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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
APOLLO 13 REVIEW BOARD

June 15, 1970

The Honorable Thomas O. Paine

Administrator

National Aeronautics and Space Administration
Washington, D.C. 20546

Dear Dr. Paine:

Pursuant to your directives of April 17 and April 21, 1970, I am
transmitting the final Report of the Apollo 13 Review Board.

Concurrent with this transmittal, I have recessed the Board, subject
to call.

We plan to reconvene later this year when most of the remaining
special tests have been completed, in order to review the results
of these tests to determine whether any modifications to our
findings, determinations, or recommendations are necessary. In
addition, we will stand ready to reconvene at your request.

Sincerely yours,

.

Edgar M. Cortright
Chairman
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PREFACE

The Apollo 13 accident, which aborted man's third mission to explore
the surface of the Moon, is a harsh reminder of the immense difficulty
of this undertaking.

The total Apollo system of ground complexes, launch vehicle, and
spacecraft constitutes the most ambitious and demanding engineering
development ever undertaken by man. For these missions to succeed, both
men and equipment must perform to near perfection. That this system has
already resulted in two successful lunar surface explorations is a tribute
to those men and women who conceived, designed, built, and flew it.

Perfection is not only difficult to achieve, but difficult to main-
tain. The imperfection in Apollo 13 constituted a near disaster, averted
only by outstanding performance on the part of the crew and the ground
control team which supported them.

The Apollo 13 Review Board was charged with the responsibilities
of reviewing the circumstances surrounding the accident, of establishing
the probable causes of the accident, of assessing the effectiveness of
flight recovery actions, of reporting these findings, and of developing
recommendations for corrective or other actions. The Board has made
every effort to carry out its assignment in a thorough, objective, and
impartial manner. In doing so, the Board made effective use of the
failure analyses and corrective action studies carried out by the Manned
Spacecraft Center and was very impressed with the dedication and objec-
tivity of this effort.

The Board feels that the nature of the Apollo 13 equipment failure
holds important lessons which, when applied to future missions, will
contribute to the safety and effectiveness of manned space flight.

ii
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
WasHINGTON, D.C. 20546

OFFICE OF THE ADMINISTRATOR April 17, 1970
TO ¢ Mr. Edgar M. Cortright
SUBJECT : Establishment of Apollo 13 Review Board

b 24

'

REFERENCES: (a) NMI 8621.1 - Mission Failure Investigation Policy
and Procedures

(b) NMI 1156.14 ~ Aerospace Safety Advisory Panel

1. It is NASA policy as stated in Reference (a) "to investigate and
document the causes of all major mission failures which occur in the
conduct of its space and aeronautical activities and to take appropriate
corrective actions as a result of the findings and recommendations."

2. Because of the serious nature of the accident of the Apollo 13 space-
craft which jeopardized human life and caused failure of the Apollo 13
lunar mission, we hereby establish the Apollo 13 Review Board (hereinafter
referred to as the Board) and appoint you Chairman. The members of the
Board will be qualified senior individuals from NASA and other Govern-
ment agencies. After consultation with you, we will:

(a) Appoint the members of the Board and make any subsequent changes
necessary for the effective operation of the Board; and

(b) Arrange for timely release of information on the operations,
findings, and recommendations of the Board to the Congress, and, through
the NASA Office of Public Affairs, to the public. The Board will report
its findings and recommendations directly to us.

3. The Board will:

(a) Review the circumstances surrounding the accident to the space-
craft which occurred during the flight of Apolle 13 and the subsequent
flight and ground actions taken to recover, in order to establish the
probable cause or causes of the accident and assess the effectiveness
of the recovery actionms.

(b) Review all factors relating to the accident and recovery actions
the Board determines to be significant and relevant, including studies,
findings, recommendations, and other actions that have been or may be
undertaken by the program offices, field centers, and contractors
involved.

1-1
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(c) Direct such further specific investigations as may be necessary.

(d) Report as soon as possible its findings relating to the cause or
causes of the accident and the effectiveness of the flight and ground
recovery actions.

(e) Develop recommendations for corrective or other actions, based
upon its findings and determinations or conclusions derived therefrom.

(f) Document its findings, determinations, and recommendations and
submit a final report.

4. As Chairman of the Board you are delegated the following powers:

(a) To establish such procedures for the organization and operation
of the Board as you find most effective; such procedures shall be part
of the Board's records. The procedures shall be furnished the Aerospace
Safety Advisory Panel for its review and comment.

(b) To establish procedures to assure the execution of your
responsibilities in your absence.

(c) To designate such representatives, consultants, experts, liaison
officers, observers, or other individuals as required to support the
activities of the Board. You shall define their duties and responsi-
bilities as part of the Board's records.

(d) To keep us advised periodically concerning the organization,
procedures, operations of the Board and its associated activities.

5. By separate action we are requesting the Aerospace Safety Advisory
Panel established by Reference (b) to review both the procedures and
findings of the Board and submit its independent report to us.

6. By separate action we are directing the Associate Administrator for
Manned Space Flight to:

(a) Assure that all elements of the Office of Manned Space Flight
cooperate fully with the Board and provide records, data, and technical
support as requested.

(b) Undertake through the regular OMSF organization such reviews,
studies, and supporting actions as are required to develop recommenda-
tions to us on corrective measures to be taken prior to the Apollo 14
mission with respect to hardware, operational procedures, and other
aspects of the Apollo program.

1-2
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7.

All elements of NASA will cooperate with the Board and provide full

support within their areas of responsibility.

George M. Low :

Deputy Administrator T. 0. Paine

H M L K

Administrator
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
WasHINGTON, D.C. 20546

OFFICE OF THE ADMINISTRATOR April 21, 1970
TO : Mr. Edgar M. Cortright
SUBJECT : Membership of Apollo 13 Review Board

Reference: Memorandum to you of April 17, subject: Establishment of
Apollo 13 Review Board

In accordance with paragraph 2(a) of Reference (a), the membership of
the Apollo 13 Review Board is established as follows:

Members:

Mr. Edgar M. Cortright, Chairman (Director, Langley Research Center)

Mr. Robert F. Allnutt (Assistant to the Administrator, NASA Hgs.)

Mr. Neil Armstrong (Astronaut, Manned Spacecraft Center)

Dr. John F. Clark (Director, Goddard Space Flight Center)

Brig. General Walter R. Hedrick, Jr. (Director of Space, DCS/R&D,
Hgs., USAF)

Mr. Vincent L. Johnson (Deputy Associate Administrator-Engineering,
Office of Space Science and Applications)

Mr. Milton Klein (Manager, AEC-NASA Space Nuclear Propulsion Office)

Dr. Hans M. Mark (Director, Ames Research Center)

Counsel:
Mr. George Malley (Chief Counsel, Langley Research Center)

OMSF Technical Support:

Mr. Charles W. Mathews (Deputy Associate Administrator, Office of
Manned Space Flight)

Observers:

Mr. William A. Anders (Executive Secretary, National Aeronautics
and Space Council)

1-4
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Dr. Charles D. Harrington (Chairman, NASA Aerospace Safety
Advisory Panel)

Mr. I. I. Pinkel (Director, Aerospace Safety Research and
Data Institute, Lewis Research Center)

Congressional Liaison:

Mr. Gerald J. Mossinghoff (Office of Legislative Affairs, NASA Hgs.)

