
EXPORT CONTROLLED INFORMATION – This document and its attachments contain technical data within the International Traffic in Arms Regulations (ITA) and are subject to the export control laws 
of the U. S. Government.  Transfer of this data by any means to a foreign person, whether in the U.S. or abroad without an export license or other approval from the U.S. Department of State, is prohibited.
EXPORT CONTROLLED INFORMATION – This document and its attachments contain technical data within the International Traffic in Arms Regulations (ITA) and are subject to the export control laws 
of the U. S. Government.  Transfer of this data by any means to a foreign person, whether in the U.S. or abroad without an export license or other approval from the U.S. Department of State, is prohibited.

SPACE SHUTTLE PROGRAM
Shuttle Propulsion
NASA Marshall Space Flight Center, Huntsville, Al

STS-114 Flight Readiness Review

External Tank (ET-121)

June 29-30, 2005



Presenter

Date Page 2June 29, 2005

EXPORT CONTROLLED INFORMATIONEXPORT CONTROLLED INFORMATION

R
TF

11
5_

ET
12

1S
SP

FR
R

_d
dc

_0
62

90
5

R
TF

11
5_

ET
12

1S
SP

FR
R

_d
dc

_0
62

90
5

SPACE SHUTTLE PROGRAM
Shuttle Propulsion
NASA Marshall Space Flight Center, Huntsville, Al

STS-114STS-114

S. Coleman/MP31Agenda

Item Presenter

Overview / Introduction Sandy Coleman

Configuration Change Mike Quiggle

STS-114 / ET-121 Readiness Statement

Senior Management Review Items

STS-300 (LON) Readiness Assessment

Certification Status

Appendices
• Class I Changes Reviewed through MP01 FRR or DCR Process
• STS-114/ET-120 Tanking Test Observations
• Waivers / Exceptions
• Accepted Risk Hazards

STS-114 / ET-121 Readiness Assessment
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S. Coleman/MP31External Tank Processing / Review Milestones

STS-114/ET-121 
Milestones 2002

ET Production

ET Certification / 
Verification Milestones

ET CoFR Milestones

2003 2004 2005
ET-121 DD250, 

9/24/02

ET-121 ship
ET-121 retrofit

ET/SRB Mate
ET/Orb Mate 

ET/Orb Mate

ET Proj Pre-ET/SRB Mate
SSP ET/SRB Mate

MSFC Pre-Flight Assessment
LM Corporate Pre-FRR

ET Project Pre-FRR

SSP DCR

Delta SE&I DCR
Delta DVR

LO2 Feedline Bellows Heater

SE&I DCR

DVR

ET Proj DCR 
MP01 DCR

LM DCR (as part of
Pre-Mate Readiness)

Members of the following 
organizations were represented during 
the ET Design Cert Process

• Lockheed Martin Corporation
• SSP Systems Engineering & Integration 

(SE&I)
• MSFC Propulsion Systems Engineering 

& Integration (PSE&I)
• MSFC Engineering
• JSC Engineering
• USA Engineering
• LaRC and GRC
• NASA Engineering and Safety Center 

(NESC)
• Independent Assessment Team 
• MSFC S&MA
• MSFC ITA

Members of the following 
organizations were represented during 
the ET Design Cert Process

• Lockheed Martin Corporation
• SSP Systems Engineering & Integration 

(SE&I)
• MSFC Propulsion Systems Engineering 

& Integration (PSE&I)
• MSFC Engineering
• JSC Engineering
• USA Engineering
• LaRC and GRC
• NASA Engineering and Safety Center 

(NESC)
• Independent Assessment Team 
• MSFC S&MA
• MSFC ITA

MP01 FRR
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MSFC ET Project Pre-Flight Review
Readiness Statement, June 22

S. Coleman/MP31

MSFC External Tank Project Pre-Flight Review Board
Assessed and Approved the Readiness of External Tank 121 to Support Mission STS-114
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External Tank-121 / STS-114
Return to Flight Modifications

S. Coleman/MP31

LO2 Feedline Bellows
TPS Drip Lip and and Fwd 
Bellows Heater System

Partial LH2 PAL Ramp
Replacement

Intertank / LH2 Tank
Flange Closeout
Enhancement

Redesigned
Bipod FittingRemove/ Replace 

Longeron Closeouts

ET Camera in LO2
Feedline Fairing

Bipod Strut Hardware
(Lubricated thru-bolts)

Increase Area of 
Vented Intertank TPS  

ET/SRB 
Bolt 
Catcher 
Inserts

RTF 
InstrumentationET Ground Umbilical 

Redesign
Mitigates Cause of STS-107 In-Flight Anomaly (STS-107-T-01)
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STS-114 / ET-121
Class I Changes

S. Coleman/MP31

Changes STS-114/
ET-121

STS-300/
ET-120

Reviewed at 
Program DCR

• In-Line Configuration Changes
• Redesign thrust strut assembly (B02062)

Present at FRR per MP01 Board Recommendation
X X √

√
√

√
√
√
√
√
√
√
√
√

X

X
X
X
X
X

X
X

X
X
X
X
X
X
X
X

Reviewed at 
MP01 FRR

X

X

X
X

X
X

X
X
X
X
X
X

X
X

√

√
√
√
√
√

• Revise LO2 Feedline Flange Material Spec Revision (B02053B)

• Replace Zinc Chromate Primer (B02027)
• Delete LO2 low level pressure transducer test  (B02076)

• In-Line Changes (No configuration change)

• Requalify GH2 Pressline Fairing Resin Catalyst (B02067)
• “Make” SLWT Intertank at MAF (B02040)
• Change GH2 Vent Line Supplier (B02053B)

