0%
0s2t°0
0000°»e
0082°0
0000° 02
0000°S

WNAWEINIm

0000°09¢
0000°01¢t
000s°wt2
0000°0w2
0082°161
0000°991
0000°06¢
0000°
0000°06
0006°t
0000°291t
00g4°2
0000°021
90g4°g
0000°20t
0000°¢
0000°201
oS4
0000°0£¢
0000°¢2

WIHIRYN

0 0 O G OO
-0 ot ot o

-

G o e ot ot v W ot e
- o9 et vt ot b S o v

24t9°08
2440°91
(1T M T4
gitp’g2
0664°u!
6963°91
LLse°gY
otee°0
(YIS %!
1L982°0
elg1°st
L192°0
180£°%
2862°¢
0196°9
09g2°0
2928°L
Le02°0
0Rle°s
£946°1

37¢nV¥8 NY3IN 40 °2°S8

Sliastendan aueCiite s & st S g o

91s0°911
9159°ug
££80°64
L999° 4y
2evE‘’e9
8060°vg
esiLsun
622s°
£4£1°00
toid®o0
9991°ug
9108°y
6vSS° L2
0686°0
etsl1°s2
oehe’y
1862° 92
9S69°v
L561°88
Lrss'y

-n.t

YIMOL INO 8 D0 4O ANVWANS TVIILSILVLS

9999°¢S
9999°0p
oSni®ee
9£10°%0e
8i£9°069
£962°99
9999°2s
00s4%0

0000°2¢
0009°0

6060°S L
£200°%

SpSn®esS
Sege’l

SnSnes
Snof*t

0000°%ng
Se2i'l

65505 1§
91814t

NY3R

uUMTNOoO0

ONn BVA

asop
asop
asop
asop
asop
asop

J
X
d
X
J
X
J
X
d
X
J

(29s)
(wdd) X
(22p) an
(ydm) sM

- NN T N0 OO
-

ATx

sz Josusg
A1
92 (4 13m0}
Oy

-S
9z J0sudg
sz losudg
(141
9z

18 iamo]
Oy
-om

-

C.5




 —

WW
&
Wm
3
-
=2
=
o
[
4
7]
-t
g
ay
0
-
X
&

3
2
:
3
5
1

00us°*L
0°o0
ooot*2s
0089°,
0054°%6¢
0000°Se
0000°0¢€
00s2°0
0%
0%
0000°%¥11
0§40°0
0000°21
0s4ic*0
0000°09
06L£°%0
0000°06
0005$°0
0000°»t
0000°68

0%
0000%g®
084%°%0
0000°2?
000£°0
0000°%2¢
os2t%o

0%0

0'o
0000°gus
0000°¢

WANINTIw

0008°¢
0°0
000S°0n
v0g2°02
0000°so
0000°¢y
0000°0¢
00g2°0
0°0
0°0
0000°29t
vog2°0
0000°ng
CIYT )
0000°0e
v00§°0
0000°06
000s°0
0000°22¢
0000°01

NNNIXYN

LU TR U YA VI U VI URCL VR, VR VR T VA VIR LI VNG, TR, TR S,

YIMOL 3INO

00S4°8
0°0
0080°97¢
0§829°¢
08L6°61
000§°22
0000°st
0s2i°v
0%0
0°0
0000°4$S
6545£0°0
0000°9
GL£0°0
0000°v2
Si8t v
0000°Sn
00s82°0
0000°4
0008°4

37dhVE NVIN 40 °3°S

££08°S
0°¢
1869°¢2
n60P°S
§L01°@2
618’ ig
2glecie
e9LT°y
0%
0°¢u
2019°0g
0£S0°0
1Sen°’e
0£60°0
Tine®ss
2592°0
96£9°%9
958£°0
§669°
9909°0t

6 20 40 AYVWWNS TVOILSILVIS

0084°s
0%
00sn°*n2
0s2n°9t
oget°se
0o0g*ee
0000°St
oget*o
0°0
0°0
0u0o*sot
s212%
0000°8n
$48£°0
0000°99
selg®o
0000°SH
0082°0
0000°s18
000g°0t

Ny3n

~NMINOrOC

On bVA

Isop 0z
dsop 61
asop 8T
Isop L1
asop 91
asop S1

Mbe MEu b My

(29s) I

(33p) an
(ydm) sa

- N T WVNON 00O ~N
- e -

9z osuag
b14 10sUag
ol
92 13 13m0l
84
95

9z 10sUdg
£14 dosuag
o1
92

T# Iomol

44

W95




CABLE

nete’y
226"
211,°91
1566°41
6§02°s1
6681°01
296£°6
g690°V
9806°S
2980°0
16t2°9
5010
0508°¢
sL2s°v
Gg492°9
9902°0
99n2°s
66110
096£°¢
to9nL°0

NY3IW 40 °3°S

weol® L2
XTLAR Y
5088°9¢
Y99n°2e
1E49°69
1969°9n
0L56°0Y
2e0s°0
686L°%2
cnEs’o
Y660°w
ogen®il
T8 %1
6008}
g§12L°v2
996’y
ge00° w2
Sens’o
9295°S1
teln’s

.OQ*

¥IMOL 3NO OT D0 4O AYVWWNS TVIILSILVIS

n
3
(S ]

&3

-~

=

>

4

44

= @ 0000°96 0°0 0000°96 o

~ g G000°tw 00 0000°1@ 6!

