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SPACE SHUTTLE GROUND OPERATIONS
EFFICIENCIES/TECHNOLOGIES
STUDY
PHASE 1 FINAL REPORT

The final report for the Shuttle Ground Operations Efficiencies/Technologies Study is made up of five
volumes.

Volume 1 Executive Summary

Volume 2 Ground Operations Evaluation
Volume 3 Final Presentation Material

Volume 4 Preliminary Issues Database (PIDB)
Volume 5 Technology Information Sheets (TIS)

Volume 1
The Executive Summary volume provides a brief overview of the major elements of the
Study, reviews the findings, and reflects the development of the recommendations
resulting from the Study.

Volume 2

The Ground Operations Evaluation volume describes the breath and depth of the various
Study elements selected as a result of an operational analysis conducted during the early
part of the Study. Analysis techniques used for the evaluation are described in detail.
Elements selected for further evaluation are identified; the resuits of the analysis
documented: and a follow-on course of action recommended. The background and rationale
for developing recommendations for the current Shuttle or for future programs is
presented.

Volume 3
The Final Présentation Material volume contains the most recent version of the charts
used in the Final Phase 1 Oral Briefing at KSC on April 6, 1987, and to the STAS (Space
Transportation Architecture Study) IPR-5 (Interim Program Review) held at MSFC on
April 8, 1987. The KSC, April 6 notation in the title block was used for both packages
because the reviews were held so closely together. This volume contains all charts in
their final form and any differences from charts presented are minor.

Volume 4

The Preliminary Issues Database (PIDB) was assembled very early in the Study as one of
the fundamental tools to be used throughout the Study. Data was acquired from a variety of
sources and compiled in such a way that the data couid be easily sorted in accordance with a
number of different analytical objectives. The system was computerized to significantly
expedite sorting and make it more usable. This volume summarizes the information
contained in the PIDB and provides the reader with the capability to manually find items of
interest. How that information was used in this Study is explained in greater detail in
Volumes 2 and 3.

Volume 5
The Technology Information Sheet volume was assembled in database format during Phase
1 of the Study. This document was designed to provide a repository for information
pertaining to 144 OMI (Operations and Maintenance Instructions) controiled operations in
the OPF, VAB and PAD. It provides a way to accumulate information about required crew
sizes, operations task time duration (serial and/or parallel), special GSE required, and
identification of a potential application of existing technology -- or the need for the

development of a new technology item.
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INTRODUCTION

The overall objective of this Study is to determine high payoff, innovative methodologies and
technologies to reduce STS ground operations, manpower, and life cycle costs. These objectives
shall be accomplished through an overall analysis of the current Shuttle ground operations
functions including but not limited to: assembly, test, and checkout, logistics, recovery,
refurbishment, servicing, payload integration, launch operations, operations management, and
ground systems operations and maintenance.

Our study approach is structured to satisfy the requirement of finding better ways of
accomplishing Shuttle ground processing. This approach takes into account the current
processing constraints resulting from the flight hardware design, the existing ground system
facilities, GSE and software, and the present methods of operation. Our time phased study
approach is geared to: 1) make maximum use of prior and current Shuttle processing
assessments, 2) concentrate on the major Shuttle processing issues, 3) focus on those areas that
have the maximum potential for high payback, and 4) provide rapid identification of existing and
emerging technologies to reduce processing costs. This document presents the first listing of
Study Issues taken from the initial array of source documents (page v). This listing will be
expanded and statused as additional documention becomes available and by operational issues,
identified during our operational flow analyses.

This printout is from an AT&T 6300 plus, using DATAFLEX on a XENIX operating system.
Initially, this database information was assembled for the analyses being conducted in support of
the Study but is available for limited use by others. It is planned to make a later version of this
database available to others on a NASA network. In the interim, selected data sorts can be
obtained by contacting Tom Feaster, KSC PT-FPO, (305) 867-2780.

This document consists of items collected from many sources. The data was reviewed by Study
Team members and input to the database management system in accordance with a series of
pre-established "key words”. Primary elements and their respective sub-elements, displayed
on page vi , very rapidly narrows the available references down from the current 2022 issue
descriptions, to a smail, manageable number that the analyst can easily review manually to
obtain references pertinent to the particular issue being analyzed.

A field is also provided for the description of each "issue". A "string search” can be made of each
line in the description if a particular phrase is being sought aithough this will slow the "sort”
activity significantly. This type of "sort mode” would not normally be used unless it was
necessary to sort to special words or phrases not in the "key words".

A sample page showing all the information contained in a entry for a single issue is included on
page vii of this document as an example showing the types of information contained in the
database for each catalog entry. Page viii shows the number of references (citations) for each
issue currently in the database.

Pages ix through xvii are an alphabetical sort of the issues with the numbers of all associated
catalog entries. (The decimal portion shows up in the computer only, the printout eliminates
the duplication and prints only the "whole" numbers.)

iii
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It is important that the information available for analysis be as complete and current as
possible. If data available to you has not been entered into the database, or data herein is not the
most current, please bring it to the attention of the Boeing Study Manager, A. L. Scholz. He may
be reached by commercial telephone, (305) 867-2334, or by FTS 823-2334. Copies of any
"new" material should be forwarded to him at KSC M/S FH-80 so that it can be incorporated into
the database. Your assistance is essential to assure a mutually useful database tool.

NOTE: (1) Information from STAS IPR's is intentionally excluded from this database
until permission is provided by the responsible agencies to inciude it.

(2) Reports of the Shuttle Paperwork and Preparedness Review Teams will be
included when available.

(3) Other source material will be included as it becomes available.
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ISSUE SOURCE ID NUMBERS

SERIES SOURCE

100 . Presidential Commission Report (Vol. |, 11)

200-400 Post 51-L Findings

500 Aerospace Safety Advisory Panel (ASAP)

600 AFOTEC Reports (Air Force Operational & Test Evaluation Center)
700 NSTS (National Space Transportation Strategy)

900 Lucas Letter to Headquarters

1000-1600 Maintenance Technology Study, Ph. lil Summary Report (RI)
1700 AFSG/NSIA Space Transportation Panel

1800-2100 PEO Post 51-L Return-to-Fit-Status Mod List

2200-2600 DE Post 51-L Return-to-Fit-Status Mod List

2700-2800 PEO Post 51-L Return-to-Fit-Status Mod List

3000 Space Station Maint. Planning & Analysis Study (Boeing)
3100 SSME GSE Review

3200 KSC Shuttle Paperwork & Preparedness Review Team Reports
3300 NASA Headquarters, Misc.

4100 GO-MPO Shuttle Ground Operations Briefings

4800** Boeing STAS

4900*" GDA STAS

5000"" MMC STAS

5100** RI STAS

Note: * KSC "Shuttle Paperwork & Preparedness Review" Team Reports

not yet available.

** STAS IPR information excluded until permission granted to include it.



ISSUES

ACCESSABILITY
AUTOMATION
CANNIBALIZATION
CHANGE CONTROL
COMM'LIZATION
COMMONALITY
CONSTRAINTS
COST/MANHOURS
DESIGN

DESIGN CRITERIA
DISCIPLINE
DRAWING SYSTEM
EFFICIENCY
EXPERT SYSTEM
FAULT DETECTION
INTEGRATION
INTERFACE
ISOLATION
LOGISTICS/SPARES
MAINTAINABILITY
MANAGEMENT
'METHODS
MISSION
MODULARIZATION
PAPERWORK
PLANNING
PROCEDURE

QA

REDUNDANCY
RELIABILITY
REQUIREMENTS
SAFETY
SECURITY
STANDARDS
SURFACE TRANSP
TECHNOLOGY
TIME/CYCLE
TIME/OFF-LINE
TIME/ON-LINE

TRAINING/CERTIF -

WAIVERS

LIST OF SEARCH KEYS

ISSUE SOURCE

HARDWARE/SOFTWARE
APU
AVIONICS 51-L FINDINGS
BR AFOTEC
ECLSS AFSC/NSIA
ET ASAP
FACILITIES BOE SS MT PLNG
FCE DE PROPOSED MODS
FLT KIT DE RTN FLT MODS
GOAL FLORIDA TODAY
GSE KSC GO-MPO
LANDING LSoc
LPS LUCAS LTR TO HQ
MPS NE-PEO MOD LIST
N/A NSTS
ORBITER PC REPORT
PECS SPPR{CHANGES)
POWER SPPR(CONSTRAINT)
PV&D SPPR(MGMT)
SCAN SPPR(OMI)
SCAR SPPR(QA)
SRB SPPR(STD)
SSME SPPR({TRNG/CERT)
STRUCTURE SSME GSE REVIEW
STS STAS
TPS STS MT STDY (RI}
REFERENCE DATA OPERATION LOCATION
CCB ASSEMBLY ALL
COSTS COUNTDOWN JSC
DATABASE FAULT ISOLATION KSC
ESR FERRY LCC
JOB CARD FLIGHT LDG
LMR FRR LETF -
MANIFEST GENERIC LV
MCR HAZARDOUS ML
MEMO INSPECTION MLP
N/A LANDING MSFC
OMI MAINTENANCE MST
OMRSD MANIFESTING N/A
PRACA N/A OPF
PSP NDT ORBITR
REPORT POWER-ON PAD
SCHEDULE PROPELLANT PCR
WA REPAIR PPR
REPLACEMENT/LRU RSS
SCHEDULING SAB
SWITCHING SC
TEST VAB
vi WORK CONTROL VLS

VPF



DATA ENTRY FORMAT

Preliminary Issue Entry/Edit Y S S
ID: e 22 #  |Unique serislized identifisr mumber).
Issue: < > [One of 45 identified issue categories—ses “Issue” listing)
Issue Source: <« > [Documented Source of issus ).
Ref. File #: ____ {Hard copy Study File number contsining source materist]
Operation: < > {One of 20 identified operations~see “Operstion” listing)
Location: o > {One of 19 identified locations -see “Location” listing)
Orb.No/Mission < > {identifies Orbiler No. and Hission No.)
HardWare/Software: < > [Identifies hardware/soflware by sub system/component level]
Kesources: [Specifies info on resources requirsd) ‘
Reference Data:

{Ralsted-information such as PRACA or Ot}

Description: (545800 character description from source documentation]

*Example

(200.00 and 200.02) 200.0! is a continuation of 200.00 where additional
description was required.

ENTRY EXAMPLE

It: (234.82;

Issue: (CHANSE CONTRIL

lssue Source: (Si-L FINSINGS Fast 870
Ref. File §: IN2

Dperation:  (RASSEMELY )

Location: (xSC >

Drb.No/Missign:  (B29/51-L >

Hardware/Softuares {E3C ? CABLING

Descriptica:

*ET TPS S72-B694-1-2-@f(P -- ET INTERTANY HEATER AC POWER CONNICTION

DURINS INSTALLATION OF THZ 635 CABLINE TC THE ET I/T HEATERS, THt CABLING CCULD
XJT BE INSTALLED PER PRINT SINCE A T0J SmALL BEND RADIUS FOR THE CABLE WAS
CALLED QUT. THE PROBLEM WAS SOLVED BY INSTALLINE AN ELBCK AT LOCATION.

THIS COKCITION DID NST WAVE DESEBN ENSINCERING LONCURRENCE,®
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NUMBER OF CITATIONS vs ISSUES

ISSUE NAME OCCURRENCES
ACCESSABILITY 104
AUTOMATION 27
CANNIBALIZATION 14
CHANGE CONTROL 30
COMM’LIZATION 1§
COMMONALITY 45
CONSTRAINTS 18
COST/MANHOURS 101
DESIGN 150
DESIGN CRITERIA 298
DISCIPLINE 125
DRAWING SYSTEN 30
EFFICIENCY 30
EXPERT SYSTEM 16
FAULT DETECTION 54
INTEGRATION i1
INTERFACE 2
ISOLATION 24
LOGISTICS/SPARES 81
MAINTAINABILITY 226
MANAGEMENT 82
HETHODS 17
HISSION 8
NODULARIZATION 8
PAPERWORK 104
PLANNING 39
PROCEDURE 94
'Ll 107
REDUNDANCY 33
RELIABILITY 81
REQUIREMENTS 167
SAFETY 250
SECURITY 20
STANDARDS 3
SURFACE TRANSP 15
TECHNOLOGY 91
TINE/CYCLE M
TIME/OFF-LINE 8
TIME/ON-LINE 22
TRAINING/CERTIF 3
NAIVERS 10
TOTAL: 3260 (2022 DIFFERENT DESCRIPTIONS)
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ACCESSABILITY  ACCESSABILITY  ACCESSABILITY  CANNIBALIZATION  COMM'LIZATION  COMMONALITY ~ CONSTRAINTS
ISSUE 1D 1SSUE 10 TSSUE 1D ISSUE [0 ISSUE ID [SSUE 1D ISSUE 1D
274.10 1592.10 2465.10 112.20 1320.30 500.00 152.10
1003.10 1594.10 2466.00 119.10 1356.30 1013.00 155.10
1005.00 1600.00 2467.00 158.20 1368.10 1014.00 159.00
1012.10 1602.10 2468.00 200.10 1716.00 1016.00 160.00
1015.00 1606.10 2470.10 200.11 1716.01 1062.00 235.20
1017.00 1615.10 2471.00 $12.10 1717.00 1084.10 281.20
1031.00 1619.00 2487.00 602.10 1718.00 1086.00 293.30
1032.00 1620.00 2648.00 608.10 1738.00 1090.00 331.30
1036.00 1622.00 620,10 1740.20 - 1198.00 318.10
1039.00 1623.10 AUTCRATION 826.10 1796.10 1200.00 1280.00
1043.00 1624.90 1000.00 1797.00 £203.00 1786.20
1044.00 1649.10 1SSUE 1D 1707.10 1207.00 1786.21
1048.00 1660.00 2134.19 1215.00 1789.20
1084.00 1666.00 151.20 4102.20 1223.00 2053.10
1085.€0 1730.10 151.21 1251.00 2548.10
1109.00 1781.10 1101.20 CHANGE CONTROL 1289.00 4106.00
1138.20 1800.00 1122.10 -_— 1297.00 4107.10
1149.¢80 1859.¢0 1138.10 [55UE 10 1308.10 4108.00
1169.10 186C.10 1141.10 1311.00
1215.20 1861.00 1153.10 151,30 1321.20
1216.10 1862.00 1168.10 151.31 1332.90
1290.20 1863.00 .o 112.10 1341.00
1313.00 1864.10 1700.10 190. 40 1345.00
1314.10 1865.60 1721.00 208.20 1356.20
1316.10 1866.10 1742.10 210.30 1366.00
1327.00 1867.00 1743.10 212,10 1363.00
1331..10 1868.10 1743.40 236.10 1373.10
1336.00 1369.00 1749.00 261.20 1330.0
1350.00 1371.00 1753.20 287.00 1385.10
1356.00 1872.00 1754.00 239,10 1403.00
1370.10 1875.10 1755.00 292.10 1405.00
1518.10 1876.00 1767.30 293.00 1419.20
1541.10 1920.00 1769.10 294.00 1429.00
1543.10 1925.20 1775.20 366.30 1473.10
1563.10 2095.10 1775.21 301.10 1480.00
1564.10 2119.00 1816.10 50500 1485.90
1565.10 2120.00 1817.10 1116.10 1486.00
1570.10 2124.20 1819.20 111700 1437.00
1571.10 2200.10 1820.00 1136.10 1505.20
1572.10 2203.10 2082.20 1186.00 1533.00
1573.10 274.30 1226.10 1539.00
1575.10 2457.00 1256.00 1544.00
1580.10 2458.10 1320.00 1347.00
1582.00 2459.00 1348.00 1598.00
1583.60 2460.00 1391.00 2642.00
1584.10 2461.00 2082.10
1585.00 2462.00 2121.10
1586.10 2464.00 2151.20
2659.00

ix



COST/MANHOURS

ISSUE ID

155.20
158.10
321.00
328.00 -
329.00
330.00
331.00
332.00
333.00
334.00
335.00
336.00
354.00
428.00
700.00
701.00
701.01
102.00
709.00
710.00
711.00
712.00
713.00
714.00
715.00
716.00
711.00
118.00
119.00
720.00
1029.00
1068.00
1125.00
1166.00
1188.00
1325.10
1349.20
1365.00
1393.20
1398.00
1447.00
1455.10
1474.00
1477.00
1519.10
1532.00
154210
1589.00

COST/MANHOURS  DESIGN DESIGN DESIGN DESISN  DESIGN DESIGN DESIGN
ISSUE 1D ISSUE 1D ISSUE ID  ISSUE ID  ISSUE ID ISSUE ID  [ssue [p  ISSUE ID
1590.00 100.00 1807.00  1894.00  1994.00  2048.00  2122.00  2196.00
1595.00 100.01 1808.00  1895.00  1997.10  2049.00  2124.00  2197.00
1605.00 102.00 1309.10  1896.00  1998.00  2050.00  2125.00  2198.00
1705.00 109.20 1810.00  1898.00  1999.00  2051.00  2126.00  2199.00
1710.10 110.10 1811.00  1899.00  2000.00  2052.10  2127.00  2200.00
1717.10 153.00 1812.00  1900.10  2001.00  2053.00  2139.00  2201.00
1713.10 156.C0 1313.00 1901.00  2002.00  2054.00  2140.00 2203.00
1720.00 173.30 1914.00  1902.00  2003.00  2055.00 141,00 2205.00
1721.30 181.20 1321.00 1903.00  2004.00  2056.00  2:42.00 2210.00
1721.20 132.00 1322.20  1904.10  2005.00  2057.00  2143.00  2218.00
1728.10 128.10 1323.00 1907.00  2006.00  2058.00  2144.00 2227.00
1729.10 159.00 1824.10  1908.10  2007.00  2060.10  2145.00  2228.00
173840 190.10 1829.10  1909.20  2008.00  2062.00  2147.00  2243.00
1732.00 242,00 1836.00  1916.10  2009.C0  2064.00  2148.00  2250.20
1733.19 264.10 1837.00  1917.00  2010.00  2065.00  2149.00  2253.00
1734.10 270.00 1840.00  1919.00  2011.00  2066.00  2:50.00  2254.00
1735.90 261,10 1341.00 1523.00  2012.00  2068.00  215:.00 2255.00
1736.10 282.00 1842.00 1925.10  2013.00  2069.00  2152.00 2256.00
1740.00 283.00 1844.00  1927.10  2014.00  2070.00  2153.00  2258.00
1742.30 289.00 1845.00  1928.00  2015.00  2071.00  2154.00  2259.00
1743.30 323.10 1846.00  1929.00  2016.00  2072.10 _ 2155.00  2262.00
1759.30 326.00 1847.00  1931.00  2017.00  2073.10 ©2163.00  2263.00
1760. 40 375.00 1848.00  1934.00  2018.10  2074.19  2165.00  2264.00
1761.50 330.0! 1850.00  1935.10  2019.00  2075.00  2171.00  2265.00
1752.29 170.92 185100  1936.10  2020.00  2076.00  2172.00  2267.00
1763.30 379.03 §52.00  1943.00  2021.00  2077.00  2173.00  2270.00
1764.00 375.04 1353.00 1948.10  2022.20 2080.00 2174.00 2272.10
1765.20 370.35 135910 1949.00  2023.00  7081.10  2175.00  2273.00
1766.19 31006 1860.00 1950.00  2024.00  2¢33.00  2176.00 2274.10
1767.00 370.07 1864.00 1952.00  2026.00  2084.00  2177.00 2276.00
1776.90 370.08 1865.10  1953.00  2027.00  038.10  2178.00  2278.00
1776.01 370.09 1866.00  1954.10  2028.00  2089.00  2179.90  2282.10
1773.10 507.10 1867.10 1957.00  2029.00  2090.00  2180.00  2284.00
1780.20 £00.00 1263.00 1958.00  2030.00 092,00  2181.00 278500
1731.00 661.00 1869.10  1959.00  2031.00 209300  2182.00  2286.00
1782.30 797.00 1874.00  1960.00 203200 094,10  2183.00  2287.00
1733.00 708.19 1875.00  1961.20  2034.00  2095.00  2184.00  2288.00
1791.00 1018.20 1876.10 1962.00 2035.00 2096.00 2185.00 2293.00
1796.90 1028.00 1877.00  1968.00  2036.00  2097.00  2186.00  2294.00
1799.00 1045.00 1881.10  1976.10  2037.00  2p98.00  2187.00  2295.00
18156.40 1050.00 1883.10  1985.10  2038.90  2100.00  2188.00  2296.00
1817.00 1197.00 1894.00  1986.00  2039.00  2102.00  2189.00  2297.00
1818.20 1215.00 1885.00  1987.00  2041.20  2105.10  2190.00  2298.00
1819.00 1233.00 1389.10 1988.10  2042.00 2106.00  2191.00 2299.00
1820.10 1242.00 1290.00  1990.00  2043.00  2112.00  2192.00  2301.00
1856.10 1295.00 1891.00 1991.00  2045.00 2113.10 2193.00 2302.00
1893.10 149500 1892.00 1992.00  2046.00  2114.00  2194.00 2303.00
2051.10 15¢2.90 1893.00 1993.90  2047.00  2115.00  2155.00 2304.00
2110.10
2123.10
2244.20
2248.20
4101.20 X

