Jonathan B. Mullin, 2/2/03 10:05 AM -0500, Fwd: FW: EST Activation IOR, Space Shutt

X-Sender: jmullin@mail.hqg.nasa.gov

Date: Sun, 02 Feb 2003 10:05:09 -0500 _

To: a.h.phillips@larc.nasa.gov, aodonogh@hg.nasa.gov, alee@hg.nasa.gov,
bdolci@arc.nasa.gov, cathy.miller@msfc.nasa.gov,
tsabikos.a.papadimitris.l@gsfc.nasa.gov, chunt@mail.arc.nasa.gov,
clyde.dease@ssc.nasa.gov, dhall@wstf.nasa.gov,
Eric.G.Fuller@jpl.nasa.gov, Ezra.R.Abrahamy@jpl.nasa.gov,
frederick.w.battle.jr@jpl.nasa.gov, h.w.beazley@larc.nasa.gov,
jack_vechil@mail.dfrc.nasa.gov, dennis.g.perrinl@jsc.nasa.gov,
john.griggs@IVV.nasa.gov, luequention.wilkins@grc.nasa.gov,
lengelbert@mail.arc.nasa.gov, michael.moore@maf.nasa.gov,
probles@nmo. jpl.nasa.gov, sonja.alexander@hqg.nasa.gov,
stephen.a.turner@maf.nasa.gov, terry.m.potterton.l@gsfc.nasa.gov,
tom.ambrose@dfrc.nasa.gov, wayne. kee-1@ksc.nasa.gov,
Robert.Turner@hqg.nasa.gov, howard. kass@hqg.nasa.gov, alee@hg.nasa.gov,
william.barry—l@ksc.nasa.gov, odomingu@hq.nasa.gov,
Catherine.Angotti@hg.nasa.gov, mmeneill@mail .hg.nasa.gov,
tspagnuo@pop200.gsfc.nasa.gov, Patrick.A.Hancock.l@gsfc.nasa.gov,
Jim.Carter@msfc.nasa.gov, Edwin.Jones@msfc.nasa.gov,
john.rodgers@hq.nasa.gov, bnotley@mail.arc.nasa.gov,
gregory.l.ellis.l@gsfc.nasa.gov, t.f.middleton@larc.nasa.gov,
william.c.roehl@jsc.nasa.gov, phillip.j.nessler.l@gsfc.nasa.gov,
pete.allen@msfc.nasa.gov, jlabrecg@hg.nasa.gov, cherbert@hg.nasa.gov,
astowes@hqg.nasa.gov, Ernest.M.Graham@msfc.nasa.gov,
dan. thomas@hg.nasa.gov, g.m.watson@larc.nasa.gov,
rdilustr@mail.hqg.nasa.gov, hstewart@hqg.nasa.gov, speytonthqg.nasa.gov

From: "Jonathan B. Mullin" <jmullin@hqg.nasa.gov>

Subject: Fwd: FW: EST Activation IOR, Space Shuttle Columbia Disaster

Activation of EST at FEMA. Retain for contacts. Regards, Jon
From: FEMA OPERATIONS CENTER <FEMA.OPERATIONS .CENTER@fema . gov>
To: Action Officer <ActionOfficer@fema.gov>,
"ARNGOPS (E-mail)"
<ARNGOPS@ngb.army.mil>,
BBS Submissions <BBSSubmissions@fema.gov>,
Blystadt <b1ystadt@usa.redcross.org>,
"D'Araujo, Jack"
<Jack.D'Araujo@fema.gov>,
"Debbi Yamanaka (E-mail)"
<dyamanaka@arrow-mountain.com>,
"DOMS (E-mail) " <foxhole@doms.army.mil>,
"DOT OPS - 1 (E-mail)" <tioc-0l@rspa.dot.gov>,
"Edward Massimo (E-mail 2)" <Edward.C.Massimo@HQ02.USACE.ARMY.MIL>,
"EPA-EOC HQ (E-mail)* <EOC.EPAHQ@epa.gov>,
"ESF-08 HHS Jevec (E-mail 2)*"
<rjevec@osophs.dhhs.gov>,
FEMADESKREPS <FEMADESKREPS@fema .gov>,
"GSA Montgomery (E-mail)" <kathy.montgomery@gsa.gov>,
"HUD McCarthy (E-mail)" <bruce_e._mccarthy@hud.gov>,
"HUD Opper (E-mail)"
<jan_c._opper@hud.gov>,
"James Lloyd (E-mail)" <JLloyd@hg.nasa.gov>,
"Jonathan Mullin (E-mail)" <JMullin@hqg.nasa.gov>,
"Karen Maguire (E-mail)" <karen.maguire@usda.gov>,
Mary Margaret Walker
<Mary.Margaret.Walker@fema.gov>,
"Maryan Chirayath (E-mail)"
<maryan.chirayath@bea.gov>,
Michael Mascaro <michael .mascaro@bea.gov>,
"NCS (E-mail)" <NCSE@NCS.GOV>,
"Nieuwejaar, Sonja"

Printed for Elaine Gause <D.E.Gause @Ilarc.nasa.gov>



Jonathan B. Mullin, 2/2/03 10:05 AM -0500, Fwd: FW: EST Activation IOR, Space Shutt

<Sonja.Nieuwejaar@fema.gov>,
"Nmci (E-mail)" <NMCICommandCenter@eds.com>,
"Paolin Hatch (E-mail)" <paolin.hatch@gsa.gov>,
"Parkes, Rose"
<Rose.Parkes@fema.gov>,
"USACE Acosta (E-mail)"
<louis.a.acosta@HQ02.USACE.ARMY.MIL>,
"USACE Aguilera (E-mail)"
<karen.durham—aguilera@usace.army.mil>,
"USACE Gilmore (E-mail)"
<george.l.gilmore@usace.army.mil>,
"USACE Hecker (E-mail)"
<edward. j.hecker@usace.army.mil>,
"USACE Irwin (E-mail)"
<william.e.irwin@usace.army.mil>,
"USACE Miller (E-mail)"
<lizbeth.h.miller@usace.army.mil>,
USACE OPS <ce-uoc@usace.army.mil>
Subject: FW: EST Activation IOR, Space Shuttle Columbia Disaster
Date: Sun, 2 Feb 2003 05:47:45 -0500
X-Mailer: Internet Mail Service (5.5.2656.59)

> From: Tinker, Rick

> Sent: Sunday, February 02, 2003 5:43 AM

> To: FEMA OPERATIONS CENTER

> Subject: EST Activation IOR, Space Shuttle Columbia Disaster
>

>

> <<Shuttle Disaster IOR.doc>>

Jonathan B. Mullin

Manager Operational Safety

Emergency Preparedness Coordinator

Headquarters National Aeronautics and Space Administration
Phone (202) 358-0589

FAX (202) 358-3104

"Mission Success Starts with Safety"

Attachment converted: Macintosh HD:Shuttle Disaster IOR.doc (WDBN/MSWD) (000275E9)

Printed for Elaine Gause <D.E.Gause@larc.nasa.gov>



FEMA HEADQUARTERS EMERGENCY SUPPORT TEAM
INITIAL OPERATING REPORT

Space Shuttle Columbia Disaster
AS OF February 1, 2003, 2400 EST

1. INCIDENT/DATE/DESCRIPTION: Around 0900, EST on February 1, 2003, the Space Shuttle
Columbia disintegrated while on landing approach, killing the entire crew and scattering debris over a
large area of eastern Texas and southwestern Louisiana. The shuttle was flying at 207,000 feet at a
speed near 12,500 mph when NASA control lost contact. Within minutes, NASA determined the
Space Shuttle Columbia had been lost. Large and small pieces of debris began to fall over Texas
and Louisiana.

As a result of this catastrophe, President Bush issued emergency declarations for Texas (FEMA-3171-
EM) and Louisiana (FEMA-3172-EM) to provide emergency assistance under Title V of the Stafford
Act at 100-percent Federal funding as the FEMA Director deems necessary.

NASA is the lead agency for recovery operations of shuttle debris. The FBI, in coordination with the
Armed Forces Institute for Pathology, is the lead agency for the recovery of any human remains.
FEMA is the lead Federal agency for response and recovery operations.

2. DATE/TIME UNIT/TEAM ACTIVATED AT HQ: The FEMA HQ EST (WHITE) was activated at 1130,
EST, February 1, 2003 at a modified Level I, 24- hours. Personnel for the following positions are
present in the EST: EST Director and staff, Operations, Information and Planning Section (ESF-05)
and Logistics Section. To supplement the EST, representatives from NASA, EPA and DOD were also
activated for this disaster.

3. COMM REFERENCES for ESF 5 HQ:
COMMERCIAL PHONE: 202-646-2470
FSN: 651-2470
FAX: 202-646-2414
FEMA EMAIL: EST-ESF05CH, Action Officer
4. PERSONNEL/TITLES: EST Director: James Walke, Day — Burt Clark, Night
ESFO05 Chief: Dan Wilcox, Day - Kedra Reese, Night
Operations: Dave Duffer, Day — Pat Bowman, Night
5. OPERATING SHIFTS: 0700 — 1900 / 1900 — 0700 until further notice.
6. REPORTING SCHEDULE: TBD
7. ACTIONS TAKEN:
FEMA ACTIONS:

e EST activated Level Ill, 24-hours
e Region VI RST activated Level 11, 24-hours.

OTHER STATE/ FEDERAL AGENCY ACTIONS:

e FCO Scott Wells is at Initial Operating Facility at Barksdale AFB, TX to interact
with NASA, FBI, DOD to plan and carryout response and recovery activities.

Report Submitted by EST Information and Planning
Kedra Reese, I&P Section Chief (Night)




James Lloyd, 2/2/03 12:31 PM -0500, Fwd: NASA ANNOUNCES SPACE SHUTTLE CO

X-Authentication-Warning: spinoza.public.hq.nasa.gov: majordom set sender to owner-smadir using -f
X-Sender: jlloyd@mail.hq.nasa.gov
Date: Sun, 02 Feb 2003 12:31:11 -0500
To: smadir@hqg.nasa.gov
From: James Lloyd <jlloyd@hqg.nasa.gov>
Subject: Fwd: NASA ANNOUNCES SPACE SHUTTLE COLUMBIA ACCIDENT
INVESTIGATION BOARD (THE GEHMAN BOARD)
Sender: owner—smadir@lists.hq.nasa.gov

In case you are not on direct feed for this.

differentiate it from the mishap investigating team (MIT) that is uniquely a investigating team to
perform initial investigation into Shuttle mishaps.

X-Authentication-Warning: spinoza.public.hqg.nasa.gov: majordom set sender to owner-press-release
using -f

Date: Sun, 2 Feb 2003 08:40:36 -0500 (EST')

From: NASANews@hg.nasa.gov

Subject: NASA ANNOUNCES SPACE SHUTTLE COLUMBIA ACCIDENT INVESTIGATION BOARD (THE GEHMAN BOARD)
Sender: owner—press-release@lists.hq.nasa.gov

To: undisclosed-recipients: ;

Glenn Mahone/Bob Jacobs
Headquarters, Washington February 2, 2003
(Phone: 202/358-1898/1600)

RELEASE: 03-034

NASA ANNOUNCES SPACE SHUTTLE COLUMBIA
ACCIDENT INVESTIGATION BOARD (THE GEHMAN BOARD)

NASA Administrator Sean O'Keefe today announced the
members of the Space Shuttle Mishap Interagency Investigation
Board, which will provide an independent review of the events
and activities that led up to the tragic loss of the seven
astronauts Saturday on board the Space Shuttle Columbia.

The board's first meeting is scheduled for tomorrow at
Barksdale Air Force Base in Louisiana.

Retired U.S. Navy Admiral Harold W. Gehman, Jr., who co-
chaired the independent commission that investigated the
attack on the U.S.S. Cole in Aden, Yemen, Oct. 12, 2000, and
once served as the commander-in-chief of U.S. Joint Forces
Command, will chair the panel.

"While the NASA family and the entire world mourn the loss of
our colleagues, we have a responsibility to quickly move
forward with an external assessment to determine exactly what
happened and why," said Administrator O'Keefe. "We're honored
to have such a distinguished panel of experts, led by Admiral
Gehman. "

Other members of the investigative board includes:

* Rear Admiral Stephen Turcotte, Commander, U.S. Naval
Safety Center, Norfolk, Va.

* Major General John L. Barry, Director, Plans and Programs,
Headquarters Air Force Materiel Command, Wright-Patterson Air

Printed for Elaine Gause <D.E.Gause@Ilarc.nasa.gov>
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James Lloyd, 2/2/03 12:31 PM -0500, Fwd: NASA ANNOUN CES SPACE SHUTTLE CO

Force Base, Ohio

* Major General Kenneth W. Hess, Commander, U.S. Air Force
Chief of Safety, Kirtland Air Force Base, N.M.

* Dr. James N. Hallock, Aviation Safety Division Chief, U.Ss.
Department of Transportation, Cambridge, Mass.

* Steven B. Wallace, Director of Accident Investigation,
Federal Aviation Administration, Washington

* Brigadier General Duane Deal, Commander 21st Space Wing,
Peterson Air Foce Base, Colo.

Several senior NASA leaders also will be a part of the panel,
including G. Scott Hubbard, Director, NASA Ames Research
Center, Moffett Field, calif. Bryan D. O'Connor, NASA
Associate Administrator and former astronaut, Office of
Safety and Mission Assurance, Headquarters, will serve as Ex-
Officio Member, and Theron Bradley, Jr., NASA Chief Engineer,
NASA Headquarters, Washington, will be Executive Secretary.

"We need to be responsible, accountable, and extremely
thorough in this investigation, " added Administrator O'Keefe.
"This panel is charged with a most difficult task, but I am
confident in their ability, their integrity, and their
dedication to doing what's right. Their findings will help
push America's space program successfully into the future."

"Currently, NASA is beginning an internal investigation,
drawing on the extensive expertise throughout the agency.
Public officials for NASA, the Federal Emergency Management
Agency, and other federal, state, and local entities are
coordinating talents to help find the cause of this tragedy, "
concluded Administrator O'Keefe

Additional information about the investigation and the STS-
107 mission is available on the Internet at:

http://www.nasa.gov
http://spaceflight.nasa.gov

-end-

NASA press releases and other information are available automatically
by sending an Internet electronic mail message to domo@hg.nasa.gov.
In the body of the message (not the subject line) users should type
the words "subscribe press-release® (no quotes). The system will
reply with a confirmation via E-mail of each subscription. A second
automatic message will include additional information on the service.
NASA releases also are available via CompuServe using the command

GO NASA. To unsubscribe from this mailing list, address an E-mail
message to domo@hg.nasa.gov, leave the subject blank, and type only
"unsubscribe press-release" (no quotes) in the body of the message.

Jim

Printed for Elaine Gause <D.E.Gause@larc.nasa.gov>



James Lloyd, 2/2/03 12:59 PM -0500, Fwd: FW: New Website for JSC Employees: Shuttle

x-Authentication-Warning: spinoza.public.hg.nasa.gov: majordom set sender to owner-smadir using
X-Sender: jlloyd@mail.hg.nasa.gov
Date: Sun, 02 Feb 2003 12:59:41 -0500
To: smadir@hg.nasa.gov
From: James Lloyd <jlloyd@hg.nasa.gov>
Subject: Fwd: FW: New Website for JSC Employees: Shuttle Columbia
Tragedy
Cc: stacey.t.nakamural@jsc.nasa.gov
Sender: owner-smadir@lists.hg.nasa.gov

Dear SMA Director,

Stacey has passed this information along for insight into information about STS107.

From: "NAKAMURA, STACEY T. (JSC-NS) (NASA)" <stacey. t.nakamura@nasa.gov>
To: "'Jonathan B. Mullin'' <jmullin@hg.nasa.gov>, jlloyd@hg.nasa.gov
Subject: FW: New Website for JSC Employees: shuttle Columbia Tragedy
Date: Sun, 2 Feb 2003 10:07:57 -0600

X-Mailer: Internet Mail Service (5.5.2653.19)

FYI...very helpful information. Mike Stewart is the IT guru at JSC Human
Resources. The websites he creates are often cloned for other Centers, so
he may have already set up similar website for the Agency. But, just in
case, here is the weblink. You may want to reforward to the S&MA email
distribution.

Regards,
Stacey

Stacey T. Nakamura
Phone: (281) 483-4345
Fax: (281) 483-6275

\

From: HR E-Mail Notification System

Sent: Saturday, February 01, 2003 6:17 PM

To: DL JSC Civil Servants; DL JSC Contractors

Subject: New Website for JSC Employees: Shuttle Columbia Tragedy

We've activated a new webpage to assist you and your co-workers within the
JSC workforce as we deal with the Shuttle Columbia Tragedy. You may search
this page for the latest information on the Center's workforce activities,
services, and resources related to this tragedy.

http://jscpeople.jsc.nasa.gov/columbia/

V VVVV VYV VVYVYVVY
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James D. Lloyd (JTim)

Acting Deputy Associate Administrator
Office of Safety and Mission Assurance
Headquarters Room 5U11

desk phone 202-358-0557
cellular 202-441-3387
fax 202-358-3104

-f

Printed for Elaine Gause <D.E.Gause@larc.nasa.gov>
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James Lloyd, 2/2/03 12:59 PM -0500, Fwd: FW: New Website for JSC Employees: Shuttle

"Mission success stands on the foundation of our unwavering commitment to safety"
Administrator Sean O'Keefe January 2003

Printed for Elaine Gause <D.E.Gause @larc.nasa.gov>



J Newman, 2/2/03 2:26 PM -0500, LaRC Offer of Assistance from D. Freeman to B. O'Con

To: J Newman <snewman@mail.hq.nasa.gov>

From: "Alan H. Phillips" <a.h.phillips@larc.nasa.gov>

Subject: LaRC Offer of Assistance from D. Freeman to B. O'Connor
Cc: Dr Peter Rutledge <prutledg@mail.hq.nasa.gov>

Bec: "Delma C. Freeman, Jr." <d.c.freeman@larc.nasa.gov>
X-Attachments: :Macintosh HD:19:LaRCHelp.pdf:

Steve/Pete:
Here is the listing of people that Del wanted to make sure got offered up (with supporting analysis

teams) that could perhaps be of assistance. Pls post or forward in whatever manner you think will be
of most value to the Agency.

Alan

Printed for Elaine Gause <D.E.Gause@larc.nasa.gov>



Brian,

| wanted to contact you and offer any help that we could
provide. | have experts in the areas of aerothermodynamics,
aerodynamics, and structures and materials that could
support your efforts. The following people 1 think could be
possible expert consultants:
Frarg
-Vince Zoby — Experience in Shuttle aerodynamic'#ajectory -
m Major P.I. during the Orbiter Experiments Program.
Stom freme €

-Dick Powell — tong experience on Shuttle and other entry

vehicle trajectory, aeroheating, and flight mechanic

analysis. :

Segat s enot
-Charles Miller — Long experience working entry and
hypersonic aerodynamics.

- Mark Shuart - Head of our structures and materials
competency with experts in structures and materials,
including aluminum and composite structures and TPS
designs. He is also responsible for the landing loads facility
with expertise in landing gear and tire design.

If we can be of help, let me know. | will be available either at
home or by pager and cell phone.

Home phone: UlINEINIIENR
Cell phone: ,
Pager: '

De |




KUMAR, AJAY" <A.KUMAR@LaRC.NASA.GOV>, "SHUART, , 2/3/03 10:57 AM -05

To: "KUMAR, AJAY" <A.KUMARGLARC.NASA.GOV>, " SHUART, MARK J" <M.J.SHUART@LAaRC.NASA.GOV> , "SAUNDERS,
MARK P" <M.P.SAUNDERS@LaRC.NASA.GOV> , "LEE, CYNTHIA C" <C.C.LEERLaRC.NASA.GOV> , "KURKE, KATHY A"
<K.A.KURKE@LaRC.NASA.GOV>, "DWOYER, DOUGLAS L" <D.L .DWOYER@LaRC .NASA.GOV>, '"Delma C. Freeman, Jr."
<d.c. freeman@larc.nasa.gov>

From: "Alan H. Phillips" <a.h.phillips@larc.nasa.gov>

Subject: Information from this mornings meeting

Cc:

Bee:

X-Attachments: :Macintosh HD:19:Mishap+Investigation+Process+NT: :Macintosh HD:19:03-034.txt:

Enclosed are two documents that may be of value to you.
1) NTSB/NASA Briefing on Mishap Investigation Process

2) Press Release with Columbia Accident Investigation Board (External Team?) named

Alan

Printed for Elaine Gause <D.E.Gause@]larc.nasa.gov>

GO0 L



Ed Generazio, 2/3/03 1:36 PM -0500, NDE Rapid Response Team

X-Sender: e.r.generazio@pop.larc.nasa.gov

Date: Mon, 3 Feb 2003 13:36:20 -0500

To: "PHILLIPS, ALAN H" <A.H.PHILLIPS@larc.nasa.gov>
From: Ed Generazio <e.r.generazio@larc.nasa.gov>
Subject: NDE Rapid Response Team

Cc: Mark J Shuart <m.j.shuart@larc.nasa.gov>

Alan,
I have received an e-mail from Code Q indicating that Jim Lloyd would like NDE Rapid Response Team
(RRT) resource requests, related to STS-107, to be sent to him for quick review.

The NASA NDE Working Group (NNWG) is already engaged.
For the near term, I will submit additional requests for the Agency-wide NDE RRT as they become

known to Jim LLoyd, with copy to you and Mark Shuart.
Ed

Printed for Elaine Gause <D.E.Gause @larc.nasa.gov>



Patricia Stanley, 2/3/03 2:46 PM -0500, Fwd: STS-107 Memorial Service

X-Sender: p.h.stanley@pop.larc.nasa.gov
Date: Mon, 3 Feb 2003 14:46:31 -0500
To: A.H.PHILLIPS@larc.nasa.gov, a.r.hayhurst@larc.nasa.gov,

e.m.brown@larc.nasa.gov, j.s.patterson@larc.nasa.gov
From: Patricia Stanley <p.h.stanley@larc.nasa.gov>
Subject: Fwd: STS-107 Memorial Service

X-Sender: m.pitts@express.larc.nasa.gov

Date: Mon, 3 Feb 2003 14:25:51 -0500

To: title=secretary@larc.nasa.gov

From: Margarette Pitts <m.pitts@larc.nasa.gov>
Subject: STS-107 Memorial Service

Date: Mon, 3 Feb 2003 14:25:59 -0500 (EST)

Bush and Administrator O'Keefe.

Margarette Pitts

Office of External Affairs
Building 1219, Room 304

Mail Stop 115

NASA Langley Research Center
Hampton, VA 23681-2199
757-864-6124 - Phone
757-864-6333 - Fax

Patricia H. Stanley, Secretary

Office of Safety and Mission Assurance
Mail Stop 421

Phone: (757) 864-3361

Fax: (757) 864-8918

Email: p.h.stanley@larc.nasa.gov

D.J.PORTER@larc.nasa.gov, d.l.barney@larc.nasa.gov,
d.m.smith@larc.nasa.gov, e.c.kent@larc.nasa.gov,
H.W.BEAZLEY@larc.nasa.gov, Jj.l.edmondson@larc.nasa.gov,
j.l.leiffer@larc.nasa.gov, L.L.SMITH@larc.nasa.gov,
Q.M.GRAY@larc.nasa.gov, r.e.cooper@larc.nasa.gov,
j.a.caraballo@larc.nasa.gov, c.a.kitts@larc.nasa.gov,
P.W.KRASAGlarc.nasa.gov, S.C.SHOCKCOR@larc.nasa.gov,
L.A.HORSLEY@larc.nasa.gov, G.M.WATSON@larc.nasa.gov,
a.l.williams@larc.nasa.gov, B.N.HEARD@larc.nasa.gov,
1l.j.johnson@larc.nasa.gov, t.f.middleton@larc.nasa.gov,
d.h.pettit@larc.nasa.gov, l.l.rine@larc.nasa.gov,
d.e.yuchnovicz@larc.nasa.gov, s.a.hynnes@larc.nasa.gov,

Please forward the following information to the employees in your organization:

The memorial will be broadcast via NASA TV and be held in the Reid Conference Center.

Langley civil service and contractor employees are invited to participate in a memorial service for

the STS-107 crew being held at the Johnson Space Center tomorrow. Speakers will include President

Employees are asked to be in place by 12:50 p.m. Associate Director Douglas Dwoyer will make opening

remarks on behalf of Acting Director Freeman. The service is expected to conclude about 1:30.
AR AR A A A KKK IR A A KA AR A A AR AR A IR A AR A A AN A A A AR AR A A A AR AR A A AT ARk kk %
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Ed Generazio, 2/3/03 3:09 PM -0500, Re: NDE Rapid Response Team 1

To: Ed Generazio <e.r.generazio@larc.nasa.gov>

From: "Alan H. Phillips" <a.h.phillips@larc.nasa.gov>
Subject: Re: NDE Rapid Response Team

Cc:

Bec:

X-Attachments:

Thanks, Ed. As you indicated, the LaRC Mgmt. Team this morning decided that HQ, Code Q would be made

aware of all requests for information and results. So, when its convenient, pls advise of nature of
requests and (results when available), and I'll forward to NASA HQ Code Q.

Thanks.

Alan

Alan,
I have received an e-mail from Code Q indicating that Jim Lloyd would like NDE Rapid Response Team
(RRT) resource requests, related to STS-107, to be sent to him for quick review.

