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MEMORANDUM FOR THE RECORD

SUBJECT: House Science Committee Hearing on "Mir Safety": Sept. 18, 1997

Tedtifying: Captain Frank Culbertson, Program Director, Phase One Roberta Gross, NASA
Inspector Genera James Oberg, Russian Space consultant Marcia Smith, Russian Space
expert, Congressiona Research Service

Chairman James Sensenbrenner (R-WI) held a4-hour hearing of the House Science Committee
on Thursday, September 18 on the status of Phase One of the International Space Station, the
Shuttle/Mir Program. Due to the high profile nature of the subject, the hearing was very well
attended, with 24 of the committee members participating, aswell as live coverage by C-
SPAN, with overflow audience in a separate conference room.

In his opening statement, Chairman Sensenbrenner referred to the Challenger tragedy, and
labeled the recent "mishaps, excuses, inconsgtencies’ on the Mir as "Mir-haps." He promised to
hold hearingsin the future thet would alow Generd Tom Stafford, who was unavailable for this
hearing, and al the astronauts who had lived aboard Mir, to testify on their experiences. He
chalenged the Russian government to provide their part of the Internationa Space Station and
to repair shortfdls, rather than disgracing their own cosmonauts. He asked the Committee to
keep in mind that Captain Culbertson was not respongible for the grand decisons of NASA's

space program.

Ranking Minority Member George Brown (D-CA) stated that he agreed with the Chairman’s
diligence in pursuing oversght of the Shuttle/Mir program, but felt it wasn't appropriate for the
Committee to insart itsdf into the 3-prong safety review process aready in place, which was
based on careful analysis, not anecdotes. He said that the Committee can’'t be NASA’s sefety
engineers and shouldn’'t be involved in operational details, but rather should have a broader
perspective. He felt the program had been enormoudy successful so far, and that NASA and
the Committee should remain vigilant.



Testimony began with NASA'’s Inspector General, Roberta Gross, who discussed her interim
report reviewing NASA' s safety ingpection for Phase One, focusing her atention on the recent
Mir mishaps and questioning the impartidity of the independent commission to review safety
sandards, led by former astronaut Generd Tom Stafford, and the "system of checks and
balances' in place at Johnson Space Center. Her testimony was followed by arequest by
Congressman Raph Hall (D-TX) that the Ingpector Generd’ s testimony not be included in the
record until Generd Stafford was available to testify in his own defense. Chairman
Sensenbrenner denied the request, stating that the record on the Shuttle/Mir program would not
close until al hearings on the subject had been held. Captain Frank Culbertson, Director of
Phase One, testifying on behdf of NASA, reported that he had participated in the Flight
Readiness Review meeting on September 12, which included the Russans, and that he believed
that both the shuttle and Mir satisfactorily met safety standards, and approved launch of STS
86 on September 25. During his testimony on reports of Mir spinning wildly out of control when
the computer system had been down, he approached amodd of Mir, saying, "Thisiswhét the
Mir looks like when it isrotating. | believe that even the most squeamish of roller coaster riders
would have no problem dedling with this" Jm Oberg tedtified as an individua without affiliation,
based on his experience with Russia and the space program, and questioned the continuation of
the U.S. presence on Mir, daming that Mir should be lft in the past and focus should shift to
the International Space Station. He stated that when NASA canceled its participation in the
Bion-12 primate experiment, there were no accusations of being "sunshine explorers,” aterm
Culbertson’ s Russian counterpart, Vaery Ryumin, used in the STS-86 press conference on
Wednesday to describe the Americansif they were to pull out of the Shuttle/Mir program at the
first Sgn of trouble. Astronauts should be treated at least aswell as primates, Oberg claimed.
Finaly, Marcia Smith of the bipartisan Congressond Research Service testified that the
conditionson Mir do not seem to be as blesk as reflected by the media and that careful analysis
by NASA isin place. She closed her testimony, however, by quoting astronaut Dr. Jerry
Linenger as saying that participation aboard Mir had become a matter of "surviva for survivd’s
sake."

Charman Sensenbrenner began the questioning with a series of questions about the anomalies
of the O-ringsin the Challenger that had caused the accident, and citing an increase in the
number of Mir falluresin the past year. He dso quoted Associate Administrator Fred Gregory
as stating that NASA did not have safety standardsin place for the Shuttle/Mir program.
Culbertson responded that there is a difference between safety standards and a certification of
gtandards, which iswhat Mr. Gregory had been describing. Congressman Brown's questions
focused on bringing perspective to the Stuation, due to the risk inherent in dl human space flight.
He asked about the failure of the soft landing engine of the Soyuz on its return with Commander
Tablyev and Misson Specidist Lazutkin, to which Culbertson responded that after careful
andysisit had been ascertained that if someone had been dtting in the empty seet in the Soyuz,
he would not have been harmed, as had originally been reported.



Vice Chairman Dr. David Weldon (R-FL) asked about the science that can be done aboard
Mir if the crew is " congantly doing operationd repairs.” Culbertson informed him that repairs
are not constantly being done and that 550 hours are dlotted for research programs for David
Walf’sincrement aboard Mir. Congressman Tim Roemer (D-IN) stated that it was not his
intention to be critical of NASA or its saff, but rather to exercise criticd anadyssin the
Committee' sjurisdiction over NASA. He asked Jm Oberg if he believed the Shuttle/Mir
program should be suspended, and Oberg said "yes." He then asked the Inspector Genera
when her report would be finished, but she did not give a pecific date. A follow-on hearing
after completion of the report was promised.

Other questions focused on the fire that had occurred on Mir in February, the collison in June,
and the procedures in place to assure safety for our astronauts. Although Dr. Shannon Lucid,
who lived aboard Mir longer than any other American, and Col. Charles Precourt, a shuttle pilot
who has been aboard Mir twice, were in atendance with Capt. Culbertson, Chairman
Sensenbrenner would not permit them to respond to questions addressed to Capt. Culbertson
about statements attributed to her about the carbon dioxide scrubber, and to Soyuz pilot training
that he had received. Chairman Sensenbrenner assured the Committee that there would be
future hearings to alow al the astronauts who had lived aboard Mir and Generd Stafford to
testify on the subject. Captain Culbertson was asked if he would be willing to go to Mir, to
which he responded, "I would love to go now, and | think my wife would let me." Mrs.
Culbertson, who was seated behind her husband, nodded her approval. When the Inspector
Genera was asked why she would not name or even indicate the number of anonymous NASA
employees whom she claimed to have interviewed for her report, she stated that the Inspector
Generd’ s office provided confidentidity to al employees, and that those who requested
confidentidity feared for their jobs at Johnson Space Center. Space and Aeronautics
Subcommittee Chairman Dana Rohrabacher (R-CA) stated that " (t)he Adminidration istrying
to paint the best picture...." He questioned Oberg about the financid Stuation of the Russans,
suggesting that they are financidly unable to meet safety standards, dthough senior management
isbuilding brick mansonsin Star City. He asked that Culbertson’s letter to Ryumin asking why
the Altair satellite wasn't employed for communication during the fire episode aboard Mir be
placed in the record, as well as Ryumin’s response.

A sharp warning to NASA and the Administration was delivered by Congressman Curt Weldon
(R-PA) about the technology transfer by the Russians to Iran of the gyroscopes, which he
clamed was adirect violation of the Missle Technology Control Regime (MTCR), declaring
that "this program is going to go away."

In a statement released after the hearing, Congressman George Brown indicated that he was
"unwilling to conclude on the basis of the evidence presented at today’ s hearing that Mir is
unsafe for occupation by American astronauts.” However, Chairman Sensenbrenner stated ina
press conference that " (t)here has been sufficient evidence put before this hearing to raise
doubts about the safety of continued American long-term presence on the Mir."