DESIGN
[SSUE 1D

2305.00
2306.00
2308.00
2309.00
2310.00
2311.00
2312.00
2313.00
2314.00
2315.00
2316.00
2317.00
2318.00
2319.00
2320.00
2321.00
2322.80
2323.00
2324.00
2325.00
2326.00
2327.00
2328.00
2129.00
2330.20
2331.00
2352.00
2335.00
2336.00
2337.00
2338.00
2339.00

. 2340.00

2341.00
2342.00
2343.00
2344.00
2345.00
2346.00
2347.00
2348.00
2349.00
2350.00
2351.00

152.00
2353.00
2354.00
2155.00



DESIGN DESIGN DESIGN DESIGN DESIGN DESIGN DESIGN DESIGN DESIGN CRITERIA

DESIGN CRITERIA

ISSUE ID ISSUE 10 ISSUE ID  ISSUE ID  ISSUE ID  ISSUE ID  TISSUE ID  1ISSUE ID ISSUE 1D ISSUE 1D
2356.00  2412.00  2480.10  2554.00  2620.00  2738.00  2789.00  7838.00 171.10 1138.00
2357.00  2413.00  2482.00  2585.00  2621.00  2740.00  2790.00  2840.00 295.10 1144.00
23158.00  2415.00  2483.10  2556.00  2623.00 2741.00  27191.00  2841.00 705.10 1148.00
2359.00  2417.00  2484.20 2558.00  2624.00 2742.00  2792.00 2847.00 1002.90 116180
2360.00  2418.00  2486.00  2561.00  2625.00  2743.00  2793.00  2843.00 1003.00 1162.00
2361.00 2419.00  2490.00  2562.10  2626.00  2744.00  2794.00  2844.00 1005.10 1166.20
2362.00 2420.00 2¢92.00 2563.00 2621.00 2745.00 2795.00 2846.00 1007.00 1171.20
2363.00 2422.0¢ 2493.00 2564.00 2647.00 2746.00 2796.00 2847.00 1008.00 1187.00
2364.00  2423.00  2496.00  2565.00  2649.00  2747.00  2798.00  2848.00 1009.00 1194.10
2367.00  2424.00  2498.00  2566.10  2650.00  2748.00  2799.00  2849.00 1011.10 1202.00
2368.00  2429.00  2500.00  2567.00  2651.00  2749.00  2800.00  2850.00 1013.10 1211.00
2369.00  2¢26.00  2501.60  2574.00  2652.00  2750.00  2801.00  985).00 1016.10 1212.00
2370.00  2427.00  2502.00  2575.00  2653.00  2751.00  2802.00  2852.00 1020.00 1213.00
2371.00  2429.00  2503.00  2582.00  2700.00  2753.00  2803.00  7853.00 1021.10 1214.00
2372.00  2430.00  2508.10  2583.00  2701.00  2754.00  2804.00  9854.00 1022.00 1218.00
2373.00  2431.00  2514.10  2584.00  2702.00  2755.00  2805.00  2g55.00 1035.10 1219.00
2374.00  2432.00  2515.00  2585.00  2703.00  27%6.00  2806.00  2pSs.00 1937.10 1220.00
2375.00  2433.00  2516.00  2586.00  2704.00 2757.00  2807.00  2857.00 1039.10 1221.10
2376.00 243400 2517.00 2989.00 2705.00 2758.00 2808.00 2858.00 1040.00 1222.00
2377.00  2435.00  2518.00  2590.00  27C6.00 2759.00  2809.00  2859.00 1041.00 1224.00
2378.00 2436.00 2519.00 2591.00 2708.00 2760.00 2810.00 2860.00 1046.00 1227.10
2379.00  2440.00  2522.00  2592.00  2709.00  2761.00  2811.00  286].00 1051.10 1228.00
2380.00  2441.0C  2523.00  2593.00  2710.00 2762.00 281200 2862.00 1052.00 1233.10
2383.00  2442.00  2524.00  259¢.00  2711.00 2763.00  2613.00  2363.00 1057.0C 1235.00
2384.00  2443.00  2525.00  2595.00  2712.00 2764.00  2814.00 2865.00 1058.00 173600
2385.10  2446.00  2526.10  2596.00  2713.00 2765.00  2815.00 286600 1053.20 1242.10
2386.00  7447.00  2527.00  2597.00  2714.00 2767.00  2816.00 2867.90 108C.0C 1244.00
2387.00  2448.00  2528.00  2598.00  2715.00  2768.00  2817.00 2868.00 1061.00 1245.00
2388.00  2449.00  2529.00  2599.00  2717.00  2769.00  2818.00 2869.00 1063.0¢ 1252.00
2389.00 2450.00 2530.00 2600.00 2118.00 2770.60 2819.00 4103.10 1065.00 1256.20
2390.00 2451.00 2532.00 2601.00 2719.00 2771.00 2820.00 1066.00 1260.00
2391.00  2452.00  2533.00  2602.00  2720.00 2772.00  2821.00 1067.00 1261.00
2392.00  2453.00  2534.00 2604.00  2721.00 2773.00  9822.00 1069.00 " 1273.00
2394.00  2454.00  2536.00  2605.00  2722.00  2774.C0  2823.60 1072.00 1276.00
2395.00  2457.10  2537.00  2606.00  2723.00  2775.00  2824.00 1073.00 1279.00
2196.00  2458.00  2538.00  2607.00  2724.00  2776.00  2825.00 1075.00 1280.20
2397.00  2462.10  2540.10  2608.00  2725.00  2777.00  2826.00 1077.00 1281.00
2398.00  2463.00  2541.00  2609.00  2726.00  277B.C0  2827.00 1081.00 1282.10
2399.00  2464.10  2542.00  2610.00  2727.00  2779.00  2828.00 1083.00 1284.00
2400.00  2465.00  2544.00  2611.00 272800  2780.00  2829.00 1087.00 1286.10
2401.00  2466.1C  2545.00 2612.00  2729.00  2781.00  2830.00 1091.00 1287.00
2402.00  2470.00  2546.80 2613.00  2730.00 2182.00  2831.00 1093.00 1283.00
2403.00 247110 2547.10 214,00 2731.00  2783.00  28312.00 - 1099.00 1289.10
2404.00 247410 2548.00 2615.06  2732.00  2784.00  2333.00 1101.00 1290.00
2405.00  2476.10  2549.00 2616.00  2733.00  2785.00  2834.00 1102.00 1291.00
2406.00 247700 2550.00 2617.00  2735.00  2786.00  2835.00 1124.00 1292.00
2407.00  2478.10  2551.00 2618.00  2736.00  2787.00  2936.00 1135.00 1294.00
2411.00  2479.00  2552.00 2619.00  2737.00  2788.00  2837.00 1137.00 1297.10

xi



DESIGN CRITERIA DESIGN CRITERIA DESIGN CRITERIA DESISN CRITERIA DESIGN CRITERIA  DISCIPLINE

ISSUE ID

1298.00
1299.00
1300.00
1304.00
1308.00
1313.10
1314.00
1316.00
1317.00
1320.10
1321.20
1322.00
1325.00
1326.00
1331.00
1334.00
1335.00
1336.10
1342.00
1343.00
1346.00
1348.20
1355.10
13%6.10
1357.10
1359.06
1362.10
1369.10
1383.00
1388.10
1390.10
1402.10
1408.00
1409.00
1410.00
1411.00
1412.00
1413.00
1415.00
1416.00
1417.00
1418.00
1419.00
1422.00
1423.00
1425.00
1428.10
1431.00

15SUE

0

1434.00
1437.00

1440,

00

1441.00
1445.00
1446.00
1456.00

1469.

00

1470.00
1473.00

1479.
1498.
1500.
1509.
1517.
1522,
1823.
1942.
1543,
1544.
1845.
1547,
1948,
1549.
1550.
1952,
1333,
1538.
1556
1558,
1559.
1560.
1563
1564.
1%65.
1566.
1567.
1570.
1571,
1572.
1573.
197¢.
1375,
1577.
1578.
1989,
1584.
1586.

00
00
00
00
10
00
0c
20
0o
19
00
10
10
10
(v
00
10
10

.10

10
10
10

.00

00
00
20
00
00
00
00
00
0o
00
00
oc
00
0o
0o

DISCIPLINE
1SSUE 1D 1SSUE 1D [SSUE 1D ISSUE 1D 1SSUE D
1587.10 1833.00 2473.20 248.00 369.00
1588.00 1835.00 2481.00 249.00 371,20
1590.10 1843.00 2512.00 252.10 400.00
1592.00 1879.20 410610 253.00 402,10
1594.00 1905.00 4107.00 257.10 403,10
1595.10 1933.00 4108.10 258.10 404.00
1597.00 1974.10 4109.00 261.40 405.10
1599.00 1575.00 4110.20 22.10 405,90
1602.00 1983.00 4111.00 263.00 407.00
1603.00 1989.00 4112.00 264.00 408.00
1606.00 2202.00 23.10 409.00
1608.00 2204.00 DISCIPLINE 28.10 410.00
1611.00 2206.00 269.00 411,00
1612.00 2201.00 1SSUe 1D 271.30 429.10
1615.00 2208.00 212.00 430.10
1619.10 2209.00 114.10 275.10 432.20
1622.10 2211.00 “g'gg 276.30 433.00
1623.00 2212.00 114'00 277.00 435,00
1624.10 2213.00 e 279.20 431.10
1649.00 2214.00 131.00 250.00 504,00
1650. 00 2215.00 iii';g 282.20 615.10
1654.00 2216.00 138-00 286.10 1361.10
1655.00 2217.00 o0 290.20 185410
1712.10 2219.00 146.20 29i.10 2109.00
1720.10 2220.00 147.00 292.00 2121.20
1721.00 2121.00 ' 20 293.20 2132.00
1727.30 2222.00 .00 264.20 213400
1731.00 2123.00 150,10 236.00 2251.10
1739.40 2224.00 50,11 297.00 2579.20
1739.41 2225.00 10 298.20
1749.70 2226.00 151'10 299.10
1763.20 2729.00 20100 300.20
1780.10 1230.00 702,06 301.00
1786.10 2231.00 o 00 102.20
1786.11 2232.00 ot o0 303.00
1789.40 2233.00 e 104.20
1790.00 2234.00 206'00 305.20
1790.0% 2235.00 207'00 325.00
1190.02 2236.00 oA 346.20
1792.10 2237.00 209'00 348.10
1793.00 2238.00 e 49.20
1800.10 2239.00 211 00 350.00
1802.00 2240.00 0o 351.00
1804.00 2241.00 s 00 152.00
1805.00 2242.00 e 355.10
1822.00 2246.00 120 356.00
1824.00 2251.10 72 10 158.10
1832.00 2290.00 223' 10 389.20
225.00 361.10
226.00 362.00
227.20 363.00
xii 233.00 364.10
234.00 363.00
244,00 366.20
367.10

368.00



xiii

DRAWING SYSTEM  EFFICIENCY FAULT DETECTION FAULT DETECTION INTERFACE  ISOLATION  LOGISTICS/SPARES LOGISTICS/SPARES
ISSUE 1D ISSUE 10 ISSUE 1D 1SSUE 1D ISSUE [D  ISSUE ID ISSUE 1D ISSUE ID
1027.00 150.20 327.10 2073.20 171.00 623.00 112.30 1887.10
1038.00 150.21 1010,00 2074.00 192.00 1110.00 119.00 1888.00
1105.00 3137.40 1034.00 2075.20 235.10 1185.00 141.00 1965.00
1111.00 . 355.20 1049.00 2090.10 278.20 1194.00 158.00 1967.00
1114.00 433.10 1101.10 2097.10 283.10 1280.10 200.00 2017.10
1116.00 503.20 1104.00 2271.00 500.10 1342.10 200.01 2018.00
1118.00 §07.10 1122.00 1115.00 1703.00 412.00 2025.00
1139.00 629.10 1129.00 INTEGRATION 1264.00  1704.00 $27.00 2033.20
1189.00 1077.20 1138.30 —_— 1798.10 1722.00 503.00 2040.00
1201.00 1258.10 1141.00 1SS6E 10 1722.10 1725.90 506.00 2963.10
1320.20 1277.10 114200 1723.20 1725.01 607.00 2067.00
1333.90 1369.20 1146.00 1389.00 1725.10 1743.40 608.00 2082.00
1348.10 1429.10 1153.00 1700',0 1725.11 1319.10 615.30 2104.10
1360.00 1556.20 1157.00 172120 1729.00  1923.10 620.00 2108.00
1371.00 1724.00 1148.00 1753’10 1731.20 1934.20 626.00 2246.30
138¢4.00 1760.30 1170.00 112820 1739.20  1964.00 1000.20 2260.10
1393.00 1761.10 £171.00 173910 1739.21  1997.00 10¢1.00 2261.00
1413.10 1762.10 1172.00 73911 1742.20  2003.10 1£02.10 2262.10
1526.00 1753.00 1193.00 175029 1743.20  2016.10 1004.00 2439.20
1854.00 1769.20 1195.00 175120 1787.10  2041.00 1026.10 2504.00
2121.00 1786.40 1206.00 1765, 40 1797.11  2043.10 1023.00 2526.00
25110 17%.41 1275.10 173210 1788.00  2295.10 1028.10 2531.00
2257.00 1791.40 128¢.10 ) 1790.20  2298.10 1167.00 2553.10
2366.90 1793.00 1286.00 179031 2490.10 1217.00 2357.00
2381.00 2014.10 1287.10 1790.32 1279.10 2569.00
2382.00 2119.10 1319.00 1791.10 1319.10 2573.00
2587.00 2304.10 132214 1793.30 1749.00 2460.00
2607.10 4101.10 1324.10 1894.30 1361.20 2734.00
3104.00 4102.00 1323.00 2012.20 1391.20 2839.00
3105.00 4103.20 1330.00 2013.10 1393.10 2845.00
1340.00 2027.10 1441.10 2864.00
1357.00 2075.10 1451.00 3106.00
EXPERT SYSTEM 1362.00 2080.10 1455.00 ,3106.01
1381.00 2081.20 1466.00
1SSUE 1D 1385.00 2100.10 1468.00
1528.00 2304.20 1516.00
1358.10 1612.10 2305.10 1517.00
1748.10 1742.40 2561.10 1518.00
1752.10 1748.20 2962.20 1535.00
1753.00 1773.10 2564.10 1707.00
1754.20 1773.11 4110.10 1759.10
1755.10 1775.40 4111.10 1760.10
1773.00 1775.44 1761.30
1773.01 1789.10 1767.20
1774.00 1913.60 1773.30
1774.0! 1964.10 1773.31
1775.10 1969.09 1825.10
1775.11 1970.00 1870.30
1793.20
1820.30
2090.20
37.10



MATNTAINABILITY

HOINTATMABILITY MAINTAINABILITY  MAINTAINABILITY WAINTAINABILITY MANAGEMENT
ISSUE ID ISSUE 1D 1SSUE 1D ISSUE 1D ISSUE ID [SSUE 1D
112.10 1123.00 1442.00 1887.00 2630.00 103.00
145.00 1126.00 1443.00 1888.10 2637.00 104.00
167.40 1133.00 1450.00 1889.00 3000.00 105.00
167.41. 1136.00 1475.00 1922.00 3000.01 106.00
168.10 1147.00 1493.00 1932.00 3000.02 108.00
273.20 1149.10 1499.00 1953.10 3001.00 113.30
274.00 1152.00 1516.10 1963.00 3001.01 118.90
339.60 1154.00 1518.29 1980.00 3001.02 - 119.20
614.20 1164.10 1523.10 1995.00 3002.00 122.00
615.00 1169.00 1527.00 1996.00 3002.01 124.10
704.00 1184.09 1530.00 2033.00 3002.02 131.10
1200.18 1193.10 1538.00 2040.10 3003.00 132,20
1004.10 1210.00 1542.00 2043.20 3003.01 133.00
1005.20 1282.00 1546.10 2044.00 3003.02 134.00
1004.00 1312.00 1548.90 2052.00 3004.00 135.00
1009.10 1314.20 1549.20 2061.00 1004.01 137.00
1011.00 1315.00 1553.00 2078.00 1004.07 142.00
1012.9¢ 1318.30 1555.29 2085.20 3004.03 149.10
1021.C0 1321.00 1556.00 2099.00 3005.00 120.00
1024.00 1322.20 1557.00 2104.00 1005.01 150.01
1025.00 1327.10 1558.00 2105.00 3005.0? 151.00
1030.¢0 13223.10 1559.40 2111.00 3005.03 151.01
1032.10 1329.00 1566.19 2246.20 3006 .00 182.00
1034.19 133210 1573.20 2250.30 3006.0! 155.00
1035.0¢ 1339.00 1578.10 2256.10 3096.072 157.20
1036.10 1342.20 1530.20 2260.20 3007.00 161.00
1037.00 1347.C0 1588.10 2241.10 3007.01 162.00
1033.16 1330.10 1589.10 2289.20 3207.02 163.00
1042.00 13585.00 1399.10 2300.00 3008.00 185.00
1044.10 1363.00 1603.10 2307.00 1008.01 192.10
1046.10 1364.00 1605.20 2308.10 3009.00 203.30
1047.00 1369.00 1606.20 2329.10 3009.01 235.00
1052.10 1370.00 1636.00 2330.00 3009.02 236.30
1058.10 1378.00 1454.10 2439.10 4101.40 312.10
1059.10 1379.00 1730.00 2444.00 32110
1061.10 1388.00 1789.30 244500 342.10
1063.10 1390.00 1791.30 2454.10 345.10
1065.10 1392.00 1825.00 2472.40 352.10
1075.10 1395.00 1834.00 2475.10 354.10
1077.19 1400.00 1838.00 2489.00 357.20
1081.10 1402.00 1839.00 2510.00 364.20
1087.10 1404.00 1850.10 2520.00 404.20
1088.90 1410.10 1853.20 2521.00 407.30
1096.00 1415.10 1857.10 2543.00 409.30
1103.00 1423.10 1870.00 2547.00 606.00
1108.00 1427.00 1870.20 2959.00 612.10
1112.00 1428.900 1878.40 2566.00 613.00
I113.00 1432.0¢ 188¢.10 2610.10 614.10

xiv

MANAGEHENT
1s5ue D

1066.10
1256.30
1349.10
1372.00
1387.00
1536.00
1713.00
1714.00
1715.00
1719.00
1719.01
1732.10
1789.20
1760.00
1761.40
1762.00
1763.10
1764.10
1765.00
1768.10
1769.00
1770.00
1771.00
1772.00
1774.10
1774.11
1799.10
2061.10
2079.00
2110.00
2123.00
2133.¢0
2560.00 ,
2638.00



HETHODS NISSION
1SSUE ID [SSUE ID
178.20 1765.30
192.20 1774.20
239.10 17174.21
240.30 . 1781.20
241.00 1788.20
245.10 1790.10
270.10 1790.11
272.10 1790.12
273.19 2901.00
171410 3902.00
1724.10 3903.00
1782.20 3904 .00
1972.00 3905.00
2063.20 3906.00
2118.00 3907.00
2505.00 3908.00
2553.20 31309.00
3910.00

