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SPACECRAFT AND GROUND SUPPORT
EQUIPMENT {GSE) CONFIGURATION PANEL

A. TASK ASSIGNMENT .

The Apollo 204. Review Board established the Spacecraft and Ground Support Equipment (GSE)

Configuration. Panel 1. The task assigned for accomplishment by Panel 1 was prescribed as follows:

Establish and document physical configuration of spacecraft and GSE immediately prior to

and during fire accident including equipment configuration, switch position, and nonflight items

in cockpit. By deviation, document configuration differences with respect to expected launch con

figuration and configurations used in previous testing, (altitude chamber, for example), as perti-

nent to this problem. To a lower level of detail, document configurational difference between the
spaceeraft and other spaceeraft as pertiment to this problem.

In response to the task assignment, the Panel Chairman presented for Board approval a Statement
of Work which further described the individual elements of the task. The Statement of Work defined
the term., “Spacecraft and GSE  Configuration’™, as: “The physical state of the Spaceeraft and/or
supporting systewns, including components, ground equipment, facilities, and their interfaces at a specified
point in time."’

B. PANEL ORGANIZATION

1. MEMBERSHIP:
The assigned task was accomplished by the following members of the Spacecraft and Ground Sup-
port Equipment (GSE) Configuration Panel:
Mr. Jesse Fu Goree, Jr., Chairman, Manned Spacecraft Center (MSC), NASA
Mr. Charles . Gay. Kennedy Space Center (KSC) NASA
Mr. Carroll R, Rouse, Kennedy Space Center (KSC), NASA
Mr. Charles R, Haines, Manned Spacecraft Center ( MSC). NASA
Mr. Ronald V. Murad, NASA Headquarters, Office of Manned Space Flight
Mr. William F. Edson, North American Aviation, Ine., Kennedy Space Center (KSC)
Mr. Ray o Larson, North American Aviation, Inc., Kennedy Space Center (KSC)

2. COGNIZANT BOARD MEMBUER.
Mro John J. Willlams, Kennedy Space Center (KSCY, NASA, Board Member, was assigned to
monitor the Spacecraft and Ground Support Equipment (GSE) Configuration Panel.

C.PROCEEDINGS

L INVESTIGATIVE APPROANCH

Enclosures 1-1. 12 and 13 are general representations ot the Spaceeraft, Launch Vehicle and
Launch Complex. and are provided to aid the discussions contained w this section. This Panel pur-
suced the investigation in terms ol exceptions to the required Launch configuration For this purpose,
the required launch configuration was defined as that documented by engincering data approved  (re-
leased) for implementation  Identification of the configuration differences existing at the time of the
accident was  accomplished  through review of work records against released engineering data. These
differences were analyzed o identify items pertinent to the accident. This approach did not constitute
presumptions as ta the adequacy of the documented launch configuration. Rather, these data were con-
sidered to represent the engincering effort accomplished during the design of the Spacecraft and pro-
vided a baseline tor comparative analsses  Fhe Spaceeraft and supporting sysiems were identified accord
e to the major hardware eletwents o peomit diserete consideration of each element relative to the
acadent Magor hardware elements were




a. Spacecraft ($/C) -
(1) Command Module (C/M) interior
(2) Gencral configuration of the Command Mlodule, Service Module (S/M), and Adapter
b. Spacecraft/ Launch Vehicle
(1) Spacecraft/ Launch Vehicle
(2) Spacecraft/ground system
¢. Ground system -
(1) Spacecraft Ground Support Equipment (GSE)
(2) Supporting facilities
(3) Remote mortitoring and control equipment, including Acceptance Checkout Equipment
(ACE), the Operational Inter-Communications System (O18), and other Radio Frequency (RF) com-
mand. record. or audio links.

Configurations of the hardware clements were defined as of the time immediately prior to and
following the accident on January 27, 1967, The time of the accident is described as cccurring during
the performance of Operational Checkout Procedure (OCP) FO-K-0021-1, “Space Vehicle Plugs Out
Integrated Test™, at the vondition of a countdown hold ten minutes (T-10) prior to simulated launch.
The term, “"Plugs Out’’, refers to disconnection of spacecraft/GSE umbilicals, The C/M interior was
pressurized with oxygen to approximately sixteen pounds ber square inch absolute, (psia) during the
Space Vchicle Plugs Out Integrated Test. Relevant Spacecraft 012 configuration differences existing at
the time of the accident were also documented with respect to launch. previous Spacecraft 012 tests.
and the test configuration of another Apollo spaceeraft. Documentation of the first of these cases was
accomplished as an integral part of defining the configuration immediatcly prior to and fllowing the
accident. The following conditions were used as the bases for the latter two cases:

. Spaceeraft 012 configuration during Plugs-In Test at T-10 (hold), January 25, 1967. This test

represents the last operation of Spaceeraft 012 systems prior to start of the Space Vehicle Plugs

Out Integrated Test.

b. Spacecraft 012 configuration during Altitude Chamber Test at T-10 minutes (h .4y, December

29, 1966. During this test, the spacecraft exterior was exposed to partial vacuum o sunulate high

altitude operation. The C'M interior was pressurized with oxygen to approximately 1% psia during

tinal preparations for altitude simulation, Following chamber evacuation, the .M interior pressure
was maintained at approximately five and onc-half psia. This test was similar to the Space Ve
hicle Plugs Out Integrated Fest in terms of exposure 1o an oxygen enviromment.

¢. Spacecraft (08 configuration during Altitude Chamber Test No. 3 at the Manned Space-
craft. Center, October 26, 1966. This test also involved exposure to an oxvgen cnvitonment. Differ-
ences in test configuration between Spacecraft 012 and Spacecraft 008 were identified to determine
possible relevance to the Spaceeraft 012 accident.

The scope of this Panel's activitics in documenting the configuration of the hardware elements
ts schematically representedin Enclosure 1-4.

Initial efforts were those  of compiling all data o entify configuration differences oxisting
at the time of the accident. While compiling these data, the Panel was called upun ‘o supply speci-
fic configuration data 1o other Apollo 204 Review Board Panels. A total of 34 special reports
were prepared in response to these requests. These configuration data are included 11 this report
to the extent pertinent to the accident. After assembling the necessary source infurmation, the data
were collated according to hardware elements and conditions depicted in Enclosure 1-4. Daty ele-
nents organized in this manner permitted comparative analyses tfrom which significant differences
eould then be identified.

2 PRESENTATTION OF DATA.
Data assembled during the course of this nvestigatio . are summuarized 1 the (ollowing paragraphs
according to the specific conditions and hardware elements considered.

o Launch Configuration e tequired Launch contiguration of Spacecralt 012 and s supporting
svatems s adentitied by basie dovumentatron Fhys documentation is described as follo o,
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(1) Spacecraft. Released enginecring drawings listed in the *‘Spacecraft 012 Configuration
Index', January 29, 1967. The individual component parts are identified, by part number, in.
**Spacecraft 012 Indentured. Parts List™. January 28, 1967. Note: Configuration Index and Identured
Parts List are computer tabulatiens.for which input data.was updated. continuously prior to the
accident. These data were retrieved on the dates indicated.

(2) Spacecraft Interfaces. Interfaces- between the Spacecraft and Launch Vehicle are defined
by applicable Interface Control Drawings (1CD’s):

(a) ‘Instrument Unit to Spacecraft Physical Requirements, ICD 13M20408."
(b) “Instrument Unit to Spacecraft Lunar Module Adapter (SLA)Y Electrical Interface §$7C

012, 1CD 40M37H0RA."

Spacecraft-to-ground system aterface connections were specified in the “Launch Complex 34
Checklist, OCP FO-K-10011,"" and implemented in accordance with the “GSE Functional Inte-
grated System Schematics.” Physical provisions for these connections are defined by detailed space-
craft and CSE drawings. The spacecraft-to-launch vehicle and spacecraft-to-ground system inter-
{aces are depicted in Enclosure 1.9, Drawing 1-D-00566-2 .

(3) Ground System. The required configuration of the spacecraft GSE is prescribed bv the
GSE Functional Iutegrated System Schematics.” according to the particular checkout or servicing
operation to be performed. *‘Operational Checkout Procedure. OCP FO-K-0007." prescribes the
sequence of launch operations, referring to the * Launch Complex 3¢ Checklist. OCP FO-K-10011.™
for detailed GSE connections. operations, 2nd disconnections. The checklist provides only a narrative
statement of the opertions: herefore. it must be used in conjunction with the "GSE Functional
Integrated  System  Schematics.™ Basic design interfaces between the spacecraft GSL, supporting
facilities, and remote monitoring and rontrol cquipment are defined in numerous [CD’s (Reference
1-8). Configuration requirements of these ICIY's are reflected in released engineering data.

b. Required Test Configuraiion. Certain of the released engineering orders (EQ's) specify that
they are to be accomplished prior to a test which follows the Space Vehicle Plugs Out Integrated
Test; for example, Flight Readiness Test (IFR'1) or Countdown. However, explicit definition of total
spaceeraft configuration requirements for the Space Vehicle Plugs Outs Integrated Test did not exist

in the form of released engineering data. The Operational Checkout Procedure for the Space Vehicle
Plugs Out lntegrated Test. OCP FO-K-0021-1, specified the functional configurations prescribed for
the test. These functional configuration requirements include those items required to be different
from the launch configuration to permit accomplishment of tne simulated launch less the physical
event. Both the engineering data and the test documentation leave definition of the required test
configuration to inference as opposed to explicit specifications.

The test opevation involved a procedure wherein all work not accomplished to meet launch
requirements was reviewed to identify those open items which would constrain accomplishment
of the test. Therelore. the decision to proceed with the test has been construed by this Panel to
mean that all recogmized constraints were satisfied. This aspect of configuration requirements was
considered in cooperation with Test Procedures Review Panel, 7. and is discussed further in Ap-
pendix D7

ftems required to be different from the Launch configuration for reasons of test conditions and
procedures are summarized in the following paragraphs.
(1) Spacecraft. Spacecraft configuration differences authorized by OCP FO-K-0021-1 and en-
gincering orders (EO's) for the Space Vehicle Plugs Out Integrated Test were as follows:
{a) Open rweeess panels to permit GSE connections.
(b) Expendables not on board to preclude unnecessary exposure of systems to contamina-
tion or hazards to operation.
(v) Fuel cells not activated to preclude partial weduction of usetul hte.
(o) Electrical  cireuits to pyrotechnic devices interrupted and shorting plugs installed to
prevent actual firing during simulated nussion sequence.
(¢) Boust Protective Cover installation not completed to permit aceess to GSE connections.
(D) Careuits from S M battertes ta 8 M jettison controller interrupted. This was to prevent
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continuous applicarions of voltage to Reaction Control System (RCS) jet solenoids (simulated
by load boxes) follov. ing simulated. Service Module/Command Module separaticn.

(g) Installation of st batteries (flight type) to preclude power drain from units assigned
(by serial number) for the actual mission.

(h) Those items pecifically required to be accomplished as of .a planned test subsequent to
the Space Vehicle Plugs Out Integrated Test. These items are specified by Engineering Or-
ders which are identilied as open EQ’s (See Reference 1-10). ‘
(2) Spacecraft Interlaces. Differences required for-the test operations were:

(a) Facility air supply through G/M access panel to the space.between pressure vessel and
heat shield to provide humidity control.

(b) Connection ot « round-supplied oxygen in absence of on. board supplies.

(¢) Special wmbiiical interface for water/glycol circulation to prevent disconnection at time
of umbilical separation in planned mission sequence.

(d) Connection of isclated' power supply to maintain water/glycol return valve in open
position (to continue external conditioning) following planned umbilical separation.

(¢) Conuections for GSE battery rack to be used as fuel cell substitute following planned
simulated transfer to internal power.

(f) Special interfaces for S/C antennas o provide RF link to ground system.

(g) Concection of RCS load boxes (simulators) to permit testing of flight controls, yet
preclude ex . cising RCS jet solenoids.

(h) Installation of fuse boxes in the electrical interface between the spacecraft and the
lauach vehicle to protect computers in the Instrument Unit from any adverse conditions dur-
ing the test.

(3) Ground System. The required ground system configuration differences from the launch con-

figuration were those required in support of the interfaces described in paragraph B.3.b(2). The
ground system and interface configurations are depicted in the following drawings of Enclosure

TITLE NUMBER
S, C/Range/Launch Vehicle 1-D-0056-3
Interfaces, T-10, OCP
FO-K-0021-1
S/C/GSE Configuration ’ 1-D-0056-4

during T-10 told. OCP
FO-K-0021-1, Electrical

Launch Complex 34 (LC 34) 1-D-0056-7
ECS Airduct

S, - GSE Configuration 1-D-0056-8
during T-10 Hold. OCP
FO-K-0021-1, Mechanical

¢. Configuration at Time of Accident

Data prescribing the configuration at the time of the accident were obtained from configuration

management records as supplied by Panel 6 (Historical Data), witness reports, and special reports
submitted by other organizations. Pertinent information containec in special reports prepared after
the accident was verificd by this Pancl. Panel 1 also preparcc documentation of configuration
clements based upon post-accident inspection in those cases wher complete data were not other-
wise available. These data are discussed in the following paragraphs.

(1) Spacecraft. .
(a} Documentation: Differences betwzen the launch config wion and the configuration at
the time of the accident are documented by the following:
1. “Spacecraft 112 Configuration  Verification Record *CVRY,' January 28, 1967.

D-1-8
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This document identifies the work status of all released EO’s effective on Spacecraft 012
which were not accomplished at time of receipt at KSC or were released subsequently.
The CVR is a computer tabulation of data inputs as of the start of Space Vehicle Plugs
Out Integrated Test which was retrieved on the date indicated. Enclosure 1-5 is a graph-
ical representation of cwmulative EO releascs and work status subsequent to delivery of
Spacecraft 012. While verifying this document, Panel 1 identified several EO’s partially
. accomplished at the time of the accident. These EO’s are listed in Reference 1-12. Also,
twenty-two EQ's listed in Reference 1-13, were released subsequent to closeout of the CVR,
. and. were not accomplished as of the time of the accident. A summary listing of all EO’s
open at.the time of the accident was prepared by the.Panel and is contained in Reference
1-10. This listing includes those released for incorporation through normal work schedules
as well as those constrained for incorporation at a time subsequent to the Space Vehicle

Plugs Out Integrated Test.

2. “‘Spacecraft 012 Test and Acceptance Inspection Report (TAIR).” This document
consists of several volumes (or books) with entries for each work item intiated on the Space-
craft. Entries reflect the part affected, authorizing documents, entry date, closeout date,
quality control inspection stamps. Entries pertinent to this Panel’s investigation are those
of *‘Parts Installation and Removal Records (PIRR’s),”” and ‘“Temporary Installation
Records (TIR’s).”” ‘'Discrepancy Reports/Material Review (DR/MRY" actions, Type A
“Test Preparation Sheets (TPS's)” and OCP requirements authorize work on the Space-
craft. The PIRR is used to record any work against a previously installed and accepted -
part or the installation of a new part; for example, removal of a part for rework, removal
of a part for access, disconnection ot mated connectors, etc. The TIR is used to record

~ temporary installations which must be removed to meect requirements of the launch con- 4
figuration. Entries in cither of these records constitute open items until such time as the
affected part is returned to the launch configuration and verified by quality control in-
spection. DR/MR actions result from discrepancy reports which are dispositioned for
correction by minor form or fit changes under authority of the Materials Review Board.
' Type A" TPS's authorize work to be accomplished on the Spacecralt in conformance
with released EO's. PIRR's and TIR's reflect TPS, DR/MR, or OCP authority. PIRR’s

and TIR's open at the time of the accident were reviewed by the Panel and are listed
in Reference 1-10.

o,

)

3. “*Spacecraft (12 Controls Configuration™ (switch and valve positions). This docu-
ment was prepared by Pancl 1 and is provided as Reference 1-15. Data presented in this 3
- document relative to the controls configuration before the accident were obtained from the v
. accomplished parts of the OCP. The document also contains comparisons of controi config-
' urations at other specified times.
4. *"Crew Compartment Stowage and Loose Equipment Configuration.”” Data contained
in Enclosute 1-8 were compited from Reference 1-16, 1-17 and 1-18. This enclosure identi-
fies the stowed cquipment and inaterials that were in the Spacecraft at the time of the
accident. This information was used to configure a mockup of the C:M to portray the 3
configuration of Spacecraft 012 immediately prior to the accident. Enclosure 1-6 is a
photograph of this mockup, less crew couches. Enclosure 1-7 is a picture of the mockup
with couches and umbilicals installed. The mockup was used by Panel 5 (Origin and
Propagation of Fire) to study possible fire propagation paths.
(1) Data Synopsis: Review of the data discussed previously reveals that 80 EO’s were out-
standing at the time of the test. OfF these. 20 were specified to be accomplished subsequent
to the Space Vehicle Plugs Out Integrated Test and four were of a nature nnt affecting con-
figuration. .\ total of 384 PIRR’s TIR’s were open, of which 125 werc initiated as require-
\ ments of the test. The remaining 239 items reflect incomplete status of further work to have J
been accomplished wior to launch. Open items represented by these figures were identified 3
\ through reconciliaty * configuration records with witness reports and results of post-accident '
inspection. Procedure: v TAIR entries required that removal of a part be documented by
. PIRR. and that instahation of a temporarv replacement he entered on o TIR. In some in.

i
i
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stances, this resulted in two entries against a single change action. Many of the PIRR’s/TIR’s
were not relevant as they affected items such as Service Module access panels or protective
covers on externzl components. Significant items contained in the referenced data are identified
in two categories: Significant configuration items, and items which mav have relevance to
flame propagation. These items are presented below..