• RTF Retrofit Changes
• Eliminate foam ramp over bipod fittings (B02093A)
• Enhance Intertank / LH2 tank flange TPS closeout and

re-spray partial LH2 PAL ramp (B02093A)

• Redesign LO2 feedline bellows TPS (B02093A)
• Install heater system on forward LO2 feedline bellows (B02093D)

• Redesign Longeron TPS closeout (B02093D)
• Expand Intertank TPS vented TPS area (B02093A)
• Implement ET camera system (B02093A)
• Replace lubricated thru bolts on bipod struts (B02089)
• Redesign ET portion of ET/SRB bolt catcher (B02085)
• Redesign ET ground umbilical (B02091)
• Install RTF Instrumentation (B02096A)

Note:  Items reviewed through DCR and
MP01 FRR included in Appendix A
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Agenda

Item Presenter

Overview / Introduction Sandy Coleman

Configuration Change Mike Quiggle

STS-114 / ET-121 Readiness Statement

Senior Management Review Items

STS-300 (LON) Readiness Assessment

Certification Status

Appendices
• Class I Changes Reviewed through DCR Process
• STS-114/ET-120 Tanking Test Observations
• Waivers / Exceptions
• Accepted Risk Hazards

STS-114 / ET-121 Readiness Assessment
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M. Quiggle/LM-ETRedesign ET Thrust Strut Assembly (B02062)

• Change
• Increased thickness on thrust strut lower flange (Al 7050)

and end fitting flange (Al 2219)
• No change to material or process 

• Reason for Change
• Contingency abort study identified loads that exceeded

ET design capability 
• ‘Black Zone’ condition identified during

early 3 SSME-out condition
• ET Project directed to redesign thrust

strut hardware to support elimination of
‘Black Zone’ condition 

• Details of Change
• Thrust strut lower flange thickness increased

from 0.500” to 0.625”
• End fitting flange thickness increased from

0.500” to 0.675”
• Weight impact ~ 8 lbs

-Y Thrust Strut (TPS applied)
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M. Quiggle/LM-ETRedesign ET Thrust Strut Assembly (B02062)

• Basis for Certification
• Design condition verified by test and analysis

• FS design = 1.85 (FS req’d = 1.40)
• Test demonstrated FS = 1.46

• Contingency abort condition verified by stress analysis
• FS = 1.14 (FS req’d = 1.0)

• Certification / CoFR Assessment
System Safety Certification Impacts CoFR Assessments

System Safety
Assessment FMEA/CIL Hazards COQ HCS Waiver/

Deviation
SSP
DCR EAR ET/SRB 

Mate
LM Corp 

PFR
Project 

PFR
MP01 
FRR FRR

Decrease in risk F/C Impact No impact No impact S516 - √ None N N Y Y Y Y Y
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Agenda

Item Presenter

Overview / Introduction Sandy Coleman

Configuration Change Mike Quiggle

STS-114 / ET-121 Readiness Statement

Senior Management Review Items

STS-300 (LON) Readiness Assessment

Certification Status

Appendices
• Class I Changes Reviewed through DCR Process
• STS-114/ET-120 Tanking Test Observations
• Waivers / Exceptions
• Accepted Risk Hazards

STS-114 / ET-121 Readiness Assessment
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STS-114/ET-121
Senior Management Review Items

M. Quiggle/LM-ET

SMR STS-114/
ET-121

STS-300/
ET-120

• ET-121 LH2 Tank Out of Position Build (SMR 02-002) X

• Conathane TPS Tie-Coat Adhesive Acceptability 
(SMR 04-001) X X

• Camera System Battery Replacement (SMR-04-002) X X
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ET-121 LH2 Tank Out of Position Build
(SMR 02-002)

M. Quiggle/LM-ET

• Issue
• Out of position build of ET-121 LH2 tank

• Background
• ET-121 LH2 tank built using partial LH2 tank (domes

and barrels 1, 2, and 4) reallocated from ET-117 
• Barrel 3 welded to assembly out of position

• Discussion
• Out of position build plan developed

• Modified tooling, weld schedules and flight components to maintain
overall length

• Barrel 3 and ring frame between barrels 2 and 3 modified (oversized) 
to compensate for material loss during removal of discrepant barrel

• Tank reassembled using modified manufacturing process and tooling
• Re-built tank assessed against geometry requirements

• Out of tolerance conditions accepted per MRB - No effect on final fit-up and 
assembly of hardware

• Cable tray alignment:  OOT by 0.018”
• Feedline alignment:  OOT by 0.004”

Barrel 3

FWD

LH2 Tank
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ET-121 LH2 Tank Out of Position Build
(SMR 02-002)

M. Quiggle/LM-ET

Barrel 3

FWD

LH2 Tank

• Rationale for Acceptance
• Successful proof test 
• Analysis

• Minimum design FS unaffected
• Inspection – No issues

• Visual
• Final assembly of rebuilt hardware
• Post proof NDE

• Disposition:  Use as repaired
• LM review, 06/19/02
• MSFC conducted an informal review in addition

to the independent NCD review – No issues

• Certification / CoFR Assessment
System Safety Certification Impacts CoFR Assessments

System Safety
Assessment FMEA/CIL Hazards COQ HCS Waiver/

Deviation
SSP
DCR EAR ET/SRB 

Mate
LM Corp 

PFR
Project 

PFR
MP01 
FRR FRR

No change in risk No impact No impact No impact No impact None N N N Y Y Y Y
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Conathane TPS Tie-Coat Adhesive
Acceptability (SMR 04-001)

M. Quiggle/LM-ET

• Issue
• Conathane, a two-part tie-coat adhesive material, did not meet the STM 723 (material 

specification) requirements
• Tensile strength
• Component “A” viscosity

• Background
• Conathane is used to bond foam to a foam substrate 
• Qualification tests were required for new sub-tier supplier Component ‘A’ catalyst

