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Key:
Mission Date of Mission or Incident/Close Call (month/day/year or month/year) ‘
\ Summary Apollo 10 5/22/1969
v \4 Switch mis-configuration results in
Apollo 1 (_AS'204) . . 112711967 border — No injury or loss of crew/vehicle lunar lander control problems. s R-71
Crew cabin fire (electrical short + high pressure Orange border — Injury to crew and/or loss of vehicle/mission Crew: 2
O, atmosphere). Red border with yellow background — Loss of Crew
Crew: 3 Loss gf Crew Grey background — Russian flight/EVA
Crew size\ L Any significant result _Notle: The dashed lines are used as a quick
!ndlgator that no events are currently reflected Soyuz TM5 9/6/1988
EVA Inadvertent Releases in this flight phase. 2 deorbit attempts fail; crew confined
Mission ID, EVA#, items lost. year to descent module; crew prevented
STS-88/2A, EVAs#182, 7x, 1998 erroneous firing of SM separation
STS-96/2A.1, EVA#1, 1x, 1998 pyros.
STS-103/HST, EVA#3, 1x, 1999 Crew: 2
STS-101/2A.2a, EVA#1, 1x, 2000
v X Soyuz T-11 10/2/1984
STS-92/3A, EVA#3, 1x, 2000 y . .
STS-102/5A.1, EVA#1, 2x, 2001 }E\gs:fsi:)i due to electrical ::11:41 o0 S:r:?raollfsa;:t:een? famosphericre-entry
STS-114 7/26/2005 STS-100/6A, EVA#2, 1x, 2001 Loss of O, and EPS. Crew: 3 .
A L £ £ § ET PAL STS-104/7A, EVA#3, 1x, 2001 Crew: 3 L £ Missi 200
) Loss of foam from ramp. 1SS-4, RS EVA#6, 1x, 2002 rew: oss of Mission e(\\, "0 Soyuz 33 4/12/1979 p <
gB;EgIT;ngency EVA to remove protruding 1SS-11, RS EVA#13, 1x, 2005 0@90’, ’ Failed docking. Retro engine burn Soyuz 11 » . ) 6/30/1971
: 185-12, US EVA#4, 1, 2005 e )0 (Medical Evacuations: ") | through; backup system burned 25 Pyrotechnic system failure results in crew
C) Loose thefma] blanket below 1SS-13, RS EVA#16, 1, 2006 Seo== " ) - secs too long; high-G ballistic entry. module rapid depress.
Commander’s window. STS-121/ULF1.1. EVA#3. 1x. 2006 P [ Salyut 5, 8/25/1976, Crew: 2 Crew: 2 \Crew: 3 Loss of Crew )
Crew: 7 STS-115/12A. EVA#1. 1x. 2006 o’ ) Early return of crew due to — - -
g : e ® v health effects from suspected toxic Gemini 8 3117/1966 Service/decent moduls separation failure:
STS-93 7/23/1999 STS-115/12A, EVA#2, 1x, 2006 [ ) ) . . Vostok 1. 4/12/1961. Crew: 1
A) At T+5 a short on AC1 Phase A resulted STS-116/12A 1, EVA#1, 1x, 2006 v S GEEES I SPEED SEIE) Stuck thruster results in loss of control ' ¢
! - " 1% (] Salyut 7, 1985, Crew: 3 requiring 1% US emergency deorbit Vostok 2, 8/6/1961, Crew: 1
in loss of SSME 1 Controller A and SSME 3 STS-115/12A.1, EVA#3, 1x, 2006 . PG ; yut 7, et 4 quiring gency - Vostok 5. 6/14/1963, Crew: 1
Controller B. ISS-14, RS EVA#17A, 3x, 2007 Apollo 11 712111969 \ "Z‘.“"’Ie ‘”é‘.t. R EEEiet Voskhod 2. 3/18/1965, Crew: 1
B) ME-3 H, leak: early fuel depletion and 1SS-15, RS EVA#18, 1x, 2007 Engine activation circuit breaker knob [N I\T?Eléazc‘:gsyo(g}ew- 2 Gemini 5 8/29/1965 Soyuz 5, 1/18/1969, Crew: 1
shutdown. STS-120/10A, EVA#4, 2x, 2007 broke off. Circuit breaker successfull N WSS : A " Erroneous bank angles uplinked; crew o :
