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.I'NITRO.IDU'CTION‘ 3

| W|th|n complex programs Probablllstlc Rlsk Analysls
- (PRA) results are often conS|dered durlng deC|s|on- |
making processes « - - i e

— What is the Space Shuttle Program’s (SSP) experlence?' :
— What can this tell us about better communlcatlng the ;

results of PRA”




. RISK MANAGEMENT AND THE DU
RELATIONSHIP T0 THE SSP ORGANIZATION

The SSP is charged wrth flylng the Space Shuttle safely
through the remainder of the manifest. . - =

- Program must manage competlng prlorltles

— Program organlzatlon 3 delegated through Deputy Program |
Managers and Offices =~

— Safety and Mission Assurance (S&MA) Offlce is one of many
inputs contrlbutlng to SSP decrsmns e

&1 SSP S&MA Offlce manages Space Shuttle satety and S&MA
implementation and oversees all activities in support of SSP.

— ResponS|b|I|t|es mcludtng Rlsk Assessment and Rlsk
Management :

. SSP S&MA Office uses matr|x support from Center S&MA offrces E

—~ SSP S&MA Office (through the efforts of the JSC AnaIyS|s
. Division) is responsible for developlng and maintaining the -
Shuttle PRA (SPRA) including unique assessments in support of
-SSP objectlves E |
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| SHUTTLE_'PR'A"

SSP |n|t|ated the SPRA in March 2000 the f|rst |terat|on was
presented to the SSP in 2003, and we are currently ¢
'developlng rteratlon-3 0 ' iy

The SPRA mcludes hazards wh|ch can result in Ioss of crew
or vehicle from T- 0 through wheel stop The SPRA generally |
assesses hazards resultlng from '
. Equment Fallures. |
Enwronmental Events i
. Structural Fa|Iures |
Human Errors




- | SHUTTLE PRA (eohtinued) s, N
SPRA generally follows the best practlces outlrned in -
Probabilistic Risk Assessment Procedures Gurde for NASA

Managers and Practrtroners

- PRA assessment rncluded representatlves trom Program
orgamzatlons present by NG O 'y

— External-Peer Revrew for methodology

— Results have been presented to SSP at aII Ievels

“In addltlon to the SPRA the JSC Analysls DIVISIOI‘I has the
capablllty to pertorm ad hoc analysls of specrflc issues.

¥




e oF "“A'-W'fH'N' THE SSP

The SPRA prowdes the SSP W|th a good startlng pomt for .
mlssmn/lssue specmc anaIyS|s s

Areas where PRA |s used to support SSP mclude

Mission Pre brlefs mission- specn‘le r|sk assessments for the
Mission Management Team (MMT) : |

Risk Trades: .analysis of demsmn alternatlves to support SSP |

decision processes

- Ad-hoc: risk analys;s whlch supports speclflc lssues or
problems currently of interest to the SSP*

Other: :support of- risks identified in the Shuttle Rlsk
, Management System |dent|frcat|on of Tisk contrlbutors

¥




CONSIDERATIONS 5

Analyses results are reported as one |nput (among many)
during a decision process. . ..
— How can we aSS|st the deC|S|on process‘? _
- — What can we do to ensure our message is heard” _
— What do we need to do to assure that the message is accurate" .
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The MMT is the Program deC|S|on maklng body responS|bIe |
for making programmatic trades and decisions assomated
W|th launch countdown and in- fllght act|V|t|es

— MMT Chalr will make. rlsktrades that result in dec13|ons to .
operate outside of the establlshed Launch Commit Cr|ter|a
Operatmns and Malntenance Reqmrements and Specmcatlons
and Flight. Rules P - -

Operatlonally, the NI-IVIT holds a mlssmn pre-brlef
approxmately 2 weeks prlor to the mlssmn and convenes dally -
from L:2. to review mlssmn data : - -

_ —-The SSP S&MA Offlce prowdes an in- I|ne safety overS|ght of
" MMT activities and will specn‘lcally address all MMT act|V|t|es 2,
) concernlng issues and/or anomalles havmg safety | '
B ramlflcatlons 0y I -




| OPERAfIONALUSE'OF PRA"-’ MM’I'('c_Aminaea) .