• Catalyst is totally consumed in the formation of Component ‘A’
• Tensile strength was below requirement 
• Viscosity test violated requirement at the low end of temp range (25±2°C)

• Discussion
• Reviewed qualification requirements

• Tensile requirement (1200 – 1400 psi) was based on early supplier literature
• Supplier tensile tests indicated mean value of 800 psi (no MEK added)

• Instrumental analysis of old and new catalyst detected no discernible differences
• Joint NASA / LM team identified no changes in materials, processes, or testing
• TPS confidence testing of three (3) TPS configurations demonstrated that the 

Conathane was much stronger than the foam
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Conathane TPS Tie-Coat Adhesive
Acceptability (SMR 04-001)

M. Quiggle/LM-ET

• Rationale for Acceptance
• Test data indicated no change in material characteristics
• Material tensile strength exceeds application requirement  (600 psi vs 40 psi)
• This Conathane lot used for all TPS applications redesigned, reapplied and tested for RTF

• Testing included Wind tunnel, Hot Gas, Cryogenic Exposure, Cryogenic Cycling, and 
Thermal / Vac

• Disposition:  Use As Is, Revise STM
• LM review, 2/20/04
• MSFC review, 3/18/04
• Conathane STM Revisions (released in May 2004)

• Tensile testing requirement revised to 600 psi minimum (no MEK added) and 400psi 
minimum (MEK added)

• Tensile test required for each lot
• Viscosity test temp requirement revised from (25±2°C) to (27±1°C) 

• Certification / CoFR Assessment
System Safety Certification Impacts CoFR Assessments

System Safety
Assessment FMEA/CIL Hazards COQ HCS Waiver/

Deviation
SSP
DCR EAR ET/SRB 

Mate
LM Corp 

PFR
Project 

PFR
MP01 
FRR FRR

No change in risk No impact No impact No impact No impact None N N N Y Y Y Y
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Camera System Battery Replacement
(SMR-04-002)

M. Quiggle/LM-ET

• Issue
• Non-standard repair required for replacement of

camera system battery
• Battery replacement, soldering, and potting

not normally performed at MAF
• Background

• ET Camera Packages would not accept battery
charge during planned testing 

• Manufacturer suggests 3 – 4 year life on
batteries without charge/ discharge cycles and
batteries were over 4 years old

• Discussion
• Battery screening, repair and testing approach presented and approved (approach 

more rigorous than original procurement)
• Replace batteries with same manufacturer type  
• Used potting material (RTV) previously approved for use at MAF

• Same physical properties (vibration and thermal response the same)
• Use same soldering technique as original procurement

GUCP 
Connection 
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Camera System Battery Replacement
(SMR-04-002)

M. Quiggle/LM-ET

• Rationale for Acceptance
• Battery pack replacement performed by certified technicians
• Acceptance testing (charge/discharge,

thermal cycling, and vibration) screens out
workmanship defects in the battery packs

• Inspection of solder splices verifies workmanship
• Functional testing of the completed flight units

verifies operational capability
• Bench top and post-installation testing at MAF
• KSC functional testing

• Battery affects camera system only
• Crit 3 function, not a launch commit constraint

• Disposition:  Use As Repaired, Crit 3 Hardware
• LM review, 6/22/04
• MSFC review, 6/29/04

• Certification / CoFR Assessment
System Safety Certification Impacts CoFR Assessments

Solder splice

Fuse

Completed Splice 
with Shrink Sleeve

System Safety
Assessment FMEA/CIL Hazards COQ HCS Waiver/

Deviation
SSP
DCR EAR ET/SRB 

Mate
LM Corp 

PFR
Project 

PFR
MP01 
FRR FRR

No change in risk No impact No impact No impact No impact None N N N Y Y Y Y
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M. Quiggle/LM-ETAgenda

Item Presenter

Overview / Introduction Sandy Coleman

Configuration Change Mike Quiggle

STS-114 / ET-121 Readiness Statement

Senior Management Review Items

STS-300 (LON) Readiness Assessment

Certification Status

Appendices
• Class I Changes Reviewed through DCR Process
• STS-114/ET-120 Tanking Test Observations
• Waivers / Exceptions
• Accepted Risk Hazards

STS-114 / ET-121 Readiness Assessment
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M. Quiggle/LM-ETCertification Status

Certification 
Item Status

ICD All Approved – No issues

OMRSD All Approved – No issues

LCC CR S082701 released 6/28/05 - Revises NSTS 08303, Ice/Debris Inspection Criteria
• Revisions affecting ET are expanded “no ice” zone and documentation of 

acceptable ice conditions for LO2 feedline bellows, brackets and bipod closeout
• ET day of launch probability for July through September unaffected
• Probability for October through June launch reduced (lowest probability is 

February at 65%)

ALERTs All cleared

Limited Life 
Hardware

All items within required life through scheduled launch date +90 days

Personnel 
Training / 
Certification

Employee Certification to support launch
• Loading / launch support console personnel trained
• Ice/Debris Inspection Team members certified for “walk-down”
• ET Mission Management Team personnel certified
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M. Quiggle/LM-ETCertification Status

Certification 
Item Status

Level II 
Certification 
Baseline

ET-121 design assessed against Level II requirement through NSTS 07700,
Vol. X, Rev M. Change 315 (dtd 6/13/05)

Load / 
Environment 
Updates

Additional Assessments Completed
• Generic (Istres TAL Certification and PE Certification LH2 Tank Barrel, 2 BP 

based on IH-108 test) 
• Mission Specific Analysis (STS-114/ET-121 Bipod TPS closeout)