The NASA NDE Working Group (NNWG) is already engaged.
For the near term, I will submit additional requests for the Agency-wide NDE RRT as they become

known to Jim LLoyd, with copy to you and Mark Shuart.
Ed

Printed for Elaine Gause <D.E.Gause @larc.nasa.gov>



Bill Loewy, 2/3/03 3:52 PM -0500, TELECONFERENCE: Columbia S&MA Telecon

X-Authentication-Warning: spinoza.public.hg.nasa.gov: majordom set sender to owner-smadir using
X-Sender: bloewy@mail.hg.nasa.gov

Date: Mon, 03 Feb 2003 15:52:17 -0500

To: "'smadir@lists.hqg.nasa.gov'" <smadir@lists.hqg.nasa.gov>

From: Bill Loewy <bloewy@hg.nasa.gov>

Subject: TELECONFERENCE: Columbia S&MA Telecon

Sender: owner-smadir@lists.hqg.nasa.gov

An invitation has been extended to all S&MA Directors from Jim Lloyd to
participate in a 12:00 PM CST S&MA telecon on Wednesday, February 5th,
regarding Columbia. If you would like to participate, please reply to
Cheryl Inman with your name and number for initiation of telecon. Thanks.

Thanks!

Cheryl A. Inman, x32385
SR&QA/NA

Bldg 45/Room 514

"The secret to life is not what happens to you, but what you do with what

happens to you"---Norman Vincent Peale
Cheryl A. Inman, = x32385
SR&QA/NA

Bldg 45/Room 514

LR o R e R R R R R L R R R

Bill Loewy

NASA Headquarters

Code QS

Office of Safety and Mission Assurance
Washington DC 20546
Bill.Loewy@hg.nasa.gov

LA R SRR R R R RS T R R R I R R R Ry

"Mission success starts with safety"

-f

Printed for Elaine Gause <D.E.Gause @larc.nasa.gov>



James Lloyd, 2/3/03 4:53 PM -0500, SMA Teleconferences

x-Authentication-Warning: spinoza.public.hg.nasa.gov: majordom set sender to owner-smadir using -f
X-Sender: jlloyd@mail.hg.nasa.gov

Date: Mon, 03 Feb 2003 16:53:57 -0500

To: smadir@hg.nasa.gov

From: James Lloyd <jlloyd@hg.nasa.gov>

Subject: SMA Teleconferences

Sender: owner-smadir@lists.hg.nasa.gov

Dear SMA Director,

Yolanda Marshall has been assisting us with the setup of a teleconference each day at 1PM Eastern
Standard. We are using this forum of less than 1 hour to discuss activity and status in direct SMA
support of Columbia mishap. I have asked Yolanda to pull all the SMA Directors into the telecon the
next time we have one scheduled, which is Wednesday at lpm. This is our attempt to keep the community

focused on this situation and to offer an avenue for SMA Directors to provide input.

T would like to continue this daily until it ceases to have value in support of that objective.
Yolanda will provide you some information shortly.

Regards,

Jim

Printed for Elaine Gause <D.E.Gause @larc.nasa.gov> L1



James Lloyd, 2/4/03 10:00 AM -0500, Email with JSC (Operational note)

X-Authentication-Warning: spinoza.public.hq.nasa.gov: majordom set sender to owner—-smadir using -f
X-Sender: jlloyd@mail.hg.nasa.gov

Date: Tue, 04 Feb 2003 10:00:47 -0500

To: code-g@lists.hg.nasa.gov, smadir@hqg.nasa.gov

From: James Lloyd <jlloyd@hqg.nasa.gov>

Subject: Email with JsC (Operational note)

Cc: stacey.t.nakamural@jsc.nasa.gov

Sender: owner-smadir@lists.hq.nasa.gov

Email contact with JSC SMA folks will be difficult for most of today. All people are displaced
because of the memorial. Phones are set to ring at the fire house where some of the people have been
temporarily located. Stacey Nakamura's email may be the only one in SMA today that is operating

according to Gary Johnson. This will be rectified as people are allowed back at their desks later
this afternoon.

If you have anything of a time critical nature this morning assure Stacey is also on its distribution
if you transmit electronically.

Jim

Printed for Elaine Gause <D.E.Gause@larc.nasa.gov>



Cheryl A. Kitts, 2/5/03 9:22 AM -0500, Fwd: Columbia Cost Codes Structure

X-Sender: c.a.kitts@pop.larc.nasa.gov

Date: Wed, 5 Feb 2003 09:22:38 -0500

To: d.j.porter@larc.nasa.gov, a.h.phillips@larc.nasa.gov.,
g.m.watson@larc.nasa.gov

From: "Cheryl A. Kitts" <c.a.kitts@larc.nasa.gov>

Subject: Fwd: Columbia Cost Codes Structure

Don:

I contacted Amy Radford and this is an email she forwarded to me about the JO information you
requested. I will need to know what part you will be working on so a JO can be generated.

X-Sender: a.c‘radford@express.larc.nasa.gov

Date: Wed, 05 Feb 2003 09:12:42 -0500

To: c.a.kitts@larc.nasa.gov

From: "Amy C. Radford" <a.c.radford@larc.nasa.gov>
Subject: Fwd: Columbia Cost Codes Structure

X-Sender: c.j.prohaska@pop.larc.nasa.gov

X-Mailer: QUALCOMM Windows Eudora Pro Version 4.2.2

Date: Tue, 04 Feb 2003 12:39:11 -0500

To: M.M.LOWE@larc.nasa.gov, <s.b.araiza@larc.nasa.gov>,
<D.T.BAXTER@larc.nasa.gov>, <g.r.blowe@larc.nasa.gov>,
<c.v.carey@larc.nasa.gov>, <A.M.COHOON@larc.nasa.gov>,
<r.l.devers@larc.nasa.gov>, <d.mdhines@larc.nasa.gov>,
<t.p.memory@larc.nasa.gov>, <j.m.michael.jr@larc.nasa.gov>,
<d.k.poupard@larc.nasa.gov>, <a.c.radford@larc.nasa.gov>,
<d.h.schroeder@larc.nasa.gov>, <r.s.smith@larc.nasa.gov>,
<s.r.spruill@larc.nasa.gov>, <e.a.tamner@larc.nasa.gov>,
<d.j.tenney@larc.nasa.gov>, <B.R.THOMAS~BURSE@larc.nasa.gov>,
"ZUVICH, ANTHONY J*" <A.J.ZUVICH@larc.nasa.gov>,
"FLETCHER, CECELIA R" <C.R. FLETCHER@larc.nasa. gov>,
"BEYER, YVONNE W" <Y.W.BEYER@larc.nasa.gov>,
"BURRELL, RHONDA L" <R.L.BURRELL@larc.nasa.gov>,
<J.C.DOUGHTY@larc.nasa.gov>, <t.f.swofford@larc.nasa.gov>,
A.B.PIERCE@larc.nasa.gov, J.A.LANEAVE@larc.nasa.gov,
R.W.ROBINSON@larc.nasa.gov, J.M. SCHUETZ@larc.nasa.gov

From: "Catherine J. Prohaska" <c.j.prohaska@larc.nasa.gov>

Subject: Fwd: Columbia Cost Codes Structure

fyi--see below from Code B. special accounting codes have been established for any activities
associated with the Columbia recovery and investigations.

X-Sender: k.j.winter@pop.larc.nasa.gov

X-Mailer: QUALCOMM Windows Eudora Version 5.0.2

Date: Tue, 04 Feb 2003 09:57:46 -0500

To: M P Saunders <M.P.Saunders@larc.nasa.gov>, <Mark.P.Saunders@nasa.gov>
From: "Ken J.Winter" <k.j.winter@larc.nasa.gov>

Subject: Fwd: Columbia Cost Codes Structure

Ce: c.j.prohaska@larc.nasa.gov, J.H.OGIBA@larc.nasa.gov

This email refers to the subject matter of your inguiry.
Jim, Please follow-up to ensure LaRC establishes and communicates the required account codes.

Thanks!
X-Authentication-Warning: spinoza.public.hq.nasa.gov: majordom set sender to owner-nasa-cfos
using -f

X-Sender: gbrown2@mail.hqg.nasa.gov
X-Mailer: QUALCOMM Windows Eudora Version 4.3.2
Date: Mon, 03 Feb 2003 17:10:14 -0500

Printed for Elaine Gause <D.E.Gause@larc.nasa.gov>
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Cheryl A. Kitts, 2/5/03 9:22 AM -0500, Fwd: Columbia Cost Codes Structure

To: nasa-cfos@hg.nasa.gov, nasa-dcfos-finance@hqg.nasa.gov,
lbraxton@mail‘arc.nasa.gov, margaret.ashworth@dfrc.nasa.gov,
NAbell@poplOO.gsfc.nasa.gov, dbridge@hg.nasa.gov,
Napoleon.Carroll-l@ksc.nasa.gov, richard.Cota—l@kmail.ksc.nasa.gov,
david.bates@msfc.nasa.gov, Jjbevis@ssc.nasa.gov,
Robert.E.Fails@grc.nasa.gov, john.h.bealll@jsc.nasa.gov,
k.j.winter@larc.nasa.gov, Fred.Mcnutt@jpl.nasa.gov,
Rena.Perwien@ssc.nasa.gov, pagnew@mail.arc.nasa.gov,
margaret.ashworth@mail.dfrc.nasa.gov, Daniel.B.Walker@lerc.nasa.gov,
C.J.Prohaska@larc.nasa.gov, julie.baker@gsfc.nasa.gov,
carolyn.t.stevens@jpl.nasa.gov, david.birminghaml@jsc.nasa.gov,
Clarence.R.Gearhart@msfc.nasa.gov, Mack.McKinney—l@ksc.nasa.gov

From: Gwendolyn Brown <gbrown2@hq.nasa.gov>

Subject: Columbia Cost Codes Structure

Cc: Steve Isakowitz <sisakowi@hg.nasa.gov>,
PATRICK A CIGANER <pciganer@mail.hqg.nasa.gov>,
pamela.cucarola@msfc.nasa.gov, dmoede@hqg.nasa.gov,
mdenwidd <mdenwidd@mail.hq.nasa.gov>, Mmann@hg.nasa.gov,
Richard Beck <rbeck@hg.nasa.gov>, mgaskins@hqg.nasa.gov,
Garry Gaukler <ggaukler@hg.nasa.gov>

Sender: owner-nasa-cfos@lists.hg.nasa.gov

Attached is the account structure that has been developed for recording costs associated with
the Columbia recovery and investigation activities. These codes are to be used for recording
any labor, travel, institutional support and programmatic costs associated with the recovery &
investigation. Additional breakdowns must be coordinated with Garry Gaukler, AAA for Business
Management for the Office of Space Flight, at 202-358-1013 or ggaukler@hqg.nasa.gov, Richard
Beck, Director for Resource Management Division, at 202-358-2240 or rbeck@hg.nasa.gov, Dave
Moede, Chief of Accounting, Reporting and Analysis Branch, at (202) 358-1032 or
dmoede@hg.nasa.gov, so that costs are recorded in a consistent manner across the agency.

Thanks for your support!

Gwendolyn Brown

Deputy Chief Financial Officer for Financial Management
National Aeronautics and Space Administration
Headquarters

Code B

300 E Street sw

Washington, D.C. 20546-0001

202-358-2262 (w) 202-358-4321 (F)

Attachment converted: Macintosh HD:Columbia Cost Codes2.xls (XLS4/XCEL) (00027899)
Attachment converted: Macintosh HD:Columbia Cost Codes3.xls (X.S4/XCEL) (0002789A)
Cheryl A. Kitts

Secretary, Mission Assurance Office

5 A Hunsaker Loop

B 1162A R 107

Printed for Elaine Gause <D.E.Gause@larc.nasa.gov>



Cheryl A. Kitts, 2/5/03 9:22 AM -0500, Fwd: Columbia Cost Codes Structure

MS 421
Hampton, VA 23681-2199

Phone: 757-864-3344
Fax: 757-864-3321
E-mail: c.a.kitts@larc.nasa.gov

Printed for Elaine Gause <D.E.Gause@larc.nasa.gov>



Sub_ Sub
BLI COG UPN Break1 Break 2
38 925 72 00 00  Columbia Recovery and Investigation (STS-107)
10 00 Recovery Support
10 Program Effort
20 00 Investigation Support
10 External Tank
20 SSME
40 Ground Operations
50 Reusable Solid Rocket Motor
60 Solid Rocket Booster
70 Vehicle Engineering/Orbiter
80 Program Integration
90 Program Management
30 00 Institutional Support
10 Recovery Effort
20 Investigation Effort
30 Center Support Other
40 00 Special Flight Crew Ops

10 Family Support




Sub Sub

BLI COG UPN Break1 Break2
38 925 372 00 00 Columbia Recovery and Investigation (STS-107)
10 00 Recovery Support
10 Program Effort
20 00 Investigation Support
10 External Tank
20 SSME
40 Ground Operations
50 Reusable Solid Rocket Motor
60 Solid Rocket Booster
70 Vehicle Engineering/Orbiter
80 Program Integration
90 Program Management
30 00 Institutional Support
10 Recovery Effort
20 Investigation Effort
30 Center Support Other
40 00 Special Flight Crew Ops

10 Family Support




Doug Arbuckle, 2/5/03 11:57 AM -0500, Re: Fwd: On-orbit tile repair 1

To: Doug Arbuckle <p.d.arbuckle@larc.nasa.gov>

From: "Alan H. Phillips" <a.h.phillips@larc.nasa.gov>
Subject: Re: Fwd: On-orbit tile repair

Cc:

Bece:

X~-Attachments:

Thanks for the info, I got wind of this this morning, but have (and will) do nothing now that I've
Seen your response.

Alan

Dr Rutledge--

Mr John Gleason is currently an aircraft maintenance technician assigned to the Airborne Systems
Competency. Many years ago he was a technician assigned to the Structures and Materials Competency,
during which time he apparently participated in the studies that you describe.

LaRC's experts in this subject, and most matters relating to Orbiter tiles, are in the Structures and
Materials Competency. To assure that LaRC provides the most-informed and most-timely product to Code
Q, Mr Gleason will be assigned to pull together what information he has in hand and provide it to the
Structures and Materials Competency as soon as possible. Mark Shuart, Director of the Structures and
Materials Competency, will be responsible for the final product delivery to Code Q.

LaRC personnel stand ready to provide whatever expertise we have to support the Columbia mishap
investigation.

Feel free to contact me at 757-864-1718 if you or Pamela have any quegtions.

Doug Arbuckle, Director
Airborne Systems Competency

X-Sender: prutledg@mail.hg.nasa.gov

Date: Tue, 04 Feb 2003 13:21:41 -0500

To: Tony.L.Trexler@nasa.gov

From: Pete Rutledge <prutledg@hg.nasa.gov>
Subject: On-orbit tile repair

Cc: prichard@hg.nasa.gov

Tony,

Pamela Richardson of my staff has informed me that Mr. John Gleason of your staff has knowledge
of historical studies at the NASA Langley Research Center regarding Shuttle on-orbit tile repair.
This has been the subject of recent discussions here and was the subject of a memo from John
Young at JSC just a couple of months ago. This subject is even more important as a result of the
Columbia mishap. Could you please authorize time for Mr. Gleason to search for this information
and forward it as soon as possible to:

Pamela Richardson

NASA Headquarters, Code QE
300 E Street SW
Washington, DC 20546

I can be reached at 202-358-0579 if you have any questions.

Printed for Elaine Gause <D.E.Gause @larc.nasa.gov> 1
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Doug Arbuckle, 2/5/03 11:57 AM -0500, Re: Fwd: On-orbit tile repair

Thank you very much,

Pete

Peter J. Rutledge, Ph.D.

Director, Enterprise Safety and Mission Assurance Division
Acting Director, Review and Assessment Division

Office of Safety and Mission Assurance

NASA Headquarters, Code QE, Washington, DC 20546

ph: 202-358-0579
FAX:202-358-2778

e-mail: pete.rutledge@hqg.nasa.gov

Mission Success Starts with Safety!

Tony L.Trexler Bldg.1244, MS 255
Head, Aircraft Systems Branch 6 E.Taylor St.
Airborne Systems Competency Hampton, Va. 23681-2199
NASA Langley Research Center Phone 757-864-3922

Fax 757-864-8294

Printed for Elaine Gause <D.E.Gause@larc.nasa.gov>



Bill Loewy, 2/5/03 3:32 PM -0500, Re: FW: TELECONFERENCE: Columbia S&MA Tel

To: Bill Loewy <bloewy@hqg.nasa.gov>

From: "Alan H. Phillips" <a.h.phillips@larc.nasa.gov>
Subject: Re: FW: TELECONFERENCE: Columbia S&MA Telecon
Cc: cheryl.a.inmman@nasa.gov

Bcc:

X-Attachments:

| wish to remain on the teleconference list for the foreseeable future.

Thanks.

Alan

Printed for Elaine Gause <D.E.Gause@larc.nasa.gov>



Margarette Pitts, 2/3/03 4:14 PM -0500, Fwd: NASA PRESS CONFERENCES A

X~Sender: m.pitts@express.larc.nasa.gov
Date: Mon, 3 Feb 2003 16:14:35 -0500

To: c.a.wyatt@larc.nasa.gov

From: Margarette Pitts <m.pitts@larc.nasa.gov>
Subject: Fwd: NASA PRESS CONFERENCES ANNOUNCED

11:30 tomorrow may be cancelled-TBD. Marny said she was thinking about what to do about notice "at
LaRC" every day--especially since they do get cancelled and postponed, etc. etc.
marg.

X-Authentication-Warning: spinoza.public.hq.nasa.gov: majordom set sender to owner-press-release
using -f

Date: Sun, 2 Feb 2003 13:10:30 -0500 (EST)

From: NASANews@hg.nasa.gov

Subject: NASA PRESS CONFERENCES ANNOUNCED

Sender: owner-press-release@lists.hg.nasa.gov

To:

Robert Mirelson
Headquarters, Washington Feb, 2, 2003
(Phone: 202/358-1600) 1:00 p.m. EST

RELEASE: 03-036
NASA PRESS CONFERENCES ANNOUNCED

A press conference by Space Shuttle Program Manager Ron
Dittemore and the Director of Flight Crew Operations, Bob
Cabana will take place from NASA's Johnson Space Center,
Houston, at 4:30 p.m. EST today. The briefing will be
carried on NASA TV with limited two-way question and answer
capability from other agency centers.

NASA is planning two-per-day press briefings starting
Monday, Feb. 3, 2003. There will be a daily press briefing
from NASA Headquarters, 300 E Street SW, Washington, at
11:30 a.m. EST and at 4:30 p.m. EST from the Johnson Space
Center. Senior NASA officials will participate in the press
briefings.

NASA TV is on AMC-2, Transponder 9C, vertical polarization
at 85 degrees west longitude, 3880 MHz, with audio at 6.8
MHz .

More information will be released as it becomes available.
NASA information is available on the Internet at:

www.nasa.gov

-end-

NASA press releases and other information are available automatically
by sending an Internet electronic mail message to domo@hg.nasa.gov.
In the body of the message (not the subject line) users should type
the words "subscribe press-release" (no quotes). The system will

Printed for Cindy Wyatt <c.a.wyatt@larc.nasa.gov>



Margarette Pitts, 2/3/03 4:14 PM -0500, Fwd: NASA PRESS CONFERENCES A

reply with a confirmation via E-mail of each subscription. A second
automatic message will include additional information on the service.
NASA releases also are available via CompuServe using the command

GO NASA. To unsubscribe from this mailing list, address an E-mail
message to domo€hg.nasa.gov, leave the subject blank, and type only
"unsubscribe press-release" (no quotes) in the body of the message.

********‘k***********************************************************

Margarette Pitts

Office of External Affairs
Building 1219, Room 304

Mail Stop 115

NASA Langley Research Center
Hampton, VA 23681-2199
757-864-6124 - Phone
757-864-6333 - Fax

Printed for Cindy Wyatt <c.a.wyatt@larc.nasa.g6v>
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Dennis m. Bushnell, 2/5/03 9:03 AM -0500, Shuttle Heating/TPS un 00( . web 5(‘%

X-Sender: d.m.bushnell@express.larc.nasa.gov

Date: Wed, 5 Feb 2003 09:03:38 -0500

To: d.l.dwoyer@larc.nasa.gov, d.c.freeman@larc.nasa.gov,
c.m.darden@larc.nasa.gov, c.e.harris@larc.nasa.gov,
r.m.martin@larc.nasa.gov, a.kumar@larc.nasa.gov,
m.p.saunders@larc.nasa.gov, j.m.mckenzie@larc.nasa.gov,
m.j.shuart@larc.nasa.gov, g.r.taylor@larc.nasa.gov

From: "Dennis m. Bushnell" <d.m.bushnell@larc.nasa.gov>

Subject: Shuttle Heating/TPS

Was on Travel - Just returned,reason this was not sent earlier...[called Doug on this Sunday around
noon] .Maybe "you'all" already know this...

1.Undersigned was on the Walt Williams/NASA Chief Engineer Shuttle First Flight Certification team
in 1980/81 Responsible for Boundary Layer Transition/TPS/Re-entry Heating.The report we [John Bertin
and I ] sent in indicated the Following:

- Peak Heating is at some 218 Kft.IF the flow is turbulent at Peak heating the heat shield
would/could burn through the wheel well doors [even with undamaged tiles].

- Transition data from previous flights [Prime,Asset,etc.] indicated Transition Reynolds Numbers at
Shuttle Hypersonic Conditions on admittedly rough surfaces well below a Million Reynolds Number but
the data were all over the map.Taking the lower bound [with a rough surface] Turbulent flow at peak
heating appeared possible....We therefore specified tile-to-tile and tile gap smoothness criteria

which were pretty severe.

- As I recall the cbserved shuttle transition is usually around 180Kft.

2.0n the first flight there were thousands of dings/gouges in the tiles post flight which were
almost all on the left wing and traced to ice impingement from launch vibrations dislodgment of the
ice which builds up on the external tank dump line - WHICH IS LOCATED IN PROXIMITY TO THE LEFT WING ON
THE STACK [Dump line is attached to the tank but runs down the side of the tank near where the
windward side of the left wing is positioned when mated to the tank in the launch stack].Why this dump
line was not repositioned to the other side of the tank away from the orbiter I do not
understand....Over the years each flight has experienced a unique set of heat shield damage from this
ice impingement and as a consequence shuttle transition varies mightily flight-to-flight.Several times

this damage was guite severe.

3.A11 of this [1 above] is for undamaged [in the sense of thermal protection,not
transition/roughness] tiles.More extensive tile damage,whether from external tank insulation or ice
impingement,would obviously add insult to injury and compromise TPS integrity AS WELL AS ACT AS A
BOUNDARY LAYER TRIP.IF the gouges were extensive enough then free shear layers form which have VERY
LOW TRANSITION REYNOLDS NUMBERS [below a hundred thousand] AND large Impingement HEATING PEAKS.

We [the agency] should have done more analysis of this whole situation/taken it more seriously as
well as repositioned that tank dump line to minimize ice impingement....The ice buildup/fracture
patterns/subsequent impact patterns/effects due to launch vibration/loads is not deterministic.Just
the ice,sans tank insulation,could conceivably have caused "Grievous Harm"...

Dennis Bushnell

Printed for Cindy Wyatt <c.a.wyatt@larc.nasa.gov> 1
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Sandia Reid, 2/4/03 10:38 AM -0700,

X-Sender: sreidcar@mail.hg.nasa.gov

Date: Tue, 4 Feb 2003 10:38:22 -0700

To: w.p.gilbert@larc.nasa.gov, m.p.saunders@larc.nasa.gov
From: Sandra Reid <sreidcar@hg.nasa.gov>

Bill and Mark,
Attached is a copy of a report on:

Safety of the Thermal Protection System of the Space Shuttle Orbiter:
Quantitative Analysis and Organizational Factors
Phase 1: Risk-Based Priority Scale and Preliminary Observations

by

M. Elisabeth Pate-Cornell
Department of Industrial Engineering and Engineering Management
Stanford University

Paul S. Fischbeck

Department of Engineering and Public Policy
and Department of Decision Sciences
Carnegie-Mellon University

REPORT TO
THE NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

Cooperative Research Agreement No. NCC 10-0001
between Stanford University and NASA (Kennedy Space Center)

The study was conducted in 1995 and provides a probabilistic risk-based assessment of the ramifications to the Space Shuttle given
certain TPS damage states. The report clearly indicates that there is a high potential for Space Shuttle system damage resulting in a
high probability of Space Shuttle Loss of Vehicle and Crew given certain TPS damage states.

The study noted:

"...that the two areas just in board of the main landing gear have been noted as being in the high burnthrough area. This is not strictly
speaking a burnthrough problem. The structure in those areas is extremely sensitive to temperature differences and would fail even
without a burn-through. However, because of their sensitivity to temperature, these two areas were grouped in the high burn-through

category."
If you have any questions please call me at (757) 218-7391 (cell) or send me an e-mail. I will be back in the office on Friday, February
4. '

Thanks.

