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M. Chairman and Distinguished Members of the Subcommities:

. lam pleased to appear before you today o summarize the Aems;::acc Safety Advisory
- Panel's findings from the Annual Report for 2001 Although my term ended on
March 31, 2002, [ have beeri asked to speak on behalf of the Panel because the matedal

being prcscmcd was developed while [ was xfs Chair.

" The Panel’s report contained both praise for the safeiy of NASA’s Space Shuttle
" operations and the strongest safety concem the Panel has voiced in the 15 years' | was
invelved with it.- This seeming dichotomy arises becanse of the unmahsncaﬁy shart
'~ planning horizon being used to make decisions about Space Shuttle flight system
" improvements, the restoration of ageing mf’astmcmre personnel succession planning and

logistics, .

& is important to stress that the Panel believes that safily has not yot bﬁen compromised,
- NASA and its contractors maimtain excellent safety practices and processes as well as a
world-class lovel of salety consciousness. It s also cvident that lhe Space Shuttle is ap
extremely robust vehicle of epormous capability that can continue to sérve the nation and
the world for years or even decades to come if it is cared for properly. Replacing the
Space Shuttle with a significantly more capable vehicle will require vears of enablmg
technology é&xeiapm:m particularly in the areas of propulsion and materials. Prudent
risk management therefore suggcsts that the Space Shuttls should be maintained and
improved on the assumprion that it will fly into and beyond the next decade. Morzover,
1o maximizc safoty, desisions related to improvements for the Space Shuttle should be
based on & pessimistic rather than an optimistic view of when a suitable replacereni
vehicle will be fully certificd and ready to 1aké over, Safoty is better served by hawng
excess life in a vehicle when ii is retired than by attempting to run the vohicle until it is

- no longer serviceable.
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The Panel’s concermns stem from the ﬁcﬁ&sﬁy for the Space Shuttle program t use most
of its resources to support curront operations. Becauss of a budget shortfall, many - -
already planned and engineered improvements have had to be deferred or ehmmaiai ,
Some of these would directly reduce flight risk. Others would improve operability or the
launch reliability of the system and are therefore related to safety. Moreover, the current
plans and budgels are not adequate even to retain the present Space Shottle risk levels -

over the entire hkely s;anfme fife of the system.

) ‘Simphr slated, the Panel believes that the repeated postponement of safety upgrades, the

delay m restoring ageing infrastructure and the Failure to lock far caough ahead to

antmpaie and corroct shorifalls in eritical skifls and logistics availability will inevitably

. increase the risk of operating the Space Shuttle. The problem is that the borndary

— w_~.~n_?:rczt::z’f,«s::::xrz safc and unsafe operations can seldom be quantitatively defined or accurately
pfﬂdmti’:d Even the most well meaming managers may not know when they cross it. This

is pamcularly true for an agemg system.

As a complex humarg—maschme system such as the Space Shettle ages; the managers and
cHigingers operating it gain significant knowledge about its idiosyncrasies. They develop
great insights into the strengths and weaknesses of the system and, hence, its risks by
characterizing systeni behatvior over repeated missions. That is the present situation with
the Space Shuitle. After more than 100 successful missions and the infensc infrospection
followmng the Challenger accident, the present Space Shuttle team has an excellent
undem%an&mg of what 1 takes to operate safely with the system in its present condition.
As a resuli, the defined raqmrements for operating at an acceptable level of risk are
aiwa;s met even if doing so reqwmn innovative appmczches ,

_Urafm‘iundiely, as systems continue to a,,e th&} tend 1o change, Some of those changaes
ate predictable. Othérs, however, are subtle and ofich unpredictable. As componénts and

. subsystems age beyond their d“S‘tgﬁ lives, they may fail more often and with new and :
unariticipated failure modes. Thus, the well-cstablished characterization of the system is
no longer fully valid. The Aerespace Safety Admsary Pane] belicves that the Space

Shuttle 15 headmg in this direction.

