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Jim Lloyd, 05:34 AM 2/2/2003 +0000, SMA Telecon

From: Jim Lioyd <jl|oyd@hq.nasa.gov>
To: <dvecel|io@arescorporation.com>, <snewman@hq.nasa.gov>,

<wbihner@ mail.hg.nasa.gov>, <jlemke@hg.nasa.gov>,

<Wentworth.0.Denoon@nasa.gov>, <imullin@hq.nasa.gov>
X-your-intranet: JN .int .com :
X-intranets-heipdesk: maitto:help @ intranets.com

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

X-mailer: AspMail 4.0 4.03 (SMT412E7EF)

Subject: SMA Telecon

X-OriginalArrivalTime: 02 Feb 2003 05:34:29.0469 (UTC) FILETIME=[C1BS30D0:01 C2CA7C)

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

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

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

<| "I1 . ets.com/r.asp?a=38id= >

Printed for Faith Chandler <Faith.T.Chandier@nasa.gov>



02/03/03 8:00 AM Michae| Stamatelatos, Code QE

A potential scenario for STS-107 that has not been considered in the Space
Shuttle PRA is the following one:

A piece of insulation from ET debonding detaches and impacts the orbiter
The impact causes removal or partial detachment of tile(s)

Alternately, the impact causes an indentation of significant size

Damage progresses due to air loads and thermal heating during ascent
but without great consequences due to decreasing atmosphere density
During rentry, the mechanicai and thermal loads from aerodynamic

O0ocOD

o

g Hoeating increases and Propagates to the orbiter through conducting

a Fuel lines or cells become exposed to excessive heating and expiosion
occurs.




RAILSBACK, JAN (ISC-NX) (NASA)" |, "BOYER, ROGER L. (JSC-NC) (SA, 09:42 AM 2/3/200

To: "RAILSBACK, JAN (JSC-NX) (NASA)" <jan.railsback-1@nasa.gov>, "BOYER, ROGER L.
(JSC-NC) (SAIC)" <roger.|boyer1@jsc.nasa.govs, "Bill Vesely" -

From: Michael Stamatelatos «mstamate@hq.nasa.gov>
‘Sub ject: Sequence

Cc:

Bce:

Attached: C:\Documents and Settings\mstemate \Desktop\Scenario.doc:

Gentlemen: :

Here is a STS-107 scenario that I thought of and I believe it deserves consideration for
further analysis. :

The important points of this scenario are that

1. damage incurred in the ascent phase continues and is built upon in the reentry phase, and that
2. heating in damaged area causes hot spots, i.e., higher thermal and structural loads than heating
of smooth surfaces.

I am not sure if you considered this sequence in your shuttie PRA analyses. Let's discuss it at the
11:30 EST telecon.

Michael

Printed for Michael Stamatelatos <Michael .6.Stamatelatos®nas. .. 1
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RAILSBACK, JAN (TSC-NX) (NASA), 09:58 AM 2/3/2003 -0600, Request from HQ

From: "RAILSBACK, JAN (TSC-NX) (NASA)" <jan.railsback-1@NASA GOV>
To: "MARSHALL, YOLANDA Y. (JSC-NA) (NASA)" <yolanday.marshall@NASA.GOV>
Cc: "Mike Stamatelatos (E-mail)" <mstamate@mail hg.nasa.gov>,
"BOYER, ROGER L. (TSC-NC) (SAIC)" <roger.|.boyer1@jsc.nasagov>,
"SHAW, LARRY C. (JSC-NX) (NASA)" darry.c.shaw@NASA.GOV>,
“Dennis Moore (E-mail)" <Dennis.R.Moore@msfcnasagov
Subject: Request from HQ
Date: Mon, 3 Feb 2003 09:58:08 -0600
X-Mailer: Internet Mail Service (5.5.2653.19)

Rich Patrick of Code Q called and requested a one-pager on the Shuttle PRA
with the following for General Kostelnik:

* A status of the PRA

* A discussion of the overall pre-accident values pre-accident; and
* Any prediction about how the model may change since the accident
(i.e., what additional modeling will we be doing).

We have been asked to route this through Yolanda, who will pass it by the
Shuttle Program before it goes to HQ.

Jan W. Railsback

Lead Analyst

Safety, Reliability, and Quality Assurance
Advanced Programs and Analysis Division
Ph: 281-483-7265

Fax: 281-244-2318
Jjon.railsback-1@nasa.gov

Printed for Michcel Stamatelatos <Michael.6.Stamatelatos®nas. ..



Richard Patrican, 04:30 PM 2/3/2003 -0500, Fwd: Re: Shuttle PRA

X-Sender: rpatrica®mailhgnasa.gov

X-Mailer: QUALCOMM Windows Eudora Version 4.3.2

Date: Mon, 03 Feb 2003 16:30:24 -0500

To: prutledg@hg.nasa.gov, mstamate@hq.nasa.gov, mkowales@hq.nasa.gov
From: Richard Patrican <«rpatrica@hq.nasagov>

Sub ject: Fwd: Re: Shuttle PRA

FYI, The HQCAT has asked for data on the Shuttle PRA - this is to keep you in the loop.

Date: Mon, 03 Feb 2003 10:44:59 -0500
To: "ERMINGER, MARK D. (JSC-NC) (NASA)" <mark.d.erminger@nasa.gov>, ymarshall
From: Richard Patrican <rpatrica@hq.nasa.gov>

- Subject: Re: Shuttle PRA :

Done, Jan has a telecon at 10:30 with his team and will discuss this - he doesn't believe it will
be oo hard to accomplish.