8> ovos'oe? 0'0 000s°092 12

mm 0000°60¢ 0054°%s 00sL°91¢ 12

- vou°L0S§ 0°0 0002°40¢ 12

— 00§4°Se! 0083°¢ v006°08es 12

8 0000°0st 0'0 0000°06 1 6t
0000°!? 0%0 0000°s 6t
Joun*2s 0% v000°2, 6t
o0us*t 0°0 000s°t ot
v000°%021 0°%0 0000°021 12
0529°%9 0% 0629°9 12
0000°921 cCo0®0r v000°agt 12
9008°9 vos2'o vog4L®9 12
0000°021 0%0 0000°0¢t 12
0002°s 0°0 voo2°g 1
0000°94L 0000°p¢ 0000°20¢ 12
0sie’t usL0%0 00g6°t 12
0000°ns 0000°262 0000%9ns 1e
9000°21t 0000°9 ©v000°91 12

39NV WhiNWINTIW WiiWIXYw 3dnvs
o — S

iIeng*9t
SO0Inte
2nig®ys
Leng'ss
LART A 1
1485°ng
BLS1'ES
¥9g2°0
68L6°%1T
n§91’e
1458°eS
2isou*t
i1S8°ng
rgge’l
9692°%S
i18e9*v
niistes
0529y
9966°01%
6194°1t

NYIN

o
o

ST JINLr-rCCO~AUMNINO-O©O
" vt vt et vt et T et e

ON BYA

- N e N O~ OO

9z 105U9g
st J0sUag
-'ﬂ
.92 14 13mo]
O
«9S

9z 10SUdg
sz 105Udg
A
92

18 1amoy
oI¥
195

C.7

B




™y

0000°06 8]

0000°%06 0% 795 °S 1806°22
0009°.11 0%0 0009°211 it 6235L°9 1690°9¢
0000°6sS 0000°6 v000°ens '3 g6t12%6!l pEv2°64
0009°%9¢2 0000°9 0009°222 i1 9999°nt g2L0°u9
0000°601 0°0 0000°501 L1 eLt2°e 1809°s¢
0000%021 0°0 0000°02t 41 t1410°8 £6S0°8¢
0000%09 0%0 0000°09 4 L298°S 15s9°22
000S°1 0% 000"t L1 L660°0 123 £ A00)
0000°ve 0°0 0000°0y 41 2100°4 1916°0¢
0000°02 o%o 0000°02 i1 9691°1 S224°y
0000901 0000°¢ 0000°n it i1 1£95°S f£156°¢2
; 9000°, 00s2°0 00g2°¢L i1 0%65°0 2219°1
i 000099 v000°n¢ 0000°06 41 1e92°S 6v2L°i2
i 005y 00s2%0 0004°0 1" 1882°0 TIT
34 0000°2¢ 1 0°%0 0000°2¢? i1 eitn°s $65S5°vg
0008°2 0°0 0008°2 '3 28i1°0 2n14°0
0000°032t 0°0 0000°021 i1 00%19°9 8242
0SLv°2 00 0s4n°2 'y ] S4St1°0 gon9°V
0000°.¢ 0000°6v¥2 0000°9p¢ &1 220¢°S £680°91
0000°%6 0000°¢ ©v000°91 '} £484°0 2000°s
39NN WNWINTW WiWIXvW 37dnvS NVIW 4U *3°S ‘Q°s

THIS PAGE IS BEST QUALTTY PRACT
FROM CUrY FUKNISHED TO DDC

YIMOL 3INO TTOT T 40 AYVWANS TVIILSILVLS

Inee®ut
sges*nt
950£° 19
9602°¢9
LYIg®in
9412%00
Pees°sl
£88£2°0
£299°st
9045°t
0Ln9°sh
tais° 1
9504°%up
#982°1
2895°90
ne20°0
P62S°SH
o9S9°%0
09v9°gis
tin9ciy

NY 3In

asop

o
~

mm asop 61
ot asop 81
o asop L1
ot asop 91
<1 asop §1
nl M
£ o
21 15 ot
i x
ot gt
'S X 6
() 1 8
4 X ¢
9 3 9
3 X s
v (20s) 1 Y
£ (edd) X €
2 (3ap) an ¢
! (ydm) su 1

A

ON avA

9z d0suag
st 10su9g
ol
92 Tg 13m0l
¢4
W95

9z 10sudg
£14 J0SUdg
141
9
I8 Iamo]
4
95

.8

(




——— = e
[ i e ——

THIS PAGE IS BEST QUALITY PRACTICABLE

FROM COrY FURNISHED TODDC ____ -

CITIAEL]

ST ALY
0008°0¢L
unse
vono*ty
oog6* LYl
00¢9°s21
o0syc21
ouit*ott
0n2L°s01
ougu*2

0uou°Se

coou*v9e
cost*2
GOVE ES
voLL*y
0000°5sE
ouue’s
Goou°*9e
ooLe’s
0000°Set
00452
gouo0*ugat
0049°1
0000°Cn1
ocLe’t
Go0Q*221
00E1°%y
0uos®s9
vose’e
QUL et
0000°y
0000°ge!
004s°s
Q000°%¢
Qo112
0006°S
0000°2¢

o
<
<

o
©
-

9
0
0
0
0
]
G
0
v
Q
0
]

co000°2
0C00°Sve

cooconNOO©OOOOOO

000
002

1]

CO0CCO0OO0OCO=~0OO0OCQOCOOOODO
® ® €9 06 © 0 00 %0 08 e 00 e
oo0cCcoc0o000OONOCOOO00OO0O0OO0OO

000L4°%49
0000°e8
0062°%qe¢9
oVoE*eu
0098%0¢
0VUS4°h9
0000 Te
voLeett

oue
2011°01t
oL2(®ent
0000°%»
c*oe.
2°0e
udouL°se
uloe®e
vCaou's
uLos®en
0U02° Laf
ulew’e2
w000°%0¢2
00et°2
PLUT RS
PITYEA
v000°ssE
o0oe’s
vouu*9g
Quge°’s
00Q0°cs
oveg*?
Gugo®oet
[T71 A4 |
vbuQ“ont
004e°1
0V00°LET
uos2*
0000°/9

6Goo°gel
ouLs’s
0000°ny
ouit®?