The problems that arisc with an ageing complex system can be exacerbated if critical
skills arc lost. Even with the best documentation and succession planning, some
expertise is lost as experienced personmel fetirz. In the case of the Space Shuitle,
repeated Government and contractor hiring freezes during its operating life have led to a
lack of depth in erifical skills. Thus, it is reasonable to assurne that the ability of the
Space Shutile werkforce to anticipate new problems amf 1o mount innovative efforts to

' mamtam safety will mevitably dlmxmsh ) L

Before m_ming 1o the four specific questions posed in the Aprl 9, 2002 letter of invitation
from Chairnan Roebwabicker, it i3 ithportant to clarify the Asvospace Safety Advisory
Panel’s view of Space Shutile risk. In addition to the ebvious safety concems of loss of
crew, vehicle and mission, the Panel vicws anything that might ground the Space Shutile
for an extended period during the lifc of the Intemnational Space Station (IS8) as an
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unacccprable safety nsk due to'the po‘iﬁma} k;sss af zhf; ISS and 3sseuza£ea misk fm people

..on the ground.

What are the Aerospace Safety Advisory Panel’s ﬁﬂﬁmgs and recommendations abont
Space Shutde p?ﬁﬂs and budget reguess? _

The Aerospace Salcty Advisory Panel is chartered fo provide an m{}vp“ﬁdmi review of

“issues relared 0 safety. As m{:h it does not cngage i detailed reviews of budget

requests. Clearly, however, i an attempt is made io fly a high-risk sysiem such as the
Space Shutile or IS5 with inadegquate resources, risk will incvitabi ¥ increass. Effective
rizk management for safety balances capabilities with objectives. If an imbalance exists,

”;w.*.__,ae:ther ,aédﬁ:enﬁfsourccs nmsi be acquired or objectives must be reduced.

Iﬁ 118 A‘ ?zmmf Re,mm for 2001, the Panel concluded in Fimiing 1 that: _ )

I i:e' current and praposed hudgels are not sufficient to mmmve Or eveR
maintain the safety risk fevel of operating the Space Shuule and ISS.
Needed restorations and improvements cannot be actomplished under

current fm{fg&&a and spetmfmo privrities.

R

"This mﬁckzsmn emanated not from a detaited line iterm review of the Spacc Shuttle
budgst but, rather, from observinig and analyzing a disturbing pattern of the cancellation
and deferral of projects for the future in order to consarve sufﬁmen‘s‘ TESDUICES {0 operate

in the prf:sem

F{:fegnmn or delaying upgdﬁes also raises supseﬂahlhiy cencems ' Inits sccond ﬁndmg
in the most recent report, the Panel absaw&d

Some upa?‘afies not only reduce_ risk bust also ensuve that NASA s human
spaceflight vehicles have sufficient asseis for their entire service lives.

Obviously, the Panel recommended retention of as many safety-related upgrades ag”
possible. It was also recommended to NASA, however, that:

If upgrades are deferved or eliminared, anulyze lngistics needs for ihe
entire projected life of the Space Shuitle and ISS and adopt a realistic
program for ucguiring and-supporting saﬂ‘ cient numbers of suituble

<O, ﬂt’?ﬁgﬁf L _

Many Space Shuttle components are long iead,txme items that require years 1o acquire.
Procurement times for many items could likely be flirther increased either because the
urizinal supplicrs arc no longer in business or because of a loss of capebility by the
manufacturcr.. The Panel believes that the Space Shaitle program must plan to obtain
adeguate quantities of long lead-time components to sustain safc operatiens. A failurs to
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be proactive could lead to mc{eawé cannibalization or even fo %‘he groundmg of the Space
Shattle. In esther case, saﬁezjg mukﬁ be mmpmmzsui

Overall, the Panel’s concerns with respect fo Space Shuttle plans and hndgets could be
reduced if all involved partics NASA, the Congress and OMB—adopted a realistic
planning horizon and funded the program commensuratc with the need to operate for that
entire period. Based on currently available technology, the demonsirated lead times for
developing new large-scale programs and the likelibood that the ISS will require support
for at least another 20 years, the Pane] believes it is realistic to adopt a St:am: Shutile

phasc-out date m the 2022 to 2025 timeframe.