Crew: 5 1SS.16. US EVA#11 1x 2007 . Y N 1 replaced early due to medical f ent Soyuz TMA-10, 4/7/2007, Crew: 3
rew: -16, L 1%, reset, allowing ascent. . condition ew manual entry. Soyuz TMA-11, 10/10/2007, Crew: 3, 1 injured
STS-95 10/29/1998 1SS-16, US EVA#13, 4x, 2007 Crew: 2 A & . ') \Crew: 2 > <
Drag chute door separates during launch 1SS-16, US EVA#14, 1x, 2008 e . Gemini 4 6/7/1965 TPS Entry Events:
and impacts main engine bell. S$S'1§4;1 {FEVA?IZA: 11X’ 22‘?02 s N Computer failure results in ballistic STS-107 2/1/2003
Crew: 7 STS-126/ULF2, EVA#1, 24x 2008 ‘\‘ :' entry. TPS damage from ascent debris strike results
Soyuz TM9 iidee0 T e : LI Crew: 2 in thermal failure of structure during entry.
DM insulation torn loose onascent, | e Low Earth Orbit - : Crew: 7 LossiofiCrew
contingency EVA repair. K y STS-51D 4/12/1985
Crew: 2 1SS 4/2001 — 3/2002 STS-99 2/2000 Mir 6/25/1997 | [Gemini 4 6/3/1965 TPS burn-through on left outboard elevon.
STS-51F 7/29/1985 4/30/2008 High bacterial count in postflight Progress M-34 collides with Mir. Difficulty closing hatch after EVA. Crew: 7
Temperature sensor problems result in Main Freon 218 leaks from SM AC. sample after GIRA installed to Spektr pressure shell ruptured. Spektr Crew: 2 P " i
Engine (ME-1) shutdown at T+5:45. Crew: 3 removed iodine. module isolated. Cables through //(~ ?tge;:gngfgnt;:rigisoa:gmalles, STS:
Crew: 7 Abort To Orbit (ATO) 1SS. Exp 14 8/2006 Crew: 6 hatchway impeded hatch closing. EVA Cut Glove Occurrences* * Most severe file damage t
, EXp X - STS-37. detected postflight** Most severe tile damage to date.
(SRB Seal Events: p Triol coolant leak in SM. STS-91 6/2/1998 Crew: 3 Collision : postilig \ J
Crew: 3 PASS corrupted by GPS error. S TM-17 1/14/1994 STS-116, detected postflight
STS-51L 1/28/1986 : Crow 6 oyuz TM-17 STS-118, 8/15/2007, EVA Terminated
SRB seal failure 1SS, Exp 10 2/2005 : Collides twice with Mir during STS-120, 10/26/2007
Crew: 7 Loss of Crew Potential acid preservative STS-83 4/6/1997 | | undocking _ - STS-122, detected postflight
aerosol escape from RS urinal Fuel cell number 2 had to be shut Crew: Soyuz 2, Mir 3. Collision STS-125, 52009
Other SRB gas sealing anomalies, %, Crew: 2 down, resulting in minimum duration Soyuz T-8 4/22/1983 *One instance coincided with crew injury
STS: 6, 11, 41D, 51C, 51D, 51B, 51G, Q')Q 'SS mid 2002 — 2/2003 flight being II_’IV.Oked. ' . Loss of rendezvous antenna prevents ** Puncture due to internal paim bar.
%F, 511, 51J, 61A, 61B, 61C, 42, 71, 70, e Formaldehyde periodically Crew: 7 Minimum Duration Flight docking. 1SS-17 EVA-20a 101712008
( ) 9 exceeds long-term limits. sts-51 9/12/1993 | \Crew: Soyuz 3 Jettisoned Soyuz thruster cover collides
(Soyez 181 enon) < Crew: 3-10 Both port-side primary & secondary Soyuz 21 8/24/1976 with US radiator.
iefrfe i i SUPER"ZIP explosive cords fired Separation from Salyut failed; ground Crew: 2 EVA, 1IVA
2"/3" stage staging failure. ISS 2/2002 P y 5 g 6 1