FMEA/CIL FMEA/CIL Assessment Complete – The following CILs pending PRCBD approval
• Vol. V – Thermal Protection Systems (47 CILs), PRCBD S040221T
• Vol. III – Electrical, LO2 feedline bellows heater (1 CIL), CR S040221U

Hazard 
Analysis

Hazard Analysis Assessment Complete - The following HAR pending PRCBD
• E.01, Electrical Fires due to Electrical Malfunctions in the Presence of an 

Oxidizer and Flammable Materials
• E.04, Malfunction of Electrical Heaters on the ET
• E.06, ET RTF Instrumentation – Accelerometers and RTDs
• P.05, GUCA Separation Malfunctions
• T.02, Loss of ET TPS
• T.04, ET Ice Debris
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Certification Status
Hazard Analysis Report Risk / Cause Matrix

5

12

1 90

Remote

Infrequent

Probable

Improbable

Marg. Crit. Cat.

L
I
K
E
L
I
H
O
O
D

Severity
Classification

Unacceptable Risk

Accepted Risk

Controlled Risk
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Design Certification Status
Waivers / Exceptions

M. Quiggle/LM-ET

• RTF PRCBD S061954A (05/26/03) and KSC-MK Letter (W. Hale 06/03/03) directed activity re-
review of waivers

“Develop a plan for review of waivers, deviations and exceptions to program baseline requirements.  
Verify validity and acceptability.  Report results to PRCB.  (Return to Flight Constraint.)”

• ET Project responded to directive by assessing requirements and hardware and identifying actions 
required to eliminate waivers / exceptions

• Action closed
• Two waivers and 1 exception eliminated through hardware redesign or requirement revision
• Five waivers and 1 exception retained 

• Two new NSTS 07700, Vol X waivers for RTF
• Waiver #706, ESD Sensitive marking of parts, assemblies, and equipment (approved by S061990K)

• Requirement waived for the ET Camera Units - ESD marking of ELVIS hardware not performed 
(ETs 120 and 121) 

• Waiver for ESD Sensitive marking of parts, assemblies, and equipment (approved by S0062637 
06/24/05)

• Requirement waived for ET RTF Instrumentation (relay assembly, accelerometers and signal 
conditioners) - ESD marking of IVIS hardware not performed (ET-119 and 121) 

• No Level III deviations
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M. Quiggle/LM-ETAgenda

Item Presenter

Overview / Introduction Sandy Coleman

Configuration Change Mike Quiggle

STS-114 / ET-121 Readiness Statement

Senior Management Review Items

STS-300 (LON) Readiness Assessment

Certification Status

Appendices
• Class I Changes Reviewed through DCR Process
• STS-114/ET-120 Tanking Test Observations
• Waivers / Exceptions
• Accepted Risk Hazards

STS-114 / ET-121 Readiness Assessment
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M. Quiggle/LM-ETSTS-114/ET-121 Readiness Assessment

• CoFR Exceptions - Open Work Identified as Constraint to STS-114
CoFR
Para Open Document

Associated 
Documentation ECD

8.5.4.1 (f) Six (6) ET Hazard Reports
• E.04  Malfunction of Electrical Heaters 

on the ET
• E.06  ET RTF Instrumentation

PRCBD S050411AL Prior to L-2

• E.01  Electrical Fires Due to Electrical 
Malfunctions in the Presence of an 
Oxidizer and flammable Material

• P.05  GUCA Separation Malfunction

PRCBD S050411AN

8.5.4.1 (f) Forty-eight (48) CILs
• Vol. V – Thermal Protection Systems 

(47 CILs),
• Vol. III – Electrical, LO2 feedline

bellows heater (1 CIL)

PRCBD S040221T
CR S040221U

Prior to L-2

• T.02  Loss of ET TPS
• T.04  ET Ice Debris

PRCBD S050411AM
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M. Quiggle/LM-ETSTS-114/ET-121 Readiness Assessment

• CoFR Exceptions - Open Work Identified as Constraint to STS-114
CoFR
Para Open Document

Associated 
Documentation ECD

8.5.4.1 (f) • Certification of Qualification, 132  
Bellow Heater

• Hardware Certification Sheet E052, 
Heater Installation

• Bellows Heater 
Qualification Test 
Report (809-9714)

• Bellows DCR RID 
C004

Prior to L-2
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STS-114STS-114

M. Quiggle/LM-ETAgenda

Item Presenter

Overview / Introduction Sandy Coleman

Configuration Change Mike Quiggle

STS-114 / ET-121 Readiness Statement

Senior Management Review Items

STS-300 (LON) Readiness Assessment

Certification Status

Appendices
• Class I Changes Reviewed through DCR Process
• STS-114/ET-120 Tanking Test Observations
• Waivers / Exceptions
• Accepted Risk Hazards

STS-114 / ET-121 Readiness Assessment
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M. Quiggle/LM-ETSTS-300/ET-120 LON Readiness Assessment

Item Assessment Status Open Work

Senior Management Review Items

Complete

Complete
Complete

Changes
• LO2 feedline flange Material Spec Revision (B02053B) Complete None

• Delete LO2 low level pressure transducer test  (B02076) Complete None

• Eliminate foam ramp over bipod fittings (B02093A) Complete None

• Redesigned Longeron TPS closeout (B02093D) Complete None
• Expanded Intertank TPS vented TPS area (B02093A) Complete None
• Implement ET camera system (B02093A) Complete None
• Replace lubricated thru bolts on bipod struts (B02089) Complete None

• Intertank / LH2 tank flange TPS closeout enhancement 
and partial LH2 PAL ramp re-spray (B02093A) Complete None