Public Affairs Liaison:

Mr. Brian Duff (Public Affairs Officer, Manned Spacecraft Center)

In accordance with applicable NASA instruction, you are authorized to
appoint such experts and additional consultants as are required for

the effective operations of the Board.
é?)l)e.;_s\

George M. Low T. O. Paine
Deputy Administrator Administrator
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
WAsHINGTON, D.C. 20546

April 20, 1970
OFFICE OF THE ADMINISTRATOR

TO : Dr. Charles D. Harrington
Chairman, Aerospace Safety Advisory Panel

SUBJECT : Review of Procedures and Findings of Apollo 13 Review Board

Attachment: (a) Memorandum dated April 17, 1970, to Mr. Edgar M.
Cortright, subject: Establishment of Apollo 13
Review Board

References: (a) Section 6, National Aeronautics and Space Administration
Authorization Act, 1968

(b) NMI 1156.14 - Aerospace Safety Advisory Panel

1. In accordance with References (a) and (b), the Aerospace Safety
Advisory Panel (hereafter referred to as the Panel) is requested to
review the procedures and findings of the Apollo 13 Review Board (here-
after referred to as the Board) established by Attachment (a).

2. The procedures established by the Board will be made available to the
Panel for review and comment as provided in paragraph 4(a) of Attachment (a).

3. As Chairman of the Panel, you are designated an Observer on the Board.
In this capacity, you, or another member of the Panel designated by you,
are authorized to be present at those regular meetings of the Board you
desire to attend. You are also authorized to receive oral progress re-
ports from the Chairman of the Board or his designee from time to time to
enable you to keep the Panel fully informed on the work of the Board.

4. The final report and any interim reports of the Board will be made
available promptly to the Panel for its review.

5. The Panel is requested to report to us on the procedures and findings
of the Board at such times and in such form as you consider appropriate,

but no later than 10 days after the submission to us of the final report

of the Board.

/{m;e. e Low— &Q‘M_&_

George M. Low T. O. Paine
Deputy Administrator Administrator
Enclosure

cc: Mr. Edgar M. Cortright, Chairman, Apollo 13 Review Board
M/Mr. Dale Myers

1-6
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
WasHinGTON, D.C. 20546

April 20, 1970
OFFICE OF THE ADMINISTRATOR ¢

TO : Mr. Dale D. Myers
Associate Administrator for Manned Space Flight

SUBJECT : Apollo 13 Review

References: (a) Memorandum dated April 17, 1970, to Mr. Edgar M.
Cortright, subject: Establishment of Apollo 13
Review Board

(b) Memorandum dated April 20, 1970, to Dr. Charles
D. Harrington, subject: Review of Procedures
and Findings of Apollo 13 Review Board

1. As indicated in paragraph 6 of Reference (a), you are directed to:

(a) Assure that all elements of the Office of Manned Space
Flight cooperate fully with the Board in providing records,
data, and technical support as requested.

(b) Undertake through the regular OMSF organization such reviews,
studies, and supporting actions as are required to develop
timely recommendations to us on corrective measures to be
taken prior to the Apollo 14 mission with respect to hard-
ware, operational procedures, flight crews, and other aspects
of the Apollo program.

2. The recommendations referred to in paragraph 1(b) above should be
submitted to us in such form and at such time as you deem appropriate,
but a report should be submitted no later than ten days after the
Apollo 13 Review Board submits its final report.

3. The assignments to the Apollo 13 Review Board and to the Aero-
space Safety Advisory Panel by References (a) and (b), respectively,
in no way relieve you of your continuing full responsibility for the
conduct of the Apollo and other OMSF programs.

| Uz
Heoge M Lo —H .a.«vu-kg_

Deputy Administrator Administrator

cc: Mr. Edgar M. Cortright, Chairman, Apollo 13 Review Board
Mr. Charles D. Harrington, Chairman, Aerospace Safety Advisory Panel
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NMI 8621.1

April 14, 1966

Effective date

Management Instruction

SUBJECT: MISSION FAILURE INVESTIGATION POLICY AND PROCEDUKES

1.

PURPOSE
This Instruction establishes the policy and procedures for investigating
and documenting the causes of all maior mission failures which occur in the

conduct of NASA space and aeronautical activities.

APPLICABILITY

This Instruction is applicable to NASA Headquarters and field installations.

DEFINITION
For the purpose of this Instruction, the following term shall apply:

In general, a failure is defined as not achieving a major mission
objective,

POLICY

a. It is NASA policy to investigate and document the causes of all ma jor
mission failures which occur in the conduct of its space and aeronau-
tical activities and to take appropriate corrective actions as a
result of the findings and recommendations,

b. The Deputy Administrator may conduct independent investigations
of major failures in addition to those investigations required of
the Officials-in-Charge of Headquarters Program Offices as set
forth in paragraph 5a.

PROCEDURES

a. Officials-in-Charge of Headquarters Program Offices are responsible,
within their assigned areas, for:

(1) Informing promptly the Deputy Administrator of each major
failure and apprising him of the nature of the failure, status
of investigations, and corrective or other actions which are
or will be taken.

U U U L p ¢ L L L L bk L Lk L L L
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NMI 8621.1

April 14, 1966

(2) Determining the causes or probable causes of all failures,
taking corrective or other actions, and submitting written
reports of such determinations and actions to the Deputy
Administrator,

b. When the Deputy Administrator decides to conduct an independent
investigation, he will:

(1) Establish a (name of project) Review Board, comprised of appro-
priate NASA officials;

(2) Define the specific responsibilities of each Board, encompassing
such tasks as:

(a)

(b)

(c)

Y

(e

Reviewing the findings, determinations and corrective or
other actions which have been developed by contractors,

field installations and the Official=~in-Charge of cognizant
Headquarters Program Office and presenting the Board's
conclusions as to their adequacy to the Deputy Administrator,

Reviewing the findings during the course of investigations
with cognizant field installation and Headquarters officials.

Recommending such additional steps (for example additiomal
tests) as are considered desirable, to determine the techni-
cal and operational causes or probable causes of failure,
and to obtain evidence of nontechnical contributing factors.

Developing recommendations for corrective and other acticns,
based on all information available to the Board.

Documenting findings, determinations and recommendations
for corrective or other actions and submitting such documen=
tation to the Deputy Administrator.

c. Procedures for implementing the Board's recommendations shall be
determined by the Deputy Administrator,

CANCELLATION

NASA Management Manual Instruction 4=1-7 (T.S. 760), March 24, 1964,

DISTRIBUTION:

SDL 1

Q PN C S-c.-...ﬁr

Deputy Administrator

1-9
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NMI _1156.14

December T, 1967

Effective dofe

Management Instruction

SUBJECT: AEROSPACE SAFETY ADVISORY PANEL

1. PURPOSE

This Instruction sets forth the authority for, and the
duties, procedures, organization, and support of the
Aerospace Safety Advisory Panel.

2.  AUTHORITY

The Aerospace Safety Advisory Panel (hereafter called the
"Panel") was established under Section 6 of the National
Aeronautics and Space Administration Authorization Act,
1968 (PL 90-67, 90th Congress, 81 Stat. 168, 170). Since
the Panel was established by statute, its formation and
use are not subject to the provisions of Executive Order
11007 or of NMI 1150,2, except to the extent that such
provisions are made applicable to the Panel under this
Instruction.

