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FOREWORD

This fourth and final volume of the Apollo Spacecraft Chronology
covers a period of eight and a half years, from January 21, 1966, through July
13, 1974. The events that took place during that period included all flight
tests of the Apollo spacecraft, as well as the last five Gemini flights, the
AS-204 accident, the AS-204 Review Board activities, the Apollo Block II
Redefinition Tasks, the manned Apollo flight program and its results, as
well as further use of the Apollo spacecraft in the Skylab missions.

The manned flights of Apollo, scheduled to begin in early 1967, were
delayed by the tragic accident that occurred on January 27, 1967, during a
simulated countdown for mission AS-204. A fire inside the command
module resulted in the deaths of the three prime crew astronauts, Virgil L.
Grissom, Edward H. White II, and Roger B. Chaffee. On January 28, 1967,
the Apollo 204 Review Board was established to investigate the accident. It
was determined that action should be initiated to reduce the crew risk by
eliminating unnecessary hazardous conditions that would imperil future
operations. Therefore, on April 27, a NASA Task Team—Block II
Redefinition, CSM—was established to provide input on detailed design,
overall quality and reliability, test and checkout, baseline specification,
configuration control, and schedules.

Months of scrutinizing and hard work followed. The testing of the
unmanned spacecraft began with the successful all-up test launch and
recovery of the Saturn V-Apollo space system on November 9, 1967. This
flight, designated Apollo 4, marked the culmination of more than seven
years of developmental activity in design, fabrication, testing and launch-
site preparation by tens of thousands of workers in government, industry
and universities. The unmanned 4pollo 4 placed 126 000 kilograms in earth
orbit. It accomplished the first restart in space of the S-IVB stage; the first
reentry into the earth’s atmosphere at the speed of return from the moon,
nearly 40200 kilometers per hour; and the first test of Launch Complex 39.

As time for the first manned Apollo flight neared, a decision was reached
to use a 60-percent-oxygen and 40-percent-nitrogen atmosphere in the
spacecraft cabin while on the launch pad and to retain the pure oxygen
environment in space. By March 14, 1968, testing of the redesigned interior
of the vehicle demonstrated that hardware changes inside the cabin,
minimized possible sources of ignition, and materials changes had vastly
reduced the danger of fire propagation.

During the beginning of the period covered by this chronology (from
March through November 1966) the last five Gemini spacecraft were flown.
The objectives of the Gemini program that were applicable to Apollo
included: (1) long-duration flight, (2) rendezvous and docking, (3)
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postdocking maneuver capability, (4) controlled reentry and landing, (5)
flight- and ground-crew proficiency, and (6) extravehicular capability. The
prelaunch checkout and verification concept as originated during the
Gemini program was used for Apollo. The testing and servicing tasks were
very similar for both spacecraft. Although complexity of the operations
substantially increased, the mission control operations for Apollo evolved
from Projects Mercury and Gemini. The medical data collected during the
Gemini flights verified that man could function in space for the planned
duration of the lunar landing mission. Many of the concepts for crew
equipment—such as food and waste management, housekeeping, and
general sanitation—originated from the Gemini experience with long-
duration missions. The Gemini missions also provided background
experience in many systems such as communications, guidance and
navigation, fuel cells, and propulsion.

While the Mercury and Gemini spacecraft were being developed and
operated, the three-man Apollo program had grown in magnitude and
complexity and included a command module, a service module, a lunar
module, and a giant Saturn V rocket. The spacecraft and launch vehicle
towered 110 meters above the launching pad, and weighed some 3 million
kilograms. With the Apollo program, the missions and flight plans had
become much more ambitious, the hardware had become more refined, the
software had become more sophisticated, and ground support equipment
also grew in proportion.

In October 1968 Apollo 7 became the first manned flight test of the
Apollo command and service modules in earth orbit and demonstrated the
effectiveness of the manned space flight tracking, command and communi-
cations network. This first mission was a rousing success, with all systems
meeting or exceeding requirements.

The second Apollo flight was the much-publicized Apollo 8 missionin
December 1968, during which man for the first time orbited the moon. Aside
from the fact that the flight marked a major event in the history of man, it
also was technically a remarkable mission. The purpose of the mission, to
check out the navigation and communication systems at lunar distance, was
accomplished with a complete verification of those systems.

Apollo 9 (March 1969) was an earth-orbital flight and included the first
engincering test of a manned lunar module and the first rendezvous and
docking of two manned space vehicles.

In May 1969 4pollo 10 journeyed to the moon and completed a dress
rehearsal for the landing mission to follow in July. This mission was
designed to be exactly like the landing mission except for the final phases of
the landing, which were not attempted. The lunar module separated from
the command module and descended o within 15 kilometers of the lunar
surface, proving that man could navigate safely and accurately in the
moon’s gravitational field.

With the flight of Apollo 11, man for the first time stepped onto the
lunar surface on July 20, 1969. The mission proved that man could land on
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FOREWORD

the moon, perform specific tasks on the lunar surface, and return safely to
earth.

Apollo 12 (November 1969) was the second manned lunar landing.
Pieces [rom the unmanned Surveyor I1I spacecraft were recovered, and the
first Apollo Lunar Surface Experiments Package (ALSEP) was deployed.

Apollo 13 (April 1970) had been scheduled to be the third manned lunar
landing. However, the lunar landing portion of the mission was aborted
because of the explosion of an oxygen tank in the service module en route to
the moon. A cislunar mission was accomplished and the lunar module was
used to provide life support and propulsion for the disabled command and
service module en route home. A safe return and landing was effected in the
Pacific.

Apollo 14 (January-February 1971) successfully landed on the lunar
surface, with the crew performing two extravehicular activities (EVAs),
deploying the second Apollo Lunar Surface Experiments Package, and
completing other scientific tasks with the aid of a rickshawlike mobile
equipment transporter (MET). The crew remained on the lunar surface 33%
hours.

The fourth manned lunar landing, Apollo 15 (July-August 1971), was
the first mission to use the Lunar Rover, the first to deploy a subsatellite in
lunar orbit, the first to perform experiments in lunar orbit by using a
scientific instrument module (SIM) in the service module, and the first to
conduct extravehicular activity during the journey back to earth. Lunar stay
time was 66 hours and 55 minutes.

Apollo 16 (July 1972), the fifth manned lunar landing, was essentially
identical to Apollo 15 and configured for extended mission duration, remote
sensing from lunar orbit, and long-distance surface traverses. The scientific
instrument module was included in the service module.

The splashdown of Apollo 17 on December 19, 1972, not only ended one
of the most perfect missions, butalso drew the curtain on the manned flights
of Project Apollo. It was the most ambitious moon probe, the longest moon
mission—about 40 hours longer than Apollo 16, with 75 hours on the lunar
surface from touchdown to liftoff. The extensive scientific exploration
utilized a new generation of experiments. The crew traversed from the LM
farther than ever before, traveling 32 kilometers in the Lunar Rover.

Although Apollo 17 was the last of the manned flights to the moon, it
was not the last of the Apollo spacecraft. Apollo paved the way for missions
to follow. The next program using an Apollo command module was Skylab
(May 14, 1973-February 8, 1974), occurring within the time frame of this
chronology, as studies of lunar samples and data returned from Project
Apollo continued in laboratories throughout the world. Skylab was man’s
most ambitious and organized scientific probing of his planet and proved
the value of manned scientific space expeditions. Skylab proved man’s value
in space as a manufacturer, an astronomer, and an earth observer, using the
most sophisticated instruments in ways that unmanned satellites cannot
match. Skylab also demonstrated man’s great utility as a repairman in space.
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Detailed studies of man'’s physiological responses to prolonged
exposure to.weightlessness proved his ability to adjust to the space
environment and to perform useful and valuable work in space. In solar
physics, Skylab enriched our solar data more than a hundredfold, with a
total of some 200000 photographs of the sun made from the Apollo
Telescope Mount. As observers of earth resources from Skylab, the crews
returned over 40000 photographs and more than 60 kilometers of high-
density magnetic tape. Data were acquired for all 48 continental United
States and 34 foreign countries.

Beyond the period covered by this chronology, but before its
publication, the Apollo spacecraft was used again in the Apollo-Soyuz Test
Project (ASTP), July 15-24, 1975. This joint space flight culminated in the
first historical meeting in space between American astronauts and Soviet
cosmonauts. The event marked the successful testing of a universal docking
system and signaled a major advance in efforts to pave the way for joint
experiments and mutual assistance in future international space explora-
tions. There were some 44 hours of docked joint activities during ASTP,
highlighted by four crew transfers and the completion of a number of joint
scientific experiments and engineering investigations. All major ASTP
objectives were accomplished, including testing a compatible rendezvous
system in orbit, testing androgynous docking assemblies, verifying
techniques for crew transfers, and gaining experience in the conduct of joint
international flights.

We will continue to apply what we learned from Apollo, as well as
Skylab and ASTP, as we venture into the next manned program, known as
the Space Shuttle. The Shuttle will be another leap forward. It will be the
first reusable space vehicle. It will consist of three components: solid rocket
boosters, a jettisonable external propellant tank, and an orbiter. The Space
Shuttle will be launched like a rocket, fly in orbit like a spaceship, and land
like an airplane. These vehicles are being designed to last for at least a
hundred missions. The reusability will reduce the cost of putting men and
payloads in orbit to about 10 percent of the Apollo costs.

In this chronology, as with any collection of written communications
on a given project, the negative aspects of the program, its faltering and its
failures, become more apparent because these are the areas that require
written communication for corrective action. However, it should be stressed
that in spite of the failures, the moon was reached by traveling an
unparalleled path of success for an undertaking so complex. The disastrous
fire at Cape Kennedy had given the Apollo program a drastic setback. But
when Apollo 7 was launched, the first manned flight in nearly two years, it
was a success. Every spacecraft since that time improved in performance
with the exception of the problems experienced in Apollo 13. For example,
consider the Apollo 8 spacecraft and booster, which contained some 15
million parts. If those parts had been 99.9 percent reliable, there still would
have been 15000 failures. But it had only five failures, all in noncritical
parts.
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To summarize Project Apollo—there were 11 manned flights;
27 Americans orbited the moon; 12 walked on its surface; 6 drove lunar
vehicles. Perhaps one of the most important legacies of Apollo to future
programs is the demonstration that great successes can be achieved in spite
of serious difficulties along the way.

No other event in the history of mankind has served to bring the peoples
of the world closer together than the lunar landings of Project Apollo. This
feeling of “oneness” was fully displayed during the flight of Apollo 13 when
many nations of the earth offered assistance in recovering the voyagers from
their crippled spacecraft. From nearly every country came prayers and words
of encouragement. The crippling of the Apollo 13 spacecraft en route to the
moon called forth maximum cooperative use of the ability of astronauts, the
ground support organization, and the contractors. The men and the
equipment they designed and operated proved capable of handling this
emergency.

Besides the demonstration of the power of teamwork, many areas of
understanding have come out of the lunar landing program. The command
and service modules on the last three lunar missions carried some 450
kilograms of cameras, sophisticated remote-sensing equipment, and
additional consumables to investigate the moon thoroughly from orbit.
Detailed studies of the moon were accomplished—of its size, shape, and
surface, and the interrelationship of the lunar surface features and its
gravitational field. On the surface of the moon, where there is no atmosphere
to erode, secrets were uncovered that have long since been worn away here on
earth. Understanding the geology of the moon improves the understanding
of our own planet.

Twelve men, who spent a total of 296 hours exploring the lunar surface
in six radically different areas, mined 382 kilograms of lunar rocks and
material. Scientists have catalogued, distributed, and analyzed this lunar
material. Much of the real discovery is still being unraveled in laboratories
around the world.

Five lunar science stations, orginally designed to last a minimum of a
year, are still at work on the lunar surface, continuing to transmit to earth
technical data about the moon.

The national space program became an example of a successful
management approach to accomplish an almost impossible project. The
task of going to the moon required a government, industry, and university
team which, at its peak, organized 400 000 people, hundreds of universities,
and 20 000 separate industrial companies for a common goal. This project
was accomplished in full public view of the world. These management
techniques are available to our country to use again on what are considered
almost impossible tasks.

The Apollo photographs of the entire earth in one frame have made us
realize how small and finite and limited are the resources of spaceship Earth.
Apollo not only brought home to us more clearly the problems we must face
in protecting this tiny planet, but it also suggested solutions. As we now
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turn some of our attention to such problems as mass transportation,
pollution of our atmosphere and our fresh water resources, urban renewal,
and utilization of new power sources, the same management approach,
techniques, and teams that landed men on the moon can combine to help
solve these kinds of problems. The photographs of our earth taken by
astronauts on Gemini, Apollo, Skylab, and ASTP have clearly demonstrat-
ed that we can make ecological surveys from space in geography, in
agriculture and forestry, geology, hydrology, and oceanography. We can
update maps, study pollution, predict floods, and help locate our natural
resources and good commercial fishing grounds. We have only scratched the
surface in the application of space technology.

The Apollo spacecraft not only made history, but laid a great
foundation of hope for a better future. The really important benefits are yet
to be derived, for we have merely cracked open the door to a completely new
laboratory in which to pursue knowledge.

October 1975 Kenneth S. Kleinknecht
Director of Flight Operations
Johnson Space Center
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PREFACE

Project Apollo was announced to representatives of American industry
during a conference in Washington, D.C., July 28-29, 1960, as a program to
land men on the moon and return them safely to earth. President John F.
Kennedy proposed to Congress on May 25, 1961, that this goal be attained
before the end of the decade, stimulating an accelerated program. That
challenge resulted in an ultimate success when Apollo 11 landed on the
lunar surface July 20, 1969; two astronauts walked on the moon; and they,
along with their spacecraft, returned safely to earth and were recovered from
the Pacific Ocean on July 24, 1969.

The Apollo Spacecraft: A Chronology, Volume I, was published in
1969. It covered the concepts that led to the Apollo program; design—
decision—contract; and the lunar orbit rendezvous—mode and module.
The last activity covered in Volume I was November 7, 1962.

Volume II of The Apollo Spacecraft: A Chronology was published in
1973 and covered the period November 8, 1962, through September 30, 1964.
It, too, was broken down into three major subject areas : defining contractual
relations, developing hardware distinctions, and developing software
ground rules.

Volume III appeared in 1976. It covered activities beginning with
October 1, 1964, and ending January 20, 1966. This was a one-part volume
because almost the total emphasis during that period was on advanced
design, fabrication, and testing.

This fourth and final volume of the chronology is also divided into
three parts. The first, “Preparation for Flight, the Accident, and
Investigation,” covers the period January 21, 1966, through April 5, 1967.
Part 11, "'Recovery, Spacecraft Redefinition, and the First Manned Flight,”
includes activities from April 6, 1967, through October 22, 1968. Part 111,
“Man Circles the Moon, the Eagle Lands, and Manned Lunar Explora-
tion,” covers October 23, 1968, through July 13, 1974.

Volume IV is more extensive than the three preceding volumes because
of both the nature of events during the period covered and the length of that
period.

As far as possible, primary sources were used to document the entries,
with the main documentation coming from the archives of Johnson Space
Center Historian James M. Grimwood. These primary sources included
congressional documents, official correspondence, government and contrac-
tor status and progress reports, memorandums, working papers, and
minutes of meetings. Additionally, a relatively few entries are based on
NASA and contractor news releases and newspaper and magazine articles.
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THE APOLLO SPACECRAFT: A CHRONOLOGY

An effort was made at all times to cover only the most relevant events
throughout the program, without concern for whether the item was abouta
contractor, NASA installation, or NASA Headquarters.

We have often used acronyms for the NASA installations most
frequently mentioned in the text; for instance, NASA Hq., MSC for Manned
Spacecraft Center (after February 17, 1973, JSC for Johnson Space Center),
KSC for Kennedy Space Center, MSFC for Marshall Space Flight Center,
and LaRC for Langley Research Center. A glossary of abbreviations and
acronyms is given in Appendix 1.

For any errors discovered the authors accept the responsibility. For the
good qualities that may be found we are indebted to the many NASA and
contractor personnel members who contributed materials and gave us
advice. These include Grimwood and Sally D. Gates from the JSC History
Office; Frank W. Anderson, Jr., of the NASA History Office for his patience
and prompt responses to many questions; Lee D. Saegesser, who kept a
constant flow of documentation uncovered by him coming our way; and
Hilda J. Grimwood, who typed this effort and fought the battle of
converting seemingly never-ending statistics from the U.S. standard units of
measure to the metric system and managed to keep a smile on her face while
doing so.

I.D.E.
R.W.N.
C.G.B.
April 1975

xiv



PART |

Preparation for Flight, the Accident, and Investigation

January 21, 1966, through April 5, 1967



PART |

The Key Events

1966

February 14: First scientific experiments for lunar surface investigations were selected.

February 26: Apolio Saturn 201—an Apollo Block I spacecraft (CSM 009) on a Saturn IB launch vehicle—
was launched from Cape Kennedy on a suborbital test mission.

March 8: First integrated test of service propulsion system, electrical power system, and cryogenic gas
storage system was successfully completed at White Sands, N. Mex., Test Facility.

March 16: Gemini VIII mission was launched with astronauts Neil A. Armstrong and David R. Scott. The
crew rendezvoused with the target vehicle, and the first docking in space was confirmed 6 hours 33
minutes after liftoff.

During March: NASA Hgq. told Congress run-out cost of Apollo program would be an estimated $22.718
billion.

May 5: The Apollo Spacecraft Program Office was asked to reassess spacecraft control weights and delta V
budget and prepare recommendations for first lunar landing mission weight and performance budgets.

May 19: After a fire in the environmental control system unit at AiResearch, a concerted effort was under
way to identify nonmetallic materials and other potential fire problems,

June 2: Surveyor 1 softlanded on the moon and began transmitting the first of 10000 clear, detailed TV
pictures to earth.

July 5: AS-203 was launched on an unmanned orbital test mission. All objectives were achieved. No
recovery was planned.

July 26: Robert C. Seamans, Jr., NASA Deputy Administrator, assigned specific space flight program
responsibilities to the offices of each of the Associate Administrators.

August 10: Lunar Orbster | was launched. By the time of completion of photo readouts from the spacecraft on
September 14, it had photographed 9 primary potential Apollo landing sites and 11 areas on the back of
the moon.

August 25: AS-202 was launched on an unmanned suborbital test mission. The space vehicle comprised
S-1B stage, S-1VB stage, instrument unit, CSM 011. Spacecraft recovery was in Pacific Ocean.
October 19: NASA announced that AS-204 would be the first Apollo manned flight (earth orbital).

Crewmen named were Virgil I. Grissom, Edward H. White 11, and Roger B. Chaffee.

November 6: Lanar Orbiter [l was launched. During a 23-day operational period it photographed 13 Apollo
primary potential landing sites and a number of secondary sites. Two micrometeorite hits were
detected.

December 13 Lunar landing research vehicle No. 1 was received at MSC.

December 22: NASA announced names of crews selected for second and third manned Apollo missions.

1967

Jansuary 19: Numerous deficiencies were noted in the AS-204 spacecraft (CSM012) during testing at
Downey, Calif., and KSC.

January 20: The S-1VB stage for Saturn Jaunch vehicle 503 exploded and was destroyed at the Douglas Co.,
Sacramento, Calif., Test Facility.

January 23: The Lunar Mission Planning Board held its first meeting. Principal topic was photography
from Lunar Orbiter missions and application to Apollo landing site selection.

January 27: During a simulated countdown for the AS-204 mission, a flash fire swept through command
module 012, taking the lives of the crew, Virgil 1. Grissom, Edward H. White I1, and Roger B. Chaffee.

2



PART 1: PREPARATION FOR FLIGHT AND THE ACCIDENT

January 28: The Apollo 204 Review Board was established by NASA Deputy Administrator Robert C.
Seamans, Jr., to investigate the AS-204 accident.

February 1: Manned Spaceflight Center directed contractors and government agencies to stop all MSC-
related manned testing in environments with high oxygen content until further notice.

February 7: The Apollo 204 Review Board Chairman established 21 Task Panels to support the Board in its
investigation. .

Febraary 10: The Board of Inquiry into the January 20 S-IVB stage explosion identified the probable cause
of the accident.

March 14: Apollo Program Director Samuel C. Phillips appointed a team to make a special audit of quality
control and inspection procedures and contractors and NASA Centers.

April 5: The Apollo 204 Review Board sent its final report to NASA Administrator James E. Webb.
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Preparation for Flight, the Accident, and Investigation

January 21, 1966, through April 5, 1967

NASA converted one of its major contracts from a cost-plus-fixed-fee to a
cost-plus-incentive-fee agreement. The contract was with North American
Aviation’s Space and Information Systems Division, Downey, Calif., for
development of the Apollo spacecraft command and service modules (CSM)
and spacecraft-lunar excursion module adapter (SLA).

NASA News Release 66-15, “Apollo Spacecraft Major Contract Is Converted,” Jan. 21, 1966.

NASA negotiated a contract with Massachusetts Institute of Technology
(MIT) for a program of radar and radiometric measurements on the surface
of the moon. The program, which would be active until March 31, 1967,
would have Paul B. Sebring of MIT’s Lincoln Laboratory as principal
investigator. Results would be used to select areas for intensive study to
support investigations related to manned landing sites.

Arthur T. Strickland of NASA’s Lunar and Planetary Programs Office
would be the technical monitor. Andrew Patteson of the MSC Lunar Sur-
face Technology Branch was requested as alternate technical monitor.

Ltr., Oran W. Nicks, NASA Hg., to Robert R. Gilruth, MSC, “*Alternate Technical Monitor for
MI'T Contract NSR 22-009-106," Jan. 21, 1966.

The Manned Spacecraft Center (MSC) Checkout and Test Division was
informed by the Flight Crew Operations Director that in reference to a
request for “‘our desires for altitude chamber runs on Apollo spacecraft, we
definitely feel three runs are mandatory on CSMs 012 and 014. For planning
purposes I think we should assume this is a steady-state requirement
although it should be a subject for review as we accumulate experience.”
Runs on backup crews had been deleted in several instances if they had
already flown and the mission was essentially the same. The value of
chamber runs in terms of crew confidence was great and it was assumed that
no one would care to make a manned run without a previous unmanned
run.

Memo, Donald K. Slayton, MSC, to Chief, Checkout and Test Div., MSC, *Altitude Chamber
runs on manned spacecraft,” Jan. 28, 1966.

1966

January

21
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1966

January

February
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NASA Hq. requested the Apollo Spacecraft Program Office at Manned
Spacecraft Center to evaluate the impact, including the effect on ground
support equipment and mission control, of a dual AS~207,/208 flight as
early as AS-207 was currently scheduled. ASPO was to assume that launch
vehicle 207 would carry the Block II CSM, launch vehicle 208 would carry
the lunar excursion module (LEM), and the two launches would be nearly
simultaneous. Kennedy Space Center (KSC) and Marshall Space Flight
Center (MSFC) were asked to make similar studies for their systems.
Response was requested by February 7, 1966.

TWX. Samuel C. Phillips, NASA OMSF, to Joseph F. Shea, MSC, Jan. 28, 1966.

MSC'’s Robert R. Gilruth, Maxime A Faget, and William E. Stoney visited
Langley Research Center to discuss the Orbiter program status and plans for
distributing photos obtained from Orbiter with Floyd Thompson, Charles
Donlan, and other Langley personnel members connected with the Orbiter
program. Important aspects of the program were presented, with particular
emphasis on the camera system and the kind and quality of photography to
be obtained. In the discussion of data handling it was apparent there were no
conflicts of purpose or planned activity between LaRC and MSC. It was
determined that strong MSC representation at Langley during the photo
screening period would be advantageous to MSC and of great benefit in
MSC'’s subsequent lunar landing site evaluation.

Memo for Record, Faget, *‘Discussion between MSC and Langley Research Center regarding
reduction of Orbiter data,”” March 1, 1966.

MSC Assistant Director for Flight Crew Operations Donald K. Slayton said
he did not think that current testing or proposed evaluation would do
anything to resolve the basic debate between optics versus radar as a primary
LEM rendezvous aid. Slayton said, ““The question is not which system can
be manufactured, packaged, and qualified as flight hardware at the earliest
date; it is which design is most operationally suited to accomplishing the
lunar mission. The ‘Olympics’ contribute nothing to solving this
problem.” He proposed that an MSC management design review of both
systems at the earliest reasonable date was the only way to reach a
conclusion, adding, “This requires only existing paperwork and knowl-
edge—no hardware.”

Memo, Slayton to Chief, Guidance and Controi Div., MSC, “LORS-RR ‘Olympics,”” Feb. 1,
1966.

MSC awarded $70000 contract to Rodana Research Corp. to develop
emergency medical kits that would “satisfy all inflight and training
requirements for the Apollo Command Module and the Lunar Excursion
Module.” Under terms of contract, two training units would be delivered for
each flight, in addition to one mockup and six prototype models. The small
kits would contain loaded injectors, tablets, capsules, ointments, inhalers,
adhesives, and compressed dressings.

MSC News Release 66-8, Feb. 2, 1966.
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In response to a January 28 TWX from NASA Hgq., MSC personnel made
recommendations after evaluating the impact of a dual AS-207/208 flight
on ground support and mission control. On February 2, John P. Mayer,
Chief, Mission Planning and Analysis Division, told the Assistant Director
for Flight Operations that the sole area of concern would be in providing the
necessary Real Time Computer Complex readiness in a time frame
consistent with the AS~207 launch schedule. Mayer also recommended that
a decision be made in the very near future to commit AS-207 and AS-208 toa
dual mission and that, if possible, IBM personnel knowledgeable in the
Gemini dual vehicle system be diverted to the proposed mission if major
modifications were not required for the Gemini XI and Gemini XII
missions.

On February 4, John D. Hodge, Chief of the Flight Control Division, listed
for the Technical Assistant for Apollo some problem areas that could arise
in the operational aspects of the proposed mission with AS-207 carrying a
manned CSM and AS-208 carrying only a LEM. Hodge recommended that
the two launches not be attempted simultaneously, saying that some time
between the launches should be determined, which would eliminate most of
the problems anticipated.

Howard W. Tindall, Jr., Assistant Chief, Mission Planning and Analysis
Division, in a memo documented some design criteria and philosophy on
which the AS-207/208 rendezvous mission plan was being developed by the
Rendezvous Analysis Branch. Tindall pointed out that, from the Gemini
program experience, the plan was felt to be relatively firm. Tindall named
some of the basic features recommended by the study: (1) The CSM should
be launched before the LEM. (2) The first CSM orbit should be 482 km and
the LEM orbit should be 203 km high, both circular. The inclination
should be about 29°. (3) There should be two “on-time” launch
opportunities each day of about three minutes each, during which a LEM
launch would provide ideal in-plane and phasing conditions. (4) It was
anticipated that the basic rendezvous could be completed within four-and-a-
half hours after LEM liftoff. (5) It was estimated that about 1317 km per hr of
spacecraft in-orbit propulsion would be required to carry out the
rendezvous, with about seven service propulsion system maneuvers
including terminal phase initiation.

MSC Memos, Mayer to Assistant Director for Flight Operations, “Dual Apollo Missions,”” Feb.

2, 1966; Hodge to Technical Assistant for Apollo, ““Simultaneous Launch for AS-207 and AS-

208,” Feb. 4, 1967: Tindall to distribution, “Apollo AS5-207/208 rendezvous mission
planning,” Feb. 24, 1966.

Alfred Cohen, head of the ground support equipment (GSE) office of the
Resident Apollo Spacecraft Office (RASPO) at Grumman Aircraft
Engineering Corp., objected to the unrealistic production schedule set up by
Grumman Manufacturing for LEM GSE. Cohen pointed out that
Grumman had been notified many times that NASA did not believe that
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GSE could be produced in the short time spans formulated by Grumman.
Cohen added that Grumman had been informed that this disbelief was based
on actual experience with North American Aviation and McDonnell
Aircraft Corp. Tracking of the manufacture of such items showed that
Grumman was unable to produce in accordance with schedules. Cohen
cited that Grumman had planned to complete 99 GSE items in December
1965 and had completed 27; in January it had scheduled 146 items for
completion and had completed 43. Cohen requested that the RASPO
Manager confront Grumman management with the facts and suggest that
they (1) establish realistic schedules for fabricating GSE based on past
experience; and (2) step up efforts in expediting purchase of parts and
adding manpower that would be required.

Memo, Cohen to Manager, RASPO, “"Manufacturing of GSE, Unrealistic Planning,” Feb. 4,
1966.

The first test of the cryogenic gas storage system was successfully conducted
from 12:30 p.m. February 6 through 8:50 p.m. February 8 at the White Sands
Test Facility (WSTF), N. Mex. Primary objectives were to demonstrate the
compatibility between the ground support equipment and cryogenic
subsystem with respect to mechanical, thermodynamic, and electrical
interfaces during checkout, servicing, monitoring, and ground control. All
objectives were attained.

TWX, MSC WSTF to MSC, “Preliminary Report, First Cryogenic System Testat WSTF,” Feb.

9, 1966.

The CSM weight program was reviewed by James L. Bullard of MSCand D.
Morgan of North American Aviation at a meeting in Houston. The CM 011
projected weight was at its upper limit as designed by the earth-landing-
system restraint, about 68 kilograms above the maximum weight used for
mission planning. Data to revise the 011 specification to show a CM weight
of 5352 kilograms were being prepared.

CMs 012 and 014 would present definite weight problems. At the time the
CM weight vs earth-landing-system factors of safety relationships were
investigated in the study of the possibility of shaving ablator material from
the heatshield, a maximum weight of 5296 kilograms was established for the
manned spacecraft. Bullard had discussed the possibility of a higher CM
weight with James M. Peacock of the Systems Engineering Division and the
earth-landing-system subsystem manager but had received no definite reply.
Bullard said it was imperative that a firm weight be established, above which
the weight could not grow, before any weight reductions could be seriously
considered. It appeared that 90 to 136 kilograms would have to be eliminated
from the spacecraft, and that the reduction would have to be accomplished
primarily by removing items.

Memo, Bullard o Chief, Systems Engineering Div., “"CSM weight status,” Feb. 7, 1966.
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NASA's Associate Administrator for Space Science and Applications Homer
E. Newell advised MSC that he had selected space science investigations to
be carried to the moon on Apollo missions, emplaced on the lunar surface by
Apollo astronauts, and left behind to collect and transmit data to the earth
on lunar environmental characteristics following those missions. Newell
assigned the experiments to specific missions and indicated their priority.
Any changes in the assignments would require Newell’s approval. The
experiments, institutions responsible, and principal investigators and
coinvestigators were:

* Passive Lunar Seismic Experiment, Massachusetts Institute of
Technology, Frank Press; Columbia University, George Sutton.
* Lunar Tri-axis Magnetometer, Ames Research Center, C. P. Sonett;
MSC, Jerry Modisette.
* Medium-Energy Solar Wind, Jet Propulsion Laboratory (JPL), C.
W. Snyder; JPL, M. M. Neugebauer.
* Suprathermal Ion Detection, Rice University, J. W. Freeman, Jr.;
MSC, F. C. Michel.
* Lunar Heat Flow Management, Columbia University, M. Langseth;
Yale University, S. Clark,
* Low-Energy Solar Wind, Rice University, B. J. O’Brien.
* Active Lunar Seismic Experiment, Stanford University, R. L.
Kovach; U.S. Geological Survey, J. S. Watkins.

By separate actions, Newell asked the Associate Administrator for Manned
Space Flight to approve the assignment of these experiments to the Apollo
Program and the Director of the Apollo Program was asked to assign the
experiments, part of the Apollo Lunar Surface Experiment Package, to the
missions indicated. MSC was authorized to use not in excess of $5.109
million to develop the experiments through flight-qualified prototype,
including provision for all necessary software for operational and support
purposes, as well as data analysis.

Ltr., Newell to MSC, Attn: Manager, Experiments Program Office, ** Authorization to Procure
Space Science and Applications Investigations for Apollo Lunar Missions,” Feb. 14, 1966.

NASA announced conversion of its contract with Grumman Aircraft
Engineering Corp. for development of the LEM to a cost-plus-incentive
agreement. Under the terms of the new four-year contract Grumman was to
deliver 15 flight articles, 10 test articles, and 2 mission simulators. The
change added 4 flight articles to the program. The contract provided
incentive for outstanding performance, cost control, and timely delivery as
well as potential profit reductions if performance, cost, and schedule
requirements were not met.

TWX, NASA Hq. 10 MSC, MSFC, Western Operations Office, KSC, Attn: Public Information
Officers, NASA Converts Apollo Contract to Cost-Plus-Incentive,” Feb. 15, 1966.
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The launch escape system is
mated to Apollo spacecraft 009
atop the Launch Complex 34
service tower at Cape Canaver-
al, in December 1965 prepara-
tions for the February 26, 1966,
AS-201 mission.

The LEM Configuration Control Panel approved Grumman'’s request for
government-furnished-equipment (North American Aviation-manu-
factured) optical alignment sights (OAS) for installation in the LEM.
A total of 21 OQAS units would be required (including 2 spares). Detailed
interface requirements between the OAS and LEM would be negotiated
between North American and Grumman and delivery dates would be
specified during negotiations.

Memo, Project Officer, LEM, MSC, to Project Officer, CSM, MSC, “PCCP SID-150-551 Optical
Alignment Sights for Use in LEM,” Feb. 25, 1966.