1. Significant Configuration Items

a. Investigation of the released engineering and work orders for the installation
of new .debris traps has shown that this work was. only partially complete. Engin-
eering Order No. 582252 released the debris trap modification kit. This modification
provides for the replacement of the fish-net type of debris traps with Raschel .net
debris. traps. All old-type debris .iraps were removed. Eleven (11) of twenty-five (25)
new debris traps were installed prior to start of test. This replacement was docu-
mented on the authorizing TPS.

b. Flight items installed in other than normal configurations:

(1) Two 16-mm sequence cameras and. a camera power cable were stowed
loose on the floor of the gas chromatograph installation area.., The normal stow-
age position of these items is one camera with cable in Scientific Compartment
*“A”’ and one camera in Scientific Compartment *‘G.”

(2) A Dew Point Hygrometer Sensor, sensor cable, power cable, and control
unit, were stowed loose on the floor of the gas chromatograph installation area.
The normal stowage position of these items is scientific compartment “*D.”’

(3) The drinking water dispenser was not connected to the hose.

c. The Spacecralt controls configuration which existed at the time of the accident
was in accordance with the planned procedurc specified in Operational Checkout
Procedure FO-K-0021-1 with the following exceptions:

(1) The crewmen’s audio center communications controls configuration which
existed at the time of the accident differed from the planned procedure due to
the troubleshooting of the communications systems during the tests. The exact
configuration of these controls at the time of the accident cannot be determined.
The configuration as found after the accident would have permitted all three
crewmen to have two-way communication both within the Spacecraft and to the
ground.

(2) The switch labeled ““VHF ANTENNA™ (Very High Frequency Antenna
Selector Switch) was specified to be in the ““UPPER” position, but was changed
to “LOWER" per ground personnel request during the communication trouble-
shooting. This action switched the active VHF antennas.

(3) The switch labeled **S-BAND ANTENNA’’ (S-Band Antenna Selector
Switch) was specified to be in the "“UPPER” position, but was changed to
“LOWER’ per ground personnel request during the communications trouble-
shooting. This action switched the active S-Band antennas.

(4) The switch labeled ““Hgh ACCUM AUTO/MAN/AUTO’™ (Water Ac-
cumulator Mode Sclector Switch) was specified to be in the “*MAN" (Manual)
position, but was changed to “"AUTO’ (Automatic) during the test per flight
crew request. In the “"AUTO position, the cyclic accumulator is actuated auto-
matically every ten minutes to remove moisture from the suit loop gases. In the
“MAN"" position, the cyclic accumulators must be cycled by the crew using the
switch labeled ““Ho0 ACCUM/ON/OFF/ON™ (Manual On-Off Switch) as re-
quired.

(5) The switch labeled ""AC INVERTER 2 MNB/OFF’’ (Inverter Number
2 Power Switch) was specified to be in the “OFF’" porition, but was changed
to “MNB'" (Main Bus B) by recorded deviation to the OCP during the test.
“MNB" s the correct position. supplying the Main Bus B power to Inverter
Ne. 2.

d. Earth Landing System sequence cover panel assembly in right - hand equipment

D-1-10
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bay removed on January 23, 1967. Removed per OCP FO-K- 10011 deviation No.
25 for purpose of connecting Acceptance Checkout Equipment (ACE) connectors.
(ACE removed prior to Space Vehicle Plugs Out Integrated Test).

e. Cover on connector on Guidance and Navigation (G&N) computer removed
to facilitate installation of 100 series test connector cover which was installed for
testing purposes and would be removed before flight.

f. Ten connector caps on Power Servo Assembly (PSA) trays were removed on
December 30, 1966.

g. Translation Controller ME901-0171-0204, S/N. EAC 1024, installed on left-
hand couch, left-hand side on January 24, 1967..Authorization for .installation was .
per Test Preparation Sheet S/C 566 Step No. 3. Controller was installed to support
OCP FO-K- 0006 (Plugs In Test) and OCP FO-K-0021-1.

h. Rotational Controller, MEG01-0172-0204, S/N DAK 10384, installed in left-
hand couch, right-hand side on January 24, 1967. Authorization for installation
was per Test Preparation Sheet S/C 566 Step No. 4. Controller was installed to
support OCP FO-K-0006 and OCP FO-K-0021-1.

i. Carbon dioxide absorber elements ME901-0218-0001, S/N 24172 and 24171,
installed on January 27, 1967, as specified in OCP FO-K-10011 deviation No. 140.
Absorber elements are a different configuration than the flight articles (ME901-0218-
0001 as compared with -0021-1). Elements installed for Space Vehicle Plugs Out In-
tegrated Test did not have by pass provisions and were enclosed in a glass fiber shell
as opposed to aluminum.

j. Pyro Pancl (No. 150) was temporarily installed prior to the Plugs In Test,
(OCP FO-K-0006). Panel was not fully installed and was recorded as a temporary
installation. The panel was out approximately 5 to 6 inches from lower equipment
bay panel line and was located on aft bulkhead.

k. Engincering Order (EO 507283) released the requirements for replacing the
electrical bonding straps for couches with a strap that is less susceptible to damage.
Two of four existing straps were removed on Parts Installation Removal Records.
New electrical bond straps (P/N MS 25083-3BB3 and MS 25083-2BB8) were to be
installed by TPS-SC 012-SC-535, which was not accomplished prior to the Space
Vehicle Plugs Out Integrated Test.

]. Gas Chromatograph (P/N R534845-2-A, Serial Number 5) was removed on
December 30, 1966. Replacement of gas chromatograph was not a constraint to the
conduct of Spacc Vehicle Plugs Out Integrated Test or Plugs In Test. The power
and sensor connector for the chromatograph had voltage present, and was placed on
the shelf of the gas chromatograph compartment. (Sce Appendix B, Witness Statement
No. 44).

m. The Data Storage Electronic Assembly (DSEA) Recorder (P/N LSC-360-12,
Serial Number 104) was temporarily installed January 27, 1967. Installation was made
in accordance with Test Preparation Shect (TPS SC 012 583, Step 1P). The temp-
orary installation of the DSEA Recorder was accomplished to provide a flight con-
figuration for the Space Vehicle Plugs Out Integrated Test. The power connector to
the DSEA was energized during the test. Post-test investigation revealed that the
power connector was not hooked up.

2. Ttems Which May have Relevance to Flame Propagation

a. Engineering Order, (EO 226756) released at the Contractor’s Downey facility
on January 20, 1967, provided direction to inspect the polyurethane foam (Specifi-
cation MB0130-039) in specified areas and coat with silicone rubber, (Type II, Speci-
fication MB0130-019) to meet flammability requircments. This direction was not
recorded in the CVR as of start of Space Vehicle Plugs Out Integrated Test (issued
at Contractor's Florida Facility on January 27, 1967,) and was not accomplished on
S/C 012. This item is of possible significance in terms of fuel for the fire and as a
medium for flame propagation.

L-1-1
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b. Polyethylene bags were used to cover the hose fitting for the drinking water
dispenser and the battery instrumentation cable and conncctors (2) and .transducer,
which were placed on the aft bulkhead near the batteries. These bags are nonflight
materials.

c. Two Polyurethane pads, approximately 20 x 24 x 2 inches, covered with Velo-
stat, were stowed over the Z-Z couch struts. The pads were placed in the Spacecraft
to.protect the . struts,. wiring, and aft bulkhead during the planned cmergency egress .
at the end of the test. (Sec Appendix B, Witness Statement Number 3). These items
were nonflight .materials and were not documented by quality inspection records.

d. Three peckages of switching checklists from Operationa! Checkout Procedure
FO K-0021-1 (multilith process) and one package of system malfunction procedures
(Xerox and Bruning processes), in a manila folder were stowed on the crew couches
and on the girth shelf. These items were on unqualified paper. While required for
the test, these items were not ducumented by quality inspection records.

c. Nylon protective sleeves were covering all three crewmen’s oxygen umbilicals.
These were nonflight items.

f. Three GSE window covers were temporarily installed. Covers were installed
to protect the windows and are nonflight items that were in the Command Module
(C/M) at the time of the accident. Another such cover for the side hatch window
was removed by the crew and stowed inside the C/M. Covers are nylon fabric where
the flight covers are made of aluminized Mylar,

g. Velcro pile MFL-F-21840A installed to protect Velcro hook on C/M floor.
— Would have been removed before flight.

L. “*Remove before flight’* streamers installed in C/M interior. Represents addit-
jonal nonflight items in C/M.
i. Polycthylenc zipper tubing installed to protect hand controller cables. Poly-
ethylenc tubing cover is a nonflight item and represents additional material in the
C/M.
(2) Spacecraft Interfaces
(a) Documentation: Configuration of Spacecrait interfaces at the time of the accident is
defined by the documentation described below:
1. Spacccraft/Launch Vehicle {SC/LV) interfaces are depicted in Enclosure 1-9, Draw-
- 1-D-0056-2. Also, details of the SC/LV electrical interface functions arce defined in Ref-
B erence 1-19. These data are based upon review of ICD's 40M375084A, 13020408, changes
thereto, and visual inspection to the extent possible.
2. Spacecraft/Ground System interfaces are represented schematically in Enclosure 1-9,
9 Drawings 1-D-0056-3, -4, 77, and -8. Also electrical cable connections and interface funct-
) ions are identified in Reference 1-19.
{b) Data Synopsis:

Significant interface differcnces from the required launch configuration were as follows:

1. The fucl cell battery rack assembly (C14-395) was clectrically mated to the con-
nectors from which fuel cells 1 and 3 would (in flight) supply direct current (DC) power
to the S/C busses. This was accomplished per Checklist FO-K-1011 and was required due
to the fact that the fuel cells were not operating in this test. Power was being supplied
through the flyaway umbilical from a ground power source. At T-0 minutes, the umbilical
would have been dropped to satisfy test requirements. At T-10 minutes, per the Test
Procedure, OCP FO-K-0021-1. bus power would have been transferred from cxternal
GSE power to C:14-395 battery power (Enclosure 1-9, Drawing 1-D-0056-4).

2. The YOO - 085 cable and a power supply were connected to the 8.°C water ‘glycol drain
and vent shutoff valve S23LV1 (Reference 1-D-0056-8). This valve must be held open
by a 28 VDC source in order to maintain water glycol circulation during ground testing. "
During this test, the flyaway umbilical which normally carries the 28 VDC power is dis-
connected at T-0 minutes and, the valve would close if not separately powered.

3. The ground oxygen (()y) source was connected to the §/C. Oxygen to the Space-
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craft was supplied (Reference Schematic 1-D-0056-8) from a bottle source through the 02
Test Sct to the Og valve box in the S/C. This particular configuration was being used for
the first time at LC 34.

4. A thermocouple was taped to the oxidizer “*A” isolation valve and was connected
to a GSE meter.. During this test, the propellant isolation valves were to be energized for
a period of approximately 15 minutes. A technician was to monitor the valve temperature
during the.actuation time in the test.

5. Seven C/M RQCS simulator cables were connected from the simulator boxes to the.
S/C. These cables were connected from the simulator .boxes to the RCS Control Boxes
through C/M access pancls. Each of these cables ran bLeneath the Boost Protective Cover
(BPC) sections that had been installed surrounding the S/C hatch. Post-test observation
indicates that the cable interference with the BPC bulged the installed sections of BPC’
such that the hatch section of the BPC could not be installed properly.

(3) Ground System
(a) Documentation: The configuration of the ground system at the time of the accident is
described by the following:

1. Spacecraft GSE configurations existing at the time of the accident or used earlier
in the test are depicted in Enclosure 1-9, Drawings 1-D-0056-1, -4, -5, -7, -8, and -9.
These drawings were prepared for Panel 1 based upon visual inspection and reference to
GSE Functional Integrated Schematics for internai detail. The individual GSE models
used during the test and change actions not accomplished arc tabulated in Reference 1-19.

2. Configuration of supporting facilitics was documented by a report prepared by the
KSC Launch Facilities Division in support of this Pancl’s investigation. This report is
provided as Reference 1-20. Reference 1-21 is an inventory listing of miscellaneous items
found on the service structure platforms after the accident.

3. Configuration of remote monitoring and control equipments arc briefly described
in Reference 1-20. Reference 1-22, prepared by this Pancl, contains further data regarding
details of the configuration of the Acceptance Checkout Equipment (ACE), Operations
Intercommunications System (OIS), and the Mission Control Center, Houston. The overall
configuration of remote monitoring and control equipment at the time of the accident
is depicted in Enclosure 1-9. Drawing 1-D-Cu56-3. The configuration of ACE is shown in
Enclosure 1-9, Drawing 1-D-0060. OIS -onfiguration is shown in Drawing 1-D-0062,
(b) Data Synopsis: Significance of the ground system configuration is summarized as follows:

1. No further significance is attached to the Spacecraft GSE configuration beyond that
previously discussed under the heading **Spacecraft/Ground System Interfaces.”

2. The configuration of supporting facilitics within the scopc of this Panel’s investi-
gation is not represented as pertinent to the accident. The safety aspects of the facility
configuration were deferred to Panel 13 (Ground Emergency Provisions Review).

3. The remote monitoring and control cquipment were configured according to pub-
lished requirements and operational procedurcs. Analyses of difficulties experienced in the
communications equipments, as mentioned in Reference 1-22, were referred to Panel 9
(Design Revicws).

d. Post-Accident Configuration

The damage caused by the fire in the Spacecraft is documented by the Apollo 204 Review
Board Photographic Files and by the work records of the disassembly accomplished by Pancl 4
(Disassembly activities). Panel 1 considered those aspects of the post-accident configuration nece-
ssary to verify certain eclements of the configuration existing at the time of the accident and to
identify changes in control configuration accomplished during the fire. The scope of these con-
siderations was limited to configuration change actions accomplished during and immediately fol-
lowing the fire. Considerations were based upon photographs and visual inspection by members
of this Pancl. The significant post-accident configuration differences are summarized as follows:

(1) The rotary switch lateled “"BMAG POWER" (Body-mounted attitude gyro power switch)
was found in the “"OFF'" position, whereas it should have been in the “"AC2 MNB'* (Alternating
Current Number 2 and Main Bus B) position. A silhouette pointing to the **AC2 MNB’’" position
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indicates the s witch was moved to the “OFF " position after sooting occurred.

(2) Thirty-three circuit breakers which were closed prior to the accident we=e “auad ‘OPEN.”
The shafts exposed by the circuit breakers opening vaty from sooted to cleai., giving some gross
determination of the relative times at which the different breakers opened (Reference 1-15).

