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FOREWORD

This report is submitted to the NASA Manned Space-
craft Center in accordance with Task MSC/TRW A-50 con-
tract NAS 9-8166. This report contains the postflight
analysis performed in conjunction with the flight of
Apollo mission 8.

The report is issued in two volumes. Volume I con-
tains details of the analysis and results obtained, in-
cluding appendixes. Volume II contains a listing of the
45-day best estimated trajectory (BET) for the Apollo 8
mission in the NASA Apollo Trajectory (NAT) format. The
1isting is not generally distributed but is available
from NASA/MSC upon request. Requests should be made to:

NASA/MSC Computations and Analysis Division

Central Metric Data File

Code ED-5, Bldg. 12, Room 133
Houston, Texas 77058



TABLE OF CONTENTS

Page
3.1 INTRODUCTION AND SUMMARY ... .tuiiriininneneivnsnnenenennanans 3-1
3.7T.17 ApolTo 8 MissSion ...viiiiiiieieeeenerenonnesncansonens 3-1
3.1.2 Postflight Analysis ..ivevriniiiinnienerenennnnennnss 3-2
3.2 TRAJECTORY ANALYSIS ..tiiuiiiiiiiiiieiennnenennnenns e 3-5
3.2.1 Preliminary Analysis tieeeiiverenneratnnennenncnnnnns 3-5
3.2.2 CSM Trajectory Reconstruction ......covvieviiiinnnnnnn 3-6
3.2.2.1 Fit Segment Definition ..........cccviviannt, 3-6
3.2.2.2 Analysis Techniques ......cvviiiieiinnenennns 3-11
3.3 RTCC COMPARISONS o \ivivriiiininnennnrnnneeneronnenneennananns 3-15
3.4 ENTRY TRAJECTORY . iivuitririienerinnenrsnennenernnrsnsnnsnanns 3-17
APPENDIXES
A APOLLO 8 RTCC COMPARISONS ... vuiiiiiiiii i iinennnnn A-1
B SUPPLEMENTARY DATA ittt ittt ittt iienneannen B-1

REFERENCES ottt ittt ittt teeite et tse s etntaianessaannnanennas R-1



w W W

w

-1
.2-1
.2-2
.2-3
.3-1
.4-1
.4-2

LIST OF TABLES

Page
Apollo 8 Sequence of Events ... ... i, 3-3
Fit Segment DesCriptions ....cveeiiieiiiriiieieennnennnnn. 3-7
CSM Fit SUMMArY «.vvererrnnnieenatiaereennsationaneaassannns 3-9
Lunar Potential Models «.veeeierinenonniorneesarennnenenns 3-14
RTCC Comparison SUMmMAry . ......eeeeernneenennneennnneennns 3-16
Apo110 IMU Error Parameters ....eeeeeeeeeenieneennnnennns 3-18

CSM Altitude Constraints During Entry .........ooiieinin. 3-19




3. APOLLO MISSION 8 TRAJECTORY RECONSTRUCTION
AND POSTFLIGHT ANALYSIS

3.1 INTRODUCTION AND SUMMARY
3.1.1 Apollo 8 Mission

The Apolio 8 Mission was launched from Launch Complex 39A Kennedy Space
Center at 12:51:00 Greenwich Mean Time on 21 December 1968. The boost of
the Saturn V launch vehicle inserted the S-IVB/CSM payload into earth
orbit, and approximately two hours, fifty minutes into the flight, the
second burn of the S-IVB stage injected the payload into a free-return
circumlunar trajectory. Approximately twenty-five minutes.later, the
Command and Service Module (CSM) separated from the S-IVB stage of the
launch vehicle.

During the translunar coast phase, it was necessary to perform
two evasive maneuvers to avoid the possibility of recontact with the
S-IVB, and two midcourse corrections were performed. At approximately
69 hours, 8 minutes Ground Elapsed Time (GET), a Service Propulsion
System (SPS) burn was performed to insert the CSM into a 60 by 170
nautical mile lunar orbit and two revolutions later the orbit was
circularized to approximately 60 nautical miles.

After ten orbits the SPS was again fired to inject the CSM into
a transearth trajectory. During transearth coast, one midcourse
maneuver was performed.

