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Explanation of Ground Track & Events Summary

* GPS Ground Track Data Source: STS-107 GPS State Vector

* Event Time Line Source: STS-107 Accident Investigation Master Timeline (Baselined),
Revision 15, dated 03/10/03 08:00 pm CST, from the Integrated Time Line Team.

» GPS-derived Latitudes and Longitudes are plotted on the map at 0.96 second time intervals,
although there are numerous data dropouts. The symbol used for points from the trajectory
datafileisared dot. Thirty-two seconds of down list data have been recovered from the post-
Loss-of-Signal period, including some GPS data. The five data points from this period are
indicated by turquoise dots.

» The time tags of events from the Master Time Line sometimes fall between trgjectory data
points, and in some cases they occur during GPS data dropouts. In these cases the location of
the event isindicated by a blue dot.

» Explanation of the contents of Event Note Boxes:

» Grey Header — Greenwich Mean Time (GMT) of the event and the Event Sequence
Number from the Master Time Line (in parentheses)

» Geodetic Latitude and W. Longitude of the event (red dots only) in decimal degrees.

 Event description and remarks from the Master Time Line (augmented by text boxes as
required)

» Geodetic Altitude (H, ft) & Mach Number (Mach), interpolated when necessary

» Some nominal events have been intentionally omitted.



Explanation of Ground Track & Events Summary (continued)

- For events that cover arange of times, or have a range of uncertainty greater than one second in the
time tag, the time in the header is the center of the time span, followed by the comment “Center” in
parentheses. For example, the time in the header for event 100 is shown as “14:00:04 GMT (Center).”
The entire range of timesis given in the note box text just before the event description. Thisisachange
from previous versions of the ground track/time line maps, which put the earliest time in the note box
header.

- Post Loss-Of-Signal Ground Track Data Source: The Descent Analysis Group (DM42) produced a
ballistic trajectory for a hypothetical object with aBallistic Number of 220.0 Ib/ft2. This trajectory was
propagated from 13:59:37.00 GMT to ground impact at 14:03:34 GMT in Louisiana. One second time
steps are shown. The symbol used for post-LOS trgjectory datais ayellow dot. An update to the
reference trgjectory is pending.

The hypothetical post-LOS ground track is used here as areference to locate post-L OS time line events
and visual sighting data on the map background. It must be emphasized that the post-LOS ground track
Is provided as a reasonable visual reference only, and does not represent the actual trajectory of any
known piece of the vehicle.



Explanation of Ground Observer Sighting Data

- The location of a ground observer isindicated by aturquoisetriangle. A

- Sighting location note box headers contain the NASA sighting number and the observing site
name (i.e. EOC2-4-0064 Fairfield CA). The NASA sighting number stands for 2Emergency
Operations Center,° the date the sighting was recorded (Feb 41, and the record number of the
sighting (64" sighting recorded).

- Sighting note boxes also contain the Latitude and Western Longitude of the observer, and
Acquisition-Of-Sighting (AOS) and Loss-Of-Sighting (LOS) times (GMT). AOS and LOS
times do not represent horizon break, but are the actual beginning and ending times of the
observer’s video coverage.

- For each sighting, the period of observation is indicated on the map by a colored region
bounded by the lines-of-sight from the observer to the ground track at AOS and LOS.

- When colored regions overlap, one color overlays the other, but the AOS or LOS line-of-sight
of the underlying region isindicated by athick line of the underlying color.

- In selected cases AOS or LOS points associated with specific sightings are labeled using note
boxes. Thisisdonefor clarity when needed, usually if the sighting location does not appear on
the same map with its AOS or LOS point.

- The post-L OS maps show the locations of four sightings that occurred after L oss-Of-Signal
with the vehicle, when no GPS ground track data were available. Sighting lines-of-sight are
shown with respect to the hypothetical reference post-L OS ground track (yellow dots).



Entry Interface to Coastal Crossing

Based on Master Time Line Rev 15, 03/10/03




Approaching the Coast

Based on Master Time Line Rev 15, 03/10/03




Crossing the California Coast

1352128 GMT (Centeriied. 3) X|
13:152:25/31 - Two Events of
Unexpected Return Link Comm
Drop-out:

Ewent 7 - 13:52,25/26;

Ewent § - 13:52:29/31.

On Upper Left Antenna (TORS
171w, 5-Band Comm Drop-
out Considered Qut of Farnily
Based on Previous Flk Data

jSame Remarks as Event 20,3)

1352132 GMT (24,8 2 24.9) X
35.97403, -127,.5943
Event 24.58: Supply
H20 Dump Mozzle
Temps A/B Show
Temporary Increase
in Temp Rise Rate

(15 sec Duration of
High Rise Rate), High
Rise Rate is Bounded
by Data Loss.
Increase in Rise

Rate Mot Observed

1354141 GMT 125}

LG Brake Line Temp & - On
Skruk Facing MLG Daoor - Stark
of OFf-Mominal Trend -
Initiation of Temp Rise -

CFf-Mominal Based
on Rise Rate Comparisan with
Flight Experience.