0000° 158
000¢° 95

wnllyw

T i TR x .
- S e - S, i ke
11 2915’0l vsig*iz " ) X
i 2019°st L569°91 ) FE0P B¢ 10SUIS DML {
13 252002 ¢0§9°82 90 RERY. L S il iad {
s vesu*02 if6e°92 1) ERY W o1¢ |
i€ is99°s! £994°92 " vl Gy o 13m0 |
is toee*et L9502 ' sieid MM MM 1 puz {
1§ Ssef’el 9Lueel 2 il gt
1 nywe el 2lLien in S0P 53 5
131 6995 °¢E 0s49°¢» ov 350p O .97
11 wioLrg IgTe 2y of 250p 65 L1t
13 S9v’es 99L8°62 of o50p. 95 .9< 2omoy 353
11 LY AY i£ 2s0p _S ,08
15 91Se°§ L1 A3111qe3§ 12uin] - [[inbseg 9
€ Selsovte sf  (3395/4,) sBeasay 15 s
b ol L o ”" (33£5/4,) "35UT 17 3¢
15 Uiegtro €5 P Sy lge
- sn92°2 2 (ydw) 2z ¢
if ieso*2 13 (ydw; ": q¢
15 Ign2°s1 of (8ap) °z 0g
£ p6S9°e1s 62 am a%e1aae urtm-¢ 67
154 fi9g2t [ 4 sM afeiare urw-¢ g7
£ OLEE ST L2 iz
131 9iLecy 92 197 10SUIS JHL
1§ eedl*L2 62 180
1 ¥555°0 »2 L ez iosuag iseT
15 vebe°in £ €T
s LT e2 £ TT W81
iR tocs®we 1e i A
£ Sne0°1 02 f oz =y
11 SOuS et ol I 60 .0 .
15 S069° ot %81 el . 4
i ¥iv 's» 13 : il 495 19m0] puz
18 P6e9°y 9 v 91
s t6inss 51 z ST ,08
13 26150 1 "
i1 1ve® 92 £l T R
15 sesel 21 ol S
1% 1609° 2 1 $iaL v
5 Tesett ot ok
i€ 1sv9° i . % S
I8 vifeci M i 13m0 151
"m » X9 ,9¢
£ < (335). < OE
‘£ » (wdd)x p
s $ (2as) Butwry /¥ §
15 2 (2ap)om snoaueisu] 7
I8 1 (yde)gm snoauejsuj [
AZx
374wv8 NYIM 4U *3°S 08 NYIN On BYA
LOL - 9 ¥O4 (SISIL 0D ¥AMOL OML) AVHWAS TVIILSILVLS
p
olses



THIS PAGE IS BEST QUALITY PRACTICABLE

FROM COrY FUnNISHRD TO DDC

0091°c2
000S8° 40
voo2*

0000°0S
0000°®
000£°sg
0009°L§
0000°n2
0000°¢
o0us‘t
0004°S0
eS°rwl
00ug‘e2
v000°0e
0009°0
0000°062
004v°t
vouc’902
00§9°¢C
0000°091
0006°C
0000° (et
0009°0
0000°4C§
00n9°c
0000°491
00C4°0
0000°062
Goo2°t
0000°¢92
(TT 541

I9%vy

® e ® 00000050 00

cCcoo0OCcO0O0OO0OCOC0OCO
000000000000

v°o=
000§ °SE=
0009° 48
0005°68

0005 °0
0002°0
000L°v

0000°9¥!}

0008°1

WhNIngw

0091°¢2
000§°40
0002°1e
000V hs
QUPR°eS
0092°08
(17881 ]
wGo0°09
Qo0£°es
con1®se
00g0° 1§
0600°0S
0uo0*s
0°0e
0°0=
0005°se
00os°*L
uoot’n
000®°0e
8665°04S
voot®ig
v000°0e
0099°0
v000°u&2
004p°1
0000902
v0g9°0
uuoo*onRt
0006°3
Ve0o0° et
0009°0
0000°L0€
00%%°0
vLvoo° el
00n¢®o
0000°062
ovo2°t
0000°692
ovet’t
u0oG°ent
0022°t
0V00°0§ ¢
ouet’s
v000°001
00g2°1
0000°9
0000°01
0000° 9§

WiWIRyw

~¥3w 40 °3°S

(S62°S
49¢49°v1
9ei’st
Is98°0t
21252t
12is°etl
»960°01
v2ne’el
£191°s1
91ge’ 21
LIAT 4!
toeg st
2690°1
ongecul
pongeofl
0g01°%9
90ng°1
6240°0
2fuE°nl
oepg°ig
18u9°9
L2502
1191°%
giEn’en
0225°v
1900°sn
veei®o
9Sn9°vg
ole2°v
LITT AN
Se91°¢
1501°59
usLiY
ve0s°eg
ssetto
9L20°1
s0IE%Y
L081°4w
420
92602
(Y T AL
9909°52
(1Yt 4L
2080°S2
§00§°0
11971947
000e° 82
(1]