The Command Module (CM) separated from the Service Module (SM)
at 146:29:00 (hours:minutes:seconds) GET, and entered the earth's
atmosphere approximately seventeen minutes later. Splashdown occurred
at 146:59:49 GET. A more detailed summary of major mission events
is given 1in Table 3.1-1. The times are given in hours, minutes and

seconds GET and in December days, hours, minutes and seconds GMT.
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3.1.2 Postflight Analysis’

The objective of the postflight analysis task was to reconstruct
the spacecraft trajectory using available tracking and telemetry data
recorded during the period from S-IVB/CSM separation to splashdown.

In the Apollo 8 postflight analysis, MSFN (Manned Space Flight Network)
and DSN (Deep Space Network) tracking data were used to obtain a best
estimate of trajectory (BET over the free-flight segments between
thrusting maneuvers). The maneuvers between these segments were then
modeled by the G&N Trajectory Program, and combined with the free flight
BET's to produce the NAT (NASA Apollo Trajectory). These tracking data
fit segments are discussed in Section 3.3 of this report.

The postflight analysis was carried out essentially as planned;
however, the second evasive maneuver created a very short free-flight
segment which was not reconstructed. The postflight analysis,
therefore, began after the second evasive maneuver rather than after
CSM/S-1VB separation.
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Table 3.1-1
APOLLO 8 SEQUENCE OF EVENTS

GET GMT

Event hr:min:sec day:hr:min:sec
Insertion 00:11:35 21:13:02:35.0
Transiunar Injection
Ignition 02:50:36 21:15:41:36
Translunar Injection
Cutoff 02:55:42 21:15:46:42
S-IVB/CM Separation 03:20:59.3 21:16:11:9.3
S-1VB/CM Evasive Maneuver
#1 (SMRCS) Ignition 03:40:01 21:16:31:01
S~-IVB/CM Evasive Maneuver
#2 (SMRCS) Ignition 04:45:01 21:17:36:00
Midcourse Correction #1
(MCC-1) Ignition 10:59:59.5 21:23:50.59.5
MCC-1 Cutoff 11:00:01.9 21:23:51:01.9
Water Dump #1 (TL) 11:13:00 22:00:04:00
Water Dump #2 (TL) 29:33:00 22:18:24:00
Midcourse Correction #4
(SMRCS) Ignition 60:59:54 24:01:50:45
Lunar Orbit Insertion #1
(LOIT) Ignition 69:08:20 24:09:59:20
Lunar Orbit Insertion #1
(LOI1) Cutoff 69:12:26.5 24:10:03:26.5
Lunar Orbit Igsertion #2
(LOI2) Ignition 73:35:06 24:14:26:06
Lunar Orbit Insertion #2
(LOI2) Cutoff 73:35:16 24:14:26:16
Water Dump #3 (LUN) 80:50:00 24:21:41:00
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Table 3.1-1 (Continued)

GET GMT
Event hr:min:sec day:hr:min:sec

Transearth Injection

(TEI) Ignition 89:19:16 25:06:10:16
Transearth Injection

(TET) Cutoff 89:22:39 25:06:13:39
Water Dump #4 (TE) 102:50:00 25:19:41:00
Midcourse Correction #5

Ignition 103:59:53 25:20:50:53
Midcourse Correction #5

Cutoff 104:00:07 25:20:51:07
Water Dump #5 (TE) 120:58:00 26:13:49:00
CSM/SM Separation 146:29:00 27:15:20:00
Entry Interface (400,000 ft) 146:46:13 27:15:37:13
Begin Blackout 146:46:38 27:15:37:38
End Blackout 146:51:44 27:15:42:44
Drogue Deployment 146:54:26 27:15:45:26
Main Parachute Deployment 146:55:20 27:15:46:20
Landing 146:59:49 27:15:50:49
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3.2 TRAJECTORY ANALYSIS

3.2.1 Preliminary Analysis

Low speed tracking data were recorded at the RTCC on a total of
fifteen magnetic tapes. The first fourteen tapes, covering the mission
from launch to approximately fifteen hours before splashdown, were
processed in near real time by Task A-212 personnel. The A-212 activity
included processing these tapes through the Master Tape Generator
(MATAG) and ESPOD Data Generator (EDG) Programs, performing a cursory
analysis with the Houston Operations Predictor, Estimator (HOPE) Program
and producing preliminary BET's. A complete report on the results of
this preliminary analysis is included in Reference 1.