3911.00

3912.00

3913.00

3914.00

3915.90

3916.90

3917.00

3918.00

3919.00

3920.G0

3921.00

3922.0¢C

3923.00

3924.00

3925.00

3926.00

3927.00

3927.01

3928.00

3928.01

HODULARTZATION
ISSUE 1D

70410
1120.00
1717.20
1726.10
1725.30
1730.20
1731.10
1738.10

PAPERWCRK  PAPERWORK PLANNING  PROCEDURE
1SSUE 1D ISSUE 10 ISSUE 1D [LSSUE ID

114,20 320.90 109.30 112.00
140.10 337.10 111.90 136.20
143.00 338.00 146.10 157.00
144.10 341.00 151.40 167.10
147.10 342.00 151.41 167.11
151.10 343.00 167.00 201.30
151,11 344.00 167.01 202.30
134.00 345.30 . 168.90 211.40
154,01 346.00 190.30 212.30
134,11 341.90 133.00 223.00
201.20 148.00 321.¢0 234.20
202,10 349.00 504.00 236.20
203.10 396.10 614.00 238.00
0410 357.10 615.20 239.00
205.10 353.50 706.20 240.10
205.10 360.320 1701.39 21.10
207.10 3451.00 1702.3 244.10
210,13 38310 178,58 246.20
ul.i 384,30 1737.36 248.10
212.00 369.10 1739.20 249.10
213,10 346.10 173901 250.10
214,10 367.90 1741.2 251.00
715.10 J8d.10 1741.21 254.20
215,40 37110 1741.22 255.0C
217.00 213.0C 1741.23 257.20
236.00 414.00 1748.30 299.00
248.20 4i3.30 1765.18 260.19
237.30 41:.90 1766.33 261.30
238.20 417,23 1179.29 262.29
260.00 413.00 1816.20 265.20
261.00 419.90 1318.10 269.20
262.00 420.20 2244.10 271.10
269.30 421.00 2245.10 272.20
271.00 422.00 4100.00 273.00
273.30 424.00 4101.00 218.10
276.20 424.01 4102.10 279.00
217.10 425,00 4103.00 288.00
280.10 425.01 4104.20 296.20
292.30 426.00 4105.00 292.30
296.10 429.00 322.00
312.00 431.10 331.00
313.00 432.10 345.20
314.00 437.00 346,30
315.00 605.10 348.20
316.00 605.10 353.00
317.00 613.10 360.20
318.00 1769.30 367.30
319.00 774,40 371.30

1774.41

1773.30

1775.31

1192.20

1793.40 v

2079.10

2560.10

4102.30

PROCEDURE 0 QA

ISSUE 10 [ssue 1D ISSUE 1D
401.00 113.20 258.00
410.10 133.10 259.10
420.10 139.10 260.20
431.00 140.00 262.30
432.30 143.20 263.10
433.20 144.00 264.30
431.20 14¢.00 265.00
1055.00 174.00 - 268.00
1071.90 175.00 274.20
1107.00 177.00 215.00
1108.10 173.00 275.10
1164.00 20:.19 M.
1226.00 202.20 219.10
1233.00 203.20 281.00
1237.00 204.20 282.10
1239.00 205.20 284.00
1240.00 708.20 285.00
1256.10 267,20 286.00
1253.00 203.09 299.00
1277.00 209.10 292.20
1278.00 219,20 293.10
1306.00 211.20 294.10
1321.10 212.20 295.90
1324.00 215.00 297.10
1337.00 nr.e 298.90
1338.00 213,00 299.00
1351.00 7:0.00 300.19
1361.00 M7.10 301.10
1364.10 21200 302.10
1373.00 225.20 303.10
1377.00 226.10 304.10
1391.10 2777.10 305.10
1404.10 234.10 318.10
1488.00 237.10 337.20
1519.00 233.20 340.00
1554.00 240.20 359.10
1555.00 241.20 363.20
2059.00 243.10 344.30
2063.00 245.00 365.20
23410 246.19 366.00
2553.00 246.30 367.20
2578.00 249.20 368.20
2579.00 330.00 369.10
2656.00 230.20 371.00
2457.00 282,00 402.20
2752.00 13,0 403.00
256.00 420.00

257.00 431.20

'L}
ISSUE 1D

432.00
433.10
434.10
436.00
605.20
1829.00
1854.20
1878.30
1882.00
2472.30
2579.10

[SSUE 1D

179.00
1195.10
1215.10
1251.10
1738.30
1909.30
1935.00
1961.10
1383.20
2029.10
2032.10
2037.20
2049.19
2057.20
2060.00
2068.10
2072.20
2073.00
2076.10
2083.10
2087.00
213t.00
2164.00
2167.00
2288.20
2484.30
2515.20
2537.10
2550.10
2577.00
2707.00
2716.00
2797.00



RELIASILITY REQUIREZMENTS  REQUIREMENTS  REQUIREMENTS  REQUIREMENTS

1SSUE 1D ISSLE ID 15SuUE 1D ISSUE ID 158UE 1D
113.10 120.00 347.10 1856.00 2277.00
115.00 129.80 385,00 1878.10 2279.00
125.0C 143,10 36C.10 1884.10 2280.00
126.00 148,00 402.00 1897.10 2283.00
126.01 170.0¢C 40¢.10 1899.10 2287.i0
127.0¢ 173,00 $00.00 1902.2¢ 2288.1C
128.0C 176.00 901.00 1906.00 2421.00
129.00 177.1 902.00 1909.10 2455.00
130.00 17915 902.00 1910.00 2472.10
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iD: { 1p0.88> lssue{s}: DESIGN :
Tssue{s) cont.: : :
Issue Source: {PC REPORT ) PABE 198, vOL 1
Dgeration:  {FLIBHT b

Location: {KSC >

Orb.No/Nission:  <899/91-L )

Hardware/Software: (SRB )

Reference Data: REPORT PRESIDENTIAL COMMISSION REPORT PPS1-1351
Description:

*THE FAULTY SOLID ROCKET MOTOR JOINT AND SEAL MUST BE CHANGED. THES COULD BE A
NEW DESIGN ELIMINATING THE JOINT OR A REDESIGN OF THE CURRENT JOINT AND SEAL.
NO DESISN OPTIONS SHOULD BE PREMATURELY PRECLUDED BECAUSE OF SCHEDULE, CDST,

OR RELIANCE ON EXISTING HARDWARE. ALL SOLID ROCKET MOTOR JOINTS SHOULD SATISFY
THE FOLLOWING RERUIREMENTS: --THE JOINTS SHOULD BE FULLY UNDERSTOOD, TESTED,
AND VERIFIED. ~--THE INTEBRITY OF THE STRUCTURE AND OF THE SEALS OF ALL JOINTS
SHOULD BE NOT LESS THAN THAT OF THE CASE WALLS THRDUGHOUT THE DESI6N ENVELODPE,
-~THE INTEGRITY OF THE JOINTS SHOULD BE INSENSITIVE T0: -DIMENSIONAL TOLERANCES
~TRANSPORTATION AND HANDLING -ASSEMBLY PROCEDURES -INSPECTION AND TEST
PROCEDURES -ENVIRONMENTAL EFFECTS -(CONTINUED 1D:100.81)

B R R R R R R R R R R R R R R H S E R R R R R R E R R R E R R R R R E

1D: < iea.pi> Issue(s): DESIGN H
Issue(s) cont,: : H
Issue Source: <PC REPORT y PAGE 198, VOL 1
Operation:  <FLIGHT >

Location: {KSC >

Orb.No/Mission:  <899/5i-L )

Hardware/Software: <SRB ;

Reference Data: REPORT PRESIDENTIAL COMMISSION REPORT PPS31-151
Description:

(1D:109.8 CONTINUED) -INTERNAL CASE OPERATING PRESSURE -RECOVERY AND REUSE
EFFECTS -FLIGHT AND WATER IMPACT LOADS

--THE CERTIFICATION OF THE NEW DESIGN SHOULD INCLUDE: -TESTS WHICH DUPLICATE
THE ACTUAL LAUNCH CONFIGURATION AS CLOSELY AS POSSIBLE -TESTS QVER THE FULL
RANGE OF DPERATING CONDITIONS, INCLUDING TEMPERATURE. --FULL CONSIDERATION
SHOULD BE GIVEN TO CONDUCTING STATIC FIRINGS OF THE EXACT FLIGHT CONFIGURATION
IN A VERTICAL ATTITUDE,®

R R R R R R R R R R E R R E R R R R R R R R R R R F R F R F R R H H R R R R R R R HEER

0 < 102.88> Issue(s): DESIGN :
Issuels) cont.: : :
Issue Source: (PC REPORT ) PABE 198, VOL 1
Operation:  (FLIGHT b

Location: (KL >

Ort.No/Mission:  <B99/5i-L y

Hardware/Software: (SRB )

Reference Data: N/A

Description:

*INDEPENDENT OVERSIGHT. THE ADMINISTRATOR OF NASA SHOULD RERUEST THE NATIONAL
RESEARCH COUNCIL TO FORM AN INDEPENDENT SOLID ROCKET MOTOR DESIGN OVERSIBHT
COMMITTEE D IMPLEMENT THE COMMISSION'S DESIGN RECOMMENDATIONS AND OVERSEE THE
DESIGN EFFORY. THE COMMITTEE SHOULD: --REVIEW AND EVALUATE CERTIFICATION
REQUIREMENTS. --PROVIDE TECHNICAL OVERSIGHT OF THE DESIGN, TEST PROGRAM AND
CERTIFICATION, --REPORT TO THE ADMINISTRATOR OF NASA ON THE ADEBUACY OF THE
DESIGN AND MAKE APPROPRIATE RECOMMENDATIONS.®

R RS AR R R R A R R R R R R R R R R R AR R R R R R E R H R R R R R R R R R R E
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10: ¢ 103.80) Issug(s): NANABEMENT
Issue(s} cont.: :

Issue Sources (PC REPORT ) PABE 199, vOL 1
Operation: (N/A )

Location: AL

Orb.No/Mission: (N/A >
Hardware/Software:{N/A b

Reference Data: N/A

Description:

*SHUTTLE MANAGEMENT STRUCTURE. THE SHUTTLE PROGRAM STRUCTURE SHOULD BE
REVIENED. THE PROJECT MANAGERS FOR THE VARIOUS ELEMENTS OF THE SHUTTLE

PROGRAM FELT MORE ACCOUNTABLE TO THEIR CENTER MANAGEMENT THAN TO THE

SHUTTLE PRDGRAM ORBANIZATION. SHUTTLE ELEMENT FUNDING, WORK PACKAGE DEFINITION,
AND VITAL PROGRAM INFORMATION FREQUENTLY BYPASS THE NATIONAL STS(SHUTTLE)
PROGRAN MANAGER. A REDEFINITION OF THE PROGRAM MANAGER‘S RESPONSIBILITY

1S ESSENTIAL. THIS REDEFINITION SHOULD GIVE THE PROGRAM MANAGER THE REQUISITE
AUTHORITY FOR ALL ONGOING STS OPERATIONS. PROGRAM FUNDING AND ALL SHUTTLE
PROGRAM WORK AT THE CENTERS SHOULD BE PLACED CLEARLY UNDER THE PROGRAM MANAGERS
AUTHORITY.®

AR R R RN L R R R H R AR R R R E R R R R R R R R R HE R AR H R
10: < 104.00) Issue(s): MANAGEMENT :

Issuefs) cont.: : :

lssue Source: (PC REPORT ) PAGE 199, VOL 1

Operation: <N/A )

Location: ALL >
Orb.No/Missipn:  (N/A >

Hardware/Software:(N/A >

Reference Data: N/A

Description:

*ASTRONAUTS IN MANAGEMENT, THME COMMISSION OBSERVES THAT THERE APPEARS TO BE A
DEPARTURE FROM THE PHILOSOPHY OF THE 19485 AND 19785 RELATING TO THE USE OF
ASTRONAUTS IN MANAGEMENT POSITIONS. THESE INDIVIDUALS BROUGHT TD THEIR
POSITIONS FLIBHT EXPERIENCE AND A KEEN APPRECIATION OF OPERATIONS AND FLIGHT
SAFETY, -~NASA SHOULD ENCOURASE THE TRANSITION OF QUALIFIED ARSTRONAUTS INTD
AGENCY MANAGEMENT POSITIONS. --THE FUNCTION OF THE FLIGHT CREW OPERATIONS
DIRECTOR SHOULD BE ELEVATED IN THE NASA ORBANIZATION STRUCTURE.®

SR LR LR R R R R R E R E L R R R R H R R R L R HE R R R R R R R R R R0 S
10: < 105.28> Issue(s): MANAGEMENT s SAFETY

Issue(s] cont.: H :

lssue_Sources <PC REPORT ) PABE 199, VOL 1

Operation: <N/A >
Location: AL

Orb.No/Mission: (N/A )

Hardware/Softuare:<N/A ),

Reference Data: N/A

Description:

*SHUTTLE SAFETY PANEL, NASA SHOULD ESTABLISH AN STS SAFETY ADVISORY PANEL
REPORTING TO THE STS PROGRAM MWANAGER. THE CHARTER OF THIS PANEL SHOULD

INCLUDE SHUTTLE OPERATIONAL ISSUES, LAUNCH COMMIT CRITERIA, FLIGHT RULES,
FLIGHT READINESS AND RISK MANAGEMENT. THE PANEL SHOULD INCLUDE REPRESENTATION
FROM THE SAFETY ORGANIZATION, MISSION OPERATIONS, AND THE ASTRONAUT OFFICE.®

FEEE R R R R R R A R R R R A R R A R E R R F L R R R R L R HE B R 2R



1D < 185.08) Issue{s): MWANABEMENT s SAFETY

lssuels) cont,: H :

1ssue Sources (PC REPORT Y PAGE 199, VOL 1

Dperation: <N/A y OF POOR QUAL”Y
Location: ALL >

Orb.Na/Mission: (N/A Y

Hardware/Software:{N/A K

Reference Data: N/A

Description:

sCRITICALITY REVIEW AND HAZARD ANALYSIS. NASA AND THE PRIMARY SHUTTLE
CONTRACTORS SHOULD REVIEW ALL CRITICALITY 1,1R,2, AND 2R ITENS AND

HAZARD ANALYSES. THIS REVIEW SHOULD IDENTIFY THOSE ITEMS THAT MUST BE
IMPROVED PRIOR TO FLIGHT TO ENSURE MISSION SUCCESS AND FLIBHT SAFETY. AN
AUDIT PANEL, APPDINTED BY THE NATIONAL RESEARCH COUNCIL, SHOULD VERIFY THE
ADEBUACY OF THE EFFORT AND REPORT DIRECTLY TD THE ADMINISTRATOR OF NASA.®

SEEER IR R AR EE R R R R F R R R E R R R R E A R R H A LR R R R R R R R 1S

1D: < 1e7.9@> lssuels): SAFETY :
Issuels) cont,: : :
Issue Source: (PC REPORT ) PAGE 199, VOL 1
Operation: <N/A )

Location: {ALL >

Drb.No/Mission: <N/A )

Hardware/Software:<N/A ?

Reference Data: N/A

Description:

*CAFETY ORGANIZATION. NAGA SHOULD ESTABLISH AN OFFICE OF SAFETY, RELIABILITY
AND QUALITY ASSURANCE TO BE HEADED BY AN ASSDCIATE ADNINISTRATOR. REPORTING
DIRECTLY TD THE NASA ADMINISTRATOR. IT WOULD HAVE DIRECT AUTHORITY FOR SAFETY,
RELIABILITY, AND GUALITY ASSURANCE THROUBHOUT THE AGENCY. THE OFFICE SHOULD BE
ASSIGNED THE NORK FORCE TO ENSURE ADERUATE OVERSIGHT OF 1TS FUNCTIONS AND
SHOULD BE INDEPENDENT OF OTHER NASA FUNCTIONAL AND PROGRAM RESPONSIBILITIES.
THE RESPONSIBILITIES OF THIS OFFICE SHOULD INCLUDE: --THE SAFETY, RELIABILITY
AND OUALITY ASSLRANCE FUNCTIONS AS THEY RELATE TO ALL NASA ACTIVITIES AND
PROGRAMS. --DIRECTION OF REPORTING AND DOCUMENTATION OF PROBLEMS, PROBLEM
RESOLUTION AND TRENDS ASSOCIATED WITH FLIBHT SAFETY.®

FERERERERR R AR R HE R R E R AR R R R A E R R R R R MR R R R RS

1D: < 1ge.8@ Issue(s): MANAGEMENT H
lssuels) cont,: : H
Issue Securce: <PC REPORT b PABE 208, VOL !
Operation: <N/A >

Locations ALl 2

Orb.No/Mission: (N/A )

Hardware/Software:{N/A >

Reference Data: N/A

Description:

*INPROVED COMMUNICATIONS. THE COMMISSION FOUND THAT MARSHALL SPACE FLIBHT
CENTER PROJECT MANAGERS, BECAUSE OF A TENCENCY AT MARSHALL TO MANAGEMENT
ISDLATION, FAILED 7O PROVIDE FULL AND TIMELY INFORMATION BEARING ON THE SAFETY
OF FLIGHT S1-L TO OTHER VITAL ELEMENTS OF SHUTTLE PROGRAM MANABEMENT. --NASA
SHOULD TAKE ENERBETIC STEPS TO ELIMINATE THIS TENDENCY AT MFSC, WHETHER BY
CHANGES OF PERSONNEL, ORGANIZATION, INDOCTRINATION OR ALL THREE. --A POLICY
SHOULD BE DEVELOPED WHICH GOVERNS THE IMPOSITION AND REMOVAL OF SHUTTLE LAUNCH
CONSTRAINTS. --FLIGHT READINESS REVIENS AND MISSION MANAGEMENT TEAM NEETINGS
SHOULD BE RECORDED. ~--THE FLIGHT CREW COMMANDER, DR A DESIGNATED REP SHOULD
ATTEND THE FRR, PARTICIPATE IN ACCEPT. OF VEWICLE FOR FLIGHT AND CREW CERTIF.*
I(l{lii*ii*ilfliliiii*lili!llii***i{l*iiiiil{!i!ii}li{ill&lii}lii!lli!lil!l{lil
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10 < 189.89) Issue(s): SAFETY

Issue(s) cont.: DESIGN : + PLANNING

Issue Source: (P REPORT R PAGE 208, VOL 1
Dperation:  (LANDING >

Location: L6 >

Orb.No/Mission: <6 )
Hardware/Software:(STRUCTURE TIRES, BRAKES, NOSEWHEEL

Reference Data: PRACA

Description:

"LANDING SAFETY. NASA MUST TAKE ACTIONS TD IMPROVE LANDING SAFETY. --THE TIRE,
BRAKE AND NOSEWHEEL STEERING SYSTEMS MUST BE IMPROVED. THESE SYSTEMS DO NOT
HAVE SUFFICIENT SAFETY MARGIN, PARTICULARLY AT ABORT LANDING SITES. --THE
SPECIFIC CONDITIONS UNDER WHICH PLANNED LANDINGS AT KSC WOULD BE ACCEPTABLE
SHOULD BE DETERMINED. CRITERIA MUST BE ESTABLISHED FOR TIRES, BRAKES, AND NOSE-
WHEEL STEERING. UNTIL THE SYSTENS MEET THOSE CRITERIA IN HIGH FIDELITY TESTING
THAT IS VERIFIED AT EDNARDS, LANDING AT KSC SHOULD NOT BE PLANNED. --COMMITTING
T0 A SPECIFIC LANDING SITE REQUIRES THAT LANDING AREA WEATHER BE FORECAST MORE
THAN AN HOUR IN ADV. DURING UNPREDICTABLE WEATHER PERIODS AT KSC, PROGRAM OFFI-
CIALS SHOULD PLAN ON EDW LANDINGS.THIS MAY NECESSITATE A DUAL FERRY CAPABILITY®
R F R R R RS R R S R H R R R 454
10 < 118.98) Issuels): SAFETY ¢ DESIGN

Issue({s) cont.: : :

Issue Source: <(PC REPORT ) PAGE 288, VOL 1

Operation:  <LANDING >

Location: ALL > INCLUDING ALTERNATE LANDING SITES
Orb,Mo/Mission: <B )

Hardware/Software:{(STRUCTURE > ESCAPE SYSTEM

Reference Data: N/A

Description:

