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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>
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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.
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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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BODY FLAP
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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
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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
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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 prob