In the course of this preliminary activity, HOPE compatible ob-
servation tapes were produced, and copies were made. These copies,
together with the preliminary BET's, significant event times, and fit
segment definitions, were obtained by Task A-50 in order to begin
the postflight analysis. Some data were not included in the fit segments
defined by the A-212 real time activities. It was determined that the
total reconstruction was not significantly degraded by this omission.

The HOPE compatible observation tapes obtained from Task A-212 were
for the most part "cleaned" of gross outliers and anomalous data. For
this reason, no analysis or summary of anomalous data could be compiled
by Task A-50, and therefore, no discussion of anomalous data will be
presented in this report.

The tracking data were processed and prepared for analysis by the
MATAG and EDG Programs. A description of these programs, together with
the HOPE Program, is presented in Appendix C. Some basic processing
techniques applied during this mission are outlined as follows:
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a) Only Unified S-Band System (both MSFN and DSN data)
was processed.

b) Doppler count intervals were compressed to 60 seconds.

c) Only every tenth range/angle observation was retrieved
(no range data is available from three-way stations).

d) Range data refraction errors were corrected.
e) A bias of -191 yards was added to all range observables.

3.2.2 CSM Trajectory Reconstruction

3.2.2.1 Fit Segment Definition

The spacecraft trajectory from the second evasive maneuver to
entry interface (400,000 feet altitude above the earth) was recon-
structed from MSFN tracking data. The orbit determination program
utilized was an interim, free-flight version of the HOPE Program
described in Appendix C. Since this version of HOPE was not capable
of modeling maneuvers, the definition of fit segments was limited
to periods of free-flight between maneuvers.

The basic philosophy of defining fit segments between maneuvers
or other trajectory perturbing activities was not the most expedient
alternative in several cases. Table 3.2-1 which describes boundries
chosen for each of the fit segments, shows that the beginning or end
of an observation tape was sometimes the determining factor. In
these cases, the data span on the tape was relatively close to a
maneuver, and it was determined that the additional data contained
on the adjacent tape was not necessary to obtain a representative
trajectory. As an example, Segment 3 was defined as the 27 hour
free-flight period between the second water dump and the last point
on data tape number 6. The first point on tape number 7 was
23:21:51.30 GMT, and Midcourse Correction No. 4 was performed only
four hours later. It was determined that the addition of this four
hour data span would not significantly refine a BET obtained from
the 27 hours of data on tape number 6; therefore, no merge was per-
formed, and the tracking data during this four hours of the mission
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was ignored in the Task A-50 postflight analysis. As shown in Table
3.2-1, this logic was used in defining the boundries of fit segments
3, 4, 15 and 18. The division between segments 16 and 17 was later
found to be unnecessary because data tapes 12 and 13 were actually
merged.

While the spacecraft was in lunar orbit, each orbit was fit
independently as a result of the difficulties encountered in pro-
pagating a state vector from one revolution into the next. These
errors were exemplified by obtaining a BET from the revolution 4
data, then propagating that vector at regular intervals through the
revolution 5 data span. When comparing these propagated state
vectors with the revolution 5 BET, the maximum and minimum differences
in the downrange components of position were found to be 11,751
feet and 9,468 feet, respectively. Radial differences varied from
94 to -540 feet while cross range differences were 1285 to -1185
feet. The differences found in this particular case were repre-
sentative of the errors experienced in several such comparisons.

Table 3.2-2 lists the fit segments, the time intervals over which
the tracking data used in obtaining the BET extended, and the time
interval over which the BET was used to generate the reference
trajectory. An indication of the consistency of fit between the
given segment and the preceding one is presented in terms of total
position difference and velocity difference. This information must
be qualified in the sense that several of these comparisons were
made between fit segments separated by small thrusting maneuvers.
In two of these cases, the delta velocities listed are very close
to the actual AV's produced by these burns. Midcourse corrections
1 and 5 produced actual AV's of 24.5 fps and 5.0 fps respectively.
Comparisons of the BET's on either side of these maneuvers produced
almost identical resultant delta velocities of 24.4 and 4.55 feet
per second. The inconsistencies noted between the data spans and

trajectory intervals of several segments are attributed to the
data gaps created in the definition of fit segments.
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3.2.2.2 Analysis Techniques

The large tracking distances involved in the Apollo 8 mission
made the use of C-Band radars impossible. In addition, the angle
data from S-Band radars was not meaningful due to the large position
differences caused by small angular errors at lunar distances.
Therefore, the data upon which the trajectory reconstruction was
based included only range and doppler observables from the MSFN
and DSN tracking radars.