*LAUNCH ABORT AND CREW ESCAPE. THE SHUTTLE PROGRAM MANAGEMENT CONSIDERED FIRST-
STAGE ABORT OPTIONS AND CREW EXCAPE CPTIONS SEVERAL TIMES DURING THE HISTORY OF
THE PROGRAN, BUT BECAUSE OF LIMITED UTILITY, TECHRICAL INFEASIBILITY, OR PROGRM
COST AND SCHEDULE, NO SYSTEMS WERE IMPLEMENTED. THE COMMISSION RECOMMENDS THAT
NASA: --MAKE ALL EFFORTS TD PROVIDE A CREW ESCAPE SYSTEM FOR USE DURING
CONTROLLED BLIDING FLIGHT. ~--WAKE EVERY EFFORT TO INCREASE THE RANGE OF FLIGHT
CONDITIONS UNDER WHICH AN ENERGENCY RUNWAY LANDING CAN BE SUCCESSFULLY CONDUCT-
ED IN THE EVENT THAT TWO DR THREE MAIN ENGINES FAIL EARLY IN ASCENT.®

SURFACE TRANSP

R R R R P R R R R R R R R R R R R E R R R R LA R L H R R R R R 04 E

10: < i Issue(s): PLANNING + TRAINING/CERTIF
Issye(s) cont,: : :
Issue Sgurce: {(PC REPORY ) PAGE 201, VOL 1

Operation:  (MANIFESTING )
Location: ALL >

Orb.No/Mission: <6 )
Hardware/Software: (N/A >

Reference Data: N/R

Description:

"FLIGHT RATE. THE NATION'S RELIANCE ON THE SHUTTLE AS ITS PRINCIPAL SPACE
LAUNCH CAPABILITY CREATED A RELENTLESS PRESSURE ON NASA TO INCREASE THE

FLIGHT RATE, 5SUCH RELIANCE ON A SINGLE LAUNCH CAPABILITY SHOULD BE AVOIDED IN
THE FUTURE. NASA MUST ESTABLISH A FLIGHT RATE THAT IS CONSISTENT WITH ITS
RESOURCES. A FIRM PAYLOAD ASSIGNMENT POLICY SHOULD BE ESTABLISHED. THE POLICY
SHOULD INCLUDE RIGOROUS CONTROLS ON CARBD MANIFEST CHANGES TO LIMIT THE
PRESSURES SUCH CHANGES EXERT ON SCHEDULES AND CREW TRAINING,®

R R R R R R R F R R R R R R R A R E R R R F R R R E R R E
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10 < 112.88) lssue(s): PROCEDURE s MAINTAINABILITY
lssue(s! cont.: CANNIBALIZATION + LOGISTICS/SPARES : NAIVERS

lssue Source: <PC REPORT ) PAGE 281, VOL 1
Dperation:  (MAINTENANCE > MAINTENANCE, TEST, ASSEMBLY

Location: ALL

Drb.No/Mission:  (B99/31-L b,

Hardware/Softwares{SSME ) CRITICALITY 1

Reference Data: anl

Description:

*MAINTENANCE SAFEGUARDS. INSTALLATION, TEST, AND MAINTENANCE PROCEDURES MUST
BE ESPECIALLY RIGOROUS FOR S5 ITEMS DESIGNATED CRITICALITY 1. NASA SHOULD
ESTABLISH A SYST OF ANALYZING AND REPORTING PERFORMANCE TRENDS OF SUCH ITEMS,
MAINT. PROCED. FOR SUCH ITENS SHOULD BE SPECIFIED IN THE CIL, ESPECIALLY FOR
THOSE SUCH AS THE LIBUID FUELED MAIN ENGINES, WHICH REQUIRE UNSTINTING MAINT.
AND OVERHAUL. WITH REGARD TO THE ORBITERS, NASA SHOULD: --DEVELOP AND EXECUTE A
COMPREHENSIVE MAINT. INSPECTION PLAN. -—-PERFORM PERIODIC STRUCTURAL INSPECTIONS
WHEN SCHEDULED AND NOT PERMIT THEM TO BE WAIVED, --RESTORE AND SUPPORT THE
MAINT. AND SPARE PARTS PROGRAMS, AND STOP THE PRACTICE OF REMOVING PARTS FROM
ONE ORBITER TO SUPPLY ANOTHER.®

FEEE AR R AR R R A R R R R R R R RN E R A R R R R R R R R LR R R AR R 44
10: < 3. Issue(s): SAFETY ¢ RELIABILITY
Issue{s) cont,: A : MANAGEMENT :

Issue Source: (PC REPORT ? PAGE 161, VOL 1

Dperation: <N/A >

Location: (MSFC > KSC AND HA.

Orb.No/Mission: <@99/31-L )

Hardware/Software:<N/A >

Reference Data: N/R

Description:

*REDUCTIONS IN THE SAFETY, RELIABILITY AND QUALITY ASSURANCE WORK FORCE AT
HARSHALL AND NASA HEADRUARTERS HAVE SERIOUSLY LIMITED CAPABILITY IN THOSE

VITAL FUNCTIONS."

"ORGANIZATIONAL STRUCTURES AT KENNEDY AND MARSHALL HAVE PLACED SAFETY,
RELIABILITY AND QUALITY ASSURANCE OFFICES UNDER THE SUPERVISION OF THE

VERY ORGANIZATIONS AND ACTIVITIES WHOSE EFFORTS THEY ARE TO CHECK.®

"AS THE FLIGHT RATE INCREASED, THE MFSC SAFETY, RELIABILITY AND QA WORK FORCE
WAS DECREASING, WHICH ADVERSELY AFFECTED MISSION SAFETY.®

R R R R R R R R R R R R R R R R R R R AR FHE R R R F R E R R R R R R R RS

1D ¢ 114.20) Issue(s): TRAINING/CERTIF s+ DISCIPLINE
Issue(s) cont.: PAPERWORK + STANDARDS :

Issue Source: ¢PC REPORT > PAGE 161, VOL

Operation:  (GENERIC >

Location: {ALL >

Orb.No/Mission:  <B99/5i-L >

Kardware/Software:(N/A ),

Reference Data: N/A

Description:

"PROBLEM REPORTING REQUIREMENTS ARE NOT CONCISE AND FAIL TO BET CRITICAL
INFORMATION TO THE PROPER LEVELS OF MANAGEMENT.®

R R R R R R R SR R R R R R R R R R A RS R R R AR S R R A R R R E R R L HE R R R 04
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10: < 115.88 Issueisl: RELIABILITY

Issueis} cont.: H
Issue Source: <PC REPORT > PAGE 161, VOL 1
Operation:  (GENERIC )

Location: {ALL >

Orb.No/Mission:  <899/51-L )

Hardware/Software: (SRB >

Reference Data: N/R

Description:

*LITTLE OR NO TREND ANALYSIS WAS PERFORMED ON O-RING EROSIDN AND BLON-BY
PROBLEMS®

R R R HE R R R E R R R R R R R E R R R R B
10: ¢ 116.00) Issue{s)s DISCIPLINE :

Issuels) cont.: : :

1ssue Source: (PC REPORT > PAGE 161, VOL 1

Operation: (N/A >

Location: (MSFC >

Orb.No/Mission:  <@899/51-L b

Hardware/Software: (SRB ),

Reference Data: N/A

Description:

*FIVE WEEKS AFTER THE Si1-L ACCIDENT, THE CRITICALITY OF THE SOLID ROCKEY
MOTOR FIELD JOINT WAS STILL NOT PROPERLY DOCUMENTED IN THE PROBLEM REPORTING
SYSTEM AT MARSHALL.®

SEESEEH MR T R R R R LR R L R H R R R R E R R R E R R R R 10
10 < 117.80 Issue(s): DISCIPLINE :

lssue(s) cont.: : :

1ssue Source: <PC REPORT ) PAGE 179, VOL 1

Operation: <N/A >

Location: st >

Drb.No/Mission:  <899/51-L b

Hardware/Software: (N/A )

Reference Data: N/A

Description:

1985 CHANGES IN THE MANIFEST-- ®-=-------THE REQUESTED CHANBES QCCASIONALLY
SATURATE FACILITIES AND PERSONNEL CAPABILITIES. THE STRAIN ON RESOURCES CAN

BE TREMENDOUS., FDR SHOKT PERIODS OF TWD TO THREE MONTHS IN MID-1985 AND EARLY
1984, FACILITIES AND PERSONNEL WERE BEING REQUIRED TO PERFORM AT ROUSHLY TWICE
THE BUDBETED FLIGHT RATE. IF A CHANGE OCCURS LATE ENOUGH, IT WILL HAVE AN
IMPACT ON THE SER{AL PROCESSES. IN THESE CASES, ADDITIONAL RESOURCES WILL NOT
LLEVIATE THE PROBLEF, AND THE EFFECT OF THE CHANGE IS ABSORBED BY ALL
DONNSTREAM PROCESSES, AND ULTIMATELY BY THE LAST ELEMENT IN THE CRAIN.®

R R R R R R AR E R R B R R R R R R R R R R R R R R R LR R R E R 4

00¢

A}



10: < 118.88> Issue(s): MANAGEMENT :

Issuefs} cont,: : :

Issue Source: ¢PC REPORT } PAGE {7@ 1D 173, vOL |

Operation:  (SCHEDULING )

Location: {KSC >

Orb.No/Mission:  <899/51-L

Hardware/Scoftware:{N/A )

Reference Data: N/A

Description:

OPERATIONAL CAPABILITIES -- THE R&D SYSTEM IN WHICH THE PREFLIGHT PROCESSING,
FLIGHT PLANNING, FLIGHT CONTROL AND FLIGHT TRAINING WERE ACCOMPLISHED WITH
EXTRENE CARE APPLIED TO EVERY DETAIL. THIS PROCESS CHECKED AND RECHECKED EVERY-
THING. THIS PROCESS WAS NOT CAPABLE OF MEETING OPERATIONAL FLIGHT RATE BOALS.
THE FLIGHT RATE DID NOT APPEAR TO BE BASED ON ASSESSMENT OF AVAILABLE
RESQURCES AND CAPABILITIES AND WAS NOT REDUCED TD ACCOMMODATE THE CAPACITY OF
THE WORK FORCE.

Ill{}ilil{iiiliilii!i!iiiliili{l}i!il{i{{ilillfili}ll{l!li{il!llli!iiil*iiiilfl

10: < 119.08 Issue(s): LOGISTICS/SPARES ¢ CANNIBALIZATION
lssuel(s) cont.: MANABEMENT : :

1ssue Sources ¢PC REPORT > PAGE 176, VOL 1

Dperation: (N/A >

Locationt KSC >
Orb.No/Mission:  <B99/51-L )
Hardware/Software:<N/A ?

e ———

Reference Data: N/A

Description:

"SPARE PARTS ARE IN CRITICALLY SHORT SUPPLY. THE SHUTTLE PROGRAN NADE A
CONSCIOUS DECISION TO POSTPONE SPARE PARTS PROCUREMENTS IN FAVOR OF BUDGET
ITENS OF PERCEIVED HIGHER PRIORITY, LACK OF SPARE PARTS WOULD LIKELY HAVE
LIMITED FLIGHT QPERATIONS IN 1986.°

*SPARE PARTS PROVISIONING 1S YET ANDTHER ILLUSTRATION THAT THE SHUTTLE PROGRAM
WAS NOT PREPARED FOR AN OPERATIONAL SCHEDULE. THE POLICY WAS SHORTSIGHTED AND
LED T0 CANNIBALIZATION IN ORDER TO MEET THE INCREASING FLIGHT RATE.®

i!liiliiliiiliilili(lililll!i{iilillliil!{liifiilill!ifiifliiilll{iiiiill!lilli

s < 120.08> Issue(s): REQUIREMENTS :
Issuels) cont,: : :
Issue Source: (PC REPORY > PAGE 174 T0 173, vOL 1
Dperation:  (INSPECTION )

Location: {ORBITR> KSC

Orb.No/Mission:  <B99/5i-L )

Hardware/Sof tware: <DRBITER )

Reference Data: N/A

Description:

"IN A DEVELOPMENTAL PROGRAM IT IS5 INPORTANT TO MAKE USE OF FLIGHT EXPERIENCE,
BOTH TO UNDERSTAND THE SYSTEN'S ACTUAL PERFORMANCE AND TO UNCOVER PROBLEMS THAT
MIGHT NOT HAVE BEEN DISCOVERED IN TESTING. BECAUSE SHUTTLE FLIGHTS WERE COMING
IN FAIRLY RAPID SUCCESSION, IT WAS BECOMING DIFFICULT TO ANALYIE ALL THE DATA
FROM ONE FLIGHT BEFORE THE NEXT WAS SCHEDULED TO LAUNCH. IN FACT, FRR FOR Si-L
WAS HELD WRILE 41-C WAS STILL IN ORBIT.----- THESE EXAMPLES UNDERSCORE THE NEED
70 ESTABLISK A LIST OF MANDATORY POST-FLIGHT INSPECTIONS THAT MUST PRECEDE ANY
SUBSEQUENT LAUNCH.®

i!iiliiii!*illlili!!lii{i&ii!iill{i(ii!iliili!l(iiiflil{liiil*{{li{{!ilil*Ififf
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10: < 12t.0m Issue(s): TRAINING/CERTIF

Issuels) cont.: :

Issue Source: <PC REPQRT > PAGE 176, VOL 1
Operation: <N/A 3

Location: {KSC > J5C
Orb.No/Mission: <6 >

Hardware/Software:<SOFTWARE >

Reference Data: N/A

Description:

*THE CAPABILITIES OF THE SYSTEM WERE STRETCHED TO THE LIMIT TQ SUPPORT THE
FLIGHT RATE IN WINTER 1985/1986. PROJECTIONS INTO THE SPRING AND SUMMER OF
1986 SHOMED A CLEAR TREND; THE SYSTEM, AS IT EXISTED, WOULD HAVE BEEN UNABLE
TO DELIVER CREW TRAINING SOFTWARE FOR SCHEDULED FLIGHTS BY THE DESIGNATED DATE.
THE RESULT WOULD HAVE BEEN AN UNACCEPTABLE COMPRESSIDN OF THE TIME AVAILABLE
FOR THE CREWS TO ACCOMPLISH THEIR REQUIRED TRAINING.®

AR R R R R R R R R R F R R R HE P L H R A R E R R R R R AR E R F R R R ER H R H 14

D < 122.8® 1ssue(s): MANAGEMENT :
Issue(s) cont.: : :
Issue Saurce: {PC REPORT ) PABE 177, VOL 1

Operation:  (SCHEDULING Y
Location: {KSC >

Orb,No/Mission: <N/A >
Hardware/Software:(N/A > -

Reference Data: N/A

Description:

*THE SCHEDULED FLIGHT RATE DID NOT ACCURATELY REFLECT THE CAPABILITIES AND
RESOURCES. --THE FLIGHT RATE WAS NOT REDUCED TO ACCOMMODATE PERIDDS OF ADJUST-
MENT IN THE CAPACITY OF THE WORK FORCE. THERE WAS NO MARGIN IN THE SYSTEN T0
ACCOMMODATE UNFORESEEN HARDWARE PROBLEMS., -~RESOURCES WERE PRIMARILY DIRECTED
TONARD SUPPORTING THE FLIGHTS AND THUS NOT ENOUGH WERE AVAILABLE TD IMPROVE AND
EXPAND FACILITIES NEEDED TO SUPPORT A HIGHER FLIGHT RATE.*

R R R RS R R R R R R R R SR R L R F L H R R R R R R H R R R R R L LR LR R RN R REREE SR

1 (1239 Issue(sl: TRAINING/CERTIF :
Issue(s) cont,: : :
Issue Source: (PC REPORT > PAGE 177, VOL 1, 4JUNBS
Operation:  (SCHEDULING )

Location: (KSC > ISC

Orb.No/Mission: <(N/A )

Hardware/Sottware:<N/A b

Reference Data: N/A

Description:
*TRAINING SINULATORS MAY BE THE LIRITING FACTOR ON THE FLIGHT RATE: THE TWD
CURRENT SIMULATORS CANNOT TRAIN CREWS FOR MORE THAM 12-15 FLIGHTS PER YEAR.®

R R R R R R R R R R R R R R R R P R R R R R L R R E F H R R R RS
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10 ¢ 124.002 Issue(s)s DISCIPLINE + MANABEMENT
lssuefs) cont.: SAFETY s SECURITY :

lssue Source: <PC REPORT > PAGE 194, VOL 1, &JUNSS
Operation:  <MAINTENANCE )

Location: {KSC >

Orb.No/Mission: <(N/& )]

Hardware/Software:<(N/4 )

Reference Data: N/A

Description:

*..A SERIDUS PROBLEM WAS IDENTIFIED DURING INTERVIENS OF TECHNICIANS WHO WORK
ON THE ORBITER. IT HAD BEEN THEIR UNDERSTANDING AT ONE TIME THAT EMPLOYEES
WOULD NOT BE DISCIPLINED FOR ACCIDENTAL DAMAGE DONE TD THE ORBITER, PROVIDED
DAMAGE MAS FULLY REPORTED WHEN [T OCCURRED. IT WAS THEIR OPINION THAT THIS
FORGIVENESS POLICY WAS NO LONGER BEING FOLLOWED BY THE SPC. THEY CITED EXAMPLES
OF EMPLOYEES BEING PUNISHED AFTER ACKNOMLEDGING THEY WAD ACCIDENTLY CAUSED
DAMAGE. THE TECHNICIANS SAID THAT ACCIDENTIAL DAMAGE IS NOT CONSISTENTLY
REPORTED, WHEN [T OCCURS, BECAUSE OF LACK OF CONFIDENCE IN MANAGEMENT'S
FORBIVENESS POLICY AND TECHNICIAKS' CDNSEQUENT FEAR OF LOSING THEIR JOBS. THIS
SITUATION HAS OBVIOUS SEVERE IMPLICATIONS IF LEFT UNCORRECTED.®

SRR EH R AR R R H R R E R HE R R R R R R R R R R E R R H R R A H R R R R4 E

10 ¢ 125.20) Issue(s): RELIRBILITY :

Issueis) cont,: : :

1ssue Source: {PC REPORT ) PAGE F-1, VOL.II (R.P. FEYNMAN)
Operation: <FLIGBHT )

Location: Ks€C

Orb.No/Mission:  (BENERIC )

Hardware/Software: {SkB 2

Reference Data: N/A

Description:

*AN ESTIMATE OF THE RELIABILITY OF SOLID FUEL RDCKETS WAS MADE BY THE RSO, BY
STUDYING THE EXPERIENCE OF ALL PREVIDUS ROCKET FLIGHTS.QUT OF A TOTAL OF NEARLY
2908 FLIGHT, 121 FAILED(I IN 25}, THIS INCLUDES, HOWEVER, WHAT MAY BE CALLED,
EARLY ERRORS, ROCKETS FLOWN FOR THE FIRST FEW TIMES IN WHICH DESIGN ERRORS ARE
DISCOVERED & FIXED. A MORE REASONABLE FIGURE FOR THE MATURE ROCKETS MIBHT BE 1
IN S8.WITH SPECIAL CARE IN THE SELECTION OF THE PARTS & IN INSPECTION, A FIGURE
OF BELDN { IN 180 MIGHT BE ACHIEVED BUT 1 IN 1080 IS5 PROBABLY NOT ATTAINABLE
WITH TODAYS TECHNDLOGY. (SINCE THERE ARE TWO ROCKETS ON THE SHUTTLE, THESE
ROCKET FAILURE RATES MUST BE DOURLED TO GET SHUTTLE FAILURE RATES FROM SOLID
ROCKET BOOSTER FAILURE.®

FEEE R R F R R R R R R R R R R R R RS R E RS R R R R E R R R R LR R R RS

1D < 126.80 Issue(s): RELIABILITY :

Issueis) cont,: : :

Issue Saurce: <PC REPORT > PAGE F-3, VOL.II (R.P, FEYNMAN)
QOperation:  4TEST > k FLIGHT

Lacation: {ALL >

Drb.No/Mission:  {BENERIC M

Hardware/Software: (SSME p

Reference Data: N/A

Description:

SSNE. "IN A TOTAL OF ABOUT 250,888 SECONDS OF OPERATION, THE ENBINES HAVE FAIL-
ED SERIOUSLY PERHAPS {6 TIMES. -—--f LIST OF SOME OF THE PROBLEMS FOLLOWS.
THOSE FOLLOWED BY AN ASTERISK ARE FROBABLY SOLVED;

+ TURBINE BLADE CRACKS IN HIGH-PRESSURE FUEL TURBOPUMPS (HPFTP). MAY BE SOLVED.
+ TURBINE BLADE CRACKS IN KIGH-PRESSURE OXYGEN TURBOPUMPS (HPOTP).