(3) Two switches labeled ‘MAIN BUS TIE-BAT A & C and BAT B & C”’ (Battery A and
C tie to Main Bus A and Battery B and C tie to Main Bus B) apparently were changed. from
the “AUTO” to the ‘‘ON" positions by the crew after the fire was reported. This action placed
Spacecraft batteries A and. C in parallel onto Main Bus A and hatteries B and C in parallel onto
Main Bus B; in addition to the ground power becing supplied. This action was not a planned
procedure in event of rapid or emergency egress. It could have been taken in an attempt to main-
tain communication or lighting since emergency procedures called for GSE power off.

(4) The Pad Emergency Egress Procedure specified in the Apollo Crew Abbreviated Checklist,
page 15-2 (including planned changes), called for: (a) Turning off the switches labeled ““MASTER
EVENT SEQ CONT PYRO ARM 1 and -2, (Master Event Sequence Controller Pyrotechnic
Arming Switches); (b) *SN RCS PROPELLANT A, B, C, AND D,” (Service Module Reaction
Control System Propellant Switches for Quads A, B, C and D); (¢) Placing the CABIN RELIEF
VALVE TO “DUMP"; (d) Opening the four circuit breakers labeled *MASTER EVENT SEQ
CONT ARM A BAT A, ARM B BAT B. LOGIC A BAT A, and LOGIC B BAT B,” (Master
Event Sequence Controller Pyrotechnic and Logic Arming Circuit Breakers). One of the circuit
breakers, “*MASTER EVENT SEQ CONT ARM B BAT B’ was found open. All the other con-
trols listed above are in the pre-accident configurations.

(5) The switch labeled “"RCS INDICATGRS™ (Reaction Control System Indicators) was spec-
ified to be in the "*SM D’ position (Service Module Reaction Control System Quad D), but was
found in the *SM A" position. OCP FO-K-0021-1 did not specify the normal step of returning
this switch to the “*SM A’ position after use (as specified in the Apollo Crew Abbreviated Check-
list and in previous Operational Checkout Procedures). The crew apparently did this in accordance
with the abbreviated checklist. This switch selects the inputs to the time-shared RCS displays on
Panel 12.

(6 The switch labeled "TAPE RECORDER RECORD/PLAY" was found after the accident
to be in the “OFF" position (OCP FO-K-0021-1 specified "RECORD”). There is no record of
the crew deviating from the OCP FO-K-0021-1 spccified position. The Apollo Crew Abbreviated
Checklist specified **OFF’" for this switch untii immediately prior to launch. The switch might
have been set to ""OFF" per that procedure (without ground coordination) or knocked off inad-
vertently,. The Tapc Recorder (DSE) would not operate in either switch position until enabled
by setting the switch labeled " TAPE RECORDER FWD/REV" (Tape Recorder Forward/Reverse
Selector Switch) to the forward or reverse position (planned just prior to launch).

(7) The gas chromatograph power sensor connector was found on the aft bulkhead. This con-
nector was placed on the shelf of the chromatograph compartment at time of crew ingress.

e. Plugs-In Test Configuration

The Spacecraft 012 Plugs-In ‘Test. OCP FO-K 0006. was initiated at 4:00 a.m. EST, January
25, 1967. and was completed at 2:54 a.m. EST. January 26. 1967. Aside from test set-up, iew
configuration changes were accomplished  between completion of Plugs-In Test and start of the
Space Vehicle Plugs Out Integrated Test at 7:00 a.m. EST. on January 27, 1967. Configuration
changes were identified from Parts Installation and Removal Records. Temporary Installation
Records. and Discrepancy Report Material Review dispositions. The configuration at the time of
the Plugs-In Test relative to the Space \ chicle Plugs Out Integrated Test is summarized as follows:

(1) Spacccraft

Difference in the configuration of the Spacecraft at the time of the Plugs-In Test with
respect to the Space Vehicle Plugs Out Integrated Test are listed in Reference 1-10. Significant
differences were as follows:

(a) Boost Protective Cover (BPC:3 and splice plate (10 picces) installed for Space Vehicle

Plugs Out Integrated Test. The BPC was partially installed to accommodate the hatch BPC

which was necessary for the planned emergency egress exercise.

(b) Main A, Main B and the post-landing test batteries were not installed (used)
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during the Plugs-ln Test. Jettison controller batteries were used for each test, but were of a

different serial number.

(c) Eleven protective dust caps installed on pyrotechnic connectors in the C/M subsequent
to Plugs-In Test. Caps placed on non-mated connectors o provide protection and prevent
shorting.

(d) The Inertial. Measurement Unit (IMU) heater shorting plug was temporarily installed
in tray 7 for the Space Vehicle Plugs Out Integrated Test. This provides heater power from.
the S/C bus rather than from an external source. The installation of this shorting plug rep-
resents. a configuration difference from the Plugs-In Test; however, this plug had been used
previously during the Altitude Chamber Test (OCP FO-K-0034A). The ‘‘Launch’ configur-
ation also requires that this plug be installed.

(e) Carbon dioxide absorber elements, P/N ME 901-0128-0001, were installed for the Space
Vehicle Plugs Out Integrated Test. These absorber elements were not flight configuration.

(f) The same three crewmen umbilical electrical cables (cobra cables) were used in the
7 Plugs-In Test as were used in Space Vehicle Plugs Out Integrated Test. However, two addit-
5 ional cobra cables were stowed on board for this test, one of which was used by the Com-

mand Pilot during part of the test.

. (g) Noise-limiter adapters were attached to the cobra cables for the Space Vehicle Plugs
Out Integrated Test, but not used for Plugs-In. They were check out in the Spacecraft be-
tween the times of the two tests.

(h) An “‘octopus cable,”’ (Medical Data Acquisition System cable) was installed for the
Space Vehicle Plugs Out Integrated Test, but not used for Plugs-In Test.
(i) Flight crew equipment was not stowed for the Plugs-In Test.
(2) Spacecraft [nterfaces
Differences in the Spacccraft interface configurations between the Plugs In and Space
Vehicle Plugs Out Integrated Tests arc identified in Reference 1-19. The significant differences
were:

/‘-’bh‘

(a) Pyrotechnic Substitute Units were utilized during the Plugs In Test and were dis-
connected during the Space Vehicle Plugs Out Integrated Test in an attempt to provide bet-
ter S/C ground isolation.

(b) Fuel Cell Battery Substitute Unit was utilized during the Space Vehicle Plugs Out
Integrated Test. This unit is used to supply S/C bus internal power in *he absence of fuel
cell operation after the flyaway umbilical has been dropped.

(c) Protective Pressurization Unit was utilized to maintain a pad pressure on the Service
Propulsion System (SPS) tanks. This unit was disconnected during the Space Vehicle Plugs
Out Integrated Test in an attempt to maintain better ground isolation.

(d) Battery Substitute Unit was used during the Plugs In Test. This unit was utilized in
lieu of the S/C entry and post-landing batteries during that test.

(e) Water/glycol shutoff valve control cable and associated power supply was utilized during
the Space Vehicle Plugs Out Integrated Test. This requirement exists in order to hold the water/
glycol return shutoff valve oden after flyaway umbilical cjection, such that continuous wsater-
glycol circulation may be main.ained.

(f) Conditioned air was supplied through the access arm White Room and the open Space-
craft hatch for the Plugs-In Test, therefore not requiring external oxygen supply. An oxygen
test set was utilized during the Space Vehicle Plugs Out Integrated Test. Oxygen was supplied
from two K bottles through this unit to a facility valve box and then to the Spacecraft.

(8) SSE access connectors were connected to the Service Module (S/M) during the Plugs-
= In Test to monitor fluid system parameters. They were not required for the Space Vehicle

Plugs Out Intcgrated Test.

(h) The ACE carry-on test equipment was utilized during the Plugs-In Test. This equip-
ment is located on Level A8 outside the C/M and is connected to the Spacecraft systems
through cables which run through the hatch and connect to the individual Spacecraft sys-
tems. This equipment was not required for the Space \"chicle Plugs Out Integrated Test.
(3) Ground System

The Spacecraft GSE configuration differences between the Plugs In and Space Vehicle
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Plugs Out Integrated Test are given in Reference 1-19. No significant differences were identified
beyond those discassed above under the heading, “*Spacecraft Interfaces.” Data presented in Ref-
erence 1-22 reflect that no differences existed in the configurations of the ACE and OIS equipment
relevant to the accident.
f. Configuration for Altitude Chamber "Test

The final run of the Spacecraft 012 Altitude Chamber Test, OCP FO-K-0034A-1, began at
6:00 a.m. EST.. on Deccember 29, 1966, in the East Altitude Chamber in the Manned Space-
craft Operations. Building (MSOB). The test was completed at 3:30 a.m. EST, December 30,
1966. At the time.of the Altitude Chamber Test, configuration records reveal that sixty (60) re-
leased EQO’s had not been accomplished. Test Acceptance Inspection Records reflect that. three-
hundred-cight (308) work items were open. These records were reviewed to determine configura-
tion actions accomplished or closed out between the completion of the Altitude Chamber Test and
the Space Vchicle Plugs Qut Integrated Test. Discrepancy Report/Material Review dispositions
were screened to identify corrective actions that altered configuration and were accomplished in
this time period. Configuratior differences are summarized as follows:

(1) Spacecraft

Differences in the spacecraft configuration between the Altitude Chamber Test and the
Space Vehicle Plugs OQut lategrated Test are presented in Reference 1-10. Enclosure 1-8 re-
flects differences w1 crew equiiment and loose items stowed in C/M. Significant diff:+ onces
were as follows:

(a) Only the inner hatch was installed for the Altitude Chamber Test. Both inner and outer
hatches were installed and latched. and BPC hatch was in place but not latched for Space
Vehicle Plugs Out Integrated Test.

(b)Y Pyrotechnic panel (no. 150) was temporarily installed for Altitude Chamber Test. This
pancl was removed December 30, 1966, and was temporarily installed prior to the Plags
In Test (OCP FO-K-0000). The panel was not {ully installed, being out approximately 5 to
6 inches from  the lower equipment bay panel line and located on the C'M aft bulkhead.

(¢) Carbon dioxide absorber clements of the correct tlight configuration (ME 901-0218-
0021) were installed for the Altdiude Chamber Test. instead of the non-flight configuration
for the Space Vehicle Plugs Out Integrated Test.

(d) Command Module interior panel, P-N V10-441802, covering J-box in left-hand lower
cquipment bay was removed for DR MR disposition to relieve interference with wire bundle.
I'he panel was replaced prior to the Space Vehicle Plugs Out Integrated Test.

() Spacecraft oxvgen tanks were serviced for the Altitude Chamber Test.

() Hydrogen tanks were pressuriced with mitogen during the Altitude Chamber est.

(¢) Fuel cell battery substitute unit was not connected for Alutude Chamber Test. Space-
craft was powered by external GSE facility power.

(h) DC power bus voltage monitor recorder was installed for Aldtude Chamber Test.

(1) Additional Velero was installed after completion of Altitude Chamber Test.

(j) Noise limiters were not installed on cobra cables tor Altitude Chamber Test.

(kY The gas chromatograph was installed for the Altitude Chamber Test.

th The Data Storage Bleetronies Assemblies (DSEAS) were mstalled in flight configuration
for Alutude Chamber Test.

(m) I'he Spacecralt TV camera was on during the Altitude Chamber Test, but not for
Space Vehicle Plugs Out Integrated Fest cafter crew ingress).

(0 Lranslatton and  rotation controllers were anstatled 1o fhght confivmation  for
Altitude Chamber Test.

t0) Floodlight installation was modified subsequent to Altitude Chamber Test.

) Crew cquipmicat stowage was approxamately flight configuration tor Altitude Chamber
Test. 8¢ Enclosure 1 8 fur detailed differences.

() Debris traps were modified subseqguent o Altitade Chanber Test.

(rr Al erew couch ground straps were installed tor Alotude Chamber Pest
2y Spacecraft Interfaces

The Spacecralt gronnd setem wdettaces esstiey dure: the Alnitude Chamber Test are




.

depicted i Enclosure 1-90 Drawing 1-D-0056-6. Significant interface differences relative to Space
Vehicle Plugs Out Integrated Test were:

() During the Altitude Chamber Test, the A-14-062 Launch Vehicle Substitute Unit was
installed. During Space Vehicle Plugs Qut lategrated Test, the Command and Service Mod-
ule "Spacecraft to Lunar Module Adapter (CSM SLA) configuration.was mechanically and elect-
rically mated to the LV, The electrical connection to the Instrumentation Unit (1T was
through a scparation device.

(bY RCS engine simulators were used for both tests. The NXOO-OT3 units were used during
the Altitude Channber run and the A14-275 units were used for the Space Vehicle Plugs Out
Integrated. Test.

(¢) The external Digital ‘Test Command Systemn (DTCSC 14:231) is utilized at LC 34
and is not required in the Altitude Chamber.

(d) The Fuel Cell Battery Substitute Unit (C14 395) was utilized during the Space Vehicle
Plugs Out [ntegrated Test. This unit is used to supply 8. C bus internal power after the fly-
away wmbilical has been dropped.

.¢) The Mobile Data Recorder was utilized to record 8§ C DC bus voltages during the
Altitude Chamber Test. It was not utilized during the Space Vehicle Plugs Out Integrated
Test.

(D Thewater ghveolshutoff vahve control cable and associated power supply was utilized duting
the Space Vehicle Plugs Out Integrated Fest. This requirement exists in order to hold the
glyeol shutoff vilve apen after flyaway wmbilical cject. such that continucus water-glycoi cir-
culation may be maintained.

(g) The oxyvgen test set (Z00 025401 was used during the Space Vehicle Plugs Out In-
tegrated Test. Oxvgen was supplied from one K™ bottles through this unit to a facility valve
box and then to the Spaceeraft. During the Altitude Chamber Test, oxygen was supplied from
the on board tanks. cach of which had been loaded with hqud oxvyvgen (LOX). Oxygen,
hyvdrogen, and unitrogen fill, vent, pressurization, and relief lines were connected to the 8 C
during Altitude Chamber operation.

(h) The Protective Pressurization Unit (S14:099) was used to maintain a pad pressure on
the SPS tanhs. This unit was disconnected during the Space Vehicle Plugs Out Integrated
Test to maintain better ground isolation.

(1) During the Space Vehicle Plugs Ouwt Integeated Test, the Launch Fscape Svstem (LEN)
tower was installed  and electrically connected. During the Altitude Chamber Test, neither
the LES tower nor the pyrotechnic substitute boxes were installed.

() GSE access connectors were connected o the 8 M during the Altitude Chambey "Test
and were not connected during the Space Vehiele Plugs Out Integrate 1 Test.

(%) The aceess Arm White Room was mated to the S8 C during the Space Vehiaele Plugs
Ot Integrated Pest This configuration does not exist in the Altitude Chamber.

(D Al was bang supplied 0 a0 M access port to maintain a low humidity condation
in the space between the C M pressure vessel and heat shield during the Space Vehicle Plugs
Out Integrated Pest.

(3 Ground Svstem

Conhguration of the Spaceeraft GNiLat the time of the Altitude Chamber Test is defined

i Reference 1190 Configurations of the supporting  facthiiies  together with the GSE are shown
schematically in Enclosure 190 Drawing 1 D 0030 0. Remote monitoring and control eqquipnient
configurations are described in Reference 122 Sienilicant differences in the ground ssstem config-
uration velate diectly to the mterface dilfetences discussed previoustys therefore, further discussions
are not provided.
R. Spaceeraft 08 Test Configuration

The Spacecratt 008 Fhermal Vacuwm Fest No o3 was conducted at the Space Eavironmeatal
Sunulation Laboratory (SESL), MSCL from Okctober 260, 1966 through November 1, 19660 The con
figuration for this test was selected for comparison with the configuration of 8 €0 M2 .t the e
of the accideat  \ special computer tabulation was obtained to compate  the configuration venti
cation records of the two Spacectaft Copies of the S € OOR test eports and supportng data were
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obtained. These data were reviewed and a summary report was prepared (Reference 1-24). Sig-
nificant extracts from the summary report are:

(1) Spacecraft 008 wire harnesses did not have the modification kit (Teflon wrapping) installed
which provides additional protection to crew compartment wiring. A special pad protected the wir-
ing on the aft bulkhead during the S/C 008 test.