Statement of Capt. Frank Culbertson (USN-Ret)
Phase 1 Program Manager
beforethe
Committee on Science
U.S. House of Representatives
September 18, 1997

Mr. Chairman,

| am here today to discuss the status and future plans for the Phase 1 Program, commonly
referred to as the Shuttle/Mir Program. This hearing, of course, comes at atime when we are
making find preparations to launch STS-86 on September 25th--the next mission to rendezvous
and dock with the Russan Mir Space Station and begin the sixth long-duration stay of aUS
Astronaut aboard Mir. The basis for the decison to proceed with thet flight is of obvious
interest to the Committee, and | will addressthat issue in detail.

| believe strongly that we must directly and thoroughly address the circumstances and
implications of recent problems aboard Mir, and whether or not they impact the safety of the
crew aboard Mir. At the same time, any discussion about those problems must include areview
of the impressive record of our highly successful experience aboard Mir through the Phase 1
Program. Let me first address the issue | believe to be of the greatest concern to the Committee:
the question of the process used to make the decision to continue the Phase 1 Program.

Phase 1/Shuttle/Mir Safety Assurance Process

The safety of the men and women who are or will be asked to journey into the harsh
environment of spaceisthe primary consderation that must underlie and drive al other
questions of misson, vaue and purpose in the nation’ s space program.

The Phase 1 Program has relied on anumber of different systems and processes to identify and
asess the expected risks and the readiness to proceed with the next Shuttle/Mir mission and/or
the next Long Duration Mission increment. These processes include an assessment of Russian
Segment safety standards, hazard anadyses, red-time operations assessments, Mgor Mir
Systems Requirements agreements, Certification of Hight Readiness Statements, and Hight
Readiness Reviews.

Severd years ago, the Internationa Space Station Program conducted a detailed review of
Russian design specifications to gain a better understanding of the overal Russian engineering
design process. As a part of this effort, over 265 documents and specifications were reviewed
over a2-year period. This assessment, which included two mgor technical interchange meetings
and over 200 teleconferences, was intended to assure the safety and interoperability of the



Russian segment with the rest of the International Space Station. Each standard was addressed
individualy and then reviewed through management. In order to complete this review efficiently
and in areasonable period of time, the study assessed "equivalence to” rather than ""compliance
with" U.S. requirements. This was fdlt to be a reasonable approach since the Russans dready
had an established history of safe and successful flight operations, and the Russian hardware
design was mature. In addition, the Russan hardware gpproach is very smilar to the U.S.
approach, requiring 2-fault tolerance for crew safety and 1-fault tolerance for Sation safety. The
results of this study showed that most standards were comparable and acceptable. Comparable
sandards included structures and fracture control, eectrical grounding and el ectromagnetic
interference, materias off-gassng and toxicology, and environments. A few issues were
identified, but they were not considered criticd for Phase 1. Although the sudy was amed at
evauating hardware to be devel oped for the Internationa Space Station, the results provided an
additiond measure of confidence in understanding the pedigree of hardware manufactured for
the Phase 1 Program, since the same basic organizationd structure and design guiddines were
used in each case.

Since the beginning of the Program, a very thorough hazard andysis and documentation system
has been used. Each side establishes safety requirements to be met by the other. Compliance
with these safety requirementsiis then documented and gpproved. Joint provisons are
developed to respond to any off-nomina Situations which can reasonably be anticipated. Any
recent anomalies by ether Sde are documented and explained. Thus, NASA provides details
on the circumstances and resolution of problems experienced on the Shuttle, while the Russians
do the same for problems on the Mir. This process has been extremdy helpful in understanding
hardware failure histories and in building aleve of trust between the technica experts on each
Sde.

An excellent way to obtain first-hand knowledge on the safety and readiness of the Mir isto
participate in red-time operations. NASA has been able to do this by having U.S. flight
controllers work in the Russian Misson Control Center (TSUP). In addition, technica and
scientific support is provided at the Payload Operations and Support Area (POSA) in Houston.
When EVA's or other specid activities are planned, NASA normally sends Hight Directors and
other technica expertsto Moscow to participate in the planning and conduct of the event.

Some of the most important factors in determining the readiness of the Mir to support continued
operations are the status of mgjor systems onboard and the supply of consumables available.
Prior to STS-84, aligt of specific requirements was devel oped rdlating to the environment and
mgor system status. This document, entitled "Mgor Mir System Requirementsto Allow
Mission of U.S. Agtronaut to Continue," includes safety respongihilities, nomina atmaospheric
conditions, primary and backup system requirements, and criteriafor early return of the crew.
Both sides have agreed to abide by this document, which provides clear-cut quantitative
guidelines for measuring overdl sysem hedth.



Severd weeks prior to the start of a new increment, each Phase 1 Joint Working Group
performs an assessment of their readiness to proceed. To ensure that specific sandards have
been followed and that the responsible parties are held accountable, Certification of Hight
Readiness statements are then prepared to record the results of these assessments. A top-level
readiness statement is dso completed by the U.S. and Russian Phase 1 Program Managers.

Prior to committing to flight, severd reviews are conducted for senior management. Firs, a
Phase 1 FHight Readiness Review is hdd, involving just U.S. participants. Next, a Joint Hight
Readiness Review is conducted, including both U.S. and Russan management officias. At each
meeting, technica experts present the status of their area of respongbility, any issues or
concerns that they are aware of, and any open work. The Chairman and other members of the
board listen to the presentations, ask questions, and assign actions as required to follow up on
any remaining problems or issues. These reviews are in support of afina assessment of the
mission at the Shuttle Flight Readiness Review, approximately 2 weeks prior to launch. It isat
this review that afind approvd is given to proceed with launch preparations. Any changesin the
readiness status of the Shuttle or the Mir can gill be addressed by the Misson Management
Team, ether at the L-2 Day Review, or during the Shuttle Countdown itsdlf.

In addition to the internad and joint review processes, the Stafford Committee, chaired by
Genera Tom Stafford, has conducted an independent review of the readiness for each
Shuttle/Mir mission. In view of the recent series of incidents aboard Mir, General Stafford
gppointed a"Red Team" from among members of the Committee to focus in-depth on the
issues relating to the Mir’ s readiness to support the next misson. The Stafford Committee
report, including the specia "Red Team" report, will be provided to the NASA Administrator
next week, and available for review before the launch-minus-two day briefing to be held on the
23rd.

The Extreordinary Vaue of Phase 1

What is how known as the Phase 1 Program grew out of an initid plan to exchange crew
members with Russia aboard the Mir Space Station and the US Space Shuttle. That
represented a very significant commitment of the two countries to work together and especidly
to trust one another. Detailed information would be exchanged on many subjects that were
consdered sengtive by both sdes. The US was concerned about intellectua property rights and
the unprotected transfer of technology to the Russians. The Russians were concerned about
giving access to sengtive facilities and information critica to their nationa security. Seenin this
light, the accomplishments of the Phase 1 Program to date are extraordinarily impressive and go
far beyond anything imagined when the notion of US-Russian space cooperation in crew
exchanges was first considered.

The Phase 1 Program is the precursor to the Internationa Space Station. Its four primary goas
are



* Learn to work together with each other, both in space and in ground support activities.

* Reduce the risks to Internationa Space Station development and operations by testing
hardware, refining joint procedures and integrating the operationa practices of the two
nations with primary operationd responsbility for the International Space Station.

* Galn experience in long-duration stays on a space station and devel op effective bio-medical
countermeasures to the effect of extended weightlessness.