+ AUGMENTED SPARK 1GNITER (ASI) LINE RUPTURE.#

+ PURGE CHECK VALVE FAILURE.#®

+ AS1 CHAMBER ERDSION.#

+ HPFTP TURBINE SHEET METAL CRACKING.

+ HPFTP COOLANT LINER FAILURE.® (CONTINUED ON ID:126.01)

R E R SRR R E AR R S H R R R R E R R S E L R R R R R R E R R R R H R TR R E R E
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1D: < 126.81) Issue(s): Rsunm_'irv
Issue(s) cont.: :

Issue Source: ¢(PC REPORT ) PABE F-1, VOL.IT (R.P. FEYNMAN)
Operation:  <TEST ) ¥ FLIBHT

Location: {ALL >
Orb.No/Mission:  (BENERIC )

Hardware/Software: (SSME ?
Reference Data: N/A
Description:

SSME {CONTINUED FROM 1D: 126.88)

+ MAIN COMBUSTION CHAMBER OUTLET ELBOW FAILURE.#

+ MAIN COMBUSTION CHAMBER INLET ELBON WELD OFFSET.+

+ HPOTP SUBSYNCHRONOUS WHIRL.®

+ FLIGHT ACCELERATION SAFETY CUTOFF SYSTEM (PARTIAL FAILURE IN A REDUNDANT
« SYSTEM) .+

+ BEARING SPALLING (PARTIALLY SOLVED),

+ A VIBRATION AT 4888 HERTI MAKING SOME ENGINES INOPERABLE, ETC.

MR R PR L R R R R R R R A R R LR H L F R T TR R R R R R R R R R 1R 1Y

10 < 127.08) Issue(sl: RELIABILITY :

Issue(s) cont,: : :

1ssue Source: (PC REPORT ) PAGE F-3, VOL.II (R.P. FEYNMAN)
Operation:  <TEST b & FLIGHT

Location: {ALL >
Orb.No/Mission:  (GENERIC )
Hardware/Software:(SSHE }
Reference Data: N/

Description:
SSME FAILURE RATES:

*(ENGINEERS AT ROCKETDYNE, THE MANUFACTURER, ESTIMATE THE TOTAL PROBABILITY AS
1/10,288, ENGINEERS AT MARSHALL ESTIMATE IT AS 1/388, WHILE NASA MANAGEMENT
TD WHOM THESE ENGINEERS REPORT, CLAINS IT 15 1/182,088. AN INDEPENDENT
ENGINEER CONSULTING FOR NASA THOUBHT | OR 2 PER 120 A REASONABLE ESTIMATE.)®

EHE AN R R R R R R R R R AR E R R AR T R LR HE R R R R AR L E R R Y

10: ¢ 128.98) Issue(s): RELIABILITY H

Issueis) cont,: : H

Issue Source: <PC REPORT > PAGE F-4, VOL.II (R.P. FEYNMAN)
Operations  (TEST ¥ L FLIGHT

Location: (AL »

Orb.No/Mission: <BENERIC )

Hardware/Software: (AVIONICS }

Reference Data: N/A

Description:

AVIONICS: “TO SUMMARIZE THEN, THE COMPUTER SOFTWARE CHECKING SYSTEM & ATTITUDE
1S OF HIGHEST QUALITY. THERE APPEARS TO BE NO PROCESS OF GRADUALLY FOODLING OME-
SELF WHILE DEGRADING STANDARDS SO CHARACTERISTIC OF THE SRB OR SSME SAFETY SYS-
TENS. TO BE SURE, THERE HAVE BEEN RECENT SUBGESTIONS BY WGMT TO CURTAIL SUCH
ELABORATE AND EXPENSIVE TESTS AS BEING UNNECESSARY AT THIS LATE DATE IN SHUT-
TLE HISTORY. THIS MUST BE RESISTED FOR IT DOES NOT APPRECIATE THE MUTUAL SUBTLE
INFLUENCES, AND SDURCES OF ERROR GENERATED BY EVEN SMALL CHANGES ON ONE PART OF
THE PROGRAM ON ANOTHER,~==-~-- '

R R R R R R R R R R S R R R R R R L M R R R R R T R AR L R R R R R R E R R EE
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1D: < 129.00) Issue(s): RELIABILITY : 0R|G\NN- PAGE 13
Issue{s) cont,: : : OF POOR QUAL\TY

1ssue Source: ¢PC REPORT > PAGE F-4, VOL.II (R.P. FEYNMAN)
Operation:  <TEST b & FLIGHT

Location: ALL

Orb.No/Mission:  <BENERIC )

Hardware/Software: (AVIONICS b

Reference Data: N/A

Description:

AVIONICS(CONT.): *FINALLY, RETURNING 7O THE SENSORS AND ACTUATORS OF THE AVION-
ICS SYSTEM, WE FIND THAT THE ATTITUDE TO SYSTEM FAILURE AND RELIABILITY IS NOT
NEARLY AS GOOD AS FOR THE COMPUTER SYSTEM. FOR EXAMPLE, A DIFFICULTY WAS FOLND
WITH CERTAIN TEMPERATURE SENSORS SOMETIMES FAILING. YET 18 MONTHS LATER THE
SAME SENSORS WERE STILL BEING USED, STILL SOMETIMES FAILING, UNTIL A LAUNCH
HAD TO BE SCRUBBED BECAUSE TWO OF THEM FAILED AT THE SAME TIME, EVEN GN A
SUCCEEDING FLIBHT THIS UNRELIABLE SENSOR WAS USED AGAIN. ABAIN REACTION CONTRL
SYSTEMS, THE ROCKET JETS USED FOR REORIENTING AND CONTROL IN FLIGHT, STILL ARE
SOMEWHAT UNRELIABLE, -~=----- ‘

EREREHHEH R M B R R R R
10: < 130.88° Issue(s): RELIRBILITY :

Issue(s) cont.: : :

Issue Source: <PC REPORT > PAGE F-4, VOL.1I (R.P.FEYNNAN}
Operation:  (TEST } & FLIGHT

Location: {BLL >

Orb.No/Mission:  <GENERIC >

Hardware/Software:(ORBITER ? ORBITER/ET/SRB

Reference Data: N/A

Description:

RELIABILITY CONCLUSIONS: *1F A REAGONABLE LAUNCH SCHEDULE IS TD BE MAINTAINED,
ENGINEERING OFTEN CANNOT BE DONE FAST ENOUEH TO KEEP UP WITH THE EXPECTATIONS
OF ORIGINALLY CONSERVATIVE CERTIFICATION CRITERIA DESIGNED TD BUARANTEE A VERY
SAFE VEHICLE. IN THESE SITUATIONS, SUBTLY, AND OFTEN WITH APPARENTLY LOGICAL
ARGUMENTS, THE CRITERIA ARE ALTERED SO THAT FLIBGHTS MAY STILL BE CERTIFIED IN
TIME. THEY THEREFORE FLY IN A RELATIVELY UNSAFE CONDITION, WITH A CHANCE OF
FAILURE OF THE ORDER OF A PERCENT (IV IS5 DIFFICULT TO BE MORE ACCURATE)."

R R R R R R R R R E R R AR R R R R R R R H R AR R R R R AR R R R R HE R R R R R R R |

10: < 131,08 Issue(s}: DISCIPLINE 1 MANABEMENT
Issue{s) cont,: SAFETY : H

Issue Source: <PC REPORT ) PASE 6-1, VOL.1I

Operation:  (BENERIC )

Location: {KSC

Orb.Na/Mission:  {BENERIC »

Hardware/Sof tware: (N/A ) ALL HARDWARE/SOF THARE

Reference Data: N/A

Description:

HUMAN FACTORS ANALYSIS:*THE IMPORTANCE OF SHIFTWORK & OVERTIME AS SAFETY ISSUES
IS UNDERSCORED BY THE VARIETY OF ACCIDENTS & INCIDENTS WHICH HAVE BEEN REPORTED
AT KSC IN RECENT YRS, THE LSOC INCIDENT/ERROR REVIEW BD REVIEWED A TOTAL OF 117
L 147 INCIDENTS(MISHAPS WITH PROP DAMABE < $25K) DURINS CALENDAR YRS B# & 8S5.
OF THESE, 51.3 & 56.5% WERE ATTRIBUTABLE TO SOME TYPE OF HUMAN ERROR, INCLUDING
PROCEDURAL DEVIATIONS, MISCOMMUNICATIONS AND SAFETY VIOLATIONS. THERE WERE ALSO
12 REPORTABLE MISHAPS WITH PROFERTY DAMAGE GREATER THAT $25K IN 1984 AND 24 IN
BS. THE INCIDENT STATISTICS, WHILE REVEALING, UNDERESTINATE THE EXTENT OF THE 011
PROBLEM BECAUSE SOME INCIDENTS NEVER GET REFORTED,®

FEEE R R R R R R R R R AR R R R R R LR R R R R R HES



10 C132.08 Issuels): SAFETY : DISCIPLINE
Issue(s) cont.: MANAGEMENT : :

Issue Source: <PC REPORT > PAGE 6-1, VOL.1I

Operatiogn:  <BENERIC ¥

Location: {(Lee >

Orb.No/Mission:  ¢GENERIC )

Hardware/Software: (GSE ) LOX CONSOLE

Reference Data: N/A LSOC INCIDENT REPORT

Description:

HUMAN FACTORS ANALYSIS -- SHIFTWORK, OVERTIME AND SAFETY

*(ONE POTENTIALLY CATASTROPHIC HUMAN ERROR OCCURRED 4 MINUTES, 5% SECONDS BEFORE
THE SCHEDULED LAUNCH OF &1-C ON 1/6/86. ACCORDING TO A LSOC INCIDENT REPORT,
18,000¢ OF L0X WERE INADVERTENTLY DRAINED FROM THE ET DUE TO OPERATOR ERROR.
FORTUNATELY, THE LOX FLOW DROPPED THE MAIN ENGINE INLET TEMP BELOW THE ACCEPT-
ABLE LIMIT CAUSING A LAUNCH HOLD, BUT ONLY 3! SECONDS BEFORE LIFTOFF.---~-THE
INVESTIGATION REVEALED THAT CONSOLE OPERATORS IN THE LCC HAD MISINTERPRETED SY-
STEM MESSAGES RESULTING FROM A FAILED MICROSWITCH ON A REPLENISHMENT VALVE.----
THE OPERATORS HAD BEEN ON DUTY AT THE CONSOLE FOR ELEVEN HOURS DURING THE THIRD
DAY OF WORKING 12-HOUR NIGHT (BPM TO BAM) SHIF1S.®

R R R R RS E R E R R R E R E R E R R RS F A H R R R R R R R R H R H R R 1S
10: < 133.08) Issue(s}: MANAGEMENT 1 SAFETY

Issuels) cont,: s :

1ssue Source: <PC REPORT ) PAGE 6-4, VOL.1I

Operation:  <BENERIC }

Location: KSC >

Orb.No/Mission:  (BENERIC >

Hardware/Saftware: (N/A )

Reference Data: N/A

Description:

HUMAN FACTDRS ANALYSIS - INDIVIDUAL WORKERS: *IN SUMMARY, THE ANOUNT OF
OVERTIME AT KSC WAS OFTEN QUITE HIGH DURING THE TIME PERIOD EXANINED. THE 20-
HOUR OVERTIME LIWIT WAS EXCEEDED 48@ TINES BY MORTON THIOKOL EMPLOYEES AND

2512 TIMES BY LSOC EMPLOYEES, WITH SOME INDIVIDUALS EXPERIENCING MUCH HIGHER
LEVELS THAN OTHERS. THE CURRENT MSMT POLICIES DO NOT APPEAR TO BE EFFECTIVE IN
MININIZING THIS PROBLEM. INTERVIEWS CONDUCTED BY THE COMMISSION SUBBEST THAT
SENIOR MANAGEMENT BELIEVES THAT OVERTIME IS BEING EFFECTLY CONTROLLED AT THE
WORKINS LEVEL,------THERE 15 ALWAYS A TRADEQOFF BETWEEN THE DESIRE TO KEEP ON
DUTY THOSE PERSONNEL WITH THE BREATEST EXPERTISE AND THE NEED TO GUARD AGAINST
THE UNDESIREABLE EFFECTS OF FATIGUE."®

HEHE SRR R R R E R F R E R R R R R R LR R L R L R L E R R L R R R R R R 004

1D: ¢ 134.08) Issue{s}: MANABGEMENT :
Issue(s) cont.: : :
1ssue Source: ¢(PC REPORY ) PABE 6-4, VOL.1I
Dperation:  (GENERIC >

Location: kSC >

Drb,No/Mission:  ¢BENERIC >

Hardware/Software:(N/A >

Reference Data: N/A

Descriptian:

HUMAN FACTORS ANALYSIS - OVERSEAS TRAVEL:

SEVERAL OF THE DEPARTMENTS AT KSC ARE ALSO REQUIRED TO PROVIDE SUPPORT FOR
CONTINGENCY LANDINGS DURING SHUTTLE WISSIONS. THE ASSISNED INDIVIDUALS TRAVEL
OVERSEAS TO ALTERNATE LANDING SITES IN AFRICA OR SPAIN. TYPICALLY THEY DEPART
KSC SEVERAL DAYS BEFORE A SCHEDULED LAUNCH AMD RETURN SOON AFTER COMPLETION OF
THE MISSION. THE TRAVEL IS USUALLY BY COMMERCIAL AIRCRAFT ACROSS FIVE TIME
1DNES, -=---- THIS RATHER LIMITED REVIEW OF CONTINGENCY SUPPORT TRAVEL SUGBESTS
THAT MORE ATTENTION DUGHT TO BE PAID TO THE SCHEDULING OF SUCH TRAVEL IN RE-
LATION TO SHIFTWDRK AND OVERTIME BOTH AT KENNEDY AND OVERSEAS.

RSP R LR R R R R R A R R R R R R F R R R R R R R R R R R R R R R R Y
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10: < 135.882 Issue(s): MANAGEMENT H OF POCR QUALITY
Issue(s} cont.: : :
Issue Source: <PC REPORT ) PAGE 6-3, VOL.II
Operation:  (GENERIC b

Location: KSC  »

Orb.No/Rission:  <GENERIC p,

Hardware/Software;<N/A N

Reference Data: N/A

Description:

HUMAN FACTORS ANALYSIS - MANAGERS AT RISK:THE HUMAN FACTORS OF LAUNCH PRESSURES
*TINE PRESSURE, PARTICULARLY THAT CAUSED BY LAUNCH SCRUBS AND RAPID TURNAROUNDS
, INCREASES THE POTENTIAL FOR SLEEP LOSS AND JUDGMENT ERRORS. THIS COULD BE
NINIMIZED BY PREVENTING LAUNCH SUPPORT PERSONNEL, PARTICULARLY NANAGERS, FROM
COMBINING LAUNCH SUPPORT DUTY WITH OFFICE WORK ON THE SAME DAY, THE WILLING-
NESS OF NASA EMPLOYEES [N GENERAL TO WORK EXCESSIVE HOURS, WHILE ADMIRABLE,
RAISES SERIOUS QUESTIONS WHEN 1T JEOPARDIZES JOB PERFORMANCE, PARTICULARLY

WHEN CRITICAL MANAGEMENT DECISIONS ARE AT STAKE.®

SRR R R R R R R R AR E R R R R H AL E R R R L R R R R R FE R R EH R HE F R R R 10

10: < 13628 Issue(s): DISCIPLINE + SAFETY
Issue(s) cont.: PROCEDURE : H

Issue Source: <PC REPORT ) PAGE [-&, VOL.II

Operation:  (ASSEMBLY )

Location: VaB >

Orb, No/Mission:  ¢51-L )

Hardware/Software: (SRB >

Reference Data: N/A

Description:

INCIDENT: *DURING UNLDADING OPERATIONS OF THE LEFT FORNARD SRM SEGMENT ON 7 NOV
85, RECEIVING INSPECTION INDICATED DEFECTS REQUIRING REPAIRS TO THE TANG. AFTER
REPAIRS TO THE TANG WERE COMPLETED, THE NEXT OPERATION INVOLVED REMOVING THE
LIFTING RING ATTACHED TO THE CLEVIS. APPROXIMATELY 85 SECONDS INTO THE LIFTING
OPERATION, A SHARP BANG WAS HEARD AND AN EMERGENCY SHUTDDWN WAS INITIATED. 1T
WAS NOTED THAT THE LIFTING RING HAD SHIFTED APPROXIMATELY TWO INCHES ABOVE THE
CLEVIS, ===--- --AND AN INCIDENT REPORT FILED THAT INDICATED A FAILURE TO FOLLOW
ESTABLISHED LIFTING PROCEDURES."

R ERE AR R R E R H R R R E E R R E R LR E R R R R R R R H I R
10: < 137.80) 1ssue(s): MANABEMENT :

Issue(s) cont.: : :

Issue Source: <PC REPORT ) PAGE I-4, VOL.II

Operation:  CASSEMBLY ) SRB STACKING

Location: (VAB >

Drb.No/Hission:  <51-L b

Hardware/Softuare:{5RB ?

Reference Data: N/A

Description:

SRE STACKING: "THE CONCLUSION OF THIS STUDY WAS THAT ND OPERATIONS WERE FOUND
WHICH CONTRIBUTED TO THE Si-L MISHAP. HOMEVER, FINDINGS WERE DOCUMENTED
INDICATING SPECIFIC AREAS REBUIRING IMPROVEMENT IN FUTURE OPERATIONS. THESE
FINDINGS ARE CONSISTENT WITH THE GENERAL FINDINGS CONTAINED IN THIS REPORT.

013
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10: < 136.88 Issue(s): DISCIPLINE H

Issuels) cont.: : :
Issye Source: (PC REPORT ) PAGE I-7, VOL.II
Operation:  <ASSEMBLY > STAND-ALONE PROCESSING
Location: Vg >

Orb.No/Mjssion:  (51-L 2

Hardware/Software: (ET ? ET-26

Reference Data: N/A

Description:

ET PROCESSING REVIEW STUDY: “DURINE THE STAND-ALONE PROCESSING OF ET-28,
THERE EXISTED ONE UNEXPLAINED ANOMALY WHICH, HOWEVER, WAS CONSIDERED IN-
SIGNIFICANT, THIS INVOLVED A BROKEN PAPER IMTEGRITY SEAL ON AN AFT RESTRAINT.
THE SAFETY MARGIN WAS SUFFICIENT TO RESTRAIN THE ET, AND ITS INTEGRITY WAS
NOT VIOLATED., THE PROBLEM REPORT WAS CLOSED. THE PROCESS WILL BE CHANGED SO
THAT LEAD WIRE SEALS CAN BE INSTALLED, THE CONTRACTION OF THE AFT RESTRAINT
CAN BE LINITED, AND MECHANICAL STOPS CAN BE INSTALLED ON THE ROD/TURNBUCKLE.
(SEE SECTION VII1, FINDINGS AND CONCLUSIONS, PAGE 1-15.)"

