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S it safe?

How do you answer that question when we’ve
out people atop a vehicle loaded with millions of
oounds of rocket fuel?

Of course it isn’t “safe”!

Our challenge is to achieve the best
understanding of the risk our mission poses to
the public and our workforce, to include flight
crews, in order to ensure that the goals we hope
to achieve justify the risk.

s it safe enough?
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Lessons Learned R

Pt

(the hard way) A

Processes grew out of painful experiences.

Human spaceflight organizations focused on a few, high
visibility missions.

Why do people, well-trained and committed to
excellence, make horrific mistakes?
— Over confidence

— Schedule pressure

— Budget pressure

— Extremely complex systems

— Normalization of deviance

— Failure to heed “lessons learned”

What is different today?
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Products

| Comprehensive safety requirements nesd to be
developed and adopted af program inception, A
campranansiva sal of safaly requirements are key 1o
ihe success of g program. With tha exception of a
gpod set af reliabiiity and quality requirements, such &
sal iwas lanking ai the start af the shidlls program,
Usa of hazard analyss mettodologies was also
lacking: This reaulted in the failure to idenity and

| adequately conral Razards sarly in the progrem,

| Products.

| strong design raquirements wera in place |
and enforcod: |
- NHE 5300.4(1D-2)
- JSCM-8080

- NSTS 07700

- NHB 1700.7A

Shuttle Program inherited a weak safety organization
from Apallo. Years of mission success, budget
pressure, and attrition had taken a toll,

ure |

| Quality and Reliability disciplines wera
strong, proactive, and effective.

Process

Unique and effective electrical,
electronic, and electromechanical
parts program,
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(Culture 4

Funding solirce impacts on Safely. A lack of
[ndepandent furding can Iead to'Safety baing
compromisad - ‘Don't bite the fand that feeds
you." Atthe vary isast, safaly reeds to have
independent funding for an Indepandent
assessmant function to ensure thal areas
dependant on funding from the program are nok
| being unduly infiuanced of compramised.

Process |

Cartification by similarity can rasult in unforesesn
problems. Ba very caubous about cariying
hardware by smilarty, especially when safety is
weak, Variatons in design, materials, manufaciure,
oparalions, and bparational evionments may
invalidate simillanty assumptions

AsTP

Dssign & Constnuction

Design & Constnuction

Apprasch 3nd Landing Tests

Limited career path prestige and polential wilhin Safety

Space Shuttie Program (SSP) cantrolled Safety funding ?
Safety products wera niot Used to drive operations products (fight rules, crew procedures, etc )

“Silent Safety” sra
Rate compiiancs — “Na, bacause ...

(Culture

Limited caréer path potential within the Safaty
arganizafion made it difficult to attract and retain
skilled paople. Safely owgarization must have

similar career potental and support from human

resources, inclliding recriiment emphasis, to ensiire

| & functional capaility hass

Culturs |

Safoty became a rota compliance organization. Rots
compliarice to requiraments without regard for sound engmesring
judgment and fisk trades gave SREQA a bad mputaton. This

raputation hae bean very hard la avercome once estatletad and

0]

Brief period of Engineering Technical Base funding
SBMA praducls integrated inlo aparabions products.
SaMA,

NASA HQ Office of Safely & Mission Assurance (OSKA) ara

Culture -
hindered effactivaness and recriliment ~ “o Gné wants to ba a | Offce of Safaty and Mission 4
raffic oop. Assurance formed at NASA H
Hesdaquarters. | |
Privaia é |
| Minimat communications within and botween Engineering i
Safety organizations reduced integration and Technical
organizational effectiveness. Priot o the | Base Funding H
Challenger accdant there was nol 8 strong | s
Level || SREOA intagration funciion.
¥
Report of the Presidential Commission on
the Space Shuttle Challenger Accident
Cutture A "... faults include a lack of problem reporting
= requirernents, inadeguate trend analysis,
Silent Safety’ o ion of criticality and lack of
5 involvement in cnitical discussfons, A properly
& staffad, supported, and robust safaty
organization might well have avoided these
faults and thus eliminated the communication
failures.”
(e Process
| & S&MA staffing lovals and
Maintenance, logistics, and
supportabllity analysis must start ';"d'"g decreasing as flight
early and account for the impacts Sk raplchy il
Prooost of ground processing cycles on
|"Satoty not watching trend | ::ﬂy;’:;#!ﬁ,ﬁﬂ,:‘aws‘s
data such as time-cycle data. program, which resulted in hardware
liker toesi e .
= | e being wsed up on the groun |
Safaty products lagged the and sign-off on
development pracesa and were not _ CHITs.
considered to be in tha criical path. | Products
Ralhor than baing Used to driva the Safoty products must ba avaiiable sarly If they
design and operations, Sfety are to infiuence design and operations. The g
products, such s hazard reports and hazart reports and FMEA/CILs for the shuttle