In order to reduce the volume of data to be processed in fitting
the long free-flight seaments during the translunar and transearth
portions of the mission, only range and two-way doppler observables
were included in the data sets. This philosophy also eliminated the
problem of accounting for the numerous biases caused by transmitter
and receiver frequency differences. Each time the primary station
(transmitter) is switched, a new set of biases must be considered -
for the three-way stations. In some segments, several primary
station switches were performed, creating a number of receiver-trans-
mitter combinations sufficient to exceed the capacity of the HOPE
Program to account for the associated biases.

The good quality of the two-way doppler, and the practice of
varying tracking station geometry by switching transmitters, pro-
vided primary station fits which were representative of the actual
translunar and transearth trajectories. As an example, fits were
made to determine the effect of "good" three-way doppler on the fit
of segment 2 (MCC #1 to Water Dump #2). The resultant position dif-
ference caused by the addition of three-way doppler to the data set
was 875 feet. The difference in resultant velocities was .095



feet per second. These differences are well within the uncertainties
inherent in trajectory reconstruction of this type of mission.

The data spans of the Tunar orbit fit segments were relatively
short, and in most cases there was only one primary station. There-
fore, it was necessary to use the three-way doppler data in order
to obtain better tracking station geometry. Since in these cases,
the magnitudes of the doppler residuals were relatively large with
respect to the three-way doppler biases, no significant degradation
due to these biases was noted in the reconstruction.

Table B-2 of Appendix B lists the means and standard deviations
of the residuals compiled from the BET's for each station and segment.
The standard deviations of two-way doppler residuals during the
translunar and transearth segments were on the order of .03 to .07
cycles per second whereas in lunar orbit (segments 5 through 14)
the standard deviations for both two-way and three-way doppler were
generally between .3 and .6 cycles per second.

The lunar potential models used are described in Table 3.2-3.
The lunar orbit BET's were made using the Boeing R2 model which has
proven more accurate than the triax and has since been adopted for
use by the RTCC. The triaxial model was used during the translunar
and transearth portions of the mission.

Several other parameters used in the orbit determination program
are worthy of note. They are the following:

a) The difference between ephermeris time and universal
time was 38.5 seconds.

b) The ratio of the mass of the moon to the mass of the
earth was .0122998962376619.

c) The value of drag used was zero.
d) Two-way doppler data weighting was 0.1 cycle/sec.

Three-way doppler data weighting was 0.2 cycle/sec.
Range data weighting was 600 feet.




e) The double-precision, Eckert corrected ephemeris
tape (DE 19.1) was used.



Table 3.2-3  LUNAR POTENTIAL MODELS

J2
J3
€22
C31

Triaxial

2.07108 x 1072
0
-5
2.0716 x 10
0

Boeing R2

2.07108 x 1074

-2.1 x 107°

2.0716 x 1072

3.4 x 107°

A1l other harmonics are zero in both models.




3.3 RTCC COMPARISONS

The Flight Support Division provided a list of important RTCC
vectors (Reference 2) determined during the mission. These vectors
were compared with the BET vectors determined from postflight analysis.
Table 3.3-1 presents these comparisons, indicating the anchor time for
the RTCC vector, the BET fit segment in which it occurred, and the
position and velocity differences between the RTCC and BET vectors.

In addition, major trajectory perturbing events are summarized.

The differences shown in Table 3.3-1 could have been caused by
combinations of the following major differences between the RTCC
and A-50 trajectory reconstruction methods:

a) Data sets were not identical (RTCC used three-way

doppler data in translunar and transearth fits,
and did not use range observations in Tunar orbit).
b)  The RTCC did not use the DE 19.1 ephemeris.

c) The RTCC used a triaxial lunar potential model in
lunar orbit.

d) The RTCC used a different set of data weights.

The output of the RTCC Comparison Program for each vector appearing
in Table 3-5 is included in Appendix A.
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3.4 ENTRY TRAJECTORY

The entry trajectory, as in all previous Apollo missions, was re-
constructed from acceleration measured by the CSM inertial system using
an initial state vector derived from MSFN tracking data.