Bill Cirillo

= Pages from Space Shuttl#4B7

Printed for Cindy Wyatt <c.a.wyatt@larc.nasa.gov>
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SAFE 1Y OF THE THERMAL PROTECTION SYSTEM
OF THE SPACE SHUTTLE ORBITER:
QUANTITATIVE ANALYSIS AND ORGANIZATIONAL FACTORS

Fhase 1:
RISK-BASED PRIORITY SCALE

AND PRELIMINARY OBSERVATIONS T

by
M. Efisabeth Paté-Corneli®
Department of industrial Engineering and Engineering Management
Stanfard University
and
Pau! S. Fischbeck**
Department of Engineering and Public Policy
and Deparntment of Dacision Sciences
Camnegig-Mallon University

REPORT TO |
THE NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

Cooperative Research Agreement No. NCC 10-0001
between Stanfard University and NASA (Kennedy Space Center)

-

Associate Prafessor

" Assistant Professor, Commandser USNR. Formerly: Graduate Research Assistant,

- Department of Industrial Engineering and Engineering Management, ey
Stanford University.
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€ 7 ' ' ' SUMMARY

This repon describes the first phase of a study designed to improve the
managemem and the safery of the biack tiles ot the Soace Shuttte orbiter This study
organizational factors. In this first-phase reper, a first-order PRA modet is developed
and used to design a risk-based criticality scale combining the probabilities and the
consequences of tile failures. This scale can then be used to set priorities for the
maintenance and gradual replacement of the biack tiles.

A risk-criticality index is assessed for each tile based on its cantribution to the
probabiiity of loss of the vehicle. This index reflects the loads to which each tile is
subjected (heat, vibrations, debris impacts etc.) and the dependencies among
faitures of adjacent tiles. It also includes the potentiai decrease of tile capacity
caused by imperfect processing (e g. a weak bond) and the cmlcallty ot subsystems
exposed to extreme heat loads at re-entry in case of tile failura and bum-through
Using this model and some prefiminary data, it is found that the (mean) probability ot
loss of an orbiter due to failure of the black tiles is in the order of 103 per flight, with
about 15% of the tiles accounting for 80% of the risk. One of the report's key findings
is that not all the most risk-critical tiles are in the hottest areas of the orbiter's surface;
some are in zones of highest functional criticality (see Figura 23).

Management factors that can affsct tile safety are identified as: (1) time
pressures that increase the probability of cutting corners in processang. (2) liability
concerns and conflicts among contractors, which aftect the flow of information; (3) the
low status of the tile work and the turnover among tile technicians, which may
increase the work load and decreass its quality; (4) the need for more random testing
ta detect imperfect bonds and to monitor the evoiution of the system over time; and
(5) the handling of the externai tank and the solid rocket boostars whaose insulations
constitute a major source of the debris that could hit the tiles at take-off.
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Safety of the Thermal */niection System of iie Space Shuttle Orbiter:
Quantitaliv 2 Analysis and Qrganiz: tional Factors

Phase 1: ,
Rigk-based . iurity sqale and prelimiv ary ohservations

Sgotion 1:
- e INTRODUCTION

The National Aero:::Ltics and Space Adminintration (NASA) manages many
aspects of the Space Shuit'z Orbiter program under i3t rasource constraints: time.
meney, human resource : personnal and management's attention, ete. The
maintenance of the orhiti s Thermal Protection Svsiem (TPS) is an example of
operations that must recivr: with thase limitations. The processing of the tiles
between flights is labor in%:'isive and time consuming; and, because it is often on the
critical path to the next iz.i1ch, the work has to be done under sometimes severe
time constraints. Althoug! 7rmat attention is dedicata«d ta the tile wark, it$ qualiity is
occasionally affected by it i rlomanding schedule. The importance of the tiles varies
according to their location 1 the orbiter's surtace. Civer some areas of the orbiter's
surface, several tiles couitl »» lost without causing major damage or risking the lives
of the crew, in other areas “f'a loss of a single tile could be catastrophic. This report
shows that the contributizng of different tiles to *he overall probability of failure
(defined here as "risk-critivality”) vary widely aceqtling to their locations on the
orbiter's surfaca. A large pri'czmage of the probabilil of loss of vehicle (LOV) due to
tailure of the orbiter's TPS :zn be attributed to a small fraction of the tiles. Bacause
there wiil always be rest:. e constraints, setting srinrities is a first critical step
towards ensuring that the st risk-critical tiles receive maximum care and quality

central so as to minimize ti & probability of failure.




Paté-Corneli and Fischbeck

The level of risk-:riicality of a tile depenris on several factors and not
exclusively on the maxim 71 heat load (temperatii'e and duration) to which it is
subjected. These factors i~ zude: {1) the heat loads. (2) the location of the tile with
respect to possible traject: ries of debris {e.g., piece~ of insulation from the external
tank (ET) and the solid ror«z; oosters (SABs)), (3) (e vibrations and aerodynamic
forces, and (4! the criticaliy »f the subsystems locatead directly under the aluminum
skin of the orbiter. Failure = % single tile located dirs =tly over one of the mast critical
systems {such as tha avic:i 23, fuel cells, or hydrauli: lines) is likely 10 cause a LOV
even though these tiles & - ~* 2xposed to the meaimwmn heat loads. By contrast,
severe tile damage next to ihe Los o a wing has heen survived in past missions.
Theretfore, the loads and oOns8qGL @ -+ factors must be combined to estimate the
probability of failure anc ‘¢ t‘etermine the risk-criticali’y of zach tile.

A tile fails becaus: the foads on it reach valias that exceed its capacity.
Understanding both factors: iaads and capacities, is thus ¢riticat to the quantification
of the risk associated wii% the TPS. The capacities vary considerably among
individua! tiles bacause of :/iffsrences in installation :rnditions and procedures. For
axampie, inspections havs :hown that several tiles F.ave been installed with bonding
on 10% only of the contz.:: surface. In addition, the capacities ot some tiles have
decreased over time becit s& of chemical reaction of the band with some of the
water proofing agents uset(' on the orbiter. Similarly, the loads on the tiles are not
uniform. In addition to ex;veted loads of heat, vibresions, and aerodynamic forces, a
tite _may also be subjectst’ 1o unexpected loads raised by debris impacts. The
source of most of the dehir's is poorly-installed and maintained insulation on the ET
and the SRBs. Therefor:. noth loads and capacitizs can be greatly affected by a
variety of possible humar: #rrors.

Some of these arurs can be traced back to weak organizational
communications, misguid+r’ incentives, and resourns constraints, which in turn, can
be linked 1o the rules, the :lructures, and the culture of the organization (Paté-Cornell
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and Bea, 1289; Paté-Corneil, 1390). Efficiency of the risk management process for
the TPS requires an integrated approach (National Research Council, 1988.)
Considering only organizational soiutiens or only technical solutions to minimize the
risk of failure would be counterproductive and wastsful. Furthermers, each individual
System cannot be evaluated and managed independently. The perfarmancs of the
ET and SRB:s affects the reliability of the tiles which, in turn, affects the performance
of the subsystems that they protect from heat lcads. Therefore, when sgtting
priorities, the management teams for the ET and SRBs must account for the potential
detrimental side effects of their procedures on the orbiter's TPS. By tracing back,
even roughly, the location of the insulation on the ET and SRBs that could hit the
most risk-critical spots on the orbiter's surface, it may be possible to identify the spots
that shoulfd be given top priority.

1.1 Obiectives of the overall proiect

The objective of this study is to provide recommendations to improve the tiles
management at Kennedy Space Center (KSC), Florida, based on the development
and extension of a Probabilistic Risk Analysis model (PRA) for the TPS of the Space -
Shuttle Orbiter with emphasis on the black tiles. The approach is to include in the
analysis not only tachnical aspects that are captured by ciassical PRA (for example,
resistance of the tiles to debris impact), but also the process of tile maintenance (for
instance, when and how are the tiles tested) and the organizational procedures and
ruie_s that determine this process (see Appendix 1: Paté-Cornell, 1989.} The question
is whether these organizationat factors affect the reliability of the tiles, and if they do,
to what extent. Linking the PRA inputs to some aspects of the process and the
organization ailows addressing the often-raised questian that PRA, aithough it
captures human errors, is of little help when considering more fundamental
managerial and organizational preblems. This mode! is designed to aliow
management to set priorities in the ailocation of limited resources in a continuous
effort to improve the reliability of the Space Shuttle. The methad thus aflows for a
global approach to risk management, invelving technical as waell as organizational

J o | ORIGINAL PAGE IS
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improvements, while acce unting for the uncertaintie:; about the system's properiies
and human performanca. n cases where the pro:lem is sufficiently well defined,
one can then assess (ever if only coarsely) the corrssnanding increase of reliability.

Uncertainties abou: 112 perfermance of a corrplex system such as the TPS of
the Space Shuttle can b first described by its |'robsbility of failure (first-level
uncenrtainties). When co:i iring this probability, org {aces uncertainties about the
probabilities of the basic ¢ i35 including technical “ilures of individual components
and human errors. Thes: incenainties can be described by placing probability
distributions on the inputsi thea computing the res:liing uncertainty of the overall
failure probability (secon« -level uncertainties). The role and importance of these
second-level uncertaintie: cepend on the intended use of the study. PRA can
generally support two type:: of decisions: (1) whether or not a system is safe enough
for operation on the basis "' 3 chosen safety threshald or other acceptance criteria,
and (2) (the main objectivs ¢ this study) how to ai'veate scarce resources among
different subsystems on ‘¢ basis of risk-bDasect mriorities in order to achieve
maximum overall satety. "™ depth of the supportin g risk analysis must be adapted
to the decision to be made

in the first type of 1incision, where one is trying ta decide if a system is safe
enough, it is important t¢ «lzscribe the result of the risk assessment not only by a
point estimate of the faillir» probability but by a fiill distribution of this probability
refiecting all the uncertairtivy of the input vaiues. Secand-order uncerntainties, which
are particularly critical for : nnaated operations, becone irnportant because they give
tion of the accuracy of the analysis. A different launch

the decision makers an in«:
alternative may be preferrs:l il for example, the rmea 1 probability of mission failure is
less than one in a thous:nd but can take values as high as one in fifty. Note
however that the overa! failure probability per »peration is the mean of that

distribution,

10
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In the second type of decision, whers the objective is an opﬁrﬁal 'allocation of
resources, the priority ranking has to be based on a single point estimate for tha
probability of failure. For optimality reasons, the mean of the distribution of the failure
probabiiity is the relevant characteristic. In this case, critical factors are, first, the
relative values of the probabiiities of mission failure associated with failure of each
compenent, and second. the variations of these relative probabilities with additional
units of resources (e.g., time). The combination of these two factors then allows
giving priority to the companents for which more resources will bring the greatest

increase of satety.

In this study, we construct first a priority scale for the biack tiles based on our
current estimates of the means of the partial failure probabilities, i.e, the mean
probability of LOV associated with the potentiai failure of each tile {first-order PRA).
An analysis of the seccnd-order uncertainties may change the priorities if they
change the means of these partial failure probabllutles. Across subsystems (e.g., tiles
versus main engines), the uncertainty of the failure probab:lmes may vary widely
because the failure modes invoive a spectrum of basic events whose probabilities
are known with different degrees of uncertainty. In this case, fuli analysis of
uncentainties may well change the means themselves and the optimai resgurce
allocation. Within a given subsystem, such as the tiles, the inputs of the analysis for
the different elements (e.g., the initiating events) are generally of similar nature and
the variations of uncertainties may be less important. Yet, uncertainties about
extreme values of the heat loads clearly vary according to the location of a tile on the
orbiter's surface. Furthermors, the probabilities of failure (and associated
uncenainties) of the subsystems located directly under the skin given a loss of tile(s)
and burn-through vary widely, Further study shouid therefore investigate the effect of
second-order uncertainties to determine their impact on the resource aliocation.

Our work on this prabiem is divided intc two separate phases. The first
phase, which is presented in this report, involves the development and illustration of

11
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a first-order PRA mode! r the biack iiles of the TFS based on a probabifistic
analysis of different failurn wanarios. In this analysis, we use mean probabilities to
construct a risk-criticality a.rr:“rmaie for each tile and 1o 2stablish a scale of priorities for
management purposes. I i teatures of this model ¢re the dependencies of failures
among adjacent tiles, and (:::ween failures of tiles in spiecific TPS zones and failures
of the subsystems iocate. ' these zones undsr tha orbiter's ajuminum skin. The
analysis thus relies en a wiiitioning of the orbitars surface (1) among zones of
temperature, debris, an: serodynamic loads, and (2) among critical system
locations. For each tile, wsa Sompute a risk-eriticaility factor that represents its
contribution to the overall 1 5ix of orbiter failure due t; TPS failure accounting both for
loads (load-criticality) and ‘rihire consequences at t-2 Incation of the tile {functional
criticality.)

The second phase - * the work will involve refinement and implementation of
the madel, inciuding (1: an analysis of (second-ordar) uncertainies about
probabiiities in order to cletarmine it these uncertzinties can affect management
priorities, and (2} organizitunal extensions. The oryznizational extensions involve
identificatien and evaiuatic.* ! the mechanisms by “whizh potential problems occur,
are detected, and can be ::rvscted. This second prass will thus invoive a study of
the maintenance proces:. ncrounting for its abili'y 10 detect and correct past
mistakes (weak tiles}), ensii': satisfactory quality contio! of the current work, and track
the possibility of weakenin:;, 7 the TPS over time. Tir3 ahjective of Phase 2 will be to
identify, with the help of «uparts, the crganizationa! roots of technical and human
problems and to make ri:3mmendations for poss'ble improvements. The PRA
model will be used to assi:uz the relavance of these factors to the rejiability of the
black tiles and the effectivs :i235 of proposed solution::.

In this study, the Fi%A model is not an end n itself, but a tool designed to

assess specific managema -t practices. The leve! of datail of the analysis is set with
this goal in mind. One ke ‘imiting factor in this eff¢t s the unavailability of precise

12
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values for the propabilities of failure of the éubsyétérhs located under the orbiter's
skin conditionai on burn-through. Such data would be the natural results of a
complete top-down PRA for the whoie orbiter. Because NASA has chossn to do the
analysis piecemeal and only for selected subsystems, these results have not been

‘generated. Therefors, we use expert opinions instead of analytical results to assess

globally these conditional failure probabiiities.

1.2 Scone of the work In Phase 1:

As stated in the proposal, the objectives oif this first phase are: (1) to
understand the basic properties of the tiles, (2) to idantify‘the main experts and
establish working retationships with them, (3) to identity the main data bases and
sources, (4) 1o design the Probabilistic Risk Assessment (PRA)} modet, and (5) to
identify some of the ralevant organizational features that affect the reliability of the
Thermal Protection System (TPS) with emphasis on the black tiles and on the
maintenance process. This first phase of the project was funded in part under
SIORA (Stanford S‘pa'ce A:Syszt:éms Iniegration and Operations HResearch
Applications), and in part as a separate research project (both under cooperative
agreement NCC10-0001). Under the SIORA funding, we identified some
fundamental issues invoived in the linkage betwesen the reliability of the black tiles
and various features of the organizations that participate directly or indirectly in their
maintenance (inciuding, but not exclusively, NASA at the different space centers,
Lockheed Corporation, and Rockwell International). The probiem formuiation was
presented in a paper deliverad at a major Probabilistic Safety Analysis conference
(PSA'89) held in Pittsburgh, in 1989, in a session chaired by Mr. B. Buchbinder
(NASA Headquarter, SRM&QA) on probabilistic safety assessment for space
systems. This paper won the Best Paper Award of the American Nuclear Society for
PSA'89. ltis included in this report as Appendix 1.

This Phase 1 report is organized as follows:

1. Backqground information: functioning, maintenance, and failure history of the

13
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tiles.
2. Descriotion and illi;:1-ation_of the PRA _mo:del: inputs, preliminary results

(means); sources ¢’ pxpertise and data.

3. Prefiminarv observ:;icns_and (quaiitative) couniing. gt oraanizational factors

and the refiapifity - zel,
1.3 Gathering of informiztion and. technical points of contact

The data and the r2levant information use in this study ware gathered
through meetings and iniormal interviews of iile specialists, tile personnel
(technicians and inspectori), and management at “ennedy Space Center (NASA
and Lockheed Corporatict i, Johnson Space Cernter (MASA), and in Southern
California (Rockwell Intei-iiational in Downey). We conducted, in paricular,
extensive {although inform:); interviews of tile techricians including both oid-timers
and newcomers. Several 11! tham came from Rockymell and had participated in the
initial tile installation wort: They described to us arncedures and problems and
offered suggestions.

The probability esti-:ntes were obtained in two ways: frequencies of events
from official or personal 1 zsurds (e.g., debris hits; requency of tile damage)}, and
subjective assessments (#.¢., probability of failurs: of tha subsystems under the
orbiter skin if subjected tv :xcassive heat loads dui: to @ hole in the orbiter's skin).
Note that:

1. The data used "¥# for the illustration of tha first-order PRA model are

realistic but coarse 4:stimates that can ba refined in the implementation part of

ihe second phase.

2. Second-order uirzzrtainties about the probability estimates themselves

have not been en:; izied at this stage. The :robebility figures that are used

here represant imr initly the means of possitle probability distributions of the

probabilities of ey s. Assessment of these2 second-crder probabilities or
prabability distributiz=s for future frequencies of events (Garrick, 1988) will be

14
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part of the implementation phase if it is judged necessary for the reievance of
the resuits to management decisions.

For this study, the key technicai points of contact were the following:
At KSC:

° David Weber (Lockheed)

° Frank Jones, Susan Black, Carol Demes, and Joy Huff (NASA)
At JSC (NASA);

®James A. Smith

° Rebert Maraia

° Carlos Ortiz

° Raymend Gomez
In Southern California (Rockweil, Downey):

° B. J. Schell

° Frank Danisis

¢ Jack MeClymonds

15
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Section 2:
EHOKGROUND INFORME ™I0IN

.1 tem ription

The designers of tr 3 tharmal protection system (T1°S) for the space shuttie
had to solve a series of coriizx problems dus to the wide range of environments in
which the orbiter has to opt: 'ze. A single-componer: design could not meet all the
necessary requirements of . ithstanding extreme terrperatures and vibrations while
remaining light weight and ¢ szitile and lasting for 100 missions. Instead, a complete,
integrated system was devi®' rned relying on diffarent components 1o solve different
problems (Cooper and Holli+vay, 1881.)

In the highaest-temprature arsas, reinforced ~arban carbon (RCC) is used.
This material is extremely I"naf resistant and able to withstand temperatures up to
@id up to 3300°F for a single flight. The use of this

2800°F on a reusable basis =
material is limited to the g :iir
the orbiter where heating s are lower, a fiexitls reusable surface insulation
(FRSI) is usad, This mateiini is made of a silican e'astomeric coated Nomex felt,
which is heat-treated to alic » using it tor 100 mission= af tsmperatures up to 700°F.
In areas where surface tem 'nratures are above 700°F but heiow 1500°F, advanced
flexible reusabie insulation : ¢ FR8l) is used. AFRS! i3 a "blanket* composition with
one-inch stitch spacing. it =insists of an outsr laye: of 27 mil siiica "quartz" glass
fabric and of an inner layer 1~ ;7lass tabric ("E" glass) w:hich sncompass a silica-glass
feit material (microquartz, camtmonly called Q-felt). These materiais have replaced
most of the 5,000 thin wh *: tiles on the upper surface of the orbiters, originally
de;ignated low temperatur: «usable surface insulation {LRSI). Their replacement
has reduced the complexity ' the TPS at the cost of & slight weight increase (see
Figures 1 and 2.)

1y edges of the wing ziid the nose cone. In areas of
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ORBITAL MANEUVERING
SYSTEM (OMSB) AND AFT
REACTION CONTRQL

OBSERVATION SYSTEM (RCS)
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r— PAYLOAD BAY DOGRS ——+
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CONTROL SUASYSTEM
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Figure 1: The spaca shuttle orbiter
Source: Shuttle Operationai Data Book, JSC 08934, Vol. 4
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The tiles that are of primary interest in this repont are designated high
temperature reusable surface insulation (HHSI) (see Figdre 3.) These tiles are
coated with black reaction cured glass (RCG) and are cartified for 100 missions up to
& maximum surface temparature of 2300°F . Approximately 20,000 of these tiles are
used to cover the bottom of the orbiter. Ai'nong thérh‘,-éb'broximately 17,000 have &
density of 9 pounds per cubic foot (pef). The remaining 3,000 tiles are of higher
density (12 and 22 pef). They are used in areas where higher strength is needed,
primarily around doors and hatches, and where it is required by structural
deflections. The 22 pcf tiles are capable of withstanding -surface temperatures as
high as 2700°F without shrinkage. '

These tiles, being highly brittle, have a strain-to-failure performance that is
considerably tess than the aluminum skin of the orbiter. in addition, the tiles have a
much lowsr ceefficient of thermal expansion. Therefore, if they were bonded directly
to the aluminum, thermai and mechanical expansion and centraction would causs
.y the ceramic materiai to crack and fail. To protect' the caramic material, the sizes of
the individual tiles were kept small (nominally 6 inches square). These numerous
designed gaps allow for relative motion of the tiles as the aiuminum skin expands
and contracts and the substructure deforms under loading. Howaever, this allowance
is not sutficient to protect the integrity of the tiles. In order to further isaiate the tiles
from local forces, a strain isolation pad (SIP) is secured between the tiles and the
skin.  The SIP is a felt pad constructed of Nomex fibers and comes in three different
thicknesses (0.08, 0.115, and 0.16 inch).

The tiles are bonded to the SIP and the SIP to the aluminum skin using a
room temperature vulcanizing silicon rubber adhesive (RTV-560). In ceriain areas
where the aluminum skin is particularly rough and disjointed, a screed or putty
(RTV-577) is used to smooth the surface. In order for the SIP and tiles to vent during
ascent and to protect the aiuminum structure from gap heating, filler bar strips
(RTV-560 coated heat-treated Nomex feft material) secured oniy to the aluminum

S 19
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Skin are placed around each piace of SIP. The porous tilg& &re allowed to vent since
the RCG coating does not extend to the filler bar. Between tiles in the hatter areas
{(appreximately 4,500 locations), gap fillers are used in a‘dgztacn 1o the filler bars to
prevent gap heating damage during reentry. The gap fillars are secured in place
with RTV. Figure 4 shows a typical black tile with all the related components.

2.2 Lite cvele and maintenance oberations

2.2.1 Tile manufacturing and installation

Bacause of the extreme enviranment in which the orbiter operates, the TPS
must be made of only the purest materiais. Contamination of the tiles during
fabrication could lead to failure of the TPS waell before meeting its 100 mission
requirement. Raw material (amorphous silica fiber) has to be 99.7% pure (AW & ST,

1976).

COATING RCG
GAPFil 1 FR

o

//SIP
RTV-560 ‘ | '

ATV-577 =

4— £li| FRBAR

SHUTTLE 8KIN i
Note: Thickness exaggerated for clarty; Screed (RTV-5¢7) only where needed

Figure 4: The tile system

The fabrication process starts with a siurry of water and 1.5 micron diameter
silica. The water is drained and binder added. This mixture is compressed into
blocks siightly smaller than 1 cubic foot. After the binder sets up in 3 hours, the

& blocks are dried in a microwave oven. Tha sintering process which locks the fibers

i
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together requires tight heat “u'erances. The blocks are baked at 2,375°F for two
hours. Next, they are cut ir.:: rough tiles (four to eigh per block). Tile density and
density gradient are verifiec ' zsing X-rays. Since ez:ch ‘ile is different, the tiles are
trimmed to specification usi- i automated milling machings. A second quality check
assures that the tilas are fit 'y coating. The coating i3 sprayved on and then glazed.
A third guality check verif u3 the integrity of the crizting. These tiles are then
intarnally Waterproofed with « silane material. During criginai construction, the tiles
were next placed in arrays 11at matched their place nant on the orbiter's surface.
Each array consisted of appivimately 35 tiles. The botioms of the amrays were then
shaved to match the shaju =uf the arhiter. A fouth quality check verified the
dimensions of randomly se!:ted tites from each array. All current replacement tiles
are machined individualily.

The original installati: = of the tilas at time of nansiruction was done an array
at a time. The SIP was first minnded to the tiles using MTV, whils a lattice of filler bars
were bonded t¢ the orbiter. After these bonds had set, the entire array was bonded
to the orbiter. Difficulty arous in aligning the tiles/SIP array with the grid of filler bars.
It the tile/SIP array is part:®/ resting on the filler hars instead of directly to the
orbiter's skin, the strength i the TPS bond is greatly -eduned. The arrays are held
in place with 2-3 psi pressi.:3 while the RTV dries. 3cnds are verified using a pull
test on each tile. The streng!; of each test varies bassd on the location of the tile and
the expected in-flight loadir;; ‘2 t0 13 psi). Once a tile has passed this initial pull test,
it is uniikely that it will be ¢ckad again during its life cycle of 100 fligh's uniess an
anomaly is detected.

Flight profile 1iiging
During a typical mistion, the tiles are subject=d to a wide range of ioads and
temperatures. These mus! ¢ considered in order t¢ cietermine the iimitations and
life cycle of the TPS. The i‘zscription below summarizes a report by Cooper and
Holloway (1981).
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Ignition of the orbiter's main enginas creatés an oscillatory pressure wave

that loads the tiles in the aft region of the orbiter. Though strong, this wave shaould

dampen rapidly. In additian. acousticl pressure created by the engines can directly
load the tiles and the aluminum skin. Any motion of the aluminum will, in turn, cause
inertial pressure on the TPS. The amount of inertial pressure depends on the iocal
respense of the aluminum substructure, but noise levels up to 165 dB are attained
during lift off. During ascent, the tiles experience a wide range of asrodynamic lcads
including: pressure gradients and shocks, buffet and gust loads, acoustic pressure
loads caused by boundary layer noise, inenial pressure caused by substructurs
motion and deflection, and unsteady loads coming from vortex shedding from the
connecting structure to the external tank. Almost every tile will experience loads of
160 dB during this phase of a mission.

