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FOREWORD

This operational trajectory document contains the operational tra-
jectory data for an April 16, 1972, launch. It supersedes the Apollo 16
documents MSC IN T1-FM-388, MSC IN T1-FM-401, and MSC IN T72-FM-1L4. The
document comprises two volumes. Volume I contains a verbal and graphical
description of the mission, and volume II contains the trajectory print-
out.

At this time no revision to this trajectory document is planned.

Any mission changes that occur subsequent to publication will be pub-
lished as changes notifications.
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SPACECRAFT OPERATIONAL TRAJECTORY

S—

FOR APOLLO 16 (MISSION J-2)
LAUNCHED APRIL 16, 1972
VOLUME I - MISSION PROFILE

By Mission Integration Branch, Flight Performance Branch,
Systems Management Branch, and Guidance and Dynamics Branch

1.0 SUMMARY AND INTRODUCTION

1.1 Summary

The Spacecraft Operational Trajectory, published in two volumes, is
a detailed description of the Apollo 16 trajectory (for an April 16, 1972,
@ launch date). The launch time for the nominal Apollo 16 mission is

lthMm c.s.t., and the flight azimuth is approximately T72.0°. During

the second revolution of the earth parking orbit, the translunar injec-
tion (TLI) burn will place the spacecraft on a translunar trajectory with
a Tl.4-n. mi. perilune altitude. This trajectory meets the requirements
that

a. The spacecraft be earth-returnable within reaction control system
(RCS) capability up to TLI plus 5 hours

b. The spacecraft be earth-returnable within descent propulsion
system (DPS) capability at perilune plus 2 hours in case of no lunar orbit
insertion (LOI) burn

As on Apollo 15, the S-IVB performs an evasive maneuver before its liquid
oxygen (LOX) dump. This maneuver will place the S-IVB on a lunar impact
trajectory.

To shorten the period from LOI to lunar module (LM) landing, one orbit
has been deleted between CSM/IM separation and IM landing. The lunar sur-
face time has been increased to 37 CSM revolutions (73 hr). After LM
lift-off, rendezvous, and docking, the ascent stage is Jjettisoned and de-
orbited for lunar impact. After LM jettison, a plane change is performed,
followed by a l-day lunar orbit science period. Transearth injection is
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at the beginning of revolution 76. The commend module will land at
14730% ¢.s.t. in the Pacific Ocean on April 28.

The mission duration is approximately 12 days, 3 hours. The trans-
lunar flight time is 71h50m. The time spent in lunar orbit is approxi-

mately lhThh6m, and the transearth flight time is 68"00™,

1.2 Introduction

Many aspects of mission operations require a foreknowledge of the
spacecraft trajectory - both its shape and its schedule of events. This
document is the best and most complete prelaunch estimate of that trajec-
tory. The trajectory event schedule presented will be followed as near
as possible during the actual flight. This information will provide input
data for preflight simulations and will be the basis for the preliminary
ground station tracking schedule. Many other facets of the mission opera-
tions, however, also require these data.

This trajectory reflects the mission requirements as documented in
reference 1 and all known constraints and guidelines, and is based on the
spacecraft characteristics defined by the Spacecraft Operational Data
Book (ref. 2). The launch portion of the trajectory, which is generated
by the Marshall Space Flight Center, is omitted from this document.



TABLE 1-I.- SEQUENCE OF MAJOR EVENTS

Time, Time,
Event hr:min:sec, ‘hr:min:sec, Data summary
g.e.t. Ce8 . By
Launch 00:00:00 April 16, 1972 | Flight azimuth, deg T2.0
11:54:00.0 Launch complex 39A
EPO insertion 0011572 12:05¢5T 2 Geodetic latitude, deg 32.T
Longitude, deg -=52.1
Geodetic altitude, n. mi. 93.3
Velocity, fps 25 603.7
Translunar injectiona :
Burn initiation 02:33:15.1 14:27:15.1 Geodetic latitude, deg -24.8
Longitude, deg 137.3
Velocity, fps 25 630.7
Apogee altitude, n. mi. 95.8
Geodetic altitude, n. mi. 88.9
Burn termination 02:38:50.0 14:32:50.0 Geodetic latitude, deg =125
(guidance cutoff signal) . Longitude, deg 161.7
Burn duration, sec 33k.9
Plane change, deg 0.0
Apogee altitude, n. mi. 266 387.7
Geodetic altitude, n. mi. 154.6
Post-TLI events®
CSM/S-IVB separation 03:03:50.0 14:57:50.0
Docking 03:13:50.0 15:07:50.0
CSM/IM ejection 03:58:50.0 15:52:50.0
Evasive maneuver> 04:21:50.0 ~16:15:50.0 AV, fps 9.8
(performed by S-IVB)
Translunar coast, midcourse
correction maneuvers
MCC-1 TLI + 9 hr 23:32:50.0 Geodetic altitude, n. mi. X~ 56 500
April 17, 1972
MCC-2 TLI + 28 hr 18:32:50.0 Geodetic altitude, n. mi. X119 000
April 18, 1972
MCC-3 LOI - 22 hr 16:22:38.6 Geodetic altitude, n. mi. ~166 500
April 19, 1972
MCC-k 10I - 5 hr 9:22:38.6 Altitude above mean lunar radius, n. mi. 12 200

®This information is approximate and is presented for information only. The official source is the MSFC LV

operational trajectory (ref. 2).

LT



TABLE 1-TI.- SEQUENCE

OF MAJOR EVENTS - Continued

Time, Time,
Event hr:min:sec, hr:min:sec, Data summary
g.e.t. (o T
1 April 19, 1972
SIM door jettison 10I - 4.5 nr 9:52:38.6 Average AV imparted to door, fps 13.7
Lunar orbit insertion (LOI)

Burn initiation Th:28:38.6 14:22:38.6 Mass, 1b 102 6h2.7
Altitude above -LLS radius, n. mi. 95.1
Selenographic latitude, deg 8.1
Selenographic longitude, deg -166.9
Perilune altitude above LLS radius, n. mi. T1.L4
Selenographic inclination, deg 8.1
Velocity, fps 810k4k.0
Burn termination T4:34:53.6 14:28:53.6 Altitude above LLS radius, n. mi. 7.5
' Selenographic latitude, deg Twd
Selenographic longitude, deg 169.2
Selenographic inclination, deg 9.0
Burn duration, see 375.0
Inertial burn arc, deg 23T
Plane change, deg 2.3
AV, fps 2807.0
SPS propellant used, 1b 24 838.4
Velocity, fps 5388.L4
Orbital period, hr:min:sec ) 02:08:46.4
Periline altitude above LLS radius, n. mi. 58.5
Apolune altitude above LLS radius, n. mi. 170.6
S-IVB predicted lunar impact T4:30:08.0 1L:24:08.0 Selenographic latitude, deg =23
Selenographic longitude, deg -31.7

Descent orbit insertion (DOI)
Burn initiation 78:35:30.3 18:29:30.3 Mass, 1b T7 T70.4
Altitude above LLS radius, n. mi. 58.6
Selenographic latitude, deg Y BT
Selenographic longitude, deg -140.9
Perilune altitude above LLS radius, n. mi. 58.6
Apolune altitude above LLS radius, n. mi. 170.%
Velocity, fps 5486.2 -

8-T



TABLE 1-I.- SEQUENCE OF MAJOR EVENTS - Continued

Time, Time,
Event hr:min:sec hr:min:sec, - Data summary
g.e.t. L )

DOT - April 19, 1972
Burn termination 78:35:54.4 18:29:54 .4 Altitude above LLS radius, n. mi. 58.6
Selenographic latitude, deg 8.8
Selenographic longitude, deg -1k2.2
Selenographic inclination, deg 9.0
Burn duration, sec 2h.1
Inertial burn arc, deg 3. .2
Plane change, deg 0.0
AV, fps 206.0
Velocity, fps 5280.2
SPS propellant used, 1b 1566.2
Orbital period, hr:min:sec 01:54:25.2
Perilune altitude above LLS radius, n. mi. 10.9
Apolune altitude above LLS radius, n. mi. 58.6
. - | Revolution number 2

April 20, 1972
CSM/IM undock and SEP 96:13:30.8 12:07:30.8 Selenographic latitude, deg 2.2
Selenographic longitude, deg 1210
Revolution number 12

Circularization (CSM)

Burn initiation 97:41:4k4.5 13:35:L4k4.5 Mass, 1b 39 318.1
- Selenographic latitude, deg 9.0
Selenographic longitude, deg -159.8
Selenogrephic inclination, deg 9.0
Altitude above LLS, n. mi. '59.8
Perilune altitude above LLS, n. mi. 9.3
Velocity, fps 5274.0
Revolution number 12
Burn termination 97:41:50.4 13:35:50.L4 AV, fps 99.6
Burn duration, sec 5.9
Altitude above LLS, n. mi. 59.8
Perilune altitude above LLS, n. mi. 51.8
Apolune altitude above LLS, n. mi. 68.2
Velocity, fps 5343.8
SPS propellant consumed, 1b 38L4.7
Burn arc, deg 0+3
Orbital period, hr:min:sec 01:58:5L4.4

Revolution number

6-T



TABLE 1-I.- SEQUENCE OF MAJOR EVENTS - Continued

Time, Time,
Event hr:min:sec, hr:min:sec, Data summary
g.e.t. c.s.t.

April 20, 1972
PDI (DPS ignition time) 98:34:40.9 14:28:40.9 Altitude above LLS, ft 52 T07.3
Velocity, fps 5571.1
Revolution number 13
High gate (P63 to P6lL4) 98:44:00.9 14:38:00.9 Altitude above LLS, ft 7900.3
Velocity, fps 355.0
Low gate 98:45:22.9 14:39:22.9 Altitude above LLS, ft 605.5
Velocity, fps 79.6
Vertical descent (P64 to 98:46:02.9 14:%0:02.9 Altitude above LLS, ft 213.7
P65) Velocity, fps 10.3
IM landing 98:46:42.4 14:40:k%2.4 AV, fps 6696.3
Burn duration, sec T21.5
DPS propellant consumed, 1b 18 100.3
Revolution number 13
Selenographic latitude, deg -9.0
Selenographic longitude, deg 15.5
CSM first pass over LLS 98:43:06.7 14:37:06.7 Revolution number 13

First CSM plane change April 22, 1972
Burn initiation 152:28:48.1 20:22:48.1 Mass, 1b 38 752.8
) Selenographic latitude, deg -L.9
Selenographic longitude, deg -67.8
Altitude above LLS, n. mi. 57.4
Perilune altitude above LLS, n. mi. 503
Apolune altitude above LLS, n. mi. 62.2
Revolution number ko
Velocity, fps 5355.6
Burn termination 152:28:57.2 20:22:5T..2 SPS propellant consumed, 1b 602.3
AV, fps 156.°T
Burn duration, sec 9.1
Selenographic latitude, deg 4.9
Selenographic longitude, deg -68.3
Altitude above LLS, n. mi. 57.4
Perilune altitude ebove LLS, n. mi. 57:3
Apolune altitude above LLS, n. mi. 62.0
Plane change, deg L.T
Selenographic inclination, deg 1045
Velocity, fps 5355.4
Revolution number Lo

OT-T



TABLE 1-I.- SEQUENCE

OF MAJOR EVENTS - Continued

Time, ‘Time,
Event hr:min:sec, hr:min:sec, Data summary
g.e.t. c.s.t. '
April 23, 1972
CSM second pass over LLS 171:46:10.3 15:40:10.3 Revolution number 50
Ascent
IM lift-off 171:45:08.6 © 15:39:08.6 Mass, 1b ) 10 892.2
; Selenographic latitude, deg -9.0
Selenographic longitude, deg 15.5
Revolution number 50
IM insertion 171:52:22.9 15:46:22.9 Mass, 1b 5923.9
AV, fps 60L4T7.9
Burn duration, sec 43L4.3
Latitude, deg -9.8
Longitude, deg 5
Altitude above LLS, ft 59 889.1
Perilune altitude above LLS, ft 54 783.9
Apolune altitude above LLS, ft 276 088.1
Rendezvous
TPI (APS ignition) 172:39:22.9 16:33:22.9 Burn duration, sec 2.5
Preceded by a 1l0-sec AV, fps 50.3
RCS ullage Propellant used, 1b 30.0
AV = 21.8 fps Resultant ha/hp, n. mi. 61.9/4k4.0
Range at cutoff, n. mi. 32.0
Range rate at cutoff, fps -132.5
Propulsion system APS
Revolution number 50
Braking 173:20:16.L 17:14:16.4 Burn duration, sec 30.2
AV, fps 33.4
Propellant used, 1b 21.6
Range at final braking, n. mi. 0.02
Range rate at final braking, fps -0.23
ha/hp at final braking, n. mi. 59.8/59.3
Propulsion system IM RCS
Revolution number 51
Docking 173:40:00.0 17:3%:00.0

TT-T



TABLE 1-I.- SEQUENCE OF MAJOR EVENTS - Continued

Event

Time, * Time,
hr:min:sec, hr:min:sec,
g.e.t. c.s.t.

Data summary

IM jettison

CSM/IM separation
Burn initiation

Burn termination

IM deorbit

IM impact

Second CSM plane change
Burn initiation

April 23, 1972

17T7:31215.0 21:25:15.0
177:36:15.0 21:30:15.0
177:36:28.2 21:30:28.2

179:16:29.2 23:10:29.2

179:39:28.6 23:33:28.6
April 24, 1972

193:13:46.2 13:07:46.2

Selenographic latitude, deg ' =45
Selenographic longitude, deg 46.7
Revolution number . 53
Revolution number 53
Mess, 1b 38 514.8
AV, fps 2.0
Burn duration, sec 13.2
Selenographic latitude, deg -6.9
Selenographic longitude, deg 30.9
Altitude above LLS radius, n. mi. 59.6
Perilune altitude above LLS radius, n. mi. 59.5
Apolune altitude above LLS radius, n. mi. 61.7
Plane change, deg 0.0
Selenographic inclination, deg 10.4
Velocity, fps 5346.0
Revolution number 953
Mass, 1b ¢ 5253.9
AV, fps 229.6
Burn duration, sec . 95.5
Selenographic latitude, deg = 2.7
Selenographic longitude, deg 86.2
Mass, 1b 5122.2
Selenographic latitude, deg -9.5
Selenographic longitude, deg 15.0
Velocity, fps 5550.1
CSM revolution number ' 5k
Mass, 1b 38 L433.2
Selenographic latitude, deg 0.1
Selenographic longitude, deg 65.0
Altitude above LLS, n. mi. 58.0
Perilune altitude gbove LLS, n. mi. . 5T7.9
Apolune altitude above LLS, n. mi. 62.9
Velocity, fps 5354.5
Revolution number 1

r eT-T



TABLE 1-I.- SEQUENCE OF MAJOR EVENTS - Continued

Time, Time,
Event hr:min:sec, hr:min:sec, Data, summary
g.e.t. e.s.t.

Second CSM plane change April 24, 1972
Burn termination 193:14:02.0 13:08:02.0 SPS propellant consumed, 1lb 1056.8
AV, fps 282.5
Burn duration, sec 15.8
Selenographic latitude, deg 0.0
Selenographic ldngitude, deg 6h.2
Altitude above LLS, n. mi. 58.0
Perilune altitude above LLS, n. mi. 57.9
Apolune altitude above LLS, n. mi. 62.9
Plane change, deg . .. 3.0
Selenographic inclination, deg - 13.k
Velocity, fps 5354.5
Revolution number 61

Shaping burn April 25, 1972
Burn initiation 216:49:11.7 12:43:11.7 Mass, 1b 37 305.3
Altitude above LLS radius, n. mi. 55.8
Selenographic latitude, deg 7.8
Selenographic longitude, deg 87.6
Perilune altitude above LLS, n. mi. 95T
Apolune altitude zbove LIS, n. mi. 65.2
Selenographic inclination, deg 13.L4
Velocity, fps 5366.4
Revolution number T3
Burn termination 216:49:13.9 12:43:13.9 Selenographic latitude, deg T
. Selenographic longitude, deg 87.5
Perilune altitude above LLS, n. mi. 5540
Apolune altitude above LLS, n. mi. 85.0
Burn duration, sec 242
Inertial burn arc, deg 0.l
Plane change, deg 0.0
AV, fps 38.0
SPS propellant used, 1b 139.6
Velocity, fps 5391.6
Subsatellite jettison 218:02:08.3 13:56:08.3 Altitude above LLS radius, n. mi. 78.5
Selenographic latitude, deg 0.0
Selenographic longitude, deg -128.0
Velocity, fps 5272.0
Perilune altitude sbove LLS, n. mi. 55.4
Apolune altitude above LLS, n. mi. 85.0

Revolution number

3.
w
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TABLE 1-I.- SEQUENCE OF MAJOR EVENTS - Concluded

Event

Time,
hr:min:sec,
g.e.t.

Time,
hr:min:sec,
c.s.t.

Data summary

Transearth injection
Burn initiation

Burn termination

Transearth coast midcourse
correction maneuvers

MCC-5

Mcc-6

MCC-T
CM/SM sep

Entry interface

CM landing

222:20:32.8

222:23:03.3

TEI + 17 hr
EI - 22 hr
EI - 3 br
EI - 15 min

290:22:45. k4

290:36:03

April 25, 1972
18:14:32.8

18:17:03.3

April 26, 1972

13:17:03.3

April 27, 1972
16:16:45.4

April 28, 1972
11:16:45.%

14:01:45.%
14:16:45.4

14:30:03.0

Mass, 1b

Altitude above LLS radius, n. mi.
Selenographic latitude, deg
Selenogrephic longitude, deg
Perilune eltitude above LLS, n. mi.
Selenographic inclination, deg
Velocity, fps

Revolution number

Altitude above LLS radius, n. mi.
Selenographic latitude, deg
Selenographic longitude, deg
Perilune eltitude above LLS, n. mi.
Selenographic inclination, deg
Burn duration, sec

Inertial burn arc, deg

Plene change, deg

AV, fps

SPS propellant used, 1b

. Velocity, fps

Geodetic altitude, n. mi.
Geodetic altitude, n. mi.

Geodetic altitude, n. mi.
Geodetic altitude, n. mi.

Transearth coast time, hr

Inertial velocity, fps

Geodetic altitude, n. mi. (ft)

Inertial flight-path angle, de

Geodetic latitude, deg '
Longitude, deg

Equatorial inclination (ascending), deg

Geodetic latitude, deg
Longitude, deg

37 025.0
65.7
10.3

179.7
54,7
13.4

5339.3
76

67.3
11.9
170.0
6k4.7
155
150.5
9.7

3.
3212.2
10 059.7
-8521.2

~181 000

X106 500

~25 500

1971.0

68"

36 175.8

65.8 (399 681.0)
=6.5

-13.0

—16T7:2

61.8

5.0
-158.7

HL-T



1-15

TABLE 1-II.~ LAUNCH WINDOW SUMMARY

Launch date « + o« o ¢ o « « o o « o« « « o o« o « « « o April 16, 1972
Site « s % o w % @ w w W & B s s W w @ e w e s e & Descartes
Flight azimuth, deg . . « « ¢« ¢« ¢« ¢« ¢« ¢« o o o o o o o T2 to 100

Launch time, hr:min, c¢.8.%. « « « « « « « o « « « « « 11:54 to 15:43

Translunar flight time, hr:min . ... . . . « . . « . . T1:50 to 66:43

Lunar orbit inclination, deg . . « « ¢« ¢« ¢« « ¢« o o . . 9.0
Approach azimuth at landing, deg . . .« « « « « « ¢ .« . -90.0
Sun elevation at landing, deg . . « « ¢« « ¢ o ¢« « .+ . 11.9
Goldstone landing coverage, hr:min . . . « « ¢« « « .+ . 12520
Lunar surface stay time, hr . . . . ¢ « ¢ « « ¢« o o . T3.0

Total lunar orbit stay time . . . « ¢« « « o « ¢ o ¢ & lh7zh6, T5 revs
Transearth flight time, hr . . . . .« « « « « « « « « 68

Total mission Bime, e = « s « & « & & s » « & » s s = 290:36 to 286:47



1-16

TABLE 1-IIT.- LUNAR ORBIT ACTIVITIES

Aotiwiey Rezgi;Zion hr:migfmZ:e.t.
LOI Beginning of v Th:35
1 .
DOI . End of 78:36
2
Begin rest period ok ‘ 82:30
End rest period 9 91:30
Begin IVT to IM 10 93:45
Undocking and separation . 12 96:1k
CSM circularization 12 9T7:42
PDI 13 98:35
Landing 13 98: L7
Begin first EVA 1.5 102:25
Terminate first EVA 18 109:30
Begin second EVA 26 124:50
Terminate second EVA 30 131:k40
Begin third EVA 38 148:25
First CSM plane change 40 152:29
End third EVA L2 155825
LM ascent 50 171:45
Docking 51 173:40
IM jettison . 23 ATT:3L

CSM separation 53 177:36
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TABLE 1-ITI.- LUNAR ORBIT ACTIVITIES -~ Concluded

Activity Revolution “Time,
number hr:min, g.e.t.

IM deorbit burn 54 179;16
IM lunar impact 5k 179:39
Second CSM plane change . 61 193:1k
Shaping burn 73 216:49
Subsatellite jettison 13 218:02
TET Beginning of 222:21

76



; 5-IVB CSM/IM csM CSM first G
e Tl T [P o e o e el I R P ol el IR U B el e T e [ P Y
impact

Launch
EOI 00:11:57
TLI initiation 02:33:15 02:21:18
TLI cutoff 02:38:50 02:26:53 00:05:35
Evasive maneuver (S-IVB) 0k:21:50 0k4:09:53 01:48:35 01:43:00
SIM door jettison 69:58:39 69:46:42 67:25:24 67:19:49 65:36:49
LOI initiation Th:28:39 Th:16:k42 T1:55:2h T1:49:h49 70:06:49 0k4:30:00
S-IVB predicted lunar impact T4:30:08 Th:18:11 T1:56:53 T1:51:18 70:08:18 0kh:31:29 00:01:29
LOI cutoff Th:3h:54 Th:22:57 72:01:39 T1:56:04 70:13:04 0k4:36:15 00:06:15 00:04:46
DOT 78:35:30 78:23:33 76:02:15 75:56:40 Th:13:k0 08:36:51 0k4:06:51 ok:05:22 0L4:00:36
CSM/LM undock and separation 96:13:31 96:01:3k 93:40:16 93:3h:41 91:51:h41 26:1h4:52 21:hk:52 21:43:23 21:38:37 17:38:01
CSM circularization 97:h1:kk 97:29:47 95:08:29 95:02:54 93:19:5h 27:43:05 23:13:05 23:11:36 23:06:50 19:06:1k4 01:28:13
PDI 98:3h:41 98:22: 4l 96:01:26 95:55:51 9h:12:51 28:36:02 2k:06:02 2kh:0h:33 23:59: 47 19:59:11 02:21:10 00:52:57
CSM first pass over LLS 98:43:07 98:31:10 96:09:52 96:04:17 9h:21:17 28:44:28 2k:1k:28 2k:12:59 24:08:13 20:07:37 02:29:36 01:01:23 00:08:26
IM landing 98:46:42 98:34:L45 96:13:27 96:07:52 9k :2):52 28:48:03 24:18:03 24:16:34 24:11:48 20:11:12 02:33:11 01:04:58 00:12:01 00:03:35
CSM plane change 1 152:28:48 [152:16:51 | 149:55:33 | 149:49:58 |148:06:58 | 82:30:09 | 78:00:09 | 77:58:40 77:53:54 | 73:53:18 56:15:17 | Sh:k7:04 | 53:54:07 | 53:45:41 | 53:42:06
IM lift-off 171:45:09 |171:33:12 169:11:54 169:06:19 | 167:23:19 | 101:46:30 97:16:30 97:15:01 97:10:15 93:09:39 75:31:38 Th:03:25 73:10:28 73:02:02 T2:58:27 19:16:21
TPT 172:39:23 |172:27:26 | 170:06:08 | 170:00:33 [168:17:33 | 102:40:4k | 98:10:44 | 98:09:15 98:04:29 | 94:03:53 76:25:52 | Th:57:39 | Th:ob:h2 | 73:56:16 | T73:52:L41 20:10:35 | 00:54:1L
Braking 173:20:16 |[173:08:19 170:47:01 170:41:26 |168:58:26 | 103:21:37 98:51:37 98:50:08 98:45:22 9l :hk 46 T7:06:45 75:38:32 Th:k5:35 Th:37:09 Th:33:34 20:51:28 01:35:07 00:40:53
Docking 173:40:00 |[173:28:03 | 171:06:45 | 171:01:10 [169:18:10 |[103:41:21 |- 99:11:21 | 99:09:52 99:05:06 | 95:04:30 T7:26:29 | 75:58:16 | 75:05:19 | Th:56:53 | Th:53:18 21:11:12 | 01:54:51 | 01:00:37 | 00:19:4k
LM Jettison 177:31:15 | 177:19:18 | 174:58:00 | 174:52:25 |173:09:25 |107:32:36 |103:02:36 |103:01:07 | 102:56:21 | 98:55:L5 81:17:4h | 79:49:31 | 78:56:34 | 78:48:08 | 78:44:33 25:02:27 | 05:46:06 | Oh:51:52 | 0k:10:59 | 03:51:15
CSM separation 177:36:15 | 177:24:18 | 175:03:00 | 17h:57:25 |173:14:25 |107:37:36 |103:07:36 |103:06:07 | 103:01:21 | 99:00:L45 81:22:44 | 79:54:31 | 79:01:34% | 78:53:08 | 78:49:33 25:07:27 | 05:51:06 [ O4:56:52 | 04:15:59 | 03:56:15 | 00:05:00
IM deorbit 179:16:29 | 179:04:32 | 176:43:1k | 176:37:39 |17h:54:39 |109:17:50 |10k:47:50 |10k:k6:21 | 104:41:35 | 100:40:59 83:02:58 | 81:34:45 | 80:41:48 | 80:33:22 | 80:29:47 26:47:h1 | 07:31:20 | 06:37:06 | 05:56:13 | 05:36:29 [ OL:h5:1h [ o01:h0:1k
LM lunar impact 179:39:29 |179:27:32 | 177:06:1% | 177:00:39 |175:17:39 | 109:40:50 |105:10:50 |105:09:21 | 105:04:35 | 101:03:59 83:25:58 | 81:5T:h5 | 81:04:48 | 80:56:22 | 80:52:47 | 27:10:h1 | O7:5h:20 | 07:00:06 | 06:19:13 | 05:59:29 | 02:08:14 | 02:03:14 [ 00:
CSM plane change 2 193:13:46 |193:01:49 190:40:31 190:34:56 |188:51:56 |123:15:07 |118:45:07 |118:43:38 118:38:52 | 114:38:16 97:00:15 95:32:02 9k:39:05 9k :30:39 9k:27:0k4 4o:kk:58 21:28:37 | 20:3L4:23 19:53:30 | 19:33:46 [ 15:42:31 15:37:31 13:
CSM shaping burn 216:49:12 |216:37:15 | 214:15:57 | 214:10:22 [212:27:22 [146:50:33 |142:20:33 |1h2:19:0h | 142:1k:18 | 138:13:h2 | 120:35:41 [119:07:28 [118:1h:31 |118:06:05 |118:02:30 | 64:20:2h | h5:04:03 | Uh:09:h9 | 43:28:56 | U3:09:12 | 39:17:57 | 39:12:57 | 37:
Subsatellite jettison 218:02:08 |217:50:11 215:28:53 215:23:18 |213:40:18 | 148:03:29 |143:33:29 |143:32:00 143:27:14 | 139:26:38 121:48:37 |120:20:2h |119:27:27 [119:19:01 |119:15:26 65:33:20 46:16:59 45:22:45 bh:h1:52 bh:22:08 40:30:53 40:25:53 38:
TEI initiation 222:20:33 |[222:08:36 219:47:18 219:41:43 | 217:58:43 | 152:21:54 |1kh7:51:54 |1k7:50:25 1b7:45:39 | 143:45:03 126:07:02 | 124:38:49 [123:45:52 |123:37:26 |123:33:51 69:51:L5 50:35:2h | 49:k1:10 49:00:17 | 48:40:33 | 4L:49:18 bh:hk:18 43:
TEI cutoff 222:23:03 |[222:11:06 | 219:49:48 | 219:44:13 |218:01:13 | 152:24:24 |alh7:5h:2h |1k7:52:55 [ 1b7:48:00 | 1b43:47:33 126:09:32 | 12L:41:19 |123:48:22 |123:39:56 |123:36:21 69:54:15 [ 50:37:5h | 49:43:h0 | h9:02:47 | b 8:43:03 | Lh:51:48 | hh:46:48 | L3:
Entry interface 290:22:45 |290:10:48 287:49:30 287:43:55 |286:00:55 | 220:24:06 |215:54:06 |215:52:37 215:47:51 | 211:47:15 194:09:14% | 192:41:01 |191:48:04 |191:39:38 | 191:36:03 137:53:57 |118:37:36 |117:43:22 |117:02:29 |116:h2:45 [112:51:30 |112:46:30 [111:
Landing 290:36:03 [290:24:06 | 288:02:48 | 287:57:13 |[286:14:13 | 220:37:2h -|216:07:2h [216:05:55 | 216:01:09 |212:00:33 | 194:22:32 |192:54:19 |192:01:22 [191:52:56 [191:49:21 [ 138:07:15 |118:50:54 |117:56:40 |[117:15:47 |[116:56:03 [113:04:48 |112:59:48 [111:
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TABLE 1~IV.- TIMETABLE OF MISSION EVENTS

Evasive 5-IVB CSM/LM csM CSM first - i il = - oo - e Beibe
(5o1vB) ?iftgggi init?giion pr;;gg{:d Ciggff ot §2§Z§§t§2§ ci:i:igi— - over 115 | lending chanze 1 |1ift-orr TPI Braking | Docldng | ,euvison | sepavation| aeorbit L?miiﬁir ﬁi§n§§age Sgifing jzziiiiﬁe inizfition cufgif inf::;Zce
65:36:49
70:06:49 04:30:00
70:08:18 04:31:29 00:01:29
70:13:04 0k:36:15 00:06:15 00:0k:46
Th:13:40 08:36:51 0k:06:51 0l :05:22 0k4:00:36
91:51:h41 26:14:52 21:h4h:52 21:43:23 21:38:37 17:38:01
93:19:5h 27:43:05 23:13:05 23:11:36 23:06:50 19:06:14 01:28:13
9k:12:51 28:36:02 24:06:02 2k :0k4:33 23:59:h47 19:59:11 02:21:10 00:52:57
9k:21:17 28:44:28 2h:1k:28 2k:12:59 24:08:13 20:07:37 02:29:36 01:01:23 00:08:26
9k:2h:52 28:148:03 24:18:03 2L :16:34 24:11:48 20:11:12 02:33:11 01:0k4:58 00:12:01 00:03:35
148:06:58 82:30:09 78:00:09 T7:58:40 TT7:53:54 73:53:18 56:15:17 Shil:0k 53:54:07 53:45:41 53:42:06
167:23:19 | 101:46:30 97:16:30 97:15:01 97:10:15 93:09:39 75:31:38 Th:03:25 73:10:28 73:02:02 T2:58:27 19:16:21
168:17:33 | 102:40:4h 98:10: 4k 98:09:15 98:04:29 9k:03:53 76:25:52 Th:57:39 Th:ok:kh2 73:56:16 T3:52:41 20:10:35 00:5h:1k
168:58:26 | 103:21:37 98:51:37 98:50:08 98:45:22 ol : L4 :46 T7:06:45 75:38:32 Th:45:35 Th:37:09 Th:33:3h 20:51:28 01:35:07 00:40:53
169:18:10 | 103:h41:21 99:11:21 99:09:52 99:05:06 | 95:04:30 T77:26:29 75:58:16 75:05:19 Th:56:53 Th:53:18 21:11:12 01:5h4:51 01:00:37 00:19: 4k
173:09:25 | 107:32:36 [103:02:36 |103:01:07 102:56:21 98:55:45 81:17:kk 79:49:31 78:56:3h 78:48:08 T8:44:33 25:02:27 05:46:06 0k4:51:52 0k4:10:59 03:51:15
173:14:25 | 107:37:36 |103:07:36 |103:06:07 103:01:21 99:00:45 8L:22: 4L 79:54:31 T79:0L:34 78:53:08 78:49:33 25:07:27 05:51:06 0kh:56:52 04:15:59 | 03:56:15 00:05:00
17h:54:39 | 109:17:50 |104:47:50 |10k4:46:21 104:41:35 | 100:40:59 83:02:58 81:3k4:45 80:41:48 80:33:22 80:29:47 26:47: 01 07:31:20 06:37:06 05:56:13 05:36:29 01:45:14 0L:40:1k
175:17:39 [ 109:40:50 1105:10:50 |[105:09:21 | 105:04:35 | 101:03:59 83:25:58 | 81:57:45 | 81:04:48 | 80:56:22 | 80:52:u47 27:10:41 [ 07:54:20 | 07:00:06 | 06:19:13 | 05:59:29 | 02:08:14 | 02:03:14% | 00:23:00
188:51:56 | 123:15:07 |118:45:07 |118:43:38 | 118:38:52 | 114:38:16 97:00:15 | 95:32:02 | 94:39:05 | 94:30:39 | 9h:27:0k4 bo:lk:58 | 21:28:37 [ 20:34:23 | 19:53:30 | 19:33:46 | 15:42:31 | 15:37:31 | 13:57:17 | 13:34:17
212:27:22 | 146:50:33 |[142:20:33 |1Lk2:19:04 142:14;18 | 138:13:42 120:35:41 |119:07:28 [118:14:31 |118:06:05 |118:02:30 64 :20:24 45:04:03 | Lh:09:k9 43:28:56 43:09:12 | 39:17:57 39:12:57 37:32:43 | 37:09:43 23:35:26
213:40:18 | 148:03:29 |143:33:29 |1L43:32:00 1h3:27:1h | 139:26:38 121:48:37 [120:20:2h |119:27:27 |119:19:01 |119:15:26 65:33:20 46:16:59 45:22:45 bh:hr:52 | hh:22:08 | 40:30:53 40:25:53 38:45:39 | 38:22:39 24:48:22 [01:12:56
217:58:43 [ 152:21:54 |1h7:51:5h |1k7:50:25 | 1h7:45:39 | 143:45:03 126:07:02 | 124:38:49 |[123:45:52 |123:37:26 |123:33:51 69:51:45 | 50:35:2h | h9:l1:10 | 49:00:17 | %8:40:33 | Mh:k9:18 | Wh:bh:18 | h3:oh:oh | h2:hil:oh | 20:06:47 [05:31:21 |ob:18:25
218:01:13 | 152:2:2h | 1h7:54:24 |1h7:52:55 147:48:09 | 143:47:33 126:09:32 | 124:41:19 |123:48:22 |123:39:56 |123:36:21 69:54:15 50:37:54 | 49:43:ko 49:02:47 | 48:43:03 | Lh:51:L48 bh:46:48 43:06:34 | 42:43:3k 29:09:17 |05:33:51 | 04:20:55 00:02:30
286:00:55 | 220:24:06 |215:54:06 |215:52:37 215:47:51 | 211:47:15 194:09:14 | 192:41:01 |191:48:04 |191:39:38 |191:36:03 137:53:57 |118:37:36 [117:43:22 [117:02:29 [116:h2:45 [112:51:30 |112:46:30 [111:06:16 |110:43:16 97:08:59 |73:33:33 |T72:20:37 68:02:12 67:59:42
286:14:13 | 220:37:24 | 216:07:24 | 216:05:55 216:01:09 | 212:00:33 194:22:32 | 192:54:19 |192:01:22 [191:52:56 |191:49:21 | 138:07:15 |118:50:54 |117:56:40 [117:15:47 [116:56:03 |113:04:48 [112:59:48 [111:19:34 [110:56:3Y 97:22:17 |73:46:51 |[72:33:55 68:15:30 68:13:00 00:13:18
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AGS

AOS

CDH
CDR
CM
CMC
CMP
CsT
CSM
G s
DOT
DPS
DSKY
ECI
EI
EMS
EPO
FTP

g€y Tu
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2.0 SYMBOLS AND NOMENCLATURE

abort guidance system

acquisition of signal

ascent propulsion system
cross-product stéering gain constant
constant delta height

commander

command module

command module computer

command module pilot

coelliptic sequence initiation

command and service modules

center of gravity

descent orbit insertion
descent propulsion system
display keyboard

earth centered inertial
entry interface

entry monitor system
earth parking orbit

fixed throttle point
ground elapsed time

apogee altitude

perigee altitude



IGA inner gimbal angle-

IMU inertial measurement.unit
IVT intravehicular transfer
Jerk time derivative of acceleration
L/D lift-to-drag ratio

LGC LM guidance computer

LLM lunar landing mission

LLS lunar landing site

LM lunar module

LMP lunar module pilot

LOI lunar orbit insertion

LOS loss of signal

LPO lunar parking orbit

LOX liquid oxygen

v launch vehicle

MC midcourse correction

MCC midcourse correction

MCI moon centered inertial

MGA middle gimbal angle

MNBY mean nearest Besselian year
MSFC Marshall Space Flight Center
OGA outer gimbal angle

0PS oxygen purée system

PC plane change



PDI
PGNCS
PTC
RDG
RCS

REFSMMAT

RR
RT
SC
SPS
STDN
TBT
T&D
TD&E

TET

IG
TLI
Tf
TPF
TPL
VHF
AV

At

2=3

powered descent initiation

primary guidance and navigation control'subsystem
passive thermal controi

position target for LM powered descent

reaction control system

transformation matrix from the basic reference coordinate
system to the stable member (IMU) coordinate system

rendezvous radar

target vector for Lambert guidance scheme
spacecraft

service propulsion system

Spacecraft Tracking and Data Network

time elapsed sinee TLI engine éutoffv
transposition and docking

transposition and docking and extraction
transearth injection

time‘at ignition

translunar injection

At from ignition time (tIG) to Lambert target vector (RT)
terminal phase finalization

terminal phase initiation

very high frequency

change in wvelocity caused by thrusting

change in time



components of velocity to be gained in the local vertical
coordinate system

components of unit vector in inertial coordinate
system

components of unit vector in vehicle stable member system

~—”



3.0 PRIMARY GUIDELINES AND
CONSTRAINTS
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‘3.0 MISSION GUIDELINES AND CONSTRAINTS

The design of the mission and the monthly and daily launch windows
were based on the following guidelines and constraints.

a. The primary lunar landing site is the Descartes region. There
is no backup site.

b. Daylight launch is highly desirable.

c¢. The launch windows and profiles will be designed to achieve
favorable lunar lighting at the lunar landing sites. For the primary
launch date, the sun elevation is 11.9°.

d. The flight azimuth range following launch is limited to 72° to
100°.

e. The mission will be designed for a translunar injection over
the Pacific Ocean.

f. Two TLI opportunities will be targeted: the first on the second
revolution and the second on the third revolution.

g. The translunar trajectory must be restricted such that the space-
craft is earth-returnable within RCS capability up to TLI + 5 hours, and,
in the event that LOI is not performed, the spacecraft must be returnable
within DPS capability at perilune + 2 hours.

h. The S-IVB will perform an evasive maneuver prior to the LOX
dump. The LOX dump will be targeted to achieve an S-IVB lunar impact.

i. The LOI maneuver will result in a 58- by 170-n. mi. elliptical
orbit. DOI will be performed with the SPS after two revs in the 58- by
170-n. mi. orbit established by LOI. The targeting will be biased to
place the spacecraft in an approximately 52 500-foot by 60-n. mi. orbit
at the time of PDI on rev 13.

J. The lunar surface stay time will be approximately T3 hours. The
CSM lunar orbit orientation will be restricted to permit an any-orbit IM
lift-off.

k. A CSM plane change will be made on rev 40 approximately 10 revo-
lutions prior to IM ascent to place the landing site in the orbital plane
at the planned time of. lift-off on rev 50.
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1. The IM ascent stage will be deorbited for lunar impact. A
second CSM plane change of 3° will be made on rev 61 to increase lunar
surface coverage for photography. A shaping burn will be performed by
the CSM on rev T3 to achieve proper orbital lifetime for the subsatellite
Jettisoned on rev T3.

m. The lunar orbit will be designed within the SPS capability to
return to earth from an orbit, including the cryogenic tank failure
situation.

n. The TET maneuver will be targeted to return as soon as possible
to the prime recovery area within the available AV capability.

o. The earth relative entry range will be 1190 n. mi.
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4.0 MISSION SUMMARY

In this section, a mission profile is summarized for a mission
launched April 16, 1972. Major events, spacecraft performance charac-
teristics, and significant trajectory parameters are described in de-
tail for each phase.

In the design of the spacecraft operational mission, the launch
vehicle mission phases were simulated independently of the exact
launch vehicle operational trajectory (ref. 3). The trajectory data
presented here for the launch vehicle mission phases were simulated
with data received from the MSFC for the Apollo 16 mission. No attempt
was made to duplicate exactly the launch vehicle operational mission,
and the information for the launch vehicle phases will differ from
information that will be presented in the official MSFC trajectory
document .
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4.1 Earth Leunch®

The launch time for this mission was determined to provide an opti-
mized injected payload for the first injection opportunity over the
Pacific Ocean. The launch is summarized as follows.

Date, month, day, year « « « « o« « « o & April 16, 1972

Time, hrimin, C.Set.  + o v v o o o o . 11:5h4
Azimuth, deg + « ¢« ¢« ¢ o ¢« ¢ ¢« o o o o & © T2.03k4

Location (Cape Kennedy, complex 39A)
Geodetic latitude, deg:min:sec . . . . 28°36'30.32"
Longitude, deg:min:sec . . . + o o o . 80°36'1L4.88" West

The CSM launch pad REFSMMAT is presented in table 5-VII.

#The parameters for this phase are approximate and are presented
for information only. The official source for this phase is the MSFC
LV operational trajectory (ref. 3).
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4.2 Earth Parking Orbit? (EPO) .

The EPO insertion conditions are as follows.

Timey HriMiniset, Ge€ebs o v w » o & o & o o 5 = & 00:11:5T.2
Geodetic latitude, deg N . . « « ¢« ¢« ¢« ¢ o« o« & & ; . 32.7
Longitude, deg W v v ¢« « v v v « o 0 4 0 e e e e 52,1
Altitude, n. mi. .« . ¢ ¢ ¢« ¢ ¢ o o o o o o s o s 93.3
Inclination, deg .+ « « « o s & s s o & s » o & s . 32.5

The insertion ship positioned at 27°N latitude and L9°W longitude
tracks the vehicle for approximately 3 minutes after insertion for a
minimum elevation angle of 3°.

The LV maintains local horizontal attitude throughout the EPO phase
except for an inertial hold of approximately 10 seconds immediately after

EPO insertion. The total time spent in EPO is 2h21m17.9s. The EPO
groundtrack from insertion through translunar injection is shown in
figure L4.2-1.

&The parameters for this phase are approximate and are presented for
information only. The official source for this phase is the MSFC LV
operational trajectory (ref. 3).



Geodetic latitude, deg

APOLLO TRACKING NETWORK

All stations operational May 1968
90 100 120 140 160 E180W 160 140 120 100 80 60 40 20 WOE 20 40 60 80 %

= ,&
v Time ticks every 15 minutes
from earth parking orbit insertion

Farth parking orbit insertion
(00:11:57.2¢g.e.t.) -
o

v Translunar injection initiation
:15, 1

Translunar injection cutoff
(02:38:50.0g.e.t.)

Start revolution count

@ USBS 85' STON|
@ USBS 30' STDN

9 100 120 140 160 E180W 160 140 120 100 80 60 0 20 WOE B I 40 60 80 9%
Longitude, deg

Figure 4. 2-1. - Earth parking orbit groundtrack.
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4.3 Translunar Injection® (TLI)

The TLI burn is initiated over Australia on the second revolution
in earth orbit, and the burn is totally in sunlight. The TLI burn
geometry is shown in figure L4.3-1.

The TLI burn places the spacecraft on a translunar trajectory with
a 7l.4 n. mi. perilune altitude. The evasive maneuver after CSM/LM
ejection is made with the S-IVB APS. The characteristics of the TLI burn
are as follows.

Burn initiation

Time, hr:min:sec, g.€:t: « « o « « ¢« o « & « « 02:33:15,1
Geodetic latitude, deg .+ « « & « « ¢ ¢ & 4 0 . -24.8
Lotigitudes deg "« « w s & & s « s & & © % @« ¢ 137.3
Veloelfy, £P8 « « s s & 5 @ % & % & & & & @ 25 630.7
Apogee altitude above mean radius, n. mi. . . . 95.8

Burn cutoff

Time, hr:min:sec, g.€ete =« « « « « « « « . . . 02:38:50.0
Geodetic latitude, deg . . « ¢« ¢ ¢« ¢ ¢ o o . . -12.5
Longitude, deg « = « + s & « s & 5 & » # ® & & 161.7
Velocity, fPS « v o o « o o o o o o o o o 4 o . 35 648.7
Burn duration, S€C « « « & ¢ ¢ o o e 0 0 0 . . 334.9
S-IVB propellant used, 1b « « « o « o o« o' % o 162 297
Plane change, deg . « ¢« « ¢« ¢ ¢ o « o ¢« o o o 0.0
Inclination to earth-moon plane, deg . . . . . 9.7
Apogee altitude above mean radius, n. mi. . . . 266 388

#The parameters for this phase are approximate and are presented
for information only. The official source for this phase is the MSFC
LV operational trajectory (ref. 3).



Position of moon at
lunar orbit insertion

A

Position of moon
at TLI cutoff

Position of sun at
"

TLI cutoff
T
Translunar =
Trajectory
TLI burnout
Altitude = 154.6 n. mi.
TLI burn initiation Velocity = 35 648.7 fps
Altitude = 88.9 n, mi. pomgitie = Jodat
Velocity = 25 630.7 fps RIS .

Longitude = 137.,3°
Latitude = -24.8°

Figure 4.3-1.- TLI geometry.
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4.4 Translunar Trajectory

The characteristics of the translunar trajectory are the following:

Perilune
Time, hr:min:sec, g.€.t. « v ¢ v ¢« & « « « « o « T4:32:13.4
Altitude gbove LLS, ne Mic & « s v s % & « s & 7Lk
Selenographic latitude, deg . . . « « « « « . . . 7.8
Selenographic longitude, deg . . « « « « « « o« . 176.8

In the event of no LOI burn the characteristics of the return-to-
earth trajectory are the following:

Earth perigee

Time, hyimin:set, L.€sFe + o w o o o« © s © » u o 149:23:59.9
Altdtude, n. Mise & o # & » 8 5 4 » & & 5 = & © & 22 698
Geodetic latitude, deg . +« « ¢ ¢ ¢ ¢« ¢ o o o . -35.0
Longitude, degZ .« « « o o o o o s o o s = o o o s 64.8

Inclination, deg .« + « « « « ¢« « « o 4 o 4 0 . . Lo.2



h-21

4,5 POST-TRANSLUNAR INJECTION
EVENTS



4-23

4.5 Posttranslunar Injection Events

The summary of the major events from TLI cutoff through S-IVB LOX
blowdown is given in table L4.5-I. To determine the separation attitude
maneuver (TBT plus 900 sec), the sun was constrained to between 32° and
90° of the LV +X-axis. This constraint provides over-the-shoulder lighting
and avoids any CSM shadow on the S-IVB for the docking phase.

Upon ground command, the S-IVB performs an APS evasive maneuver ap-
proximately 23 minutes after CSM/LM separation. The S-IVB attitude for
this maneuver will be the same as the separation attitude except that
the sign of the middle gimbal angle (yaw gimbal) will be reversed. The
APS burn will be 9.8 fps.

The S-IVB performs a LOX dump 21 minutes 20 seconds after the APS
evasive maneuver. The preliminary local horizontal attitude for this dump
is pitch/l89°, vaw 14°, roll 180°.

w iy -

The LOX dump maneuver is designed to reduce the probability of space-
craft recontact with the S-IVB and also to achieve an S-IVB impact on the
moon, Nominally, an S-IVB APS lunar impact burn will be executed after
the APS evasive and LOX dump maneuvers (g.e.t. is approximately 5.5 hr)
to target the S-IVB for a lunar impact at 31.7°W and 2.3°S.
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TABLE U4,5-I.- SUMMARY OF EVENTS FROM TLI CUTOFF THROUGH LOX DUMP

Time from TBT,
hr:min:sec

00

00:

00:

00:

00:

00:

00:

0l:

0l:

02:

100

00:

153

20:

251

25:

35:

20:

L3
obL:

00

20

00

00

00

15

00

00

00

20

Event

Hold cutoff attitude

Command and hold local

horizontal

Initiate maneuver to

separation attitude

Freeze separation attitude

inertially

Begin SC separation/SLA

Jettison

AUTO maneuver to docking

attitude

Null rates and translation

Initiate O0.T-fps closing

rate

Null O.T7-fps closing rate

Begin dock

LM/CSM ejection from S-IVB

S~-IVB APS evasive maneuver

S-IVB LOX dump

AV,
fps

o [

9.8

Comments

Local horizontal
attitude
Pitch = 120°
Yaw. = -40°
Roll = 180°
0.8 deg/sec

Latest time for

maneuver to be
completed

2.0 deg/sec

h_gsec RCS +X

-X RCS

Spring ejection and
3-sec =X RCS

Start TB8

Local horizontal
attitude
Pitch = 189°
Yaw = 14°
Roll = 180°



Range, ft

16 X10

14

12

10

RN

CSM/LM ejection

from S'NB,

CSM centered

00:00

04:00 08:00 12:00 16:00 20:00 24:00 28:00 32:00 36:00 40:00 44:00
Time from CSM/LM ejection, min:sec

(a) Range versus time.

Figure 4 ,5-1,- Motion of the S-IVB relative to the spacecraft for the S-IVB evasive maneuver of Apollo 16,

48:00
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Figure 4,5-1.- Continued,
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Figure 4 .,5-1,- Concluded.
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4,6 Translunar Coast

A groundtrack of the translunar coast phase is shown in figure L4.6-1.
Time histories of altitude and true anomaly for the first 10 hours of
translunar coast are provided in figures 4.6-2 and 4.6-3. After TLI, the
spacecraft is on a trajectory with a perilune altitude of T1l.4 n. mi.
Passive thermal control attitude will be maintained during most of the
translunar coast phase. The PTC REFSMMAT is given in table 5-VIII.

Four midcourse correction maneuver points have been defined at the
following times.

a. TLI plus 9 hours (MCC-1)

b. TLI plus 28 hours (MCC-2)
c. LOI minus 22 hours (MCC-3)
d. LOI minus 5 hours (MCC-L)

The midcourse correction strategy has been defined and documented
through the Apollo Data Priority Coordination Office. The maneuvers are
GNCS controlled, and external AV guidance is used. The PTC REFSMMAT
(table 5-VIII) will be used for MCC-1, MCC-2, MCC-3, and MCC-Lk. The
alinement criteria are presented in section 5.0.

The translunar coast phase duration is T1 hours 50 minutes. The SC
enters the lunar umbra 2 hours 3 minutes prior to LOI ignition but re-
enters sunlight 24 minutes before ignition. SC LOS occurs approximately
11 minutes before LOI ignition, and the vehicle remains occulted until
LOI + 21 minutes (g.e.t.).