• Redesign thrust strut assembly (B02062) Complete None

• Zinc chromate primer replacement (B02027) Complete

• Conathane TPS Tie-Coat Adhesive Acceptability (SMR 
04-001)

None

None

None
None

• Camera System Battery Replacement (SMR-04-002)
• GO2 Vent Duct Breakthrough  (SMR 04-003 Delta)
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M. Quiggle/LM-ETSTS-300/ET-120 LON Readiness Assessment

Item Assessment Status Open Work

Changes (cont’d)
• Redesigned ET portion of ET/SRB bolt catcher 

(B02085) Complete None

• Mission Specific Environments for ET-120 (LON) Preliminary assessment 
complete – No issues None

• ECO Sensor Measurement Anomaly Preliminary assessment 
complete – No issues

None for
ET-120 flight

• Prepress Anomaly Resolution Complete None

• LO2 Feedline Foam Damage Assessment in work Disposition in 
work

• Crack / Ice /Frost on Bipod TPS Closeout Preliminary assessment 
complete – No issues

Update to 
NSTS 08303 in 

work

• Redesign ET ground umbilical (B02091) Complete None

• LO2 feedline bellows drip lip (B02093A) Complete None
• Forward LO2 feedline bellows heater system 

(B02093D) Complete HCS, COQ, 
F/C, HAR

Level II Environments Updates

Items requiring closure prior to STS-300 (LON) FRR
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M. Quiggle/LM-ETAgenda

Item Presenter

Overview / Introduction Sandy Coleman

Configuration Change Mike Quiggle

STS-114 / ET-121 Readiness Statement

Senior Management Review Items

STS-300 (LON) Readiness Assessment

Certification Status

Appendices
• Class I Changes Reviewed through DCR Process
• STS-114/ET-120 Tanking Test Observations
• Waivers / Exceptions
• Accepted Risk Hazards

STS-114 / ET-121 Readiness Assessment
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M. Quiggle/LM-ETSTS-114/ET-121 Readiness Assessment

The External Tank, ET-121, is ready for
STS-114 launch pending completion/closure

of open and planned work

Neil Otte, Chief Engineer
Marshall Space Flight Center, External Tank

Sandra Coleman, Manager
Marshall Space Flight Center, External Tank

Michael Quiggle, ET Project Chief Engineer
Lockheed Martin Space Systems Company

Ronald Wetmore, ET Project Manager
Lockheed Martin Space Systems Company
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Increased Number of LH2 Prepressurization Cycles

• Actions Taken to Identify Cause of Anomaly
• Fault Tree investigation identified potential contributors that could result in the 

anomaly
• Actions assigned to determine applicability of concern

• ET RTF tank heat leak  
• GH2 vent valve performance
• Out of configuration GH2 diffuser

• ET Project recommended R&R of diffusers
• Reviewed RTF changes to assess tank heat leak

• Changes increased the ET heat leak by ~ 0.6%
• Total LH2 Tank heat leak ranges from 393K to 748K BTU/hr

• Reviewed vent valve pedigree (build, acceptance and post installation acceptance)
• Supplier :  Cryogenic leak test (ATP) at supplier in spec
• MAF

• Functional  - Valve actuation and vent mode response @ambient temp
• Leakage (external only) - valve to tank and valve to connections / lines

• KSC - Leakage
• Valve cycled at pressure to seal the valve after depressurization
• Tank pressure verified twice weekly to verify no leakage

• No anomalies noted for ET-120 hardware
• SSP baselined subsequent tanking test to investigate cause of anomaly

• Instrumentation installed to monitor GH2 vent valve performance 
• Bipod heater operations tailored to investigate effects of heat leak
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Increased Number of LH2 Prepressurization Cycles

• Actions Taken to Identify Cause of Anomaly
• Tanking test #2 Results

• No vent valve leakage that would result in the anomaly signature
• Prepress performance essentially same for both heater on / heater off operations

• Performed tests and analysis to assess the effect of the discrepant diffuser screen
• Diffuser testing showed a significant difference in the exit flow velocity profile 

between the two types of screens which will potentially alter the transient response 
of the the ullage

Observation Implication

∆P across the duplex screen was low (< 1 psi) Duplex screen did not cause a 
reduction in pressurant flow

• Negative ∆P across the top and bottom of the plain screen
• Negative pressure at the bottom of the diffuser inside plain screen
• Nitrogen temperature increase between the diffuser inlet and the plain 

screen entrance 
• Tufts stuck to the top and bottom of the plain screen

Indicates reverse flow for the plain 
screen and contributes to higher 
velocities and more mixing

Temperature sensor same distance away from the diffuser as the ullage
temperature sensor was influenced more by the plain screen

Indicates higher velocities and 
would result in more mixing for the 
plain screen

Higher exit velocities (anemometer data, video) for the plain screen More mixing
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Increased Number of LH2 Prepressurization Cycles

• Actions Taken to Identify Cause of Anomaly (Continued)
• Modeled the potential effects of the duplex diffuser screen using two programs

• Single Node Pressurization program (ET use and derived from Titan)
• Treats the ullage space as a single, uniform volume 

• Multi-Node Pressurization program (converted for ET from early SSP)
• Divides the ullage space into a series of nodes 
• Computes mixing and heat transfer between the nodes 

• Both codes perform mass and energy balances during prepress and include heat 
transfer between the ullage gas, the tank structure, and the liquid surface

• Analysis results using data obtained from test
• Higher exit velocities from the plain weave screen result in more mixing between the 

warm Helium gas entering the ullage and the cold Hydrogen gas already in the 
ullage

• Result is less stratification and more heat transfer to the liquid surface 
• More vaporization of Hydrogen from the surface
• Vaporized Hydrogen contributes to the pressurization of the tank