At 09:28 AM 2/3/2003 -0600, you wrote:
We are all in the MRT right now. Suggest calling Jan Railsback

----- Original Message----- '

From: Richard Patrican <rpatrica@hq.nasa.gov>

To: MARSHALL, YOLANDA Y. (JSC-NA) (NASA) <yolanda.y.marshali@nasa.govs;
ERMINGER, MARK D. (TSC-NC) (NASA) «<mark.d.erminger@nasa.gov> '
Sent: Mon Feb 03 09:24:12 2003

Subject: Shuttle PRA

Yolonda/Mark, Kostelnik has asked for a one pager on the Space Shuttie PRA
effort. This would include a discussion of the overall top level pre

Columbia accident numbers for ascent and mission, overall status of the PRA
effort, and prediction on possible changes to the numbers due to Columbia.
I have spoken to Bill Harris right before the HCAT, called you but you were
in the 10:00 ET telecon and also called Roger Boyer and left a voice mail

To the same effect. Please roll this through the program before being sent
up here. Thanks.

Rich Patrican

Manager, International Space Station

Office of Safety and Mission Assurance

Headquarters Office 5X35

Phone: 202-358-0569

Printed for Michael Stamatelatos <Michael.6.Stomatelatos®nas. . .



Richard Patrican, 04:30 PM 2/3/2003 -0500, Fwd: Re: Shuttle PRA

1 Fax: 202-358-2772

Rich Patrican

Manager, International Space Station
Office of Safety and Mission Assurance
Headquarters Office 5X35

Phone: 202-358-0569

Fax: 202-358-2772

Printed for Michael Stamatelatos <Michael .6.Stamatelatos®nas. . .



Pete Rutledge, 09:52 AM 2/4/2003 -0500, Information we prepare and provide in support of

X-Authentication-Warning: spinoza.public hq.nasagov: majordom set sender to owner-code-q
using -f
X-Sender: prutledg@mail hg.nasa.gov
X-Mailer: QUALCOMM Windows Eudora Version 4.3.2
Date: Tue, 04 Feb 2003 09:52:27 -0500
To: code-q@lists.hq.nasagov
From: Pete Rutledge <prutledg@hqnasa.gov>
Subject: Information we prepare and provide in support of HCAT and/or
the MIT/CAIB
Sender: owner-code-q@Iists.hqnasa.gov

Code Q staff members,

Please make sure Jim or I get to see and initial off on any new material we prepare for the
HCAT and/or the MIT/CAIB. This is not necessary when responding o a request for copies of
existing material that has aiready had management approval in the past. When seeking
management buy-off on new material, please bring two copies; one will go to Pam Richardson, who
is keeping the official collection of what we have done. When providing existing material, it would
be helpful if you would at least let Pam know what you provided (no copy needed as long as you
identify it), so that we will have a complete record of what goes out.

Thanks,

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@hq.nasa.gov

Mission Success Starts with Safety!

. Printed for Michael Stamatelatos <Michael.G.Stamatelatos®nas. . . 1



Pete Rutiedge, 12:20 PM 2/4/2003 -0500, Fwd: Questions/issues for Bryan's use

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

X-Sender: prutledg@mail.hqnasa.gov

X-Mailer: QUALCOMM Windows Eudora Version 4.3.2

Date: Tue, 04 Feb 2003 12:20:54 -0500

To: jlloyd@hq.nasa.gov

From: Pete Rutledge <prutledg@hq.nasa.gov>

Sub ject: Fwd: Questions/issues for Bryan's use

Cc: code-q@lists.hg.nasagov

Sender: owner-code-q@lists.hq.nasa.gov

Jim,

Attached is first batch of questions/issues for Bryan's use on the Columbia Accident
Investigation Board. These are a combination of inputs from SMA Directors and from OSMA
staff members; Pam Richardson is pulling them together and maintaining the list. We would
propose that you send to Bryan daily--only the new questions/issues (to minimize e-mail download
time on Bryan's end). They are numbered sequentially and in chronological order, so it will be
easy fo send just the new ones. By means of this e-mail, I'm sending the list of questions/issues
to all OSMA staff members. As Ron Moyer suggested, seeing these questions/issues may
prompt thoughts of new ones.

Suggest sending this batch fo Bryan ASAP.
Thanks,

Pete
X-Sender: prichard@mail hq.nasa.gov
X-Mailer: QUALCOMM Windows Eudora Version 4.3.2
Date: Tue, 04 Feb 2003 11:19:40 -0500
To: Pete Rutledge@®hq.nasa.gov
From: Pamela Richardson <prichard@hq.nasa.gov>
Subject:

Pamela F. Richardson

Aerospace Technology Mission Assurance Manager

Enterprise Safety and Mission Assurance Division, Code QE
Office of Safety and Mission Assurance, NASA Headquarters
300 E. Street, S. W., Washington, DC 20546

Printed for Michael Stamatelatos <Michael.6.Stamatelatos®nas. ..



Pete Rutiedge, 12:20 PM 2/4/2003 -0500, Fwd: Questions/issues for Bryan's use

phone: 202-358-4631, fax: 202-358-277

"The meek can *have™ the Earth. The rest of us are going to the
stars." --- Robert Heinlein

"We have to learn to manage information and its flow. If we don't, it
will all end up in turbulence." --- RADM Grace Hopper

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@hqnasa.gov

Mission Success Starts with Safetyl

Printed for Michael Stamatelatos <Michael.6.Stamatelatos®nas. .



Pepper Phillips, 01:30 PM 2/5/2003 -0500, HCAT Question

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

X-Mailer: QUALCOMM Windows Eudora Version 4.3.2
Date: Wed, 05 Feb 2003 13:30:59 -0500

To: mgstamatelatos <mstamate@mail.hq.nasa.gov>
From: Pepper Phillips <pphillip@hq.nasa.gov>

Subject: HCAT Question

Question for you from the HCAT:

Was the potential of Foreign Object Debris impact damage considered in the existing PRA
model?

Printed for Michael Stamatelatos <Michael.6.Stamatelatos®nas. ..



jan.railsback-l@msa.gov, r_oger.l.boyerl@lsc.msa_.grov, 02:06 PM 2/5/2003 -0500, Fwd: HCA

To: jan.railsback-1@nasagov, roger.|boyer1@jsc.nasagov
From: Michael Stamatelatos <mstamate@hq.nasa govs
Subject: Fwd: HCAT Question

Ce:

Bec:

Attached:

Jan/Roger:

HCAT is asking the following question:

"Was the potential of Foreign Object Debris impact damage considered in the existing
PRA model?"