Geodetic altitude from translunaer injection to LOI is shown in
figure 4.6-4., Altitude above the lunar surface during the last 10 hours
of translunar coast is shown in figure 4.6-5.

SIM bay door jettison occurs one-half hour after the scheduled MCC-4
or approximately 4-1/2 hours before LOI. The CSM is oriented such that
the SIM bay door is jettisoned forward and below the local horizontal
plane at a pitch of -23.8°, and out of plane to the north at a yaw of 32°.
This jettison attitude places the SIM door approximately 26 n. mi. above
and 10 n. mi. behind the CSM at LOI and it continues in its hyperbolic
trajectory until it exits the lunar sphere of influence.
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4,7 LUNAR ORBIT INSERTION
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4.7 Lunar Orbit Insertion (LOI) .

The LOI maneuver is designed to insert the CSM into approximately
a 58- by 170-n. mi. lunar parking orbit (LPO).
tion geometry is shown in figure L4.T7-1, and the lunar orbit groundtrack
from LOI to IM landing is shown in figure L4.T-2.
jectory parameters during the burn is presented in figure L4.7-3. The
A description of the burn

burn was simulated with external AV guidance.
is as follows.

LOI burn initiation

Time, hr:min:sec, g.e.t. » 5 B K i@
Mass, 1b . . . . ¢ & oW ow W
Altitude above LLS, Ne Mis o o @
Selenographic latitude, deg . . .
Selenographic longitude, deg
Inertial velocity, fps . . . . . .
Perilune altitude above LLS, n. mi. .
Selenographic inclination, deg

LOI burnout - start LPO

Time, hr:min:sec, g.e.t. . . ¢« « .« .
Altitude above LLS, n. mi. « w o
Selenographic latitude, deg . . . . .
Selenographic longitude, deg . .
Inertial velocity, fps . . o .
Selenographic inclination, deg

Burn duration, sec . ¢« & « o & s &
Inertial burn arc, deg . . . . . . .
Plane change, deg g ow oo e s W w4
AV P8 o o 6« W = ® m ow s
SPS propellant used lb o oW ® ® @ @
Orbit period, hr:min:sec . . s
Perilune altitude above LLS, n. mi.
Apolune altitude above LLS, n. mi.

°

The lunar orbit inser-

A time history of tra-

o

. 02:08:46.

T4 :28:38.6
102 642.7
95.1

8.1

-166.9
810L.0
T1.kh

8.1

Th:34:53.
7.

7.

169.
5388.
9.

375.
23

2.
2807.
2L 838.

58.
1T70.

ANV FFOoOWTO0 O &N HVUToN

The LOI burn parameters were computed without simulation of the SPS
thrust buildup and tailoff. However, the effect of these is reflected
in the burn parameters presented in the simulation data package (ref. 4).

The REFSMMAT used for the LOI burn is the LOI preferred REFSMMAT.

The target load for the LOI burn is given in table 5-IX.

More de-

tailed information about the burn, including reset point, navigation
updates, and ignition gimbal angles, is given in reference b,



Position of earth at LOI
Longitude = 7.4°

Apolune altitude = 170,6 n, mi.

At

Approach hyperbola

Position of sun at LOI

Longitude = 105,6°
LOI cutoff
Altitude = 77.5 n, mi,
Velocity = 5388.4 fps
Longitude = 169, 2°
Latitude= 7,1°
Plane change =2, 3°
Burn arc = 23,7°

Perilune altitude = 58.5 n. mi.

LOI burn initiation_
Altitude = 95,1 n, mi,
Velocity = 8104 .0 fps
Longitude = -166.9°
Latitude = 8.1°

Figure 4,7-1.- LOI geometry.
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4.8 Descent Orbit Insertion (DOI)

The DOI maneuver occurs after two revolutions in the 58- by
170-n. mi. orbit. The targeting is biased to place the spacecraft in
an initial 10.9- by 58.6-n. mi. lunar orbit so that the predicted lunar
potential perturbation will place the spacecraft in an approximately
52 500-foot by 60-n. mi. orbit at PDI on rev 13. The orbit is designed
so that the perilune is at 30.9°E selenographic longitude with PDI
occuring at 32.7°E longitude. The altitudes are relative to the landing
site radius.

For the DOI burn, the landing REFSMMAT (table 5-X) is used, and
the CSM is oriented heads down. The burn is initiated near perilune of
the second revolution in the 58- by 170-n. mi. orbit. The target load
for the DOI maneuver is presented in table 5-X. The characteristics
of the burn are the following. '

DOI burn initiation

Time, hr:min:sec, g.e.t. e e e e e e e e e e T8:35:30.3
Mass, 1b . . . a R R MR E N M OEW WA 7T T70.k
Altitude above LLs, B Wl « & # % 2 4 % & & 4 % 58.6
Selenographic latitude, deg . « « « « « &« « o o & 8.7
Selenographic longitude, deg . . . . « « « « ¢ & -140.9
Tnertial velocity, fPS « o« « ¢ « « o = « o & o 5486.2
Perilune altitude above LLS, n. mi. S oW % & 58.6
Apolune altitude above LLS, n. mi. . . . « . . . 170.4

DOI burnout

Time, hr:min:sec, g.€.te « « « « ¢ ¢ o o« o o« o« & 78:35:54 .4
Altitude above LLS, n. mi. . . « « « « « « o « & 58.6
Selenographic latitude, deg « « « « « « o « o o 8.8
Selenographic longitude, deg . « « « « + « « & . -142.2
Inertial velocity, P8 + « ¢« v o ¢« ¢ o o o o o« & 5280.2
Selenographic inclination, deg . . . « « « « & 9.0
Burn duration, sec . .« ¢« ¢« v 4 e e 0 e e . . 2h.1
Inertial burn arc, deg « « « ¢ « o o« o o o o L.2
Plane change, deg « « « « ¢ « o o o« o o« o o o o« 0.0
AV, fps « . . . T L 206.0
SPS propellant used lb e e e e e e e e e e e e 1566.2
Orbit period, hraminzsee .+ « » s » = « s & w # s 01:54:25.2
Perilune altitude above LLS, n. mi. e e e e e 10.9
Apolune altitude above LLS, n. mi. . . . . . 58.6
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4.9 CSM/IM Trajectory from DOI to PDI

The CSM/IM activities in lunar orbit prior to undock include the
CSM DOI maneuver at the beginning of the third revolution. Undocking

and separation are performed at 96hl3m31s g.e.t. (approximately 1T hr
38 min after DOI). IVT to the IM is begun approximately 2-1/2 hours
prior to undocking.

Activit Revolution Time,
y number hr:min, g.e.t.
LOT Beginning of
1 Th:29
DOT End of
2 78:36
Begin rest period _ i 83:45
End rest period 9 92:h45
Begin IVT to LM 10 95:15
Undocking and separation 12 96:1k

4.9.1 CSM/LM undock and separation.- The undocking and separation
maneuver is performed as a single maneuver to separate the IM and CSM in
preparation for the LM descent. The maneuver occurs at 2.2°N and 121.0°E
during the twelfth orbit 2.50 hours before landing. The required data
for this maneuver are given in table 5-X.

Undocking is accomplished by simultaneously releasing a set of
clamps that allows springs to push the two spacecraft apart. Imme-
diately after undocking, the CSM performs a manual maneuver directed
radially downward toward the center of the moon to achieve a total AV
of 1.0 fps. This maneuver provides an increase in LM-CSM separation
distance.
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4,10 LM TRAJECTORY FROM
PDI TO LANDING
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4,10 IM Trajeétory from PDI to Landing

This section describes the LM powered descent to the landing site
at Descartes.

4.10.1 Powered descent.- The LM powered descent is designed to trans-
fer the LM from the perilune of a 59.9- by 8.6-n. mi. orbit to a soft land-
ing on the lunar surface at the Descartes landing site (latitude 9.00°g,
longitude 15.52°E, radius 938.353 n. mi.). The maneuver is a controlled
guidance maneuver consisting of three phases - the braking phase, the
approach (or visibility) phase, and the landing phase. A summary of the
descent events is shown in figure 4.10-1.

4.10.2 Braking phase.- The braking phase is designed for efficient
reduction of orbital velocity. The phase begins with a T.5=-second ullage
performed with the LM RCS to settle the DPS propellants. The DPS is then
ignited and burned at the minimum throttle setting (approximately 10 per-
cent) for 26 seconds to allow time for the DPS engine gimbal to trim through
the center of gravity. The ullage and trim are performed at the constant
inertial attitude required by PGNCS guidance at DPS ignition. After the
trim the DPS is throttled to maximum thrust and remains at this setting
for most of the phase; however, during the final 2 minutes of the phase,
the DPS is throttled for guidance control.

To maintain continuous S-band communication during the powered descent,
the spacecraft attitude must include a 20° left yaw from pre-PDI to
3 minutes after ignition (see fig. 4.10-4). At 3 minutes the spacecraft
is returned to 0° yaw (windows-up attitude), which is the proper attitude
for the landing radar to be used. The yaw maneuver does not affect the
time of landing radar incorporation (approximately 4 min after PDI).

The guidance logic for the braking phase is designed to satisfy a pre-
determined set of targets. Because of guidance sensitivity, however, as
time-to~go (TGO) (to achieve targets) becomes small (less than 62 sec),
the guidance automatically switches from the braking phase targets
(table 5-X) to the approach phase targets (table 5-X).

4.,10.3 Approach phase.- The approach phase, which begins at an alti-
tude of approximately 7000 feet (high gate), provides for pilot visual
monitoring of the approach to the lunar surface; that is, the guidance is
targeted to provide a 30° pitch transient at high gate to immediately
bring the landing area into view in the forward window. The guidance pro-
vides an attitude that will maintain the landing area in the commander's
window until late in the approach phase. The quadratic acceleration
guidance law is used in the approach phase and the braking phase. The
approach phase altitude target (table 5-X) is approximately 158 feet.

The approach phase, however, is considered to be operationally terminated
80 seconds before automatic landing (low gate, approximately T00-ft alti-
tude), when the landing phase is initiated.
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4.,10.4 TLanding phase.- The landing phase is designed to provide
continued visual assessment of the landing site and to provide capability
for pilot takeover from the automatic control. The guidance law and tar-
gets at this point are unchanged because the approach phase targets have
been selected to satisfy these additional constraints. Under the auto-
matic guidance, a vertical descent is initiated when TGO becomes less than
12 seconds. The vertical descent portion of the landing phase starts at
an altitude of 200 feet and terminates at landing. The vertical descent
guidance is a velocity nulling routine that nulls the horizontal velocity
while accepting the commanded vertical rate from the rate-of-descent (ROD)
switch. A 5-fps rate of descent is used throughout the automatically con-
trolled vertical descent. This vertical rate is controllable by use of
the ROD switch or by manual throttle control. The rate will normally be
adjusted so that the touchdown rate is less than 5 fps.

4,10.5 Graphical description of the powered descent.- The LM lunar
groundtrack from PDI to landing is shown in figure 4.10-1. BEvents in-
dicated are PDI, FTP, yaw to vertical, landing radar altitude, landing
radar velocity, throttle recovery, high gate, and landing.

The time histories of the LM and LM-CSM trajectory parameters from
PDI to landing are shown in figure 4.10-2. Major events indicated are
throttle recovery, high gate, low gate, and landing. In figure 4.10-2(a),
time histories of the LM total velocity, altitude above the landing site,
and flight-path angle are shown. The time histories of the ILM-CSM range,
range rate, and phase angle are shown in figure 4.10-2(b). Time histories
of the IM thrust angle and FDAI pitch angle are shown in figure 4.10-2(c).
The thrust angle is the angle between the thrust vector and the local
vertical, and the FDAT pitch angle is the angle between the X-body axis
and the X-platform axis., The time histories of the commanded and actual
thrust profiles are shown in figure 4.10-2(d). The two profiles are
different because the DPS is not throttled between 63-percent thrust and
FTP (100 percent is 10 500 1b of thrust) because the engine is physically
degraded when the intermediate thrust values are used. Therefore, the
throttle is set at the maximum level, FTP (approximately 93-percent
thrust), until the commanded value is below 57-percent thrust; then the
DPS is throttled to the commanded values for the remainder of the descent.
The 5T7-percent level allows a margin for throttle operation without re-
quiring a pulse back to the FTP.

In figure 4.10-3, the IM altitude versus altitude rate profile from
PDI to landing is shown. Events indicated are PDI, throttle recovery,
high gate, low gate, and landing.

Shown in figure 4,10~k is the S-band gimbal profile, which indicates
the position the S-band antenna must maintain for S-band communication.
The vehicle blockage pattern is also shown. Any antenna position inside
this pattern will cause loss of communication because parts of the LM
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hardware will reflect or interfere with the signal. If no preventive
action is taken, body blockage may occur during the early part of the
Apollo 16 powered descent. Therefore, a 20° left yaw maneuver is re-
quired from pre-PDI to 3 minutes after PDI. At 3 minutes the spacecraft
is returned to 0° yaw (spacecraft windows-up attitude) at the rate of

5 deg/sec. If the crew chose to initiate the powered descent in a
windows-down attitude the body blockage would be similar to the blockage
for the windows-up attitude.

Events indicated in figure 4.10-4 are PDI, yaw to vertical, landing
radar accepted, throttle recovery, high gate, low gate, and landing.

To decrease the effects of the local terrain on the descent trajec-
tory, a simple terrain model (called an a priori model) has been intro-
duced into the guidance system. This model allows the guidance to com-
pensate in advance for general terrain variations, thus providing a
smoother trajectory. Figure 4.10-5 shows the terrain for the nominal -90°
approach azimuth into the landing site at Descartes. The a priori model
(a series of slopes) has been superimposed over the actual terrain.

An approach phase summary from high gate to low gate is presented in
figure 4.10-6. The IM landing point designator (LPD) and IM altitude
above the landing site are shown as functions of surface range to the
landing site., A table presents the LM altitude rate, thrust angle, and
horizontal velocity as functions of time from high gate.

A map showing the topography in the immediate vicinity of the landing
site at Descartes is presented in figure 4.10-7. Also shown is the IM
landing dispersion ellipse.

A landing phase summary (from low gate to landing) is presented in
figure 4.10-8. The IM LPD and IM altitude are shown as functions of sur-
face range to the landing site. The IM altitude versus altitude rate
profile and the APS abort boundary are also presented. The table pre-
sents the IM thrust angle and horizontal velocity as functions of time
from low gate.
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Figure 4.10-1.- LM powered descent groundtrack.
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4,11 CSM SOLO ACTIVITIES
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4,11 CSM Solo Activities

4.11.1 CSM circularization.~ This maneuver, which occurs at 9.0°N
and 159.8°W and 88 minutes after undocking, transfers the CSM from the
initial elliptical orbit to a near circular parking orbit shaped so that
after the powered ascent (or a descent abort), the rendézvous phasing is
improved.

The maneuver is a 5.9-second external AV burn performed by the SPS.
The target load for the maneuver is shown in table 5-X.

4.11.2 (CSM first lunar orbit plane change.- Approximately 78 hours
after LOI the CSM performs a plane change to place the LM in the CSM
orbital plane at the time of LM lift-off. The maneuver is performed
approximately 9.75 revolutions before LM ascent. The target load for
the maneuver is presented in table 5-XTI.

The burn characteristics are the following.

Burn initiation

Time, hr:min:sec, g.e.t. “ B oW @ W W B s m N % e 152:28:48.1
Mass, 1b . . . R I 38 752.8
Altitude above LLS I 57 .4
Selenographic latltude, deg & » s % » w om w o« w® @ -4.9
Selenographic longitude, deg . « « + « « « « o« . -67.8
Inertial velocity, fPS + « ¢ « ¢ « o & o o o o 5855.6
Selenographic inclination, deg . . . « . « « « & 9.0
Perilune altitude above LLS, n. mi. « % o®m oW ® 5743
Apolune altitude above LLS, n. mi. . « . . . . . 62.2

Burn cutoff

Time, hr:min:sec, g.€.te + v v ¢ v « & o o « o« 152:28:57.2
Altitude above LLS, n. mi. .+ « « « v « « « 4 « . 57.4
Selenographic latitude, deg . « + « « « « « « & & -4.9
Selenographic longitude, deg . +« « « « &« « + « . -68.3
Inertial velocity, fPS « « ¢ o« o « o « o o o o & 5355.4
Selenographic inclination, deg . . . « « « .« . & 10.5
Burn duration; se€¢ « & 5 + & % % s ® % % & @ ® 9.1
Inertial burn arc, deg . . « ¢« « « ¢ ¢ o o o o 0.5
Plane change, deg T ® 8 8 4% B8 e wam s m @ 4 1.7
AV THE & & s P oaom oW s W s s e E 3 158 .7
SPS propellant used lb Ce e » = x u 8 B @ § 602.3
Perilune altitude above LLS, n. mi. 5 6 owom @ 5T=3

Apolune altitude above LLS, n. mi. . . . . . . . 62.0
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L.12 IM Ascent

The IM powered ascent trajectory is an inplane launch into a
9.02-n. mi. (54 T84 ft) by U45.4-n. mi. orbit about the moon. The IM
lift—off time, which is determined primarily by the IM-CSM phasing require-
ments for rendezvous, occurs after approximately 73 hours of lunar surface
stay time. A sketch of the powered ascent maneuver is shown in figure L4.12-1.

The LM ascent consists of two operational phases, a vertical rise
phase and an orbital insertion phase. The first phase is necessary to
achieve the desired altitude for terrain clearance. A description of
trajectory parameters, vehicle attitudes, and the transition to the orbital
insertion phase during vertical rise is shown in figure 4.12-2. For radial
rates greater than 40 fps, the guidance switches to the orbital insertion
phase; but, because of DAP steering lags, the pitchover does not occur
until a radial rate of approximately 50 fps is achieved. Thus, the ver-
tical rise phase is actually terminated 10 seconds after IM lift-off.
During the vertical rise phase, the LM Z-body axis is rotated toward  the -
desired azimuth, which is normally.in the CSM orbital plane.

The orbital insertion phase, which is designed to insert the IM into
the desired lunar orbit, is summarized in figure 4.12-3. Included in this
figure are orbital insertion characteristics, total ascent phase performance,
onboard displays at insertion, and groundtrack information from lift-off
to insertion. Yaw steering is used during the orbital insertion phase, if
required, to maneuver the IM into the plane of the CSM orbit. The nominal
ascent is essentially inplane and requires no yaw steering. To maintain
S-band communication during the ascent, the pilot yaw maneuver is not re-
quired. LM ascent radar coverage for a 0° minimum elevation angle is in-
cluded in the mission radar time line (table 6-I). For a 3° minimum
elevation angle, the radar coverage data showed no change. The LM ascent
weight summary is shown in table 5-II. The target load for LM ascent
is presented in table 5-XII, and the propulsion performance summary for
IM ascent is shown in table 4.12-I. Because +X-axis RCS thrusting is
used for attitude control, the data in table L4.12-T include the effect
of both APS and RCS thrust. The APS interconnect is open during LM
ascent, and all propellant is assumed to come from the APS tank.

Time histories of LM trajectory, attitude parameters, LM-CSM phasing,
range, range rate, and LM-CSM relative parameters are shown in
figures L.12-L, 4.12-5, and 4.12-6, respectively.

The IM-CSM range-range rate profile is shown in figure 4.12-7. The
S-band gimbal angle profile, which shows the vehicle body blockage con-
straints, is shown in figure L4.12-8.



TABLE 4.12-I.- IM ASCENT PROPULSION PERFORMANCE SUMMARY

[Combined APS and RCS]

mews | ditieorr, | thruss, | o 45 | RS cffective | g ettective |yl | Tetel | e

sec 1b 1b

IM lift-off 0 3518.59 11.36 63.56 0.23 3582.15 11.59 308.97

60 3511.06 11.33 54.87 0.20 3565.93 11.53 309.36

120 3503.37 11.30 LL . 67 0.16 3548, 0L 11.46 309.52

180 3497.11 11.28 33.05 0.12 3530.16 11.%0 309.54

240 3493.24 11.28 19.73 0.07 3512.97 11.35 309.L47

300 3492.10 11.29 4.13 0.01 3496.23 11.30 309.39

360 3493.43 11.30 14.69 0.05 3508.12 11.35 309.07

420 3496.33 11.31 38.15 0.1L4 3534.48 11.45 308.69

IM insertion L3k4.3 3k97.10 11.32 Lk 61 0.16 3541.71 11.48 308.60

88~
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4,13 RENDEZVOUS SEQUENCE
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4.13 Rendezvous Sequence

4.13.1 Sequence summary.- After insertion of the LM into orbit,
the IM will compute and execute the early rendezvous sequence which
nominally consists of two major maneuvers, TPI and TPF. A nominally-
zero tweak maneuver will be scheduled 3 minutes after insertion, and
two nominally-zero midcourse correction maneuvers will be scheduled
between TPI and TPF; the TPF maneuver is actually divided into several
braking maneuvers. The complete maneuver sequence is presented in
table 4.13-I. All maneuvers except TPI will be performed with the LM
RCS system with either two jets or four jets for a prescribed quad for
thrust vector control. TPI will be performed with the APS preceded
by a 1l0-second, four-jet RCS ullage. The entire maneuver sequence
from lift-off through docking requires approximately 1.9 hours.

Before detailed information is presented about each maneuver, some
general mission and trajectory design requirements for the rendezvous
plan are noted.

a. TPI will occur 16 minutes prior to the first sunrise following
insertion.

b. The IM will be 15 n. mi. below the CSM orbit at TPI.
c. The LM-CSM elevation angle will be about 26.6° at TPT.

d. Braking should occur in daylight; stationkeeping should begin
approximately 29 minutes after the vehicles enter sunlight.

The orbital schematic for the rendezvous sequence is presented in
figure 4.13-1. The time histories of range, range rate, phase angle,
CSM-LM elevation angles, and the CSM-LM-sun angles are presented in
figures 4.13-2(a) through 4.13-2(e). The relative motion of the LM
with respect to the CSM is shown in figure 4.13-2(f). The onboard
tracking, lighting, and mission events summary are presented in
figure 4.13-3 and in table 4.13-II.

4.13.2 Tweak maneuver.- A nominally-zero tweak maneuver is sched-
uled 3 minutes after insertion. The purpose of this maneuver is to
maintain the nominal TPI offsets (both inplane and out of plane) when
insertion dispersions occur. Out-of-plane dispersions will be eliminated
by a tweak/TPI combination. The tweak maneuver would force a common node
at TPI, and the out-of-plane velocity component would be reduced to zero
at TPI. Any out-of-plane situation not eliminated by the tweak/TPI
combination must be eliminated during terminal phase.
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4.13.3 TPI.- The TPI maneuver, executed with the APS, is initiated
47 minutes after insertion (16 min prior to daylight). A shorter At from
insertion to TPI would be acceptable; however, if the IM tracking light
should fail, TPI lighting significantly earlier than 16 minutes prior to
sunlight would not allow adequate daylight sextant tracking for the second
midcourse. The insertion orbit is such that at this time the IM will be
29 n., mi. behind and 15.0 n. mi. below the CSM. The thrust direction is
posigrade 7.5° below the local horizontal. The APS burn is preceded by
a +X (four-jet) RCS ullage maneuver which is 10.5 seconds long and over-
laps the main engine burn by 0.5 second. The APS burn duration is
2.5 seconds.

The Lambert targeting for this maneuver is based on a 130° CcsM
central travel angle between TPI and TPF. The target load for this
maneuver is presented in table 5-XII. The LM-CSM orbital geometry is
shown in figure 4.13-4. The characteristics of the TPI maneuver are
as follows.

Ullage maneuver (four-jet RCS, +X)

Start time, hr:min:sec, g.€.t. « « « « « « ¢+ . 172:39:12.9
Tatitude, deg N « v « =« = & s # & & & % & & » & & 6.5
Longitude, deg W . . . . T T Y 14L.0
Altitude above landing 31te, n. mi. . e ow o s W 4.3
Phase angle, deg « ¢« « « ¢ « o o o o o o o o e e L
Duration, SEC « + ¢ « o + o o o 4 e e e e e e e . 1045
BV £oB « » » s = w w3 EE WA B EE hDF 21.8
Propellant used lb & A2 2 Ak PO EE B 14.3
Main engine burn
Start time, hr:min:sec, g.e.t. .« ¢« ¢« ¢« « ¢« o o .o 172:39:22.9
AVy TPB o o ¢ &« & o s o o o o o o o o o o ¢ & o s 50.3
Duration, S€C « « « o o o o o o o o o e e 8 8 e s 2:5
Propellant used, 1b « « ¢« ¢ « ¢ o o o o o o o o o 30.0
TPI termination
Time, hr:min:sec, g.€ste « « o « o o o « o « « « o 172:39:25.L4
Latitude, deg W o « » « o s ¢ o 2 & & & v & % & % = 6.6
Longitude, deg W « « « « &« « . A RN, 14h.6
Altitude above landing site, n. mi. e e e e e 44,3
Resultant ha/hp’ n. mi. S 61.9/4k4.0

Catchup rate, deg/min . . « « « « v ¢« « ¢« « ¢« « o & 0.033
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4.13.4 Midcourse corrections and TPF.- MC-1 and MC-2 occur 15 and
30 minutes after TPI, respectively, and are nominally-zero maneuvers.
The terminal phase braking schedule performed with the two-jet -Z thrusters
is presented in table 4.13-I. Line-of-sight corrections will be made
as required. Final approach and stationkeeping should occur at approxi-

mately 173h2hm31.5s[g.e.t., approximately 29 minutes after the vehicles
enter sunlight on the back side of the moon. Docking should occur at

approximately 173hhomoos g.e.t. to complete 1.9 hours of rendezvous
activities.



TABLE L.13-I.- RENDEZVOUS MANEUVER

SUMMARY
i Propellant Besnluant i
T}me, Propulsion B?rn AV, Weigh? at 5 orbitb Range at | Range rate
Event hr:min:sec, S tem time, B ignition, used, h /b cutoff, at cutoff,
geeite Y sec P 1b 1b a'"p’ n. mi. fps
tis mie
Tweak® 171:55:22.9 | RCS 0.0 0.0 5923.9 0.0 L4Lh.7/9.0 143.1 -438.5
TPI APS burnd 172:39:22.9 | APS 2.5 50.3 5909.6 30.0 61.9/4k.0 32.0 -132.5
Mc-1° 172:54:22.9 | RCS +Z (two-jet) 0.0 0.0 5909.6 0.0 61.9/kk.0 1.7 -95.7
Mc-2¢ 173:09:22.9 | RCS +Z (two-jet) 0.0 0.0 5909.6 0.0 61.9/44.0 ' 4.5 -L4k4.9
First braking 173:20:16.4 | RCS -Z (two-jet)| 12.9 1k.2 5879.6 9.2 61.4/52.5 0.4 -19.7
maneuver
Second braking 173:21:29.3 | RCS -Z (two-jet) 8.8 9.7 5870.L4 6.3 60.5/55.7 0.2 -9.8
maneuver
Third braking 173:23:07.6 | RCS -Z (two-jet) 4.3 4.8 586k4.1 3.1 60.1/57.4 0.08 -L.9
maneuver
Fourth braking 173:24:27.2 | RCS -Z (two-jet) 4.2 L7 5861.0 3.0 59.8/59.3 0.02 -0.2
maneuver
Docking 173:%0:00.0 — - - 5858.0 = 0.0 0.0

| 59.8/59.3

SEstimates for completing consumables document will present‘official propellant usage. Slight changes caused by rigor
or analysis are expected. )

b

Altitudes measured above landing site.

c ;
Nominally a zero AV maneuver.

dPreceded by a 10.0-sec, four-jet, +X, RCS ullage.

HOT~#
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TABLE 4.13-IT.- STDN TRACKING AND SHADOW TIME LINE

Event Time, hr:min:sec, g.e.t.
Insertion 171:52:22.9
Tweak 171:55:22.9
Sunset 172:07:45.8
STDN LOS 172:24:58.0
TPT (ullage on) 172:39:12.9
MC-1 172:54:22.9
Sunrise 172:55:36.5
MC-2 173:09:22.9
STDN' A0S 173:11:40.7
First braking maneuver 17%:20:16 .4
Second braking maneuver 173:21:29.5
Third braking maneuver 17%:23:07.6
Fourth braking maneuver 175:2h:27.2
Docking 173:40:00.0
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CSM parking orbit

Earth

Ground elapsed time,

St hr:min:sec
1. Lift-off 171.45:08.6
2. LM insettion 171:52:22.9
3. Tweak ' 171:55:22.9
4. TPI (ullage on) 172:39:12.9
5. MC-1 172:54:22.9
6. MC-2 173:09:22.9
7. Begin braking | 173:20:16.4
8. Begin stationkeeping 173:24:31.5
9. Docking - 173:40:00.0

Figure 4.13-1 .- Orbital schematic of ascent through docking.
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4,14 LM JETTISON AND SEPARATION
TO TEI
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4.14 IM Ascent Stage Jettison and
Separation to CSM Transearth Injection

L.14.1 IM ascent stage jettison.- Since the publication of the
Apollo 16 Operational Trajectory for March 17 launch, the LM ascent stage
target impact point has been changed from 14.68°E and 9.00°S to 1L4.97°E
and 9.48°S. This change is reflected in this Operational Trajectory (for
an April 16 launch). The reason for the change is that, with the new
impact point, the ascent stage impact can possibly be viewed by the lunar
rover television camera. Two major trajectory differences result from
moving the impact point:

a. AV required for deorbit increases from 216.5 fps to 229.6 fps
b. The middle IMU gimbal angle changes from 352.1° to 339.7°

The IM ascent stage is Jjettisoned from the CSM about two revolutions

after docking at lT?hBlmlSS g.e.t. The IM is jettisoned in the inertial
attitude required for the LM deorbit maneuver which occurs about 105 min-
utes later. A 2.5-fps radial up velocity is imparted to the LM at Jjettison
due to a 1.5-psi tunnel pressure between the LM and CSM.

The CSM performs a 2-fps posigrade maneuver 5 minutes after jettison
to avoid any recontact with the IM. The CSM target load for this separa-
tion maneuver is shown in table 5-XIII.

The IM deorbit burn occurs at 179h16m29S g.e.t. at a longitude of
86.24°E. There are about 9.5 minutes of STDN coverage prior to the deorbit
maneuver in which to command the LM for deorbit. The deorbit is targeted
to impact the lunar surface at 1L4.97°E longitude and 9.48°S latitude.
Because of the far easterly longitude of the deorbit maneuver, for the LM
antenna to be acquired by STDN stations the LM must be inertially oriented
to a pitched-down attitude of approximately 49° from the pure retrograde
attitude at the maneuver initiation. The local horizontal pitch and yaw
angles are presented in table 4.14-I. The roll has been optimized for
STDN communication. The total AV required for deorbit is 229.6 fps. This
RCS burn (+X, four-jet) will be about 95.5 seconds long. The target load
for deorbit is shown in table 5-XIIT.

After deorbit the LM coasts for about 21.5 minutes in a 68.2- by
-40.6-n. mi. orbit prior to impacting the lunar surface. The velocity of
impact is 5550.0 fps with a flight-path angle of -3.2°.

The IM deorbit groundtrack is shown in figure 4.14-1. The 30 disper-
sion ellipse shown in this figure is +12.33 n. mi. down range and
+0.73 n. mi. cross range. The Apollo 16 landing site is outside of this
ellipse; therefore, no damage to the experiment packages left from lunar
stay is probable.
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4.14.2 CSM second lunar -orbit plane change (LOPC-2).- Approxi-

mately llBhMSm after LOI, the CSM performs a second plane change on
rev 61 to increase lunar surface photography coverage. The maneuver is

performed lShhSm after LM jettison. The target load for the maneuver
is presented in table 5-XIII.

The characteristics of the burn are the following:

Burn initiation

Time, hr:min:sec, g.e.t. 'EEEEEE Y 193:13:46.2
Mass, 1b . . . KRB & BB OE § bR & 4 B 8 38 433.2
Altitude above LLS, fe Bde « o 2 5 9« 5 8 9w 4 » @ 58.0
Selenographic latitude, deg . . « « « « « « .« . . Q:d
Selenographic longitude, deg . « « « « & « &« + & 65.0
Inertial velocity, fPS « ¢ o v ¢ o « o« o o o o & 5354,5
Selenographic inclination, deg . . . « « « « . . 10.4
Perilune altitude above LLS, n. mi. o ow ow s w @ 57.9
Apolune altitude above LLS, n. mi. . . . . . . . 62.9

Burn cutoff

Time, hr:minisee; go€vbe o« ¢ « » o & = 5 « « © . 193:14:02.0
Altitude above LLS, n. mi. « « « v « « « « « o« . 58.0
Selenographic latitude, deg . « « ¢« « « « ¢ « « & 0.0
Selenographic longitude, deg . . « '« « « « « . . 6.2
Tnertial velooity, PP8 » + « % « » & % 4 & & & 5354.5
Selenographic inclination, deg . . . . . . . . . 13.4
Burn duration, sec . « « + ¢ 4 4 e e e e 4 e e . 15.8
Inertial burn arc, deg .« « « « « « o o« o« o o o 0.8
Plane change, deg R EEEEEEEEEEER 3.0
AV, fps . . . TR EEEEEEEEE 282.5
SPS propellant used lb 2 = » 3 y 2% 3 & B » 1 1056.8
Perilune altitude above LLS, n. mi. A 57.9
Apolune altitude above LLS, n. mi. . . . . . . . 62.9

4.14.3 Shaping burn and subsatellite jettison.- The CSM performs

a shaping burn on rev 73 at 216hh9mll.7S g.e.t. to place the SC in an

orbit so that, when the subsatellite is jettisoned at 218h02m08.3s g.e.t.
at the ascending node on rev 73, it will have a lunar orbit lifetime of
at least 1 year.

The lunar orbit subsatellite is jettisoned at 218h02m08.3s g.e.t. as
the CSM crosses the lunar equator at the ascending node of rev T3. The
CSM will be in an inertial hold attitude, which will allow the subsat-
ellite to be jettisoned perpendicular to the ecliptic plane toward the

north;
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thus, the spin axis of the subsatellite will be perpendicular to the

line of sight to the sun, allowing maximum sunlight incidence on the
solar cells.

4 ,26~-fps jettison

Ecliptical plane

Trajectory plane

Jettison allilude: TFixed inertial with CSM
local horizontal angles of

P =9k4.,9
Y = 0,2°
R = 91.4



TABLE L.14-I.- LM DEORBIT SUMMARY

Local horizontal
attitudes, deg

Time, . - Burn Inertial
Event hr:min:sec Letitads , Long Ltude, duration, ¥ velocity, Mads,, Pitch Yaw
deg deg fps 1b
g.e.t. sec fps
Jettison | 177:31:15.0 . -k.50 L6.66 == 2.5 53kk.5 5253.9 -90.0 -20.4
Deorbit 179:16:29.2 2.7h 86.24 95.5 229.6 5348.6 5253.9 |-131.1 | -20.4
Impact 179:39:28.6 -9.48 k.97 - - 5550.0 5122.2 | -59.1 | -20.9

o2t-h
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Figure 4.14-1.- Apollo 16 LM ascent stage impact groundtrack.
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4,15 TRANSEARTH INJECTION




L-127

4,15 Transearth Injection

The TEI maneuver occurs lh?hh6m after LOI and approximately 50h36m
after LM ascent. For a 68.0-hour transearth flight time and a 62° ascend-
ing return inclination relative to the earth's equator. A time history
of the trajectory parameters during the burn is presented in figure 4.15-1.
The transearth injection geometry is shown in figure L4.15-2.

For the TEI burn, the IMU is alined to the TEI preferred REFSMMAT.
The target load is presented in table 5-XIV.

The characteristics of the burn are the following.

TEI burn initiation

Time, hr:min:sec, g.€.t. + v ¢ « v & ¢ « o o & & 222:20:32.8
Maggs I & o @ © s & @ % & & s s % @ o » » 37 025.0
Altitude above LLS, n. mi. .+ « « « o « o &« o & & 65.7
Selenographic latitude, deg . . . . « « ¢« ¢« « o & 10.3
Selenographic longitude, deg . .« . « « « « « .« . 179.7
Inertial velocity, fps . ¢« ¢ ¢« ¢ ¢ ¢« ¢« o « ¢« « & 5339.3
Selenographic incliation, deg . « . ¢« « « « ¢« ¢« . 13.4
Perilune altitude above LLS, n. mi. 5 5 B & & G s5h.7

TETI burnout

Time, Nriminiset, E.€bs o ¢ » © o & o @ o @« o o 222 123303,.3
Altitude above LLS, n. mi. . « « v « « « « o« « & 67.3
Selonographic latitude, deg « « ¢« ¢« ¢« « « « « o & 11:9
Selenographic longitude, deg . . . . ¢« ¢« ¢« « . . 170.0
Thertial Telodity, FDEB & 5 s o w & o » % o = » » 8521.2
Selenographic inclination, deg . . « « . ¢« « . . 15.5
Burn duration, sec ¢« « « o o o ¢ & ¢ 6 & e o w » 150.5
Thnertial burih arc, deég .« « « » » » s s ¢ s s &« 9.7
Plane change, deg . « « « ¢ ¢ « « « o o o o o o & e

AV, £DS o 5 5 5 & o » % & & % © & w & ® & & 5 © » 3212.2
SPS propellant used, 1b . . « « ¢« ¢« « ¢« « ¢ o . 10 059.7

Perilune altitude above LLS, n. mi. um W 8 T & 6L.7
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Figure 4.15-1 .- Time history of trajectory parameters for transearth injection.
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4,16 TRANSEARTH COAST
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4,16 Transearth Coast

A groundtrack of the transearth coast phase is provided in
figure L4.16-1. Altitude above the moon is shown for the first 10 hours
of coast in figure L4.16-2. The altitude time history for TEI to entry
is shown in figure 4.16-3. Three midcourse decision points have been
defined for the transearth phase.

a. MCC-5, TEI plus 17 hours
b. MCC-6, EI minus 22 hours
c. MCC-T, EI minus 3 hours

The maneuvers will be targeted for corridor control only. The mid-
course strategy, which includes the threshold values for each maneuver,
is contained in reference 5. Altitude is plotted against time for the
last 10 hours of transearth coast in figure 4.16-L.

The SC is in the lunar umbra during the entire TEI burn, enters
sunlight approximately 4 minutes after cutoff, and remains in sunlight
until earth entry.

Passive thermal control will be maintained during most of the trans-
earth coast phase. The PTC REFSMMAT (table 5-VIII) will be used for
MCC-5 and MCC-6; the entry REFSMMAT (table 5-XV) will be used for MCC-T7.
The CM/SM separation occurs approximately 15 minutes prior to entry.

The SC is acquired by STDN approximately 8 minutes after TEI cutoff.
The last station to lose signal prior to entry interface is HSK (0° mini-
1
mum elevation). LOS occurs at 290h18m g.e.t. or approximately U4 minutes

prior to entry interface.

The primary trajectory parameters at entry interface are the
following.

Time, hr:min:sec, €.€.te ¢ o « o « « o « o o o o & 290:22:45.4
Transearth coast time, hr . « « « ¢ « ¢« « o ¢ o o & 68
Inertial veloodty, P8 <« « « 2 # 4 s« « 5 ¢ & = = 36 175.8
Altitude, n. mi. . . y s BERY 3 65.8
Inertial flight-path angle, deg £ % 5 ¥ % ow W m K -6.5
Latitude, deg . « . « . . . . R T S -13.0
Longitude, deg . . g S F R P YRS kS -167.2

Equatorial 1ncllnat10n (ascendlng), deg « o ¢ s s s 62
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4.17 Entry

The entry phase of the operational trajectory was simulated with the
Apollo Reentry Simulation program with six degrees of freedom. Three-
degree-of-freedom trajectories were used to determine the CM maneuver
footprint. The entry corridor is presented in figure h,lT—l.

At the nominal entry interface, 290 hours 22 minutes L45 seconds after
lift-off, the CM is at an altitude of 399 681 feet, and the coordinates
are 12.983°S geodetic latitude and 167.239°W longitude. Inertial velocity,
flight-path angle, and azimuth at this point are 36 176 feet per second,
6.50° below the local horizontal, and 29.021°, respectively. The gimbal
angles at 0.05g are as follows: yaw = 0°, pitech = 153°, roll = 0°.

The CM maneuver footprint and the nominal ground trace on a map of
the entry area are presented in figure 4.17-2. The footprint is extended
to a 3500-n. mi. entry range. The nominal landing target location is
1190 n. mi. down range from the entry interface position, and the coordi-
nates of the target are 158.67°W longitude and 5.00°N geodetic latitude.
A sequence of pertinent events is given in table 4.17-I and includes the
period of communications blackout which occurs along the trajectory. The
guidance phases are shown in figure 4.17-3, which shows altitude as a
function of range to the target. Time histories of the bank angle com-
manded by the guidance system, of the altitude rate, and of the altitude
are presented in figure 4.17-4. Time histories of the total heating rate
and the total heat load are presented in figure h.lY—S. The maximum
total heating rate is 323.8 Btu/ftz—sec, and the total heat load is
26494 .8 Btu/ft2. Time histories for inertial and relative velocity and
flight-path angles are presented in figures 4.17-6(a) and 4.17-6(b),
respectively.

The CM RCS uses 11.6 pounds of propellant for the separation and at-
titude hold maneuvers before the spacecraft reaches L00 000-foot altitude,
and the CM RCS uses 47.T pounds of propellant using dual ring operation to
perform the guidance commands during the remainder of the entry. A time
history of the total RCS propellant consumed from 0.05g is presented in
figure 4.17-7. In figure 4.17-8, the altitude is plotted in relation
to relative velocity, and the boundary for S-band communication blackout
is shown. Time histories for the primary DSKY displays, commanded bank
angle, inertial velocity, and load factor are shown in figure L4.7-9.

The load factor at the center of gravity reaches a first maximum of
6.9g and a second maximum of 3.lg. Time histories for the FINAL PHASE
DSKY displays, commanded bank angle, cross-range error, and down-range
error are shown in figure 4.17-10.

The drogue parachute deployment sequénce begins at an altitude of
23 300 feet, which is 7 minutes, 49 seconds after entry interface. The
two drogue parachutes are deployed 2 seconds later. At an altitude of
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10 500 feet, the low altitude baroswitch closes, and the drogue para-
chutes are disconnected. The three main parachutes are deployed 1 second
later after the baroswitch closes. The CM, suspended on the main para-
chutes, reaches landing 13 minutes 18 seconds after entry interface. The
relative velocity and relative flight-path angle are plotted against time
from drogue chute deployment in figure 4.17-11. Load factor and altitude
are plotted against time from drogue chute deployment in figure 4.17-12.

The two traces of entry monitor subsystem (EMS) parameters in
figure 4.17-13 present the load factor, the commanded bank angle, and
the range-to-go as functions of the inertial velocity.

The CM mass properties are shown in table 5-IV. The conditions
at entry interface and the CMC entry erasable load quantities are pre-
sented in table 4.17-II, and the entry REFSMMAT is presented in
table 5-XV.
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TABLE L4.17-I.- ENTRY EVENTS SEQUENCE

Time from lift-off, Time from 400 000 ft,

L hr:min:sec min:sec

Entry 290:22:1L5 00:00
Enter S-band communication blackout 290:23:02 00:17
Guidance changes from P63 to P6L load

factor > 0.05g 290:23:13 ' 00:28
Initiate constant drag control load )

factor > KA 290:23:37 00:52
Maximum heating rate 290:23:55 ‘ 01:10
Guidance initiated at RDOT = -700 fps 290:24:03 01:18
Maximum load factor (first) : 290:24:07 01:22
Subcircular velocity 290:2L: 47 02:02
Guidance change from P64 to PET 290:24:51 02:06
Exit S-band communication blackout 290:26:18 03:33
Meximum load factor (second) 290:28:27 05:42
Termination of CMC Guidance 290:29:35 06:50
Drogue parachutes deployment 290:30:3k 07:49
Main parachutes deployment 290:3L:17 08:31

Landing 290:36:03 13:18
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TABLE L4,17-II.- CONDITIONS AT ENTRY INTERFACE AND TARGET POINT

Elapsed time from launch, hr:min:sec . . . . . . . . 290:22:45
Inertial velocity, fPs « « « ¢ ¢ ¢« o ¢ v ¢ o o 0 . 36 176
Inertial flight-path angle, deg . « « « o « o o o & -6.50
Inertial azimuth, deg v « « o« « « o « o« o « o o« o & 29.02
Spacecraft geodetic latitude, deg S . . « « « « .« & 12.986
Spacecraft longitude, deg W + « « o o « o « o o« o o 167.24
Bbitade, Pt o s o « 5 « » 5 % 5 5 5 5 » 5 x ® & ® 3 399 681
Target geodetic latitude, deg N . « « ¢ « ¢ « « o & 5.00
Target longitude, deg W « ¢ « o &« « o o o o o o o 158.67

Parameter name

ALFAPAD

EMSALT

LADPAD

LODPAD

CMC ERASABLE LOAD PARAMETERS

Description Preliminary value
Hypersonic value of angle -18.51°
of attack (a) for CM in
trimmed flight
EMS initialization altitude 290 000.1 ft

Update value for minimum 0.27
reference L/D

Update value for minimum 0.207
reference L/D, final phase
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Figure 4,17-12,- Time history of geodetic altitude and load factor from
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Figure 4.17-13,- EMS parameters,
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5.0 INPUT DATA AND TARGET LOADS
FOR NOMINAL MANEUVERS
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5.0 INPUT DATA

The following input data or reference sources were used to compute
the Apollo 16 (J-2) mission operational trajectory.

Lunar landing site position . . . . « . . . . Table 5-I
Spacecraft weight summary . . . « « « ¢ ¢ o & Table 5-II
Engine performance summary . . . . « « ¢ o o Table 5-IIT
Command module mass properties . « « « « .« . Table 5=IV
Command module aerodynamic coefficients . . . Table 5=V
J-2 mission REFSMMAT summary . .« « « o + o & Table 5-VI
Launch pad REFSMMAT . . . « ¢« +« ¢« o« « o o o & Table 5-VII
PTC REFSMMAT . . « ¢« ¢ ¢ ¢« « « o« o« &« o « o » Table 5-VIII

Preferred (LOI) REFSMMAT, target load, and
gimbal angles . « « « ¢ + o 4 4 e s s e e . Table 5-IX

Landing site REFSMMAT, target loads, and
gimbal sngles « « & « & o o & s % ® 5 & o & Table 5-X

Preferred (LOPC-1) REFSMMAT, target load,
and gimbal angles . « « & « ¢ ¢ o o o o o Table 5-XI

IM ascent REFSMMAT, target loads, and
gimbal angles « « « « & s o w 5 & & w8 s s Table 5-XIT

Preferred (LOPC-2) REFSMMAT, target load,
and gimbal angles . . . . . . . . . . . . . Table 5-XIII

Preferred TEI REFSMMAT, target loads, and
gimbal angles . « ¢ ¢ o o e e 4 e e e e e s Table 5-XIV

Entry REFSMMAT . . ¢« ¢« o o ¢ ¢« ¢« o o o o o & Table 5-XV




TABLE 5-T.-

Launch date . . .
Lunar site name .
Latitude, deg . .
Longitude, deg .

Altitude,a n. mis

LUNAR LANDING SITE POSITION

. April 16, 1972
s s % % W Descartes
o & om ow s -9.00028
b m = w 4 15.51639

. -0.1h05

aAll altitudes shown are referenced to mean
lunar radius of 938.4935 n. mi.
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TABLE 5-IT.- SPACECRAFT WEIGHT SUMMARY
(a) CSM and IM
Total CSM inert, 1b .« & « 4.6 o & 4 s 5 & s & & & & &
EMy 1B & « & @ ® o © ® @ o ® ® @ W & @ @ @ @ @ B o i
M, Ab o % s @« & % & # & ®§ ¥ @ ® W @ @
SLA ings 1b i ¢ & & o @ 75 & & % & @
Total SPS propellant tenked, 1b . « « ¢« ¢ « &+ &« o« & &

SPS deliverable, 1b . . . T
SPS trapped inside tanks, lb R

Total LM at earth launch, 1b .
IM dedcent stagés Ib o o « « » © » « u ® ® o = = =
LM DPS tanked, 1b . . . . ¢ @ oW v ow w @
LM ascent stage + RCS propellant lb ¢ v e e e
IM APS tanked, 1b « ¢ « « % o o s s &

Spacecraft at earth launch (including SLA and
LES), 1b . . .

Spacecraft before T&D, 1b . . . . . « . .

26
12
13
40
40

116

107

310.0

752.9
459.2
98.0

593« T

354.6
239.1

222.5
159.7
L82.1
352.9
227.8
218.3

079.3
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TABLE 5-II.- SPACECRAFT WEIGHT SUMMARY - Concluded

(b) IM ascent weight summary

Weight of LM crew, inert weights, consumables

and APS propellant trapped outside tanks,

IM APS fuel tanked, . . . « ¢« « & o &
IM APS oxidizer tanked . . . . . .

Tanked APS propellant . . . « « .+ .

Total weight of ascent stage at touchdown

Net off-loaded weight on lunar surface

Total ascent stage lift-off weight

10

10

1b

664 .4
011.k4
216.4
227.8
928.1
~35.9
892.2



TABLE 5-III.- ENGINE PERFORMANCE SUMMARY

Service module propulsion performance summary

Burn Propulsion Isp’ Thrust, Flow rate,
system s, 1b 1b/sec
10T sps® 314.9 20 800 66.0
sps® 31k.9 20 993 66.7
DOI sps® 31L.8 20 469 65.0
In;z;al reg® 269.13 | 355.25 1.32
CIRC sps® 31Lk.8 20 570 65.3
LOPC-1 SPS 314.8 20 920 66.4
Fls:; Res® 263.58 | 181.87 0.69
LOPC-1 SPS 314.9 21 037 66.8
Bhaping sps® 31h.7 20 3h2 64.6
burn
JAN SPS 31k.9 21 050 66.8

8Refore crossover (260-sec burn time).

bAfter crossover (260-sec burn time).

cSingle bore.

dFour—quad.

eTwo—quad.
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TABLE 5-III.- ENGINE PERFORMANCE SUMMARY - Concluded

(b) ILunar module performance tabular inputs

Descent Ascent
DPS RCS APS + RCS
Thrust, Isp Thrust per Isp’ f?;g Effective Effective
1b sec engine, 1b | sec sec’ thrust, 1b Isp, sec
1373 298.4 79.5 281.0 0 3582.2 309.0
3053 298. 4 40 3571.6 309.3
3959 299.6 80 3560.0 309.4
Lo6T 302.0 120 3548.0 309.5
5995 | 305.9 160 3536.1 309.5
9932 307.5 200 3524.3 309.5
9986 304.9 240 3513.0 309.5
280 3501.8 309.k4
320 3495.8 309.3
360 3508.1 309.1
400 3525.0 308.8
43L4.3 3541.7 308.6
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TABLE 5-IV.- COMMAND MODULE MASS PROPERTIES

(FOR NOMINAL END-OF-MISSION ENTRY)

CM weight, 1b

ERbry s 5 & w % & & & % & © @ % & % @ % % @ % % & © @

Main chute deploy « ¢ ¢ ¢ o o o o o o o o o o o o o o

Tanding « o s v o o« &« & ¢ € % © ¢ & % & € € @ ® & @ €
Centers of gravity in Apollo coordinate system, in.