• Exiting velocity with the duplex screen is significantly lower
• Less mixing, more stratification, less heat transfer with the liquid surface and therefore 

less vaporization of Hydrogen from the surface
• More heat transfer with the cold walls and upper structure

• Less Hydrogen is added to the ullage due to reduced vaporization 
• Increased heat transfer between the Helium and the walls and structure
• More Helium is required to maintain tank pressure and thus results in more prepress 

cycles (0.5 second bursts of Helium)
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Increased Number of LH2 Prepressurization Cycles

Ullage Pressure
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Increased Number of LH2 Prepressurization Cycles

• Actions Taken to Identify Cause of Anomaly
• Analysis results using data obtained from test

• Higher exit velocities from the plain weave screen result in more mixing between the 
warm Helium gas entering the ullage and the cold Hydrogen gas already in the 
ullage

• Result is less stratification and more heat transfer to the liquid surface 
• More vaporization of Hydrogen from the surface
• Vaporized Hydrogen contributes to the pressurization of the tank

• Exiting velocity with the duplex screen is significantly lower
• Less mixing, more stratification, less heat transfer with the liquid surface and therefore 

less vaporization of Hydrogen from the surface
• More heat transfer with the cold walls and upper structure

• Less Hydrogen is added to the ullage due to reduced vaporization 
• Increased heat transfer between the Helium and the walls and structure
• More Helium is required to maintain tank pressure and thus results in more prepress 

cycles (0.5 second bursts of Helium)
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Increased Number of LH2 Prepressurization Cycles

• Analysis Summary
• Slower initial pressure rise rate, higher prepress cycle count, and higher ullage

temperature observed in the STS-114 tanking tests have been reproduced with both 
models

• Results provide confidence that the duplex diffuser screen is the cause of the STS-
114 tanking test prepress performance

• Basis for Acceptance of ET-120 and ET-121 hardware
• All out of configuration diffusers have been or will be replaced

• Analysis indicates cause of prepressurization anomaly will be eliminated with 
plain weave diffuser screen

• LCC changed from 13 max prepress cycles to 11 max for STS-114 only
• 11 cycles based on historical max and flight pressure predictions within the ullage

pressure ICD for 11 cycles
• Ensures that the removal of discrepant hardware has returned the prepress 

performance to within our experience base (in-family) for STS-114

• CoFR / Certification Assessment
Milestone Reviews Certification Documentation Impacts

SSP
DCR EAR MAR NASA

Pre-FRR FRR ITAR System Safety
Assessment FMEA/CIL Hazards COQ HCS Waiver/

Deviation

N N N Y N Y No change in risk No impact Y No impact -- None
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LO2 Feedline Bracket TPS Damage

• Observation
• Damage to LO2 feedline TPS following tanking test #1 and 2

• Concern
• Potential for TPS or ice debris

• Background
• Ice forms on LO2 feedline support

brackets during prelaunch
• Amount of ice is dependent upon

environmental conditions and condensation
• Damage to the feedline occurs when line

articulates during drain when the ET warms-up
• Less articulation occurs at aft locations

(Sta 1871 and 1973)
• Damage previously observed during scrub / turnaround

• Hands-on inspection performed only when RSS
(rotational service structure) is in place (typically
when turnaround > 24 hrs)

Damage to LO2 
feedline at Sta 1129 
(Tanking Test #2)

Damaged TPS with 
Exposed Primer
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LO2 Feedline Bracket TPS Damage

• Actions Taken
• Documented damage dimensions and deltas between tankings

• Assessing damage against requirements (thermal, structural, propulsion and debris)
• Preliminary assessment indicates no impact to ET structure or propellant
• No concern for TPS debris

• Hot gas testing of crushed foam shows liberation <0.0002 allowable (popcorning)
• Loose material removed

• Potential minimal increase of ice in damaged areas
• Assessing condition as compared to existing LO2 feedline bracket ice

• Assessing repair options (if required)
• CoFR / Certification Assessment

Milestone Reviews Certification Documentation Impacts

Location Tanking Test #1 Feedline Damage (on-
pad inspection)

Tanking Test #2  Feedline Damage
(post roll-back inspection)

Xt 1129 No damage reported

11” L x 0.38” W (estimated to be one 
crack)

4” L

No damage noted

No Access

Xt 1377 • 6.0” L x 0.125” W x 0.125”D
• 3.0” L x 0.125” W x 0.125” D
• 0.5” L x 0.25” W x 0.125” D
• 1.5” L x 0.25” W x 0.125” D (exposed primer)

7.5” L x 1.2” W x 0.3”D (exposed primer)

Xt 1871 No damage noted

Xt 1623 12.0” L x 0.25 – 0.4” W x 0.125” D 
(primarily hairline crack with small excursion to 0.4” W)

Xt 1973 No damage noted

SSP
DCR EAR MAR NASA

Pre-FRR FRR ITAR System Safety
Assessment FMEA/CIL Hazards COQ HCS Waiver/

Deviation

N N N Y N Y No change in risk No impact No impact -- No impact None
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Crack/Frost in Bipod TPS Closeout

• Observation
• KSC observed two frost balls (approx 1.0”) on the

- Y Bipod BX 265 TPS closeout following  bipod heater
reactivation after a planned 90 minute out

• Cracks not visible due to frost formation
• Similar conditions observed during ET Bipod closeout

validation tests
• Status

• KSC generated Problem Report to perform hands on
inspection following ET return to VAB

• KSC inspection complete - No cracks detected
• NSTS 08303 update in-work to document occurrence

as an acceptable condition
• Rationale

• Cracks are caused by thermally-induced TPS
stress levels as a result of coefficient of thermal
expansion differences between the aluminum
substrate and the TPS