- Hhat are the Aemapﬁce Safety A drisosy Panel's specific cancerns and

“recommendations for Space Shuttle @mmm‘ infrostructure and iainch wm;@‘brtei

" Infrastrucinie. In order io fly safely, the Spga«:;e S}miﬂ’e requires extensive support fmm -
2 variety of mﬁ*astmcium components including facilities, iraining devices, ground
‘support cquzpmem {GSE) and special lest equipment {STE). These assets, like the

vehicle itself, arc ageifip. For example, some of the STE still employs vacuuin mbes.
Much maintenance and improvement of this infrastructure has already been deferred 1o
conserve resolwees for current operations. AS a result, there is a large backlag of
restorstion and upgrade work. If restoration mmmu&s to be delayed, it- wﬂi reach a point

at which it  may be 1mp0551‘$§e o recover.

The recent failure of a wehi n a fuel line during the launch count for STS-110 is a good
¢xample. The mobile launch platform (MLP) ony which the line was moinied was
originally designed and built for the Apollo Program and then refurbished for the Space
Shuttle. It is not reasonable to expect the MLPs and similar vintage infrastruciuse to
continue to support Space Shuttle operations for another 20 years unless szgmf'icaﬁt effprt.
is expended on renewal, upgrade and life extension. The weld rupture in this instamee

~ had no safely consequences, but it did dda}f the Iaunch The program may not be 5o
fortunate in the fiture. , - A

Also of note is the fact that thc fucl line weld that failed had not been Inspﬁf:iéd for many’

_years, This suggests that it was not considered to have a i gh probability of failurc.
* Perhaps with advancing age, the MLP is be_mmng to display unanticipated weaknesses.

The Pancl's Rscomenda{:m 3 in the current Annual Report addresses ‘the infrastructure
ncuds and urges NASA to: i

Revitalize Mfé{ y-critical infrustructure as expeditiously as possible.

Hach yea% the program falls further behind. It is therefore necessary to take immediate
astion to reverse the trend and begin catching up. As with the flight clements, NASA
ust adopt a reahstic planning horizon for the infrastruciure to maximize the hkelhood
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é_}iﬁ 1t can continue to support safe Space Shuttle operations throughout ihe fife of the
PROgTam. .

Workforee, Workiorce issucs basfe been a concern of the Panel for severai ygm :‘5;
highly qualified launch workfore i crtical to ensuring that all requirements are met
before a flight (s attemnpted.  Procsssing the Space Shuttle for launchis a complex lask
requinng an spproprate mix of critical skills, iraining, on-the-job experience and clear,
complete and accurate work documientation. Cutbacks in NASA and contractar’
personmel coupled with hiring freszes and retirements have resulted in some shortfalls in
critical skills. In response, hiring and training programs have managed to fill the gaps.
The Pancl’s concern is that these programs may not be adequaie as the system ages and
pmblems of rciammg critical skills and in-depth system kﬂcwlﬁdge expand.

Asthe Spacc S}m{ﬂe systern dges, i will require cven more innovative technical and
management aclions to continge flying safely. The definition of these remedial efforls

will require extensive expetience with the system as well as appropriate technical
training. As experienced government and contractor personne! retire, some of the “tricks

afthe tw&e nesded 1o compensate 1@;‘ newly emergmg problems may be lost.

The Panel belizves that ihm‘:: isno fu%%y adequate substitute for direct experience with the

| Space Shuttle. Training can develop skills and knowledge. Good documentation and

PrOCEsses can Simp!hfy work tasks, Minimizing risk, however, also involves a feel for a
complex system’s unique strengths and weaknesses that can be acqmred only on the job
by working with more expmcm:td members of the workforce. This is a process that

cannot be greatly acceierateﬁ
These considerations led the Panei o s Finding and Recammmdahan & in the current
report. The finding acknowlodges that: ‘ :

¥ 11@ safety of NASA s human spaceflight programs will always be
dependent on the availability Qf’ a skilled, experienced and motivated

wgrkfan '