X . . Ll o . . . L] . L] L] L] ° . L] o L] o L] L . L] L] . °

Y . . L . . . ° L] . . . . . L] . L] . L . . . L . . .

Moments of inertia, slug—ft2
IXX 5 E B E KM YR W E YR AR YR EA RS
IYY . L] L] o L] . L] L] o . . o o ° L] . . L]
IZZ s
Products of inertia, slug-ft?
IXY . . . L Ll . L] L] . L L e Ll o L . Ll L]

IXZ A R R R

IYZ T T S T

12 88L.7
i2 312.0

11 848.1

1039.09
0.10
5.68

5876.
5256.
4708,

o O O

58.0
-398.
-17.0

o



TABLE 5-X.- COMMAND MODULE AERODYNAMIC COEFFICIENTS

AERODYNAMIC COEFFICIENTS AT TRIM ANGLE OF ATTACK
AS AFUNCTION OF MACH NUMBER

0T-6

MACH a, deg CL CD L/D
VRel

0.400 | 167.690 | 0.232900 | 0.854983 | 0.272404
0.700 | 165.423 | 0.251652 | 0.991140 | 0.253902
0.900 | 162.864 | 0.304048 | 1.074016 | 0.283095
s 1.100 | 156.590 | 0.466459 | 1.189520 | 0.392140
1.200 | 156.676 | 0.454490 | 1.174992 | 0.386803
1.350 | 155.483 | 0.535136 | 1.295774 | 0.412986
1.650 | 154.750 | 0.529437 | 1.284606 | 0.412140
Genter of gravily losation i body coonlindies 2.000 | 154.894 | 0.515373 | 1.303918 | 0.395250
B . 2.400 | 155.517 | 0.487974 | 1.275245 | 0.382651
Xcq=1039.09 in. 3.000 | 155.979 | 0.459714 | 1.254206 | 0.366538
Y = 0.10in. 4.000 | 157.670 | 0.423382 | 1.242853 | 0.340654
o : 10,000 | 158.250 | 0.411300 | 1.253874 | 0.328023
Zeg=  9.68in. 29.500 | 161.492 | 0.367901 | 1.316282 | 0.279500




TABLE 5-VI.- J-2 MISSION REFSMMAT SUMMARY

(April 16 launch)

(§9 4oW) V/TG wio4 DSW

Applicable REFSMMAT Alinement c?iteria Remarks
maneuvers (IMU axis)
Launch Launch pad X-axis along flight azimuth at launch At earth launch the FDAT will
TLT Z-axis along negative radius vector display: Roll = 90+ flight
T&D Y-axis completes right-hand system azimuth
Pitch = 90
Yaw = 0
MCC-1 PIC (passive X-axis in the ecliptic plane and At the beginning of the barbecue.
MCC-2 thermal control) perpendicular to the earth-moon line mode, the spacecraft will maneu-
Passive (CsM only) projection in the ecliptic plane at ver to an FDATI display of:
thermal the average time of transearth injec- | Roll = O
control tion for the monthly launch window Pitch = 90
MCC-3 and azimuth range Yaw = 0
McC-k Z-axis perpendicular to the ecliptic
SIM bay door s
. . and directed south
jettison
Y-axis completes the right-hand system
LOT Preferred X-axis alined with the spacecraft In a heads-down orientation at
(heads-down X-body axis at the vehicle attitude burn ignition, the CSM FDAI
CsSM) for ignition with the thrust will display:
directed through the center of Roll = O
gravity ‘ Pitch = O
Z-axis in the plane formed by the e = 8
X-axis and the position vector.
Positive direction away from moon
for a heads-down attitude. Posi-
tive direction towards moon for
heads-up attitude.
Y-axis completes the right-hand
system

1T-§




TABLE 5-VI.- J-2 MISSION REFSMMAT SUMMARY - Continued

(§9 4PW) V£zg waog DSW

Applicable REFSMMAT Alinement c?lterla Rematies
maneuvers (IMU axis)
DOT Landing Site X-axis along positive lunar radius At nominal touchdown, the IM
Separation (csM & IM) vector at landing site at predicted FDAT will display:
Circulari- landing time. " Roll = O
ESLLEN Z-axis in direction of flight parallel Fikoh = @
Powered . Yaw = 0
to the CSM orbital plane and perpen-
descent :
dicular to X.
Y-axis completes the right-hand system.
First CSM Preferred Same as above preferred alinement At burn ignition, the FDAI will
plane (CcsM only) definition. display: Roll = O
change (heads down) Pitch = 0
Yaw = 0
IM ascent Ascent X-axis along positive lunar radius At nominal 1ift-off time, the
Rendezvous (csMm & IM) vector at landing site at pre- IM FDATI will display:

CSM sep after dicted lift-off time. Roll = 359
1 Jet?lson Z-axis down range parallel to the Tiuen i 359

IM deorbit : F Yaw = 005

s CSM orbital plane and perpendicular

Shaping burn to X

Subsatellite ‘
jettison Y-axis completes the right-hand system.

Second CSM Preferred Same as above preferred alinement At burn ignition, the FDAT will
plane (heads down) definition. display: Roll = O
change Pitch = O

. Yaw = 0
TET Preferred Same as above preferred alinement In a heads-down orientation

(heads down)

definition. REFSMMAT defined at

TET ignition.

at burn ignition, the FDAI
will display:

Roll = 180
Pitch = 0
Yaw = 0

2T-6



(§9 4PW) V/z6 waog Hsw

TABLE >-VI.- J-2 MISSION REFSMMAT SUMMARY - Concluded

Applicable REFSMMAT Alinement c?lterla Renmiies
maneuvers (IMU axis)
MCC-5 PTC Same as above PTC alinement. Same as above PTC remarks.
MCC-6
MCC-T7 Entry X-axis is in local horizontal plane At entry interface with wings
Entry in the direction of flight at entry level local horizontal, heat
interface (40O 000 ft). shield forward, inplane, 1ift
_— " s up, heads down, the FDATI will
Z-axis is down along negative radius A . _
at entry interface. dleplays Hall = ©
Pitch = 180
Y-axis completes the right-hand system. Yaw = 0

€T-6
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TABLE 5-VII.- LAUNCH PAD REFSMMAT

(a) Applicable maneuvers

1. Launch
2. TLI
3. T&D

(b) Definition of REFSMMAT

X XIX XIY XIZ Y
¥ =| YIX YIY YIZ Y
VA 7IX ZIY ZIZ VA
SPACECRAFT ECI(MNBY)
PLATFORM
STABLE
MEMBERS |

(c) REFSMMAT components

XIMUX = -.6L0213L2 XIMUY = .71888603 XIMUZ = .27079kko
YIMUX = .21522065 YIMUY = .5062L4020 YIMUZ = -.83510533
ZIMUX = -.73743259 7ZIMUY = -.47636510 7ZIMUZ = -.47882090



TABLE 5-VIII.- PTC REFSMMAT

(a) Applicable maneuvers

1. MCC-1
2. Mcc-2
3. Passive thermal control
L. Mcc-3
5. McC-h
6. SIM bay door jettison
T. MCC-5
8. MCC-6
(b) Definition of REFSMMAT
[xIx - XIy  XIZ X
¥ = | YIX YIY YIZ ¥
SPACECRAFT ALt 4L 4l Zper(mBy) or
PLATFORM MCI(MNBY)
STABLE
MEMBERS
(¢) REFSMMAT components
XIX = -0.34202014 XIY = -0.86212824 XIZ = -0.37384102
YIX = -0.93969262 YIY = 0.31378901 YIZ = 0.13606700
ZIX = 0.0 ZIY = 0.39783331 ZIZ = -0.91745771
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TABLE 5-IX.- PREFERRED (LOI) REFSMMAT, TARGET LOAD, AND GIMBAL ANGLES

(a) Applicable maneuver

1. LOI

(b) Definition of REFSMMAT

X XIX XIY XI7 X .
Y = 1 YIX YTIY YIZ ¥
Zdgppcrcrarr  L2TX 2IY 2I2] L2dgor (uwBy) or
PLATFORM MCI(MNBY)
STABLE
MEMBERS
)
(c) REFSMMAT components
XIMUX = -.99273112 XIMUY = -.10086262 XIMUZ = -.065663399
YIMUX = -.0018531615 YIMUY = -.53271311 YIMUZ = .8L629387
ZIMUX = -.12033917 ZIMUY = .8402639k 7ZIMUZ = .52865396
(d) Target load for LOI maneuver
[Propulsion system: SPS; guidance: external AV]
Tig» Priminisec, gee.t. v v oL T4:28:38.6
Aoy BBE o v 5 % » 5 9 5 5 @ 6 & 5 % & % & & 3 x s ~2788.0
AVY, P8 b 5 w o m = © @ ® © & @ F 5 T EE &P S -218.9
AV £PS « v v v v 251 .6

b —

Mass, 1D v v v v v v v e e e e e e e e e e e e e 102 6ho.7
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TABLE 5-IX.- PREFERRED (LOI) REFSMMAT, TARGET LOAD,
AND GIMBAL ANGLES - Concluded

(e) Gimbal angles at tIG

IGA; deg o # s o . 5 % & » % 5 & % & & » @ 0.0
MGA, deg & « s o o 5 s s & s s » = « v o« » Q.0

OGA, deg =« « « « o+ o o s « o o« « o« « « » o« 0.0
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TABLE 5-X.- LANDING SITE REFSMMAT, TARGET LOAD, AND GIMBAL ANGLES

(a) Applicable maneuvers

1. DOI
2. CSM separation
3. CSM circularization

4. IM powered descent

(b) Definition of REFSMMAT

X XIX XIY X1% X

Y =| YIX YIY Y17 Y

2 sppcRCRAFT S18 e s 5 ECI(MNBY) or
PLATFORM MCI(MNBY)
STABLE
MEMBERS

(¢c) REFSMMAT components

XIX = 0.67000809 XIY = -0.5998L98L4  XIZ = -0.437343L47
YIX = 0.12951155 YIY = -0.48564437 YIZ = 0.86450928
ZIX = -0.73096916 ZIY = -0.63586926 ZIZ = -0.24769819
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TABLE 5-X.- LANDING SITE REFSMMAT, TARGET LOAD,
AND GIMBAL ANGLES - Continued
(d) Target load for DOI maneuver

[Propulsion system: SPS; guidance: external AV]

tIG’ hriominssee, goeabe o o o o o o o & s o » T8:35:30.3
AVogy FPS v o v v e e e e e e e e e e e e -206.0
X
AVy, fps « o &« o 5 # 5 © 6 ¢ 5 % & ® F o6 & 8 @ 0.0
AVpy £DS « v v v v v e e 0.0
Ma8y b & « o ©« o o & % © & & © % & & © @ & 77 T70.4
(e) Gimbal angles at tIG
TGA, AEE -« « o o o v e e e e e e e e e e e 282.1
MGAs; deZ & s o © = o o © ' & ® © s & & & & & & 359.3

OCR, GO s + s s ¢ 5 6 5 & o 0 & « » & 5 & & 0.1
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TABLE 5-X.- LANDING SITE REFSMMAT, TARGET LOAD,
AND GIMBAL ANGLES - Continued
(f) Desired AV's for manual CSM separation maneuver

[Propulsion system: SM RCS]

tIG’ hr:min:sec, g.€.te v v v v v v e o 4 . . 96:13:30.8
AVX, THE o« o w @ @ o & » % @ & 5 & © & ® ® @ @ 0.0
AVY, TPH o« o o @ o o o o & % @ & ® & & & o @ = 0.0
AVZ, TE8 s @ G p 3 5 & & & 6l Wue & & & @ & & Lo O
COM weight, 1D v v v v ¢ v v v v v o v v e . 39 332.6

(g) CSM gimbal angles at t

IG
IGA, AEE « « o + o o o o o o « o o o o o o o o 104.3
MGA; deg s « & o » % & & & % « o & % & » @ @ & 0.0
OGA, GEE v o « o o o w & o % o » ® & 2 % & & 0.0

(h) Target load for CSM circularization manuever

[Propulsion system: SM SPS; guidance: external AV]

tigs hriminisec, gie.t. . .o ... L 9T :41:4l .5
AVX, POB « % » & & & & & % % & % ¥ 5 & ¥ & 8 69.7
AVY, THE v o w o @ « & 5 » % © & & & % & & ® ‘& 0.0
AVZ, LPE o o o # o0 % & 3 ® & » & % w & w -T71.2

I 5 o & = o % w % & & % @ 39 318.1

CSM weight at tIG’
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TABLE 5-X.- LANDING SITE REFSMMAT, TARGET LOAD,
AND GIMBAL ANGLES - Continued

(i) Gimbal angles at t

IG
TGAs GEE = = » « = w & & ® % & & & 5 % & ® @ % | 11X
MGA, deg « + « « o« « . E8 REEE FEWENES 35T7.9
OGA; deg w s« & « % 5 & w & &, 8 & & & o & & & & @ 0.0

(j) Target load for IM powered descent maneuver (P63)
[Propulsion system: IM DPS; guidance programs: P63, P6L, P66]

& hr:min:sec, g.evte + o o « o« v v o « .« . . 98:3k:k0.9

TGP
Ignition alogrithm targets

RIGKG, £+ « « v v v o v v v v v v v v v . . =158 06k.02
RIGZG, ftl s s w s m s s v ws ewoa o =152 272.5
R P08 = 5 % 5 5 ® 8 B O ¥ B & 5 5 B 5 5 542.5743

Ignition algorithm correction factors

B v 2w 26 & #8668 955 § S08 76 8 0.334
X
kg, £5 1 e e e e 2,207 7
ks PEIPHE « » o » % & » % & & © & & % & % » 498.0
(k) Gimbal angles at e
TGA, QOB & o o o # & s o & & @« & & @ @ & % & & 110.9
MGA, AEE « « « « o o« v o o o« o e o e e e 0.0

OGA, AEE « v v o v o o e e e e e e e e e e 20.0
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TABLE 5—2-— LANDING SITE REFSMMAT, TARGET LOAD,
AND GIMBAL ANGLES - Continued'
(1) Target load for braking phase (P63)% )
[Propulsion system: IM DPS; guidance programs: P63, P6lL, P66]

Position, ft

Ry o v v e e e e e e -3118.3588 .
RY S 5 % B B B G-v 5 4 8 b as wel +8 588 BB 0.0
RZ T T T Y e S A -11 Thi.hh1

VX d & & B K F W R E N FE W G E R ke P AR E s -196.46916
L T 0.0 )
Vo o e e e -166.75997

AX G G B R G s b a6 B o e B W s b e oA 6w s -0.71824813
Ay v v e 0.0
AZ % B % s &8 2w m s mEswEan 20 hEEE -8.302450k .

Jerk, ft/secd

JZ T R R . -0.01512365

STENDBRAK = 62 sec (time-to-go at program switch).
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TABLE 5-X.- LANDING SITE REFSMMAT, TARGET LOAD,

AND GIMBAL ANGLES - Continued

(m) Target load for approach phase (P6L)?
[Propulsion system: IM DPS; guidance program: P63, P64, P66]

Position, ft

L 158.500
Ry - g 0.0
RZ : 3 2 35 2 9 F : 2R 28 EE 255 B9 E -27.3554

Velocity, fps

VX { B 2 B 4 8 28 ¢ 5 2@ b Edd i Rdd HE B -3.53476
Vg oo e e e e 0.0
VZ 5 i % E B ¥ B E G B ¥ R 5 K B & ¥ 6 48 v E B 0.02Lk9505

AX A T e 0.0771783
AY T R R RN N 0.0
A ° ° ° ) 0 ° ° ) ® ° ° ° ° ) ° ° ° ° ° ° ° L) ° —O. 589627

Jerk, ft/secd

i A T 0.0431736

STENDAPP = 12 sec. (time-to-go at program switch).
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TABLE 5-X.- LANDING SITE REFSMMAT, TARGET LOAD,
AND GIMBAL ANGLES - Concluded
(n) Target load for vertical descent (P66)

Velocity, fps

VX « & % & W W s 6§ 0w s W & & B 8 ow s & & ® % -5.0
VY A e 0.0
v 0.0
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TABLE 5-XI.- PREFERRED (LOPC-1) REFSMMAT,
TARGET LOAD, AND GIMBAL ANGLES
(a) Applicable maneuver

1. LOPC-1

(b) Definition of REFSMMAT

X XIX XIY X177 X

Y = |¥I% YIY YIZ||Y

Z_SPACECRAFT aLx alt zlzd L2 CI(MNBY) or
PLATFORM MCI (MNBY )
STABLE
MEMBERS

(c) REFSMMAT components

XIMUX = .19271396 XIMUY = -.h600kk12 XIMUZ = .86672992
YIMUX = -.96383853 YIMUY = .076933106 YIMUZ = .2551L4033
ZIMUX = -.18L05603 7ZIMUY = -.88L55679 7ZIMUZ = -.h2858é17

(d) Target load for lunar orbit plane change maneuver

[Propulsion system: SPS; guidance: external AV ]

tIG’ hrsmin:see; gi€ste & « v 5 & % % 5 & & » 5 & 152:28:48.1
AVys £PS o v v v o e -2.6
AVys £PS « v 0 v v e 158.6
M 08 » « s x s s s s v s s x s x x5 5 8@ 5 0.0
Mass I & ¢ o & o o @ @ @ w8 @ o o @ 38 752.8
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TABLE 5-XI.- PREFERRED (LOPC-1) REFSMMAT, TARGET
LOAD, AND GIMBAL ANGLES - Concluded

(e) Gimbal angles at te

TGA, AEE « « v « v e e e e e e e e e e e e e e e
MGA, AEE « + « « « v e e e e e e e e e e e e e e e

Ol HEE & & W @ & B @ 4 #.% @ 6 4 % & 5 @ @ & & & =

0.

0.

.0

0
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TABLE 5-XIT.- LM ASCENT REFSMMAT, TARGET LOAD, AND GIMBAL ANGLES

(a) Applicable maneuvers

1l. IM ascent
2. Rendezvous
3. CSM separation following IM jettison
4, IM deorbit
5. Shaping burn
6. Subsatellite jettison
(b) Definition of REFSMMAT
XIX XIY XIZ X
= | YIX AN 4 YIZ Y
Z1sppcECRAFT &LX alx ALs A ECI(MNBY) or
PLATFORM MCI(MNBY)
STABLE
MEMBERS
(c) REFSMMAT components
XIMUX = .97651225 XIMUY = -.0L4OL878L6  XIMUZ = -.21162371
YIMUX = .16677693 YIMUY = -.Lk7981822 YIMUZ = .86137097
ZIMUX = -.13641596 ZIMUY = -.87643324 ZIMUZ = -.L46179592
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TABLE 5-XII.- LM ASCENT REFSMMAT, TARGET LOAD,
AND GIMBAL ANGLES - Continued
(d) Target load for LM ascent

[Propulsion systems: APS, RCS; guidance: orbit insertion (P12)]

L (lift-off), hr:min:sec, g.e.t. s d 58 % BE & 3 171:45:08.6
RD (desired injection radius), ft . « « ¢« « « « « « . . 5 761 537.9
Ty (desired injection cross-range distance), ft . . . . 0.0
Ry (desired injection radial velocity), fps « « « « . . 32.0
YD (desired injection cross-range velocity), fps . . . . 0.0
ZD (down-range velocity for desired injection), fps . . 5 530.6 -
Weight at to.s 1B« v v v v v v e e .10 892.2

(e) Gimbal angles at tIG

TGy GBE & » o wee o o & % 5 % 2 % » m & & & & & & ¢ © @ 359.3
MGA, AEE + « + v « o o v b e e e e e e e e e e e e e 359.4

OGA, AEE « « « v o & v o o o b e e e e e e e e e e e e 35L4.5
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TABLE 5-XIT.- IM ASCENT REFSMMAT, TARGET LOAD,

AND GIMBAL ANGLES - Continued

(f) Target loads for TPI maneuvera

[Propulsion system: APS; guidance: external AV]

tIG’b hrsminseee,; goevts o » @« ¢ o« & @« « « & & « & 172:39:12.9
AVX, P8 s s w5 & % B 9 # 9 EE w2 E G B PR S & T1:5
AVY, P8 & o @ % » 8 & % @ © % @ & ¥ F & & © & @ & 0. 2
AV s DS o v o v v b e e e e e 9.4
Weight at tIG’ 1D 5 # ¥« 5 5 % 8 5 %« § 8 5 § § § B & 5923.9

(g) Gimbal angles at t &

16
TGA, GEE « v v v ¢ e e e e e e e e e e e e e 103. 4
MGA, AEE « « + v v e e e e e e e e e e e e 0.0
OGA, deg & « s & 4 o & @ & » & & & & & &« & » @ & 0.0

(h) Target load for CSM separation
maneuver following LM jettison

[Propulsion system: CSM RCS]

trge hr:min:sec, g.e.t. s v owmoE s o+ 8o s v omos =  AITi36315.0
AVX, LIPS & & o % @ & & @ w ¢ & % w ¥ B & & @ w @ @ 2.0
M5 BBE s w o a5 5% a4 s hu e & 6abnsa 0.0
AVZ, fP8 & ® : 2 2 % % @ 8 6 ¥ 8 E G ¥ B E i § 8 8 0.0
Walghty 1B « & & o s & © 8 « & % @ « o % & & 5 & & 38 523.9

fp11 targets include AV's from ullage.

tIG is ullage on time.
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TABLE 5-XIT.- LM ASCENT REFSMMAT, TARGET LOAD,

AND GIMBAL ANGLES - Continued

(i) Gimbal angles at t

IG
IGA, deg « v v « o o « & @A d LR e ® 34.6
MGA, deg « « « « « « o & s WE s &BE S 20.3
OGA, deg . P b ow % ow W 350.0

(j) Target load for IM deorbit

[Propulsion system: IM RCS]
t1q» briminisec, g.e.t. v %% s o nom % ow s s A19418:199.2
AVX, fps . -134.5
AV, fps . -80.0
AV,, fps . . . .. ; 168.0
Weight, 1b . 5253.9

(k) Gimbal angles at trg
IGA, deg . , 5 . 21h. b
MGA, deg « « « « . . 339.7
0GA, deg . . . 310.0

(1) Target load for shaping burn
[Propulsion system: SPS; guidance: external AV]
trg» hrimin:sec, g.e.t. 216:49:11.7
AVy, fps . D 25.1
AVY, fps . o 0.0
AV,, fps . : = —28-5'

Weight, 1b . . . . . % % B @ ¥ 8 B W N8 6 & 37 305.3

p—
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TABLE 5-XIT.- LM ASCENT REFSMMAT, TARGET LOAD

AND GIMBAL ANGLES - Concluded

) (m) Gimbal angles at tig

IGA, deg .
MGA, deg .

OGA, deg .

O

2

58.1

357.3
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TABLE 5-XIII.- PREFERRED (LOPC-2) REFSMMAT,
TARGET LOAD, AND GIMBAL ANGLES
(a) Applicable maneuver

1. LOPC-2

(b) Definition of REFSMMAT

X XIX XIY X1z [x
Y = | YIX YIY YIZ| |Y
2 spacECRAFT LATE alx 217} L7 CI(MNBY) or
PLATFORM MCI(MNBY)
STABLE :
MEMBERS

(c) REFSMMAT components

XIMUX = -.17472490 XIMUY = .45229768 XIMUZ = -.87458L4L8
YIMUX = -.79685180 YIMUY = .45679535 YIMUZ = .39543043
ZIMUX = .57835838 ZIMUY = .76600575 7ZIMUZ = .28060070

(d) Target load for lunar orbit plane change maneuver

[Propulsion system: SPS; guidance: external AV]

tig» hriminisec, gie.t. ... ... L 193:13:46.2
AVX, PR o 5 v & % % & & % % 8 % & & & ¥ % 6 & & =Tk
AVgs £PS o v v e e -282.4
AVZ, fPS o 6 & o & & & o % % @ w ® B ¥ % @ & & & & 0.0
Mass e 38 k433.2

IG’
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TABLE 5-XIII.- PREFERRED (LOPC-2) REFSMMAT,
TARGET LOAD, AND GIMBAL ANGLES - Concluded

(e) Gimbal angles at t1g

IGA, deg .
MGA, deg .

OGA, deg .

0.0

0.0

0.0
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TABLE 5-XIV.- PREFERRED (TEI) REFSMMAT, TARGET
LOAD, AND GIMBAL ANGLES
(a) Applicable maneuver

1. TEI

(b) Definition of REFSMMAT

X XIX XIY X1z | X

Y = | YIX YIY YIZ || Y

& SPACECRAFT Atz alt 21z Lz ECI(MNBY) or
PLATFORM MCI(MNBY)
STABLE
MEMBERS

(c) REFSMMAT components

.0633348)4 XIMUY

XIMUX = = .T56LTT91 XIMUZ = 65094537
YIMUX = .21795169 YIMUY = -.64699L8T YIMUZ = .73068099
ZIMUX = .97390234 ZIMUY = .09559T708 ZIMUZ = -.20585295
(d) Target load for TEI maneuver
[Propulsion system: SPS; guidance: external AV]

tIG’ hr:min:see, g€t & o o o « % « & & & % ¥ % 222:20:32.8

AVes TPS « v v v v v e 3173.4

MosBPB 5 2 6 # % 6 ¢ rocaes B ak s ulb 492.3

AVZ, T8 « & & & ®» & & & & % ® & & & & & & ® & @ ~Th.3

Wedght, LB o & o o o o o o ® © & ® & @ o s @ 2 » 37 025.0
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TABLE 5-XIV.- PREFERRED (TEI) REFSMMAT, TARGET
LOAD, AND GIMBAL ANGLES - Concluded

(e) Gimbal angles at t

1G
T08s A8 5 s s +» % & % 5 9 & & & % & % & ¥ & % 5 ¥ | 0.0
MBA, G688 + « = s o = % & & % 5 s 5 % 5 & # & & » 0.0
OBH, BEE o o o 4 « = w « o © . & # & % & & % & & G 180.0
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TABLE 5-XV.- ENTRY REFSMMAT
(a) Applicable maneuvers
1. MCC-T

2. Entry

(b) Definition of REFSMMAT

X XIX XIY XIZ)[1X

Y = YIX ¥I¥ YI%ll7Y

4 SPACECRAFT alX,  alx 214 L2 ECI(MNBY)
PLATFORM
STABLE
MEMBERS

(c) REFSMMAT components

XIX = .24623360 XIY = ,L6136661 XI% = 85235547
YIX = -.01381990 YIY = .88101469 YIZ = -.L47288702
7ZIX = -.96911197 7IY = .10466121 717 = .223311L6

-



6.0 RADAR AND SHADOW DATA



KADAR
ALTK
RAVAR
ALTR
RAUVAK
ALTR
RAUAK
ALTR
KADAR
ALTR
KAUAR
ALTR
KAUAK
ALTR
KADAR
ALTR
RAJAR
ALTR
RADAR
ALTR
RADAR
ALTR
RAUAR
ALTR
KRADAR
ALTK
RADAR
ALTR
KAVAR
ALTR

=MAD-23 X-Y USB—85,
2592489,
HSK=25
37966555,
GDS—28
2975 7116,
PKS=96
1322.116,
MAR-95
2169.286,
STN-00
545000,
MIL-T71
-137.795,
BDA-02 X-Y USB-30,
—1110548.
CYI-04
567584,
=ACN-75
1712. 595,
=CRU-0U8
‘49.213,
GwM—24
4690 159,
HAW-12
3T23. 1741,
TEX-10b
-65.617,
SHIP 1

LI T | N [ T [ { (| O T T T [

(L T T ¢ | T [ 1S T N 1
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TABLE 6-I.- MISSION RADAR TIMELINE

(a) STDN station characteristics

Geodetic latitude, LATR, deg
Longitude, LONR, deg

Altitude, ALTR, ft

Range capability, SRANGE, n. mi.

none
north-south
east-west

Keyhole, FTINDC: c])
' 2

w o n

LATR = 40.454991,
850000.09 FTINLC =
LATR = =35.583494,
850000.0, FTINLC =
LATR = 35.341594,
SRANGE = 850000.,0y FTINDC =
H-D USB210, LATR = ~32.998769,
SRANGE =2100000.0, FTINUC =
H-D USBZ210¢ LATR = 35.425958,
SRANGE =2100000.0, FTINLC =
A-E USB150, LATR = 37.409722,
SRANGE =1500000.0, FTINDLC =
LATR = 28.508272,
300000.05 FTINDC =
LATR = 32035150,
300000.0, FTINDC =
LATR = 27.764530,
300000.09 FTINUC =
LATR = ~7.954794%,
300000.0y FTINULC =
LATR = =24.906577,
300000.05 FTINDC =
LATR = 153105175,
300000.0, FTINUC =
LATR = 22.126307,
300000.09 FTINUC =
LATR = 27.653750,
300000.0, FTINDC =
LATR = 27.000000,
£3400.0, FTINDC =

LONR
240
LONR
2.0
LONR
2.0
LUNR
0.0
LONR
0.0
LONR
0.0
LONR
1.0
LONR
1.0
LONR
1.0
LONR
1.0
LONR
1.0
LONR
1.0
LONR
1.0
LONR
1.0
LONR
0'0

SRANGE =
X=Y USb—-85,
SRANGE =
X-Y USB-85,

X=Y USB~30,
SRANGE =

SRANGE =
X-Y USB~30,
SRANGE =
X-Y USB—30,
SRANGE =
X=Y USB-30,
SRANGE =
X=Y USE~30,
SRANGE =
X—Y USB—30,
SRANGE =
X=Y US8~30,
SRANGE
INSERTION o
SRANGE

i

#

0000,

it

i

355.831<51
148.9717527
243.126104
148.263517
243.110517
237.822083
279.306367
295.341845
344.465851
345.672387
113.725496
1l44.736038
200.334503
26£.620834

311.000000
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TABLE 6-I.- MISSION RADAR TIMELINE - Continued

(b) Definitions of radar table headings

Ship 1 Insertion ship C-band
MIL-T1 _ Merritt Island S-band
BDA-02 Bermuda S-band

CYI-Ok Grand Canary S-band

ACN-T5 Ascension S-band

CRO-08 Carnarvon S-band

GWM-2k Guam S-band

HAW-12 Hawaii S-band

MAD-23 . Madrid deep space

HSK-25 Canberra deep space

GDS-28 ' Goldstone deep space (85 ft)
PKS-96 Parkes deep space

TEX-16 Texas S-band

MAR-95 Goldstone deep space (210 ft)

STN-00 Stanford, California, S-band



VEHICLE

BDA-02
SHIP 1
CYI-04
CRO-08
HSK-25
GDS-28
TEX-16
MIL-71
8DA-02
SHIP 1
CYI-04

CRO-08

HAW-12
STN-00
GDS-28
MAR-95
TEX-16
MIL-71
BDA-02
SHIP 1
CYI-04

MAD-23

RADAR
TRACKING
HRS MIN
Q 0
0 3
0 6
0 5
0 5
0 4
0 6
0 6
0 6
0 6
0 4
0 5
13 41
11 4l
1i 10
10 33
9 19
8 4
6 58
1 o7
0 55
4] 3

TABLE
TIME

SEC

40

47

44

23

36

40

30

47

35

48

50

54

46

51

20

26

32

41

TABLE 6-L.- MISSION RADAR TIMELINE - Continued

(c) CSM acquisition and termination - 0° minimum elevation

16 APR 72

ECI TO

TLI

STATION ACQUISITION DATA

DAY HRS MIN SEC

0

0

0

11
11
16
52
59

28

31

34

38

42

49

25

APR

43

49

12
15

38

57

57

46

21

37

59

3

55

12
24
13

53

29

33

58

47

RA

142

-53

4

135

—-164

12
56

65

DEC

6

ol

15

=30

11

=53

11

24

-2

> =35

-42

12

20

21

26

AZ ELV X
85 3 87
—éi 10 -66
-713 0 -90
-123 0 -%90
=76 0 -90
-167 0 90
-95 0 -90
~78 0 -90
-85 0 -90
-63 0 —-90
=104 0 -90
-129 0 ;90
TLI TO LOI
=130 0 -90
-115 0 -90
=109 0 90
=110 6 -84
-89 0 =90
=81 0 -90
=76 0 =90
-638 0 -90
=59 0 =90
=55 0 -90

Y
5

63

27

-14

14
22
31

-55

LAZ

RANGE
650
395
805
790
788
795
801
805
807
806
800
790
LAZ
1925
3225
3371
3306
4164
5137
6258
8073
17880

21030

72.1

72.1

DAY

HRS

16

14

14

13

12

11

i0

MIN
12
15
23
57

5
33
37
41
45
48
54

30

24

30

24

13

10
10

42

STATION TERMINATION DATA

SEC

37

44

30

44

13

3

43

25

7

42

46

53

27

18

46

54

21

24

39

24

38

29

RA
145
170

=177
-10
-26

93
142
159
162

=179

158

99
98
97
Sé
95
93
91
69
69

66

DEC
5
21
-20
-34
38
-22
21

19

26
26
26
26
27
27
27
30
28

26

AZ ELY
84 0
66 0
113 0
128 0
40 0
118 0
66 0
69 0
95 0
91 (¢}
164 0
107 0
-62 0
=57 0
-58 0
-62 6
-60 0
-59 0
=58 0
-68 27
-58 0
=55 Q0

X b 4
90 6
90 24
90 -23
90 -38

=90 40
90 "62
90 24
90 21
S0 -5
S0 -1
90 -74
90 -17

-90 28

-90 33

-90 -58

-83 28

-90 30

-9%0 31

-90 32

-61 19

-90 32

-90 -55

RANGE

805

806

798
790
784
801
807
807
805
800
791

788

79048
71819
69869
67092
62451
57231
52601
23398
24947

21500

o=



VEHICLE 1 RADAR
TRALKING

HRS MIN

GWM-24 13 36
HSK-25 8 57
CRO-08 i i1
MAD-23 15 ie6
CYI-04 13 59
ACN-75 11 28
BDA-02 14 18
MIL-71 13 57
TEX-16 13 51
GDS-28 14 30
STN-00 14 42
MAR-95 13 23
HAW-12 13 23
GWM-24 12 45
HSK-25 9 18
CRO-08 10 16
PKS—-96 1 438
MAD-23 14 47
CYI-04 13 40
ACN-75 1L 2o
BDA-02 14 V]
MIL-71 13 42

TABLE
TIME
SEC

41

45
39
41
34
37
17
48
48
40

39

29
49

37

23
15
20
42

24

STATION ACQUISITIUN DATA

DAY HRS MIN SEC

0 6
0 8
0 10
0 15
0 17
0 18
0 20
0 21
o 23
1 0
1 0
1 0
1 3
1 ¥
1 9
1 10
1 12
1 16
T 17
1 18
1 21
1 22

19

40

29

57

25

39

36

53

18

37

32

37

58

53

36

56

59

18

44

5

10

41

16

40

21

16

26

417

33

31

15

45

18

17

33

57

12

10

RA DEC

91

95

99
103
105
106
106
107
107
107
107
108
109
110
110

111

111
112
112
112

113

30
33
31
25
26
27
25
25
25
25
25
25
25
25
26
25
26
23
23
24
23

23

AZ ELV
59 0
48 0
56 0
56 0
ol 0
63 0
60 0
ol 0
62 0
59 0
58 0
64 6
63 0
65 0
58 .0
02 0
14 30
59 0
63 0
66 0
62 0
63 0

X

90

-90

90

-90

90

90

S0

S0

90

S0

83

90

90

90

23

90
90
90

90

Y

31

48

34

56

29

27

30

29

28

59

32

26

27

25

58

28

57

59

27

24

28

27

RANGE
32572
45758
54676
77396
82713
87031
93583
97678
101350
104335
105099
105666
114363
125209
128917
133521
136316
1464006
149293
151528
155816

158302

DAY HRS
0 19
0o 17
0 20
1 7
1 1
1 6
1 10
1 11
i 12
1 14
1 15
1 14
1 16
1L 20
1 18
1 21
1 i4
2 7
2 7
2 6
2 11
2 12

MIN
56
37
40
14
24

7
55
50
56

34

55
22
24
15
42

23

STATION TERMINATION DATA

SEC

24

55

55

20

50

50

17

39

4

14

28

12

35

43

33

22

8

41

48

17

54

35

RA DEC
102 26
100 28
102 217
107 24
107 24
‘106 25
108 24
108 24
108 24
109 23
108 23
109 24
109 24
110 24
110 25
110 24
110 25
112 22
112 23
111 23
112 22
112 22

AZ ELV
-63 0
-54 0
-60 0
-58 0
-62 0
-64 0
-61 O
-63 0
-63 0
-61 0
-60 0
-65 6
~64 0
-66 0
-59 0
-63 0
-15 30
-60 0
-64 0
-66 0
-63 0
-64 0

Y
27
=54
30
=58
28
26
29
27
27
-61
30
25
26

24

27
57
-60
26
24
27

26

RANGE
91375
83460
93805

124234

124681

121344

133389
135589
138143
141889
142909
140280
147104
154399
150278
156186

140463

175334

175716
173634
181737

183314

9=9



VEHICLE 1 RADAR

TRACKING

HRS MIN
TEX-16 13 37
GDS-28 i4 13
STN-00 14 24
MAR-95 13 3
HAW-12 13 13
GWM-24 12 359
HSK-25 9 29
CRD-08 10 20
PKS-96 2 42
MAD-23 9 a1
CYI-04 8 10
ACN-75 7 il
BDA-02 5 4
MIL-T71 3 o1
TEX-16 2 42
GDS-28 1 42
STN-00 1 27
MAR-95 1 10
GDS~-28 1 24
STN-00 1 24
MAR-95 L 24

TEX-16 1 24

TABLE

TIME

SEC

52

46

53

29

21

29

11

52

53

34

38

10

22

29

59

18

STATION ACQUISITION DATA

DAY HRS MIN SEC

1

2

23 27
0 27
0 43
1 0
3 50
7 51
9 10

11 5

12 36

16 49

18 7

13 6

21 13

22 26

23 35
0 34
0 50
1 6

16 APR
2 50
2 50
2 50
2 50

35

31

7

27

28

30

52

55

13

10

26

12

32

14

32

72

11

12

12

14

RA

113

114

114

114

115

115

115

115

115

115

115

115

ll4

114

114

114

DEC

23

23

23

23

23

24

24

25

22

22

23

22

22

28

22

22

AZ ELV X
64 0 90
62 0 -90
6l 0 90
o6 6 83
65 0 90
06 Q 90
60 0 -90
64 0 90
22 30 32
60 0 -90
65 0 90
67 0 90
6% 6 90
65 0 90
65 0 90
03 0 -90
02 0 90
67 6 84
LOI TU DOI
81 27 -17
79 23 67
81 27 63
84 43 47

Y

26

62

29

24

25

24

60

26

54

60

25

23

26

25

25

63

28

23

62

10

RANGE
100593
162541
163045
163239
168932
170130
178409
131741
182548
191083
193095
194628
197893
199787
2016006
203173
203597
203679
LAZ
203992
204201
203990

203222

72.1

DAY HRS
2 13
2 14
2 15
2 14
2 17
2 20
2 18
2 21
2 15
3 2
3 2
3 2
3 2
3 2
3 2
3 2
3 2
32
3 4
3 4
N
E

MIN
5

41

30
39
26
18
17
17
17
17
17
17
17
17

17

14
14
i4

14

STATION TERMINATION DATA

SEC

27

18

59

56

55

31

20

22

59

48

47

47

36

34

31

31

31

31

51

50

50

55

RA DEC
112 22
113 22
113 22
113 22
113 22
113 22
113 23
113 23
113 24
113 22
113 22
113 23
114 22
114 22
114 22
114 22
114 22
114 22
115 22
115 22
115 22
115 22

AZ ELV
—-65 0
-62 0
—-62 0
-67 ]
-66 0
-67 0
=61 0
—-64 0
=22 30

=112 56
=100 69
-36 51
105 64

89 50

81 35

77 20

75 16

77 20

92 43

91 39

92 43

93 60

-25

26

40

55

-32

73

69

51

47

30

Y

25

28
23

24

66
15
13

41

RANGE

185063

187623

188358

186404

191455

196838

193909
198225
186952
203079
202728
203244
202 860
203298
203948
204740
204947

204740

203237
203433
203237

202607

L-9



VEHICLE

MIL-71
BDA-02
CYI-04
MAD-23
ACN-T75
HAW-12
HAW-12
STN-00
MAR-95
GDS-28
TEX-16
MIL-71
BDA-02
MAD-23
CYI-04

ACN-75

HAW-12
GDS-28
MAR-95
STN-00
TEX-16

MIL-T1

1 RADAR
TRACKING
HRS MIN
1 24

L 24

1 24

1 24

1 24

0 18

1 24

1 24

1 24

1 24

1 24

1 24

1 24

1 24

1L 24

1 24

1 5

1 5

1 5

i 5

1 5

1 5

TABLE

TIME

SEC
39
40
38
39
36
14
46
48
49
49
52
52
50
46
45

43

10
12
13
12
i3

14

STATION ACQUISITION DATA

DAY HRS MIN SEC

3 2
3 2
3 2
3 2
32
3 3
3 4
3 4
3 4
3 4
3 4
3 4
3 4
3 4
3 4
3 4

16
3 7
3 7
37
3 7
3 7
3 7

50

50

50

50

50

56

58

58

58

58

58

58

58

59

59

59

APR

10

10

10

10

11

11

19
23
38
39
43
31
33
39
40
41
46
50

54

72
47
57
58

59

10

RA DEC

114
114
113
113
113

115

115
115
115
115
115
114
114
114

114

117
116
116

116

115

22

22

22

22

23

22

22

22

L2

22

42

22

22

22 .

22
22
22
22
22

22

AZ ELV X
93 58 32
116 70 18
-94 62 -28
-104 50 12
-45 46 -34
66 0 90
71 13 76
98 48 42
160 52 37
106 52 7
102 70 19
150 83 4
-130 75 -12
-83 26 -l4&
-81 34 =56
-62 21 -67
DOI TO SEP
80 42 47
149 74 13
150 74 8
139 70 13
-117 78 -11
-98 63 -26

Y

-1

=8

30

24

18

-6

37

-4

RANGE
202650
202314
202512
202897
203053
204611
205020
203285
203109
203107
202590
202414
202499
204276
203878
204561

LAZ
203535
202531
202532
202606
202473

202753

72.1

STATION TERMINATION DATA

DAY HRS MIN SEC

3
3

4

O S A )

14
15
15
15
15
14
23
23
23
23
23
23
23
23
23

23

15
16
16
16
16

16

58

3
16
17
19
45
18
27
29
30
37
42
45
50
51

52

57T

10
11
i9

23

RA DEC

115

115

114

114

116

117
116
116

116

115

115

118
117
117
117
117

116

22
22
22
22
23
22
22
22
22
22
22
22
22
21
22

22

22
21
21
21
22
21

Al ELV
111 75
-175 80
-85 44
-90 35
-58 30
68 4
77 31
118 63
122 67
122 67
173 84
=111 74
=102 59
-1 11
-74 17
-67 3
84 56
=154 75
-155 75
=175 174
-98 65
-90 50

X
14
-1

-46

0

-55
86
58
25
19

12

34
14

=

=25

-40

Y
-5

_10

27
22

11

19

-6

-6

i5

23

-7
-14
-16

-3

RANGE
202283
202223
20322&
203642

203855

205347

204086
202830
202713
202713
202478
202605
202949
205224
204916

205707

203210
202763
202765
202779
202975

203455

(92



VEHICLE 1 RADAR
TRACKING

HRS MIN

BDA-02 1 5
MAD-23 0 le
CYi-04 0 33
GWM-24 0 11
GWM-24 1 5
HAW-12 1 5
GDS-28 1 5
MAR-95 1 5
STN-00 1 5
TEX-16 1 5
MIL-71 1 >
BDA-02 1 5
HSK=-25 0 53
GWM-24 1 5
HSK-25 1 5
HAW-12 1 >
STN-00 1 5
MAR-95 1 5
GDS-28 i 5
TEX-16 1 5
BDA-02 [V 4

MIL-T1 i 5

TABLE

TIME

SEC
15
49
26
26
19
21
21
21
18
21
20
18
55
33
22
28
18
18
16

22

14

STATION ACQUISITIGN DATA

DAY HRS MIN SEC

3

7

7

10

10

10

10

10

10

10

10

10

11

11

11

16

58

58

58

59

59

59

59

59

59

13

19

22

20

40

51

60

10

23

37

45

12

RA DEC
115 22
115 «1
115 21
118 21
118 21
117 22
117 21
117 21
117 21
116 21
lle 21
116 21
118 22
119 21
119 22
118 21
118 21
117 21
117 21
117 21
117 21
117 21

AL

-94

-64

-69

68

71

87

=124

=124

=139

73

46

-102

=102

ELV
49
3
6
0
14
o8
68
68
70
54
39
26
0
39

17

g

46

29

15

90
75

22

-19 -

-60
-87

-74

Y
=3
64
21
22
19

1
18
12
15
-1

4

9
62
13

44

43

23

15

RANGE
203222
205641
205419
205429
205267
202911
202899
202900
202858
203301
203905
204574
205498
204171
205355
202924
203686
203841
203839
204639
206126

205421

DAY

wow e W W W

w

w W

STATION TERMINATION DATA

HRS MIN SEC

10

10

10

10

10

10

10

10

i0

12

12

12

12

12

12

12

11

12

i6

28

44

15

9

10

i0

10

10

10

10

10

ic

16

28

8
48
46
59
12
21
21
19
25
28
28

3
56
60
13
19
19
20
26
10

25

RA DEC
116 21
115 21
116 21
118 21
119 21
‘118 21
118 21
118 21
118 21
117 21
117 21
117 21
119 22
120 21
120 22
119 21
119 21
118 21
118 21
118 21
117 21
118 21

AZ ELV
-86 36
-62 0
-66 0

69 2

73 28

94 82

-106 56
-106 56
-114. 60
-85 40
-79 26
-73 13

55 9

72 54

34 25
-90 72
-92 38
-87 34
-87 34
=75 16
-65 0
-68 2

61

Y
3
-62
24
21
15
-
-32
-9
=42
4
10
16
54
10

30

15
25

22

RANGE
204059
205003
204758
205894

204703

202933

203476
2034176
203369
204118
204848
205557
205779
203789
205107
203311
204454
204662
204664
205628
205499

206436

b



VEHICLE 1 RADAR
TRACKING

HRS MIN

CRO-08 0 46
CRO-08 1 5
PKS-96 1 5
GWM—-24 i 5
HSK=-25 1 5
HAW-12 P 5
STN-00 1 5
MAR-95 L 5
TEX-16 0 23
GDS-28 1 5
CRO-08 1 5
GWM=24 1 5
HSK=-25 1 5
PKS—96 1 5
STN-00 ‘0 38
GDS-28 0 10
HAW-12 L 5
CRO-08 1 5
GWM=24 I 5
HSK-25 1L 5
HAW-12 0 a7
MAD-23 0 16

TABLE

TIME

SEC

56

14

25

22

21

24

22

20

16

18

23

24

26

24

37

36

28

i2

11

37

30

STATION ACQUISITION DATA

DAY HRS MIN SEC

3

3

11
12
12
12
12
12
12
i2
12
12
14
14
14
14
14
14
14
16
16
16
16

17

16
52
52
52
52
53
53
53
53
53
46
46
46
46
45
46
46
41
41
41
41

29

53
50
55
55
58
10
11
14
14
16
40
48
49
50
55
55
55

3
15
15
18

20

RA DEC
119 22
120 22
119 22
120 21
119 22
119 21
118 21
118 21
118 21
118 21
121 21
120 21
120 22
120 22
119 20
119 20
119 21
121 21
121 21
121 21
120 20
123 20

Al ELYV
66 [0}
54 18
23 32
68 65
22 29
-86 6Q
-85 28
-81 24
-70 6
-81 24
33 36
-22 82
-8 32
-8 35
-70 7
-66 2
-80 35
0 44
=72 59
-36 24
-72 10
64 0

X

90

68

32

23

=59

=30

Y

24

34

52

9

19

20

-65

43

46

-33

18

64

RANGE
205464
205480
204760
203463
204869
203585
204937
205177
206223
205177
204794
203436
204970
204838
206414
206698
204858
204670
204107
205641
206462

206418

STATION TERMINATION DATA

DAY HRS MIN SEC

=3

3

wWow e W e W W

[0}

i2
13
i3
13
13
13
13
13
i3
13
15
15
15
15
15
14
15
i7
17
17
17

17

3 49
58 4
58 21
58 17
58 19
58 33
58 34
58 35
21 30
58 35
52 4
52 12
52 15
52 14
25 32
57 32
52 23
46 15
46 25
46 24
28 55
45 50

RA DEC
120 22
121 21
120‘ 22
120 21
120 22
‘120 21
120 20
119 20
119 20
119 20
122 21
121 21
121 21
121 21
120 20
119 20
120 20
122 21
122 20
122 21
121 20
123 20

AZ
61
44

6

48

=65

=76

-19

ELV
9
29
35
78
33
46

16

11
42
71
29

32

21
42
45

16

X

80

51

=57

-44

-74

-69

-20

-44

-67

Y
29
39

54

13
17
23
=70

45

=21
51
25
-65
13
45
i1
47
21

66

RANGE
206004
205119
204827
203459

204950

204362

205881
206152
205493
206154
204734
203828
205377
205243
205826
206278

205843

205001

204888
206361
206395

207113

0T-9



VEHICLE 1  RADAR
TRACKING

HRS MIN

MAD-23 1 5
CRD-08 1 5
GWM-24 8 >
HSK-25 0 47
CYI-04 0 o6
ACN-75 0 2
CYI-04 i ]
ACN-75 1 5
MAD-23 1 5
GWM-24 0 33
CRO-08 ¢ 5
BDA-02 1 5
ACN-T75 1 >
MAD-23 1 5
CYI-04 3 5
MIL-71 0 11
MIL-71 1 5
BDA-02 1 5
MAD-23 i 5
CYI-04 L 5
ACN-75 i 5

TEX-16 0 o7

TABLE

TIME

SEC

20

22

20

50

48

28

21

28

53

1C

10

16

22

17

59

17

17

23

17

20

13

DAY

HR'S

18

18

18

18

18

19

20

20

20

20

20

22

22

22

22

23

16

MIN
34
35
35
35
43
37
28
28
28
29
29
22
22
22
22
15

APR
16
16
16
le
16

24

STATION ACQUISITION DATA

SEC
41
2
9

10

54
19
20
22
12
13
44
50
51
51
55

72
33

36

45

35

RA
123
122
121
122
123
124
124
124
124
122
123
125
125

125

126

126
126
126
126
126

126

DeC

20

21

20

21

20

Z0

19

20

19

20

19

20

19

i9

19

19

19

19

19

20

19

AZ ELY X
74 12 -54
-33 37 -3¢
-74 33 -56
=57 8 ~76
68 0 90
70 0 90
79 21 68
67 12 77
91 32 2
=71 7 -82
=55 19 -67
70 4 85
58 37 49
114 53 17
90 46 44
69 0 90
SEP TO CIR
5 13 177
84 27 63
160 67 21
112 70 19
33 57 20
69 0 90