Apollo-Saturn 201 was launched from Cape Kennedy, with liftoff of an
Apollo Block I spacecraft (CSM009) on a Saturn IB launch vehicle at
11:12:01 EST. Launched from Launch Complex 34, the unmanned
suborbital mission was the first flight test of the Saturn IB and an Apollo
spacecraft. Total launch weight was 22 000 kilograms.

Spacecraft communications blackout lasted 1 minute 22 seconds. Reentry
was initiated with a space-fixed velocity of 29 000 kilometers per hour. CM
structure and heatshields performed adequately. The CM was recovered
from the Atlantic about 72 kilometers uprange from the planned landing
point. (Mission objectives are listed in Appendix 5.)

Missions Operations Div., MSC, ‘‘Postlaunch Report for Mission AS-201 (Apollo S/C 009),”
May 6, 1966.

Recent discussion between Axel Mattson of LaRCand Donald K. Slayton of
MSC concerning the possibility of astronauts’ using the Lunar Landing
Research Facility (LLRF) at Langley led to agreement that astronauts
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should fly the LLRF for a week before flying the MSC lunar landing training
vehicle. An evaluation of the proposal at MSC resulted in a letter from
Director Robert R. Gilruth to LaRC Director Floyd L. Thompson
indicating the desirability of using the LLRF and also the desirability of
some equipment modifications that would improve the vehicle with a
minimum effort. These included such items as LEM flight instruments,
hand controllers, panel modifications, and software changes. Also discussed
was the training benefit that could be realized if the facility were updated to
use a vehicle like the LEM so the pilots could become familiar with
problems of a standup restraint system, pressure suit and helmet interface
with the cockpit structure and window during landing operations, and
sensing and reacting to the dynamic cues of motion while standing up.

Ltr., Gilruth to Thompson, March 1, 1966.

ASPO Manager Joseph F. Shea informed Apollo Program Director Samuel
C. Phillips, in response to a January 28 TWX from Phillips, that MSC had
evaluated the capability to support a dual launch of AS-207,/208 provided
an immediate go-ahead could be given to the contractors. Shea said the
evaluation had covered mission planning, ground support equipment
(GSE), flight hardware, and operations support. Modifications and
additional GSE would be required to update Launch Complex 34 at Cape
Kennedy to support a Block IT CSM. The total cost of supporting the AS-
207/208 dual launch was estimated at $10.2 million for the GSE and
additional boiler plate CSM configuration, but Shea added that these costs
could be absorbed within the FY 1966 budget. Shea recommended that the
dual mission be incorporated into the program.

TWX, Shea 1o Phillips, ““Saturn IB Dual Launch,” March 1, 1966.

The 1/6-g simulator, developed at
the Manned Spacecraft Center, is
shown in action as a suited subject
crosses the “‘lunar landscape’ at
the Center in March 1966. The
simulator was designed to give
astronauts experience in the activ-
ities they would perform during
missions on the moon, with
gravity one-sixth earth'’s.
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Apollo Program Director Samuel C. Phillips, in a memo to the Director,
Office of Advanced Research and Technology, NASA Hq., pointed out that
in July 1965 the Apollo program encountered stress corrosion of titanium
tanks from nitrogen tetroxide propellant, and that through his auspices
Langley Research Center initiated a crash effort that had been a key factor
in solving the problem. Phillips said that Langley’s effort had been
vigorous, thorough, and of the highest professional calibre. An excellent
team relationship had been maintained with MSC, MSFC, KSC, vehicle
contractors, and tank subcontractors and LaRC personnel had given
dedicated and outstanding support. He cited that (1) within nine days from
go-ahead a test facility was constructed, equipped, and in operation; (2)
within one hour after the request from MSC, coupon tests were under way in
support of the Gemini VII flight; (3) glass bead peening was demonstrated as
a solution and many tanks were peened on a crash schedule for flightand test
use; and (4) coupon tests in direct support of AS-201 were instrumental in
providing confidence for proceeding with that flight.

Memo, Phillips to Director, Research Div., NASA OART, “Compatibility of Titanium
Propellant Tanks with Nitrogen Tetroxide,” March 7, 1966.

Apollo Program Director Samuel C. Phillips notified the three manned
space flight Centers that they were requested to plan for a dual AS-207,/208
mission, assuming that launch would occur one month later than the 207
launch now scheduled.

TWX, Phillips to MSC, MSFC, and KSC, “Saturn 1B Dual Launch,” March 8, 1966.

The first integrated test of the service propulsion system, electrical power
system, and cryogenic gas storage system was successfully conducted at the
White Sands Test Facility.

TWX, Samuel C. Phillips to Joseph F. Shea, “Block T CSM Delivery Dates,” March 14, 1966,
101,” March 10, 1966.

NASA Hgq. told MSC that delivery changes should be reflected in manned
space flight schedules as controlled milestone changes and referred
specifically to CSM 008—April 1966; CSMO0l11—April 15, 1966; and
CSM 007—March 31, 1966. Headquarters noted that the “NAA [North
American Aviation Inc.] contract delivery date remains 28 February 1966”
for each and that “every effort should be made to deliver these articles as
early as possible, since completion of each is constraining a launch or other
major activity.”

TWX, Samuel C. Phillips to Joseph F. Shea, “Block 1 CSM Delivery Dates,” March 14, 1966.

The Atlas-Agena target vehicle for the Gemini VIII mission was successfully
launched from KSC Launch Complex 14 at 10 a.m. EST March 16. The
Gemini VIII spacecraft was launched from Launch Complex 19 at 11:41
a.m., with command pilot Neil A. Armstrong and pilot David R. Scott
aboard. The spacecraft and its target vehicle rendezvoused and docked, with
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docking confirmed 6 hours 33 minutes after the spacecraft was launched.
About 27 minutes later the spacecraft-Agena combination encountered
unexpected roll and yaw motion. The crew reduced the rates sufficiently to
undock from the target and began troubleshooting to determine the cause of
the problem. The problem arose again and when the yaw and roll rates
became too high the crew activated and used both rings of the reentry con-
trol system to reduce the spacecraft rates to zero. This action required that
the mission be ended, and splashdown was scheduled for the western Pacif-
ic during the seventh revolution. The spacecraft landed at 10:23 p.m. EST
March 16 and Armstrong and Scott were picked up by the U.S.S. Mason at
1:37 a.m. EST March 17. Although the flight was cut short by the incident,
one of the primary objectives—rendezvous and docking (the first rendezvous
of two spacecraft in orbital flight)—was accomplished.
Memo, NASA Associate Administrator for Manned Space Flight to Administrator, “Gemini

VIII Mission, Post Launch Report No. 1, March 23, 1966 (Mission Operation Report M=913—
66-09).

NASA Administrator James E. Webb and Deputy Administrator Robert C.
Seamans, Jr., selected Bendix Systems Division, Bendix Corp., from among
three contractors for design, manufacture, test, and operational support of
four deliverable packages of the Apollo Lunar Surface Experiments
Package (ALSEP), with first delivery scheduled for July 1967. The estimated
cost of the cost-plus-incentive-fee contract negotiated with Bendix before
the presentation by the Source Evaluation Board to Webb and Seamans was
$17.3 million.

Memo, NASA Deputy Associate Administrator 1o Associate Administrator for Manned Space
Flight, “'Selection of Contractor for Phase D (Phase II) for Apollo Lunar Surface Experiments
Package,” March 17, 1966.

Apollo Program Director Samuel C. Phillips informed MSC Director
Robert R. Gilruth of specific NASA Hq. management assignments that had
been implemented in connection with the ALSEP program. He told Gilruth
he had asked Len Reiffel to serve as the primary focus of Headquarters on
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ALSEP and that he would be assisted by three members of the Lunar and
Planetary Program Office of the Office of Space Science and Applications:
W. T. O’Bryant, E. Davin, and R. Green.

Ltr., Phillips to Gilruth, March 16, 1966.

MSC analysis of Grumman ground support equipment (GSE) showed that
a serious problem in manufacturing and delivery of GSE would have a
significant program. impact if not corrected immediately. Information
submitted to NASA indicated a completion rate of 35 percent of that
planned. Grumman was requested to initiate action to identify causes of the
problem and take immediate remedial action. A formal recovery plan was to
be submitted to NASA, considering the following guidelines: (1) the plan
would take into account the interrelations of the LEM vehicle, site
activation, vehicle checkout, and GSE end-item manufacturing schedules;
(2) a priority system should be established by which “critical” equipment
would be identified, with all other equipment identified in either
“preferred” or “not essential” categories (“'critical”’ was defined as that
mission-essential or mission-support equipment without which the
successful completion of the vehicle test or launch would be impossible);
and (3) manufacturing schedules should be revised to emphasize completion
of all critical category equipment, including such means as two- or three-
shift operation or additional subcontracting, or both. Grumman was
required to initiate the recovery plan as soon as possible but not later than 30
days from receipt of the instructions, and progress reports were to be
submitted to NASA biweekly, starting two weeks from receipt of the TWX.

TWX, James L. Neal, MSC, to Grumman, Atin: J. C. Snedecker, "LEM GSE,”” March 16, 1966.

John D. Hodge, Chief of MSC’s Flight Control Division, proposed that
time-critical aborts in the event of a service propulsion system failure after
translunar injection (TLI; i.e., insertion on a trajectory toward the moon) be
investigated. Time-critical abort was defined as an abort occurring within 12
hours after TLI and requiring reentry in less than two days after the abort.

He suggested that if an SPS failed the service module be jettisoned for a
time-critical abort and both ILEM propulsion systems be used for earth
return, reducing the total time to return by approximately 60 hours. As an
example, if the time of abort was 10 hours after translunar injection, he said,
this method would require about 36 hours; if the SM were retained the
return time would require about 96 hours.

He added that the LEM/CM-only configuration should be studied for any
constraints that would preclude initiating this kind of time-critical abort.
Some of the factors to be considered should be: (1) maximum time the LEM
environmental control system could support two or three men on an earth
return; (2) maximum time the CM electrical system could support
minimum power-up condition; (3) time constraints on completely
powering down the CM and using the LLEM systems for support; (4) effects
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on planned landing areas from an open loop reentry mode; (5) stability of
the LEM/CM configuration during the descent and ascent propulsion
burns; (6) total time to return using the descent propulsion system only or
both the LEM’s descent propulsion system and ascent propulsion system;
and (7) communications with Manned Space Flight Network required to
support this abort.

Memo, Hodge to Technical Assistant for Apollo, MSC, "“Time critical translunar coast aborts
for SPS failure case,” March 17, 1966.

Apollo Program Director Samuel C. Phillips discussed cost problems of the
contract with General Motors’ AC Electronics Division, in a memo to NASA
Associate Administrator for Manned Space Flight George E. Mueller. One
of the problems was late design releases from Massachusetts Institute of
Technology to AC Electronics, resulting in an increase of $2.7 million.
Phillips also pointed out that computer problems at Raytheon Corp. had
increased the program cost by $6.7 million, added that many of these
problems had their origins in the MIT design, and listed seven of the most
significant technical problems. Phillips stated that MSC in conjunction
with AC Electronics had taken several positive steps: (1) to establish a
factory test method review board to review all procedures encompassing
fabrication of the computer in the manufacturing process; (2) to schedule
100-percent audit of all hardware in fabrication; and (3) to increase the AC
Electronics resident technical staff at the Raytheon plant.

Memo, Phillips to Mueller, ““Cost problems on AC Electronics Contract NAS 9-497 for G&N
Systems,”” March 28, 1966.

MSC requested use of Langley Research Center’s Lunar Orbitand Landing
Approach (LLOLA) Simulator in connection with two technical contracts in
progress with Geonautics, Inc.,, Washington, D.C. One was for pilotage
techniques for use in the descent and ascent phases of the LEM profile, while
the other specified construction of a binocular viewing device for simplified
pilotage monitoring. Langley concurred with the request and suggested
that MSC personnel work with Manuel J. Queijo in setting up the program,
in making working arrangements between the parties concerned, and in
defining the trajectories of interest.
Lirs., Director, MSC, to Director, LaRC, March 29, 1966, ‘‘Use of Lunar Orbit and Landing

Approach Simulator (ILOLA)"; Director, LaRC, to Paul E. Purser, April 29, 1966, *‘Proposed
pilotage study using interim LOLA simulator.”

NASA Deputy Administrator Robert C. Seamans, Jr., said he had been
reflecting on network coverage for Apollo, as a result of the Gemini VIII
experience. He recognized that Apollo had more weight-carrying ability
and stowage space than Gemini and that as a consequence live TV from the
spacecraft might be a good possibility. This coverage could allow for
extensive TV during travel to and from the moon as well as during lunar
landing, disembarkation, and lunar exploration. The TV equipment would
not be solely for news purposes but he felt ““all manner of demands will be
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placed upon us for continuous live coverage.” He requested a review at an
early date as to (1) the technical capability of planned equipment, (2)
preliminary plans for network coverage, and (3) possible modification of
Apollo equipment to provide greater capability for scientific, technical,
operational, and information coverage of the missions by camera and
television techniques.

Memo, Seamans to George Mueller, OMSF, and Julian Scheer, NASA Hgq., “Potential TV
Coverage on Apollo,” March 30, 1966.

A Space Science Office was established as an interim organizational element
of MSC’s Engineering and Development Directorate, pending development
of a permanent organization. The Office would report to the E&D Manager,
Experiments, and would be responsible for providing support technology
for manned space flight in environmental elements such as space radiation,
micrometeoroid flux, lunar surface conditions and planetary atmospheres.
It would also participate in making measurements and conducting
experiments with and from manned spacecraft. Robert O. Piland was
named Acting Manager of the Office.

Memo, Maxime A. Faget, MSC, to distr., “Establishment of a Space Science Office within
E&D,” March 31, 1966. ’

NASA OMSF prepared a position paper on NASA'’s estimated total cost of
the manned lunar landing program. Administrator James E. Webb
furnished the paper for the record of the FY 1967 Senate authorization
hearings and the same statement was given to the House Committee. The
paper was approved by Webb and George E. Mueller and placed the run-out
costs for the program at $22.718 billion.

MSF Staff Paper, “Statement on Cost of Manned Lunar Landing Program,” March 1966.

MSC sent proposed organizational changes to NASA Hq. for approval by
the Administrator. The two basic changes to be made were (1) establishment
of a Space Medicine Directorate and (2) establishment of a Space Science
Division within the Engineering and Development (E&D) Directorate. Both
proposals, it was pointed out to Associate Administrator for Manned Space
Flight George E. Mueller, had been discussed with him and other key
members of the Headquarters staff. The proposed Space Medicine
Directorate would combine the functions of the Chief of Center Medical
Programs and the Center Medical Office, along with biomedical research
functions currently performed in the Crew Systems Division of the E&D
Directorate. The Offices of Chief of Center Medical Programs and Center
Medical Office would be abolished by the change.

The Space Science Division had been discussed with NASA Associate
Administrator for Space Science and Applications Homer E. Newell and
would consolidate into a single organization several of the space science
activities of MSC, including those under the Assistant Chief for Space
Environment in Advanced Spacecraft Technology Division as well as the
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planned Lunar Sample Receiving Laboratory. The four basic functions of
the Division, reflecting the increased scientific program emphasis, would be
(1) interpretation of environmental data for spacecraft design and
operations criteria, (2) experiments, (3) obtaining lunar samples, and (4)
astronaut training.

In addition a name change was proposed for heads of the five major
operating elements of MSC, from “Assistant Director for’’ to “Director of ’;
e.g., from Assistant Director for Flight Operations to Director of Flight
Operations. This change was suggested to eliminate frequent and
continuing misunderstandings in dealing with persons outside the
organization who assumed that the ‘“Assistant Director for Flight
Operations,” etc., was the number two man in that organization, rather
than the number one.

Ltr., MSC Director Robert R. Gilruth to Mueller, “Changes in MSC Basic Organization,” April
4, 1966.

In response to an April 1 query from George E. Mueller, NASA OMSF,
asking, “Could GE or Boeing help on GAEC [Grumman Aircraft
Engineering Corp.] GSE?” Apollo Program Director Samuel C. Phillips
replied that on several occasions in the recent past he had made known to
both Center and industry representatives that a highly capable, quick-
response ground support equipment (GSE) organization had been built by
and through General Electric, which the Centers and other companies
should take advantage of whenever it could help with schedules or costs. He
also recalled that “in one of our last two meetings with Grumman’’ he had
reminded them of this capability and had suggested they consider it.

Notes, Mueller to Phillips, April 1, 1966; Phillips to Mueller, April 6, 1966.

In response to the March 30 memo from NASA Deputy Administrator
Robert C. Seamans, Jr., regarding potential uses of TV on Apollo, Associate
Administrator for Manned Space Flight George E. Mueller replied that . . .
we have been making a progressive review of the Apollo electronic systems.
Performance and application of the Apollo TV system are being looked at as
part of the review.”’ He added that he expected to be in position by mid-May
to discuss plans with Seamans in some detail.

Memo, Mueller to Seamans, ‘‘Potential TV Coverage on Apollo,” April 7, 1966.

Deputy Administrator Robert C. Seamans, Jr., received a letter from John S.
Foster, Jr., Director of Defense Research and Engineering, expressing
pleasure that the agreement between the Department of Defense and NASA
on extraterrestrial mapping, charting, and geodesy support had been
consummated. He was returning a copy of the agreement for the NASA files.

Ltr., Foster to Seamans, April 8, 1966.
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A Bellcomm, Inc., memo to Apollo Program Director Samuel C. Phillips
presented the status of the Apollo Block I spacesuit assembly. A modified
Gemini suit manufactured by the David Clark Manufacturing Co., the
overall assembly consisted of a constant-wear garment and a pressure
garment assembly. Crew members would also be provided with coveralls to
wear in a pressurized cabin as desired. The primary functional requirement
of the Block I suit was to provide environmental protection in a
depressurized CSM cabin. Therefore, it did not incorporate a thermal and
micrometeoroid-protection garment or the helmet visor assembly, which
were required for extravehicular operation. The memo listed seven major
modifications required to adapt the Gemini suit to make it acceptable for use
as an Apollo Block I item.
Memo, Bellcomm, Inc., to distr., “‘Status of Block I Space Suit Assembly (SSA) Development—

Case 330, sgd. T. A. Bottomley, Jr., April 12, 1966, with Bellcomm routing slip to Phillips
from J. Z. Menard, April 13, 1966.

MSC Director Robert R. Gilruth told Associate Administrator for Manned
Space Flight George E. Mueller he felt it was necessary either to proceed
with the Apollo Experiment Pallet program or to cancel the program,
reaching a decision not later than April 22. Gilruth pointed out that four
contracts had been initiated in December 1965 for Phase C of the program,
that the contracts were completed on April 6, that full-scale mockups had
been delivered, and that documentation with cost proposals were due April
22. The four contractors were McDonnell Aircraft, Martin-Denver,
Northrop, and Lockheed Aircraft-Sunnyvale. Gilruth said it was apparent
that all contractors had done an exceptionally good job during the Phase C
effort. Low cost had been emphasized in every phase of the program, with
contractors responding with a very economical device and at the same time a
straightforward design that offered every chance of early availability and
successful operation.

Of equal significance, he said, “the Pallet offers the opportunity to
minimize the interface with both North American and the Apollo program.
It provides a single interface to Apollo and NAA, allowing the multiple-
experiment interfaces to be handled by a contractor whose specific interest is
in experiments. If experiments are to be carried in the Service Module, the
Pallet both by concept and experience offers the most economical
approach.” Gilruth said the following plan had been developed: (1) April
22—receive documentation and cost proposals. (2) April 22-May 22—
evaluate four proposals and negotiate four acceptable contracts in the same
manner as for ALSEP. (3) May 23-24—Source Evaluation Board Review. (4)
May 25-June 1—Center and Headquarters Review. (5) June 1—date of cost
incurrence for selected contractor. Gilruth strongly recommended that the
pallet program be implemented as planned. On April 22, Mueller gave his
approval to proceed as planned. (See August 22.)

Ltrs., Gilruth to Mueller, April 15, 1966; Mueller to Gilruth, April 22, 1966.
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Spacecraft 007 and 011 were delivered to NASA by North American
Aviation. Spacecraft 007 was delivered to Houston to be used for water
impact and flotation tests in the Gulf of Mexico and in an environmental
tank at Ellington AFB. It contained all recovery systems required during
actual flight and the total configuration was that of a flight CM.

The CM of spacecraft 011 was similar to those in which astronauts would
ride in later flights and the SM contained support systems including
environmental control and fuel cell systems and the main service
propulsion system. Spacecraft 011 was scheduled to be launched during the
third quarter of 1966.

TWX, NAA Space and Information Systems Div. to MSC, April 18, 1966.

ASPO Manager Joseph F. Shea and members of his organization were
invited to attend the formal presentation by the Aeronutronic Division of
Philco Corp. on a “Study of Lunar Worm Planetary Roving Vehicle
Concept,” at LaRC on May 3. The exploratory study to determine the
feasibility of a bellows-concept mobile vehicle included a mobility and
traction analysis for several kinds of bellows motion and several soil
surfaces; analysis of both metallic and nonmetallic construction to provide
the bellows structure; brief design studies of the concept as applied to a
small unmanned vehicle, a supply vehicle, a small lunar shelter, a large
lunar shelter; and an overall evaluation of the suitability of the concept for
carrying out various missions as compared with other vehicles.
Ltr., Floyd L. Thompson, LaRC, to Shea, “Final Briefing, Contract NAS-1-5709, ‘Study of

Lunar Worm Planetary Roving Vehicle Concept,’ by the Aeronutronic Division of the Philco
Corp.,” April 18, 1966.

MSC announced the establishment of a Flight Experiment Board. The
Board would select and recommend to the Director space flight experiments
proposed from within the Center and judged by the Board to be in the best
interest of the Center and the NASA space flight program. MSC-originated
flight experiments were expected normally to be designated as one of two
general classifications: Type I—Medical, Space Science, Flight Operations
or Engineering that would yield new knowledge or improve the state of the
art; Type II—Operational, which would be required in direct support of
major manned flight programs such as Apollo.

Members appointed to the Board were George M. Low, chairman; Warren
Gillespie, Jr., executive secretary; Maxime A. Faget; Robert O. Piland;
Charles A. Berry; Christopher C. Kraft, Jr.; Donald K. Slayton; Kenneth S.
Kleinknecht; and Joseph N. Kotanchik. The Board would meet bimonthly
on the first Friday of every even month, with called meetings at the direction
of the chairman when necessary to expedite experiments.

MSC Announcement 66-47, MSC Flight Experiments Selection Board, April 21, 1966.
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NASA Office of Manned Space Flight policy for Design Certification
Reviews (DCRs) was defined for application to manned Apollo missions by
a NASA directive. The concept stressed was that design evaluation by NASA
management should begin with design reviews and inspections of
subsystems and culminate in a DCR before selected flights. Documentation
presented at DCRs were to reflect this sequence of progressive assessment of
subsystems.

Ltr., Samuel C. Phillips to R. A, Petrone, KSC; J. F. Shea, MSC; and E. F. O'Connor, MSFC:
“Program Directive No. 7—Apollo Design Certification Review,” April 22, 1966.

J. K. Holcomb, Director of Apollo Flight Operations, NASA OMSF,
reported to Apollo Program Director Samuel C. Phillips that the NASA
flight scoring system was considered satisfactory in its present form. NASA
Associate Administrator for Manned Space Flight George E. Mueller had
taken exception to including a statement of primary and secondary
objectives in the AS-202 Mission Rules Guidelines. The scoring system,
established by the Office of Program Reports, labeled each flight a success or
a failure in a report to the Administrator and Deputy Administrator and was
used in briefing Congress and the press. F lights were categorized only as
“successful” or “unsuccessful.” Criteria for judging success of a mission
were based on the statement of primary objectives in the Mission Operations
Report. If one primary objective was missed the flight was classified as
“unsuccessful.”

Memo, Holcomb to Phillips, “NASA Scoring System,” April 28, 1966.

MSC Director Robert R. Gilruth wrote George E. Mueller, NASA OMSF,
that plans were being completed for MSC in-house, full-scale parachute
tests at White Sands Missile Range (WSMR), N. Mex. The tests would be
part of the effort to develop a gliding parachute system suitable for land
landing with manned spacecraft. Tests were expected to begin in July 1966,
with about six tests a year for two or three years. Gilruth pointed out that
although full-scale tests were planned for WSMR it would not be possible to
find suitable terrain at that site, at Edwards Air Force Base, Calif., or at El
Centro, Calif., to determine operational and system requirements for land
landing in unplanned areas. Unplanned-area landing tests were cited as not
a major part of the program but a necessary part. He pointed out that the
U.S. Army Reservation at Fort Hood, Tex., was the only area which had the
required variety of landing obstacle sizes and concentrations suitable for the
unplanned-area tests. Scale-model tests had been made and would be
continued at Fort Hood without interference to training, and MSC had
completed a local agreement that would permit occasional use of the
reservation but required no fiscal reimbursement or administrative
responsibility by MSC. This action was in response to a letter from Mueller
July 8, 1965, directing that MSC give careful consideration to transfer of
parachute test activities to WSMR.

Ltr., Gilruth to Mueller, “Parachute landing test areas for MSC land landing development
tests,”” May 3, 1966.
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NASA Hg. requested the MSC Apollo Spacecraft Program Office to reassess
the spacecraft control weights and AV budget and prepare recommenda-
tions for the first lunar landing mission weight and performance budgets.
The ASPO spacecraft Weight Report for April indicated that the Block 11
CSM, when loaded for an 8.3-day mission, would exceed its control weights
by more than 180 kilograms and the projected value would exceed the
control weight by more than 630 kilograms. At the same time the LEM was
reported at 495 kilograms under its control weight. Credit for LEM weight
reduction had been attributed to Grumman’s Super Weight Improvement
Program.

Memo, Apollo Program Director to Manager, ASPO, “Lunar Landing Mission Weights and
Performance,” May 5, 1966.

Engine testing at the Arnold Engineering Development Center (AEDC) had
been the subject of discussions during recent months with representatives
from MSC, Apollo Program Quality and Test groups, AEDC, Air Force
Systems Command and ARO, Inc., participating. While AEDC had not
been able to implement formal NASA requirements, the situation had
improved and MSC was receiving acceptable data.

In a letter to ASPO Manager Joseph F. Shea, Apollo Program Director
Samuel C. Phillips said, ““. . . I do not think further pressure is in order.
However, in a separate letter to Lee Gossick, I have asked that he give his
personal attention to the strict adherence to test procedures, up-to-date
certification of instrumentation, and care and cleanliness in handling of test
hardware.”

Ltr., Phillips to Shea, May 5, 1966.

The Grumman-directed Apollo Mission Planning Task Force reported on
studies of abort sequences for translunar coast situations and the LEM
capability to supportan abort if the SM had to be jettisoned. The LEM could
be powered down in drifting flight except for five one-hour periods, and a
three-man crew could be supported for 57 hours 30 minutes. It was assumed
that all crewmen would be unsuited in the LEM or tunnel area and that the
LEM cabin air, circulated by cabin fans, would provide adequate
environment.

Grumman LEM Engineering Memo to distribution, “LLEM Consumable Capability for Abort
to Earth from Translunar Coast,” May 9, 1966.

MSC Deputy Director George M. Low recommended to Maxime A. Faget,
MSQC, that, in light of Air Force and Aerospace Corp. studies on space rescue,
MSC plans for a general study on space rescue be discontinued and a formal
request be made to OMSF to cancel the request for proposals, which had not
yvet been released. As an alternative, Low suggested that MSC should
cooperate with the Air Force to maximize gains from the USAF task on space
rescue requirements.

Memo, Low to Faget, ‘‘Space rescue,” May 11, 1966.
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A memo to KSC, MSC, and MSFC from the NASA Office of Manned Space
Flight reported that the NASA Project Designation Committee had
concurred in changes in Saturn/Apollo nomenclature recommended by
Robert (.. Seamans, Jr., George E. Mueller, and Julian Scheer:

* lunar excursion module to be called lunar module.
* Saturn IB to become the “uprated Saturn 1.”

The memo instructed that the new nomenclature be used in all future news
releases and announcements.

Memo, NASA Hq. to Center Public Affairs Officers, May 12, 1966.

George E. Mueller, NASA Associate Administrator for Manned Space
Flight, forwarded views and recommendations of the Interagency Commit-
tee on Back Contamination to MSC Director Robert R. Gilruth for
information and necessary action. The Committee had met at MSC to
discuss the status of the Lunar Receiving Laboratory (LRL) on April 13.

The committee agreed in general philosophy and preliminary specific detail
with the overall design plan, schedule, size containment provisions, and
functional areas of the LRL; it approved the plan to secure Baylor Medical
School or an equally qualified institution to head a development for the bio-
analysis protocol; it expressed its concern with the possibility of
uncontrolled outventing of CM atmosphere following splashdown; and it
recommended that MSC investigate alternate means of treatment and
isolation of Apollo space crews and associated physicians and technicians.
MSC replied on June 8 that the analytical work in the engineering and
biologic areas of the recommendations had been started and that the date for
review and evaluation of the studies would be June 27.

Lus.. Mucller 1o Gilruth, May 19, 1966; Gilruth 10 Mueller, June 8, 1966; ‘“‘Interagency
Committee on Back Contamination Views and Recommendations,” updated.

E. E. Christensen, NASA OMSF Director of Mission Operations, in a letter
to Christopher C. Kraft, Jr.,, MSC, said he was certain the problem of
potential mission abort was receiving considerable attention within the
Flight Operations Directorate. The resulting early development of related
mission rules should provide other mission activities with adequate
planning information for design, engineering, procedural, and training
decisions. Christensen requested that development of medical mission rules
be given emphasis in planning, to minimize the necessity for late
modification of spacecraft telemetry systems, on-board instrumentation,
ground-based data-processing schemes, and training schedules.

Lir., Christensen to Kraft, May 19, 1966.
As a result of a fire in the environmental control system (ECS) unit at

AiResearch Co., a concerted effort was under way to identify nonmetallic
materials as well as other potential fire problems. MSC told North American
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Aviation it appeared that at least some modifications would be required in
Block 1 spacecraft and that modifications could be considered only as
temporary expedients to correct conditions that could be more readily
resolved in the original design. MSC requested that North American
eliminate or restrict as far as possible combustible materials in the following
categories in the Block II spacecraft: (1) materials contained in sufficient
quantities to contribute materially to a fire once started, (2) materials present
in lengths which could propagate a flame front over 46 centimeters, (3)
materials used with the electrical system, and (4) materials that could be
ignited by a spark source. Additionally, North American Aviation was
requested to review, evaluate, and institute design measures to eliminate
other potential fire hazards, such as hydrogen leakage from batteries,
overheated lamps, and large areas of exposed fabric or foam.

TWX, C. L. Taylor, MSC, to North American Aviation, Aun: J. C. Cozad, May 19, 1966.

AS-500-F, the first full-scale Apollo Saturn V launch vehicle and spacecraft
combination, was rolled out from Kennedy Space Center’s Vehicle
Assembly Building to the launch pad, for use in verifying launch facilities,
training crews, and developing test procedures. The 111-meter, 227 000-kilo-
gram vehicle was moved by a diesel-powered steel-link-tread crawler-
transporter exactly five years after President John F. Kennedy asked the
United States to commit itself to a manned lunar landing within the decade.

Marshall Space Flight Center News Release 66-114; MSFC, Marshall Star, June 1, 1966.

The high and low bay areas of the Vehicle
Assembly Building at Kennedy Space Center
provided vast space for assembling the
Saturn launch vehicles and Apollo space-
craft. At right, the first full-scale Apollo-
Saturn V, AS-500-F, rolls out from the VAB
on the crawler-transporter May 25, 1966, five
years after President Kennedy set a goal of a
manned landing on the moon within the
decade.
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ASPO Manager Joseph F. Shea informed Rocco A. Petrone, KSC, that
structural problems in the CSM fuel and oxidizer tanks required standpipe
modifications and that they were mandatory for Block I and Block II
spacecraft. Retrofit was to be effective on CSM 011 at KSC and other vehicles
at North American’s plant in Downey, Calif.

TWX, Shea to Petrone, May 27, 1966.

Apollo Program Director Samuel C. Phillips asked NASA Procurement
Director George J. Vecchietti to help ensure there would be no gap in the
Philco Corp. Aeronutronic Division’s development of penetrometers to
assess the lunar surface. Originally the penetrometers were to be deployed
from a lunar survey probe, but the Apollo Program Office had concluded
that they should be further developed on an urgent basis for possible
deployment from the LEM just before the first lunar landing. Phillips
sought to prevent development gaps that could critically delay the landing
program.

Memo, Phillips to Vecchietti, “Lunar Penetrometer Development,” June 1, 1966.

Surveyor I, launched May 30 from Cape Kennedy on an Atlas-Centaur,
softlanded on the moon in the Ocean of Storms and began transmitting the
first of more than 10000 clear, detailed television pictures to Jet Propulsion
Laboratory’s Deep Space Facility, Goldstone, Calif. The landing sequence
began 3200 kilometers above the moon with the spacecraft traveling at a
speed of 9700 kilometers per hour. The spacecraft was successfully slowed to
5.6 kilometers per hour by the time it reached 4-meter altitude and then free-
fell to the surface at 13 kilometers per hour. The landing was so precise that
the three footpads touched the surface within 19 milliseconds of each other,
and it confirmed that the lunar surface could support the LM. It was the first
U.S. attempt to softland on the moon.