OQOQ

sf92°¢
S90t1°11
LT M)
7960°n1
90£g°1t
4901°g1
! 6
AL T AL A
epen°rl
Tolt°gt
190n°21
95S5°u!t

66nLon
lont®2
witett

LIV 711
ves2eot
§025°%22
$9t1°¢
(13784 11
20£2°0
¥suLt I
bagt®o
(1in%eg
0Z1g°0
Sali®lp
fuer2*o
0ne2°es
9482°0
LARTRE T
lest v
1995°s€
9495°0
S026°0¢
216£°0

0085 °0
"941°2g
£0$§°0
£620°%42

680
00Us°ISE
L994°01

LZL8 20 JYWMSNS TVD11S11ViS

- NeNnaroo

o

ssop
asop
asop
3sop
asop
asop
asop
asop
asop
asop
asop
asop

Aitryiqeys 1auan) - [rinbsey
(135S/4,) ?8erary §7
(33€</4,) -3Isur [7

i,)

(ydu) o

(ydm) =

Zap) ¢

aw 2%eisre utum-g
Su a8elase ulw-g

b
hok
~

~

. b M b
=
-

~NMe NO~ DO

-

X

(29s)1

(wdd) X

(das) Burwyy /v
(32p)am snosuelsu]
(yde)Sn SNOSURISU]

AN

8y
9r
b1
144
£y
44
144
oy
6¢
8¢
L£
9€
S€
2%
££
41
£
og
62
87

-

N SN0 DD T
e NN NN NN

w1
74
JAp
495
08
Wl
97
A
W95
08

Wl
W92

A

At
4

Oy

10SUaS DHL
105uUdg 3ISB]

13mo] puz

13m0l 3ST

10SU3S DL

10SUuag 1se7]

13%0] pur

19m0] 3s1

c.10




THIS PAGE IS BEST QUALITY PRACTICABLE

NISHED TODDC _—

FROM COrY F

0095°22
00Tl
0009°s6
0v0S°6L
0001°2s
000S°0¢
vool®es
VoS et
0ov®°got
00t2°0w
00s®°e9
0000°59
0000°t
0002°n1
0002°nt
0000°0S
0001°t
ooum°?2
0008°¢
J00£°0e
0000°0t
0000°52
oos2°t
vooo’et
00ge°t
0000°0¢
oo21t°sg
0000°21t
ouoe‘*2
0000°0¢
0040°S§
0000°0%
008§°2
0000°¢Sn
o042t
0000°%2
0000°y
0000°02
0006°€
0000°§2
ooee°2
0000°92
000t°2
0000°0%

0000°62
0000°21

0018°®
00nE*0
c°0
n00S°t
0%
0o
e°o
ouLs°se
0000°wY
0064° 18
008§0°91
00
oooc’s
0002°nie
0002°% 1~
0o
0008°§
00us°t
0000°§ )
000492
0o0o02°0!
0000°24
00g2°0
0000°4}
0020°0C
¢’
0'c
00ce st
0001°0

0000°062
0000°01

0009°se
v000°19
000t1°2e
v008°0y

g909n°2g1
0V00°2,
000S*ne
0000°gs
vouo®e
U°0e
[T
0coc®os
Quo9’e
vooL°s
0006°02
voo0*21§
0002°%02
0000°4§
DIYE AA |
0000°s§
00g6”°t
0000°0¢
oo21°s
ocou*¢2
"PTIA

Wuoo°se
062y
0000°1Te

0000°22

winlRYw

£
i
£
£
§
£
£
&
£
£
§
£
§
§
£
]
§
£
£
£
£
§
£
£
§
£
£
£
14
£
£
£
§
£
11
£
]
14
&
£
£
1
£
5
£
§
11
£

¥3is0L Oml

£169°9
¢922°s1t
02£9°42
ev91°g2
2909°42
00L4°02
S9£9°11
10811
4020°9%
661°11
(111 MY
22ve° 01
£5€5°0
29E1°y
1521°%
SEPE°9t
218£°0
9§69°0
elLg°e
6229°¢
9E20°§
9015°¢
(178 ")
ooou’y
259%°0
£29(°%
1008°0C
0000°y
"e50°C
eS¥9°y
6L99°0
fe9%¢°¢
"0L9°0
ee2e°s
0965 °v
1868°4
ettt
521°4
2110°1
1109°%s
£964°0

1v49°0
s0s1°11
[ LIY8L)
€§04°0
ostie’e
0509°¢

~¥3u 40 *3°S8

LYL8 40 AMVWNS TYDLISILVIS

4608°11
p2ie°¢e
0099°4n
L221°%un
TTT AT
SL6°5E
6961°02
0925° 1.
L6929
see2°ue
LhLE o
66Cu°es
vLLS°Y
Si91°¢
e501°%
vi0g°e2
£609°¢
LA T AN
98Li°n

4926°¢1 T3
0096°S2 )
L9tuin 9
0o0T°vwg v
FE9n°0g "
ou0te g e
vos2°st 2
54462 in
0020°09 o»
4912°08 of
4901°2¢ 13
£560°Ss (5
fefs°s 9f
4999°% L (33
£5£9°9e »s
1999°2§ 5
v002° 2%
$565°2 5
€840 os
Osf9°eos 62
0uoE°n1 92
£Es§°82 12
4998°0 92
LT ) c2
ougo°! »2
£5§5°91 £2
4955°1 22
vooo* 12
oungs®l 02
4999°S1 ol
[LTLAR 1
EEEF o9l i1
£591°1 ot
vucou°s2 ol
uoen*o ot
4999°0¢ st
ooge°2 21
4999°%2 1
vogg*e ot
££85°92 'Y
4961°2 0
4
9
s
»
£
2
0000°S?t ']
NV 3w on