Since the tiles are highly porous {80% veid), it is during the ascent that any
internal pressures must be vented in order to equalize with the extemal envircnment.

¢ -, Because of this, both the SIP and the tiles may experience varying degrees of

H
B

internal pressurs. Vent lag can cause tensile forces to build up. In addition, smaif

residual tile stresses are caused by differances in the thermal expansion rates of the
tiles and the coating. Also, any water that was absorbed will cause internal pressure
as it expands and contracts with the temperature changes.

During re-entry, a second series of stresses are placed on the TPS mcludmg'._

ubstructure deformation, boundary layer acoustic neise, steady asrodynamic loads,
unsteady aerodynamic loads caused by boundary layer separation and vortices, and
loads from aerodynamic maneuvering. The boundary layer transition from laminar
to turbuient flow always occurs, but the time of this transition (for the same entry
trajectory) depends primarily on vehicle roughness. This roughness is divided into
two types: discrete (one single large protuberance} or distributed (many small
protuberances.) Early time of tramsition resuits in higher turbulent flow peak
temperatures and higher tctal heat loads that depend on temperature and time of
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exposure (Smith, 1988). Nu:rly one third of the tiles on the lower surface of the
orbiter reach temperatures i excess of 1800°F and rra subjected 1o problems of
uneven thermal expansion.

The TPS has been rigorously tested and has withsiood thousands of test
cycles of limit load without fail; . The system has then baen certified for at least 100
flights. However, repeated #»2as5ure to the stresses #nd sirains that accompany a
space mission can affect thi ntegrity of the individuz! components. The tiles can
weaken, for example, above 1-3 ci@nsification boundary layer, the SIP can stretch as
fibers pull out of the matrix, « ¢t the RTV can creep unier very high loads. It is only
through rigorous maintenan:: srocedures and quality-cnnirol verifications that the
true life cycle of the TPS can ' determined and that #cceptable system safety can
be achieved.

2.2.3 Tile maintenan:i wocedure

The maintenance p~cedure is guided by ‘he Rockwell specifications
(Rockwell Intemational, 1943, 1088). It involves (1, a sequence of tile-damage
inspections and assessmen't after landing to decide which ones can be mended
and which ones must be re:laned; (2) tile replacement; {3) bond verification using
pull tests; (4) step and gap riasurernant; (5) decision t7 install or not a gap filler.

The steps involved in "iz ?epiaéement of a tile iz the following:
° First prefit

° Densification

° Second prefit

° Bonding of the SIP 11 tha tile

° Cleaning of tha cav " [inspection point)

° Priming of the cavity

° Mixing (and testing 't the RTV

° Application of the """ 2 the tile/SIP systern
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° Bonding of the tile/SIP to the cavity
® Verification ot the band.

The verification of the bond at the end of this ;ﬁrddess involves a pull test ot
variable strength. One problem that has been reported is that this pull test may not
allow detection of tiles that are only partiaily bonded because bonding to the
adjacent gap fillers may provide sufficient strength to pass the test. Though these
partial bonds pass the initial pull test, they tend to be more susceptible to
deterioration over time and slumping.

Step and gap measursment is meant to ensura the smoothness of the
orbiter's surface and avoid the excessive heat loads due to vehicle roughness. It is
currently a time-consuming procedure involving 24 measurements per tile, dong
manually by insertion of piastic gauges toc a certain depth in the space between tiles.
The resuit of this inspection often leads to a decision to instail standard gap fillers.
Sevafal problsms have been reporied in this part of the work, including inaccurate
measurements due to misplacement of the plastic gauges. A laser system is currently
being developed to automate step and gap measurement, making it both quicker
and mare retiable (Lockheed Ressarch and Development Division, 1989; SIORA,
1880). Clearly, the correspanding reliability gain for the whole TPS depends on the
initial contribution of wrong steps and gaps and orbiter's roughness tc the probabiiity
of failure of the TPS.

Note that this maintenancs procaedure is mostly maintenance on demand.
The only random testing that occurs is in select areas where a small number of tiles
are pulled to determine if thers has been any weakening of the original screed
caused by initial and subsequent exposures to waterproofing materials. In the
absence of a non-intrusive test of the bond, the fear is that the tests themseives may
weaken the tile/SIP/RTV system.
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2.3  Failure history; incic it recording and daty hases
2.3.1 Failure hi 4 oalingident recording

A history of the tilz zroblems can best be described by grouping the
difficulties into three broad stpgories: (1) design p-oblems, (2) processing and
maintenance induced prob's Tis, and (3) damage cziised by external debris. This
information is summarized v+ data compiled by Czrlas Qrtiz at Johnson Space
Centsr (JSC) in Houston, Turzs. It should be remeriberect that to date, only two
blaék tiles have been lost [inrio or during re-entry: oive due ta RTV failure caused
by chemical reaction with a =ztarproofing agent (Ch=ilanger, Flight 41-G) and one
dus to debris impact (Atlz.vis, Flight STS-27R). Even then, there was some
remaining material in the tilc avity prior to entry. In hoth cases, there was neither
catastrophic secondary tile cumage, nor burn-through of the orbiter skin. This good
fortune was due in part to th: [zcation of the missing tif2s and the structure under the
skin. Similar losses in ci*erent locations could nave been far more costiy.
Nonetheless, the TPS has inrs very well and provzn o be far more robust than
anticipated.

With any complex &:item, the design process daes not stop with the initial
product. Improvements oct:. 45 the system is used “ind weaknessas are detected.
The orbiter's TPS is no diffx nanit. Revisions 1o the original clesign started before the
first launch, and have contii*. 22 evar since, These praperly redesigned components
have greatly increased th: raiiabiiity and maintains bility of the overall system.
Deficiencies that have, as of vsi, gone undetected wil' be solved in a similar fashion

providing that they are uncearadh prior ta a major systar failura.

Desian

During the initial desiin of the TFPS, each composent (ile. SIP, and RTV) was
certified individually; but it »-i:z not until they werg cnnbined during the construction
of the first arbiter, Columbi: ihat a "weak link" in the bend between the tile and SIP
was indentified. Tests of "¢ tile/RTV/SIP/Koropor as a System revealed that the
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combined tensile strength was weakest at the tile-to-SIP interface. This was caused
by the RTV not impregnating enough the basic tile material to insure adequate
attachment. The President of Rockweil Spéce Systems Group stated: " | think that it
is & fair criticism that we didnt define the problems more clearly as far as the
tile/strain isolation pad capabilities are concerned. We worked too hard on the
quality of the material aione and waited too long far the thermal analysis.* (AWS&ST,
25 February 1980.) Because of this oversight, many of the aiready instalied tiles had
to be retested, puiled, densified, and replaced. To eiiminate the "weak link", the tiles
are densified by appiying a mixture of Dupont's Ludox AS and silica slip to the
underside --or innar moid line- of the tile to an approximate thickness of 0.010
inches. The resuit of this procedure is to move the “weak link” up into the tile material
itself. Since the minimum strength of the basic 9 pcf material is 13 psi, the majority of
the tiles now satisty the maximum induced-load requirements. Many of the installed
tiles were known to have greater than the minimum 13psi étrength and could be
shown to have positive margins for flight loads. The tiles that could not be shown to
; meet flight loads with a positive margin were replaced with 22 pcf tiles whose
minimum strength far exceeds the maximum flight loads. This additional work meant
that the 30,000 tiles on Columbia required mdre than 50,000 tile installations before
the first flight. Even so, not all the tiles were densified prior to the first launch, but
were deemed acceptable based on proot load testing to 1.25 times the limit stress.
For all the orbiters after Columbia, the tiies were densified during instaliation.

" Even though the overall temperatures reached during re-entry were less than
the maximum allowable, tiles in three arsas were found by flight experience to be
subjected to Iocal thermal degradation and/or unacceptable thermal gradients
resulting in a negative margin for the mid-fuseiage structure. Three redesign
solutions were used to resolve these area-related problems. Tiles inboard and
forward of the main landing-gear doors (denoted as “location A" tiles) were
knowingly mads thinner than the initial thermal design thickness to minimize weight
and to retain the aerodynamic mold line. The thin tiles were abie to maintain the
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structural temperature limits ! scause the initial flights were flown from the Eastern
Test Range at Kennedy Sy i@ Center, while the "thaermal” design trajectory was
based on launches from the '“/2stern Test Range, whiiy put a greater heat load on
the structure. However, ¢ :lansive analyses, both ‘harmal and stress, showed
unacceptable negative struc:1 15! margin due to thermal gradients. These negative
marging wers initially resol 1 by interral structural i ¢:difications and by installing
internal heat sink material. lL.zter, the "location A" tiins ware repiaced with siightly
thicker tiles (approximately " i{} inches thicker) which: siill provided an acceptable
aerodynamic outer mold lin: hased on flight data e'aluation. Tiles between the
nose cone and nose landir: gaar were receiving exe 8sive heating, which caused
tile siumping and subsurfact l'ow. These tiles were eventually replaced with a much
more durable RCC chin pa 3. A simiiar problem =zcurred with the elevon cove
tiles. In this case, the size ! the tiles was increasecr!. thus reducing the number of
troublesome gaps. All three adifications have prover sucesssiul.

Precessing and maintenant:s.

The most criticai TF!% rrablems related to prozsssing and maintenance have
occurred with various water: rinfing agents that have a*fected the strength of the RTV
by reacting chemicaily with ' 2 hond. However, in adriition, a significant set ot other

problems have arisen beci:us of maintenance errors. Initial waterproofing was

dene with an external applization of Scotchgard to trs tile surfaces. This was not
totally effgctive because tl:s waterproofing degraded with exposure to rain and
sunlight. On the second f: ;; 7, tiles that had absorbe 1 and trapped water, fractured
when ice formed in orbit. Tlus defined a need for an internal waterproofing agent. in
addition, the Scotchguard wis ‘sund to chemically atiack the RTV-560. Fortunately,
this was discovered imme-iiately after an accidentz! overspray. The first internal
waterproofing agent, HMD¢ was found to react with the screed (RTV-577), siowly
reverting it from solid to fic iizd. This interaction betwzen waterproofing and screed
was not immediate, and evarhally led to the loss ¢f @ black tite. Fortunately, the
other nearby tiles affectec »v the softened screed iid net fail during reentry. A
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second genaration of waterproofing, DMES, has besn deveioped and proven
successiul. However, the iong-term, residual effects of the outdated HMDS are s'ml
causing concern.

Sevaeral chemicat spills during tile instailation have necessitated the removal
and rebonding of nearly 1,000 tiles. These spills, invoiving an oxidizer on Columbia
and hydraulic fluid on Chailenger, demonstrate the sensitivity of the tiles and their
bonds to their.maintenance environment. Anocther incident invoived the mislabeling
of a container of the bonding agent. RTV-566 was labeled as RTV-560 which has &
shorter drying time. The bonds were not afiowed to cure for the appropriate time and
thus were weaker than allowsd. This discrepancy was caught during final pull
testing. Finally, during a return flight from Catifornia to Florida on the back of 2 747,
the orbiter Columbia was flown through a rainstorm, damaging over 1,000 tiles of
which 250 needed replacement.

i Debris

Sinca the first flight, the orbiter has alwaeys been exposed to external debris
Gamage. Table 1 summarizes the damage by listing totat number of hits and major
hits (greater than 1 inch). Simple statistical analysis demonstrates the great
vaniation that has eccurred (Total Hits: mean = 179, standard deviation = 157, Hits
21" mean = 51, standard deviation = 60). This variability is further highlighted in
Fig_ure 5, which shows histograms of the debris damage (for the upper graph,
number of flights as a function of the total number of debris hits; for the lower graph,
number of flights as a function of the number of hits greater than one inch). For the
first tlights (until STS-27R), the actual major source of debris was found 0 be from
portions of SOF1 insulation from the External Tank (ET). During STS-27R, the
orbiter's TPS experienced significantly more debris damage than on any previous
flight, including the loss of a large portion of one bilack tile (Crbiter TPS Damagse
Revisw Team, STS-27R, 1989). Based on the pattern of damage and the recovery of
actual debris material lodged in the tiles, AFRS!, and gaps, it was poss}ble to
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Sequence [ Designation |  -toiter Date MajorDebris
ite; = 1"
1 i tiimbia 04/12/81 .
2 2 Casluirebia 11/12/81 .
3 3 vinlurnbia p3/22/82 .
4 4 Lislunbia 0B/27/82 "
8 B Ginlumbig 11/711/82 *
8 6 Uhallenger D4/04/83 36
7 7 hiaflenger 06/18/83 48
8 8 ilsdlanger 08B/30/83 7
8 41H Vinlurnbia 11/28/8€3 14
10 41B cihallengar 02/03/84 34
11 41C Uilallenger D4/08B/84 -]
12 41D Higtavery 08/30/84 30
13 411G Lihallenger 110/05/84 36
14 51A Rigzovery 11/08/84 20
15 51C Dignovery 01/24/85 28
16 51D liscovery 1 04/12/85 48
17 518 Challenger |1 04/28/85 G3
18 851G Digcovery 06/17/85 144
19 81F tiledlenger D7/29/85 226
20 511 Discovery D8/27/85 33
21 51J ceantis 10/03/88 17
22 1A vihalenger | 10/30/85 34
23 618 cletis 11/26/85 85
24 61C vinnkambia 01/12/86 39
25 S51L Ghellenger | 01/28/86 *
26 26R | .uscovery 09/295/88 35
27 27R “wiimbia 12/02/88 250
28 29R ivissovery 03/11/89 23
29 30R ! Aduntis 05/04/89 56
30 28R - olmbia  [0B8/08/88% 20
31 34R Atantis 110/18/88 18
32 33R vieovery §11/22/89 21
33 32R - wolumbia _101/09/90 15

Total Debris
Hits

120
253
56
58
63
36
111
154
87
81
152
140
315
553
141
111
183
257
193
411
707
132
151
76

53
118
120

Table 1: Sur 2y of orbiter flights and debris damage
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Figure 5: Histogram of tile damage dus to debris.

Indicates the number of flights that experienced a specitied amount of debris damage (i.e. four
flights had 40-80 total hits, two differant 1lights had 60-80 total hits, etc.) based on available data
for the tirst 33 flights (missing: first five missions and STS-51 L

31




Paté-Comaelt and Fischback

determine that much of the & 3'/ere damage was causes by insulation from the cone
area of the right SRB. Othi:' damage, minor but mare extensive than usual, was
caused by the insulation of ' =Y. This was similar t- tre type ot damage that had
been experienced in previot : fights. In addition, an ir-tepth analysis done at the
time concluded that there /% no obvious correlatic:n between tile damage and
launch canditions that migt - zifgct ice formation, which was considered earlier a
possible source of tile imy:iict damage (Orbiter T*S [2zmage Review Team,
STS-27R, 1989). |

Figure 6 displays or =ne orbiter surface & cumulative recording of all
significant tile damage fror1 all flights ang all orbii3rs (through STS-32R.) The
damage is cbviously not uni nrmily distributed, and cerain tiles are much more likely
to be damaged than othars “iomputer models devzioped by Ray Gomez at JSC
have been able to show how nsulation fram both the iEs and the ET could cause
such damage (see Figures ‘[ and 19 in Section 3.) "he complexity of the problem
does not currently allow fou =2 direct and focused backiracking from a file on the
orbiter to a particular spot '° insulation because the trajectory depends on many
factors (e.g., the velocity of 'I'e orbiter and the angle f aitack.) It may be possible,
howevar, to determine roug!!!y the initial location arii the size of foose insulation
necessary to inflict specific clzmage (location and severity) to the tites.

Debpnding of tiles due to fan1vs. Qther than debris imoact

To date, as mentiont:| above, only one black ti'e has been lost due to factors
other than debris impact (in "¢ case, chamical reverminn of the screed). There are
several reasons far unsatis’iz stary bonds: '1) imprope: alignment during installation,
2) failure to comply with RT. drving limitations, 3) cherical reversion of the screed or
RTV, and 4) possible weak: ' ing of various components in the TPS under repeated
load cycles. An initial investi; ztion of a small discrete sat cf tiles showed that a high
proportion of the bonds t-af had pssed the pull test were later found to be
unsatisfactory (see Figure 7! Since then, howsever, this. number has been found to
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Figure 6: Accumulated major debris hits (lower surface)
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be much smatier. A recent and on-going evaliuation of ail 9,045 tiles using the 0.090
and 0.115 inch SIP has shown that of the 6,517 tiies evaluated to date, only 8
showed anomaious conditions (most of which, but not ail, were subnominal bonds).
So far, during normal maintenance and the replacement of debris-damaged tiles, 12
tiles have been found to have no bond between the SIP and the orbiter's skin. These
tiles were only held in place by the gap filler's bond to adjacent tiles.

As mentioned earlier, the SIP is bonded to each tile using RTV while the filler
bars are bonded to the skin. After all these bonds have firmed, a iayer of RTV is
placed on the skin in the hole defined by the filler bars. The tile/SIP combination is
then held in place compteting the installation. If the tile/SIP combination is not
aligned correctly with the fitler bars, the SIP may rest on the filler bars and never
touch RTV or skin. Obviously, these tiles will have very poor bonds. In several cases
the tiles were placed correctly between the filler bars, but directly over exposed
sensor wirgs. These wires prevented complete contact between the SIP and the
RTV and thus made for a weak bond. It should be noted that even with no primary
bond between the SIP and the skin, tiles have still passed the puil tests (because of
the gap filler bonds) and that, as of yet, no tile has been lost dus to pocr installation.

It the RTV is aliowed to dry before the tile/SIP combination is placed on it, the
bond will not develop to its full potential. This can happen when several tiles are
been piaced at one time, and a single batch of RTV is mixed for the severai prepared
sites. if the instatlersare not careful, the RTV may exceed its "pot life”, i.e., the age
beyond its safety margin, before the last tile is placed.

The chemical transformation of the RTV is very sensitive to température
and humidity and must be menitored carefully during instailation. In several cases,
the curing time of the RTV has been reduced by the installers using water (or saliva).
Such a procedura, which is exp!idﬂy forbidden, is not beaiieved to affect the
immediate strength of the bond, but may reduce its life. A similar class of problems
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has occurred when the ah:winum surace has not been properly prepared. In this
case, the ATV bond may fz: af {he interface with the rn-hiter's skin.

The only black tile 1111 has been lost dug to cahonding not caused by debris
occurred when the first int¢ = &l waterproofing agent, 11403, reacted chemically with
the screed causing it to sofi* and revert hack to its n-ora viscous form. The formula
of the waterprocfing ager' “as since been change so that it will not affect the
screed. This new waterp iofing agent has completed SO mission cycles on
combined-environment tesiiy, and no weakening zf the TPS system was found.
Yet, careful monitoring is ‘icuired to ensure that n3 residuai amounts of the old
HMDS agent are causing 1 “&ry slow reversal reactiz r: antl, eventually, loss of tiles.
The current HMDS testing ‘1l tcedures invoive remavi 1y two or three tiles after each
flight to check the chemi:i:l somposition of the screed. To date no additional
probiem has been found.

tn the long term, ~:peated exposurs to load cycles and environmental
conditions of heat and h. i4idity on the ground may weaken some of the TPS
components and, eventuall; nause tile failure. The most vuinerable tiles are those
with no bond or very little b=t (g.g., less than 10% «:f the surface) between the SIP
and the orbiter's skin, and "'at are held primarily by *he gapfiller's RTV bond to the
adjacent tiles. RTV bonds. :¢ far, have not shown visitie signs of deterioration over
time and load cycles. It is I'-own, based on extensive testing, that the hundred-tlight
centification is justified for ws!l-bonded tiles. What will hzppen in the future, howavar,

is uncertain.

After some flights, evaeral cases of slumping {sagging) tiles have been
observed. These are easily i 2ntified visually since th2y break the smooth surface of
the orbiters. According 1: David Weber at KSC, the maest common cause of
slumping is a weakenin; of the SIP's fibers due 10 repeated load cycles.
Pre-densification testing s+wad that the part of “ie tile located right above its
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W interface with the SIP was the weakest part and was most likely to be affected by
repeated load cycles. With densification, this weakest zone has moved, on one
hand, further up into the tile, and 6f the other hand, dowr into the SIP itself. A
probiem in either location is difficult to detect if there is Aot overt visual clue. Yet,
once again, 1o date no tile has baen lost due to repeated toad cycies.

2.3.2 Data bases:
Three data bases have been identified and desecribed by Ellen Baker andg
Bonny Dunbar as part of their TPS Trend Analysis Survey (March, 1988). They are:

° PRACA (Probfem Reporting and Corrective Action) which is managed by
NASA. Tile problems constitute only a subset of these data. The
infarmation regarding the tiles can be accessed at KSC.

° TIPS (Tile Information Precassing System) which is managed by
Rockwell (Downey, California). The specialist is Ms. B. J. Schel,
supervisor of the TPS Data Systems at Rockwell Intemational, Downey,

W California. The information can be accessed at Downey, JSC, and KSC.

® PCASS (Program Compliance Assurance and Status System) which is

part of a NASA (agency-wide) System Integrity Assurance Program Plan.

PRACA and TIPS are described in Appendix 2. The survey canducted in
1988 by Baker and Dunbar showed that a trend analysis was judged highly
desirable:
1. To monitor the performance of the TPS in order to ensure conformance
with design requiremants
2. To ascentain long term effects of TPS-related procedures (repairs, etc.).
3. To enable engineering design changes to system failure.

The participants to the survey indicated that there was a need for a singls
user-friendly data base including all useful data and, in particular, resuits of trend
analysis. They would want g have routine access to this data via a Jocal PC‘ or

J
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terminal. As we show in serf'tn 4, the risk-criticality index that we have developed
can be an important part o “h= record for trend anal“sis hacause it represents the
reiative contribution of eacl - 12 to the probability of © 2V due to TPS failure. These
probabiiities can be updater: 31 the basis of new infe: mation and the results can be
encoded for all tiles that shai-w similar characteristics.
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Section 3:
DESCRIPTION OF THE PRA MODEL FOR THE TILES

3.1 Suscentibility and vuinerabi(jty
Qur probabilistic risk assessment (PRA) model for the biack tiles of the

thermat protaction system (TPS) of the space shuttie is based on two major factors:

Susceptibility of the tiles to damage and vulnerability of the shuttie once tile damage
has occurred. The terms susceptibility and vulnerability have been standardized in
the study of aircraft combat survivability; their use in the space shuttle context may
faciiitate tha undarstanding of the problem.

Susceptibility of the tile System to damage is determined by the combination
of loads on the tile and its capacity (strength) to withstand them. Failure occurs when
the loads exceed the capacity. The problems can generally be divided into two

;- Categories: (1) tile loss caused by excessive external loads and (2) tile loss under

reguiar loads caused: by weaknesses in the tile system (debonding due 1o factors
other than debris impact). A third possibility (a combination of the two) is the case
where external loads not severs enough tc cause the loss of a well-banded tile,
causes the loss ot a2 weakened tile. In this study, this case is treated as a subset of
the first category. Historically, the vast majority of excessive external loadings has
bee_n from debris, mostly from the external tank and the solid rocket boasters
(defective insulation and ice). Also inciuded in this category is space debris.
Depending on the size and énergy of the debris hitting the orbiter, severai tiles can
be damaged simultaneousty. It is also conceivable that the reantry temperature may
exceed the designed capabilities of the tiles, leading to tile failure or burn-through
(for example, due to severe malfunction of the guidance system).

Capacity reduction caused by weaknesses of the tile system account for tile
losses caused by long-term deterioration of the RTV, defective bonds not caught
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procedures, waterproofing, and spills. These weaknesses couid affect a single tile
(tile resting on its filler bar) or a group of tiles (use of a_weak batch of RTV). Tile
susceptibiiity can therefors be reduced by controlling the external debris, improving
tile installation and maintenance procedures, and developing new tests
(non-destructive pull tests and other types of tests) to ensure bond verification.
Ancther approach to reducing the suscaptibility of the tile system that will not be

considered in this study would be to harden the tiles so that the impact of external

dabris would not cause any damage. Extensive use of RCC would be cne such
solution, but at the cost of a significant increase of weight and design complexity, as
well as an enormous additional expense.

