
AD-AlSO 012 MITRE CORP MCLEAN VA u F/ 1/2

'I A LOS ANGELES 
BASIN 1100 AIRCRAFT 

TRAFFIC MODELJAlA(MUDADFOIA- 
00

9NCLASIF!FO MTR-BO329 FAA-R08139 NL

. EEEEomhhEEohE
EEEEEmhhhEEEEI



,,rt No. FAA-R.o1-39 LEVEL

A LOS ANGELES BASIN 1100
AIRCRAFT TRAFFIC MODEL

Dr. Anand 0. Mundra

The MITRE CORPORATION
1820 Dolhy Madison Boulevard

McLean, Virinia 22102

of TMP,

Z

DTIC
JUN 1 0 S1c

January 1991

B

Document is available to the U.S. public through
the National Technical Information Service,

Springfield, Virginia 22161.

Prepared for

U.S. DEPARTMENT OF TRANSPORTATION
FEDERAL AVIATION ADMINISTRATION

Systems Research & Development Service
, -,. Washington, D.C. 20590



NOTICE

This document is disseminated under the sponsorship of the
Department of Transportation in the interest of information
exchange. The United States Government assumes no liability
for its contents or use thereof.

J



Technical Ikeport Documentation Page

1 ReotN.2. Gonernment Accession No. 3. Recipient' ..aalog No.

4.~~~~~~£ T~~ n utteS-eport Dotit

A Los Angeles Basin 1100 Aircraft Traffic ModeIl January 1981
/6. Performing C'gan, tailon .- se

_______________________________________________________________________ 8. Performing O'gon. lotion Report No

I nand D. /Mundra !ITR-80W329
9. Performing Organisation Name and Address '4- Work Unit No. (TRAIS)

The MITRE Corporation I I. Conract a, Giant No.

1820 Dolley Madison Boulevard / DTFAf 1-81-C--10001
McLean, Virginia 22102 t' i:Ype of Report ond Period~ Covered

12. Sponsoring Agency Nam* and Address .

Federal Aviation Administration
Systems Research and Development Service_________________

400 7h SteetS.W.14. Sponsoring Agency Code

Washington, D.C. 20590 ARD-200
15. Supplementary Notes

the 995 imeframe. The model is a ksnapshot" of a 4'peako' instant in 1995, i.e.,
an nstntwhen the greatest number of aircraft are predicted to be seen at anv tirn.-'

ii,199 intheLos Angeles basin. Derived from an earlier model, it contains 1101 1
instntaeouly irbrneaircraft. Position, velocity, and other relevant

desriporsof achaircraft are provided. The model reflects realistic constraints'
sluch as topography, expected airspace restrictions, and aircraft performance
characteristics. The total number of aircraft predicted in the model is obtained
on the basis of historical data and air traffic projections by the Federal
Aviation Administration for the Los Angeles basin.

17. ey Wrds18. Distribution Statement

ir taffc mdel airtraficproec- Document is available to the public
* tIens; Discrete Address Beacon system; through the National Technical

.urcraft collision avoidance systems Information Service, Springfield,

VA 22161.

19. Security Cloesif. (of this report) 20. Sesurify Classif. (of tis. page) 21. No. of Pages 22. Price

lint lassi f i ed linc lass i f i ed

Form DOT F 1700.7 (872 Reproduction of completed page auth~orized



k E IF -E

-i -z --.n4 11 4 1 5; w , V 1 11 1

4"4

IKI

* - = C9

Y~a-

C '. ~ * 4.4.-~~ .mg



LIST OF ILLUSTRATIONS

FIGURES Page

FIGURE 2-1 GENERATION OF LAX-1100 2-5

FIGURE 3-1 LAX-1100 TAPE FORMAT 3-2

FIGURE 3-2 HUB OCTAL CODES 3-6

TABLES

TABLE 2-1 1978 AVIATION FORECASTS FOR THE L.A. HUB 2-3

TABLE 2-2 COMPARISON OF FORECASTS 2-4

TABLE 3-1 AIRPORT CODE LIST 3-5

TABLE 4-1 THE LAX-1100 DATA SET 4-2

Accession For _
NTIS CG2s&I

rTIi T1

':. -I' i f;ril z i c 'n

j lit i 1 ]dI

I it- o e

-X _ . - " .. .. • ---: " " D - - -- -- - -ot- ' " :

- •. . . • . . . . . IkA



TABLE OF CONTENTS

Page

1. INTRODIJCT ONI-

2. THE LAX-1100 MODEL -

-1 Review of !LAX-1840 Methodology 2-1
2.2 New Forecast 2-2
2.3 Derivation Of LAX-1100 2-2

3. DATA FORKATS 3-1

3.1 Tape Format 3-1
3.2 Formats For Each Card image 3-1.

4. THE SNAPSHOT 4-1

APPENDIX A: REFERENCES A-1

iv



I

LIST JF ILLUSTRATIONS

FIGURES Page

FIGURE 2-1 GENERATION OF LAX-1I00 2-5

FIGURE 3-1 LAX-1I00 TAPE FORMAT 3-2

FIGURE 3-2 HUB OCTAL CODES 3-6

TABLES

TABLE 2-1 1978 AVIATION FORECASTS FOR THE L.A. HUB 2-3

TABLE 2-2 COMPARISON OF FORECASTS 2-4

TABLE 3-1 AIRPORT CODE LIST 3-5

TABLE 4-1 THE LAX-1100 DATA SET 4-2

tV



I. INTRODUCTION

This document describes att air traffic model of the Los Angles
basin projected into the 1995 time frame. The Los Angeles basin
is known to be the area of the densest air traffic in the United

States at this time. It is expected to continue to be the
densest area of air traffic activity in the 1990s. This model

is a "snapshot" of air traffic in the Los Angeles basin, and
represents air traffic at a "peak" instant in 1995, i.e., an
instant which contains the greatest number of aircraft expected
to be airborne in that area at any time during 1995. It contains

complete position and velocity information on each aircraft in
the basin at this peak instant. The model contains 1105 aircraft
and is referred to as the LAX-1100 model.