SSP S&MA Office prowdes a mission pre -brief package

- conS|st|ng of m|ss|on-spec1f|c analysls for requested
|ssues o, B .. s : R

_ Purpose'_ot the'brietin'g'is'to'p'ro‘\iide MMT With S|tuat|onal
awareness” of issues of interest to the MMT based on .
expenence o] expectatlons ST sl ik

— Purpose Is to. brlef results (m|n|m|ze methodology dlscussmns)
. Analysls method has been establlshed and vetted |nputs |
vary by | m|ssmn L | .

. Analysis (and assumptlo‘ns) have been coordlnated with
technlcal owners - - .

¥
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MMT Pre-brief Needs . .
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. MMT time is valuable
- Bebrief -~ e
— Product should be famlllar s

— Commumcate |mportant pomts qmckly

. Important pomts

- Results with' rlsk cpntrlbutors
— Uncertalnty | _ '
- Assumptions
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ISS Inability to Sustain CSCS Leads to Loss of
jl Original Shuttle Crew (73 Days of Consumables)

MMT '-P,re'-brier' Sample

STS 120 LOSS OF CREW RESCUE

(Based on Slmulatlon Model Developed from Hlstorlcal Events)

1:XX -

Entry LOCV ~ 1:--

Ascent LOCV ~ 1:---

Ascent Abort ~ 1:---

ISS EVAC / LOCV
~ 1:556

Launch Delay
~1:==

Pad flow

Launch countdown
VAB flow

OPF flow

SSV to pad

Mean Loss-of Crew . .
Rescue

~1sevacioey | lr .

Key Flndlng : ¢

3 Launch delay risk decreases as the number of days remarnmg in the OPF flow decreases and
as the CSCS duration increases

s - This is the redson for difference betweeh STS 118 (1 :3) which had
30 days remalnrng in‘the OPF and 68 days of CSCS and STS-120.

. (il Uncertalnty
Note Bar Iength represents generic crew rescue uncertalnw (unlform dlstrlbutlon) and black

i marks are STS-120 estlmates

A

Crew Rescue 3
‘Launch Delay-

:"-= . PadiAbort |

alls

i e

< 3 WL £ PFo‘babiIity Loss of Crew Rescue ‘
‘& ¢ Major Model- Assumptlons
- Based on STS-120 CSCS capablllty, 73 days CSCSs and 10 days remamrng in OPF
-There are launch opportunltles every day .
'J -No unprecedented waivers to‘launch.criteria of LCC violations assumed

-Launch delay does not mcl'Ude the potentlal for extraordinary eff'ort in processmg the rescue
. Wmission; :
..-ET on dock and subseq.uent ET. processlng, SRB stacklng, ET mate & closeouts completed in
time to suprbrt orbiter-mate :
- Ascent, entry, and abort values based on h|stor|cal events: Orblf risk assumed negllglble as
compared to other crew rescue risks.
-18S EVAC/LOCYV includes: MMOD, fire scenarlos; Usos hardware fallures, ECLS failures

-ISS EVAC/LOCYV does not include: failure of exercise eqmpment medical emergencies,
running out of consumables (which is captured in CSCS duration)
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MMT Pre-brief Sample .
EMERGENCY DEORBIT RISK

Uncertalnty

» Loss of Both Freon Loops °

BT Loss of PPO2 Chntrol
Loss of Both ; R
H20 Loops =

Cabin Depress

Loss of
Both Cabin
Fans

* Leaks
* Plugs &
* Bypass Valve B

Failures

* Fan Failures

. #
Emergency Deorbit -

_* Contributors

67 8 -9.-10 11 12 13 14 15
; Exposure Time (Days)

Mean Emergency Deorb‘it Risk By Number (o] Days Exposed

14 2'| 3. | 4 | "5'|'6 _',7- [ s |.,9 [ 10 ] 1] 12| 13 ] 1a] 15
INCREASING RISK: e p o