Astronautics and Aeronautics, 1966 (NASA SP-4007, 1967), pp. 203-204.

MSC top management had agreed with Headquarters on early Center
participation in discussions of scientific experiments for manned flights,
Deputy Director George M. Low informed MSC Experiments Program
Manager Robert O. Piland. NASA Associate Administrator for Space
Science and Applications Homer E. Newell had asked, during a recent
OSSA Senior Council meeting at MSC, that the Center and astronauts
comment on technical and operational feasibility of experiments before
OSSA divisions and subcommittees acted on proposals. Low and Director
Robert R. Gilruth had agreed. Because of manpower requirements MSC
refused a request to be represented on all the subcommittees, but MSC would
send representatives to all meetings devoted primarily to manned flight
experiments and would contribute to other meetings by phone.

Memo, Low to Piland, “‘Feasibility review of manned space science experiments,” June 2, 1966,
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Headquarters informed MSC that MSFC had been assigned development
responsibility for the S027 X-ray Astronomy experiment for integration
with the Saturn S~-IVB/instrument unit. Should development be found not
feasible, a modified version of the equipment was planned. MSC was
requested to study (1) the practicality of modifying the equipment to
perform the scientific objectives and (2) the feasibility of integrating the
modified experiment hardware in a Block II SM on an early Apollo
Applications flight. Study results were requested no later than July 1, 1966,
including cost, schedule, and technical data.

Ltr., John H. Disher, NASA Hq., to George M. Low, MSC, June 2, 1966.

In response to a query on needs for or objections to an Apollo spacecraft TV
system, MSC Assistant Director for Flight Crew Operations Donald K.
Slayton informed the Flight Control Division that FCOD had no
operational requirements for a TV capability in either the Block I or the
Block II CSM or LM. He added that his Directorate would object to
interference caused by checkout, crew training, and inflight time require-
ments.

Memo, Slayton to Chief, Flight Control Div., MSC, “‘Apollo Spacecraft Television System,”
June 6, 1966.

A series of actions on the LM rendezvous sensor was summarized in a memo
to the MSC Apollo Procurement Branch. A competition between LM
rendezvous radar and the optical tracker had been initiated in January 1966
after discussion by ASPO Manager Joseph F. Shea, NASA Associate
Administrator for Manned Space Flight George E. Mueller, and MSC
Guidance and Control Division Chief Robert C. Duncan. On May 13, RCA
and Hughes Aircraft Co. made presentations on the rendezvous radar
optical tracker. The NASA board that heard the presentations met for two
days to evaluate the two programs and presented the following conclusions:
(1) both sensors could meet the difficult environmental requirements of the
lunar mission with near specification performance, (2) the tracker had
several possible specification deviations, (3) optical production training
represented a difficult schedule problem at Hughes, and (4) either sensor
could be produced in time to meet LM and program schedules.

The board’s evaluation, an analytical presentation by Donald Cheatham, a
weight-and-power comparison by R. W. Williams, and a cost presentation
by the two contractors were given MSC management May 19. Management
recommended that RCA’s radar be continued as the main effort and that a
backup optical tracker program be continued by Hughes on a greatly
reduced level. The recommendations were made to Apollo Program
Director Samuel C. Phillips and NASA Associate Administrator George E.
Mueller at KSC on May 25. Phillips and Mueller concurred but stipulated
that the optical tracker program was to be completed on a fixed-price basis
and that MSC would qualify the optical tracker using the facilities of the
MSC laboratories. Mueller expressed concern about developmental
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difficulties and possible production problems in the radar program. RCA
representatives visited MSC May 27 and reviewed all developmental
difficulties and their potential effect on production.

Memo, Robert C. Duncan, MSC, to Henry P. Yschek, MSC, “LLEM Rendezvous Sensor
Evaluauon,” June 7, 1966.

MSC informed the NASA Associate Administrator for Manned Space Flight
that it had established a Lunar Receiving Laboratory Program Office with
Joseph V. Piland as Program Manager. The office included the functions of
program control, procurement, requirements, engineering, and construc-
tion.

Lir., MSC Director Robert R. Gilruth to George E. Mueller, NASA OMSF, June 9, 1966.

The MSC Flight Experiments Selection Board reviewed and endorsed three
proposals for analysis of lunar samples and forwarded them to NASA Hgq.
for consideration. Titles of the proposals and principal investigators were:

1. Cataloging and Preliminary Examination of Lunar Samples—E. A.
King, MSC

2. Study of Alpha Particle Activity of Returned Lunar Samples—K. A.
Richardson, MSC

3. Analysis of Lunar Sample Effluent Gases for Organic Compo-
nents—G. G. Meisells, University of Houston, and D. A. Flory, MSC.

Lurs,, MSC Director to NASA Hq., Aun: Homer E. Newell, *'Proposals for analysis of lunar
samples,” June 16, 1966.

Joseph N. Kotanchik, MSC, told H. E. McCoy of KSC that his April 4 letter
discussing problems and solutions in packing parachutes at KSC by
Northrop-Ventura Co. had been studied. To effect economies in the
program and move forward delivery of a complete spacecraft to KSC, the
upper-deck buildup would be done at North American Aviation’s plant in
Downey, Calif., and therefore parachutes would be packed at Northrop-
Ventura beginning with spacecraft 017. Kotanchik requested KSC to
support the parachute packing at Northrup-Ventura by assigning two
experienced inspectors for the period required (estimated at two to four
weeks for each spacecraft).

Ltr., Kotanchik to McCoy, “’Apollo Spacecraft parachute packing,” June 16, 1966.

A memorandum for the file, prepared by J. S. Dudek of Bellcomm, Inc.,
proposed a two-burn deboost technique that required establishing an initial
lunar parking orbit and, after a coast phase, performing an added plane
change to attain the final lunar parking orbit. The two-burn deboost
technique would make a much larger lunar area accessible than that
provided by the existing Apollo mission profile, which used a single burn to
place the CSM and LM directly in a circular lunar parking orbit over the
landing site and would permit accessibility to only a bow-tie shaped area
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approximately centered about the lunar equator. On August 1, the memo
was forwarded to Apollo Program Director Samuel C. Phillips, stating that
the trajectory modification would increase the accessible lunar area about
threefold. The note to Phillips from R. L. Wagner stated that discussions
had been held with MSC and itappeared that the flight programs as planned
at the time could handle the modified mission.

Memo for file, Bellcomm, Inc., ““A Generalized Two Burn Deboost Technique which Increases

Apollo Lunar Accessibility—Case 310,” June 23, 1966; note, Wagner to Phillips, “Working
Note,”” Aug. 1, 1966.

Grumman LM thermodynamics studies showed the LM thermal shield
would have to be modified because fire-in-the-hole pressures and tempera-
tures had increased. Portions of the .M descent stage would be redesigned,
but modification of the descent stage blast deflector was unlikely.

Apollo Spacecraft Program Quarterly Report No. 16, for Period Ending June 30, 1966.

Crew procedures in the LM during lunar stay were reported completed and
documented for presentation to NASA Hq. personnel.

Apollo Spacecraft Program Quarterly Status Report No. 16, for Period Ending June 30, 1966.

Melvyn Savage, Apollo Test Director in NASA Hq., was named to head the
Apollo Applications Program Test Directorate. LeRoy E. Day was named to
replace Savage in Apollo.

Note, John H. Disher, NASA OMSF, to Monte Wright, NASA History Office, *Comments on
Volume IV—The Apollo Spacecraft, Draft Copy,” May 21, 1975.

The Quarterly Program Review was held at Grumman by NASA Associate
Administrator for Manned Space Flight George E. Mueller and Apollo
Program Director Samuel C. Phillips. Attendees included MSC’s Robert R.
Gilruth, Joseph F. Shea, and William A. Lee. The meeting focuséd on
excessive costs experienced by Grummman and Grumman President L. J.
Evans’s announcement of the immediate establishment of a Program
Control Office with a subcontract manager reporting directly to Vice
President Joseph Gavin. Hugh McCullough was appointed to head the
Program Control Office.

The next week Evans made the following appointments: Robert Mullaney
was relieved as Program Manager and appointed Assistant to Senior Vice
President George F. Titterton; William Rathke was relieved as Engineering
Manager and named Program Manager; Thomas Kelly was promoted from
Assistant Engineering Manager to Engineering Manager; and Brian Evans
was relieved as corporate Director of Quality Assurance and appointed LEM
Subcontract Manager, reporting to Gavin.

Memos, Frank X. Battersby to Chief, Apollo Procurement Br., Procurement and Contracts Div.,
MSC, “Weekly Activity Report, BMR Bethpage, Week Ending July 1, 1966, July 6, 1966; and
“Weekly Activity Report, BMR Bethpage, Week Ending July 8, 1966, July 12, 1966.
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Director of Flight Operations Christopher C. Kraft, Jr., said that MSC had
been directed by NASA OMSF to outline technical problems and both cost
and schedule impact of adding three backup Apollo missions to the planned
flight schedule. The missions to be evaluated would be AS-207/208 or AS-
206/207; AS-503D; and AS-503F. Each of these missions would provide
alternate means of obtaining primary program objectives in the event of
flight contingencies during tests or of major schedule adjustments. They
had been constructed using as much of the primary mission characteristics
as possible. The goal was to be able to switch from a primary to a backup
mission within three or four months before a launch without any schedule
slip. Kraft pointed out that it was unlikely that additional funds would be
available to cover the additional work and that it was important to
determine areas in the primary mission plan that would suffer from either
dilution or deletion should a decision be made to make these missions a part
of the test development program. Recognizing that a number of man-weeks
of effort would be required for adequate evaluation, Kraft requested that any
impact determined from inclusion of the flights in the test program be made
available at MSC for coordination and presentation to Apollo Program
Director by July 15.

Memo, Kraft to distr., “Evaluation of the technical problems, cost and schedule impact of
adding Apollo backup missions to the flight test programs,” July 1, 1966.

AS-203 lifted oft from Launch Complex 37, Eastern Test Range, at 10:53
a.m. EDT in the second of three Apollo-Saturn missions scheduled before
manned flight in the Apollo program. All objectives—to acquire flight data
on the S-1VB stage and instrument unit—were achieved.

The uprated Saturn I—consisting of an S-IB stage, S-IVB stage, and an
instrument unit—boosted an unmanned payload into an original orbit of
185 by 189 kilometers. The inboard engine cutoff of the first stage occurred
after 2 minutes 18 seconds of flight and the outboard engine cutoff was 4
seconds later. The S-IVB engine burned 4 minutes 50 seconds. No recovery
was planned and the payload was expected to enter the earth’s atmosphere
after about four days.

Astronautics and Aeronautics, 1966, (NASA SP-4007, 1967), p. 233; memos, Mission Director

for Apollo-Saturn 203, “AS-203 Mission Director’s Post Mission Report,” undated; Associate

Administrator for Manned Space Flight to Administrator, *Apollo-Saturn Flight Mission
AS-203, Post Launch Report No. 1" (Mission Operation Report M-932-66-02), July 15, 1966.

NASA requested assignment of three additional sanitary engineers from the
Public Health Service. Pointing out that one sanitary engineer had been on
detail to NASA since 1964 and that his effort had been directed primarily to
the control of outbound contamination, NASA said this problem and that of
back contamination had reached proportions that required a more
intensified effort. NASA would reimburse the Public Health Service under
contract.

Ltr., Deputy Administrator Robert C. Seamans, Jr., to Williarn Stewart, Public Health Service,
July 5, 1966.
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North American Aviation informed Grumman that it was closing out its
office at Grumman’s Bethpage, N.Y., plant at the close of business on July 8.
If study found that reestablishment of a Space and Information Division
resident representative at Bethpage was in the best interest of the program,
North American Aviation would comply.

TWX, North American Aviation, Space and Information Systems Div., Downey, Calil., to
Grumman, Bethpage, N.Y., July 6, 1966.

Homer E. Newell, NASA Associate Administrator for Space Science and
Applications, told George E. Mueller, NASA Associate Administrator for
Manned Space Flight, that ““the highest scientific priority for the Apollo
mission is for return to earth of lunar surface material.”” He added that the
material would have a higher scientific value for geologists if the location
and attitude of each sample were carefully noted and for the biologists if
collected in an aseptic manner. He suggested the following sequence:

1. Collect an assortment of easily obtainable samples of any surface
material at the landing site. The grab samples would be placed in the LM for
easy packaging preparatory to return to earth for analysis if the planned stay
time on the lunar surface was cut short.

2. Deploy the ALSEP.

3. Perform the lunar geological equipment experiment, which was a
detailed geological and biological traverse by an astronaut. During this
traverse both representative and unusual rocks or formations should be
photographed and sampled.

Ltr., Newell to Mueller, “Apollo Lunar Surface Scientific Operational Procedure,” July 6,
1966.

In reply to a letter from Grumman, MSC concurred with the recommenda-
tion that a 135-centimeter lunar surface probe be provided on each landing-
leg footpad and that the engine cutoff logic retain its basic manual mode.
MSC did not concur with the Grumman recommendation to incorporate
the automatic engine cutoff logic in the LM design. MSC believed that the
planned descent-stage engine’s manual cutoff landing mode was adequate
to accomplish lunar touchdown and had decided that the probe-actuated
cutoff capability should not be included in the LM design.

TWX, James L. Neal, MSC, to Grumman, Aun: R. 8. Mullaney, “LM Lunar Touchdown,
Logic,” July 11, 1966.

MSC Director of Flight Crew Operations Donald K. Slayton and Director of
Flight Operations Christopher C. Kraft, Jr., told ASPO Manager Joseph F.
Shea: ““‘A comprehensive examination of the Apollo missions leading to the
lunar landing indicates that there is a considerable discontinuity between
missions AS-205 and AS-207/208. Both missions AS-204 and AS-205 are
essentially long duration system validation flights. AS-207/208 is the first of
a series of very complicated missions. A valid operational requirement exists
to include an optical equal-period rendezvous on AS-205. The rendezvous
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would be similar to the one initially planned for the Gemini VII flight
using, in this case, the S-IVB as the target vehicle.” The maneuver would
give the crew an opportunity to examine the control dynamics, visibility,
and piloting techniques required to perform the basic AS-207/208 mission.

Memo, Slayton and Kraft to Shea, “Equal-Period Rendezvous for AS-205,” July 18, 1966.

MSC Director Robert R. Gilruth informed MSFC Director Wernher von
Braun that for the past two years MSC had studied the use of the mapping
and survey system (M&SS) in conjunction with the Apollo program. The
system objective would be lunar mappingand landing site certification, and
management responsibility was assigned to the MSC Experiments Program
Office. System parameters had been established and a decision made to
configure the M&SS hardware and supporting systems in a cylindrical
container. The container—a ‘‘payload module”—would be carried in the
spacecraft-L.M adapter in place of the LM during the boost phase of flight.
The payload module would have docking capability with the CSM like the
LM’s and, in the docked mode, would map and survey the moon in a
programmed lunar orbit.

The M&SS experiment had already been funded by NASA OMSF and would
support five possible flights beginning with AS-504. Gilruth forwarded a
statement of work and requested MSFC to study it and furnish MSC a cost
estimate, technical proposal, and management plan by July 29.

Ltr., Gilruth to von Braun, July 20, 1966.

NASA Deputy Administrator Robert C. Seamans, Jr., told the Associate
Administrators that it was NASA’s fundamental policy that projects and
programs were best planned and executed when responsibilities were clearly
assigned to a management group. He then assigned full responsibility for
Apollo and Apollo Applications missions to the Office of Manned Space
Flight. OMSF would fund approved integral experiment hardware, provide
the required Apollo and Saturn systems, integrate the experiments with
those systems, and plan and execute the missions. Specific responsibility for
developing and testing individual experiments would be assigned on the
basis of experiment complexity, integration requirements, and relation to
the prime mission objectives, by the Office of Administrator after receiving
recommendations from Associate Administrators.

The Office of Space Science and Applications (OSSA) would be responsible
for selecting scientific experiments for manned missions and the experimen-
ter teams for data reduction, data analysis, and dissemination. OSSA would
provide to OMSF complete scientific requirements for each experiment
selected for flight.

The Office of Advanced Research and Technology (OART) was assigned the
overall responsibility for the technology content of the NASA space flight
program and for selecting technology experiments for manned missions.
OART would provide OMSF complete technology requirements for each
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experiment selected for flight. When appropriate, scientific and technical
personnel would be located in OMSF to provide a working interface with
experimenters. The office responsible for each experiment would determine
the tracking and acquisition requirements for each experiment; then OMSF
would integrate the requirements for all experiments and forward the total
requirements to the Office of Tracking and Data Acquisition.

Seamans also spelled out Center responsibilities for manned space flight
missions: MSFC, Apollo telescope mount; MSC, Apollo lunar surface
experiment package (ALSEP), lunar science experiments, earth resources
experiments, and life support systems; and Goddard Space Flight Center,
atmospheric science, meteorology, and astronomical science experiments.

Memo, Seamans to distr,, ‘“Management Responsibilities for Future Manned Flight
Activities,” July 26, 1966.

NASA Hgq. authorized MSC to proceed with opening bids on August 1 for
Phase I construction of the Lunar Receiving Laboratory. MSC was
requested to announce the name of the contractor selected for final
negotiations for Phase II construction, before opening bids for Phase I
construction.

TWX, NASA Hgq. to MSC, “Lunar Receiving Laboratory,” July 28, 1966.

In response to a request from Apollo Program Director Samuel C. Phillips,
Bellcomm, Inc., prepared a memorandum on the major concerns resulting
from its review of the AC Electronics report on the Apollo Computer Design
Review. In a transmittal note to Phillips, I. M. Ross said, ‘“We have
discussed these items with MSC. It is possible, however, that [Robert]
Duncan and [Joseph] Shea have not been made aware of these problems.”
The Bellcomm memorandum for file, prepared by J. J. Rocchio, reported
that in late February 1966 MSC had authorized AC Electronics Division
(ACED) to initiate a complete design review of the Apollo guidance
computer to ensure adequate performance during the lunar landing
mission. A June 8 ACED report presented findings and included
Massachusetts Institute of Technology comments on the findings. In
addition to recommending a number of specific design changes, the report
identified a number of areas which warranted further review. MSC
authorized ACED to perform necessary additional reviews to eliminate all
indeterminate design analyses and to resolve any discrepancies between the
ACED and MIT positions. At the time Bellcomm prepared the memo many
of the problem areas had been or were in process of being satisfactorily
resolved. However, several still remained: (1) MSC had not had the
opportunity to review an approved version of the final test method for the
Block II/I.M computer and as a result there was no official acceptance test
for computers at that point, although the first of the flight-worthy
computers had left the factory and the second was in final test at the factory.
(2) The Design Review Report classified the timing margin of the Block II
computer as indeterminate, since the team was unable to make a detailed
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timing analysis in the allotted time. (3) Both Block I and Block II Apollo
guidance computer programs had experienced serious problems with parts
qualification and with obtaining semiconductor devices which could pass
the flight processing specifications. (4) The lack of adequate documentation
to support the Block II computer and its design was cited “‘as perhaps the
most significant fault uncovered” by the design review team.

Bellcomm, Inc., Memo for File, “Apollo Block 1I/LM Guidance Computer—Case 330, sgd.
J. J. Rocchio, July 29, 1966, note, Ross to Phillips, July 29, 1966.

NASA Associate Administrator for Manned Space Flight George E. Mueller
informed MSC Director Robert R. Gilruth that the MSC Procurement Plan
for procurement of three lunar landing training vehicles and the proposed
flight test program was approved.

Lir, Mueller to Gilruth, Aug. 1, 1966.

NASA signed a supplemental agreement with Chrysler Corp.’s Space
Division at New Orleans, La., converting the uprated Saturn I first-stage
production contract from cost-plus-fixed-fee to cost-plus-incentive-fee.
Under the agreement, valued at $339 million, the amount of the contractor’s
fee would be based on ability to perform assigned tasks satisfactorily and
meet prescribed costs and schedules. The contract called for Chrysler to
manufacture, assemble and test 12 uprated Saturn I first stages and provide
system engineering, integration support, ground support equipment, and
launch services.

NASA News Release 66-201, “Agreement with Chrysler Converts Saturn I Contract to
Incentive-Type,” Aug. 1, 1966.

The architect-engineer of the Lunar Receiving Laboratory, Smith,
Hinchman & Grylls, proposed using a much darker tint in the exterior
windows of the LRL than used in other buildings at MSC. J. G. Griffith,
Chtef of the Engineering Office, inspected samples of the glass and reported:

a. when the building is viewed from the exterior, the windows might
seem slightly darker than others at MSC.

b. the ability of personnel inside to see through the glass was not
restricted but brightness was considerably reduced.

c. heat transfer through the glass would be reduced by about 40 percent
from glass used in other windows at MSC.

Memo, Program Manager, LRL, to Deputy Director, MSC, “‘Exterior windows of the Lunar
Receiving Laboratory,” Aug. 3, 1966.

MSC requested LaRC to study the visibility of the S-IVB/SLA combination
from the left-hand couch in the command module with the couch in the
docked position. (Two positions could be attained, one of them a docking
and rendezvous position that moved the seat into a better viewing area from
the left-hand window.) LM and CM mockups were already at Langley from
the CM-active moving-base docking simulation conducted May-July 1965.
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The request was initiated because the flight crew had to rely on an out-the-
window reference of the S-IVB/SLA to verify separation of the LM/CSM
combination from the S-IVB/SLA. The question arose as to whether the
out-the-window reference was sufficient or whether an electromechanical
device with a panel readout in the CM was required to verify separation.

Lutr., Director, MSC, to LaRC, Attn: Floyd L. Thompson, Director. "*Apollo visibility study,”
Aug. 3, 1966.

NASA modified its contract with IBM to provide for work to be performed
under a multiple-incentive arrangement covering cost, performance,
schedule and equipment management. It also ordered the Real Time
Computer Complex (RTCC) at MSC to be converted to IBM System
computers, which would increase the operational capability for Apollo.
The contract with IBM’s Federal Systems Division, Gaithersburg, Md.,
provided the computing capability required for mission monitoring,
inflight mission planning and simulation activities.

NASA News Release 66-205, “Apollo Complex to Be Converted in IBM Contract,” Aug. 3,
1966.

Maxime A. Faget, MSC, informed Center Director Robert R. Gilruth there
was a continuing effort on lightweight, energy-absorbing, and stowable net
couches, and development had been redirected to a nonelastic fabric net
couch system attached to existing Apollo attenuation struts. North
American Aviation had previously been given the task of investigating the
use of net couches on Apollo. Results of that investigation indicated the
spacecraft attenuation-strut-vehicle attachments would be overloaded when
using net couches. The North American Aviation investigators made their
calculations by assuming no-man attenuation in the lateral and longitudi-
nal force directions. Those calculations were recomputed using the design
criteria and proper loadings and the results indicated no overloading when
using net couches. MSC’s Advanced Spacecraft Technology Division had
reviewed and approved the efforts, permitting use of the net couches on
Apollo and Apollo Applications missions.

Memo, Faget to Gilruth, “Net couches for Apollo or Apollo Applications Missions,”” Aug. 5.
1966.

MSC requested Ames Research Center to conduct a manual control
simulation of the Saturn V upper stages with displays identical to those
planned in the spacecraft. On August 5, Brent Creer and Gordon Hardy of
Ames had met with representatives from ASPQO, Guidance and Control
Division, and Flight Crew Operations Directorate to discuss implementa-
tion of a modified Ames simulation which would determine feasibility of
manual control from first stage burnout, using existing spacecraft displays
and control interfaces. Simulations at Ames in 1965 had indicated that the
Saturn V could be manually flown into orbit within dispersions of 914
meters in altitude, and 0.1 degree in flight path angle.
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Ames responded on August 24 that setting up the flight simulator had been
initiated and that the project was proceeding according to a schedule
arranged by Warren J. North of MSC and Creer.

Memo, Chief, Flight Crew Support Div,, “Saturn V. Manual Conurol,” Aug. 8, 1966; ltrs.,
Robert R. Gilruth, Director MSC, to H. Julian Allen, Director, Ames Research Center, Aug. 8,
1966; Allen to Gilruth, Aug. 24, 1966.

MSC worked out a program with LaRC for use of the Lunar Landing
Research Facility (LLRF) for preflight transition for LM flight crews before
free-flight training in the lunar landing training vehicle. LM hardware sent
to Langley to be used as training aids included two flight director attitude
indicators, an attitude controller assembly, a thrust-translation controller
assembly, and an altitude-rate meter.

Memo, George C. Franklin, MSC, to W. A. Lee, MSC, “"Status of Lunar Module hardware for
Langley Research Center Lunar Landing Research Facility (LaRC LLRF),” Aug. 9, 1966.

Lunar Orbuter I was launched from Cape Kennedy Launch Complex 13 at
3:26 p.m. EDT August 10 to photograph possible Apollo landing sites from
lunar orbit. The Atlas-Agena D launch vehicle injected the spacecraft into
its planned 90-hour trajectory to the moon. A midcourse correction maneu-
ver was made at 8 p.m. the next day; a planned second midcourse maneuver
was not necessary. A faultless deboost maneuver on August 14 achieved the
desired initial elliptic orbit around the moon, and one week later the space-
craft was commanded to make a transfer maneuver to place itin a final close-
in elliptic orbit of the moon.

During the spacecraft’s stay in the final close-in orbit, the gravitational
fields of the earth and the moon were expected to influence the orbital
elements. The influence was verified by spacecraft tracking data, which
showed that the perilune altitude varied with time. From an initial perilune
altitude of 58 kilometers, the perilune decreased to 49 kilometers. At this
time an orbit adjustment maneuver began an increase in the altitude, which
was expected to reach a maximum after three months and then begin to
decrease again. The spacecraft was expected to impact on the lunar surface
about six months after the orbit adjustment.

During the photo-acquisition phase of the flight, August 18 to 29, Lunar
Orbiter I photographed the 9 selected primary potential Apollo landing
sites, including the one in which Surveyor I landed; 7 other potential Apollo
landing sites; the east limb of the moon; and 11 areas on the far side of the
moon. Lunar Orbiter I also took photos of the earth, giving man the first
view of the earth from the vicinity of the moon (this particular view has been
widely publicized). A total of 207 frames (sets of medium- and high-
resolution pictures) were taken, 38 while the spacecraft was in initial orbit,
the remainder while it was in the final close-in orbit. Lunar Orbiter 1
achieved its mission objectives, and, with the exception of the high-
resolution camera, the performance of the photo subsystem and other
spacecraft subsystems was outstanding. At the completion of the photo
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readouts, the spacecraft had responded to about 5000 discrete commands
from the earth and had made about 700 maneuvers.

Photographs obtained during the mission were assessed and screened by
representatives of the Lunar Orbiter Project Office, U.S. Geological Survey,
DOD mapping agencies, MSC, and Jet Propulsion Laboratory.

Memo, NASA Associate Administrator for Space Science and Applications to Administrator,

““Lunar Orbiter I Post Launch Report,” Oct. 20, 1966 (Mission Operation Report S-814-66-01,
Oct. 19, 1966).

MSC suggested that Grumman Aircraft Engineering Corp. redesign the
injector for the Bell Aerospace Co. ascent engine as a backup immediately.
The Center was aware of costs, but the seriousness of the injector fabrication
problem and the impact resulting from not having a backup was felt to be
justification for the decision.

TWX, MSC to Grumman, Aug. 11, 1966.

The mockup of LM test model No. 3 (TM-3) was shipped by Super Guppy
aircraft to Cape Kennedy, on the first trip of the Super Guppy from
Grumman, Bethpage, N.Y.

Memo, Frank X. Battersby to Chief, Apollo Procurement Br., Procurement and Contracts Div.,
MSC, “Weekly Activity Report, BMR Bethpage, Week Ending August 19, 1966, Aug. 24, 1966.

Five F-1 rocket engines, above, are
installed in the massive first flight S-I1C
stage of the Saturn V launch vehicle at
NASA’s Michoud Operations plant in
New Orleans. Atright, an F-1 engine is
tested in the NASA High Thrust Test
Area, Edwards, California. The rockets
were developed under Marshall Space
Flight Center direction by Rocketdyne
Division of North American. Rocket-
dyne photos.
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In a letter to the President of Westinghouse Electric Corp., George M. Low,
Acting Director of MSC, expressed his concern about the lunar television
camera program. Low pointed out that Westinghouse had been awarded the
contract by MSC in October 1964, that delivery of the cameras was to be
made over a 15-month period, and that the total value of the original cost-
plus-fixed-fee contract was $2 296 249 including a fee of $150 300. The cost
reports required by the contract (at the time of Low’s letter) showed that
Westinghouse estimated the cost to complete at $7 927 000 and estimated the
hardware delivery date as January 31, 1967. Low pointed out that the
proposal letter from Westinghouse in May 1964 stated that “‘the Aerospace
Division considers the Lunar Television Camera to represent a goal
culminating years of concentrated effort directed toward definition, design,
and verification of critical elements of this most important program.
Accordingly, the management assures NASA Manned Spacecraft Center
that the program will be executed with nothing less than top priority
application of all personnel, facilities, and management resources.”” Low
said that despite these assurances the overrun and schedule slippages
indicated a lack of adequate program management at all levels and a general
lack of initiative in taking corrective actions to solve problems encountered.

Westinghouse replied to Low on September 1 that it, too, was disappointed
“when technology will not permit a research and development program
such as this to be completed within its original cost and schedule
objectives.” The reply stated ‘“Our people have taken every precaution—
gone to the extreme, perhaps, in its impact on cost and schedule—to achieve
the required mission reliability. . . .”” The letter concluded by expressing
pleasure in the harmony that had existed between Westinghouse and MSC
personnel and by praising the performance of the Gemini rendezvous radar,
holding it up as an objective for excellence of performance for the lunar
television camera.

Lirs., Low to D. C. Burnham, President, Westinghouse Electric Corp., Aug. 22, 1966; Charles
H. Weaver, Group Vice President, Atomic, Defense & Space Group, Westinghouse Electric
Corp., to Low, Sept. 1, 1966.

MSC Director Robert R. Gilruth requested of Jet Propulsion Laboratory
Director William H. Pickering that JPL fire the Surveyor spacecraft’s
vernier engine after the Surveyor landed on moon, to give insight into how
much erosion could be expected from an LM landing. The LM descent
engine was to operate until it was about one nozzle diameter from landing
on the lunar surface; after the Surveyor landed, its engine would be about
the same distance from the surface. Gilruth told Pickering that LaRC was
testing a reaction control engine to establish surface shear pressure forces,
surface pressures, and back pressure sources, and offered JPL that data when
obtained.

Lur., Gilruth to Pickering, “"Surveyor spacecraft experiments,' Aug. 22, 1966.
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NASA informed four firms that had completed design studies on the Apollo
experiment pallet that there would be no hardware development and
fabrication of the pallet. The four firms had been selected in November 1965
to make four-month studies of a pallet to carry experiments in the spacecraft
SM during the Apollo manned lunar landings. The firms were Lockheed
Missiles and Space Co., Sunnyvale, Calif.; The Martin Co., Denver, Colo.;
McDonnell Aircraft Corp., St. Louis, Mo.; and Northrop Space Laborato-
ries, Hawthorne, Calif. (See April 15.)

NASA News Release 66-224, “"Apollo Pallet Development Phase Vetoed,” Aug. 22, 1966.

The unmanned suborbital Apollo-Saturn 202 mission was successfully
flown—the third Saturn IB flight test and the second CM heatshield flight
test. The 202 included an uprated Saturn I (Saturn IB) launch vehicle (S-1B
stage, S-IVB stage, and instrument unit) and the Apollo 011 spacecraft
(spacecraft-lunar module adapter, service module, command module, and
launch escape system). Liftoff was from Launch Complex 34 at Cape
Kennedy at 1:15 p.m. EDT. The command module landed safely in the
southwest Pacific Ocean, near Wake Island 1 hour 83 minutes after liftoff. It
was recovered by the U.S.S. Hornet about 370 kilometers uprange from the
recovery ship.

Spacecraft 011 was essentially a Block I spacecraft with the following
exceptions: couches, crew equipment, and the cabin postlanding ventila-
tion were omitted; and three auxiliary batteries, a mission control
programmer, four cameras, and flight qualification instrumentation were

added.

Of six primary test objectives assigned to the mission (see Appendix 5), the
objectives for the environmental control, electrical power, and communica-
tions subsystems were not completely satisfied. All other spacecraft test
objectives were successfully accomplished.

“MSC-A-R-66-5, Postlaunch Report for Mission AS-202 (Apollo Spacecraft 011),” MSC, Oct.
12, 1966, pp. 1-1, 2-1, 3-1; memo, Associate Administrator for Manned Space Flight 1o
Administrator, “Apollo Saturn Flight Mission AS-202, Post Launch Report No. 1" (Mission
Operations Report M-932-66-03), Sept. 1, 1966.