The vuinerabiiity analysis starts with the premise that 3 tile has been iost for
whatever reason, then procesds to analyze the sffects of this loss on the shuttle's
performance and safe return. Of primary concern in this phasa is the layout of the
shuttle systams immediately below the shuttie's skin. A heating or burn-through of
the skin could cause the loss of various hydraulic lines, computers, fuel tanks, or
even a weakening of the structural integrity of the spacecraft. Also inciudad in the
vuinerability analysis is the effect of an initial loss on the surrounding tiles. When the
TPS was developed, it was feared that one hole could iead to adjacant tiles pesling
off because of reentry heating (the so-called zipper effect). This phenomenon has
not occurred in the two instances where tiles have actuaily been lost. Yet, the loss of
a tile clearly causes a local turbuience and exposes directly the side of the next
tle/SIP/RTV system to high loads (forces and heat). The probability of loss of a
secondary tile, although obviously not equai to one, is still higher than the probability
of loss of the first tile in a patch. If not checked, the loss of subsequent tiles could
lead to exposura of a much larger patch of the shuttie's skin. The vuinerabitity of the
orbiter could be reduced by moving, hardening, or increasing the redundancy of
various critical controt systems. If the tilg damage can be discovered prior to reentry,

W then, in some cases, the vuinerabiiity of the shuttle could be reduced (either by
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protecting ‘the exposed pat:" ar by rerouting, craining, or securing exposed lings
and tanks.) In addition, by ¢ “nnging the reentry flight 1 refile of the shuttle, it may be
possible to reduce the temp: r3*ure of some weak. vulrerabls areas. The sequence
of events that is studied in ti: sralysis is shown in Figiire 8

@ebn’s Damage)

ub" YEIRA
( Tiviry Foaing Y| SUEF ;b“o:l)"(Loss ot St )

RN

b S s L

Debonding Caused by ( | ci3t of Additional
Factors Other than Debris Tiles

Figure 8: Ever fiagram: failure of the TF3 ‘wading to LOV

The structure of the J: "nhabilistic model used in the anaiysis (Figure 8) follows
closely that of the elements nrasonted in Figure 8. It inctudes: (1) /nitiating events
(probability distributions for “he number of tiles initiz lly lost due to debris and to
debonding caused by other E;::-:f.mrs), (2) final patch size (probability distribution of the
number of adjacent tiles los: cunclitional on the loss of the first tile), (3} burn-through
(probabiiity of burn-through ::: r:ditional on a failure patt of a given size), (4) system
loss (probability of failure ¢t systams under the skin zonditional on a burn-through),
and (5) loss of orbiter (prob:ility of LOV, conditional eon failure of subsystems due to
bura-through.) The analy:is is thus done using the usual mix‘of prababiiities
estimated through frequenci:, and of subjective probabiiities when needed (e.g., for
the probabilities of failure «f subsystems under the :kin for which no formal PRA
studies have been done). B wuian formulas were used to compute the probabilities
of different scenarios as des: -itved further in this sectic 1.

Nots that, in this stii+ s, we did not account for excessive heat loads (above

the design criteria) causing “hw buming of a tile du=, for example, to tile design
problems or to a malfuncticn ::f the guidance system znd/or the contrel surfaces.
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INITIATING EVENT  pATCH SIZE BURN-THROUGH  Sysiepl0gS LOSS OF ORBITER

<

e W N
P(x liles lost due to debyis)

®

* » m N -k
P{burn-throughpatch size)

P{LOV|system loss)

a

P(Syslem lass|burm-through)

P(x additional tiles lostfinitial il loss)

e oo

=3
£(x tites lost due to debonding)

Discrete random variable: number of initial tiles lost due to debris

Discrete random variabie: number of initial tilas Jost due to debonding

Discrete randam variable: number of addhional tiles lost given initial tile damage

Binary random variable: subgyster failure oocurs given leve! of bum-through

Binary randem variabie- LOV oceurs given loss of subsystemns

Continuous randem variable: ssvarity of bum-through given a patch size of missing tiles

Figure 9: Event tree of LOV due to TPS failure
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Although this failure mode mi:, zontribute to the averail risk of faiture of the orbitar's
TPS, it was considered her: hat these initiating eve::ts now have a much lower
probability than the loss of a 'z rue to debris damage and/zr debonding caused by
other factors.

We did not account 13 d2pendencies amang *he prebabiiities of failures of
subsystems under tha skin ¢z i TPS failure; for exarr ple, two redundant etements
of the hydrauiic system coulc: I ¢ crippled during the sarse flight by loss of tiles in two
different locations. The protiility of such simuftaneous failures was considered to
be tco small. Finally, we il not aceount for deperdencies among tile failures
caused by the repetition of t': =ame mistake (e.g., frorii the same technician) which
becomes & common cause «f faiiure (for example, adttion ot water to the RTV mix
and treatment of several tiles | This concern will be pa‘t of the second phase of the
study.

iti ~ZOriE 3
Because of the facts tescribed above, the alack tile systam cannot be
treated as a uniform structuzn:. [sbris is more likely to hit some parts of the arbiter
than others, different bonding: materials are used in ~ifarent areas. temperatures
vary considerably over the si.™ace, and critical subsystems are located only in a few
areas. Therefore, for this an: !'/sis, the entire tile protectinn system is subdivided into
smaller areas, calleg here mm +-zones, such that aif tilss of g specific rmin-zone have
the same level of suscept: ity and vulnarability. Depsrding on the number of
discriminating characterist :3, the number of tiles in each min-zone couid
cenceivably vary from a singls e to thousands. (An slternative approach wouid be
to categorize each tile indivich. ally with regard to suscentibility and vuinerability, but
since most adjoining tiles hiave identical characteristis, this level of detail is not
needed.)
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The deﬁﬁiﬁcn of min-zones is critical to the analysis. The number of factors
used to delineate the min-zones determines the complexity of the problem. As an
initial cut, we detine a min-zone by four factors: (1) susceptibility to debris impact, (2)
potential for loss of additionat tiles following the loss of the first one {(depending on
heat and aercdynamic ioads), {3) potential for burn-through given one or more
missing tiles {(heat loads), and (4) criticality of underlying systems. For this study, it is
assumed that the probability of debonding caused by factors other than debris
impaet is uniform over the arbiter's surface and does not require a separate partition
of this surface. As mentioned abovae, it is aiso assumed that flight profiles will not
expose the entire TPS 10 savere temperatures that would exceed their specifications.

In order to account for the fact that debris damags during aseent is not
uniformiy distributed across the underside of the orbiter, the biack tiles are
. Partitioned into three debris argas such that all tiles in g particular area have roughly
e the same probability of being initially damaged by external debris. The definition of
these dabris areas also accsunts for the fact that some areas are more susceptible to
being hit by large pieces of debris that will damage several adjacent tiles

simultaneously.

To detine the debris zanes, we plotted all known debris damage' from the first
33 flights on a single shuitie layout (see Figure 6.) These data came from J. W.
McClymonds (1983) at Rockweil in Downey. Areas with similar damage intensity
were grouped together into high, medium, and low debris damage areas (see Figure
10.) An estimated probability of tile damage due tc debris per tight was determined
by dividing the number of hits by the number of tiles in sach area and by the number
of flights. ™A simiiar piot and calculation was done for all damage to black tiles over
one inch in size. (Historically about one fourth of the damage has been greater than
one inch in size.) It shouid be noted that the only missing tile to date caused by

debris is in one of the “high debris damage areas".
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¢ High probability of debris damage

=—4

¥ Medium probability of debris damage

Figure 10: Partit uin of the orbiter's surface inic three tvpes of

Jlris zones (index: h)
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u Based on this analysis, the probabilities of a specific tile receiving any debris
damage wers assessed ag shown in Table 2. The probability of muitiple tile
damage was caicuiated using a typical six-inch by six-inch sqﬁare tiré and estimatihg
the percentage area, within 2 1,2 inch bordar, that wouid allow for other tiles to be hit
simultansously with sufficiant energy t¢ cause significant damagese.

Debris Areg High Maditm Low

P(Single tile hit) 10-2 3x10-3  5x10-¢
P(One of two tiles hit)* 8x10-4 2x10-4 4x10-5
P{Cne of three tiles hit) 7x10°5 2x10-6 3x10-6

*P(one of x tiles hit) = probability that a particutar tile is in a group of x adjacent hit tiles
Table 2: Probabilities of debris hits in the different areas shown in Figure 10

W Translating this information into the probabillty that a spec'iﬁc tile wiil be
knocked off or so significantly damaged as to burn off during reentry is a more
difficult task. 1t is fogical to assums that the probability of this level of damage is the
ratio of the number of destructive hits to the total number of hits in the past. Since
one tile has been lost out of roughly two thousand significant debris hits, it is
Proposed, in this study, to use an initial estimate of 1 in 2,000 (5x10-4) for the
probability that large hits would destroy a tile's insulating capability in the high debris
areas. Slightly smaller probabilities were used in the medium and low debris arsas.
The probabilities of tile joss due to debris hits for each tile in sach area of Figure 10
have been turther ailocated as shown in Table 3. For example, the probability of a
single tile loss in "high" debris area is the product of {1) the probability that the tile is
hit by a debris, (2) the probability that the size of the hit is greater than 1" conditional
on a hit and (3) the probability that the tile is knacked-oft given a large debris hit.
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Debris Argg

P(Single tile lost)
P(Cne of two tilss lost)”
P(One of three tiles lost)

*Plane of x tiles lost) = probabiliy
Tabla 3: Probabilities of tii:

e dicth Meziiim Low

.3 x 106 107 10-°
7 1¢-3 0
108 10-8 0

% & particular tile is in a group 1t x acljiznant tost tiles
%8 due to debris in the ~ifferent areas shown in Fig. 10

o)

3.2.2 Bum-througt = lzgsification

In a similar fashior
(see Figura 11.) The prots
temperature that the surfs -
ability of the unprotected & -
and stronger the structu::
burn-through. In both cz::
occurred in part for this rea::
likelihaod of burn-through.

the tiles are partitioned ino three burn-through areas
ity of & burn-through i dependent on two factor: the
3 rasaches during reent:r (anct for how iong), and the
iminum skin to dissipate ‘he heat build up. The denser

under the skin, the greater the capacity to resist
us where tiles have besn lost, burn-through has not
. The larger the patch of missing tiles, the greater the

"he probabilities shown i Tabla 4 were estimated from

information provided by Rei 2 Maria of NASA Johrison Space Center in Houston.

Once again, these are only -

Burn-throuah Areg
P{Singie tile lost)
P(One of two tiles lost)”
P{One of three tiles iost)

*Plone of x tites lost) = probability 1!
Table 4: Probabilities of |

wookdigh

LIITSe estimates.

ool M diam Low
0.9 0.1 0.001
ny 0.2z 0.01
0.8 0.7 - 0.1

1t 1 particular tile is in a group o x adjacent lost tiles
+"1-through due to tile Ics: in arsas shown in Fig. 11
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High probahility of burn-through

Medium probability of bum-thraugh

D Law prebabiiity of bum-thraugh

Figure 11: Partition of the orbiter's surtace into three types
of burn-through zones (index: k)
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Note that the two ar-#i& just in board of the r1ain landing gear have been
notated as being in the hig 1 twrn-through area. This ‘s not, strictly speaking, a
burn-through problem. Tha siructure in those arecs is extremely sensitive to
temperature differences ani! wouid fail even withou a burn-through. However,
because of their sensitivity t:: :emnperature, these two zreas were grouped in the high
turn-through category.

3.2.3 Secondary tile s classification

In order to account 1 the potential of a single tile causing the loss of
adjacent tiles, the orbiter is vided into twa secongar.’ tite loss areas (see Figure
12.) The probability of additi=al tile loss depends or tne zaerodynamic forces and
on the magnitude and durz'iyn of the increased reentry temperatures that occur
around a missing tile due tn: the disruption of the faminar flow. This increase of
temperature also depends «:i the ability of the skin (1. dissipate the heat buiid-up.
The RTV baond will fait abovr 530°F. Because of this, the secondary tile loss areas
are related to the tempefa:uur: armas used in the bumn-thraugh analysis above. In this
study, the two secondary tile 355 areas will be defined Iy the probability of adjacent
tile loss shown in Table 5. ‘Itase values were estimared from information provided
by Robernt Maria from NASA 5 [5C.

b e e -

Zone 1 (high loads): ({2«ditional tile lost | One tile lost) = 10-2
_ Zeone 2 (low Ioads):  #*{Additionat tile lost | One tite l0st) = 10-3

&y = e = ey v e

Table &: ™nbabilities of losing adjzsent tiles
due to init 11! tile loss in areas shown 'n Figure 12

A failure patch is iinafined as a group of lost ties that started from one
initiating event (initial tile lc::: Y and has reached its maximum size. The size of a
failure patch depends on "M@ number of tiles inirially damaged and on the
subsequent vuinerability of t1i adjacent ti!es.
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. high probabiiity of secondary tile loss
ﬂ low probability of secondary tile loss

Figure 12: Partition of the orbiter's surface into two types of
seceondary tile loss zones (index: )
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2.2.4 Functional erit; it classification

The varying criticalily of the subsystems of the orditer located under the
aluminum skin is handled "+ panitioning the tiles ir tc three functional criticality
areas. Once a burn-throug* has occurred, various sysiems would be exposed to
extreme heat and would.fail If those systems ware : ssantial for flight, their failure
could lead to the loss of th: arhiter. By examining the: location of critical systems
{(electrical, hydraulie, fuel, ttm. as skown in Figuras "2 and 14), three areas were
identified (Figure 15). The “:'lowing probabilities were: estirnated by assuming that a
burn-through would cause & : arpa ot four square feet rrourc the hole to be exposed
10 hot gases.

1w L A T

Area ot high functior=' rriticality: P{Loss of orbitar [zsum-through) =0.8
Area of medium funaiional criticality: P{Loss of orbitar | Bum-through) = 0.2
Area of low function: | rticality: P{Loss of urivitar | Burn-through) = 0.05

Table 6: Probabilities of !. 11V conditional on burn-thritgh in functionai criticality
araas shown in Figure 15

2.2.5 Dobonding cay.re4l by factors other than ishris impagt

In this model, it is z3sumed that the probatility of debonding caused by
factors other than debris irn:as is the same for all tiles.  In reaiity, the location of
screed, thin SIP, and gap fillir. s wall as the age of 7Y, and the temperature and
pressura zones would affiu: the probability of debunding. Short of conducting
considerable additional rest: :1mh, this simplification shouki be adequate. Again, the
probabilities used for illus: . tion are only coarse ertimates that are intended to
provide an idea of the relz '»o magnitude of the del:onding problem to the debris
problem. Another refations®ip rot considered directly i this analysis is the effect of
weak bonding on the susce|1ibility of a tile to debris imnact. A weakened tile is much
more likely to be dislodged ! ' & medium-sized debris Fit. For the purposes of this
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Figure 14: Hydraulic syslem components and line locations
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Figure 15: Partition of the orbiter's surface into threa types of zones ot functianal
criticality (index: j)
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model, with its uniform di-il:ution of debonding, this factar is included in the debris

analysis.

Of the approximasir's 130,000 biack tiles tha: have bsen instatled at various
times on all the orbiters, - i hizve been found during maintenance to have no bond
other than through the gay: filer. A complete analysis of tile capacity, as revealed by
the maintenance observat a1s, will be part of the second phase of this work. We
assumed, for the momen?. ‘hat about half of the unbonded tiles that are held in piace
by the gap fillers have be1 1 tietected by now, either because of visible slumping or
because they have been ‘::laced for other reasor:: such as debris damage {about
25% so far have been rej»'2ze4.) Those with no tene that have not been detected
so far are those that havi not yet shown visible s'gns of weakness and have not
needed replacement.

David Weber fror" K&C estimated that a ti'e with this weak a bond would
have a probability 61‘ tail .ra of one in a hundred (10-2) per flight, making the
probability of debonding :* this kind, for any tile, tc he approximately 9.0 x10-7 per
flight. Estimating the prafiniifities far the other typss of debonding (exciuding those
caused by debris impact) : more subjective. We usatl a previous Lockheed study of
- bond verification (see Fig..'ts 16) and confirmed the results during discussions with
David Weber. This stuir gives relative values >f the probabilities of ditferent
dabonding modes. Follciving these results, we asyumied that chemical reversion of
th.e screed and weakeniri(. Zus 1o repeated exposur? 1o load cycles are less likely to
cause debonding, and w-» used a probability of failure of 2 x 10-7 per tile and per
fiight. As a further simpf:lin aticn, these two probabiitios (weakening due to repeated
exposure to load cycles i ! insufficient bonding) are assumed to be independent
and can thus be added. 11 actuality, poorly bon-ad tiles or tiles resting on soft
screed are likely to be m:.™ rnore susceptible to this kind of weakening. Using these
values, the probability of ::5in1q at least one of the tiles die to debonding caused by
other factors than debris pact, on any flight, woult' he 2 iittte more than 0.02, which.
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then impiies that over 35 ants, the probability of logirg at least one tile on one of the
flights is a iittle less than * 0. This appears reasn1zble based on higtorical events
and the one missing tile.

3.3 PRA model: defin/“|1n. of variables

Throughout the re:: i the analysis, the arezs dafined in the previous saction
are indexed as follow:

Index of iiri-zones

Index of tii:tvis aroas

Index of t.:7utional criticality areas
Index of i:1m-through areas
Index of ::condary tile loss areas

TETa

Note that a doubts subscript (e.g., ji) represrints parameter | {criticality in this
case) of min-zone i and 1)t the term “debonding" refery to "debonding due to factors
other than debris impact®

n: Total numzr of black tiles on the o-hitar

n;: Number 1“ tiles in min-zone i. '

N: Total nurter of min-zones

N;: Number 1 ‘zilure patches in min-zcne i,

q: Index for 11w failura patches in any min-zone

M: Final nun>wer of tiles in any failure jatch

m: Index for the number of tiles in a faiiure patch

Ft: Initiating “i+iture of a tila

FalFt: Failure ¢* any adjacent tile given initiating failure
- D: Number ' acfjacent tiles in initial gehris 2rea

S: Number ! adjacent tiles in initial dabonging area

L: Loss of viaicle (LOV)

P(X):  Probabiiil, nf event X

P(X]Y): Probabiiit, o event X conditional or avent Y
P(X,Y): Joint pral ubility of event X and eve-t ¥
EV(Z): Expecte: =ziue of random variable 7

This analysis folic »z closely the structure of variakles described in Figure 9.
Two types of initiating ev:1'ts zre considered: those caused by debonding, and those
caused by debris impact. i# shirg category, failure nf the tile itselt due to heat ioads,

L2
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may be addsd laier;) | it is"ais‘sa'.m.w‘éc-i‘ that— ﬁthémtv\:fvo types of initiating events a}é
probabillisticaily independent. Since each min-zone has its own set of characteristics,
they are treated as separate entities. Tiles in each specifi¢ min-zone have the same
probabiiity of being initially damaged and of causing a larger failure patch,
burn-through, damage to a critical system, and the Iosé of the vehicle. Because of
these assumptions, the analysis determines first the probability of losing the vehicle _
for each type of initiating event and each min-zone. The overall failure probability is
the sum ot the failure probabilities for all zones and inftiating events. Debris impacts
are considersed first.

3.4 Initiating event: initial debris imbpaet on one tile onlv (D=1)

To determine the probability that a spacific tile in min-zone i starts a patch
due to debris impact, it is also necessary to consider the size of the initial damage.
We consider first the case where a single tile is initially damaged. Throughout
section 3.4, it should be remembered that the probability of initial tile failure in
min-zone i, P,(Ft), should be read as Pi(Ft|D=1). Next sections consider Pi(FtiD=2)
and P(Ft|D=3). These additional levels of initial damage (two and three tiles

simultaneousty) are combined later.

Once the first tile in min-zone i is lost due to debris, there is the potentiai for
adjacent tiles to also fail. The probability that the final patch size reaches M depends
On the secondary loss index of the min-zone (l;) and is given by the following
geometric distribution (which means that M-1 additional tiles fail and no adjacent tile
afterwards:)

P{M | Ft) = Py{FajFyM1 « [1-Py(FajFt)] (1)

Note that M must ba at ieast équal to 1. This equation assumes that the
probability that adjacent tiles debond does net change as the patch grows.
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n each min-zone, !1are is the pessibility of ssveral patches starting. The

probapility that the numbe- ¢ patches reaches Njin rmin-zone i is:

P{N) = mo . PFON: [1-F,(FtIni-N; (2)
Nit (=N

This formuiation as:31mes that the initial tile fzifurss are independent, and that
thers will be no overlappir: nf patches because the prabability of an initiating event
(Ft) is smail compared t¢ 'z number cf tiles in sanh min-zone (n;). The product
EV(N;) x EV(M) which e« azis the total number of tiles lost in each min-zone is
considered negtigible cor' nared to ni. Also, N; (number of patches) and M (size of
patches) are considere! irdependent random variables. Based on these
assumptions, the expecte: nu:mber of patches is aprnximately:

EVIN) = n; x Pi(F: (3)
and the size ot each patct I3 given by the mean of tha distribution of M:

EV(M) = 1 /[1-P{F:i 7] (4)

Given this result, il 5 row possible to calculzte the probability that the orbiter
will fail due to debris that :1'pact one tile only. Remembering that | is the index cf the
criticality areas and k it the index of the burn-through areas, we define the
probabiiities of orbiter fa: .1 due to a patch of size M, in min-zone i, initiated by

debris impact {D=1) as for nws:

PilL] M=1) = p 1
Pi{L] M=2) = pji 2

Pi(l| M=m) = pyi m (5)
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It must be remembered that any given min-zone could have several paiches
in it, and each pateh could be of a diffarant size. To calculate the probability of
orbiter loss due to specific number of patches (Nj) in min-zone i, the following

definition is necessary. Letp'; be the probability that an arbitrary patch in min-zone |

causes a failure.

P = z Piki, m x P (patch size = m) ' (6)
M=1

Pi=2 Pyim * Py (FalFym1 x [1-Pji(FaiFt)
Ml (7)

Therefore, g being the number of patches in a given min-zone, the failure
probability for a specific number of patches in a min-zone is:

PillLINi=q) = p" x q (8)

Once again, this assumes that the probabilities are small and that the patches
will not interfere with each other (they are assumed to be separate and
independent). These assumptions are valid providing that each min-zone has a
sutficiently iarge number of tiles and that the size of the patches is relatively small.

- Based on Equation {8}, the probability of orbiter failure given all patches that

occur in min-zone i becomes:

P{Limin-zone i) = 3 Pi(LINj=q) x Pj(Ni=q)
e 1]

=2 P X g x Pi{N;i=q)
Q=0
= p'j x EV(N;)

= p’j x nj x P;{F) (9)
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This rasult represer anly the cases of deb-is impact causing the initial
failure of a single tile. A maor: cemnplete rewriting of B¢ ation 9 highiights this fact:

P(Limin-zone i, D=1) - 2iD=1) xn; x Pi(FHD-1) {10)

35 initiating event: in'| il.glebrig Impact on saveral tiles (D=d)

* In order to expand ti: modal to include the prssibility that the initial debris
impact damages more thar e tile, it is necessary o modify some of the above
equations. It Is assumed "3t if a large encugh pizze of debris hits the orbiter,
several adjacent tiles may |« knockad loose at ance Fach of these missing tiles
may in turn cause their adjz. it files to fail and a spesific number of additional tiles
can fail in multiple ways. Therafore, additionat summations are required in order to
account for the increased “i;mber of exposed tiles. This compounded probiem
requires that Equation (1) i rewritten to account o this potentially larger patch
growth rate. If the initial darri:ga invoives two tiles, the probability that the final patch
reaches size M is:

Pi(MIFt, D=2) = (M-i:-1) x Py (FalfM2 «[1. pyFaFn]2 (1)

If three tiles are dam.i;e:d initially:

Mty
PiMIFLD=3)= [ 3.1 ] x Py (FalFM3x [1 - pyra)ry]? (12)

if four tiles are damz s i nitially:
MJ@N'.' k.

Pi (MIFt, D=d) = [3°  7.i]x Py (FalryM4 x [4 -PiFaFn]t (13)
ot ine]
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This set of equaticné can be extended to include greater initial damage:
historical evidencs, howsever, supports limiting the analyéis’ to this level. It must be
remembered that the value M of tha final patch size must always be at least equal to
the size of the initial damage area, D. Equation (2) in its most general form is written:

PiN;iD=qd) = Nil Pi(FtD=d)Ni x {1-P;(F1|D=dl))ni-Ni (14)
nil (Nj-n; !

and Equation (3) becomes:
EVIN) = n; x Pi(Ft|D=q) (15)

Equations (5) and (6) do not change éxcept for the indexing of the summation
since their resuits depend only on the final patch size and the functional criticality
index. Equation (7) would change as Equations (11} 1o (13} are integrated to
account for the various debris damage areas. The final probability for each initial
damage area and min-zone is computed using a variant of Equation 10:

P({Limin-zone i, D=d) = p'i(D=d) X nj x Pi{FtiD=d) (16)

Because all the initial damage probabilities are very small, it is possible to
approximate the probabiiity of debris causing loss ot an orbiter for all damage areas

ina particular min-zone by: -

. Max g
P(L|min-zone i, debris) = Z P{Limin-zone i, D=a} (17)
: e 8

Qnce this probability is determined, the probability of orbiter failure for all
min-zones due tc debris tmpact is simply the sum of the probabilities ot failure for all
min-zones since ail min-zanes and initiating events are assumsd to be independent:
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N
p(Lidebris) = 2 F | [min-zone i, debris) (18)
=1

3.6 Initiating event: ilzhonding caused by _tactors other than debris
impact

The same procti'ure and basic formules are used to determine the
probability of orbiter faiii. r3 lue to debonding caused by factors other than debris
impact. Again, the probeility of orbiter failure due ‘v faikire of the TPS is computed
from the probability of til: 5 spontaneously debonding in groups of varicus sizes in
each min-zone. The preram is slightly easier sinc= it is assumed that the likelihcod
of such debonding is uni¢y'm acress ail tiles. The :rabability of Secondary tiie failure
Pi(FalFt) is the same as “or the dehris problem. The probability of orbiter failure
based on all patches in r:ii-v-zone i that started fror & dzsimage area of initial size s is

given by:
P{LImin-zone i, S:::} = p'j(S=s) x nj x Pj(Ft! 5=s) (19)

The other equatic -3 follow accordingly. The: otal probability of shuttle failure
for damage initiated by d*hnnding caused tiy factors other than debris impact is:
N
P{L|debonding} = m B(Limin-zone i, debon-ing) (20)

an'f

Finally, assuming irclependence of initiatirg events (debris and debending
due tc other causes), !z nverall probability of shwttle failure per flight due to tile
damage is:

P(Litite problem} - P{l|debending) + P{L|d¢ bris) (21)
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3.7 Additi_cﬁél Ihfofrﬁetl-on'and dam

A PRA model like the ong described above needs to be constantly updated to
reflect information that may have existed before but had not been uncovered at the
time ot this initiai study, and information from new experience including recent
inspections, tests, evaluations, studies. ang in-flight performance data. In this
implementation phase, more refined data may thus be used and additional
information available at NASA can be introduced in the analysis. One important part
of the problem at that stage will be to capture the evoiution of the failure probability of
the orbiter. Clearly, the system is not in a Steady state, On one hand, the quality of
the maintenance work appears to improve (Figure 17). Initial dafects of the
instaliation work that resuited in a decrease of the tile capacity are progressively
being discavered and corrected during successive maintenance operations. Existing
problems, such as the impact of chunks of insulation from the ET and the SRBs arthe
elevon-cove design problem, are resolved as they are discovered. On the othar
‘hand, the pessibility of long-term deterioration of the TPS clearly increases the
| probability of' tile failure (even if slowly) and the rate of deterioration is a major
unknown. Of specific concern are: the possibility of degradation of the bond over
time, of slow chemical reaction due to water proofing agent, and ot weakening of the
SiPAile system under exposure to repeated load cycles. Additional data regarding
the initial test results used in the certification procedure from JSC and from the
manufacturers of the tiles, the SIPs, and the bond are needed to update the model.
Therefore, this updating should be based not only on statisticai data on tile
perfermance during each ﬂight, but aiso on basic information about the components
of the TPS.