1552 47 GMT (2605)
Supply H20 Dump
Mozzle Temps A1
Feeturn to Typical
Rise Rates. High
Rise Rate is Bounded
by Data Loss, GMT Shawn
Indicates End of Initial Rise
Duration. Termp Took
&dditional 45 Seconds to
Return to Mominal Temp Rise
(53135 GMT])

1352141 GMT
F5,95507, -127,1906
Left Main Gear Brake Line Temp

(281 X

13:53:01 GMT
368.868712, -125.5589

@rarE

First Clear Indication of CFf-
Mominal Rolling Mament
Increment. Start of Steady (-)
Garowth in Roll Moment, Derived

135502 GMT
38,89300, -125.4816

© - Start of OFF-Mominal by Analysis. Marninal Trend - Temp Trending

Trend - Unusual Temp 1552156 T Z8.7) X Drawn,

Eiseésqus ft 2890631, 125 946 ';ty dtsvfs gf%?uE e IInTTergp )
= : art of Cff-Mominal Trend -

Mach = 23.40 keft I Eleven Lover okt Temp Trending Down,

1552 52 GMTECenter N 26,65 =
13:52:49/55 - Unexpected
Return Link Carnrm Drop-out
{Comm Event 93, {Same
Remarks as Event 20.3)

on Previous Flights,

GMT Shown Indicates Stark of
Initial Rise Duration. Ref,
Event 26.6 for Termination of
Event.

Event 24,9 Wacuum Yenk
Temp Shows Temporary
Increase in Temp Rise Rate
{23 Second Duration of High
Rise Rate). High Rise Rate is
Bounded by Data Loss,
Increase in Rise Rate Mot
Observed on Previous Flights,
GMT Shown Indicates Stark of
Initial Rise Duration, Ref,
Event 26,65 for Termination
of Event,

H = 235602 Ft

Mach = 23,47

Temp - Start of Off-Mominal
trend. Temp Trending Down,

H = 233457 ft
Mach = 23.23

13:52:55 GMT I3 eoeg amT

38.90992, 12 55 aoenp, -125,7137

Left IMBD Elevon Lower Skin
Temp OFF Scale Low (D5L).
H=233615 ft

Mach = 23,25

13:52:55 GMT - Event 26,65 -
Waccuum Vent Temp Returns o
Typical Rise Rate. High Rise
Rate is Bounded by Data Loss.
GMT Shown Indicates End of
Initial Rise Duration.

Temp Took Additional 40
Seconds ko Return ko Nominal
Temp Rise (53:35 GMT).

Hwd Svs 1 LH Inbd Elevon acky
Ret Ln Temp - Skart of OFf-

[27.5) X

1315311 GMT z9)

Hyd Svs 1 LH IMED Elevon Actr
Ret Ln temnp 5L (Preceded by
Man Temp Rise).

H = 232793 ft

Mach = 23,16

1353010 GMT (28
38.84759, -124.5
Event 28:

Hywd Svs 3 LOE
Ret Line Temp

1353115 GMT

Sighting

358.8235, -124.4795
ECCZ-4-0064 Acquisition OF
Signal {AOS) Point - Fairfield Ci

TEHANL
TRINITY Sl
_________ o Biolly Maniutziny
Caste Peak o ¥
dinthang
.-_,Lng Feak
o, Round Walley LR ‘:. o
®Coveln Mendocino
MENDGCING Hatianal
L1 = Foregt
Wiestpart f
=HRer, “Branscomb
! Sanhadrin
'.MouMain‘ :

[FartBragy CALIFORMIA :

il
i\ Redwob_d
i Yalley
Merdocin y AR
Alpion, Comiptche

' Higai 135352
ElE A W= Bhl
. Lak{LOE Reto
- e (Precede
Boncnits - HOPIERG s (Rise Plus
13:53:29 GMT = - = Priar ta bl
EQC2-4-0056 AQS Point - Lick - b= 2311
Observatory C& Sightin o Mach =2

bt &
Cloverdale s

131551534 GMT
38.70748, -122,9318
Hywd Sys 2 LIE Return Line

305 =

04l (Preceded b
Morm Temp Rise),
H = 232864 ft
Mach = 23,17

Based on Master Time Line Rev 15, 03/10/03

Termp - Start of OFF-Maminal
Trend - Temp Trending Down,
H= 231077 ft

Mach = 22,97

i/

L e

Farallon
Islands



Crossing California

*aste péak o
= ‘Mony Fagk. LRy
e Magaliz
A & ¥
= "4 Chil ., 2
?_) I thco_ “paragise Plumag Hational Farest:
Z  Mendocino 1y Feathier i
ONatli:lnaI Forest GLEMNHMN ‘BT T E O Fals