The Bethpage RASPO Business Manager and Grumman representatives
met to choose a vendor to produce the orbital rate drive electronics for
Apollo and LM (ORDEAL). Three proposals were received : Arma Division
of American Bosch Arma Corp., $275000; Kearfott Products Division of
General Precision, Inc., $295000; and Bendix Corp., $715000. Kearfott’s
proposal was evaluated as offering a more desirable weight, more certain
delivery, and smaller size within the power budget and consequently was
selected although it was not the low bid. Evaluators believed that Arma’s
approach would not be easy to implement, that its delivery schedule was
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unrealistic, and that its proposal lacked a definite work statement in the
areas of testing, quality control, reliability, and documentation.

Memo, Frank X. Battersby to Chief, Apolio Procurement Br., Procurement and Contracts Div.,
MSC, "“Weekly Activity Report, BMR Bethpage, Week Ending August 26, 1966, Aug. 31, 1966.

Because of the reported NASA OMSF rejection of funding responsibility for
prototyping and equipping the Lunar Receiving Laboratory (LRL) and the
strong NASA Ofhice of Space Science and Applications concern over the
quarantine facilities and techniques, Craig K. Peper of OSSA suggested that
(1) each concerned program office make a scientific review of OMSF’s
proposal for facility construction to determine its adequacy to meet the
scientific requirements and (2), from those reviews the Director of Manned
Space Flight Experiments, OSSA, would submit to the Associate
Administrator, OSSA, a consolidated recommendation on additional
requirements to satisfy the scientific standards the LRL facilities must meet.

Memo, Peper, NASA Hq., to Director, Manned Flight Experiments, OSSA, “Lunar Receiving
Laboratory,”” Aug. 26, 1966.

MSC'’s Flight Crew Support Division prepared an operations plan
describing division support of flight experiments. Activities planned would
give operational support to both flight crew and experimenters. Crew
training, procedures development, and integration, mission-time support,
and postmission debriefings were discussed in detail.

Memo, Warren J. North, MSC, to Technical Assistant for Apollo, “Flight Experiments
Operations Plan of the Flight Crew Support Division,” Aug. 22, 1966.

Because the Apollo Mission Simulator (AMS) was one of the pacing items in
the Apollo Block II flight program, a critical constraint upon operational
readiness was the availability of Government-furnished equipment (GFE)
to the AMS contractor, General Precision’s Link Group. For that reason
MSC ASPO Manager Joseph F. Shea asked A. L. Brady, Chief of the Apollo
Mission Simulator Office, to establish controls to ensure that GFE items
were provided to Link in time to support the program. He requested that an
individual be appointed to be responsible for each item and that a weekly
report on the status be submitted on each item.

Memo, Shea to Manager, Apollo Mission Simulator Program, “GFE Support to AMS Block 1
Modifications,” Aug. 30, 1966.

MSC Director of Flight Crew Operations Donald K. Slayton informed
ASPO Manager Joseph F. Shea that total management during thermal
vacuum testing of spacecraft 008 was inadequate, resulting in misunder-
standings between personnel and organizational groups concerned with the
test. Slayton offered a number of suggestions for future, similar tests:

* Overall planning policies and practices should be reviewed and
further defined before commitment of future test crews.
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* Timeline testing philosophy was not realistic or practical in a one-g
environment. It was mandatory that test plans be developed with maximum
data gain and minimum crew and hardware risks consistent with overall
program objectives. For example, long thermal responses during manned
tests.

* A crew systems operations office should be established within the
Space Environmental Simulation Laboratory to tie down the interface
between crew, hardware, and management. Its scope of operation should
include representation, training, and scheduling.

* The Environmental Medicine Office should define all crew and test
medical requirements before crew selection. To help in this area, a flight
surgeon should be assigned to each vehicle’s prime and backup crews, to
ensure adequate knowledge of crew members and test objectives for training
and the real-time mission.

* It must be recognized that test crew participation in thermal vacuum
testing was completely voluntary and that each member volunteering
must weigh the hazards of such testing against the benefits to the program in
general and his welfare in particular.

Memo, Slayton to Shea, *‘Management improvement of follow-on thermal vacuum testing,”
Aug. 31, 1966.

In response to a query from NASA Deputy Administrator Robert C.
Seamans, Jr., Associate Administrator for Space Science and Applications
Homer E. Newell said that no laboratories had been selected for receiving
lunar materials but proposals had been solicited and were in process of
review. Newell said the lunar samples fell under the planetary and planetary
biology disciplines primarily. The Planetary Biology Subcommittee of the
Space Science Steering Committee had four working groups evaluating the
proposals—geophysics, geochemistry, geology, and Lunar Receiving
Laboratory (LRL). The working groups were expected to complete their
evaluations in September and, following review by the program office,
recommendations would be prepared for the Space Science Steering
Committee. Following appropriate review by that Committee, Newell
would select the Principal Investigators for approved experiments.

Funding for the analyses could be determined only after selections had been
made, but budget estimates for that purpose had been made for $2 million in
FY 1968 and $6 million in FY 1969, exclusive of laboratory upgrading and
funding of the LRL. As a part of the continuing research effort, 33
laboratories had received support during 1966 for upgrading their ability to
handle and examine lunar material. Newell added that 125 proposals for
handling lunar material had been received and were under review.

Memo, Newell to Seamans, “Lunar Sample Analysis Program,” Sept. 7, 1966.

MSC Deputy Director George M. Low submitted information to NASA
Associate Administrator for Manned Space Flight George E. Mueller on
manpower requirements and operating costs for testing in MSC'’s large
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thermal vacuum chamber. Spacecraft 008 testing reflected a manpower cost
(civil service and contractor) of $7034000, chamber operating cost of
$321 000, and material costs of $277 000. The spacecraft had been in the
chamber 83 days, during which time a 92-hour unmanned test and a 163-
hour manned test had been conducted.

Ltr., Low to Mueller, Sept. 14, 1966.

Surveyor II was launched from Cape Kennedy at 8:32 a.m. EDT. The Atlas-
Centaur launch vehicle placed the spacecraft on a nearly perfect lunar
intercept trajectory that would have missed the aim point by about 130
kilometers. Following injection, the spacecraft successfully accomplished
all required sequences up to the midcourse thrust phase. This phase was not
successful because of the failure of one of the three vernier engines to ignite,
causing eventual loss of the mission. Contact with the spacecraft was lost at
5:35a.m. EDT, September 22, and impact on the lunar surface was predicted
at 11:18 p.m. on that day.
Memo, Associate Administrator for Space Science and Applications to Administrator,

“Surveyor 1 Lunar Flight Project, Post Launch Report No. 1,” Oct. 7, 1966 (Mission
Operation Report $-803-66-02).

NASA awarded a $4.2-million contract to Honeywell, Inc., Computer
Control Division, Framingham, Mass., to provide digital computer systems
for Apollo command and lunar module simulators. Under the fixed-price
contract, Honeywell would provide six separate computer complexes to
support the Apollo simulators at MSC and Cape Kennedy. The complexes
would be delivered, installed, and checked out by Honeywell by the end of
March 1967.

NASA News Release 66~254, Sept. 21, 1966.

A Planning Coordination Steering Group at NASA Hgq. received program
options from working groups established to coordinate long-range
planning in life sciences, earth-oriented applications, astronomy, lunar
exploration, and planetary exploration. The Steering Group recommended
serious consideration be given a four-phase exploration program using
unmanned Lunar Orbiters, Surveyors, and manned lunar surface explora-
tion. The first phase, consisting of Ranger, Surveyor, Orbiter, and the initial
Apollo landing was under way. The second phase would match the Apollo
Applications program and would extend surface sampling and geologic
mapping beyond the walking capability of a suited astronaut. The group
recommended this phase launch one 14-day two-man mission per year
beginning in 1970, with one or two Surveyors, and one unmanned Orbiter
per year. The third phase would consist of one three-man 90-day mission per
year. The final phase would consist of semipermanent manned stations.
Memo, Edgar M. Cortright, Alfred J. Eggers, Jr., James C. Elms, and Gerald M. Truszynski,

Cochairmen, Planning Coordination Steering Group, to Associate Deputy Administrator,
“Preliminary Reports of Working Groups," Sept. 23, 1966.
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NASA Hgq. informed MSC that the second phase of the vacuum systemin the
Lunar Receiving Laboratory ($480200) was to be deferred because of the
austerity of the NASA FY 1967 program. MSC was instructed, however, that
sufficient redundancy in the central vacuum pumping systems should be
provided to ensure the highest degree of reliability.

TWX, NASA Hq., to MSC, “Lunar Receiving Laboratory,” Sept. 28, 1966.

MSC ASPO Manager Joseph F. Shea wrote Grumman Aircraft Engineering
Corp. Senior Vice President George F. Titterton that he was encouraged by
the good start Grumman had made on work packages for the LM program,
which he hoped had set the stage for effective action to curtail the creeping
cost escalation that had characterized the program during the past year. He
said: “To me, the most striking point noted in engineering activities
projected a relatively high change rate from vehicle to vehicle, even though
the program logic calls for identical vehicles from LM 4 on, and minimum
change from LM 3 to LM 4. This, too, was apparent in the engineering
related activities. The only changes which should be planned for are those
rising from hardware deficiencies found in ground or flight test, or those
resulting from NASA directed changes.”

Shea had written to Joseph G. Gavin, Jr., Grumman Vice President and
LEM Program Manager, in April concerning cost escalation. He had said
“A significant amount of the planning for your contract is based upon
management commitments made to us by Grumman . . . [and] your esti-
mates have helped significantly (and indeed are still changing) and
currently significantly exceed the amounts upon which our budget has been
based.” In another letter, in September, to Grumman President L. J. Evans,
Shea remarked: “The result of our fiscal review with your people last week
was somewhat encouraging. It reconfirmed my conviction that Grumman
can do the program without the cost increases which you have been recently
indicating, and, depending on how much difficulty we have with the
qualification of our flight systems, perhaps even with some additional cost
reduction.”

In a November letter to Titterton, Shea again referred to work packages and
reaffirmed that permission to exceed approved monthly levels should be
granted only by the LM Program Office. He said, “‘Unless this discipline is
enforced throughout the Grumman in-house and subcontract structure, the
work packages could turn out to be interesting pieces of paper which
contain the information as to what might have been done, rather than the
basis for program management.”

Ltrs., Shea to Gavin, Apr. 14, 1966; Shea to Evans, Sept. 19, 1966; Shea to Titterton, Sept. 28,
1966; Nov. 18, 1966.

The second planned manned Apollo flight crew was named by NASA.
Prime crew members were Walter M. Schirra, Jr., command pilot; Donn F.
Eisele, senior pilot; and R. Walter Cunningham, pilot. Backup crewmen
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were Frank Borman, command pilot; Thomas P. Stafford, senior pilot; and
Michael Collins, pilot. The flight was scheduled for 1967. It would be the
first space mission for Eisele and Cunningham.

The second manned Apollo mission was planned as an open-ended earth
orbital mission up to 14 days. Increased emphasis on scientific experiments
as well as repeating some activities from the first planned manned flight
would characterize the mission. [ The first planned manned Apollo mission
was ended by a tragic accident during a test January 27, 1967.]

NASA News Release 66-260, Sept. 29, 1966,

LM test model TM-6 and test article LTA-10 were shipped from Grumman
on the Pregnant Guppy aircraft. When the Guppy carrying the LTA-10
stopped at Dover, Del., for refueling, a fire broke out inside the aircraft, but it
was discovered in time to prevent damage to the LM test article.

Memo, Frank W. Battersby to Chief, Apollo Procurement Br., Procurement and Contracts

Div., MSC, “Weekly Activities Report, BMR Bethpage, Week Ending September 30, 1966,” Oct.
4, 1966.

MSC Director Robert R. Gilruth told Langley Research Center Director
Floyd Thompson, “Lunar Orbiter I has made significant contributions to
the Apollo program and to lunar science in general. Details visible for the
first time in Orbiter I photographs will certainly add to our knowledge of the
lunar surface and improve our confidence in the success of the Apollo
landing.

“Screening teams ... are studying the photographs as they become
available at the Lunar Orbiter Project Office, Langley Research Center.
Several promising areas for Apollo landing sites have been studied here in
Houston by the screening teams and will be studied in more detail later.
This preliminary study has already influenced the selection of sites to be
photographed on the next Orbiter mission. . . .”

TWX, Gilruth to Thompson, Oct. 4, 1966.

NASA Associate Administrator for Manned Space Flight George E. Mueller,
at the conclusion of the AS-204 Design Certification Review (DCR),
requested each NASA manager to reexamine his stages, modules, systems,
and subsystems upon substantial completion of the review’s closeout
actions and to file an updated certification statement to the Design
Certification Board.

On November 16, Apollo Program Director Samuel C. Phillips asked ASPO
Manager Joseph F. Shea to submit the updated certification statements and
supporting data to him by December 14 to permit him to submit the
statements and his afirmation to the Board before the December 20 Manned
Space Flight Review. He pointed out that each certification statement
should affirm: (1) that the reservations previously cited had been dispelled by
appropriate action; (2) that design problems identified subsequent to the
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The manufacturing line for
thrust chambers of the F-1
rocket engine shows the size
of the powerful engine. Five
of the engines were used ina
cluster to launch each of the
Saturn V space vehicles.
Rocketdyne photo.

review had been resolved; (3) that actions identified during the review had
been completed (except where specifically noted); and (4) that his previous
certification of the design of flight systems for flight worthiness and manned
safety, or of the capability of Launch Support to support a manned mission,
remained valid. Any residual contingencies or actions, scheduled for
completion at the Flight Readiness Review, should be specifically listed.

Lur., Phillips to Shea, “AS-204 Design Certification Review,” Nov. 16, 1966.

In a memorandum to the NASA Deputy Administrator, Associate
Administrator for Manned Space Flight George E. Mueller commented on
the AS-202 impact error. Mueller said trajectory of the August 25 AS-202
mission was essentially as planned except that the command module
touched down about 370 kilometers short of the planned impact point. A
detailed study indicated that the command module had a lower than
predicted angle of attack and a correspondingly lower lift-to-drag ratio. “In
retrospect, it appears that our wind tunnel testing did not provide a
complete understanding of . . . hypersonic aerodynamic characteristics of
the command module.” Plans were being made to fly AS-204 and AS-205
with the lower lift-to-drag ratio.

Memo, Mueller to Deputy Administrator, “205 Nautical Mile Error in AS-202 Impact,” Oct. 7,
1966.
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Apollo Program Director Samuel C. Phillips was informed of increasing
engineering orders for spacecraft 012. C. H. Bolender, OMSF Mission
Operations Deputy Director, reported information received from John G.
Shinkle, Kennedy Space Center Apollo Program Manager, on October 10.
At the time of spacecraft shipment to Cape Kennedy on August 25, 164
engineering orders were identified as open work, although the data package
appeared to identify only 126. These orders were covered by 32 master
change records, which reportedly were the documentation approved by the
MSC Change Control Board rather than by individual engineering orders.
By September 24, engineering orders totaled 377—213 more than on August
25—and the master change records had increased to 77. KSC estimated that
some 150 of the 213 additional orders should have been identifiable within
North American Aviation at the time of the Customer Acceptance Readiness
Review. Bolender said that, if this were true, North American Aviation
should be asked to provide better visibility for CSM changes that would be
sent to the Cape for installation at the time of the review.

Memo for Record, Shinkle, KSC, **Engineering Orders for Spacecraft 012, Oct. 11, 1966; NASA
Routing Slip, Bolender to Phillips, Oct. 11, 1966.

NASA reiterated its intention of examining the question of tracking ship
Vanguard support for the AS-204 mission in the South Pacific as soon as
mission plans were resolved. It informed the Department of Defense
Manager for Manned Space Flight Support Operations, the Navy Deputy
Commander for Ship Acquisitions, and Goddard Space Flight Center that
plans could not be completed for the support of AS-205 at the time but,
should the services of the Vanguard be required, an Atlantic Ocean location
would be acceptable. NASA also expressed concern about the late delivery
forecast for the Redstone and the Mercury tracking ships and requested top
management attention within government, contractor, and subcontractor
organizations be directed to the problems and that a special effort be made to
accelerate delivery.

TWX, NASA Hgq. to Lt. Gen. Leighton 1. Davis, Rear Admiral J. Adair, and Goddard Space
Flight Center, Oct. 11, 1966.

MSC Apollo Spacecraft Program Office Manager Joseph F. Shea reported
that LM-1 would no longer be capable of both manned and unmanned
flight and that it would be configured and checked out for unmanned flight
only. In addition, LM-2 would no longer be capable of completely
unmanned flight, but would be configured and checked out for partially
manned flights, such as the planned AS-278A mission (with unmanned
final depletion burn of the ascent stage) and AS-278B (with all main
propulsions unmanned).

Memo, Shea to distr., “Change in policies for LM-1 and LM-2,” Oct. 12, 1966.

Apollo Program Director Samuel C. Phillips told Mark E. Bradley, Vice
President and Assistant to the President of The Garrett Corp., that ‘‘the
environment control unit, developed and produced by Garrett’s AiResearch
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Apollo CM 007 bobs in the swells of the Gulf of Mexico during 1966 tests for the
lunar missions. Three test subjects from Manned Spacecraft Center remained in
the spacecraft 48 hours during the sea-qualification test of postlanding systems.

Division under subcontract to North American Aviation for the Apollo
spacecraft was again in serious trouble and threatened a major delay in the
first flight of Apollo.” He pointed out, “This current difficulty is the latest in
a long string of failures and problems associated with the AiResearch
equipment.” Phillips told Bradley that he was about three levels removed
from the subcontract project details and thus could not give him a point by
point discussion of the problems or their causes. Phillips felt, however,
“they seem to lie in two categories—those arising from inadequate
development testing, and those related to poor workmanship.”” Phillips
hoped that Bradley could find what was needed to get the project on the right
track.

Ltr., Phillips to Bradley, Oct. 12, 1966.

KSC proposed to MSC Director Robert R. Gilruth that the two General
Electric Co. eftorts at KSC supporting automatic checkout equipment
(ACE) for spacecraft operations be consolidated. KSC pointed out there was
a supplemental agreement with MSC for General Electric to provide system
engineering support to ACE/spacecraft operations. Both the KSC Apollo
Program Manager and the Director of Launch Operations considered that
merging the two GE efforts into a single task order under KSC
administrative control would have advantages. The proposal listed two:
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1. A single interface would exist between KSC and all local GE
AEC/spacecraft operations.

2. Through more efficient use of personnel, the contractor should be
able to reduce the manpower level and still be responsive to the demands of
the Apollo program.

Gilruth replied Nov. 1 to KSC Director Kurt H. Debus that MSC had
evaluated advantages of transferring certain ACE/spacecraft responsibili-
ties to KSC and had also considered advantages of continuing the existing
system. These advantages were:

1. “To maximize manpower utilization, the current ACE management
philosophy provides only optimum manpower for each operational site. A
central support group, located at Houston, supplies the required support to
any site experiencing special peak activity. This philosophy has created
maximum management flexibility.”

2. “Theoriginal intent in establishing ACE-S/C checkout philosophy
was to assure standardization in checkout procedures and/or program unity
from factory checkout through launch activities. By continuing to have all
GE ACE-S/C site personnel responsible to the central design/engineering
group located in Houston, this continuity is assured.”

3. "Logistics support to KSC ground stations is unified under the
present management control. Personnel responsible for providing logistics
support to KSC ground stations are administratively linked to the personnel
at KSC requiring the support.”

4. “MSC currently provides reliability support, configuration manage-
ment support, engineering support, management support and logistics
support to all ACE-S/C ground stations. By continuing the present
contractual arrangement we avoid the possibility of costly duplication in
these areas.”

Gilruth said that it was the MSC intent to support system engineering
requirements in ACE/spacecraft areas and that further support in these
areas was normally supplied by the spacecraft contractor. ‘“Actually it has
been our impression that GE/MSC ACE/spacecraft support at KSC and all
other locations was sufficient to meet all requirements. . . . Itis our opinion
that the existing ACE/spacecraft management organization is required to
assure optimum fulfillment of the Apollo program.”

Lurs., Debus to Gilruth, Oct. 13, 1966; Gilruth to Debus, Nov. 1, 1966.

Marshall Space Flight Center Director Wernher von Braun wrote MSC
Director Robert R. Gilruth that MSFC had spent a considerable effort in
planning the transfer of study and development tasks in the lunar
exploration program to MSC. Von Braun said, ““We feel it is in the spirit of
the MSF Hideaway Management Council Meeting held on August 13-
15, 1966, to consider the majority of our Lunar Exploration Work Program
for transfer to MSC in consonance with Bob Seamans’ directive which
designates MSC as the Lead Center for lunar science.” He added that MSFC
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had formulated a proposal which it felt was in agreement with the direc-
tives and at the same time provided for management interfaces between the
two Centers without difficulty.

Briefly MSFC proposed to transfer to MSC (1) planning for Apollo
Applications lunar traverses; (2) lunar surface geological, geophysical,
geochemical, biological, and biomedical experiments; and (3) emplaced
scientific station experiments. MSFC proposed to retain (1) the local
scientific survey module and related mobility efforts, (2) Apollo Applica-
tions program lunar drill, (3) lunar surveying system, and (4) lunar flying
device (one man flying machine). He added that MSFC had been working in
specific areas of scientific technology that promised to furnish experiments
that could be used on the lunar surface or from lunar orbit as well as from a
planetary vehicle for planetary observations. Among these were radar and
laser altimetry and infrared spectroscopy.

Von Braun said that Ernst Stuhlinger of the Research Projects Laboratory
had discussed the proposed actions for transfer of functions to MSC, and
MSC Experiments Program Manager Robert O. Piland had indicated his
general agreement, pending further consideration. He asked that Gilruth
give his reaction to the proposal and said, “It would be very helpful if our
two Centers could present a proposal to George Mueller [OMSF] on which
we both agree.”

Ltr., von Braun to Gilruth, Oct. 19, 1966.

Apollo-Saturn 204 was to be the first manned Apollo mission, NASA
announced through the manned space flight Centers. The news release,
prepared at NASA Hgq., said the decision had been made following a Design
Certification Review Board meeting held the previous week at OMSF. The
launch date had not been determined. Crewmen for the flight would be
Virgil 1. Grissom, command pilot; Edward H. White 11, senior pilot; and
Roger B. Chaffee, pilot. The backup crew would be James A. McDivitt,
command pilot; David R. Scott, senior pilot; and Russell L. Schweickart,
pilot. The AS-204 spacecraft would be launched by an uprated Saturn I
launch vehicle on its earth-orbital mission “to demonstrate spacecraft and
crew operations and evaluate spacecraft hardware performance in earth
orbit.”

TWX, NASA Hq. M-N-311 to KSC, MSC, MSFC, Oct. 19, 1966.

MSC’s ASPO Manager Joseph F. Shea proposed to KSC Apollo Program
Manager John G. Shinkle that—because the program was moving into the
flight phase and close monitoring of the hardware configuration was
important—they should plan work methods in more detail. He reminded
Shinkle that he had named Walter Kapryan Assistant Program Manager “to
provide the technical focal point. . . to maintain the discipline for the total
spacecraft’’; therefore Shea would like to transfer the chairman of the Apollo
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Configuration Control Panel from Shinkle’s organization to Kapryan
effective Nov. 1, 1966.

Ltr., Shea to Shinkle, Oct. 21, 1966.

Langley Research Center informed MSC that the Apollo Visibility Study
requested by MSC would be conducted. Langley mockups could be used
along with an SLA panel to be provided by MSC from Tulsa North
American. The proposed study would be semistatic, with the astronaut
seated in the existing CM mockup and viewing the S-IVB/SLA mockup.
The positions of the mockups would be varied manually by repositioning
the mockup dollies, and the astronaut would judge the separation distance
and alignment attitude. The study was expected to start at the end of October
or early November and last two or three weeks.

Ltr., Director, LaRC, to MSC, Attn: Robert R. Gilruth “Apollo Visibility Study,” Oct. 21, 1966.

MSC established a committee to investigate several nearly catastrophic
malfunctions in the steam generation system at the White Sands Test
Facility. The system was used to pump down altitude cells in LM
propulsion system development. Committee members were Joseph G.
Thibodaux, chairman; Hugh D. White, secretary; Harry Byington, Henry
O. Pohl, Robert W. Polifka, and Allen H. Watkins, all of MSC.

Memo, MSC Director to distr., “Committee for investigation of malfunctioning steam
generation system at White Sands Test Facility, New Mexico,” Oct. 24, 1966.

Propellant tanks of service module 017 failed during a pressure test at North
American Aviation, Downey, Calif. The planned test included several
pressure cycles followed by a 48-hour test of the tanks at the maximum
operating pressure of 165 newtons per square centimeter (240 pounds per
square inch). Normal operating pressure was 120 newtons per square
centimeter (175 pounds per square inch). After 1 hour 40 minutes at 165
newtons the failure occurred.

SM 017 (designed for SA-501) had been pulled for this test after cracks had
been detected in the tanks of SM 101. SM 017 had been previously proof-
tested a short time (a matter of minutes) at 220 newtons per squate
centimeter (320 pounds per square inch).

A team was set up at North American Aviation to look into the failure and its
possible impact on the Saturn IB and Saturn V Apollo missions. MSC had
two observers on the team, which was to make its findings and recommen-
dations available by November 4.

North American Aviation identified the problem as stress-corrosion
cracking resulting from use of methanol as a test liquid at pressures causing
above threshold stresses. No tanks subjected to methanol at high stress levels
would be used. Freon and isopropyl alcohol, respectively, were recom-
mended for test fluids in the oxidizer and fuel systems, with the stipulation
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that the equipment had not previously seen propellant and would receive a
hot gaseous nitrogen purge after completion of the cold flow operation.
Note, Frank Magliato, NASA Hgq., to NASA Administrator and Deputy Administrator, “Test

Failure of Service Module 017,” Oct. 26, 1966; TWX, Dale D. Myers, NA, to ]. F. Shea, MSC,
Nov. 11, 1966.

Owen E. Maynard, Chief of the MSC Missions Operations Division, said the
flight operations plan had proposed communication constraints be resolved
by reducing the accessible landing area on the lunar surface to a region
permitting continuous communication with no restriction on vehicle
attitude during descent and ascent. Maynard said, ‘‘Such a proposal is not
acceptable.” Contending interests were the desire to maintain communica-
tions in the early part of the descent powered flight and to avoid the
definition of attitude restrictions in this region.

Acknowledging that both of these were desirable objectives, Maynard said
that mission planning should be based on access to previously defined
Apollo zones of interest and to designated sites within those zones with
vehicle attitude maneuvers to provide communications when required.

Memo, Maynard to distr., “LLM communication capability during lunar descent and ascent,”
Oct. 27, 1966.

NASA Apollo Program Director Samuel C. Phillips indicated his concern to
MSC over the extensive damage to a number of fuel cell modules from
operational errors during integrated system testing. Phillips pointed out
that in addition to the added cost there was a possible impact on the success
of the flight program. He emphasized the importance of standardizing the
procedures for fuel cell activation and shutdown at North American
Aviation, MSC, and KSC to maximize learning opportunities.

TWX, MAT-91, NASA Hq., to MSC, Attn: Joseph F. Shea, ‘'Fuel Cell Operation Failures,”
Nov. 4, 1966.

Lunar Orbiter 11 was launched at 6:21 p.m. EST from Launch Complex 13
at Cape Kennedy, to photograph possible landing sites on the moon for the
Apollo program. The Atlas-Agena D booster placed the spacecraft in an
earth-parking orbit and, after a 14-minute coast, injected it into its 94-hour
trajectory toward the moon. A midcourse correction maneuver on
November 8 increased the velocity from 3051 to 3183 kilometers per hour. At
that time the spacecraft was 265 485 kilometers from the earth.

The spacecraft executed a deboost maneuver at 3:26 p.m., November 10,
while 352 370 kilometers from the earth and 1260 kilometers from the moon
and traveling at a speed of 5028 kilometers per hour. The maneuver
permitted the lunar gravitational field to pull the spacecraft into the
planned initial orbit around the moon. On November 15, a micrometeoroid
hit was detected by one of the 20 thin-walled pressurized sensors.
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The spacecraft was transferred into its final close-in orbit around the moon
at 5:58 p.m. November 15 and the photo-acquisition phase of Lunar Orbiter
II's mission began November 18. Thirteen selected primary potential
landing sites and a number of secondary sites were to be photographed. By
the morning of November 25, the spacecraft had taken 208 of the 211
photographs planned and pictures of all 13 selected potential landing sites.
It also made 205 attitude change maneuvers and responded to 2421
commands.

The status report of the Lunar Orbiter II mission as of November 28
indicated that the first phase of the photographic mission was completed
when the final photo was taken on the afternoon of November 25. On
November 26, the developing web was cut with a hot wire in response to a
command from the earth. Failure to achieve the cut would have prevented
the final readout of all 211 photos. Readout began immediately after the cut
was made. One day early, December 6, the readout terminated when a
transmitter failed, and three medium-resolution and two high-resolution
photos of primary site 1 were lost. Full low-resolution coverage of the site
had been provided, however, and other data continued to be transmitted.
Three meteoroid hits had been detected.

Memos, l.unar Orbiter Program Manager to NASA Administrator, “Lunar Orbiter II Post
Launch Report #1" through “#15,” Nov. 7, 8, 14, 16, 17, 21, 25, and Dec. 9, 1966 (Mission
Operation Reports S-814-66-02).

NASA Associate Administrator for Manned Space Flight George E. Mueller
reported on technical feasibility and cost tradeoffs of real-time television
coverage of Apollo missions. Deputy Administrator Robert C. Seamans, Jr.,
had requested an evaluation during a July 8 program review. Highlights of
the report were:

* Lunar missions would be the most complex attempted in manned
space flight. Even with optimum training, astronaut capabilities would be
heavily taxed and availability of real-time TV coverage could provide an
opportunity in trouble-shooting spacecraft anomalies or in performing
scientific experiments.

* To transmit TV video to Mission Control Center in Houston, scan
conversion from the Apollo format to the standard commercial format
would be required as well as a communications capability. For the lunar
mission, implementation at Goldstone and Madrid would provide 62- to 91-
percent TV coverage with an estimated initial investment of $500 000 and an
operating cost of $1 2000 000 per year, based on four seven-day missions per
year with 8 to 14 hours a day possible coverage for each station.

* The most optimistic minimum procurement and installation time
for the first unit would be 10 months and, to provide real-time TV for the
first lunar mission, the system should be exercised at least one mission before
AS-504. Mueller recommended approval for additional equipment and
communication services necessary for live TV coverage from the Goldstone,
Calif., and Madrid, Spain, stations.
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Seamans approved the proposal on November 17, with the following 1966
condition, which was later transmitted to MSC Director Robert R. Gilruth: November
“Before NASA commitments of any sort are made to the networks for Apollo

capsule TV coverage, the plans and procedures must be approved by the
Administrator.”

Lur., NASA Associate Administrator for Manned Space Flight to Deputy Administrator, “‘Real
Time TV Coverage of Apollo Missions,” Nov. 9, 1966; approval, with condition, by Seamans,
Nov. 17, 1966; NASA Routing Slip to MSC Director Robert R. Gilruth from Jack T.
McClanahan, Chief, Apollo Mission Requirements, OMSF, received at MSC Dec. 12, 1966.

Astronaut Roger B. Chaffee
prepares to enter Apollo space-
craft AS-204 in Kennedy Space
Center’s Manned Spacecraft
Operations Building during
October 1966 tests for the first
manned Apollo  mission.
Phases of the mission—from
countdown through liftoff,
orbital insertion, and orbital
exercises—were simulated in
the altitude chamber.

Interested engineers watch as the
LM ascent stage of TM-2 is
readied for tests in the thermal
vacuum chamber at Grum-
man’s Bethpage, New York,
plant in 1966.
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Perkin-Elmer Corp., Norwalk, Conn., and Chrysler Corp., Detroit, Mich.,
were authorized about $250000 each to continue studies of optical
technology for NASA. The nine-month extension of research by the two
companies was to evaluate optical experiments for possible future extended
Apollo flights. The proposed experiments included control of optical
telescope primary mirrors, telescope temperature control, telescope
pointing, and laser propagation studies.

NASA News Release 66-300, Nov. 22, 1966.

MSC was requested by NASA Hgq. to take the following actions:

1. Delete all experiments assigned to AS-205.

2. Assign experiment M005 (Bioassays Body Fluid, modified version) to
AS-205/208. .

8. Assign experiment M006 (Bone Demineralization) to AS-205/208.

4. Assign experiment M011 (Cytogenic Blood Studies) to AS-205/208.

5. Assign experiment M023 (Lower-Body Negative Pressure) to AS-
205/208.

6. Redesignate experiments assigned to AS-207/208 to AS-205/208.

TWX, NASA Hq. to MSC (APO-CCB Directive No. 80), Nov. 25, 1966.

MSC'’s Director of Flight Crew Operations Donald K. Slayton said that the
Block I flight crew nomenclature was suitable for the AS-204 mission, but
that a more descriptive designation was desirable for Block II flights. Block I
crewmen had been called command pilot, senior pilot, and pilot. Slayton
proposed that for the Block II missions the following designations and
positions be used: commander, left seat at launch with center seat optional
for the remainder of the CSM mission, and left seat in the LM; CSM pilot,

center seat at launch with left seat optional for remainder of mission; and
LM pilot in the right seat of both the CSM and LM.

Memo, Slayton to distr., “Block Il Apollo flight crew designation,” Nov. 29, 1966.