Abort sequence used. Soyuz separated from

MetOx regeneration caused

resulting in containment tube failure
and damage in the payload bay.

command succeeded in opening

ISS-9 EVA-10 8/3/2004

booster and fired main engine to deorbit. noxious air — many pollutants. Crew: 5 latches. CMGs saturated while crew was EVA. (Soyuz T-7 12/10/1982 )
Crew: 2 Crew Injury Crew: 3 . Crew: Soyuz 3, Salyut 3 ISS went into free drift. No IVA crew. Landed on hillside and rolled
L Loss of Vehicle/Mission | 1SS 8/2001 STS-32 1/9/1990 Voskhod 2 3/18/1965 Crew: 2 downhill. One cosmonaut thrown
Extremely high methanol levels | | Eroneous state vector up-linked to EVA cosmonaut unable to re-enter 1SS-9 EVA 10 (1% try) 6/24/2004 from couch.
Apollo 13 411171970 in FGB ai | flight control system resulting in rlock until suit ) 0 Crew: 2
2™ stage center engine shutdown. in air sample. immediate and unpredictable attitude airlock until suit depressurized to EVA abortec_i due to mis-configured - J (sTs-90 5/3/1998
Crew: 3 Crew: 3 control problems. psi. i valve depleting Orlan O, supply at start (STS-S 3/30/1952‘ Hard and fast landing due to
Apollo 12 1171471969 ISS, Flight 2A.1 511999 Crew: 5 Crew: 2 g‘eEv\\{'AZ' T S Pilot-induced-oscillation during human factors and rogue wind
Lighting strike. Crew sickened in FGB; likely STS-9 12/8/1983 Fire/Combustion Events: : ! Mercury MA-7  5/24/1962 derotation. Stronger than predicted | |gust. Hardest STS landing.
Crew: 3 rebreathing CO; due to poor Two GPCs fail during reconfiguration STS-6, 411983, Crew: 4 STS-98 2/10/2001 RCS depletion at 80,000 ft. winds contributed. Crew: 7
Gemini 10 711711965 ‘(’:‘fgw?‘gm for entry. One GPC could not be STS-28, 8/1989, Crew: 5 SVZ Si’fav_edt_wﬂh ammonia reqiring Crew: 1 \Crew: 2 < (Soyuz TM-15 21111993 )
1% stage oxidizer tank exploded at staging. : recovered. STS-35, 12/1990, Crew 7 econtamination procedures. Soyuz 36 : 7/31/1980 | | Rojled down hillside.
No discernable effects. Nominal ascent. Crew: 6 STS-40, 6/1990, Crew: 7 Crew. 5,2 EVA Landing rockets fail to fire resulting \Crew: 3 )
Crew: 2 sTS2 1211981 Salyut 1, 6/1971, Crew: 3 sTS80 11/20/1996 s (Soyuz TM-14 81011992 |
Fuel cell failure results in high levels ga:yut (75 ;%7998»20"5“ 3 s :?:\’S:nfig:g ;:2;;:”00‘( hatch, >Soyulz P Py 6< Hard landing impact. Hatch
- _65- of hydrogen in drinking water. alyut 7, , Crew: . . jammed, requiring cosmonauts to
{s:gofbﬁg)g 1snser Cre\)c/v: 2g Missign Terminated Mir, 10/1994, Crew: 6 Crew: 2 EVA EVA Terminated Splashdown in frozen lake during juse tools toqpry o?)en.
Electrical short and crew error led Gemini 8 3/16/1966 1, CABEHRIEEN, @ittt @ STS-63 ; 2/9/1995 k():llzzgrg. DG e, (Crew: 3 )
to loss of control at 230,000 feet. RCS Jet failed on. Mir 2/26/1998 EV/’; the;gsksystemﬁfa"s t:t protect y el < (Soyuz TMA2 TR
Flight system prevents recovery. Crew: 2 Overheating BMP beds produce anas o crew from extreme cold. Soyuz 15 8/28/1974 | | Hard impact. News team reported
Aerodynamic breakup. health threatening level of CO. Crew: 2 EVA EVA Terminated Apollq ASTP _ ) 7/24/1_975 Landed at night. Descended e “;/ery dented”
Crew: 1 Loss of Crew Crew: 2 N2Oj4 in crew cabin. Crew in hospital through electrical storm. Crow: 3 .
STS-41D 6/26/1984 . gjv‘.”geks' crewniury] \CiE 2 J = 4
LH; fire after launch scrub. :gg ;ﬂ/;%ggge,cqeyvéa : ew Injury (Apolo 15 8711971 ) [STS-37 411111991
Crew: 6 '  Lrew: Landed with only 2 of 3 parachutes. | | Landed well short of runway
.. ISS, 3/2005, Crew: 2 Crew: 3 threshold due to unfamiliar runway
Gemini 6 12/12/1965 SpaceShipOne 9/29/2004 > < and stronger than predicted winds.
Main engine shutdown. Booster left (Suborbital) SR-71 1/25/1966 Soyuz 5 1/18/1969 | | Crew: 5
unsecured on pad. Crew elected not to Uncommanded vehicle roll. Control Loss of control at high speed and altitude. Landing rockets failed to fire, s N
eject. Launched 3 days later. regained prior to apogee. Crew: 2 Loss of Crew (1) resulting in a hard landing. Sz LT " 2201383
Crew: 2 Crew: 1 A Crew: 1 Crew Injury Double-impact hard Iand'lng . One
P = < | cosmonaut required medical
Apollo 1 (AS-204) 1/27/1967 EMU Performance Record Test 4/18/1980 x P %oyuz1 4/24/1967 ) |treatment.
Crew cabin fire (electrical short + high Suborbital Fliah Design flaw and materials selection results in O, &, ° Parachute failure. Crew: 2 Crew Injury |
pressure O, atmosphere). flash fire during acceptance testing. O e Crew: 1 Loss of Crew
Crew: 3 Loss of Crew uborbita '9 ts Crew: 0 2 Technicians Injured/Loss of EMU ?9,' = J (sTs-9 12/15/1 983)
- - 0 Mercury MR-4 7/21/1961 | | A) Two APUs caught fire during
Soyuz T-10-1 } _ 9/26/1983 Pressure Chamber O, Fire — Russia  3/23/1961 P M2-F2 Lifting Body ~ 5/10/1967 Inadvertent hatch pyro firing. rollout, B) GPC failed on
Pad Booster Fire/Explosion. Alcohol wipe hits hot plate and starts fire in o Atmospheric F ||g htS Multiple roll-overs on landing. Capsule sunk. Astronaut nearly touchdown, C) incorrect FC
Capsule Escape System used. . e oxygen-rich test chamber. " Crew: 1 Crew Injury drowns. rechannelization on rollout.
Crew: 2 Loss of Vehicle/Mission ) Crew: 1 Loss of Crew P . % \Crew: 1 Loss of Capsule / (Crew: 6 )
Teeel s ’ S’ .
. N A , 4
Launch/Ground Landing Ground Takeoff Landing Landing and Post-landing