“lims3ds GMT{Center) (32.13

13:53:44/48 - Debris #1 -
. | First Report of Debris
1 Observed Leaving the

Stonyford .
€0 LUz

13 533250 (Center) (30 x|
13:53:31/34 GMT - Hyd Sys 1

Crbiter Envelope, Mo
Evidence of RCS Jet Firings

[ Brownsvile

B LoE=n 8 3
Lat =

_O'Siqrra Cityro

EQCZ-4-00534 Rena MY
39,593 N

Lon = 119,515

ADS = 155403 GMT
ELOS = 153:54:45

Sierravile

e 2 Pyramid
Gws Lake : ; //
EOCZ-4-N026 Sparks W =

Lat =
Lon=119.7

| wllO5 =

(ref Atlas Data and Plots). F
13:55:46 GMT

.| ©rbiter, Seen Just Aft of
'C'd]usa;
LOE Return Line Temp ©5L il

13:5%: 35 GMT (Centeryian.2) X

38.71398, -123.0275 &

13:53:32/34 - Unexpected ; ;i 3

Return Link Comm Drop-out i 3 155548 GMT (Center)(32 3
. |¢Comm Event 10). On Upper  [puntville: & 38,6012, -121,8175

Left Aft Antenna (TORS
171/, 5-Band Comm Drop-
out Cansidered Out of Family
Based on Previous Flk Data

(Same Remarks as Event 20.3)

15:55:46/50 - Debris #Z -
Second Report of Debris
Observed Leaving the Orbiter,
Seen Just Aft of Orbiter
Envelope. Mo Evidence of RCS
Jet Firings (ref Atlas Data and

sk N Jlovato Flots}).
“Marinwond ) <. JH = 230057 Ft
San Rafaer : Mach 22 85
Pelican Henttield Elremwgod \\fstucktun
take Sausalrhéq _

F'r'ench Cafmp
Lathray :Z

1315556 GMT (Cenker iEz.7) %]

Amador City

Ewvent 32,7 H & Mach:

Carsm‘r Crty

Mach = 22,7,

10 roRey SSIWEF

F9.541 N

6 W

ACS = 15:53:36 GMT
13:54:49 GMT

prings,_

Vlrglma Crty
'-Dayton Ly ol

G :
Fernley:

P

Ewvent 35.2: LH Aft Fus
Sidewall Temp at x1410 -
Start of OFf-Mominal Trend
({Increased Rise Rate). Rise
Rate Increased from 2.7
Fmin {bypical) to 5.5
FJmin.Remarks For Events
35-35.2: (Rise Rates faor

® glvg Lah .

155415 GMT
L |EOCZ-4-0009-8 A0S Point -
Springville 4 Sighting

4 Sutter_ Cregks

: %
“ldneJackstn

13:54:07/11 - Debris #5 - Fifth

| aFt af Orbiter Envelope. No
Evidence of RCS Jet Firings (ref
Atlas Data and Plots),

H= 228519 ft

Mach = 22 65

15: 5409 GMT (Center)(32:9)_ =
S| 38.42536, -120.2481
ocketord
* % |Report of Debris Observed

*|Leaving the Crbiter, Seen Just

135H1 730 (Center) (33.5) X
1315411422 GMT -
Unexpecked Return Link Comm .f_aFfe
Drop-out (Comm Event 117,
On Upper Left Aft Antenna
{TDRS 171/, S-Band Comm
Drop-out Considered Cuk of
Family Based on Previous Flb

EQCZ -4-0056 Lick Ohs C.C\
Lak = 37.342 N

Lon = 121.643 W

A0S = 13:53:29 GMT

{Lon = 13:54:28 GMT

EANTAERUES - c;xé‘?a Resenoir

\'\ %
Fusting, -

Benroad
Tuolimne

Natlanal H

Sys 3 Left Main Gear Struk
Actuator Temp - Start of
OFf-Marninal Trend -
Unusual Temp Rise
H=227437 ft

Spring
Creek

c‘Dixie Walley

- Moyt
‘Fugusla

ek

Lan

Désatoya Fogk ...