* Conduct scientific and technologica research in along- duration environment, gaining both
va uable research data and deve oping effective research procedures and equipment for use
in the International Space Station.

The scope and activity of the Phase 1 Program has been increased from theinitid notion of a
modest crew exchange to include seven long duration astronaut visits aboard the Mir aswell as
adgnificant science program on board utilizing two tons of US science hardware integrated into
the Mir, mogt in the Spektr and Priroda modules. Initidly, the role of the US crew was
patterned after that of the other foreign personnd to fly to the Mir as guest cosmonauts. Our
overal involvement was as a customer who would conduct the science program and not be
directly involved in the operation of the spacecraft itself. The mgority of the early lessons
learned had to do with life on along duration misson, the logigtics of supporting such amisson,
the psychologica factorsinvolved, what it takes to conduct along duration science misson, and
the techniques the Russians use to manage their space station program, as seen by observing the
Russan flight control team while not actudly getting involved in the operations themsdlves.

Asthe Shuttle/Mir missions progressed, it became clear that our goa of learning how to work
with the Russians should include direct knowledge of the operationa techniques through
involvement in the operations themsalves. The Russans quickly agreed to the principle of
making our astronauts an integra part of the crew, and work was begun to modify the training
program to alow for expanded duties with some changes made even before Shannon Lucid's
mission, including the role change from Cosmonaut Researcher to Flight Engineer-2. Find
agreement on the new training program was reached in the summer of 1996 and the formad
documents signed in August of 1996.

Mike Fode was the first US astronaut to see the full effect of this new program in histraining. It
is evident that Mike is congdered afull part of the Mir crew and it is reported that he has gained
high respect from both of his crew mates and the control team in the Russian control center.
Since the Progress collision, Mike has participated in an externd spacewak (EVA), was
accepted as the replacement secondary EVA crew member for theinternal EVA, and would
have performed that function had the decision been made to proceed with that EVA before the
arrivd of the next Mir crew. He has actively participated in the ongoing maintenance and
restoration of Mir systems and is seen as the on-board computer expert. That roleis being
continued in the training and preparations for Dr. Wolf to join the crew during the next Shuttle
flight.



In sgnificant and important ways in the Phase 1 Program, we are now functioning in a
partnership role with the Russans in the operation of a space sation. This experienceis
invauable in preparing us for our leadership role in the assembly and operation of the
Internationa Space Station, and the continued cooperation with our Russian partnersin that
important undertaking.

Phase 1 is Not Without Difficulties

In the past severd months, as series of events have taken place aboard the Mir Space Station
that have caused concerns about the continued safety and judtification for the Shuttle/Mir
missions. The following isabrief review of those incidents and what we currently understand
about them.

Thefireon Mir in February was serious and demanded a careful response. In particular, it
required an assessment of the safety of the design of the oxygen generator used to back up the
Elektron system as well as the operational response of the crew. Although review of the design
and operationd history of the oxygen generator resulted in its being cleared for continued use,
the fina report on the investigation into the causes of the fire was not available until recently, due
to the time required to return the hardware from orhbit to the manufacturer. The results of that
investigation indicate thet fire was most probably due to the albbsence of arubber sed that can be
inspected by the crew prior to operation. The design of the generator is sound, and gppropriate
operationd precautions are in place to make the possibility of arepeat occurrence extremely
remote. The operationa responses of the crew to the fire were appropriate and demonstrated
that the Russian training and procedures are adequate.

A second effect of the fire was an immediate improvement in the communications between the
US and Russian technical and management teams. The delay in notifying the US regarding the
fire has been widely reported and was immediately remedied. In addition, the Russan
management team directed al levels of technica specidigts to increase the volume and speed
with which technica information is shared with the US. Coupled with an increased effort on the
USs part to have technica personnd following Mir systems and consumables, this marked a
sgnificant improvement in NASA's understanding of routine flight management activities and the
technicd dtuations that drive them.

Ethylene Glycol (EG) legks

Smadl lesks of ethylene glycol (EG) coolant solution into the Mir environment have been noted
snce a least Shannon Lucid's tenure on the gtation. At that time, they were minor lesks that
reduced the effectiveness of the therma control system and prevented drinking of the
condensate until the leaks were fixed and the EG purged from the water supply.

During Jerry Linenger's misson, EG leaks became a sgnificant environmenta concern asa
source of mucus membrane irritation to the crew and potentially along term health threst.



Discussons with the medical community indicated that EG in the amosphere would become an
intolerableirritant long before it posed along term hedlth threat, confirming that having Dr.
Linenger monitor the symptoms on the crew would be an acceptable indicator of gross
concentrations. The crew was prohibited from drinking the condensate pending the addition of
effective EG filters to the system, which was accomplished on STS-84. As a consarvative
measure, the crew did not drink the water until samples were brought down on the Soyuz in
August and andyzed. That andys's showed the water to be totdly free of EG and was cleared
for unlimited consumption.

The EG lesks were primarily the result of dissmilar metal corrosion that required the right
combination of time on orbit and increased condensation to manifest itself. Once detected and
understood, the Russian team devel oped effective repair and cleanup techniques to correct the
problem. Equally important, design changes were developed for the Russian modulesto be
flown as part of ISS to prevent this problem occurring there.

In order to be better able to assess and respond to leaks that might occur on Mir in the future,
NASA adso developed and flew up on STS-84 environmenta monitoring hardware able to
detect and measure critical concentrations of EG. The Russian operations and medica teams
recognize the vaue of this hardware and have embraced its use on dl subsequent missons. The
clear implication is that a red-time operationa issue is the best way to motivate people to get
past minor differences and make red progress. This has contributed to further improving the
working relaionship and ingght between the US and Russa

Progress Collison

The collision of the Progress 234 vehicle with Mir during amanua docking test on June 25 was
the most serious event to hagppen on the station since its launch. Damage to Spekir resulted in
the rapid depressurization of the module and nearly the abandonment of the Sation via Soyuz.
NASA was aware that the test was planned, as well asits high level objectives, but had not
been given detailed ingght into the test planning or execution. This was consstent with the
agreements established at the beginning of the Phase 1 Program where RSA was held
responsble for the safety of dl activities on the Mir and NASA was responsible for Shuttle

ety

The results of the accident investigation are till being assembled into afind product, and
detailed comments are ingppropriate at thistime. However, the independent analyses performed
by Energiaand ateam of US experts have many conclusions in common that indicate that a
conclusive determination of probable causeis possible and imminent. It is believed that the
causes can be adequately addressed so as to make a reoccurrence of this accident extremely
remote.

However, thisinvestigation hasillustrated that there are opportunities to combine the strengths
of the Russan system and methodology with NASA's to result in a cgpability exceeding that of



ather individudly. Specificdly, the introduction of US experiment planning and trgectory
modeling personnd into the Russian process can provide vauable experience to the US team
while improving the product of the Russan flight control team.

This redization, coupled with management imperatives to be more directly involved in the
development of and concurrence with critical operationd plansfor Mir, has resulted in an
initigtive to sgnificantly increase the amount of US operations personne involved in basic Mir
operations. Whereas in the past NASA has only been responsible for and a direct participant in
the planning and execution of the science timeling, in the future NASA expects to have
increasing communications between specidists on critica dynamic operations such as
rendezvous and docking and EVA's, aswell as sysems related activities such as management of
life support and other critica systems and the consumables that support them.

Science Recovery

Following the Progress collison it was recognized that the science program planned for Long
Duration Misson 6 would require significant modification. The greatest chdlengeslay in the
availability of hardware to replace that lost in the Spektr, and the availability of eectrica power
to conduct meaningful science. One other chalenge was that the time remaining before STS-86
would not dlow amgor redignment of the science program in terms of developing and
preparing new hardware, procedures, training materials, etc.