LAX-1100 is derived from an earlier air traffic model of the

Los Angeles basin for the same year, described in Reference 1.
LAX-1100 revises that model by using current air traffic
forecasts, but maintains all the realism inherent in that model
such as topographical and airspace constraints, and aircraft

performance.

This document briefly describes the methodology for deriving

LAX-1100 and its data formats. It also lists each aircraft in
the model.

The model is stored on tape number 1218 at the MITRE/Washington
Computing Center at 1820 Dolley Madison Boulevard, McLean,

Virginia 22102.
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2. THE LAX-I100 MODEL,

LAX-1100 is derived from an existing and previously widely used
traffic model of the 1995 Los Angeles hub described in
Reference 1, here referred to as LAX-I V40. AX-1840 makes;

extensive use of real life information abo!t the Los Angeles
bh sin, such as airport locations, terrain, liklv airspace .nd
route restrictions, traffic flows and patterns, aircraft altitude
and speed profiles appropriate to their performance categories
and flight types. The model was hand made; all this renders the
model highly realistic. However, the traffic levels used for
)uildin' the model were based on the forecasts available in 1972.

Air traffic statistics have since experienced a significantly

slower rate of growth as a result of the energy crisis. The
LAX-I 10 model incorporates the latest FAA forecasts. It is
bised on the LAX-1840 model and maintains all the realism

Stherwisc inherent in that model. Section 2.1 briefly summarizes
the relevant methodology of the original LAX-1840 model.

Section 2.2 summarizes the new forecasts used for revising
LAX-1840. Section 2.3 describes the method used for obtaining

LAX-1100.

2.1 Review of LAX-1840 Methodology

Reference I uses the growth in the total annual operations in

tale Los Angeles hub to estimate the growth in the peak
instantaneous airborne count (TAC) in the basin. Let N71 and

N95 be the peak lACs for the Los Angeles hub in 1971 and 1995,
respectively. Let A71 and A95 be the total annual operations in
the Los Angeles hub for 1971 and 1995, respectively. 'Ihen,

Reference I assumes that

N95 A95
';T7-1 A-71

Re r(r.nce 2 proviIes a peak IAC of 495 for the base year

(-ctuallv 1972). Reference 3 shows that this 1AC is based on
about 82Z of the air traffic activity in the basin. Thus, the
total basin IAC, N71, was estimated by Reference I t e 60".
[he 1971 annual operations count A71 = 6,357,000 operations was

available from FAA sources. The 1995 operations count, A95, was
obtained by the following method:

A)5 =  (l+R) 2 ' A71, wher, R is Riven bv (1+R) 10  =  A93/A73

<3 and A73 were obtained from FAA Terminal Area forecasts (see
Irence I for details). rhis gives A95 = 1(,477, 9n.

Therofore N95 = (19477/6357) " 600 = 1840. This total lAC count

)f 14() was then subdivided into various subagroups in pronort ion
n-"mponent operation numbers.
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ai r-' ilsi list,', in Table .- .

oaI, '. mnrpares these new forecasts c o ti oricin,, . 0 ,

k, coa ts i ! in It riving LAX-1840. Mi Ii tav : er ,:t 1 1 :-

i sumed to r main constant at the levels of .ferenc- I t
" - shows the ratin of the new forcasts t he i d f ,ra
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Tnos, maintaining the methodoloFv used in Reference 1, 1 h( total
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4'ould ),, expe'cted to be about 60% of the number in LAX-1840.

2.3 [erivation of LAX-1100

c, Rpe ' r-,nc- I assumes a proportionali tv ot the growth in

, I; ', operat ions to pe;ik IAC at all levels, the neo forecasts

., -w reflected in smal ler total ]A(,s for the hasin in each
r-i,, three flight categories of Table 2-2 in the proportions

i '! there. A random number generator is used to ,.i.lete
r r r'i fr-, the LAX--1840 model, as shown in Fignr, - The

-,t aircraft in the output file LAX-NEW is thus a proper

t te-, aircraft in LAX-1840. Each aircraft tnat is
ra ,I i i AX-Nl,' has all i s originaI coordinate values.

r e * fr., r,iu -i; were made, with three different start aing

r 1.- 1, -, n er. , eels :roviding three different LAX-NEW models.
*h ve i', '; Lad 1(174, 1096 and 1105 aircraft respectively.

1, 1c ,rc rf t mo.' was chosen as the revised Los Angeles

'* d CIr va named LAX-i 1(11.
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3. DATA FORMATS

The LAX-1100 model consists of 1105 aircraft. The model exists

as a series of 1105 card images, each card image consisting of

data on one aircraft, and is stored on a 9-track tape.

Section 3.1 describes the format information for reading the

tape, and section 3.2 describes the formats for interpreting each

card image.