Y

70

42

13

22

20

11

22

58

18

33

20

25

34

21

14

27

21

RANGE
206630
205230
205415
206820
206882
207411
206318
206867
205748
207096
206383
207529
205749
205072
205334
207357

LAZ
207290
206481
204878
204821
205161

207634

T2.1

STATION TERMINATION DATA

DAY HRS MIN SEC

3

w W w w (4] w w

>

& b e B

19
19
19
19
19
19
21
21
21
21
21
23
23
23
23

23

40
40
40
22
39
39
33
33
33

3
34
27
28
28
28

21

21
21
22
22
22

21

1

24

29

60
57

48

46

50

23

54

13

54

50

53

48

RA DEC
124 19
123 20

123 20
122 20
124 19
‘124 20
125 19
125 20
125 19
123 19
124 20
126 19
126 20
126 19
126 19
126 19
127 19
127 19
127 19
127 19
127 19
128 19

AZ ELV
83 23
-47 28
-73 19
-64 0
74 11
70 0
85 35
63 26
102 44
=70 0
—-64 8
78 17
47 49
135 62
99 59
70 2
82 26
92 40
-162 o7
156 80
6 63
75 11

X
=15
-54
-70
=90

79
90

55

33
20
30

87

64

50

79

Y
66
37

16

64

16
20

4
24
45
20
26
il
26
19
-5

20

-2

-9

21

15

RANGE
206202
205922
206445
206630
206878
207496
205799
206263
205397
206474
207318
207007
205425
204987
205065

207855

206746
206042
205096
204878
205212

207575

TL*9



16 APR 72 CIR TO PC1 LAZ T2.1

VEHICLE 1 RADAR TABLE

TRACKING TIME STATION ACQUISITION DATA STATION TERMINATION DATA

HRS MIN SEC DAY HRS MIN SEC RA DteC AZ ELV X Y RANGE DAY HRS MIN SEC RA DEC AZ ELV X Y RANGE
GDS-28 1 11 59 4 2 8 43 127 18 72 7 -68 71 207998 4 3 20 42 128 18 82 20 -21 68 207297
TEX-16 1 11 58 4 2 8 43 127 19 80 21 68 10 207164 4 3 20 40 128 18 87 36 54 3 206460
STN-00 i 11 59 4 2 8 43 127 18 70 - 4 86 20 208200 4 3 20 43 128 18 79 16 73 10 207519
MAR-95 1 11 58 4 2 8 45 127 18 72 T 83 17 20799%e 4 3 20 43 128 18 82 20 170 8 207298
MIL-T1 1 12 0 4 2 8 47 127 19 87 36 54 2 206386 4 3 20 47 128 18 96 51 39 -4 205826
BDA-02 1 12 ] 4 2 8 51 127 19 100 50 40 -6 205786 4 3 20 52 128 18 116 64 24 —-11 205430
CyIi-04 L 11 57 4 2 9 5 126 19 -140 T8 -8 -9 205047 4 3 21 2 127 18 -107 65 -24 -7 205395
ACN-T75 i 1L 59 4 2 9 7 126 19 -18 61 -10 27 205390 4 3 21 7 127 19 -44 53 -28 26 205780
MAD-23 1 11 5¢ 4 2 9 9 126 19 -137 62 21 -18 205359 4 3 21 5 127 18 -115 52 18 -34 205818
GDS-28 1 12 13 4 4 7 15 128 18 88 30 -3 60 200942 4 5 19 28 129 18 93 44 9 46 206384
STN-00 1 12 10 4 4 7 16 128 138 36 26 64 3 207163 4 5 19 26 129 18 97 39 51 -6 206587
MAR-95 1 12 11 4 4 7 16 128 18 38 36 60 2 206941 4 5 19 27 129 18 9§ 44 46 -7 206384
TEX-16 1 12 14 4 4 7 17 128 18 92 47 43 =2 206155 4 5 19 31 129 18 104 62 28 -6 205738
MIL-T71 1 12 14 4 4 7 21 128 18 104 61 28 =T 205643 4 5 19 35 129 18 131 75 12 -10 205453
BDA-02 1 i2 14 4 4 7 25 128 18 137 72 13 -13 205396 % 5 19 39 129 18 -164 75 -4 —14 205450
CYI-04 1 12 13 4 4 7 36 127 i8 -98 55 =35 -4 205834 4 5 19 49 128 18 -89 40 -50 1 206574
MAD-23 L 12 11 4 4 T 37 127 18 -1U4 43 14 -45 206294 4 5 19 48 128 18 =92 30 3 -60 207046
ACN-T75 1 12 11 % 4 7 40 127 19 -54 44 —-40 25 206259 4 5 19 51 128 19 -63 29 -58 23 207077
HAW-12 0 24 3 4 4 55 19 129 18 74 4 0 90 19 207572 4 5 19 22 130 18 73 5 85 17 208442
HAW-12 1 11 54 & 6 5 44 130 18 717 15- 74 13 207977 4 7 17 38 131 18 82 31 59 '7 207208
MAR-95 1 11 60 4 6 5 51 129 18 109 53 36 -11 206158 4 7 17 50 130 18 130 65 20 —-lo 205878
GDS-28 1 11 »7 4 6 5 53 129 18 108 53 13 35 206154 4 7 17 50 130 18 130 65 17 19 205876

cT-9



VEHICLE 1 RADAR
TRACKING

HRS MIN

STN-00 i 11
TEX-16 1 11
MIL-71 1 11
BDA-02 1 11
MAD-23 i 11
CYI-04 1 11
ACN-75 1 11
HAW-12 1 12
STN-00 1L 12
GDS-28 1 12
MAR-95 1 12
MIL-T71 1 12
BDA-02 1 12
CYI-04 0 <0
TEX-156 L 10
GWM-24 0 16
GHM-24 1 il
HSK-25 1 12
HAW-12 L 12
STN-00 1 12
GDS-28 L L2
MAR-95 1 12

TABLE

TIME

SEC
50
56
57
60
57
56
56
i5
17
i6
13
11
13
16
24
42

59

i1
11

12

DAY

>

R S A &

o+

HRS MIN SEC
6 5 53
6 5 58
6 6 4
6 6 6
6 6 15
6 6 17
6 6 22
8 4 8
8 4 14
8 4 15
8 4 18
8 4 28
8 4 29
8 4 35
8 6 13
8 59 30

10 2 43
10 2 50
10 2 55
10 3 1
10 3 2
10 3 2

STATION ACQUISITION DATA

RA DEC
129 18
129 18
129 18
128 18
128 18
128 18
128 18
130 18
130 18
130 18
130 18
129 18
129 18
129 17
130 18
132 17
132 17
132 18
131 17
131 17
130 17
130 17

AZ ELV
106 48
118 72
179 80

=131 70
-84 21
-84 29
-67 19

36 42
146 67
157 11
157 71

-106 61
-99 47
-73 4

-129 15

72 0

75 15

66 2

39 69

-141 65

-128 64

=129 64

X
41
16

0

-16

-61
-70
48
i3

18

-28
-43
-86
-12
90
75
-85
21
-16
17

=21

Y
-11
-9
-10

=13

-8
-6

17

18
14

66

-19
-20

-16

RANGE
206333
205641
205518
205674
207641
207197
207760
206852
205983
205898
205898
206124
206626
208871
205742
208335
208495
209246
206178
206247
206287

206288

DAY HRS MIN

4

LN S Y T

L T U R

C Y )

&

7

- o~ =

11
11
11
11
11
i1

17
17
18
18
18
18
18
16
16
16
16
16
16
24
1
16
14
14
14
15
15

15

STATION TERMINATION DATA

SEC
50
54

1

5
12
14
17
23
32
31
31
39
41
51
37
12
42
50
60
i3
13

14

RA DEC  AZ ELV
130 18 125 60
130 18 -180 80
130 18 -121 71
129 18 -108 57
129 17 -74 8
129 17 -77 14
129 18 -71 3
131 17 92 58
131 17 -169 69
131 17 -153 70
131 17 -153 70
130 17 -95 46
130 17 -89 32
129 17 -70 0
130 17 -105 61
132 17 73 4
133 17 78 31
133 18 55 14
132 17 136 83
131 17 -116 54
131 17 -108 51
131 17 -109 51

X

25

0

=16

59

-66

=33

14

-37

Y

20

17
10

53

=15
-37

-12

RANGE
206004
205614
205753

206131

208510

208152

208811

206334
206028
206015
206016
206756
207406
208173
206235
208991
207690
208608
206069
206691
206806

206 807

£T-9



VEHICLE 1

TRACKING

HKS MIN

TEX-16 1 12
MIL-T1 1 12
BDA-02 1 12
CRO-08 1 12
GWM-24 1 12
HSK=-25 1 11
HAW-12 1 12
GDS-28 1 12
STN-00 L 11
MAR-95 L 12
TEX-16 i 12
MIL-71 0 53
PKS-96 0 <21
CROD-08 L iz
GWM—-24 i 12
HSK-25 1 12
PKS-96 L 12
HAW-12 1 12
STN-00 L 12
MAR-95 i 3
GDS-28 1 12
TEX-16 0 0

RADAR TABLE

TIME

SEC
i1
14

11

18
29
13
15
i3
13
1o

15

i4

28

DAY

»

R

STATIOUN ACQUISITION DATA

HRS MIN SEC

10

10

10

12

12

12

12

12

12

12

12

12

12

13

13

13

13

14

14

14

14

14

51

59

59

59

59

9

10

13

10

11

18

29

36

36

37

38

42

49

46

49

54

54

RA

130

130

130

135

133

132

132

131

131

131

131

131

133

134

133

133

135

132
132
132

132

DEC
17
17
¥ ¢
i8
17
1s
17
17
17
L7
i7
17
17
17
17
17
i7
17
16
16
lo

16

AL

70
79

47

55

17

19

ELV
51
36
22

1
42
22
82
42
46
42
25
11
30
24
70
35
37
56
23
18

18

89

47

=60

61

20

-54

25

-67
-72

=22

Y

-4

1

6

20

13
43

31

15

48

RANGE

206696

207338

208046

209564

207313

20833¢

206214

207309

207146

207309

208133

208949

206895

208423

206622

207865

207757

206998

208507

208757

208758

209815

DAY

R S

>

HRS

11

il

11

13

i3

13

13

13

13

i3

13

12

13

15

15

15

15

15

15

i5

15

14

MIN
is
15
15
13
13
13
13
13
13
13
13
54
13
11
12
12
12
12

12

12

STATION TERMINATION DATA

SEC

20

24

23

11

15

18

31

37

36

38

38

60

18

59

19
18
31
17

34

RA DEC
131 17
131 17
131 17
134 17
133 17
133 17
133 17
132 16
132 16
132 16
132 16
132 16
133 17
134 17
134 16
134 17
134 17
133 16
133 16
133 16
133 16
132 16

AZ ELV
-88 36
-82 21
~15 8

62 15

80 59

31 31
-99 67
-89 28
-93 32
-89 28
=77 10
=71 0

33 33

42 36

45 86

-1 37

0 40
-87 40
=11 9
~T5 6
~-T14 4
-72 0

X

-54

-69

13

31

=55

-84

=75

-90

Y

15

27

13
19
45

37

50

13
15
~33

18

RANGE
207486
208260
209004
208794

2067173

207935

206563
208113
207892
208113
209103
2081747
207840
207910
206537
207860
207740
207768
209420
209120
209697

209798

il



VEHICLE

CRO-08
GHM-24
PKS—-96
HSK-25
STN-00
HAW-12
CR0O-08
GWM~—-24
HSK-25
HAW-12
MAD-23
CYI-04
MAD-23
CRO-08
GWM-24
HSK-25
ACN-75
CYi-04
ACN-75
MAD-23
CRO-08

BDA-02

1

11

12

i1

i1

0

11

14

12

12

11

33

12

12

12

12

30

45

12

12

12

12

RADAR TABLE
TRACKING TIME

HRS MIN SEC

58

1

59

58

1

59

S

16

12

12

15

12

14

13

12

22

STATION ACQUISITION DATA

DAY HRS MIN SEC

4

4

»

L S T Y Y B S AT O R

+

»

15
15
15
15
15
15
17
17
17
17
18
19
19
19
19
19
20
21
21
21
21

23

58

58

58

58

58

58

54

56

56

56

35

55

55

55

55

55

21

53

53

53

54

3

25

31

36

36

38

43

58

55

59

59

35

6

8

37

40

41

57

28

34

35

11
13

RA
134
134
134
134
133
133
135
134
134
134
136
137
137
135
135
135
137
138
138
138
130

139

DEC
17
16
17
17
i6
L6
17
16
17
16
35
15
i5
Lo
15
L6
1o
15
i5
i5
16

14

AL ELV
30 43
-9 81
=15 39
-15 36
=70 0
-83 2?
-8 48
-81 53
=45 24
-4 2
70 0
74 2
82 1;
44 36
~-19 25
-66 5
14 0
87T 27
70 21
102 36
-04 15
13 0

X

29

-8

90

63

68

16

=73

90

Y
39
3
49
-12
20
6
41
5
-40
16
70
16
74
36
10
-65
16
3
19
52
25

17

RANGE
207739
206683
207910
208036
210054
208402
207826
207548
208869
210143
209049
210385
209681
208473
209029
210182
209374
209189
209522
208747
209824

210706

STATION TERMINATION DATA

DAY HRS MIN SEC

L R R N N

EONEE Y R SR Y

>

o+

LN

E

17
17
17
% 4
15
17
19
19
19
18
19
21

21

21
20
21
23
23
23
23

23

10
10
10
10
58

10

25

LS

23

32

35

34

39

41

7

10

11

12

43

9

12

52

52

55

10

40

41

44

11

35

RA

135

135

135
135

133

134

136
135
135
134
137
138
138
136
136
136
138
139
139
138
137

139

DEC
17
16
17
17
16
16
16
16
16
16
15
15
15
16
15
16
15
15
15
14
15

14

AZ ELYV
8 48
-81 65
=34 33
-34 30
~10 0
-78 13
=32 43
-80 37
-58 14
-73 0
75 6
82 17
93 27
=57 25
=17 9
=70 0
73 10
96 42
64 37
117 48
=73 1
73 0

X
1

=25

-62

-81

79
48
50
22
-89

90

Y

41

20
12

39

=56
17

14

63
29
13
=70

17

20
36
17
17

RANGE
207607
207075
208301
208426

210053

209401

208068
208353
209585
209742
210055
209602
209048
209211
210092
209292

210004

208527

208777
208293
210791

210806

61-9



VEHICLE 1

TRACKING

HRS MInN

BDA-02 1 10
CYI-04 1 12
MAD-23 1 12
ACN-T75 L 12
MIL-71 g 50
MIL-71 r 12
TEX-16 1 11
BDA-02 i 12
CYI-04 1 12
MAD-23 1 12
ACN-75 1 12
GDS-28 U 26
STN-00 0 7
STN-00 1 12
MAR-95 i 12
TEX-16 1 12
GDS-28 1 12
MIL-T1 1 12
BDA-02 1 12
CYI-04 1 12
MAD-23 i 12
ACN-T75 i 22

RAUAR TABLE

TIME

SEC

24

20

1€

18

58

47

L4

16

14

17

15

17

16

19

17

19

STATION ACQUISITION DATA

DAY HRS MIN SEC

4 23
4 23
4 23
4 23
5 C
5 1
3 1
5 1
5 1
5 1
5 1
5 2
5 2
5 3
5 3
5 3
5 3
5 3
5 3
5 3
5 3
5 3

52

52

13

50

50

50

50

50

50

35

55

48

48

48

438

49

49

49

49

49

4

7
12
12
20
35
36
37
49
53
55
44
18
56
57
58

58

15
17

19

RA

139

1338

138

1338

139

140

140

140

139

139

139

140

141

141

141

141

141

140

140

140

139

140

DEC

14

15

14

15

l4

L4

14

14

14

14

i5

i4

13

13

14

14

14

14

i4

14

14

14

AZ
19
1u3

132

14
85
17
95
148
=173
17
73
73

81

90
83
100
iis
=122

-124

ELV
10
53
55
47

0
20
6
34
74
63

66

10
14
31
14

45

06
51

59

X

80

37

25

38

90

70

84

56

8

26

90

19

75

59

Y
10
-8
25
21
16
5
13
-4
-13
-3
23
73

17

RANGE

210376

208252

208153

208459

209999

210013

210869

209272

207899

208128

208056

210047

210886

210800

210567

209669

210565

208977

208529

208279

208741

208477

STATION TERMINATION DATA

DAY HRS MIN SkC

wwm

W

[N

NN

28

21

30

30

19

37

31

39

53

53

56

31

32

12

11

15

13

18

21

34

34

39

RA DEC
140 14
139 14
139 14
139 15
140 14
141 14
141 14
141 14
140 14
140 14
140 14
141 14
141 13
142 13
142 13
142 13
142 13
141 13
141 13
140 13
140 13
140 14

AZ ELV
88 24
122 o7
16l 62
40 60
79 10
93 35
85 20
107 48
-148 74
-141 58
-24 66
77 5
74 1
91 24
94 28
99 46
94 28
114 60
147 68
-104 52
-108 39
-61 45

%
606
20
26
20
80
55
70
41
-9

26

66
62

44

28
12
=34
21

-41

Y
2
-12
9
22
10
-2
5
-11
-14
-20
22
76
16

=1

62
-12

-18

RANGE
209580
207934
208044
208102
210461
209304
210083
208723
208005
208392
208177
210975
211193
210119
209884
209052
209884
208550
208335
208826
209358

209085

91-9



VEHICLE 1 RADAR TABLE

TRACKING TIME

HRS MIN SEC DAY HRS
MAR-95 1 12 6 5 5
GDS-28 1 12 5 5 5
STN-00 1 12 3 5 5
TEX-16 1 12 8 5 5
MIL-T1 1 12 9 5 5
BDA-02 1 12 9 5 5
MAD-23 1 12 8 5 5
CYI-04 1 1z 9 5 5
ACN-75 1 12 13 5 5
HAW-12 1 10 19 5 5
HAW=-12 1L 12 9 5 7
MAR-95 1 12 9 5 7
GDS-28 1 12 8 5 7
STN-00 1 12 1 5 1
TEX-16 1 12 6 5 7
MIL-T1 1 12 2 5 7
BDA-02 1 12 6 5 7
MAD-23 0 45 31 5 7
CYI-04 1 11 59 5 7
ACN-75 0 33 51 5 7
HAW-12 1 12 21 5 9

STN-00 1 12 22 5 9

MIN

47

47

47

47

47

47

47

48

48

49

45

46

46

46

46

46

46

46

46

46

44

44

STATION ACQUISITIUN DATA

SEC

38

39

39

42

46

49

59

14

56

15

22

22

28

32

38

37

44

RA
l4e
142
142
141
141
141
140
140
140
142
143
142
142
142
142
142
141
141
141
141
143

143

DEC

13

13

13

i3

13

13

i3

14

13

13

i3

13

13

13

13

13

13

13

13

13

12

AZ ELV
101 38
101 38

99 33
108 56
132 69

-180 71
-99 30
-97 4l
-67 35

76 0

86 26
130 59
130 59
126 54
165 15

-140 70
-119 57
-80 8
-84 16
-75 8

98 53

180 65

52

14

57

33

16

90

64

25

21

30

Y

-5

51

-8

=10

-14

-15

=15

=17

RANGE
209535
209533
209757
208792
208440
208389
209884
209342
209654
211554
210364
208918
208916
209070
208541
208614
208964
211342
210892
211359
209336

2089406

DAY HRS
5 6
5 6
5 6
5 6
5 6
5 6
5 7
5 7
5 1
5 6
5 8
5 8
5 8
5 8
5 8
5 8
5 8
5 8
5 8
5 8
5 10
5 10

MIN

59

59

59

59

59

59

59

58

58

58

58

58

58

58

31

58

20

56

57

STATION TERMINATION DATA

SEC

43

44

41

50

56

59

7

10

19

32

5

16

16

15

20

24

29

59

32

29

58

RA DEC
142 13
142 13
1#2' 13
142 13
142 13
142 13
141 13
141 13
141 13
143 13
144 13
143 12
143 12
143 12
143 13
143 13
142 12
142 12
142 12
141 13
144 12
ié# 12

Az
116
116
113
131

-176

-137
-88
-89
-73

82
93
164
164
154

-138

-113

-104

-74

113

~144

ELV
51
51
46
69
74
65
17
26
19
15
42
66
66
63
71
58

43

68

60

X
36
20
42
16
-1

-18
-7
-64
-70
75
48

7
23
13

-13
-30

-46

Y
-16

35

-18

=73

RANGE
209062
209061
209249
208524

208429

208626°

210725
210220
210627
210820
209650
208799
208797
208886
208711
209044

209594

210713

211897
210579
208987

209188

LT-9



VEHICLE 1

TRACKING TIME

GDS-28
MAR-35
TEX-16
BDA-02
MIL-T1
GWM-24
HSK-25
GWM-24
HSK-25
HAW-12
MAR-95
STN-00
GDS-28
TEX-16
MIL-71
BDA-02
CRO-08
GWM-24
CR0O-08
PKS-96
HSK-25

HAW-12

HRS MIN
1 12
112
1 12
112
1 12
1 9
0 32
1 12
1 11
1 12
1 12
1 i2
i 12
112
112
0 44
0 19
1 12
1 12
1 12
112
1 12

RADAR TABLE

SEC

21

20

21

21

19

47

60

3

59

59

18

15

16

15

20

CAY HRS MIN SEC

5

5

9

9

10
11
11
11
11
11
11
11
11
11
12
i3
13
13
13

13

44
44
44
44
44
48
23
43
43
43
43
43
43
43
43
43
35
41
41
41
41

41

45

46

51

53

54

56

55

2

13

14

24

24

24

32

33

30

31

38

38

43

RA DEC
143 12
143 12
142 13
142 12
142 13
144 13
l44 13
145 12
145 13
144 12
143 12
143 12
143 12
143 12
143 12
143 12
140 12
14> 12
146 12
145 13
145 13
144 12

AZ ELV
-167 67
-167 67
-118 62
-96 33
-103 48
17 0
74 0
83 26
62 15
138 17
-118 51
-127 54
-118 51
-96 37
-88 22
-8l 9
16 0
88 55
69 14
40 35
38 33
-115 68

STATION ACQUISITICON DATA

X

23

-6

-25

-56

-41

90

=90

63

-35

-31

21

=53

-68

-81
90
35
75
43

-50

=20

Y

13

74

58
-10

-17

14

21
39

31

RANGE
208906
208908
209019
210154
209503
211844
210802
210735
211376
208927
209584
209491
209583
210174
210941
211716
211333
209679
211613
210502
210583

209285

DAY HRS MIN SEC

5

L I U R I U

v

w e wlww W

10

10

10

10

10

10

10

12

12

12

12

12

12

12

12

12

12

14

14

14

14

14

57
57
57
57
57
58
56
55
55
55
55
55
55
55
55
21
55
53
53
53
53

54

6

5
12
14
13
43
54

5
12
21
30
31
32
34
36
41

A
48
46
54

54

RA

144

144

143

143

143

‘145

145

146

145

145

144

144

144

144

144

144

146

146

147

146

146

145

DEC
12
12
12
12
12
12
13
12
13
12
12
12
12
12
12
12
12
12
12
12
12

11

AZ ELV
-133 59
-133 59
=103 47

-87 19
-94 33

81 16

69 6

86 43

49 26
=141 -77
-104 38
-110 41
-104 38

-88 22
-81 7
-76 Q

74 4

93 71

59 29

21 42

19 40

-100

53

STATION TERMINATION DATA

X

22
-24
-42
-71
-57
74
-73
47
-53
-8
-51
-47
17

-68

86
19
s8
21

-48

-37

Y
-22
-<1

-9
2
-3
9
68

3

14

16

217

14

-6

RANGE
209226
2092217
209640
211065

210315

211312

211782
210000
210807
2039020
210259
210097
210261
211086
211934
211100

212081

209317.

210912

210242

210342

209847

81-9



VEHICLE 1

TRAUKING TIME

STN-00
GDS-28
MAR-95
TEX-16
CRO-08
GWM-24
PKS-96
HSK-25
GDS-28
STN-00
HAW-12
CRO-08
GWM-24
PKS-96
HAW-12
HSK-25
CR0O-08
GHM-24
HSK-25
MAD-23
CYI-04

CYI-04

RADAR TABLE

1

1

12

12

i2

54

12

12

12

12

23

438

12

i2

12

12

12

12

12

10

12

HRS MIN SEC

i9

18

17

52

8

15

11

11

17

10

11

19

21

19

56

W

DAY HRS MIN SEC

5 13
5 13
5 13
5 13
2 15
5 15
5 15
5 15
5 15
5 15
5 15
5 17
5 17
5 17
5 17
5 17
5 19
5 19
5 19
5 19
5 20

5 21

41
41
41
41
40
40
40
40
40
40
40
38
38
38
38
38
37
37
37
38
42

35

46

47

48

49

14

18

24

26

28

28

29

44

50

56

57

57

24

24

28

21

11

30

RA DEC

144
144
144
144
146
146
140
146
145
145
145
147
146
146
146
146
147
147
147
148
150

149

12

12

12

12

12

12

12

12

11

i1

11

12

i1

12

11

12

11

11

11

10

10

i0

AZ ELYV
=101 32
-96 28
-90 28
-83 11
50 37
104 83
5 45

4 42
=80 5
-83 9
-94 42
15 52
93 68
-33 39
-84 15
-33 36
=31 49
-87 40
-59 20
117 0
79 0
85 12

STATION ACQUISITION DATA

X

-57

11

-62

-78

45

7

5

~48

-81
—48

11

=34

=15

-49

-24

=50

=55

90

78

Y

=9

-61

31

=2

45

-79

41

-26

34

RANGE
210628
210831
210830
211773
210581
209268
210241
210350
212380
212109
210370
210153
209684
210695
211976
210812
210464
210855
211883
213011
212781

212564

DAY

5

wo o\ W

wow

v

w W

HRS
14
14
14
14
16
16
16
16
16
16
16
18
18
18
18
18
20
20
20
20
20

22

MIN SEC

54
54
54
36
52
52
52
52

3
28
52
50
51
48
46
51
49
49
49
49
49

417

4

5

6
41
22
32
35
36
33
37
46
54

1
53
40

1
43
45
47
17
12

33

RA

145

145

145
145

147

147

147
147
145
146
146
148
147
147
147
147
148
148
148
149
150

150

DEC
11
0
11
11
12
11
12
12
11
11
11
11
11
11
10
11
11
10
11
10
10

10

AZ ELV
-90 18
-86 14
-86 14
-7 o

32 48

-101 80
-19 43
-19 41
-77 o
-7 o0
-88 26
-13 53
-90 51
-50 30
19 o
-50 28
-50 39
-84 23
-1 7

88 12
80 1
93 27

STATION TERMINATION DATA

X

-53

~=99

=51

-43

=11
88

63

Y
0

=75

13
35
-2
44
-14
-77

13

36

34
11
-43

30

-70
17

10

RANGE
211484
211735
211735
211671

210211

209403

210414
210532
211609
211617
211291
210224
210293
211133

212740

211375

211009

211833

212733
212414
213055

211791

6T-9



VEHICLE 1

TRACKING TIME

MAD-23
ACN-T75
GWM-24
CRO-08
CYI-04
MAD-23
ACN-75
CRO-08
8DA-02
MIL-T1
BDA-02
CYI-04
MAD-23
ACN-75
TEX-16
TEX-16
MIL-71
BDA-02
CYI-04
MAD-23
ACN-T5

6GDS-28

i

12

12

51

12

12

12

12

28

45

12

12

12

iz

12

22

12

12

12

12

12

12

RADAR TABLE

HRS MIN SEC

4

22

23

18

53

58

13

11

417

14

15

17

16

14

CAY HRS MIN
5 21 35
5 21 35
5 21 36
5 21 36
5 23 33
5 23 33
5 23 33
5 23 36
6 [0} 6
6 1 32
6 1 32
6 1 32
6 1 32
6 1 32
6 2 21
6 3 30
6 3 30
6 3 30
6 3 31
6 3 31
6 3 31
6 3 33

SEC

32

53

54

57

13

10

29

32

38

41

45

45

49

53

54

11

i1

18
58

RA DEC
149 10
150 10
148 10
148 11
150 10
150 9
150 10
149 10
151 9
151 9
151 9
151 9
151 9
151 10
152 9
152 9
152 9
152 9
151 9
151 9
151 9
152 9

AZ ELV
95 21
78 8

-82 12
-59 30
99 37
119 42
72 35
-76 6
73 0
82 5
91 19
125 61
158 57
52 61
80 O
88 15
97 30
110 43
-164 70
-150 55
-21 12
80 0

STATION ACQUISITION DATA

X

13

82

-78

=56

53

28

53

90

85

71

25

31

23

90

75

32
=7

=90

Y
68
12

8

26

41
15
14

11

12
17

10

-19
-17
17

80

RANGE
212018
212808
212542
211499
211390
211162
211469
212987
212314
213359
212533
210647
210772
210627
212610
212944
212128
211516
210602
211024
210573

213685

DAY HRS MIN SEC

5

5

22

22

22

22

& & NN N N N N O ©

E R

+

47

47

27

48

46

46

46

5

46

44

44

44

44

44

4%

43

43

43

43

43

43

43

35
34
11

8
15
17

16

35
34
51
51
53

32

11
26
24

27

RA

150

151

149

149

151

151

151
149
151
152
152
152
152
152
152
153
153
153
152
152
152

153

DEC

S

10

10

10

10

10

-4 O v 0 O O LI )

® ™ o

@

AZ ELV

108

75
=80
-70
112
139

63

85
91
102
161
-171
17
83
97
108
128
-128

-127

89

34

24

0

17

52

52

51

20

33

70

58

72

30

44

55

61

46

61

13

STATION TERMINATIUON DATA

X

25

65

=72
36
31

36

81
70

57

32

85
60
44

29

31

-25

Y
52
14
10
19

-13
24
le

11

-6
=13
=21
-17
=34

16

17

RANGE
211430
211929
21231?
212378

210854

210842

210862
212216
213001
212564
211845
210511
210828
210475
213426
212179

211503

211097

210923
211465
210930

213127

02-9



RADAR TABLE

VEHICLE 1
TRACKING
HRS MIN
STN-00 0 48
MAR-95 0 36
MAR-95 1 12
GDS-28 1 12
STN-00 1 12
TEX-16 1 12
MIL-T1 1 12
BDA-02 1 12
MAD-23 L 12
Cyi-04 1 12
ACN-T5 1 12
HAW-12 1 0
STN-00 1 0
MAR-95 1 0
6DS-28 1 0
TEX-16 1 0
MIL-71 i 0
BDA-02 1 0]
MAD-23 1 0
CYI-04 1 0
ACN-75 1 0
HAW-12 0 11

TIME

SEC

24

50

21

21

21

22

<0

23

23

21

21

55

48

46

46

42

35

34

24

20

15

22

STATION ACQUISITION DATA

DAY HRS MIN SEC

6

o &

o

3 54
4 6
5 29
5 29
S5 29
5 29
5 29
5 29
5 29
5 29
5 29
1 27
7 28
7 28
7 28
7 28
7 28
7 28
7 28
7 28
7 28

16 APR

39
14
27
27
27
30
34
37
46
48
53

53

13
14
24
28
33
72
57

RA DEC
152 8
153 8
153 8
153 8
153 8
153 8
153 8
153 8
152 8
152 8
152 9
154 8
154 8
154 8
154 8
154 8
153 8
153 8
153 8
153 8
153 3
155 1

AZ ELV

X
80 0 90
84 6 84
96 23 67
96 23 14
94 18 72
103 40 49
118 54 33
146 62 16
-115 38 29
-114 52 -35
-66 50 -37
86 10 80
115 40 4T
118 45 41
118 45 25
134 63 20
173 69 2
-149 62 -15
-94 16 13
-95 27 -63
-77 23 -66
PCl TO JET
91 23 67

Y

10

-6

67

-10
=16

=23

~15

15

-19
-20

39
-18
=21
-24
=73

-5

12

RANGE
212763
212202
212693
212692
212942
211786
211233
210981
211887
211296
211348
213592
211982
211772
211770
211135
210982
211151
213203
212616
212809

LAZ

212311

72.1

DAY HRS
6 4
6 4
6 6
6 6
6 6
6 6
-] 6
6 6
6 6
6 6
6 6
6 8
6 8
6 8
6 8
6 8
6 8
6 8
6 8
6 8
6 8
6 8

MIN SEC

43
43
41
41
41
41
41
42
42
42
42
28
28
28
28
28
28
28
28
28

28

40

2

4

49

49

49

52

54

14

48

48

48

48

48

48

48

48

48

48

19

RA DEC
153 8
153 8
154' 8
154 8
154 8
154 8
154 8
153 8
153 8
153 8
153 8
155 7
155 7
155 7
155 17
154 7
154 7
154 7
154 7
153 7
153 8
155 7

AZ
87
89

108
108
106
118
144
-175
-102

=102

91
130
136
135
166

-149

-127

92

ELV

9

13

36

36

31

55

65

65

25

37

35

23

49

54

54

69

66

54

5

14

26

STATION TERMINATIUN DATA

X
81
77
53
23
58
32
15
-2
24

=b2
=54
67
33
27

27

64

Y

-13
-16
=20
=25
=62

-9

i3

-5
=25
24

=20

=21

-83

RANGE
2133175
213128
212072
212070

212305

211311

210991
210996
212648
212038
212170
212305
211060
210894
210891
210466

210540

210906

213350
212829

213098

2127172

Tc-9



VEHICLE 1 RADAR TABLE
TRACKING TIME

HRS MIN SEC

GDS-28 0 11 27
STN-00 0 11 27
MAR-95 0 11 28
TEX-16 0 11 33
MIL-71 0 i1 37
BDA-02 0 11 41
MAD-23 0 11 44
CYI-04 0 11 48
ACN-75 0 11 51
HAW-12 1 12 13
STN-00 1L 12 14
GDS-28 1 12 i3
MAR-95 1L 12 13
TEX-16 1 12 14
MIL-71 1 12 14
BDA-02 1 12 14
CYyi-04 0 5 25
GHM-24 1 12 21
HSK-25 i 12 23
HAW-12 1 12 21
STN-00 1 12 29
GDS-28 1 12 29

DAY HRS
6 8
6 8
] 8
6 8
6 8
6 8
6 8
6 8
6 8
6 9
6 9
6 9
6 9
6 9
6 9
6 9
6 9
6 11
6 11
6 11
6 11
6 11

MIN SEC
28 57
28 57
28 517
28 57
28 57
28 57
28 57
28 57
28 57
26 32
26 38
26 42
26 43
26 47
26 50
26 53
26 57
24 49
24 55
24 56
25 2
25 2

RA DEC
155 7
155 7
155 7
154 7
154 7
154 7
154 7
153 7
153 3
155 7
154 7
154 7
154 7
154 1
154 7
154 7
153 7
156 4
156 8
156 7
155 7
155 7

AZ ELV
135 54
131 49
136 54
167 69
-149 66
-127 54
-85 5
-89 14
-1 9
97 37
152 57
160 61
160 60
-153 68
-125 57
-112 43
-82 1
85 11
5 1
119 62
-154 57

-144 56

STATION ACQUISITION DATA

X

27

33

27

17

28

11

-10

-28

45

Y

-6

-29

10

-20

-18

-16

14

=13

=19

RANGE
210898
211067
210901
210473
210548
210914
213360
212838
213108
212312
211493
211376
211377
211189
211479
212017
214274
213886
214135
211510
211666

211680

DAY

HRS MIN SEC

@ @

10
10
10
10
10
10

10

12
12
12
12

12

40
40
40
40
40
40
40
40
40
38
38
38
38
39
39
39
32
37
37
37
37

37

24

24

25

31

34

38

41

45

48

45

52

54

57

22

10

18

23

31

31

RA DEC
155 7
155 7
155 7
154

154 17
15¢ 7
154 7
154 7
153 8
156 1
155 7
155 7
155 7
155 1
155 7
155 1
153 7
157 7
157 7
156 7
156 6
156 6

AZ
139
134
140
174

-143

-124

-83
-88
-81
108

-176

-165

=545

-124

-109

=101

89
64
156
=130

=122

ELV
56
51
56
70
65
52

3
12

7
52
59
61
61
57
43
29

0
28
20
73
48

46

STATION TERHiNATION DATA

X ¥
21 22
30 -26
24 =26

2 -20

-16 -20

-33 -20

-66 -83

-8 2

-83 9
36 -11
-2 -31
28 -7
-8 -28

-28 -18

-45 -14

-61 -9

-90 8
62 1

-50 58

7 -15

-35 =25

27 -36

RANGE
211450
211609
211453
211073
211193
211600
214105
213606
213896
211735
211502
211463
211467
211587
212115
212814

214080

213022

213436
211351
212087

212180

22-9



VEHICLE 1 RADAR TABLE

TRACKING TIME STATION ACQUISITION DATA STATION TERHiNATIUN DATA

HRS MIN SEC DAY HRS MIN SEC RA DEC AZ ELV X Y RANGE DAY HRS MIN SEC RA DEC AZ ELV X Y RANGE
MAR-95 1 12 28 6 11 25 3 155 7 -144 56 -21 -26 211681 6 12 37 32 156 6 —-122 46 -40 -22 212181
TEX-16 112 30 6 11 25 6 155 7 -112 48 -40 -14 212001 6 12 37 36 156 6 -101 33 -57 -9 212783
BDA-02 1 12 30 6 11 25 8 154 7 =94 19 -71 -4 213421 6 12 37 38 155' 6 -85 4 —-86 5 214392
MIL-71 1 12 25 6 11 25 10 155 7 =101 33 -56 -9 212654 6 12 37 36 155 6 -92 18 -712 =2 213586
GHM-24 1 12 13 6 13 23 30 157 7 92 39 51 -2 212544 6 14 35 44 158 6 98 56 34 -5 211954
CRO-08 1 12 12 6 13 23 33 157 7 80 4 86 10 214480 6 14 35 45 ’158 7 73 19 70 16 213661
HSK-25 1 12 13 6 13 23 41 157 7 55 28 —-46 46 213064 6 14 35 53 158 7 39 39 —44 29 212626
HAW-12 1 12 23 6 13 23 41 156 7 -161 74 -5 -15 211417 6 14 36 4 157 6 -123 63 -23 -14 211752
STN-00 1 12 23 6 13 23 47 156 6 =117 40 —46 —-21 212486 6 14 36 11 156 6 —-104 27 —-62 —13 213249
GDS-28 1 12 24 6 13 23 47 156 6 —111 37 26 -48 212629 6 14 36 12 156 6 -100 23 21 -65 213455
MAR-95 1 12 26 6 13 23 48 156 6 —-111 37 =51 -17 212629 6 14 36 14 156 6 -100 23 -67 -9 213456
TEX-16 1L 12 26 6 13 23 51 155 7 =94 22 -68 -4 213387 6 14 36 17 156 6 -87 7 -83 3 214398
MIL-T1 0 35 33 6 13 23 53 155 6 -87 é -82 3 214239 6 13 59 25 156 6 =83 0 -90 7 213452
PKS-96 1 8 42 6 13 27 13 157 7 56 30 55 29 212811 6 14 35 55 158 7 4l 41 38 35 212555
GWM-24 1 12 is8 6 15 21 59 157 6 106 67 22 =6 211729 6 16 34 17 158 6 147 81 5 -7 211581
CRO-08 1 12 15 6 15 21 59 158 7 66 29 59 21 213212 6 16 34 14 159 6 53 43 41 26 212624
HSK-25 1 12 14 6 15 22 10 157 7 25 44 —43 18 2124117 6 16 34 25 158 7 1 48 —-42 0 212422
PKS-96 1 12 12 6 15 22 11 157 7 27 46 24 38 212390 & 16 34 23 158 7 2 50 1 40 212320
HAW-12 1 12 21 6 15 22 12 157 6 -110 53 -35 -12 212125 &6 16 34 33 157 6 -100 38 -52 -8 212881
GDS-28 1 9 4l 6 15 22 16 156 6 =92 14 10 -76 214050 6 16 31 57 157 5 —83 0 —90 —-83 214838
STN-00 L 12 e 6 15 22 16 150 6 -96 18 -72 -6 213813 6 16 34 32 157 5 =86 4 —-86 4 214733

MAR-95 0 33 47 6 15 22 17 156 6 —-92 14 -76 -2 214049 6 16 1 4 157 6 -87 6 -84 3 213272

£8"9



VEHICLE 1  RAUDAR
TRKALKING

HKS MIN

CRO-08 1 12
GWM-24 1 12
PKS-96 1 12
HSK-25 1 12
HAW-12 1 12
CRO-08 L A2
GWM-24 L 12
PKS-96 0 34
HSK-25 L 12
GWM-24 L 14
MAD-23 1 12
CRO-08 1 12
HSK-25 1 10
CYI-04 0 55
ACN-75 0 46
CYI-04 1 12
MAD-23 1 12
ACN-75 1 12
CRO-08 1 12
BDA-02 1 12
CYI-04 132
MAD-23 1 1z

TASBLE

TIiME

SeC

26

31

29

21

28

13

14

45

12

19

22

28

L8

24

49

18

20

1

24

26

23

DAY

STATION ACWUISITIUN DATA

HRS MIN SEC

17
17
17
17
17
19
19
19
19
21
21
21
21
21
21
23
23
23

23

20
20
20
20
20
19
19
19
19
15
17
17
17
34
42
15
15
15
16
14
14

14

35

36

42

43

45

17

18

25

26

50

16

3y

44

12

51

50

52

56

23

o

13

17

RA DEC
158 ©
158 6
158 F i
158 7
157 6
159 6
158 5
158 o
158 6
159 5
160 5
159 [}
159 6
161 5
lel 5
161 &
161 4
162 5
160 5
162 4
162 4
162 4

AL

40

=136

=13

85

85

97

110

81

88

116

139

ELV
51
80
49
46
27
>9
53
36
33
25

i
45

13

22

46

40

28

=14

-42

-63

-6

-36

90

68

33

67

86

41

36

Y

29

39

=11

-4

31

=5

30

56

16

-18

21

RANGE

212385

211672

212438

212543

213483

212264

212444

213160

213288

213961

214908

212929

214576

214559

214248

214253

213909

214209

21l4z206

215473

213214

213220

DAY

HRS

18

18

18

18

i8

20

20

19

20

22

22

z2

22

22

22

NN

MIN

33

33

33

33

33

31

31

24

31

30

29

30

28

29

29

28

28

28

28

26

26

STATION TERMINATION DATA

SEC

11

13
31

32

38

38

36

40

12

13

45

29

39

40

RA DEC
159 6
159 5
159 6
159 6
158 5
160 6
159 5
159 6
159 6
160 &
161 4
160 5
160 5
162 4
162 5
162 4
162 4
162 4
161 5
163 3
163 3
163 3

AZ ELV
13 58
-106 65
—40 43
-39 40
-89 11
-38 53
=94 3o
=59 30
-65 22
-87 8
102 19
-66 32
-84 0
91 11
84 11
107 3o
126 39
78 39
-82 7
98 18
136 58
le4 52

79

52

36

50

-83

72

23

37

Y
31
-7
35

-29

1

- 28
=3

26

=22

10

RANGE

212222

212053

212819

212923

214512

2125173

213260
212226
214017
214975
214298
213655
215352
214761
2141791
213555
213423
213423
215219
214685
212836

213057

-9



VEHICLE 1 RADAR
TRACKING

HKS MIN

ACN-75 1L 12
MIL-T1 0 20
MIL-71 1 12
BDA-02 1 12
CYI-04 1 12
MAD-23 1 12
ACN-75 1 12
TEX-16 1 11
MAR-95 1 12
GDS-28 1 12
STN-00 1 12
TEX-16 1 12
MIL-71 1 12
BDA-02 1 12
MAD-23 1 12
CYI-04 1 12
ACN-75 1 12
STN-00 1 12
GDS-28 i 12
MAR-95 1 412
TEX-16 1 12

MIL-71 1 12

26
25
29
28
21
34
18
13
14
15
17
17
18
16
16
25
24
24
24

29

STATION ACQUISITION DATA

DAY HRS MIN SEC

W oW N

14

6
12
12
12
12
13
13
11
11
11
11
11
11
11
11

i1

21
15
48
51
59
59

3
36
11
15
15
16
18
22
34
36
42
41
42
42
45

46

RA DEC
162 4
163 3
163 3
163 3
163 3
162 3
163 4
163 3
164 3
164 3
164 3
164 3
164 3
164 3
163 3
163 3
163 4
165 2
165 2
165 2
165 3
165 3

AZ ELV
73 51
86 0
94 15
105 28
158 64
-177 5é
35 176
86 0
92 8
92 8
89 3
100 25
111 3§
130 49
-135 43
-139 59
-62 66
108 26
111 30
111 30
122 49
145 59

X

38

90

75

62

10

37

8

90

82

14

87

65

49

33

37

=22

=21

63

31

58

37

19

Y
11
4

-4

=25
=31
=23

11
-16

54
-18

-20

RANGE
213031
214743
214963
214230
212741
213089
212505
215789
215524
215519
215776
214520
213811
213376
213624
213032
212831
214630
214379
214381
213536

213174

STATION TERMINATIGN DATA

DAY HRS MIN SEC

7

7

2

o o o o SN

o

© o

26
26
25
25
25
25
25
25
23
23
23
23
23
23
23
23
23
22
22

22

22

41
29
i3
16
28
27
30
10
29
28
28
31
35
39
51
52

58

15

RA DEC
163 4
163 3
164' 3
164 3
163 3
‘163 3
163 4
164 3
165 2
165 2
165 2
165 3
165 3
165 2
164 2
164 3
164 3
166 2
166 2
166 2
166 2
165 2

AZ
60
88
104
118
-162

=150

95
103
103
100
112
128
156

-118

=119

123
126
126
145

-179

ELY

67

4

29

41

64

48

75

15

21

21

17

40

52

58

32

46

50

38

43

42

60

64

X

20

86

60

45

75

68

30

73

48

32

15

33
41

18

Y
11
2

=12

11
-4
-12

65

-17
-22
-29
-48

=19

=25

RANGE
212609
215486
214225
213658
212839
213350
212610
215017
214791
214789
215051
213855
213339
213147
214235
213570
213433
214086
213870
213873
213231

213132

62-9



VEHICLE 1

RADAR TABLE

TRACKING

8DA-02
MAD-23
CYI-04
ACN-75
HAW-12
HAW-12
STN-00
GDS-28
MAR~-95
TEX-16
MIL-T1
BDA-02
MAD-23
CYi-04

ACN-75

ACN-T75
Cyi-04
HAW-12
STN-00
GDS-28
MAR-95

TEX-16

1

1

12
12
12
12
43
21
27
21
21
27
27
21

9
217

27

16
26
44
44
44
44

44

TIME

HRS MIN SEC

29

31

21

30

32

56

50

50

45

41

33

31

25

46

i1

20

20

20

30

DAY HRS MIN SEC

7

1
7
7

7

7

16

00 e] oY}

9

9

10

10

33

APR
36
36
36
36
36
36

36

51

56

2

]

30

19

24

25

25

30

34

36

40

44

50

12

28

28

28

28

28

28

28

RA DEC
164 2
164 2
164 3
164 3
165 2
166 2
166 2
166 2
166 2
165 2
165 2
165 2
165 2
164 2
164 3
165 2
165 2
166 2
166 2
166 2
166 2
165 2

AZ ELV X
178 60 1
-108 24 36
-109 37 -51
-80 39 -51
87 0 90
97 21 69
135 45 35
140 50 33
140 50 29
169 64 5
-154 61 -13
-133 50 -32
-89 2 -28
-94 12 -78
-86 10 -80
JET TO PC2
-87 4 -86
-91 6 -B4
100 27 62
144 48 28
150 53 33
150 53 21
-175 64 =2

STATIGN ACQUISITION DATA

Y

=30

25

-30

i8
-32

=26

RANGE
213145
214722

214043

215009
213823
213642
213645
213172
213248
213634
216131
215546
215623

LAZ
214853
214738
213490
212507
212352
212354

211994

72.1

DAY HRS
. 7 8
7 8
1 8
7 8
7 8
7 9
1 9
7 9
7 9
7 9
7 9
7 9
7 9
7 9
1 9
7 9
7 10
7 10
7 10
7 10
7 10
7 10

MIN
22
22
22

22

36
36
36
36
36
36
36
18
36

36

52

20
20
20
290

20

SEC
20
28
29
35

3
15
15
15
15
15
15
15
12
15

15

36
14
39
48
49
49

58

RA DEC
165 2
165 2
165} 2
164 3
166 2
‘166 2
166 2
166 2
166 2
165 2
165 2
165 2
165 2
165 2
165 2
165 2
165 2
167 2
166 1
166 2
166 2
166 2

AZ ELYV
-150 56
-97 11
-100 22
-84 22
92 10
100 27
144 48
150 53
150 53
-175 64
-143 58
-126 45
-88 0
-91 &
-87 4
-88 0
-88 0
105 37
159 52
167 56
167 55
-153 61

STATION TERMINATION DATA

X
-19
32
-68
-68
80
62
28
33

21

=90
-90
52
15

34

-14

Y
=29
-77

-9
6
-2
-9
-32
18
-32
-26
=25
-24
-88
-1

3

RANGE
213364
215567
214924
214935
215562
213497
212513
212357
212360
211999
212181
212653
2157171
214740

214855

215091
215454
214272
213625
213512
213515

213341

9¢-9



VEHICLE

MIL-T1
BDA—02
HAW-12
MAR-95
STN-00
GDS-28
TEX-16
MIL-T1
BDA—02
HSK=-25
GWM=-24
GWM—-24
HAW-12
HSK-25
STN-00
6DS-28
MAR-95
TEX-16
MIL-T1
BDA-02
CRO-08

PKS-96

0

44

44

12

12

12

12

12

12

12

3

54

12

12

12

12

iz

12

12

12

17

40

29

1 RADAR TABLE
TRACKING TIME

HRS MIN SEC

36
36
30
32
33
34
29
31
31
43
36
32
35
29
35
36
36
36
33

5
38

58

DAY

-

HRS MIN SEC
9 36 28
9 36 28

11 6 46
11 6 56
11 6 56
11 6 56
11 7 4
11 7 8
11 7 8
11 15 34
11 24 33
13 5 28
13 5 35
13 5 36
13 5 42
13 5 43
13 5 43
13 5 47
13 5 48
13 5 50
13 37 23
13 48 8

RA

166

1606

160

166

166

165

167

167

168

167

168

167

167

167

166

166

166

168

168

DEC

NN NN NN NN NN

(™

AZ ELV

=142
=125
113
=172
139
= T2
~-134
-117
=107
87
88
94
155
71
-137
=130
-130

-108

53
45
47
56
54
56
55
42

28

24

67

45
43
43
32

18

30

STATION ACQUISITION DATA

X
=21
=39

41
-6

1
34

=27

90
66

10

-34
34

-39

¥

=25

-24

-15

21

RANGE
212177
212650
213894
213563
213623
213561
213585
214081
21417179
215971
215550
215146
213375
215265
214091
214163
214165
214684
215473
216302
215293