3. DUTIES

a. The duties of the Panel are set forth in Section 6
of the National Aeronautics and Space Administration
Authorization Act, 1968, as follows:

"The Panel shall review safety studies and
operations plans referred to it and shall
make reports thereon, shall advise the
Administrator with respect to the hazards
of proposed or existing facilities and pro-
posed operations and with respect to the
adeguacy of proposed or existing safety
standards, and shall perform such other
duties as the Administrator may request."

b. Pursuant to carrying out its statutory duties, the
Panel willl review, evaluate, and advise on all

elements of NASA's safety system, including
especially the industrial safety, systems safety,

1-10
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NMI 1156.14

December 7, 1967

and public safety activities, and the management of
these activities. These key elements of NASA's
safety system are identified and delineated as follows:

(1)

(2)

Industrial Safety. This element 1includes those
activities which, on a continuing basis, provide
protection for the well being of personnel and
prevention of damage to property involved in NASA's
business and exposed to potentlal hazards
associated with carrying out thls business.
Industrial safety relates especially to the

operation of facilities in the many programs of

research, development, manufacture, test, opera-
tion, and maintenance., Industrial safety
activities include, but are not limited to, such
functions as:

(a) Determination of industrial safety criteria.

(b) Establishment and implementation of safety
standards and procedures for operation and
maintenance of facilities, especilally test
and hazardous environment facilities.

(¢) Development of safety requirements for the
design of new facilities.

(d) Establishment and implementation of safety
standards and procedures for operation of
program support and administrative aircraft.

Systems Safety. This element includes those
activities specifically organized to deal with the
potential hazards of complex R&D systems that
involve many highly specialized areas of tech-
nology. It places particular emphasis on
achleving safe operation of these systems over
their life cycles, and it covers major systems
for aeronautical and space flight activities,
manned or unmanned, including associated ground-
based research, development, manufacturing, and
test activities., Systems safety activities
include, but are not limited to, such functions
as:

(a) Determination of systems safety criteria,
including criteria for crew safety.

(b) Determination of safety data reguirements.

(¢) Performance of systems safety analyses.

i L LI L L L L L L B B B & L L3
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(3)

(%)
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NMI 1156.1k4

(d) Establishment and implementation of systems
safety plans.

Public Safety. This element includes those
activities which, on a continuing basis, provide
protection for the well being of people and
prevention of damage to property not involved in
HASA's business, but which may nevertheless be
exposed to potential hazards associated with carry-
ing out this business., Public safety activities
include, but are not limited to, such functions as:

(a) Determination of public safety criteria.

(b) Establishment and control of public safety
hazards associated with facility and systems
tests and operations.

(¢) CEstablishment and implementation, as required,
of emergency or catastrophe control plans.

Safety HManagement. This element includes both the

program ana functional crganizations of MNASA and
its contractors involved in the identification of
potential hazards and their elimination or controil
as set forth in the foregoing description of

safety activities. It also includes the management
systems for planning, implementing, coordinating,
and controlling these activities. These management
systems include, but are not limited to, the
following:

(a) The authorities, responsibilities, and working
relationships of the organizations involved
in safety activities, and the assessment of
their effectiveness.

(b) The procedures for insuring the currency and
continuilty of safety activities, especially
systems safety activities which may extend
over long periods of time and where manage-
ment responsibilities are transferred during
the life cycles of the systems,

(¢) The plans and procedures for accident/incident
investigations, including those for the follow-
up on corrective actions and the feedback of
accident/incident information to other
involved or interested organizations.

(d) The analysis and dissemination of safety data.

1-12
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December 7, 1967

PROCEDURES

S

The Panel will function in an advisory capacity to the
Administrator, and, through him, to those organizatilonal
elements responsible for management of the HASA safely
activities.

The Panel will be provided with all information required
to discharge its advisory responsibilities as they
pertain to both IASA and its contractors' safety
activities. This information will be made available
through the mechanism of aprropriate reports, and oy
means of in situ reviews of safety activities at thne
varicus NASA and contractor sites, as deemed necessary
by the Panel and arranced through the Admlnistrator.
The Panel will thus be enabled to cxamine and evaluate
not only the general status of the HASA safety system,
but also the key elements of the rlanned and on-going
activities in this system.

ORGANIZATION

Q.

ilembership

(1) 'The Panel will consist of a maximum of nine members,
vho will be appointed by the Administrator,
Appointrents will be for a term of six years,
except that, in order to provide continulty of
membership, one-third of the members appointed
originally to the Panel will be appointed for a
term of two years, one~third for a term of four
years, and one-third for a term of six years.

(2) Not more than four members of the Panel shall be
employees of NASA, nor shall such NASA members
constitute a majority of the composition of the
Panel at any given time.

(3) Compensation and travel allowances for Panel
members shall be as specified in Section 6 of the
NASA Authorization Act, 1968.

Offlcers

(1) The Officers of the Panel shall be a Chairman and
a Vice Chairman, who shall be selected by the Panel
from their membership to serve for one-year terms.

(2) The Chairman, or Vice Chairman in his absence,

shall preside at all meetings of the Panel and shall
have the usual powers of a presiding officer. .

1-13
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NMI 1156.14

C. Committees

(1)

(2)

(3)

(4)

(5)

The Panel is authorized to establish special
committees, as necessary and as approved by the
Administrator, to carry out specified tasks within
the scope of duties c¢f the Panel.

All such ccmmnittee activities will be considered
an inseparable extension of Panel activities, and
will be in accordance with all applicable pro-
cedures and regulations set forth in this
Instruction.

The Chairman of each special committee shall be a
member of the Aerospace Safety Advisory Panel. The
other committee members may or may not be members
of the Panel, as recommended by the Panel and
approved by the Administrator, :

Appointment of Panel members to committees as
officers or members will be either for one year,

for the duration of their term as Panel members, or
for the lifetime of the committee, whichever is the
shortest. Appointments of non-Panel members to
committees will be for a period of one year or for
the lifetime of the committee, whichever is shorter.

Compensation and travel allowances for committee
merbers who are not members of the Panel ‘shall be
the same as for members of the Panel itself, except
that compensation for such committee members
appointed from outside the Federal Government shall
be at the rate prescribed by the Administrator for
comparable services,

d. Meetings

(1)

(2)

Regular meetings of the Panel will be held as often
as necessary and at least twice a yar. One meeting
each year shall be an Annual Meeting. Business
conducted at this meeting will include selecting
the Chalrmanad the Fice Chairman of the Panel,
recommending new committees and committee members
as required or desired, approving the Panel's
annual report to the Administrator, and such other
business as may be required.

Speclal meetings of the Panel may be called by the
Chalrman, by notice served personally upon or by
mail or telegraph to the usual address of each
member at least flve days prior to the meeting.

1-14
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December 7, 1967

8pecial meetings shall be called in the same
manner by the Chairman, upon the written reguest
of three members of the Panel.

If practicable, the object of a special meeting
should be sent in writing to all members, and if
possible a special meeting should be avoided by
obtaining the views of members by mail or otherwise,
both on the questlon recuiring the meeting and on
the question of calling a speclal meeting.

All meetings of special committees will be called
by their respective chairmen pursuant to and in
accordance with performing their specified tasks.

Minutes of all meetings of the Panel, and of special
commlttees established by the Panel, will be kept.
Such minutes shall, at a minimum, contain a record
of persons present, a description of matters dis-
cussed and conclusions reached, and copies of zll
reports recelved, issued, or approved by the Panel
or committee. The accuracy of all minutes will be
certified to by the Chairman of the Panel (or by

the Vice Chairman in his absence) or of the
committee.