3.1 Tape Format

Tape number 1218 is a 9-track tape and contains the LAX-1100

model. It has been created on an IBM/370 (Model 148) computer

running VM/370. The data density is 800 bits per inch. The

data set consists of 1105 logical records as shown in Figure 3-1

(see Reference 5 for IBM/370 nomenclature). Each logical record

corresponds to a physical record 80 bytes long. Each byte

represents an EBCDIC coded alphanumeric character. Each logical

record is thus an 80 column card image. A tape mark indicates

the end of the data set on the tape.

3.2 Formats For Each Card Image

This section describes the data formats for each card image.

Each card image contains complete data on one aircraft. These

formats are identical with those necessary to interpret the

LAX-1840 model of Reference 1. Reference I also contains a

description of these formats; however, Reference 1, as published

in March 1974, contained an error affecting the interpretation
of columns 41 through 53. This error was later corrected by a

correction sheet dated September 11, 1974. The formats described

in this section incorporate these corrections. The following

formats are thus the correct formats:

Item No. Card Columns

1 1-4 Aircraft sequence number

2 6-13 Aircraft description code

3 15-17 Departure airport code
4 19-21 Arrival airport code

5 23-39 Aircraft position (x,v,z)

6 41-59 Aircraft velocity (xS, )

7 61-64 Aircraft heading

8 66-69 Aircraft ground speed

9 71-74 Aircraft turn rate

10 76 Flight plan code

11 78 Flight phase code

3-1 I
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The interpretation of the data codes and the arithmetic precision

and units of measure are included in the following detailed

description of each data item:

1. Aircraft sequence number

Cols: 1-4 nnnn

Data: a four digit integer ranging from I to 1105

2. Aircraft description code

Cols: 6-13 al a2 a 3 a4 nnnn

Data: Descriptor Category al a2 a 3 a4

Sequence number nnnn within a category

where

Air carrier al a2 = AC

T SST

a3 = L Long haul

M Medium haul

S Short haul

U Ultra-short haul

a4 = H Heavy aircraft

L Light aircraft

General Aviation or Military

a1 = V for VFR

I for IFR

a2 = I for itinerant

L for local

0 for over

a3 = G for general aviation

M for military

a4 = A Single engine 1-3 places

B Single engine 4 or more places

C Multi-engine under 12,500 pounds

D Multi-engine over 12,500 pounds

E Turboprop

F Turbojet

J J



3. lCp Irt Llr ii roor L cod:

C:o 1: 15- 17 3;13
Data: Ore of '48 airport codes (set- Table 3-1 ) or one
o f e Igh r huh b L)u n da o,- ctu-ra 1;( sen i., ~re 3-2) for

flights departing, trom airports outside of the huh.

'. Ac rival airport code

Cots- 19-21 aaa
Daca: Same a~s (3). (Hub codes for flights destined

for airports outside the huab.)

5. Aircraft positions (x, Y, z)

CoIs : 23-28, 30-35,3-9
+4xx% + XXX.X Axx

Data: x coordinate in nautical miles
y coordinate In nautical miles
2 coordinate in hundreds of feet

The coordinate system is centered at the LAX VORTAC.
Tile VORTAC is at 330 55' 59" North Latitude and
1180 25' 52" West Longitude. The x-axis points
(true) east and the y-axis points (true) north.

Altitudes are referenced to mean sea level.

6. Aircraft velocities (Y*, X, Z)

Cols: 41-46, 48-53, 55-59

+ xxxIX + xxx.x + xxxx

Data: vis velocity in knots

x is velocity in knots

z is climb or descent rate in feet per minute

7. Aircraft heading

Cols: 61-64 xxxx
Data: Aircraft heading from 0 to 399 degrees

(0 = true north, angles increasing clockwise)

8. Aircraft ground speed

Cols: 66-69 xxxx
Data: Ground speed in knots

J-4
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HB7 lBO

HB6 XNBMI

iI LAX VoR'rAC

tB4 HB'3

NOTE: The Hub Is Divided Into Eight Equiangular
Octals For Arrivals And Departures Across

its Boundaries.

FIGURE 3-2
HUB OCTAL CODES
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9. Aircraft turn rate

Cols: 71-74 + x.x

Data: Turn rate in degrees per second
+ = clockwise
-= counter clockwise

10. Flight plan code

Col: 76 n

Data: n = I flight plan filed
n = 0 no flight plan

II. Flight phase code

Col: 78 n

Data: n = 0 Cruise phase
n 1 Climb phase

n = 2 Descent phase

A complete listing of this data set is provided in Chapter 4.
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4. THE SNAPSHOT

Table 4-1 lists the LAX-1100 nirdpl.
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490 V.0R80382 HR .iHP -6.2 20.6 30 -12.2 t39.4 0 95 140 1.3 3 3
496 VI, 83) 83 POC 4HP 26.9 11.1 21 43.) -73.9 n 320 115 0.) 0 J

4.7 V1, )33 4 CN(O wHP 24.1 18.2 43 76.4 -)1.1 100 310 119 O.3 0 3

4'03 Vl I0385 r 4 T WP -2.0 22.4 26 -10.0 83.4 -450 130 109 0.0 3 J

490 VICB038 "7.M WHP 19.1 -?.7 43 22.5 128.0 1 80 13J -1.J J 0

500 VI3P,8) 33 'it A HP 24.1 2.'4 15 46.6 -53. 0 J 330 100 0.3 3 .1
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AI9CRAFT AIR'.RA FT P'S IIIAN A IkC.RAFI V1LJ(A IIY , ll) L04'
iEWN ')E,1IPT %IRPJPT N 41 N '41 F-00 KNOIS KTITS Fl/MN tli<N6 ,PO PAU I )