(2) Spacecraft 008 had additional wiring that was not in $/C 012.to implement limited remote
control during unmanned altitude chamber tests. Additional wiring for-. test instrumentation was.
installed in $/C 008. The right-hand C/M window of $/C 008 was utilized for an .umbilical
pressure  bulkhead penctration  to  bring out the additional control circuits and .instrumentation.

(3) Command . Module floodlights of .improved configuration were employed on $/C 012. 5, C
008 utilized the basic configuration for all thermal vacuum testing. The provisions for portable
floodlights were established as @ requirement from the §/C 008 tests and installed on $/C 012,
but the portable lights were not aboard for Space Vehicle Plugs Out integrated Test.

(4) Noise filter adapters for the crewman umbilical clectrical cables were not utilized on §/C
008. but were used on 8/C 012,

(%) Spacecraft 008 instrumentation and  signal conditioners for test monitoring were not flight
qualified instruments in all cases. but had been tested to the actual test environment. Flight in-
strumentation was installed on § C 012,

(6) Design modifications were incorporated in the Environmental Control Unit (ECUY on the
S, C 012 unit as compared to the §,C 008 ECU.

(7) A production prototype mission events sequencer was used on §/C 008. $/C 012 had pro-
duction sequencers that were flight qualified.

(8) Crew couches were modified for the long duration of thermal vacuum test on 8 C 0U8.
Crew compartment stowage and special Teflon covered Sarfoam pads on the aft bulkhead were
used on S C 008, differing from the § € 012 flight configuration. The crew compartment hatch
on S € 008 thermal vacuum test run No. 3 had the airlock incorporated for scientific experiments.

(9) Beta cloth over Teflon covering was used extensively on the aft bulkhead (covering the
special Sarfoam pad) and couches during the Spacecraft 008 test. This is a fire-resistant material.
Also. fire extinguishers were available inside the crew compartment during the 8/C 008 test.

(10) A large number of differences existed in the GSE and supporting facilities. These differ-
ences were not significant to the Spaceeraft 012 accident.

D. FINDINGS AND DETERMINATIONS

Review of data presented in this repott results in summary findings and determinations as follows:
1. FINDING

One hundred and sixty-four (164 Enginceving Orders (FEO's) were not accomplished at the time
Spaceeraft 012 was received at KSCL Six hundred and twenty-three (623) EO's were released subsequent
to receipt at RSC. OF theseo twenty-two (22) were recent releases which were not recorded in con-
figuration records at RSC at the time of the accideunt.

DETERMINATION

Continuing engineering  changes indicate progressive development of the Spacecraft configuration
through the time of the Space Vehicle Plugs Out Integrated Testo At the time of the test. the con-
figuration could not have been complete with respect o the launch configurations.

2. FINDING

Ihe required Space \'chicle Plugs Out Integrated Test configuration was not explicatly defined by
destgn engineering or test documentation. Defimtion of tequned test configuration was limired to test
set-up and controls configurations specified m OCP FO-R n21-1.

DEFERMINATION
The absence of exphict defimtion of Spacecraft test configuration requirements relegated such
definition to the test onangization Further. it s the opinion of this Panel that the lack of timely and
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explicit design defirition of the required test configuration precluded complete assessment of adverse
configuration aspects as constraints to the test.

3. FINDING
Eighty.(80) EO’s effective on 8/C 012 were not accomplished at the. time of the accident. Of these,

twenty (20) were specified to be accomplished subsequent to the Space Vehicle Plugs Out Integrated .
Test. Four (4) of the open EO's were of a nature not affecting configuration. Three hundred and.

cighty-four (384) Parts Installation and Removal Records (PIRR's) and Temporary Installation Records
(TIR’s) were open, of which one hundred and tweaty-five (125) were in compliance with requirements
of the test documentation.

DETERMINATION

It is concluded that test requirements had no decfined relationship to the open status of fifty-six
(56) EO's and two hundred and fifty-nine (259) PIRR's/TIR’s. It is the opinion of this Panel that
all work items and EO's were not closed because of late reccipt of changes or further work scheduled
to be accomplished prior to launch.

4. FINDING
Items were placed on board the Spacecraft during preparation for the Space Vehicle Plugs Out
Integrated Test which were not documented by quality inspection records.

DETERMINATION
Procedures for controlling entry of items into the Spacecraft were not strictly enforced.
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SPACECRAFT CONFIGURATION
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SPACECRAFT 012 CREW COMPARTMENT STOWAGE AND LOOSE EQUIPMENT CONFIGURATION

The ottached table lists by area the configuration of stowage items and other loose equipment for
the Spacecraft 012 Crew Compartment, This information is given for the planned launch, Operational

Checkout Procedure (OCP) K -0034A- 1- Manned Altitude Chamber Test, and OCP K-0021- 1-Plugs- Out
Test.

The data for planned launch was taken from the Spacecraft 012 Operational and Experimemtal
GFE/CFG Stowage List. Data for OCP's K-0034A-1 and K-0021- 1 were derived from the applicable
Test Preparation Sheets, Part Installation or Removal Records, Temporary Installation Records, Stowage
OCP’s and interviews of ground and flight crew support personnel. In the case of OCP K-0021-1 some
data was also derived from physical inspections of the spacecraft after the incident.

The data includes all items loose in the crew compartment, installed in stowage containers, car-

ried on the flight crew’s persons, or items subject to removal displacement by the flight crew. It further
includes all non-flight matesials known to be on board the spacecraft. All items are listed under their
normal launch stowage locations, except that non - flight items are listed where actually stowed for the

test. ltems stowed in other than normal launch locations or in other than normal launch conditions are
identified by notes in the ‘REMARKS’’ column.

The “STOWAGE ITEM NUMBER" is a cross index to the Spacecraft 012 Operational and Experi -
mental GFE CFE Stowage List.
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LEFT HAND EQUIPMENT BAY

ol

CREW COMPARTMENT STOWAGE AND LOOSE EQUIPMENT CONFIGURATION

MSC FoRw 110c (wae §11(01)
e ——

P QUANTTTY

SIVLAGE
PLANL-D| OCE K- | 7P K- PART N2k NOMERCLATUR IT:N
LAUNSH JOO3UA-1 | 0021-1 O

ARFA

o7 1 - V16m 33,0 Jainl Seientitic Container "D NI

67 . L i EC+ 00 =3 Dew PU iygrometer Sensor J:8 Pooowed on v.oor o aren
&0 i LER for OOLel

of 1 i EC3 004 Cencor Cable Q29 [«(same as alove!

&1 1 N EC+. 00 Control tmit b fa(same wrdgone)

&f . i L SEBL11VOVI b=, <. Conutrol Pwr lable Il |-{:ame as atove)

514 B 1 1 8DC1 8200001 ) topus Cabie JL3 |eIn talled acroce IFR '

6 ! L V166011 a0-11 Tee liandle 805C

<. - - TAU b, Roll Tape o7

s- - - Vie-€or O Contriner (Pood Utrg Supp) B

e - - Pe=dil; Food et AN I Soad srowed

in special contalner on
NN

[ . SEB -2 0007 =79

. - - Al =0
o . R - A O07=00 In Fit coverails {jac.et) A1l
B . - - A I00= I In Fit Coveralls (pantc) Q71

Lo kag Ie

e - - MEVQL=9 A Sanda's (7 pr) N3

- . - MEIOL=0 3 5200 Sandut s (o prd 8¢,

a. . . - ME wiedl e d0s candale (> opr) 80,

o R . AEQO a0 Gedlns Sandat. (2 opr) &o

. 1 N MEGOL =0 - o =00u ) Candair Bon

- - CER 311007 =, O+ P.actic Rag 061

. L - COR <IN Commanders Checrlist IMIA

t. R R - SR Q06 Fiight Flan Ji. T

i L 1 - Vitar O, 11 Co:tniner Flt Data File Yl

) H - Vie=0J! 1wdall Ten Handle NIVEY

v . - s V1GaEOL S tolee Limiter Adapter Cnblee

s Len . A V16eGO10Le 01, -0, | Unbiiical Assy 877

-1

B . . s s Q ose Inlet Norzle GOt [=2n anbilical

(33 « R 3 036 ), lose Exhaact Noznte W10 | umbilicals

68 . V16601 06 3eis ) Sobra Cable e

(€9 N 1 1 V1oaBUl k3 | Cobra Cable T8

S . - R Vite£Jl i T-Adapter Plect LO0Q= Center Crewman cobra
eab i DNLY o Woied

e . ME 5 a0 LTet LIV Cmrtelden o8 e Tl nambers < N0
inctatled vor OV lel,
et light dnrnonanter

[ - - - o CUF o r = oall PN ombitica

. Made o: nylon. Fach onad

“Rerove belor e 1t remmer
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CREWCOMPARTMENT STOWAGE AND LOOSE EQUIPMENT CONFIGURATION

MSC FOAM L1128 (mak 67)(01)

" QUALTLTY STOWAGE
AREA PLANYYD [ OCF K- | OCP K- PART NUMRER NOMENCLATURF ITeEM REMARKS
LAUKCH foosha-1] 0021-1 NUMBER
i 1 1 ; 20, By G&N Long Eyepiece SCT 019
: ! 1 2012719 G&! SCT Eyeplece 016
. p : 1 1013019 SCT Prism Housing 0164
1 ! N 1 2012700 G&N SXT Eyepilece 17
R . N 201 M99 SXT Mirror Housing O17A
ot 1 1 SDB 33100065-201 G&N Optics Cover SXT U5k
LR N ] SEB 3310007~ Ot G&! Jdptics Cover SCT 055 pFound on aft bulkhead
arter J02l-1
- - - Vig=6I 1& Food Container "A" g1l
- - - V16601 16 Food Container "B" 816
- - V1660117 Food Container "C" 815
& - - V16-60:¢ i Food Container "B" 618
7 - - V16-691%1" Food Container 'E" 817
g b - SEB?3100031-101 Ring Sight 00
ba . 1 CEB33l000. 1~.07/. &£| 1€ MM Sey Cam with Film 001 bStowed on floor of area
’ 87, LEB for 0021-1
&g i " 1 SEB33100026=01 15 MM Power Cable WY  FStowed on I'.oor of area
82, LER
®C : 1 - SEB32100VL 1201 16MM Lenc 003 L
8l . N - SEB351000%%=-201 . MM Lenc 292
&8 1 : - SEB331000; 4=, J. 190 MM Lens OOk
&F i - SEB 100 1-700 Mirror Mtg Bracket 03
86 M - SEB3:100N . 000 16 MM Mrga:ine 002 =1 stowed in area W,
crew couch, on QUR4pe1
&4 N - SEB: 31000, s=. U1 10 MM Camera W06
tl N - SEB3:100032-201 740 MM Lens QJ9
& - - SEB32100020-035, 79 MM Magarine 210
“ld, =0
&K . i - SEB3 ~1J00cT~-201 Exp Dial Q11
oL . N - SER 5 11000084101 Spotmeter 019
oM 1 1 - EC <0175 Vascular Support 219
I i 1 - SEBL210003T=0 0L Binoculars 036
Sii N i - V16-T742031 Foam Cushion 1015
&n ! ) - V16-757058-41 Foam Cushion 1016
oh i ! - V16-7% 3110 Foam Separator 10164
8N 1 ) - SEB331000%0=-201 Filter (or camera) 053
82 - - 1 Non={'light Plastic Dust Cap L On gas chronatograph pyrc
connector
8. i i - Gas Chromatograph Not installed on W2l-1
) : i - V1633127 Crew F1t Data File Cont. 839 {
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LOWER EQUIPMENT BAY (CONT.)
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CREW COMPARTMENT STOWAGE AND LOOSE EQUIPMENT CONFIGURATION

MSC FORM 1725 (MAR £7)(0T)

STOUAGH R STOAGH
AR prALL=0 | OCk K- OCP K- PART IT0HF NOMENCLATURE TTEM REMARES
. O 3kA-1 | 001-1 NUMBER
9 1 1 - SDB 33100044 Landmark Maps O12F
o N 1 2 SDB 33100048 s/C Sys Data 012G Pone document found on
center couch, on on RH
girth sheif, area 4z
after 0021-1
o L 1 - SDB331000k7 Exper Check.ist V12H
J . L - SDB331000L°% Star Chart o121
K 1 1 - SDB331000L6 Orbital Map o123
[ 1 H - SDB331000% - Lavigation Checklist V128
10 : 1 - v16-60112% Tool Workshelf Dwr 802
19 1 i - V16-601145-.1 Too: "A” 803A
10 1 - V16-601480 Tool "E" 803k
) - V16~601 s10-21 Tool “"F" 803F
19 i N - V16-6011 2.-11 Tool "H" 603H
tu N - V16-601481-11 Tooi "J" 803
12 i - V166113521 Tool "L" €03K
19 . L - ¥16-601400 lfether 803M
19 i 1 - V16-6012L1-11 Dwr Assy with Worksheif 819
12 N N - V16=601400 worr JFood Shelf 20
1y . i - SEB1210004 Y=, J. Inspe-tion Mirrer o6&
1l : - EX750:6 Goggles 20k
i - - - BX74027 Mouthpiece C 05
oL & - SEB33100020-.70L, 790 MM Magarine 008
=202 or - V-
1! 7 7 - SEB33100022=, vt 16 M4 Magazine Ie
1 H 1 1 SD511076 MDAS 600
13 . H - SEBL210000k- 0L Physiological Monitoring!dt| oz
L : - 1hally Ucrt Clamo O
Ls . 1 - 14aul07 Urine Receptacie 038
12 ! 13 - Vel Oy Urine Filter Assy Jik
1 3 " - V16-601L21-101 Receptacle Assy Relief Tube 861
13 j 1 - V16-601526-11 Wrapper Assy Relief Tube 87
e 1. N - l4a0L12 Towels (Dry Utility) 031
19 - - 1 Non-{light Mounting Hardware for BIn plastic bag taped to
Panel 150 panel
Several - - - ton-filight White Room Tape =Over open ACE connectors
1.EB on 1L panels & over entry
Panels battery terminals
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RIGHT HAND EQUIPMENT BAY

WEC Jaww TS (MAR a'I(O1Y
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CREW COMPARTMENT STOWAGE AND LOOSE EQUIPMENT CONFIGURATION

SIMAGH RSN SRR ACY
R e L U PAKET NIRTWK NOMENCTALURY 1N REMARRS
PALY H O[O A ] ooct-d NUMIR
il vaeuum Cleancsr compartinent
i : ' - Vio=ttlo b Vacugn cine Bet Stow Bag Ay &
{. - ME L, a0 w2 OO0 Vieuwn Qe tebrein ing [SRURY
i - MEM I et sta WY e Suter Rag REH
Pt : : - ME €2 a0 e W Vacwwes ctae Germic Lde Poea B
i : - D TARSRS e tand R
’ Mediea! Acvensories NG Qo
h ! i - [EUAHO Bio e trareataton AC KUY A
{ s B - SEFRY PO Te ) Electrodes [ARRON
i o O - SERE, T - Mivropore Donk: [QARIT
¢ R B - ERTCARN] wet Wipe Toweis AR
i . . - SRR O e Pacte AR
f. ! t - SERL, 1000 el Stomn deal Dok O
i . 1 - SFRLCTOON - Qi Bio Inste Stowage dag SRR
f- \ i 1 Vitatslt ol vacuwn Cleaner Nossle RERYS
[ i ! - FA C0eie Nephelometer(Aemsel Mart'die) 01
T 10 e - Jibata e 10L Sanitation Supply Assy 81
I 1 1o - Va0t {81 Inner Feenl g 811a
[ W 1o - ME ~0e OO0 « 0L dermtelde Poueh Bl
i 1o R8] - MEMOL O] et Juter Feeal Bag B
i 1o 1o - A0 aled OJuter e Band RIS
e H \ - Phaoil Pry Uity Toweln 0it
h : - et 8 SVACham Cln Ret Stow tag Aoy B
(- - MELD. =008 0= W0 Vacuwn Jine Detris Rag RRURY
f . - MEOOL =0 a0 Feenl Outer Bag R
R : " - SRS RSV IV U vacua Cinr demabeide tvach REHTY
S : : - My Qs ™Me Pand R
I N N Viteto) s 8 Flect Adapters, teep RN
th \ 3 { Viv=t0l vt Adapter-CWa=Elect [ .
Th o . . Vet ML e cotpen Cable B |- 0n 0001=1, doth spares
renoved  from atowsage b
orew, both tound (u wwi