B M R R S R R R L R M R R R R E LR H HE LR R
10 < 139.00) Issue(s): REQUIREMENTS : 08
Issue(s) cont,: :

Issue Saurce: (PC REPORT i PAGE [-7, VOL.II
Operation: (TEST ) ET STAND-ALONE PROCESSING

Location: VA >

Orb,No/Mission:  (51-L )

Hardware/Software:<ET > ET-26

Reference Data: N/&

Description:

ET PROCESSING REVIEW STUDY: *"THE REVIEN PERFORMED BY THE ET STAND-ALONE
PROCESSING REVIEW TEAM CONCLUDED THAT ET-26 WAS PROPERLY PROCESSED FOR THE
FLIBHT OF STS S1-L DURING STAND-ALONE OPERATIONS, AND MET ALL OMRSD
REQUIREMENTS. THE REVIEW TEAM FOUND NOTHING WHICH IS BELIEVED TO HAVE
CONTRIBUTED TO THE STS 51-L FLIGHT FAILURE.®

ARV M R R R R A R R R E R F R R R R R H A R R R R E R R R E R 40
1D: < 140.20> Issuels): @A ¢ PAPERWORK

Issuels) cont.: H :

Issue Source: <PC REPORT ) PAGE 1-7, VOL.II

Operation:  <TEST > ORBITER PROCESSING

Location: kSC >

Orb,No/Mission:  <31-L )

Hardware/Sof tware: <ORBITER } 0v-8%9

Reference Data: N/A

Description:

*ALL WORK AUTHORIZATION DOCUMENTS(WAD'S) WERE REVIEWED IN-DEPTH, INCLUDING WADS
USED DURING THE COUNTDOWN OPERATIONS. IN ADDITION TO THE MAD REVIEK, THE TEAM
ALSO REVIEWED ALL S1-L ORBITER SYSTEMS DATA FROM CALL-TO-STATIONS(CTS) FOR THE
COUNTDOWN THROUGH ASCENT LOSS OF SIGNAL {L0S). THE 51-L INVESTIGATION PAPER RE-
VIEW DID NOT REVEAL ANY SIGNIFICANT ORBITER, MPS, OR LAUNCH COUNTDOWM FINDINGS
RELEVANT TO THE MISHAP. HOMEVER, ALL FINDINGS HAVE BEEN DOCUMENTED IN THE
ORBITER REPORT TO ENSURE FOLLOW-ON CORRECTIVE ACTION.®

R R A R R A R R R R R R R R R R R R R R R M R R R R R L R E R R R R ER
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1D: 141,00 Issue(s): LOGISTICS/SPARES

Issue{s) cont.: : ‘ - R e
Issue Source: PCREPORT > PAGE I-7, VOL.II CRIGINAL PAGE 15
Ogeration:  <{BENERIC > STS PROCESSING OF FPCCOR QUALT

Location: {KSC >

Orb.No/Mission:  {BENERIC >

Hardware/Software:<ORBITER ) 518

Reference Data: N/A

Description:

*THERE ARE INSUFFICIENT SPARE PARTS TO MAINTAIN THE ORBITER FLEET IN AN OP-
ERATIONAL CONFIGURATION, THEREFORE, THE PRACTICE OF PARTS CANNIBALIZATION HAS
BEEN RESORTED TO IN ORDER TO MEET MANIFEST DEMANDS. THE LACK OF ADEGUATE SPARE
PARTS CREATES MAJOR PERTURBATIONS TO MANPOWER REQUIREMENTS, NOT ONLY IN THE
WORK REQUIRED, BUT IN THE DOCUMENTATION AND NORKAROUNDS ASSOCIATED WITH CANNIB-
ALIZATION OF PARTS AND THE NULTIPLE INSTALLATION AND REMOVAL OF COMPONENTS FROM
ONE FLIGHT VEHICLE TO ANOTHER. THILS PROCESS ALSO INCREASES THE DAMAGE EXPOSURE
TO0 ELECTRICAL CONNECTORS, WIRE BUNDLES, DUCTS, ETC. MANY CRITICAL ITEMS ARE ONE
OR TWO OF A KIND FOR THE ENTIRE FLEET SUCH AS FERRY TAIL CONE, FERRY ELEVON
ACTUATOR LDCKS, ENGINE HEAT SHIELDS(2 SETS) & CREW MODULE MPS METERS.®

RS AR E R R R R R R L R R R R E R E R E R C R R R R R L R R R R R R R R4 EE

10: ¢ 142,00 Issue(s): MANAGEMENT :
Issuels) cont.: : :
Issue Source: (PC REPORT } PAGE -8, VOL.II
Operation:  <BENERIC Y STS PROCESSING

Location: KSC >

Orb.No/Mission:  ¢(BENERIC >

Hardware/Software:(ORBITER b S18

Reference Data: N/A

Descriptign:

NANPOWER SHORTABE: "WITH 4 VEHICLES, 4 FIRING ROOM, 2 OPF BAYS, 2 PADS, EDWARDS
RECOVERY RESPONSIBILITY, ANC VLS INTEGRATION RESPONSIBILITY, SOME PERSONNEL
WORK MULTIPLE JOBS AMD DCCASIONLY VERY LONG HOURS. THE SHORTAGE OF PERSONMEL IN
CERTAIN AREAS HAS OCCASIONALLY LED TO THE PRACTICE OF PLACING NEW OR LESS EX-
PERIENCED PERSONNEL IN POSITIONS OF RESPONSIBILITY. THE MANPONER SHORTAGE ALSO
LEADS TO THE STANDARD PRACTICE OF PERSONNEL 0¥ CONSOLE SUPPORTING MULTIPLE
FUNCTIONS(PRIMARILY DURING 5SLACK TIME). THIS PRACTICE WAS CONSIDERED A CONTRI-
BUTING FACTOR IN THE 17" LH2 VALVE INCIDENT THAT OCCURRED DURING THIS COUNTDOWN
" ~---THE MANPOWER SHORTAGE CONTRIBUTES TO DECREASING QUALITY OF PAPERWORK AND
EXPERIENCED PERSONNEL TAKING SHORTCUTS TD GET MORE DONE IN THE SAME TIME.
R R R R E RS R H R R H R H R HE F R E M E LR R R Y

1D ¢ 1388 Issue(s}: PAPERWORK : REQUIREMENTS
Issue(s) cont.: 84 : :

Issue Source: {(PC REPORT ) PAGE -8, VOL.1I

Operation:  {GENERIC > §TS PROCESSING

Location: {KSC >

Orb.No/Mission:  <BENERIC >

Hardware/Software: (ORBITER ) s18

Reference Data: N/&

Description:

*XSC DDCUMENTATION:  AREAS OF UNCLEAR DOCUMENTATION WERE NOTED OURING THE DOC-
UMENT REVIEW, INSTRUCTIONS IN WAD'S ARE FREQUENTLY NOT CLEAR OR IMPRECISE. THE
OMRSD SYSTEM 1S VERY DIFFICULT TD PAPER TRACK WITH RESPECT TO AUDITINE REBUIRE-
MENTS. THE OMP AND PSP, WHICH ARE THE KSC SUPPORTING DOCUMENTS TQ THE OMRSD
SYSTEX, ARE OFTEN INCORRECT IN THAT DEVIATIONSIDEV'S) AND REVISIONS(REV'S)

ARE INCORPORATED BETWEEN THE PUBLICATION OF ONE DOCUMENT AND ANOTHER. FINALLY,
THE OMP 1S NOT A CLOSED LODP SYSTEM AND 1S SUFFICIENTLY COMPLEX SUCH THAT THE
COGNIZANT SYSTEMS ENGINEER IS THE ONLY PERSON WHO KNOWS THE FULL STATUS OF
OMRSD REQUIREMENTS.®

R R R R R R R R PR R R R R R R R P R R R H AR R R L E R R R R R R R R R EEEE
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10: ¢ 144,09 Issuels): QA : PAPERWORK
Issue{s) cont.: DISCIPLINE : TRAINING/CERTIF :

Issue Source: {PC REPORT ) PAGE I-8, vOL.Il

Operation:  <BENERIC Y 5TS PROCESSING

Location: {KSC >
Orb.No/Mission:  ¢BENERIC )]

Hardware/Software: (ORBITER b STS

Reference Data: N/A

Description:

*LACK OF DOCUMENTATIDN SYSTEM DISCIPLINE & EDUCATION: OF APPROX 5888 DOCUNENTS
EVALUATED, A LARGE PERCENTABE WERE FOUND TO BE INCORRECTLY €XECUTED. THE DIS-
CREPANCIES ARE GENERALLY MINOR IN NATURE, SUCH AS INCORRECT SIGNATURES, MISSING
SIGNATURES, LACK OF QC, INCOMPLETE RATIONALE FOR CLOSURE,ETC. HOMEVER, THESE
DISCREPANCIES POINT TO A PROBLEM INVOLVING LACK OF DISCIPLINE AND EDUCATION RE-
GARDING PROCEDURES AND REQUIREMENTS. AN ACROSS-THE-BDARD TRAINING PROGRAM IS
REGUIRED TO EDUCATE PERSONNEL AT ALL LEVELS ON WAD PREPARATIONS, PROCESSING,
VERIFICATION & CLOSURE. THE SPI, THE GUIDE FOR PREPARING & PERFORMING PAPERWORK
, NEEDS TD BE REEVALUATED, UPGRADED IF NECESSARY, THEN ENFORCED. ATTENTION TO
DETAIL NUST BE RE-EMPHASIZED.®

M R R R H  HE H H H  H R E R R R HE R F R R R R R R R R R4

10: < 145.80) Issue(s}: MAINTAINABILITY : RELIABILITY
Jssuels) cont,: : :

Issue Source: (PC REPORT > PABE 1-8, VOL.1I

Dperation:  <COUNTDOWN ¥ POST~LAUNCH

Location: {(PAD > PAD B

Orb,No/Mission:  <5{-L )

Hardware/Software:<6SE b} ICE/SRB HD POSTS/GH2 VENT UMB &RM LATCH/

Reference Data: N/A

Description:

PAD B FACILITY REVIEW STUDY: “ALL LAUNCH DAMABE AND LAUNCH MEASUREMENT DATA FOR
LC-39B GROUND SYSTEMS ANOMALIES COVERED IN THE REPORT WERE CONSIDERED NORMAL
WITH 5 RECEIVING SPECIAL ATTENTION. THE FIRST WAS THE FORMATION OF LARGE QUANT-
ITIES OF ICE ON PAD FACILITIES BECAUSE OF THE FREEZING TEMPERATURES, WINDS, AND
FLOWING WATER ASSOCIATED WITH THE FREEZE PLAN, A CONCERN WAS DEVELOPED FOR PO-
TENTIAL EFFECT OF FREEZING TEMPS ON PAD SYSTEMS PERFORMANCE. THE 2ND ANOMALY
WAS THE LOSS OF SPRINGS & PLUNGERS DN THE SRB HD POSTS BLAST SHIELDS. THE 3RD
ITEM WAS THE FAILURE OF THE G6HZ VENT UMB ARM TO LATCH. THE 4TH & STH ANOMALIES
(MINOR) WERE A CRACK IN THE MLP-2 BLAST DECK AND THE LOSS OF BRICKS FROM THE
FLAME TRENCH."

R AR R LR R E R R R E R R SRR R R R R R R R R R R R E R R R R R R 004

10: ¢ 146,00 Issue(s): BA + PLANNING

Issueis) cont.: DISCIPLINE H :

Issue Source: (PC REPORT > PABE [-18, VOL.I!

Operation: <INSPECTION > PAD B ACTIVATION

Location: PAD > PAD B

Orb.No/Mission:  <51-L ?

Hardware/Sof tware: (BSE ) LPS WIDEBAND LINES, HAZARDOUS 6AS,FIRE &

Reference Data: N/A

Description:

PAD-B ACTIVATION:  PAD B WAS NOT FULLY ACTIVATED WHEN IT WAS REQUIRED 1D
SUPPORT THE STS-5t-L FLOW. SEVERAL SUPPORT SYSTENS WERE NOT COMPLETELY
VERIFIED; E.5., LPS WIDEBAND LINES, HAZARDDUS G6AS, FIRE AND LEAK DETECTION
SYSTEM, UPS-52 POWER SYSTEM. THESE AND OTHER PAD-B ISSUES CAUSED SCHEDULING
PERTURBATIONS AND REQUIRED OCCASIONAL OPERATIDNAL WORKARDUND.*

R AR R R L R R R R A R L R L R R R LR R R R R A FE R R R LR L R R E R 1R
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1 < 147,00 lssuel{s): DISCIPLINE : PAPERWORK
lssuei{s) cont.: TRAINING/CERTIF : :

Issue Source: (PC REPORT i PAGE [-1@, VOL.1I

Operation:  <BENERIC >

Location: kSC ?

Orb.No/Mission:  (3i-L )

Hardware/Software: (GSE > CRITICAL VEHICLE OR VEHICLE RELATED 6SE

Reference Data: N/&

Description:

WORK AUTHORIZATION DOCUMENTATION AUDIT: THE REVIEW HAS FOUND THAT THE ABILITY
OF THE WORK CONTROL DOCUMENTATION SYSTEM TD BUARANTEE PROPER REAL-TINME EXECU-
TION OF TASKS AND THEIR SUBSEQUENT TRACEABILITY 1S INHIBITED BY FACTORS THAT
HUST BE IDENTIFIED AND CORRECTED BY KSC MANAGEMENT. TRAINING MUST BE ADEQUATE
T0 ENSURE THAT ALL NORKERS ARE ABLE TO COMPLY WITH THE REGULATIONS WHICH
GOVERN THE *PAPERWORK SYSTENM®. ADDITIONALLY, IT APPEARS THAT A RE-EMPHASIS

OF THE NECESSITY FOR PROPER DISCIPLINE IS IN ORDER, IT IS FURTHER RECOMMENDED
THAT, IF POSSIBLE, THE SYSTEM BE NADE MORE °*USER FRIENDLY® PROVIDING THAT THE
PROPER LEVEL OF KRIGOR CAN BE MAINTAINED,®

FRHHEEFEH R R R R R R E AR AR R MR R R R L R R R A R E R H R R R R B IR R R R R R EHEE

ID: < 148.08> Issueis}: TRAINING/CERTIF 3 SAFETY
Issuels) cont.: DISCIPLINE : :
1ssue_Source: <PC REPORT b PAGE I-18, VOL.II

Operation:  (HAZARDOUS )

Location: KSC ?

Orb.No/Mission: <51-L ?

Hardware/Software: (65E b

Reference Data: N/A

Description:

HAZARDOUS DPERATIONS: “NINE ITEMS WERE IDENTIFIED WHICH DOCUMENDT THE PERFORM-
ANCE OF HAZARDOUS OPERATIONS WITHOUT PRGPER SAFETY PROCEDURES. A RE-EMPHASIS OF
PROPER TRAINING AND WORKER DISCIPLINE AS APPLICABLE TO THE PERFORMANCE OF
HAZARDOUS OPERATIONS IS REQUIRED. THE EVENTS WHICH BECAME "FINDINGS® OF THE
INTEGRATED GROUND PROCESSING TEAM RESULTED FROM FAILURES TO ADHERE TD STANDARD
DEFINITIONS DF WHAT CONSTITUTES A HAZARDOUS OPERATION AND FROM FAILURE TO PRO-
VIDE FOR ADEBUATE DDCUMENTATION AND SAFETY COVERAGE OF SUCH OPERATIONS, IT IS
THE BELIEF OF THE TEAM THAT THE REGULATIONS IN EXISTENCE ARE SUFFICIENT TO PRO-
VIDE FOR GAFE OPERATION, BUT NEED TD BE UNIFORMLY UNDERSTOOD, APPLIED, FOLLOWED
AND ENFCRCED.®

R R R R E R R R R R E R R R R R R R R R R R R RS R R R R R R R 1

10: < 149.80% Issueis): DISCIPLINE : MANAGEMENT
]ssue(s) cont.: : :

Issue Source: (PC REPORT ? PAGE I-18, VOL.II

Operation:  (BENERIC ¥

Location: KsC >

Orb.No/Mission: <5i-L Y

Hardware/Software:{(ST5 )

Reference Data: N/A

Descrigtion:

WORXMANSHIP: "IN BENERAL, WORKMANSHIP NAS FOUND TO BE OF ACCEPTABLE QUALITY.
HONEVER, THERE WERE SOME INSTANCES OF UNDOCUMENTED PROBLEMS, UNREPORTED DAMAGE,
AND POOR NORK PRACTICES INDICATING THAT PERSONAL RESPONSIBILITY AND DISCIPLINE
ARE SOMETIMES INADEQUATE. MANAGEMENT MUST REINFORCE ITS STAND ON THE IMPORTANCE
OF FLIBHT VEHICLE AND PERSONNEL SAFETY.®

FER R R R RN R R R R L R A R E R E R P R A R R P R HE R AR H R R R R R R R RIS

01



10: ¢ 150.88) Issuels): MANABEMENT
Issue(s) cont,: EFFICIENCY :

Issue Source: <PC REPORT Y PAGE 1-18, VOL.II
Operation: <BGENERIC >

Location: KSC >

Orb.No/Mission:  <GENERIC )
Hardware/Software:(ST5 ),

Reference Data: N/A

Description:

WORKLDAD: AT TIMES, RESOURCES, BOTH HARDNARE AND PERSONNEL, WERE INADEQUATE TO
COVER OPERATIONS AT PAD A AXD PAD B SIMULTANEOUSLY. IN GENERAL,THE CONTINUATION
OF ST5 61-C ACTIVITIES WELL INTO THE STS S1-L TIMEFRAME DIVERTED PERSONNEL FRON
THE STS 51-L OPERATIONS AND ALSO CAUSED MAJOR SCHEDULE PERTURBATIONS YO THE

STS 51-L FLDNW, AN EVALUATION OF THE EFFECT OF WORKLDAD SWOULD BE MADE TO DE-
TERMINE IF THIS FACTOR IS A CONTRIBUTOR TO THE FINDINGS OF THIS REPCRT.
PROBLEMS FOUND WITH PAPER, NORKMANSHIP, LACK OF THOROUGH UNDERSTANDING OF
REQUIRENENTS AND CONFIGURATION MAY WELL HAVE THEIR RODTS IN THE OVERLOADING OF
THE AVAILABLE WORKFORCE. EXTERNAL FACTORS SUCH AS LATE REQUIREMENTS ALSO
AFFECT THE EFFICIENT UTILIZATION OF THE (CONTINUED ON ID:158.81)

HEHH MR M R R R R R R PR R R PR R R L R L R R R R R R R R 1 EH

DISCIPLINE

1: < 156.4D Issue(s): MANAGEMENT : DISCIPLINE
Issue(s) cont,: EFFICIENCY H :

Issue Source: {PC REPORY b PABE [-1@, VOL.II

Operation:  {(BENERIC )

Location: {KSC >
Orb.No/Missipn:  <GENERIC b
Hardware/Software: (575 >
Reference Data: R/A

Description:
NORKLDAD: (CONTINUED FROM 1D:159.08)

---AVAILABLE WORKFORCE, AS WELL AS INDUCING SCHEDULE PERTURBATIONS THAT TEND TO
EXACERBATE THE PROBLEM OF IMPROPER DOCUMENTATION DISCIPLINE.

IN ADDITION, THE WORK WAS GENERALLY FOUND TO BE TECHNICALLY COMPLETE AND MET
DEMANDING SCHEDULES BUT SOMETIMES AT THE EXPENSE OF COMPLETE DOCUMENTATION.®

PR TR A HE R R LR M R R R R R R R R R AR L HE R E R LR HH L HE L RS H R HE RIS

10 < 151.08) Issue(si: MANAGEMENT ¢ PAPERWORK
Issue(s) cont.: AUTOMATION : CHANGE CONTROL + PLANNING
lssue Source: (PC REPORT } PABE 1-11, vOL.Il
Operation:  {BENERIC ? ADVANCE PLANNING

Location: {Ks€C

Orb.No/Mission:  (BENERIC )

Rardware/Sof tware: (575 ) UNIVERSAL DOCUMENTATION SYSTEM (UDS)
Reference Data: N/A

Description:

RANGE SUPPORT REVIEW STUDY: “THE MOST SIGNIFICANT CONCERN UNCOVERED BY THE
REVIEM TEAM IS THAT PROGRAM SUPPORT MANABERS' LEVEL OF INVOLVEMENT AND DEGREE
DF UNDERSTANDING OF THE DOCUMENTATION FLOW NEEDS TO BE IMPROVED.