The JSC Flight Safety Office maintains the Significant Incidents and Close Calls in Human Spaceflight graphic to provide continuing visibility of the risks inherent with space exploration and provide engineers with a
summary of past experience. It is hoped this information will be used to learn from the past and make present and future missions safer.
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The Significant Incidents and Close Calls in Human Spaceflight graphic is primarily focused on
human spaceflight incidents that have occurred while a crew was onboard a space vehicle. It
includes suborbital, orbital, and lunar missions. The two ground facility events and two atmospheric
flight events are included due to the significance of the events to spaceflight. The pressure chamber
O fire in Russia occurred prior to the loss of the Apollo 1 crew in an O, fire and could have served as
a lesson learned had it been known in the US. The EMU fire resulted in the redesign of the EMU and
heightened awareness of design and materials selection for man-rated systems using high-pressure
0O,. The M2-F2 lifting body accident occurred during the development of the space shuttle and
yielded human engineering lessons learned. The SR-71 accident is the highest and fastest vehicle
breakup on record that was survivable, and it represents the demonstrated limit of crew survival with
currently fielded technologies.

New in this edition: STS-114 and STS-93 entries have been revised. Soyuz TM9 and Soyuz 18-1
dates have been verified and corrected.

Note: This document is a work in progress. It is continually under review and frequently updated.
Please direct comments and questions to the JSC Flight Safety Office contacts listed below.

Abbreviations and Acronyms

. . Galley lodine Removal
APU | Auxiliary Power Unit GIRA Assembly 0, | Oxygen
ATO | Abort to Orbit Gpc | General Purpose OM | Orbital Module
Computer
Carbon Dioxide Removal T Office of Saftey & Mission
CDRA System GPS | Global Positioning System | OSMA Assurance (NASA HQ)
CMG | Control Moment Gyroscope Hz | Hydrogen PAL | Protuberance Air Load
CO | Carbon Monoxide ISS | International Space Station | PASS 2;‘2::2’ Avionics Software
CO; | Carbon Dioxide LHz | Liquid Hydrogen Rcs | Reaction Control
System/Subsystem
DM | Descent Module LOC | Loss of Crew RIP | Rapid Information Page
EMU | Extravehicular Mobility Unit LOV | Loss of Vehicle S&MA | Safety & Mission Assurance
EPS | Electrical Power System MDF | Minimum Duration Flight SM | Service Module
EV | Extravehicular ME | Main Engine SRB | Solid Rocket Booster
EVA | Extravehicular Activity MetOx | Metal Oxide SSME | Space Shuttle Main Engine
FC | Flight Control MMOD EA;gg;Meteormd Orbital SSP | Space Shuttle Program
FSO | Flight Safety Office N204 | Nitrogen Tetroxide TPS | Thermal Protection System

Rapid Information Pages (RIPs) are a product of the JSC S&MA Flight Safety Office (FSO) and the OSMA Assessment Team. RIPs assemble
and clarify best available data from multiple sources to help S&MA decision makers quickly develop a fully informed and holistic
perspective of key factors involved in the risk-based decision process. For further information, please contact:

David Thelen, NASA Bill Wood, SAIC Dennis Pate, SAIC
Manager, S&MA Flight Safety Office Coordinator, FSO Issue Resolution Team Assessments Specialist, FSO Issue Resolution Team
JSC Safety & Mission Assurance Directorate Science Applications International Corp. Science Applications International Corp.
Email: david.f.thelen@nasa.gov Email: bill.m.wood@nasa.gov Email: dennis.w.pate@nasa.gov
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