3sop Ly
3s0p 9y
asop sy
sop ¢y
sop ¢y
asop z¢
Eep 1%
asop ot
350p 6¢
50p g
3s0p /¢
A31110835 J3uan) - [[inbsey g¢

“ 350p gy
i

(13§5/4,) aBerany 1y o
(33€5/4,) ‘IsUT [7 g¢
(4,) 188

(ydw) o z¢

(ydw) o 1¢

(8ap) "o pg

am a8eiase utw-g 67
s a%eiane ulw-¢ g7
J L2

(23s)1 ¢
(mdd)x ¢\
(29s) Butwra J/v §
(3ap)am snoaueisuj 7
(ydu)gu snosueasu] {

AIX

97

Iy

95

.08

ismo] 38|

13%6| pu;

i3m0y 3s1

C.11




GU0S°*9n S e8s1°ut (1) oot SOFEvE
s $249°62 009562 4w po sosuag 1se1
$ 4900°2g Onis 0w 9 250p 9y o1
0005°€9 0095°0) [ 0Ig1°42 09n2°0g (1) 250p <y .97
0029°¢$ 0c02°s!t S se2i°v2 vewzeig 2s0p vy L 1b 1am0) puz
00ev’ss Qoof g} s es22°2? velgreg £ a50p €V ,95
v0EsS®le 0029t 0081°se s L49¢%0n vel oeg 2y asop 7y 08
00St°ee 0065°Sh 0eoL®all s 4999°es oussne i 350p 1y vl
0069°96 000s°2S (1134 3 LIS 1] voes*ne on 350p 0y .92
vo02°291 0002° (02 1 2590°99 0990°301 of S0P 65 ,1I¥
0009°¢s!t 0000°022 s LIS UnEL®9 [ 11 50p §€ .95 1am0] 3S]
6649° 182 8649°162 S 22£2°901 0eon*9 5 S0P LS ,08
0000°2 0000°2 s LI 1T A ouG2°y (11 {i1{rgeys zauing - rrinbseq of
cooe°22 0009 ° 22~ s (505°% PUDL A 111 (33¢5/4,) 98eiany 19 s§
000422 0uoL*2¢~ B Guo2°Cle 111 (336S/4,) "3sUt [7 9§
coos°st 0000°9" 11 0009‘*en ' § S {4,) A%
0uoe’e 0000°1 S 192¢° ) oo2s*e 2 (yda) o zg
| 0004°1 0009°1 s ¢984°0 0or0°2 1y ! (yds) o 1g
! woot®1y 0000°CH [ vilse oong’et of 2ap) ¢ 0g
0C00°»2 6665°0¢S 5 Se06°fEE 62 v 23eia1e UTE-§ 67
voom 21 000s°§ S 0006°e 92 cw J¥eisae urm-g¢ g7
0Guo*21 ouyv’sgl 3 0009°4 8 L2 J 2z
0008°t 00o2° 1 3 Owgu°s 92 1 9z 105U3S ]
0000°50¢ 0000°s$ 3 0uou*ge 52 sz
000e°0 002£°0 (3 uotgeo "2 o ] losuag 3sE]
. Q000°9wt S 0009°49 §2 i 82 ~
00%4°8 3 un09°0 22 fzz vt —~
o~ cuuu’eL S G009°1n 12 Iz .92 ¥
& | 00§»°2 s 0208°§ 02 * oz o
(3] wouo*2t s GuoR°e2 'Y i 61 .10
vog9te s 21 J2%4°1 0! £ 81
0000°g1 S 1e60°S Vo09°*32 o J LT 498 23m0] puz
G282 3 urel®l 0945°1 91 * 9t
B ¥000°92 3 s525° i1 V009°52 P ST .08
— Guees 5 otys®l opencl vl s
= 0000°91 s 28t 000802 £t SR
S 0005°e s »924°) ups2°s 21 i
o 0000°g1 s 2298°9 0009°§2 3 4 1K o9
Py 002€°e s ve01%y o1 X o1
m n 9000°%6! 3 ® 16 .19
83 0080°e s M e
0000°22 s I's L PR BeS
8 3202° s ’ SO
Py 0000° 2% S s (35315 =
& > s ’ (waayr v '
- W 0000°y s 1299°0 0094°® £ (39s) Butety /¥ €
a, 0000°v2¢ % 0002°€1 VOuUe iEE 2 (%2p)qu Snoauelsuj 7
[ 0000°2 s 956°S 0000°01 1 (ydm)su snosueIsu] 1
m m Adn
Invy L P W ulkye 3dnvs V3w 30 °3°S *g’s NYIN O~ av2

¥INOL OML 8 D0 40 AUVWMIS TVOILISILVIS




&
>
$¢
&
&& A7

P&

&5
AJ.%.(

%w

0006°92 0000°e 0006 °* € £ 000s°e Susn°9t 0000°92 £t RN St R vy
666n°9g T 000s°¢ 6666°co1 11 »4§5°01 L9v6° 0§ L199°Ln 21 i a0 i e o o it
2666°092 0000°§9 s666°g28 2t g0t0°02 s6t£°69 9999°c61 13 g e T -
0000°S 0000°52 0000°0¢ £ 1999°1 L9889°2 4999°92 ot A “ p— ~
0008°t 0°0 0006°t ® 2822°0 2159°0 s215%0 6 Sy )
0000°S9 0000°S 0000%06 11 §610°4 2i92’s2 gtgt’so e S b PR BNV
0009°1 0009°0 v000°2 i oon1‘o SiLn®o 0002t L sde, T )
0000°Gt 0000°s2 000000 2 YLINA P895°S 9999° 1 9 o0 1o 9 i,
0009°¢ 0000°2 0006°01 21 £294°0 g£845°2 0053°S 3 s PR i
0000°09 0000°591 0000°g22 ot 8924°9 o2¢(2*12 0V0s°set " o) &
0000°ps 0000°s 0000°c6 21 s6st1°01 L521°s¢ 0000*n2 s (wda) 0§