'Major Model Assumptlons
= Shuttle ﬂlght rules were evaluated that would requwe |mmed|ate entry
- The following were explicitly modeTed

. -’Loss of cabin pressure, loss of 2 cabin’ fans, Ioss of 2 Freon Ioops 'loss of 2 H20
" loops, loss of PP02 control s

. - Loss of both A/G-Voice and CMD, OMS/RCS .prop leaks, as well as loss of all cryo tanks was
- considered to be msrgnmcant compared to other contrlbutors

- Fire in AVbay or- cabin-was not considered.

- Impending loss of all QPU/HYD was not considered because it |s quiescent during the time frame
- of concern and failure while quiescent is conS|dered to'be |nS|gn|f|cant compared to, .other
B contributors : L ' "

= Model does not include the ab|I|ty to recover via IFM (e g. filter cleaning) -

. The model conservatively includes failures that would lead to LOCYV (. e. an |nab|I|ty to successfully perform the
emergency deorbit

= Shuttle PRA Iteration 2.1 data was not used

14




 RISK TRADE - HST REPAIR BACKGROUND
'STS-125 is scheduled to perform the final Shuttle Hubble
Space Telescope (HST) serwcmg m|ssmn m August 2008

— Only post-Cqumbla m|ss10n where Internatlonal Space Statlon
safe-haven is.not’ available - S

— If crew rescue is reqmred a second vehlcle wfII be Iaunched E

(STS-400)

— Original m|sS|on concept was to have second vehlcle on
. second pad avallabje for Iaunch ; e

Due to competlng pI‘IOI‘ItIeS tbe questlon was asked
whether it would be pOSSIble to execute the HST mission
from a smgle pad. el T e e

— Manlfest and Constellatlon Program |mpacts

= Risk - g 2 '

— Fundlng




'R'ISK. 'TFtADE - H'sr NEEDS ?.AND_APP'.noA-cH;
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‘The Program needs for th|s trade were to understand

— What is the dlfference in risk accepted W|th each scenar|o°
— What are the risk cdntrlbutors’? e
Analysis approa’ch gl e T .
— Simulation based on Program experlence to estlmate |
probability of, Iaunch on a glven date S
— Use of eX|st|ng SPRA to assess
e Probablllty of seccnd Iaunch caII up
. Probablllty of Ioss of crew

o= A major risk dr|ver the success of HST orblter for reqmred
m|ssmn extensmn was not modeled due to tlme constralnt_sl

Results were mcorporated as part of a Iarger demsmn
package.” | . |




HST RISK TRADE - SAMPLE _
CUMULATIVE RESCUE MISSION SUCCESS BY HST MISSION STAY TIME

FOR LATE POWERDOWNS HST STAY . RESCUE MISSION SUCCESS ASSUMING 100% -
| TIME COULD DECREASE TO 15 DAYS . S_UC_CESS OF HST ORBITER-OUT TO 25 DAYS ~<|

| TO PROTECT 100% SUCCESS OF HST.
ORBITER RER

NOTE: Single Pad FD4 and
FD10 assumes greater pad

- scrutiny due to possible pad ..
related ascent debris  *
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HST RISK TRADE - SAMPLE

PROBABILITY OF NEEDING CREW RESCUE BY *
- DECISION FLIGHT DAY - = .
y '-"-Toia],I\_I!'issi_on'Riska'._ J.
" Mitigated Potentially by
. .‘Crew Rescue = 1:xx
. " 'If Orew Rescue was 100% -
.- ... successful it would result
ARSI < . ina 16% HST mission risk
o réd_uction,(1.:xx to 1:xx)

1y’ s, A

B Non TPS Related (ET Door

Irreparable Tile Debonds ) ',

Irreparable Tile Ascent Damage [l

i |rreparable RCC Ascent Damage § _
T ¥ g RCC Repair Failures

Tile Repair Failures
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MMOD Plug Repair Failures