I need an of ficial answer ASAP.

Thanks,
Michael

Printed for Michael Stamatelatos <Michael.6.Stamatelatos®nas. .. 1



Pepper Phillips, 02:14 PM 2/5/2003 -0500, Re: HCAT Question

To: Pepper Phillips <pphillip@hq.nasa.gov>

From: Michael Stamatelatos <mstamate@hq.nasa.gov>
Subject: Re: HCAT Question

Cc:

Bcc:

Attached:

Pepper:
I'll get you an official answer ASAP,
Michael

At 01:30 PM 2/5/2003 -0500, you wrote:
Question for you from the HCAT:

Was the potential of Foreign Ob ject Debris impact damage considered in the existing PRA
model?

Printed for Michael Stamatelatos <Michael.6.Stamatelatos®nas. . .



RAILSBACK, JAN (JSC-NX) (NASA), 01:51 PM 2/5/2003 -0600, RE: HCAT Question

From: "RAILSBACK, TAN (TSC-NX) (NASA)" <jan.railsback- 1@nasa.govs

To: ™' Michael Stamatelatos'" <mstamate@hq.nasa.gov>

Cc: "BOYER, ROGER L. (JSC-NC) (SAIC)" <roger.|.boyer1@jsc.nasa.govs,
"Dennis Moore (E-mail)" <Dennis.R Moore@msfc.nasagovs -

Subject: RE: HCAT Question

Date: Wed, 5 Feb 2003 13:51:11 -0600

X-Mailer: Internet Mail Service (5.5.2653.19)

. Michasl,

The answer is, yes, we do consider the probability of Foreign Object Debris hits to the Orbiter TPS, but we
make no distinction regarding where the debris came from. The debris could come from anywhere on the
vehicle during ascent, micrometeoroid and orbital debris (MMOD) from on-orbit, and debris from the runway

during Landing/Deceleration.

Woe aiso have a model for the probability of loas of External Tank (ET) insulation, but only in regards to
overheating of the ET due to the loss of insulation. This is a MSFC modei.

if you need & more in-depth answer, let me know.

Jan W. Ralisback

Lead Analyst

Safety, Reliabliiity, and Quaiity Assurance
Advanced Programs and Analysis Division
Ph: 281-483-7265

Fax: 281-244-2318

jan.ralisback-1@ nasa.gov

-——Original Message— _

From: Michael Stamatelatos [mailto:mstamate@hq.nasa.gov]

Sent: Wednesday, February 05, 2003 1:06 PM

To: RAILSBACK, JAN (JSC-NX) (NASA); BOYER, ROGER L. (JSC-NC) (SAIC)
Subject: Fwd: HCAT Question

Importance: High

Jan/Roger:
HCAT is asking the following question:

"Was the potential of Foreign Object Debris impact damage considered in the
existing PRA model?"

I need an official answer ASAP.

Thanks,

Printed for Michael Stamatelatos <Michael.6.Stamatelatos®nas. . .



RAILSBACK, JAN (TSC-NX) (NASA), 01:51 PM 2/5/2003 ~0600, RE: HCAT Question

Michael
Dr. Michae! Stamatelatos
Manager, Agency Risk Assessment Program
NASA Headquarters - Mail Code QE
Office of Safety and Mission Assurance
300 E Street, SW
Washington, DC 20024
Phone: 202/358-1668 Fax: 202/358-2778
E-mail: Michael.6.Stamatelatos@nasa.gov
(Please note change in e-mail address)

"Mission success starts with safety"

Printed for Michael Stamatelatos <Michael.6.Stamatelatos®nas. ..



Pepper Phillips, 03:27 PM 2/5/2003 -0500, Fwd: RE: HCAT Question

To: Pepper Phillips <pphillip@hq.nasa.gov>

From: Michael Stamatelatos <mstamate@hq.nasagov>
Subject: Fwd: RE: HCAT Question

Cc: pete.rutledge@hq.nasa.gov

Bec:

Attached:

Pepper:

Jan Railsback is the current acting Shuttle PRA project manager.
His answer is given below.

Michael

From: "RAILSBACK, JAN (TSC-NX) (NASA)" <jan.railsback- 1@nasagov>
To: " Michael Stamatelatos' «mstamate@hq.nasa.gov>

Cc: "BOYER, ROGER L. (J5C-NC) (SALC)" <roger.|.boyer1®jsc.nasagov>,
~ "Dennis Moore (E-mail)" <Dennis.R. Moore@msfc.nasagov>

Subject: RE: HCAT Question

Date: Wed, 5 Feb 2003 13:51:11 -0600

X-Mailer: Internet Mail Service (5.5.2653.19)

Michael,

The answer is, yes, we do consider the probabifity of Foreign Object Debris hits to the Orbiter TPS, but we
make no distinction regarding where the debris came from. The debris could come from anywhere on the
vehicle during ascent, micrometeoroid and orbital debris (MMOD) from on-orbit, and debris from the runway
during Landing/Deceleration. '

'We also have a model for the probability of loss of External Tank (ET) insuiation, but only in regards to
overheating of the ET due to the loss of insulation. This is a MSFC model.

If you need a more in-depth answer, let me know.

Jan W, Rallsback
Lead Analyst
Safety, Rellability, and Quality Assurance
Advanced Programs and Analysis Division
Ph: 281-483-7265
Fax: 281-244-2318
jan.railsback-1€ nasa.gov
——0Original Message— :
From: Michael Stamatelatos [mailto:mstamate@hq.nasa.gov]

Printed for Michael S'l'amc'rclnfo; <Michael.6.Stamatelatos®nas. . .