Approximately two weeks following the callison the US members of the Mir Operations
Working Group and Joint Science Working Group traveled to Russato negotiate a new
science plan and finaize the program for Long Duration Mission-6. A tremendous amount of
work was accomplished in afew short weeks and a preliminary agreement was devel oped
based on known resources for experiments, and with a modestly optimistic expectation for
power recovery from Spektr. The plan took advantage of backup flight hardware for some units
logt in Spektr, as wdl as some new experiments that had not yet flown. The find plan now
includes 35 experiments for the increment--more than any other to date!

The successful internal EVA provided power that is expected to support the science plan. The
larger power users will have to be scheduled to be operated during periods of additiona
available power, which is good practice for ISS on which the same techniques will have to be
applied. Although the mix of science has changed from what was origindly planned, the science
vaue of the 6th long duration increment is expected to be gpproximately 80% of the origindl.
Thisis an example of outstanding resourcefulness and cooperation that should serve as a model
for joint science programs everywhere.

Crew Change

Following the Progress collision, the Russan team began an ambitious effort to plan the repair
and repressurization of the Spektr module. This plan has evolved over time and hasincreased in



detail and fidelity with each passng week. One ement of the plan that has remained essentidly
condtant isits dependence on alarge amount of EVA activity to find the lesks and repair the
module. A joint decison was made that it is highly desirable to have dl three crew on the Mir be
EVA capablein order to have backup crew and to spread the workload.

This became an issue because it was known that the prime US crew for Long Duration Misson
6 did not meet the minimum size requirement of the Orlan EVA suit. This limitation was known
a the time of her sdection as prime for this misson, but since at that time there was no EVA
requirement it was no issue for her selection. In addition to the size condraint, Snce this crew
aso had no EVA training in the US, there would not be time to accomplish afull EVA training
program prior to STS-86.

On that basis the decision was made to switch to the backup crew for Long Duration Mission
6. Thisindividua, who was being trained as prime for Long Duration Mission 7 and backup
Long Duration Misson 6, had dready received significant US EVA training and could be
trained in the Russan system in time for STS-86. He has received sufficient generic EVA
training to be quaified for EVA backup or contingency operationsiif required. The biggest
impact of the decison was that some of the science basdline data collection that was taken on
the Long Duraion Misson 6 primein the May 97 time frame was not taken on the backup and
was therefore logt. Schedule impacts to accommodate last minute Shuttle training have made it
necessary to combine Baseline Data Collection for severd of the investigations, ensuring & least
one session is completed for each planned investigation.

Risk Assessment

Thecrucid questions for many iswhether, after this series of events, it is now sufficiently safe
and potentidly productive for the US to continue to support the Phase 1 Program.

We are reminded by this history of occurrences that we must be ever watchful and mindful of
the need to ensure crew safety. The following is an overview of the safety assurance process as
an ongoing and crucid aspect of the al of NASA’s human space flight activities. Safety is our
highest priority, and it will not be compromised.

The greatest risk faced by Phase 1 Program is the possibility that a member of the crew could
be serioudy injured or die on the Mir, or that the Shuttle could be damaged during joint
operations. For these reasons, and with the understanding and joint agreement that each country
has a mature space program with established record of safe operations for their own vehicles,
the mgority of the early Phase 1 safety work was expended on the joint (rendezvous and
docked operations) phase.



Crew Safety

From the gtart of the Shuttle/Mir Program it was agreed that aformd safety hazard analyss
would be performed jointly with the Russans for the joint Shuttle/Mir missons. This gpproach
to risk management was founded on the agreed-to policy that NASA was responsible for the
safety of Russian cosmonauts on Shuttle and Russian Space Agency was responsible for the
safety of U. S. astronauts on Mir.

Joint Shuttle/Mir safety andysisis performed for the gpproach, docked, and undocking mission
phases. Thisjoint safety process documents the safety assessment results for each mission,
aong with aset of requirements, compliance to those requirements, and documentation for flight
readiness. All NASA hardware, including science experiments for use on Mir, have a safety
certificate that documents the results of the safety andyss and certifies that it is safe for
operation on Mir.

Since the Mir firein the Solid Fud Oxygen Generator, NASA has been involved in assessing
safety risks of astronauts on Mir both before and after each Shuttle mission. This has been
achieved through the understanding of anomalies experienced during Mir stand-aone
operations, the assessment of the ability of Mir to meet the jointly agreed-to mgor Mir life
support system requirementsto dlow U. S. astronaut to continue, and the real-time presence of
flight operations, science, and flight medical personnd in the Misson Control Center in
Moscow.

The agreed-to Mir life support system requirements identify the atmosphere and environment,
such as Oxygen and Carbon Dioxide levels, as well as temperature and humidity. In addition, it
identifies 30-day reserve of food and water, number of fire extinguishers and gas masks
onboard, redundancy of oxygen and carbon dioxide remova system, contaminant removal
system, physica exercise devices(and conditions permitting their use), and the availability of a
functioning Soyuz return vehicle. This agreement does alow for the use of maintenance and
critical spares to recover redundancy. It aso identifies conditions that would require the return
of the Mir crew in the Soyuz(loss of habitable atmosphere, medica emergency, loss of
capability to combat afire).

The Mir system failures that affect safety and the associated corrective actions are documented
in our Joint Safety Assurance Working Group Document 3-5M. On the mgor fallureslike the
fire, our Russan partners dlowed NASA participation in the failure investigetion, provided
drawings, systems description, debrief of cosmonauts at Star City, and attendance at the final
Commission meeting on the cause of thefire.

Our increasing knowledge of and insight into Mir operations and systems has greetly improved
our ability to understand the safety risks for continued operations on the Mir. Our concluson is
that the Program can continue at an acceptable level of safety risk that is no greater today than
was present in the past.



Early Misson Termination

The second most significant risk to be addressed is that of an early misson termination due to an
accumulation of systems failures or other circumstance conspiring to make continued habitation
of the Mir untenable. The issues associated with this are twofold: the safe return of our crew on
the Soyuz, and the loss of the science planned for the remainder of the Program.

NASA has determined that there are no significant issues associated with our crew returning on
the Soyuz. Thiswas the foundation for the decision to accept the Soyuz escape capability as
part of the rationae for safe presence on the Mir, and the decison is till considered vdid.
Recent concerns about the early operation of the soft landing engines on the Soyuz and the
resulting hard landing have been resolved. The Soyuz is designed to safely return the crew even
without the rockets, and no injuries were sustained in ether of the two such landings to occur
(17 years gpart). Investigation of alegations that injury would have been sustained had there
been athird crew in the last Soyuz hasindicated that this would not have occurred. No damage
was sustained by the seat or the hardware carried in it, athough the seat supports did not stroke
to absorb the landing impact due to interference with the fabric liner of the module. The Russian
specidigsindicated that the interference would not have occurred had a proper ingpection and
configuration of the seat mechanism been performed prior to landing. It is believed that the lack
of a human occupant led to this oversight.

Loss of Science Productivity

The mogt likely risk to be redized by the program isthe loss of science productivity, due either
to an early termination of the misson as mentioned above, or due to reduction of critica
resources such as power, crew time, or communications. While most likely of the three types of
risk, the consequences are a so the least severe and the most managesble.

The overriding consderation with regard to this risk is that there is no dternative to accepting it
other than to redize it immediately. In other words, to proceed isto accept the risk that some of
the science may not be realized and some of the money spent in preparing it will belost. On the
other hand, termination and other unavoidable program costs mean that a decision to not send
our crew will not save sgnificant money while guaranteeing that the mgority of the science
program will not be accomplished.