THE UNIVERSAL DOCUMENTATION SYSTEM (UDS) PROVIDES A COMMON LANGUAGE AND FORMAL
FOR EFFECTIVE COMMUNICATION BETWEEN THE USER, LEAD RANGE, AND SUPPORT AGENCIES.
USE OF THE UDS [S MANDATORY FOR NATIONAL RANGES. AN STS PECULIAR DOCUMENTATION
SYSTEM HAS BEEN IMPLEMENTED AT THE ESMC THAT SIGNIFICANTLY MODIFIES THE UDS.
THIS WAS REPORTEDLY DONE AT THE INSISTENCE OF NASA DUE TO THE DYNAMIC NATURE OF
THE PROGRAM AND THE NEED TO AUTOMATE THE DOCUMENTATION SYSTEM. FOR STS Si-t,
THE REVIEW CONCLUDED THAT ALL REQUIRED DOCUMENTATION FOR (CONT. ON ID:15t.81)
E2 22123222 1222222 It 12 IZ R 2 S eIz el L2 2 22 2 2222232122222 2]
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I: < 151.81) Issue{s): MANAGEMENT : PAPERNORK
Issue(s) cont.: AUTORATION :+ CHANGE CONTROL + PLANNING
Issue Source: (PC REPORY ) PABE I-11, VOL.II
Operation: <GENERIC ) ADVANCE PLANNING

Location: {KSC >

Drb.No/Mission:  {BENERIC )

Hardware/Software: {575 ) UNIVERSAL DOCUMENTATION SYSTEM (UDS)
Reference Data: N/A

Description:

RANGE SUPPORT REVIEW STUDY: (CONTINUED FROM 1D:131,88)

----SUPPORT OF THE WISSION WAS TIMELY AND COMPLETE. THE MOST SIGNIFICANT
CONCERN UNCOVERED BY THE REVIEW WAS THAT THE PRESENT STS DOCUMENT CONCEPT,
USING THE AUTOMATED SYSTEM, MAKES IT DIFFICULT IF NOT IMPOSSIBLE, TO DEVELOP
AN AUDIT TRAIL OF CHANGING WISSION REQUIREMENTS, SUPPORT CAPABILITIES AND
RANGE COMMITMENTS.®

FEHEH R R R R R R R R F R F LR H R R A R R A R R E R R R HE R EH H R HE R R E R R TS

10: ¢ 152.88) Issue(s}: WANAGEMENT + CONSTRAINTS
Issuels) cont.: NAIVERS : :

lssue Source: {PC REPORT ) PAGE I-11, VOL.II

Operation:  (FLIGHT ) MISSION MANAGEMENT TEAM (MMT) 1S FUNCT-
Locations  (KSC 2> IONAL FOR EACH WISSION FROM T-48 HRS

Orb.No/Mission:  (BENERIC ) THRU LANDING & ORBITER SAFING
Hardware/Software:{STS )

Reference Data: N/A

Description:

*THE MMT PROVIDES THE STS PROGRAM MANAGER WITH THE TECHNICAL ADVISORY STRUCTURE
NEEDED TO DEVELOP RECOMMENDATIONS ON STS ANOMALIES AND REQUIRED CHANGES T0
PREVIOUSLY AGREED TO LAUNCH RULES, FLIGHT RULES, FLIGHT PLANS AND SYSTEM LIMITS
OR REDLINES. THE STS Si-L FLIGHT READINESS REVIEW PROCESS WAS IMPLEMENTED CON-
SISTENT WITH NSTS FLIGHT CERTIFICATION POLICIES, PROCEDURES AND PRACTICES. THE
TECHNICAL MANAGEMENT FROM EACH LEVEL OF THE PROGRAM WAS TYPICAL IN BOTH TIMING
AND DEPTH OF DETAIL TO THAT USED IN PREVIOUS MISSIDN PROCESSES, HOWEVER, EVENTS
ASSOCIATED WITH THE STS 5i-L MISHAP IDENTIFIED SRM FLIGHT SAFETY ISSUES NOT
ADDRESSED IN THE FRR PROCESS.”

FEEEE R R LR R R R R R R R R R TR A R R R R H R R R P E R R H R R R L R RS

1D < 153.8% Issue(s}: DESIGN :
Issuets) cont.: : :
Issue Source: {PC REPORT > PAGE I-13, VOL.II
Dperation:  ¢ASSEMBLY )

Location: {KsC >

Orb.No/Mission: <51-L ),

Hardware/Software: <SRB )

Reference Data: N/&

Description:
PRE-LAUNCH ACTIVITIES TEAM -- FINDING

*THE RIGHT HAND SRB AFT FIELD JOINT WAS PROPERLY ASSEMBLED USING ESTABLISHED,
APPROVED PROCEDURES INCORPORATING THE DESIEN REQUIREMENTS, BUT THE DESIGN 1S
SUCK THAT THERE IS NO POSITIVE METHOD TO ASSURE THAT JOINT SEALING DEGRADATION
KAS OCCURRED DUE TO ASSEMELY DAMAGE TO THE D-RING, CONTAMINATION BEING
GENERATED, OR WATER BEING TRAPPED IN THE JOINT.®

FER R R R R IR AR R R R R R R R R E S A R R R R R R R R R R R R H R R R R R R4
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ID: < 154.8®) Issuels): PAPERWORK + DISCIPLINE
Issugl(s) cont.: : :

Issue Source: (PC REPORT > PABE I-13, VOL.II]

Operation:  <GENERIC )

Location: {KSC >

Orb.No/Mission: {51-L ?

Hardware/Software: (575 )

Reference Data: N/A

Description: '
PRE-LAUNCH ACTIVITIES TEAM -- FINDING AND DISCUSSION

*THE WORK CONTROL DOCUMENTATION SYSTEM REQUIRES REVISION®

*THE WORK CONTROL DOCUMENTATION SYSTEM, OR °PAPER SYSTEM® FOR PROCESSING,
CONTROLLING, TRACKING, AND PROVIDING TRACEABILITY OF FLIGHT AND GROUND SYSTEM
ELENENTS AND THEIR ASSOCIATED HARDWARE/SOFTMARE, NEEDS REVIEW, THE INDIVIDUAL
TEAM REVIEWS UNCOVERED A NUMBER OF WORK AUTHORIZATION DOCUMENTS WITH SOME SORT
OF PROBLEM. THESE INCLUDED A LACK OF TIMELY CLOSURE; POOR ANNOTATION OF DEVIA-
TION STEPS; LACK OF TRACEABILITY; AND MISSING SIGNATURES AND QUALITY CONTROL

STANPS. * (CONTINUED ON 1D:154,81)

SRR E R F R R R R R R E R R R AR LR R R R R IR R R E A H L H
ID: < 154.81 Jssue(s): PAPERWORK v DISCIPLINE

lssuel(s) cont.: : :

Issue Source: (PC REPORT ) PABE I-13, VOL.I1

Operation:  {BENERIC )

Location: K€ >

Drb.No/Mission: (Si-L )

Hardware/Software:{ST5 )

Reference Data: N/A

Description:
PRE-LAUNCH ACTIVITIES TEAM -- FINDING AND DISCUSSION  (CONT, FROM ID:154.89)

*IN SOME CASES WHERE THE DOCUMENTATION WAS INCOMPLETE THE RECONSTRUCTION
ACTIVITY WAS TIME-CONSUNING, AND MIGHT HAVE BEEN IMPOSSIBLE IF MORE TINE HAD
ELAPSED SINCE THE GROUND PROCESSING OF STS 31-L. THE PRIME CONCLUSION REACHED
WAS THAT THE SYSTEM NEEDED TO BE REVIEWED AND REVISED, TO MAKE IT FULFILL 178
FUNDAMENTAL REQUIREMENTS [N A FASHION THAT WOULD ENCOURAGE COMPLIANCE BY THE
USERS; I.E., MAKE THE SYSTEM "USER FRIENDLY® SECONDLY, EMPLOYEE TRAINING IN
HOW TO USE THE REVISED SYSTEM SHOULD BE INSTITUTED, WITH AN EMPHASIS UPON THE
INPORTANCE OF THE SYSTEM AND THE NEED FOR THOROUGH AND COMPLETE DOCUMENTATION®
HEEHR M P PR R R T T

10: < 155,08 Issue{s): MANAGEMENT : CONSTRRINTS
lssue(s) cont.: COST/MANHOURS : :
lssue Source: <PC REPORT ) PABE 1-14, VOL.II

Operation:  <SCHEDULING >
Location: KSC

Orb.No/Mission:  ¢S51-L ),
Hardware/Software: {515 >
Reference Data: N/A

Description:

PRE-LAUNCH ACTIVITIES TEAM -- FINDING

*MANPOWER LIMITATIONS OUE TO HIGH WORKLDAD CREATED SCHEDULING DIFFICULTIES
AND CONTRIBUTED TO OPERATIONAL PROBLEMS®

R M R R R R R R R R R R R R E R R R R R R HE T R L R R R R R R E S
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ID: < 156.88) Issue(s}: DESIGN : SRR A
Issue(s) cont,: : : gP'GE“‘ H. PAGE |g
1ssue Source: <PC REPORT > PABE I-14, VOL.II POOR QuaLiry
Operation:  <BENERIC )

Location: {PRD PAD B

Orb.No/Mission:  <GENERIC ?

Hardware/Software: (GSE ) PAD WATER/PAD HARDENING/PAD DIFFERENCES

Reference Data: N/A

Description:

PRE-LAUNCH ACTIVITIES TEAM -- FINDING - °*LC-39B REBUIRES ADDITIONAL MODS*

*LC-398 DEMONSTRATED SATISFACTORY CAPABILITY DURING THE STS S1-L LAUNCH, WITH

A FEW EXCEPTIONS. SINCE STS 51-L WAS THE INITIAL SHUTTLE LAUNCH FROM LC-39B, IT

WAS ANTICIPATED THAT ADDITIONAL MODIFICATIONS WOULD BE IDENTIFIED DURING I[TS

FIRST USE. SUCH MODIFICATIONS NDRMALLY INVOLVE CHANGES TO MAKE THE FACILITIES

LESS SUSCEPTIBLE TO LAUNCH DAMAGE, AS WELL AS TD CORRECT NINOR OPERATIONAL

PROBLEMS. THE MODIFICATIONS INDICATED ABOVE FOLLOW:

1, PAD WATER SYSTEMS (SHOULD BE DONE ON BOTH PADS AND MLP'S)

2. ADDITIONAL PAD "HARDENING® MODIFICATIONS (BOTH PADS AND MLP‘S)

3. PAD 4 AND PAD B SYSTEM DIFFERENCES *

R R R E LR A F R F L R R R R S R R R R F R R R R R R R R A

1D: < 157.88> Issue(s): PROCEDURE : DISCIPLINE
Issue{s) cont.: MANAGEMENT : 3

1ssue Source: (PC REPORT ) PAGE I-15, VOL.II

Dperation:  <TEST )

Location: {kSC >

Orb.No/Mission:  <31-L )

Hardware/Sottware:¢5SE >

Reference Data: N/A

Description:

PRE-LAUNCH ACTIVITIES TEAM -- FINDING - °TEST TEAM ERRORS WERE FOUND THAT WERE
CAUSED BY NOT FOLLOWING ESTABLISHED PROCEDURES®

--DISCUSSION--"THE UNDERLYING FACTORS CONTRIBUTING TO THESE ERRORS WERE NOT DE-
TERNINED DURING THE PROCESSING REVIEWS, HONEVER, INDICATIONS ARE THAT A LACK OF
APPRECIATION FOR THE SERIDUS RESULTS WHICH CAN RESULT FROM SUCH ERRORS IS A
LEADING CONTRIBUTOR TO THE PROBLEM. A PROGRAM NEEDS TO BE INSTITUTED TD REIN-
FORCE THE NEED TO ASSURE THAT PROBLEMS ENCOUNTERED DURING THE PROCESSING OF
FLIGHT HARDWARE ARE REPORTED. IN ADDITION, WHERE CRITICAL HARDWARE IS INVOLVED,
NETHODS WITH THE PGTENTIAL TO REDUCE INCIDENTS GF HUMAN ERROR SHOULD BE INVES-

TIGATED.®

FEEER LR R AR H R AR E R E R S R R R R R R IR R R R H LR R R R R R
10: ¢ 138.88) Issue(si: LOGISTICS/SPARES + COST/MANHOURS
lssue(s) cont.: CANNIBALIZATION : H

lssue Source: ¢PC REPORT > PABE [-14, VOL.II

Operation:  <TEST > ASSEMBLY

Location: {KSC >

Orb.Ne/Mission:  {5i-L )

Hardware/Software:(ORBITER Y

Reference Data: N/A

Description:

PRE-LAUNCH ACTIVITIES TEAM -- FINDING/DISCUSSION--*THE LOBISTICS SUPPORT FOR
CHALLENGER IN TH 51-L GROUND PROCESSING WAS INADEQUATE, SINCE IT CREATED A NEED
T0 REMOVE PARTS FROM DTHER ORBITERS TO CONTINUE 51-L OPERATIONS. FOR 51-L, 45
OUT OF APPROXIMATELY 382 REQUIRED PARTS WERE CANNIBALIZED. THESE PARTS RANGED
FROM BOLTS TO AN OMS TVC ACTUATOR AND A FUEL CELL. THE SIGNIFICANCE TO OPERA-
TIONS DF CANNIBALIZATION IS THAT IT CREATES (1) SIGNIFICANTLY INCREASED EFFORTS
T0 ACCOMPLISH THE SAME WORK DUE TO MULTIPLE INSTALLATION AND RETEST REDUIRE-
MENTS, (2} SCHEDULE DISRUPTION DUE TO ADDED WORK & NORMALLY LATER PART AVAIL- [)22 ]_
ABILITY, & (3) ORBITER DAMAGE POTENTIAL DUE 7O INCREASED PRYSILAL ACTIVITY IN
THE VEHICLES. THESE EFFORTS MAKE CANMIBALIZATION OPERATIONALLY UNACCEPTABLE.®
FEEEEE LR R R R LR E R R R R R A E R HE E R R R L E R R R R R R SR T AR R R R



10: < 159.88) Issue(s): CONSTRAINTS

Issug(s} cont,: :
Issue Source: {PC REPORT ) PAGE [-16, VOL.II

Operation:  <FLIBHT > LAUNCH

Location: {PAD >

Orb.No/Mission: {51-L )

Hardware/Software: (5TS >

Reference Data: N/A

Description:

FINDING: "ADDITIONAL ANALYSIS WILL BE REQUIRED TO ASSESS THE ENVIRONMENTAL
EFFECTS UPON LAUNCH CAPABILITY,"----DISCUSSION--THE STS Si-L LAUNCH AND SUB-
SEQUENT EXAMINATION HAS INDICATED THAT ADDITIONAL ANALYSES NEED TO BE CON-
DUCTED TO ASSURE A FULL UNDERSTANDING OF ENVIRONMENTAL EFFECTS UPON LAUNCH
CAPABILITY, POST-LAUNCH EXAMINATION OF LC-39B INDICATED SOME SYSTEMS HAD NOT
OPERATED PROPERLY IN THE BELOW-FREEZING TEMPERATURES.---THE DIFFICULTLY IN
DEFINING THE OPERATING ENVIRONMENT ADEQUATELY WITH THE EXISTING INSTRUMEN-
TATION AND ANALYTICAL MODELS WAS NOT FULLY APPRECIATED,-—-*

R R R E R R R R R S R R E R R R R R R R R R R H R RS

10 ¢ le0.88) Issue(s): CONSTRAINTS :
Issue(s) cont.: : :
Issue Source: (PC REPORT ) PABE I-16, VOL.II
Operation: <FLIGHT > LAUNCH

Location: PRD > FSS/RSS
Orb.No/Mission: ¢(51-L )

Hardware/Software: (STS )

Reference Data:  N/A

Description:

FINDING/DISCUSSION: "ICE DEBRIS CREATED BY THE STS Si-L LAUNCH WAS GREATER
THAN PREDICTED BY PRE-LAUNCH ANALYSIS. ----THE ACTUAL FSS/RSS ICE MOVEMENT, AS
OBSERVED ON THE PHOTODGRAPHIC DOCUMENTATION, DID NOT CONFORM TO THE PREDICTIONS
IN TWO INPORTANT RESPECTS: (1)THE ICE GENERALLY DID NOT RELEASE UNTIL AFTER
SSME IGNITION. (2)THE ICE TRANSLATED FURTHER TONARD THE VEHICLE THAN PREDICTED
» THE LATE ICE RELEASE COMPENSATED FOR THE ADDED TRANSLATION, BUT THE ORBITER
MOVED OUT OF THE WAY BEFORE IT COULD BE HIT,---*

R R R R R H R R H A R R R R R R R R R R R R R R R R R R R HE R0 43

1D: < 161.88) Issup(s): MANAGEMENT :
Issue(s) cont,: : :
Issue Source: {PC REPORT ? PABE I-16, VOL.II
Operation: (FRR > ANT

Location: {KSC >
Orb,No/Nission: (S1-L )
Hardware/Software:(STS )
_ Reference Data:  N/A
Description:

FINDING:

*THE S1-L FLIGHT READINESS REVIEW(FRR) PROCESS, INCLUDING THE MISSION MANAGE-
MENT TEAN (MMT} ACTIVITIES [MMEDIATELY PRIOR TO LAUNCH , WAS CONDUCTED CONSIS-
TENT WITH NSTS FLIGHT CERTIFICATION POLICIES, PROCEDURES, AND PRACTICES.®

R R R R R R R R R A M R R R L I R R R R R H R R H R L R R R R LR RN R R R R 244

022



10: < 162.08 Issue{s}: MANAGEMENT : SAFETY

Issuels) cont.: H H

Issue Source: <PC REPORT ) PAGE 1-16, VOL.1]

Operation: <{FRR > FLIGHT READINESS REVIEW

Location: {KSC >

Orb.No/Mission:  ¢51-L >

Hardware/Sottware: (575 p

Reference Data: N/&

Description:

FINDING/DISCUSSION: °*THE CHAIN OF EVENTS WHICH CULWINATED IN THE S1-L ACCIDENT
INDICATES THAT THE MANAGEMENT PROCESS APPLIED TO CRITICAL FLIGHT SAFETY ISSUES
WAS INADEQUATE.-----I1F THE ORIGINAL ENGINEERING BASELINE IS LACKING, THE FRR
*DELTA® APPROACH MAY NOT CAUSE THE PROBLEM TO SURFACE. ANOTHER PROBLEM WITH THE
FRR *DELTA® APPROACH IS THAT REPEATED ANDMALIES TEND TO LOSE SIGNIFICANCE DUR-
ING6 SUBSEQUENT REPORTINGS, ~----- THE INADEQUATE EMPHASIS UPON THE SAFETY CRIT-
1CAL ITENMS DESENSITIZED THE PROGRAM PERSONNEL TO THE NEED TO FOCUS ON SAFETY.®

FEREE R R ERER S E R MR R R H R SRR R F R R R E H R R R R E R R S R R R R R

10: < 163.08) Issue(s): MANABEMENT :
Issuels) cont,: : :
Issue Source: ¢(PC REPORT ) PAGE I1-17, VOL.11
Operaticn:  (FLIGHT > PRE-LAUNCH ACTIVITY
Location: {KSC >

Orb.No/Mission:  <(S1-L )

Hardware/Softuare:{51S >

Reference Data: N/A

Description:

FINDING/DISCUSSION: "COMMUNICATION DURING THE LAUNCH DECISION PROCESS WAS
INADEQUATE. "

*QURING THE HOURS PRECEDING THE STS Si-L LAUNCH, THERE WERE A SERIES OF MEET-
INGS REGARDING THE VEHICLE'S ABILITY TO SUCCESSFULLY OPERATE UNDER THE
ENVIRONMENTAL CONDITIONS EXPECTED AT LAUNCH TIME. IN THE DISCUSSION CONCERNING
THE SRB JOINTS AND THE LAUNCH COMPLEX ICE CONDITIONS, KEY INDIVIDUAL'S
DBJECTIONS TD LAUNCH WERE NOT REGISTERED TO TOP PROGRAM OFFICIALS.®

R R R A R R R R R R R R R R R R R R HE R R R E R R R R R HH AR R R H R R R R R R R AR R R

1D < 164,00 Issuefs): SECURITY 3
Issue(s} cont,: : :
1ssue Source: <PC REPORT ) PAGE I-17, VOL.II
Operation:  (FLIGHT y PRE-LAUNCH ACTIVITY
Location: KSC >

Orb.No/Mission: <31-L )

Hardware/Software: {575 >

Reference Data: N/A

Description:

FINDING/DISCUSSION: *ND FACTORS CONTRIBUTING TD THE S1-L MISHAP NERE FOUND
BY THE SECURITY AGSESSMENT.®

*----THIS REVIEW HAS DETERMINED THAT THE SECURITY PROCEDURES AND OPERATIONS
SUPPORTING THE S1-L MISSION WERE ADERUATE AND NO INFORMATION HAS BEEN
DEVELOPED TO INDICATE ANY DELIBERATE MALICIOUS ACT CONTRIBUTED TO THE NISSION
FAILURE. "

FERERFHEEE R R R R R R R R R R R R R R R R R R R R H H R R F R F R R R R R R
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1D: ( 165.20 Issue(s): SECURITY

Issuels) cont.: :

Issue Source: (PC REPORT > PABE [-17, VOL.II
Operation:  <FLIGHT > PRE-LAUNCH ACTIVITY
Location: {K5C >

Orb.No/Mission: ¢{5i-L }

Hardware/Software: <578 }

Reference Data: N/A

Description:

FINDING/DISCUSSION: "METHODS TD IMPROVE NATIONAL RESOURCE PROTECTION (NRP)
SHOULD BE REVIEMWED."