• Thermal / vacuum test was performed  using 13 cryogenic cycles followed by 1 ascent thermal / 
vacuum cycle 

• During these tests, a minimum of 1 – 2 cracks developed during each detanking or ‘warm-up’
period. Over 14 cracks, varying in size from ¼” to 2” long, were observed 

• No divots were observed during the ascent cycle portion of the test
• A second thermal / vacuum test panel was cryogenically cycled once to minimize crack formation 

prior to the ascent cycle
• Two cracks were observed during the detanking period
• No divots were observed during the ascent cycle portion of the test

• The successful test demonstration of the bipod closeout TPS, cracks are considered to be 
‘expected’ following a tanking /detanking cycle

• Testing has verified that the presence of cracks in the bipod TPS will not result in divot formation 
and are acceptable for flight
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External Tank Project
MP01 FRR

STS-114/ET-121

Appendix C
Waivers / Exceptions / Deviations

June 29, 2005
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External Tank Waivers / Exceptions

• NSTS 07700, Vol. X, Book 1, Waiver #707
• ET soldering of electrical connections design in LO2 low range ullage pressure 

transducers does not meet JSC 08800
• Redesign required to eliminate waiver
• Retention rationale for existing transducers

• No flight function - Redundant Crit 3
prelaunch measurement

• Good service record, no failures in life
of program

• Hardware currently procured through
ET-181

• SSP will deplete currently procured
hardware and retain waiver

• Approval:  PRCBD S040732VR1 dtd 4/20/05
• Deleted waiver and issued new waiver

with limited effectivity (ET-117 – 181)

Low Range Ullage Pressure Transducers 
on LO2 Tank Cover Plate
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External Tank Waivers / Exceptions

• NSTS 07700, Vol. X, Book 1, Waivers #708 and #709
• ET circuit boards in LO2 low range ullage pressure transducers design does not meet 

design requirements specified in MSFC-STD-154 and design does not meet mounting 
requirements specified in MSFC-STD-136

• Redesign required to eliminate waiver
• Retention rationale for existing transducers

• No flight function - Redundant Crit 3
prelaunch measurement

• Good service record, no failures in life
of program

• Hardware currently procured through
ET-181

• SSP will deplete currently procured
hardware and retain waiver

• Approval:  PRCBD S040732VR1 dtd 4/20/05
• Deleted waiver and issued new waiver

with limited effectivity (ET-117 – 181)

Low Range Ullage Pressure Transducers 
on LO2 Tank Cover Plate
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External Tank Waivers / Exceptions

• NSTS 07700, Vol. X, Book 1, Waiver #683
• ET does not meet wiring separation requirement for redundant systems / elements in 

several locations:  ET/Orb interface connections, ET/GUCA disconnect, LO2 and LH2 
tank feed through connector, intertank disconnect panel

• Elimination of waiver would require additional penetrations
which adds failure mode for leakage

• Retention rationale for existing design
• Adequate qualification

and acceptance tests and
operational checkout of
harnesses

• Connector configuration
provides pin isolation between
Crit 1R components
(LH2 depletion sensors)

• Good service record
• Approval:  PRCBD S061451 dtd 8/8/00

• SSP concurred with rationale to
retain existing design and waiver

Feed-thru Pin-to-Pin 
Hermetically Sealed

Lockwire Holes

External 
Connector Internal 

Connector

Tank Wall
Jam Nut

K-Seal

Outside Inside

Feed-thru Pin-to-Pin 
Hermetically Sealed

Lockwire Holes

External 
Connector Internal 

Connector

Tank Wall
Jam Nut

K-Seal

Outside Inside
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External Tank Waivers / Exceptions

• NSTS 07700, Vol. X, Book 1, Waiver 706
• ET Camera does not meet design and construction standards

from Section 3.6.25 Electrostatic Discharge (ESD) Protection
• Per the requirement, all ESD sensitive parts should be marked

with a precautionary statement

• Item discovered during the ELVIS DCR
• ESD Marking has not been done to all ELVIS components

• Rationale
• Camera hardware was handled either ESDS and/or by previous flight hardware 

procedures at the build-up centers
• Ground Operation procedures document handling of the ELVIS Camera hardware as 

ESDS
• Testing post-installation has verified that the camera is functional prior to launch
• Adding labels at this point in the flows is unproductive and hardware could be 

damaged trying to add labels “after the fact”
• Labeling will begin with the third flight set 

• Approval:  PRCBD S061990K dtd 4/12/05
• Requirement is waived for ET-120 and ET-121 camera units
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External Tank Waivers / Exceptions

• NSTS 07700, Vol. X, Book 1, Waiver TBD
• ET instrumentation does not meet design and construction standards from Section 3.6.25 

Electrostatic Discharge (ESD) Protection and Section 3.6.25.3 Handling Procedures
• Per the requirement, all ESD sensitive parts should be marked with a precautionary statement

• Rationale
• IVIS hardware not identified as ESD sensitive by suppliers
• Accelerometer supplier has ESD data, but testing not performed to levels specified in
• NSTS 07700 ESD requirements
• Relay and Signal conditioner supplier indicated no ESD concerns for the components
• Test data is not available
• IVIS hardware was handled during acceptance testing without benefit of ESDS handling
• procedures
• Post-installation testing has (or will) verify that the hardware is functional prior to launch
• Adding labels at this point in the flows is unproductive and hardware could be damaged trying to 

add labels “after the fact”
• Handling procedures cannot be implemented on these vehicles at this stage

• Status:  Rationale presented and approved at PRCB, 6/16/05
• Pending PRCBD
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External Tank Waivers / Exceptions