A complete analysis of the distribution of tile capacities will require additional
data from maintenance operatians inciuding:
° The numbers of tiles replaced so far on each arbiter;
° A statistical distribution of the percentage of the surface of the tile/SIP
system that was found to be actually bonded to the orbiter's skin;
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Estimates of the probability of failure of a tile of gi{aen capacity (e.g., 10%
bonded) under different kinds of load (e.g., debris hit >1").

A more refined _partition of the orbiter's surface can be obtained using data

such as:

]

-3

Etfect of excessive step and gap on the heat load in different jocations;
Possibility of partial failure of the guidance system or controf surfaces at
re-entry and corresponding increase in the heat load;

Trajectories of debris from the ET and the SRBs. Computer simulations
done at JSC (see Figures 18 and 19) could give better information about
the vuinerability of the orbiter's TPS, in particuiar in the most risk-critical
areas; '

Measurements of temperatures and aerodynamic forces on the surface of
the orbiter (see Figures 20 and 21);

Effect of tile ioss on the orbiter's surface temperature in the cavity (Figure
22),

The analysis itseif can be refined in several ways. A major unknown is the
| performanca of the subsystems under the orbiter's skin once they are exposed 1o
excessive heat loads due to TPS failure. The only altemnative, short of a systematic
PRA of these individual systems, is 10 use subjective estimates. Finally, it seems that
the availability of a kit for in-arbit repair of the tiles might provide a significant
reliability gain. An assessment of its effectiveness will be included in Phase 2 of this

study.
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Section 4:
ILLUSTRATION OF THE MODEL

The illustration of the modsl presented hers is based on coarse numbers
whose relative vaiues are more significant than their absolute values. By overiaying
the functionai criticality, burn-through, debris damage, and secondary tile ioss areas,
33 min-zones were established. Of these, 21 are unique zones (i.e., that have
different sets of indices). Several zones with the same cembinations of indices
appear on different locations on the orbitar. Figure 23 shows the final layout of the
min-zones and the numerical resuits of the model. Each zcne is assigred an
identification number. The lower numbers are generally assigned to more critical

. areas. Each zone is also identified by an index number whose digits relate to the
i four area types shown in Table 7:

18t digit: Burn-through areas (1 high, 2 medium, 3 low, probabilities)
2nd digit: Functional criticality areas (1 high, 2 medium, 3 low, criticality)
3rd digit: Debris damage areas (1 high, 2 medium, 3 low, probabilities)
4th digit: Seconaary tile loss areas (1 high, 2 low, probability)

Table 7: Structure of the indices of the min-zones shown in Figure 22 and Table 8.

Table 8 lists the min-zones, and shows the number of tiles in each zone and
the probability ot failure of the orbiter aitributable to this zone. This vaiue was
determined by calculating this probability for both initiating events and then summing
to obtain the resuits. The boundaries of the min-zanes have been simplified: the
number of tiles in each area is eniy an approximation and is not based on an actual
count. The location description is only intended to provide a rough placement of the
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Figure 23: Partition of the orbiter's surface into 33 min-zones (index: i)
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O# Index

oot

1111
1111
1121
1131
1211
1311
1311
1331
2112
2121
2131
2311
2311
2312
2321
2321
2321
2321
2321
2331
2331
2332
3112
3122
3122
3132
3132
3222
3312
3312
3322
3332
3332

o 3
OO~ BWRAN =

WWWWNNPONNRODNRONRN — a2
WR 2 QOUONOTNPLWONLAOCOCODNDO A WR

POLOVY 104
Location #1l2s  Debris Debond Total
Right sidc . under craw t58 0.87 0.36 1.23
Right sid: nesr main Idg gear (aft) 186 0.87 0.36 1.23
Right sidit naar mein Idg gear (fwd) G676 0.13 1.82 1.75
Left side :1::4i* main Idg gear 780 0.00 1.87 1.87
Centerlir:: .inder crew 364 0.51 0.22 0.73
Left side, -.inzsr crew 312 0.11 0.04 0.15
Center of "'ght elevon 104 0.04 0.01 0.05
Center of !+% gleven 104 0.00 0.00 0.00
Rignt side:. fwd mic edge 524 1.73 0.75 2.48
Center of Lizzly flap 208 0.02 0.24 0.26
Left wing. i ¢nter 468 0.00 0.58 0.56
Right side . mid edge 1664 0.30 0.13 ° 0.43
Left side. i edge 1186 0.21 0.08 0.29
Left side, *.#1 mid edge 572 0.10 0.04 0.14
Right sidi; . nose 277 0.01 0.02 0.03
Left wing, anter 332 0.01 0.08 0.07
Right sidr: . hucly flap 104 0.00 0.01 0.01
Left side, "y flap 104 0.00 0.0t 0.01
Right wiry; 2132 0.18 0.18 0.34
Left side 1 1:p 312 0.00 0.02 0.02
Left wing, “nd 1768 .00 0.13 0.13
Right eley:: 1, outbeard 312 0.00 0.02 0.02
Right wirt;, nenter 384 0.01 0.0 0.02
Left wing, unter 468 0.00 0.01 0.01
Center, ¢ #'1l7ad bay fwd 1864 0.00 0.02 0.02
Canter, f;.4'+nad bay aft 1876 0.00 0.02 0.02
Right wir.;, canter 468 0.00 0.01 0.01
Center, [ 1v/aad bay, mid 520 0.00 0.00 0.00
Right eles 11, in beard 312 0.00 0.00 0.00
Right wir: 2, canter 416 0.00 0.00 0.00
Left elevr: ;1 in / ceniter body flap 728 0.00 0.00 0.00
Left elev: ', nutboard 572 0.00 0.00 0.00
Center, 2t 1040 0.00 0.00 0.00
Tatals  5.09 6.79 11.88

Table 8. Identification o! "2 min-zones and their crntritution to the probability of LOV
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min-zone. No atté?npt has been firlalzde o use orbi'té:r" riotétidng | ;i'he finat ndmeh’cal
resutts of the model are presented in the right-hand column as multiples of 10-4. The
probability vaiues are mostly in the order of 10-4. Again, it‘is important to remember
that the importance of the numbers is not their magnitude, but their relative vaiuss
when compared to each other. According to our coarse numerical analysis, the total
probability of losing the orbiter on any given mission, due to TPS failure’, is in the
order of 10-3. 1t is interesting to? note that approximately 40% of this'bkcbabimy is
attributable to debris-related pr:oblems and that 60% comes from preblems of
debonding caused by other factors. By scanning the columns, it appears that a few
min-zones contain most of the risk.

Using a risk-per-tile measure, the min-zones can be ordered according to
their criticality with respect to the two types of initiating events, and to the total
probabiiity of failure. The results are shown in Tabies 9 and 10. Table 9 dispiays the
contribution of each min-zone and of sach tlle to the probability of LOV separated
into debris and debondmg due to other factors Table 10 shows the contribution of
each tile and each min-zone to the overall probability of LOV. in this table, we show
for each tile, a risk-criticaiity factor that is proporticnal to the relative contribution of
this tile to the overall failure probability, accounting not only for the loads applied to
this tile but also for the consequences should it fail. This risk-criticality factor is the
point of reference that will be uséd in the second phase of the study to set priorities
among different management measures designed to improve tile reliability.

A siightly difterent graphié representation of this table is displayed in Figures
24,25, and 26. it is possible from our results to identify the most sensitive min-zones
by ranking them by order of indiyiiquai tile criticality. One can then plot the marginal
increase of the failure probabitiiy for each added min-zone, the siope of each
segment representing the (decreasing) contribution of sach tile to the failure
probability. Each black dot represents the addition of the next most criticai min-zone.
The greater the horizontal spacing between the dots, the larger the number of tiles in
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Liabris . .Debonding

ID#  P(LI:Vzone F(LOV)Aile | 1D# FILOV)/zone P(LOV)Hile _

0.47 34 0.00E-8 0.00E-4  0.00E-8 AT J
1 0.3570 £5.770 4 1.870 24,000
2 0,570 55.770 3 1.620  24.000
9 1.730 27.720 1 #0.380 23.100
5 0.510 14.010 2 0.350 23.100
8 0. D 3.385 9 Q.750 12.000
7 0.0 3.365 | 11 0.460 12.000
3 O. 30 1.923 |10 0.240 11.500
12 Q.00 1.7858 3 0.218 5.890
13 0.5in 1.781 6 0.045 1.440
14 C..0d 1.748 7 0.015 1.440
10 C.ti240 0.861 [ 15 0.0283 0.829
19 0. 15 0.867 .12 0.730 0.781
23 0.1+ 4 0.274 | 16 0.065 0.781
17 0.2 0.192 | 21 0.133 0.752
18 0.1:2 0.182 [ 14 2.(43 0.752
15 0.1:03 0.108 | 20 2,023 0.737
16 0.0'18 0.098 22 2.0823 0.737
4 0.0 0.000 |19 0.156 0.673
8 0.0 0.000 |17 G.007 0.673
11 0.1} 0.000 {18 0.007 0.689
20 0.0 1D 0.000 |13 2.080 0.137
21 0.0 0.000 | 23 3.005 0.128
22 0. 0.000 | 24 0,006 0.128
24 C. 0.000 | 27 0.0086 0.121
25 0.0 0.000 | 26 0.024 0.114
26 Q.00 0.000 | 25 2.018 0.038
_ 27 C..a 0.000 |28 2.002 0.000
28 0.0 0.00C 8 2.000 0.000
29 0.0 0.000 [ 2¢ .00 0.000
30 Q.o 0.000 | 30 2.000 0.000
31 0.7 10 0.000 | 31 2.000 0.000
32 Q.0 0.000 | 32 £.000 0.0C0
33 0.:10 0.600 {33 0.000  0.000

Table 9: Probz.ilities of Loss of Vehicle die to tile failure initiated
(1) by debris damag: anicl (2) debonding causer! by factors other than debris,
for eac.m min-zone, and each tile I: =ach min-zone

786



| | It ! et rn

Paté-Cometl and Fischbeck

iD # |P(LOV)/zone{ P{LOV)/tile Risk Number of Location

0.00E-4 0.00E-8 Criticailty Tiles
' 0-100 scale .

1 1.2300 78.800 100 156 1t undar crew

2 1.2800 78.800 100 1886 1t main gear aft

9 2.4800 38.700 50 5§24 rt fwd mid edge

3 1.7800 25.800 33 678 rt main gear

4 1.8700 24.000 30 780 it main gear

5 0.7280 20.000 25 364 center crew

10 0.2600 12.500 16 208 body flap cen

11 0.5600 12.000 15 488 It wng cen out

6 0.1500 4.810 6 312 it crew

7 0.0500 4.810 6 104 rt elevon cen

12 0.4270 2.570 3 1664 nt side mid edge

14 0.1430 2.500 3 5§72 It fwd mid edge

13 0.2930 2.450 3 1196 It middte

19 0.3410 1.600 2 2132 rt wing

15 0.0260 0.838 1 277 rt nose

16 0.0730 0.877 1 832 It wing outboard

17 Q.00e0 0.865 1 104 body flap

18 0.00¢0 0.865 1 104 body flap It

21 0.1330 0.752 1 1768 It wing forward

20 0.0230 0.737 1 312 It nose

22 0.0230 0.737 1 312 t elevon out

23 0.0150 0.412 1 364 rt wing center in

24 0.0080 0.128 <1 468 It wing center in

27 0.0060 0.128 <1 468 rt wing can out

26 0.0240 0.121 <1 1876 center bay aft

25 0.0180 0.114 <1 1664 center upper bay
- 28 0.0020 |- 0.038 <l 520 centar mid bay

8 0.0000 0.000 <1 104 it siavon cenisr

29 0.0000 0.000 <1 312 rt elevon in

30 €.0000 0.000 <1 4186  wing cen

31 0.0000 0.000 <1 728 It elev/body flap

32 0.0000 0.000 <1 572 It alevon out

33 | 0.0000 0.000 <1 1040 |conter ant |

Table 10: Risk-criticality factor for each tile in each min-zone
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the zone. Several sma min-zones contain a larze part of the risk {those with the
steepest siope), whereas uaveral very large min-zo4es carry only a small part of the
risk {those with zero sl:=e). Figure 23 shows ihe sontribution of increasing
percentages of the tiles t. il:e risk for debris-initiate] damage. Note that, for failures
initiated by debris, 80% ¥ the risk is due to only £% i the tiles. For debonding
problems that are not cati; 2 by debris, the contribution 2f increasing percentages of
tiles are shown in Figure: ti4: 80% of the risk is dus to 13% of the tiles. Finally, the
overall result is shown in “"gure 25: for the total ris', including both initiating events,
80% of the risk can be ati'uiled to 14% of the tiles It is imporiant to remember that
the same tiles do not nec uzsarily appear in the sarig order in each graph. Cleariy,
Some zones pose a mucthi »igher risk for one type of Initiating event than for the cther.
For exampie, min-zone . located near the left main gear has not historically
experienced significant 13bris damage and is not on the obvious trajectory of
tractabie debris; so, the ¢ ud-ability of LOV due to T7°S debris damage in that zone is
basically zero. There ar:, luwever, some critical ¢ omponents that are temperature
sensitive under the skin 1 “hat area; so, the risk :1 LOV due to debonding is non
negligible (1.07 x 10-4).
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Figure 24: Relati +: risk of LOV due to debrig-initiated TPS damage
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Figure 25: Relative risk of LOV dua 1o debonding-type TPS damage
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Figure 26: Relative risk of LOV due to both types of TPS damage
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Section 5: '
EFFECTS OF ORGANIZATIONAL FACTORS ON TPS RELIABILITY:
MAIN PRELIMINARY OBSERVATIONS

8.1 Errors and risk

Well-bonded tiles ars very uniikely to debond even under moderate debris
loads. Given the temperature gradients measured inside the tiles during flights, it
has been determined that the tiles absorb maost of the heat within a fraction of their
thickness and that they are very unlikely to burn, even considaring a wide range of
re-entry scenarios. If the tiles are to fail, it is likely to be because they have been
weakened and/or hit by debris. The problem is that one does not know which ones
are weak. Human errors (past and present) are at the source of at isast three of the
fundamental causes of tile failure: (1) decrease of tile capacity because of
undetected partial or weakensd bonding, (2) Increase in the heat loads dus to
roughness of the orbiter's surface (caused, for example, by protruding gap fillers),
and (3) pooriy-installed and maintained insulation on the SRB's and ET that flakes
oft during ascent, damaging the TPS. These human errors are often the consequen-
ces of the way the organizations (NASA and its contractors) operate.

In the second phase of this work, we will explore to what extent
organizational procedures (for instance, those that induce time pressure and
lurnover of the personnel) are at the root of these incidents. Rules that apply
uniformly across tifes of widely variable risk-criticality, and rutes that do not account
for the possibility of system weakening over tima may become major contributors to
the overall risk. Furthermore, the scope of the research cannot be strictly limited to
the TPS. Procedures and management decisions regarding the maintenance of tha
insulation of the ET and the SRBs also affect the reliability of the tiles since they are a
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source of debris. Finally, in the long term, weakening of the tile system due to
repeated load cycles, exnisure 1o environmental senditions on the ground, or
chemical reversion, may be :nme a dominant factor of the failure risk. The problem
of deterioration over time 1y not be (and is not like'y tn be) of immediate concern
for well-bonded tiles, but m: y hacome a critical factor “or those tiles whose capacities
have been reduced by del: wive installation and maimenance. Therefore, in the
second phase, we will exar:i 1 tiosely the procedures af the organization, using our
PRA madel to see how the i:lztive coniributions of ex ch of these factors affect flight

safety.

in addition, the strui:'uiz¢ of the organization #rl its peripherals (NASA, plus
Lockheed, Rockwell etc.) i the rules that determ'ne the reiations among these
crganizations (for example. in setting contracts, pay scales, and incentives, as weil
as schedule and budget ct nxiraints,) may aiso affec fdight safety to the extent that
they determine the occurrer & and severity of human errors and their probabilities of
detection. Some arganizati:::inl improvements (which may have been recommended
before and ignored for vi''inus reasons) may havz ornly a minor effect on the
reliabifity of the orbiter; oth: s may be essential sou:. Qur analytical model will be
used to determine which of ':nse factors actually affe:t the probability of failure of the
tiles (and consequently, 0! 1 Orbiter) and by how rrunh. Finally, the culture of the

organization may ailso pla' # role. As we descrbe heiow, the low status of the tile
work may induce low m:i2ig among some tile tecmnicians. Furthermore, the
behaviors of other workers wards the tile technicians may be a significant source of
additional work load and tir 12 jpressura.

Errors (most of whil' zan be traced back to these organizational factors) can
De classified using a tax¢ iy which has been designzd to guide the choice of
management improvemenl: (Paté-Cornell, 1880.) Frrors are categorized into two
groups: gross errors (uncorraversial mistakes, for sxample, an unbonded tile) and
errors of judgment unde: ungcerntainty (for instan:e, the decision to live with a
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problem that seems minor —-but may not be so-- until the next flight in order to
decrease the work load.) Gross errors generally call for improvements of the hiring
and training procedures inspecticn and quality control, and information fiow; errors
of judgment generally require modification of incentives and rewards, improvement
in the treatment and communication of uncertainties, and adaptation of the resource
constraints.

5.2 Preliminary observationsg

In this preliminary phase, we identified the foliowing factors as possibly
aftecting the eﬁiciency of tile risk management: (1) time pressures, (2) liability
concerns and conflicts among contractors, (3) turnover among tile technicians and
low status of tiie work, (4) need for more random testing, and (5) contribution of the
management of the ET and the SRBs to TPS refiability problems. The study of these
tactors will be the object of the Phase 2 of this work. The foundation of this analysis
will be the risk-criticality of each tile so that fimited resources --for example, the
limited number of tile inspectors-- can be directed first where the probablllty and the
cansequences of tile failure could be most severe.

Tim

Tile maintenance is often on the critical path to the next flight, specially after
missions where tile damage has been extensive. Peopie who find themseives under
time pressures somstimes cut corners. For example, it was found in January 1989,
that a tile technician had added water to the RTV mix in order to make it cure faster.
Adding water at that stage (or spitting in the RTV) may decrease the long-term
reliability of the bond: the catalytic reaction, which occurs during the curing, may
reverse earlier and thus increases the probabiiity ot debonding under ditferent types
of loads. Time pressure is also prcbably the cause of more frequent errors, such as
the misalignment of the tile/SIP system with the filler bar, so that only a fraction of the
surtace of the SIP is in contact with the orbitar's surface. Time pressures may be
unavoidable, but some organizational impravements may attenuate their effects,
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first, by reducing them wiansver possible and seznnd, by increasing tile quality

control in the most risk-cri© nal zones.

The time pressure - “der which the tile persc nal operates can be reduced in
saveral ways. First, autc!r ation of step and gap measurement {using laser devices
and automatic data recor:®ng systems currently unc’'er dievelopment) may resuit not
~ only in a significant reduct 11 of the processing tim=, hut also in a decrease of the
roughness of the orbiter': :urface. Second, simpiif ring the paper work for the tile
technicians would allow ti'#m to spend more timse v)r«ing on the tiles and less time
shuttling papers (an app:i's7t source of frustratior). Third, it seems desirable to
avoid over monitoring. Fur example, imposing daily targets (as opposed to weekly
ones) for the number of liiis 10 be processed may Jsarease the variability and the
flexibility needed for opli'1ai performance and sestern reliability. Fourth, time
pressure may be allaviiizd by reducing the ar:sss time to data bases and
information that is necess:i:'y for prompt maintenane? decisions. The maintenance at
KSC is done by Lockhee:". while some of the ralevim data bases are controlied by
‘Rockwell. NASA may wi 't ¢0 improve the transfe- nf information from one to the
other and/cr within these 4. ¢ nrganizations.

5.2.2 Liability coru:irns and gontlicts among snntractors

Relatively harmor: 1.5 relations have been instituted among the people who
work on the tiles. They siiire a common concem fo the satety of the system despite
oBvious sources of confliiis. Rockwell and Lockhe 3l are in & competitive situation
which does not always piowvicta incentives to make '3 other's work easigr. Among
other factors, the liabilitiz: ©f the main contractors are such that they occasionally
have incentives to withha!'i’ szchnical information (frr lagal and contractual reasons)
that may be useful (if not 1.-zential) for the performarce of the other. These decisions
may be justified given th:s ways the contracts hava hean set. There are ways of
writing and handling confracts that improve ircentives for cooperation and
encourage the sharing ot '=zlavant technical informitian. This implies that contracts
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that affect the same subsystems (e.g., the tiles) and are signed with different firms
cannot be managed independently. The positive side of this competition among
contractors is that there are no incentives for camplacency and strong motivations to
detect and correct srrors made by the other. There are, however, strong incentives to
hide those made by one's own company.

5.2.8 Turnover amona tile technicians and low status of tile wori:
The turnover among the tile maintenance personnei is high. Becauss tile
technicians are classitied in the low-pay category of material {tiberglass) technicians

(a practice that NASA apparently inherited from the DoD), many of them leave their
tile maintenance jobs shortly after completing the training program and obtaining
certification. Organizatian experts generaily pelieve that high turnover is
incompatible with léarning (individual and organizational) and optimal performance.
Therefere, this turnover might affect TPS safety due o inferior quality work by iess
experienced people. Protruding gap fillers, for example, are caused by poor quality
installation and are a probable cause of early boundary layer transition (Smith,
1988.) This cendition may not, in itself, threaten flight safety uniess it is coupled with
other factors. It does decrease the overail TPS reliability and may be an adverse
result of high turnover and the corresponding iack of experience of the work force.
Cn the other hand, according to some of the technicians, the old-timers may not be
as respecttul of “the book" as the newcaomers. Assessment of the net result of
inexperience and complacency requires a study of the coupling between time on the

~ job and occurrences 6f errors.

The low-paying job factor may have other indirect, negative effacts on the
reliability of the tiles. Because of the low consideration that other categories of
technicians seem to have for tite work when doing other types of technical work on
the orbiter (e.g., mechénicat, or electrical) other workers do not pay sufficient
attention to the integrity of the tiies. They damage tiles frequentiy (if not seriously)
thus adding considerably to the tile maintenance work. Therefore, the low status of
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the tile workers, grounded in ‘- nay scale, may have severai detrimental effects: (1)
a waste of money in training ti': technicians that leave th e job as quickly as possibie,
(2) low morale for same of the ', which is seldom condu~ive to high-guality work, and
(3) the “no respect"” syndrci -z on the pant of ather tachnicians who carelessly
damage tiles. The resuit is ar crease of time pressur: for a system that is already
"the iong pole" a iarge part :f the time. [n the end, ti-ess factors may encourage

detrimental corner-cutting in tile nrocessing.

£.2.4 Need for more rirJomtesting:

The criginal tile wort: ancd subsequent maintearce work has not aiways
been perfect. Some of the ‘i'zz have been only parially thonded and, in a few
instances, not glued at all. F:i zxample, in November 1588, it was found in that one
tile on orbiter Columbia had I'ven holding for sevaral {ghts by the friction of (or
perhaps some RTV adherent ") the gap fillers. The fact tha! this tile held and did not
cause an accident was call:’ "a miracie” by the persanrel who discovered the
probiem. How "miraculous” ¢ he detenmined using th: riek assessment model. (in
fact, according to our estimat:: the probability of debonsling is 10-2 per flight for such
a tile, making the probability 1 f riabonding in five flights i1 the arder of 5%.) Because
of these hidden weakne::zs, it may be dasiradle (o do more random,
non-destructive pull tests of ‘:n biack tiles between fiights, focusing on the most
risk-critical areas of the orbit:'s surface in order to detsnt and replace the tiles that

are far below the expected c:i; zcity.

in addition to the poss t:ility that previous work may »at hzve baean perfect, the
possibility of long-term deteri: 'ziion of the room-temperature wulcanized (RTV) bond
shouid be acknowledged ant’ “zlen irto account in mrintanance procedures. This
calls {1) for additional rando: 1 f25ting to monitor the prissibie chemical degradation
of the RTV after repeated ! zzt-icad cycles, and (¥ for the development and
implementation ¢f non-destn 7 ive and, if possible, non->ull testing of the tiles' bond,
to be applied in prionty to the - ost risk-gritical tiles.
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5.2.5 Contribution of the manade"menf of the ET and the SRBs 1Q TPH
_ A significant fraction of the risk of TPS failure is due to debris, in particular.
pieces of insulation from the external tank ang the nose cona of the solid rocket
boosters. In addition, tiles are much more likely to debond under the shock of
chunks of debris when they are already ioose or less than completely bonded. By
backtracking the computer-simulated trajectaries of pieces of debris from the most
risk-criticai parts ot the orbiter surface back to the corresponding parts of the surface
of the ET and the SRBs, it may be possible to identify which parts of the surfaca of the
ET and the SRBs shouid be given speciat attention in the treatment of the insulation.
Additional testing shouid, therafore, be performed for tiles located in zones that are
most likely to be hit by SRB and ET insuiation dabris.