(R 0000°t 0000°} N 0°o 0°0 0000°t 2 odiy 3% 2
0000°9¢ 00Q0°2 0000°9¢§ £} 982¢°% 2902°2t £5080°'12 1 e

L)

39NV WNWINTW WiWIXyw 17dw¥s NVY3Ix 40 *3°8 ‘a’s R ET O~ ¥9A

£0¢ - @ ¥Od SIS3L 0D GIIT4NT 40 AYVINNS T¥I11STivis




B T ¥ T T T SRPTRT ., gLy et R

0060°9
0000°2¢
0000°99
0000°02
0005°0
0000°¢y
000g£°Y
0000°S1
0000°%
0000°29
0000°€e
(3]
0000°09

A9NVY

0°'0
0°0
0000°2t
00
0°0
0%
0%
0000°s!t
0009°0
0000°99!
0000°e
0000°2
0000°t

WNWINIW

T VSR Qe T

0000°9
0000°2¢
0000°94
0000°02
0008°0
0000°sn
00os°*t
0000°0¢
0009°2
0000°0s2
0000°66
0000°2
0000°te

WAWIXYW

L500°2
0eft’e
i218°0t
1999°9
0vw01'v
1929°¢
§081°0
029s°2
9962°0
1556°21
c861%1
0°0
n2t1t1°9

SOOI HSLDIMBOM

37dw¥8 NV3W 40 °3°8

£591°p
gsef£22
L084°82
04wS 8
09120
cost®i2
S999°0
9n25°9
9924°0
Gi48°s2
L826°92
0%0
22i6°nt

*a’s

4999°n
£6£9°92
000G° ¢
££E€5t
0vos*o
4999° .2
£591°0
0000°s2
000Nt
0000°*202
0005°9¢
0000°2
499102

NY3IW

LZL - 9 yo4 S1S3L 0D Q1IT4NT 40 AUVIBINS TYOTLSIIVLS

CAUMIMNOEF-DO O
- vt vs o

ON ¥YA

<

Jas‘wdd; “asoqy

sas‘wdd) asoqg
J9s ‘wdd) ﬁuvc;

¢
d98) *

=da; S

(2as) *
(wdd) Tx
ses) |
(wdd) '
(8ap) -
(yde) n
24y D%

IR LELE

o133
uotirig

uotielg

worarly

wo1Itly

worir;

C.1l4




-

379viava jx3In 3Ini 0L ~O €309 wyy90ud

0000°9018 0’0 0000°901
fe60°022 0008°49 9606°51E
J70vIuVA iX3n IMA 04 NO $309 wyu90ud
0006°t 0°0 000s°t
0000°¢4 0% 0000°S4
0009°¢ 0°0 0009°¢
0000°02 0000°02 0000°0%
0004°21 0006°2 0000°61
0000°0¢ 0000°002 0000°0¢2
£000°2¢ 0000°4 0000°66
0°0 0000°€ 0000°¢
0000°92 0000°21 0000°9¢
I9NVY WAnININ WNWIXYW

*T ol vno3 w0 8837 81 ¢° 378vI6vA

3 s950°9¢ 669(°20
[3 oves° 00 9525°0¢
't o4 Yvyne3 #0 837 81 of 378vIyvA
£ 2999°0 9958°0
s 2002°21 £L4v* L2
[ 2086°0 fi82'1
s 2tes’sS 6298°4
3 g045°2 2005°s
£ 96L2° 4210°91
9 esott22 L615°60
9 0°0 0°0
s 0945° ges2°os

37dnve wNVZw 40 *3°S 'a's

LvL - 9 ¥04 SISIL 07 QI314NI 40 A¥VIS®IS TVOILSIIVIS

804 38YI 4C ¥3IEwnN

6668°99 2
6666°681 1

403 3I8VI 40 uIEwMN

££€5°0
0000°%6¢
00961
0000°92
008’y
4999°112
0008w
0000°¢
0002°g2

_-NMBTNO- OO

NYIN On ¥VA

@ r

- oW oW N

. BoTIENC

"

C.15




000S°6t
0000°Se
0000°%0%
0000°0¢
0006°0
0000°02
0000°2
0000°st
000S8°t
0000°ge
0000°¢
0o
0000°09

INVY

0000°g
0000°¢
0000°04
0000°g3
000%°0
0000°¢2
0002°0
0000°02
0008°¢€

0000°¢c9t

0000°s
0000°y
0000°g

WNWINIW

SO/ DODOSODENSAN

00S4°6

9200°23
fetg’st
0000°¢?3

t1202°0
0£l9°¢
£st9°%0
12i0°2
99t12°0
tel6°l
§L40°8

0°o
pe90°L

374kVE NV3IN 40 °3°S

9984°st
$098°0¢
9528°4S
251212
to0n°0
99990°
2i10°%1
£650°9
LI11 38
I IRAY
n6£9°2
0°0
S492°L8