• NSTS 07700, Vol. X, Book 1, Exception
• Exempt ET instrumentation from the NSTS 08080-1 Standard 69 deadfacing

requirement 
• Existing notes do not identify each umbilical interface separately
• Deadfacing of electrical connectors for ground and in-flight separations asses and 

approved by SICB
• Rationale

• No combustible environment during SRB separation (> 120K ft)
• No connector damage concern due to electrical arcing

• Connectors not re-used
• Functions are required to support proper separation sequence
• All functions deadfaces approximately 4 seconds after separation except for SRB 

power buses A and B
• MEC outputs and SRB power buses have short circuit protection
• Sockets on ET side of interface

• Status:  Pending approval

Note:  This exception is included for completeness – SRB responsibility
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External Tank Waivers / Exceptions

• NSTS 07700-10-MVP-01 Shuttle Master Verification Plan – Vol. I Waiver #13, 
General Approach and Guidelines

• ET LO2 low range ullage pressure transducers and liquid level sensors do not meet 
environmental acceptance test requirements and liquid level sensors are not subjected 
to environments identified in SP-T-0023

• Redesign required to eliminate waiver
• Retention rationale for existing transducers

• No flight function
• Good service record, no failures in life of

program
• Hardware currently procured through

ET-181
• Retention rationale for existing level

sensors
• Adequate qualification and

acceptance tests
and operational checkout of sensors

• Good service record, no failures in life of program
• SSP issuing directive to delete existing waiver

and issue new waiver with limited effectivity
(ET-117 – 181)

Low Range Ullage Pressure Transducers 
on LO2 Tank Cover Plate

Liquid Level Sensors
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External Tank Waivers / Exceptions

• SW-E-0002, Ground Support Equipment General Design Requirements
• Exception, GSE General Design Requirements, Book 1 (Existing GSE)

• For LM designed ET GSE, MMC specification 809-8000 Design Specification, Support 
Equipment - External Tank, shall be used to satisfy the intent of SW-E-0002

• Retaining exception for existing GSE, approved by
PRCB 08/11/04 

GUCA Leg
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Appendix D
ET Hazards with  Infrequent / Catastrophic Cause

June 29, 2005
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Certification Status
Hazard Analysis Report Risk / Cause Matrix
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Accepted Risk

Controlled Risk
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4

4

8

Remote

Infrequent

Probable

Improbable

Marg. Crit. Cat.

L
I
K
E
L
I
H
O
O
D

Severity

“Infrequent / Catastrophic” Failure Causes
• Manual foam (sprayed) application process 

deficiencies for non-redesigned ET locations
• Manual foam (poured) application process 

deficiencies
• Divoting due to internal voids for ET non-

redesigned applications
• External TPS Impact

Accepted Risk HAR with “Catastrophic”
Failure Causes

• T.02, Loss of ET Thermal Protection System
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T.02, Loss of ET Thermal Protection System
Acceptance Rationale

• Design Verification
• Cryogenic panel tests (cryoflex, combined

environments) testing performed to demonstrate
critical load environments (mechanical strain
>125% DLL, TPS temperature) for bondline
delamination failure mode for all applications except
LH2 tank aft dome (>110%)

• Configuration specific tests performed for PAL ramp
applications to demonstrate >125% of DLL flexure
for the outer fiber cracking failure mode

• Wind tunnel performance testing performed to
demonstrate design capability for design certification
aero and aero thermal load environments

• Flat panel and system level thermal / vacuum testing
performed to verify critical load environments for cohesive
strength failure mode (divoting)  (Delta P, TPS temperature)
- New for RTF

• Personnel training / certification
• Personnel performing TPS spray operations were certified

TPS technicians or were allowed to apply TPS through
On-the-Job Training (OJT)

• Applications identified as suspect during Personnel
Certification Investigation were assessed and dispositioned (Remove/replace of UAI)

• UAI dispositions based on no flight hardware impact, acceptance testing, or certified 
QC witness/inspection

• All personnel certification issues cleared for ET-121

Cryoflex

Flexure

PAL Ramp Capability

System  (Flange) 
Thermal/Vac 
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T.02, Loss of ET Thermal Protection System
Acceptance Rationale

* SF for cryoingestion environment shown
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Accepted Risk HAR with “Catastrophic”
Failure Causes

• T.04, ET Ice Debris

1

1Remote

Infrequent

Probable

Improbable

Marg. Crit. Cat.

L
I
K
E
L
I
H
O
O
D

Severity

“Infrequent Catastrophic” Failure Cause

• As-designed uninsulated ET surfaces 
exposed to cryogenic temperatures
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T.04, ET Ice Debris
Acceptance Rationale

Location Rationale
LO2 feedline bellows Redesigned TPS drip lip to reduce the formation of ice 

across the liquid oxygen (LO2) feedline bellows cavities.  
Fwd bellows retrofitted with heater

LO2 feedline brackets Inspections of TPS surfaces on day of launch that determine 
whether unacceptable ice formations exist as defined in 
NSTS 08303, Ice/Debris Inspection Criteria.

GH2/GO2 
pressurization lines

Heated with an anti-icing purge up to prepressurization to 
prevent ice formation

ET GO2 vent louvers Gaseous oxygen (GO2) vent arm is purged in the areas of 
the, and collects GO2 and LO2 tank purge gas until it is 
retracted at approximately T-120 seconds

• Cameras located in the GO2 vent seals are focused on both GO2 
exhaust vent louvers from approximately T-11 hours to T-120 
seconds

• After the vent arm is retracted, the Operational Television (OTV) 
system monitors the GO2 vent louvers for ice formation

Hardware aft of Sta
2058

It has been shown by debris transport analysis that ice 
formation on components at Sta. XT-2058 and aft do not 
pose a debris hazard to the SSV.  All of these locations are 
addressed in the Expected Debris Table.
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