On this basis the choice to go forward and achieve as much as possble is the obvious path to
follow.

Perceived Risk Areas
Some areas of the program are percaived as having sgnificant risks associated with them. One

area of heightened interest and perceived risk is the potential impact to safety and misson
success of the Mir's maintenance activities. The crews have dally regimens of Mir housekeeping



chores, and weekly vehicle cleanups to keep the Mir systems running. In addition to these
planned procedures, there are additiona, sometimes unplanned in-flight maintenance activities
that the crew must accomplish.

The crew's maintenance activities do include some activities incurred by vehicle sysemsfailures.
From the time that the Mir Program decided to operate until failure, the crew has had to
contend with unplanned hardware replacements. This operations philosophy initidly savesthe
program crew time, as unnecessary hardware changeouts are now avoided. However, when the
item does eventudly fall, the crew's timdline must then be adjusted to dlow for the in-flight

mai ntenance to be accomplished. Backup capabilities exist to give the crew adequate time to
respond. Should the Elektron stop functioning, the crew has both gaseous oxygen supplies
brought up on Progress, and the lithium perchlorate cassettes available to support the oxygen
requirements while the repairs are completed. Should the V ozdukh carbon dioxide remova
system fail, thereis a supply of lithium hydroxide on-board to accomplish the carbon dioxide
remova while the system isrepaired. Should the Urine processing sysem fail (the system that
processes urine into technical water for usein the Elektron for oxygen production), thereisa
supply of Urine preservative and many storage containers on-board to hold the urine until the
processing system can be repaired. All of these examples demondtrate thet the Mir operations
for the criticd life support functions, while requiring maintenance, have sufficient dissmilar
backup capabilities that can safely be operated until failure.

This mode of operation does impact the crew timeline when failures do occur; however the
impacts to operations are not correctly reflected in the media. A fallure of the Elektron near the
crew's planned deep period will more than likely have the crew shut it off and go on to bed,
leaving the troubleshooting steps to the next day. The next day will begin with the crew utilizing a
lithium perchlorate cassette to raise the oxygen levels, eat breakfast and set about the day's
activities which will include troubleshooting the shutdown of the Elektron. This response to the
faluresisroutine,

The last area of perceived risk to be addressed is the area of language communication. Thereis
apotentia for the crews to misunderstand each other due to the fact that not al crew members
are native Russian speakers. Thisrisk is controlled in a number of ways. Activities that contain
more risk are rehearsed. Those that require crew-to-crew coordination are practiced pre-flight,
and some cases inflight, to familiarize each member of the crew with their roles and
respongbilities. Activities such as these include emergency procedures for evacuation to the
Soyuz and EV A procedures. For other activities, additiona responsetimeis available to alow
for crew members to communicate, and come to agreement on activities to be performed.

A Reminder of Our Misson
The difficulties experienced by the Mir Station and its crews over the past severd months have

raised questions in the minds of many individuas, which have undoubtedly contributed to the
need felt to call this hearing. | look forward to addressing more of those concerns and others as



this hearing proceeds. | believe strongly in the importance of accountability in government
sarvice, and | believe that the hard questions asked by this Committee and others can only help
to ensure that we miss no detail in our efforts to evaduate the viability of continuing the Phase 1
Program long-duration missonsin away that enhances safety.

| believe that there are two broad questions of which most others are a subset:

1. Isthere sufficient vaue and benefit to be gained from continuing the missions aboard Mir?
2. Can we conduct those missions safely?

| have dready addressed in some detail the reasons | believe we can positively answer the
second question. To answer the firgt question, 1 will briefly review the experience and lessons
learned in the Phase 1 Program from the standpoint of our four primary goals.

1. Learn to work together with each other, both in space and in ground support activities.

The Phase 1 Program has aready resulted in the development of positive and effective
relationshi ps between the space agencies, mission planners, managers and controllers,
contractors and counterpart individuas of both the US and Russiain away that would have
been considered unthinkable a decade ago--or even five or Six years ago. Last week, we saw
US astronaut Mike Fode participating in acriticd repair EVA outside the Mir Space Station. |
cannot stress enough how much that fact alone bears witness to the success of this program.
When we garted the Phase 1 Program in 1993, we till knew very little about the Russian space
program and how it functioned. But as the Program has progressed, we are no longer guests,
but are active participants--partners, redly--in the operations of the Mir Space Station.

We have become a part of the Russian control center and have learned a great deal about how
they operate, including things we wish to include in ISS as well as those we do not. During
critica periods, they are well staffed with people with years of experience and do an excdlent
job. During periods of low activity on board the station, the response isless crisp. The NASA
mission oversight role is being tuned to more effectively complement the Russan control
cagpabilities. As areault, the amount of Russian segment telemetry monitored by NASA will be
increased for the balance of Phase 1 aswell asfor ISS. In addition, we have implemented a
more specific and more active role for our premier Mission Directorate personnd.

The following are saverd additiond examples of what we have gained thus far in pursuing the
god:

Rendezvous/Proximity Operations/Docking - The opportunity to actudly fly to and dock with a
gpace station with the Shuttle has provided invauable operationa |essons that will be applied to
the ISS. For example, al of the techniques required for 1SS docking and undocking have been
flight tested and proven al the way through actua operations. We have learned how to
operationdly launch and rendezvous with targets in high inclingtion. We are verifying in flight the



procedures for use and the effects on the station of the Shuttle maneuvering thrusters. We are
developing al necessary contingency breakout procedures and the nomina procedures for
ingoection fly arounds. We developed and practiced the joint procedures for pressurization and
ingress of transfer compartments post docking and preparation for undocking. In addition, we
tested the use of various sensors and confirmed that we needed a "tracking light" for the ISS.

Mated Operations - Phase 1 alows us to demonstrate how to use the Shuttle for attitude
control of large flexible structures. Thisisasgnificant task, critica for early ISS operations. We
have exercised the sharing of operationd responghility during which the Russans are
responsible for the Russan segment and the US is responsible for the US segment (in the Phase
1 case, the Space Shuttle). We have observed the Russans operation of along duration space
station and observed the pros and cons of the current Russian Strategies. Their philosophy
concerning sparesis acase in point; they generally operate their non-mission critical hardware
until it fails, aswe will on ISS, and have a good data base of what islikely to fail and what
gpares should be maintained on-orbit. These skillswill be critical for ISS and the lessons are
being factored into the US plans.

Training - The Russanstrain for sysems skills rather than for flight specific tasks. Thisisa
natura approach for long duration missons such asthe ISS. The U.S. crews and ingtructors are
becoming more accustomed to this strategy. Phase 1 has vaidated the basic concept that ills
based training is gppropriate for long duration missons. Phase 1 has dso shown that it is
extremely important that training plans are documented and implemented by both sides. We
have learned that a continued U.S. presence a Gagarin Cosmonaut Training Center is
necessary to insure continuity in training. This aspect includes day to day scheduling and
assurance that U.S. medica doctors are present during safety related sessions. These activities
have been criticd in dl areas of training including science and Mir systems, and plansarein
place to continue this philosophy and dlocation of personnel for Phase 2, with an increasein
personnel commensurate with the increased on board activity.

Multi-National Operations and Control Center Coordination - NASA has learned how to
conduct operations using interpreters, accounting for time shifts of 9 hours, and with redundant
responsibility for operations between Control Centers. Thiswill be required on 1SS where the
partners will provide payload control of their modules. We have worked out how to exchange
documents, how to organize them, and how to make it clear who is responsible for what. The
control center cgpabilitiesincluded voice, video, data transfer, and Mir systems data displayed
in both control centers. This capability is going to be used as the building block in connecting the
control centersfor ISS. In fact, the planned I SS tools for flight planning and procedures
development are aready ingtdled in both the US and Russian control centers. We will have
years of experience working together before we even begin operating the ISS.