For each of these organizationai factors, the analytical procedure is to identify
the decisions that they affect, the errors that they can causse, the frequency with which
u they occur, the nature and the severity of the resulting errors as a function of the
saverity of the conditions, and their effect on the probability of failure of the system
using our PRA model. The efficiency of possible managemaent improvements can
then be roughly assessed so that etforis are concentrated where they can provide
the greatest benetits. This assessment wiil be the objective of the second phase of
this study. |
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Section 6:
SONCLUSIONS

The resuits of our ~oiel's illustration sugges:? that the probability of loss of an
orbiter due to failure of t“# hiack tiles is in the ordsr of 10-3 with about 15% of the
tiles accounting for aboul {17%, of the risk. 1f one as:apts the rough NASA estimates
that the probability of losiii;; an orbiter is in the orde” of 102 per flight (Broad, 1988)
and that a significant par:. i:f il is attributable to the rain engines, then the proportion
of the risk attributabie to ° 3 TRS (about 10%) is nai alarming, but certainly cannot to
be dismissad. (Qur pre : atuifities are cc:érse nurrszrs that can be refined in the
second phase of the wor», Lt they are probably ir the bali park.) A critical issue is:
how will these probabiliti:: =voive in the years to cxmae?  On one hand, the quality
of the tile work and the “'=action mechanisms for risfactive tiles are expected to
improve. On the other hunel, exposure to repeate] inact cycles and environmenta!

conditions or chemicai reiction may deteriorate the system's peformance capacity

uniess clossaly ménaged.

One of our key “imwiings is that the most riek-criticat tiles are not all in the
hottest areas of the orbi:ir's surface. We introd: ced, in this study, the notion of
risk-criticality and the co!i: w:iation of a risk-criticaiit)” incleurta account for the ioads to
which the tiles are sub; :fed and the consaquericas of their failures given their

- location with respect t¢ nther critical subsystems which they protect {functional

criticality). This index u3n serve as a guide to set management pricrities, for
exampia, for the gradua’ raplacement of the tilex, incusing first where tile failure

could be most damaging

Well-designed, rurisfactured, bended, an< maintained tiles are extremely
unlikely to fail. A large f-action of the risk seems *¢ be attributable to tiles that are
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only partially bonded, or to those that are not bonded at all and are heid in placs by
the gap fillers. Management assumes unnecessary risk by denying that errars have
occurred and will oceur again and that, consequently, the capacity of the TPS is
reduced. To assume that ail work is perfect Iéads to a potentially gross
underestimation of the risk, rendering the maintenance procedures based on this
assumption of perfection suboptimal. What tha actuat magnitude of this part of the
risk is and which organizational improvements can bring the greatest risk-reduction
benefits will be studiad further in the second phase of this study. This part will
involve a systematic analysis of the maintenance process 1o identify the different
types of errors (past and present), their rates of occurrences, their probabilities of
detection and correction, and their severity levels {i.e., by how much they decrease
the system's capacity in each case). Relating these errors to the organizational
factors described in the previous section will allow us to identify management
improvements, their costs, and their expected positive effects on the TPS
pertormance.

After the completion of the first of two phases of research, our preiiminary
conclusions are that it is desirable: (1) to expand the current concept of criticality for
the tiles {to include functional criticality, as well as the heat loads in a risk-criticality
measure), (2) to adapt the inspection and maintenance procedures to focus in
priority on the mast risk-critical tiles, and (3) to modify the existing data bases to
include the risk-criticality factor for each tils.
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_ , Q{@\/ (ol velease d
Robert H. Daugherty, 1/28/03 2:15 PM -0500, Foam and Tile on Gd Sde 1

X-Sender: r.h.daugherty@pop.larc.nasa.gov

Date: Tue, 28 Jan 2003 14:15:27 -0500

To: "SHUART, MARK J" <M.J.SHUART@larc.nasa.gov>

From: "Robert H. Daugherty" <r.h.daugherty@larc.nasa.gov>
Subject: Foam and Tile

Cc: H.M.ADELMANGlarc.nasa.gov

Mark...attached are two files that I've received regarding the concern about ET foam
around the orbiter bipod support coming off and possibly damaging tiles ... perhaps
around the main gear doors. So far, our involvement has been one of providing the
current model of drag associated with landing with two tires flat prior to touchdown
and some thought exercises of what might happen if the wheel well were burned
into....something that is arguably very unlikely. Interestingly, in the powerpoint
pitch, they talk about a test in which the "crater" caused by an impact test dug out
3 cubic inches of tile. They say their estimated "flight condition" is 1920 cubic
inches of "crater". Hopefully I'm reading that wrong, but as they say...that is way
outside their test database. No official request has been made upon us at this time.
And there is no formal simulation going on as far as I know regarding landing with
two tires flat prior to touchdown...its just a coincidence that landing with ONE tire
flat is being simulated right now at the Ames VMS in astronaut training where they
are using our newest load-persistence model so it is a very convenient time to look
at two tires flat if they can squeeze it in. Will keep you informed as I hear

more...if I do.
Bob

Debris.ppt

Attachment converted: Macintosh HD:E212.mpg (MPEG/mMPG) (00023824)

Printed for '"Mark J. Shuart" <m.j.shuart@pop.larc.nasa.gov> 1I



r.m.martin-larc.nasa.gov, d.l.dwoyer, 1/28/03 4:08 PM -0500, Fwd: Foam and Tile 1

To: r.m.martin-larc.nasa.gov, d.l.dwoyer
From: "Mark J. Shuart" <m.j.shuart@pop.larc.nasa.gov>
Subject: Fwd: Foam and Tile
Cc:
Bcce:

X-Attachments: Debris.ppt HE212.mpg

IRuth, Doug,

I am sending this to both of you since Doug is off-site and I thought the OD ought to
know. Also, I am advised that the fact that this incident occurred is not being
widely discussed. I'll keep you informed if we get more calls...... Mark

Date: Tue, 28 Jan 2003 14:15:27 -0500

To: "SHUART, MARK J" <M.J.SHUART@larc.nasa.gov>

From: "Robert H. Daugherty" <r.h.daugherty@larc.nasa.gov>
Subject: Foam and Tile

Cc: H.M.ADELMANG@larc.nasa.gov

Mark...attached are two files that I've received regarding the concern about ET foam
around the orbiter bipod support coming off and possibly damaging tiles ... perhaps
around the main gear doors. So far, our involvement has been one of providing the
current model of drag associated with landing with two tires flat prior to touchdown
and some thought exercises of what might happen if the wheel well were burned
into....something that is arguably very unlikely. Interestingly, in the powerpoint
pitch, they talk about a test in which the "crater" caused by an impact test dug out
3 cubic inches of tile. They say their estimated "flight condition" is 1920 cubic
inches of "crater". Hopefully I'm reading that wrong, but as they say...that is way
outside their test database. No official request has been made upon us at this
time. And there is no formal simulation going on as far as I know regarding landing
with two tires flat prior to touchdown...its just a coincidence that landing with
ONE tire flat is being simulated right now at the Ames VMS in astronaut training
where they are using our newest load-persistence model so it is a very convenient
time to look at two tires flat i1f they can squeeze it in. Will keep vou informed as
I hear more...if I do.

Bob

Printed for '"Mark J. Shuart'" <m.j.shuart@pop.larc.nasa.gov> 1
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Order of Analysis

® Orbiter assessment of ascent debris damage includes
— Evaluation of potential for debris to damage tile and RCC
* Program “Crater” is official evaluation tool
* Available test data for SOFI on tile was reviewed
* No SOFI on RCC test data available

* Even for worst case, SIP and densified tile layer will remain
when SOFlI is impactor

— Thermal analysis of areas with damaged tiles

* Thermal analysis will predict potential tile erosion and
temperatures on structure

— Structural assessment based on thermal environment
defined above

+ Basis is previous Micrometeriod and Orbital Debris (M/OD)
study performed in 1996

2/4/03 2



System Integration Inputs Were Matched Against
Orbiter Tile/RCC to Determine Critical Locations

LI-900/9pct=Black
2]12pcf=White

22pcf=Brown

Y0 =150

X0 = 142
X0=1
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Tile Thickness
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Damage Results From “Crater” Equations Show
Significant Tile Damage

® “Crater” indicates that multiple tiles would be taken down to
densified layer

® However, program was designed to be conservative due to large
number of unknowns

® Crater reports damage for test conditions that show no damage

Tile Information Location Impactor Calculated Damage
Type Thickness Letter X Y Angle Velocity Depth Length Width
91b 26-28 |A 1060 190 13 720 4.7 25.8 7.2
22 b 26-28 |A 1060 190 13 720 3.2 25.8 7.2
9b 23-24 |B 1090 180 6 700 2.8 31.9 7.2
9 Ib 20-24 |C 1036 150 8 680 3.3 29.8 7.2
22 b 20-24 |C 1036 150 8 680 2.3 28.6 7.2
91b 19-20 |D 1075 150 8 710 34 32.2 7.2
121b 28-3.1 |E 1029 177 10 680 2.9 19.0 24
22 b 28-3.1 |E 1029 177 10 680 2.6 19.0 24
91b 1.7 F 1184 182 6 730 2.8 32.8 24

Damage data and tile thickness are given in inches.

Debris Size =207 x 16” x 6”
(Density = 2.4 b/ft3)

2/4/03 5



Review of Test Data Indicates Conservatism for Tile
Penetration

® The existing SOFI on tile test data used to create Crater
was reviewed along with STS-87 Southwest Research data
— Crater overpredicted penetration of tile coating
significantly
* Initial penetration to described by normal velocity

* Varies with volume/mass of projectile (e.g., 200ft/sec for
3cu. In)

+ Significant energy is required for the softer SOFI particle
to penetrate the relatively hard tile coating

* Test results do show that it is possible at sufficient mass
and velocity

* Conversely, once tile is penetrated SOFI can cause
significant damage

* Minor variations in total energy (above penetration level)
can cause significant tile damage

— Flight condition is significantly outside of test database
* Volume of ramp is 1920cu in vs 3 cu in for test

2/4/03 6




(Potentially) Similar STS-50 Impact Demonstrates
that Damage is Possible

* Damage to aft lower tile (0.5”d x 9”L x 4” W) on wing was found after STS-50 landing;
wheel well camera also observed missing ET bipod ramp insulation similar in size

* Small variation in energy input could substantially increase damage
* Incidence angle for STS-107 is predicted higher than STS-50

Volume = 1920in3

Vadj Flt damage Nomal
L (in) d (in) V (ft/sec) Angle (in/sec) Damage (depth) Energy
20 6 700 3.2 69 0.50 0.53 100%  STS-50 (estimated conditions)
20 6 770 3.2 116 0.75 121% STS-50 plus 10% velocity
20 6 700 5.2 361 1.60 264% STS-50 plus 2 deg incidence angle
20 6 600 3.2 2 0.05 73%  STS-50 "threshold"
20 6 720 10 1100 3.37 1024% STS-107
20 6 788 10 1243 3.66 1228% STS-107 + 10% energy
20 6 914 10 1505 416  1650% STS-107 + 50% energy
20 6 720 10 700 249 551%  STS-107 with v* = 800
density density Strength
\A C (SOFI) (tite) (tite) 219912
400 0.0195 0.0014 0.0052 53
Volume  V* (in/sec) Ratio power V* (ft/sec)
0.11 6500 1.0 3.5 542 test
0.33 4500 0.8 375 test
1.00 3200 0.8 267 test
3.00 2500 1.0 208 test
1920 400 1.0 33 flight

Volume vs V* (velocity to penetrate tile coating)

2/4/03 7



RCC Predicted Damage at Incidence Angles Greater
than 15 Degrees Based on Ice Database

Impactor Damage
Angle Velocity (fps) Depth (in.)
5 720 0.11
10 720 0.18
15 720 0.23
20 720 0.28
25 720 0.33

Debris Size =207 x 10” x 6” 45° angle of wing was taken into account

Density = 2.4 1b/f3 Nominal panel thickness is 0.233 in.

RCC is clearly capable of withstanding impacts of at least 15 degrees; relative
softness of SOFI (compared to ice) would indicate greater capability

* Maximum reported angle of 21 degrees is not an problem

*Looking at using Window ice and RTV data as an analog

2/4/03 8



Thermal Analysis Assessment of Debris Impacted
Lower Surface in STS-107 Mission Locations
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Impacted Lower Surface Location Thermal Predictions

Case

Location

Assumptions

Results

Access Panel
(one tile missing)

Loss to last layer of TMM Densified layer

~ .2 inches

Temperature of Al Tube
Carrier 790 °F

No issue

RCC Panel 9 Lower Flange OML
(Coating Missing)

Coating loss and Carbon substrate
exposed

Substrate thickness: 0.193
inches

Loss .09 inches
No issue

Main Landing Gear Door
( one tile missing)

Loss to last 2 layers of TMM Densified
layer
~ 4 inches

Temperature of Structure
540 °F
No issue

Lower Wing Area
(one tile missing)

Loss to last 2 layers of TMM Densified
layer

~ .4 inches

Temperature below 350 °F
design req.

No issue

Lower Wing Area
(32 x 7.2 x 2.8 inch) Damage

Loss to last layers of TMM Densified
layer

~.2inches

Main Landing Gear Door
( several tiles Lost)

Loss to last layers of TMM Densified
layer
~ .2 inches

2/4/03
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Structural Assessment Provides for Intact
Contingency Landing with Damaged Tiles

® Criteria for M/OD study were to assess on-orbit risk that
cannot be controlled

® Study allowed for significant degradation beyond design
criteria |

— Structural temperatures well beyond 350F design (due
to loss of tile)

* Repair of structure required

— Small holes in structure, allowing internal plasma flow,
were permissible if not in critical area

* Not expected for STS-107
— Factor of Safety not maintained for design conditions
— Critical subsystems were included in evaluation

* Wing has few subsytems except in landing gear box and
elevon cove

* Wing spars are considered critical structures
® Conditions identified to ensure intact contingency landing

2/4/03
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Wing Lower Surface M/OD Failure Criteria

1191 1249 1307 1365
Xo 807 1009 1040
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Yo 105 ~—
Yo 135 "

%ﬁmﬁn — Yo 131

Yo 146
Yo 167
Yo 208
Xol73 o 00
X0 1071, Yo 193
ACCEPTABLE DAMAGE LIMIT o
1) TILE DAMAGE - Impact damage allowed as long as 1/2”
thickness of tile remains
2) SKIN PERF. - TPS damage acceptable as long as there is Yo 314 Vo338
no through hole in skin Xo 1449 o Saa
3) COMP. DAMAGE - TPS damage acceptable with hole in Yo 372
skin, as long as underlying components are not damaged Yo 384
4) 1” THRU-HOLE - TPS damage acceptable with hole in the Xol4dl v 388
skin up to 1” in diameter acceptable
5) OPP. SIDE CRITERIA - large TPS and skin damage Yo43l
acceptable, as long as Bottom Side criteria is not exceeded Xo 1431 vy 435
Yo 466

Xo 1438 |

area | N QOO REMAINDER

OF WING
Top Side 3) COMP. DAMAGE 3) COMP. DAMAGE 5) OPP. SIDE CRITERIA
Bottom Side| 1) TILE DAMAGE 2) SKIN PERF. 4) 1” THRU-HOLE
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Summary and Conclusion

® Impact analysis (“Crater”) indicates potential for large TPS
damage

— Review of test data shows wide variation in impact response
— RCC damage limited to coating based on soft SOFI
® Thermal analysis of wing with missing tile is in work

— Single tile missing shows local structural damage is possible,
but no burn through

— Multiple tile missing analysis is on-going
® M/OD criteria used to assess structural impacts of tile loss

— Allows significant temperature exceedance, even some burn
through

* Impact to vehicle turnaround possible, but maintains safe
return capability

Conclusion
® Contingent on multiple tile loss thermal analysis showing

no violation of M/OD criteria, safe return indicated even with
significant tile damage

2/4/03 13
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d.l.dwoyer, r.m.martin, 1/30/03 8:15 AM -0500, Fwd: Tile Damage Update 00' Wb Sde 1
To: d.l.dwoyer, r.m.martin
From: "Mark J. Shuart" <m.j.shuart@pop.larc.nasa.gov>
Subject: Fwd: Tile Damage Update
Cc:
Becce:
X-Attachments:

IDoug, Ruth,

The latest info on the Shuttle is below. It will be interesting to see the extent of
the damage after landing on Saturday...... Mark

Date: Wed, 29 Jan 2003 15:51:28 -0500

To: "SHUART, MARK J" <M.J.SHUARTE@larc.nasa.gov>

From: "Robert H. Daugherty" <r.h.daugherty@larc.nasa.gov>
Subject: Tile Damage Update

Cc: H.M.ADELMAN@larc.nasa.gov

Hi Mark,
Nothing terribly new but a few things talked about today with some folks at the Ames

VMS. Apparently the current "official" estimate of damage is 7 inches by 30 inches
by half the depth of the tiles down to the densified level. One of the bigger
concerns is that the "gouge" may cross the main gear door thermal barrier and permit
a breach there. No way to know of course. A JSC colleague and I talked to the sim
guys and are urging them to simulate a landing with two tires flat prior to
touchdown...it is as simple as hitting a software button and simply doing it...but
since no Orbiter Program Management is "directing" the sim community to do this it
might need to get done "at night". An anecdote they told us is that this was
already done by mistake this week and the commander lost control of the vehicle
during our load-persistence simulations. It seems that if Mission Operations were to
see both tire pressure indicators go to zero during entry, they would sure as hell
want to know whether they should land gear up, try to deploy the gear, or go
bailout...we can't imagine why getting information is being treated like the plague.
Apparently the thermal folks have used words like they think things are
"survivable", but "marginal".

I imagine this is the last we will hear of this.

Take care,

Bob

Printed for "Mark J. Shuart" <m. Jj-shuart@pop.larc.nasa.gov> 1



d.l.dwoyer, 1/31/03 7:49 AM -0500, Fwd: Main Gear Breach Concerns 1

To: d.1l.dwoyer
From: "Mark J. Shuart" <m.j.shuart@pop.larc.nasa.gov>
Subject: Fwd: Main Gear Breach Concerns
Cc:
Bce:
X-Attachments:

| poug,

FYI. Bob Daugherty can be the kind of conservative, thorough engineer that NASA
needs. I think he is demonstrating that below. I can only hope the folks at JSC are

listening..... Mark

Date: Thu, 30 Jan 2003 18:22:41 -0500

To: "LECHNER, DAVID F. (JSC-DF52) (USA)" <david.f.lechnerl@jsc.nasa.gov>

From: "Robert H. Daugherty" <r.h.daugherty@larc.nasa.gov>

Subject: Main Gear Breach Concerns

Cc: M.J.SHUART@larc.nasa.gov, H.M.ADELMANGlarc.nasa.gov,
carlisle.c.campbelll@jsc.nasa.gov

Hi David,

I talked to Carlisle a bit ago and he let me know you guys at MOD were getting into
the loop on the tile damage issue. I'm writing this email not really in an official
capacity but since we've worked together so many times I feel like I can say pretty
much anything to you. And before I begin I would offer that I am admittedly erring
way on the side of absolute worst-case scenarios and I don't really believe things
are as bad as I'm getting ready to make them out. But I certainly believe that to
not be ready for a gut-wrenching decision after seeing instrumentation in the wheel
well not be there after entry is irresponsible. One of my personal theories is that
you should seriously consider the possibility of the gear not deploying at all if
there is a substantial breach of the wheel well. The reason might be that as the
temps increase, the wheel (aluminum) will lose material properties as it heats up
‘and the tire pressure will increase. At some point the wheel could fail and send
debris everywhere. While it is true there are thermal fuses in the wheel, if the
rate of heating is high enough, since the tire is such a good insulator, the wheel
may degrade in strength enough to let go far below the 1100 psi or so that the tire
normally bursts at. It seems to me that with that much carnage in the wheel well,
something could get screwed up enough to prevent deployment and then you are in a
world of hurt. The following are scenarios that might be possible...and since there
are so many of them, these are offered just to make sure that some things don't slip
thru the cracks...I suspect many or all of these have been gone over by you guys

already:

1. People talk about landing with two flat tires...I did too until this came up.
If both tires blew up in the wheel well (not talking thermal fuse and venting but
explosive decomp due to tire and/or wheel failure) the overpressure in the wheel
well will be in the 40 + psi range. The resulting loads on the gear door ( a
quarter million 1lbs) would almost certainly blow the door off the hinges or at least
send it out into the slip stream...catastrophic. Even if you could survive the
heating, would the gear now deploy? And/or also, could you even reach the runway
with this kind of drag?

2. The explosive bungies...what might be the possibility of these firing due to
excessive heating? If they fired, would they send the gear door and/or the gear
into the slipstream?

3. . What might excessive heating do to all kinds of other hardware in the wheel
well...the hydraulic fluid, uplocks, etc? Are there vulnerable hardware items that

Printed for "Mark J. Shuart" <m.j.shuart@pop.larc.nasa.gov>



d.l.dwoyer, 1/31/03 7:49 AM -0500, Fwd: Main Gear Breach Concerns 2

might prevent deployment?
4. If the gear didn't deploy ( and you would have to consider this before making

the commitment to gear deploy on final) what would happen control-wise if the other

gear is down and one is up? (I think Howard Law and his community will tell you

vou're finished)
5. Do vou belly land? Without any other planning you will have already committed

to KSC. And what will happen during derotation in a gear up landing (trying to stay
away from an asymmetric gear situation for example) since you will be hitting the
aft end body flap and wings and pitching down extremely fast a la the old X-15
landings? My guess is you would have an extremely large vertical decel situation up
in the nose for the crew. While directional control would be afforded in some part
by the drag chute...do you want to count on that to keep you out of the moat?

6. If a belly landing is unacceptable, ditching/bailout might be next on the list.
Not a good day.

7. Assuming you can get to the runway with the gear deployed but with two flat
tires, can the commander control the vehicle both in pitch and lateral directions?
One concern is excessive drag (0.2 g's) during TD throughout the entire saddle
region making the derotation uncontrollable due to saturated elevons...resulting in
nose gear failure? The addition of crosswinds would make lateral controcl a tough
thing too. Simulating this, because it is so ridiculously easy to do (sims going on
this very minute at AMES with load-persistence) seems like a real no-brainer.

Admittedly this is over the top in many ways but this is a pretty bad time to get
surprised and have to make decisions in the last 20 minutes. You can count on us to
provide any support you think you need.

Best Regards,

Bob

Printed for '"Mark J. Shuart' <m.j.shuart@pop.larc.nasa.gov> 2



d.l.dwoyer, 1/31/03 2:00 PM -0500, Fwd: RE: Main Gear Breach Concerns

To: d.1l.dwoyer
From: "Mark J. Shuart" <m.j.shuart@pop.larc.nasa.gov>

Subject: Fwd: RE: Main Gear Breach Concerns
Cc:
Bcce:
X-Attachments:

IDoug,

Here's the latest from JSC on the damage to the orbiter tiles. Looks like they
believe all has been addressed...... Mark

From: "LECHNER, DAVID F. (JSC-DF52) (USA)" <david.f.lechnerl@jsc.nasa.gov>
To: "'Robert H. Daugherty'" <r.h.daugherty@larc.nasa.gov>
Cc: M.J.SHUART@larc.nasa.gov, H.M.ADELMAN@larc.nasa.gov,
"CAMPBELL, CARLISLE C., JR (JSC-ES2) (NASA)"
<carlisle.c.campbell@nasa.gov>
Subject: RE: Main Gear Breach Concerns
Date: Fri, 31 Jan 2003 12:17:34 -0600

Bob,

I really appreciate the candid remarks. As always your points have
generated extremely valuable discussion in our group. Thank you. We have
been discussing and continue to discuss the all possible scenarios,
signatures and decisions. Your input is beneficial. Like everyone, we hope
that the debris impact analysis is correct and all this discussion is mute.