13:54: 33 6 {Center) (36.5)
13:54:533.5033.9 GMT -
Flash #1 - Orbiter Envelope
Suddenly Brightened
{Duration 0.3 sec), Leaving

btecs by Nam Temp : e H= 229474 1t ...QARSQN oIy Both Events Higher Than 5TS
Rise Plus \&L fﬁlgéﬁié L_121-T9632A = 13:53: 54Fj53b0ebLis #3 CIThircl Mach = 22,77 R AR S ) 109 & 57)
DataLoss 3 Lk rake Line Temp A - On -} IReport of Debris Observe he | H = zz7560 ft
secs Prior bo | 132330 GIMT SEE Strut Facing ML Door - Start “|Leaving the Orbiter, 1354102 GMT{Cantar a2, 3) x|nd l‘_|!||o oGen;_a y o Mach = 22 52
the Event), |Hyd Sys 2 LTE Return Line s of Off-Mominal Trend (Temp Event Followed by | 38,4874, -120,7687 i F AT = =
H=231191 fyy Temp O5L : i |Rise Rats Changs from 1.4 |inc]Momentary Bright- | 13:54:00/04 - 4th Report of o aKE_ o Lt et
Mach=23.01 H= 230915 ft Fimin ko 5.5 Fjrmin and ening of Plasma Trail, Debris Observed Leaving 135410 GMT (33 ®| o Ewent 35: M-FUIS LT BL Tem_p
T e Mach =295 Increasing ko LOS) Seen Just AFE of the Orbiter. Seen Jusk AFt 384162, -120.1739 [iaiker SHith at x1215 - Start of OlfF-NomlnaI
s H= 230203 ft Orbiter Envelope, of Cirbiter Envelope. Mo L& Brake Line Temp B - Start e Trend - (Increas_ed Rl;e Rate) -
i Mach = 22.86 Mo Evidence of RCS | Evidence of RCS Jat Firings aof OFf-Mominal trend - Temp Unusual Lefmp Rlse,’(R‘Ise Rate
i 7 Jet angs (ref Atlas f Atlas Data and Plats) Increase. 13:54: 24 GMT (35,5 | Increased from 1 Fimin
.. ® % Lil1] (ref Atlas Data and Plots). il i thypical) bo 7.6 F/mi)
. . e H = 270041 Ft H = 228460 ft 38,27043, -119,0681 wpical) ko 7, mir).
ﬁk e Mach = 22 64 s

135426 GMT

171w,

13:54:10/54:30 -

B'ased on Master Time Line Rev 15, 03/10/03

(35.8)
35.24951, -118.9216
S-Band Switched From Upper
Left Aft Antenna to Upper
Right Aft Antenna. TDRS

/

135420 {Center) (34-34.5) %|
Event 34:
“f Skart of slow aileron trim
change. &MT is Approximate,
(13:54:20 +/- 10 seconds)
Event 34.5: 13:54:20 -
Rewversal in Growth Trend of
Cetived Rall Moment

Moticeably Luminescent
Signature in Plasma Trail.
Mote: R3R & R2R 0.24 sec
Jet Fitings Occurred at
13:54:33,.52/33.76 &
1315433, 54/33.78
Respectively (ref RCS Atlas
Analysis & Ploks).

13:54:33 GMT
ECC2-4-0030 A0S Paoink -
Las Wegas MY Sighting

; ComMETT DT

Bt
ggtaa)(Same Remarks.axEvent i { Coefficient, Observed Moment g BI‘[tDn___.
=l e -
B8 e S T o R Chang_e_d from a Nega;we Slope T
: _Counem”e Sk Ate Pi:-5|!:we Slope, Derived by E}Ihm:ﬁ'
_STANSLALS W N El Portal Vot Lonalysis. . iy
Jict a : = o i
Wisterford, € A L I'E_O-R N 1A Souh o :
& ! A Fak Inyo Hational
<, JDenair .7 Sneling 48} Meied Forest
i i e Mariposs . Fish Camp et O UL | OO, L, S, {1 e e
arl M s 3 S e
i 3{3@ U‘.ﬂnt L ; Bootjack ™ ik Sierra Hational
peirig 3 on | MERPOSA S Forest
:F MADERA o Moo
i vinan _ Atwate e be b
= Grakhurst ]
Merl:ecF aknLIF: Bass Lake . FRES NG :
2 4 Coarsegold .‘Moun‘tGoeihe ’.EI' Pi
SN ELRE OE D 3 “Rayrmond SRR



Crossing from Californiato Nevada
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Crossing Nevada and Utah
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Close-In View of Debris Sightings 10 Through 14
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Crossing New Mexico
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Crossing North Texas
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Crossing Texasto Loss of Signal
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Close-In View of Events Near Loss of Signal (73-95)
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Close-In View of Post-LOS Events (98-107) — Reference Trajectory
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Close-In View of Post-L OS Events (108-110) - Reference Trajectory
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Post-L oss of Signal Sightings - Reference Traectory
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Reference Tragectory from Texasto Louisiana
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