In addition to conducting the US program on Mir, we have had the opportunity to participate in
Mir activities that included participation by the European (ESA) and German (DARA) space
agencies. Thereisdso aFrench (CNES) flight planned for January of next year, in which



NASA will participate. We have donejoint timelining, shipped ESA and DARA tdemetry data
from the Mir on US systems and distributed it to the ESA and DARA control center in
Germany. We have numerous science payloads that have Co-Principa Investigators from
different countries. In truth we are participating in amulti-nationd program on Mir thet isthe
precursor to the 1SS flight operations phase.

2. Reduce the risks to Internationa Space Station devel opment and operations by testing
hardware, refining joint procedures and integrating the operationa practices of the two nations
with primary operationd responsbility for the International Space Station.

The Internationa Space Station (1SS) Phase 1 Risk Mitigation Experiments (RMES) and
Technology Demondrations (TDs) program includes tests that reduce the technica risks
associated with the construction and operation of ISS.

The RMEs & TD tests are categorized in five functiond aress.

A.) Environmental Characterization B.) Structural Dynamics C.) Crew Hedth Care
D.) Operationa Techniques Development E.) Technology Demongtration/Hardware Evaluation

A. Environmenta Characterization - The environmenta characterization area contains
experiments whose goas are to characterize the externa space environment at the 51.6 degree
orbita inclination by direct measurement of micrometeoroid, debris particles, and cosmic
radiation levels. Photographic and video images of the Mir space station’s exterior are being
made in order to document the effect of this environment on large space structures.
Measurements of the Mir internd environment are being meade to aid in understanding the living
conditions in the Russian modules.

Prdiminary Results/Phase 2/3 Benefits:

* The Plume Impingement and Contamination experiment was able to define the levels of
plume induced contamination for both Shuttle and Mir thrusters; the estimated plume
contamination levels are needed for ISS caculations of hardware logigtics needs and
assessment of materia degradation resulting from plume infringemen.

* Measurements and the results obtained from the Radiation Monitoring Equipment - 111,
Cosmic Radiaion & Effects Activation Monitor, and the Redl-time Radiation Monitoring Device
experiments will be used to vdidate or modify the current models of the space radiaion
environment (for example to account for trapped particles and spacecraft shielding); the red-time
radiation device estimates dose rate and dose equivalents for crew members.

* Datafrom the Mir Audible Noise M easurement experiment showed where modifications can
be made in ISS systems to meet the criteriafor noise levels. Further investigations are planned.

* The Mir Electric Fidd Characterization experiment recorded the el ectromagnetic conditions at the
Mir/ISS inclination, which is important information for the design of equipment aboard the ISS.

* Photographic and video images from the Micrometeoroid/Debris Photo Survey of Mir have aided



in the understanding of the externd environment at the 1SS operationd inclination, providing important
information for protective mechanisms for the ISS; contamination deposition observed on some
Mir surfaces has prompted changes to purge and venting port orientations on ISS to preclude
deposition on sengitive surfaces such as solar arrays and radiators.

* The Mir Environmenta Effects Payload, conssting of the Passve Opticd Sample Assemblies
1 & 2, Orbitd Debris Callector, and the Polished Plate Micrometeoroid Debris Collector,
will yidd smilar vauable data after return on Shuttle flight STS-86. The Optica Properties Monitor
will return data on flight STS-89.

B. Structural Dynamics - Experiments and testsin this area are designed to provide data for the
verification of 1SS loads and dynamics mathematicd models.

Prdiminary Results/Phase 2/3 Benefits

* Data collected during crew motion/loads experiment of the Enhanced Dynamics Load Sensor
identified the impact of crew activities and are being used to update station loads/dynamic models.

* The Mir structure, which variesin age from oneto 11 years old, was measured with the Mir
Structurd  Dynamics Experiment yielding important dynamics data, enabling the predicting and
countering of ISS structurd dynamics.

C. Crew Hedth Care - The crew hedlth care area contains experiments designed to test
hardware that will be used to support and improve the qudity of life on the ISS. Some
hardware components in this area are fdt to be particularly sengtive to micro-gravity operation.

Prdiminary Results/Phase 2/3 Benefits.

* The Water Microbiology Monitoring/Water Experiment Kit used on the Mir performed
as expected and crew comments state that the kit iswell suited for spaceflight use.

* The Crew Medica Restraint System deployment took 56 seconds in zero-g which iswell
within the requirement for the restraint system.

* The analytica results on Water Quality Monitor (WQM) operation were within the prescribed acceptance
levels with the exception of pH and Mir hot water total organic compound vaues. Levels of these
parameters were exceeded, but not to a degree which thewould adversely affect potability of the water.

* Unexpected WQM experiment hardware |eakages found post flight necessitate design changes which
are being implemented for the ISS unit.

* The Volatile Organics Andyzer and Volaile Remova Assembly will be tested on Shuttle flight STS-89.

D. Operationa Techniques Development - The operationa techniques development area
contain experiments that will provide data on how best to perform specific station assembly
tasksviaEVA, how to track the transport of supplies and logistics between spacecraft, and test
what procedures are best for performing routine in-flight activities.

Prdiminary Results/Phase 2/3 Benefits:



* Specific dation ExtraVehicular Activity (EVA) assembly and maintenance tasks were demongtrated
through the use of a"Task Board"; the crew rated the mgority of the tasks as "acceptable’ which
vaidates anumber of ISS EVA hardware design concepts.

* Design of ISS EVA support hardware such as the cable caddy and Orbital Replacegble Unit grid
latch assembly were determined to be acceptable by the EVA crew as aresult of the inflight
evauation of the hardware.

* The Shuttle/Mir Alignment Stability Experiment produced vauable data on the characteristics
of the docked Shuttle/Mir stack, which can be used to predict the dynamics of Shuttle docking to ISS.

* Data collected by the Inventory Management System experiment has improved planning
for 1SS operations for trandferring materials and supplies.

E. Technology Demondiration/Hardware Evauation - Experiments and tests in this area evauate
the designs and capabilities of candidate hardware to be used on ISS. The data from the
experiments and tests will be used to assess the soundness of the design prior to utilization on
the ISS. Some of these experiments will test techniques developed to isolate and mitigate micro-
gravity environment disturbance sources.

Prdiminary Results/Phase 2/3 Benefits

* Globd Pogtioning System and navigation experiments identified antenna pointing and recaiver
channel requirements and red-time navigationa processing techniques which impact the accuracy

of docking with ISS; attitude and navigation agorithms planned for 1SS will be updated.

* Datafrom the Wireless Data Acquisition tests show the utility of the system in being able to acquire
temperature, pressure, and strain gauge data viaradio frequency link.

* The results of the Photogrammetric Appendage Structura Dynamics Experiment show that
the photogrammetric measurement technique without the use of optical targetsisaviabdle
option that can be used to determine gppendage structura dynamic responses. This
technique may be used by the ISS structural loads verification group.

* The results of the Active Rack Isolation System (ARIS) experiment show that the basic 6
degree-of-freedom control agorithm is vaid and does not require any sgnificant modification for
rack vibration isolation on 1SS, Findings from the failure investigation of actuator/pushrod anomalies
were incorporated into the Critical Design Review activitiesfor the ISSARIS,

* TheTreadmill Vibration Isolation and Stabilization (TVIS) experiment demonstrated a stable
running platform with minor pitch oscillation associated with fore-aft shifting of the runner.