The recommendation suggests that NASA:

a and capiure the experience of the current warkﬁ;ree

. Accelerate efforrs 1o ensure the avaifability of critical skifls and to utilize

The f‘anel has seen no safety shortfall attributable to launch workforce or labor

negotiation issucs. Fredback from both NASA and its contractors over the past few years

suggesis high sensitivity o the potential safety problems that could arise from workforce
issucs. Nevertheless, continving and increasing efforts to correct workforce prcbiems

mustbea bzgh priority part of furure Space Shuitle operations.
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What are the Aerospace Safety Advisory Panel’s preliminary findings and
recommendations aboul privatizing the Space Shuttle?

The nolion of privatizing the operations of the Space Shuttle 1o improve safety and
operational efficiency has been diseussed in a variety of preliminary issue papers. The
Asrospace Safety Advisory Panel has examined some of the available docomentation
Since the idea is in its infancy, the Panel has yet to devslop any specific findings and
recommendations with respect to the advisability of privatization. The Panel did,
hovrever, observe that any plan to transition from the curreni operational posture to onc
torvolving significant privatization would inherenily involve an uphesval with increased

’ risk in its wake, }t must be remembered that the Space Shuttle program is over 20 yoars

e At and has. a}ready uﬁée TEOne sewml trangitions that were disruptive and dlsiraﬁtmg for

T T Tihe workforoe,

From the Panol’s perspactive, any transition of the ﬁ}pcmﬁng approach for the Space
Shuitle will likely be accompanied by at least 2 temporary increase-in risk. This is
becguse the workforce is thrust inio a new operating environment with some: unfamiliar
processes. Under these conditions, ever the best trained and most well-intentioned
people can beeome more prone te error. These m;zgxdera{mns Ted the Panel to its '

Finding 5 which cautions that:

Spuce ‘)fxw‘z‘fe pnme‘zzaiwn can kave safety implications as well as
affecting costs. :

The associated recommendation was o

- inchade in all privatization plans an assessment by sifety professionals of
the ability of the approdgch 1o retain o reasonabie fevel of NASA techuical
imvelvement and independent chevks dnd balances.

- I would like 1o make two other poinits about privatization from my personal perspective
and experience. First, every concept of Spa{:e Shutle privatization I have seen so far
-involves the government indemnifying the private confractor. This lcaves the
- govermment with a significant financial risk that it can only manage properly if it retaing
- © zn adeguate workforce of appropriately skilled, trained and experienced people. The
dilemma is that it is difficnlt to cultivaie and maintain this povernment workforce when
 all operations have been turned over 1o the private secior. Thus, pmier;tmg safedy and the
" government’s financial interest if It indemnifies the contractor requires the govenment to
" remain intimately involved with Space Shuttle operations even though the objective of
- privatization is to extricate the gcvernment from an operational role.

" On the other hand, if the povernment chooses not to indemnify the Space Shut‘de
coniraclor, I do not see any way that a firm weould be willing to accept a privstized Space

Shutie sysiem, Given the magnitudc of infrastructare revitalization necded and the
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-associated Snancial a;‘d legal habshity if failures ocour, thc risk would be too great for the

associated rew ards.

My second point relates o safety. As discussed sbove, transitions of large, complex
organizations involve upheavals that can increase risk, at least unti} 2 new steady-state
and fully characterized operating environment emerges. The Space Shutile has been
fiying for over 20 years. Iif were to be transitioned {o a radically different operating
posture withourt the traditional govermmenticontracior checks and balances, 1am
-convinced that risk would increase significantly at least fora time. Moreover, even when
a steady-staie was reached, | cannot envision any reduction in risk from the curent, well
undersicod lévels simply as a result of pHvatizing, : .