NO. 0t,:9 )FP APP -X- -Y- -I- -Y- -X- -1- i)F,,S KIS DG/SC. 1 2
121,5 ?8901 ? 145616d901234,56 01234I? 56? r,3121 t 561 Id 12 34561890 1? 356,189'0 34?t 567'693

5)1 Vv,;60 8d 'INY WHP 4,.'. 1. 1 5 3 1.3 -11H.0 0 290 1IS 0.0 0 0
5U2 VlG'RU389 A L qHP 48.? 13.7 1 5 1) 22.5 -1;'d.0 i O )A I9 W} 0.3 0 i

50 3 V I U39 ) HRI WHP -24. 1 ,.5 ',S -8,1.3 84. 3 0 135 125 3.3 3 1
r.J. VIGB)3 '9? t4 WHP 4,6.9 16,.? 64 42.0 -13.9 0 32'0 115 0).3 )
535 V I1, 3 1 WHP Hb2 -.1. ?1. 1 ?S 110o.5 42.4 600 20 124 

. 
J. 3 1

S 16 Vl30394 HRI wHP 35.1 22.7 H -33.9 -101.1 -2UJ 250 114 j.J 0 J
S0 VISP0 196 TJA XOI ).3 1,. 3', 11,h.. 4 'f.5 1 35 130 3.0 0
50 VIGPqJ393 HR X01 21.7 14.1 44 113.2 -19.9 U 350 115 J.3 0 .)

509 VI',1140401 P4 X01 - 3.4 11.3 19 14? .? 21.f 3 10 150 2.'
, 
0 0

510 VIG2t0402 ONT XO1 41.? 21.3 t5 115.0 o.0 0 0 115 O.u 0 a
5I VI F10044 00 v ) I - 1.5 i.1 1166 -93.5 51.5 0 150 t15 o.j U 0
512 V1 0405 VNY X42 31. 0 -6.1H 56 -14.9 1?9.9 0 120 I50 0.0 0 0)
511 VI';03 -7 -4 X42 .7 -?3.°4 15 '.14 I J14.6 U e5 105 0. .3 0
S1 l13i4) ;))C X42 1=4.3 -3.9 35 -103.:9 69.0 3) 150 120 0.3 0 0
5)L V[Ci04LO tNT X42 53.8 - 4. d ? 5 -103.3 37.6 0 160 1 13 30.3 ) 3
S16 V 1',P )4 1 1 03 X42 66.9

, 
-25.1 46 111.0 -93.2 U 320 145 0.J 0 J

511 V16F0413 VNY SID -14.1 2'5.5 26f 23.4 -11?.9 0 280 135 0. 0 ( 3
5IP Vl U3414 10A SIP -9.6 13.9 47 63.5 -99.5 0 310 133 0.0 0 o
519 V[,,b)41

9 
1 '4U SIP -13.I R..2 45 8A.5 -99.5 0) 310 130 3.0 ) J

52 VI ;3041t, HHR SiP -8.2 13.1 P0 49.9 -d6.6 0 300 100 0.0 U 0
52i VIS3a 0') FUL0 SIP -. 5." 2B.6 15 -22.4 -11.0 -400 Z60 124 J.) 0 2
922 1I 30421 '137 SI

P  
-37.9 55.1 ,7 -119.6 5). ? 0 151 13 O. J

52'} V1-,042 3 PC X32 17.9 24., 64 b4.2 -10.7 0 320 110 0.0 0 0
5? 4 V21-BO 425 1<Al X32 44.M 25.8 64 65. 1 -54. 0 320 85 0.0 0 0
525 VIGBS'.2 b SFP X32 1.9 4.I 17 -134.2 -35.9 -bOO 195 139 -2.5 0 2

526 VIG10427 4-30 X32 -1.0 rI.q 65 -115.0 0.0 0 180 115 0.3 0 )
5?'1 vIG30429 10A X37 -16.? 34.8 3J 117.9 -12.5 150 325 144 0.0 0 L)

529 Vl0,0430 SML X37 -10.6 11.2 36 116.9 -67.5 0 330 135 0.0 0 J
521 V1.IG3043 1 HH X3 -3.1 H.h ?9 118.7 -99.6 0 320 155 0.0 0 0
513 VlGu43? PC X37 [).? ib.9 b4 95.2 -55.0 U 330 110 0.0 U 0
531 VIGPD434 PIP K37 51.3 16.9 46 19H.8 5.7 200 3 109 -1.3 1 J
532 VI35BO435 X37 HR7 f." 57.f 14 810.6 -8).6 700 J15 114 3.0 0 1

31 V314043b C9 134 46.9 -22.4 27 -95.4 -95.4 0 225 135 0.0 0 0

534 /lF0434 9AL L36 51.1 -15.H 21 -122.1 -44.4 0 200 130 0.0 3 39
535 VIGB0445 SMPJ S8T 66.5 13.1 4t, 1.2 103.4 0 60 105 0.0 0 )

516 11380448 L32 SfiT I1'.6 33.1 51 -9.5 1J9.5 0 95 110 0.0 0 (
937 vG,80450 SIP SOT -.. n 35.5 59, 52.H 113.2 0 65 125 0.0 0 0