Reports and Records

(1)

(2)

(3)

The Panel shall submit an annual report to the
Administrator.

The Panel will submit to the Administrator reports
on all safety reviews and evaluations with comments
and recommendations as dGeemed approprlate by the
Panel.

All records and flles of the Panel, including
agendas, minutes of Panel and committee meetings,
studies, analyses, reports, or other data compila-
tions or work papers, made available to or
prepared by or for the Panel, will be retained by
the Panel.

Avoidance of Conflicts of Interest

(1)

Nongovernmental members of the Panel, and of
special committees established by the Panel, are
"Speclal Government Employees"” within the meaning
of NHB 1900,2A, which sets forth guidance to HASA
Special Government HEmployees regarding the
avoidance of conflicts of interest and the
observance of ethicel standards of conduct. A&
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copy of NHB 1900.2A and related NASA instructions
on conflicts of interest will be furnished to each
Panel or committee member at the time of nls
appointment as a NASA consultant or expert,

(2) Nongovernmental members of the Panel or a special
committee will submit a "NASA Special Government
Employees Confidential Statement of Employment
and Financlal Interests" (NASA Form 1271) prior to
participating in the activities of the Panel or a
special committee.

6. SUPPORT

a. A staff, to be comprised of full-time NASA employees,
shall be established to support the Panel. The members

of this staff will be fully responsive to direction from
the Chairman ot the Panel.

b. The director of this staff will serve as Executive
Secretary to the Panel. The Executive Secretary of the
Panel, in accordance with the specific instructions from
the Chairman of the Panel, shall:

(1) Adninister the affairs of the Panel and have general
supervision of all arrangements for safety reviews
and evaluations, and other matters undertaken by
the Panel.

(2) Insure that a written record is kept of all
transactions, and submit the same to the Panel for
approval at each subsequent meeting.

(3) 1Insure that the same service is provided for all
special committees of the Panel.

€ 1)ty

dministrator

CFR Title 14, Chapter 5, Subpart 1209.5.
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PART 1. SUMMARY OF BOARD HISTORY AND PROCEDURES

The Apollo 13 Review Board was established on April 17, 1970, by
the NASA Administrator and Deputy Administrator under the authority of
NASA Management Instruction 8621.1, dated April 1L, 1966. In the letter
establishing the Board, Mr. Edgar M. Cortright, Director of Langley
Research Center, was appointed as Chairman and the general responsibili-
ties of the Board were set forth. The seven additional members of the
Board were named in a letter from the Administrator and the Deputy
Administrator to the Chairman, dated April 21, 1970. This letter also
designated a Manned Space Flight Technical Support official, a Counsel
to the Board, several other supporting officials, and several observers
from various organizations. In addition, in a letter dated April 20,
1970, to Dr. Charles D. Harrington, Chairman of the NASA Aerospace
Safety Advisory Panel, that Panel was requested to review the Board's
procedures and findings.

The Review Board convened at the Manned Spacecraft Center, Houston,
Texas, on Tuesday, April 21, 1970. Four Panels of the Board were formed,
each under the overview of a member of the Board. Each of the Panels
was chaired by a senior official experienced in the area of review
assigned to the Panel. In addition, each Panel was manned by a number
of specialists, thereby providing a nucleus of expertise for the review
activity. During the period of the Board's review activities, the
Chairmen of the four Panels were responsible for the conduct of evalua-
tions, analyses, and other studies bearing on their Panel assignments,
for preparing preliminary findings and recommendations, and for developing
other information for the Board's consideration. To overview these

Panel efforts, each member of the Board assumed specific responsibilities
related to the overall review.

In addition to the direct participants in the Board activity, a
number of observers and consultants also attended various meetings of
the Board or its constituent Panels. These individuals assisted the
Review Board participants with advice and counsel in their areas of
expertise and responsibilities.

While the Board's intensive review activities were underway, the
Manned Spacecraft Center Apollo 13 Investigation Team, under James A.
McDivitt, Colonel, USAF, was also conducting its own analysis of the
accident on Apollo 13. Coordination between the Investigation Team
work and the Apollo 13 Review Board activities was effected through the
MSF Technical Support official and by maintaining a close and continu-
ing working relationship between the Panel Chairmen and officials of
the MSC Investigation Team.
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The Board Chairman established a series of administrative procedures
to guide ‘the Board's activities. In addition, specific assignments of
responsibility were made to all individuals involved in the Board's
activities so as to insure an efficient review activity. Overall logis-
tic and administrative support was provided by MSC.

The Board conducted both Executive and General Sessions. During
the Executive Sessions, plans were agreed upon for guiding the Board's
activities and for establishing priorities for tests, analyses, studies,
and other Board efforts. At the General Sessions, status of Panel
activities was reviewed by the Board with a view towards coordination
and integration of all review activities. In addition, Board members
regularly attended daily status meetings of the Manned Spacecraft Center
Investigation Team.

In general, the Board relied on Manned Spacecraft Center postmission
evaluation activities to provide the factual data upon which evaluation,
assessment, and analysis efforts could be based. However, the Board,
through a regular procedure, also levied specific data collection, re-
duction, and analysis requirements on MSC. Test support for the Board
was conducted primarily at MSC but also included tests run at other
NASA Centers. Members of the Board and its Panels also visited a number
of contractor facilities to review manufacturing, assembly, and test
procedures applicable to the Apollo 13 mission.

The Chairman of the Board provided the NASA Deputy Administrator
with oral progress reports. These reports summarized the status of
Review Board activities at the time and outlined the tasks still ahead.
A1l material used in these interim briefings was incorporated into the
Board's official files.

As a means of formally transmitting its findings, determinations,
and recommendations, the Board chose the format of this Final Report
which includes both the Board's judgments as well as the reports of the
individual Panels.

A general file of all the data and information collected and examined
by the Board has been established at the Langley Research Center, Hampton,
Virginia. In addition, the MSC Investigation Team established a file of
data at MSC.

r..-
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PART 2. BIOGRAPHIES OF BOARD MEMBERS, OBSERVERS, AND PANEL CHATRMEN

CHAIRMAN OF THE APOLLO 13 REVIEW BOARD

EDGAR M. CORTRIGHT
NASA Langley Research Center

Edgar M. Cortright, 46, Director of the NASA Langley Research Center,
Hampton, Virginia, is Chairman of the Apollo 13 Review Becard.

Mr. Cortright has been an aerospace scientist and administrator for
22 years. He began his career at NASA's Lewis Research Center, Cleveland,
Ohio, in 1948 and for the next 10 years specialized in research on high-
speed aerodynamics there.

In October 1958, Mr. Cortright was named Chief of Advanced Technology
Programs at NASA Headquarters, Washington, D. C., where he directed ini-~
tial formulation of NASA's Meteorological Satellite Program. In 1960, he
became Assistant Director for Lunar and Planetary Programs and directed
the planning and implementation of such projects as Mariner, Ranger, and
Surveyor.

Mr. Cortright became Deputy Director of the Office of Space Sciences
in 1961, and Deputy Associate Administrator for Space Science and Appli-
cations in 1963, in which capacities he served as General Manager of
NASA's space flight program using automated spacecraft. He joined the
Office of Manned Space Flight as Deputy Associate Administrator in 1967
and served in a similar capacity until he was appointed Director of the
Langley Research Center in 1968.