‘o's

002t
00§.°90
0052°011
0000°0¢
00Sn°0
0000°ss
tEEn°t
9999°92
L990°y
0000°891
££50°%
0000°
L991°02

NY3INW

2g Y04 S1S31 0D QT314NI 40 A¥WISNNS TYDILSILYIS

oM IWVOOO

© o

9

P

|

C.16




0000°2%
0000°0%
0000°0€
0000°St
000£°0
0000°sy
0000°0
0000°0¢
000L°0
0000°S
0000°¢€e
0'0
0000°9¢

INYY

0000°¢
0°0
000822
0000°s1
0002°0
0°0
0°0
0000°st
0009°t
0000°¢9t
0000°9
0000°¢
0000°9

WAWINIW

0000°gt
0000°9t
000c°2¢
0000°0¢
0005°0
0000°cy
0oon°0
c000°¢2
0001°2
0000°%¢91

0000°%¢
0000°29

WNNIX VYW

01 2@ Y04 SISIL 0D QI3I4NI 40 A¥VIENS TYIIISIIVIS

0000°9
8629°S
200L4°%0
0008°¢
0081°0
t410°5t
202t1°0
fE€€°s
9912°%0
0006°t
2102°0¢
0°0
1626°08

MMM AN N A

37dnv8 NVIN 40 °*2°¢

£Se0°g
1154°%6
£690°81t
9909°01
12t12°%0
29ngte?
2902°0
SE4L°S
994£°0
£121%
ootg*as
0°0
oog2°et

o)e.

0000°¢
£5£0°%9
4999°9¢
000s°*22
00sg£°0
£e£¢°¢2
4991°0
4999°12
4999°1
000§°991
49999
0000°¢
4999°¢c2

_-MINOH~OO

295 'mdd) muncn
ces‘mdd) ‘“asog
as‘add) ‘asog

23s)
wdd Zy
[a9s) *
wdd,

23p) -

2Ly oy

. dUaA3

VA

c.17




398VINVA AXx3N 3L 0L ND

0000°9n 0000°21
000s8°0 0005°0¢
3IQVINVA IX3IN 3NL 04 NO
000$°0 0°0
0000°02 0000°0%
00090°0 0000 °0
0000°01 0000°52
voot®*t 0004°2
0000°419 0000°093
0000°06 0000°%6¢
0% 0000°s
000091 0000°91
IINYN WNWHINIW

$309 wyN9NNd
0000°09
0000°%¢

$309 Wyvy90Nd
0008°0
0000°0¢
0002°t
0000°s§
0000°¢
0000°L66
0000°66
0000°S
0000°2¢

WNNIAYW

Y nd Tvnd3 w0 §831 61 5t ATYVINVA HU4d 3ISVI 40 ¥IAWNN

? 0000°62 1ine°ss 0000°9¢ 2t

2 0062°0 $£S£°0 00§L°0e 1t
T 04 Tvnd3 ¥0 €839 €1 03  3VGVINVA ¥0J4 38B¥YD 3I0 HIGNNN

2 00§2°0 9£55°0 0052°0 6

] 0000°0% 12ni°et 0000°0#h ®

2 0000°0 1696°0 0000°%0 4

2 0000°¢ 1140°%¢L 0000°0§ 9

2 0058°0 8LLL®O 00g2°¢ s

H 000S°gon €£90L° LS 000§°gwS )

e 0000°Sy 96£9°%89 0000°pg £

F] 0'0 00 0000°¢ 2

] 0000°9 LEtg 1Y 0000°%2 1
37duv8 NV3IW 40 °3°S ‘0's NYaW ON NVA

1101 1 ¥0d SIS3L 0D @I3II4NI 40 AYVIBNNS IVOILS1IYIS

(ras'wdd) Sasoy
~as‘wdd) ‘asoy

i
sas‘wdd,  ‘asol

e
Se

Pe

uot131335
uotiels

uotaely

uorielg

uotr3elg

uotiely

C.18




¥ e ———————— - B » cils .

PRACT L vniild
S

ITY
ang

QUAL
0

18 BEsT
FURNLSHED

THrS
e

costmdd Tasoy €t Tls WOT3DIS

1°0 0°0 00§teot ] L1911°1 sesi‘e tene*e £t CRth L e o
”wmu...‘ “wmn: 006L°9 6 £90L4°0 gese¢e 0062°¢€ 21 R s e T e
00S£°61t 00§9°2 0002°t2 6 09g0°2 - 6201°9 £569°9 1 i o
0000°09 0000°st 0000°¢ v »n10°6. 0899°2?2 0g2tess 0t B | g { o
g682°0 oto0*o 0062°0 8 26£0°0 9660°0 Ssgliteo & S RE ot
0000°59 0000°s} ¥000°0¢ 6 0426°9 $£94°02 viLLoLe a " e i
oep2°0 0220°0 0042°0 6 g§1€0°0 8§60°0 naste9 L et
0000°09 0000°0. 0000°06 6 8686° L s619°82 3333811 g St T LR
00690 09€0°0 00§8°0 6 9960°0 gE91°%0 62£5°0 s sdd o
0000°00t 0000°091 0000°092 6 §009°11 03108°n§ Tiiteise ] Bap; 2 %
0000°21 0000°2 0000°nt [y I TR fecten 1999°¢ £ w3