3- , VI ',t)'.54 T;A 25 2& .,; -6.9 0? 46.0 98.1 -200 65 139 O.J J J
53' JI P,455 '. J X25 13.1 13.4 4 19.5 97.7 200 70 104 0.0 0 0
54C VlG0454 'iFP X2S -3.,1 26.5 16 L14.4 71.5 0 32 135 0.0 0 3
5'1 V1;4146. K25 .0,1 50.2 9.6 35 52.6 144.7 930 70 154 J.J 0 1
';4? VI; ,462 HRl ,,,5 1i.? 9. 6 f

,  
-3.4 -99.9 0 268 00 0.0 0 0

5,.3 v,So9464 V)4 A1', -9.6 41. 1 55 49.5 136.2 0 70 145 0.0 0 0

5,,, V1(,0465 rUt X1S 22.7 34.1 45 61.9 57. 3 0 35 100 0.0 0 3
945 V ,I )).66 T-A X31 4r.9 - 19.6 t 1 46.6 104.2 0 65 115 0.3 0 3
54', /1,84?70 P-IC X1 51.0 -11.3 3r -74.2 74.2 0 135 105 U.0 J 0
54? ,1139,,74 >FR XI3 36.4 -24.1 '14 3.0 153.0 0 90 150 3.J I 3
544 Vl63475 k1 X33, 60.3 -1.9 35 -114.9 46.4 U 140 150 J.0 U 0

9,49 V(CH 0416 d T X13 55.6 2.4 16b -115.0 0.0 0 180 115 0.0 0 0
53,-) V1,;B,)96 14n X4 . 32.4 46. t , 41.4 112.7 0 70 12O 0.0 0 0

'-12
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TABLE 4-1
(('ont Lnnied

AIRCRAFT AIRCRAFT P I1IQ N AIRCRAFT VfLOILITY N) IJR A L L
SEQ'i JE SCWIPI AIkPJk I N MI N 4I f 1-10 KNOTS KNOTS FI/MN R 14C SD W IAI F D 3

No. CEDF DEP AMR -X- -Y- -I- -y- -x- -I- DE;S IS W./I.1 2

12345tlT9)125678NT 23456789I2 34b5tR901,23456 b 1 34561R901 ,56 7H912310,1f 4J
................................................................................

5SI VIStlJ4 0 CCA X43 4.9 3J.1 45 1u9., -I.P 3 315 1,5 J.3 j j
55? VIF3046I L)6 X43 58.6 1b.N 6'. 142.0 - i?.J 500 3 0 164 J.3

553 VIGPO48? X17 X4.3 5L.7 18.1 15 67.4 -116.9 0 IJO 135 3.J 0 1

554 V15BO,46 H186 X43 53.42 39.5 45 52.4 -31.9 3 170 105 ).) 0

555 VIGCOJOI )XR LG -T. -1.5 6 -16.0 122.3 0 650 15 o3.) I
556 vGC0')03 113? LG68 5.3 -[1.1 - 24.3 -137.8 0 2) 140 3.J 0 j

55? v L 3 7 . H)1 SJ VNY I.3 l. 12 .0 59.4 -2 I 0.0 1090 9)0 119 0.0 0 1
55 V105 U XR VIN -25 .1 ?.0 4 11.1 1 T3.1 0 30 205 0.0 0
559 V IGCJO008 VNY HOO -1.7 %,.5 4 5 1 19.5 10.4

,  
0 5 120 U.J i a

563 vIGC00 J: N 31. 3 -. 5 5 - 12.64 -'H .6 00 45 165 3.3 0

561 VI GCC0 3 X01 TL; A -6. 10.6 53 - 2.1 Q4 .1 0 6 T0 !85 0.0 0 0
5&2 VIGCJO31 H8I INA 32.2 -4.1 H6 -56.3 -166.0 10 165 3. 1 0
513 vIGCOO15 T4A H1 40 1O.6 2. ,5 129.9 -70.0 0 330 15 0 3.1 0 3

516 VVCJ1t I C31 SU ?2.0 1 .6 61 I1.5 -189.7 0 25 1qo J.) ) 3
561 V13cJ4b8 sJ H87 -3.4 1.5 63 16.2 -66. . 0 15 195 0.0 J )

56r VIGC 19O8 HR6 SMU - .2 3 69. b9 -18T. - 3.9 0 170 190 0.3 U )
$68 VlOC0O) S 5V1 HBL 13. 1 -7. 5 '4"3 57.0 1 ? ?. 0 65 1 35 J . ) ) J

563 VIC.C0022 H901 )HH 12.7 -14.4 HS 50 -11.3 o 290 155 j.j J 0

510 VIC.CO 05 1) '-1.) 1(3.37 -2 4T.8 -19. -. 1200 20 169 0.3 0 2

571 VICUJ2 H37 BUR -2.) 1.1 5 -150.6 87.0 -100 150 124 - .3 ) Z

576 VIGLOO? 102 Hi 30.3 ?1. 14 0.0 159. u 200 90 159 0. 1 0(

5 7 VIGCO)2R TfA PLC .1 25.. 29 3 113.7 8.1 0 35 15 0.0 0 0

518 VIC029 L16 PiT 23. -. 9 1' 108.8 11.8 900 15 154 3.3 U 0

585 VIGC)O01 104 CNf 36. 7.5 S d-8.0 143.2 0 130 175 0.0 0 0
576 VIGCJO3? HHR CN[) 22.7 -4..1 54 56.4, 155.0 O TO 165 ,..0 0 0