The trajectory was initialized at 146:45:52.10 GET (altitude =
496428.7 ft). The initial state vector, in ECI (mean NBY) coordinates
was:

-16379409.7 -19430.2512 |
[P, V] Bl - 11270585.0 -23956.4296 j
7948921.5 -18830.7826

The "45 Day" BET assumed an inertial platform misalignment of
22.5 sec about the Y-axis (¢,=22.5),

After completion of the Apollo IMU hardware error evaluation, the
full set of errors was propagated through the entry trajectory. The
results were not significantly different from the "45 Day" BET. The
error magnitudes used in this second trajectory reconstruction are
given in Table 3.4-1. The IMU error analysis is discussed in detail
in the Task E-38B final report (Reference 2).

The coordinates of the splashdown point resulting from the trajec-
tory reconstructions are shown in Figure 3.4. They lie approximately
2 n.m. southeast of the planned SP, and 1 n.m. south of the recovery
ship estimate.

Table 3.4-2 compares reconstructed CSM altitudes at drogue chute
deployment, main chute deployment, and splashdown with the nominal
values. The reconstructed altitudes lie within the uncertainty bands
determined for closure of the drogue and main baroswitches. The mean
descent rate on the main chute is also very near the nominal value.



Table 3.4-1 APOLLO IMU ERROR PARAMETERS

Accelerometer Bias

Accelerometer Scale Factor

Accelerometer Sensing
Axis Misalignment

Gyro Drift Rate

Gyro Drift
(Prop. to Acc. along
Input axis)

Gyro Drift

(Prop to Acc. along
spin axis)

Gyro Drift

(Prop to Acc. along
output axis)

Platform Misalignment

Error

BX
BY
BZ

XSF
YSF
LSF

XYMSL
XZMSL
YXMSL
YZMSL
ZXMSL
ZYMSL

XGCDR
YGCDR
ZGCDR

XADIA
YADIA
ZADIA

XADSR
YADSR
ZADSR

XADOA
YADOA
ZADOA

PHIY

Magnitude

18 g x107°

29
6

-132.0 PPM

i1.4
52.8

sec

34.

M~ 00NN O O O

.0199 deg/hr
.0025
.0250

.107 deg/hr.g
.012
.142

.037 deg/hr-g
.155
.043

.001 deg/hr-g
.059
.170

12.4 sec
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8.09

574
PAN
i

)

Latitude (deg.

-165.04 -165.03 -165.02 -165.01
Longitude (deg. E)

Planned

Ship Estimate

'45 Day' BET

Reconst. W IMU Errors

Figure 3.4 APOLLO 8 SPLASHDOWN COORDINATES
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APPENDIX A
APOLLO 8 RTCC COMPARISONS

The output of the RTCC Comparison Program is listed for each vector

appearing in Table 3-5.

of occurrence.

SYMBOL
TITLE

DATE
TIME (GET)

TIME (GMT)

COORDINATE
SYSTEM

X
Y
VA
XDOT >

YDOT
ZD0T

SMA
ECC
INC

The vector comparisons are listed in the order

The definitions of the symbols used are as follows:

DEFINITION OF SYMBOLS FOR RTCC COMPARISON

Identification of RTCC state vector.

Date of RTCC state vector.

Anchor time of the RTCC state vector referenced
to lift-off.

Anchor time of the RTCC state vector in Universal
time.

Defines the central body and the equator of the
coordinate system.

Components of the position and velocity vector
referenced to one of three coordinate systems;

ECI, MCI, or ECT. The units are feet and feet/
second.

Semimajor axis (ft).

Eccentricity of the orbit.

Inclination of the orbit plane to the equator
measured positive counterclockwise from the

equatorial plane of the orbit plane at the
ascending node (deg).

A1



SYMBOL

NODE

ARG PERIAPSIS

TRUE ANOMALY

PERIOD
APOAPSIS

PERIAPSIS

VEL-MAG
FLIGHT PATH

HEADING

DEC
LONG

HEIGHT

DEL U
DEL V
DEL W
DEL UDT
DEL VDT
DEL WDT

DEL POS

DEL VEL

DEFINITION OF SYMBOLS FOR RTCC COMPARISON

Right ascension of the ascending node (deg).

Argument of periapsis measured positive in the
direction of motion from the ascending node (deg).

True anomaly measured positive in the direction
of motion from periapsis (deg).

Osculating period of the orbit (min).

Altitude of apoapsis above a reference sphere
(nautical miles).