Design dements of TVISwill be used in the I SS treadmiill.

* Preliminary results from the Microgravity Isolation Mount (MIM) experiment indicate that it can
reduce station vibrations from severa milli-g to 50 micro-g pesk to pesk for experiments mounted
on the MIM floater, an improvement of two orders of magnitude. Evauation of the use of the
MIM to isolate sub-rack payloads on the ISSis underway.

3. Gain experience in long-duration stays on a Space station and develop effective bio-medical
countermeasures to the effect of extended weightlessness.



and

4. Conduct scientific and technologica research in along-duration environment, gaining both
valuable research data and developing effective research procedures and equipment for usein
the International Space Station

Except for the Skylab Program in the mid-1970's, U.S. space research conducted on crewed
platforms has been limited to relatively short durations of up to about 18 days, the maximum
length of a Space Shuttle mission. A long-duration platform such as Mir opens up research
opportunities that are not only impaossible on the ground but dso impossible on the Shuttle.
There are Sgnificant procedural differences between conducting science on a Shuttle mission
and on along-duration platform that cannot fully be gppreciated and understood without the
experience of both programs, an experience the Phase 1 Program has provided.

The research program for the first US astronaut on Mir primarily focused on biomedica
investigations, an areawhere the US and Russian space programs dready had along-standing
relationship at the level of scientific exchanges. Asthe Phase 1 program meatured and
possibilities developed to launch Shuttle and Spacelab-class facilitiesto Mir aboard the Spektr
and Priroda modules, the research program became multi-disciplinary, spanning disciplines such
as Earth Observation, Fundamentd Biology, Human Life Sciences, Microgravity Sciences and
Space Sciences. In addition, Mir has been used as a test-bed to demonstrate advanced
technologies and operations to better prepare for the International Space Station.

To date, about 120 investigations spanning awide variety of research disciplines have been
conducted aboard Mir as part of the Phase 1 Research Program. Phase 1 Investigators include
leading scientists from the United States, Russia, Canada, France, Germany, Hungary, and
Japan. Many of the Principa Investigators have flown experiments on the Shuttle and on
Spacelab missions, and in many cases their goa was to conduct experiments on Mir amilar to
their previous Shuttle work to identify the differencesin results between short-duration and
long-duration space flight.

Of prime importance from both a science and a crew health perspective is the monitoring of the
Mir's environment. Equipment and procedures for the proper monitoring of such vital factors as
Mir'sar and water qudity, its microbiologica and chemical components, and internd and
externd radiation levels, have been vaidated and will continue to be used on ISS. These studies
have concluded that the Mir environment is safe for crew members, and in the case of
occasiona temporary incidents, proper monitoring and adequate protective measures are
available. New findings about the South Atlantic Anomaly's northwestward migration have been
published based on results from Mir, and a better understanding of the solar cycle has been
made possible.



Another important aspect of the research program is the study of the crew members themselves
and their responses to long periods in welghtlessness. These investigations alow more precise
characterization of human physiology and psychology in space, in particular changesin bones
and muscles, the neurovestibular system, the risk of developing kidney stones in space, and
changes in the interactions among crew members and their ground support team over the course
of the misson. The space flight-induced changes seen in muscles and bones are similar to those
seen in bedridden or osteoporotic patients. Better characterization of these changesin hedthy
crew members may lead to better methods of rehabilitation and trestment for patients on Earth.

In the area of production of crystals of proteins and other substances, new techniques and
methods have been verified during the Phase 1 program. These techniques have provided both
quditative and quantitative improvements over ground-based and previous space-based
experiments. Andysis of the higher qudity crystas grown on Mir permits better understanding
of their molecular structure, leading to better understanding of vird interactions with antibodies,
enzyme functions, and possbly new pharmaceutica products.

The area of tissue culturing in space holds great promise, both in the near-term for
undergtanding how different tissues interact and ultimately for learning more about how live
tissues can be used. A significant advancement in this field was accomplished on NASA-3; the
duration of tissue growth experience was extended from 10 days to 4 months, with the
successful culturing of cartilage cdllsin an onboard bioreactor.

Of scientific interest for botanists and for logigtica and crew psychologica support benefit for
|SS and future space programsis the ability to grow plantsin weightlessness. A sgnificant first
in this areawas achieved during the Phase 1 program: seeds generated by plants grown in space
were planted and in turn germinated and grew plants, the first so-called " seed-to-seed”
experiment in space. Thisisadgnificant first sep in the ability to support widespread plant
growth and cultivation in space. In a positive irony, these plants grew and this space first was
achieved after the Spektr collison and during the low-power period on Mir.

The trained astronauts on Mir have added substantialy to the growing database (about 300,000
images) of Earth observation photographs from US human space flights. One added benefit
provided by crew members aboard Mir is during their months-long mission, they are able to
observe and record long-term and seasond changes in various aress of interest. Agricultura and
other land-use patterns, such as globa deforestation and drying up of lakes can be monitored
over long periods of time. In addition, astronauts have observed and photographed rapidly
occurring events such as volcanic eruptions and fires that otherwise may have gone unobserved.

Russian, Canadian and U.S. facilities aboard Mir have been used to perform experimentsin
fluid physics, combustion science, colloid science, metdlurgy and diffusion of liquids such as
metals heated in a furnace. The facilities included furnaces, a glovebox to contain experiments as
required, and a system to isolate experiments from the station's vibration environment. Some
experiments tested and verified or modified basic theories in fluid physics. The controlled



combustion experiments provided a better understanding of how flames propagate in
welghtlessness. Coalloids, solid particles suspended in liquid, are seen in every day life as
cosmetics, paints and other industriad products, and their study in weightlessness without the
disturbing influence of gravity can lead to better commercid products here on Earth. Overdl, the
conclusion has been that the Mir is an adequate facility for conducting these types of
experiments.

From avariety of experiments, we have learned and will continue to learn about Mir's externa
environment, which in many cases will be smilar to the externa conditions around ISS. Sensors
placed on the outside of Mir and designed to collect microscopic particles have shown that
these particles vary from micrometeoroids to leftover specks from spent rocket stages. It has

a so been shown that large detectable pieces of orbita debrisin some cases may be
accompanied by clouds of particlestoo smal to detect, but that may aso cause deterioration of
solar pane cdls and other externad Structures.

In addition to the wedlth of research data till coming in from the on-going Phase 1 program, the
U.S. continues to gain vauable experience into how to design, train for, operate and improve
upon research on along-duration platform. One basic factor is that the research program should
be viewed not only in the sense of what can be accomplished on asngle misson but in the
course of the whole program. As long as the hardware remains safe on orbit, and a crew
member istrained in its operation, if it becomes necessary, a particular experiment may be
performed & alater date, or even on alater misson. Preflight planning for along-duration flight
must take into account thet it is virtually impossible to predict a the start of the mission, what
exactly will happen in the second or third month of the flight, and this flexibility must be built in.
In-flight replanning is dso done differently, in that in most cases, moretime is available as
compared to short-duration missons. Pre-mission training of crew members, while it sill must
result in crew members able to carry out the mission and the scientific experiments, must dso
take into account that it may be weeks or even months before certain activities trained for on the
ground will actualy be performed on-orbit. The capability to retrain or at least provide refresher
training during the misson must be built in. These and other lessons learned from Phase 1 will
immensdy help the utilization of 1SS,

Because of the on-going nature of the Phase 1 Program, not dl the results are in yet, and some
of what has been reported is till preliminary and awaits additiona subjects or data sessonsto
reach more definitive conclusons. Many of the experiments performed on previous Mir missons
will be continued on Dr.Wolf's and Andy Thomeas flights, but of the 35 experiments now
planned for Dr. Walf, there will be new activities in the following areas. detection of cosmic
radiation, test of a new portable computer system, new methods in developing and andyzing
redl-time the growth of protein crystals, and a new experiment in tissue culture.