... - Just fo be clear, ] am not saying that privatization is a poor concept for a newly developed
human space vehicle. If there is a business case for private sector support and the system -
is designed from the start ts be privately operatéd, there should be no safeiy problems -
other than those inherent in starling any new venture, The salicnt issuc is whether it is
wise and beneficial to safely o transition the Space Shutile program to privatization.
Currently there are significant long-term safsty issues that are best addressed by a fully -
engaged and hs&‘h‘}‘ EXpﬁnam‘:fd government/contractor warkierce operating in a famzhar

envirorarernt,

What is the rationale behind the Aerospace Safety Asz&my Faye! recommyendations
te continue the X-38 speceflieht test and Crew Return Vehicle? - : ‘

The Acre:.pmf; Safaiy Advisory Panel has steadfastly maintained its position that the IS8
needs & “lifcboat™ to provide the capability to protect ihe cmboard crew under three .

desizn reforence missions:

Remm of a sick or injured cmwmembw
Total evacuation of the ISS in the event #t becomes umnhabxmb!e e g aftera

tolal decompression
Unavailability of resupply for a pmlgnged m:nod €.g., duc to groumding of zhﬁ

Space Shuttle. - B :

AppendixD to the Aerospare Safety Admsm’y Panel’s Masch 1993 Annual Report
presents 2 detailed assessment of generic crew return vehicle ( CRV]) reqmremenzs and
reaches the conclusion that the lowest risk configuration for a space slation is one with
" two return vehicles cach of which canzaccommeodate the entire crew. Subsequently,
NAZA decided to use a three-person Soyuz as a return vehicle until a full-crew CRY was
available, and the Panel concurred with that approach as an interim expedient. Ceo-

In recent years. the Panel has followed the development of the X-38 becauss i was

presumably the basis for a CRY. As part of the X-38 development discussions, the Panel

understood that consideration was being given to deferring or climinating the spaceflight
‘test included in the program. The Panel helieves that any heman-raled vehicle for -
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sg&s#ﬂ;ghi should have at Ieasz ot ﬁxgh: test. Since the P'an i also romains f rmly
behind (he need for a crew retwn function for the 153 awd the X-38 was presumably the

enly CRY candidate, the most rsce:ﬁi Armmugl Report contained Raﬁmmeﬁdatmn 17a that

stated: -
Continue the flight test program for the X-38 and proceed 1o the space test
of the V201 prototype. :

It was also noled in Recommendation 17h that NASA should:

fress to restore the CRY production program or find o swhstinue rescue
wfude approach (o permit expmmm of the I35 erew.

*"‘"“"“:;"'fmg, the Aef&spaa:e Safety Advisory Pane; was not supporting the X-38 per se bat,
rather, the necessity of having some sontmuously available return capability m meet al

three daszgn reference mgasmas

The Panel is concorned about the protracted delays in fielding a more capable return
vehicle than the Soyue. This 1s rot only because the high landing loads invelved ina
. Soyuz roturn may not be compatible with 2 maximally sffective medical mission but also
- because of the uncertain future availability of an adequate supply of Soyuz capsules and

the [act that a single Soyur. deployment limits the ISS crew to three.

Concluding R’ﬁ#aris

"+ In closing, I would'like to add a personal note. It has been a pnvxlegc to work with the

Acrospace Safery Advisery Panel for almost 15 yoars and an honor to scrve as its chair.

. “Most of my carcer has been devoted to the improvement of transportation safely, and [ .
can honestly say that I have never seen an operation as safety conscious and safety

effective as the NASA Fuman spaceflight programs, Flying humans into space and
supporting extended on-orbit stays is an extremely complex and dangerous endeavor that

MNASA and its condractors accnmphsh with an apparent case that can dlsgurse the true
- extent of expertise 'md effott required.

In all of the véars.of my invelvmem, 1 bave never been as concerned for Space Shuitle
safety as [ am right now. That concern 1s not for the present Right or the next or perhaps
the one after that, In fact, one of the roots of my concern is that nobody will khow for
.= sure whon the safety margin has been eroded too far. All of my instincts, however,
" -suggest that the current approach is planting the seeds for future danger.

I appreciate the Cemmmf:c s invitation and atiention, and L usuld be pleased to answer
- any quesiions ysu ruight have.
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