213616

DAY HRS MIN SEC

7

7

-~

10
10
12
12
12
12
12
12
12
12
12
14
14
14
14
14
14
14
14
13
14

14

21
21
19
19
19
19
19
19
19
19
19
17
18
18
18
18
18
18
18
22
18

18

4

4
16
28
28
30
33
38
38
17

9
60
11

5
17
18
18
23
22

55

RA DEC
166 2
166 2
167 1
167 1
167 1
167 1
167 1
166 1
166 1
168 2
168 1
169 1
168 1
169 2
167 1
167 1
167 1
167 1
167 1
166 1
169 2
169 2

Az
-128
-116
132
-144
-153
-144
-116
-105
-97
78
92
100
-159
58
-120
-114

-114

-89
84

60

ELV
51
37
6l
50
51
50
42
28
13

12

40
67
35
34
31
31

17

35

STATION TERMINATION DATA

X
-32
-50

23
-26
-20

34
-45

-61

-43
78

49

Y
-23
-21
=19

=31

-19
=13
-7
73

-2

24

RANGE
213685
214277
213488
213852

213832

213851

214186
214884
215687
2151730
215723
214386
213462
214666
214703
214849

214850

215613

216482
215696
216087

214626

12-9



VEHICLE 1

TRACKING TIME

GWM-24
CRO-08
HSK-25
PKS-96
HAW=-12
GDS-28
STN-00
MAR-95
TEX-16
CRO-08
GWM-24
PKS-96
HSK-25
HAW-12
STN-00
CRO-08
GWM-24
HAW-12
HSK-25
PKS-96
GHWM-24

CRO-08

RADAR TABLE

HRS MIN SEC
1 12 23
1 12 19
1 12 21
1 12 20
1 12 28
1 12 28
1 12 28
1 12 27
0 31 43
1 12 36
L 12 38
1 12 35
1 12 31
1 12 39
0 14 20
1 12 35
1 12 37
0 49 38
L 12 33
1 12 33
L 12 26
i 12 23

DAY HRS MIN SEC

7

7

15

15

15

15

15

15

15

15

15

17

17

17

17

17

17

19

19

19

19

19

21

21

NN NN &

-

14

16

23

24

26

30

30

32

34

40

42

52

53

53

57

36

39

43

45

46

23

26

RA

168

169

168

168
168
167
167
167
167
169
169
169
169
168
168
170
169
169
169
169
170

170

DEC

1

NN

(=]

AZ ELV

106
79
46
48

-135
-106
-111

-106

61

149

52
19
42
43
61
22
26

22

75

56

53

38

63
65
11
46
49
38

58

STATION ACQUISITION DATA

X
37
10

-38
38
=21

34

=37

=51

11
=22

=79

Y
-10
11
32
29
=20
-63
-18
-15
-3
20
-13

34

-

RANGE
213977
215527
214356
2142917
213651
215353
215165
215353
216235
214406
213491
213967
214053
214696
216617
213869
213821
216247
214431
214336
214942

214110

DAY HRS MIN SEC

&
7

P |

-

~N N~

16
16
16
16
le
16
16
16
15
18
18
18
18
18
17
20
20
19
20
20
22

22

16
16
16
16
16
16
16
16
36
15
15
15
15
15
17
14

14

14
14
1z

12

36

34

45

44

54

58

58

59

17

16

20

27

25

32

17

10

15

21

18

19

49

50

RA

169

170

169
169

168

‘168

168
168
167
170
170
170
170
169
168
171
170
170
170
170
171

171

DEC

0

© o O ™ - o O O o

o

AZ
122
70
24

26

ELV
67
35
51
53
48

8

12

57
73
54
51

22

49

36
38
21

46

STATION TERMINATION DATA

X
20
54

-37
19

-39
34

-78

24
-10
=16
-36

-68

-36
-48
-69

-40

Y
=12
17
15
33

-17

24
-13
33

=14

24
-6

19

RANGE
213590
214789
214093
214016
214216
216213
216038
216274
215419
213996
213598
214111
214204
215607
216083
213942

214445

215915

215006
214919
215918

214650

8e-9



VEHICLE

HSK-25
MAD-23
MAD-23
CYi-04
ACN-75
CRO-08
GHM-24
HSK-25
CYI-04
MAD-23
ACN-75

CRO-08

CRO-08
CYI-04
MAD-23
ACN-T75
BDA-02
BDA-02
CYI-04
MAD-23
ACN-T5

MIL-71

RADAR
TRACKING
HRS MIN
1 12
0 29
1 12
1 12
1 12
1 12
0 40
0 24
0 16
0 1le
0 \1leo
0 1o
0 38
0 55
0 55
0 55
0 15
1 12
1 12
1 12
1 12

10

TABLE

TIME

SEC
20
25
35
32
33
40
10
23
33
31

28

35
39
40
42
47
46
44
43
42

55

STATION ACQUISITION DATA

DAY HRS MIN SEC

1

-

- o~ o~

21
21
22
22
22
22
22
22

0
42
58
58
58
58
58
58
57
57
57

51

16 APR

NoNN

N

14

14

14

14

53

55

55

55

55
57

33
51
24
26
29
51
52
55
13
15
18
43

72

I I N

43
21
32
34

39

RA DEC
170 0
172 -1
172 -i
172 -1
172 0
171 0
171 -1
171 0
173 -1
173 -2
173 -1
112 =1
172 —i
173 -2
173 -2
173 -1
174 -2
174 -2
174 -2
173 -2
174 -1
174 -2

AZ ELV X
-68 27 -36
91 0 90
104 14 44
95 7 83
89 9 8l
~T0 37 ~52
-93 9 -8l
-87 5 =35
111 31 57
128 34 43
85 38 52
-85 11 -79
PC2 TO SBN
-87 8 -82
114 35 53
132 36 43
84 42 48
92 0 90
101 13 77
139 53 27
162 46 43
75 671 23
92 0 90

Y
-55
89
70
w5
1
16

=3

-18
41
4

4

=19

37

-10
=27

12

RANGE
215446
215846
216342
216772
216621
215105
216594
216871
215493
215384
215170
216596

LAZ
216015
214509
214455
214171
216558
216645
214686
214935
214263

217329

72.1

STATION TERMINATION DATA

DAY HRS MIN SEC

7

7

8

22
22

0

23

23

S NN NNN

»

12
12
10
i0
11
11
39
23
13
13
13

13

50

53
15
59
58

2
31

2
18
46
46
46

46

37
41
42
44

30

17
17

21

RA DEC
171 0
172 -1
173' -2
173 -2
173 -1
172 -1
171 -1
171 o
173 -2
173 -2
173 -1
172 -1
172 -1
174 -2
174 -2
174 -1
174 -2
175 -2
17¢ =2
174 -3
174 -2
175 -2

AZ ELYV

-80

96
117
104

87

114
132
84

-87

125
147
81

9%

168
=172
40

101

14

5
26
22
26

22

35
36

42

45
42

55

27
59
47
82

14

X

=35

49

43

68

64

-68

87

53

43

48

39

43

34

87

62

43

75

Y
-73
82

53

RANGE
216296
216792
215727
215971

215709

215985

215928
216065
214523
214468
214185

216023

216422
214940
215052

214546

217153

215917
214527
2149173
214087

216601

62-9



VEHICLE 1

TRACKING TIME

‘TEX-16
MIL-71
BDA-02
CYI-04
MAD-23
ACN-T5
6DS-28
STN-00
MAR-95
MAR-95
GDS-28
TEX-16
STN-00
MIL-71
BDA-02
CYI-04
MAD-23
ACN-T75
HAW-12
STN-00
GDS-28

MAR-95

1

12

12

12

12

12

12

36

i2

4

12

12

12

12

12

12

12

12

12

i2

12

12

12

RADAR TABLE

HRS MIN SEC

42
44
47
47
47
47
37
37
31
35
33
37
32
36
37
40
39
37
42
@8
46

47

DAY HRS
8 4
8 4
8 4
8 4
8 4
8 4
8 5
8 5
8 6
8 6
8 6
8 6
8 6
8 6
8 6
8 6
8 6
8 6
8 8
8 8
8 8
8 8

MIN SEC
54 10
54 10
54 11
54 20
54 21
54 27
30 14
54 13

2 21
52 46
52 48
52 48
52 49
52 56
52 56
53 8
53 8
53 17
51 15
51 18
51 19
51 19

RA
175
175
175
174
174
174
175
176
176
176
176
176
176
175
175
175
175
175
177
170
170

176

DEC

=2

-2

-2

AZ ELV
98 10
107 24
121 36
-169 59
=156 44
—48 8l
93 0
94 0
98 6
106 16
106 16
115 35
103 lé
131 47
155 52
=127 45
-124 30
-83 54
g6 6
125 32
129 37
129 37

STATION ACQUISITION DATA

X

80

65

50

-6

43

-7

90

90

84

73

43

53

78

36

18

-39

45

-36

84

52

40

46

Y

-6

=29

39

-30

RANGE
216906
216093
215516
214560
215110
214128
216257
216938
216991
216667
216663
215677
216933
215128
214918
215199
215916
214847
217358
215899
215667

215670

DAY HRS MIN SEC

8 6
8 6
8 6
8 6
8 6
8 6
8 ]
8 6
8 6
8 8
8 8
8 8
8 8
8 8
8 8
8 8
& 8
8 8
8 10
8 10
8 10
8 10

wn

LS B N C R ¢}

52
54

58

14
51
50
52
22
21
25
22
32
33
48
47
55

57

RA

176

176

175

175

175

‘175

176
176
176
177
177
176
177
176
176
175
175
175
178
177

177

177

DEC

-3

AZ ELV

108
120
139

-140

-135
~78

99
96
99
118
118
131
115
155
-176
-113

-110

104
143
149

149

25
38
47
52
36

65

29
29
47
24
56
54
31
17
36
22
42
46

46

STATION TERMINATION DATA

X
64
48
32

-26
44

-24
51
88
83
58
41
35
64
16
-3

-57
48

-54
68
34
39

21

Y
-16
23
-31
-28
—34
5
79
-6

-9

50
=27

=23

=36
=20

=63

-13
-37
21

-36

RANGE
216134
215463
215096
214886

215559

214495

217165
217434
217168
216017
216014
215170
216270
214865
214910
215934

216670

215669

216503
215502
215324
215328

0€-9



VEHICLE 1

TRACKING TIME

TEX-16
MIL-71
BDA-02
MAD-23
CYI-04
ACN-75
HAW-12
STN-00
MAR-95
GDS-28
TEX-16
BDA-02
MIL-T71
HSK-25
GHM-24
HAW-12
STN-00
HSK-25
GDS-28
MAR-95
TEX-16

MIL-71

RADAR TABLE

HRS

1

1

MIN SEC
12 47
12 50
12 41
48 44
12 50
12 43
12 46
12 50
12 49
12 48
12 47
12 48
12 41
22 1
12 29
12 37
12 41
2 21
12 37
12 35
12 40
12 40

DAY

HRS MIN SEC

8

8

10

10

1¢

10

10

10

10

11

12

12

12

12

12

12

12

12

51

51

51

50

50

40

48

48

48

48

48

48

48

49

23
25
29
31
37

50

11
11
17
21
21
48
39
45
49
53
54
56

58

RA DEC
176 -3
176 -3
176 -3
175 -3
175 -3
175 -3
177 -4
177 -4
177 -4
177 -4
177 -4
176 -4
176 -4
i78 -3
179 -4
178 -4
178 -4
178 -3
177 -4
177 -4
1771 -4
177 -4

AZ ELV

146
176
-157
-102

-106

165
165
=161
-123
=136

94

136
-159

84
-151
-151
-123

=111

54
58
52

9
21
25
32
47
50
50
57
35

49

55
46
14

46

40

27

STATION ACQUISITIGN DATA

X

22

2

=37

53

19

12

39

=12

=50

~31

90

81

26

-19

40

=25

-62

N

Y

=29

=32

-34

-75

RANGE
214956
214820
215030
217186
216475
216268
215994
215339
215208
215205
214946
215837
215252
216857
217398
215123
215450
217110
215444
215446
215698

216368

DAY

HRS MIN SEC

10

10

10

9

10

10

12

12

12

12

12

12

12

12

14

14

14

14

14

14

14

14

%

4

40

11

15

16

15

27

32

52

59

59

59

54

23

31

20

32

31

38

42

RA DEC
177 -4
177 -4
176’ -4
176 -4
176 -4
‘176 -3
178 -4
178 -4
178 -4
178 -4
177 -4
177 -4
177 -4
179 -3
179 -4
19 =5
178 -5
179 -4
178 -5
178 -5
178 -5
178 -5

AZ ELV

177
-153
-134

-95

-97

-92

123
-176
-168
-168
~136
-110
-120

91

102

167
-138

73
-131
-131
-111

=102

59

54

47

48

50

50

48

22

36

25

63

38

28

37

37

26

12

STATION TERMINATION DATA

X

40

=32

-67

=50

11

64

-40

=29

41

45

-62

-8

Y
=31

=22
—-42
-39

-8
-28

-19

-19

=12

RANGE
2148175
215012
215462
216683

217449

217347

215415
215353
215299
215296
215351
216641
215898
217647
216507
214956
215866
216392
215943
215945
216481

217298

T€-9



VEHICLE 1

TRACKING TIME

BDA-02
GHM-24
CRO-08
HAW-12
PKS-96
HSK-25
STN-00
MAR-95
GDS-28
TEX-16
MIL-71
GHM-24
CRO-08
PKS-96
HSK-25
HAW-12
GDS-28
STN-00
MAR-95
GWM-24
CRO-08

HAW-12

RADAR

TABLE

HRS MIN SEC
1 1 1S
1L 12 40
1 12 38
1 12 45
1 12 36
1 12 37
1 12 45
1 12 44
1 12 43
1 12 47
0 B8 44
1 12 44
1 12 39
1 12 43
1 10 54
L 12 s2
0 34 16
0 55 14
0 3 56
1 12 42
1 L2 32
1 12 37

8

8

12

14

14

14

14

14

14

14

14

14

14

16

16

16

16

16

16

16

16

18

18

18

49

47

417

47

47

417

47

47

47

47

47

46

46

46

46

46

46

46

46

44

44

44

DAY HRS MIN SEC

%4
15
21
24
21
27
28
29
31
33

34

@

14

15

15

17

18

18

43

47

55

RA
177
179
179
178
179
179
178
178
178
178
178
180

-180
180
180
179
179
179
179

-180

=179

180

DEC

-4

-4

-4

-4

-4

-5

-5

=5

-5

AZ ELV
-103 12
106 37
90 9
-168 63
67 37
64 37
-126 32
-121 29
-121 29
-104 17
-96 2
129 62
77 35
34 57
31 55
-124 46
-101 7
-105 11
-101 7
-157 70
52 60
-106 22

STATION ACQUISITION DATA

X
=17
52
81
-6
50
=30
=53
=57
42
-73
-88
22
54

20

-31

25

-68

Y
-13
-13
0
-26
19
46
-30
-26
-49
-14
-6
-17
11
27

17

RANGE
217177
215988
217496
214981
215951
215976
216221
216348
216345
217037
217903
215098
216138
215254
215316
215028
217700
217480
217700
215000
215260

216934

DAY

HRS
13
15
15
16
16
16
16
16
16
16
14
17
17
17
17
17
17
i7
16
19
19

19

MIN SEC  RA DEC
50 23 178 -5
59 55 -180 -5
59 57 —180’ -4

ob 9 179 -5
0 3 180 -4
0 5 180 -4
0 14 179 -5
0 13 179 -5
0 15 179 -5
0 20 179 -5
56 18 178 -5
58 49 -180 -5
58 47 -179 -5
58 57 -180 -5
57 9 -180 -5
59 7 180 -5
20 33 179 -5
41 32 180 -6
50 14 179 -5
57 25 -179 -6
57 19 -179 -5
57 32 -179 -6

AZ ELV
95 0
117 52

83 25
-137 s5
50 50
47 49

-113 19

-108 16

-108 16
-96 1
-95 0
168 71

65 50
1 62
0 59

-112 32
97 o0
97 o0

-101 6

-126 58

18 69
-99 6

STATION TERMINATION DATA

X

-390

35

65

=26

33

=31

Y

-5

24
29

=21

-19
16

28

RANGE
217439
215384
216653
215307

215472

215522

216970
217159
217159
218033
217588
214963
215554
215192
215183
216403
216864
217341
217556
215370
215082

217947

2e-9



VEHICLE 1 RADAR
TRACKING

HRS MIN

PKS-96 1 12
HSK-25 1 12
GWM—-24 1 12
CRO-08 L 12
PKS—-96 L 10
HSK-25 1 12
MAD-23 1 12
GHM-24 1 12
CRO-038 L 12
HSK-25 1 12
ACN-75 0 oo
CYI-04 0 33
ACN-T75 0 10
MAD-23 Y] -]
CYI-04 0 8
CRO-08 0 3
Cy1-04 1 3
MAD-23 1 5
ACN-75 1 o
CRO-08 1 o
MAD-23 1 14

CYI-04 1 14

TABLE

TIME

SEC

33

32

41

38

40

42

28

41

37

35

53

44

47

59

58

19

35

47

45

STATION ACQUISITION DATA

DAY HRS MIN SEC

8 18

8 18

8 20

8 20

8 20

8 20

8 22

8 22

8 22

8 22

8 22

8 23

44
44
43
43
43
43
41
42
42
42
57
20
38
40
40
40

APR
49
49
49
49
40

40

56

57

28

28

34

34

17

18

24

29

32

24

13

14

53

72

14

14

14

14

55

55

RA
-180
-180
-179
-179
=179
-179
=177
-179
-178
=179
=177
-177
=176
-176
=176

-178

=176
-176
-176
-178
=176

-176

beC

=4

-4

-6

-5

=2

-5

-6

-0

AZ

96
97

93

SBN
109

i21

147

128

ELV X
60 ~-13
57 -31
49 -39
69 -6
43 —44
4; -29

o 89
21 -68
51 -36
19 -20

0 90

0 90
24 66
21 52
17 72
26 —b64

10 TEI
19 70
22 52
27 63
24 -66
37 49
40 43

Y
28
-12
-16
20
20
-41
81
' £ ¢
i5

-70

55

=17

-18

53

26

-29

RANGE
215249
215331
215725
215092
215954
216032
218379
217115
215698
217248
217631
217138
217158
217274
217484
216951

LAZ
216934
216747
216484
216637
216502

216356

72.1

DAY

HRS
19
19
21
21
21
21
23
23
23
23
23

23

MIN

57

57

56

56

54

54

54

54

54

49

49

49

49

55

55

55

55

55

STATION TERMINATION DATA

SEC RA
29 —-1179
29 =119

9 —178'

7 -178
14 -178
16 —178
19 -176
57 -178
55 -178
59 -178
22 -176
16 —-176
12 -176
12 -176
12 -176
12 -178
11 -175
13 -176
16 -175
49 -177
42 -175
40 -175

DEC

=5

=9

-6

-6

-5

=50

-49

=106

=76

=75

111

95

101

93

121

109

119

135

92

L70

149

ELV

51

49

32

61

30

28

13

5

37

a5

13

7

27

22

19

24

31

31

43

10

41

50

=53
33
17
83
63
52
70

=66

55
50
47

-80
48

23

Y
24
-29
—14
17
12
=58

66

24

37

RANGE
215620
215702
21653?
215399

216571

216755

217696
218191
216432
218163
217657
218028
216486
2161750
216936

216638

216795
216801
216260
218006
216403

216040

£€€=9



VEHICLE 1

TRACKING

HKS MIN

ACN-T5 1 14
BDA-02 i 9
MIL-71 0 3
MIL-71 1 14
8DA-02 1 14
MAD-23 1 14
CYI-04 1 14
ACN-75 1 14
TEX-16 0 57
GDS-28 10 58
TEX-16 9 47
MIL-T71 8 39
BDA-02 7 33
MAD-23 3 25
CYI-04 4 20
ACN-T5 4 36
STN-00 11 0
MAR-95 10 4
HAW-12 11 24
HSK-25 12 3o
GWM-24 11 35
PKS-96 7 46

RADAR TABLE

TIME

SEC
43
33
15
45
47
Y
57

55

41

13
51
44
26
14
25
49
45

27

STATION ACQUISITION DATA

DAY HRS MIN SEC

9

9

2

2

& OH W

&

»

16

11

12

14

4l
45
52
41
41
41
41
41
58
APR
31
31
31
31
31
31
31
41

54

57
42

24

0
57

14

15
15
22
31
72
11
11
13
14
18
19
24
55
57

46

17
21

RA DEC
-176 -7
-175 -7
-174 -8
-174 -8
-175 -8
-175 -8
-175 -8
-175 -7
-174 -8
-174 -8
-174 -8
-174 -8
-174 -8
-175 -8
-175 -8
-175 -7
-174 -8
-174 -8
-174 -8
-174 -7
-174 -8
-174 -1

AZ ELV X
90 54 36
98 0 90
99 0 90
105 11 79
115 22 65
-175 42 48
167 54 9
32 84 6
99 0 90

TEI TO ENT

100 1 B84
110 19 70
122 32 54
139 40 38
-142 34 50
-149 50 -23
-90 69 -21
100 0 90
104 6 84
98 0 90
99 0 90
98 0 90
79 30 60

Y

0

-8

=9

-14

19

-19

=26

-14
-8
81
-8

10

RANGE
215776
218308
218497
218002
217328
216350
215866
215233
217794

LAZ
219020
217957
217260
216865
217176
216472
215880
218440
217794
213323
207516
205999

200861

e

72.1

STATION TERHiNATlON DATA

DAY HRS MIN SEC

© 0w v YO O

0

0

O v Vv W

¢ 0 0 0

10

10

3

v W

17

16

15

14

10
11
17
16

20

22

55

55

55

55

55

56

56

56

55

29

i8

10

56

52

48

59

30

33

18

10

43

30

29

53

56

i3

12

17

53

12

17

54

20

31

21

11

11

50

48

RA

=175

-174

-174
-174
-174
-174
-174
-174

=113

-115
=125
=175
=175
=175
=175
=176
-175
-175
-175
-175
-175

=175

DEC

-9
-8

-9

AZ ELV
89 72
108 13
99 1
116 25
130 35
-152 37
-163 53
-89 178
106 12
-101 0
=100 0
=100 0
-100 Q0
-101 0
-99 0
-97 0
=101 0
=105 6
=99 0
=100 0
-99 0
=79 30

X
18
76
89
63
48
49

-13
-12
78

Y

0
-18
=9

=23

=79
-10

-10

RANGE
215414
217864
218612
217279

216780

216671

216023
215407

218047

196341
198722
201011
203236
211577
209685

209152

195657

197001
190122
181499
182065

184885

HE=9



VEHICLE 1

TRACKING TIME

CRO-08
MAD-23
ACN-75
CYI-04
BDA-02
MIL-71
TEX-16
GDS-28
STN-00
MAR-95
HAW-12
HSK-25
GWM—-24
PKS-96
CRO-08
ACN-75
MAD-23
CYI-04
BDA-02
MIL-71
TEX-16

GDS-28

RADAR TABLE

12

10

12

11

10

11

1i

10

10

9

11

12

11

8

12

12

10

10

10

10

10

10

22

44

2

10

49

44

48

46

24

34

34

HRS MIN SEC

12

37

10

31

19

14

7

30

47

49

48

19

35

50

16

23

50

45

51

DAY HRS
9 14
9 23
9 23
9 23

10 2
10 3
10 5
10 6
10 €
10 7
10 )
10 11
10 12
10 14
10 14
10 23
10 23
10 23
11 3
11 4
11 5
11 6

MIN

24

35
57

58

30

54

10
51
47
19
22
10
22
50
i7

17

58

SEC
45
49
37
16

9
12
39
53
39
47
49
47
33
49
29
38
39
37
44
59

21

RA
-174
-173
-173
-173
-173
-173
-173
-173
-173
-173
-173
-172
-172
-172
-172
-171
-171
-171
-170
-170
-170

=169

DEC

-7

=9

=10

-13

-14

=15

-15

-16

AZ ELV
v8 0
102 o0
99 0
100 0O
101 0
0L o
101 0
103 0
103 0
107 6
0L 0
102 o
101 o
82 30
01 0
102 0
108 0
105 0
107 o0
107 0
107 0
110 0

STATION ACQUISITION DATA

90

90

90

90

90

90

90

90

90

84

90

90

90

60

90

90

90

90

90

90

90

90

Y
-8
78
-9
-10
-11
=11
-11

17
-13
-17
-11

78
=11

7

-11
-12

72
=15
-17
-17
—&T

70

RANGE
202565
184790
184622
183599
176266
174000
171505
168222
167308
166673
161992
155521
153224
147657
149257
125471
124887
123532
113128
109974
106372

101272

DAY HRS MIN

10
10
10
10
10
10
10
10
10
10
10
11
11
10
il
11
13
11
11
11
11

i1

2

9
11
10
i3
i5
16
17
17
16

20

22

11

10
13
14
16

16

46
46

8
45
56

4
11
20
38
49
25
47
16
22
58
18
28
37
42
52

0

58

SEC RA
51 —LT5
26 =175

DEC

-9

=1k

47 =175 -10 -100

47 -175
28 —-174
26 -174
46 —-174
23 -174
42 —-174
50 -174
35 -174
36 -173
20 —-174

8 -174

4 -173
28 ~172
55 —ET2

0 -172
34 -171
55 =171

6 -171
59 -170

-1l
-11
e 0 |
<32
=12
-12
-12
=12
=12
-13
=12
-13
=16
o’ ¥
-17
-19
-20
=21

=22

AZ ELV
~99 0
-104 0
0

-102 0
-103 0
=103 0
=103 0
-105 0
-105 0
=109 6
-103 0
=105 0
=103 0
-84 30
=104 0
-106 0
-113 0
=110 0
-113 0
=113 0
-114 o]
-118 0

STATION TERMINATION DATA

X

=90

S0

Y
=9
-Te
-10
-12
=13
=13
=13
=15
~15
-19
=13
=75

=13

RANGE
176645
160577
157270
158198

150349

147473

144579
141582
140775
142563
133243
120737
122275
126082
114148

85962

92600

88509

76695
71919
67174

62848

¢t -9



VEHICLE 1

TRACKING TIME

STN-00
MAR-95
HAW-12
HSK-25
GWM-24
PKS-96

CRD-08

RADAR TABLE

HRS MIN SEC
9 50 4
8 54 56
10 41 2
14 29 59
10 58 57
11 51 22
11 44 28

11

11

11

11

11

11

11

7

7

9

11

13

14

14

24

31

34

48

12

20

27

STATION ACQUISITION DATA

DAY HRS MIN SEC

2

21

20

26

35

39

23

RA
-169
-169
-168
-168
-167
=167

-1606

DEC
-16
=16
-17
=15
-18
=17

-17

AZ ELV
1o o
115 &
108 0
109 o
109 o0

92 30
109 o0

X

90

83

S0

90

90

60

90

RANGE

99818

99045

92281

84090

78679

72430

73680

DAY
11
i1
11
12
12
12

12

HRS MIN SEC

17
16

20

14

26

15

18

11

12

i1

6

16

22

25

32

1

51

RA

=170

-170

-169

41
-166
" 42

30

DEC

-40
-T4

-45

AZ ELV
=119 0
=122 6
-118 0

94 0
=131 0

162 30
142 0

STATION TERMiNATIUN DATA

RANGE
61711
64912
46975

1695

22638

1924

3248

9¢-9



VERICLE )

TRACKING TIME

MAD=23
GLS=~28
MAR=95
STN=00
MIL=71
BbA=02
CYl=04
ACN=75

TEX=}é

KADAR TABLE

HRS

o

MIN SEC
12 2
12 2
12 2
12 2
12 2
12 2
12 2
12 2
12 2

TABLE 6-I.- MISSION RADAR TIMELINE ;Continued

(d) LM acquisition and termination during descent - 0° minimum elevation

l¢ APR 72

DAY HRS MIN StcC

4 2 234
4 2 34
4 2 34
4 2 34
4 2 34
4 2 34
4 2 34
4 2 34
4 2 34

41
41
41
41
4]
41
41
41

41

RA DEC
126 18
128 18
128 18
128 8
128 38
127 18
127 19
127 19
128 18

AZ
-128
76
76
73
90
105

=122

82

ELV
59
12

‘12
8
42
55
74
59

" 23

STATION ACQUISITIgN DATA

X
20
=50
78
81
48
34
=13
=16

63

Y
-24
72
14
17
0
-8
-8

27

LM TRACKING FROM PDI TO LANDING

RANGE
204342
206572
206572
206784
204996
204467
203983
204337

205727

LAZ 72,

DAY HRS
42
4 2
4 2
4 2
4 2
4 2
4 2
4 2
4 2

mIN

46

K6

46

46

46

46

4é

46

46

STATION TEKMINATION DATA

SEC
42
42
42
42
42
42
$2
42

42

RA VEC
127 18
128 18
128 |8
128 |8
128 18
128 18
127 18
127 19
128 18

AZ ELV
324 57
27 1%
77 14
75 10
91 44
107 57
=117 72
-33 58
83 29

20
=41
76

79

46

3z

=16

61

Y
=27
71
12
15

=1

RANGE
204240
206310
206310
206525
204754
204257
2p3883
204242

205464

LE2



VERICLE

MAD=23

X=Y YSk=

MiL=71

A=Y YSB=

BLOA=02

X=Y USB=

Cyl=04

X=Y USbe=

ACN=75

X=Y UusSg-

TEX=16

X=Y ySg=

1 RADAR
TRACKING
HRS MIN

u 7
85

6] 7
30

(1] 7
30

U 7
30

J 7
30

§] 7
30

TABLE
T1ME

SEC

19

14

14

14

14

TABLE 6-I.- MISSION RADAR TIMELINE - Continued

(e) LM acquisition and termination during ascent - 0° minimum elevation

le APR 72

STATION ACWUISITION DATA

DAY HKRS MIN SEC

7

3

45

45

15

45

45

45

9

LM ASCENT TRACKING

Ra DEC
163 3
164 3
163 3
163 3
163 4
164 3

AL ELV
=164 51
98 21
110 34
176 65
2 78

90 7

X

37

69

55

83

LAL 7201

Y KaNGE

=10 211897

=8 213336

=17 212672

=25 211469

12 211232

0 214187

DAY HKS
7 3
7 3
? 3
7 3
7 3
4 3

MIn

5z

52

52

52

52

S5¢

STATIUN TERMINATION waTa

SEC

23

23

23

23

23

23

Ra LEC
163 3
164 3
164 3
163 3
163 4
164 3

Al

=161
99
112
=18y
-6

91

eLVv

51

23

3as

65

78

37

67

53

82

Y

i 3

-9

=25

12

=1

RANGE

21185 .

213194
212546
211407
211169

214038

8e-9



TABLE 6-I.- MISSION RADAR TIMELINE - Continued
(f) LM acquisition and termination during rendezvous - 0° minimum elevation
CCGAST Tu RENDEZZVOU> KAUAK TRACKING PRICR Tu TPI
VEHICLE 2 RAUAR TABLE

TRACKING TIME STATIUN ACQUISITIUN DATA

STATIGN TERMINATIUN DATA

HRS MIN SEC HRS ML SEL KA VEL AL ELV X Y KANGE HKS MIN SEC
MAD-23 o 10 0 17 52 g3 165 & =iod Bl 3T =12 2119%9 172 2 23
X-Y USB-85
MIL-T1 o 10 0 171 52 <43 lo4 3 9 23 61 -9 213<%0 172 2 23
X-Y USB8-30
B8DA-02 0 10 (o} i7L 52 23 loa 3 112 35 53 —18 21264¢ 172 2 23
X-Y USB-30 . ¥ :
CYI-04 v 10 c 171 b2 23 163 3 led 65 U =25 211505 172 2 23
X-Y USB-30
ACN-75 0 10 ) 171 ¢ 23 16» 4 -1 78 -1 12 Zllcovo 172 2 23
X-Y USB8-30
TEX-16 v 10 0 171 22 ¢33 leé4 > %L 8 82 -1 214134 172 2 23
X-Y USB-30

KENDEZVUU> RADAR TRACKLING PRLCR TU TPI

MAD-23 0 17 60 172 2 23 los 3 —1v8 50 38 -14 2lz14u 172
X-Y USB-85

MIL-T71 0 17 60 172 2 2> 164 3 10l 25 65 -10 215347 172
X-Y USB-30

BDA-02 0 17 &0 172 i ¢3 loa 5 1l3 37 51 -19 2147¢i kT2
X-Y USB-30

CYI-04 0 17 0 172 ¢ 23 163 3 —-li4 ©5 =3 =25 2iioT4 172

X-Y USB-30

20

20

20

20

23

Z3

23

23

RA DEC Al

163

l1¢4

164

163

1€3

lé64

163

le4

1¢4

163

3 -158
3 1ol
3 113
3 -174
4 -18
3 92
3 -152
3 103
3 17
3 -l64

ELV

50

25

37

65

78

10

49

28

40

64

38

65

51

80

38

6l

47

Y

-l4
=10

-19

-48

=11

RANGE

212140
213347
2121721
<illo4
211437

214180

213016

2139172

213390

212513

6€-9



VEHICLE 2 RAUAR TABLE

TRACKING TIME

HRS MIN SEC
ACN-75 0 17 60
X-Y USB-30
TEX-16 0 17 60
X-Y USB-30
TEX-16 v 4% 12
X-Y USB-30
MIL-T1 0 4 13
X-Y USB-30
BDA-02 0 4 19
X-Y USB-30 = o
CYI-04 0 4 30
X-Y USB-30 -
MAD-23 v 4 32
X-Y USB-85
ACN-75 0 4 35
X-Y USB-30
STN-00 o 7 11
A-E USB150
GDS-28 o 7. 10
X-Y USB-85

HRS

172

172

COAST

172

172

172

112

rr2

ULLAGE
TPI

CUAST
173

173.

STATION ACQUISITIUN DATA

MIN SEC RA DEL AL ELV
2 23 163 4 -18 18
2 23 164 3 92 10
TG TPIL
20 23 le4 3 w4 14
20 23 164 3 iu3 28
49 &3 164 3 1i7 4
20 23 163 3 —-lo4 o4
20 23 163 3 =152 49
20 23 163 4 =35 16
Fuk TPI
TU 1ST BRAKING GATE
}1 15 164 3 89 3
i1 15 lo4 3 24 8

X

80

716

61

47

38

-8

87

14

Y

12

-18

11

82

RANGE

2il4s17

214160

214780

213912

213590

212513

213010

212481

215171

2155153

STATIUN TERMINATION DATA

HKS MIN SEC

172 20 23

172 20 23

172 24 35

172 24 36

172 24 42

172 24 53

172 24 55

172 24 58
173 15 25
173 18 25

RA

163

164

164

164

164

163

163

163

164

164

DEC

4

AZ

=35

94

94

104

118

-162

-150

90

93

ELV

76

14

15

29

41

64

48

75

x ¥
-8 11
76 —4
75 -4
60 -1i2
46 21
-9 -25
38 -19
-9 11
85 0
18 80

RANGE

212281

214780

214949

214149

213582

2121756

213270

212532

215337

215078

Of-9



VEHICLE

MIL-71

X-Y US8-

TEX-16

X-Y USB-

BDA-02

X-Y US8-

MAD-23

X-Y USB-

CYI-04

X-Y USB-

ACN-75

X-Y USB-

MAD-23

X-Y USB8-

GDS-238

X-Y USB-

MIL-T71

X-Y US3-

BDA-02

X-Y USB-

2 KRAUAR
TRACKING
HKS Min
U {

3v
0 7

30
[§] 7

3v
v} o

#5
v o

3u
(V] o

30
V] 2

8o
[V} Z

85
8] Z

30
0 2l

30

TABLE

TIME

SeC

Ui

23

52

46

23

23

43

Z3

HK S

173

173

173

173

173

COAST

173

173

172

113

MIn

la

il

Ll

il

Lk

Tu

Lb

18

Ly

STATIUN ACQULISITIun DATA

SEL

19

&1

3¢

34

35

ZNU

5

25

Ra LEL
lo4 8
lo4 3
le4 >
16> 3
los >
los 4

Al ELV
Litk 39
luv 25
1oy 49

=lab 43
~i3% 59
-ve 6o

BRAKING GATc

lé6s

164

low

164

=133

42

4l

50

X

4%

65

47

32

Y

=16

=31

=23

11

-33

80

=17

=25

RANNLE

21i38U4

£i45le

21337

21l36eo

21309

214831

2a33d1

215070

2 Ladve

ZilzI04

HRS

175

175

175

173

175

i73

173

175

MIn

18

lo

L8

ls

18

16

20

<G

20

z0

STATIUN TERMINATIUN DATA

SEC

25

25

25

25

25

48

48

48

48

RA DEC
164 3
l64 - 3
164 3
163 3
163 3
163 4
163 3
lo4 3
164 3
164 3

Al ELV
113 4l
Lol 27
132 50

-133 42
-137 58
-64 65
=132 42

93 10
113 41
135 51

X

47

63

2.

37

19

47

31

Y

=17

-1u

=¢5

ii

80

RANGE

213392

<14083

212984

213327

2121724

212535

213224

214933

213253

212853

9



“X-Y USB-30

VEHICLE 2 RADAR
TRACKING
HKS MIN
CYI-04 0 2
X-Y USB-30
ACN-T5 0 2
X-Y USB-30
TEX-16 0 2
X-Y USB-30
STN-00 0 2
A-E USB150
MAD-23 00
X-Y USB-85 .
GDS-28 0 0
X=Y USB-85
MIL-71 0 o
X=Y USB-30
BDA-02 0 0
X=Y USB-30
CYI-04 0 o
X-Y USB-30
ACN-T5 o o

TABLE
TIME
SEC

23
23
23

23

11
i1
11
11
11

11

HRS

173

173

173

18T

173

173

173

MIN

1y
il
18
Ls

BRA

-
20
20
<0
<0

20

STATIGN ALQUISITIGN DATA

SEC

25

45

25

25

KING

43

43

48

44

48

RA UEL
163 3
l65 4
164 3
164 3

MANEUVER
163 3
lo4 3
164 3
lo4 3
165 3
16> 4

Al

=137

lul

90

=132

93

135

-i3o

ELV X
58 -23
65 —23
27 63

5 85
42 31
10 19
41 47
51 31
57 —24
64 -24

Y

1x

-10

-34

80

=17

-26

11

RANLE

2i21i4

212535

214083

215557

21324

214933

213253

212855

2ilold

Z21243v

HRS

173

173

173

173

173

173

173

175

173

173

MIN

20

20

20

20

20

20

20

20

20

STATIUN TERMINATION DATA

SEC

48

48

48

48

59

59

59

59

59

59

RA DEC
163 3
163 4
164 3
le4 3
163 3
l64 3
164 3
164 3
163 3
163 4

AZ ELV X
-136 57 -24
-65 64 —24
102 27 62
%0 5 85
-132 42 37
93 10 19
113 41 46
133 51 31
-136 57 -24
-65 64 —24

Y

=23

13

-10

-34

30

-17

—<23

11

RANGE

212618
212430

213939

215192

213217

214922

213243

412843

212610

212422

)



VEHICLE 2

Trauninoe TIME

RAVAR TablLk

AR>S MIN SkC

TEX-16
X=-Y UsSB-3u

STN-00
A-E USB150

MAD-23
X=Y USB-8>

GDS-28
X-Y US3-85

MIL-71
X=-Y US8-30

2

BOA-C
X=Y USB-30

CYI-04
X-Y US3-3u

ACN-T75
X-Y USB-3u

TEX-16
X-Y USB-30

STN-00
A-E USBI15u

v}

V]

V]

il

11

HRS MIN SEC

173

173

20

<0

48

43

RA D&l AL tLV
164 3 w2 2ot
lo64 3 Gu 2

CUAST TO 3RD BRAKING GATE

173

173

173

173

173

173

173

173

<0

29

20

20

20

20

20

20

59

59

59

59

59

59

59

59

163

lo4

164

164

165

163

164

164

3 —-l32
3 93
3 113
3 133

42

10

41

51

STATIUN ALWUISITIUN LATA

X Y RANGL

62 =10 213939

85 0 2151i9¢

37 =34 213217
19 80 2i49c¢e
46 —17 215243

31 26 212843

3 =136 5T —24 -23 212610

4 =-obd
3 1u2
3 91

o4

217

5

—24 11 212422

62 -10 213928

85 -1 2i5isl

HKS MIN S&C

173

173

173

173

173

173

173

173

173

173

2u

20

22

22

22

22

22

i

22

22

59

59

1

1

RA DEC Al ELV
164 3 102 27
164 3 91 5
163 3 -132 41
164 3 94 10

STATION TERMINATION DATA

X Y RANGE

62 —ivu ¢13928

8> -1 215181

37 -34 213172

20 80 214858

1 1le4 3 114 41 46 —17 213183

1

1

1

1

1

lea

163

163

164

1¢€4

3 133

3 =135

4 -65 64 —24

51

31 —20 <l12186

57 —24 -23 212504

11 212377

3 102 27 62 -1l 213865

3 91

5

85 -1 215118



VEHICLE 2

TRACKING TiwMt

KAUAR TaslE

HKS Miwn >tC

MAD-23
X-Y Ysd-8s
GDS-28
X-Y JSB-85

MIL-71
X=Y USB-3u

8DA-02
X-Y USB-20

CYI-04
X-Y US3-3vu

ACN-75
X=Y US3-30

TEX-16
X=Y US8-30

STN-00
A-E USB150

MAD-23
X=¥ U58~85

6DS-28
X=Y USB-8L

9}

V)

9

e}

49

2ND bKAKING MANEUVER *

STATIUN ALQUISITIUN DATA

HRS MIN SEC

173

113

173

173

CUAST

173

173

22

22

22

22

22

2¢

<

10

22

<<

i

4TH

10

10

RA vel AL
lo> 3 -132

164 3 94

lo4 3 lli4
164 3 1s3
los 3 =135
los 4 =05
164 3 lue

164 3 vl

BRAKING GATE

165 3 =loe

lo4 3 G4

LV

41

10

4l

51

57

04

24

41

10

X

37

20

46

31

62

85

37

20

Y

-34

80

4

=23

11

=11

RANGE

2131172

214858

213183

21lcivb

2ledoh

212317

213865

2151148

2i3lo0

2140649

hRS

175

173

173

175

175

173

143

173

173

173

MIN

2

22

22

22

22

22

22

22

23

STATION TERMINATIUN DATA

SEC

10

10

10

10

10

10

10

10

40

40

RA DEC AZ

163

164

164

164

163

163

164

164

163

164

3 =132
3 94
3 114
3 133
3 -135
4 =65
3 102
3 91
3 -132
3 94

ELV

41

10

41

51

57

64

27

41

10

X

37

20

46

31

-24

62

85

3T

20

Y

-34

80

-17

=20

11

19

RANGE

213160

214849

213174
212718
212557
212370
213856

215109

213103

214761

-9



VEHICLE

2 KAJUAK
TRALK Live

HRS Min

MIL-71
X=Y USB8-30

BDA-02
X=Y Us8-39y

CYI-04
X-Y US3-30
ACN-T5
X-Y US3-2u

TEX-15
X=Y US3-30

STN-00
A-E US58150

MAD-23
X-Y US58-38o

GDS-23
X-Y USB-25
MIL-71
X=Y US3-3vy

BDA-02
X=Y USB-3u

v}

TasLk
TIlve

SCcL

25

<9

29

HRS MIn
173 <2
173 <2
173 22
173 22
1713 <2
113 22

3RD BRAKING MANEUVER

173

173

173

1732

23

i3

<3

STATIUN ACQUISITIUN DATA

SEC

iv

10

1v

10

10

10

40

44U

40

4y

RA Ded
.loQ 3
lo4w 3
los 3
loo 4
lo4 3
lo4 3

*
163 3
164 3
lo4 3
164 3

Al

114

loo

=135

-65

lue

91

=132

Y4

lisa

L34

ELV

41
51
57

o4

41
10

42

46

31

40

30

Y KANuE
=17 213174
217173
=23 214557

11 212370
=11

215850

-1 215109

213103
79 21i47el
=18

213089

=26 212696

HKS

LT3

173

173

i3

173

17>

173

173

173

MIN

23

23

23

23

P

23

23

23

23

STATION TERMINATIUN UVATA

SEC

40

40

40

4G

40

40

44

44

44

44

RA DEC
lo4 3
164 3
1&3 3
163 3
164 3
164 3
163 3
164 3
164 3
164 3

Y

L14

134

-135

=65

102

91

=132

94

134

ELV

42

51

63

28

41

10

42

51

406

30

-25

62

84

37

20

40

30

Y

s §)

—<o

il

-1l

-34

19

=18

-6

RANGE

213089

212698

212493

212307

213768

215020

213100
2141750
<13085

212694

519



VEHICLE 2

KRAUAR

TRALKLNG

HKS MIN

CYI-04
X-Y USB-3u

ACN-75
X=Y USB-30

TEX-16
X-Y USB-30

STN-00
A-E USB150

MAD-23
X-Y USB8-85

GDS-28
X-Y USB-85

MIL-T71
X-Y USB-3u

BDA-02
X-Y USB-30

CYI-04
X-Y USB8-3y

ACN-T75
X=Y USB-30

v}

J

TABLE

TIME

SkEC

15

i5

L5

L5

HRS MIn SEL

173

173

173

173

COAST

173

173

173

173

173

173

23

23

Z3

TU

23

23

23

<3

23

<3

STATIUN ACQUISITLIUN ULATA

40U

40

40

40

5TH

44

44

RA DELC Al
163 3 =135
163 3 =065
lo4 3 102

164 3 91

BRAKINu GATE

163 3 -132
lé64 3 94
164 3 1l4
164 3 134
165 3 —-135

—-65

163 3

cLv

57

63

28

41

10

42

51

57

63

62

84

37

20

46

30

b 4

11

=11

79

-18

=23

‘11

KANGE

21493

212307

215700

21500

2i310u

214750

213065

212694

212490

21<304

HRS

173

113

175

175

173

173

173

173

MIN

23
23
23

<3

24
24
24
24
24

24

STATIUN TERMINATICN DATA

SEC

44

44

44

44

59

5%

59

59

59

5

RA DEC
163 3
163 3
164 3
164 3
163 3
164 3
164 3
164 3
163 3
163 3

AZ

ELV

~135

-05

102

91

=131

94

114

134

=134

-66

57

63

28

41

10

42

51

57

63

62

84

37 -

21

46

30

=25

Y

11

-1l

79

~1la

=23

11

RANGE

212490

212304,

213763

215010

5 213049

?16683
213015
212628
212437

212251

M=9



VEHICLE 2

TRACKING TiME

KAUAR

TABLE

HKk> MiInN StL

TEX-16
X—=Y USB~30

A-£ USB150

MAD-23
X-Y U358-85

GDS-28
X-Y USR-85

MIL-71
X-Y USB-30

BDA-02
X-=Y USB-30

CYI-04
X=Y USB-3u

ACN-75
X-Y US3-30

TEX-16
X-Y USB-30

STN-00
A-g USB150

U

i

L5

15

HRS MIN SEC-

173

173

4TH BRAKING MANEUVER

173

173

173

113

173

173

173

23

44

23 44

24

24

24

24

24

24

24

59

59

59

59

59

59

59

59.

RA DEC
164 3
164 3

163

164

164

164

163

163

164

164

Al

102

91

151

94
lig
1:4

134

102

91

eLv

28

-}

41
10
42
51
57
63

28

STATIGN ACQUISITICN DATA

X

62

84

37

21

46

30

61

84

Y

-11

=35

79

-18

-26

-23

11

RANGE

213703

215016

213049

2140683

213015

212028

212437

212251

213690

21494¢<

HRS

173

173

173

173

173

173

173

173

173

173

MIN SEC
24 59
24 5S
25 4
25 4
25 4
25 4
25 4
25 4
25 4
25 4

RA DEC AZ

164

164

163

164

164

164

163

163

164

164

3 102
3 91
3 ~131
3 94
3 114
3 134
3 ~134
3 -66
3 102
3 91

STATIUN TERMINATIGN DATA

ELV X

28 61

6 84

41 37

10 21

42 46

51 30

57 -25

63 —25

28 61

6 84

Y RANGE

=il

~1.

79

-13

—20.

i1

=31

=1

213690

214942

4213046

214679

213011
212624
212434
212249
213686

214938

iLn-9 7



VEHICLE 2 KADAR
TRACKLING
HKS MiIn
MAD-23 0 4
X-Y USB-8>5
GDS-28 0 4
X-Y USB-8>
MIL-71 0 4
X-Y USB~-3u
BCA-02 0 4
X-Y USB-30
CYI-04 [¢] 4
X=Y USB-30
ACN-75 0 4
X-Y USB8-30
TEX-16 0 4
X-Y USB8-30
STN-00 0 4

A-E USB150

TABLE
TiME
SEC

43
43
23
23
23
23
43.