I santtation Supplies (onpt.
I 3 ! - Vie=toi il enal Moax San Sup Storage A 8.
I ! 1 - VIe«oO 1l «dl Toa San Sup Storage R S8
I \ 1 - Vioet0ll e i) Rox fan Sup dtorage B
T L - Vioetlilas1l canttation Supply Asuy t11
I o - Viteti $f8a11 luner Fecal Bag R11A
h . o - ME 2RO e WL demicide fvach RIGSL
i . - ME R =07 el outer Feonl Bng 811
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CREW COMPARTMENT STOWAGE AND LOOSE EQUIPMENT CONFIGURATION
WEC 10AW 171N (gAd B0
STONARY SUAN D SIWAGE
7 ARVA PLANNEDY | OCE A |0 K- PART NUMs R MRy 1IN REMARSS
WA har e o] ot AR N
w w - Vit-tot, 101 Qutoer The Bond 211D
" A N - Vic-o01100-91 Cover R0
R 1 1 - Vitamido-ol cover wye
e \ - - Vie-t\16e Aux Fosd Comp RUFR ]
~
<l i | - Vie-o0] g Crow Flt Data Flle Containge RO
ey ) t \ - RIIRRD [ARNFA fys Bng chackliat orase
IR 1 1 N R RRETARRNN Minaton Lo & D.ote OLE FFount on T8 ond center
aomchen attter Q0011
oA N N 1 | IRTASRICRI PEEA (Voloe Reconder) L.inatalled in alternate
prattion - Primavy
tnatallation prattion:
tapod with "Boat Tapo®
RUSURAL B 0N
A 1 i 1 DEFA Adaptoar dable SNGt coniected o -]
2R - - ] Non-fitgh? Plantic Duat Capa -On pyro and clrcutt
intermpteor conmoctora
.
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FORWARD BULKHEAD, SIDEWALL
AND HATCH

FORWARD

RULNHEAD ey
: ; N
4 [T REHER

CREW COMPARTMENT STOWAGE AND LOOSE EQUIPMENT CONFIGURATION

WEC ronw TUIN (mAt 8O

STOWAGY SUAN D! Y ST AGE

ARFA PLANIFD | OCP K- | OCP K- PART NUMbrR NOMENCTATURY ITFM RFMARKS
j LAWNGCE oo shaa1 | woot-) N
i LHFFYasloose Par' e Compar? .
LA 1 1 H 201L ¥L.0N Short Hardloald AR
uir 1 1 1 20k ka0 Torye Hardletd Ot
e 1 1 1 Vie-33hio0 TEY Rot cont Mmunt "y
(AN 1 1 1 T8 ) N oy Ey(‘h‘li(‘(‘ Pyrplen Ot
! Rt
Lo 1 1 i 1had ke 0D Metoriny water Uicpenser howr st cotrected to Lose o
Ol Hose it ting
csovered Yy plast i tay
Wt KHFFERaOtow, Arem -
Aurvival Kits

et 1 1 V1R=AO13 =10 Cortafirer aevival Koo ) N
fut 1 1 SERLOTOONT LM A cksack No,od GGA
LA 1 1 SEILQ 000001 Rickasa vk [ARLY)
Yo s N R 20538 Cortingt tor urvival Arsy ARSI
le 1t 1 SERLOY 000 T =001 Pesalter At Wtle's WrhA
e D Al SENOIANO L0 tenmlter Kit Process . [NRLTY
het o s SERIOION 1 -003 S REe 0054
e ¥ } 3 SERIQIOQO Y L lastes [ARLY S
be 1 1 LI R RAR] Rdic: Tea ot Asn OhA
he § 1 1 2583054 o Tea o spare Wt rery [ARLY)
he 1 1 i P968Q5) Hadic tea st WY Ar 5. ONA
Le st ;o N SERLO1OMOM -0 M ete O0RA
L K ~ ] SEROIOONT .01 M et Teat [ARLYY
b 1 1 EROTAO0] 10 R -ksack o, Ak
he A 1 1 SERIOTOMNOL 0 00 . kamok KRR
[ . D SERIOIO0O - M Wter Artalier (AN
It ! 1 SERLO OG- 201 Water bitasrer (AR
HT " ™ Water AN
e B 3 k} SAOTONG R O WAer Cortal e oppers AP
Le ¥ 1 1 AERQIANSHE- 01 Medioal Kte [AALYE
he i 1 MSKAR Ftller Mator! (AL
I 1 l MEDSRT a0 3000 ea WA TN Has
b 1 1 Vit M1 0-101 rtalier Uil Bieo! iR
b 1 1 SPRLOTAN 0L R kzak o, 0 [ARCI
b A 1 | AFRLOTANG < 0 R, Yea b AR
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CREW COMPARTMENT STOWAGE AND LOOSE EQUIPMENT CONFIGURATION
WEC fgmm 1Y (mad aMreany
IOV BRLLRL S AGY
ARSA LAY Ot a- ] W N PARD NUOMBRR N LTATURY TN REFMARND
N [AVNTH fNY AL O - A
b i i RISEARL A RARS R Tite WACs Rt - 3 M AR
ot 1 1 ST O- 00N Tite HAr: D Ular fon Asay AN
b § 3 SFRIOTANN 30O Jem Arcter QR
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ar‘ e frpreas &g atowed
Aonegl s it e npd -
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B ! Ve O Sl T Wrer o Anay RAX]
. 1 1 Vic. lRhlely AR Kes dezeoua A
. [\ 1 M ATSIRTS | PAPTS R/AR FetS 1 KR
st ! 1 i TAIRCARE] B T le tat
i 1§ | 133 200 AL TS A RLENR A RERRANES L YRR W
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CREW COMPARTMENT STOWAGE AND LOOSE EQUIPMENT CONFIGURATION

TPIS (AR =Yty

ST AGH B STOWAGH
AREA PLANIYO L X ~ K«§ J°F K- PAR DT N GG n NORENCLATURY ITM REMARKRS
TAUN *1 O A-L] Q00 1) NUMRER
i
N 1 N - EC 0= Intlight. Exerciser T
"\ K ! - SERL.LQOQ. el Ot InClight Exerciser Pooh R
* 1 MEDOL-QO 0. ¢ ™ dptics Contafner a1
. R i ME acd nadU ¢ ™V Coom Iene 8.8
! . . - Vitaudie] Bahdl Feeal Camufoter N
. - Vive i, 00 e PGA Stowage Bag AN
. - Vitcebllein Crew Waste pacxet o
' - Vietapdl, i oY Crew Rewtraint RN
- - Virardl on Pad Feeal Cannister NN
A Al va Skali Cap Avsy Qe
K . M AL dsialdd?” Srull Cap Assy Ols,
N . EEREICNNY Jauil Cap Ascy e
. . A Jloenly Head Cet e
Ao QL a0 Helmes Ctowage Jontadner R
' . Virer dile . wl Jleep Restralnt s
[o . . A Utowagy Bag s
b ' - - TOMM FLim Pace RN
’ : - MM Camern N
It R - Flog Jigle At
N . ' SOAS o
: - - AN M iy W
b , - - 1 MM Magnhsine RS2
i N PRUT IR PRGN JOAC Bult M
» N - Vinad o0 MM O R ot e
Yo . - LSRN Pen Lights REW
. - SER. IO e ) ool AL hl
o . . - [ ORRR N RLE P H FFY
- - IN Winet {gitt Volem plie toveping v, r s Instnl led to protect
Irstallation of ok avar . args jortion ol vrlero hooe.
Ul ight material aft bulrhead
Ae'i A - ME e ide0 L LIOH Cartrideg - rel JeCtowage CARnY Cter. not
fngtaland on . tel
S . 8 . ME el TRe LIOH Cartridee se
LoM,N < . - ME . let Ne ) LIdY Care e e e
1398 . ' . ME w)ied LOSR LIOY Cartriduen RN
AeoT o - - ME el L Ba LI Cartridgn Rl
T - . Nenmellignt Batt ry instruyw.lation SCtowd lnopan bl lag
Larle & Transti-er an At btiiehead
]
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CREW COUCHES GIRTH SHELF

CREW COMPARTMENT STOWAGE A

Wsc Fonw t11% (wat s¥y(ay

CREW COUCHES

ND LOOSE.EQUIPMENT CONFIGURATION

w7um magearine Br O03A-

FONEIEE QT STOWAGE
ARUA PLANID | OC K- P X- PART MMRER NOMENCLATURF ITeM REMARKS .
’ LAUNCH jooghA-1] doni-l NUMHEER
Crev 2 1 1 V16-6014T2=150 Couch Pad Assy 879
Oouched o o 2 v16-601472-161 Couch Pad Assy 879
b 1 1 V16-60147.2=1T1 Couch Pad Assy 819
2 2 2 V16601072181 Couch Pad Assy 879
3 1 1 V16=601470-191 Couch Pnd Assy RT9
3 % 1 V16=6014T2-201 Couch Paéd Assy 879
3 t i Vv16=60L4T. =11 Couch Pad Assy 879
3 3 3 V16=001L70=2710 Jouch Pad Assy 879
3 1 1 V16=601472«231 Couch Pnd.Assy 879
1 i 1 V16-601404 wire Run Cover 880
° o 2 V16=601i9° wire Run Cover 880
1 1 1 Vi6=601406-1 wire Run Cover 880
i 1 1 V16=601L96=" Wwire Run Cover 88v
1 1 1 MEGU} =025 T=0007 Restraint Asey 881
H i 1 MEJUL -009T-0009 Restraint Assy 881
t 1 1 MEJOL=029T =311 ReStraint Assy 881
- - 1 Nen-flight 0P K-00l1-1 Checklist -Found on LH couch after
QU2l-1 - Multilith
Process Paper
i e - 1 Non-r.ight OCP K-OOol-1 Checklist -Mzltilith process paper
) - 1 None<f1ight OCP K-0021-1 Checklist «Multilith process paper
3 - i Non-flight Maliunction Procedurvs - 2erox and Bruning pro-
Document cess paper in manila
folder,
b1 : 1 1 Vi6a3iTH0- Arm Reat, crew couch 871
8. - - 1 ton-r'iight Tubular Cover - on rotational hand cone
troller harnces
81 1 L 1 Rotational Controller
83 1 1 - RMK« 10VA Bmergency Medical Kit 022 |-Container only stowed on
Q211 *
8 1 1 1 v16-880007=21 Translation Cont. Mtg Bkt 86y
8 1 i - V16-880207-11 Translation Comt. Adapter 830
8. 2 2 1 Translation Controller 870
89A 6 6 - EC:3203 Tygsue Dispenser 030
858 )y 1 - EC33007 . sgue Dispenser 03
86 i 1 - y16=331128 IV Camera Mtg Bkt 8534
87 1 1 - v16- 331160 16MM Caners Mtg Bkt 853
89 |8 1 1 V16=531To>0=1 Arm Rést, Crev Couch 870
Zg 1 1 1 52833100021-20?/24 16 MM 5S¢ Camars ool |- Stowed on floor of area
Bz in LER for O0Rlel,

L
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[ CREW LOUCHES \

o

‘ CREW COUCHES GIRTH SHELF (CON'T)

CREW COMPARTMENT STOWAGE AND LOOSE EQUIPMENT CONFIGURATION

WSS FORM 192 (MAn K73 (J1)

STOWAG SURNTTY STOWAGE
AREA PLANNFD | OCF K- | OCPF K- PART NWMREK NOMENCLATURE "1TEM REM K "
LAUNCH [oo3ta-1] 0001-1 NUMBER 1
N 1 1 - SER 331000 64201 70 MM Vuper Wide Angle Cam ou8 !
W H i - SEB33100046e.20] Y MM Lens, 16MM Cumera ouY d
[N} N - - SEB33100030-.01, O MM Film Magazine o
002 or -3
IV} . - - CEB33100UG 1270y Interrerence Filter RS ]
: ) : - - SEB33L000 e, Filter 230
. 0 : i - Vio=Tok - Vol “G" Foam Cushion a3
b 2 N - SEBs1OO U=, ) liare Filter (on camera) ]
[N] . - EL 170 Gugeles Assy o1l 3
ay 1 ! - ME.EV-0008-0001 Senwor Unite~Temp FEvaporatcr 884 -
un : 1 - V16-601501 =, 1 Tho. “P" Handle Ext. 8o :
ao i - - Vlo-T71 8 Floodiight SUlownge Ly o, ot towed 7
tor JuTl-1 it -
7 RN \ - - Vioeis, 0 2 Floodlight Cable H
e 1 - - V1o=T5H0080 Carera Brkt (-051) E
R t 1 1 V1oah 31740-, Amm Re.t, Crew Couch 871 Ly
i) 1 1 - Rotational Controller i
o - - 1 Non-tlight Dust Cay -Plastic = on 8C& ‘unctioe §
box connector
119 - - c Non-flight ‘oam Rubter Puds ~Covered with velortat, ;
clean rvom tape., laid r
over e strats it
i
|
K

ENCLOSURE 1-8f
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. CARRIED ON CREWMEN

FHE IR AT £ (0
=

CREW COMPARTMENT STOWAGE AND LOOSE EQUIPMENT CONFIGURATION

(AU STOWACK
- vrase | ock K- OCY K- PART NUMRFR NOMERCLATURE ITEM REMWRKS
e LAY o o] eoctel N

- 3 3 3 A 1936-000 Pressure Garment Assembly 400 Fl per crewman
Kl 3 3 A 1912-003 Constant Wear Garment 401 1 per crewman
1s 14 14 RFB-OP-4-3-002 Passive Dosimeter 402 }5 per crewman
3 3 3 EC 30115 Penlights 403 b1 per crewman
1 1 R SEB12100033-201 Sunglasses 404 1 per crewnan
? 3 3 SEB12100034-201 Sunglass Puch 4LOLA |1 per crewman
kl ? K SEBL0100095-201 Life Vest L0% 1 per crewman
1 3 2 14-010% Urine Collection Device 476 Pl per crewnan
1 1 1 RFB~OP-4-3-003 Pocket Dosimeter 41, }On Senior Pilot
3 3 3 SEB12100029-001 Chronograph 415 {1 per crewman
K 3 3 SEB12102039-201 Watchband 416 }1 per crewman
& 6 6 SEB12102031-001 Marking Pen 417  }2. per-crewnan
[ 6 6 SEB12100032-202 Mechanical Pencil ({18 |2 per crewamsn
1 1 1 CSD 20542 Scissors 421 }Oon Command Pilot
I 2 2 EC 190 Scissors 219 |On Sentor Pilot and Pilot
1 pr 3 pr 3 pr Glove Inserts -1 pair per crewnan
2 pr 2 pr 3 pr Wrist Dams 1 pair per crewman
K 2 3 Neck Vent Dams -1 per crewmnan
3 2 3 Neck Dams -1 per crewaan
3 pr 3 pr 3 pr { A-1901-001 Heel Plates L1 pair per crewman
? pr 2 pr 3 pr | A-1902-001 Sale Plates 1 pair per crewman
1 1 1 EC 30045 Snroud Cutters- 422  HOn Senior Pilot
2 3 3 Combination Knife 1 per crewman
- - 1 Non=flight Ratchet Wrench LOn Command Pilot
- 3 3 Non-flight Peraonal Watchband -1 per crewuan.
k! 3 1 Bioinstrumentation System 407 1 per crewman

ENCLOSURE 1-8¢
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SPACECRAFT GSE INTERFACE DRAWINGS

ATTACHMENTS:
Drawing No,
1-D-0056-1
1-D-0056-2

1-D-0036-3
1-D-0056-4

1-D-0056-5
1-D-0056-6
1-D-0056-7

1-D-0056-8

1-D-0056-9

1-D-0060

1-D-0062

Title
SC GSE Status During T-10 Hold - 0021
SC GSE Configuration During T-10 Hold -

SC Range Launch Vehicle Interfaces T-10
(2 sheets)

SC. GSE Configurat:on During T-10 Hold -
Electrical

1.C-34 EPS-GSE Electrical (General)
Altitude Chamber SC GSE Configuration -
LC-34 ECS Airduct

SC. GSE. Configuration During T-10 Hold -
Mechanical

LC-34 ECS Water Glvcol,Oxygen GSE

0007.