David F-M Lechner

Space Shuttle Mechanical Systems

Mechanical, Maintenance, Arm & Crew Systems (MMACS)
United Space Alliance, Johnson Space Center

(281) 483-1685

From: Robert H. Daugherty [mailto:r.h.daugherty@larc.nasa.gov]
Sent: Thursday, January 30, 2003 5:23 PM

To: LECHNER, DAVID F. (JSC-DF52) (USA)

Cec: M.J.SHUARTRlarc.nasa.gov; H.M.ADELMAN@larc.nasa.gov; CAMPBELL,
CARLISLE C., JR (JSC-ES2) (NASA)

Subject: Main Gear Breach Concerns

Hi David,

I talked to Carlisle a bit ago and he let me know you guys at MOD were
getting into the loop on the tile damage issue. I'm writing this email not
really in an official capacity but since we've worked together so many
times I feel like I can say pretty much anything to you. AaAnd before I
begin I would offer that I am admittedly erring way on the side of absolute
worst-case scenarios and I don't really believe things are as bad as I'm
getting ready to make them out. But I certainly believe that to not be
ready for a gut-wrenching decision after seeing instrumentation in the
wheel well not be there after entry is irresponsible. One of my personal
theories is that you should seriously consider the possibility of the gear

AY

Printed for '"Mark J. Shuart" <m.j.shuart@pop.larc.nasa.gov>



d.l.dwoyer, 1/31/03 2:00 PM -0500, Fwd: RE: Main Gear Breach Concerns

not deploying at all if there is a substantial breach of the wheel

well. The reason might be that as the temps increase, the wheel (aluminum)
will lose material properties as it heats up and the tire pressure will
increase. At some point the wheel could fail and send debris

everywhere. While it is true there are thermal fuses in the wheel, if the
rate of heating is high enough, since the tire is such a good insulator,
the wheel may degrade in strength enough to let go far below the 1100 psi
or so that the tire normally bursts at. It seems to me that with that much
carnage in the wheel well, something could get screwed up enough to prevent
deployment and then you are in a world of hurt. The following are
scenarios that might be possible...and since there are so many of them,
these are offered just to make sure that some things don't slip thru the
cracks...I suspect many or all of these have been gone over by you guys

already:

1. People talk about landing with two flat tires...I did too until this
came up. If both tires blew up in the wheel well (not talking thermal fuse
and venting but explosive decomp due to tire and/or wheel failure) the
overpressure in the wheel well will be in the 40 + psi range. The
resulting loads on the gear door ( a guarter million 1lbs) would almost
certainly blow the door off the hinges or at least send it out into the
slip stream...catastrophic. Even if you could survive the heating, would
the gear now deploy? And/or also, could you even reach the runway with this
kind of drag-?

2. The explosive bungies...what might be the possibility of these firing
due to excessive heating? If they fired, would they send the gear door
and/or the gear into the slipstream?

3. What might excessive heating do to all kinds of other hardware in the
wheel well...the hydraulic fluid, uplocks, etc? Are there vulnerable
hardware items that might prevent deployment?

4. If the gear didn't deploy ( and yvou would have to consider this before
making the commitment to gear deploy on final) what would happen
control-wise if the other gear is down and one is up? (I think Howard Law
and his community will tell you you're finished)

5. Do you belly land? Without any other planning you will have already
committed to KSC. And what will happen during derotation in a gear up
landing (trying to stay away from an asymmetric gear situation for example)
since you will be hitting the aft end body flap and wings and pitching down
extremely fast a la the o0ld X-15 landings? My guess is you would have an
extremely large vertical decel situation up in the nose for the

crew. While directional control would be afforded in some part by the drag
chute...do you want to count on that to keep you out of the moat?

6. If a belly landing is unacceptable, ditching/bailout might be next on
the list. Not a good day.

7. Assuming you can get to the runway with the gear deployed but with two
flat tires, can the commander control the vehicle both in pitch and lateral
directions? One concern is excessive drag (0.2 g's) during TD throughout
the entire saddle region making the derotation uncontrollable due to
saturated elevons...resulting in nose gear failure? The addition of
crosswinds would make lateral controcl a tough thing too. Simulating this,
because it is so ridiculously easy to do (sims going on this very minute at
AMES with load-persistence) seems like a real no-brainer.

Admittedly this is over the top in many ways but this is a pretty bad time
to get surprised and have to make decisions in the last 20 minutes. You
can count on us to provide any support you think you need.

Printed for '"Mark J. Shuart' <m.j.shuart@pop.larc.nasa.gov>
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Best Regards,
Bob

Printed for '"'Mark J. Shuart" <m.j.shuart@pop.larc.nasa.gov>



Dr. J. Steven Newman, 2/1/03 10:37 PM +0000, An Invitation from Dr. J. Steven Newman 1

From: "Dr. J. Steven Newman" <welcome@intranets.com>

To: <A.H.Phillips@larc.nasa.gov>

Reply-to: snewman@hg.nasa.gov

X-your-intranet-is: http:

X-for-help-with-Intranets: mailto:support@intranets.com

Date: Sat, 01 Feb 2003 22:37:53 GMT

Subject: An Invitation from Dr. J. Steven Newman

X-OriginalArrivalTime: 01 Feb 2003 22:37:53.0428 (UTC) FILETIME=[8EEC0540:01C2CA42]

Dear Alan,

We've set up an intranet for 107 Team and want you to check it out.

Here's a personal message from Dr. J. Steven Newman:
****************************************************************

Team 107 has been establish to provide a communication clearinghouse
for NASA personnel involved in the recovery and mishap investigation
activities associated with the tragic loss of STS-107.

Key areas to visit include:

1. Documents
2. Members
3. Contacts

****************************************************************

Our intranet is our group's private website. We can use it to share
group documents, schedule events, hold online discussions, and more.
Only people who are invited to join can become members. 1've created
a temporary login name and password to make it easy for you to access
our site.

GETTING STARTED: To become a permanent member, all you have to do
is complete your registration when you log in.

To begin, click here:

<hetp: / /S i

or go to http: /S -1d enter the following login

information:

Login Name: ol O”
Password: SR

If you are not interested in participating, you can decline your
membership by clicking here:

http: / G
N

I hope to see you soon in our intranet!

Regards,
Dr. J. Steven

Printed for '"Alan H. Phillips" <a.h.phillips @larc.nasa.gov> o ~ 1
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Jim Lloyd, 2/2/03 5:34 AM +0000, SMA Telecon

From: Jim Lloyd <jlloyd@hg.nasa.gov>

To: <dvecelliolarescorporation.com>, <snewman@hg.nasa.gov>,
<boconnor@hg.nasa.gov>, <prutledg@hg.nasa.gov>, <jlloyd@hg.nasa.gov>,
<pnapala@hg.nasa.gov>, <wfrazier@hg.nasa.gov>, <fchandle@hg.nasa.gov>,
<Tom.Whitmeyer@hg.nasa.gov>, <mkowales@hg.nasa.gov>,
<wbihner@mail.hg.nasa.gov>, <jlemke@hqg.nasa.gov>,
<Laura.W.Doty@nasa.gov>, <Humberto.T.Garrido@nasa.gov>,
<Amanda.H.Goodson@nasa.gov>, <Michael.Smiles@ssc.nasa.gov>,
<yolanda.y.marshall@nasa.gov>, <mark.d.erminger@nasa.gov>,
<sbartell@ksc.nasa.gov>, <A.H.Phillips@larc.nasa.gov>,
<Wentworth.O.Denoon@nasa.gov>, <jmullin@hg.nasa.gov>

X-your-intranet: http:

X-Intranets-helpdesk: mailto:help@intranets.com

Date: Sun, 02 Feb 2003 05:34:27 GMT

Subject: SMA Telecon

X-OriginalArrivalTime: 02 Feb 2003 05:34:29.0469 (UTC) FILETIME=[C1B930D0:01C2CA7C]

Here's a new posting on 107 Team that I'd like you to see. To go directly

to the posting, click the link below or paste it into your web browser. Please
note that some email clients require that all the letters and numbers in

the link appear on one line, or else it won't go to the right place.

Printed for "Alan H. Phillips' <a.h.phillips@larc.nasa.gov>



J Newman, 2/2/03 2:15 PM -0500, I need access to the 107 intranet

To: J Newman <snewman@mail.hqg.nasa.gov>

From: "Alan H. Phillips" <a.h.phillips@larc.nasa.gov>
Subject: I need access to the 107 intranet

Cc: snewman@nasa.gov

Bece:

X-Attachments:

Here it is Steve.
Thanks.
Alan

(more to follow).

Printed for "Alan H. Phillips" <a.h.phillips @larc.nasa.gov>



welcome @intranets.com, 2/2/03 7:17 PM +0000, Welcome to JIIENG_—_D

From: "welcome@intranets.com" <welcome@intranets.com>

To: Alan Phillips <A.H.Phillips@larc.nasa.gov>
X-for-your-own-intranet: http://pbma.hg.nasa.gov/index2 . .html
X-for-help-with-Intranets: mailto:support@intranets.com
Date: Sun, 02 Feb 2003 19:17:51 GMT

Subject: Welcome to (ENEG——

X-OriginalArrivalTime: 02 Feb 2003 19:17:51.0397 (UTC) FILETIME=[C7912D50:01C2CAEF]

Dear Alan,

Welcome! Thank you for joining the 107 Team intranet site.

GETTTING STARTETD

As a reminder, your Login Name is: il
If you forgot the password you selected, we'll email it to you at

your request. Just follow this link:

http: / /R
To log in to your intranet, go to htto: GRS -nd

enter your personal Login Name and Password in the spaces provided.
You will no longer need to use the Registration Code you were sent
when you were first invited to join.

The site administrators for your intranet are Don Vecellio and Dr.
J. Steven Newman.

USING Y OUR INTRANET
To become familiar with how to use your intranet, please review the
NASA Getting Started:

http : / o —

To change your Login Name or Password, go to Tools > Member Options
at the left of your intranet site.

To change any of the personal information you entered during registration,
read the details at:
htt

We are constantly updating the applications and features in our intranet
service, and we welcome member feedback to guide us in these efforts.

If you have suggestions for new or improved service features, please
click the Tell Us link at the bottom of your intranet home page and

tell us what you think!

Regards,

Steve Newman, PBMA Leader

Printed for ""Alan H. Phillips' <a.h.phillips @larc.nasa.gov>



snewman @hgq.nasa.gov, 2/2/03 2:18 PM -0500, Re: An Invitation from Dr. J. Steven New

To: snewman@hg.nasa.gov

From: "Alan H. Phillips" <a.h.phillips@larc.nasa.gov>
Subject: Re: An Invitation from Dr. J. Steven Newman
Cc:

Bcce:

X-Attachments: ¥

I Steve,

I didn't see this one.
Thanks.

Alan

Dear Alan,

We've set up an intranet for 107 Team and want you to check it out.

Here's a personal message from Dr. J. Steven Newman:
P I I 2 I A I R R R R R B R R R EREREEEEEEEEEEREREEEER SR SRR R R EEE RS SRS

Team 107 has been establish to provide a communication c¢learinghouse
for NASA personnel involved in the recovery and mishap investigation
activities associated with the tragic loss of STS-107.

Key aneas to visit includd:*

1. Documents
2. Members
3. Contacts

R R A I b I A S b I I IR S S R I S I S S S S I S kI

Our intranet 1s our group's private website. We can use it to share
group (documents, schedule events, hold online discussions, and more.
Only people who are invited to join can become members. I've created
a temporary login name and password to make it easy for you to access
our site.

GETTING STARTED: To become a permanent member, all you have to do
is complete your registration when you log in.

To begin, click here:

<http: / At —
R

Or go to _m;t_:_g_and enter the following login

information:

Login Name: (il il
Password: (NS

If you are not interested in participating, you can decline your
membership by clicking here:

Printed for "Alan H. Phillips" <a.h.phillips @larc.nasa.gov> 1



snewman @hq.nasa.gov, 2/2/03 2:18 PM -0500, Re: An Invitation from Dr. J. Steven New 2

I hope to see you soon in our intranet!

Regards,
Dr. J. Steven

. ‘§~ PO d E 2 X’

Printed for '"Alan H. Phillips" <a.h.phillips @larc.nasa.gov> 2



Don Vecellio, 2/2/03 7:21 PM +0000, An Invitation from NASA Code Q/Don Vecellio 1

From: Don Vecellio <welcome@intranets.com>

To: <A.H.Phillips@larc.nasa.gov> ,

Reply-to: dvecellio@arescorporation.com o i s
X-your-intranet-is: http://AEIEINGGEE

X-for-help-with-Intranets: mailto:support@intranets.com

Date: Sun, 02 Feb 2003 19:21:12 GMT

Subject: An Invitation from NASA Code Q/Don Vecellio

X-OriginalArrivalTime: 02 Feb 2003 19:21:12.0988 (UTC) FILETIME=[3FB985C0:01C2CAF0]

Dear Alan,

We've set up an intranet for 107 Team and want you to check it out.

Here's a personal message from Don Vecellio:
****************************************************************

Alan,
I spoke with Steve Newman, who said that you were having some
difficulties joining the 107 Team work group. I'm resending this

invitation so you can follow the link below and register with the
group. If you have any questions, you can reach me at 703.915.3668
or dvecellio@arescorporation.com. Steve mentioned that you were

at x3361, but I have you at x3358. Please be sure to update your
Member info after you log in to the group so that others will be
able to contact you.

Thanks,

Don
****************************************************************

Our intranet is our group's private website. We can use it to share
group documents, schedule events, hold online discussions, and more.
only people who are invited to join can become members. I've created
a temporary login name and password to make it easy for you to access
our site.

GETTING STARTED: To become a permanent member, all you have to do
is complete your registration when you log in.

To begin, click here:

<http: / /(A
S

Or go to M and enter the following login

information:

Login Name: ouifjjiiiliiiin

Password:

If you are not interested in participating, you can decline your
membership by clicking here:

ht tp: / /e S

I hope to see you soon in our intranet!

Regards,
Don

Printed for '"Alan H. Phillips'' <a.h.phillips @larc.nasa.gov> 1



Dr. J. Steven Newman, 2/4/03 3:38 PM +0000, 107-Team

From: "Dr. J. Steven Newman" <snewman@hg.nasa.gov>

To: <dvecellio@arescorporation.com>, <snewman@hg.nasa.gov>,
<boconnor@hg.nasa.gov>, <prutledg@hg.nasa.gov>, <jlloyd@hg.nasa.gov>,
<pnapala@hqg.nasa.gov>, <wfrazier@hg.nasa.gov>, <fchandle@hg.nasa.gov>,
<Tom.Whitmeyer@hg.nasa.gov>, <mkowales@hg.nasa.gov>,
<wbihner@mail .hg.nasa.gov>, <jlemke@hg.nasa.gov>,
<Laura.W.Doty@nasa.gov>, <Humberto.T.Garrido@nasa.gov>,
<Amanda .H.Goodson@nasa.gov>, <Michael.D.Smiles@nasa.gov>,
<yolanda.y.marshall@nasa.gov>, <mark.d.erminger@nasa.gov>,
<A.H.Phillips@larc.nasa.gov>, <Wentworth.O.Denoon€nasa.gov>,
<jmullin@hg.nasa.gov>, <alex.c.adams@nasa.gov>,
<Clifton.T.Arnold@nasa.gov>, <matthew.bettridge@fema.gov>,
<Steven.Brisbin-1@ksc.nasa.gov>, <david.m.brownel@jsc.nasa.gov>,
<mcard@mail .hg.nasa.gov>, <jcastell@mail.hg.nasa.gov>,
<ron.castleman@fema.gov>, <Nick.A.Cenci@nasa.gov>,
<Lawrence.R.Davis@nasa.gov>, <John.Dollberg-1l@ksc.nasa.gov>,
<james.duffer@fema.gov>, <moises.dugan@fema.gov>,
<mgaier@mail .hg.nasa.gov>, <Mark.Gordon-1l@ksc.nasa.gov>,
<dominic.l.goriel@jsc.nasa.gov>, <mgreenfi@mail.hqg.nasa.gov>,
<Michael .Haddad-1@ksc.nasa.gov>, <wharkins@mail.hqg.nasa.gov>,
<william.j.harrisl@jsc.nasa.gov>, <William.Higgins-1@ksc.nasa.gov>,
<malcolm.j.himell@jsc.nasa.gov>, <jerry.b.holsombackl@jsc.nasa.gov>,
<Sharolee.Huet-1@ksc.nasa.gov>, <Bruce.Jansen-1l@ksc.nasa.gov>,
<m.s.johnson@nasa.gov>, <Wayne.Kee-l@ksc.nasa.gov>,
<mlandano@mailhost4.jpl.nasa.gov>, <Roger.Langevin-l@ksc.nasa.gov>,
<Edmundo . Lebron-1@ksc.nasa.gov>, <jlyver@mail.hg.nasa.gov>,
<roy.w.malone@nasa.gov>, <pmartin@mail.hqg.nasa.gov>,
<daniel.j.mullane@nasa.gov>, <rpatrica@mail.hg.nasa.gov>,
<pphillip@mail .hg.nasa.gov>, <eraynor@mail.hg.nasa.gov>,
<scott.a.seyll@jsc.nasa.gov>, <lsirota@hg.nasa.gov>,
<mstamate@mail .hg.nasa.gov>, <Michael.Stevens-1@ksc.nasa.gov>,
<Burton.Summerfield-1@ksc.nasa.gov>, <david.f.thelenl@jsc.nasa.gov>,
<Randall.Tilley-1@ksc.nasa.gov>, <swander@hg.nasa.gov>,
<Vernon.W.Wessel@grc.nasa.gov>, <gwhitel@mail.hg.nasa.gov>,
<david.w.whittlel@jsc.nasa.gov>, <gary.w.johnson@nasa.gov>,
<Ogcar.Toledo-1@nasa.gov>, <joan.w.broadfoot@nasa.gov>,
<deborah.s.bazanl@jsc.nasa.gov>, <Brenda.P.Willis@nasa.gov>,
<john.h.casperl@jsc.nasa.gov>, <david.cazesl@jsc.nasa.gov>,
<Joseph.C.Cianciola@nasa.gov>, <frank.l.culbertsonl@jsc.nasa.gov>,
<Angela.V.Daniels@msfcsnasa.gov>, <Diana.Heberling@ssc.nasa.gov>,
<marla.g.duhonl@jsc.nasa.gov>, <keith.w.dyerl@jsc.nasa.gov>,

i <richard.d.gardnerl@jsc.nasa.gov>, <whill@mail.hqg.nasa.gov>,
<cheryl.a.inmanl@jsc.nasa.gov>, <Leigh.Martin@msfc.nasa.gov>,
<hugo.e.martinezl@jsc.nasa.gov>, <desiree.c.pattersonl@jsc.nasa.gov>,
<Robert .Nagy-1l@ksc.nasa.gov>, <cyndi.l.skainsl@jsc.nasa.gov>,
<Stephen.Ernest-1@ksc.nasa.gov>, <elizabeth.torresl@jsc.nasa.gov>,
<Vicki.W.Rorex@msfc.nasa.gov>, <angelia.d.walker@nasa.gov>,
<rosalyn.m.patrick@nasa.gov>, <randall.h.tucker@nasa.gov>,
<foster.e.anthony@nasa.gov>, <mike.kennedy@msfc.nasa.gov>,
<allan.k.layne@nasa.gov>, <lwalton@arescorporation.com>,
<rmoyer@mail.hg.nasa.gov>, <ajohnson@mail.hg.nasa.gov>,
<Donald.J.Campbell@grc.nasa.gov>, <prichard@mail.hqg.nasa.gov>,
<tThomas .W.Hartline@nasa.gov>

X-Intranets-helpdesk: mailto:help@intranets.com

Date: Tue, 04 Feb 2003 15:38:02 GMT
Subject: 107-Team
X-OriginalArrivalTime: 04 Feb 2003 15:38:09.0679 (UTC) FILETIME=[6B7A21F0:01C2CC63]

Printed for '"Alan H. Phillips'' <a.h.phillips @larc.nasa.gov>



Dr. J. Steven Newman, 2/4/03 3:38 PM +0000, 107-Team

107-Team

Reminder: This functionality is operating on a third party server operating
under an approved, NASA NPG 2810 compliant IT security plan.

As discussed in our telecons the site operates under a set of special ground
rules: No ITAR Data, No Export Controlled Data, No Competition Sensitive
Data. We can add to that No Investigation Sensitive Data.

Please call if you have any questions (202-358-1408).

Regards/Steve

The site will continue to support NASA SMA community in communication (members
& contacts) and public domain information / document / link exchange to support
NASA SMA 107-activity.

We are working with GRC and NASA IT community to implement an Enhanced Security
functionality that will allow sharing of sensitive information (data covered
under ITAR/Export Control). More on this capability in the near future.

Printed for ""Alan H. Phillips' <a.h.phillips@larc.nasa.gov>



Pete Rutledge, 2/4/03 1:33 PM -0500, Secure site for STS-107 SMA work group activity

X-Authentication-Warning: spinoza.public.hg.nasa.gov: majordom set sender to
owner-smadir using -f

X-Sender: prutledg@mail.hg.nasa.gov

Date: Tue, 04 Feb 2003 13:33:23 -0500

To: smadir@lists.hg.nasa.gov

From: Pete Rutledge <prutledghg.nasa.gov>

Subject: Secure site for STS-107 SMA work group activity

Cc: snewman@hg.nasa.gov

Sender: owner-smadir@lists.hg.nasa.gov

SMA Directors,

As you know we have established under the PBMA-KMS web site a work group for our SMA
activity associated with the STS-107 mishap. This work group area is operating on a
third party server operating under an approved, NASA NPG 2810 compliant IT security
plan. However, the work group area is not suitable for: ITAR Data, Export Controlled
Data, Competition Sensitive Data, or, in this case, Investigation Sensitive Data.

The current work group area will continue to support the NASA SMA community in
communication (members & contacts) and public domain information/documents/link
exchange to support NASA SMA STS-107 activity.

We are working with the GRC and NASA IT community to implement an Enhanced Security
functionality that will allow sharing of sensitive information (data covered under
ITAR/Export Control, etc.). Access to this secure work group will be more
complicated, however--involving secure tokens (the little watch fob devices) and
passwords; therefore, we should limit membership to the secure site to a very few
people--maybe one or two people from your organization. Who would you want to
designate to have access to the secure work group area when it is available? It can
include yourself or simply another person or two in your organization that you
designate. Please let Steve Newman know who you would like to have access. We will
use this information to initiate the process for the people you designate.

Thank you,

Pete

Peter J. Rutledge, Ph.D.

Director, Enterprise Safety and Mission Assurance Division
Acting Director, Review and Assessment Division

Office of Safety and Mission Assurance

NASA Headquarters, Code QE, Washington, DC 20546

ph: 202-358-0579
FAX:202-358-2778

e-mail: pete.rutledge@hqg.nasa.gov

Mission Success Starts with Safety!

Printed for '"Alan H. Phillips'" <a.h.phillips@larc.nasa.gov>



Pete Rutledge, 2/4/03 5:22 PM -0500, Re: Secure site for STS-107 SMA work group activit 1

To: Pete Rutledge <prutledg@hg.nasa.gov>

From: "Alan H. Phillips" <a.h.phillips@larc.nasa.gov>
Subject: Re: Secure site for STS-107 SMA work group activity
Cc: snewman@hg.nasa.gov

Bcc:

X-Attachments:

| Pete/steve,

T would like access to the site and currently possess wwtiNENENIN-D

'li

If I am unavailable, we'll make workarounds available here locally.

ll

SMA Directors,

As you know we have established under the PBMA-KMS web site a work group for our SMA
activity associated with the STS-107 mishap. This work group area is operating on a
third party server operating under an approved, NASA NPG 2810 compliant IT security
plan. However, the work group area is not suitable for: ITAR Data, Export
Controlled Data, Competition Sensitive Data, or, in this case, Investigation
Sensitive Data.

The current work group area will continue to support the NASA SMA community in
communication (members & contacts) and public domain information/documents/link
exchange to support NASA SMA STS-107 activity.

We are working with the GRC and NASA IT community to implement an Enhanced Security
functionality that will allow sharing of sensitive information (data covered under
ITAR/Export Control, etc.). Access to this secure work group will be more
complicated, however--involving secure tokens (the little watch fob devices) and
passwords; therefore, we should limit membership to the secure site to a very few
people--maybe one or two people from your organization. Who would you want to
designate to have access to the secure work group area when it is available? It can
include yourself or simply another person or two in your organization that you
designate. Please let Steve Newman know who you would like to have access. We will
use this information to initiate the process for the people you designate.

Thank you,

Pete

Peter J. Rutledge, Ph.D.

Printed for '"Alan H. Phillips'" <a.h.phillips @larc.nasa.gov>



Pete Rutledge, 2/4/03 5:22 PM -0500, Re: Secure site for STS-107 SMA work group activit

Director, Enterprise Safety and Mission Assurance Division
Acting Director, Review and Assessment Division

Office of Safety and Mission Assurance

NASA Headquarters, Code QE, Washington, DC 20546

ph: 202-358-0579
FAX:202-358-2778
e-mail: pete.rutledge€hg.nasa.gov

Mission Success Starts with Safety!

$ L

Printed for '"Alan H. Phillips" <a.h.phillips@larc.nasa.gov>



Dr. J. Steven Newman, 2/5/03 3:48 PM -0500, LaRC SMA POC Information

To: "Dr. J. Steven Newman" <snewman@hdg.nasa.gov>
From: "Alan H. Phillips" <a.h.phillips@larc.nasa.gov>
Subject: LaRC SMA POC Information

Cc: prutledg@hg.nasa.gov

Bcce:

X-Attachments:

My information will follow in the signature footer as primary POC. My cell phone
number is —, my home phone number is G v pager is
(757)864-8952, ID-0013.

For secondary POC, Mr. Don Porter:

e-amil address: d.j.porter@larc.nasa.gov

(757)864-3374 (office) ; (UG --c S,

If you need anything else, please advise.

Alan

Printed for '"Alan H. Phillips'' <a.h.phillips @larc.nasa.gov>