Pepper Phillips, 03:27 PM 2/5/2003 -0500, Fwd: RE: HCAT Question

Sent: Wednesday, February 05, 2003 1:06 PM

To: RAILSBACK, JAN (JSC-NX) (NASA); BOYER, ROGER L. (JSC-NC) (SAIC)
Subject: Fwd: HCAT Question

Importance: High

Jan/Roger:
HCAT is asking the following question:

"Was the potential of Foreign Object Debris impact damage considered in the existing PRA
model?"

I need an of ficial answer ASAP.

Thanks,
Michael
Lt Fe Ry devedeodrre AW AR AR Ar e dirde i e Rk A vk
Dr. Michael Stamatelatos :
Manager, Agency Risk Assessment Program
NASA Headquarters - Mail Code QE
Office of Safety and Mission Assurance
300 E Street, SW
Washington, DC 20024
Phone: 202/358-1668 Fax: 202/358-2778
E-mail: Michael.6.Stamatelatos@nasa.gov
(Please note change in e-mail address)
ik i Yevedeiederedoede e ve eirve i

"Mission success starts with safety"

' Printed for Michael Stamatelatos <Michael.6 Stamatelatos®nas... 2



HSU, FENG (JSC-NC) (SAIC), 04:02 PM 2/7/2003 -0600, Pmmﬁl for effective use of Shutt

From: *"HSU, FENG (JSC-NC) (SAIC)" «feng.hsul@jsc.nasagov>
Yo" T S o
Ce:!

"' mstamate@hq.nasa.gov '~
<mstamate@hq.nasa.gov>

Sub ject: Proposal for effective use of Shuttle PRA models in STS-107 Inves
tigation

Date: Fri, 7 Feb 2003 16:02:15 -0600

X-Mailer: Internet Mail Service (5.5.2653.19)

Thanks for the MMOD uncertainty document. | have drafted a proposal express our views regarding
how our NASA/SAIC management are using the fault trees in their efforts for the Columbia investigation.
Please heip review the attached proposal and 1o see if you agree with my opinion. | hope that we can
put out a joint proposai to help out NASA on this important accident investigation. Any comments

at your eariiest convenience will be very much appreciated. i have spoken a number of times on this
issue during our meetings, however nobody here would seem to listen this kind of technical suggestions.
| really feel frustrated with the kind of bureaucracies that rooted deeply here in the NASA environment.

Feng

-—-Original Message——

From: o

Sent: Friday, February 07, 2003 9:45 AM

To: RAILSBACK, JAN (JSC-NX) (NASA); Roger Boyer; Moebes, Travis A.; ROELANT, HENK (3SC-NC)
(NASA); Michael Stamatelatos

Ce: HSU, FENG (JSC-NC) (SAIC)

Subject: Revised Version of the MMOD Uncertainty Document

Enclosed Is the revised version of the MMOD Uncertainty Document. The last sections give application of
the methodology for the Space Shuttle PRA. Travis, please send Nick and Mark a copy. Eric might also
be interested.. I

Printed for Michael Stamatelatos <Michael.6.Stamatelatos®nas. .. 1
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10:18 AM 2/9/2003 -0500, Fwd: Comments on PRC Risk Assessment Mis-st

From:

Date: Sun, 9 Feb 2003 10:18:17 EST

Subject: Fwd: Comments on PRC Risk Assessment Mis-statements in Chronology Slide Prese...
To: jan.railsbackl@jsc.nasa.gov, dwhittie®ems. jsc.nasagov

CC: mstamate@hq.nasagov, wvesely

X-Mailer: AQL 7.0 for Windows US sub 10641

Gentlorren: As the PRC Technical Manager in 1998-1991 on what is identified as the 1989 PRA, | prepared
the forwarded ermnail to try fo correct misstaternents about the subject PRA. Yohon Lo has provided a copy of
the referenced Chronology document to me. The effort was initiated as an accident probability analysis for
the Galileo and Ulysses Missions that utilized the Shuttle as an on-orbit launching platform for the Spacecraft.
The over 200 fault trees interfaced with the overlying DOE prepared event trees (Lockheed Martin-King of
Prussia, PA). Atthe request of NASA HQ and NASA JSC, | re-assemied the fault trees to provide risk
contribution at the Shuttie element, system and subsystem levels. | have a copy of the Summary Report
Volume 1 and the detailed fault trees and supporting data in Volume 2. Volume 2 also contains risk ranking at
the subsystemn and component level. The report was published by PRC through NASA Headquarters but was
not published as a NASA wide document. The fact that it coverad the Pre launch propeliant loading
operations, as well as the ascent phase, included five abort scenarios, and on-orbit Orbiter Vehicle Breakup
until release of the Spacecraft, seems to have been obscured by recent descriptions of this Project that |
heve seen.

| can provide more information if required.

Bob

Retumn-path:

From: .

Full-name: Mulvihill

Message-ID:

Date: Fri, 7 Feb 2003 13:50:12 EST

Subject: Comments on PRC Risk Assessment Mis-statements in Chronology Slide Presentation
To: Yohon.Lo@msifc.nasa.gov

CC: Jim.H.Rogers @msfc.nasa.gov
MIME-Version: 1.0

Content-Type’

X-Mailer: AOL 7.0 for Windows US sub 10641

Yohon: Please pass on my response to the description of the 1989 Galileo Risk Assessment as presented in
the Executive Summary: Chronology of Space.Shuttie Quantitative Risk Assessments Powwerpoint siide. As
you know, | was the PRC Technical Manager, and was charged with the responsibility of deweloping the
detsiled fault trees that interfaced with the Department of Energy event trees. The latter presented release
sequences of Plutonium 238 present in the three Radicisotope Thermoelectric Generators. | have a copy of
meSummrstport(Volum1)andVoMmehichcontalmmraoofamwees,aswellaslistingsotme
data for the fault ree basic events and the relevant sources. NASA requested that the Accident Probabikity
Analysis that was incorporated in the Department of Energy Sefety Analysis Report (Required by Law) into a
Shuttle Risk Assessment. I had to rearrange some of the fault trees to group by Shuttie Systems/Major
Components. The SSMEs amd combined SREB/RSRMs had dealled fault trees. Detailed fault trees for the
SRB APUs ignition and control logic were present. The US Air Force maintained a solid rockst booster
database (including Titan, Poseiden), but would only give us the relative failure contributions of major
components (igniter, nozzle etc. We used data in the open literature for some SRB fallure modes, modified