~ 0021

0021

0034A

0021

ACE-S C Uplink (Command) Configuration T-10

Minutes OCP-K-0021 (Sheet 1 of 2)

ACE-S € Downlink (Monitor) Configuration T-10

Minutes OCP-K-0021 (Sheet 2 of 2)

AS-201 Astro Comm Circuits

ENCLOSURE 1-9
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SPACECRAFT AND GROUND SUPPORT EQUIPMENT

CONFIGURATION DURING T-10 HOLD

% ELECTRICAL POWER STATUS

| MAIN BUSS POWER —---mc--m-m==m=mnmammmm=mmm==== EXTERNAL

‘ BATTERY BUSSES -ec-cmmmmmemmmmmmm oo omm mm = ENTRY BATTERIES
BATTERY RELAY BUSS -----mmcem=mmmmosmmcommmem = EXTERNAL -
PYROTECHNIC BUSSES —c-c-ommmmm=eommmommemommm== ARMED 3
LOGIC BUSSES m---m-mmmommmmmcmmecmamcmmmmmmn=nn ARMED {
EMERGENCY DETECTION SYSTEM BUSSES ~---=-=====--= ARMED ’
SERVICE MODULE JETTISON CONTROLLERS --==----=--- OPEN CIRCUIT TO

SM BATTERIES

NON-FLIGHT CONDITIONS

CONDITIONED AIR WAS BEING BLOWN INTO COMMAND MODULE BASE AREA

CRYOGENIC TANKS EMPTY

NO PROPELLANTS, HELIUM, OR NITROGEN ON BOARD

WATER GLYCOL RETURN SHUT OFF VALVE (SM) HELD OPEN BY EXTERNAL
POWER

PYROS SHORTED, CONNFCTORS TIED BACK

COMMAND MODULE OXYGEN SUPPLIED THROUGH ONE UMBILICAL LINF

1-D-0056-1

EMCLOSURE 1-9a
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E. SUPPORTING DATA

LIST OF REFERENCES

The following documents are reterenced in this report and wre available trom the Apolio 204 Review
Board, General File.

Number

1-1

1-2

1-3

1-4

1-6

1-8

1-9

1-10

1-12

1-14

Reference

“Spacecraft (112 Configuration Index™, Jan. 29, 1967, North American \viation. Inc.
Process Data Report No. U487-16; Panel 1 Reference No. 1.1 0006

“Spacecraft 012 Indenwred Parts List™". Jan. 28, 1967, North American Av.ation, Inc.
Process Data Report No. U487-14: Panel 1 Reterence No. 1-1-0007,

“Apollo Interface Document, .Instrument Unit 1o Spacecraft Phesical Requuoenents™,
Saturn Apolle Mechanical Integraton Panel, 1CD 13 N 2010K. Panel 1 Reference No.
1-D-0097,

“Interface Control Document Definution ot Saturn SA-204. and Apolle S ¢ 012 Elect-
rical Interface™. Apollo Saturn Electrical Panel. 1CD 40 N1 37508A; Pancl 1 Reference

No. 1-D-0096.

“launch Complex 34 Checkhst. FO K 103170 Oct. 23, 1966, North American Avia-
tion. Inc.. (Panel 7 Data).

GSE Functional Integrated System Schemeios. Spocerralt 012 & 014, ETR L3477,
North American Aviation. Inc. Document No. G11900912: Panel 1| Reference No. 1-

5-0094.

“Launch Countdown. Ureliminary Review Document. FO-K-00077, Jan. 17, 1967,
North American Aviation, Inc.; Panel 1 Reference No. 1 D-0100.

“Inter-Center Interface Control Documet: Log™ o Montkly Publication, Marshall Space
Flight Center. NASA: Panel 1 Reference No 1 D-0102,

“Space Vehicle Plugs Out Integrated Test, FO-K 0021 177, Jan. 25, 197, North Am-
erican Aviation. Inc.: (Panel 7 Data)

Summuary of Spacecralt Conhiguretion [itterences . Apollo 204 Review Board. Spacecraft
and GSE Configurauon. Panel 1 Reference Na 1.1.0008

“Spacecraft M2 Configuraton Verilicaiion Record (CA R} 7, January 28, 1967, North
American Avianon, [ne.. Florida: Facility CVR. Panel 1 Reference No. 1-1-002.

“List of FO's Partially Accomplished Spaceeraft 012 at Tune of Accident™, Panel 1
Reference No 1 D-0020

“EOs Outstandine Against 8 C 012 N n Florida Faaillin CVR Tab Run™', Pancl
I Reterence No. 1 D oo2d

Spacecraft 012 Test and Neceptance Inspection RFeport "PALE 0 (Panel 6 Data

ENCLOSURE 1-10
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1-15

1.16

1-19

1-20

1-21

1-22

1.23

1.24

e T Cr R T A TR SN L e R e N R T T

**Spacecraft 012 Controls Configuration’’, Panel 1 Reference No. 1-D-0058.

“*Comparison of “/C 012 Operational and Experimental GFE/CFE Stowed Equipment
for K-0034A-1 and K-0021-1, Letter from CF22/Team Leader, Apollo 204, to Chair-
man, Panel 1, February 21, 1967. Panel 1 Reference No. 1-D-0099.

“Items on.Crew at Ingress’”, R. A. Mitchell, February 6, 1967, Panel 1. Reference No.
1-D-011.

“Initial Report on $/C Configuration™, February 1, 1967. by W. F. Edson and C. D.
Gay; Panel 1 Reference No. 1-D-0003.

**§/C/GSE Configuration Comparison”, Panel 1 Reference No. 1-D-0093.

“*Support Operations Investigation, AS-204 Incident, Panel No. 1 GSE and Spacecraft
Configuration''. submitted by Chief, Launch Facilities Division, KSC, Panel 1 Refer-
ence No. 1-D-0095.

“Inveniory of Levels A6, A7, A8 (LG 34 Service Structure)'”, February 23, 1967,
Panel 1 Reference No. 1-1-0101.

*Report - Test Configurations of Remote Test Monitoring and Control Equipments’™,
Panel 1. March 9, 1967; Panel 1 Reference No. 1-D-0091.

“*Crew Abbreviated Checklist - Mission AS-204"", January 23, 1967. NASA Manned
Spacecraft Center: (Pancel 7 Data).

“Summary Comparison. $/C: 008 Thermal Vacuum Test No. 3 and S/C 012 Plugs
Out Test (OCP-K-0021)", March 10, 1967, Panel 1. Panel 1 Reference No. 1-D-0092.

ENCLOSURE 1-10
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TEST ENVIRONMENTS PANEL

A. TASK ASSIGNMENT

"ﬂ‘

The Apollo 204 Review Board established the Test Environments Pancl, 2. The task assigned for L ¢
accomplishment by Panel 2 was prescribed as follows:
Provide history of all test environments encountered by this Spacecraft on a major assembly-
total assembly basis which arc germain to validation of systems from firc hazard standpoint. In-
clude appropriate ‘qualification testing of systems and subsystems. Particular emphasis should bc
placed on qualification tests in pure oxygen with regard to pressures, lemperature, time of ex- .
posure, and simulation of equipment malfunction. Indicate any deficiencies in this test program
related to the subject problem. Also, include comparison with previous tests of appropriate flight,

house, or boilerplate spacecraft. Any problems encountered related to fire hazard shall be docu-
mented.

B. PANEL ORGANIZATION

1. MEMBERSHIP
The assigned task was accomplished by the following members of the Test Environments Pancl:

Mr. W. F. Hoyler, Chairman, Manned Spacecraft Center (MSC), NASA
Mr. B. J. McCarty, Manned Spacecraft Center (MSC), NASA
Mr. C. F. Key, Marshall Space Flight Center (MSFC), NASA
aMr. C. O. Baker, North American Aviation, Inc. (NAA)
Ar. A. E. Toelken, North American Aviation, Inc. (NAA)
Mr. H. J. Dunham, General Llectric Company (GE)
Mr. C. M. Nolen, General Eleciric Company (GE)

2. COGNIZANT BOARD MEMBER
Mr. G. C. White, Jr., NASA Headquarters, was assigned to monitor the Test Environments Panel.

C. PROCEEDINGS

1. GENERAL PROCEEDINGS

_ This Pancl planned and implemented a review of all tests for histories pertinent to the investiga-
tion. Attention was focused primarily upon oxygen test histories of the crew compartment systems. and
arcing and shorting problems experienced during thosc tests. However. .all environments were reviewed
for rationale used in original derivation. substantiation by ground. and flight vchicle tests. and margins
imposed when implemented into component level tests.- The other environments were examined as possibly
being germain to the cause of the accident from an indirect standpoint. These reviews included the
vibration, heating, and humidity environments.

The qualification tesis were reviewed at MSC and involved examination of more than 1000 docu-
ments. The vehicle level tests were reviewed at NAA. Downey. California. and included a review of
another 500 or more related documents. Summaries of these efforts were reviewed by the Panel at
Kennedy Space Center (KSC) to seck out any test program deficiencies.

N Other related oxygen fires which have occurred in and out of the Apollo Program were investi-
gated to determinc arcas of similarity.

_ The difference in qualification, or component level tests. and flight vehicle tests should be pointed
' out before the discussion of testing which follows. In the qualification tests, the component is subjected

to design limit conditions sequentially and. or simultaneously. is essentially worn out by the end of its

test program. and is never flown. In vehicle level tests. a considerable amount of functional testing is

D.2-3




performed, but always under nominal conditions, rather than design limit conditions.

2. OXYGEN TEST HISTORY

Summarics of oxygen test history are given by Enclosure 2-1, for Spacccraft (8/C) 008, 009, 011,
and 012, and by Enclosure 2-2 for component level tests. Details of these histories (References 2-4 and
2.5) are in the Apollo 204 Review Board General File.

The Certification Test Specification (CTS), SID 65-1210, recognized that ground operations would
involve short duration high pressure oxygen exposurc. It specified 14.7 pounds per square inch absolute
(psia) pressure of 95 per cent oxygen for four hours, and 21 psia with 14.7 psia partial pressure oxygen
for two hours. Although few subsystems experienced this requirement in the component level tests (En-
closure 2-2), most cabin subsystems were exposed to this environment in the S/C 008 tests (Enclosure
2-1). About half of the components of the Environmental Control System were tested to the MIL-
STD 810 exposure proof test, which is a somewhat more positive test against fire hazards than is
oxygen cxplosure per sc.

The original CCOH ((combined contaminant, oxygen, and humidity) test was established in early
1965. It was unrealistic, being based upon MIL-STD 8l 0 which is established as an accelerated test .
of the atmospheric conditions an aircraft would experience under. years of service in sea coastal re-
gions. The Apollo §,C is maintained in a controlled atmosphere during manufacture and at KSC. Be--
cause of this, eatly in 1966, the test was established as being 8 hours of salt spray, 50- hours of dry
oxvgen exposure at b psia, and 120 hours of humid oxygen: exposute. Cold-plate mounted equipment was
temperature cveled during the humid oxygen exposure.

Nearly all of the cabin electrical equipment was subjected 1o the CCOH test, or to the MIL-
STD 810 cxplosion proof test. Some were not actually tested. but were qualified by being similar in
design to another tested component.

3. VEHICLE TEST COMPARISON

During S/C 008 testing. the cabin equipment was exposed to approximately 18 hours of oxygen
cxposure (6.5 hours unmanned, 11.5 hours manned) at concentrations of 90 per cent or higher and
pressure of one atmosphere or greater. S/C 012 experienced 8 hours and 30 minutes of manned test-
ing under similar oxygen concentrations and pressures. Neither S/C 009 nor 011 were subjected to
oxygen concentrations above 75 percent during either ground testing or flight.
4. ETHYLENE GLYCOL LEAKS IN COMMAND MODULE 0i2

Command Module (C/M) 012 experienced. water/ethylene glycol leaks and spillages. This is re-
ported in detil by Panel 8. Panel 2, concerned that the connectors had.been broken open during
the cleaning process. recommended test requirements to Panel 16 to verify the effectiveness of the clean-
ing techniques. .

5. ARCING AND SHORTING PROBLEMS

The evaluation of anomalies considered relevant to possible causes of, or contributors to, a fire
was focused on C;M 012 checkout and test experience, and the certification test program. All discrep-
ancy and failure records at NAA and KSC were reviewed to identify arcing and shorting anomalies.
The review included both resolved and unresolved anomalies so that the corrective action planned or
taken could be reassessed. The significant anomalies were then classified as either likely or remotely
possible candidates relative to possible bearing vn a spacecraft {.e.

Although many hundreds of records were reviewed in the course of this anomaly investigation,
only those considered most significant  are included in this report. Enclosures 2-4 and 2-5 summarize
these anomalies encountered during certification testing and C/M 012 testing. respectively.

6. EQUIPMENT USED FOR TEST ONLY
G/M 012 was configured with some cquipment which was installed for test only. This equipment,
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necessary to monitor test parameters or permit system operation, etc.,during ground tests, would be
replaced with flight hardware or removed prior to launch. However, investigation disclosed some equip-
ment of this nature remained in the crew compartment during manned ground tests. Equipment fall-
ing in this category was reviewed for aspects of test history and failures which might reflect a possible
cause of the accident. Two of the items of this type which were.on C/M.012 and perhaps relevant
to the accident were the Elapsed Time Indicators and the Lithium Hydroxide (LiOH) canisters.

Elapsed Time Indicators (ETI) required to measure the total operating time of selected subsystems
were installed on 15-units of cabin equipment. By virtue of their requirement to record total operating
time on limited life equipment, they remain installed at all times until just prior to flight. Test history
of the ETI’s indicated that in one case a fire hazard existed. An ETI on the Caution and Warning
System had failed by shorting and was found distorted and cracked due to excessive heat. Subsequent
examination of C/M 012 absolved the ETI as an area of concern.

LiOH canisters installed in the Environmental Control System (ECS) were being utilized for test
only. This type canister had previously failed certification tests due to powdering of LiOH pellets under
vibration.

Equipment which was not required to be on-board during flight did not. reccive the intense and
repeated scrutiny imposed on flight hardware. This was recognized by restricting the usc of non-flight
hardware.

7. OTHER OXYGEN FIRES

Data and documentation on four non-Apollo manned experiments in which there were fires were
accumulated and reviewed. Failure and trouble reports or: two Apollo ECS explosions and one Apollo
ECS fire were reviewed. This review was summarized (Enclosure 2-6) and forwarded to Panel 5.

8. ENVIRONMENTAL REQUIREMENTS

Environments, other than oxygen exposure, werc reviewed to seek out any possible deficiency that
may have contributed indirectly to the accident.

a. Temperatures.

Temperature requirements were derived from wind tunnel data and heat transfer analyses,
then later substantiated and/or modified by ground vehicle test data (S/C 008), and flight data.
Flight data from S/C 009 and 011 boost conditions indicate Service Module (S/M) shell temper-
atures of about 200°F which is within the 400°F design temperature.

The $/C 008 vehicle was tested in a vacuum chamber, with solar heat generators and cold
walls. to verify orbital temperaturc distribution. These tests confirmed. that the equipment in the
C/M will experience temperatures in the +30°F o +90°F range. The equipment is qualified to
temperaturcs from +5°F to +145°F.

b. Acceleration

Acceleration test levels were defined on the basis of maximum conditions expected during
boost, entry, and abort. The peak acceleration during ascent occurs just prior to first stage separ-
ation and is 4.9 g along the x axis: lateral accelerations are much lower (1.85 g maximum at
lift-off). The peak acceleration for the mission occurs during abort or entry, and is expected to be
10 g. Test conditions are typically 6 g along cach of 3 mutvally perpendicular axes for S/M
equipment and 20 g for C/M equipment. Acceleration levels experienced during the S/M 011
flight were well within expected limits.
¢. Vibration

In this arca of testing for the effect of repeated stresses there are nade - offs between the level
of stress introduced by vibration and the number of times stresses of a given level are repeated.
Thus, a given level for a given time may be a proper simulation of a higher level for a shorter
time period and may give a more useful answer than the latter. These facts are reflected in the
qualification test program for the 012 Spacecraft coinponents.
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(1) Apollo Program Testing

The vibration levels for qualification testing of components were originally established on
the basis of data from other programs. Thesedata were used to define a spectrum of flight vibration
levels which would be expected along each axis of the Spacecraft throughout the frequency range
of 20 to 2000 cycles per second. The components were qualified by subjecting them to a random
vibration throughout this frequency range at .the expected flight level. The length of these tests,
which was 15 minutes along each axis, was several times the expected duration of vibratory exci-
tation during atmospheric flight. Some component vibration tests were conducted using electro-
magnetic shakers and the remaining components were tested with acoustic excitation.

