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3.2.1.2.14 Debris Prevention: The Space Shuttle System, including the ground
systems, shall be designed to preclude the shedding of ice and/or other debris
from the Shuttle elements during prelaunch and flight operations that would
jeopardize the flight crew, vehicle, mission success, or would adversely impact
turnaround operations.

3.2.1.1.17 External Tank Debris Limits: No debris shall emanate from the
critical zone of the External Tank on the launch pad or during ascent except for
such material which may result from normal thermal protection system recession due
to ascent heating.

EREROEE. A—EHCFNERRTITUUNMEEURBWVWEFRESN, BOH:E
SATAICHT ZREERTEL NIVOAREBERDLE.
CDIeD, A—EFFI\=RANSAT/K/ATEFTITU/REH U IzBrEs (S U,
HESSIRS A &> TUE DI
Thermal Protection System (the tiles and Reinforced Carbon-Carbon, or RCC, panels)
would be built to withstand impacts with a kinetic energy less than 0.006 foot-
pounds.
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* STS-26 — Return to Flight after Challenger

* STS-29 - Post STS-27 Solid Rocket Booster (SRB) nose cap Thermal Protection System (TPS) loss
* STS-49 — Drag Chute introduced, Endeavour enters service

+ STS-77 —Block | and IA engines, New High Pressure Oxidizer Turbopump (HPOTP)

* STS-86 — First flight of new External Tank (ET) foam application process

* STS-89 — Earliest to combine Block IIA engines, New Large Throat Main Combustion Chamger
(LTMCC)

* STS-103 — First flight of ET foam venting

* STS-110 — First full Black Il cluster, New High Pressure Fuel Turbopump (HPFTP)
* STS-114 —Return to Flight after Columbia

* STS-133 — Current Mission Risk

6/24/2011 3
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$TS1 STS-41B STS51L, §TS-26 STS-49 STS-T7 STS-86 STS-103 STS-110 STS-114 S$TS-133

STS.5 and STS.29 Fllght Sequenc:e # STS.89
STS-1 estimate includes crew escape with ejection seats (Risk is 1:9 without ejection seats)

36 1:37 1:38
II i 4 1:47 1
0.02 | |

0 -

STS-1 risk may have been higher due to unquantified risks
— Underestimation of the SRB ignition overpressure which deformed FRCS oxidizer tank aft Z strut
—  Orbiter flight software risk is higher than estimated due to use of OI-1 estimate
—  TPSrisk may be underestimated because ascent debris risk is based upon damages from STS-6 through STS-27 and on
STS-1 there were numerous upper surface tile debonds

Around STS-114 the Shuttle Program started actively using the Shuttle PRA in program decisions 3
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== 36 1:37 1:38
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1 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100 105 110 115 120 125 130
§TS1 ST5-41B STS51L, §T5-26 STS-49 STS-T7 STS-86 STS-103 STS-110 STS-114

STS-5 and STS-29 Flight Sequence # §TS-89
MMOD risk decreases due to FD2 inspection with repair and crew rescue (no late inspection)
Ascent debris risk decreases due to FD2 inspection with repair and crew rescue . . L
Orhiter flight software risk reduction due to use of OI-30 vs. OI-29 BIUE‘_ highlight indicates
TPS debond risk drops from top 10 due to FD2 inspection with repair and crew rescurySk has changed
OMS fuel supply risk drops from top 10 due to crew rescue capability
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o - * Orbiter flight software using 01-21 9 * SSME risk slight increase with Block
bl 0.04 ‘ RIS'( reductlons due to 1APU .4 1l engines
D. . 4 . * Orbiter flight software using 01-29
36 ‘I 37 1 38 e 3
i+ SSME Risk reduction w \ 1 47 ; ki
0.02 Block I & IA engines 1 73 1 90
Orbiter flight software i .
using O1-24 ]
0
1 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100 105 110 115 120 125 130
STS-1 STS41B STS.51L, §TS-26 §TS-49 STS-77 STS-86 §TS-103 STS-110 STS-114 §TS-133
STS-5 and STS-29 - STS 89
Flight Sequence #

There was an 8% likelihood of making it to flight 25 without LOCV and a 8% likelihood of making it

from flight 26 to flight 113 without LOCV using the values on this chart
We were lucky, there were a number of close calls (e.g. STS-9 APU fire, STS-27 Ascent Debris, STS-95 drag chute door)
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MIL-STD-882E SYSTEM SAFETY PROGRAM REQUIREMENTS

System Safety: The application of engineering and management principles, criteria, and
techniques to achieve acceptable risk within the constraints of operational effectiveness
and suitability, time, and cost throughout all phases of the system life-cycle.

ISO 14620-1 Space Systems —Safety requirements Part 1

System Safety: the application of engineering and management principles, criteria, and techniques to
optimize all aspects of safety within the constraints of operational effectiveness, time, and cost
throughout all phases of the system life cycle
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[REDESGV] DL

Severity levels

| - Catastrophic - death, permanent disabling injury, facility
destruction on the ground, loss of crew, major systems, or vehicle
during the mission

Il - Critical - severe injury/occupational illness, major property
damage to facilities, systems, equipment, or flight hardware

11 - Moderate - minor injury/occupational illness, minor property
damage to facilities, systems, equipment, or flight hardware

IV - Negligible - minor first aid treatment or more than normal
wear and tear
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[REDOIREME] DREBY

Probability levels

A - Likely to occur immediately (X > 101)

B - Probably will occur in time (101> X > 109
C - May occur in time (102> X > 10-3)

D - Unlikely to occur (103> X > 10-%)

E - Improbable to occur (105> X)
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System Safety
[U X 5¥ih)

XDV B D R7ZzERA UIZEHi

Risk Assessment Code (RAC) Matrix

15

Probability Level

A
|

Severity 11

Level 111
v 4.
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System Safety
[U X 5]

Define Required Actions - what should
we do with various RACs

-1

Unacceptable

- 5-7 Acceptable without Review
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System Safety
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System Safety
[Z 5851 DIRGE]

OR28&E (W\T—FHlfE) OREEAE

NF—FOHIEA. TBERLI-ELVEIK (BEEET 5 ) t&,
LTI HNIETFDEAESHEICL>THER 'ﬂ' Bo

= 22 (Inspection)
s ZRMBOSMMR)E#HHIC—D—DOER
= 247 (Analysis)
» RYEMHEBEME X XE T Slmllarlty)d)%é%{'t'b:ut;
— 3z F7ZERANT
= ERER (Test)
+ EMEIWICEEISETEREEICBLSLTEEMICHER
s TEVARL—332 (Demonstration)

* EEMNGHERZHFHEV R

Mission Success with Safety @JAMSS All Rights Reserved. 151

System Safety
(VI MO 7RZ]

YIEOITHERIT SR EHAE

E#FRL TS HEHT
BEZOLONBREERICHET Dt

=R BEREMENAZRT. BESEDS
REREEICEELGL
BMERICFEICLEFES
BB ESNDIEFYEET S.
F—R2)BEEENMENANZRT . BliESES
“BIL\NTIZLDF ARV B E T
EIELEFNIRGESEVDEFIZIEFESRL
BEETHICEENOBEETS

£
BRGEREER -RAL. 169 5E6E

Mission Success with Safety @JAMSS All Rights Reserved. 152




System Safety
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[Operational Control]
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