Printed for Michael Stamatelatos <Michael.6.Stamatelatos®nas. .. 1



10:18 AM 2/9/2003 -0500, Fwd: Comments on PRC Risk Assessment Mis-stc

for simularity, and used thr relative frequency information in a top down method. The overall approach for the
1989 Risk Assessment was a botiom up approach, not a top down approach Historical data for the prior
missions up to the Galileo Launch were usad in Bayesian updating processes. The information on the
PowerPoint viewgraph is incorrect in many respects. SAIC supported the SRB data analysis under a
subcoritract, and the discussion in the Chronology could have come from that source, because they were not
involved in the overal approach and modeling. This is just a guess.

The 1989 PRA cowered more than the Ascent Phase as listed below:

Pad Fira/Explosion: Phase 0A {T-8 hours to T-0)
SSME Ignition: Phase OB (T-6 secondsto Liftoff)

Ascent Phase: 1 1A,1B,1C, ID: (T=0 to T+128 seconds)
Ascent Phase 2 ; (T+128 seconds to T+532 seconds )
ON Orbit Phase 3A (T+532 sec. to Payload Bay Doors Open

Phase 3B (OMS 1and 2 Payload Spacecraft Deployed.

Five Abort Falt Trees were included Including Return to Launch Site (RTLS), Abort Once Around (AOA),
Abort 1o Orbit (ATO), Transatiantic Abort Landing (TAL) and Abort From Orbit (AFO).. Landing sequences
were included in the associated abort fault tree logic.

The median value s correct at 1/78. The 20th percentile was determined to be 1/168 and the 80th percentile
was determined 1o be 1/36. The contribution of the SRB/RSRM during Phase 1 was determined to be a
median of 1/278, The 20th percentile wes determined to be 1/624 and the 80th percentile was determined to
be 1/124, Incidentally, Phase 3 Orbiter Breakup was determinmed to be & median of 1/2200. Phase 2 Abort
was determined to have a median vaiue of 1/11,000 and Phase 3 Abort was determined to be 1/15,000.

) have no specific knowledge of the quoted QRAS numbers in the Chronology document.except for the
Exernal Tank. My Summary Report, dated July 25, 1999 shows the foliowing for the SLWT: Median 1/7,000,
mean 1/6,800, 5th perc. 1/10,000, and 95th 1/4,600. The plotted QRAS Range on the Exacutive Summary

slide is Median 1/7,248 and a range from approxmately 1/250 to 1/10,000. TheZOOOQRASpIons
consistent except for the lower limit.

| am rewriting the Remarks Wording for the Chronology of Space Shuttle Risk Assessments. it is attached,
Bob .

Printed for Michael Stamatelatos <Michael.6.Stamatelatos@®nas. .. 2



REVISION FOR CHRONOLOGY OF SPACE SHUTTLE RISK
ASSESSMENTS

Robert J. Mulvihill, HEI, 2/7/03

1) Under Mission Heading, replace N/A by “1/78 value includes on —orbit phases
and aborts” - ‘

2) Under REMARKS Heading replace current description with “Phase I SSMEs.
Risk assessment covers Prelaunch, Ascent, Aborts and On —orbit risk up to
Galileo Spacecraft deployment. Included Orbiter Vehicle Breakup scenarios.

Method: Extensive fault trees which interfaced with Department of Energy FAST
Event Trees for Pu-238 release scenarios. A bottom —up analysis based on fault
tree quantification was used, with Bayesian updating using test and flight history.
Several hundred failure modes were included as fault tree basic events. Some
SRB failure modes were quantified using similarity analysis with other solid
rocket motors, and entered in fault trees, while others such as the SRB APUs
were modeled directly in the fault trees.



RAILSBACK, JAN (JSC-NX) (NASA)" , "BOYER, ROGER L. (JSC-NC) (SA, 08:49 AM 2/10/20

To: "RAILSBACK, JAN (T SC-NX) (NASA)" <jon.railsback-1@nasa.govs, "BOYER, ROGER L.
(J'SC-NC) (SAIC)" <«roger.|boyerl@jsc nasagov>

From: Michael Stamatelatos <mstamate@hq.nasa.gov>

Subject: Code M Question

Ce:

Bcc:

Attached:

Jan/Roger:

I need the answer to the following urgent questions:

1. How many single point failures are there in the entire Space Shuttle?

2. Do you have a breakdown of single point failures by Shuttle system (e.g. Orbiter, ET, SRB,
etc.)? If so, what is it?

Michael

Printed for Michael Stamatelatos <Michael.6.Stamatelatos®nas. .. | 1



Richard Patrican, 09:03 AM 2/10/2003 -0500, Space Shuttle PRA response

X-Sender: rpatrica@®mail.hq.nasa.gov
X-Mailer: QUALCOMM Windows Eudora Version 4.3.2
Date: Mon, 10 Feb 2003 09:03:20 -0500
To: HCAT@hq.nasa gov, whill®hg.nasa.gov
From: Richard Patrican <rpatrica@hq.nasa.gov>
Subject: Space Shuttle PRA response ©
Cc: mstamate@®hq.nasagov, prutledg@hq.nasa.gov, prichard®hq.nasa.gov,
Jlloyd®hq.nasa.gov, mkowales@hgnasa.gov

Per the HCAT's request, here is the response to questions concerning the Space Shuttle PRA.