Ground test Service Module 006 and Service Module and Command. Module 007 were
acoustically excited in a reverberation chamber at a level which corrcsponded to the estimated .
external vibration levels which would be applied to the complete Spacecraft in actual flight. These
tests showed that the interior vibration levels which were experienced by the components were high-
er than the originally established criteria. New criteria, corresponding to the levels obtained in
these ground tests on 006 and 007, were established and all components were requalified to this
higher expected flight level. The duration of.the new component qualification tests was decreased
to one-third, that is, from 16 minutes per axis to 5-1/3 minutes per axis. The 5-1/38 minutes dur-
ation is still three times the amount of time the Spacecraft .will .experience significant vibration levels
during the ascent flight out of the atmosphere.

The flight test data from Spacecraft 002, 009, and. 011 verified the flight vibration level
criteria used in the ground tests of 006 and 007.

Components used in flight spacecraft are given flight acceptance vibration testing which
is like the qualification testing except that the vibraton level is 25 per cent of the expected flight
level and the duration is only about one (1) minute.

No complete flight spacecraft, including 012, was given flight acceptance vibration tests.
(2) Vibration Test Philosophy

There are two basic philosophies regarding flight acceptance vibration testing. Some be-
lieve that flight acceptance vibration tests are an essential tool in verifying that a component or
system of proven design (proven in qualification testing) does not have workmanship defects. Others
believe that flight acceptance vibration tests of actual flight hardware may degrade the equipment
and produce incipient failure. This possibility of potential degradation of flight equipment is very
real. A dilemma is presented, therefore, in deciding how to best insure reliability of flight hard-
ware and to balance the risk .of having undetected defective hardware against the risk of creating
an incipient failure in the acceptance test. This dilemma is particularly acute in manned flight
programs.

At the component level, this risk was balanced on the Gemini program by acceptance
testing at 75% of the expected flight level and on Apollo by acceptance testing at 25% of the flight
level. Both programs tested the components for a duration of one (1) minute in each axis. The
reduced levels and durations of the tests were such that defective items would likely be noted but
the risk of creating incipient failure was minimized. In Gemini one complete flight spacecraft (No. 2)
and the first manned flight spacecraft (No.3)were subjected to 75% flight level vibration testing.
This testing revealed no design or workmanship deficiencies. At that time, it was decided to elim-
inate testing of the follow-on Gemini Spacecraft. In Apollo, no complete spacecraft intended for
flight has been given vibration acceptance tests.

d. Shock

Shock levels for the C/M and S/M were determined analytically and then modified by flight
and landing impact test vehicles. There are no significant flight shock levels for the S/M and the
Service Module/Lunar Module Adapter (SLA). The C/M equipment is tested to shock levels of
78 g's. The maximum shock level measured was 75.8 g's on the main display console during
drop number 104 on S C 2S-1. which represented a ‘“‘worst-casc’’ water drop.
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e. Test Levels on Two ECS Components

- As typical examples, the following are some of the specific environmental test levels imposed
on two Environmental Control System components during the qualification test program:

Service Module Command Modulel !
‘ (Nitrogen Regulator Used (Oxy.gfen Flow Re §tr1c ter f
as Typical Component Utilized as Typical £
Component) i *
b,
'. Temperature 0 - 200°F. Fluid flow governed temperature t
extremes on this item, rather than ;
the cabin atmospheric temperature :
i
Vibration 0.1 g2/cps 0.06 g2/cps, g
90 ~ 250 cps, decreasing 80 -~ 400 cps, decreasing ;
to 0.012 at 2000 cps 3 db-oct. to 2000 cps ’
Acceleration 7 g's along the longitudinal axis 20 g’s, 5 minutes per axis
Shock Not applicable 78 g's (ECS equipment also
receives tumbling abort shock
test)

f. Results of Environmental Review

In reviewing the environments, and the manner in which they were implemented into tests,
it appears there is a2 fundamental difference in philosophy in the way Apollo and Gemini programs
wreated the vibration environment.

There are two prevailing philosophies concerning acceptance vibration. Some fecl that vibra-
tion is a very effective acceptance “‘tool’” for exposing defective workmanship. They teel that flight
hardware should be acceptance tested at expected flight. level vibration for a short period, but
only if the cquipment is qualified to flight levels for long periods. Others feel that if the flight
cquipment is vibrated at flight levels for acceptance. it will be degraded.

In the Gemini program the former philosophy prevailed. Equipment was qualified to greater
than flight level vibration for 15 minutes per axis. which permitted several one minute acceptance
vibration tests. The Apollo program qualifies equipment to vibration for only 320 scconds per
axis. which permits only limited high level vibration acceptance tests.

Iigh level vibration acceptance tests cxpose amplitude sensitive faults in wiring conncctors,
such as cold solder joints. These faults. if not exposed and corrected. can eventually be manifested
as failures by subtle combinations of other environments, such as pressure-temperature.

D. FINDINGS AND DETERMINATIONS

1. FINDING
All crew compartment equipment was not tested to be explosion proof.

DETERMINATION
There was insufficient testing of possible ignition sources.
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2. FINDING

Crew compartment equipment of C/M 012 was exposed to water ethylene glycol contamination.
Untested cleaning techniques were employed for that equipment discovered to be wet.

3. FINDING

Some of the C/M cabin equipment exhibited arcing or shorting during either certification or S/C
012 testing. There.is no positive way to determine from the records reviewed whether S/C anomalies

(possibly caused by a short or an arc) are reviewed by systems engineers and the test conductor prior
to a test.

DETERMINATION
Review of possible ignition sources prior to manned testing was inadequate.

4. FINDING

Not all equipment installed in C/M 012 .at the time of the accident was intended to be flown.
Some components were installed for test purposes only.

DETERMINATION
The suitability of this equipment in the C/M for this test was not established.

5. FINDING

Non-certified equipment was installed in the C/M at the time of the accident. The ‘‘cobra cable”
P/N V16-601263 and *“T** adapter P/N V16-601396 are examples.

DETERMINATION
The suitability of this equipment in the C/M for this test was not established.

6. FINDING

The design required the mating and demating of *‘hot” electrical connectors as normal crew pro-
cedure. Changing to a spare *‘cobra cable’" is an example.

DETERMINATION
The practice of breaking *‘hot”" electrical circuits introduces fire initiation hazards.

E. SUPPORTING DATA

This section contains the following Enclosures to which Section C refers:

Enclosure
2-1 Vehicle Test Summary
2-2 Summary of oxygen test history of component level tests
2.3 Not Used
2-4 Summary of significant certification test anomalies involving possible ignition sources
2-5 Summary of significant G/M 012 anomalics involving possible ignition sources
2-6 Summaries of other oxygen fires
2.7 Glossary of terms

2-8 List of References
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SUMMARY OF OXYGEN TEST HISTORY OF COMPONENT :
LEVEL TESTS

Y 2neal

Total Equipments in Cabin by Subsystem which Use, Control or Distribute Electricity

SUBSYSTEM NUMBER NUMBER RECEIVING EXPLOSION TEST
Pyro Devices o 0
Sequence Systems 6 . 0
Environmental Control 68 32 Received MIL-STD 810
System (ECS) Explosion Proof Test
16 Qualified by Similanty
Crew Equipment 3 0
Stabilization & Control 12 11 Received 02 Test at 14.7 psia
System (SCS)
Guidance & Navigation 19 18 Received OgTest at 14.7 psia
(G&N)
Instrumentation 12 0
Communications 32 14 Received 02 Test at 14.7 psia
Electrical 47 0
Displays and Cont. 14 0
Subtotal 215
GFF 15 3 Received MIL-STD 810

Explosion Proof Test
1 Received g, Test at 14.7 psia

TOTALS 230 96

35 Equipments received MIL-STD 810 Explosion Proof Test

414 Fqupments received Oxygen Tests at 14.7 psia.
G&N Oxygen Test duration was 22 hours. All other Oxygen Tests were 4 hours duration.

Remaining equipments received oxygen tests at 5 psia pressure, with duration varying from one
hour to 640 hours. Most of the ECS components were tested for 640 hours,

ENCLOSURE 2-2
D-2.1n
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SUMMARIES OF OTHER OXYGEN FIRES

A review of one unmanned and four manned experiments in which there were fires shows that the
exact ignition source in four of the fires was undetermined. They were believed to be electrical in
nature. The only fatalitics . occurred. in the two accidents in which there was a flash fire. In all five

fires, inadequate safety precautions had. been taken to.cither prevent or extinguish the fire or to protect
the occupants.

BROOKS AIR FORCE, BASE, SEPTEMBER 9, 1962

A fire cccurred in the Space Cabin Simulator at Brooks Air Force Base on September 9, 1962,
Test conditions. were & psia 100 pereent  oxygen and the test had been in progress fourteen days
at the time of the fire. The odor removal system used activated charcoal and the Carbon Dioxide
(COvy removal system had an aluminum cover and consisted of a 300-pound bed of a mixture of 8-
percent calcium hydroxide and 20-percent barium hydroxide. The Environmental Control Sysiem cir-
culated cabin air progressively through the hydroxide, the charcoal, through the temperature controller
(electric heater and refrigerant evaporator coil), then through an aluminum duct to the circulation. fan.
From the fan. ducts distributed air. over the area behind the electronic test panel (cyclomotor). The
air then leaked through openings in the panel back into the cabin. Both occupants wore pressure suits
and onc was asleep. Immediately upon noticing a glow behind the cyclomotor, one occupant awoke
the other, grabbed a COqo extinguisher, and fought the fire untjl he collapsed from smoke inhalation.
The awakened occupant immediately opened his face platc with the apparent intention of donning an
oxygen mask. but he collapsed from smoke inhalation before he could get a mask or assist in exting-
uishing the fire. Both occupants were treated for smoke inhalation and neither reccived burns. There
was no flash fire and damage was confined to the end of the chamber in the vicinity of the cyclo-
motor. Photographs of the aluminum duct immediaicly downstream of the temperature controller show
definite signs of an implosion - explosion in the duct with a three-inch to four-inch diameter hole
burned through one duct wall at the center of the imploded arca. This was never fully clarified during
the investigation and testimony revealed insufficient fuel had been consumed (burned) in the vicinity
of the holc to melt the aluminum. Testimony also revealed that a small cexplosion could. have occurred
in the duct without being heard by cither of the helmeted occupants. The investigating board con-
cluded that the most likely source of ignition was a short or arc in an undetermined clectronic com-
ponent behind the cyclomotor panel.

BROOKS AIR FORCE BASE, JANUARY 31, 1967

A seeond fire occurred on January 31, 1967, in the same Brooks Air Force Base facility described
in the first accident. Test conditions were 7.2 psia 100-percent oxygen. The test was in the first day
of a planned 67-day test to study - hematology of 16 rabbits. Two men had been. in the simulator 12
minutes at the time of the fire, which was fatal to both. Both men suffered sccond and third degrec
burns over 90 percent of their bodics. An outside observer witnessed a flash fire which engulfed the
chamber. A final report by the investigating.board is at present unavailable and details of the facilicy
design. and its differences with the. design at the time of the 1962 firc, are therefore also unavailable.
However, progress reports of the investigating board have provided the following information. Examina-
tion of the blower motor after the fire showed that the impeller was binding against the motor casc
and application of power to the motor resulted in blowing the fuses. Relationship of the motor mal-
function to start of the fire has not yet been determined. The motor was downstream of the COo
absorbent bed. A short has been positively identified in an unspecified electrical fixture. The unanimous
opinion of the investigating board and its observers-advisors and consultants is that the most probable
cause of the fire was the existence of a combustible atmosphere within the chamber. The combustible
atmosphere is believed (by the board) to be primarily hydrogen and possibly included hydrocarbons
as a result of the animal experiment. Experiments conducted on-site have conclusively shown that the
COo absorbent reacted with water and aluminum and g-nerated hydrogen. The ducting and the COo
absorber materials are the same as at the time of the 1962 fire; i.c.. 80 percent calcium hydroxide and
20 percent barium hydroxide in aluminum ducting. There is evidence of intensc heat in the CQo ab-
sorbent bed and intense exothermic chemical reactions were present in the air conditioning duct. This
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can be explained by an additional reaction which would have resulted from aluminum and iron oxide
being reacted in the presence of a hydrogen-oxygen flame which can cause fusing of metals such as
stainless steel, chromium, and other metals. This is known as a ‘thermite reaction’”’ and the AF Ma-
terials Laboratory has determined that it can be initiated at 2352°F, the reactants being stainless steel
and oxygen. The reaction is self-sustaining and reaches a temperature of 2550 to 2650°F. The reaction
is suppressed in the presence of steam or about 35 percent COg. A possible source of the initiating
temperature is the burning tape which was around the top of the CO9 absorber filters. This tape can
initiate theoxygen/stainless steel reaction in three seconds. in 14.7 psia oxygen, but its burning tempera-
ture is as yet unknown in 7 psia oxygen. The COg fire extinguishers were not removed from their
holders and examination of the three oxygen regulators show no indication of malfunction. Ignition
sources were considered by the investigation board to include an arc from an electrical short, an elec-
trostatic spark, a friction spark, spontaneous oxidation, heated surfaces (particularly those which might
have been in the COQg absorbent bed), heated surfaces from friction.or hot wire, the electrical motor
downstream of the COy absorbent bed, clothing which might have ignited on.contact with a heated
surface or as a result. of spontaneous oxidation, or ignition of a sponge, chair cushion, or rabbit fur
from either an electrostatic discharge or spontaneous oxidation. A short in a lighting fixture wire was
determined. to be the most probable source of ignition.