Thereis Much Moreto be Learned



When you are exploring new territory, or preparing yoursdf to take a mgor step into the
unknown, who can say when you have learned enough?

This nation, and its partners, are about to embark on athirteen-year journey into the assembly
and operations of the International Space Station. There has never been amore ambitious or
more complex engineering chalenge in history. The investment in time, talent and resourcesis
large, though everything possible has been done to minimize the cogt. It is clearly an invesment
worth protecting by learning everything that can be learned about what to expect in its
environment and during its operations before the first eements are launched next year.

Operationa experience

The recent increase in the involvement of NASA personnd in the day to day operation of the
Mir space gation vehicle is paying huge dividends for our operations and design teams. The
involvement of the operations personnd alows them to develop and validate techniques for
managing systems and consumables on ISS, and it aso permits them to verify that the design
requirements gpplied to 1SS are gppropriate. Thisis avery sgnificant and vauable change from
our origind role which was limited to being the science customer on Mir.

The Mir can be considered alaboratory for conducting experimentsin the operation of along
duration spacecraft. NASA'’s previous experience with crewed vehicles was gained amost
entirely on missons of 15 days or less duration, and especidly in the case of Shuttle missons,
the option of terminating the mission early and landing in an emergency has dmost dways been
available. Therefore, the vehicle systems design, operationd flight rules, and logistics support
have dl been tailored with that option available, much as an aircraft emergency procedure is
adways terminated with ingtructions to "land as soon as practical.”

However, along duration vehicle requires a different approach, one having more in common
with aship & seathan an arcraft in flight. It is not designed to ever land intact, and in fact
abandonment may cause loss of the station due to premature reentry. Therefore, different
designs and operationa gpproaches must be devel oped to ded with the systems failures and
maintain safety sandards in the face of a Sgnificant maintenance burden.

The next two long-duration missons will be giving our flight controllers and systems specidists
experience in disciplines as diverse as life support and flight dynamics to logistics and
maintenance, as well as providing an outstanding opportunity to see red world results from
operationa decisons. In addition, we are already seeing our inputs accepted in some arenas
and will be able to directly observe the effects of the decisons. Also important is that this
opportunity comes aboard a station whose operating characteristics are well known and
understood, and that its development costs have dready been recovered. Thisalows usto get
critically important experience that can protect our multi-billion dollar investment in ISS at
amost no monetary risk to the US.



Continuing Phase 1 until the beginning of ISS assembly, as planned, enables us to ensure that
the body of knowledge devel oped among our controllers and managers can trangtion more
smoothly to meet the operationd needs of the ISS, beginning in June of next year. To stand that
human resource down now, for six months, would amost certainly result in alengthy--and
cogily--learning curve at atime when we need immediate proficiency in managing a growing
Space Sation.

Risk Mitigation Experiments - Find Phase 1 Shuttle Hights and Increments

The remaining flights will dlow completion of the Mir Structura Dynamics Experiment (MiSDE)
Shuttle/Mir and Mir done activities. Data from this experiment is needed in order to perform the
verification of integrated loads and dynamic modds of the early stages of the ISS when each
module added greetly changes the characteristics of the growing station. Mir jet firings not
obtained on previous flights during the docked operations will be obtained. Additiond data
taken during the Mir aone operations is needed to increase the data set used for |1SS structural
dynamic model assessment. The fidelity of the modd directly affects the operationa envelope of
the gtation which drives costs, mission flexibility, and misson success.

A crucid part of the water investigations is yet to be accomplished. The Volatile Organics
Andyzer and Volatile Remova Assembly will be tested on Shuttle flight 89 to Mir. Data from
these experiments will affect the control of water quaity on 1SS and dlows for water recycling.
The resupply requirements for water, which is a high cost driver, can be greetly affected based
on water qudlity.

Radiation characterization data on the 1SS Portable Computer System (PCS) laptop will be
obtained in thisfina Phase 1 timeframe. Single Event Upset (SEU) potentid on PCS firmware
will be evduated in the I SS destined environment. Data could show that redesign and/or
protective measures need to be taken to insure the lgptops can perform their intended functions.
The PCSis key to crew member interaction with the |SS computer system, directly affecting
|SS mission success.

Beneficid long term environmenta characterization data on candidate and basdined materids
used for ISS congtruction and the effect of space environment on materids currently in space
will be gathered from these missons. Data from the Optica Properties Monitor (OPM) and the
Space Portable Spectroreflectometer (SPSR) will be returning in order to dlow detalled
assessments of coupon materias exposed by the OPM and the interrogation of the SPSR. They
will be retrieved/used during a planned EVA in saverd monthstime. The Optical Properties
Monitor will be returned for ground andysis on flight 89.

There are roughly 60 more planned science investigations for the Phase 1 Program covering
many disciplines These include nationd and multinetional cooperative sudies including remote
earth observations with Priroda externa sensorsto study meteorologica and geographical
changes, advanced technology studiesin commercia bioprocessing and other technologies,



fundamentd biology studiesin active dosmetry, human life sciences sudies of bone minerd loss
and affects of microgravity on immune system response, characteristics of rena stone generation
and countermeasures, and many more.

In addition, anumber of experiments which have been flown previoudy have been modified,
based on the prior experience. They can now be flown in their modified form to vaidate the
design modifications which will lead them directly into application aboard the ISS,

Our intention is to complete Dr. Wolf’s misson, and then to carry out the final planned Phase 1
increment, thus continuing to gain the experience needed to better understand our relationship
with the Russans, better understand the nature of long-duration spaceflight, and better
understand the resources systems, hardware and operating techniques needed to help ensure
the success of the Internationa Space Station.

Concluson

| have attempted in this statement to provide areminder of the reasons for the United States
continued participation in the Shuttle/Mir Program, outlining a number of important benefits
ganed, so far, from the missonsto Mir, and those yet to be accomplished.

| have offered a description of our safety assessment and review process, to illustrate the grest
care and great detailed examination we at NASA and our partnersin Russia put into the
condderations before gpprova of each Shuttle/Mir misson.

What | cannot offer you isavison for yoursdf of what the International Space Station will be if
we continue our important partnership with Russia and with the other space-faring nations who
areapart of the ISS. | can tell you what | see, and suggest that many others share that
particular view, but no one can redly say with any certainty what the future will bring. | can tell
you, based on experience, that the future of the ISSis even brighter as aresult of the Phase 1
Program. Immeasurable resources in time and money that might have been spent to learn costly
lessons through inexperience will now be able to be used to conduct important, perhaps life-
saving, scientific activity.

As of this moment, we are prepared to continue with the launch of STS-86, to ddiver David
Woalf to the Mir for the sixth long-duration mission of the Phase 1 Program. On the 23rd of
September--two days before the launch--we will conduct afind review, closing any open
issues, and making afina determination to proceed with the launch.

At every sep dong the way of that mission, from the go to rendezvous and dock, to the go to
transfer crew and undock, and continuoudy throughout the mission, as dways, we will monitor
and assess the Stuation aboard Mir. If a any time we determine thet it is unsafe for the crew to
remain aboard Mir we will ask the Russans to bring them home. And they will come home.



In the meantime, we will continue to regp the benefits of this extraordinary experience and make
what we bdieve is a unique and irreplacesble contribution to the ultimate safety and efficiency of

the Internationa Space Station.

Page last updated 9/18/97 by Julie Meredith
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