He is a Fellow of the American Institute of Aeronautics and Astro-
nautics and of the American Astronautical Society. He has received the
*Arthur S. Fleming Award, the NASA Medal for Outstanding Leadership, and
the NASA Medal for Distinguished Service.

Mr. Cortright is the author of numerous technical reports and
articles, and compiled and edited the book, "Exploring Space With a
Camera."

He is a native of Hastings, Pennsylvania, and served as a U.S. Navy
officer in World War II. He received Bachelor and Master of Science
degrees in aeronautical engineering from the Rensselaer Polytechnic
Institute.

Mr. and Mrs. Cortright are the parents of two children.
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MEMBERS OF THE APOLLO 13 REVIEW BOARD

ROBERT F. ALLNUIT
NASA Headquarters

Robert F, Allnutt, 34, Assistant to the NASA Administrator,
Washington, D. C., is a member of the Apollo 135 Review Board.

Mr. Allnutt was named to his present position this year. Prior to
that, he had been Assistant Administrator for Legislative Affairs since

1967.

He joined NASA in 1960 as a patent attorney at the Langley Research
Center, Hampton, Virginia. In 1961, he was transferred to NASA Head-
quarters, Washington, D. C.

Mr. Allnutt served as Patent Counsel for Communications Satellite
Corporation from January to September 1965, when he returned to NASA
Headquarters as Assistant General Counsel for Patent Matters.

He is admitted to the practice of law in the District of Columbia
and the state of Virginia and is a member of the American Bar Association
and the Federal Bar Association.

Mr. Allnutt was graduated from Virginia Polytechnic Institute with
a B.S, degree in industrial engineering. He received Juris Doctor and
Master of Laws degrees from George Washington University Law School,

Mr. and Mrs. Allnutt are the parents of two sons. The family lives
in Washington, D. C.

NEIL A, ARMSTRONG
NASA Astronaut

Neil A. Armstrong, 39, NASA astronaut, is a member of the Apollo 13
Review Board.

Commander of the Apollo 11 mission and the first man on the Moon,
Mr. Armstrong has distinguished himself as an astronaut and as an
engineering test pilot.

Prior to joining the astronaut team at the Manned Spacecraft Center,
Houston, Texas, in 1962, Mr. Armstrong was an X-15 rocket aircraft
project pilot at the NASA Flight Research Center, Edwards, California.
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Mr. Armstrong joined NASA at the Lewis Research Center, Cleveland,
Ohio, in 1955, and later transferred to the Flight Research Center as an
aeronautical research pilot.

His initial space flight was as command pilot of Gemini VIII,
launched March 16, 1966. He performed the first successful docking of
two vehicles in space. The flight was terminated early due to a mal-
functioning thruster, and the crew was cited for exceptional piloting
skill in overcoming the problem and accomplishing a safe landing. He
has served on backup crews for both Gemini and Apollo.

Mr. Armstrong is a Fellow of the Society of Experimental Test
Pilots, Associate Fellow of the American Institute of Aeronautics and
Astronautics, and member of the Soaring Society of America. He has re-
ceived the Institute of Aerospace Sciences Octave Chanute Award, the
ATAA Astronautics Award, the NASA Exceptional Service Medal, the John F.
Montgomery Award, and the Presidential Medal of Freedom.

He is a native of Wapakoneta, Ohio, and received a B.S, degree in
aeronautical engineering from Purdue University and a M.S., degree from
the University of Southern California. He was a naval aviator from
1949 to 1952 and flew 78 combat missions during the Korean action.

Mr. and Mrs. Armstrong have two sons.

JOHN F. CLARK
NASA Goddard Space Flight Center

Dr. John F. Clark, 49, Director of the NASA Goddard Space Flight
Center, Greenbelt, Maryland, is a member of the Apollo 13 Review Board.

He is an internationally known authority on atmospheric and space
sciences, holds four patents in electronic circuits and systems, and has
written many scientific papers on atmospheric physics, electronics, and
mathematics.

Dr. Clark joined NASA in 1958 and served in the Office of Space
Flight Programs at NASA Headquarters until 1961 when he was named
Director of Geophysics and Astronomy Programs, Office of Space Sciences.
From 1962 until 1965, he was Director of Sciences and Chairman of the
Space Science Steering Committee, Office of Space Science and Applica-
tions.

In 1965, Dr. Clark was appointed Deputy Associate Administrator for
Space Science and Applications (Sciences), and later that year, Acting
Director of Goddard. He was named director of the center in 1966.
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. Dr. Clark began his career in 1942 as an electronics engineer at
the Naval Research Laboratory, Washington, D.C. From 1947 to 1948 he
was Assistant Professor of Electronic Engineering at Lehigh University,
Bethelem, Pennsylvania. He returned to NRL in 1948; and prior to join-
ing NASA, served as head of the Atmospheric Electricity Branch there.

He is a member of the American Association of Physics Teachers,
American Geophysical Union, Scientific Research Society of Americsa,
Philosophical Society of Washington, the International Scientific Radio
Union, and the Visiting Committee on Physics, Lehigh University. He
received the NASA Medals for Exceptional Service, Outstanding lLeadership,
and Distinguished Service.

Dr. Clark was born in Reading, Pennsylvania. He received s B.S.
degree in electrical engineering from Lehigh University, M.S. degree in
mathematics from George Washington University, and Ph. D. in physics
from the University of Maryland.

Dr. and Mrs. Clark have two children and live in Silver Springs,
Maryland.

WALTER R. HEDRICK, JR.
Headquarters, USAF

Brig. Gen. Walter R. Hedrick, Jr., 48, Director of Space, Office
of the Deputy Chief of Staff for Research and Development, Headquarters,
USAF, Washington, D.C., is a member of the Apollo 13 Review Board.

He has participated in most of the Air Force's major nuclear test
projects and has extensive experience as a technical project officer
and administrator.

General Hedrick joined the Army Air Corps as an aviation cadet in
1941 and flew in combat with the 86th Fighter Bomber Group during
World War II. After the War, he was assigned to the 19th Air Force, the
14th Air Force, and as a project officer under Air Force Secretary
Stuart Symington. From 1952 to 1955, he was assigned to the Air Force
Office of Atomic Energy.

In 1955, he was assigned to the Technical Operations Division, Air
Force Special Weepons Command, Kirtland Air Force Base, New Mexico. In
1957, he was nemed Commander of the 4951st Support Squadron, Eniwetok;
and the following year, he was reassigned to Kirtland AFB as Assistant
to the Group Commender and later as Air Commander of the 4925th Test Group.

General Hedrick Joined the Special Systems Office, Air Force
Ballistics Division, Los Angeles, in 1960. He weas named Commander of
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_-the Satellite Control Facility in 1965, and in 1966, he was appointed
Deputy Commander, Air Force Systems Command. He received his present
assignment in 1967.

General Hedrick is a Command Pilot and has received numerous Air
Force awards.

His home town is Fort Worth, Texas, and he attended Texas Techno-
logical College, Lubbock, prior to joining the service. He received
B.S. and M.S. degrees in physics from the University of Maryland.

General and Mrs. Hedrick are the parents of two sons.

VINCENT L. JOHNSON
NASA Headquarters

Vincent L Johnson, 51, Deputy Associate Administrator for Space
Science and Applications (Engineering), NASA Headquarters, is a member
of the Apollo 13 Review Board.