*WHILE AVAILABLE INFDRMATION INDICATES THAT THE S1-L ACCIDENT WAS NOT CAUSED
BY MALEVOLEXT OVERT ACTS, THE SECURITY MEASURES PROPOSED UNDER THE AUSPICES
OF NRP WOULD BE ABLE TO PROVIDE A MORE PROMPT, EFFECTIVE AND CONCLUSIVE
EVALUATION. THE SECURITY SYSTEMS DESCRIBED DIN THE PRE-LAUNCH SECURITY SUB-
TEAN REPORT ARE PREDOMINANTLY DEPENDENT ON MANPOWER. MANPOMER INTENSIVE PRO-
GRANS DO NOT DEFEND OR PROTECT AGAINST ALL THREATS POSTULATED AT KSC. IT IS
RECOMMENDED THAT THE PLANNING FOR IMPLEMENTATION OF NRP UPGRADES BE REVIEWED"

PRI AR H A E H R R R E R R H L R R E A H R R R R R HE LR R A R RS
1D < 166.00) Issueis): SAFETY :

Issue(s) cont.: : :

Issue Source: ¢PC REPORT ) PAGE J-26, VOL.I1

Operation:  (FLIGHT > PRE-LAUNCH ACTIVITY

Location: KSC >

Orb.No/Mission:  ¢3i-L )

Hardware/Software: {STS b

Reference Data: N/A

Description:

§TS S{-L MISSION OPERATIDNS (FINDINGS): "A. THE PRE-LAUNCH ACTIVITIES CONDUCTED
BY THE OPERATIONS TEAMS WERE TYPICAL IN THAT SOME DELAYS AND PROBLEMS WERE EN-
COUNTERED AND RESOLVED. THE OPERATIONS TEAM'S PARTICIPATION IN THESE ACTIVITIES
WERE STRAIGHT-FORWARD AND HAD NO EFFECT ON THE ACCIDENT. B. THE RESULTS OF THE
DATA PLAYBACKS ON JAN 29438 CONFIRMED THAT THE S1-L ASCENT FLIGHT CONTROL TEAM
HAD NO INDICATION CF AN IMPENDING CATASTROPHIC FAILURE. C. THE St-L FLT SOFT-
WARE PERFORMED NOMINALLY & WAS NOT A CONTRIBUTING FACTOR TD THE ACCIDENT. D.
FOR THE MISSION S1-L FAILURE, NO SURVIVABLE ABORT OPTIONS WERE AVAILABLE. E.
THE ACTIONS OF THE RSO WERE APPROPRIATE, AND THE RANGE SAFETY SYSTEM DESTRUCT
OF THE SRB'S DID NOT CONTRIBUTE TO THE ACCIDENT.®

SR E MR R R R R R R R R R R E R R R R E R LR R H R L M R R 188

10 ¢ 167.00) Issueis): PLANNING : PROCEDURE
Issue(s) cont.: TRARINING/CERTIF :+ SAFETY s MAINTAINABILITY
Issue Source:s (PC REPORT > PAGE J-26, VOL.II

Operation: (MANIFESTING } SCHEDULING

Locations st > KSC

Orb.No/Mission:  {BENERIC )

Hardware/Software: {STS >

Reference Data: N/&

Description:

NISSION PLANNING FINDINGS: 1)THE CURRENTLY CONFIGURED AND BASELINED SMS CAN
SUPPORT A MAX OF 12 TO 15 FLTS PER YR, LESS THAN THE SCHEDULED 1986 MANIFEST,
2) THE CURRENT FLEET OF 3 STA'S CAN SUPPORT A MAX OF 17 FLTS PER YR. 3} CREW
WORKLOAD IN THE LAST WEEKS BEFORE FLIGHT IS WIGH. THE PROBLEM IS AGGRAVATED BY
THE LATE DELIVERY OF SOFTWARE OR PROCEDURES. 4) SECONDARY PAYLOADS AND PAYLOAD
SPECIALISTS SHOULD BE STABILIZED AT THE L-S MONTH POINT TO ENSURE THAT FLIBHT
PROCEDURES, SOFTWARE, SAFETY REVIENS, AND CREW TRAINING ARE AVAILABLE AND CAN
BE ACCOMPLISHED ACCORDING TO PLAN WITHOUT AN UNACCEPTABLE EFFORT. 3) LATE
CHANGES TO A MISSION ADVERSELY IMPACT TRAINING AND PROCEDURE DEVELOPMENT FOR
DOWNSTREAM MISSIONS. &) THERE IS NO FORMAL (CONTINUED ON ID:167.81)

R E R R R E R R E R E R R E R R R E R R R R R EH R H L HE R EEE RO S
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10: < 1e87.015 lssue(s): PLANNING : PROCEDURE
lssueis! cont.: TRAINING/CERTIF 1 SAFETY ¢ MAINTAINABILITY
1ssue Source: (PC REPORT ) PAGE J-26, VOL.II

Operation:  (MANIFESTING ; SCHEDULING

Location: {dsc > KSC

Orb.No/Mission:  (BENERIC Y

Hardware/Software:{S1S )

Reference Data: N/

Description:

MISSION PLANNING FINDINGS: (CONTINUED FROM ID:147.88)

*———-GTATEMENT THAT AUTHORIZES NASA TO AUDIT A PAYLOAD DEVELOPER TO ASSURE COM-
PLIANCE WITH NSTS PAYLOAD SAFETY REQUIREMENTS. 7) THE NORMAL PAYLOAD SAFETY
PROCESS FAILED TO IDENTIFY POTENTIALLY SERIOUS SINGLE POINT FAILURES IN THE
CENTAUR UPPER STAGE, 8)THE OPERATIONAL MAINTENANCE INSPECTION PROBRAM 15 IN-
NATURE AND DOES NOT YET PROVIDE LEVEL I1 WITH ADERQUATE CLOSED LOOP OVERSIGHT.
IT LACKS A COMPREHENSIVE SYSTEM 70 TRACK AND AUDIT COMPLIANCE WITH ESTABLISHED
REQUIREMENTS. CONCLUSION: AN INSPECTION AND MAINTENANCE PROGRAM SHOULD BE IM-
PLENENTED THAT WILL ENSURE FLAWLESS PERFORMANCE OF CRITICAL SPACE SHUTTLE HARD-
WARE INTD THE 21ST CENTURY.®

FEEFHEE R LR HE R L E R R R SRR F R LR R R R S T R R R R R R EE

ID: «( 168.00) Issue(s): PLANNING + MAINTAINABILITY
Issueis) cont.: SAFETY H H

Issue Source: <PC REPORT ) PAGE J-51, VOL.II -~
Dperation:  (MANIFESTING > SCHEDULING

Location: st KSC

Orb.No/Mission:  <BENERIC >

Hardware/Software: (STS >

Reference Data: N/A

Description:

MISSION PLNS & OPS TEAM - MAJOR CONCLUSIONS: *1)THE NSTS PROGRAM SHOULD DE-
VELOP A BOTTOMS-UP STRATEGY FOR EXPANDING THE FLIGHT RATE. AS A START, RIGID
WANIFESTING CRITERIA NEED TO BE ESTABLISHED ¥ ENFORCED. 2) AN INSPECTION AND
MAINT. PROGRAM SHOULD BE IMPLEMENTED THAT WILL ENSURE FLAWLESS PERFORMANCE OF
CRITICAL SHUTTLE HARDWARE INTO THE 2157 CENTURY, 3) THE NSTS PROGRAM SHOULD
FOCUS ATTENTION ON DEFINING AND PROVIDING AN ADEQUATE MARGIN FOR END-OF-NISSION
AND INTACT ABORT LANDINGS. THIS INCLUDES BOTH SROUND FACILITIES & FLT HARDWARE.
4} THE NSTS PROGRAM SHOULD EVALUATE THE OPTIONS AND UTILITY OF PROVIDING CREW
ESCAPE SYSTEMS AND AUBMENTING ORBITER ABORT MODES.*

SR ERREE R EE R AR R H R R AR RS HE L HE R H R R E LR R R R R R R AR

ID: < 169.08 Issue(s): REQUIREMENTS :
Issue(s) cont.: : :

Issue Source: ¢PC REPORT ) PAGE X-30, VOL.1I

Operation: (TEST > ENVIRONMENTAL SPECIFICATIONS
Location: st > WSFC

Orb.No/Bission:  <GENERIC )

Hardware/Software; {SRB ) SRM

Reference Data: N/A

Description:

DEVELOPMENT & PRODUCTION: FINDING: "ALL ENVIRONMENTAL SPECIFICATIONS IMPOSED ON
MORTON THIOKOL BY NASA WERE NOT ADEQUATELY VERIFIED BY TEST, ANALYSIS, OR SIM-

ILARITY. CONCLUSION: JSC 87789, VOL.X, CLEARLY STATES THE NATURAL AND INDUCED

ENVIRONMENTS TO WHICH THE SRM IS TD BE DESIGNED AND VERIFIED. THE FIELD JOINTS
WHICH ARE SUSCEPTIBLE TO ENVIRONMENTAL CONDITIDNS WERE NOT QUALIFICATION TEST-

ED TO THE FULL RANGE OF THE CONTRACTUALLY REDQUIRED ENVIRONMENTS. THIS LED TO A

LACK OF COMPLETE UNDERSTANDING OF THE JOINT DESI6N LIMITS.®

SRR FEEREF PR F R R R R R R E R R R R R R R IR R R R R R R R R R R R R MR
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1B: ¢ 70,82 Issup(s): REQUIREMENTS :

Issuels) cont.: : :

Issue Source: (PC REPORT ) PAGE K-3B, VOL.1I

Operation:  <TEST } ENVIRONNENTAL SPECIFICATIONS
Location: st > MSFC

Orb.No/Mission:  (BENERIC )

Rardware/Software:(SRB ) SR

Reference Data: N/A

Description:

DEVELOPMENT & PRODUCTION: FINDING: *PRIOR TO THE STS 51-L ACCIDENT, THERE WAS
INSUFFICIENT KNOWLEDGE ON THE PART OF MTI AND NASA RELATIVE TO THE PERFORMANCE
CHARACTERISTICS OF THE PUTTY USED IN THE SRM FIELD JOINTS.® CONCLUSION: THE
PRINARY REASON FOR THE USE OF PUTTY IN THE SRM IS TO ACT AS A THERMAL BARRIER
IN THE JOINTS TD PREVENT O-RIN6 EROS5ION RESULTING FROM CIRCUMFERENTIAL HOT GAS
FLOW DURING MOTOR FIRING. PRIOR TO THE S1-L ACCIDENT, THE PUTTY WAS BELIEVED TO
PERFORM SUCH THAT IT WOULD ALLOW PRESSURE TO THE PRIMARY O-RING DURING THE SRM
IGNITION TRANSIENT. IT KAS BEEN FOUND THAT HUMIDITY & TEMP ENHANCE THE CHARAC-
TERISTICS OF PUTTY RELATIVE TO ITS PRESSURE HOLDING CHARACTERISTICS. THE UN-
CERTAINTY OF THESE CHANGES DIRECTLY EFFECTS THE ABIL. OF THE FLD JNT TO SEAL."
SRR LR R AR R AR RN HE AR AR RS TR HE R R RE R LA RR L1111 S

1 < 17100 Issue(sl: INTERFACE : DESIGN CRITERIA
Issuels) cont,: : :

Issue Source: (PC REPORT ) PAGE K-38, VOL.II

Operation:  <TEST ) SPECIFICATIONS

Location: s8C » NSFC

Orb.No/Mission:  {GENERIC Y

Hardware/Software: (5RB ) SRM

Reference Data: N/A

Description:

DEVELOPMENT & PRODUCTION: FINDING: *PRIOR TO THE STS S1-L ACCIDENT, THERE WAS A
LACK OF UNDERSTANDING ON THE PART OF MTI AND NASA OF THE JOINT OPERATIDN AS
DESIGNED.  CONCLUSION: THERE WERE INSUFFICIENT DSVELOPMENT TESTS AND ANALYSIS
PERFDRMED BY MTI TO UNDERSTAND THE INDIYIDUAL AND/OR COMBINED EFFECTS OF THE
PUTTY PERFORMANCS, JOINT ROTATION AND O-RING COMPRESSION, AND RESILIENCY ON THZ
PRESSURE SEALING INTEGRITY OF THE FIELD JOINT.®

FEEE R R R R R R R R AR R RS R R R RS R P R T R R FRRE R P R AR R AR REE
10: < 172.80> Iszupis): STANDARLS : CHANGE COUNTRCL
Issue(s) cont,: : :

Issue Source: {PC REPCRT ) PAEE
Operation: (TES7 H Spzl.
Location: td5C %3FL
urd,No/Missicn: <G
Harcware/Scttware:<§
Rpterence Data: N

-10, V0. U
iCRTIONS

~

NERIC ’
B Sk

£
R
14

Descristicn:

DEVELOFMENT & PRCDUCTION: FINDING: "7WE CONFIDURATION OF THE BUALIFICATION TEST
ARTICLE wa3 NOT ik AL. CASES REFRESENTATIVE GF THE FLIBHT CONFIGURATION; E.5.,
THE GUALIFILATIGN ®UTGR LACKED THE LIFTGFF DYNAMIC EFFECTS ON THE CASE JOINTS,
AND THE PUTTY PREPARATICN DIFFERZD FROM THAT USED ON FLIGHT HARDWARE.
CONCLUSION: IN QORDER TD VERIFY THE ADEDUACY OF THE FLIGHT HARDWARE AND THE
PRICESSES, IT IS ESSENTIAL THAT THE CONFIGURATION AND PROCESSES BE AS SIMILAR
AS FRACTICAL. DEVIATIONS FROM STANDART PRACTICE CAN LEAD TD A LACK GF UNDER-
STANDING OF THE PERFOFRMAMCE OF THE SYSTEM.®

R R R R R R R E R R R R T R R AR R R R R R R R R R R RE R H 44
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1B < 173.e¢ Issue(st: REQUIREMENTS : SAFETY

Issuels) cont.: RELIRBILITY : DESIGN :

1ssue Source: (PC REPORT > PABE K-38, VOL.II gg":’gﬂ. PAGE IS
Operation:  <ASSEMBLY ) SPECIFICATIONS OR QUALITY
Locetion: (VAR )

Drb.No/Mission:  <31-L 7

Hardware/Software: (5RB } SRM

Reference Data: N/&

Description:

DEVELOPMENT & PRODUCTION: FINDING: “A CHANGE WAS MWADE TO THE SRM STACK CONFIG.
THAT CREATED THE MIDWEIGHT CONFIG.,I.E.,A COMBINATION OF STANDARD AND LIGHTNT.
CASES. THIS CHANGE WaS QUALIFIED BY SIMILARITY. CONCLUSION:THE MIOWEIBHT CONFIG
,WHICH WAS NOT FLOWN ON 51-L,DID NOT REPRESENT A SIGNIFICANT REDESIGN.ITS LOADS
AND CASE REACTIONS WERE BETWEEN THE 2 EXTREMES DEMONSTRATED, WHICH WERE THE STD
WT % LTWT CONFIGS. EACH GF THESE CONFIGS WERE VERIFIED BY ANALYSIS % 6ND TEST-
ING, THEREFORE, AT THE TIME, VERIFICATION BY SIMILARITY OF THE MIDWT CASE DESEN
WAS ACCEPTABLE. THE EFFORT TO REQUALIFY THE SRM FOR FLT MUST INCLUDE SUFFICIENT
ANALYSES AND GND TESTS TO ADEQUATELY PROVE THAT THE REDESIGN OF THE MOTOR AS AN

ENTITY , & [TS COMPONENTS, WILL SATISFY ALL CEI SPEC RE@, & OP SAFELY -=------'
SRR T R R R E R E R R E R R R E R R R R R R R R R R E R R 4R
1 < 17400 Issuels): QA :

Issuels) cont.: : :

Issue Source: <PC REPORT b PAGE K-31, VOL.II

Operation: <N/A > MANUFACTURING

Location: NA >

Orb.No/Mission:  <¢5i-L H

Hardware/Software: (SRB Y SRM O-RINGS

Reference Data: N/A

Description:

DEVELOPMENT & PRODUCTION: FINDING: °THE O-RING USED IN THE CASE JOINT IS CRIT-
ICAL TO THE SEALING INTEGRITY OF THE JOINT, YET IS NOT DESISNATED AS # CRITICAL
PROCESS. THE ADEQUACY OF O-RING PROCESS & QC IS QUESTIONABLE EVEN THOUBH A NO.
OF 0-RINGS IN BONDED STORES AT MT! WERE THOROUGHLY ANALYZED AND TESTED AS PART
OF 51-L FAJLURE ANALYSIS EFFORT & FOUND TO BE ACCEPTABLE. CONCLUSION: THE NANU-
FACTURING PROCESS INCLUDED DELIVERY OF THE FINAL O-RING RUBBER MATERIAL FROM
PARKER TD HYDROAK WHERE THE MATERIAL IS CUT TO THE PRDPER LENGTHS ¥ A SCARF
JOINT IS MADE, THE ARBITRARY ESTAB.OF A LIMIT OF 5 JOINTS PER O-RING & THE FACT
THAT REPAIRS OF INCLUSIONS & VOIDS IN THE RUBBER DELIVERED FROM PARKER ARE ROU-
TINELY MADE BY HYDRAPAK TO A PROPR. PROCESS APPEARS TO BE POTENT.PROB AREA.®
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10: < 175.8%> Issue(s): BA :
lssuei{s) cont.: : :
Issue Seurce: (PC REPORT ? PAGE K-31, VOL.!I
Operation: <N/A } MANUFACTURING
Location: (NJA LD

Orb.No/Mission:  <S1-L )

Hardware/Software:{SRB ) SRM D-RINGS

Reference Data: N/

Description:

DEVELOPMENT & PRODUCTION: FINDING: °FOR A PERIDD OF TIME, WHICK INCLUDED THE
PROCESSING OF THE 51-L Q-RINGS, THERE ¥AS AN ELIMINATION OF MANDATORY INSPEC-
TION POINTS FROM THE D-RING ACCEPTANCE CRITERIA AT MTI. THE SECONDARY O-RING
FOR THE SUSPECT 51-L FIELD JOINT WAS PROCESSED DURING THE TIME THAT THESE MAN-
DATORY INSFECTION POINTS WERE NOT IN EFFECT. CONCLUSION: A REVIEW OF INSPECTION
RECORDS FOR THE St-L Q-RING INDICATES THERE IS A HIGH PROBABILITY THAT THE S1-L
0-RINGS WERE ACCEPTABLE. THE SYSTEM WHICH ALLOWED THE INSPECTION POINTS FOR THE
0-RINGS 1O BE ELIMINATED INADVERTENTLY HAS BEEN CORRECTED, THE POSSIBILITY EX-
I1STS THAT OTHER AREAS SIMILAR IN CRITICALITY MAY BE SUSPECT IF A COMPLETE
ACCESSMENT OF ALL MANDATCRY INSPECTIONS IS NOT PERFORMED.®
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ID: € 176,80 Issue(s): REQUIREMENTS :

Issue(s) cont,: : . H

1ssue Source: (PC REPORY } PABE X-31, VOL.II

Operation:  <TEST ) DEVELDPMENT & QUALIFICATION MOTORS
Location: N/A

Orb,No/Mission:  (51-L )

Hardware/Sottware:(5RB ) SRM

Reference Data:  N/A

Description:

DEVELOPMENT & PRODUCTION: FINDING: "THE FULL SCALE HOT FIRE STATIC TESTING OF
THE DEVELOPMENT & QUALIFICATION MOTORS WAS PERFORNED WITH THE MOTORS IN THE
HORIZONTAL POSITION RATHER THAN I