593 VIGCOO0 H8I EML 35.5 19.6 66 -108.9 -1i5. 0 235 190 0.3 0 0

579 VIGCO3360 F13T H9 1.3 23.3 15 129.9 -75.0 0 140 150 (.3 ) 0

579 VIJ161 H2 
, 

F1L 69.( -).0 HH -11.0 -112.7 0 290 120 3.0 I 0
543 VISCt)0 5 WtY CP- -5.5 15.1 5? -150.3 54.7 0 160 160 0.0 3 J

541 VIrO o.b4 X)L Cp3 23.4 4)1.3 36 - .19.3 14.8 0 175 170 1.5 0 u
582 VIGCJ008 HHR OXR -1.6 6.2 62 0.0 -149.0 0 90 190 0.0 0 J
53 VIGCO04i FUL 1)X2 23.9 9.4 94 140.9 -51.3 0 340 150 0.3 1) 0

58 VIGCO) HSI OXPA -2 7.5 4H.2 115 -19.u -83.7 0 19J 295 3.0 0 0
5 5 VI31.005? CPMO'4NT 48R.6 4,.4 31 17.1 91.9 0 50 120 -3.0 ,0 J

586 VIGLO503 t2 CiN1 6.8 I.1 r4 0.0 175.0 0 90 175 O.0 0 0

56r VIGCO054
, 
Wilo UNT 25.? 19.3 17 13.9 154.3 0 85 160 0.3 0 J

548 V1,CO055 X31 NT 40.3 2o.9 74 -56.6 121.4 -500 115 13 0.3 3 0
5 H 9 VIGC, J57 ABO GNT 56.q 16.11 6 -86.7 L13.4 O 130 115 0. 0 a 4
5Q3 VI3;CO054 SFR RAL 50.1) 29. 93 -113.8 63.2 0 "60 185 OoJ 0 0
591 VIGLJO60 1.38 PAL 41i.3 41. 3 51 -13G.? 109. 2 0 140 1 T0 0.0 J J

592 VISCJ361 925 L16 39.3 -7.9) 41 -121.,? -69.9 J 210 140 J.U 1 0

593 vlGO00b /'JY w J- F .a 4 3 .l 52 151, . P. q. 1 30 180 0.0 0 0
594( V|ICOO64 PMD HBT kU.3 41.3 36 74,.1 -13(,.B BoO 241) 131# 1.5 0 1
595 VIGCO065 HB6 L02 -16.5 22.4€ 21 0.0 14.9.0 -800 90 1449 0.0 3 2

596 VIGCJ066 SN4 LO? 26.9 9.h 4 140.q -51.3 0 340 150 O.J I o

597 VIGCO067 PAL LO? 1 7. 5 2 ;.8 9 2 'o. 2 -33. 7 0 340 245 3.0 0 0A

598 VlGC)068 CCB HIRI 63.8 14.4, 55 3.0 135.0 0 90 135 0.0 0 0
5149 VIGCO069 S4 0 CC4 18.2 15.4I 76 33.9 192.C 0 80 195 -U.S

, 
O 0

nOo VIGCO011 SZP APV 24.1 21.9 o94 66.6 181,.2 0 To 195 0.0 1 0
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"' , , quod~',

-k A',4,FT A I RLkAfTY P1,,IT IION AI P(.WAFI VELUL I IY ',R I4 TIURN L C
F3 .N ;LC;, IPI A I P0 r N M N 4P1 FT- 30 K WITS K4 ITS FT/P4 89N sPo RATE I3 I
N, C1O) )fP ARR - X- -Y- -I- - Y- -- -I- DU 2.S KI D/SC 1 2

I? 3,5601012346789012 3'56189012 456 139312345618'412345678()o123t,6 1890135,1890

6)1 V81.Cu)72 X31 166 5.7 7 .4 . 3 16.9 -1q4.2 0 275 195 3.o 0 3
632 VIGC 0 373 HAI L12 71.0 12.0 7J -83.6 -99.6 -600 220 130 3.0 0 2
53J3 V; rC3374 NY L 12 14.8 21.0 18 -15.2 114.3 0 95 175 3.3 1 3
6)4 VIG(,)jt5 iNA L12 55.5 -10.3 IT 120.? 120.,2 0 45 170 J.) 3 "3
46 IG7(.J16 L&8 Al ?4.1 -- 3.6 52 1.) 1 220.0 0 ,40 220 0.3 0 0
6 J3 V Ir ')17 cf P HFlT -0.. 38.2 64 101.2 -89.9 0 320 140 0.) 3 3
6)7 VI',COJ 78 481 SfR -11.0 37.9 4 5 -141.2 85.0 ' 159 110 0.0 0 0608 Wllc0031 L)2 RIP 12.4. 22.7 94 -?3.4 132.4 0 100 115 0.' ) 0
-19 .1'C0')8? x(12 RI8 26.9 36.9 73 -116.6 116.6 ( 135 165 0.)0 .1
611 ) If, rIJ I3 33 RI W 63.1 4.1 J3 148.7 -39.8 1500 145 144 0.3 J J
411 IVI ,CO114 11XR wHP -16.5 16.5 51 61.5 169.1 0 70 18u 0.) 1 J
612 VI'.CJJ, 'AL WHP 2.7 12.0 43 92.4 -160.2 0 300 185 3.J C 3
St.1 4 1 ,6118 P Ijk ,01 6.2 36.5 40 1TZ.3 949.4 -1500 30 1'49 -3.' 3 2
514 1--0090 X44 X01 35.1 36.5 67 -56.4 -155.0 0 250 165 0.0 0 a
"%15 VIk,,L )3 1 $43 X42 35.1 25.5 91 -13A.5 81.0 3 150 160 3.3 1 ,
N1 1 , 00 42 -1'l6 S? P -41.0 22.4 ' 20.6 11.1 -1000 80 119 0.J 0 2
417 13&o)3 oJF SIP -17.2 4J.7 62 -14.9 -129.9 3 240 1 50 J.J I J