Altitude of periapsis above a reference sphere
(nautical miles).

Magnitude of the inertial velocity vector (ft/sec).

Flight-path angle measured positive downward
from the local vertical (deg).

Azimuth of the velocity vector measured
positive east of true North (deg).

Declination (deg).

Longitude of the vehicle measured positive
east of the zero meridian (deg).

Height of the vehicle above a reference sphere
(nautical miles).

Difference between the RTCC and HOPE-developed
components of the position and velocity vector

in a vehicle-centered coordinate system where
the U-axis is collinear with the earth-centered
inertial radius vector and is directed outward.
The V-axis lies in the orbit plane and is ortho-
gonal to the U-axis in the direction of motion
and the W-axis completes the right-handed system.

Magnitude of the difference between the RTCC
position vector and the HOPE-developed position.

Magnitude of the difference between the RTCC
velocity and the HOPE-developed velocity vector.

A-2
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APPENDIX B
SUPPLEMENTARY DATA

Information which is too detailed for the body of this report
is presented in the Appendix. This information includes a summary of
the primary station timeline, a summary of the radar data used in

each BET fit segment, and a summary of the MSFN and DSN station
locations.

Table B-1 Tists the start and stop transmission times for the
primary stations throughout the mission.

TabTe B-2 lists the stations used in each BET fit, the type and
number of observables, and the mean and standard deviations retrieved
from the residuals calculated in the final fit. The range statistics
are in feet while the doppler units are cycles per second.

Table B-3 Tists the tracking stations and their Tocations as used
in the Apollo 8 postflight analysis. The surface refractivity is
also listed.

A summary of all the low speed radar data sent to the RTCC may
be found in Reference 2.
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Table B-1  TWO-WAY STATION TIMELINE

Start Time Stop Time
Station (day:hour:min:sec) GMI (day:hour:min:sec) GMI
GDS 21:14:21:53 21:15:47:00
PIR 21:15:47:00 21:17:21:00
MAD | 21:17:21:00 21:19:16:00
GDS 21:19:16:00 22:01:31:00
PIR 22:01:31:00 22:02:31:00
NBE 22:02:31:00 ' 22:07:01:00
GWM 22:07:01:00 22:08:41:00
NBE 22:08:41:00 22:11:31:00
RID 22:11:31:00 22:12:31:00
MAD 22:12:31:00 22:14:31:35
RID 22:14:31:35 22:14:51:40
MAD 22:14:51:40 22:18:01:00
ACN 22:18:01:00 22:19:36:30
GDS ' 22:19:36:30 22:21:49:30
HAW 22:21:49:30 23:00:31:00
GDS 23:00:31:00 23:02:47:00
NBE 23:02:47:00 23:06:30:00
GuM 23:06:30:00 23:08:31:24
NBE 23:08:31:24 23:12:16:01
MAD 23:12:16:01 23:15:01:00
ACN 23:15:01:00 23:17:01:00
MAD 23:17:01:00 23:19:51:00
GDS 23:19:51:00 24:02:51:00
NBE 24:02:51:00 24:08:04:10
GWM 24:08:04:10 24:08:18:17
NBE 24:08:18:17 24:12:30:00
MAD 24:12:30:00 26:16:41:05
RID 24:16:41:05 24:16:55:00
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Table B-1  TWO-WAY STATION TIMELINE (Continued)

Start Time : Stop Time
Station (day:hour:min:sec) GMT (day:hour:min:sec) GMT
MAD 24:16:55:00 24:20:35:00
GDS 24:20:35:00 25:02:30:00C
NBE 25:02:30:00 25:12:31:00
MAD 25:12:31:00 25:20:01:00
GDS 25:20:01:00 ‘ 26:03:46:00
NBE 26:03:46:00 ' 26:07:16:00
CRO 26:07:16:00 4 26:09:16:00
NBE 26:09:16:00 26:12:36:00
MAD 26:12:36:00 26:20:16:00
GDS 26:20:16:00 27:04:01:00
NBE 27:04:01:00 27:05:27:00
CRO 27:05:27:00 27:07:15:00
NBE 27:07:15:00 27:12:06:00
CRO 27:12:06:00 27:13:18:00
RID 27:13:18:00 27:13:50:00
CRO 27:13:50:00 27:14:51:00
GWM 27:14:51:00 Splashdown
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