3

COAST TU DCCKING

HRS MIN SEC

173

173

113

173

173

173

173

173

25

25

25

25

25"

25

25

STATIUN ACQUISITLIUN DATA

4

RA LEC
163 3
lo4 3
164 3
164 E)
163 3
L63 3
164 3
164 3

AZ ELV
=131 4l
94 10
114 42
L34 51
-134 57
-0b6 63
oz 28
91 6

37

21

46

30

-25

=25

61

84

Y

=35

79

-18

=26

=23

11

-11

RANGE

2430406
214679
213011
21204
212434
212249
2136806

214938

HRS

173

173

173

173

173

MIN

29

29

2%

29

29

29

29

29

STATION TERMINATION DATA

SEC

27
21
217

21
27
27
27

27

RA DEC
163 3
164. 3
164 3
164 3
163 3
163 3
164 3
164 3

AZ ELV X
=130 40 37
95 11 22
115 43 44
136 52 29
=133 56 —26
-7 62 —-26
103 29 60
92 7 83

Y

—-30

78

-18

-22

i1
=14

-2

RANGE

212882
'21543;
212782
212409
212264
212081

213446

214697

1819



TABLE 6-L.- MISSION RADAR TIMELINE - Continued

(g) CSM acquisition and termination - 3° minimum elevation

16 APR 72 ECI Tu TLI LAZ 72.1

VEHICLE 1  RAUAR TABLE

TRACKING TiIME STATIUN ACQULISITIUN DATA STATIGN TéRHINAIlON DATA

HRS MIN SEC UAY HRS MIN SEC RA DeC AZ ELV X Y RANGE DAY HRS MIN SEC RA DEC AZ ELV X Y RANGE
SHIP 1 (0] 2 55 0 C 11 57 =53 ol =25 10 —-66 63 395 0 0 14 56 171 29 59 3 86 31 645
CYI-04 0 > ¢l 0 0 17 28 7 lo =73 3 -87 16 644 0 0 22 49 175 -19 114 3 87 =23 638
CRO-08 0 3 31 0 0 53 17 131 —-42 -135 3 -86 —-45 630 0 0 56 48 -5 —46 141 3 85 =51 630
HSK=-25 0] 3 54 0 1 Q0 28 -15% 171 -66 3 -83 -66 6217 0 1 4 22 =38 42 31 3 -87 30 625
TEX-16 0 5 1le Q 1 31 45 -47 0 -92 3 -87 -2 641 0 1 37 1 141 25 63 3 871 217 646
MIL-71 V] 5 2 Q 1 35 39 -39 1o -73 3 -87 17 646 0 1 40 41 158 24 o4 3 87 26 647
BDA-02 0 3 25 V] 1 39 2 -lo 6 =85 3 -87 5 o406 0 L 44 26 160 -3 95 3 87 -5 645
SHIP 1 0 5 10 0 1 42 50 -12 ¢8 -o0 3 -87 30 640 0 1 48 ¢ 180 3 88 3 87 Z 642
CYI-04 Q 2 3¢ 0 1 51 4 54 =<5 -120 3 -87 =30 639 0 1 53 40 124 -59 -179 3 =22 -87 633
CRO-08 0 4 1 0 2 25 52 152 —44 -138 3 -86 —-48 630 0 2 30 3 4 =25 116 3 87 —-2¢6 628

16 APK 72 TLi 70 Lo1 - LAZ 72.1

HAW-12 13 ¢5 11 (9] 2 43 49 -69 —4l -137 3 -86 -417 1844 0 1leo 9 6 S9 26 -63 3 -87 271 771922
STN-00 1i 21 4¢ 0 2 49 50 =37 —-18 -l16 3 -87 -26 3184 0 14 11 3e S7 26 -59 3 -87 31 70410
GDS-28 10 52 5 0 2 5C 30 =37 -14 —-1u9 3 81 -71 3334 0 13 42 35 97 26 -60 3 -84 ~60 68471
MAR-95 10 33 46 0 2 51 8 =34 —12 -110 6 -84 —-19 3300 0 13 24 54 S6 26 =-62 6 —83 28 67092
TEX-16 9 I 5% 0 2 54 18 -28 3 -9 3 -87 1 4164 0 11 56 18 94 27 -6l 3 =87 29 61041
MIL-71 1 45 41 0 2 59 11 -14 10 -8l 3 -87 9 2192 0 10 44 52 92 27 -é61 3 -87 29 55711
BDA-02 6 38 317 0 3 5 F 0 13 =70 3 -87 14 6391 0 9 43 44 SC 27 -60 3 -87 30 50903
SHIP 1 1 54 48 0 3 15 36 lo «1 -68 3 -87 22 8378 0 5 10 24 6S 30 -68 27 —-61 19 23398
GWM-24 13 4 18 0 6 37 52 92 30 o0 3 87 30 34244 0 19 42 10 1Cl1 26 -64 3 -87 26 90405
HSK-25 8 l6 49 0 S 1 12 9% 33 46 3 =86 46 47380 0 17 18 1 100 29 =51 3 -85 -51 82093
CRO-08 9 38 27 0 10 46 19 9y 31 54 3 86 36 558l8 0 20 24 46 102 271 -58 3 —86 3¢ 92747

MAD-23 14 38 23 0 16 17 17 104 25 59 3 -84 58 78431 1 6 55 41 107 24 -61 3 -84 —-61 123250

64=9



VEHICLE 1  KAUDAR
TRALKING

HKS MIN

CYI-04 1o 28
ACN-75 i1 0
BDA-02 13 45
MIL-71 1> 25
TEX-16 13 20
GDS-28 13 5o
STN-00 14 1
MAR-95 1> 23
HAW-12 12 54
GWM-24 i2 18
HSK-25 8 43
CRO-08 9 40
PKS-96 1 44
MAD-23 l¢ 10
CYI-04 13 10
ACN-75 10 b9
BDA-02 i3 29
MIL-71 13 11
TEX-16 13 7
GDS-28 13 40
MAR-95 13 8

STN-00 13 50

TABLE

TiME

SeC

is

47

4C

517

56

46

21

39

32

21

59

54

44

49

49

CAY HRS
0 17
0 18
0 20
0 22
0 23
1 o]
1 0
1 [¢]
1 3
1 7
i S
1 11
1 12
1 16
1 18
1 1S
1 21
1 22
1 23
2 Q
2 1
2 1

MIN

41

53

53

9

i9

20

36

37

47

51

23

14

53

54

11

13

20

33

42

44

STATION ACQUISITIUN DATA

SEC

10

19

29

14

56

44

47

33

11

2

33

4

18

43

42

24

13

31

37

6

27

30

RA

105

106

106

107

107

10s

108

108

109

11u

110

111

110

ile

lle

112

lis

113

113

113

DEo
<o
1
éb
&5
25
25
<5
25
25
25
<6
25
26

23

Z4
P
i3
3
23
23

3

AZ ELV
02 3
62 3
02 3
63 3
63 3
62 3
61 3
64 6
b4 3
65 3
55 3
60 3
14 ’36
62 3
05 3
65 3
64 3
65 3
65 3
o4 3
66 6
63 3

X

87

87

87

87

87

87

83

87

87

87

23

87

87
87
87
87
-83
83

87

28
28
28
217
27
61
29
26
25
25
55
30
57
62
25
25
26
25
25
64
24

27

RANGE

83481

87653

94313

98330

101967

105016

105808

1056606

114858

125614

129472

153951

136316

146894

149652

1513817

156178

158631

160905

162896

163239

lo3421

DAY

(=

N NNN

N

N

HRS

10

11

14

i4

14

16

20

i8

<l

14

10
i1
12
14
14

14

MIN

S

54

39

35

40

17

44

1

41

42

21

12

49

45

50

24

51

STATION TERHiNATION DATA

SEC

29

5

S

12

52

30

14

12

13

8

45

18

8

4C

48

55

40

30

31

50

56

19

RA DEC
107 24
106 25
108' 24
108 24
108 24
‘109 24
109 23
109 24
109 24
110 24
110 25
110 24
110 25
112 22
112 23
111 23
112 22
112 22
112 22
113 22
113 22
113 22

Al ELYV
—-64 3
—64 3
—64% 3
—-o4 3
-65 3
-63 3
-63 3
=65 6
-66 3
-66 3
—56 3
-61 3
=15 30
—-63 3
66 3
-66 3
=65 3
-66 3
=66 3
-65 3
=67 6
—04 3

X

-87

-87

-87

Y
26
26
26

26

25
2%

24

29

57

24
24
25
24

24

23

26

RANGE
123843
120560
132561
134795

137374

141078

142085
140280
146402
153752
149467
155496
140463
174624
175097
173057
181240
182717
184474
187008
186404

187744

06-9



VEHICLE 1 RAuAR

TRACKING

HRS MIN
HAW-12 12 44
GWM-24 e 12
HSK-25 8 5>
CRO-08 9 bl
PKS-96 2 42
MAD-23 9 19
CYI-04 7 55
ACN-75 6 54
BDA-02 4 43
MIL-71 3 36
TEX-16 <2 27
GDS-28 1L Zo
MAR-95 1 10
STN-00 L 10
GDS-28 1 24
STN-00 1 24
MAR-95 1 24
TEX-16 1 24
MIL-T1 1 <24
BDA-02 1 24
CYI-04 1 <4

MAD-23 1 24

TABLE

TiME

seC

57

14

i4

21

23

41

45

58

40

28

37

41

39

40

38

38

CAY HRS
2 4
2 8
2 S
2 11
2 12
2 i1
2 18
2 19
2 2i
2 22
2 23
3 ¢
3 1
3 1

16
3 2
3 2
3 2
3 2
3 2
3 2
3 2
3 2

MIN
4
4
27
20
36

7
22
19
29
41
49

20

APR
50
50
50
50
50
50
50

50

STATION ACQUISITIUN DATA

SEC
48
32
16
22
52
43

9
25

9
10
50
46
32
57

72
11
12
12
14
19
23
38

39

RA

114

ll4

115

115

115

115

115

115

115

115

114
114

114

lla

1i4

113

113

DeC

<3

23

24

24

24

<<l

2

23

22

22

2

24

22

22

22
22

22

<L

<2

22

22

AZ ELV X
66 3 87
67 3 87
58 3 -84
62 5 87
22 30 32
03 3 -83
06 3 87
66 3 87
b6 3 87
66 3 87
67 3 87
65 3 -83
67 6 84
04 3 87
LCI TO DOI
81 27 -17
9 23 &7
81 27 63
84 43 47
93 58 32
116 70 18
-94 62 -28
-104 50 12

Y

24

23

58

28

54

63

24

4

24

24

23

65

23

62

i0

RANGE
169191
176342
178719
181976
1825438
191355
193304
194799
1981106
199996
201816
203429
203679
203869
LAZ
203994
204201
203990
203222
202650
202314
202512

202897

Ti.1

DAY

2

STATION TERMINATION DATA

HRS MIN SEC

16

20

i8

21

15

NN

N

45

17

22

11

18

17

L7

117

117

17

117

17

17

17

14
14
14
14
14
15
15

15

44

5

29

35

59

48

47

417

36

34

31

31

31

31

51
50
50
55

58

l6

17

RA DEC
113 22
113 22
113' 23
113 23
113 24
‘113 22
113 22
113 23
114 22
114 22
114 22
114 22
114 22
114 22
115 22
115 22
115 22
115 22
115 22
115 22
114 22
114 22

AZ

105

89

8l

17

17

75

92

91

92

93

111

=175

=90

ELV

3

30

56

69

51

64

50

35

20

20

lée

43

39

43

60

75

80

44

35

14

=20

-25

26

40

55

-32

69

73

51
47
30

14

Y
23
2

=58

21

66
13

15

47

RANGE
190897
196305
193302
197662

186952

203079

202728
203244
202860
203298
203948
204740
204740

204947

203237
203433
203237
202607
202283
202223
203224

03642



VEHICLE 1 RAUVAR TABLE

TRACKLING TIME STATION ACQUISITIUN DATA STATIGN TERHiNATION DATA

HRS MIN SEC CAY HRS MIN SEC RA DEC AL ELY X Y RANGE DAY HRS MIN SEC RA DEC AZ ELV X Y RANGE
ACN-75 1 24 36 3 2 50 43 113 23 -—-45 46 =34 30 203053 3 4 15 19 114 23 -58 30 -55 <7 203855
HAW-12 0 3 28 3 4 11 17 1lle 22 Y- 3 87 22 205206 3 4 14 45 116 22 68 4 86 22 205347
HAW-12 1 24 46 3 4 58 33 1lle <2 71 13 76 18 205020 3 6 23 18 117, 22 77 31 58 11 204086
STN=-00 1 24 48 3 4 58 39 115 22 98 48 42 -5 203285 3 6 23 27 116 22 118 63 25 -12 202830
MAR-95 L 24 49 3 4 58 40 1l <22 100 52 37 -6 203109 3 6 23 29 116 22 122 61 19 —-12 202713
GDS-28 L 24 4S5 3 4 58 41 115 <22 100 52 7 37 203107 3 6 23 30 ‘116 22 122 67 '12 19 202713
TEX-16 L <4 52 3 4 58 46 11b 4de 102 70 19 =4 202590 3 6 23 37 116 22 173 84 1L -6 202478
MIL-71 L 24 52 3 4 58 50 115 ¢2 150 83 4 -6 202414 3 6 23 42 116 22 —-11l1 74 -15 =6 202605
BDA-02 1 24 50 3 4 58 54 lla <22 —-130 75 -12 -10 202499 3 6 23 45 116 22 -102 59 -30 -6 202949
MAD-23 1L 249 40 3 4 59 4 liae 22 -—-83 26 —14 —63 204276 3 6 23 50 115 21 =71 11 -58 —68 205224
CYi-04 1 24 45 3 4 59 6 1ll4 <Je¢ -8l 34 -56 7 203878 3 6 23 51 115 22 -74 17 -713 15 204916
ACN-T75 L 24 43 3 4 59 9 1lla 22 -62 21 —-67 26 204561 3 6 23 52 115 22 =671 3 —-87 23 205707

16 APR 72 LCI 1O sEP LAZ 72.1

HAW-12 1 5 10 3 7 10 47 1171 22 80 42 47 7 203535 3 8 15 57 118 22 84 56 34 3 203210
GDS—-28 1 5 12 3 7 10 57 1llo 22 149 74 13 8 202531 3 8 16 9 117 21 -154 75 14 -7 202763
MAR-95 i 5 13 3 7 10 58 1llo <2 150 174 8 —13 202532 3 8 16 10 117 21 —-155 75 -7 -14 202765
STN-00 1 5 1z 3 7 10 59 1ll6 «2 139 70 13 -15 2026006 3 8 16 11 117 21 -175 74 -2 -l6 202719
TEX-16 1 5 13 3 7 11 7 1llo <2 —-117 78 =11 -5 2024173 3 8 16 1S 117 22 =98 65 —25 -3 202915
MIL-71 1 5 14 3 7 11 10 115 22 —-98 63 —26 —4 2027153 3 8 16 23 116 21 =90 50 —40 0 203455
BDA-02 i 5 15 3 7 11 13 115 <42 =94 49 —-41 -2 203222 3 8 16 28 116 21 -86 36 -54 3 204059
Cyi-04 O 17 18 3 7 11 22 115 21 =69 6 —-83 21 205419 3 7 28 40 115 21 -67 3 =87 23 204807
GWM—-24 1 5 19 3 g 4 40 118 «1 71 14 15 19 205207 3 10 9 59 119 21 73 28 61 15 204703

HAW-12 1 5 «1 3 S 4 51 1171 22 81 68 22 1 202911 3 10 10 12 118 21 94 82 8 =1 202933

26-9



VEHICLE 1  RAUAR
TRACKING

HRS MIN

GDS-28 1 5
MAR-95 i 5
STN-00 1 5
TEX-16 1 5
MIL-71 i 5
BDA-02 1 5
HSK-25 0 35
GHM-24 ) § 5
HSK-25 1 5
HAW-12 1 5
STN-00 i 5
MAR-95 1 5
GDS-28 1 5
TEX-16 1 5
8DA-02 [ 0
MIL-71 1 1
CRO-08 0 31
CRO-08 i 5
PKS-96 1 5
GWM-24 1 5
HSK-25 1 b
HAW=-12 1 5

TABLE

TIME

SEC

21

1

18

21

26

18

50

33

22

28

18

18

16

22

51

30

is

25

<1

24

DAY

W oW W W

w

w W

STATION ACQUISITIUN DATA
HRS MIN SEC RA DEC Al ELV X
9 4 60 117 21 -124 68 13
S 5 0 117 <1 -124 68 -19

S 5 1 117 21 =139 70 -14

S 5 5 116 21 -91 54 -36

9 5 9 1lle 21 -85 39 -51
9 5 10 1lle 21 -80 26 -64
9 34 13 118 22 60 3 -84

1C 58 23 119 21 73 39 49

10 58 37 119 22 46 17 -61

10 58 45 118 21 -102 86 -4

1C 59 1 118 21 -10< 50 -39

10 59 1 117 21 -96 46 —43

10 59 4 117 21 -96 w6 6

1¢ 59 4 117 21 -80 29 —-60

10 59 5 117 21 -67 3 -87

1C 59 12 117 21 -74 15 -74
11 32 48 120 22 64 3 87
12 52 50 120 <2 54 18 68
12 52 55 119 22 23 32 32
12 52 55 120 21 o8 65 23
12 52 58 119 22 <2 29 -59

12 53 10 119 21 -86 60 -30

Y

-18

=32

-15

-1

4

9

60

13

44

-1

-8

-4

15

25

3%

52

19

RANGE
202899
202900
202858
203301
203905
204574
204804
204171
205355
202924
203686
203841
203839
204639
2006126
205421
205069
205480
2041760
203403
204869

203585

DAY

W W W w

L T U U e Y

(*¢

W

w W

STATION TERMINATION DATA

HRS MIN SEC
10 10 21
10 10 21
10 10 19
10 1¢ 25
10 10 28
10 10 28
10 10 3
12 3 56
12 3 60
12 4 13
12 4 19
12 4 18
12 4 20
12 & 26
11 0 2
12 0 42
12 3 49
13 58 4
13 58 21
13 58 17
13 58 19
13 58 33

RA DEC
118 21
118 21
118' 21
117 21
117 21
117 21
119 22
120 21
120 22
119 21
119 21
118 21
118 21
118 21
117 21
118 21
120 22
121 21
120 22
120 21
120 22
120 21

AZ ELV
-106 56
-106 56
-1l14 60

-85 40
=79 26
-73 13

55 9

72 54

34 25

-90 72
-92 38
-87 34
-87 34
-75 16
-67 3
—-68 3
61 9
44 29
6 35
48 18
5 33
=83 46

X
10
=33
-28
=50
—-64%
-76
-75
35

-61

~57

—44

Y
=32
-9
-12
4
10
16
54
10
30
Q

-1

i5
23
i<
29
39

54

RANGE

203470

203476

203369

204118

204848

205551

2057179
203789
205107
203311
204454
204662
204664
205628
206087
206194

206004

205119

204827
203459
204950

204362

€S-9



VEHICLE 1 RAUAR

TRACKLING

HKS MIN
STN-00 L 5
MAR-95 i 5
TEX-16 0 12
GDS-28 1 5
CRO-08 1 5
GWM-24 i 5
HSK-25 i 5
PKS-96 1 5
STN-00 ¢ 20
HAW-12 1 2
CRO-08 i 5
GWM-24 1 5
HSK-25 1 5
HAW-12 0 22
MAD-23 i 5
CRO-08 1 5
GWM—-24 1 ]
HSK-25 0 <9
CYI-04 0 40
CYI-04 1 -]
ACN-75 1 5
MAD-23 1 >

TABLE

TiIME

r24

20

28

i8

23

24

26

24

38

28

12

11

30

20

22

20

2

50

28

21

28

STATIUN ACQUISITIUN DATA

DAY HRS MIN SEC

12

12

12

14

14

14

14

14

14

16

16

16

16

18

18

18

18

18

20

20

20

53

53

53

53

46

46

46

46

46

46

41

41

41

41

34

35

35

35

59

28

8

<8

11

14

14

16

40

48

49

50

55

55

3

15

15

18

41

10

19

20

22

RA DEC
lis 21
118 <1
118 21
118 21
121 21
120 «1
120 22
120 <2
119 20
119 21
121 <u
121 <1
121 21
12u 20
123 <0
122 <1
121 20
122 ¢l
124 <0
124 19
124 <0
124 19

AL ELY
-65 28
-61 24
=70 6
-81 24

35 36
<2 82

-8 32

=8 35
-70 1
-0 35

0 44
-72 59
—36 24
-72 10

4 12
-33 37
=14 33
-57 8

69 3

9 21

ol 12

91 32

=20

37

-3

=57

=11

54

20

46

=33

18

70

42

13

=57

21

11

22

58

RANGE
204937
205177
206225
20511717
204794
203436
204970
204838
206414
204858
204670
204107
205641
206462
206630
205230
205415
206820
206106
206318
206867

205748

DAY

W

STATION TERMINATIUN DATA

HRS MIN SEC

13
13
13
i3
15
15
15
15
15
15
17
17
17
17
i9
19
19
19
19

21

21

58

58

5

58

52

52

52

52

46

46

46

13

40

40

40

39

33

33

33

34

35

43

35

4

12

15

14

33

23

15

25

24

48

1

24

29

32

57

4&

46

50

RA DEC
120 20
119 20
118‘ 21
11§ 20
122 21
A2y 21
121 21
121 21
1260 20
120 20
122 21
122 20
122 21
121 20
124 19
123 20
123 20
122 21
124 16
125 18
125 20
125 18

AZ ELV
-76 16
-73 11
-68 3
-73 11

16 42
-65 71
-25 29
-25 32
-67 3
-76 21
-19 42
-75 45
-49 16
-70 3

83 23
47 28
-73 19
-62 3

74 11

85 35
63 26
102 44

X

74

=78

55

62

13

Y
13
17

Ze

> —70

45
8
=21
51
23
13
45

il

20
eo
37
le
-62

I ¥

24

45

RANGE
205881
206152
20574b
206154

204734

203828

205377

205243

205702

205843

205001

204888

206361

205801

200202

205922

206445

206028

206878

205799

206263

<05397

h5=9



VEHICLE 1

TRACKING TIME

GWM-24
CRO-08
B8DA-02
ACN-75
MAD-23

CYI-04

MIL-71
BDA-02
MAD-23
CYI-04
ACN-75

TEX-16

GDS-28
TEX-16
STN-00
MAR-95
MIL-71
BDA-02
CYI-04
ACN-75
MAD-23

GDS-28

0

19

=

41

11

il

il

il

12

i

11

11

L1

L

HRS MIN SEC

32

10

10

16

24

17

17

i3

23

17

2C

25

28
5%

58

51

59

56

13

RAUAR TABLE

[*Y

wWoow

2C

2¢C

22

22

22

22

16

29

29

22

22

22

22

APR

le

16

le

16

i6

40

APR

CAY HRS MIN SEC

12

13

44

50

51

51

12

23

12

43

45
47

51

15

RA
122
123
125
125
125

125

120
126
126
120
126

127

1217
127
127
127
127
127
120
126
126

128

DEC
20
20
19
20
19

19

i9
19
19
i9
20

i9

lo
19
i8
L8
19
19
19
19
i9

18

AL ELV X
=§1 T -8z
-55 19 -67
70 4 85
58 37 49
114 53 17
90 46 44

SEP TO CIR

75 13 77
84 27 63
160 67 21
112 70 19
33 57T 20
71 3 87
CIR TO PC1
72 71 -e8
30 21 68
76 4 86
72 1 83
87 36 54
100 50 40

-140 78 -8
-18 61 -10

-137 62 21

88 30 -3

STATION ACQUISITICN DATA

Y
18
33
20
25

34

27

19

71
10
20

17

27
-18

60

RANGE
207090
206383
207529
205749
205072
205334

LAZ
207290
206451
204878
204821
205161
206844

LAZ
207998
207164
208200
207996
206386
205786
205047
205390
205359

206942

12.4

2.1

DAY HRS
3 20
3 21
3 23
3 23
3 23
3 23
4 1
4 1
4 1
& 1
4 1
4 1
4 3
4 3
4 3
4 3
¢ 3
4 3
4 3
4 3
4 3
4 5

MIN

48

34

27

28

28

28

21

21

22

22

22

21

20
20
20
20
20
20
21
21
21

19

STATION TERMINATION DATA

SEC

44

23

54

6

13

50

53

48

42
40
43
43
47

52

28

RA DEC
123 20
124 20
126 19
126 20
126 19
‘126 19
1271 19
127 19
127 19
127 19
127 19
128 19
128 18
128 18
128 18
128 18
128 18
128 18
127 18
127 19
127 18
129 18

AZ ELV
-71 3
-64 8

78 17
47 49
135 62
99 59
82 26
92 40

-162 617

156 80
6 63
75 11
82 20
87 36
79 16
82 20
96 51
116 64

-107 65
—44 53

-115 52

99 44

X

-87

-81

73

33

20

30

64

50

22

79

=21

54

3

10

39

24

~24

-28

i8

Y
19
2
il
26

19

=9
21

15

68

10

-4
-11
-7
26
-34

46

RANGE
206455
207318
207007
205425

204987

205065

2067406
206042
205096
204878
205212

207575

207297
206460
207519
207298
<05826
205430
205395
205780
205818

206384

6G6-9



VEHICLE 1  RAUAR
TRALKING

HKS MIN

STN-00 1 12
MAR-95 1 12
TEX-16 i 12
MIL-T1 1 d2
8DA-02 1 12
CYI-04 L 12
MAD-23 L 42
ACN-75 1 12
HAW-12 0 9
HAW-12 i il
MAR-95 L 11
GDS-28 i 11
STN-00 i 11
TEX-16 1L 11
MIL-71 L Al
BDA-02 L 1l
MAD-23 1 11
CYI-04 I 11
ACN-75 1 11
HAW-12 L 12
STN-00 1 12
GDS-28 1 12

TABLE

TIME

SeC

10

11

i4

14

14

13

il

11

20

54

60

57

36

2¢€

57

606

57

2¢

15

17

16

STATION ACGQUISITION

DAY HRS MIN SEC

4

4

4

L R O

4

4

4

7

7

7

16
16
17
21

25

37

40

44
51
53
53

58

15
17

22

14

15

RA DEC
128 18
128 18
128 138
128 18
128 18
127 18
127 id
127 19
130 18
130 13
129 18
129 138
129 is
129 18
129 18
128 18
126 18
128 18
128 138
130 18
130 18
130 18

DATA

AZ ELV X
86 26 64
88 30 60
92 471 43
104 61 28
137 72 13
-98 55 -35
-104 43 14
-54 44 —40
72 3 81
17 15 74
109 53 36
108 53 13
106 48 41
118 72 16
179 80 O
-131 70 -16
-84 21 -15
-84 29 -61
-67 19 -70
86 42 48
146 67 13
157 71 18

Y

-45

25

18

13

-11

35

-11

-13

-68

21

-19

RANGE
207163
206941
206155
205643
205390
205834
200294
206259
208053
207977
206158
206154
206333
205641
205518
205674
207641
207197
207760
206852
205983

205898

STATION TERMINATIGN DATA

DAY HRS MIN SEC

4 5
4 5
4 5
« 5
4 5
4 5
4 5
4 5
4 5
4 7
« 1
4 1
4 1
4 1
& 7
4 1
¢ 1
4 7
4 7
4 9
4 9
4 9

19
19
19
19
19
19
19
19
19
17
17
17
17
17
18
18
18
18
18
16
16

16

26

21

31

35

39

49

48

51

22

38

50

50

50

54

12
14
17
23
32

31

RA DEC
129 18
129 18
129 18
125 18
129 18
‘128 18
128 18
128 19
130 18
131 18
130 18
130 18
130 18
130 18
130 18
129 18
129 17
125 17
129 18
131 17
131 17
131 17

Al ELV
97 39
99 44
104 62
131 175
-1l64 175
-89 40
=92 30
-63 29
73 5
82 31
130 65
130 65
125 60
-180 80
-121 71
~-108 57
-74 8
-717 14
-71 3
92 58
-169 69
-153 70

X

51

46

28

12

-4

-58

85

59

20

17

25

Y
-6
=7
-0

-10

-14

19
=17
-10
-10

-10

RANGE
206587
206384
205738
205453
205450
206574
207046
207077
208442
207208
205878
205876
206004
205614
205753
206131
208510
208152
208811
206334
206028

206015

"9e-9



VEHICLE 1 RAUAR
TRACKING

HKRS MIN

MAR-95 L 12
MIL-71 1 12
B8DA-02 1 12
CYI-04 V] 5
TEX-16 1 10
GWM-24 Q 3
GWM-24 1 1l
HAW-12 L 1z
STN-00 1 1c¢
GDS-28 1 12
MAR-95 1 12
TEX-16 1 12
MIL-71 1 12
BDA-02 1 12
HSK-25 1 >
GWM-24 1 12
HSK-25 i 41
HAW-12 1 12
GDS-28 1 12
STN-00 L 11
MAR-95 L 12
TEX-16 L i

TABLE

TIME

SEC

13

11

13

21

24

59

11

11

i2

11

14

11

59

60

CAY

L R

&

STATION ACQUISITIGN DATA

HRS MIN SEC
8 4 18
8 4 28
8 4 29
8 4 35
8 6 13
9 13 4

10 2 43
10 2 55
10 3 1
10 3 2
10 3 2
10 3 9
10 3 10
10 3 13
10 8 5;
12 i 11
12 1 18
12 1. 29
12 1 36
12 i 36
12 1 37
12 1 38

RA DEC
130 18
129 18
129 138
129 17
130 18
132 17
132 117
131 17
131 17
130 1i7
130 17
130 47
130 17
130 17
132 18
133 17
132 18
132 17
131 17
131 17
131 17
131 17

AZ ELV
157 171
-106 61
-99 47
-73 4
-129 15
73 3
75 15
99 69
-141 &5
-128 64
-129 64
-97 51
-89 36
-83 22
65 3
79 42
47 22
-127 82
-99 42
-105 46
-99 42
-83 25

-12

87

75

21

17

=21

-39

10
-43

48

17
-9
17

14

65

42

-47

-11

RANGE
205898
206124
2060626
208871
205742
208866
208495
206178
200247
206287
206288
206696
207338
208046
208891
207313
208332
206214
207309
207146
207309

208133

DAY HRS MIN

L T O S N B I

o+

+

11
11
i1
11
11
11
11
11
i1
13
i3
i3
13
i3
13

13

16

16

16

10

16

le

14

14

15

15

15

15

15

14

13

13

13

i3

13

i3

13

STATION TERMINATION DATA

SEC

31

39

41

2

37

12

42

6C

13

13

14

20

24

23

50

15

18

31

37

36

38

38

RA DEC
131 17
130 17
130' 17
129 17
130 17
‘132 117
133 17
132 17
131 17
131 17
131 17
131 17
131 17
131 17
133 18
133 17
133 17
133 17
132 16
132 16
132 16
132 16

AZ ELV
=153 170
-95 46
-89 32
=72 3
=105 6l
73 4
78 31
136 83
-116 54
-108 51
-109 51
~-88 36
-82 21
-75 8
55 14
80 59
31 31
-99 o7
-89 28
=93 32
-89 28
=77 10

X

-9

44

-58

-87

—-28

86

59

Y
-18
-3
i

i8

i5

53

i3

RANGE
206016
206756
207406
2086174

206235

208991

207690
206 069
206691
206806
206 807
207486
208260
209004
208608
2067173
207935
206563
208113
207892
208113

209103

1LG6-9



VEHICLE 1 KAUAR
TRACKING

HRS MIN

MIL-71 0 37
CRO-08 1 1
PKS-96 0 21
CRO-08 1 12
GWM-24 1 1z
HSK-25 L 12
PKS-96 1 iz
HAW-12 L 12
STN-00 1 12
MAR-95 1 3
GDS—-28 1 12
CRO-08 1 11
GWM—-24 L 12
PKS-96 1 1l
HSK-25 1 11
HAW-12 1 il
CRO-08 1 14
GRM-24 L 12
HSK-25 L 12
MAD-23 G 14
MAD-23 |
CRO-08 L 12

TABLE

TIME

SEC

49

29

13

13
i3
16
15
28
i4

58

55
58

55
le
12

44

15

LAY

STATION ACQUISITIUN DATA

HRS MIN SEC

12

12

12

13

13

13

13

14

14

14

14

15

15

15

15

15

17

17

17

18

19

19

1

L2

51

59

59

59

58

58

58

54

S0

53

55

55

42

3

49

40

49

54

54

25

31

36

43

58

55

59

59

37

RA DEC
131 17
133 17
135 17
134 17
135 17
135 17
133 17
132 17
132 16
132 16
132 1o
134 17
134 1le
13¢ 17
134 i7
133 16
135 17
134 1lo
134 17
137 15
137 15
135 o

AZ

=17

69

38

55

117

19

ELV
11
3
30
24
70
35
37
56
23
18
18
43
81
39
36
29
48
53
24
3
14

36

-79

87

47

61

20

=72

=22

29

-8

-80
-28

-43

¥

13

21

43

31

4

15

48

49

=12

41

-40
73
14

36

RANGE
208949
208897
206895
208423
2000622
207865
207757
206998
208507
208757
208758
207739
206683
207910
208030
208402
207826
207548
208869
209431
209681

208473

DAY

4

+

&

L

HKS

12

13

13

15

i5

i5

i5

i5

15

15

i5

17

17

17

17

17

19

19

19

19

2i

21

MIN
39
13
13
11
12
12
12
1<
1<
3
12
10
10
10
10

10

STATIGN TERMINATIUN DATA

SEC
31
11
18

59

19
18
31
17
23
32
35
34

41

10
11
43
12

52

RA

132

134

133

134
134

134

134
133
133
133
133
135
135
135
135
134
136
135
135
137
138

136

DEC
16
17
17
17
16
17
17
16
16
16
16
17
16
17
17
16
16
16
16
15
15

16

Al

-73

62

33

42

45

ELv

3

15

33

36

86

37

40

40

48

65

33

30

13

43

37

14

27

25

X

-87

13

41

43

3

=53

Y
17
21
45

37

63

29

RANGE
208164
208794
207840
207910

206537

207860

207740
207768
209420
209140
209697
207607
2070175
208301
208426
209401
208068
208353
209585
210055
209048

209211

86-9



VEHICLE 1  RAUAR
TRALKING

HRS MIN

GWM-24 1 1z
HSK-25 U 12
CYI-04 1 9
ACN-75 U 31
CYI-04 L 12
ACN-75 i 12
MAD-23 1 12
CRO-08 1 2
B8DA-02 1 10
CYi-04 1 iZ2
MAD-23 1 12
ACN-T75 L 12
MIL-71 0 35
MIL-71 1 12
TEX-16 L il
BDA-02 1 12
CYI-04 1 12
MAD-23 I 12
ACN-T75 1 12
GDS-28 v 1o
STN-00 1 i2

MAR-95 1 12

TABLE
TIME
SEC DAY
12 4
49 4
3¢ &
30 4
1z 4
7 4
8 4
50 4
24 4
20 4
18 4
18 4
15 5
2 5
56 5
2 5
3 5
o 5
1 5
13 5
16 5
14 5

STATION ACQUISITIUN DATA

HRS MIN SEC RA DelC AZ ELV X
1S 55 40 135 1b -79 25 -64
19 55 41 135 16 -66 5 =77
18 57 33 137 15 14 3 87
20 35 40 137 15 14 3 87
21 53 28 138 15 87 27 63
21 53 34 138 15 70 21 68
21 53 35 138 15 102 3; 16
21 54 11 130 1lo =-ob4 15 -73
23 52 4 139 14 7 10 80
23 52 7 138 15 103 53 37
23 52 12 138 14 132 55 25
23 52 12 138 15 57 47 38
0 29 4 139 14 76 3 87

1 50 35 140 14 85 20 70

1 50 36 140 14 i1 6 84

1l 50 37 140 14 95 34 56
1 50 49 139 14 148 14 8
1 50 53 139 14 -113 63 26
1 50 55 139 15 17 66 8
2 52 18 141 14 70 3 -78
3 48 56 141 13 81 10 79

3 48 57 141 14 83 14 175

¥
10
-65
16
16
3
19
52
25
10
-8
25
21
14
5
13
-4
-13
-3
23

75

RANGE
209029
210182
210242
209108
209189
209522
208747
209824
210376
208252
208153
208459
209532
210013
210869
209272
207899
208128
208056
210544
210800

210567

DAY

LUTER |

wn

(S G

w W

STATION TERM}NATIUN DATA

HRS MIN SEC

21
20
<1
21
23

23

NN N

N

52

30

L)

10

40

41

44

1

28

217

30

30

13

37

31

39

53

53

56

31

12

11

RA DEC
136 15
135 1le
138' 15
138 15
139 15
‘139 15
138 14
137 15
140 14
139 14
139 14
139 15
140 14
141 14
141 14
141 14
140 14
140 14
140 14
141 14
142 13
142 13

AZ ELV
=77 9
-68 3

82 17

73 10

96 42

64 37
117 48
=72 3

88 24
122 617
161 62

40 6C

79 10

93 35

85 20
107 48

—-148 74
—-141 58
-24 66

17 5

91 24

94 28

X Y
-81 13
-82 -68

3 8
79 17
48 —4
50 20
22 36
-87 18
66 2
20 -12
26 9
20 22
80 10
55 =2
70 5
41 -11
-9 ~-li4
26 —20
-11 22
-69 76
66 -1
62 -3

RANGE
210092
209696
209602
210004

208527

208777

208293
210188
209580
207934
208044
208102
2104061
209304
210083
208723
208005
208392
208177
210975
210119

209884

65-9



VEHICLE 1

TRACKING TIME

TEX-16
GDS-28
MIL-71
BDA-02
CYi-04
MAD-23
ACN-75
MAR-95
GDS-28
STN-0O
TEX-16
MIL-T1
B8DA-02
MAD-23
CYI-04
ACN-T75
HAW-12
HAW-12
MAR-95
GDS-28
STN-00

TEX-16

RAUAR TABLE

I

12

12

12

12

i2

i2

12

j 94

12

12

12

P4

12

L2

12

12

20

12

i2

12

12

12

HRS MIN StkC

17

15

17

16

19

17

i9

13

23

CAY HRS MIN SEC

5

5

3

3

48

48

49

49

49

49

49

41

47

47

47

47

47

47

48

43

3

45

46
46

406

58

58

2

4

15

17

19

38

39

39

42

46

49

59

RA DEC
141 14
141 14
140 14
140 14
140 14
139 14
140 14
l42 13
142 13
142 13
141 13
l41 13
141 13
140 13
140 1>
140 14
142 13
143 13
l4c 13
142 13
142 13
l4c 13

AL

90

83

100

118

=122

-124

101

101

399

108

132

-1480

17

86

1590

130

ELV
31
14
45
58
66
5t
59
38
38
33
56
69
7
30
41
35
3
26
59
59
54

75

STATION ACLQUISITICGN DATA

X Y
59 0
-24 714
44 -1
29 -15
-21 -12
25 -31
-23 22
52 -9
14 51
57 -8
33 -10
16 -14
0 -19
15 -59
-48 -5
-53 19
87 13
64 4
25 -20
21 23
30 -20
4 -15

RANGE

209669

210565

208977

208529

2082719

208741

2084717

209535

209533

209757

208792

208440

208389

209884

209342

209654

210700

210364

208918

208916

209070

208541

DAY HRS
5 5
5 5
5 5
5 5
5 5
5 5
5 5
5 6
5 6
5 6
5 6
5 6
5 6
5 7
5 1
5 7
5 6
5 8
5 8
5 8
5 &
5 <]

MIN

59

59

59

59

59

59

59

58

58

58

58

58

STATION TERMINATION DATA

SEC

15

13

18

21

34

34

39

43

44

41

50

56

59

e

10

19

32

5

16

16

15

20

RA DEC
142 13
142 13
141' 13
141 13
140 13
‘140 13
140 14
142 13
142 13
142 13
142 13
142 13
142 13
141 13
141 13
141 13
143 13
144 13
143 12
143 12
143 12
143 13

Al

99

94

114

147

-104

-108

116

116

113

131

-176

-137

-88

-b9

=173

82

93

lo4

164

154

-138

ELV X Y
46 44 -7
28 1 62
60 28 -12
68 12 -18
52 =371 -9
39 21 -4u
45 -41 20
51 36 -16
51 20 35
46 42 -16
69 16 -14
74 -1 -16
65 -18 -18
17 -7 15
26 64 1
19 =70 16
15 75 8
42 48 -2
66 T -23
66 23 &
63 13 -24
71 -13 —-14

RANGE
209052
209884
208SSQ
208335
208846
209358
209085
209062
2090061
209249
208524
208429
208626
210725
210220
210627
210820
209650
208799
208797
208886

208711

09-9



VEHICLE 1  KADAKR
TRACKLING

HKS MIN

MIL-71 1 12
BDA-02 1 12
MAD-23 0 Z38
Cyi-04 1 1
ACN-75 0 Zu
HAW-12 i 12
STN-00 L 12
GDS-28 1 1l
MAR-95 1 12
TEX-16 1 12
8DA-02 Y 12
MIL-71 L 12
GWM-24 0 50
HSK-25 0 Lo
GWM-24 1 12
HSK-25 1 1i
HAW-12 I 1z
MAR-95 1 12
STN-00 1 12
GDS-28 1 12
TEX-16 1 12

MIL-71 1 12

TABLE

TIME

StC

le

20

17

<1

22

<1l

20

21

<l

9

33

STATIUN ACQUISITICGN DATA

DAY HRS MIN SEC

5

5

7

10

LC

11

11

11

11

11

11

11

11

46

40

406

46

46

44

44

44

44

44

44

44

2

40

43

43

43

43

43

43

43

43

22

22

28

32

38

37

44

45

40

51

54

10

19

13
14
24
24
24
31

32

RA

142

141

141

141

141

145

143

143

143

142

14z

142

144

145

145>

144
143
143
143
143

143

DEC

i3

13

13

13

13

12

1

12

13

1<z

13

12

13

iz

i3

12

12

le

12

iz

12

AZ ELV
-140 70
-119 57

-60 8
-84 16
-75 3
g8 53
1560 65
-l671 67
-167 67
-1l18 62
-96 33
-1063 48

78 3

12 3

83 26

62 15

138 77
-118 51
-147 54
-118 51

-56 37

-88 22

23

=25

=56

=41

87

-81

63

-35
=31

21
=53

-68

Y
=135
-15
-77

6

12

71

58
-10
-17
-21
-34

=5

RANGE
208614
208964
241342
210892
211359
209336
208946
2U8906
208908
209019
210154
209503
211036
211101
210735
211376
208927
209584
209491
209583
210174

210941

DAY HRS
5 8
5 8
5 &
5 8
5 8
5 10
5 10
5 10
5 10
5 10
5 10
5 10
5 10
5 10
5 12
5 12
5 12
5 12
5 12
5 12
5 12
5 12

MIN

58

58

14

41

6

56

517

57

57

57

57

517

58

56

55

55

55

55

55

55

55

55

STATION TERMINATION DATA

SEC

24

29

40

53

54

58

12
14
13
43

54

12
21
30
31
32
34

36

RA

143

142

141

141

‘144

144

144

144

143

143

143

145

145

146

145

145

144

144

144

144

144

DEC
13
12
12
12
13
12
12
12
12
12
12
12
12
13
12
13
12
12
12
12
12

12

Al ELV
=113 58
-104 43

-76 3
-78 3
=76 3
113 68
~-l44 60
-133 59
-133 59
-103 &7
-87 19
-94 33

81 16

69 )

86 43

49 26
-l41 77
-104 38
=110 41
-104 38

-88 22
-81 7

X
-30
-46
-78
-87
-87

2L
-18
22
-24
—-42
-71
-57
74
-73

47

-68

-83

Y
-1z
-10
-76

12

14

-8
-24
-22
-21

-9

RANGE
209044
209594
210472
211196

210692

20898T

209188
209226
209227
209640
211065
210315
211312
211782
210000
210807
209020
210259
210097
210261
211086

211934

‘19-9



VEHICLE 1 RAUAR
TRACKING

HRS MIN

BDA-02 0 <8
CRO-08 (V] 5
GWM-24 1 12
CRO-08 1 12
PKS-96 1 iZ
HSK-25 1 12
HAW-12 1L 12
STN-00 1 12
GDS~-28 1 12
MAR-95 1 il
TEX-16 0 a0
CRO-08 L 1z
GWM-24 )
PKS—-96 i 1z
HSK-25 1 12
6DS—-28 V] 1
STN-00 0 31
HAW-12 1 iZ
CRO-08 1 12
GWM-24 L 1
PKS-96 1 9
HAW-12 0 23

TABLE

TIME

=%

35

40

18

i5

16

i5

20

19

18

17

i5

11

il

38

43

i1

10

11

57

56

STATION ACQUISITICN DATA

DAY HRS MIN SEC

5 11
5 12
5 13
5 13
S 13
5 13
5 13
5 13
5 13
5 13
5 13
5 15
5 15
5 15
5 15
5 15
5 15
5 15
5 17
5 17
5 17
5 117

43

49

41

41

41

41

41

41

41

41

41

40

40

40

40

40

40

40

38

38

38

38

33

24

30

31

38

38

43

46

41

48

49

14

138

24

20

28

28

29

44

50

56

57

Ra DEC
l4s 1<
146 12
145 ie
l46 12
145 i3
145 i3
144 12
144 12
144 12
144 12
144 12
l4o 12
l40 12
146 12
l4o 1
145 11
14> 11
145 11
147 12
146 11
l46 12
l4o 11

AL ELY
-81 9
75 3
88 55
65 14
40 35
38 33
-115 68
-101 32
-90 28
-96 28
-83 11
50 37
104 83
5 45

4 42
-50 5
-83 9
-94 42
15 52
-93 68
-33 39
-84 15

X

-81

87

35

75

43

=50

=20

-57

11

-62

-78

45

7

5

=34

=75

Y

9

15

1

21

39

31

=9

-9

-61

=5

1

31

45

=79

-3

36

41

RANGE
211716
211858
209679
21le6l3
210502
210583
209285
210628
210831
210830
211713
210581
209268
210241
210350
212380
212109
210370
210153
209684
210695

211976

DAY

HRS

12

iz

14

14

L4

14

14

14

14

14

14

16

16

le

1o

15

16

lo

18

i8

18

18

MiIN

12

55

53

53

53

53

54

54

54

54

21

52

52

52

52

48

iz

52

STATION TERMINATION DATA

SeC

8

4

48

46

54

54

53
22

32

11
46

54

53

53

RA DEC
143 12
146 12
146' 12
147 12
146 12
‘146 12
145 11
145 11
145 11
145 11
145 11
147 12
147 11
147 12
147 12
145 11
145 11
146 11
148 11
147 11
147 11
147 10

AZ

-18

14

93

59

21

19

=100

-79

32

=10l

=19

=19

=19

-19

-88

=13

=50

-80

ELV

3

4

71

29

42

40

53

18

14

14

3

48

80

43

41

[\

w

26

51

30

X

-87

86

19

58

21

-48

-37

=72

-15

~76

-87

26

-10

-19

-64

-10

-39

=53

Y
1c

le

21
44
14

=0

11
35
=2
44
-14
-78
11
2
36
0
34

10

RANGE
210884
212081
209317
210912

210242

210342

209847
211484
211735
211735
211046
210211
209403
210414
210532
212098
211247
211291
210224
210293
211133

211857

979



VEHICLE 1 RADAR TABLE
TRACKLING TiIME

HRS MIN SEC

HSK=-25 1 12 4
CRO-08 1 12 19
GWM-24 1 12 21
HSK—-25 1 12 19
MAD-23 C 53 48
CYI-04 1 12 3
MAD-23 1 12 4
ACN-75 1 iz 2
GWM—24 0 37 38
CRO-08 1 12 3
CYI-04 L 12 22
MAD-23 1 12 23
ACN-75 1 12 19
CRO-08 0 L4 74
BDA-02 U 29 353
MIL-71 1 12 6
BDA-02 1 12 3
CYI-04 1 12 13
MAD-23 L 12 11
ACN-75 ) 4 8
TEX—16 V] 8 r 4
TEX-16 1 12 14

cay

5

HRS MIN SEC

17

1s

19

19

19

21

21

21

21

21

23

23

23

23

38

37

37

37

55

35

35

35

36

36

33

33

33

36

16

32

32

32

32

32

36

30

57

24

24

28

29

30

53

54

57

13

14

29

32

38

41

45

25

49

RA

140

1417

147

147

149

149

149

150

148

l4b

150

150

149

151

151

151

151

151

151

152

152

DEC

12

il

11

11

10

10

i0

10

10

11

i0

9

10

io

AZ ELV
-33 36
-31 49
-7 40
-53 20
79 3
85 12
95 21
8 8
-82 12
-59 30
99 37
119 42
72 35
-76 &
81 3
82 5
91 19
125 61
158 57
52 64
82 3
88 15

STATION ACQUISITIGN DATA

X

-49

—-24

=50

=85

-74

78

13

82

-18

=56

53

28

53

87

85

71

87

75

Y

-26

34

68

12

26

41

15

14

=16

12

17

RANGE
210812
210464
210855
211883
212011
212564
212018
212808
212542
211499
211390
211162
211469
212987
212064
213359
212533
210647
21077<
210627
213103

212944

DAY HRS
5 18
5 20
5 20
5 20
5 20
5 22
5 22
5 22
5 z2
5 22
6 0
6 0
6 0
5 23
6 0
6 2
6 2
6 2
6 2
6 &
6 2
6 4%

MIN SEC
51 1
49 43
49 45
49 41
49 17
47 33
47 35
47 34
13 42
438 8
46 15
46 17
46 16
50 20
46 7
44 35
44 34
44 51
49 51
44 53
44 32
43 3

RA DEC
147 11
148 11
148' 10
148 11
149 10
‘150 10
150 9
151 10
148 10
149 10
151 9
151 9
151 10
149 10
151 9
152 S
152 9
152 9
152 9
152 9
152 S
153 8

AZ ELV
-50 28
-50 39
-84 23
-71 1

88 12

93 27
108 34

75 24
-81 3
-10 A7
112 52
139 52

63 51
-77 3

85 9

91 20
102 33
161 70

-171 58

17 12

83 5

97 30

STATION TERMINATION DATA

X ¥
-51 —43
-43 30
-67 5
-68 -70
-11 717
63 -3
25 52
65 14
-87 9
-72 19
36 —13
31 24
36 16
-87 13
81 5
70 -1
57 -10
7 -1i9
32 -5
5 17
85 7
60 -6

RANGE
211375
211009
211833
2121733

212414

211791

211430
211929
211820
212378
210854
210842
210862
212481
13001
212564
211845
210511
210828
2104175
213426

2121179

£9-9



VEHICLE

MIL-71
BDA-02
CYI-04
MAD-23
ACN-75
GDS-28
MAR-95
STN-00
MAR-95
GDS-28
STN-00
TEX-16
MIL-T1
BDA-02
MAD-23
CYI-04
ACN-75
HAW-12
STN-00
MAR-95
GDS-28

TEX-16

1

RAUAK
TRACKING

HRS MIN

le

12

12

12

ic

20

30

31

12

L2

L2

i2

12

12

12

12

12

TABLE

TIME

SeC

15

11

16

14

17

20

21

21

21

<l

20

<3

23

<1

<1

55

48

46

42

o

STATION ACQUISITIUN DATA

CAY HRS MIN SEC

6

6

3

30

30

31

31

31

49

6

11

29

29

29

29

29

29

29

29

29

21

28

28

28

28

53
54
11
11
18
46
14
47
27
27
27
30

34

46
48
53

53

RA LEC
152 -
152 9
151 9
151 89
151 9
152 3
155 8
153 8
153 8
153 -]
153 8
153 8
153 8
153 -]
152 8
152 ]
152 9
154 8
154 8
154 8
154 8
154 8

AL

97

110

—104

=150

82

84

82

96

96

94

JEVE ]

1406
-1i15

=114

1]

115

118

134

ELV
30
43
70
55

12

23

18
40
54
62
38
52
50
10
40
45
45

63

60

46

84

87

67

14

12

49

33

16

29

-37
80
47
41
25

20

4

=6

=15

=19

e U 4

17

81

&

8

-6

67

<19
=20
39

-18

S’

RANGE
212148
211516
210602
211024
210573
212759
212202
212409
212693
212692
212942
211786
211233
210981
211887
211296
211348
213592
211982
211772
2117170

211135

DAY HRS
b 4
6 4
6 4
6 4
6 4
6 4
6 4
6 4
6 ©
6 6
6 6
6 6
6 o
6 o
6 6
6 6
) )
o 8
6 8
-3 8
6 8
6 8

MIN
43
43
43
43
43

43

43
41
4l
41
41
41
42
42
42
42
28
28
<8
28

28

STATION TERMINATION DATA

SEC

7

11

26

24

27

49

49

49

52

54

14
48
48
48
48

48

RA DEC
153 8
153 8
152' 8
152 8
152 9
153 8
153 &
153 8
154 8
154 8
154 8
154 8
154 8
153 8
153 8
153 8
153 8
155 7
155 7
155 7
155 7
154 7

AZ ELV
108 44
128 55

-128 ol
=127 4o
=55 o6l
89 13
89 13
87 9
108 36
108 3e
106 31
118 55
144 65
-175 65
-1lv2 25
-102 37
-74 35

91 23
130 49
136 54
135 54
166 69

b
44
29

-24
31

=25

77
81
53
23
58
32

15

24
-52
=54

67

33

217

27

Y

=15
50

=13

-9
13

=1

RANGE
211503
<11097
210923
211465

210930

213127

213128
213375
212072
212070
212305
211311
210991
210996
212648
212038
212170
212305
211060
410894
210891