E Kostelnik Action 221 .doc

Rich Patrican

Manager, International Space Station
Office of Safety and Mission Assurance
Headquarters Office 5X35

Phone: 202-358-0569

Fax: 202-358-2772

Printed for Michael Stamatelatos <Michael.6.Stamatelatos®nas. ..



Goodson, Amanda, 11:37 AM 2/10/2003 -0600, RE: Hearing Questions (Code Q's been assign

From: “Goodson, Amanda" <Amanda.H.Goodson@nasa.gov>

To: "' James Lloyd'" <jlloyd@hq.nasa.gov>, yolanday.marshall1@jsc.nasa,
Oscar.Toledo-1@ksc.nasa.gov, Amanda.Goodson@msfcnasagov,
Michael.Smiles@sscnasa.g

Ce: mark.d.erminger@nasa.gov, GarriH@kscems ksc.nasa.gov,
Alex.Adams@msfcnasagov, prutledg@hqnasagov,
Jlemke «jlemke@®hqnasagov>, wfrazier@hqnasa.gov,
mgstamatelatos <mstamate@mail hq.nasa.gov>, dmoore@hq.nasa.gov,
smadir@hqnasagov, wreaddy®hq.nasa.gov, jmannix@hq.nasa.gov

- Subject: RE: Hearing Questions (Code Q's been assigned a role in 5 out of 24)
Date: Mon, 10 Feb 2003 11:37:30 -0600
X-Mailer: Internet Mail Service (55.2653.19)

Comments to the attached subject questions are forwarded for your consideration.

A.mmda

From: James Lloyd [mailto: jlloyd@hq.nasa gov]
Sent: Monday, February 10, 2003 7:49 AM
To: yolanda.y.marshall i@ jsc.nasa: Oscar.Toledo-1@ksc.nasagov:
Amanda.Goodson@msfcnasagov; Michael. Smiles@sscnasag

- Cc: mark.d.erminger@nasa.gov; GarriH®kscems ksc.nasa.gov;
Alex.Adams@msfc.nasagov; prutiedg@hg.nasa.gov: jlemke:
wfrazier@hgq.nasa.gov: mgstamatelatos; dmoore@hgq.nasa.gov:
smadir@hg.nasagov: wreaddy@hq.nasa.gov; jmannix@hq.nasa.gov
Subject: Hearing Questions (Code Q's been assigned a role in 5 out of
24)
Importance: High

Dear Human Space Flight SMA Director,

We have been handed 5 questions for which we at Code Q will play a role in
‘answering. For one question we are assigned the lead role and the

remaining 4 we are playing a support role to either Code M or Code 6. I

have only sent the 5 out of the entire batch of 24 to you for your information.

By noon we have to have an answer assembled for our External Affairs
Office. What I would like from you are short bulletized thoughts on what
you think should be addressed in the NASA answer. Although you may have
thoughts on question 4 and question 24 (and these are certainly welcome), I
would really like you to concentrate on the three questions numbered 8, 11,

Printed for Michael Stamatelatos <Michael.6.Stamatelatos®nas. . . 1



Goodson, Amanda, 11:37 AM 2/10/2003 -0600, RE: Hearing Questions (Code Q's been assign

and 16. Provide your feedback in the next two hours directly by email to
the named action lead with a copy to me.

We will talk at 1 PM EST this afternoon at the normally established
teleconference.

Heari uyestions 2 12 03 - R e.doc

Printed for Michael Stamatelatos <Michael.G.Stamatelatos®nas. .. 2



A Report on the Status of the Shuttle Probabilistic Risk Assessment (PRA) Model for the
: Contingency Action Team ~ February 5, 2003
(For questions, please contact Jan Railsback, 281-483-7265)

1) An overview of the status of the Shuttle PRA model as of 1/31/2003
Element Status Future Work

SSME, RSRM, | Preliminary Models and Data | Acceptance of Models and Data by respective Project

SRB, ET Complete Offices by mid-March

MMOD Preliminary Models and Data | Acceptance of Models and Data by Vehicle
Complete Engineering Control Board (VECB)—Early March

Orbiter Preliminary Models Complete; | Acceptance of Models and Data by VECB—Early
Data 75% Complete March

2)

3)

a) Future Shuttie PRA Modeling Reviews and Reports
i) PRA documentation to be completed, June 2003 _
ii) Independent Peer Review to be completed, October 2003
iii) Configuration Management activities to be completed, January 2004

'b) Abort Modeling Activities - The Dynamic Abort Risk Evaluation (DARE) method provides

Probabilistic Abort Modeling

i) Independent Peer Review was conducted January 16-17, 2003 of DARE
ii) Draft Results Report due end of February, 2003

iii) Final Results Report due end of March, 2003

A discussion of the overall pre-accident values, ascent and mission, preliminary values — The
Shuttle PRA model results have changed over the past several years of iterations, but the median results
have consistently converged to between ~1/100

to ~1/250 for a loss of crew and vehicle for an . Spaoe Shuttle PRA Historical Results

entire mission. The differences in results are due (median values)

to the amount of available data, the omission of

systems from the analysis due to lack of analysis

resources, and the addition of data and

information from subsequent Shuttle flights. The

present model (Shuttle PRA 2003) is the most
comprehensive model to date, but is not yet

ready for release. Previous Shuttle PRA models

are not sanctioned results by the Shuttle program

o.M o B

‘ =

Gallleo  Phase1-  Shulte Shittis  Shultie Bstte

Probabliiity of Loss of Craw and Vehicle

0.001

office. The SPRA 2003 will be the first model 198 1903 PRATISS PRATISS PRATT PRA 199
carrying the Shuttle program office approval. o o

A prediction about how the model may change since the accident — Adding in the failure mode from
the Columbia accident may change the final results but how significantly it changes depends on the
investigation results. The SPRA 2003 model is currently being used to help the program with possible
accident scenarios. Other than making a distinction between sources of debris hits on the Orbiter, there
is presently no specific change in modeling philosophy planned due to the Columbia accident. Upon
completion of the current initial development effort, future Shuttle PRA. activities include three major
work efforts: :

a) Maintenance and control of the model

b) Applications and studies using the model, and

¢) Expansion of the model to include ground processing, software, and additional human errors



BOYER, ROGER L. (JSC-NC) (SAIC)' , "RAILSBACK, JAN (JSC-NX) (NA, 07:16 AM 2/11/2(X

To: "BOYER, ROGER L. (TSC-NC) (SAIC)" <roger.lboyer1@jsc.nasagov>, "RAILSBACK, TAN
(TSC-NX) (NASA)" <jan.railsback-1@nasagov>

From: Michael Stamatelatos <mstamate@®hqnasa.gov>

SubJec*r RE: Code M Quesﬂon

Thank you very much. When you give me the answer, also please give me the calculations.