l VI -1C039 4 r-A SIP 21.5 22.4 86 46.1 -126.8 0 299 135 0.3 0 0
51- v I .10',7 x37 Ht7 2.4 57.2 5 0 31.9 -176.2 1000 280 1 79 .3 3 1
62') VIC,0J96 APV L3R 53. 1 9.6 1 -137.8 -24.3 0 190 140 0.0 1 0
621 VI.,COIOI VNY ',IT 25.1 1Q.3 71 0.0 155.0 0 90 155 0.0 0 0
o22 VI . COI34 '14) x25 52.4 22.7 73 -1,7.2 89.9 0 140 140 0.3 0 0
6523 Vf(,CJI )5 ; . XI5 12. 7 28.2 76 130.2 109.2 0 40 170 3.0 0 0
67,' V13U,)3to 4T X15 9.1 14.8 52 96.4 -114.9 0 310 153 0.0 1 3
625 V 1 , .L')7 FUL ,31 41.1 .?.4 51 59.8 164.4 0 70 1 75 0.3 0 0
625 Vt COI)A .4JR X 3 3 22.'. -1.7 92 -162.6 162.6 0 L35 230 0.3 I )
627 vlG(0109 PIC x18 55.8 11.2 51 112.4 112.4 400 45 159 0.) 3 3
62 V12.I03.I PAL L,8 6.4 -6.2 47 -129.4 -103.6 1000 220 169 0.) 0 1
629 VID'00D3 T)A HA1 57.9 2.0 95 93.2 11.0 0 50 145 0.0 I J
630 VI 3,3)004 1'4I PGC 60.0 18.6 105 -17.2 -49.9 0 220 140 3.J J J
631 VI2.F0.3')2 V4 Y H5l -13.7 65.5 68 144.7 -52.6 -1500 340 154 0.0 0 J
632 V I;F0033 H1 HHR 42.3 1.3 101 -87.4 -151.5 0 240 115 O.0 1 0
633 Vl,3004 P4D 0NT 34.4 40.3 57 -116.6 116.6 0 135 165 0.3 J 3
63. I06,A0 301 Hf16 lib3 -5.1 3.4 1,)1 -60.3 915.1 0 130 125 0.0 1 0
6 ', I,GA0002 166 HB3 -42.4

,  
25. 5 49 -68.8 98.2 0 125 120 0.0 1 0

63b I ''5 1J J33 HA H13I 17.9 $9.3 69 -39.3 108.0 3 113 115 0.0 1 0
537 10GJo3j6 H2 H486 -37.9 21.3 59 -11.-7 134.4 0 265 135 3.0 1 0
, ",P I 3 ,30 1 HR6 HA2 43.1 8.6 5') -64.9 112.5 0 123 130 0.0 1 0
,39 1 ,F )0I H82 Hd6 6.7 14.8 12 147.4 -42.4 0 316 2,35 '3.0 1 0
54) Ilff3JO? HA? H8 ) 31.0 d.6 1 201.2 -13).7 0 326 253 0., 1 3
f,4L [r,),;FO3 HA' H82 13.6 18.6 60 -246.2 43.4 0 170 250 0.0 1 3
642 Il\'- 4 HB7 HB2 37.9 27.5 101 -153.6 175.5 0 133 240 0.0 1 0
643 1 OufrO3O5 H82 H7 57.6 10.3 99 111.8 -165.8 0 304 200 0.0 1 3
644 O0 !H;3 4131 2.3 11.0 230 -33.9 343.5 0 95 390 0.0 1 0
645 IJF0002 H81 H86 34.4 24.1 140 190.1 -407.8 0 295 450 0.3 1 0645 I U F'))0 3 HA? HBi 32.0 19.6 l19 -95.6 414.l 0 103 425 0.3 1 1
147 VGEJ06 301 '486 HP,3 -20.6 7.9 111 -135.1 216.2 D 112 255 3.) 1 3
648 40V0,IG03 HA7 HB3 -18.9 55.1 135 -102.5 132.5 0 135 145 0.3 1 3
649 VIGE1004 H97 HB2 53.1 7.9 80 -126.9 88.9 0 145 155 ,.3 1 3
650 VrfF0905 41 H 6 18.6 34.4 90 5.7 -16,.8 0 212 165 0.3 I 3
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AICkA6T AI)EPA I PUSI ION AI6CRAf I Vf LiULITY ',PjN fj "

St 35 OFS( I P! AI1[P IN N MI 4 MI FT-0) KNOT S K'4ITS F T/'N RRN. P') UAIT i 3

N" . " ) E )EP A'MR -X- -y - -7- -y- - --I- O) F I K I J,/ ,-
r 
1 2

114679,31237o8 901234567
8

O012]k,56702:4 89012 12')678 7890 .2 l,5?7?l1Y.', ',I8d

661 [LZAOOO2 CC''4 CPM IS.1 -15.1 47 0.0 I8j. 0 0 90 d0 -I. I

652 ILGAOOO4 CCt! CCR 33.1 4. 8 ?7 -95. 7 -9).3 ( 220 1?5 .) I)

653 IL',AOJU5 APV APV 58.6 30.3 )1 -140.4 -65.5 0 ?05 is, 0.3 i ')

654 It 0O0006 L66 L '6 41.1 1.) 3) -28.? 1)S.2 -600 L05 1)9 1 .3 1 2

655 110,6)09 L12 117 73.8 21.7 81 1 22.8 86.0 3 35 ISO 0.) 1 J

656 IGR99 00 10 L L 
,  

7. 5 -1.3 41 -22.5 -12 .J 0 26J 110 -).