In response to a request from Apollo Program Director Samuel C. Phillips
on November 21, MSC reported its evaluation of Atlantic versus Pacific
Ocean prime recovery areas for all Saturn V Apollo missions. MSC said that
a change of recovery area to the Atlantic for AS-501 and AS-502 would cause
some schedule slip and compromise of mission objectives and would not
necessarily save recovery ship effort. For AS-503 and similar nonlunar
missions, adjustments could be made to the mission profile to result in a
prime recovery in the Atlantic area. Secondary support would be necessary
in the Pacific, however. The report stressed that confining recovery to the
Atlantic area for lunar missions would severely curtail the number of launch
windows available.

52



Astronauts Donn F. Eisele, Wal-
ter M. Schirra, Jr., and R.
Walter Cunningham, left to
right, participate in 1966 Apol-
lo egress training in a water
tank in Building 260, Manned
Spacecraft Center.

In a December 30 letter to MSC, KSC, and MSFC, the Apollo Program
Director referred to the study and said it had been determined that plans for
Pacific recovery for the AS-501 and AS-502 missions were justified.
Lurs., Christopher C. Kraft, Jr., MSC Director of Flight Operations, and Joseph F. Shea,
Manager, ASPO, to NASA Hq., Aun: S. C. Phillips, ‘‘Atantic Recovery,” Dec. 5, 1966; Apollo

Program Director, Office of Manned Space Flight, to MSC, KSC, and MSFC, “*Atlantic Versus
Pacific Recovery for Saturn V/Apollo Missions,” Dec. 30, 1966.

During reassembly of LM Simulator (LMS) 1 at Houston, MSC personnel
discovered that the digital-to-analog conversion equipment was not the unit
used during the preship tests at Binghamton, N.Y ; it was apparent the unit
had never been checked out, because at least five power-buss bars were
missing. The unit had not checked out in the preship tests, and at the
simulator readiness review test on October 14 Grumman had been
authorized to replace the defective digital-to-analog core memory after the
unit arrived at Houston. MSC questioned whether the delivery requirement
of LMS-1 had been met and asked Grumman to explain why the switch was
made without MSC knowledge and what steps Grumman expected to take
to correct the situation.

TWX, MSC LM Project Officer to Grumman LM Program Manager, Dec. 5, 1966.

MSC Director of Flight Crew Operations Donald K. Slayton pointed out to
ASPO Manager Joseph F. Shea that LM-to-CSM crew rescue was
impossible. Slayton said (1) there was no way for the portable life support
systemn and crewman to traverse from the LM front hatch to the CSM side
hatch in zero-g docked operations, because there was no restraint system or
tether attach points in the vicinity of the CSM hatch to permit the crewman
to stabilize himself and work to open the hatch; and (2) there was no way to
control the Apollo inner hatch (35-43 kilograms) to ensure that it would not
inadvertently damage its seals, the spacecraft wiring, or the pressure
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bulkhead. Slayton added that several spacecraft changes, additional
training hardware for valid thermal testing, zero-g simulator demonstra-
tion, and crew training effort would be required to permit extravehicular
crew rescue from LM to CSM. Undil this total rescue capability was
implemented, manned LM to CSM operations would constitute an
unnecessary risk for the flight crew.

Memo, Slayton to Shea, “Apollo EVA,” Dec. 6, 1966.

Langley Research Center reported on its November study of visibility from
the CSM during extraction of the .M from the S-IVB stage. The study had
been made in support of the AS-207,/208A mission, with assistance of MSC,
and North American Aviation personnel, to (1) determine if the CSM pilot
could detect the signal indicating that the CSM had detached from the S-
IVB, (2) determine if he could recognize a misalignment between the
CSM/LM combination and the S-IVB during withdrawal, and (3)
investigate simple aid techniques to make the pilot’s task easier. Results
indicated that (1) LM docking did not provide adequate indication of
detachment of the LM from the S-IVB, but (2) in misalignment tests
subjects could recognize errors as small as two to three degrees in yaw and
five to seven centimeters in lateral translation except when the CSM/LM
was yawed right and translated left relative to the S-IVB. The configuration
of the model used prevented studying pitch, roll, or vertical translation
misalignments.

Jack E. Pennington, “Results of Apollo Transposition Withdrawal Study,” Langley Working
Paper No. 335, Dec. 6, 1966.

In a memo to Apollo Program Director Samuel C. Phillips, Associate
Administrator for Manned Space Flight George E. Mueller approved
assignment of experiment S068, Lunar Meteoroid Detection, to the Apollo
Program Office for implementation, provided adequate funding could be
identified in the light of relative priority in the total science program. The
experiment had been recommended by the Manned Space Flight Experi-
ment Board (MSFEB) for a lunar mission. Also, as reccommended by the
MSFEB, the following experiments would be placed on the earliest possible
manned space flight: S015 (Zero g, Single Human Cells); S017 (Trapped
Particles Asymmetry); S018 (Micrometeorite Collection); and T004 (Frog
Otolith Function).

Memo, Mueller to Phillips, ‘“Experiment Assignments,” Dec. 7, 1966.

Associate Administrator for Manned Space Flight George E. Mueller
requested Leonard Reiffel, NASA Hq., “to be thinking about an
appropriate name for the Lunar Receiving Laboratory—a descriptive kind
of name rather than one that doesn’t signify exactly what it is.”

Note, Mueller to Reiffel (telecon), “‘Lunar Receiving I.aboratory,” Dec. 7, 1966.
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The number one lunar landing research vehicle (LLRYV) test vehicle was
received at MSC December 13, 1966. Its first flight at Ellington Air Force Base
following facility and vehicle checkout was expected about February 1,
1967, with crew training in the vehicle to start about February 20. A design
review was held at Buffalo, N.Y., during the week of January 2, 1967, in
connection with Bell Aerospace Company’s contract for three lunar landing
training vehicles (LLTVs) and associated equipment. No major design
changes in the vehicle baseline configuration were requested. Crew training
in helicopters and in the Lunar Landing Research Facility at Langley
Research Center and the LLRYV fixed base simulator was continuing.

Memo, Director of Flight Crew Operations, MSC, to Deputy Director, MSC, “LLRV/TV
Monthly Progress Report,” Jan. 19, 1967.

MSC Director of Administration Wesley L. Hjornevik informed NASA Hq.
that Frank Smith had told him on December 14 of his meeting with NASA
management on Lunar Receiving Laboratory plans. Smith advised that
MSC should take necessary actions immediately to begin operation of the
LRL. MSC advised Headquarters that it planned to expand one of the two
facility operation contracts at MSC to include the LRL and designate an
LRL organization, staffed with qualified civil service personnel for
immediate full-time operation.

TWX, Hjornevik to NASA Hgq., “Lunar Receiving Laboratory Operations Plans,” Dec. 15,
1966.

A meeting at NASA Hgq. discussed plans for the Lunar Receiving
Laboratory, noting that some problems were time-critical and needed
immediate attention. Attending were Robert C. Seamans, Jr., Willis B.
Shapley, George E. Mueller, Homer E. Newell, and Francis B. Smith, all of
NASA Hgq.; and Robert R. Gilruth, George M. Low, and Wesley L.
Hjornevik of MSC.

The group agreed on the following interim actions:

1. Continued efforts to develop clearer definition of tasks that should be
initiated to ensure the LRL would be ready for operation in time to handle
returned lunar samples.

2. Creation of a task group at MSC to prepare for initial operation of
the LRL. The task group would consist of MSC personnel plus a few new
hires in critical skill areas.

3. Extension of the existing MSC support contract to provide
minimum LRL technical and engineering support needed during the next
few months.

4. Development of a clearer definition of the role and method of
operation of the U.S. Public Health Officer to provide for more eftective use
of his recommendations for quarantine requirements.
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On December 21, Shapley informed Mueller and Newell that NASA
Administrator James E. Webb and Deputy Administrator Seamans had
approved the proposed actions.

Memos, Smith to Webb and Seamans, ““December 19th meeting to discuss plans for the Lunar

Receiving Laboratory,” Dec. 19, 1966; Shapley to Mueller and Newell, “‘Lunar Receiving
Laboratory,” Dec. 21, 1966.

Lewis L. McNair, MSFC Chairman of the Flight Mechanics Panel, told
Calvin H. Perrine, Jr., MSC, that the Guidance and Performance Sub-Panel
had been unable to reach an agreement on venting the liquid-oxygen (LOX)
tank of the Saturn V S-IVB stage during earth parking orbit. McNair
pointed out that MSFC did not want a programmed LOX vent and that
MSC did. He added that the issue must be resolved in order to finalize the
AS-501 attitude maneuver and venting timeline.

Ltr., McNair to Perrine, Dec. 22, 1966.

In a memo to Donald K. Slayton, MSC Deputy Director George M. Low
indicated that he understood George E. Mueller had stated in executive
session of the Management Council on December 21 that he had decided a
third lunar module simulator would not be required. Low said, “This
implies that either the launch schedule will be relieved or missions will be so
identical that trainer change-over time will be substantially reduced.”

Memo, Low to Slayton, ““Third LM Mission Simulator,” Dec. 22, 1966.

NASA announced crew selection for the second and third manned Apollo
missions. Prime crew for AS-205/208 would be James A. McDivitt,
commander; David R. Scott, CM pilot; and Russell L. Schweickart, LM
pilot. The backup crew would be Thomas P. Stafford, commander; John W.
Young, CM pilot; and Eugene A. Cernan, LM pilot. The crew for AS-503,
the first manned mission to be launched by a Saturn V, would be Frank
Borman, commander; Michael Collins, CM pilot; and William A. Anders,
LM pilot. The backup crew would be Charles Conrad, Jr., commander;
Richard F. Gordon, Jr., CM pilot; and Clifton C. Williams, Jr., LM pilot.

NASA News Release 66-326, “NASA Names Crews for Apollo Flights,” Dec. 22, 1966.

Handling and installation responsibilities for the LM descent stage
scientific equipment (SEQ) were defined in a letter from MSC to Grumman
Aircraft Engineering Corp. The descent stage SEQ was composed of three
basic packages: (1) the Apollo Lunar Surface Experiments Package
(ALSEP) compartment 1, which included the ALSEP central station and
associated lunar surface experiments; (2) ALSEP compartment 2, composed
of the radioisotope thermoelectric generator (RTG) and Apollo lunar
surface drill (ALSD); and (3) the RTG fuel cask, thermal shield, mount and
RTG fuel element. The following definition of responsibility for handling
and installation had been derived:
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1. The SEQ would be installed in the LM descent stage while the LM
was in the LM landing gear installation stand before LM-SLA mating, with

the exception of the RTG fuel cask, thermal shield, mount and fuel element,

and the ALSD.

2. The RTG fuel cask, thermal shield, mount and fuel element and the
ALSD would be installed in the LM descent stage during prelaunch
activities at the launch site.

3. Grumman would be responsible for SEQ installation with the
exception of the RTG fuel element. The ALSEP contractor, Bendix
Aerospace Systemns Division, would provide the installation procedure and
associated equipment. Bendix would also observe the installation operation
and NASA would both observe and inspect it.

4. The Atomic Energy Commission (AEC) would be responsible for
handling and installing the RTG fuel element. Bendix would provide
procedures and associated equipment. Grumman and NASA would observe
and inspect this operation. If for any reason the RTG fuel element was
required to be removed during prelaunch operations, the AEC would be
responsible for the activity. Removal procedures would be provided by
Bendix. MSC requested that Grumman’s planned LLM activities at Kennedy
Space Center reflect these points of definition.

Ltr., MSC to Grumman, “Contract NAS 9-1100, Handling and installation responsibilities for
the LM descent stage Scientific Equipment (SEQ)," Dec. 23, 1966.

NASA Administrator James E. Webb approved establishment of a Science
and Applications Directorate at MSC. The new directorate would plan and
implement MSC programs in space science and its applications, act as a
focal point for all MSC elements in these programs, and serve as the Center’s
point of contact with the scientific community. In addition to the Director’s
office, the new directorate would encompass an Advanced Systems Office,
Lunar Surface Project Office, Space Physics Division, Applications Plans
and Analysis Office, Applications Project Office, Lunar and Earth Sciences
Division, and Test and Operations Office. In a letter on January 17, 1967,
NASA Associate Administrator George E. Mueller told MSC Director
Robert R. Gilruth the new Directorate was ‘‘another significant milestone in
your effort to support the Agency and the scientific community in the
exploration of space. . . .”

Organization Chart, MSC, Dec. 23, 1967; lir., Mueller to Gilruth, Jan. 17, 1967.

Donald K. Slayton said there was some question about including
extravehicular activity on the AS-503 mission, but he felt that, to make a
maximum contribution to the lunar mission, one period of EVA should be
included. Slayton pointed out that during the coast period (simulating
lunar orbit) in the current flight plan the EVA opportunity appeared best
between hour 90 and hour 100. Two primary propulsion system firings
would have been accomplished and the descent stage of the LM would still
be attached.
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Slayton specified that EVA should consist of a crewman exiting through the
LM forward hatch and making a thorough orbital check of the LM before
reentering through the same hatch. He said EVA on AS-503 would provide::
(1) flight experience and confidence in LM environmental-control-system
performance during cabin depressurization; (2) flight confidence in the
Block II International Latex Corp. pressure garment assemblies; (3) orbital
time-line approximation of cabin depressurization times, forward hatch
operation, flight crew egress procedures, and LM entry following a
simulated lunar EVA; (4) visual inspection and photography of LM landing
gear for possible damage during withdrawal from the S-IVB stage; (5)
external inspection and photography of the LM to record window and
antenna contamination caused by SLA panel pyrotechnic deployment; (6)
inspection and photography of descent engine skirt and adjacent areas for
evidence of damage from two descent propulsion system firings; (7)
inspection and photography of possible damage to the upper LM caused by
the SM reaction control system during withdrawal; (8) possible additional
data regarding EVA metabolic rates, etc., as applied to the Block II pressure
garment assembly; and (9) additional orbital confidence in the portable life
support system operational procedures.

Memo, Slayton to Technical Assistant for Apollo, “AS~508 Mission,” Dec. 26, 1966.

Homer E. Newell, NASA .Associate Administrator for Space Science and
Applications, pointed out to MSC Director Robert R. Gilruth thatduringa
program review he was made aware of difficulties in the development of the
Apollo Lunar Surface Experiments Package. The problems cited were with
the lunar surface magnetometer, suprathermal ion detector, passive
seismometer, and the central station transmitter receiver. Newell, who had
been briefed on the problems by NASA Hq. ALSEP Program Manager, W.
T. O’Bryant, said: “I felt they were serious enough to warrant giving you my
views in regard to the importance of having the ALSEP with its planned
complement of instruments aboard the first Apollo lunar landing mission.
It is essential that basic magnetic measurements be made on the lunar
surface, not only for their very important planetological implications, but
also for the knowledge which will be gained of the lunar magnetosphere and
atmosphere as the result of the combined measurements from the
magnetometer, solar wind spectrometer, and suprathermal ion detector.”

MSC Deputy Director George M. Low, in a January 10 letter to Newell,
thanked him and said he would discuss the problems with Newell more
fully after receiving a complete review of the ALSEP program from Robert
O. Piland.

Low wrote Newell on April 10, 1967, that there had been schedule slips in
the program plan devised in March 1966—primarily slips associated with
the lunar surface magnetometer, the suprathermal ion detector, and the
central station receiver and transmitter. “In each case, we have effected a
programmatic workaround plan, the elements of which were presented to
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Leonard Reiffel of OMSF and William O’Bryant of your staff on December
5, 1966, and in subsequent reviews of the subject with them as the planning
and implementation progressed. . . .”

Ltrs., Newell to Robert R, Gilruth, Dec. 30, 1966; Low to Newell, Jan. 10, 1967; and Low to
Newell, Apr. 10, 1967.

B. Kaskey, Bellcomm, Inc., gave NASA Apollo Program Director Samuel C.
Phillips three reasons why an AS-204 rescue of or rendezvous with a
biosatellite would be impracticable: (1) The Block I spacecraft hatch was
not designed to open and reseal in space, therefore no extravehicular activity
could be planned for AS-204. (2) The launch window for 204 was five hours
on each day, set by lighting available for launch aborts and normal recovery;
rendezvous would reduce the launch window to minutes. (3) More than half
of the reaction control system propellant was committed because of the
requirement that deorbit be possible on every orbit without use of the serv-
ice propulsion system. Phillips sent the information to ASPO Manager
Joseph F. Shea at MSC.

Note, Kaskey to Phillips, NASA Hq., “Working Note,” Jan. 3, 1967.

An MSC meeting selected a Flight Operations Directorate position on basic
factors of the first lunar landing mission phase and initiated a plan by which
the Directorate would inform other organizations of the factors and the
operational capabilities of combining them into alternate lunar surface
mission plans.

Flight Operations Director Christopher C. Kraft, Jr., conducted the
discussion, with Rodney G. Rose, Carl Kovitz, Morris V. Jenkins, William
E. Platt, James E. Hannigan, Bruce H. Walton, and William L. Davidson
participating.

The major factors (philosophy) identified at the meeting were:

* “The astronauts should be provided with an extravehicular (EVA)
timeline framework and objectives and then be given real time control of
their own activities. This approach should better accommodate the first
lunar surface unknowns than if rigorous activity control were attempted
from earth.”

* “The LM should always be in a position to get back into lunar orbit
in the minimum time. Specifically the merits and feasibility of maintaining
the LM platform powered up and aligned should be evaluated. Any other
LM systems requiring start up time after powering down should be
identified.”

* “The constraints affecting the minimum time required to turn
around and launch after LM landing and the time line should be deter-
mined. This time was estimated to two CSM orbits. The effects of Manned
Space Flight Network (MSFN) support should be considered.”

* The first EVA should be allocated to LM post landing inspection,
immediate lunar sample collection, lunar environment familiarization,
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photographic documentation, and astronaut exploration prerogatives. Any
second EVA would include deployment of ALSEP (Apollo Lunar Surface
Experiments Package) and a more systematic geological survey. Therefore,
a mission nominally planned for only one EVA would not have to include
an ALSEP in the payload. Any flight operations benefits resulting from
deletion of the ALSEP weight and deployment operations (such as
replacing weight with more fuel) must be determined.”

Other less important factors were discussed and several action items were
assigned: Rose would be responsible for successful implementation of plans
resulting from the meeting. Hannigan would determine the LM, portable
life support system, and ALSEP systems constraints and determine if the
ALSEP weight allowance could be beneficially applied to LM consumables.
The Operations Analysis Branch would investigate the MSFN support.

Memo, Chief, Operations Analysis Br., MSC, to Chief, Flight Control Div., MSC, “Operations
viewpoint on first lunar surface mission plan,” Jan. 5, 1967.

Charles A. Berry, MSC Director of Medical Research and Operations,
proposed establishment of an MSC management program for control of
hazardous spacecraft materials, to provide confidence for upcoming long-
duration Apollo missions while simultaneously saving overall costs. Berry
pointed out that no unified program for control of potentially toxic or
flammable spacecraft materials existed and, in the past, individual Program
Offices had established their own acceptance criteria for toxological safety
and fire hazards.

Memo, Berry to Deputy Director, MSC, “Management Program for Control of Hazardous
Spacecraft Materials,” Jan. 4, 1967.

Director of Flight Crew Operations Directorate (FCOD) Donald K. Slayton
discussed the 2TV-1 (thermal vacuum test article) manned test program in a
letter to the ASPO Manager. Pointing out that FCOD was providing an
astronaut crew for the vacuum test program in support of the AS-258
mission, Slayton said the FCOD objective was to test and evaluate crew
equipment, stowage, and system operations procedures planned for Block II
flights. Slayton acknowledged that this objective was not identical with
ASPO’s requirement for thermal and vacuum verification of integrated
system design, but felt that it was of equal importance and should be given
equal priority in planning the test. To achieve the FCOD objective, he
requested that specific conditions be met in spacecraft configuration, test
planning, and test conduct.

Lir, Slayton to Manager, ASPO, “2TV-1 Manned Test Program,” Jan. 4, 1967.

Apollo Program Director Samuel C. Phillips told NASA Associate
Administrator for Manned Space Flight George E. Mueller that studies had
been completed on the use of ““direct translunar injection” (launch directly
into a trajectory to the moon) as a mode of operation for lunar landing
missions. The principal advantages would be potential payload increases
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and elimination of the S-IVB stage restart requirement. The disadvantage
was that there would be no usable launch windows for about half of each
year and a reduced number of windows for the remainder of the year.
Phillips was confident the launch vehicle would have adequate payload
capability, since Saturn V performance continued to exceed spacecraft
requirements. Confidence in successful S-IVB restarts was also high. For the
lunar missions, therefore, direct launch was considered as a fall-back
position and the effort was concentrating on the parking orbit mode.

Ltr., Phillips to Mueller, ““‘Saturn V Direct Lunar Injection,” Jan. 10, 1967.

The NASA Western Support Office, Santa Monica, Calif., reported two
accidents at North American plants, with no personal injuries:

* Apollo CM 2S-1—being hoisted into a cradled position at North
American Aviation’s Space and Information Systems Division, Downey,
Calif.—was dropped 1.8 meters onto a concrete floor Jan. 12. The first re-
port was that the CM apparently suffered considerable damage.

» The S-II-5 interstage received possible structural damage when the
protective metal roof covering of a handling fixture was struck during the
swing opening of the six-story east door of Station 9 at the Seal Beach plant.
The structural connections of the handling fixture to the interstage
indicated damage. The S-II-5 interstage had been improperly parked
within the swing opening of the east door.

Memo, William E. Lilly, NASA Hq., to George E. Mueller, NASA Hgq., “Incident Reports:
Damage to the Command Module 25-1 and S$-11-5 Interstage,’” Jan. 23, 1967.

Testing of CSM 012 at Downey, Calif., and KSC revealed numerous failures
in the communications cable assembly caused by broken wiring, bent pins,
and connector malfunctions. Certain design deficiencies in the system had
been remedied by adding adapter cables in series with the cobra cable, but
these additions had resulted in additional weak points in the system and in
an unacceptably cumbersome cable assembly connected to crew members.
For these reasons, Donald K. Slayton, Director of Flight Crew Operations,
ruled the existing communications assembly unsafe for flight and requested
that the biomedical tee adapter, cobra cable, sleep adapter, and noise
eliminator be combined into one new cobra cable for CSM 012.

Memo, Slayton to Manager, ASPO, “Communications cables for Spacecraft 012, Jan. 18, 1967.

The Saturn 503 S-IVB stage exploded and was destroyed at the Douglas
Sacramento, Calif., Test Facility at 4:25 p.m. PST during a countdown. The
exercise had progressed to 10 seconds before simulated launch (about 8
minutes before S-1VB ignition) when the explosion occurred. Earlier that
day the countdown had progressed to about 6 minutes past simulated
launch when a problem with the GSE computer tape carrier head required a
hold and a recycling in the countdown. No one was injured.
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A Douglas Aircraft Company investigating team under Jack Bromberg
started operations the next morning, and an MSFC-appointed investigating
board chaired by Kurt Debus, KSC, began operating three days after the
accident.

TWX, MSFC to addressees, “Explosion of S-IVB-503 Stage,” Jan. 23, 1967.

The Lunar Mission Planning Board held its first meeting at MSC. Present,
in addition to Chairman Robert R. Gilruth, were Charles A. Berry, Maxime
A. Faget, George M. Low, Robert O. Piland, Wesley L. Hjornevik, and
acting secretary William E. Stoney, Jr., all of MSC. Principal subject of
discussion was the photography obtained by Lunar Orbiter I and Lunar
Orbaiter 11 and application of this photography to Apollo site selection. The
material was presented by John Eggleston and Owen Maynard, both of
MSC. Orbiter I had obtained medium-resolution photography of sites on
the southern half of the Apollo area of interest; Orbiter Il had obtained both
medium- and high-resolution photographs of sites toward the northern half
of the area. Several action items were assigned, with progress to be reported
at the next meeting, including a definition of requirements for a TV land-
ing aid for the lunar module and a report on landing-site-selection restraints
based on data available from Lunar Orbiter I and II only, and another on
data from Lunar Orbiter 1, 11, and 111.

Minutes of the Lunar Mission Planning Board, Jan. 23, 1967.

Apollo Program Director Samuel C. Phillips sent a message to the manned
space flight Centers indicating that he wanted to supplement the findings of
the S-IVB Accident Investigation Board with a review by the Crew Safety
Panel of the possible impact on manned Apollo flights. He requested Crew
Safety Panel members and any other necessary crew safety representatives to
g0 to Sacramento, Calif., immediately, review the 20 January accident, and
answer a number of questions:

1. What would have happened if a crew had been on board the space
vehicle at the time of the accident?

2. What feasible methods were there within existing system
capabilities to escape such an explosion? What other escape methods might
be evolved beyond existing system capabilities?

3. How would the EDS (emergency detection system) have functioned
if the accident had occurred on a manned flight? Should there be any
changes to the EDS?

4. Should any changes be made to AS-204 to increase the probability of
a safe escaper

Phillips said the panel’s recommendations were needed by February 6 to
help assess any impact on AS-204 and subsequent flights.

TWX, NASA Hgq. to addressees, “S-1VB Stage Accident Investigation,” Jan. 26, 1967.
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Representatives of 62 nations signed the space law treaty, “Treaty on
Principles Covering the Activities of the States in the Exploration and Use
of Outer Space, Including the Moon and Other Celestial Bodies,” at separate
ceremonies in Washington, London, and Moscow. The treaty, which
limited military activities in space, had been agreed upon by the U.S. and
U.S.S.R. December 8, 1966, and unanimously approved by the United
Nations General Assembly December 19. It was to become effective when
ratified by the U.S., U.S.S.R., United Kingdom, and two other countries.

Astronautics and Aeronautics, 1967 (NASA SP-4008, 1968), p. 23; and text of treaty.

Fire sweeping through command module 012 atop its Saturn IB launch
vehicle at Launch Complex 34, KSC, took the lives of the three-man crew
scheduled for the first manned Apollo space flight.

ASPO Manager Joseph F. Shea sent a flash report to NASA Hq.: “‘During a
simulated countdown for mission AS-204 on January 27, 1967, an accident
occurred in CM 012. This was a manned test with the prime astronaut crew
on board. A fire occurred inside the command module resulting in the death
of the three astronauts and as yet undetermined damage to the command and
service modules.” The launch had been scheduled for February 21.

The Director, Armed Forces Institute of Pathology in Washington, was
alerted during late evening and informed that the accident had taken the
lives of astronauts Virgil I. Grissom, Edward H. White II, and Roger B.
Chaffee.

Later that evening a request for autopsy support was received and three
pathologists and a medical photographer were sent to Cape Kennedy on an
Air Force aircraft. Team members were Col. Edward H. Johnston, USA;
Cdr. Charles J. Stahl, USN; Capt. Latimer E. Dunn, USAF; and T/Sgt
Larry N. Hale, USAF.

The postmortem examinations began at 11 a.m. January 28 at the USAF
Bioastronautic Operational Support Unit and were completed at 1 a.m. the
following day.

TWX, Shea to NASA Hgq., Attn: Apollo Program Director, Jan. 28, 1967; Append. D, *‘Panel

11," Report of Apollo 204 Review Board to the Administrator, National Aeronautics and Space
Administration, Apr. 5, 1967, p. D-11-13.

The Apollo 204 Review Board was established by NASA’s Deputy
Administrator Robert C. Seamans, Jr., to investigate the Apollo 204 accident
that had killed the 204 prime crew January 27. The Board would report to
the NASA Administrator.

Appointed to the Board were:

* Floyd L. Thompson, Director Langley Research Center, Chairman.
* Frank Borman, astronaut, MSC.
* Maxime A. Faget, Director of Engineering and Development, MSC.
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Effects of the flash fire on CM 012, photographed shortly after the fatal January 27,
1967, Apollo 204 accident: exterior of the command module, left, and interior,
right.

* E. Barton Geer, Associate Chief of Flight Vehicles and Systems
Division, LaRC.

* George Jeffs, Chief Engineer, Apollo, North American Aviation, Inc.

* Frank A. Long, President’s Science Advisory Committee member,
Vice President for Research and Advanced Studies, Cornell University.

* Col. Charles F. Strang, USAF, Chief of Missiles and Space Safety
Division, Air Force Inspector General, Norton Air Force Base, Calif.

* George C. White, ]Jr., Director, Reliability and Quality, Apollo
Program Office, NASA Hgq.

* John Williams, Director of Spacecraft Operations, KSC.

George Malley, Chief Counsel, LaRC, was named to serve as counsel to the
Board.

The Board was told it could call upon any element of NASA for support,
assistance, and information, and was instructed to:

* Review the circumstances surrounding the accident to establish the
probable cause or causes and review the findings, corrective actions, and
recommendations being developed by the program offices, field Centers, and
contractors.

* Direct any further specific investigations necessary.

* Report its findings on the cause of the accident to the NASA
Administrator as expeditiously as possible and release the information
through the Ofhce of Public Affairs.
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* Consider the impact of the accident on all Apollo equipment
preparation, testing, and flight operations.

* Consider all other factors related to the accident, including design
procedures, organization, and management.

* Develop recommendations for corrective or other action based upon
its findings and determinations.

* Document its findings, determinations, and recommendations and
submit a final report to the Administrator, which would not be released
without his approval.

Memo for the Apollo 204 Review Board from Seamans, Jan. 28, 1967.

The Chairman and several members of the Apollo 204 Review Board
assembled at KSC and met with NASA Deputy Administrator Robert C.
Seamans, Jr., Apollo Program Director Samuel C. Phillips, and other
personnel from NASA Hgq., KSC, and MSC. The officials were given a quick
appraisal of circumstances surrounding the January 27 accident and actions
taken after the fire. The meeting was followed by an initial general session of
the Board in the Mission Briefing Room, an area assigned to the Board to
conduct its business. The Board adjourned to visit the scene of the accident,
Launch Complex 34, and then reconvened to plan the review.

“Board Proceedings,” Report of Apollo 204 Review Board to the Administrator, National
Aeronaulics and Space Administration, Apr. 5, 1967, p. 3-13.

Astronaut Frank Borman briefed the Apollo 204 Review Board after his
inspection of the damaged command and service modules. A main purpose
of the inspection was to verify the position of circuit breakers and switches.
In other major activities thatday, the Pyrotechnic Installation Building was
assigned to the Board to display the debris and spacecraft components after
removal from Launch Complex 34; the Board began interviewing
witnesses; and the Board Chairman asked NASA Associate Administrator
for Manned Space Flight George E. Mueller for assistance in obtaining
flame propagation experts to assist the Board. Experts might be obtained
from Lewis Research Center, the Bureau of Mines, and the Federal Aviation
Agency. The Board Chairman established an ad hoc committee to organize
task panels to make the accident investigation systematically. The
committee was composed of John J. Williams, KSC; E. Barton Geer, LaRC;
Charles W. Mathews, NASA, Hq.; John F. Yardley, McDonnell Aircraft
Corp.; George Jefts, North American Aviation, Inc.; and Charles F. Strang,
USAF.

“Board Proceedings,” p. 3-13.

Robert W. Van Dolah of the Bureau of Mines, 1. Irving Pinkel of Lewis
Research Center, and Thomas G. Horeff of the Federal Aviation Agency
joined the Apollo 204 Review Board as consultants. Membership of the
special ad hoc committee established January 29 to recommend special
panels for the investigation was changed to Frank Borman and Maxime A.
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Faget, both of MSC; Charles W. Mathews, NASA Hq.; George Jefts, North
American Aviation, Inc.; John F. Yardley, McDonnell Aircratt Corp.; and
John J. Williams, KSC, Chairman. Mathews outlined 19 recommended
panels and the work objectives of each. A Board member was assigned to
monitor each panel and to serve as a focal point through which the panels
would report to the Board. Lt. Col. James W. Rawers (USAF) of the Range
Safety Division Analysis Section presented an oral report on what Air Force
Eastern Test Range personnel saw at the time of the accident. In other
activities that day Fagetintroduced Alfred D. Mardel, MSC, who presented a
briefing on data and sequence of events.

“Board Proceedings,” p. 3-14.

Col. Charles F. Strang advised the Apollo 204 Review Board of an accident
in an altitude chamber at Brooks Air Force Base, Tex., that morning. A flash
fire had swept the oxygen-filled pressure chamber, killing Airman 2/C
William F. Bartley, Jr., and Airman 3/C Richard G. Harmon. Col. Strang
presented a short briefing on the circumstances and was asked by Chairman
Floyd Thompson to provide follow-up information.

Lt. Col. William D. Baxter, Air Force Eastern Test Range representative to
the Board, advised the group of existing Apollo spacecraft hazards,
including:

* high-pressure oxygen bottles that might be pressurized to 335
newtons per square centimeter (485 pounds per square inch) and be subject
to embrittlement;

¢ pyrotechnics on the service module; and

* a launch escape system with a 40-kilonewton (9000-pound-thrust)
rocket motor.

An engineering review was made of these hazards and it was agreed that
these items must be removed before any work could proceed.

In other actions on January 31, the Chairman of Panel 4, Disassembly
Activities, briefed the Board on the Spacecraft Debris Removal Plan and the
group approved the plan to the point of removing the astronauts’ couches.
In addition, Panel 19, Safety of Investigation Operations, was formed.