210466

%19-9



VEHICLE 1

TRACKING TIME

MIL-71
BDA-02
MAD-23
CYI-04

ACN-75

HAW-12
GDS-28
STN-00
MAR-95
TEX-16
MIL-71
BDA-02
MAD-23
CYI-04
ACN-T75
HAW-12
STN-00
GDS-28
MAR-95
TEX-16
MIL~-T1

BDA-02

RADAR TABLE

1

0

li

i1

ii

11

11

11

11

il

il

11

12

12

12

12

12

12

12

HRS MIN S&C

35

34

24

20

15

2

27

21

28

33

37

41

44

48

51

i3

14

13

i3

i4

14

14

HRS MIN SEC

1

28

28

28

48

28

APR

28

28

28

28

28

28

28

28

28

28

26

26

26

26

26

26

13

14

24

28

33

12

57

57

57

57

57

57

57

57

57

32

38

42

43

47

50

53

RA DEC  AZ ELV X
153 8 173 69 2
153 8 -149 62 -15
153 8 -94 1.6 13
153 8 -95 27 -63
155 8 -171 23 -66
PCl TU JET
155 7 91 23 67
155 7 135 54 21
155 7 131 49 33
155 7 136 54 217
154 1 lo1 69 5
154 7 -149 66 -13
154 7 -127 54 -30
154 1 -85 5 —44
153 7 -89 14 -76
153 8 -8l 9 -80
155 7 97 37 53
154 7 152 57 11
154 7 loU 61 28
15¢ 7 160 60 11
154 7 -153 68 -10
154 7 -125 57 -28
154 7 =112 43 -45

STATION ACQUISITIUN DATA

Y

24
=25
-25

=20

-18

-16

RANGE
210982
211151
213203
212616
212809

LAL
212311
210898
211067
210901
210473
210548
210914
213360
212838
213108
212312
211493
211376
211377
211189
211479

212017

12.1

DAY HRS
6 8
6 8
6 8
o 8
6 8
6 8
6 8
6 8
6 8
6 8
6 8
6 8
6 8
6 8
6 8
6 10
6 10
6 10
o 10
6 10
6 10
6 10

MIN
28
28
28
28

28

40
40
40
40
40
40
40
40
40
40
38
38
38
38
39
39

39

SEC
48
48
48
48

48

15
24
24
25
31
34
38
41
45
48
45
52

54

RA DEC
154 7
154 7
154 |
153 7
153 8
155 7
155 7
155 7
155 7
154 7
154 7
154 7
154 7
154 1
153 8
156 7
155 7
155 7
155 7
155 "
155 7
155 7

AZ
=149
=127

~85

92
139
134
140
174

—143

-124

-81

108
-176
-165
=165
-124
=109

=101

ELY

66

54

5

14

26

56

51

56

70

65

52

12

52

59

ol

61

57

43

29

STATIUGN TERMINATICN DATA

64
27
30

24

Y
—20
-21
-83

1

9

=l

—-26

—26

=20
=20

-83

RANGE
210540
210906
213350
212829

213098

212772
211450
211609
211453
211073
211193
211600
214105
213606
213896
2111735
211502
211463
2114617
211587
212115

212814

£9-9



VEHICLE 1 RADAR
TRALKI NG

HKS MIn

GWM-24 1 12
HSK-25 1 12
HAW-12 1 12
STN-00 1 12
GDS-28 1 12
MAR-95 1 12
TEX-16 1 12
BDA-02 1 12
MIL-71 1 12
GHWM-24 1 12
CRO-08 1L a2
HSK-25 1 12
HAW-12 1 12
STN—-00 1 12
GDS-28 1 12
MAR-95 1 12
TEX-16 L 12
MIL-T1 0 21
PKS-96 1 -]
GWM—-24 1 12
CRO-08 i i2
HSK-25 L 12

TABLE

TIME

SecC

<1

23

21

49

Ve

28

30

30

i3

i2

i3

Z3

23

24

26

26

4¢
18
15

14

DAY

STATION ACQULISITICN DATA

HRS MIN SEC

11

11

11

11

11

11

11

11

11

13

13

13

13

13

13

13

13

13

13

15

15

15

24

24

24

25

25

25

25

25

25

23

23

23

23

23

23

23

23

23

21

21

21

22

49
55

56

10

30

33

41

41

47

47

48

51

53

13

59

59

10

RAa VEC
156 7
156 8
156 7
155 7
155 7
155 7
155 r §
154 7
155 7
157 T
157 7
157 7
156 7
156 6
156 6
156 o
155 7
155 o
157 7
157 o
158 7
157 7

AZ
85
75

119

-154

-144

-144

=112

=101

92

80

55

-l61

-117

=111

-1l1

56
l0e
oo

<5

eELy
11
7
62
57
56
56
48
19
33
39
4
28
74
40
37
37
22
8
30
o7
29

44

28
=21
-40
-71
=56

51

86

-46

-46
26
-51

-68

55
22
59

T4

-13

-29

-19

10

46

=15

=21

29

21

18

RANGE
213886
214135
211510
211000
211080
211681
212001
213421
2120654
212544
214400
213064
211417
212480
212629
212629
2133817
214239
212811
211129
213212

2124171

DAY

HRS

| 94

12

12

12

i2

ie

12

12

12

14

14

14

14

14

14

14

14

13

14

L6

16

i6

MIN

317

317

317

37

317

37

31

31

37

35

35

35

36

36

36

36

36

44

35

34

34

34

STATION TERMINATION DATA

SEC

10

18

23

31

31

32

36

38

36

44

45

53

4

11

12

14

17

57

55

17

14

25

RA DEC
157 1
157 7
156' 1
156 6
156 6
156 &6
156 6
155 6
155 6
158 6
158 7
158 7
157 ]
156 )
156 6
156 &
156 6
156 6
158 7
158 6
159 [}
158 7

AZ

89

o4

156

-130

-122

=122

-101

98

13

39

-123

-104

=100

-100

-87

ELV

28

20

73

48

46

46

33

4

18

56

19

39

63

27

23

23

41
8l
43

48

X

62

=50

7

=35

27

34

70

—44

~62

21

-67

Y

1
56
-15
=2d
—36
=22

-9

16
29
-14
=13
-65

-9

35

26

RANGE
213022
213436
&1135;
212087

212180

212181

212785
214392
213580
211954
213661
212626
211752
213249
213455
213456
214398
213541
212555
211581
212624

212422

99°9



VEHICLE

PKS-S6
HAW-12
GDS-28
STN-00
MAR-95
CRO-08
GWM-24
PKS-96
HSK-25
HAW-12
CRO-08
GWM—-24
PKS-96
HSK-25
GHWM-24
MAD—-23
CRO-08
HSK-25
CYI-04
ACN-75
CYI-04

MAD-23

1

RADAR

TRACKING

HRS MIN

12

12

54

12

33

12

12

12

i2

12

i2

12

34

12

14

12

12

54

40

33

12

12

TABLE

TIME

SEC DAY
L2 ]
21 6
19 6
L6 6
417 6
26 6
31 6
25 6
217 6
28 6
i3 6
14 6
45 (-]
iz 6
13 6
22 6
28 6
41 6
30 6
44 6
18 6
20 )

HRS MIN SEC

15

15

15

15

15

17

17

17

17

17

19

19

19

19

21

21

21

21

21

21

23

23

22
22
22
22
22
20
20
20
20
20
19
19
19
19
15
17
i7
17
49
55
15

15

i1

12

16

16

17

35

36

42

43

45

17

18

25

26

50

16

39

44

50

52

RA DEC
1517 7
157 6
156 6
156 o
156 6
158 o
158 6
158 7
158 7
157 °
159 )
158 -
158 6
158 o
159 5
lou 5
159 6
159 )
161 4
161 5
161 4
l6i 4

AL ELV
21 46
-110 53
-92 14
-96 18
-92 14
40 51
-l30 80
-16 49
-17 46
-95 27
-9 59
-99 53
-52 36
-51 33
-91 25
90 7
~52 45
-73 13
87 3
85 3
97 22
110 28

STATION ACQUISITIGON DATA

X

24

=35

10

28

=1

-14

—42

-63

-6

=36

-48

-44

-2
-38
=52

87

87

68

33

Y

38

-12

-16

=0

=2

29

=T

39

-11

-4

31

-5

30
-40

83

26

-69

-6

56

RANGE
212390
212125
214050
213813
214049
212385
211672
212438
212543
213483
212264
212444
213186
213288
213961
214968
212929
214576
213951
213930
214253

213909

DAY HRS
6 16
6 16
6 16
6 16
6 16
6 18
6 18
6 18
6 18
6 18
6 20
6 20
6 19
6 20
6 22
6 22
6 22
6 22
6 22
6 22
7 0
7 )

MIN SEC
34 23
34 33
16 35
34 32

1 4
33 2
33 7
33 11
33 9
33 13
31 31
31 32
54 9
31 38
30 9
29 38
30 &
12 25
29 36
29 40
28 8
28 12

RA DEC
158 7
157 6
157' 5
157 5
157 6
‘159 6
159 5
1598 6
159 ]
158 5
160 [}
159 5
159 6
159 6
160 4
161 4
160 S
160 5
162 4
162 5
162 4
162 4

AZ ELV
2 50
-100 38
-85 3
-86 4
-87 6
13 58
-106 65
-40 43
-39 40
-89 11
-38 53
-94 36
-59 30
-65 22
-87 8
102 19
~6b 32
-81 3
91 11
84 11
107 36
126 39

STATION TERMINATION DATA

X

1

-35
-43
-79
-25
-53
-56

—-46

79
79
52

36

Y
40
%

-85

20

=57

68
20

-81

~14

39

RANGE
212320
412881
21388;
214133

213272

cl2z22

212053
212819
212923
214512
212573
213260
212226
214017
214975
214298
213655
214383
21476l
214791
213555

213423

L9-9



VEHICLE 1  RADAR

TRACKING

HRS MIN
ACN-75 1 12
CRO-08 1 1z
BDA-02 1 12
CYI-04 R P2
MAD-23 1 12
ACN-T75 1 1le
MIL-71 0 5
MIL-71 i1
8DA-02 1 12
CYI-04 1 1z
MAD-23 1 12
ACN-75 1 12
TEX-16 0 o7
MAR-95 1 12
GDS-28 i 12
STN-00 1 iz
TEX~-16 L 12
MIL-T1 1 12
BDA-02 L iz
MAD-23 1 12
CYI-04 TN 92
ACN-75 1 12

TABLE

TIME

SEC
17

23

26
23
20
44
26
25
29
28
21
27
18
i3
14
15
17
17
1€
16

16

DAY HRS
6 23
o 23
7 1
T 1
7 1
7 1
7 2
7 3
7 3
7 3
T 3
1 3
1 3
7 5
7 L
7 5
7 5
7 5
T 5
7 5
7 5
7 5

MIN

15

16

14

14

14

14

20

12

i2

12

12

13

21

11

i1

11

i1

11

11

11

11

11

STATION ACQUISITIUN DATA

SEC

5%

23

o

13

17

21

44

48

51

59

59

3

44

11

15

15

1o

18

22

34

36

42

RA DEL
162 5
160 5
l6¢ 4
162 4
162 4
162 4
l63 3
163 3
163 3
163 3
162 3
163 4
163 3
164 3
164 3
lo4 3
164 3
164 3
lé4 3
163 3
L63 3
163 4

Al kLY
81 22
-73 22
88 &4
116 46
139 46
73 51
-2.] 3
94 15
105 28
158 64
-177 53
35 176
88 3
92 8
92 8
89 3
100 25
111 39
150 49
-135 43
-139 59
-2 66

67

-67

86

41

36

38

87

75

62

10

37

87

82

14

87

65

49

33

37

~22

=21

16

-18

27

11

=13

-24

-2
12

=16
=25
-31
~23

11

RANGE
214209
214226
215473
213214
213220
215031
215261
214963
214230
212741
213089
212505
214920
215524
215519
2157176
214520
213811
2133176
213624
213032

212831

DAY HRS
7 0
7 0
7 2
7 2
7 2
7 b4
7 2
7 4
7 4
7 4
7 4
7 4
7 4
7 6
7 o
7 6
7 6
7 6
T 6
7 6
1 6
7 6

MIN

<8

28

26

26

26

26

26

25

45

<5

25

25

25

23

23

z3

23

23

23

23

23

23

STATION TERMINATION DATA

SEC

i3

45

29

39

40

41

25

13

16

28

21

30

10

29

28

28

31

35

33

51

52

58

RA DEC

162

161

163

163

163

‘163

163

164

164

163

163

163

164

165

165

165

165

165

165

164

164

164

4

5

& W W W wow & wow

NoNw

(%] W N hNw W [N

AZ ELV X
78 39 50
-82 7 -83
98 18 72
136 58 23
164 52 37
60 67 20
88 4 86
104 29 60
118 41 45
-162 64 -9
-150 48 38
-39 75 -9
95 15 175
103 21 68
103 21 30
100 17 73
112 40 48
128 52 32
156 58 15
-118 32 37
-119 46 —40
-75 50 -39

Y
10
8
-7
-22
10
11
2

-12

-<5
-19

11

-12
65

=10

-22
-29

-48

RANGE
213423
215219
214685
212836
213057
212609
215486
214225
213658
412839
213350
212610
215017
214791
214789
215051
213855
213339
213147
214235
213570

213433

89-9



VEHICLE 1

TRACKING TIME

STN-00
GDS-28
MAR-95
TEX-16
MIL-71
BDA-02
MAD-23
CYI-04
ACN-75
HAW-12
HAW-12
STN-0C
GDS-28
MAR-S5
TEX-16
MIL-71
BDA-02
CYI-04

ACN-75

ACN-T75
CYI-04

HAW-12

RADAR TABLE

1

i2

i

12

12

12

12

12

12

i2

34

27

27

e

27

27

27

21

217

27

12

44

HRS MIN SEC

25

4

24

24

29

29

31

21

30

i8

56

51

50

50

45

41

39

31

25

55

22

1l

CAY HRS MIN

d 9
7 9
1 9
7 9
7 9
7 9
7 9
7 10
d lb
7 47
9 8
9 8
9 8
9 8
S 8
S 8
9 8
S 8
g 8
16 APR
9 3o
9 3o
9 30

SEC
41
42
42
45
46
51

56

45
19
24
25
25
30
34

36

50
12

28

28

28

RA UEC
165 <
165 2
165 2l
165 3
165 3
lo4 Z
164 2
lé64 3
lo64 3
166 2
léo 2
l6o 2
1606 2
1606 2
165 2
165 2
165 2
lé4 2
164 3
165 2
165 2
léo 2

AZ ELV X
108 206 63
111 30 31
111 30 58
122 49 37
145 59 19
178 60 1

-108 24 36
-109 37 -51
-80 39 -51

89 3 87

97 21 69
135 45 35
140 56 33
140 50 29
169 64 5

-154 61 -13
=133 50 =32
-94¢ 12 -73
-8o 10 -80
JET TO PC2
-87 4 -86
~31 6 —84%
100 27 62

STATIUN ACQUISITIUN DATA

Y

-16

54

-18

=20

=25

=30

=60

=15

8

RANGE

214630

244379

214381

213536

213174

213145

214722

214043

213961

214685

215009

213823

213642

213645

213172

2132438

213634

215546

215623

LAL

214853

2141738

213490

2.1

DAY

o o

HRS

10

MIN SEC
22 6
22 6
22 6
22 S
22 15
22 20
22 28
22 29
22 35
22 3
36 15
36 15
36 15
36 15
36 15
36 15
36 15
36 15
36 15
39 23
48 51
20 39

RA DEC

166

166

166

166

165

‘165

165

165

164

166

166

166

166

166

165

165

165

165

165

165

165

167

N NN NN NN

AZ ELV
123 38
126 43
126 42
145 o0

-179 64
-150 56
-97 11
-100 22
-84 22

92 10
100 27
l44 48
150 53
150 53

-175 o4
-143 58
-126 45
-91 6
-87 4
-87 3
-90 3
105 37

STATION TERMINATION DATA

X

47

33

41

18

62

28

33

21

Y
—25
36
—-26
—24
—=26
-29

=17

18
=32

—-26

=24

-1

RANGE
214086
213870
2138173
213231

213132

213364

215567
214924
214935
215562
213497
212513
212357
212360
211999
<£12181
212653
214740

214855

214845
214845

2142172

699



VEHICLE 1 RADAR
TRACKING

HRS MIN

STN-00 0 44
GDS-28 0 44
MAR-95 0 44
TEX-16 0 <4
MIL-71 U 44
BDA-02 0 44
HAW-12 1 12
MAR-95 1 12
STN-00 1 12
GDS-28 L 12
TEX-16 1 12
MIL-T71 R .
BBDA-02 L 12
HSK-25 0 48
GWM-24 U 4l
GWM—24 1 12
HAW-12 L 12
HSK-25 1 12
STN-00 L 1<
GDS-28 1 12
MAR-95 1 1<
TEX-16 1 12

TABLE

TIME

<0
20
20
30
36
36
30
32
33
34
£9
31

31

17
32
35
25
35
36
36

36

STATION ACQUISITICN DATA

CAY HRS MIN SEC

7

7

9

S

11

11

11

11

11

11

11

11

11

13

13

13

13

13

13

13

36

36

36

36

36

36

28

28

28

28

28

28

46

56

56

56

40

52

28

35

36

42

43

43

47

RA DEC
166 2
1606 2
160 2
165 2
165 2
165 2
l67 2
166 Z
166 2
166 2
loo 2
166 -
165 2
167 2
167 2
168 1
lo7 i
168 2
167 1
167 1
167 1
1606 1

AL ELV
lae 48
150 53
150 53

-175 64
-l42 58
-125 45
113 47
-172 56

179 54
-172 56
=134 55
=117 42
-107 25

85 3

89 3

94 24
155 67

71 22

—-137 45
=130 43
=130 43
-108 32

X

28

33

21

=2

=21

66

10

-40

34
-39

Y

=32

18

=32

=23

=19

-15

84

RANGE
212507
212352
212354
211994
2121717
212650
2135894
213563
213623
213561
213585
214081
214779
215147
214988
215146
213375
215265
214091
214163
2i4165

2140684

DAY HRS
7 10
7 10
7 10
7 10
7 10
7 10
7 12
7 12
7 12
7 12
T 12
7 12
7 12
7 12
7 12
7 14
7 14
7 14
1 14
7 14
7 14
71 14

MIN
20
20
20
20
21
21
19
19
19
19
19
19
19
15
19
17
18
18
18
18
18

18

STATION TERMINATION DATA

SEC
48
49
49

58

16
28
28
3¢
33
38
38

17

60

11

17
18
18

23

RA

166

166

166

166

166

‘166

167
l67
167
167
167
166
166
168
168
169
168
169
167
167
167

167

DEC

1

[N]

NoNN

AZ ELV
159 52
167 56
167 55

-153 61

-128 51

-116 37
132 el

-144 50

-153 51

-144 50

-116 42

-105 28
-97 13

78 12
92 12
100 40
-159 67
58 35

-120 34

-114 31

-114 31
-98 17

X

15

34

9

-14

Y

44
=25

=51

-8

RANGE
213625
213512
213515
213341
213685
214277
213488
213852
213832
413851
214186
214884
215687
215730
215723
214386
213462
214666
214703
214849
214850

215613

0.9



VEHICLE 1 RAUAR
TRACKING

HKS MIN

MIL-71 1 9
BDA-02 0 2
PKS—-96 0 29
CRO-08 0 26
GWM—-24 1 12
CR0O-08 1 12
HSK-25 1 12
PKS-96 1 12
HAW~12 1 12
6DS-28 1 i2
STN-00 1 12
MAR-95 1 12
TEX-16 0 17
CRO-08 1 12
GWM—-24 L 12
PKS-96 1 12
HSK-25 i 12
HAW-12 1 12
CRO-08 1 12
GWM-24 4 22
HAW-12 0 35

HSK-25 1 1z

TABLE

TIME

SEC
42
44
58
34
23
19
21
20
28
28
28
21
35
36
38
35
31
39
35
37
50

33

STATION ACQUISITAON DATA

DAY HRS MIN SEC

7

7

13
13
13
13
15
15
15
15
15
15
15
15
15
17
17
17
17
17
19
19
19

19

5

5

48

51

>

LS S o+

NN

48

50

8

21

14

16

23

24

26

30

30

32

34

40

42

52

53

53

36

39

43

45

RA DEC
166 1
160 1
168 2
los 2
168 1
lo9 e
1638 2
168 2
le8 i
167 1
167 1
167 1
le7 1
169 1
169 1
169 1
169 1
166 0
170 1
169 0
169 0
169 3

Az

81

1086

9

=106

=111

-106

ELY
18
4
30
3
52
19
42
43
61
22
26
22
7
44
75
56
53
38
63
65
11

46

X
-72
-86

58
87
37
70
-38

38

34
-63

-67

=51
11

=22

=37

Y
-8
=3
21

3

-10
11
32
29

-18
~15
-3
20
~13

34

-14

25

-12

=26

RANGE
215473
216302
213616
215222
2139717
215527
214356
214297
213651
215353
215165
215353
216235
214406
213491
213967
214053
214690
213869
213821
216241

214431

DAY HRS
' 1 14
7 13
7 14
7 14
7 1lé
7 16
7 1o
7 16
7 16
7 16
7 16
7 16
7 15
7 18
7 18
7 18
7 18
17 18
17 20
7 20
7 19
7 20

MIN
15
8
18
18
16
16
16
16
le
lé
16
16
22
15
15
15
15
15
14
14
37

14

STATION TERMINATIGN DATA

SEC
31
34

6

1
36
34
45
44
54
58
58
59

9
16
20
27
25
32
10
15
32

18

RA DEC
167 1
166 1
169' 2
169 2
169 (s}
‘170 1
169 1
169 1
168 0
168 0
168 0
168 0
167 1
170 1
170 [+]
170 1
170 1
169 0
171 0
17¢ 0
169 0
170 0

AZ ELV X
-91 3 -87
-91 3 -87

60 35 51

8 9 81
122 671 20

70 35 54

24 51 -37

26 53 19

-116 48 -39
-96 8 34
-99 12 -78
-96 8 -82
-91 3 -87

42 571 24

-142 1713 -10
-24 54 -16
-23 51 -36
-99 22 -68
-18 64 -9

-106 49 -40
-92 3 -87
-58 36 -36

Y
-1
-1
24

6

-12
17
15
33

-17

24
=13
33
-14
-9
25

=11

RANGE
216302
216206
214626
216087

213590

214189

214093
214016
214216
216273
216038
216274
215623
213996
213598
214111
214204
215607
213942
214445
215477

215006

T.-9



VEHICLE 1 RAJUAR
TRACKING

HKS MIN

PKS-96 1 12
GWM-24 1 12
CRO-08 1 12
HSK-25 1 12
MAD-23 0 1le
MAD-23 1 12
CyI-04 L 12
ACN-75 1 12
CRO-08 1 1<
GWM-24 U 26
HSK-25 0 8
CYI-04 0 1o
MAD-23 0 1le
ACN-75 0 1o
CRO-08 0 16
CRO-08 0 22
CYI-04 0 55
MAD-23 0 55
ACN-T75 U 55
BDA-02 Q 0
BDA-02 1 12

CYI-04 112

TABLE

TIiME

SEC
33
26
23
20
10
35
32
33
40
53
28
33
31

28

39
4C
42
o1
46

44

STATION ACQUISITIUN DATA

GAY HRS MIN SEC

19

21

21

21

22

22

22

22

22

22

22

Pt

NN

58

58

58

58

58

57

57

57

57

APR

14

14

14

14

55

55

46
23
26
33

5
24
26
29
51
52
55
13
15
18
43

72

33
21

32

RA
169
170
170
170
17«
172
172
172
171
171
171
173
173
173

172

172
173
173
173
174
174

174

DEC

1

(=]

-

=2

AZ ELV X
-41 49 -30
-101 38 -52
-40 58 -22
-68 27 -36
94 3 54
104 14 44
95 7 83
89 9 81
-70 37 -52
-93 9 -8l
-87 5 -35
111 31 57
128 34 43
85 38 52
-85 11 -79
PC2 TO SBN
-87 8 -82
114 35 53
132 36 43
64 42 48
54 3 87
101 13 77
139 53 27

Y

30

=9

24

-55

85

70

=5

1

16

=3

-84

-18

41

RANGE
214336
214942
214110
2154406
216303
216342
216772
216621
215105
216594
216871
215493
215384
215170
216596

LAZ
216015
214509
214455
214171
217120
216645

214086

-

72.1

DAY HRS
7 20
7 22
1 22
7 22
7 22
8 0
8 0
8 0
8 0
7 23
7 23
8 1
8 1
8 1
8 1
8 1
8 2
8 2
8 2
8 2
8 4
8 4

MIN
14
12
12
12
12
10
10
11
11
25
7
13
13

13

STATION TERMINATIUN DATA

SEC

19

49

5¢

46

46

46

46

41

42

44

30

17

RA DEC
17C 0
171 -1
171' 0
171 0
172 -1
173 -2
173 -2
173 -1
172 -1
171 -1
171 0
1713 -2
173 -2
173 -1
172 -1
172 -1
174 -2
174 =2
174 -1
174 -2
175 -2
174 -2

AZ ELV
-59 38
-96 21
-6l 46
-80 14

96 5
117 26
104 22

87 26
-80 22
-92 3
-88 3
114 35
132 36

84 42
-87 8
-90 3
125 45
147 42

81 55

9% 3
112 21

" lo8 59

X
-48
-69
-40
-35

49
43
68
64

-68

53
43

48

39
43
34
87
62

7

Y
24
=a

19

—24

24

-4
=20

=30

RANGE
214919
215918
214650
216296

216792

2157271

215971
215709
215985
215820
216552
214523
214468
214185

216023

215862
414940
215052
2145406
217153
215917

<14527



VEHICLE 1 KRADAR TABLE

TRACKING

HKS MIN

MAD-23 1L 12
ACN-75 1 12
MIL-71 0 356
TEX-16 1 12
MIL-71 i 12
BDA-02 1 12
CyI-04 1 12
MAD-23 1 12
ACN-75 1 12
GDS-28 0 20
MAR-95 0 4
MAR-395 1 12
GDS-28 1 12
TEX-16 1 12
STN-00 1 12
MIL-T1 1 12
BDA-02 1 12
CYI-04 1 12
MAD—-23 1 12
ACN-75 1 12
HAW-12 1 12

STN-00 1 1z

TIME
SEC CAY
43 8
42 &
38 8
42 8
44 8
41 8
47 8
41 8
41 8
17 8
31 8
35 8
33 8
37 8
32 8
36 8
317 8
40 8
39 8
31 8
42 8
48 8

HRS MIN
2 55
2 55
3 11
4 54
4 54
4 54
4 b4
4 54
4 54
5 46
6 2
6 52
6 52
6 52
& 52
6 52
6 52
6 53
6 53
6 53
8 51
8 51

SEC

34

39

26

10

10

11

20

21

27

34

21

46

48

48

49

56

56

¢ g
15

18

RA
173
174
174
175
175
175
174
174
174
176
176
17
176
176
176
175
175
175
175
175
177

176

DEC

-

-2

=2

=3

-3

=3

=2

-3

-3

Az
162
75
94
98
107
121

-169

=156

96
98
106
106
115
103
131
155
=127

-124

STATION ACQUISITION DATA

ELYV X
46 43
67 23

3 87
10 80
24 65
36 50
59 -6
44 43
81 -7

3 62

6 84
16 173
16 43
35 53
12 718
47 36
52 18
45 -39
30 45
54 -36

6 84
32 52

Y

12

-16
=25
-30

-17

84

-15

68
-21
-13
-27
-34

=25

RANGE
214935
214263
216459
216906
216093
215516
214560
215110
214128
2164117
216991
216667
216663
2156717
216933
215128
214918
215199
215916
2148417
217358

215899

DAY HRS MIN

8

8

8

4

4

4

o

[

i0

10

8

8

8

w unw Wnw

STATION TERMINATION DATA

SEC
17
21
4
52
54

58

14
51
52
22
21
25
22
32
33
48
47
55
57

RA DEC  AZ
174 -3 -172
17% <2 40
175 -2 101
176 -3 108
176 -3 120
‘175 -3 139
175 -3 -140
175 =3 <135
175 -2 -178
176 -3 99
176 -3 99
177 -3 118
177 -3 118
176 -3 131
177 -3 115
176 -3 155
176 -3 -176
175 -3 -113
175 -3 -110
175 -3 -88
178 -4 104
177 -4 143

ELYV
47
82
14
25
38

417

36

65

29
29
47
24
56
54
31
17
36
22

42

X

43

5

75

64

48

32

44

-24

51

83

58

41

35

64

16

48

-54

68

34

Y
-5
o
-11
-16
-23
-31
-28
-34
5
79
-9
-25
50
-217
-23
-31
-36
-20
-63
2
-13

=31

RANGE
214973
214087
216601
216134
215463
215096
214886
215559
214495
217165
217168
216017
216014
215170
216270
214865
214910
215934
2166170
215669
216503

215502

€L79



VEHICLE 1 KRAUAR
TRACKING

HRS MIN

GDS-28 J S 92
MAR-95 L 12
TEX-16 1 12
MIL-71 1 12
BDA-02 1 12
MAD-23 g 32
CYI-04 1 1<
ACN-75 1 12
HAW-12 L 12
STN-00 1 12
MAR-95 1 12
GDS-28 1 12
TEX-16 1 12
BDA-02 1 12
MIL-71 1 12
HSK-25 0 6
GHM-24 L 12
HAW-12 1 12
STN-00 1 12
HSK-25 1 12
GDS-28 L 12
MAR-95 1 12

TAELE

TIME

SeC

46

41

41

50

41

11

50

43

46

49

48

41

43

47

42

29

37

41

21

=

35

STATION ACQUISITICN DATA

DAY HRS MIN SEC

8

8

10

10

10

10

10

10

10

11

12

12

12

12

12

12

51

51

51

51

51

51

51

51

50

50

50

50

50

50

50

56

48

48

48

48

43

48

19
19
23
25
29
31
37

50

11
11
17
21
2t
13
39
45
49

53

56

RA DEC
170 -3
176 -3
176 -3
176 -3
170 -3
175 -3
175 -3
175 -3
177 -4
177 -4
177 -4
177 -4
177 -4
176 -4
176 -4
178 -3
179 -4
178 -4
178 -4
178 -3
177 -4
177 -4

AZ eLV
129 37
129 37
l46 54
170 58

=157 52
-102 9
-106 21
-89 25
110 32
158 47
L65 50
165 50
-l61 5?
=143 35
-136 49
92 3
96 9
136 55
=159 46

84 14
—-151 46
—-151 46

X

40

22

-17
53

-68

56
19
12
39

-12

~=31
31
8l
26
-19
=23

40

Y

39

-26

=29

87

-6

-24

RANGE
2156617
215670
214956
214820
215030
217186
216475
2160268
215994
215339
215208
215205
214940
215837
215252
217390
2173938
215143
215450
217110
215444

215446

DAY

HRS MIN
10 4
10 4
10 4
10 4
10 4

9 23
10 4
10 4
12 2
12 2
12 2
i2 2
12 3
1z '3
12 3
i2 2
14 1
14 1
14 i
14 1
14 1
14 1

STATION TERMINATIUN DATA

SEC

5

(]

11

15

16

42

217

32

52

59

59

59

54

23
31
20
32

31

RA

177

177

177

177

178
178

178

177
177
179
179
179
178
179
178

178

DEC

-4

-4

-4

-4

-4

-4

-4

-5

AZ ELV
149 46
149 46
177 59

=153 54
=134 43
-97 3
-97 6
-92 8
123 417
-176 48
-168 50
=168 50
-136 48
=110 22
=120 36

91 4
102 25
167 63

-138 38

73 28
=131 37
-131 37

X

39

21

2

38

-4

-10

40

Y

—-22

—42

-39

-8

-28

=19

RANGE
215324
215328
214875
215012
215462
216306
217449
217347
215415
215353
215299
215296
215351
216641
215898
217647
216507

214956

> 2158606

216392
215943

215945

0l-9



VEHICLE 1

TRACKING TIME

TEX-16
MIL-T1
BDA-02
GWM-24
CRO-08
HAW-12
PKS-96
HSK-25
STN-00
MAR-95
GDS—-28
TEX-16
GHM—-24
CRO-08
PKS-36
HSK-25
HAW-12
GDS-28
STN-00
MAR-95
GHM-24

CRO-08

RADAR TABLE

1

HKS MIN

12

12

46

12

12

12

12

12

12

12

12

4

12

i2

12

10

12

18

39

3

i

iz

SeC

40

40

18

40

36

43

33

44

3s

43

54

22

51

14

56

42

32

Cay

HRS MIN

12

12

12

14

14

14

14

14

14

14

14

14

16

16

16

16

16

16

16

16

18

18

48
49
49
47
47
47
47
47
47
47
47
47
46
46
46
46
46
46
46
46
44

44

SEC RA DEL

58 177
2 177
4 177

15 179

21 179

24 178

27 179

27 179

26 178

29 178

31 178

33 178
5 180
8 -180

14 180
15 180

15 179
17 179
18 179
18 179

43 —-180

47 -179

-4

-4

-4

-4

-4

-4

-4

-4

AZ ELV
-123 40
-1i11 27
-103 12

106 37

90 9
-168 63

ol 37

64 37
-lz6 32
-121 29
-121 29
-104 17

129 62

771 35

34 57

31 55
-124 46
=101 7
=105 11
=101 7
-1571 170

52 60

STATION ACQUISITIUN DATA

X

~44

-62

=77

52

81

-6

50

=30

-53

=57

42

=73

22

54

20

=31

Y
-25
-19
-13
-13
0
-26
19
46
-30
-26
-49
-14
-17
11
27
17
-23
-77
-15
-11
-18

18

RANGE
215698
216368
217177
215988
217496
214981
215951
215976
216221
216348
210345
217037
215098
216138
215254
215316
215628
217700
217480
217700
215000

215260

DAY HRS MIN SEC

8

14
14
13
15
15
16
16
16
16
16
16
15
17
17
17
17
17
17
17
16
19

19

59

59

52

58

58

58

517

59

25

50

57

57

38

42

22

55

517

14

13

15

49

41

517

14

31

14

25

19

RA
178

178

178

-180
—-180
‘178
180
180
179
175
17s
178
—-180
-179
-18C
-180
180
175
179
179
=179

-179

DEC

AZ
=111

=102

-137
50
47

-113

-108

-108

168

65

=101
=126

18

ELV

26

25
55
50
49
19
16

16

71
50
62
59

32

58

69

STATION TERMINATION DATA

65

-26

33

=31

—69

=13

48

Y

—-l6

-25

24

49

=21

-18

-66

RANGE
216481
217298
216642
215384

216653

215307

2154172
215522
216970
217159
217159
217514
214963
215554
215192
215183
216403
217030
<16700
217556
215370

215082

g



VEHICLE 1 RAVAR
TRACKING

HRS MIN

HAW—-12 i 12
PKS-G6 1 12
HSK-25 1 12
GWM-24 1 12
CRO-08 1 12
PKS-96 L 1V
HSK-25 1 12
GWM—-24 1 12
CRO-08 1 12
HSK-25 L 12
MAD-23 0 5o
ACN-75 0 44
CYI-04 0 18
ACN-75 0 10
MAD-23 ) -]
Cyi-04 0 -]
CR0O-08 0 8
Cyi-04 i 5
MAD-23 1 3
ACN-75 i 6
CRO-08 i 6
MAD-23 1 14

TABLE
TIME

SeC

33
32
41
38
40
42
4l
37
35

52

42
47
59
58

19

517

47

STATION ACQUISITIUN DATA

DAY HRS MIN SEC

8

8

18

18

18

20

2¢C

20

20

22

22

22

22

23

23

44

44

44

43

43

43

43

42

42

42

57

10

38

40

40

40

APR

49

49

49

49

40

55
56
57
28
28
34
34
17
18
24
27
18
34
24
13
14
53
12
14
14
14
14

55

RA
180
-180
-180
-179
=179
-179
-179
-179
-178
=179
-1717
-177
-176
=176
=170
-176

-178

=176
=170
=170
=178

=176

DEL

=9

-4

-4

-6

AZ ELV X
-106 22 -68
-23 60 -13
-23 57 -31
-115 49 -39
-16 69 -o
-62 43 —44
61 41 -29
-102 21 -68
—-oo 51 -36
-83 19 -20
01 3 75
9% 3 87
99 3 87
93 24 66
119 21 52
107 17 72
-84 26 —64
SBN T TEI
9 19 70
1€l 22 52
93 27 63
-85 24 —-66
147 37 49

Y

15
=70

78

55

=17

-18

53

26

RANGE
216934
215249
215331
215725
215092
215954
216032
217115
215693
217248
217450
217025
217348
217158
2172474
217484
216951

LAZ
216934
216747
216484
216637

216502

Tce1l

DAY

HRS

19

19

19

Z1

21

Zl

21

23

23
23
23

23

MIN
517
57

57

56
54

56

54
54
54
54
54
49
49
49

49

55
55
55
55

b5

STATION TERMINATION DATA

StC
32
29

29

14
16
51
55
59
15
22
16
12
12
12

12

11
13
16
49

42

RA DEC
-179 -6
-179 -5
-179 -5
-178 -6
-178 -6
-178 -5
-178 -5
-178 -1
-178 -6
-178 -6
-176 -1
-176 -6
-176 -7
-176 -6
-176 -7
-176 -7
-178 -6
-175 -7
-176 -7
-175 -7
-177 -6
-175 -8

AZ ELV
-99 6
-50 51
-49 49

-106 32
=53 6l
-76 30
-75 28
-98 5
-78 37
-93 5
1L 13

95 13
161 1

93 27
121 22
109 19
-85 24
119 31
135 31

92 43
-92 10
L70 41

X

-84

=32

=30

33

58

77

83

63

52

70

55

50

47

-80

48

Y
-9
24

-29
-14
17
12
-58
-8
9
-84
66
-4

=11

-L%

37

—&

RANGE
217947
215620
215702
216539
215399
216571
216755
218191
216432
218163
217696
217657
218028
216486
216750
216936

216638

216795
216801
216260
218006

216403

9L-9



VEHICLE 1 RAUAR
TRACKING

HRS MIN

CYI-04 1 14
ACN-75 1 i4
BDA-02 0 54
MIL-T71 L 14
BDA-02 1 14
MAD-23 1 14
CYI-04 1 14
ACN-T5 1L 14
TEX-16 0 42
TEX-16 9 33
MIL-T71 8 25
BDA-02 1 18
MAD-23 3 9
CYI-04 4 1
ACN-75 4 24
GDS-28 10 34
MAR-95 10 4
STN-00 10 30
HAW-12 10 58
HSK-25 1 [~
GWM-24 11 10

PKS-S6 7 46

TABLE

TIME

SEC
45
43
16
45

417

517
55

21

21

s
=

29
1%
10

IR}

14

i1
53
38

217

STATION ACQUISITIUN DATA

CAY HRS MIN SEC

9

9

2

2

12

12

14

40

41

1

41

41

41

41

41

13

APR

31

31

31

31

31

31

40

54

18

i1

54

24

55
0

14

15
15
22
32

12

11

13

14

18

19

24

57

58

55

50

53

21

RA DeC
=176 -7
—170 -7
-175 -7
-174 -8
-175 -8
-175 -8
-175 -8
-175 -7
-174 -8
-174 -8
-174 -8
-174 -8
-175 -8
-175 -8
-175 -1
-174 -8
-174 -8
-174 -8
-174 -8
-174 -7
=174 -8
=174 =i

AZ ELV X
1¢8 40 43
90 54 36
101 3 87
105 11 79
115 22 65
-175 42 48
167 54 9
82 84 6
ioe 3 87
Tel TO ENT
140 19 70
122 32 54
139 40 38
-142 34 50
-149 50 -23
-90 69 -21
12 3 76
104 & 84
102 3 87
100 3 87
97 3 65
99 3 87
79 30 60

Y

-10

-19

~26

=35

78

-14

-12

83

=9

10

RANGE
216356
215176
217414
218002
217328
216350
215866
215233
217197

LAZ
2179517
217260
216865
217170
2164172
215880
218573
217794
217651
212685
2060839
205389

200861

1.1

STATION TERMINATIUN DATA

DAY HRS MIN SEC

9

9

O 0w v

10

i0

3

3
3

16
14

13

10
i0
17
16

17

22

55

55

55

55

55

56

56

56

55

57

49

40

38

55

14

59

17

18

10

4C
43
3¢

53

13
12
17

53

33

42
32
29
42
L6
i1

60

48
34

48

RA DEC
-175 -8
-175 -7
-174' -8
-174 -8
-174 -8
-174¢ -8
-174 -8
-174 -8
-173 -8
-175 -8
=175 8
-175 -8
-175 -8
X795 —8
-176 -7
-175 -9
-175 -9
e -]
-175 -9
-175 -8
-175 -9
-175 -8

AZ ELV
149 50
89 72
108 13
116 25
130 35
-152 317
-163 53
-89 18
106 12
~10L 3
-100 3
-102 3
-103 3
-101 3
-97 3
-103 3
-105 6
-103 3
-101 3
-98 3
-100 3
-79 30

23
18
76
63
48
49
-13
-12

78

Y

—34

=15

=11

=11

-76

=11

=71

-15

=13

-11

-82

=10

RANGE
216040
215414
21786§
2172179
216780
216671
216023
215407

218047

199010
201297
203543
211943
209968
209391
196669
197001
196000
190397
181860
182334

184885

LL-9



VEHICLE 1 RAUAR
TRACKING

HKS MIN

CRO-08 11 o35
MAD-23 iv 12
ACN-75 11 37
CYyI-04 10 42
8DA-02 1o 30
MIL-T1 10 38
TEX-16 10 39
GDS-28 10 19
MAR-95 9 44
STN-00 1o 12
HAW-12 10 48
HSK-25 12 2>
GWM-24 il 3
PKS-96 8 2
CRO-08 12 8
ACN-75 11 42
MAD-23 9 32
CYI-04 10 17
BDA-02 S 5S4
MIL-71 10 >
TEX-16 10 ]
GDS-28 9 «38

TABLE

TIME

w

36

46

10

14

18

42

10

26

19

20

31

21

42

33
38

36

STATION ACQUISITION DATA

CAY HRS MIN SEC

9

9

10

10

10

10

10

10

10

10

10

10

10

10

10

11

11

11

11

11

14
23
23

23

12
13
14
14
23

23

38
18
18
49

11

18

40

i0

24

19
35
23

39

33
32
39

14

47

13

34

41

22

44

13

49

55

46

44

58

22

RA
=174
=173
-173
=173
=173
=173
=173
=175
-173
-173
-172
=172
=172
=172
=172
=171
=171
=171
-170
-170
-170

=169

DEC

-7

-9

=10

-10

-1i0

-10

=10

-12

~14

AL ELYV

97
105

98
102
103
103
103
105
107
105
102
100
102

82
100
102
111
107
109

109

3

w w W o W W o.w W w W [*Y]

w -

30

wow W W W W W

87
79
87
87
87
87
87
78
84
87
87
73
87
60
87
87
82
87
87
87
87

82

Y
-1
5
-8
=12
=13
-13
-13
5
=17
=15
=12
80
=12
7
-10
-12
69
-17
-19
-19
=19

68

RANGE
201936
184030
184005
182922
175545
173296
170799
167458
166673
loo521
161284
154729
152519
147657
148508
124689
123878
122649
112146
109012
105401

1v0133

DAY HRS
10 2
10 9
10 10
10 10
o 13
10 14
10 15
10 17
10 16
10 17
10 20
11 0
11 0
10 22
11 2
11 11
11 9
11 10
i1 13
11 14
11 15
11 16

MIN

33

30

56

31

4l

50

57

5

49

23

12

32

3

22

44

5

12

22

27

38

45

42

STATION TERMINATIGN DATA

SEC
34
9
28
54
57
28
52
12

50

13
16

39

15
43

7
43
18
17
35

517

RA
-175
=175
=175
-175
-174
-174
-174
=174
=174
-174
=174
-173
=174
-174
-173
-172
=172
-172
-171
=17k
=171

-170

DEC
-9

-11

-10

-11
-11
=11
=12
-12
=12
-12
=12

-12

AZ ELV

-98 3
-107 3
-100 3
-104 3
-105 3
-105 3
-105 3
-107 3
-109 6
-108 3
-105 3
-102 3
-104 3
-84 30
-103 3
-106 3
-115 3
-111 3
-115 3
-115 3
-115 3
-120 3

X

-87

80

Y
-8
<73
-10
-14
-15
-15
-15
~73

-19

=15
-7

-14

e
—-64%
=21

=25

=25

=60

RANGE
176959
161044
157589
158576
150779
147888
145000
142069
142563
141283
133674
121315
1221716
126082
114678

86572

93413

89198

77528

12748

68037

63863

8L-9



VEHICLE

MAR-95
STN-00
HAW-12
HSK-25
GHM-24
PKS-96

CRO-08

1 RAUAR
TRACKING
HRS MIN
8 24

9 16

10 12
14 14
10 30
11 >l
L 29

TABLE

TIME

SEC
56
24

33

37

22

DAY

11

11

11

11

11

11

11

STATION ACQUISITICN DATA

HRS MIN SEC

7

1

9

12

13

L4

14

31

40

48

3

26

20

41

21

55

26

53

14

39

33

RA
-169
-169
—168
=160
-167
-167

-l60

DEC

-16

=lo

o ¥ 4

AL ELV
115 6
1i3 3
109 3
107 3
110 3

92 30
108 3

X

83

87

87

80

87

60

87

=23
=19
13

=20

-18

RANGE
99045
98682
91262
82934
71601
12436

12529

DAY HRS
11 16
11 16
1L 20
12 2
11 23
12 2
12 2

MIN

26

517

0

112

56

10

STATION TERMINATION DATA

SEC  RA
16 -170
20 -170
58 —169
59 40
51 -166

1 42
58 29

DEC Al ELYV

=22 =122
=22 -121
=26 -120

=7 97
-38 -131
=74 162
=50 145

6

30

29

85

RANGE
64912
62792
48052

1629

24280

1924

3278

6L-9



VEHICLE

MAD=23
GLs=28
MAR=95
STN=00
MiL=71
BUA=02
CY1=04
ACN=75

TEXx=je

TABLE 6-I.- MISSION RADAR TIMELINE - Continued

(h) LM acquisition and termination during descent - 3° minimum elevation

1 RADAR TABLE

TRACKING TIME STATION ACQUISITION DATA STATION TERMINATION DATA
HRS MIN SEC DAY HRS MIN SEC RA DEC  AZ ELV X Y RANGE DAY HRS MIN SEC RA DEC  AZ ELV
16 APR 72 LM TRACKING FROM PDJ TO LANDING LAZ 720}
0 12 2 4 2 34 41 126 18 =128 59 20 =24 204342 4 2 46 42 127 18 =124 57
o 12 2 4 2 34 41 128 18 74 '12 =50 72 206572 4 2 46 42 128 18 77 14
o 12 2 4 2 34 41 128 B 74 12 78 14 206572 4 2 46 42 128 18 77 14
0 12 2 4 2 34 4} 128 8 73 8 81 17 206784 B 2 46 42 128 18 75 10
v o1z 2 4 2 34 41 128 18 99 42 48 0 204998 4 2 46 42 128 18 9] 44
o 12 2 4 2 34 41 127 18 05 55 34 =8 204467 4 2 46 42 128 18 107 57
o 12 2 4 2 34 41 127 19 =122 74 =13 =8 203983 4 2 46 42 127 18 =117 72
v o122 4 2 34 41 127 19 =29 -59 =16 27 204337 4 2 46 42 127 19 =33 58
0 1l2 2 4 2 34 4) 128 18 82 27 63 7 205727 ? 2 46 42 128 ;8 83 29

20
=41
76
79
46
32
=16
=19

61

-27
71
12
1s

=1

RANGE

204260
206310
206310
206525
204754
204257
203883
204242

205464

08-9



VEHICLE

MAD=23

X=Y USHp=

MiL=71

XeY USB-

BDA=02

X=Y USB=

Cyi=04

K=Y USB=

ACN=75

R=Y ySBe-

TEX=]6

R=Y USB=-

1 RADAR
TRACKING
HRS MIN
u 7

85
v} 7

30
8] 7

30
8} 7

30
8] 7

30
0 7

30

TABLE

TIME

SEC

14

14

14

14

14

TABLE 6-I.- MISSION RADAR TIMELINE - Continued

(i) LM acquisition and termination during ascent - 3° minimum elevation

DAy HRS MIN SEC

16
7 3
7 3
7 3
7 3
7 3
7 3

STATIUN ACWUISITION DATA

AFR 72

45
45
45
45
45

45

RA DEC

LM ASCENT TRACKING

163

164

163

163

163

164

3

Az ELV

=164

98

90

51

21"

34

65

78

A

37

69

55

83

|

=10

-8

=17

=25

12

KaANGE

LAL 7201

211697

213336

21¢672

211469

211232

214187

DAy hKRS MIN SEC

7 3 5«
7 3 be
7 3 5¢
7 3 52
7 3 52
7 3 52

STAVION TERMINATION VATA

&3

43

23

23

23

&3

RA UEC
163 3
164 3
164 3
163 3
163 4
164 3

AL ELY
=16} 51
99 <3
112 35
=180 65
-6 78
?1 8

A

37

67

53

=1

82

Y

=12

=%

=25

12

i |

RANGE

21}851

213194

212546

211407

21)169

214038

89



VEHICLE 2

TRACKNG TIME

RADAR TABLE

HRS MIN SEC

MAD»23
A=Y USB=85

MiL=71
X=Y USB=30

8PaA-02
X=Y USB=30

CYl=04
X=Y USB=30

ACN=75
X=Y USB=30Q

TEx=16
X=Y USB=-30

MAD=23
X=Y USB=-85

MiL=71
X=Y USB-30

80A-02
X=Y USB=30

cYi=04
X=Y USB=30

G

i0

io

10

i0

10

io

17

1]

60

60

60

60

(j) LM acquisition and termination during rendezvous - 3° minimum elevation

COAST TO RENPEZVOUS RADAR TRACKING PRIOR TO TP}

TABLE 6-I.- MISSION RADAR TIMELINE - Concluded

HRS MIN SEC

17} 52
171 52
171 s2
17} 52
171 82
171 52
RENPEZYOUS
172 2
172 2
172 2
172 2

23

23

23

23

23

23

RA DEC
163 3
164 3
164 3
163 3
163 4
164 3

AZ ELY
=}6} SI
?9 2;
112 3%
180 65
=7 78
°1 e

STATION ACQUISITION DATA

X

a7

67

53

=1

82

Y

=-l2

-9

=18

-25

12

=1

RADAR TRACKING PRIOR TO TPI

23

23

23

23

163

164

164

163

3

3

=158

101

113

174

50

25

a7

65

38
65
5}

-3

-1 4

=i0

=19

2%

RANGE

211949

213290

212642

211505

21268

214134

212140

213347

21272}

211674

HRS MIN SEC

172

172

172

172

172

172

i72

172

172

172

2

20

20

20

20

23

23

23

23

23

23

23

23

23

23

STAT|ON TERMINATION DATA

RA DEC AZ ELV
}63 3 =158 50
164 3 J01 25
164 3 113 a7
163 3 <174 65
163 4 =8 78
164 3 §2 40
163 3 =152 49
164 3 103 28
164 3 117 40
163 3 =)64 64

X

38

65

51

-3

-4

[]:]

38

6]

47

=7

L

=14

=l0

=19

=25

12

-18

=i}

=20

=25

RANGE

212140

213347

21272}

211674

211437

214180

2130}6

213972

213390

212513

c8-9



VEHICLE 2 KADAR
TRACKING
HRS M[N
ACN=75 0 17
X=Y USB=30
TEX=16 0 17
X=Y USBe30
TEXx=]6 0 4
XeY USB=30
MiL=71 0 4
X=Y USB=30
80a=02 1] 4
X=Y USBe30
CYI=04 *] 4
X=Y USB=30
MAD=23 o] 4
X=Y USB=85
ACN=75 [v] 4
XeY USB=30
GPs=28 [s} 6
X=Y USBe8S
STN=QO 0 6

A=E USBI150

TABLE
TIME
SEC

60

60

13

19

30

32

35

i

STATION ACWUISITION DATA

HRS MIN SEC
172 2 23
172 2 23

COAST 70 TP}

172 20 23

172 20 23

172 20 23

172 20 23

172 20 23

172 20 23

ULLAGE FOR TP]

TPl

RA DEC AZ
163 4 =)@
le4 3 92
164 3 94
164 - 3 103
164 3 317
163 3 =)64
163 3 =152
163 4 =35

CQAST TO ST BRAKJNG GATE

173 31 14

173 11 14

164

164

3 92

3 89

ELY

78

10

4

28

40

64

49

76

-4

8o

76

6]

47

38

87

Y

12

-2

.y

=11

=20

=25

82

RANGE

211437

214180

214780

213972

213390

212513

2130} 6

2)228])

215514

215771

HRS

172

172

172

172

172

172

172

172

173

173

MIN

20

20

24

24

24

24

24

24

17

17

STATJON TERMINATION DATA

SEC

23

23

35

36

42

83

55

58

25

25

RA DEC
163 4
164 3
164 3
164 3
164 3
163 3
163 3
163 4
164 3
je4 3

AZ ELV
*35 76
94 14
94 S
104 29
118 4y
=162 64
=150 48
=39 75
93 9
90 5

X

76

75

60

46

=9

38

-9

18

85

Y

3]

-4

-y

=12

=21

=25

19

1R}

8]

RANGE

2l228]

214780

214949

214149

2)3582

212756

213270

212532

215140

215398

£8-9



VEHICLE 2

TRACKING TIME

RADAR TABLE

HRS MIN SEC
TEXe]6 o] 6 8
X=Y USB~30
MiL=71 "] 6 S
X=Y USB=30
BRa»02 0 é 2
XeY USB=30
CYjeDd [*] 5 53
XeY USB=30
MAD=23 0 5 5]
X=Y USB=85
ACN=75 0 5 46
XeY USB=30
MAD®»23 0 2 7
X=Y USB=85
GDs=28 0 2 17
XeY USB~-85
MiL=71 0 2 a7
XeY USB=30
8Pa=02 [t} 2 17

X=Y USB=»30

STATION ACQUISITION DATA

HRS MIN SEC

173

173

173

173

173

173

COAST

173

173

173

173

1
1
1
1
1"
1

T0

17
17
17

17

18

20

23

32

34

40

2N
25

25

25

25

RA DEC AZ EbLY
164 3 100 25
164 3 iy 39
164 3 130 49
163 3 =139 Sf
163 3 =135 43
163 4 w62 66

BRAKING GATE

163 3 =133
164 3 93
164 3 113

164 3 132

42

40

50

X

65

49

33

=2]

37

el)

37

18

Qf

32

Y

=9

=16

=25

=23

3]

R}

=33

8

=29

RANGE

214514

213804

213370

213030

213621

212830

213371

215140

21345}

213040

STATION TERMINATION DATA

HRS MIN SEC

173

173

173

173

173

173

173

173

173

173

17
17
17
17

17

19
19
19

19

2%

25

25

25

25

25

42

42

42

42

RA DEC  AZ ELV
164 3 j01 26
164 3 113 40
164 3 132 s0
163 3 =137 58
163 3 =133 42
163 4 =64 65
163 3 =133 42
164 3 93 9
164 3 113 41
164 3 133 8]

X

63
47
32

~23
37

®23

37
19
47

31

Y

-10
-7
-25
=23

=33

80
-17

25

RANGE

214145
21345}

2123040

212770

21337])

212579

213272

215000

21337

21293

118-9



VEHICLE 2

TRACKING TIME

RADAR TABLE

HRS M]N SEC

CYI=04
X=Y USB=30

ACN=75
Xe=Y USB-30

TEx=16
X=Y USB=30

STN=00
AwE USB150

MAD=23
X=Y USB=85

G0s=28
x=Y USB=@$%

MiL=71
X=Y USB=30

BRA=02
XeY USB=30

CYi=04
XeY USB=30

AGN=T75
X=Y USB=230

0

2

17

V7

17

V7

15

15

HRS

173

173

§73

173

17

173

173

173

173

173

173

MIN SEC
17 25
17 25
17 25
17 25

BRAKING
19 42
19 42
19 42
19 42
19 42
19 42

RA DEC  AZ ELV
163 3 =137 s8
163 4 <64 65
164 3 101 26
164 3 90 ?