FMEAs, wera heing Used (0 docusmant

and Justiy the design and operation

Culture |

[First flights (glide and powered) were
crewed fiights. Prior programs had
always used nan-crawsd flights to
validate design prior to risking crew,
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program ware always lagging behind the design
process and tharafom wene neffective In influsncing
the cesign and oparston during the DDTE phass
of the program. Priorfa the loss of STS-51L the
fiight rules and crew procedures were developed
without e and did not even reference them,
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i 2003
Limited carsar path potential within Safety
Brief period of Engineering Technical Base funding Spaoe Shultie Program (SSP} controlled Safety funding
Safety products integrated into aperations products.
Return to “Silent Sataty”
Role comgliance - ‘No, because ...”
NASA HQ Office of Safety & Mission Assurance (OSMA) era

200

Adich Reoort, 1982

NIAT

» Develop a Risk Management Plan.
» Developtools to access, analyze,

» A strong indepandant safaty
erganizalion Is erilcal to maintaining

Culture manage, and mitigate risk
‘andior improving safety. » Defin “allowabie risk” as a function
“... tendency to ¥ Eslabiish an Independent Safety of tha progranviprojact.

Assuranca Office.

» Estabiish a ‘Theae-Key CoFR"
process in which NASA, the ISAD),
‘and the perational contrectar share,

» The S&MA rofe should include: mandatary
participation on prevention/resolution teams and in
probiem calagorization, investigation of ascapes and
diving calches, and dissemination of lessons learned
» Management needs to foster an environment

accept risk solely
because of prior
success.” -SSIAT

Culture whera problems ara raisad withaut fear of reprisal
» Develop mathods of quanttative risk assassment.
~40% budget » Quantitativa mathods of isk assessment and
reduction over 10 faty need to ba integrated.
» Maintain and communicale a database of lessons
years. -CAIB Jeamed
Process

Varlous. efforts to improve
effectiveness of S&MA.

Aprll 2004 - Shuttie S&AMA O

Improving career path potential within Safety (Safety Technical Autharity, Training, Rotations, etc.]

Participalary S&MA

Changed to "risk-based" management of safety. “Yes, if ..."

o (code MX wi

- Integratad SEMA

Sept 2004 - Govarnance model - astablished SAMA Tech Authorities (included pravious 1A org fole ~ no more separate IA org)
S&MA Problem Investigation Taam — Era of proactive support Io the Missian Managemenit Team

CAIB Report

» NASA is ol functioning as a
leaming organization.

» NASA's safaty cullure has become
reactive, complacent, and dominated
by unjustified optimism,

» Caraers in safety have lost
organizalional prestige.

» An Independent Safely Assurance
function should be created that would
hold one of “three keys" in tha CoFR.

procass ... effectively giving this
function the ability to stop any
launch,

» Safaly is largely dependant upon
the SSP for funding.

¢ Columbia Accident Invgstlgatmn Board (CAIB) Report, 2003

£ Columbia Crew Survival
Investigation Report, 2008

Culture

+ Established MX office ~ Integrated SEMA across centers.

# S&MA included in Chief Engineer's Council events.

» Changed to "risk-basad” managemant of safaty.

« SMISR process improvements — facus on risks (3x4 matrix),
participation of Engineer

» Utilized analytical tools for Hsk characterization and trade
studios. |

+ Fostered a “Yes, if .. mindset rather than the old “No, \_
because ..." Offered alternative technical solutions if a ,l
disapproval or non-concur was submitted.