“Board Proceedings,” pp. 3-14, 3-15; Astronautics and Aeronautics, 1967 (NASA SP-4008,
1968), p. 29.

A TWX from NASA Headquarters to MSC, MSFC, and KSC ordered
checkout and launch preparation of AS-501 to proceed as planned, except
that the CM would not be pressurized in an oxygen environment pending
further direction. If AS-501 support, facility, or work force should conflict
with the activities of the AS-204 Review Board, the Board would be given
priority.

TWX, Samuel C. Phillips to MSC, MSFC, and KSC, Jan. 31, 1967.
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Funeral services were held for the Apollo crewmen who died in the January
27 spacecraft 012 (Apollo 204 mission) flash fire at Cape Kennedy. All three
were buried with full military honors: Virgil I. Grissom (Lt. Col., USAF),
and Roger B. Chafee (Lt. Cdr., USN), in Arlington, Va, National
Cemetery; and Edward H. White II (Lt. Col., USAF), at West Point, N.Y.
Memorial services had been held in Houston January 29 and 30.

Astronautics and Aeronautics, 1967 (NASA SP-4008, 1968), pp. 27, 29.

MSC management directed contractors and other government agencies to
stop all MSC-related manned testing in environments with high oxygen
content. The message dispatched stated: “Until further notice, each
addressee and his subcontractors is directed to cease all MSC related manned
testing in an environment containing high oxygen concentrations. This
restriction applies to all tests in chambers, enclosures, spacecraft, space
suits, and includes any other procedure which may require any human
activity within a concentrated oxygen environment. Unmanned
qualification and development tests may continue in accordance with
established plans as long as the contractor can assure that human safety is
not jeopardized.

“Waivers for test continuation due to urgent programmatic schedules and
commitments will be granted only by the Director of MSC. Each addressee
should review all test procedures and use of equipment for unmanned
testing using concentrated oxygen under pressure to assure that the tests are
necessary and will be conducted safely.

“This message is precautionary in nature. It should not be construed to
imply that any preliminary conclusions have been reached in the
investigation of the recent Apollo accident.

“Unmanned buildup and preparations should proceed as planned, so that
testing can be resumed when this restriction is lifted. . . .”

TWX, George M. Low, MSC, to addressees, Feb. 1, 1967.

The task of removing the launch escape system from AS-204 was delayed
until retrorockets and other ordance devices could be removed from the
launch vehicle and spacecraft.

Apollo 204 Review Board Chairman Floyd L. Thompson appointed a
committee of two Board members and three consultants to coordinate panel
activities and to bring to the attention of the Board the actions requiring
specific approval. This Panel Coordinating Committee was required to
present daily activity reports to the Board. Thompson announced that an
executive session (Board members) would be held at 4 p.m. daily.

“Board Proceedings,” p. 3-15.
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Command module 014 arrived from the North American Aviation plant in
Downey, Calif., and was placed in the Pyrotechnic Installation Building at
KSC. The module was to be used for training the technicians who would
disassemble command module 012, the module in which the AS-204 fire had
ignited. Before removal of any component from 012, the technicians were to
perform similar tasks on 014, to become familiar with all actions required to
remove any single component and minimize damage during removal. As a
component was removed it was transported from the launch complex to the
Pyrotechnic Installation Building. All equipment associated with the
accident would also be placed in the PIB, including command module
hardware and support equipment.

The Apollo 204 Review Board was informed that the most significant event
in the investigation to date was the removal of the launch escape system
from the command module, eliminating the greatest potential hazard to
disassembly operations. With this task finished, members of the Fire
Propagation Panel were expected to enter the command module the
following day. Removal of the launch escape system also permitted

extensive photographic coverage of the interior of the 012 command
module. ,

Col. Charles F. Strang distributed copies of a status report of the January 31
accident at Brooks AFB, Tex., for the Board’s information. NASA Deputy
Administrator Robert C. Seamans attended the session.

“Board Proceedings,” pp. 3-15, 3-16, 3-47.

MSC issued instructions to contractors and employees regarding release of
information on any aspect of the AS-204 accident or investigation. The
message said: “‘In accordance with the Apollo Failure Contingency Plan. . .
and so this work may proceed rapidly and with complete integrity, all NASA
and contractor employees are directed to refrain from discussing technical
aspects of the accident outside of assigned working situations. This is meant
to rule out accident discussion with other employees, family friends,
neighbors and the like. All press information will be channeled through the
Public Affairs Office.

TWX, MSC to distr., “MSC Posture on Apollo 204 Investigation,” Feb. 2, 1967.

NASA Deputy Administrator Robert C. Seamans, Jr., reported to
Administrator James E. Webb on progress of the Apollo 204 Review Board
investigation of the January 27 spacecraft fire. Specific cause of the fire had
not been determined from the preliminary review. Official death certificates
for the three crew members listed cause of death as “asphyxiation due to
smoke inhalation due to the fire.”” Webb released the report to Congress and
the press.

Associate Administrator for Manned Space Flight George E. Mueller an-
nounced that the unmanned flights AS-206 (on uprated Saturn I) and AS-
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501 and AS-502 (first and second Saturn V launches) would proceed as
scheduled in 1967. Manned flights were postponed indefinitely.

“Board Proceedings,” p. 3-47; NASA News Releases 67-21 and 67-22, Feb. 3, 1967.

In memoranda for the Apollo 204 Review Board, NASA Deputy
Administrator Seamans noted changes in the Board:

e Frank A. Long, President’s Scientific Advisory Committee member
and Vice President for Research and Advanced Studies at Cornell Universi-
ty, was no longer a member of the Board, effective February 1.

s Robert W. Van Dolah, Research Director for the Explosive Research
Center of the Bureau of Mines, Department of the Interior, was appointed to
the Board eftective February 1.

¢ George Jeffs—Chief Engineer, Apollo, North American Aviation,
Inc.—was consultant rather than member of the Board effective February 2.

Seamans also amplified and documented the oral instructions given to the
Chairman January 28, 1967:

¢ The Chairman was to establish procedures for the organization and
operation of the Board as he found most effective, and the procedures were to
be part of the Board’s records.

e Board members were to be appointed or removed by the Deputy
Administrator after consultation with the Chairman as necessary for the
Board’s effective action.

e The Chairman could establish procedures to ensure the execution of
his responsibility in his absence.

e The Chairman was to appoint or designate representatives,
consultants, experts, liaison officers, observers, or other officials as required
to support Board activities. He was to define their duties and responsibilities
as part of the Board’s records.

¢ The Chairman was to advise the Deputy Administrator periodically
on the organization, procedures, and operations of the Board and its
associated officials.

e The Chairman was to ensure that the counsel to the Board
maintained memoranda records covering areas of possible litigation.

Memos, Seamans to Apollo 204 Review Board, Feb. 3, 1967.

The Apollo 204 Review Board Chairman requested that a document be
written to establish procedures for entry into CM 012. Coordination of
requirements and priorities would be controlled by the Panel Coordinating
Committee, and entry into the CM by Frank Borman, MSC, or his delegated
representative.

A display showing the sequence of events immediately preceding and
following the accident was prepared from telemetry data and placed in the
Mission Briefing Room. Time span of the display was from 6:30 p.m. to 6:33
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p.m., January 27. Significant information was included on communica-
tions, instrumentation, electrical power, environmental control, guidance
and navigation, and stabilization and control.

Borman reported that the debris removal plan approved by the Board was
progressing satisfactorily and that the next phase would use protective
plywood covers for the couches to permit detailed examination of the
command module interior.

Homer Carhart, Chief of Fuels Research, Chemistry Division, Naval
Research Laboratory, was assigned to the Fire Propagation Panel. Board
Chairman Floyd Thompson made the following appointments as Repre-
sentatives of the Board: C. H. Bolender and Charles W. Mathews, both of
NASA Hq.; Joseph F. Shea and G. Fred Kelly, MSC; Rocco Petrone, KSC;
and William D. Baxter, Air Force Eastern Test Range.

“"Board Proceedings,” pp. 3-16, 3-17.

Apollo 204 Review Board Chairman Floyd L. Thompson established an
Advisory Group to support the Board in its investigation. The group
consisted of representatives, consultants, liaison officers, observers, and
secretariat and would report to the Board Chairman.

Duties were defined as follows:

* Representative: represent a major element of NASA or other
government agency having programs and activities associated with the
Apollo Program.

* Consultant: serve as an adviser to the Review Board by providing
opinions, information, and recommendations, as appropriate, based on his
field of competence.

* Observer: acquire information relative to his area of expertise and
normal responsibility.

* Secretariat: provide administrative, secretarial, clerical, and other
supporting services to the Review Board.

The following were designated to the Advisory Group by Thompson:

Representatives: C. H. Bolender, NASA Hq., representing the Apollo
Program Director; Charles W. Mathews, Director, Apollo Applications
Program, NASA Hq.; Rocco A. Petrone, Director, Launch Operations,
KSC; Joseph F. Shea, ASPO Manager, MSC; Lt. Col. William D. Baxter,
USAF, Chief, Range Safety Office, Air Force Eastern Test Range; G. F.
Kelly, Flight Medicine Branch, Center Medical Office, MSC.

Consultants: Frank A. Long, Vice President for Research and Advanced
Studies, Cornell University; John Yardley, Technical Director, Astronau-
tics Co., Division of McDonnell Co.; George W. Jeffs, Chief Engineer,
Apollo Program, North American Aviation, Inc., or alternate R. L. Benner,
Assistant Chief Engineer, Apollo Program, North American Aviation, Inc.;
Irving Pinkel, Chief, Fluid Systems Research Division, Lewis Research
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Center; Thomas G. Horeff, Propulsion Program Manager, Engineering
and Safety Division, Aircraft Development Service, Federal Aviation
Agency; Homer Carhart, Chief, Fuels Branch, Chemistry Division, Naval
Research Laboratory; and John S. Leak, Chief, Technical Services,
Engineering Division, Bureau of Safety, Civil Aeronautics Board.

Liaison Officer: Duncan Collins, Special Adviser, Secretary of the Air Force,
Skylab Program.

Observers: All MSC astronauts; John D. Hodge, MSC; P. A. Butlerand W.
Dugan, both USAF; George E. Mueller and Samuel C. Phillips, both NASA
Hq.; Kurt H. Debus, Paul C. Donnelly, John W. King, H. E. McCoy, R. E.
Moser, W. P. Murphy, G. Merritt Preston, J. G. Shinkle, A. F. Siepert, and
W. Williams, all of KSC.

Secretariat: Ernest Swieda, Executive Secretary.

Memo for Record, Floyd L. Thompson, ““Establishment of Apollo 204 Review Board Advisory
Group,” Feb. 4, 1967.

‘Maxime Faget, MSC, distributed a draft report on the use of internal and
external power on the command module for the information of the Apollo
204 Review Board.

Scott Simpkinson, MSC, Chairman of the Disassembly Activities Panel,
presented the disassembly schedule. He expected removal of the couches
from command module 012 by 5 a.m., followed by installation of the false
fioor by 12 noon on February 5. The false floor had previously been installed
in command module 014 as a training exercise.

Frank Borman, MSC, was granted release of the impounded flight suits of
the backup crew, for egress testing. The Board was to observe the test
February 5.

“Board Proceedings,” p. 3-17.

Lt. Col. William D. Baxter, Air Force Eastern Test Range, reported to the
Apollo 204 Review Board that copies of statements by 90 witnesses of the
January 27 fire had been transcribed. George Jeffs of North American
Aviation announced that an NAA and AiResearch team had arrived to
inspect the 012 command module and to propose further action on the
environmental control unit and system.

Col. Charles F. Strang, USAF, said Board Chairman Floyd Thompson had
asked that the “Life Sciences’’ portion of the final report include an analysis
of the escape system, with redesign recommendations. The system fell
within the purview of the Ground Emergency Procedures Review Panel, the
In-Flight Fire Emergency Provisions Review Panel, the Design Review
Panel, and the Medical Analysis Panel. G. Fred Kelly, MSC, was asked to
coordinate findings.

“Board Proceedings,” p. 3-18.
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The Senate Committee on Aeronautical and Space Sciences met in executive
session to hear NASA testimony on the Apollo 204 fire. NASA Deputy
Administrator Robert C. Seamans, Jr., said the cause of the accident had not
yet been found. Corrective actions under study included choices of CM cabin
and suit atmospheres, improved accessibility into and out of the CM cabin,
and procedures to minimize the possibility of fires and to extinguish fires if
they should occur.

Charges that the Apollo program was taking chances with lives in the effort
to beat the U.S.S.R. to the moon were “‘completely unfounded; . . . before
every one of our manned flights, as well as our ground test simulations, we
have taken stock to be sure that there is nothing . . .undoneor. . . done, that
would in any way increase the risk to the astronauts.” The astronauts had
been party to decisions and part of the review process to make sure this was
true. Associate Administrator for Manned Space Flight George E. Mueller
emphasized that the Apollo program had been ““paced at a deliberate pace’’;
it was the longest research and development program the U.S. had ever
undertaken.

MSC Chief of Center Medical Programs Charles A. Berry testified that the
cabin atmosphere used in the Apollo program—100 percent oxygen at
pressure of 3.5 newtons per square centimeter (5 pounds per square inch)—
was based on extensive research over more than 10 years. The one-gas
selection was based on tradeoffs among oxygen toxicity, hypoxia, spacecraft
leakage, weight, and system reliability. And cabins had been purged with
oxygen at some 10.3 newtons per square centimeter (15 pounds per square
inch) during the prelaunch period for all manned launches since 1960 and
all spacecraft vacuum chamber tests in Mercury, Gemini, and Apollo
programs—primarily to prevent astronauts from getting the bends.

Three previous fires had occurred in the pure oxygen environment, but these
had been in simulators and caused by test equipment and procedures that
would not be used in spacecraft.

The three-door hatch, requiring 90 seconds to open, was used for the first
time on CM 012, which had an inner pressure hull and an outer shell to carry
the structural loads of reentry into the atmosphere on a return from the
moon. Danger of a fast-opening escape hatch’s accidentally opening in
space—as the Mercury program’s Libery Bell hatch had opened after
splashdown in July 1961—had to be considered. Research on cabin
accessibility, ongoing before the 204 accident, was now intensified.

Senate Committee on Aeronautical and Space Sciences, Apollo Accident: Hearing, 90th Cong.,
Ist sess., pt. 1, Feb. 7, 1967.

Irving Pinkel, of Lewis Research Center and the Fire Propagation Panel,
presented a preliminary report to the Apollo 204 Review Board. The report
described the areas of the command module most damaged by the January
27 fire, the most probable fire paths, and the combustible materials in the
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CM. The oxygen in the CM would permit burning of only 5.4 to 6.8
kilograms of material. Solid combustibles in the CM included plasticsin the
nylon, polyurethane, and silcone rubber classes. The liquid-coolant
ethylene glycol could also become a fuel if it escaped from the closed coolant
system.

The technical team from AiResearch and North American Aviation (under
NASA supervision) completed inspection of the CM 012 spacecraft
environmental control unit, preparatory to removal.

Panel 21 was formed for service module disposition. It would plan and
execute SM activities and obtain Board approval for demating the command
and service modules.

“Board Proceedings,” p. 3-19.

Floyd L. Thompson, Chairman of the Apollo 204 Review Board, formally
established 21 task panels to support the investigation. He appointed a
Board member as monitor for each panel.

Duties of the panels were to:

* Perform all functions within their respective statements of work as
approved by the appropriate Board monitors.

* Submit work plans through the Panel Coordination Committee to
the Review Board for approval.

* Provide reports to the Review Board, when required, on the progress
of work.

* Work with each other under the guidance of the Panel Coordination
Committee.

Following are the names of the panels and the panel chairman and Board
monitors assigned to each panel.

Apollo 204 Review Board Task Panels

Panel
No. Panel Title Panel Chairman Board Monitor
1  S$/C and GSE Configuration J. Goree, MSC J. Williams, KSC
2  Test Environments W. Hoyler, MSC G. White, NASA Hgq.
3  Sequence of Events D. Arabian, MSC M. Faget, MSC
4 Disassembly Activities S. Simpkinson, MSC  F. Borman, MSC
5 Origin & Propagation
of Fire F. Bailey, MSC R. Van Dolah
6 Historical Data T. J. Adams, MSC G. White, NASA Hq.
7  Test Procedures Review D. Nichols, KSC J. Williams, KSC
8 Materials Review W. Bland, MSC M. Faget, MSC
9  Design Reviews R. Williams, MSC G. White, NASA Hg.
10 Analysis of Fracture
Areas P. Glynn, MSC B. Geer, LaRC

73

1967
February



1967
February

THE APOLLO SPACECRAFT: A CHRONOLOGY

11 Medical Analysis G. Kelly, MSC F. Thompson, LaRC
G. Malley, Counsel
12 Witness Statements N. Vaughn, MSC G. Strang, USAF

G. Malley, Counsel
13 Ground Emergency

Provisions G. Page, KSC F. Borman, MSC
14 Security of Operations C. Buckley, KSC C. Strang, USAF
15 Board Administrative

Procedures A. Griffin, KSC B. Geer, LaRC
16  Special Tests G. Stoops, MSC M. Faget, MSC
17 Final Board Report K. Hinchman, USAF C. Surang, USAF
18  Integration Analysis A. Mardel, MSC M. Faget, MSC
19 Safety of Investigation

Operations J. Atkins, KSC B. Geer, LaRC
20 In-flight Fire Emergency

Provisions Review J. Lovell, MSC F. Borman, MSC
21 Service Module

Disposition W. Petynia, MSC J. Williams, KSC

Memo for Record, Floyd L. Thompson, “Establishment of Apollo 204 Review Board Panels,’”
Feb. 7, 1967.

MSC Director Robert R. Gilruth asked LaRC Director Floyd Thompson to
conduct a study at Langley to familiarize flight crews with CM active
docking and to explore problems in CM recontact with the LM and also
LM withdrawal. MSC would provide astronaut and pilot-engineer support
for the study. Apollo Block II missions called for CM active docking with the
LM and withdrawal of the LM from the S-IVB stage, requiring
development of optimum techniques and procedures to ensure crew safety
and to minimize propellant utilization. LM withdrawal was a critical area
because of clearances, marginal flight crew visibility, and mission
constraints. Previous simulations at LaRC indicated the possibility of using
the Rendezvous Docking Simulator.

Ltr., Gilruth to Thompson, Feb. 7, 1967.

MSC ASPO Manager Joseph Shea reviewed with George Jeffs of North
American Aviation a deficiency in the mission control programmer (MCP)
in spacecraft 017. Certain diodes—intended to prevent propagation of a
single-point failure into redundant circuitry—had been omitted from the
flight unit. The diodes appeared on MCP schematics but had been omitted
from the hardware because of problems in ground testing. A fix appeared
mandatory before flight. The MCP unit in spacecraft 020 would be similarly
modified before final integrated tests, to confirm that the design change had
not introduced other problems.

Shea requested a full explanation from North American “as to how the
schematics and/or drawings being used by the responsible design review
engineers did not reflect the as built conditions.” A report detailing the loop-
holes in North American procedures that permitted such a condition and

74



PART 1. PREPARATION FOR FLIGHT AND THE ACCIDENT

the corrective actions taken to prevent such incidents in the future was
requested no later than March 1.

Memo, Shea to distr., Feb, 8, 1967.

William W. Petynia, MSC, was given ASPO responsibility for use of the
spacecraft 012 service module in nonflight support of the Apollo program
when the Apollo 204 Review Board released the SM from further
investigation. It was to be used in subsystem tests or tests of the complete
module.

Memo, Petynia to Assistant Manager, ASPO, and Head, Apollo Support Office, *'Disposition of
the SC 012 Service Module,” Feb. 10, 1967.

NASA Deputy Administrator Robert C. Seamans, Jr., and members of his
stafft were briefed at KSC on aspects of the Apollo 204 investigation: final
report, fire propagation, photographic control, data integration, and
medical analysis. The group also visited the Pyrotechnic Installation
Building and other areas under the control of the Apollo 204 Review Board.

Board Chairman Floyd Thompson announced that the panel reports would
be signed by the panel chairmen only and that the Board monitors assigned
to the panels would be responsible for ensuring that minority views be given
proper consideration. In the event that serious differences were not resolved,
they were to be included in the panel reports for the Board’s consideration.

“'Board Proceedings,” pp. 3-20, 3-51 through 3-53.

The Board of Inquiry into the January 20 S-IVB-503 explosion at the
Douglas Sacramento Test Facility identified the probable cause as the
failure of a pressure vessel made with titanium-alloy parent-metal fusion
welded with commercially pure titanium. The combination, which was in
violation of specifications, formed a titanium hydride intermetallic that
induced embrittling in the weld nugget, thus significantly degrading the
capabilities of a weldment to withstand sustained pressure loads. The Board
recommended pressure limitations for titanium-alloy pressure vessels.
TWX, NASA Hq. to MSC, KSC, and Grumman, Feb. 8, 1967; TWX NASA Hq. to MSFC, MSC,

KSC, “Pressure Limitation on Titanium Alloy Pressure Vessels,”” Feb. 10, 1967; Itr., William
Teir, MSFC, to MSC, Attn: Joseph F. Shea, “Titanium Pressure Vessels,”” Feb. 10, 1967.

Apollo 204 Review Board Chairman Floyd Thompson requested the NASA
Office of Manned Space Flight, MSFC, KSC, and MSC to furnish a detailed
description of their responsibilities, organizational relationships, and
alignment in the Apollo program. Robert W. Van Dolah (Bureau of Mines),
Chairman of the Origin and Propagation of Fire Panel, was asked to
prepare a report on fire propagation by February 15 for submission to NASA
Deputy Administrator Robert C. Seamans, Jr.

Specially built tables had been placed in the Pyrotechnic Installation
Building to display items from CM 012 for inspection without handling.
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The Board also decided to ask that special studies of the spacesuits be made
by the manufacturer and the MSC Crew Systems Division, to provide expert
opinions on possible contributing factors to the fire and information for
future spacesuit design.

“Board Proceedings,” p. 3-21.

NASA Deputy Administrator Robert C. Seamans, Jr., gave Administrator
James E. Webb a second interim report on the Apollo 204 Review Board
investigation: ‘At this time there has been no determination as to the source
of the ignition itself,” but the fire apparently had varied considerably in
intensity and direction and might have had more than one phase. All three
crew spacesuits had been burned through, although extent of damage
varied. Spacecraft disassembly was proceeding carefully, with detailed
mapping and photography. Webb released the report to the press February
15.

“Board Proceedings,” pp. 3-51 through 3-53; NASA News Release 67-28, Feb. 15, 1967.

Selected Apollo 204 Review Board members and panel chairmen were
instructed to prepare an interim report on actions to date. The Board was to
review the report February 19 for a briefing of NASA Deputy Administrator
Seamans on February 22. Robert W. Van Dolah presented a report on
findings by the Origin and Propagation of Fire Panel, for submission to
Seamans.

Command module 012 was scheduled for removal from its launch vehicle
February 17 because of satisfactory progress in removing systems from it.

‘‘Board Proceedings,” p. 3-21.

The Apollo 204 Review Board received a detailed briefing on the anomalies
recorded before and during the CM 012 fire. The following anomalies were
transmitted by the command module telemetry system to several recording
stations: (1) communication difficulties, (2) high flow rate in oxygen system,
(3) disruption of alternating current, (4) telemetry readings from a
disconnected gas chromatograph connector, and (5) change in the gimbal
angle of the inertial measurement unit, which might indicate movement in
the command module. The Board asked additional testing and analysis.

“Board Proceedings,” p. 3-22.

NASA Deputy Administrator Robert C. Seamans, Jr., informed Associate
Administrator for Manned Space Flight George E. Mueller that, in view of
the interim nature of schedule outlook for manned uprated Saturn I and
Saturn V missions, he had decided to show these missions as ‘‘Under Study”
in the Official NASA Flight Schedule for February 1967. As soon as firm
approved dates for the missions were available the schedule would be
updated. He said that all participants in the Apollo program should be
advised that—except for unmanned missions 206, 501, and 502—official
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agency schedule commitments had not been made and certainly could not be
quoted until management assessments of the program had been completed
and schedules approved by the Office of the Administrator.

Memo, Seamans to Mueller, *“Official NASA Apollo Schedules for Manned Missions,” Feb. 16,
1967.

The Apollo 204 Review Board classified the materials in and around
spacecraft 012 into three categories. Categories A and B were materials that
had significant bearing on the results of the findings or were considered
relevant to the investigation. Category C was essentially material not
involved in the event, or only affected as a consequence of the event. Most of
the Category C material would, at the time of its designation, be released to
the program office for disposition and use within what might be termed
normal program channels.

Memo, Joseph F. Shea, MSC, to distr., “Policy with respect to the use of material released from
Apollo 204 Review Board jurisdiction,” Feb. 16, 1967.

Command module 012 was separated from the service module and moved to
the Pyrotechnic Installation Building for further disassembly and investiga-
tion.

“Board Proceedings,” p. 3-22.

The Apollo 204 Review Board approved a plan to remove the spacecraft 012
service module from the launch vehicle on February 21. The service module
was to be taken to the Manned Spacecraft Operations Building at KSC for
detailed examination and testing. Board Chairman Floyd Thompson
directed that a plan be developed to release Launch Complex 34 from
impoundage and to return it to KSC for normal use after the SM was
removed. Preparations were being made to remove the aft heatshield from
the command module to permit inspection of the CM floor from the lower
side.

“Board Proceedings,’” p. 3-23.

Kenneth S. Kleinknecht was designated Chairman of the CSM Configura-
tion Control Panel in the Apollo Spacecraft Program Office, MSC. He
would have authority to approve CSM changes within the limits outlined in
the ASPO Configuration Management Plan.

Memo, Manager, ASPO, to distr., “CSM Configuration Control Panel Chairman,” Feb. 20,
1967.

Apollo program officials were briefed on significant information, tentative
findings, and preliminary recommendations developed by the Apollo 204
Review Board. Those present included George E. Mueller, Samuel C.
Phillips, C. H. Bolender, Frank A. Bogart, and Julian B. Bowman, all of
NASA Hg.; Robert R. Gilruth, George M. Low, and Christopher C. Kraft,
Jr., all of MSC; Kurt H. Debus, KSC; and Wernher von Braun, MSFC.
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Ashmun Brown, Office of Chief Counsel, KSC, was assigned to assist the
counsel to the Board.

“Board Proceedings,”” pp. 3-28, 3-24.

A formal briefing on progress of the Apollo 204 Review Board was presented
to NASA Deputy Administrator Robert C. Seamans, Jr., David Williamson
of Seamans’ staff, and Charles A. Berry, Joseph F. Shea, Donald K. Slayton,
and Walter M. Schirra, Jr., all of MSC.

In a general session of the Board, Chairman Floyd Thompson stated that
1500 persons were giving direct support to the accident investigation. This
number, considered to be conservative, consisted of 600 persons from NASA,
Air Force, Navy, Department of the Interior and other government agencies,
and 900 from industry and universities.

"“Board Proceedings,” p. 3-24.

Apollo Program officials, headed by NASA Associate Administrator for
Manned Space Flight Mueller, briefed Deputy Administrator Seamans,
Apollo 204 Review Board members, and those present at the February 22
briefing. The presentation included a status report on the Apollo program,
on special tests being conducted and planned as a result of the January 27
fire, and on proposed actions on the tentative Review Board findings.

Board Chairman Floyd Thompson, LaRC; Robert Van Dolah, Bureau of
Mines; and Frank Borman, MSC, accompanied Seamans to Washington the
following day, to brief Administrator James E. Webb on the tentative
findings and preliminary recommendations of the Board (see February 25).

The spacecraft-lunar module adapter (SLA) was removed from the launch
vehicle and moved to the Manned Spacecraft Operations Building for
examination.

“Board Proceedings,” pp. 3-24, 3~25, 3-55 through 3-59.

William A. Lee was redesignated from Assistant Program Manager, Apollo
Spacecraft Program Office, to Manager for the LM, ASPO, at MSC. Lee
would be responsible for the management of the lunar module program,
including MSC relations with Grumman and other supporting industrial
concerns. Lee would report to ASPO Manager Joseph F. Shea and would
assist him in the following areas:

1. Directing the design, development, and fabrication program
contracted by NASA with Grumman.

2. Directing and planning detailed system engineering and systemn
integration functions for the project, including review of engineering
design work and system engineering studies by the contractor.

8. Development of the program of ground and flight tests at White
Sands Missile Range, MSC, and KSC.
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4. Monitoring contractors’ operations to ensure adherence to specifica-
tions, to identify and solve problems which might impede the development
of systems or subsystems.

5. Directing subordinate functional chiefs on all vehicle problems in
the project and resolving or securing resolution of major technical, flight,
and program problems.

6. Chairing the Change Control Panel for LM.

Manned Spacecraft Center Announcement, 67-34, “Manager for Lunar Module Apollo
Spacecraft Program Office,”” Feb. 23, 1967.

NASA Administrator James E. Webb released a statement and Deputy
Administrator Robert C. Seamans’ third interim report on the Apollo 204
Review Board investigation, including tentative findings and preliminary
recommendations.

Webb said the risk of fire in the 012 command module had been greater than
recognized when procedures were established for the January 27 manned test
that had ended in a fatal flash fire. Successtul Mercury and Gemini flight
experience with pure oxygen atmospheres and the difficulty of keeping
dropped items out of complex wiring and equipment had led to placing
Velcro pads, covers over wire bundles, and nylon netting in the CM cabin.
Although mostly of low combustion material, they were not arranged to
provide barriers to the spread of fire. Soldered joints also had melted, and
leaked oxygen and fluids had contributed to the fire. The capsule rupture
caused flames to rush over and around astronaut couches to the break,
preventing the crew from opening the hatch. And the environmental
control unit would require careful examination and possible redesign.

Seamans reported an electrical malfunction was the most likely source of
ignition of the fire, which apparently had three distinct phases. Principal
preliminary recommendations of the Review Board were:

¢ Combustible material in the CM should be replaced whenever
possible by nonflammable materials, all nonmetallic materials should be
arranged to maintain fire breaks, oxygen or combustible liquid systems
should be made fire resistant, and full flammability tests should be
conducted with a mockup of each new configuration.

* A more rapidly and more easily operated CM hatch should be
designed. !

¢ On-the-pad emergency procedures should be revised to recognize the
possibility of cabin fire.

The Board also suggested some subsystemms and procedures could be
improved for safety. It did not recommend that cabin atmosphere for
operations in space be changed from pure oxygen at pressure of 3.5 newtons
per square centimeter (5 pounds per square inch), but did recommend that
tradeoffs between one-gas and two-gas atmospheres be reevaluated and that
pressurized oxygen no longer be used in prelaunch operations.

“Board Proceedings,” pp. 3-55 through 3-59; NASA News Release 67-38, Feb. 25, 1967.
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NASA officials testified in an open hearing of the Senate Committee on
Aeronautical and Space Sciences on the Apollo 204 fire. MSC Chief of Center
Medical Programs Charles A. Berry reported that the cause of the three
astronauts’ deaths could be refined to asphyxiation from inhalation of
carbon monoxide, bringing unconsciousness in seconds and death rapidly
thereafter. The astronauts were believed to have become unconscious 18 to
20 seconds after the fire began.

Associate Administrator for Manned Space Flight George E. Mueller said
NASA was introducing a three-pronged effort to prevent fire in the future: it
would continue to minimize the possibility of ignition but would recognize
the possibility would always exist, would seek to eliminate the chance of
propagation if a fire began, and would seek to minimize consequences of a
fire to the crew. Newly developed nonflammable materials would be used
wherever possible and would be arranged to maintain fire breaks. Systems
would be made more fire- and heat-resistant. The new CM cabin would be
verified by full boilerplate flame tests. Design work was under way on anew
unified hatch—a single integrated hatch to replace the double hatch and
permit emergency exit in two seconds, vet remain safely sealed in flight.
Emergency procedures were being revised. Spacecraft system design and
qualification were being thoroughly reviewed. Alternative cabin atmos-
pheres for checkout and launch were being studied, but during flight itself
pure oxygen at 3.5-newtons-per-square-centimeter (5-pounds-per-square-
inch) pressure still appeared safest for crews, with best balance among fire
hazard, system reliability, and physiological risks.

First Apollo Block II spacecraft—CSM 101, the next in line at North
American Aviation—was to incorporate all changes determined necessary
by the investigation.

Senate Committee on Aeronautical and Space Sciences, Apollo Accident: Hearings, 90th
Cong., Ist sess., pt. 2, Feb. 27, 1967.

Apollo 204 Review Board Chairman Floyd Thompson announced that the
NASA Deputy Administrator had signed a memorandum February 27
designating the Director, Langley Research Center, custodian of the Review
Board material.

Maxime Faget, MSC, presented a plan for screening equipment removed
from the CM. The plan was intended to reduce the effort and time required
to investigate and analyze the equipment. The Board agreed that the Panel
Coordination Committee would establish an ad hoc committee to perform
the screening.

“Board Proceedings,” p. 3-25.

MSC ASPO reported to NASA Hgq. that, because of many wiring
discrepancies found in Apollo spacecraft 017, a more thorough inspection
was required, with 12 main display control panels to be removed and wiring
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visually inspected for cuts, chafing, improper crimping, etc. The
inspection, to begin March 2, was expected to take three or four days.