At 06:43 PM 2/10/2003 -0600, BOYER, ROGER L. (J SC-NC) (SAIC) wrote:
Michael,

I rec’'d your message and will have the answer fomorrow.

Roger
----- Original Message----- -
From: Michael Stamatelatos [mailto:mstamate@hgnasa.gov]

Sent: Monday, February 10, 2003 7:49 AM

To: RAILSBACK, JAN (JSC-NX) (NASA); BOYER, ROGER L. (T SC-NC) (SAIC)
Subject: Code M Question

Importance: High

Jan/Roger:
I need the answer to the following urgent questions:
1. How many single point failures are there in the entire Space Shuttle?
2. Do you have a breakdown of single point failures by Shuttle system (e.g.
Orbiter, ET, SRB, etc.)? If so, what is it?
Michae!
Feiede i R ARk A A Ak e i e e e e e verriciriciehei RAN e ekrieirk

Dr. Michael Stamatelatos

~ Manager, Agency Risk Assessment Program

NASA Headquarters - Mail Code QE

Office of Safety and Mission Assurance

300 E Street, SW

Washington, DC 20024

Phone: 202/358-1668 Fax: 202/358-2778

E-mail: Michael.&.Stamatelatos@nasa.gov

(Please note chmge in e-mail address)

Ll ek M RNRRN

Printed for Michael Stamatelatos <Michael.6.Stamatelatos®nas. .. 1



BOYER, ROGER L. (JSC-NC) (SAICY' , “RAILSBACK, JAN (TSC-NX) (NA, 07:16 AM 2/11/20(

"Mission success starts with safety”

Printed for Michael Stamatelatos <Michael.5.Stamatelatos®nas. 2



BOYER, ROGER L. (JSC-NC) (SAIC), 12:48 PM 2/12/2003 -0600, RE: Code M Question

- From: "BOYER, ROGER L. (JSC-NC) (SAIC)" <roger.l.boyer1@jscnasa.gov>
To: "'Michael Stamatelatos'" <mstamate@hq.nasa.gov>
Cc: "RAILSBACK, JAN (T SC-NX) (NASA)" <jan.railsback-1@nasa.govs,
"ROELANT, HENK (JSC-NC) (NASA)" <henk.roelant-1@nasagov>
Sub ject: RE: Code M Question
Date: Wed, 12 Feb 2003 12:48:00 -0600
X-Mailer: Internet Mail Service (5.5.2653.19)

Michael,
Michael,

Here's what we pulled from the Critical Items List (CIL) for each of the
Shuttle elements. I have more detail, but not electronically.

1) 1687 single point (Crit 1/1) failures for the Shuttle
2) By element, they are follows:

Orbiter 688
ET 453
RSRM 90
SRB 143
SSME 313
Total 1687

The attached table also provides the number of failure modes requiring
multiple failures for each element (Crit 1R). I hope this answers the mail.

Roger
----- Original Message-----
From: Michael Stamatelatos [mailto:mstemate@hq.nasa.gov]

Sent: Monday, February 10, 2003 7:49 AM

To: RAILSBACK, JAN (TSC-NX) (NASA). BOYER, ROGER L. (JSC-NC) (SAIC)
Subject: Code M Question

Importance: High

Jan/Roger:

I need the answer to the following urgent questions:

1. How many single point failures are there in the entire Space Shuttle?

2. Do you have a breakdown of single point failures by Shuttie system (eg.

Printed for Michael Stamatelatos <Michael.6.Stamatelatos®nas. ..



BOYER, ROGER L. (JSC-NC) (SAIC), 12:48 PM 2/12/2003 -0600, RE: Code M Question

Orbiter, ET, SRB, etc.)? If so, what is it?

Michael

R defedrde e A A Arieke e R Ao e e R R ke de e e e A A drde de e e e e Ao e ek e deiedeode e
Dr. Michael Stamatelatos
Manager, Agency Risk Assessment Program
NASA Headquarters - Mail Code QE
Office of Safety and Mission Assurance
300 E Street, SW
Washington, DC 20024
Phone: 202/358-1668 Fax: 202/358-2778
E-mail: Michael.6.5tamatelatos@nasa.gov
(Please note change in e-mail address)

AN A ek

"Mission success starts with safety"

Shuttle Failure Mode by Element.doc

Printed for Michael Stamatelatos <Michael.6.Stamatelatos®nas. ..



Shuttie Fallure Mode Counts by Element

Shuttle Element Fallure Mode Criticality Count

Single Multiple Total
Orbiter 688 2628 3316
ET 453 94 547
RSRM 90 51 141
SRB 143 209 352
SSME 313 237 550
Total 1687 3219 4906




Gary 6. Borda, 03:46 PM 2/20/2003 -0500, Re: Fwd: Pate-Cornell-Fischbeck Report Request

X-Sender: gborda@mail hq.nasa.gov

X-Mailer: QUALCOMM Windows Eudora Version 4.3.2

Date: Thu, 20 Feb 2003 15:46:46 -0500

To: James Lloyd «jlloyd@hq.nasa.gov>

From: "Gary 6. Borda" <gborda@hqg.nasa.gov>

Subject: Re: Fwd: Pate-Cornell-Fischbeck Report Request

Cc: Lynn Heimerl <.l heimeri@larc.nasagov>, Frank.E.Jones@nasa.gov,
mgstamatelatos <mstamate@mail. hq.nasa.gov>, prutiedg@hq.nasa.gov,
rmoyer@hg.nasa.gov, John.Dollberg-1@kscnasa.gov

Jim,

I concur with your response. The subject report was a report to NASA under cooperative
agreement NCC10-0001 and NASA has the right to publicly disseminate the report. As long as
there are no export control issues, CASI may make this report available without restriction.
With respect to export control issues, I have read the report and assume there are none,
however, you may want to touch base with our export administrator John Hall.