0% 0000°1 0000°1 6 (3] 0°0 0000°1 2 i e ¢ 1
0000°9¢ 0000°$ 0000°e€ ® pes2’n tet1s%2t 0000°n2 1 Sk A

iy
IONVYN WNWINIW WNHIXYR 37dnve NV3IW 40 °3°S ‘0°s NY 3w ON MVA

LOL = 8 yod S1S3l uow 4303¥%Y1L 40 AYVINNNS TVDILSILVIS




{
|
!
|

‘>2s'wdd) ‘asoqg 1 1 worizes

3 . U 0000° ot 09ng°0 t1v60°t os0g°t £t e i st
4 0081% 0059*0 0000°¢ nl "5e5°0 1200°} 9959°2 1 R e Bl s
; 0008°9 000L°0 0008°¢ v} 1655°0 veto®2 6LLitY 3 Gon 51 oy
1 0000°04 0°0 0000°01 ot 2924°1 v2gen2 0006°S2 ot .t ] - g
0091°0 0°0 009%1°0 £ 9910°0 7090°0 inL0°0 [ o T 4
0000°0s 0000°01 0000°09 1 50980°® gi92°st 1894012 ° B “ F— o
: 006£°0 00£0°0 002%°0 ot »1£0°0 AN n2L1°0 i st
; 0000°0¢ 0000°0¢ 0000°09 nt mo—mum osstl°st I TAY 9 s “ 2
00E¥°0 0040°0 000%°0 »t 24580°0 £6£1°0 £162°0 s .“5 K 8
0000°08 0000°06% 0000°042 1 ] 991€°4 1945°42 53”.2 » M‘H. sl
£ 0%0 0000°2 0000°2 v} 0.0 € e g : i+ il
[ ]
0000°s§ 0000°2 0000° L€ vl bret L s2s6 tss%e s
I9NVY WNANINTIN WNWIXYH 374n¥8 NV3IW 40 °3°S ‘qg’s NYINW ON ¥VA

o X
\&QW.@Q»@ LZ¢L - 8 y¥0od S1S3L ON 440I]YL 40 AYVNRNS TVIILSILVIS




0004°%2
00§S°n
002s°s
0000°06
ocet'o
0000°¢9
o2ntl®d
0000°0¢
ovel’o
0000°00
0000°%¢
0%
0000°%62

INVY

0°o0
0042°0
oog2‘2

00

0°0
0000°s1
0et0°0
0000°s1
0940°0
0000°06T
0000°9
0000°D
0000°®

WNWINIW

000L°?
0008°n
0009°4
0000°0e
vo2t°0
0000°0%
00910
0000°Sy
0042%0
9000°0fs2
0000°nt
0000°»
0000°s§

WOAKHIXYW

DOHOHDOLODOOND DS

ERCTALS

2148°¢C
09£9°0
1684°0
pEon°St
9020°0
1289°%
gs20°C
(Eit )
§280°0
S006°9
enetl’l

0°0
eene’r

NYIw 40 °3°S

gLie*l
929s°!
ogee’l
928S°ng
0050°y
g566°82
9450°0
299801
2640°0C
2020°91
6926°2
0°¢
tLig®it

OOI'J

Oveg°l
£919°2
fef2’s
0000°9¢
(pn0°0
fERE°ES
£160°0
0008° L2
0902°0
9999°122
499t
Quoo®n
ggrscet

NY 3w

8 20 ¥04 SISIL O\ 440INYL 40 A¥YWKNS 1¥D1LSILVAS

- N "N
-t -

M UIN O~ OFO
-

On avA

o 20ar3

11
<s

\

1ls

S

uYo13395
upTiels

uctiels

uoIIEls

uoilels

uvoriels

T

c.21




ooesL’t
008g°2
0091°S
0000°S§
0690°0
0000°Se
oowti‘o
0000°0¢
0022°0
0000°09
9000°gt

0000°s2

00£0°0
0003°0
0005°0
0000°0%
0t00°0
0000°0%
00t10°0
0000°0%
0050°0
0000°0u2
0000°1
0000°s
0000°1

WNNINI®

0064°t ¢ 90S2°0
00sn*2 ] 2615°0
0009°g ] £S45°0
0000°GH i 2625’y
0040°0 L t1210°0
0000°g¢ ] LP0G°S
008§1°%0 (] 9910°0
0000°09» 8 onLE’s
0042°0 U] »9820°0
0000°092 8 090§°s
0000°#nt 9 t400°3
0000°s ] 0°0
0000°92 [ 02se°2
winlxvu 3enve NVIW 40 °3°S

9§99°0
8206°0
£129°8
pgon°lit
61£0°0
S695°6S1
L2%0°0
1§ns°e
S0g0°0
9889°02
66i6°¢
0°0
1990°%¢

6LLH®0
0ge2"1
LaLe*e
992n°92
£n20°0
0S49°12
2S90°0
00S.°91
209t1°0
00§4°ss2
0g2i*y
0u00°e
0062°91

X
6 20 %04 SIS3IL ON 4403AYL 40 AYVHNS TVO1LS1LVLS

—_wNVarOoO~o©0

ON BVA

TR

11, w1333
Se WOTIEIS

¥e WOIIEIS

1i. wotanig

Ceo UCTIEIS

te uo1lEls

C.22




C-1

Correlation of Concentrations with Meteorological
Variables: B 707 Aircraft/14 ft Level CO Measurements
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Correlation of Concentrations with Meteorological
Variables:; B 707 Aircraft/41 ft Level CO Measurements
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Correlation of Concentrations with Meteorological
Variables: B 727 Aircraft/14 ft Level CO Measurements
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APPENDIX D

COMPLETE RESULTS OF REGIONAL
BACKGROUND DATA ANALYSES
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Figure D1.37
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STATION C

0.15%9
907

CORRELATION COEFFICIENT
NUMBER OF POINTS

SLOPE
STANDARD ERROR

D.61




