.Significant Incidents in Human Spdcéflighf
WHAT IS 72 wl 4 " ' o

Hunian spaceflight grew out of the Cold War between the United States and.the Soviet Union. Competitive struggles laid the groundwork with advances in high altitude flight, rock-
etry, and human performance. Human spaceflight reached its first defining success more than half a century ago, when Cosmonaut Yuri Gagarin became the first man to orbit the
Earth in April 1961. .In November 2000, a multi-national crew moved aboard the International Space Station. By November 2011, the former Cold War rivals had collaborated
to surpass 10 years of continuous presence in space. Now a new.record of continuous space habitation is established daily. -

The Significant Incidents and Close Calls in Human Spaceflight chart presents a visual overview of major losses and close calls spanning thehistory of human spaceflight. It height-
ens awareness of the risks that must be managed as human spaceflight continues to advance.

HOW DOES IT WORK?2

Events on the chart are organized-by flight phase and ordered chr:onologically within each phase. Each event is represented by a small box which includes the mission name, date,
a brief description of the incident dnd any significant result, such as injury or loss of life. : :

Three thes of imdportqnt events are highlighted: loss of crew, crew injury, and related or.recurring events. Events with one or more crew fatalities are considered a loss of crew and
hl%hlig ted in red. Crew:injury or.iiness and/or loss of vehicle or mission is designated by orange shading. Related or recurring events are grouped together and set apart by
yellow shaded boxes. These events have occurred repeatedly, are similar in nature, ‘'and may continue to occur today. :

WHY DO WE HAVE IT2

The Significant Incidents and Close Calls in Human Spaceflight chart is ' maintained'by NASA Johnson Space Center’s Flight Safety Office to raise awareness of lessons that have
been learned through the years. It is a visible reminder of tﬁe risks inherent in human spaceflight. It is intended to spark an interest in past events, inspire people to delve into les-
sons learned, and encourage continued vigilance. It can aid in developing “what-if” scenarios and in ensuring the lessons of history are incorporated into new designs. It is being
distributed as widely as possible in the hope that future accidents may.be prevented.

WHAT IS THE BONDARENKO STORY?

Two fatal events, the Soviet altitude chamber oxygen fire and the Apollo 1 terminal countdown demonstration test, highlight the importance of sharing information. On March 23, 1961 Soviet cosmonaut Valentin
Bondarenko lost his life after being severely burned in an altitude chamber fire. The incident occurred during a routine training exercise, when Bondarenko attempted to throw an alcohol swab inte a waste basket,
but hit the edge of a hot plate instead. The oxygen-rich environment quickly ignited. Rescue efforts were thwarted because internal pressure prevented rescuers from opening the chamber’s inwardly swinging hatch
for several minutes. By tﬂe time the pressure was released and the hatch could be opened, Bondarenko had been hopelessly burned. He died hours later. |

Six years later, three U.S. astronaut’s lives were lost in a fire during the terminal countdown demonstration test. During the test, the Apollo crew module contained an oxygen-rich

atmosphere. An electrical short caused a fire that spread quickly throughout the cabin. Again, rescue efforts were delayed due to the buildup of pressure behind an inwardly open-

ing hatch. Unlike the Soviet altitude chamber oxygen fire, the crew did not die due to burns from the fire, but from cardiac arrest caused by smoke inhalation. However, in both
the Bondarenko tragedy and the Apollo 1 incident, high levels of oxygen caused the fires to spread rapidly, and pressure against inward opening hatches slowed rescue efforts.
Neither cabin was equipped with etfective fire-suppression equipment.

Information about the Bondarenko incident was not known in the U.S. until 1986 - more than 20 years later. Would access to this information have led to design changes that saved
lives? Although that question can never be answered, these events underscore the importance of sharing information in the effort to prevent future tragedies.

Research & Infographic Design: Dennis Pate & Joanna Opaskar
Graphic Artist/Publication Specialist: Faisal Al

Team Lead: Bill Stockton
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> . Abbreviations and Acronyms
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Loss of Crew v:,::{:;mfs;on event Switch misconﬁgurc:ﬁc?n reglulted . BMP Microimpurities Removal System (Russian)
inlunar module control problems. ° ; )
Crew: 2 Apollo 1 Soyuz 11 Challenger o CDRA Carbon Dioxide Removal System
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controller software resulted in SSME Crew: 0 Loss of Vehicle/Mission S]?;L‘:‘; ]\?égps(;s?él—B EVX\SU o docking anomaly, particl ;ollure of atmosphe Ty Crew: . EPS Electrical Power System
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. resulted in loss o off. Circuit breaker su P - 112
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Other gas seali ef S DL rew: Crew: 2
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Crew: 7 Abort To Orbit during liftoff. = Mercury MA- . o /24 ight-ha ! .
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of ISS propulsive attitude control chen%icclly altered the Low being declared. Crew: Soy o Salyut 7, 9/]98%5 Cr ; Crew: 7 capsule ry . 2
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igslrg? Lvoexr Srelcunch, which wgﬁuld rew: -~ 03 Mir 7/17/1997  Separation from Salyut failed; ground $T5-130 ) 2/10/2010 separation rather than at landing. a Crew: 7 from s g : SM Service Module
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. § Discovered during Both port-side primary and Mercury MA-9 5/ ) Loss of Mission Crew: 71 Crew: 2 rew Injury © for the latest PDF and interactive versions of the
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