Mr. Johnson was appointed to his present position in 1967. Prior
to that time, he had been Director of the Launch Vehicle and Propulsion
Programs Division, Office of Space Science and Applications, since 196k4.
He was responsible for the management and development of the light and
medium launch vehicles used for NASA's unmanned earth orbital and deep
space programs. His division also directed studies of future unmanned
launch vehicle and propulsion system requirements.

Mr. Johnson joined NASA in 1960, coming from the Navy Department
where he had been an engineer with the Bureau of Weapons. His first
assignments with NASA were as Program Manager for the Scout, Delta, and
Centaur launch vehicles.

He was a naval officer during World War II, serving with the Bureau
of Ordnance. Prior to that, he was a physicist with the Naval Ordnance
Laboratory.

Mr. Johnson was born in Red Wing, Minnesots, and attended the
University of Minnesota.

He and Mrs. Johnson live in Bethesda, Maryland. They are the
parents of two children.
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MILTON KLEIN
NASA Headquarters

Milton Klein, 46, Manager, Space Nuclear Propulsion Office, NASA
Headquarters, is a member of the Apollo 13 Review Board.

Mr. Klein has been in his present position since 1967. Prior to
that he had been Deputy Manager since 1960. The Space Nuclear Propulsion
Office is a joint activity of the Atomic Energy Commission (AEC) and the
National Aeronautics and Space Administration. The office conducts the
national nuclear rocket program. He is also Director of the Division of
Space Nuclear Systems of the AEC, responsible for space nuclear electric
power activities.

Mr. Klein became associated with atomic energy work in 1946, when
he was employed by the Argonne National Leboratory. In 1950, he joined
the AEC's Chicago Operations Office as staff chemical engineer., Later,
he was promoted to Assistant Manager for Technical Operations. Generally
engaged in reactor development work for stationary power plants, he had
a primary role in the power reactor demonstration program.

Mr. Klein was born in St. Louis, Missouri. He served in the U.S.
Navy during World War II.

He has a B,S. degree in chemical engineering from Washington
University and a Master of Business Administration degree from Harvard
University.

Mr. and Mrs. Klein and their three children live in Bethesds,
Maryland.

HANS M., MARK
NASA Ames Research Center

Dr. Hans M. Mark, 4O, Director of the NASA Ames Research Center,
Moffett Field, California, is a member of the Apollo 13 Review Board.

Prior to being appointed Director of the Ames Research Center he
was, from 1964 to 1969, Chairman of the Department of Nuclear Engineering
at the University of California, Berkeley, California.

An expert in nuclear and atomic Physics, he served as Reactor
Administrator of the University of California's Berkeley Research
Reactor, professor of nuclear engineering and a research physicist at
the University's Lawrence Radiation Laboratory, Livermore, California,
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and consultant to the U,S. Army and the National Science Foundation.
He has written many scientific papers.

Except for 2 years as an Assistant Professor of Physics at the
Massachusetts Institute of Technology from 1958 to 1960, Dr. Mark's
administrative, academic, and research career has been centered at the
University of California (Berkeley).

Dr. Mark received his A.B. degree in physics from the University
of California, Berkeley, in 1951, and returned there as a research
physicist in 1955, one year after receiving his Ph. D. in physics
from M.I.T.

He is a Fellow of the American Physical Society and a member of the
American Geophysical Union, the American Society for Engineering Educa-
tion and the American Nuclear Society.

Dr. Mark was born in Mannheim, Germany, and came to the United
States when he was 11 years old. He became a naturalized U.S. citizen

in 1945,

Dr. and Mrs. Mark are the parents of two children.

COUNSEL TO THE APOLLO 13 REVIEW BOARD
GEORGE T. MALLEY
NASA Langley Research Center

George T. Malley, 57, Chief Counsel, Langley Research Center,
Hampton, Virginis, is the Legal Counsel to the Apollo 13 Review Board.
He also served as Counsel to the Apollo 204 Review Board.

Mr. Malley is the Senior Field Counsel of NASA and has been assigned
to Langley since 1959. He was with the Office of the General Counsel,
Department of the Navy, from 1950 to 1959, where he specialized in
admiralty and international law.

He is a retired Navy officer and served on active duty from 19359 to
1946, mainly in the South Pacific. His last assignment was commanding
officer of the U.S.S. Fentress.

Mr. Malley has an A.B. degree from the University of Rochester and
an LL.B. degree from Cornell University Law School. He is a native of
Rochester, New York, and is a member of the New York Bar and the Federal
Bar Association.

Mr. and Mrs. Malley and their two children live in Newport News,
Virginis.
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MANNED SPACE FLIGHT TECHNICAL SUPPORT
CHARLES W. MATHEWS
NASA Headquarters

Charles W. Mathews, 49, Deputy Associate Administrator for Manned
Space Flight, NASA Headquarters, Washington, D. C., directs the Office
of Manned Space Flight technical support to the Apollo 13 Review Board.

Mr. Mathews has been a research engineer and project manager for
NASA and its predecessor, the National Advisory Committee for Aeronautics
(NACA), since 1943. 1In his present assignment, he serves as general
manager of manned space flight.

Prior to his appointment to this position in 1968, he had been
Director, Apollo Applications Program, NASA Headquarters, since
January 1967.

Mr. Mathews was Gemini Program Manager at the Manned Spacecraft
Center, Houston, Texas, from 1963 until 1967. Prior to that time, he
was Deputy Assistant Director for Engineering and Development and Chief
of the Spacecraft Technology Division at MSC.

Mr. Mathews transferred to MSC (then the Space Task Group) when
Project Mercury became an official national program in 1958. He served
as Chief of the Operation Division. He had been at the Langley Research
Center, Hampton, Virginia, since 1943 engaged in aircraft flight research
and automatlc control of airplanes. He became involved in manned space-
craft studies prior to the first Sputnik flights, and he conducted early
studies on reentry. Mr, Mathews was chairman of the group which developed
detailed specifications for the Mercury spacecraft.

Mr. Mathews has been awarded the NASA Distinguished Service Medal
and the NASA Outstanding Leadership Medal. He has received the NASA
Group Achievement Award - Gemini Program Team.

He is a Fellow of the American Astronautical Society and an Associate
Fellow of the American Institute of Aeronautics and Astronautics. He is
the author of numerous technical articles published by NASA.

Mr. Mathews, a native of Duluth, Minnesota, has a B.S. degree in
aeronautical engineering from Rensselaer Polytechnic Institute, Troy,
New York.

Mr. and Mrs. Mathews live in Vienna, Virginia. They have two
children,.
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APOLLO 13 REVIEW BOARD OBSERVERS

WILLIAM A. ANDERS
National Aeronautics and Space Council

William A. Anders, 36, Executive Secretary, National Aeronautics
and Space Council, Washington, D.C., is an official observer of the
Apollo 13 Review Board.

Prior to being appointed to his present position in 1969, Mr. Anders
was a NASA astronaut and an Air Force lieutenant colonel. He was lunar
module pilot on the Apcllo 8 lunar orbital mission, man's first visit
to the vicinity of another celestial body.

Mr. Anders joined the NASA astronaut team at the Manned Spacecraft
Center, Houston, Texas, in 1963. In addition to his Apollo 8 flight, he
served as backup pilot for Gemini 11 and backup command module pilot for
Apollo 11, the first lunar landing mission.