657 1L, ,8 0 2 LG L B I .J -10.3 '.9 -142.7 25.1 0 10 i ,J.. J I J

659 LG0J4 L0 G1G 3 32.0 -25.5 49 -9J.6 42.2 0 155 1 JJ ). 1
654 IL;Fh003 L,8 L,8 12.T -I1. 3 ' 23.0 85.9 -700 75 n89 J. I 2
66) IL,.B 0 5 L -8 LG1 41.) -9.3 36 8.7 -9'J. 6 0 275 100 0.0 1 1
661 1L;-30006 L; L G0 19.6 -7.2 21 ).0 -154.0 -100 270 15', . ,
66' 1 L0B)J I SN- SNA 26.2 -2 '. , 1 -138.8t$ r.3 0 177 '0 J. J I
5',,3 1150212 5NA SNA 1).3 -3.I 38 -90.0 -54..0 0 211 1 1.)

S64' ILobO0ll SN
A  

SNA 4. 1 -l8.2 22 -60.1 -,J.1 0 2(25 5 ).) I,)
665 1L8 )Al7 111

, 
8U 1 '.8 44 17. 3 -99.4 0 2R9 10 U 1 I

6 u 6, I L 8).2 0 ,L FUL 2 . ) -. 9 23 -3.3 q34.9 0 42 1g ).) 1'0
657 I1L' m,2)3 "AL -)AL 56.2 5.. 25 -57.5 51.5 0 136 o .

658 1L RO024 L If'L 25.2 -13.7 ?)6 -93.3 -T.8 01 201 1J 1.I )

669 LGCO ) 1 I ;, L 0 8 25.1 -i. T7 86.8 114.9 1 46 125 J..) I)

670 [L 70004 SNA SNA 1..7 -13.4 22 -16.9 -193.2 -900 265 194 0.) L 2
6711 LGC0)06 HHP HH' '. A -. 381 -11 4.9 qt,.4. ,) 149 15 0 ).0 0
672 ILKE0)02 P")Z PIIC 16.5 11.4 62 23.2 131.9 1000 50 134 -2.0 1 L
673 ILGE))3 JXR UXR -54.1 38.6 o9 153.2 128.5 3 40 200 0.J I U

674 113000. ON JNT 41.3 6.8 62 44.4 1272.1 0 73 130 0.0 1 )
675 VLAJ001 L36 L36 50.7 11.7 24 -15.5 -68.5 503 218 69 0.,J 1

616 VL.3AO005 L36 L36 413.6 10.6 22 -12. h - . 1 0 205 14) -I.J )

677 VLGAJJOo L36 L36 53.8 14.8 31 -l') . -59i.9 0 210 120 1.) 0 0
678 VLGAOOIO APV APV 58., 48.2 41 82.2 -47.5 U 330 95 o.- 0 0
619 VLSAUOLt APV APV 5P. 6 44.d 49 89.9 -101.2 0 310 140 ). ) )
68) VL(AOOI4 APV APV 51.7 55.1 51 0.0 -12J.0 ) 270 120 0 j.3 2

631 VLGA3016 APV APV 51.4. 56.2 4) -64.9 -12 .5 0 243 1 0 J.) 0 3

682 VLG5018 APV APV 58.6 55.1 50 98.6 -3S.9 0 340 105 '1.0 0 0
633 VLGA002I L66 L66 4).3 -2.0 1 -I.1 -I6.9 50il 26Q 54 ) 1 0
684 VLrAO022 t66 L66 49.1 -2.7 II -67.0 43.5 0 1.7 80 -1.0 1 0

685 VL540025 L66 L66 47.2 -94.3 J2 ,4.8 18.2 0 7 150 0.0 u 0
636 VL7AOO2, L12 L12 62.7 9.6 17 2.1 -714.9 0 272 80 0.0 ) ,

687 VL;A)027 L12 L12 64.1 8.9 20 0.0 74.0 500 90 74 0.1 0 1

688 V!cAO028 12 L12 66.2 1.).3 29 67.9 2.3 0 2 61 -1.3 ) ,
689 VLAUJ29 LI? L12 63.9 1 7.2 71 27.3 -75.1 0 2qJ 80 . J 0

690 VLGA)033 L12 LL2 63.9 10.3 46 114.3 12.0 0 6 11 1 0.0 0

591 VLGA0)34 L12 L12 59.6 22.4 31 125.5 17.4 0 30 145 3.2 , 0
69? VLGA0035 LI2 L12 11.0 22.17 d8 -27.0 12I.1 0 1)? 1 ) 0 .) 0 0
693 VLGA0036 112 L12 66.91 25.5 7J -109.9 -1.9 0 181 110 1.1 0 0
694 VLGA0040 L12 L12 66.8 12.4 '8 53.9 -64.3 1o0 810 84 0.J 0 I

695 VLGAU039 Ll? L12 65.5 31.0 65 9.7 56.9 200 30 114 2.) ' 1
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