FD10




HST RISK TRADE - SAMPLE

HST MISSION RISK COMPARISONS

| Assumes 100% success of HST Orblter out to 25 days for FD4
call up, 20 days for FD10 caII up, and 16 Days for FD11 caII up

' 1 -I r
Addltlonal Rlsk z
Reducnon with - 3
Dual Pad ~ 1:xx
Other Ascent s _
1:xx s e Other Ascent Other Ascent

h . 1: s i i
Other Orbit 1:xxx : OtherOrb|t1 IXXX g OtherOrblt1 :XXX

O
@)
=
[
o
>
=
+Q
“'m
' Q
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.
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Other Entry e | i Other Entry ] s - j Other Entry
1:xx e : 1:xx . e 1:xx

0.00E+00 - I R W e o ;
HSTNOLON ° - HST Single Pad LON . "HST Dual Pad LON




' STs-'1 22 LH2 |..ow L’EVEL’ outfo#F erNsoR:

i ‘ . i ’ . .ln

STS- 122 Iaunch on December 6 2007 was postponed due to -
multiple failures within the LH2 Low Level Cutoff (LLCO)
System. Subsequent launch’ attempts were also scrubbed. STS-
122 successfully launched on February 10 2008 after system |
modlflcatlons were performed : S .

SSP S&MA was asked to revnew the PRA to determlne the

likelihood of having a LLCO event on a per-mission basls with
| enough granularity to see the |mpact ot potentlal |mprovements.

“The potentlal contnbutors were |dent|f|ed through reV|ew ofthe
IMPS-03 Hazard Report hlstorrcal events and team dlscussmns_.

~ — .System: dlspersmns (’varlablllty of |nput parameters fllght
b cond1t|ons etc.) : . | .

R Anomalous events s'uch as Space Shuttle main englne shlfts
| hydraullc Iockups etc. ©




_STS-1 22 LH2 LOW LEVEL cUTeo#F.'SENsoR: .
g . EVE . )
1 UPDATED LH2 ENG|NE CUT OFF PRA BASED ON STS 114 AND SUBS)

: Uncertamty :
Note: black mark is STS-123 estlmates

Zero APM

WITH APM

Probablllty of.LLCO

Major Model Assumptions

Probablllty of LOCV = Probablllty of needing ECO '
‘'sensors- condltlonal probability of 3 or more ECO
_fallures

- Probabl}lty of needing ECO sensors is based upon -
LLCO PRA estimates presented on previous page
combln.ed W|th Engine. out (details prowded ih
backup) : .

oL Condltlonal probablllty of 3 or more eco failures is

" ' based on history (# of 2 or-more failures/ total # of
failures * # of 3 or more failures / total # of 2 or
-more fallures) ;

: STS 122 fallures have not been discounted
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.Estlmates assume first ECO failure has occurred (| e.3
- of4) : ’

" STS-1 22 abort Qaundaries assu'med for engirie out
"estimates (details provided in bacKup). Zero APM
abort boundaries assumed for zero APM and STS-124
APM and STS-122 APM abort boundaries assumed for
*© STS-123. APM - ;

Zero APM 'STS-1-22'APM’ ' STS-123 APM . STS-124 APM  ° Results shown are based ECO sensor history since
(In plane) (In plane) (In Plane) ‘return’to flight (RTF). A higher failure rate of eco

sensors has been seen since RTF.




_ ‘_mmes- WE 'HAV'E LEARNEDZ}', e

' PRA capablllty must be accepted by Program
— PRA methodology must be vetted _
— PRA models have been revrewed by Program :
— Personnel are V|s|ble and actlve W|th|n the Program communlty |

As |mportant as good PRA capablllty |s the ab|I|ty to
efficiently communicate the resuits G
— Understand the needs of the forum :
. "+ Need.to prowdé salient mformation eff|C|entIy
. One size format does not fit all -

- — Provide all of the necessary mformatlon |
"« Results ' |
e Assumptlons
-+ Uncertainty