NAVY EXPERIMENTAL DIVING UNIT, FEBRUARY 16, 1965

A fire occurred in the decompression chamber of the Navy's Experimental Diving Unit (EDU)
at Washington, D.C. on February 16, 1965. Conditions at the time of the fire were 28-percent oxygen
36-percent nitrogen. and 36-percent helium at a total pressure of 55.6 psia (92 feet depth) or an
oxygen partial pressure of 15.6 psia. About eleven minutes after entering the chamber (via a lock)
from an adjacent chamber at 126 psia (250-foot depth) onc of the divers reported the fire. Two ob-
servers at a viewing port observed a fire four inches in diameter and two feet high coming from the
COg scrubber immediately prior to a flash fire which engulfed the entire chamber. During the next
minute, chamber pressure rose to 130 psia (260-foot depth). Attempts to rescue were unsuccessful and
both occupants died. The COo scrubber was portable and was designed for use as an emergency
device for submarine atmospherc control and consisted of a tub containing six cylindrical tubes. The
center tube contained the fan motor and outer tubes contained four COg absorbent canisters and
one filter element. Flow of chamber air through the scrubber was down through the four absorber
canisters and up and out through the filter unit. The absorber elements consisted of a cylindrical metal
can with metal screens on ecach end. The metal cylinder and screen materials are unidentified. The
absorber chemical was the same as that in usc at the time of both Brooks' fires; i.e., 80 percent cal-
cium hydrovide and 20-percent barium hydroxide. The ““tub’ which housed. the entire scrubber assembly
was made of an unidentified metal. The filter element was made of convoluted paper (probably Kraft)
cylinders supported on the inside by a perforated metal (iron) cylinder and at the ends with stamped
aluminum covers cemented to cardboard rings which are in turn cemented to the convoluted paper.
Each unused unit weighs 2.1 pounds of which paper and cemented end rings comprise 1 pound. In-
vestigation determined that primary use for this filter was in hydraulic systems and in the fuel systems
of jet aircraft, and that common practice is to test cvery single filter element by immersion in an
organic liquid and, while submerged, blow air through the filter to see if flaws existed at the seals
of the paper. Tests were performed on two unused filter elements identical in design to the accident-
involved filter. An acetone extraction on one showed that it probably contained about 0.3 to 0.4 pounds
of kerosene-like liquid. This is consistent with the filter specification which lists maximum dry unit weight
at 1.8 pounds. This also shows that the dry weight of the paper and end rings is 0.7 pound, arrived
at by subtracting total wieght of metal (2.1-1.0=1.1) from the 1.8 pounds total dry weight. A sccond filter
was placed in a COs scrubber. without Oy absorbent installed and operated for 2 hours. From this
test, it was determined that the volatile liquids would be removed from the filter in 5 to 10 hours
depending upon temperature and flow rate through the unit. The accident-involved filter was one of
two supplied with the scrubber which had 1-1/2 to 2 years of intermittent usc and the time logged on
cach filter is unknown. The used filter not involved in the accident had no “hydrocarbon’ odor and an
acetone extraction of the paper revealed a weight loss of only 10.2 percent compared to 36 percent loss
on an unused filter. Samples from the used filter and an unused filter were subjected to high-frequency
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discharge (Tesla coil) in a strcam of .oxygen. The unused filter ignited casily and the flame spread
rapidly whereas the used filter required 5 1o 7 seconds of continuous discharge, ignited at the edge of
the paper, and did not burn readily. From thesc tests, it was concluded.that most or all of the easily
ignitable material (hydrocarbon) had been removed from the filter by use prior to the EDU fire and
that a rather strong ignition source would have been required to ignite it. A bench test of the scrubber
motor after the fire showed that it ran at a reduced speed and rapidly overheated, the condition being
. caused by faulty operation of the centrifagal throw-out switch which resulted in the motor running on

starting windings. The EDU had no provisions for odor removal (such as activated charcoal). The fire
\ caused extensive damage including complete consumption of untreateed cotton terry-cloth -bath robes
and about twelve feet of flexible air conditioning duct made of fabric-covered spiral wire. Untreated.
cotion mattresses with flame-proof covers were partially consumed. About five feet of the rubber on the
unarmored electric cord to the portable scrubber was consumed as was rubber of armor-covered cables
directly above the Qg scrubber. A simplified calculation by Naval Research Laboratory personnel
showed that the pressure rise experienced during the fire would have caused a 761°F temperature risc
and that the temperature rise would require the burning of only about 1.1 pounds of cellulosic material, .
i.e., cotton or perhaps wood-based paper in the filter. The.investigation concluded that the most pro-.
bable . causc of the fire was the overheated scrubber motor causing spontaneous .ignition of the filter
element in a high-oxygen atmosphere. Fire extinguishing equipment consisted of a bucket of sand and
a bucket of water, neither of which was used.

pR-

NAVY AIR CREW EQUIPMENT LABORATORY, NOVEMBER 17, 1962

A fire occurred. in thc Navy's Air Crew Equipment Laboratory (ACEL) on November 17, 1962.
Test conditions were 100 percent oxygen at 5 psia and the fire occurred on the 17th day of the test.
The fire started on the insulation of the ground wire to a light fixture. The ground wirc was loose
and an arc ignited the insulation. One of the four occupants tried to smother the fire with a towel
which also ignited. Further attempts with an asbestosblanket resulted in ignition of the blanket and
clothing worn by occupants. Subsequent attempts by all four to extinguish fire on the clothing of others
resulted in the ignition of the clothing of all four, generally on the sleeves and pants legs. Cne occu-
pant’s hand caught en fire. All occupants escaped in about 40 seconds after first report of the fire
and all were treated for first and second degree burns over 15 to 20 percent. of their bodics. Immedia-
tely after exit of the occupants the door was closed, the chamber taken to 80,000 feet and purged for
20 minutes with Qo to extinguish the firc. There was no flash fire and there were no extinguishers
in the chamber. B

APOLLO.ECS FIRE AT AIRESEARCH TORRANCE FACILITY, APRIL 28, 1966

A fire occurred in an unmanned qualification test of the Apollo Favironmental Control System at
Torrance, California, on April 28, 1966, Test conditions at, and 23.5 hours prior to the fire, were 100
percent oxygen at 5 psia. Prior to bringing the test up to 5 psia, the test had included 2456 hours
at 10-4 millimeters of mercuty (Torm). The investigating board concluded that the most probable cause
of the fire was failure of a commercial quality strip heater used to add heat to the stcam duct. The
strip heater used polyvinyl chloride (PV'(Y) insulation and the manufacturer's temperature rating was
167°F continuous. 190°F maximuminair. There was a sharp bend in the heater strip bearing against an LECU
power lead splice at the heater strip entry into asbestos tape wrapped over the steam duct in the test set-up.
Under high temperature conditions. the heater tape wire was demonstrated to extrude through the PVC
insulation and a fire was initiated under simulated test conditions. Three other ignition causes were
considered as possibilities. Strip heaters of the same type as abeve, but covered with aluminum foil.
were on the potable water and dew point line sensor. Deterioration of insulation could have caused a
short between one of the wires and the aluminum foil. Dew point measurements within the cabin showed
that some metal surface temperatures were such that water could have condensed on them causing
arcing on open terminal strips. unpotted connectors, or the 400-cycle unit, igniting adjacent materials.
One of the ECU high pressure oxygen check valves. which use an clastomeric (DPR) seal, was severly
damaged and it was theorized that high pressure “impact™ of the 900 psia oxygen could have ignited
the EPR. AiResearch ran a series of 3000 psi impact tests without ignition, and although the test re-
sults were not absolutely conchusive, it was concluded that this was the least probable of the possible
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causes presented. Other damage caused by the fire included excessively burned insulation of the test
set-up wiring, .fusing and burning of ECU wire harness, and burned polyurethane foam insulation on
the oxygen and water-glycol lines. The investigating board concluded that, although 16 components had
malfunctioned prior to and during the test and 18 had failed due to damage by the fire, the ECS quali-
fication unit was not the direct cause of the fire. Also, test equipment and materials were improper for
the environment, there was no fire detection or extinguishing equipment, and there were no emergency
procedures. The board also concluded that improvement in the selection of some materials used in the.
ECS and the Apollo Command Module (C/M) could be made to control fire. Also, the C/M electri-
cal circuits and wiring have potential hazards from arcing or direct short circuits. Also concluded
was the fact that AiResearch procedures and documentation were inadequate, that quality control (QC).
personne! were provided inadequate direction and that a NASA Test Readiness Review might have
precluded the incident. The board recommended that all action necessary be taken to preclude initia-
tion of a fire in the C/M with special emphasis on adequacies of wire bundle derating, circuit breaker/
wire compatibility, and elimination of all possible nonmetallic materials in contact with wire bundles.
The board also recommended the imposition of nonmetallic materials specification requirements on all
contractors and other suppliers of flight equipment, and to strengthen the materials selection.and applica-
tion program.

APOLLO ECS EXPLOSION AT AIRESEARCH, APRIL 18, 1965

An cxplosion occurred in an unmanned qualification test of the Apollo ECS at. AiResearch on
April 13, 1965.The explosion occurred after 127 hours of a planned 141-hour test. Conditions were corra-
sive contaminants, oxygen, and humidity (CCOH) per qualification test procedure SS-1224-R, para-
graph 6.8. Failure reports were prepared for four components; a sensor (P/N 820110-1), a fan (P/N
826310-2-1), a valve (P/N 850028-1-1), and an absolute pressure transducer (P/N 837044-1-1). The ex-
plosion was determined to be the result of polyurethane foam swelling underneath a water tank causing
a suspended electrical immersion heater to touch the bottom of the tank. Sufficient localized heat was
generated to ignite the oxygen-saturated foam. Electrical connections did not indicate evidence of short-
ing and it was noted that all units were operable after the test was aborted. Corrective action included
use of Teflon sheets in place of polyurethane foam and neoprene to isolate the units electrically, connec-
tion of the unit mounting frame and tank to a common ground, pctting of heater leads, installation
of a commercial submersion heater in the water tank by welding a boss.

APOLLO ECS EXPLOSION AT AIRESEARCH, JULY 1, 1964

An explosion occurred in unmanned qualification test in the explosion proof chamber at AiResearch
on or about July I, 1964. The test had been in progress 30 minutes and test conditions were in accor-
dance with explosion proof test $8.1218-R, paragraph 6.9.2. A cabin air temperature sensor, P/N
820100-1, was damaged to the extent that the glass bead around the thermistor was bubbled and pitted.
from the heat.  Conclusion as to the cause of the cxplosion was that the insulation around the heater
coil broke down from heat inside the explosion chamber while the explosion proof test wasin progress.
Cotrective action was to retest the sensor for temperature versus resistance per $S-1113-R, revision 1.
paragraph 1.2. The sensor was retested, witnessed by NAA and Air Force QC, and released for future
testing on July 1, 1964
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AFB

CC
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Cm?
COy
cps
CTN
CTR
DR
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ECS
EPS
ECU
ECA
FR
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GLOSSARY OF TERMS

Apollo Problem Summary

Air Force Base

Apollo/Saturn

British Thermal Unit

Cubic Centimeter

Command Module .

Square Centimeter

Carbon Dioxide

Cycles Per Second
Certification Test Network
Certification Test Requirement
Discrepancy Report

Decibel

Envirormental Control System
Electrical Power System
Environmental Control Unit
Electronic Control Assemblies
Failure Report

Degrees Fahrenheit
Acceleration Due to Gravity
Vibration Power Spectral Density
Ground Support Equipment

Ge -1 Titan

Wweier

Frequency In Cvcles per Second
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GLOSSARY OF TERMS (Continued)

IMU Inertial Measurement Unit

LB Pound

LiOH Lithium Hydroxide

LM Lunar Module

MA . Mercury/Atlas

MEK Methel Ethyl Ketone

MIL STD Military Standard

MSC Manned Spacecraft Center

MSOB Manned Spacecraft Operations Building
NA Not Applicable

No Nitrogen

oCP Operational Checkout Procedure
09 Oxygen

PN Part Number

PSIA Pounds Per Square Inch Absolute
Qb Quick Disconnect

§C Spacecraft

SLA Spacecraft’Lunar Module Adapter
S'M Service Module

S'N Serial Number

TORR \illimeters of Mercury Vacuum
VAC Volts Alternating Current

VDC Volts Direct Current

WG Water Glvcol
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LIST OF REFERENCES

2-1 Memoranduras generated by Panel 2.
{ 2-2 Responsc from MSC concerning:
) a. Unqualified equipment on $/C 012.
b. Significant arcing and shorting anomalies.
c. Explosion proof testing.

2-3 Discrepancy reports supporting Enclosure 2-7.
N 2-4 Oxygen exposure and failure data of vehicle level tests.
2-5 Oxygen exposure history of component level tests.
. 2-6 Discrepancy reports and failure reports regarding water/glycol leaks in the ECS. i’
2.7 Elapsed Time Indicators qualification data.
2-8 Failure survey for possible or highly probable fire initiators.
2-9 Environmental Control System qualification requirements. '

2-10 . Acceptance Test Procedure AiResearch Rpt. SS-110-R, Rev. 1 dated 10-2-64.
Interim Change Notice A to above dtd. 12-2-64.

2.11 Acceptance Test Procedure AiRescarch Rpt. $S-1720 P. did. 9-20-65.
Interim Change Notice E to above dtd. 5-11-66,
2-12 Group 1 Qualification Test Procedurc AiResearch Rpt. $S-1274-R, Rev. 2 did. 10-1-65.
2-13 Group 1 Qualification Test Report AiRescarch Rpt. $$-1474-R, did. 3-21-66. :
Errata to above dtd. 9-7:66. !
2-14 Group 1T Qualification Test Procedure AiResearch Rpt. $S-1507-R, Rev. 1 dtd. 8-30-65.

2-15 Group 111 Qualification Test Report AiResearch Rpt. $S-1807-R dtd. 4-12-66.
Errata to above did. 9-29-66.

2-16 Environmental Control System Procurement Specification NAA No. MC901-0215, Rev.
G, dtd. 8-31-66.

2-17 Goodyear Acrospace Rpt. GER-12246 dtd. 8-21-65.

2-18 U.S. Naval Rescarch Laboratory Rpt. 6090 dtd. 7-28-64.

2-19 U.S. Naval Rescarch Laboratory Ltr. 6130-56 dtd 3-23-65.

2-20 U8, Naval Rescarch Laboratory Ltr. 6130-41 dtd. 2-25-65.

2-21 U.S. Naval Rescarch Laboratory Ltr. 6180-39, dtd. 2-25-65.

2.22 Fire at High Pressure by J.\'. Harter, dtd, 3-24-65.

2.23 Preliminary Report AiResearch Fire did 4-28-65.

2-24 Final Report AiResearch Fire dtd 4-28-66.

2-25. Report of Fire at Naval Air Crew Equipment Laboratory undated.

2-26 Report of Firc at Air Force Aerospace Medical Division dtd 10-9-62.

2-27 13 Photographs of fire at A.F. Acrospace Medical Division undated.

2.28 Group of TWX's regarding fire at Brooks AFB on 1-31-67 Progress Rpt. No.'s 5. 6. g -
7. and 8.

2-29 NAA Failure Notification AR-TR-64-242 dtd 2-2-65.

2-30 AiResearch Trouble Rpt. 4769 dtd 1-28-65.

2-31 Notebook of 40 photographs of S/C 012 in and around LiOH canisters.
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SEQUENCE OF EVENTS
A. TASK ASSIGNMENT

Analyze data obtained immediately prior to and during the fire incident including digital, ana-
log, voice communications, photography, etc. Data should display significant events as they occurred
with precise time tag. Time histories of all continuous or semi-continuous recorded parameters, cor-
relation of parameter variations and events shall be recorded as well as interpretation of the results
of said analysis. Where pertinent, normal expected variations shall be compared with those ac-
tually obtained.

B. PANEL ORGANIZATION

1. MEMBERSHIP:.
The assigned task was accomplished by the following members of the Sequence of Events Panel:
Mr. D. D. Arabian, Chairman, Manned Spacecraft Center (MSC), NASA
Mr. H. Creighton, Kennedy Space Center (KSC), NASA.
Mr. W. Jewel, Kennedy Space Center (KSC), NASA
Mr. W. Eckmeicr. North American Aviation (NAA), Kennedy Space Center
Me. A. Tischler, North American Aviation (NAA), Downey

2. COGNIZANT BOARD MEMBER:
Dr. M. Faget, Manned Spacecraft Center (MSC), NASA, Board Member, was assigned to mon-
itor the Sequence of Events Panel.

3. PANEL CONSOLIDATION: .

Panel 3 served as a scparate Panel from January 31, 1967 through February 23, 1967. The Panel
was dissolved on February 23, 1967 and merged with Panel 18. This merger was accomplished to
better support the Apollo 204 Review.

C. PROCEEDINGS

1. GENERAL DESCRIPTION OF THE DATA SYSTEM
a. The engincering data used in the determination of the sequence of events was obtained from
the spacecraft instrumentation system and is presented in Enclosute. 3-1. This system. consists
of the following main elements:

(1). The instruments in the Command Module which measured about 400 items such as volt-

ages. temperatures and pressures.

(2) A signal processing system in the Command Module whict converts the physical parame-

ters measured into a form suitable for transmission.

(3) The hard:line and radio transmission links which carry the converted data to the ground.

(4) The ground system which provides permanent tape records of the data obtained and also

provides the various kinds of real-time displays of the data required to conduct the test.

(5) The instruments in other parts of the Space Vchicle and Ground Support Equipment
systems.  These instruments provide data to the ground recording stations in a similar manner
as for the Command Module.

(6) A communications network for voice transmission between the various groups associated

with the tests including the Command Module crew.

Enclosure 3-2 is a simplificd schematic of the data system in use in Spacecraft (S;C) 012
and on the ground during the Plugs Out Test and shows the general clements within the Space-
craft and the radio and hard-line links to the main ground stations at John F. Kennedy Space
Center (KSC).  Data were also transmitted from the KSC ground stations to other sites such as
the Air Force Eastern Test Range (AFETR) and to the Manned Spacecraft Center (MSC)
in Houston
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