Mr. Anders was commissioned a second lieutenant in the Air Force
upon graduation from the U.S. Naval Academy. After flight training, he
served as a pilot in all-weather interceptor squadrons of the Air Defense
Command. Prior to becoming an astronaut, he was a nuclear engineer and
instructor pilot at the Air Force Weapons Laboratory, Kirtland Air Force
Base, New Mexico.

He is a member of the American Nuclear Society and has been awarded
the Air Force Commendation Medal, Air Force Astronaut Wings, the NASA
Distinguished Service Medal, and the New York State Medal for Valor.

Mr. Anders was born in Hong Kong. He received a B.S. degree from
the U.S. Naval Academy and an M.S, degree in nuclear engineering from
the Air Force Institute of Technology.

Mr. and Mrs. Anders are the parents of five children.

CHARLES D, HARRINGTON
Douglas United Nuclear, Inc.

Dr Charles D Harrington, 59, President and General Manager,
Douglas United Nuclear, Inc., Richland, Washington, is an official
observer of the Apollo 13 Review Board.

Dr. Harrington, who has been associated with all phases of the
chemical and nuclear industrial fields since 1941, is Chairman of the
Aerospace Safety Advisory Panel, a statutory body created by Congress.

2-11

I ¥ ¢ ¢ L L L & b L & b B L oL i



From 1941 to 1961, he was employed by the Mallinckrodt Chemical
Works, St. Louis, Missouri. Dr. Harrington started with.the company
as a research chemist and in 1960, after a procession of research and
management positions, was appointed Vice President, Mallinckrodt Nuclear
Corporation and Vice President, Mallinckrodt Chemical Works.

In 1961, when the fuel material processing plant of Mallinckrodt
became the Chemicals Division of United Nuclear Corporation, Dr. Harrington
was named Vice President of that division.

He became Senior Vice President, United Nuclear Corporation,
Centreville, Maryland, in 1963.

In 1965, Dr. Harrington was appointed President and General Manager,
Douglas United Nuclear, Inc. The company manages production reactors
and fuels fabrication facilities at Hanford, Washington, for the Atomic
Energy Commission.

He is the co-author of a book, "Uranium Production Technology," and
has written numerous technical papers. He has received the Mid-West
Award of the American Chemical Society for contributions to technology
in the nuclear energy field.

He is director of several corporations, including United Nuclear,
as well as professional councils and societies.

Dr. Harrington has M.S., M.A., and Ph. D. degrees in chemistry from
Harvard University.

I. IRVING PINKEL
NASA Lewis Research Center

I. Irving Pinkel, 57, Director, Aerospace Safety Research and Data
Institute at the NASA Lewis Research Center, Cleveland, Ohio, is an
official obgerver of the Apollo 13 Review Board.

Until recently, he directed research at Lewis Research Center on
rocket propellant and electric power generation systems for space
vehicles, compressors and turbines for advanced aircraft engines, and
lubrication systems for rotating machines for these systems.

Mr. Pinkel entered Government scientific service in 1935 as a
physicist with the U.S. Bureau of Mines, Pittsburgh, Pennsylvania. In
1940, he joined the staff of the Langley Research Center, Hampton,
Virginia, as a physicist. When the Lewis Research Center was built in
1942, he transferred there.

2~12

u o L L L ¢ L L L LK Lk L & K E LU L o



He has been elected to Phi Beta Kappa, Sigma Xi, honorary scientific
society, and Pi Mu Epsilon, honorary mathematics fraternity. He is an
Ohio Professional Engineer, served on the former NACA subcommittees on
Meteorological Problems, Icing Problems, Aircraft Fire Prevention and
Flight Safety, and is a member of the NASA Research and Technology Advi-
sory Subcommittee on Aircraft Operating Problems. He has been a Special
Lecturer, Case Institute of Technology Graduate School.

Mr. Pinkel has received the Flight Safety Foundation Award for con-
tributions to the safe utilization of aircraft, the Laura Taber Barbour
Award for development of a system for suppressing aircraft crash fires,
the NACA Distinguished Service Medal, and the NASA Sustained Superior
Performance Award.

He was born in Gloversville, New York, and was graduated from the
University of Pennsylvania.

Mr. and Mrs. Pinkel live in Fairview Park, Ohio. They are the
parents of two sons.

JAMES E. WILSON, JR.
Committee on Science and Astronautics
United States House of Representatives

James E. Wilson, Jr., 39, Technical Consultant, United States House
of Representatives Committee on Science and Astronautics, is an official
observer of the Apollo 13 Review Board.

Mr. Wilson has been technical consultant to the Committee since
1963. From 1961 to 1963, he was Director of Research and Development,
U.S. Naval Propellant Plant, Indian Head, Maryland. Mr. Wilson managed
the Polaris Program at Indian Head from 1956 to 1961.

From 1954 to 1956, Mr. Wilson served as an officer in the U.S. Army
Signal Corps. He was a development engineer with E. I. DuPont, Wilmington,
Delaware, from 1953 to 195k,

Mr. Wilson is a member of Phi Sigma Alpha, a National Honor Society;
American Institute of Chemical Engineers; American Chemical Society; and
American Ordnance Association.

Mr. Wilson is co-author of several publications of the House Commit-
tee on Science and Astronautics.

He received a B.S. degree in chemical engineering from the Univer-
sity of Maine and a Master of Engineering Administration degree from
George Washington University.
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-Mr., and Mrs. Wilson live in LaPlata, Maryland. They have two
children.

APOLLO 13 REVIEW BOARD PANEL CHATRMEN

SEYMOUR C. HIMMEL
NASA Lewis Research Center

Dr. Seymour C. Himmel, Assistant Director for Rockets and Vehicles,
Lewis Research Center, Cleveland, Ohio, heads the Design Panel of the
Apollo 13 Review Board.

Dr. Himmel joined Lewis in 1948 as an aeronautical research scien-
tist. He has occupied supervisory pesitions since 1953,

He has been awarded the NASA Exceptional Service Medal and the NASA
Group Achievement Award as manager of the Agena Project Group. Dr. Himmel
has served on a number of advisory committees. He is an Associate Fellow
of the American Institute of Aercnautics and Astronautics, and a member
of Tau Beta Pi and Pi Tau Sigma. He is the author of more than 25 tech-
nical papers.

Dr. Himmel has & Bachelor of Mechanical Engineering degree from the
College of the City of New York and M.S. and Ph. D. degrees from Case
Institute of Technology.

Dr. and Mrs. Himmel live in Lakewood, Chio.

EDWIN C., KILGORE
NASA Langley Research Center

Edwin C. Kilgore, 47, Deputy Chief, Engineering and Technical Serv-
ices, Langley Research Center, Hampton, Virginia, heads the Project
Management Panel of the Apollo 13 Review Board.

Mr. Kilgore joined the Langley science staff in 1944 and served in
a variety of technical and management positions until promotion to his
present position in 1968.

He has received the Honorary Group Achievement Award for his role
in achieving a record of 97 consecutive successes for solid propellant
rocket motors and the NASA-Lunar Orbiter Project Group Achievement Award
for outstanding performance. He is & member of Pi Tau Sigma, honorary
mechanical engineering society.
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Mr. Kilgore was born in Coeburn, Virginia. He was graduated from
Virginia Polytechnic Institute with a B.S. degree in mechanical engi-
neering.

Mr. and Mrs. Kilgore and their two daughters live in Hampton.