MANEUVER @

163 3 =133 42
164 3 93 9
164 3 313 4
164 3 133 51
163 3 -}36 58
163 4 =64 64

STATION ACQUISITION OATA

=23

63

85

37

19

47

31

-24

Y

23

=10

33

80

=i

1B

RANGE

212770

212579

214145

215398

213272

215000

2133147

212913

212667

212478

HRS MIN SEC

173

173

173

173

173

173

173

19
19
19

19

19
19
19
19
19

19

42

42

42

42

58

S8

58

58

58

58

RA DEC
163 3
163 4
164 3
164 3
163 3
164 3
164 3
164 3
163 3
163 &

Az

-136
=64
102

90

-133

93

133
=136

b4

ELV

64

27

42

41

5]

S8

64

STATION TERMINATION DATA

X

24

-24

63

37

19

47

31

-24

-24

L

i

=10

*33

80
=17
~25
=23

13

RANGE

212667
212478

214005

215258

213261

214904

213302

212899

212655

212467

58-9



VEHICLE 2 RADAR
TRACKING
HRS MIN
TEXx=16 4] 0
X=Y USB=30
STN=00 9 0
A=E yYSBISQ
MAD=23 0 s}
X=Y USB=85
GDs=28 0 1]
X=Y USB=~85
MiL=71 0 2]
X=Y USB=30
BRA=02 0 [+]
X=Y USB=30
CYI=04 0 0
X=Y USB=30
ACN=75 . 0 0
X=Y USB=30
TEXx=16 s} 0
X=Y USB=30
STN=00 0 1]
AwE USBISO

TABLE
TIME

SEC

15

57

57

57

57

57

57

57

57

STATION ACQUISITION DATA

HRS MIN SEC

173

173

COAST

173

173

173

173

173

173

173

173

19

19

T0

19

19

[

Y 4

19

19

19

19

42

42

3RO

58

58

58

59

58

58

58

58

RA DEC AZ ELV
164 3 10z a7
164 3 %0 5

BRAKING GATE

163 3 =133

164 3 93

164 3 113
164 3 133
163 3 =136
163 4 =64
164 3 o2

164 3 90

42

4)
51
58
64

27

X

63

85

37

47

3

24

63

85

Y

=10

233

80

=17

=25

=23

H

=10

RANGE

214005

215258

213261

2149984

213302

212899

212655

212467

213989

215243

HRS

173

173

173

173

173

173

173

173

173

MIN

184

19

20
20
20
20
20
20
20

20

STATJON TERMINATION DATA

SEC

58

58

55

25

55

S5

55

55

5%

S5

RA

164

164

163

164

164

164

163

163

164

164

DEC

3

AZ ELV
102 27
90 5
=132 42
93 10
113 41
133 51
-136 57
65 64
102 27
% 5

X

63

8s

37

19

46

3

-24

=24

62

85

Y

=10

=34

}7

26

i

=l0

RANGE

213989

215243

2132)9

214926

213247

2)2846

212613

22425

2)3%32

215184

98-9



2ND BRAKING MANEUVER e

VEHICLE 2 RADAR TABLE

TRACKING TIME STATION AGQUISITION DATA . STATJON TERMINATION DATA
HRS MIN SEC MRS MIN SEC RA DEC AZ ELV X Y RANGE HRS MINn SEC RA DEC AZ ELV X Y RANGE
MAD=23 %] 1] 9 173 26 55 )63 3 =}32 42 37 34 213219 173 23 4 163, 3 =132 H2 37 =34 213213
X=Y USB=85
GOs=28 0 0 9 173 20 5% 164 3 93 10 19 80 214926 173 2} 4 J64 3 93 10 19 80 21497
X=Y USB~-85
MiL=71 0 0 9 173 20 55 &4 3 113 41 46 =17 213247 173 21 4 164 3 113 41 46 =17 213238
X=Y USB=30 # .
8Da=02 0 0 9 173 20 55 &4 3 133 51 3) =26 212846 173 23 4 164 3 133 5} 3) ~26. 212838
X=Y USB=230 !
CYI=0Q4 0 0 9 173 20 5% 163 3 =136 57 =224 «23 2}26}3 173 2} 4 163 3 =136 57 =24 =23 212606
X=Y USB~30
ACN=T75 o] 4] ? 173 20 5% 163 4 =65 64 =24 1] 212425 173 2} 4 }63 4 =65 64 =24 ) 2}12418
XeY USB=30
TEXx=16 o o] 9 173 20 55 64 3 102 27 62 =l0 213932 173 2} 4 )64 3 j02 27 62 =)0 213923
X=Y USB=30
STN=00 *] 0 9 173 20 55 164 3 f0 5 85 0 215184 173 2} 4 j64 3 91 5 85 =] 2)5176
A=E USBI1S0

COAST TO 4TH BRAKING GATE

MAD=23 0 1 30 173 2} 4 163 3 »)32 42 37 =34 213213 173 22 33 163 3 =332 4} 37 =34 213150

X=Y USB~85
GPs=28 *] 1 30 173 21 4 jed 3 $3 10 19 80 214917 173 22 33 |64 3 94 10 20 79 24826

X=Y USB~85

11879



VEHICLE 2

TRACKING TIME

RADAR TABLE

MRS M]n SEC

MiL=71
X=Y USB-30

BPa=0Q2
X=Y USB=30

CY1=04
X=Y USB=30

ACN=75
X=Y USB=30

TEX=} 6
XeY USB=30

STn=00
A=E USBI150

MAD=~23
X=Y USB=~8%

GDSe28
X=Y USBeg5b

MiL=71
XeY USB=30

8Da=02
X=Y USB=30

0

1

30

30

30

30

30

g

HRS MIN SEC

173 23
173 21
173 21
173 21
173 21
173 2i

3RD BRAKJNG MANEUVER

173 22
173 22
173 22
173 22

L}

33

33

33

33

RA DEC
164 3
164 3
163 3
163 L}
164 3
164 3

163

164

164

164

64 =

AZ ELV
113 4
133 51

=136 87
=65
102 27
91 S
=132 4}

%4 10
119 43
133 5}

STATION ACQUISITION DATA

X

46

3

=24

62

85

a7

20

46

30

Y

=17

=26

=23

il

=10

-l

*34

79

-18

-26

RANGE

213238

212838

212606

212418

213923

215176

213150

214826

213152

212757

HRS MIN SEC

173

173

173

173

173

173

173

173

173

173

22
22
22
22
22

22

22
22
22

22

33

33

33

33

33

33

38

38

Js

38

RA DEC
164 3
164 ' 3
163 3
163 3
164 3
164 3
163 3
164 3
je4 3
164 3

AZ ELQ

118 4
133 51
-135 57
-65 64
102 27
91 e
=132 %)
9% 10
He 4
Sl

133

STATION TERMINATION DATA

X

46
30
-24
-24
62

84

37
20
46

30

Y

=18

-23

i

=i

=1

79

-)8

=26

RANGE

213152
212757

2]1254])

21 235%

213833

215086

213147
214822
2)3148

212753

88-9



VEHICLE 2

TRACKING T[ME

RADAR TABLE

HRS M[N SEC

CYi=04
X=Y USB=30

ACN=75
X=Y USB=30

TEX=16
Xx=Y USB=30

STN=00
A=E USBI1S50

MAD=23
X=Y USB-85

GDs=28
X=Y USB=85

MIL=71
X=Y USB=30

80A=02
X=Y USB=30

CYi=-04
X=Y USB=30

ACN=75
X=Y USB=30

0

0

4

15

15

15

15

15

15

RA DEC AZ ELY
163 3 =35 57
163 3 =65 64
164 3 j0z2 27
164 3 91

5TH BRAKJNG GATE

HRS MIN SEC
173 22 33
173 22 33
173 22 33
173 22 33
COAST 70
173 22 38
173 22 38
173 22 38
173 22 38
173 22 38
173 22 38

163

164

164

164

163

163

3 =132
3 94
3 14
3 133
3 =135
3 @65

4
10
4
5
57

64

STATION AGQUISITION DATA

X

=24

e24

62

84

37

20

46

30

Y

=23

i

=il

=i

=34

79

-18

=26

°23

RANGE

21254]

212354

213833

215086

213147

2]14822

213148

212753

212538

21235]

STATION TERMINATION DATA

HRS MIN SEC

173

173

173

173

173

173

173

173

173

173

22

22

22

22

23

23

23

23

23

23

38

39

as

38

83

53

53

53

53

53

RA DEC
163 3
IGJ' 3
164 3
164 3
163 3
164 3
164 3
164 3
163 3
163 3

AZ ELV
-135 57
65 64
102 28
9 e
=132 4}
94 |0
118 42
134 5]
-135 s7
-65 63

X

=24

=294

62

84

a7

20

46

30

25

=25

Y

i

=4l

=l

79

~23

11

RANGE

212538
21235}

213829

21508}

213094

214747

213077

2}2686

212484

212297

68-9



VEHICLE 2

TRACKING TIME

RADAR TABLE

MRS MIN SEC

TEx=}|6
X=Y USB-30

STN=00
A=E USBIS0

MAD=23
X=Y USB-85

GPS=28
X=Y USB=85

MiL=71
X=Y USB=30

8Pa=02
X=Y USB=30

CYi=04
X=Y USB=30

ACN=75
X=Y USB=»30

TEXx=16
X=Y USB=30

$Tn=00
A=E USB1S0

1]

)

15

15

HRS M]N SEC

173

173

4TH BRAKING MANEUVER

173

173

173

173

173

173

173

22

22

23

23

23

23

33

23

23

23

38

38

53

53

53

53

53

53

53

53

RA DEC AZ
164 3 02
164 3 91

163

164

164

164

163

163

164

164

3 =132
3 94
3114
3 134
3 =135
3 w65
3 j02
3 91

ELY
28

41

10

42
5
57
63

28

STATION ACQUISITION DPATA

X

62

84

a7

20

L)

30

=29

62

84

X

=11

=

=34

79

18

-ll

=1

RANGE

213829

215081

213094

214747

213077

212686

212484

212297

213755

215007

HRS

173

173

173

173

173

173

173

173

173

MIN

23

23

23
23
23
23
23
23
23

23

SEC

53

53

57

57

57

57

57

57

57

87

RA DEC
164 3
164 ' 3
}63 3
164 3
164 3
164 3
163 3
163 3
164 3
164 3

AZ ELV
102 28
91 6
=132 4}
%4 |0
114 42
134 5y
=}35 §7
~65 63
102 28
9 6

STATION TERMINATION DATA

X

62

84

37

20

46

30

=25

=25

62

84

Y

=11

=}

=34

79

-]8

=26

=23

b 1

=l

RANGE

2)3755

215007

21309}

21H743

213073

212682

21248)

212294

213751

215003
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VEHICLE 2 RADAR
TRACKING
HRS MIN
MAD=23 [v] 4
X=Y USB~85
GDs=28 0 4
X=Y USB=85
MiL=71 0 4
X=Y USB~30
B0a=02 o] 4
X=Y USB=30
CYi=-04 0 4
XeY USB=30
ACNe75 0 4
X=Y USB~30
TEx=16 0 4
XeY USB=30
STN=00 0 4
A=E USB150

TABLE
TIME
SEC

2]

21

2]

2l

21

21

2l

2l

COAST 70O DQCKING

STATION ACQUISITION DPATA

HRS MIN SEC

173

173

173

173

173

173

173

173

23

23

23

23

23

23

23

23

57

57

57

57

57

57

57

57

RA DEC  AZ ELV
163 3 =132 4)
164 3 94 1o
164 3 Jl4 2
164 3 334 51
163 3 =135 57
163 3 65 63
164 3 02z 28
164 3 9 s

37

20

46

30

«25

=25

62

84

Y

=34

79

-]8

=26

23

i

=1}

=i

RANGE

21309}

214743

213073

212682

21248)

212294

213781

215003

STATION TERMINATION DATA.

HRS MIN SEC

173

173

173

173

173

173

173

173

28

28

28

28

28

28

28

28

18

18

I8

18

18

I8

18

is

RA DEC
163 ,‘3
je4 3
164 3
164 3
163 3
163 3
164 3
164 3

A2 ELY
=130 4|
94 1}
115 42
135 52
—;33 56
67 62
103 29
92 7

X

37

22

45

29

26

=26

6]

83

Y

78

-18

=22

i

i

=2

RANGE

212922

214497

212839

212462

212306

212122

213506

214757

16-9



TABLE 6-IL.- MISSION SHADOW TIMELINE

(a) CSM
16 APR 72 ECI TO TLI LAZ 72.1
VEH IN SUNLIGHT AT PHASE INITIATION
TIME SPENT IN REGION
DAYS HRS MINS SECS  DAYS HRS MINS SECS
VEH ENTERING EARTH PENUMBRA 0 0 27 i3.2
0 0 o0 T.7
VEH ENTERING EARTH UMBRA 6 0 27 20.9°
0 0 37 15.5
VEH ENTERING EARTH PENUMBRA - Q 1 4 36.4
0 o 0 8.7
VEH ENTERING SUNLIGHT 0 1 4 45.1
0 0 50 14.3
VEH ENTERING EARTH PENUMBRA 0 1 54 59.4
0 0 0 8.3
VEH ENTERING EARTH UMBRA 0 1 55 7.7
0 0 37 l4.l
VEH ENTERING EARTH PENUMBRA 0 2 32 2.8
0 o0 o0 7.3
VEH ENTERING SUNLIGHT 0 232 29.1

26-9



LIGHTING CONDITION FOR VEH 1
16 APR 72 TLI TO LOI LAZ 72.1
VEH IN SUNLIGHT AT PHASE INITIATIGN

TIME SPENT IN REGION

DAYS HRS MINS SECS DAYS HRS MINS SECS

VEH ENTERING LUNAR PENUMBRA 3 0 22 1.9

0 0 3 7.5
VEH ENTERING LUNAR UMBRA 3 0 25 9.4

0 1 38 39.8
VEH ENTERING LUNAR PENUMBRA 3 2 3 49.3

0 0 1 4.9
VEH ENTERING SUNLIGHT 3 2 4 54.1

€6-9



16 APR 72 LCI TG DOI LAZ 72.1
VEH IN SUNLIGHT AT PHASE INITIATION

TIME SPENT IN REGION
DAYS HRS MINS SECS DAYS HRS MINS SECS

VEH ENTERING LUNAR PENUMBRA B 3 43 51.7
(¢] 0 (0] 11.3

VEH ENTERING LUNAR UMBRA 3 3 44 3.0
0 0 44 22.2

VEH ENTERING LUNAR PENUMBRA 3 4 28 25.2
0 0 0 10.5

VEH ENTERING SUNLIGHT 3 4 28 35.7
0 1 23 55.6

VEH ENTERING LUNAR PENUMBRA 3 5 52 31.3
0 0 0 11.3

VEH ENTERING LUNAR UMBRA 3 5 52 42.6

LIGHTING CONDITION FOR VEH 1

1#6-9



VEH

VEH

VEH

VEH

VEH

VEH

VEH

VEH

VEH

VEH

VEH

VEH

16 aPrR 72

IN LUNAR

ENTERING

ENTERING

ENTERING

ENTERING

ENTERING

ENTERING

ENTERING

ENTERING

ENTERING

ENTERING

ENTERING

DCI TO SEP LAZ 72.1
UMBRA AT PHASE INITIATIGN
DAYS HRS MINS SECS

LUNAR PENUMBRA 3 6 37 9.1
SUNL IGHT 3 6 37 20.3
LUNAR PENUMBRA 3 8 31 30.6
SUNL IGHT 3 8 31  45.9
LUNAR PENUMBRA 3 9 37 2l.1
LUNAR UMBRA 3 9 37 32.6
LUNAR PENUMBRA 3 10 25 46.6
SUNL IGHT '3 10 25 57.8
LUNAR PENUMBRA 3 12 20 8.5
SUNLIGHT 3 12 20 19.0

3 13 25 57.1

LUNAR PENUMBRA

LIGHTING CONDITION FOR VEH 1

TIME SPENT IN REGION
DAYS HRS MINS SECS

0 0 0
0 1 54
] o] 0
0 1 5
0 o 0
0 0 48
0 0 0
0 1 54
0 0 0
0 1 5

11.2

10.2

15.3

35.2

1i.5

14.0

11.2

10.7

10.6

38.1

G6-9



VEH

VEH

VEH

VEH

VEH

VEH

VEH

VEH

VEH

VEH

ENTERING

ENTERING

ENTER ING

ENTER ING

ENTER ING

ENTER ING

ENTERING

ENTERING

ENTERING

ENTERING

ENTERING

LUNAR UMBRA

LUNAR PENUMBRA

SUNLIGHT

LUNAR PENUMBRA

SUNL IGHT

LUNAR PENUMBRA

LUNAR UMBRA

LUNAR PENUMBRA

SUNL IGHT

LUNAR PENUMBRA

LUNAR PENUMBRA

LIGHTING CONDITIGN FOR VEH 1

DAYS HRS MINS SECS

3 13
3 . 14
3 i4
3 16
3 16
3 17
3 17
3 18
3 18
3 19
3 19

26

14

14

L4

14

57

8.3

24.2

35.4

46.4°

57.0

33.5

440t

1.9

13.0

11.8

24.3

TIME SPENT N REGION
DAYS HRS MINS SECS

0

0

0

48

54

48

48

11.1

15.9

11.2

11.0

10.6

36.5

10.8

17.5

11l.1

58.8

12.5

9%-9



VEH

VEH

VEH

VieH

VEH

VEH

VEH

VEH

ENTERING

ENTERING

ENTERING

ENTER ING

ENTERING

ENTERING

ENTERING

ENTERING

ENTERING

SUNLIGHT

LUNAR PENUMBRA

LUNAR UMBRA

LUNAR PENUMBRA

SUNL IGHT

LUNAR PENUMBRA

LUNAR UMBRA

LUNAR PENUMBRA

SUNL IGHT

LIGHTING CUNDITION FOR

DAYS HRS MINS SECS

19

21

Z1

21

21

22

22

23

23

57

51

51

57

57

46

46

35.0

10.2

20.8

39.7°

50.8

22.4

31.7

13.1

VEH 1

TIME SPENT IN REGION
DAYS HRS MINS SECS

4] 0 0
0 1 5
0 0 0
0 0 48
0 0 0
0 1 5
0 0 0
0 0 48
0 0 0

10.7

35.2

10.6

18.9

1i.1

31.7

30.6

10.8

16-9



16 APR 72

VEH IN SUNLIGHT

LIGHTING CUNDITIUON FOR VEH 1
SEP TO CIR LAZ 72.1
AT PHASE INITIATION

TIME SPENT IN REGION

DAYS HRS MINS SECS DAYS HRS MINS SECS

VEH ENTERING LUNAR PENUMBRA 4 0 51 46.3

0 0 0 10.0
VEH ENTERING LUNAR UMBRA 4 0 51 56.3

0 0 48 26.3
VieH ENTERING LUNAR PENUMBRA 4 1 40 22.6

VEH ENTERING SUNLIGHT

4 1 40 33.8

86-9



16 APR T2

VEH IN SUNLIGHT

LIGHTING CONDITION FOR VEH 1
CIR TO PC1 LAZ 72.1

AT PHASE INITIATION

TIME SPENT IN REGION

DAYS HRS MINS SECS

VEH

VEH

VEH

VEH

VEH

VEH

VEH

ENTERING

ENTERING

ENTERING

ENTERING

ENTERING

ENTERING

ENTERING

ENTERING

ENTER ING

ENTERING

ENTER ING

LUNAR PENUMBRA

LUNAR UMBRA

LUNAR PENUMBRA

SUNLIGHT

LUNAR PENUMBRA

LUNAR UMBRA

LUNAR PENUMBRA

SUNLIGHT

LUNAR PENUMBRA

LUNAR UMBRA

LUNAR PENUMBRA

4 2 53  10.9
0

4 2 53 19.0
45

4 3 39 9.9
0

4 3 39 20.5
12

4 4 52 1.8
0

4 4 52  12.4
45

& 5 38 -8
0

4 5 38 1l.5
12

4 6, 50 46.8
0

4 6 50 57.3
45

4 T 36 48.9

DAYS HRS MINS SECS

50.8

10.7

41.2

10.6

48.4

10.7

35.2

10.5

51.7

66-9



VEH

VEH

VEH

VEH

VEH

VEH

ViEH

VEH

VEH

VEH

ENTERING

ENTERING

ENTERING

ENTERING

ENTERING

ENTERING

ENTERING

ENTERING

ENTERING

ENTERING

ENTERING

SUNL IGHT

LUNAR PENUMBRA

LUNAR UMBRA

LUNAR PENUMBRA

SUNLIGHT

LUNAR PENUMBRA

LUNAR UMBRA

LUNAR PENUMBRA

SUNLIGHT

LUNAR PENUMBRA

LUNAR UMBRA

LIGHTING CONDITION FUR VEH 1

TIME SPENT .IN REGION
DAYS HKS MINS SECS DAYS HRS MINS SECS

0 0 0 10.4

4 . 8 49 32.4

4 9 35 34.8"

4 10 48 25.4

4 10 48 35.9

0 0 45 49.7
4 Il 34 25.6

0 0 0 13.6
4 11 34 39.2

0 1 12 31.0

4 12 47 10.3

4 12 47 20.9



VEH

VEH

VEH

VEH

VEH

VEH

VEH

VEH

VEH

VEH

ENTERING

ENTERING

ENTERING

ENTERING

ENTERING

ENTERING

ENTERING

ENTERING

ENTERING

ENTERING

ENTERING

LUNAR PENUMBRA

SUNLIGHT

LUNAR PENUMBRA

LUNAR UMBRA

LUNAR PENUMBRA

SUNLIGHT

LUNAR PENUMBRA

LUNAR UMBRA

LUNAR PENUMBRA

SUNL IGHT

LUNAR PENUMBRA

LIGHTING CONUDITION FOR

DAYS HRS MINS SECS

4 13
4 - 13
4 14
4 14
4 15
4 15
4 16
4 16
4 17
4 17
4 18

33

33

45

46

31

32

44

44

30

30

43

13.6

24.0

54.2

2.5

59.8

10.6

49.0°

59.4

53.5

57.3

34.0

VEH 1

TIME SPENT ‘IN REGION
DAYS HRS MINS S&CS

(0]

0

45

12

45

12

45

12

52.8

10.3

30.2

57.3

10.7

38.4

10.5

54.1

36.7

TOT-9



VEH

VEH

VeEH

VEH

VEH

VEH

VEH

VEH

ENTERING

ENTERING

ENTERING

ENTERING

ENTERING

ENTERING

ENTERING

ENTER ING

ENTERING

ENTERING

ENTERING

LUNAR UMBRA

LUNAR PENUMBRA

SUNLIGHT

LUNAR PENUMBRA

LUNAR UMBRA

LUNAR PENUMBRA

SUNLIGHT

LUNAR PENUMBRA

LUNAR UMBRA

LUNAR PENUMBRA

SUNL IGHT

LIGHTING CUNDITION FOR VEH 1

TIME SPENT IN REGION
DAYS HRS MINS SECS DAYS HRS MINS SECS

0 0 0 10.6

4 18 43 44%.6

4 - 19 29 38.4

0 1 12 27.4

4 20 42 16.1°

0 0 45 53.6

4] 0 0 10.7

4 21 28 35.8

0 1 12 36.9

4 23 27 11.8

4 23 27 21.9

20T-9



VEH

VEH

VEH

VEH

VEH

ViEH

VEH

VEH

VieH

VEH

ENTERING

ENTERING

ENTERING

ENTERING

ENTERING

ENTERING

ENTeRING

ENTERING

ENTERING

ENTERING

ENTERING

LUNAR PENUMBRA

LUNAR UMBRA

LUNAR PENUMBRA

SUNL IGHT

LUNAR PENUMBRA

LUNAR UMBRA

LUNAR PENUMBRA

SUNLIGHT

LUNAR PENUMBRA

LUNAR UMBRA

LUNAR PENUMBRA

LIiGHTING CONDITION FOR

DAYS HRS MINS SECS

5 0 39
5 0 40
5 1L 26
5 1 26
5 2 38
5 2 38
5 3 24
5 3 25
5 4 37
5 4 37
5 5 <3

57.9

3.3

13.5°

44,8

55.0

50.3

i.1

30.3

4603

36.5

VEH 1

TIME SPENT IN REGIUN
DAYS HRS MINS SECS

0

1

12

45

12

45

12

45

35.9

10.7

54.7

10.2

10.2

55.4

10.7

35.2

10.1

50.2

€0T-9



VEH

VEH

VEH

VeH

VEH

VEH

VEH

VEH

VEH

VEH

ENTERING

ENTER ING

ENTERING

ENTER ING

ENTERING

ENTERING

ENTER ING

ENTERING

ENTERING

ENTERING

ENTERING

SUNL IGHT

LUNAR PENUMBRA

LUNAR UMBRA

LUNAR PENUMBRA

SUNLIGHT

LUNAR PENUMBRA

LUNAR UMBRA

LUNAR PENUMBRA

SUNLIGHT

LUNAR PENUMBRA

LUNAR UMBRA

LIGHTING CONDITION FOR VEH 1

DAYS HRS MINS SECS

5 5 23
5 6 36
5 6 36
5 7 22
5 7 22
5 8 35
5 8 35
5 9 21
5 9 21
5 10 33
5 10 34

46.9

21.9

32.7

28.2°

42.8

18.7-

15.7

26.4

59.8

TIME SPENT .IN REGION
DAYS HRS MINS SECS

0

0

Q0

12

45

12

45

12

10.4

35.0

10.8

55.5

l4.6

25.6

10.3

10.7

33.4

©0T-9



ViH

ViH

VEH

VEH

VieH

VEH

VEH

VeH

VEH

VieH

i ENTER ING

ENTERING

ENTERING

ENTERING

ENTERING

ENTERING

ENTER ING

ENTEKING

ENTERING

ENTERING

ENTERING

LUNAR PENUMBRA

SUNLIGHT

LUNAR PENUMBRA

LUNAR UMBRA

LUNAR PENUMBRA

SUNLIGHT

LUNAR PENUMBRA

LUNAR UMBRA

LUNAR PENUMBRA

SUNL IGHT

LUNAR PENUMBRA

LIGHTING CONDITIGN FOR VEH 1

DAYS HRS MINS SECS

5 11
5 11
5 L2
5 i2
5 13
5 13
5 14
5 14
5 15
5 15
5 i6

20

20

32

32

18

19

31

31

17

17

30

12.2

46.1

5669

57.6

6.1

32.3

42.17

41.2

51.8

16.8

TIME SPENT IN REGION
DAYS HRS MINS SECS

0

0

45

1z

46

12

45

12

58.0

10.6

10.8

.7

26.2

10.4

58.5

10.6

GOT-9



VEH

VEH

VEH

VEH

VEH

VEH

VEH

VEH

ViH

VEH

VEH

ENTERING

ENTERING

ENTERING

ENTERING

ENTERING

ENTERING

ENTERING

ENTERING

ENTERING

ENTERING

ENTERING

LUNAR UMBKA

LUNAR PENUMBRA

SUNLIGHT

LUNAR PENUMBRA

LUNAR UMBRA

LUNAR PENUMBRA

SUNL IGHT

LUNAR PENUMBRA

LUNAR UMBRA

LUNAR PENUMBRA

SUNLIGHT

LIGHTING CONDITIGN FOR VEH 1

TIME SPENT .IN REGIUN
DAYS HRS MINS SECS DAYS HRS MINS SECS

0 0 0 13.9

5 le 30 30.7

5 . 17T 16 27.0

5 17 16 37.7

5 20 27 56.3

c 0 [¢] 10.6

5 21 14 17.3

90T-9



VEH

VEH

VEH

VEH

VEH

VEH

VEH

VEH

VEH

VEH

ENTERING

ENTERING

ENTERING

ENTERING

ENTERING

ENTERING

ENTERING

ENTERING

ENTERING

ENTERING

ENTERING

LUNAR PENUMBRA

LUNAR UMBRA

LUNAR PENUMBRA

SUNLIGHT

LUNAR PENUMBRA

LUNAR UMBRA

LUNAR PENUMBRA

SUNL IGHT

LUNAR PENUMBRA

LUNAR UMBRA

LUNAR PENUMBRA

LIGHTING CONDITION FOR

DAYS HRS MINS SECS

5 22
5 . 22
5 23
5 23
6 0
6 0
6 1
6 1
6 2
6 2
6 3

26

26

12

13

25

25

Il

11

24

10

43.9

54.9

52.6

3.4

34.9

45.8

44.3

54.2

20.6

31.1

32.3

VEH 1

TIME SPENT IN REGION
DAYS HRS MINS SECS

0 1 1z
0 0 0
0 0 45
0 0 0
0 1 12
0 0 0
0 0 45
0 0 0
0 1 12
0 0 0
0 0 46

2606

11.0

57.7

10.8

31.5

10.8

58.5

26.4

10.6

LOT*9



VEH

VEH

VEH

VEH

VEH

VEH

VEH

VEH

VEH

VEH

VEH

ENTERING

ENTERING

ENTERING

ENTERING

ENTERING

ENTERING

ENTERING

ENTERING

ENTERING

ENTERING

ENTERING

SUNLIGHT

LUNAR PENUMBRA

LUNAR UMBRA

LUNAR PENUMBRA

SUNLIGHT

LUNAR PENUMBRA

LUNAR UMBRA

LUNAR PENUMBRA

SUNLIGHT

LUNAR PENUMBRA

LUNAR UMBRA

LIGHTING CONDITION FOR VEH 1

TIME SPENT IN REGION
DAYS HRS MINS SECS DAYS HRS MINS SECS

0 0 0 10.5

0 1 12 26.1
6 4 23 8.9

0 0 (¢} 8.3
6 4 23 17.2

0 0 4o 1.2

6 6 22 10.3-

6 7 8 23.1

6 8 20 55.6

80T-9



VEH

VEH

VEH

Veh

VEH

ViEH

VEH

VEH

VEH

Vth

Ve

le APR 72

In LUNAR

ENTER ING

ENTERING

ENTERING

ENTERING

ENTERING

ENTERING

ENTERING

ENTERING

ENTERING

eNTERING

ENTERING

LIGHTING CONDITIGN FUR VEH 1

PCl1 TO JET LAZ T2.1
UMBRA AT PHASE INITIATION
TIME SPENT IN REGION
DAYS HRS MINS SECS DAYS HRS MINS SECS

LUNAR PENUMBRA 6 9 6 52.5
0 0 0 10.4

SUNL IGHT 6 9 7 2.9
o 1 12 291

LUNAR PENUMBRA 6 10 19 32.0
0 0 0 10.8

LUNAR UMBRA 6 10 19 42.8
0 0 4o -8

LUNAR PENUMBRA 6 i1 5 43.6
0 0 0 15.8

SUNLIGHT 6 11 5 59.4
0 1 12 19.1

LUNAR PENUMBRA 6 12 18 18.5
0 0 0 10.3

LUNAR UMBRA 6 i2 18 28.8
0 0 4o 1.3

LUNAR PENUMBRA 6 13 4 30.2
0 0 0 10.8

SUNLIGHT 6 13 4 41.0
0 1 12 28.3

LUNAR PENUMBRA 6 14 17 9.3

i60T-9



VEH

VEH

VEH

VEH

ViH

VEH

VEH

ViH

VEH

ENTERING

ENTERING

ENTERING

ENTERING

ENTERING

ENTERING

ENTERING

ENTER ING

ENTERING

ENTERING

ENTERING

LUNAR UMBRA

LUNAR PENUMBRA

SUNLIGHT

LUNAR PENUMBKA

LUNAR UMBRA

LUNAR PENUMBRA

SUNL IGHT

LUNAR PENUMBRA

LUNAR UMBRA

LUNAR PENUMBRA

SUNL IGHT

LIGHTING CUNDITION FOR VEH 1

DAYS HRS MINS SECS

6 14
6 - 15
6 i5
6 1o
6 16
6 17
6 17
6 18
6 18
6 i9
6 19

17

15

16

14

14

19.6

15.5

26.1

54,3 °

21.1-

40.5

50.9

53.6

TIME SPENT IN REGION
DAYS HRS MINS SECS

0

Q

0

45

12

46

12

46

10.3

55.9

10.6

28.2

10.9

14.5

19.4

10.4

10.8

OTT-9



VEH

VEH

ViEH

VEH

VEH

VEH

VEH

VEH

VEH

VEH

ENTERING

ENTERING

ENTERING

ENTERING

ENTERING

ENTERING

ENTERING

ENTEKING

ENTERING

ENTERING

ENTERING

LUNAR PENUMBRA

LUNAR UMBRA

LUNAR PENUMBRA

SUNLIGHT

LUNAR PENUMBRA

LUNAR UMBRA

LUNAR PENUMBRA

SUNL IGHT

LUNAR PENUMBRA

LUNAR UMBRA

LUNAR PENUMBRA

LIGHTING CUNDITION FUR

DAYS HRS MINS 5ECS

6 20
6 . 20
6 <0
6 20
6 22
6 22
6 22
6 22
7 0
7 o]
7 & 0

13

i3

59

59

12

58

58

i1

11

57

31.3

33.7

38.7

49.5°

16.7

27.6

34.3-

42.8

13.1

17.1

VEH 1

TIME SPENT IN REGION
DAYS HRS MINS SECS

0

1

12

46

i2

12

46

26.9

10.7

27.2

10.9

19.8

10.5

TTT-9



VEH

VEH

VEH

VEH

VEH

VEH

VEH

VEH

VEH

VEH

Vid

ENTERING

ENTERING

ENTERING

ENTERING

ENTERING

ENTERING

ENTER ING

ENTERING

ENTEKING

ENTERING

ENTERING

SUNL IGHT

LUNAR PENUMBRA

LUNAR UMBRA

LUNAR PENUMBRA

SUNLIGHT

LUNAR PENUMBRA

LUNAR UMBRA

LUNAR PENUMBRA

SUNLIGHT

LUNAR PENUMBRA

LUNAR UMBRA

LIGHTING CONDITIUN FOR VEH 1

DAYS HRS MINS SECS

T 0 57
7 2 9
7 2 9
7 2 56
7 2 56
7 4 8
7 4 8
7 4 54
7 4 55
7 6 1
7 6 7

27.9

44.6

58.2

13.0

39.2

50.2-

56.1

24.9

35.5

TIME SPENT IN REGION
DAYS HRS MINS SECS

0 0 0
0 1 12
0 0 0
0 0 46
0 0 0
0 1 12
0 0 0
0 0 46
0 0 4]
0 1 12
0 0 0

10.8

16.7

13.6

10.8

26.2

11.0

20.4

10.5

cIT-9



VEH

VEH

VEH

VEH

VEH

VeH

ENTERING

ENTERING

ENTERING

ENTERING

ENTER ING

ENTERING

LUNAR PENUMBRA

SUNLIGHT

LUNAR PENUMBRA

LUNAR UMBRA

LUNAR PENUMBRA -

SUNLIGHT

&

LIGHTING CONDITION FUR VEH 1

TIME SPENT 'IN REGION
DAYS HRS MINS SECS DAYS HRS MINS SECS

0 0 46 5.2
i & 6 53 40.7

0 0 0 10.7

7 8 6 23.1°

7 8 52 25.8

0 0 0 10.9

ETT-9



VEH IN SUNLIGHT

VEH

VEH

VeH

VEH

VEH

vVeH

VEH

VEH

VEH

VEH

16 APR 72

ENTERING

ENTERING

ENTERING

ENTERING

ENTERING

ENTERING

ENTERING

ENTERING

ENTERING

ENTERING

ENTERING

JET TO PC2

LUNAR PENUMBRA

LUNAR UMBRA

LUNAR PENUMBRA

SUNL IGHT

LUNAR PENUMBRA

LUNAR UMBRA

LUNAR PENUMBRA

SUNL IGHT

LUNAR PENUMBRA

LUNAR UMBRA

LUNAR PENUMBRA

7

10

10

10

10

12

iz

12

12

14

14

14

AT PHASE INITIATION

5

51

51

50

50

49

LAZ T72.1

DAYS HRS MINS SECS

4ot

15.4

19.9

28. 4

57.9

14.8

25.4

52.3

-8

LIGHTING CONDITION FOR VEH 1

TIME SPENT IN REGION
DAYS HRS MINS SECS

0 0 0
[¢) 0 46
0 0 0
0 1 12
0 0 0
0 0 46
0 0 0
0 1 12
0 0 0
0 0 46

8.5

29.6

10.7

10.6

26.9

HIT=9



VEH

ViH

VEH

VEH

VEH

VEH

VEH

VEH

VEH

VEH

VEH

ENTERING

ENTERING

ENTERING

ENTERING

ENTERING

ENTERING

ENTERING

ENTERING

ENTERING

ENTERING

ENTERING

SUNLIGHT

LUNAR PENUMBRA

LUNAR UMBRA

LUNAR PENUMBRA

SUNLIGHT

LUNAR PENUMBRA

LUNAR UMBRA

LUNAR PENUMBRA

SUNLIGHT

LUNAR PENUMBRA

LUNAR UMBRA

LIGHTING CONDITION FOR VEH 1

TIME SPENT 'IN REGION
DAYS HRS MINS SECS DAYS HRS MINS SECS

0 0 0 11.0

7 14 49 19.6

1 18 0 56.2°

STT-9



VEH

VEH

VEH

VEH

VEH

VEH

VEH

VEH

ENTERING

eENTERING

ENTERING

i ENTERING

ENTERING

ENTERING

ENTER ING

ENTERING

ENTERING

ENTERING

LUNAR PENUMBRA

SUNLIGHT

LUNAR PENUMBRA

LUNAR UMBRA

LUNAR PENUMBRA

SUNLIGHT

LUNAR PENUMBRA

LUNAR UMBRA

LUNAR PENUMBRA

SUNLIGHT

LIGHTING CONDITION FOR VEH 1

DAYS HRS MINS SECS

7 20
7 .20
7 21
7 21
7 22
7 22
7 23
7 23
8 0
8 0

45

46

58

58

44

45

57

57

43

43

57.4

30.0

43.6 -

50.7

1.7

33.0-

44.1

50.6

59.6

TIME SPENT IN REGION
DAYS HRS MINS SECS

0

0

46

12

46

12

46

6.9

10.9

21.7

13.06

10.9

31.3

11.0

9TT-9



VEH IN SUNLIGHT

VEH

VEH

VEH

VEH

VEH

VEH

VEH

VEH

VEH

VEH

l6 APR 72

ENTERING

ENTERING

ENTERING

ENTERING

ENTERING

ENTERING

ENTERING

ENTER ING

ENTERING

ENTERING

ENTERING

LIGHTING CONDITIGN FOR VEH 1

PC2 TO SBN

LUNAR PENUMBRA

LUNAR UMBRA

LUNAR PENUMBRA

SUNLIGHT

LUNAR PENUMBRA

LUNAR UMBRA

LUNAR PENUMBRA

SUNLIGHT

LUNAR PENUMBRA

LUNAR UMBRA

LUNAR PENUMBRA

LAZ 72.1

AT PHASE INITIATION

DAYS HRS MINS SECS

8

1

56

56

42

42

55

55

41

41

54

54

40

21.9

32.6

39.5

50.2

18.4

27.0

33.2

44.2

16.1

27.1

35.0

TIME SPENT IN REGIUN
DAYS HRS MINS SECS

[} 0 0
0 0 46
0 0 0
0 1 12
0 0 0
0 0 46
0 0 ]
0 1 12
0 0 0
0 0 46

10.7

10.7

28.2

11l.1

31.9

il.0

LIT-9



VEH

ViEH

Vth

VEH

VEH

VEH

VEH

VeH

VEH

ENTERING

ENTERING

ENTERING

ENTERING

ENTERING

ENTER ING

ENTERING

i ENTERING

ENTERING

ENTERING

ENTERING

SUNL IGHT

LUNAR PENUMBRA

LUNAR UMBRA

LUNAR PENUMBRA

SUNL IGHT

LUNAR PENUMBRA

LUNAR UMBRA

LUNAR PENUMBRA

SUNLIGHT

LUNAR PENUMBRA

LUNAR UMBRA

LIGHTING CONDITION FOR VEH 1

TIME SPENT IN REGIUGN
DAYS HRS MINS SECS DAYS HRS MINS SECS

0 0 0 3.8

0 1 12 30.8

8 T 53 20.5

8 8 39 27.5"°

0 0 0 10.5

8 8 39 38.0

8 9 52 15.4-

8 10 38 2443

QTT-9



VEH

VEH

VEH

VEH

VEH

VEH

VEH

VEH

VEH

VEH

VEH

ENTERING

ENTER ING

ENTERING

ENTERING

ENTERING

ENTERING

ENTER ING

ENTERING

ENTER ING

ENTERING

ENTERING

LUNAR PENUMBRA

SUNLIGHT

LUNAR PENUMBRA

LUNAR UMBRA

LUNAR PENUMBRA

SUNLIGHT

LUNAR PENUMBRA

LUNAR UMBRA

LUNAR PENUMBRA

SUNL IGHT

LUNAR PENUMBRA

LIGHTING CUONDITIGN FOR

DAYS HRS MINS SECS

8 iz
8 . 12
8 i3
8 i3
8 14
8 14
8 15
8 15
8 16
8 16

37

37

49

50

36

36

48

49

35

35

47

15.8

26.7

57.8

17.7

26.2

51.9-

11.1

21.9

48.5

VEH 1

TIME SPENT IN KREGION
DAYS HRS MINS SECS

0

0

46

12

46

12

46

12

9.7

10.9

31.0

ii.1

25.7

10.8

10.7

26.6

6TT-9



VEH

VEH

VEH

VEH

VEH

VEH

VEH

VEH

ENTER ING

ENTERING

ENTERING

ENTERING

ENTERING

ENTERING

ENTERING

ENTERING

ENTERING

ENTERING

ENTERING

LUNAR UMBRA

LUNAR PENUMBRA

SUNLIGHT

LUNAR PENUMBRA

LUNAR UMBRA

LUNAR PENUMBRA

SUNLIGHT

LUNAR PENUMBRA

LUNAR UMBRA

LUNAR PENUMBRA

SUNL IGHT

LIGHTING CONDITION FOR VEH 1

DAYS HRS MINS SECS

8 17
8 18
8 18
8 19
8 19
8 20
8 20
8 21
8 21
8 2
8 22

47

34

34

46

46

33

33

45

45

31

32

57.1

4.8

15.9

4602

57.2

10.3.

39.8

50.7

59.2

TIME SPENT IN REGION
DAYS HRS MINS SECS

0

0

0

46

12

46

12

46

8.6

1l.1

30.3

11.0

10.0

29.4

11.0

10.5

021-9
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VEH ENTERING LUNAR PENUMBRA

VeH ENTERING LUNAR UMBRA

VEH ENTERING LUNAR PENUMBRA

VEH ENTERING SUNLIGHT

LIGHTING CONLITION FOR VEH 1

TIME SPENT IN REGION

DAYS HRS MINS SECS DAYS HRS MINS SECS

8 23
8 . 23
9 0
9 0

44

44

30

31

0 1 12 20.2

29.9
0 0 0 15.8

45.7
0 0 46 8.4

54.1
0 0 0 11.0

5.1

12T -9
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LIGHTING CONDITION FOR VEH 1

l6 APR 72 SBN TO TEI LAZ 72.1
VEH IN SUNLIGHT AT PHASE INITIATION

TIME SPENT IN REGIUN
DAYS HRS MINS SECS DAYS HRS MINS SECS

VEH ENTERING LUNAR PENUMBRA 9 1L 45 34.7
0 0 0 9.2

VEH ENTERING LUNAR UMBRA 9 1 45 43.8
0 0 45 55.6

VEH ENTERING LUNAR PENUMBRA 9 2 31 39.4
0 0 0 11.2

VEH ENTERING SUNLIGHT 9 2 31 50.6
0 1 14 22.8

VEH ENTERING LUNAR PENUMBRA 9 3 46 13.4
0 0 0 10.9

VeH ENTERING LUNAR UMBRA 9 3 46 24.4
0 0 45 55.5

VEH ENTERING LUNAR PENUMBRA 9 4 32 19.8
0 0 0 11.1

VEH ENTERING SUNLIGHT 9 4 32 30.9
0 1 14 21.1

VEH ENTERING LUNAR PENUMBRA 9 5 46 52.0
0 0 0 11.1

VEH ENTERING LUNAR UMBRA 9 5 47 3.1

221~9



LIGHTING CONDITIUN FOR VEH 1
lo APR 72 TEI TO ENT LAZ 72.1

VEH IN LUNAR UMBRA AT PHASE INITIATION

TIME SPENT IN REGION
DAYS HRS MINS SECS DAYS HRS MINS SECS

VEH ENTERING LUNAR PENUMBRA 9 6 27 19.5

VeEH ENTERING SUNLIGHT 9 6 27 24.6

€219



TABLE 6-II.- MISSION SHADOW TIMELINE - Continued

(b) LM descent

16 APR 72 LM TRACKING FROM PDI TO LANDING  LAZ 72+l
VEH IN SUNL[GHT AT PHASE INITIATION

TIME SPENT IN REGION
DAYS HRS MINS SgCs DATS HRS MINS SECS

7eT-9



TABLE 6-II.- MISSION SHADOW TIMELINE - Concluded

(c) LM rendezvous

LIGHTING CUNJITICN FUR VEH 2

RENUEZVUUS RADAR TRACKING PRICR TGO TPI

VEH Liv PENUMBRA AT PHASE INLTIATICN
TIME SPENT IN REGIUN
Hko> MIND SECS | HRS Miin> >tlS
Vern W TEKING LUNAR UMBRA 17¢ 1 43.8

LIGHTING LuNUITIUGN FUR VEH 2
CUAST TU LST BRAKING GATE
VEH IN PENUMBRA AT PHASE INITIATIUN

TIME SPENT IN REGIUN
HRS MIN> >ECS HRS MINS SECS

VEH ENTERING SUNLIGHT 172 55 48.0

62 T-9
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