Gary

At 05:25 PM 2/13/2003 -0500, James Lloyd wrote:
Frank,

Regarding our phone conversation of about 30 minutes ago -- I just received this note and it
seems like the problem of release has already been resolved since Gary Borda in our General
Counsel has indicated it is already publicly available on a NASA website. I will respond to CASI
tomorrow to their note indicating that we have no ObJGCTIOﬂS to their intent to make it available
without restriction on a technical content basis.

I'll wait a day for Gary Borda to advise if this is appropriate. In the meantime the report is
available for people to read/download.

X-Sender: nl. heimer|@pap.larc.nasagov

X-Mailer: QUALCOMM Windows Eudora Version 5.0.2
Date: Thu, 13 Feb 2003 16:08:46 -0500

To: jlloyd@hgq.nasa.gov

From: Lynn Heimer| <n.|heimeri@larc.nasa.gov>

Sub ject: Pate-Cornell-Fischbeck Report Request

Cc: nlheimeri@larc.nasagov

Dear Jim:

Printed for Michael Stamatelatos <Michael.6.Stamatelatos®nas. .. 1



Gary 6. Borda, 03:46 PM 2/20/2003 -0500, Re: Fwd: Pate-Cornell-Fischbeck Report Request

1 am the NASA technical monitor for the NASA Center for AeroSpace Information (CASI),
NASA's contractor that archives and disseminates NASA-funded scientific and technical
information,

We would like to add "Safety of the Thermal Protection System of the Space Shuttle Orbiter
- 1990" by Pate-Cornell and Fischbeck to our collection, and Gary Borda has advised me that it
is available to the public via http://www spaceflight ov/shuttle/investigation/index himl

Normally, we request that the originating NASA organization do a DAA (Document Availability
Authorization (NF 1676)) to advise us how to release the document; however, since it is
already available to the public via the NASA website, I just need a return email verifying that
we may add it to the CASI coliection and release it wufhout restrictions. KSC has advised me
that Code Q funded this activity.

I appreciate your help.
Best Regards,

Lynn Heimer|
STI Program Office
Agency-wide STI Program

Jim

Gary 6. Borda

Senior Patent Attorney
Office of the General Counsel
NASA Headquarters, Code 6P
Washington, DC 20546-0001

Phone: (202) 358-2038
Fax: (202) 358-4341
gborda@®hq.nasa.gov

Printed for Michael Stamatelatos <Michael.6.Stamatelatos@nas. .. 2



Pete Rutiedge, 07:49 PM 2/2/2003 -0500, Supporting Bryan on the Columbia Accident Investigation |

X Authenucatlon-Warmng spinoza.public.hq.nasa.gov: majordom set sender to owner-code-q
using -f _
X-Sender: prutiedg@mail.hq.nasa.gov
X-Mailer: QUALCOMM Windows Eudora Version 4.3.2
Date: Sun, 02 Feb 2003 19:49:16 -0500
To: code-q@lists.hg.nasa.gov
From: Pete Rutledge <prutiedg@hq.nasa.gov>
Subject: Supporting Bryan on the Columbia Accident Investigatlon Board
(CAB)
Sender: owner-code-q@lists.hqg.nasa.gov

Code Q staff members,

As you may know Bryan is the ex-officio member of the Columbia Accident Investigation Board.
He left for Barksdale AFB this afternoon around noon time. That is where he will meet up with the
other CAIB members

One of our main jobs in the immediate future will be to support him. We can support him in at
least three ways: 1. We can respond to his requests. 2. We can collect, on our own initiative,
data that could be of use to him (but we need o proceed most carefully on this one). 3. We can

suggest questions or avenues of investigation that he might be able to inject into the work of the
board.

Attached is a rough list we prepared today of investigative areas--for the most part these are areas
in which the SMA community has some special expertise. For each area we have tentatively
named an OSMA lead (and in some cases more than one person to work together) if you can
think of other areas that we have not captured, and shouid, let me know. K we've associated you
with the wrong area(s) or failed to associate you with the right area(s), let me know. We don't
want to disrupt the investigation—-we want to be prudent; we want to help Bryan. Think about
whether and how you might be able to be helpiul in these areas; then, before you take any action,
write down your plan in a clear, concise manner, and send it to me--state what you might be able
to do and how you would propose to do it. Then wait for a go-ahead from Jim or me. Keep in mind
that we have asked the SMA directors at JSC, MSFC, KSC, LaRC, ARC, and SSC to work with us
as needed, so this can be part of your plan, if appropriate.

We have also asked all 10 SMA directors to think of questions or issues that Bryan might pursue
with the CAIB. | will be collecting these inputs. Your guestions and isgues are solicited, as well.
Put your investigator hat on, think about this, do your own personal fault trees and hazard
analyses, send me your ideas. [l collect them up, as waell, to send to Bryan.

Let's do a great job for Bryan on this important matter.

Printed for Faith Chandler <Faith.T.Chandler@nasa.gov> ' 1



Pete Rutledge, 07:49 PM 2/2/2003 -0500, Supporting Bryan on the Columbia Accident Investigation |

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.rutiedge @hg.nasa.gov

Mission Success Starts with Safety!

Printed for Faith Chandler <Faith.T.Chandier@nasa.gov> 2
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