HARRIS M. SCHURMEIER ‘
California Institute of Technology Jet Propulsion Laboratory

Harris M. Schurmeier, 45, Deputy Assistant Laboratory Director for
Flight Projects, California Institute of Technology Jet Propulsion Lab-
oratory, Pasadena, California, heads the Manufacturing and Test Panel
of the Apollo 13 Review Board.

Mr. Schurmeier was appointed to his current position in 1969. Prior
to that he was Mariner Mars 1969 Project Manager, Voyager Capsule System
Manager and Deputy Manager of the Voyager Project, and Ranger Project
Manager at JPL.

He has received the NASA Medals for Exceptional Scientific Achieve-
ment and Exceptional Service. In addition, he has received the Astro-
nautics Engineer Award, and the NASA Public Service Award.

He was born in St. Paul, Minnesota. He has received a B.S. degree
in mechanical engineering, M.S. degree in aeronautical engineering, and
a professional degree in aeronautical engineering from the California
Institute of Technology.

Mr. Schurmeier was a naval officer in World War II. He and his
wife and four children live in Altadena, California.

FRANCIS B. SMITH
NASA Headguarters

Francis B. Smith, 47, Assistant Administrator for University Affairs,
NASA Headquarters, is leader of the Mission Events Panel of the Apollo 13
Review Board.

Mr. Smith has been in his present position since 1967. Prior to
that he had been Assistant Director, Langley Research Center, Hampton,
Virginia, since 196k. He joined the Langley science staff in 1947. He
is an expert in several fields, including radio telemetry, radar, elec-
tronic tracking systems, and missile and range instrumentation.
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Mr. Smith was born in Piedmont, South Carolina, and received a B.S.
degree in electrical engineering from the University of South Carolina,
where he was elected to Phi Beta Kappa. He remained at the University
as an instructor from 1943 to 1944 and then served in the U.S. Navy until
19L6.

Mr. and Mrs. Smith and their three children live in Reston, Virginia.
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PART 3. BOARD ORGANIZATION AND GENERAL ASSIGNMENTS FOR BOARD PANELS

BOARD ORGANIZATION

After reviewing the scope of the Board's charter, the Chairman and
Board Members agreed upon the Panel and Support Office structure depicted
on the following organization chart. Each Panel was assigned specific
responsibilities for reviewing major elements of the overall Board task,
with particular emphasis upon establishing a sound and independent
technical data base upon which findings, determinations, and recommenda-
tions by the Board could be based. The Panels were staffed with in-
dividual NASA specialists and established working arrangements with the
Manned Space Flight line organization personnel working in analogous
areas.

The Board's support offices were structured to provide necessary
staff, logistics, and administrative support without duplication of
available MSC assistance.

In addition to this structure, the Board and Panels also utilized
the special assistance of expert consultants.

Panel assignments, complete Panel membership, and the official Board
organization approved by the Chairman are included in this part of the
Board report.
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. GENERAL ASSIGNMENTS FOR BCARD PANELS
\AS DOCUMENTED IN THE BOARD'S ADMINISTRATIVE PROCEDURES)

Panel 1 -~ Mission Events Panel

It shall be the task of the Mission Events Panel to provide a de-
tailed and accurate chronology of all pertinent events and actions
leading to, during, and subsequent to the Apollo 13 incident. This
information, in narrative and graphical time history form, will provide
the Apollo 13 Review Board an official events record on which their
analysis and conclusions may be based. This record will be published
in a form suitable for inclusion in the Review Board's official report.

The Panel will report all significant events derived from telemetry
records, air-to-ground communications transcripts, crew and control
center observations, and appropriate documents such as the flight plan,
mission technique description, Apollo Operation Handbook, and crew check-
lists. Correlation between various events and other cbservations related
to the failure will be noted. Where telemetry data are referenced, the
Panel will comment as appropriate on its significance, reliability,
accuracy, and on spacecraft conditions which might have generated the
data.

The chronology will consist of three major sections! Preincident
Events, Incident Events, and Postincident Events. The decision-making
process leading to the safe recovery, referencing the relevant contin-
gency plans and available alternates, will be included.

Preincident Events. - This section will chronicle the progress of
the flight from the countdown to the time of the incident. All action
and data relevant to the subsequent incident will be included.

Incident Events. - This section will cover that period of time be-
ginning at 55 hours and 52 minutes after 1lift-off and continuing so long
as abnormal system behavior is relevant to the failure.

Postincident Events. - This section will document the events and
activities subsequent to the incident and continuing to mission termina-
tion (Splash). Emphasis will be placed on the rationale used on mission
completion strategy.

Panel 1 Membership

Mr. F. B. Smith, Panel Chairman

Assistant Administrator for University Affairs
NASA Headquarters

Washington, D. C.



Dr. Tom B. Ballard
Aerospace Technologist
Flight Instrument Division
Langley Resegarch Center
Hampton, Virginia

Mr. M. P. Frank

Flight Director

Flight Control Division
Manned Spacecraft Center
Houston, Texas

Mr. John J. Williams

Director, Spacecraft Operations
Kennedy Space Center

Florida

Mr. Nell Armstrong, Board Member and Panel Monitor
Astronsgut

Manned Spacecraft Center

Houston, Texas

Panel 2 - Manufacturing and Test Panel

The Manufacturing and Test Panel shall review the manufacturing and
testing, including the associated reliability and gquality assurance
activities, of the flight hardware components involved in the flight
failure as determined from the review of the flight data and the analysis
of the design. The purpose of this review is to ascertain the adequacy
of the manufacturing procedures, including any modifications, and the pre-
flight test and checkout program, and any possible correlation of these
activities with the inflight events.

The Panel shall consist of three activities:

Fabrication and Acceptance Testing.~ This will consist of reviewing
the fabrication, assembly, and acceptance testing steps actually used
during the manufacturing of the specific flight hardware elements in-
volved. Fabrication, assembly, and acceptance testing procedures and
records will be reviewed, as well as observation of actual operations
when appropriate.

Subgystem and System Testing.~ This will consist of reviewing all
the flight qualification testing from the completion of the component-
level acceptance testing up through the countdown to lift-off for the
specific hardware involved. Test procedures and results will be reviewed
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as well as observing specific tests where appropriate. Results of tests
on other serial number units will also be reviewed when appropriate.

Reliability and Quality Assurance.- This will be an overview of both
the manufacturing and testing, covering such things as parts and material
qualification and control, assembly and testing procedures, and inspection
and problem/failure reporting and closeout.

Panel 2 Membership

Mr. Harris M. Schurmeier, Panel Chairman

Deputy Assistant Laboratory Director for Flight Projects
Jet Propulsion Laboratory

Pasadena, California

Mr. Edward F. Baehr

Assistent Chief, Launch Vehicles Division
Deputy Manager, Titan Project

Lewis Research Center

Cleveland, Ohio

Mr. Karl L. Heimburg

Director, Astronautics Laboratory
Marshall Space Flight Center
Huntsville, Alabama

Mr. Brooks T. Morris

Manager, Quality Assurance and Reliability Office
Jet Propulsion Laboratory

Pasadena, California

Dr. John F. Clark, Board Member and Panel Monitor
Director

Goddard Space Flight Center

Greenbelt, Maryland

Panel 3 -~ Design Panel

The Design Panel shall examine the design of the oxygen and asso-
ciated systems to the extent neces