The two crates containing the mission control programmer (MCP) for CSM
017 had been delivered to Orlando, Fla., February 26 with extensive damage.
Damage indicated that one crate might have been dropped upside down; its
internal suspension system was designed for right-side-up shock absorp-
tion. The second crate contained holes that might have been caused by a fork
lift. The MCP was returned to Autonetics Division of North American
Aviation for inspection; barring dynamic programmer problems, the
equipment was expected to be returned to KSC by March 7. The crates bore
no markings such as “This Side Up” or “Handle with Care.”

Ltr., Assistant Manager, ASPO to NASA Hq., Attn: Samuel C. Phillips, “ASPO Weekly Project
Status Report to MSF,” March 2, 1967.

The Apollo 204 Review Board decided to classify all material from
command module 012 as Category A or Category B items. Category A would
include all items that were damaged or identified as suspect or associated
with anomalies. Category B would include items that appeared to be
absolved of association with the January 27 accident; these would be
available to the Apollo Program Office for use in nondestructive tests, but
the Board would require copies of all test reports. Frank Borman, MSC,
announced that disassembly of the command module was scheduled for
completion by March 10.

“Board Proceedings,” p. 3-26.

Although the final recommendations of the Apollo 204 Review Board were
not yet in hand, MSC Deputy Director George M. Low believed the program
“should start preparing a set of criteria which must be followed before we
can resume testing in an oxygen environment. These criteria can then be
used cither to allow us to sign waivers on our testing embargo, or to go
forward with additional messages, permitting testing, provided our criteria
are met.”" He said the criteria would probably differ for: (1) spacesuit testing,
(2) testing in oxygen chambers, and (3) testing within spacecraft. ““They
would probably include such things as the exact environment within and
outside the exclosure; the type of flammable material; safety precautions
and procedures; and emergency procedures.”

Memo, Low, MSC, to A. C. Bond, MSC, “Resumption of testing in an oxygen environment,”
March 6, 1967.

During a House Committee on Science and Astronautics hearing on
NASA’s FY 1968 authorization, NASA Administrator James E. Webb
replied to questions by Congressmen John W. Wydler, Edward J. Gurney,
and Emilio Q. Daddario about the impact of the Apollo 204 accident on
schedules for accomplishing the lunar landing. Webb said:

81

1967
March



1967
March

THE APOLLO SPACECRAFT: A CHRONOLOGY

“As the man asked by President Kennedy and later by President Johnson to
take the responsibility for this program, I have provided to you information
showing the need for the 12 Saturn 1-B’s and the 15 Saturn V vehicles, and
have stated that if we could get the kind of developed performance out of
these vehicles on the early flights that would give us confidence that we could
turn some of the earlier flights loose to go to the Moon, we might do this
earlier than later.

“I have stated that if it took all 15 Saturn V’s to complete the mission, it
would not be done in this decade.

“Now the charts that you have seen this morning show that we are going to
exercise the Apollo Command Module, the Service Module, and the Lunar
Excursion Module around the Earth with the Saturn I-B vehicle, and that
we will be doing this in this year and next year.

“Italso shows that if we can fully test out and be very sure of the performance
of the Saturn V vehicle with all of the equipment that is riding on it, we
would put men into the third or more likely the fourth vehicle. Now that
vehicle will have on it everything necessary to go to the Moon. But I cannot
tell you today that it will be turned loose to the Moon even if everything on it
is perfect, because my judgment as Administrator is that we are going to
exercise this equipment around the Earth more than that before we start for
the Moon.

“On the other hand, if everything is working perfectly, it would be logical to
start; whether we get halfway and come back, I don’t know. But many
people who are very optimistic have assumed that because you plan now
before any large rocket has ever flown to put all the equipment on the
fourth flight that you are going to completely succeed and therefore you will
in fact turn that loose to the Moon next year.

“I do not believe so, and have so stated time and time again, publicly and to
this committee.

“I would like to say one other thing. In order to mobilize this effort to make
everything fit together, we have prepared schedules that have target dates on
them, and the target date for flying the fourth Saturn V has been in the
summer or early fall of 1968. So many people have said, ‘What is the earliest
time you could go, isn’t that really your target?’ Well, obviously we want to
go as soon as we can, and obviously if everything worked perfectly, this
vehicle would be fully equipped to go. But my own judgment is that if we
get this done by the end of 1969, we will be very, very fortunate; that the
chance that we will do so, the odds that we will do so, the possibility of doing
all the work necessary is less this year than it was last. And I testified at this
table last year that it was less at that time than it had been the previous year.
So we have had in my judgment some accumulation of difficulties which
make the problem of doing it in this decade more difficult. But it is still not
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out of the picture, and shall I say, not impossible, although almost
impossible to think of a 1968 date.”

House Committee on Science and Astronautics, 1968 NASA Authorization: Hearings, pt. |,
90th Cong., lst sess., Feb. 28, March 1, 2, 7, 8, 9, 1967, pp. 186-87.

The aft heatshield was removed from CM 012. A close inspection disclosed
that the rupture in the floor extended about two-thirds of the circumference,
a rupture much greater than originally estimated.

“Board Proceedings,” p. 3-27.

Maxime A. Faget, MSC, presented the Apollo 204 Review Board a follow-up
report on analysis of the arc indication on the lower-equipment-bay
junction-box cover plate. The plate had been delivered to the KSC Material
Analysis Laboratory and, in addition to the analysis of the arc indication,
molten material found on the bottom of the plate would also be analyzed.

“Board Proceedings,” p. 3-27.

NASA Associate Administrator for Manned Space Flight George E. Mueller
stated that the February completion of MSFC studies of the Saturn V launch
vehicle’s payload and structural capability would permit an official revision
of the payload from 43 100 kilograms to 44 500 kilograms; the CM weight
would be revised from 5000 to 5400 kilograms; and the LM from 13 600 to
14 500.

Memo, Mueller to Seamans, 'Weights of Major Apollo Flight Systems for Official Quotation,”
March 8, 1967.

J. Thomas Markley, Assistant Manager of ASPO, pointed out that within a
few weeks MSC would face sustaining engineering problems. Many
subcontractors not affected by the January 27 Apollo 204 accident would be
phasing out of work; also many of them would be out of business long
before the major flight program would start. He asked, “How do we now
retain that talent for some necessary period of time?”’ He requested that
Systems Engineering define requirements for retaining the technical
capability for the overall systems, as well as the unique subsystem capability
potentials that might need to be retained. He requested the package be
prepared for his review by April 3.

Memo, Markley to John B. Lee, R. W. Williams, and J. G. McClintock (all of MSC),
‘“Sustaining Engineering,”” March 10, 1967.

The Apollo 204 Review Board met with chairmen of Panels 12, 16, 19, and 20
(see February 7 and following entries) for critical review of their draft final
reports. The reports were accepted subject to editorial corrections. The
Witness Statements Panel (Panel 12) task had been to collect all data from
witnesses of the 204 accident, including both eyewitnesses and console
monitors, and to prepare the data for publication as appendix to the formal
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report. The panel also was to analyze the sequence of events and summarize
any testimony that was contradictory to the main data.

Eyewitnesses and television and audio monitors from 18 agencies' and
contractors had been queried. Responses from 590 persons totaled 572
written and 40 recorded statements—adding up to 612 statements obtained
(some persons submitted more than one statement or were interviewed

twice).

The sequence of events, as reconstructed from witness statements, follows:

Between 6:31:00 and

6:31:15 p.m. EST Jan. 27, 1967

Witnesses in launch vehicle Felt two definite rocking or shaking

aft interstage, Level A-2:

Witnesses on Levels
A-7 and A-8:

TV monitors:

Between 6:31:15 and
6:33 p.m. EST

Witnesses on Levels
A-7 and A-8:

T'V monitors:

movements of vehicle before “Fire”
report. Unlike vibrations experienced
in past from wind, engine gimbal-
ing, or equipment input.

Heard “Fire” or “Fire in Cockpit”
transmissions. Heard muffled explo-
sion, then two loud whooshes of
escaping gas (or explosive releases).
Observed flames jet from around edge
of command module and under
White Room.

Heard “‘Fire” or “Fire in Cockpit”
transmissions. Observed astronaut
helmet, back, and arm movements;
increase of light in spacecraft win-
dow; and tonguelike flame pattern
within spacecraft. Observed flame
progressing from lower left corner of
window to upper right; then spread-
ing flame filled window, burning
around hatch openings, lower por-
tion of command module, and cables.

Repeated attempts to penetrate
White Room for egress action.
Fought fires on CM, SM, and in White
Room area.

Observed smoke and fire on Level A-
8. Progressive reduction of visibility
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of spacecraft hatch on TV monitor
because of increasing smoke.

Between 6:33 and Repeated attempts to remove hatch
6:37 p.m. EST and reach crew. Spacecraft boost
protective cover removed by North
American personnel J. D. Gleaves and
D. O. Babbitt. Spacecraft outer hatch
removed by North American person-
nel J. W. Hawkins, L. D. Reece,and S.
B. Clemmons. Spacecraft inner hatch
opened and pushed down inside by
Hawkins, Reece, and Clemmons,
approximately 6:36:30 p.m. EST. No
visual inspection of spacecraft inte-
rior possible because of heat and
smoke. No signs of life.

Between 6:37 and Remains of fires extinguished. Fire
6:45 p.m. EST and medical supportarrived. Fireman
J. A. Burch, Jr., and North American
technician W. M. Medcalf removed
spacecraft inner hatch from space-
craft. Examination of crew and
verification of condition.

Between 6:45 p.m. EST Jan. 27 Service structure cleared. Photo-
and 2:00 a.m. EST Jan. 28 graphs taken. Crew removed. Com-
plex and area under secure condi-
tions. Personnel from Washington
and Houston arrived and assumed

control.

In its final report to the Review Board the panel indicated it believed thatall
persons with pertinent information regarding the accident had been
queried.

“Board Proceedings” and Append. D, ‘Panels 12 thru 17,” Report of Apollo 204 Review Board
to the Administrator, National Aeronautics and Space Administration, April 5, 1967, pp. 3-28,
$-29, and D-12-3 through D-12-12.

The report of the Apollo 204 Review Board’s In-flight Fire Emergency
Provisions Review Panel (No. 20) listed seven ﬁndmgs and accompanying
determinations. The panel had been charged with reviewing the adequacy
of planned inflight fire emergency procedures and other provisions, as well
as determining that emergency procedures existed for all appropriate
activities. Among findings and determinations were:
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* Finding—An inflight fire procedure was published and available to
the Apollo 204 crew. The procedure was analyzed with reference to the
Apollo 204 CM 012 configuration.

* Determination—Existing inflight fire procedures were deficient in
the following areas:

(a) Turning off the cabin fans should be the first item of the procedural
check list. This might help prevent the spread of fire by minimizing cabin
air currents.

(b) The procedure should have specified the length of time to keep the
cabin depressurized to ensure the fire had been extinguished and that all
materials had cooled to below their ignition temperature.

* Finding—The command module depressurization time to drop from
3.5 to 0.4 newtons per square centimeter (from 5 to 0.5 pounds per square
inch) could vary from 1 minute 45 seconds to 3 minutes 20 seconds,
according to the flight-phase ambient temperature.

* Determination—The depressurization time was too slow to combat a
cabin fire effectively

“Board Proceedings” and Append. D, "Panels 19 thru 21, Report of Apoilo 204 Review Board,
pp- 3~29 and D-20-3 through D-20-9.

The Special Tests Panel (No. 16) report to the Apollo 204 Review Board
summarized activities from January 31 to February 23, when it had been
merged with Panel 18. Panel 16 had been established to coordinate tests by
other groups into an overall coordinated test plan. For example,
flammability would be tested at several locations and the panel would
ensure coordination. Major tests such as mockups of actual configurations
and boilerplate destructive combustion tests would be considered by the
panel. (See March 31 for Panel 18 report).

“Board Proceedings” and Append. D, “‘Panels 12 thru |7, Report of Apollo 204 Review Board,
pp. 3-29 and D-16-3.

The Service Module Disposition Panel (No. 21) report accepted by the
Apollo 204 Review Board said test results had failed to show any SM
anomalies due to SM systems and there was no indication that SM systems
were responsible for initiating the January 27 fire.

Panel 21 had been charged with planning and executing SM activities in the
Apollo 204 investigation, beginning at the time the Board approved the
command module demate. The task was carried out chiefly by Apollo line
organizational elements in accordance with a plan approved by the Board
and identifying documentation and control requirements.

The panel’s major activities had been:

* Demating the service module and service module-lunar module
adapter from the launch vehicle and moving them to the Manned Spacecraft
Operations Building.
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* Inspecting the exterior and interior areas of the service module.

* Making detailed system tests of all service module systems that were
mechanically or electrically connected to the command module at the time
of the accident.

“Board Proceedings,” and Append. D, “Panels 19 thru 21,” Report of Apollo 204 Review
Board, pp. 3-29 and D-21-3 through D-21-6.

Apollo Program Director Samuel C. Phillips appointed a team to make a
special audit of quality control and inspection. The audit would encompass
Apollo spacecraft operations at Downey, Calif., KSC, and elsewhere as
required and would consider both contractor and government activities to
determine if problems or deficiencies existed and recommend corrective
action. The team was to use to the maximum extent the results of quality
and inspection audit activities already under way at MSC and KSC.

Specifically, the team was to (1) review inspection standards for compatibil-
ity with Apollo program requirements, the degree to which these standards
had been reduced to effective instructions and criteria for use by individual
inspectors, and consistency between sites; (2) evaluate at each activity the
program for selection, training, and evaluation of quality control and
inspection personnel; (3) evaluate the adequacy of follow-up, closeout
action and treatment by management of reported discrepancies in quality
reports, failure reports, and program action requests; (4) evaluate the
effectiveness of materials and parts control in ensuring that all materials and
parts in end items as well as those used in processing and testing were in
accordance with drawings and specifications; and (5) evaluate methods used
to ensure quality of product from vendors and subcontractors.

Phillips named Rod Middleton of NASA OMSF to chair the team. Other
members were Willis J. Willoughby, OMSF; Martin L.. Raines, White Sands
Test Facility; John Berkebile, MSFC; John D. Dickenson, KSC; and Jeft
Adams and Robert Blount, MSC. Phillips requested a report by March 31.

TWX, NASA Hqg. to MSC, MSFC, KSC, and White Sands Test Facility, March 14, 1967.

CSM 017 was in hold because of numerous discrepancies found in the
spacecraft (see also March 2). Of 1368 ‘“‘squawks” concerning exposed
wiring, 482 had been resolved by March 14. Spacecraft mechanical mating
with the launch vehicle was projected for April 29 (but see also April 10and
June 20).

Ltr., Assistant Manager, ASPO, MSC, to NASA Hq., Attn: Samuel C. Phillips, “Weekly Project
Status Report to MSF,” March 15, 1967.

MSC informed Kennedy Space Center that, on release of the 012 service
module from further investigation, the MSC Apollo Spacecraft Program
Office would use it for program support. ASPO was establishing tests and
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test locations and asked KSC to deactivate SM systems and store the SM in a
remote area for up to four weeks.

TWX, J. Thomas Markley, Assistant Manager ASPO, MSC, to Eugene McCoy, KSC, March 15,
1967.

MSC Director of Flight Crew Operations Donald K. Slayton requested that a
rendezvous of the CSM with its launch vehicle S-IVB stage be a primary
objective of the Apollo 2 mission [i.e., Apollo 7; Slayton apparently wanted
to acknowledge only scheduled manned flights in the sequentially
numbered Apollo missions]. He stated that the exercise could be conducted
after the third darkness without interference with normal spacecraft
checkout. “We believe a rendezvous with the booster on the first manned
Apollo mission would be compatible with developing lunar mission
capability at the earliest opportunity and request its incorporation into the
primary mission objective.” A memorandum from Flight Operations
Director Christopher C. Kraft, Jr., on April 18 recognized “‘the need for CSM
active rendezvous early in the Apollo flight program, but recommends that
rendezvous not be considered during the first day of the Apollo 7 [the official
flight designation for the first manned flight] mission. . . .”” and presented
four reasons: (1) the initial manned flight should concentrate on systems, (2)
there was a reasonable probability that system problems or other unknowns
would cause cancellation of rendezvous activity, (3) the early part of a first-
of-a-kind mission was open-ended, and (4) crew and flight control
experience was limited in updating and preparing for contingency deorbit,
which would be further complicated by maneuvering effects on the orbit.
The Flight Operations Directorate recommended ‘“‘that any rendezvous
activity be scheduled after a minimum of one day of orbital flight, and that it
be limited to a simple equiperiod exercise with a target carried into orbit by
the spacecraft.”
Memos, Director of Flight Crew Operations to Manager, ASPO, “Rendezvous exercise for the
Apollo 2 Mission,” March 15, 1967; Director of Flight Operations to Manager, ASPO, and

Director of Flight Crew Operations, ‘“‘Proposed rendezvous exercise for the Apollo 7 mission,”
April 18, 1967.

LeRoy E. Day, NASA OMSF, suggested to Apollo Program Director Samuel
C. Phillips that, “if we are going to achieve a tight schedule of redesign and
test activity as a result of AS-204 [accident], a number of changes in our
mode of operation may be necessary.” He recommended a concerted effort to
systematize and discipline the scheduled reporting system between OMSF,
ASPO, and the contractor. Day further suggested monthly “Black Saturday
Reviews” by ASPO with OMSF participation. The reviews would be
detailed and cover all spacecraft activities and should be given against the
same set of baselines as all program reviews. Slips against such schedules
would have to be thoroughly reviewed and a recovery plan developed.

Note, Day to Phillips, “‘Spacecraft redesign/test activity,” March 16, 1967.
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The Apollo 204 Review Board accepted the final report of its Administrative
Procedures Panel (No. 15). The panel had been established February 7 to
establish and document such activities as control of spacecraft work,
logging and filing exhibits, logging Board activities, scheduling meetings,
preparing agendas, and arranging for secretarial services and reproduction.
During the investigation into the January 27 spacecraft fire, the panel had:

* Issued 25 Board administrative procedures.

« Established the administrative and Secretarial Support Office, which
had provided support in two shifts seven days a week, unless otherwise
required, with some additional third-shift support.

* Established the Photographic Data Control Center to correlate and
distribute photographs and maintain a film library.

*» Processed letters, telegrams, and telephone messages received
offering assistance, recommendations, and comments.

* Periodically issued approved schedules of work.

¢ Established the Audio Magnetic Tape Library to control 0.64-
centimeter voice-transmission tape recordings about spacecraft 012 during
the Space Vehicle Plugs-Out Integrated Test.

““Board Proceedings” and Append. D. “Panels 12 thru 17,” Report of Apollo 204 Review
Board, pp. 3-29 and D-15-3 through D-15-5.

The Apollo 204 Review Board accepted the final report of the Fracture Areas
Panel (No. 10). The panel had been charged with inspecting spacecraft 012
for structural failures in the January 27 fire and analyzing them from the
standpoint of local pressure, temperature levels, direction of gas flow, etc.

The panel inspected the spacecraft structures while they were still at Launch
Complex 34 and continued through removal of the CM heatshield.
Structural damage reports were made coinciding with spacecraft disassem-
bly phases. As major subsystems were removed from the spacecraft they were
visually inspected. Buckles, fractures, cracks, melted areas, localized arcing
or pitting in metal components, and obvious direct wire shorts were noted
and documented.

Panel findings and determinations included:

Finding—Spacecraft data during the Plugs-Out Test gave indications
from which a spacecraft pressure history could be estimated.

Determination—(a) The CM cabin structure had ruptured at 6:31:19.4
(£0.1) p.m. EST January 27 at an estimated minimum cabin pressure of 20
newtons per sq cm (29 psia).

(b) The CM cabin structure had sustained cabin pressure in excess of its
designed ultimate pressure of 8.9 newtons-per-sq-cm (12.9-psi) differential
(19 newtons per sq cm; 27.6 psia). Cabin pressure at rupture probably
reached 20 to 26 newtons per sq cm (29 to 37.7 psia).

(c) The estimated average gas temperature at rupture exceeded 644
kelvins (700°F).
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Finding—The CM cabin ruptured in the aft bulkhead adjacent to its
juncture with the aft sidewall.

Determination—The failure occurred because of excessive meridional
tensile stress in the inner face sheet at the junction of the weld land to the
thinner face sheet. The fracture originated on the right-hand side of the
command module.

Finding—The CM cabin structure was penetrated in the aft bulkhead
beneath the environmental control unit and the aft sidewall.

Determination—(a) The loss of structural integrity at these penetra-
tions occurred after the primary rupture.

(b) Failure of the water glycol and oxygen lines near the environmental
control unit resulted in local burning and melting of the adjacent structure,

Finding—The aft heatshield stainless-steel face sheets were melted and
eroded.

Determination—The temperature of the flame and gas exiting from
the fracture origin exceeded 1640 K (2500°F).

“Board Proceedings™ and Append. D, "Panels 6 thru 10, Report of Apollo Review Board, pp.
3-30 and D-10-3 through D-10-7.

The final report of the Spacecraft and Ground Support Equipment
Configuration Panel (No. 1) was accepted by the Apollo 204 Review Board.
The panel had been assigned the task of documenting the physical
configuration of the spacecraft and ground support equipment immediate-
ly before and during the January 27 fire, including equipment, switch
position, and nonflight items in the cockpit. The panel was also to
document differences from the expected launch configuration and
configurations used in previous testing (such as altitude-chamber testing).

During the investigation the panel had discovered a number of items which
might have had relevance to flame propagation:

* An engineering order, released at North American Aviation’s
Downey facility on January 20, provided direction to inspect the
polyurethane foam in specified areas and coat the silicone rubber to meet
flammability requirements. The direction was not recorded in the
configuration verification record as of the start of the Space Vehicle Plugs-
Out Integrated Test and was not accomplished on spacecraft 012. This item
was considered as possibly significant in terms of fuel for the fire and a
medium for flame propagation.

* Polyethylene bags covered the hose fitting for the drinking water
dispenser and the battery-instrumentation cable and connectors and
transducer, which were placed on the aft bulkhead near the batteries. The
bags were made of nonflight materials.

* Two polyurethane pads, covered with Velostat, were stowed over
couch struts. The pads were placed in the spacecraft to protect the struts,
wiring, and aft bulkhead during the planned emergency egress at the end of
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the test. These items were of nonflight material and were not documented by
quality inspection records.

e Three packages of switching checklists from the Operational
Checkout Procedure and one package of system malfunction procedures, in
a manila folder, were stowed on the crew couches and on a shelf. These items
were on unqualified paper and, while required for the test, they were not
documented by quality inspection records.

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

o Three ground-support-equipment window covers had been tempo-
rarily installed to protect the windows and were nonflight items in the
spacecraft at the time of the accident. Another such cover for the side hatch
window was removed by the crew and stowed inside the command module.
These covers were of nylon fabric; flight covers were made of aluminized
Mylar.

» Velcro pile had been installed to protect the Velcro hood on the
command module floor. It would have been removed before the flight.

 “Remove before flight” streamers installed in the command module
interior were additional nonflight items.

* Polyethylene zipper tubing, installed to protect hand controller
cables, was a nonflight item and was additional material in the command
module.

The panel’s summary of findings and determinations included:

Finding—Eighty engineering orders effective for spacecraft 012 had not
been carried out at the time of the accident. Of these, twenty were specified to
be completed after the test; four did not affect configuration.

Determination—Test requirements had no defined relationships with
the open status of 56 engineering orders. The reason not all work items and
engineering orders were closed was late receipt of changes or further work
scheduled to be completed before launch.

Finding—Items not documented by quality inspection records had
been placed on board the spacecraft during preparation for the Space
Vehicle Plugs-Out Integrated Test.

Determination—Procedures for controlling entry of items into the
spacecraft were not strictly enforced.

“Board Proceedings” and Append. D, “Panels | thru 4,” Report of Apollo 204 Review Board,
pp- 3-30 and D-1-5 through D-1-19.

The Apollo 204 Review Board accepted the final report of the Security
Operations Panel (No. 14). The panel had been assigned to review existing
security practices at KSC and supporting areas for adequacy and
recommend any needed changes. Practices included access control,
personnel sign-in requirements, buddy systems, and background investiga-
tion requirements.
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The panel’s report submitted six findings and determinations, which
included:

Finding—KSC security personnel or uniformed security personnel had
been assigned to all locations requiring safeguarding measures, including
launch vehicle stages and spacecraft from the time of arrival at KSC until the
time of the January 27 accident.

Determination—The number of KSC and uniformed security person-
nel members used was adequate.

Finding—The Apollo Preflight Operations Procedures—dated Octo-
ber 17, 1966, and January 24, 1967—for access control of test and work areas,
required that (1) access controls to spacecraft work areas be exercised by the
contractor; (2) the contractor maintain a log of all personnel permitted
access during off-shift and nonwork periods; and (3) the contractor control
and log command module ingress and egress.

Determination—The procedures established in the Apollo Preflight
Operations Procedures were not followed for spacecraft 012 in that (1) the
contractor failed to exercise adequate access controls on the fifth, sixth, and
seventh spacecraft levels; (2) the contractor failed to maintain an off-shift
log; and (3) the command module ingress-egress log was inadequately
maintained.

“Board Proceedings” and Append. D, “Panels 12 thru 17, Report of Apollo 204 Review Board,
pp. 3-30 and D-14-3 through D-14-7.

The Apollo 204 Review Board accepted the final report of its Origin and
Propagation of Fire Panel (No. 5). The panel task had been to “conduct
inspections, chemical analyses [and] spectrographic analysis of spacecraft,
parts or rubble, or use any other useful techniques to establish point of [the
CM 012] fire origin, direction and rate of propagation, temperature
gradients and extremes. The nature of the fire, the type of materials
consumed, the degree of combustion shall be determined.”’

Following an intensive study—which considered ignition sources, descrip-
tion, and course of the fire—the panel listed 10 findings and determinations
in its final report, including:

Finding—Severe damage to wiring was found at the bottom of the
lower equipment bay along the aft bulkhead. Evidence of arcing was found
and damage was less severe in the right-hand direction of this bay.

Determination—Electrical arcing in the extreme lower left-hand corner
of this bay could have provided a primary ignition source.

Finding—Right-hand portions of the left-hand equipment bay were
severely damaged. Wiring, tubing, and components in the carbon dioxide
absorber compartment and oxygen/water panel compartment were burned
and melted. Penetrations in the aft bulkhead and pressure vessel wall were
observed. The carbon dioxide absorber compartment showed heavy fire
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damage; failure was due to pressure overload and melting caused by the fire
in this area.

Determination—Electrical arcing in the right-hand portion of this bay
could have provided a primary ignition source.

Finding—Evidence of electrical arcs from conductor to conductor and
from conductor to structure were found.

Determination—No arc could be positively identified as the unique
ignition source. Three were found that had all the elements needed to cause
the disaster. Two of these showed evidence of poor engineering and
installation.

“‘Board Proceedings” and Append. D, “Panel 5, Report of Apolio 204 Review Board, pp. 3-30
and D-5-3 through D-5-15.

The final report of the Ground Emergency Provisions Panel (Panel 13)
accepted by the Apollo 204 Review Board submitted 14 findings and
determinations. The panel had been charged with reviewing the adequacy
of planned ground procedures for the January 27 spacecraft 012 manned
test, as well as determining whether emergency procedures existed for all
appropriate activities. The review was to concentrate on activity at the
launch site and to include recommendations for changes or new emergency
procedures if deemed necessary.

The panel approached its task in two phases. First, it reviewed the
emergency provisions at the time of the CM 012 accident, investigating (1)
the procedures in published documents, (2) the emergency equipment
inside and outside the spacecraft, and (3) the emergency training of the flight
crew and checkout test team. Second, the panel reviewed the methods used to
identify hazards and ensure adequate documentation of safety procedures
and applicable emergency instructions in the operational test procedures.

Findings and determinations included:

Finding—The applicable test documents and flight crew procedures for
the AS-204 Space Vehicle Plugs-Out Integrated Test did not include safety
considerations, emergency procedures, or emergency equipment require-
ments relative to the possibility of an internal spacecraft fire during the
operation.

Determination—The absence of any significant emergency preplan-
ning indicated that the test configuration (pressurized 100-percent-oxygen
cabin atmosphere) was not classified as potentially hazardous.

Finding—The propagation rate of the fire in the accident was extremely
rapid. Removal of the three spacecraft hatches, from either the inside or the
outside, for emergency exit required a minimum of 40 to 70 seconds,
respectively, under ideal conditions.

Determination—Considering the rapid propagation of the fire and the
time constraints imposed by the spacecraft hatch configuration, it is
doubtful that any amount of emergency preparation would have precluded
injury to the crew before egress.
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Finding—Procedures for unaided egress from the spacecraft were
documented and available. The AS-204 flight crew had participated in a
total of eight egress exercises employing those procedures.

Determination—The 204 flight crew was familiar with and well trained
in the documented emergency crew procedures for effecting unaided egress.

Finding—The spacecraft pad work team on duty at the time of the
accident had not been given emergency training drills for combating fires in
or around the spacecraft or for emergency crew egress. They were trained
and equipped only for a normal hatch removal operation.

Determination—The spacecraft pad work team was not properly
trained or equipped to effect an efficient rescue operation under the
conditions resulting from the fire.

Finding—Frequent interruptions and failures had been experienced in
the overall communications system during the operations preceding the
accident. At the time the accident occurred, the status of the system was still
under assessment.

Determination—The status of the overall communications was
marginal for the support of a normal operation. It could not be assessed as
adequate in the presence of an emergency condition.

Finding—Emergency equipment provided at the spacecraft work levels
consisted of portable carbon dioxide fire extinguishers, rocket-propellant-
fuel-handler’s gas masks, and 4.4-centimeter-diameter fire hoses.

Determination—The existing emergency equipment was not adequate
to cope with the conditions of the fire. Suitable breathing apparatus,
additional portable carbon dioxide fire extinguishers, direct personnel
evacuation routes, and smoke removal ventilation were significant items
that would have improved the reaction capability of the personnel.

Finding—Under the existing method of test procedure processing at
KSC, the safety offices reviewed only the procedures noted in the operational
checkout procedure outline as involving hazards. Official approval by KSC
and Air Force Eastern Test Range Safety was given after the procedure was
published and released.

Determination—The scope of contractor and KSC Safety Office
participation in test procedure development was loosely defined and poorly
documented. Post-procedure-release approval by the KSC Safety Office did
not ensure positive and timely coordination of all safety considerations.

“Board Proceedings”; Append. A, “Board Minutes'; and Append. D, “Panels 12 thru 17,7

in Report of Apollo 204 Review Board, pp. $-28 through 3-30, A~112, and D-13-3 through
D-13-13.

The Materials Work Panel (Panel 8, also referred to as Materials Review
Panel) in its final report accepted by the Apollo 204 Review Board cited a
number of findings on lammable materials in spacecraft 012. The panel’s
task had included the following, from its detailed work statement:
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““e Assemble, summarize, compare and interpret requirements and data
describing the flamimability of nonmetallic materials exposed to the crew
bay environment of the spacecraft and in related applications.

““e Specify and authorize performance of tests and/or analyses to
furnish additional information as to flammability characteristics of these
materials alone, and in combination with fluids known or postulated to
have been in the spacecraft 012 cabin.

““e Panel No. 8, in support of Panel No. 5 (Origin and Propagation of
Fire) shall interpret and implement the requirements for analyses of debris
removed from the spacecraft.”

Panel 8 classified its findings in six categories: Materials Configuration;
Routine Materials Test; Fire Initiation Special Investigation; Fire
Propagation Special Investigation; Materials Installation Criteria and
Controls; and Technical Data and Information Availability. The findings
and determinations included:

Finding—Complete documentation identifying potentially combusti-
ble nonmetallic materials in spacecraft 012 was not available in a single
readily usable format. A total of 2528 different potentially combustible
nonmetallic materials that were probably used on spacecraft 012 was found
by a review of available documentation.

Determination—The program for identifying and documenting
nonmetallic materials used in the spacecraft, including their weights and
surface areas, was not adequate.

Finding—Raschel Knit, Velcro, Trilock, and polyurethane foams burn
about twice as fast (in the downward direction) in oxygen at a pressure of
11.4 newtons per sq cm (16.5 psia) as at 3.5 newtons per sq cm (5 psia).

Determination—The primary fuels for the fire burned more than twice
as fast in the early stages of the spacecraft 012 fire in accident conditions
(pressure of 11.4 newtons per sq cm) as in the space flight atmosphere for
which they were evaluated (3.5 newtons per sq cm).

Finding—Surface and bulk damage of materials in spacecraft 012
varied from melting and blistering of aluminum alloys, combustion of
Velcro, and burning of Teflon wire insulation to slight surface damage and
melting of nylon fabrics.

Determination—The fire filled the spacecraft interior. The mostintense
heat was in the lower left front area around the environmental control unit.
Surface temperatures in excess of 800 kelvins (1000°F) were reached in areas
such as the front and left side of the spacecraft. Surface temperatures were
less than 500 K (400°F) in isolated pockets above the right-hand couch.