« Considared rationale and applicability of requiraments rather
than blind applcablty - o lonper st a “rafl cop” with

Culture |

“Cultural traits and organizational "

» Detrimental arganizational and iran ch
cultural Iraits were allowed to form. |

il Culture » Establish an independent .
NASA is not functioning as " " technical engingering authority, Process.
practices detrimental to salsty g i ... echoes of Challenger ... Columbia, » NASA HO OSBMA should have R
were allowed to develo| or z s direct line authrity over the entire « Risks were highlighted in a real-time manner.
P STS-107 SSP safety organization and should » Daveloped tha capability for rapid EAMA taam rasponse o
5 be independently funded, significant events or anomalies.
H = Set the hat all of the Safety was )
& accessible o support real-time operations. ‘
\}
Columbia Crew Survival " Products | )
SSIAT Investigation Report | .
» Developed detailed Shuttle PRA model.
» Tha SEMA rola should inclde: mandatory T alces 0 el e * Devoloped exportiso and capabilty to quickly gonerats
Culture participatlon on preventioniresolulion tearms shatls, NASA forused on preventing T uaitatve o T o anificant
188 Phase 1 Manager and in problem categorization, investigation of an accident through high reliability tachnical issues and anomalies.
asked for EVA operations escapes and diving catches and and redundancy. As a result, « Improved utility of traditional/heritage risk management tools
safety reviews. Start of dissamination of lassons learmned. traditional crew survival principles (Hazards, CILs, etc),
dreeter SEMA involverment P One causal faclor Is sucoess-engendered were ol part of the SSF. « Broad implementation of risk analysis techniques (7 LA
In aperatonal safely. s salety optiniam. The SSP musl rigorously > Crow survival should be an Elemants of Fight Rationale) :
roduc gu:d x;:amzl tl's tendency to acoep risk integeal part of all human spacefiight [ & S |
— Maturing of PRA and other solely because of prior success. programs, Safety should extend
Culture sama "‘:kmm e » Risk Management process arosion croated e Pl o e
od P e e and Inciuide prowlsions for minimizing
P NASA should be re the consequences of the accident,
safety optimism.” -SSIAT “"“‘""““““’"“m process In its previous role of an independant =
aversight bady, and not ba simply  "safety Culure
auditor.”
P SSP should systamatically evaluate and =T Continuing budsﬂ
Culture eliminata all potential human single point - reductions a
failures. S&MA staffing shifts workfarce ilmhun.
“Faster, Better, Cheaper™ toward a better skills
Procass balance with training
needs a balance between programs to increase
systems specialist and systems. liveness.
engineers to faclitate affective
risk-based decision making.
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For a lesson learned to be beneficial, it must be
captured and implemented in future programs in
the form of requirements, organizational
struciures, andf/or policies.

Culture

> Coope tion and Coordination within and between
anizations is needed to increase organizational
ehictivaness - avold "sandboring "

Benefits: (1) Better coordination and sharing of technical
data resulted in impraved timeliness and quality of
S&MA risk assessmants.
(2) Earlier coordination and resolution of technical
issues resulted in better SAMA support to the SSP
and OSMA.

» Safety must be more than a rote compliance organization
(Rote compliance fo requirements without regard for sound
engineering risk trades gave SR&QA a bad reputation.)
Benefits: Improved working relationship with other

organizations and added real value to program
mission support,

Process
» Safaty must be involved early to be effective and must be
committed to “near raal-timeireal-time™ support for flight
operations.

Benefits: Provided MMT with information needed for risk-
based decision making.

Products

» Improve risk assessment capability through use of
itative and qual risk tools,

Benefits: Helped frame risk discussions and characterized
Safety risks for program and agency management.

Catancar

e

Safety and Mission
Assurance
Space Shuttle Program
Legacy Report




Future Current Challenges

Constrained budgets — less oversight
Reductions in the contractor workforce
Reductions in the Civil Service workforce

Risk Informed Decision Making/Continuous Risk
Management

We all are responsible for identifying
opportunities to reduce risk, day-in and day-out

Is it safe (enough)? If not, SAY SO!
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Managing Risk

 The systematic identification, assessment,
prioritization and mitigation of risk is essential
to our success.

 One of the most effective ways to reduce risk
during the development and production of new
vehicles is an emphasis on quality assurance, up
front.

— “Quality goes in before the name goes on.”

e Success requires commitment at all levels.



Managing Risk

e Smart people learn from their mistakes; a wise people
learn from the mistakes of others

e Study history, especially “lessons-learned”
— Avoid mistakes of the past
— Emulate the successes

e Promote a culture that accepts “bad news” without
retribution

— Do not shoot the messenger
— Encourage dissenting opinions

— Bad news is not like a fine wine...



Managing Risk

 We have forged partnerships which at one
time were unthinkable.

— |SS
 We will succeed...or fail...together

* Trust
— Insight versus oversight

— When is “better” the enemy of “good enough”?

|Il

— “Business as usual” is not good enough.



IMITt...

How can the sky be the |

...when there are footprints

on the moon?
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