Finding—The rate of flame propagation, the rate of pressure increase,
the maximum pressures achieved, and the extent of conflagration in 3.5-
newtons-per-sq-cm (5-psia) oxygen boilerplate tests was much less severe
than observed in the 1l.4-newton (16.5-psia) oxygen boilerplate tests.
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Burning or charring was limited to approximately 29 percent of the
nonmetallic materials by oxygen depletion.

Determination—The conflagration that occurred in spacecraft 012 at a
pressure of 11.4 newtons per sq cm would be far less severe and slower in a
spacecraft operating with an oxygen environment at 3.5 newtons, if
additional large quantities of oxygen are not fed into the fire.

Finding—North American Aviation materials selection specification
requires that a material pass only a 500 K (400°F) spark-ignition test in
oxygen at 10.1 newtons per sq cm (14.7 psia).

Determination—NAA criteria for materials lammability control were
inadequate.

Finding—No flammability criteria or control existed covering
nonflight items installed in CM 012 for test.

Determination—Lack of control of nonflight material could have
contributed to the fire.

Finding—The NASA materials selection criteria required that a
material pass a 500 K (400°F) spark-ignition test and a 1.27-cm-per-sec
combustion rate (measured downward in oxygen at 3.5 newtons per sq cm).
Raschel Knit and Velcro (hook) pass this test.

Determination—The NASA criteria for materials flammability were
not sufficiently stringent.

Finding—The system for control of nonmetallic materials use at MSC
during the design and development of government furnished equipment
used in CM 012 depended on identification of noncompliance with criteria
by the development engineers.

Determination—'The NASA materials control system was permissive to
the extent that installation or use of flammable materials were not
adequately reviewed by a second party.

Finding—Nonmetallic materials selection criteria used by North
American and NASA were not consistent. The NASA criteria, although
more stringent, were not contractually imposed on the spacecraft contrac-
tor.

Determination—Materials were evaluated and selected for use in CM
012 using different criteria. Application of the NASA criteria to the
command module would have reduced the amount of the more lammable
materials (Velcro and Uralane foam).

Finding— Alternate materials that are nonflammable or significantly
less lammable than those used on spacecraft 012 were available for many
applications.

Determination—The amount of combustible material used in
command modules can be limited.
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Finding—Current information and displays of the potentially
flammable materials configuration of spacecraft 012 were not available
before the fire.

Determination—Maintenance of data and displays at central locations
and test sites for management visibility and control of flammable materials
is feasible and useful.

“Board Proceedings’’; Append. A, “Board Minutes”; and Append. D, “‘Panels 6 thru 10, in
Report of Apollo 204 Review Board, pp. 3-30, A-112, and D-8-3 through D-8-35.

NASA announced it would use the Apollo-Saturn 204 launch vehicle to
launch the first lunar module on its unmanned test flight. Since the 204
vehicle was prepared and was not damaged in the Apollo 204 fire in January,
it would be used instead of the originally planned AS-206.

NASA News Release 67-67, March 20, 1967.

The Deputy Administrator of NASA designated Langley Research Center
custodian of all materials dealing with the investigation and review of the
January 27 Apollo 204 accident. Review Board Chairman Floyd Thompson,
LaRC, who had the responsibility of determining the materials to be
included in the final repository, determined that the following categories of
materials were to be preserved:

1. Reports, files, and working materials;

2. Medical reports;

8. Spacecraft 012 command module, its systems, components, and
related drawings.

Category 1 materials would be stored at LaRC, Category 2 at MSC, and
Category 3 at KSC.

In other actions Robert W. Van Dolah, Chairman of the Origin and
Propagation of Fire Panel, reported on a test being conducted in CM 014 to
attempt to establish the amount of static electricity that might be generated
by a suited crewman; and members of the Board met with MSC Director
Robert R. Gilruth and members of his staff, as well as management and
engineering personnel of North American Aviation, for a presentation
concerning solder joints in the CM.

“Board Proceedings,” pp. 3-30, 3-31.

Final report of the Disassembly Activities Panel (No. 4) was accepted by the
Apollo 204 Review Board. Panel 4 had been assigned to develop procedures
for disassembly of spacecraft 012 for inspection and failure analysis.
Disassembly was to proceed step by step in a manner permitting maximum
information to be obtained without disturbing the evidence—in both the
cockpit and the area outside the pressure hull. Cataloging documentary
information within the spacecraft and disolaying the removed items were a
part of the required procedures.
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Procedures followed included the following actions:

* Immediately after the January 27 accident, NASA KSC Security
placed Launch Complex 34 under additional security. Special guards were
assigned to the service structure and to the adjustable level at the entrance of
the CM. Controls were established for personnel access to the service
structure and the CM.

* After the accident, before disturbing any items in the spacecraft, a
series of photographs was taken. A step-by-step photography method was
established as a standard operating procedure for the Disassembly Activities
Panel.

e The first step toward an orderly disassembly was to ensure safe
working conditions at the spacecraft. A meeting with KSC and Air Force
Eastern Test Range Safety personnel established procedures and safety
rules.

* After the couches were removed, a special false floor was suspended
from the couch strut fittings to provide access to the entire inside of the
spacecraft without disturbing any evidence. The false floor was fabricated
from aluminum angles supporting 2-centimeter-thick, 46-centimeter
plexiglass squares.

* The Review Board appointed a Panel Coordination Committee to
carry out new procedures to ensure closely controlled and coordinated
equipment removal.

The Disassembly Activities Panel cataloged and displayed the 1261 items
removed from spacecraft 012 during the investigation. The Pyrotechnics
Installation Building (PIB) at KSC was assigned as an area in which
components removed from the command module could be placed in bonded
storage yet still be available for inspection by investigative personnel. The
following areas were established in the PIB:

1. Bond room—a bonded area to receive components as they were
removed from CM 012. This area was provided with a receiving table; 10
storage cabinets for small components; and areas for large components and
items associated with the investigation but not from the command module
itself.

2. Astronaut equipment room and work room—an area in which the
spacesuits and other government furnished crew equipment were investi-
gated.

3. Bonded display areca—an area in which components could be
displayed under controlled conditions to permit investigators to examine
CM 012 components visually.

4. Command module 012 work area—The command module was
placed in a supporting ring within an existing workstand in the PIB and
remained in this area until the aft heatshield was removed. The CM was then
transferred to a standard support ring in the north end of the building.
Technicians continued the disassembly activities while the CM was in these
areas.
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5. Spacecraft 014 CM—Spacecraft 014 CM (identical in configuration
to spacecraft 012) was shipped to KSC on February 1 toassist the Apollo 204
Review Board in the investigation. This CM was placed in the PIB and was
used for practicing difficult removals of CM 012 components.

6. Mockup No. 2—Mockup No. 2, a full-scale plywood command
module, was brought to KSCand placed in the PIB February 8. The mockup
had been configured with Velcro, debris traps, couch positioning, etc., to
duplicate CM 012 configuration at the time of the fire.

7. Half-scale mockup—A half-scale mockup of the CM interior was
placed in the bonded display area February 8 to display half-scale interior
surface photographs taken after the fire in CM 012.

“Board Proceedings,” and Append. D, “'Panels 1 thru 4, Report of Apollo 204 Review Board.
pp- 3-31 and D-4-3 through D-4-8.

The Apollo 204 Review Board accepted the final report of its Test
Environment Panel (Panel 2). Panel 2 had been assigned responsibility for
the history of all test environments encountered by spacecraft 012 that were
considered germane to system validation from a fire hazard standpoint,
including qualification testing of systems and subsystems. The panel was
particularly to emphasize qualification tests in pure oxygen with regard to
pressures, temperature, time of exposure, and simulation of equipment
malfunctions. It was also to indicate any deficiencies in the test program
related to the problem; comparison with previous tests of appropriate
flight, house, or boilerplate spacecraft; and documentation of any problems
encountered which related to fire hazard.

The panel reviewed all tests pertinent to the investigation. The qualifica-
tion tests were reviewed at MSC, covering more than 1000 documents.
Vehicle tests were reviewed at North American Aviation’s Downey, Calif.,
facility, covering more than 500 documents. Summaries of these efforts were
reviewed by the panel at KSC to determine any test program deficiencies.

The final report of the panel included six findings and determinations.
Among them were:

Finding—Not all crew compartment equipment had been tested as
explosion proof.

Determination—Testing of possible ignition sources had been insuffi-
cient.

Finding—Some CM equipment exhibited arcing or shorting either
during certification or during spacecraft 012 testing. There was no positive
way to determine from the records reviewed whether spacecraft anomalies
(possibly caused by an arc or a short) were reviewed by system engineers and
the test conductor before a test.

Determination—Review of possible ignition sources before manned
testing was inadequate.
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Finding—Not all equipment installed in CM 012 at the time of the
accident was intended for flight (some components were installed for test
purposes only).

Determination—The suitability of this equipment in the CM for this
test was not established.

“Board Proceedings” and Append. D, “Panels 1 thru 4,” Report of the Apollo 204 Review
Board, pp. 3-32 and D-2-3 through D-2-8.

NASA Hgq. Office of Manned Space Flight informed KSC, MSFC, and MSC
of approved designations for Apollo and Apollo Applications missions:
(1) all Apollo missions would be numbered sequentially in the order flown,
with the next mission to be designated Apollo 4, the following one Apollo 5,
etc., and (2) the Apollo Applications missions would be designated sequen-
tially as AAP-1, AAP-2, etc. The number designations would not difteren-
tiate between manned and unmanned or uprated Saturn I and Saturn V
missions.

In a letter to George E. Mueller, OMSF, on March 30, MSC Deputy Director
George M. Low offered two suggestions, in keeping with the intent of the
NASA instruction yet keeping the designation Apollo 1 for spacecraft 012.
NASA Hgq. had approved that designation before the January 27 fire claimed
the lives of Astronauts Virgil I. Grissom, Edward H. White I1, and Roger B.
Chaffee; and their widows requested that the designation be retained. The
suggestions were:

1. Consider the AS-201, 202, and 203 missions part of the Saturn I (as
opposed to uprated Saturn I) series; reserve the designation Apollo 1 for
spacecraft 012; and number the following flights Apollo 2, etc., or

2. Designate the next flight Apollo 4, as indicated by Headquarters, but
apply the scheme somewhat differently for missions already flown.
Specifically, put the Apollo 1 designation on spacecraft 012 and then, for
historic purposes, designate 201 as mission 1-a, 202 as mission 2 and 203 as
mission 3.

A memorandum to the NASA space flight Centers, North American
Aviation, and certain Headquarters personnel from the NASA Assistant
Administrator for Public Affairs on April 3 stated that the Project
Designation Committee had approved the Office of Manned Space Flight’s
recommendations and that Mueller had begun implementation of the
designations.

On April 24, OMSF further instructed the Centers that AS-204 would be
officially recorded as Apollo 1, “first manned Apollo Saturn flight—failed on
ground test.”” AS-201, AS-202, and AS-203 would not be renumbered in the
“Apollo’ series, and the next mission would be Apollo 4.

TWX, Mueller, NASA OMSF, to KSC, MSFC, MSC, “Apollo and AAP Mission Designation,”

March 25 and April 24, 1967; lur., Low to Mueller, March 30, 1967; memo, Julian Scheer, NASA
Assistant Administrator for Public Affairs, to distr., April 3, 1967.
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A meeting at MSC considered fire detection systems and fire extinguishers.
Participants were G. M. Low, K. 8. Kleinknecht, A. C. Bond, J. N.
Kotanchik, J. W. Craig, M. W. Lippitt, and G. W. S. Abbey. Craig and
Lippitt had visited Wright Field, Ohio, and from their findings the
following conclusions were reached: (1) no fire detection system was
available for incorporation into the Apollo spacecraft; (2) a reliable system
would be desirable, but the system must not give false alarms when used in a
closed spacecraft environment and yet must give adequate warning of fire;
(8) two kinds of systems appeared to be in varying states of development—
systems using infrared or ultraviolet sensors and systems sensing ionized
particles or condensation nucleii in the atmosphere; (4) a work statement
should be prepared, with the help of personnel at Wright Field, for the
purpose of receiving specific proposals on available systems; and (5) the
ultimate goal should be to develop a system ready for flight use within six
months.

Memo for the Record, George M. Low, “Fire detection/extinguishment,” March 27, 1967.

Apolio 204 Review Board Chairman Floyd Thompson asked for areporton
the Pyrotechnic Installation Building activity. Disassembly of spacecraft
012 had been completed March 27. Of 1261 items logged through the bond
room for display to Board and panel personnel, about 1000 items were from
the CM.

The final report of the Screening Committee was distributed to the Board by
George T. Sasseen, KSC, {' rreview. Sasseen stated that the following items
would be retained as Category A (items damaged or identified as suspect or
associated with anomalies).

» Lower equipment bay junction box cover plate

¢ Command pilot’s torso harness

» Velcro and Raschel netting

e Static inverter 2

e Main display control panel 8

¢ Instrumentation data distribution panel J800/J850
¢ Octopus cable.

Maxime A. Faget, MSC, advised the Board that the lithium hydroxide
cartridge had been sent to MSC for analysis. Hubert D. Calahan, OMSF, was
appointed courier to handcarry the item to MSC and Richard S. Johnston,
MSC, was designated the Board’s witness for the analysis. MSC’s Crew
Systems Laboratory was to make the analysis and report to the Board. The
analysis was to identify contaminants to determine the quantity of carbon
dioxide in the lithium hydroxide.

William D. Mangan, Langley Research Center, joined the legal staft
supporting the Board.

“Board Proceedings,” pp. 3-32, 3-33.
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At the request of the Manager of the MSC Lunar Surface Programs Office,
NASA Associate Administrator for Space Science and Applications Homer
E. Newell considered alternate Array B configurations of the Apollo Lunar
Surface Experiments Package to alleviate a weight problem. Instead of a
single array, he selected two configurations for ALSEP III and ALSEP IV :

ALSEP IIT Experiments: Passive Seismic, Heat Flow (w/Lunar Drill),
Cold Cathode Gauge, and Charged Particle Lunar Environment.

ALSEP IV Experiments: Passive Seismic, Active Seismic, Suprather-
mal Ion Detector/Cold Cathode Gauge, and Charged Particle Lunar
Environment.

Newell requested that both configurations be built but that, if program
constraints permitted the fabrication of only one array for ALSEP I1and IV,
ALSEP III should be given the preference. The Apollo Program Director
concurred in the Newell recommendation.

Ltr.. Apollo Program Director, NASA Hq.. to R. O. Piland, MSC, March 29, 1967.

The Apollo Site Selection Board meeting at NASA Hq. March 29 heard MSC
presentations on lunar landing site selection constraints, results of the
Orbiter II screening, and reviews of the tasks for site analysis. MSC made
recommendations for specific sites on which to concentrate during the next
four months and recommended that the landing sites for the first lunar
landing mission be selected by August 1. The Board accepted the
recommendations. A Surveyor and Orbiter meeting the following day
considered the targeting of the Surveyor C mission and the Lunar Orbiter
V mission. MSC representatives at the two meetings were John Eggleston
and Owen E. Maynard.

Memo, Chief, Mission Operations Div., MSC, to Manager, ASPO, ““Trip Report—Apollo Site
Selection Board and Surveyor/Orbiter Utilization Committee Meetings,” April 20, 1967.

H. C. Creighton, A. R. Goldenberg, and Guy N. Witherington, all of KSC,
inspected spacecraft 101 wire bundles March 29 at the request of CSM
Manager Kenneth S. Kleinknecht of MSC. Kleinknecht had asked that they
give him a recommendation as to whether the bundles should be removed or
whether they could be repaired in place. On April 4, they reported to
Kleinknecht that time had not been sufficient to determine the complete
status of the wiring. A superficial inspection about five-percent complete
had indicated some serious discrepancies, for which they made some
recommendations, but they recommended a more detailed inspection of the
spacecraft 101 wire bundles.
Memo, Creighton, Goldenberg, and Witherington to Kleinknecht, “Condition of Spacecraft

101 Wire Bundles,” April 4, 1967.

The Apollo 204 Review Board accepted the report of its Sequence of Events
Panel (No. 3), which had been charged with analyzing data from
immediately before and during the January 27 fire, including digital,
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analog, voice communications, and photography. The data was required to
display significant events as they occurred with the precise time tag. Time
histories of all continuous or semicontinuous recorded parameters and
correlation of parameter variations and events were to be recorded, as well as
interpretation of the analysis results. Where pertinent, normal expected
variations were to be compared with those actually obtained.

Panel 3 had served as a separate panel from January 31 through February 23,
when it was merged with the Integration Analysis Panel (No. 18). Panel 3
reported one finding and one determination:

Finding—The data recorded from the spacecraft and ground instru-
mentation system during the Spacecraft Plugs-Out Test were found to be
valid except for three brief dropouts after 6:31:17 EST, January 27 (13
seconds after the pilot reported “fire in the cockpit”). All onboard data
transmission ended about 6:31:22 EST.

Determination—The onboard instrumentation system functioned
normally before and during the initial phase of the fire. There were no
indicated malfunctions in any of the instrumentation sensors during this
period.

“Board Proceedings” and Append. D, “Panels | thru 4, Report of Apollo 204 Review Boara,
pp- 3-33 and D-3-3 through D-3-6.

The Apollo 204 Review Board met with its Test Procedures Review Panel
(Panel No. 7) to complete acceptance of the panel’s final report. The panel
had been established February 7 to document test procedures actually
employed during the day of the January 27 accident and to indicate
deviations between planned procedures and those used. The panel was to
determine changes that might alleviate fire hazard conditions or that might
provide for improved reaction or corrective conditions and review the
changes for applicability to other tests.

Among the panel’s findings and determinations were:

Finding—209 pages of the 275-page Operational Checkout Procedure
(OCP) were revised and released on the day before the test. However, less
than 25 percent of the line items were changed. Approximately one percent
of the change was due to errors in technical content in the original issue of
the procedure. In addition, 106 deviations were written during the test.

Determination—Neither the revision nor the deviations were known to
have contributed specifically to the incident. The late timing of the change
release, however, prevented test personnel from becoming adequately
familiar with the test procedure before use.

Finding—During the altitude chamber tests, the cabin was pressurized
at pressures greater than sea level with an oxygen environment two and a
half times as long as the cabin was pressurized with oxygen before the
accident during Plugs-Out Test.
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Determination—The spacecraft had successfully operated with the
same cabin conditions in the chamber for a greater period of time than on
the pad up to the time of the accident.

Finding—Troubleshooting the communication problem was not
controlled by any one person, and was at times independently run from the
spacecraft, Launch Complex 34 Blockhouse, and the Manned Spacecratt
Operations Building. Communications switching, some of which was not
called out in OCP, was performed without the control of the Test
Conductor.

Determination—The uncontrolled troubleshooting and switching
contributed to the difficulty experienced in attempting to assess the
communication problem.

Finding—KSC was not able to ensure that the spacecraft launch
operations plans and procedures adequately satisfied, in a timely way, the
intent of MSC. Changes in spacecraft testing by KSC could not be kept in
phase with the latest requirements of MSC. Prelaunch checkout require-
ments were not formally transmitted to KSC from MSC.

Determination—Prelaunch-test-requirements control for the Apollo
spacecraft program was constrained by slow response to changes, lack of
detailed KSC-MSC inter-Center agreements, and lack of official NASA-
approved test specifications applicable to prelaunch checkout.

Finding—The decision to perform the Plugs-Out Test with the flight
crew, closed hatch, and pure oxygen cabin environment made on October
31, 1966, was a significant change in test philosophy.

Determination—There was no evidence that this change in test
philosophy was made so late as to preclude timely incorporation into the
test procedure.

“*Board Proceedings” and Append. D, “Panels 6 thru 10,” Report of Apollo 204 Review Board,
pp- 3-33 and D-7-3 through D-7-13.

‘The Apollo 204 Review Board was scheduled to review the final report of its
Historical Data Panel (Panel No. 6). The panel had been assigned to
assemble, summarize, and interpret historical data concerning the
spacecraft and associated systems pertinent to the January 27 fire. The data
were to include such records as the spacecraft log, failure reports, and other
quality engineering and inspection documents. In addition the panel
prepared narratives to reflect the relationship and flow of significant review
and acceptance points and substantiating documentation and presented a
brief history of prelaunch operations performed on spacecraft 012 at
Kennedy Space Center.

In its final report to the Review Board the Historical Data Panel submitted
eight findings and determinations. Among them were:
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Finding—The Ingress-Egress Log disclosed several instances where
tools and equipment were carried into the spacecraft, but the log did not
indicate these items had been removed.

Determination—Maintenance of the Ingress-Egress Log was inade-
quate.

Finding—Inspection personnel did not perform a prescheduled
inspection with a checklist before hatch closing.

Determination—Inspection personnel could not verify specific func-
tions during that period.

Finding—At the time of the spacecraft 012 shipment to KSC, the
contractor submitted an incompilete list of open items. A revision of that list
significantly and substantially enlarged the list of open items.

Determination— The true status of the spacecraft was not identified by
the contractor.

“Board Proceedings’ and Append. D, “‘Panels 6 thru 10,” Report of Apollo 204 Review Board,
pp- 3-33 and D-6-3 through D-6-7.

The Apollo 204 Review Board accepted the final report of its Design Review
Panel (No.9), whose duty had been to conduct Critical Design Reviews of
systems or subsystems that might be potential ignition sources within the
Apollo command module cockpit or that might provide a combustible
condition in either normal or failed conditions. The panel was also to
consider areas such as the glycol plumbing configuration; electrical wiring
and its protection, physical and electrical; and such potential ignition
sources as motors, relays, and corona discharge. Other areas would include
egress augmentation and the basic cabin atmosphere concept (one-gas
versus two-gas).

The contemplated spacecraft configuration for the next scheduled manned
flight (spacecraft 101, Block II) was significantly different from that of
spacecraft 012 (Block I), in which the January 27 fire had occurred.
Therefore, both configurations were to be reviewed—the Block I configura-
tion as an aid in determining possible sources for the fire, the Block II to
evaluate the system design characteristics and potential design change
requirements to prevent recurrence of fire.

The panel’s final report to the Review Board contained findings on ignition
and flammability, cabin atmosphere, review of egress process, and review of
the flight and ground voice communications. Among them were:

Finding—Flammable, nonmetallic materials were used throughout
the spacecraft. In the Block I and Block II spacecraft design, combustible
materials were contiguous to potential ignition sources.

Determination—In the Block I and Block II spacecraft design,
combustible materials were exposed in sufficient quantities to constitute a
fire hazard.
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Finding—The spacesuit contained power wiring to electronic circuits.
The astronauts could be electrically insulated.

Determination—Both the power wiring and potential for static
discharge constituted possible ignition sources in the presence of
combustible materials. The wiring in the suit could fail from working or
bending.

Finding—Residues of RS89 (inhibited ethylene glycol/water solution)
after drying were both corrosive and combustible. RS89 was corrosive to
wire bundles because of its inhibitor.

Determination—Because of the corrosive and combustible properties of
the residues, RS89 coolant could, in itself, provide all of the elements of a fire
hazard if it leaked onto electrical equipment.

Finding—Water/glycol was combustible, although not easily ignited.
Determination—Leakage of water/glycol in the cabin would increase
risk of fire.

Finding—Deficiencies in design, manufacture, and quality control
were found in the postfire inspection of the wire installation.

Determination—There was an undesirable risk exposure, which
should have been prevented by both the contractor and the government.

Finding—The spacecraft atmosphere control system design was based
on providing a pure oxygen environment.

Determination—The technology was so complex that, to provide
diluent gases, duplication of the atmosphere control components as well as
addition of a mechanism for oxygen partial-pressure control would be
required. These additions would introduce additional crew-safety failure
modes into the flight systems.

Finding—Sixty seconds were required for unaided crew egress from the
CM. The hatch could not be opened with positive cabin pressure above
approximately 0.17 newtons per sq cm (0.25 psi). The vent capacity was
insufficient to accommodate the pressure buildup in the Apollo 204
spacecraft.

Determination—Even under optimum conditions emergency crew
egress from Apollo 204 spacecraft could not have been accomplished in
sufficient time.

Finding—During the January 27 Apollo 204 test, difficulty was
experienced in communicating from ground to spacecraft and among
ground stations.

Determination—The ground system design was not compatible with
operational requirements.

“Board Proceedings™ and Append. D, *‘Panels 6 thru 10, Report of Apollo 204 Review Board,
pp. 3-33 and D-9-3 through 3-9-13.
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The Integration Analysis Panel (No. 18) was rewriting its final report to the
Apollo 204 Review Board. Panel 18 had been assigned to review information
from all task groups and make the final technical integration of the
evidence. Panels 3 and 16 had been merged with Panel 18 on February 23. In
its final report to the Review Board, Panel 18 listed:

Findings—Several arcing indications were observed in the CM left
front sector and a voltage transient was noted in all three phases of AC Bus 2.
This transient was most closely simulated by a power interruption or short
circuit on DC Bus B. Physical evidence and witness statements indicated the
progress of the fire to be from the left side of the spacecraft. Simulations and
tests indicated that combustion initiation by electrostatic discharge or
chemical action was not probable. No physical evidence of prefire
overheating of mechanical components or heating devices was found.

Determinations—No single ignition source could be conclusively
identified. The most probable initiator was considered to be the electrical
arcing or shorting in the left front sector of the spacecraft. The location best
fitting the total available information was that where environmental control
system instrumentation power wiring ran into the area between the
environmental control unit and the oxygen panel.

Finding—All spacecraft records were reviewed by the various panels
and the results were screened by Panel 18.

Determination—No evidence was found to correlate previously known
discrepancies, malfunctions, qualification failures or open work items with
the source of ignition.

Finding— At the time of the observed fire, data including telemetry and
voice communications indicated no malfunctioning spacecraft systems
(other than the live microphone).

Determination—Existing spacecraft instrumentation was insufficient
by itself to provide data to identify the source of ignition.

“Board Proceedings” and Append. D, “Panel 18, Report of Apollo 204 Review Board, pp. 3~
33 and D-18-3 through D-18-51.

The final report of the Medical Analysis Panel (No. 11) to the Apollo 204
Review Board was processed for printing. The panel had been assigned to
provide a summary of medical facts with appropriate medical analysis for
investigation of the January 27 fire. Examples were cause of death,
pathological evidence of overpressure, and any other areas of technical value
in determining the cause of accident or in establishing corrective action.

The panel report indicated that at the time of the accident two NASA
physicians were in the blockhouse monitoring data from the senior pilot.
Upon hearing the first voice transmission indicating fire, the senior NASA
physician turned from the biomedical console to look at the bank of
television monitors. When his attention returned to the console the
bioinstrumentation data had stopped. The biomedical engineer in the
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Acceptance Checkout Equipment (ACE) Control Room called the senior
medical officer for instructions. He was told to make the necessary alarms
and informed that the senior medical officer was leaving his console. The
two NASA physicians left the blockhouse for the base of the umbilical tower
and arrived there shortly before ambulances and a Pan American physician
arrived at 6:43 p.m. The three physicians went to the spacecraft; time of their
arrival at the White Room was estimated to be 6:45 p.m. EST.

By this time some 12 to 15 minutes had elapsed since the fire began. After a
quick evaluation it was evident that the crew had not survived the heat,
smoke, and burns and it was decided that nothing could be gained by
attempting immediate egress and resuscitation.

Panel 11's 24 findings included:

Finding—Biomedical data at the time of the accident were received
from only the senior pilot. The data consisted of one lead of electrocardio-
gram, one lead of phonocardiogram, and impedance pneumogram
(respiration). The data was received by telemetry and from the onboard
medical data acquisition system.

Determination—This configuration was normal for the test.

Finding—At 6:31:04 p.m. there was a marked change in the senior
pilot’s respiratory and heart rates on the biomedical tape. There was also
evidence of muscle activity in the electrocardiogram and evidence of motion
in the phonocardiogram. The heart rate continued to climb until loss of
signal.

Determination—This physiological response is compatible with the
realization of an emergency situation.

Finding—Voice contact with the crew was maintained until 6:31:22.7
p.m.

Determination—At least one crew member was conscious until that
time.

Finding—Hatches were opened at approximately 6:36 p.m. and no
signs of life were detected. Three physicians looked at the suited bodies at
approximately 6:45 p.m. and decided that resuscitation efforts would be to
no avail.

Determination—Time of death could not be determined from this
finding.

Finding—'"The cause of death of the Apollo 204 Crew was asphyxia
due to inhalation of toxic gases due to fire. Contributory cause of death was
thermal burns.” )

Determination—It could be concluded that death occurred rapidly and
that unconsciousness preceded death by some increment of time. The fact
that an equilibrium had not been established throughout the circulatory
system indicated that blood circulation stopped rather abruptly before an
equilibrium could be reached.
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Finding—Panel 5 had estimated that significant levels (more than
two percent) of carbon monoxide were in the spacecraft atmosphere by
6:31:30 p.m. EST. By this time at least one spacesuit had failed, introducing
cabin gases to all suit loops.

Determination—The crew was exposed to a lethal atmosphere when
the first suit was breached.

Finding—The distribution of carbon monoxide in body organs
indicated that circulation stopped rather abruptly when high levels of
carboxyhemoglobin reached the heart.

Determination—Loss of consciousness was caused by cerebral hypoxia
due to cardiac arrest from myocardial hypoxia. Factors of temperature,
pressure, and environmental concentrations of carbon monoxide, carbon
dioxide, oxygen, and pulmonary irritants were changing at extremely rapid
rates. It was impossible from available information to integrate these
variables with the dynamic physiological and metabolic conditions they
produced, to arrive at a precise statement of the time when consciousness
was lost and when death supervened. Loss of consciousness was estimated as
at between 15 and 30 seconds after the first suit failed. Chances of resuscita-

tion decreased rapidly thereafter and were irrevocably lost within 4 minutes.

Finding—The purge with 100-percent oxygen at above sea-level
pressure contributed to the propagation of fire in the Apollo 204 spacecraft.

Determination—The oxygen level was the planned cabin environment
for testing and launch, since prelaunch denitrogenation was necessary to
forestall the possibility of the astronauts’ suffering the bends. A comprehen-
sive review of operational and physiological tradeoffs of various methods of
denitrogenation was in progress.

“Board Proceedings”” and Append. D, “Panel 11, Report of Apollo 204 Review Board, pp. 3-
33 and D-11-3 through D-11-9.

ASPO Manager Joseph F. Shea requested that the White Sands Test Facility
be authorized to conduct the descent propulsion system series tests starting
April 8 and ending abont May 1. The maximum expected test pressure
would be 174 newtons per sq cm (253 psia), normal maximum operating
pressure. The pressure could go as high as 179 newtons per sq cm (260 psia)
according to the test to be conducted.

Required leak check operations were also requested at a maximum pressure
of 142 newtons per sq cm (206 psia), with a design limit of 186 newtons per
sq cm (270 psia). The test fluids would be compatible with the titanium alloy
at the test pressures. The test would be conducted in the Altitude Test Stand,
where adequate protection existed for isolating and containing a failure.
MSC Director Robert R. Gilruth approved the request the same day.

Memo, Shea to Gilruth, “Request for authorization to conduct a pressure test,” March 31, 1967.

In reply to a request from NASA Hq., CSM Manager Kenneth S.
Kleinknecht told Apollo Program Director Samuel C. Phillips that
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replacement of the service module 017 oxidizer tank was based on a double
repair weld of the method 2 kind in that tank. This kind of repair, he said,
resulted in a weld chemistry similar to the weld on the S-IVB helium bottle
that had failed, as had only recently been determined by examination of the
secondary-propulsion-system tank repair weld. There was insufficient proof
that titanium hydride concentrations could not occur in the double meth-
od-2 repair weld, and replacement of the tank would preclude any question
as to the integrity of the tank. The decision was delayed as long as possible in
the hope of developing technical justification of weld integrity. When that
was not achieved and there was little confidence that justification could be
developed in the near future, the decision was made directing the tank
change. The activity would not cause additional schedule time loss, as it was
already necessary to repeat the spacecraft integrated test because of wiring
rework.

Lir., Kleinknecht to Phillips, “Delay in Direction to Effect Service Module Tank Change,”
April 1, 1967.

The mission profile for the first manned Apollo flight would be based on
that specified in Appendix AS-204 in the Apollo Flight Mission
Assignments Document dated November 1966, the three manned space
flight Centers were informed. Apollo Program Director Samuel C. Phillips
said the complexity of the mission was to be limited to that previously
planned, and therefore consideration of a rendezvous exercise would be
dependent upon the degree of complication imposed on the mission.
“There will be no additions that require major new commitments such as
opening a CM hatch in space or exercising the docking subsystem.”

TWX, Phillips to MSC, MSFC, and KSC, “First Manned Mission,” April 5, 1967.

The Apollo 204 Review Board transmitted its final formal report to NASA
Administrator James E. Webb, each member concurring in each of the
findings, determinations, and recommendations concerning the January 27
spacecraft fire that took the lives of three astronauts.

During the review the Board had adhered to the principle that reliability of
the CM and the entire system involved in its operation was a requirement
common to both safety and mission success. Once the CM had left the earth’s
environment the occupants were totally dependent on it for their safety. It
followed that protection from fire as a hazard required much more than
quick egress. Egress was useful only during test periods on earth when the
CM was being readied for its mission and not during the mission itself. The
risk of fire had to be faced, but that risk was only one factor pertaining to CM
reliability that must receive adequate consideration. Design features and
operating procedures intended to reduce the fire risk must not introduce
other serious risks to mis