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During the development of the Apollo Pro-
gram spacecraft, the complexity of the vehicle
systems and the pressures of mounting costs
and time schedules established a requirement
for company and NASA management visibility
to support intelligent decisions with respectto
risk management, These considerations, with
the added emphasis of the Command Module
fire at Cape Kennedy in early 1967, led NASA
to establish the Office of Manned Space Flight
Safety and to implement formal safety pro-
grams at all NASA Centers and at major con-
tractor facilities,

LM SAFETY

Gruman, as a major contractor, was au=
thorized t0 establish a formal LM System
Safety program covering the main production
facility at Bethpage and field site operations at
Houston, Cape Kennedy and White Sands, The
Gruman safety effort prior to implementation
of this LM System Safety program was limited
to a test operations group working with the
spacecraft assembly and test organization and
an analytical safety effort within the LM engi-
neering organization. This early effort, co-
ordinated with Reliability and the engineering
subsystems groups, had identified crew haz-
ards in the spacecraft and had implemented
hardware fixes or compensating operating pro-
cedures for the flight crew data filg. The im-
plementation of a formal program based on an
approved System Safety Plan provided a con-
sistent and systematic effort, increasing the
probability of detection of potentially hazard-
ous conditions by in-depth design review by the
safety group.

OBJECTIVE AND SCOPE

The objective of the program was and is the
elimination or reduction of risk to personnel,
material, and facilities resulting from failures
or malfunctions in hardware or procedures,

The scope of this wide-ranging program was
an integrated engineering, test operations and
industrial safety effort in direct suvportof LM
design, production and test activity in the
Bethpage area, Indirect supportand liaison was
provided to the Gruman field sites and NASA
offices, Safety support included analysis of
design and proposed design changes for flight
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hardware, ground support equipment and facii
ities; the exchange of information on hazar(
assessments and accident experience, and re-
view and analysis of discrepencies and anom-
alies reported during ground test and flight
operations,

REFERENCES

The NASA Safety Manual (NHB 1700,1) and
the System Safety Requirements for Manned
Space Flight (OMSF SPD NO 14) are the pri=
mary NASA source documen.s for the LM
System Safety Program,

Other documents utilized in the develop-
ment and implementation of the Program ine
clude applicable Grumman Corporation Pro-
cedures and Federal, State and local statutory
requirements, and the USAF Systems Com-
mand System Safety Design Handbook DH 1-6.

ORGANIZATION

The organizational structure adopted pro-
vided for a Manager on the staff of the LM Pro-
gram Director heading a Safety group with two
branches, System Safety and Test Operations
Safety, The System Safety branch supports LM
Engineering and provides liaison service to the
field sites and to cognizant NASA offices, The
Test Operations branch supports production
and test operations and provides industrial
safety service to all LM Program personncl
and facilities,

LM Safety provides supportona day-to-day
basis to all Program groups and, in turn, re-
ceives support from Engineering, Reliability,
Q.C. and the Sub-Contract managers. This
closely coordinated effort assures maximum
utilization of all available documentation and
avoids duplication,

SAFETY FUNCTIONS

There are four major functions of System
Safety on the LM Program - Analysis, Re-
view, Surveillance and Test/Mission Support.
Each of the functions includes a number of de=
tailed tasks - some basic to any system safety
effort and some peculiar to the LM program,

® Analysis

The analysis fuaction includes a hazard
assessment of each spacecraft subsystem,
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pexformed on a functional basis for each mis=-
sion phase, The FMEAs (Failure Mode and
Effect Analyses) from Reliability, the Mission
Time Lines, and the documentation from other
subsystem groups are utilized for a detailed
study which considers both ground and flight
crew operations as well as hardware fallures
in identifying hazards. The study effortclassi-
fles hazards as crew safety or mission success
and confirms compensating provisions or back~
out procedures, Uncompensated hazards are
reported to the cognizant engineering group
and are tracked to final closeout by hardware
or procedural changes,

This technique is also applied to proposed
design changes, which are analyzed for person=-
nel or hardware hazards and are followed-up
through the approval cycle to installatden and
re’est or rejection,

An example of the hazard assessment ef=
fort is the analysis which was completed for
LLM-5, the vehicle which flew on Apollo 11 and
made the first lupar landing. The functional
analysis of each subsystem was performed for
the mission phases during which the spacecraft
was active. The subsystem functions were
evaluated for their effect on the flight crew,
vehicle, and mission; the adequacy of contin-
gency procedures, and other compensating pro=-
visions. The comparison of mission phase per
sub-systemn function was related to methods of
detection, time criticality, and availability of
corrective or backout procedures. Uncom-
pensated hazards were identified and evaluated
and a rationale for their acceptance or rejec-
tlon provided. This analysis revealed no crew
gafety hazards requiring hardware changes. All
hazards identified were of the '"acceptable
risk'" category based on the compensating pro-

. visions available i the vehicle, Procedural

changes were recommended, however, to en-
hance mission success, These included an in-
dependent exercise of the redundant explosive
device systems and constraints on attitude
changes during the period while the lunar and
command modules were "soft" docked on the
capture latches. The capture latches are the
devices on the Command Module probe which
initially engage and lock-on to the LM drogue
mounted in the top deck tunnel area, "Hard"
docking is the subsequent action of retvacting
the probe and engaging the twelve docking
latches,

This major analytical effort has since been
utilized as a base-line study for the program,
with each of the follow-up spacecraft reviewed
emphasizing the hardware and mission changes
incorporated since LMS. Analysis of these later
vehicles missions has idendfied additional
hazards which have been compensated by hard-
ware changes or procedural workarounds in-
corporated in the crew check lists and mia-
sion rules,

®Review

The Review function includes those tasks
involved on a continuing basis with the review
of test and working documents and the opera-
tions they control,

Operational checkout Procedures (OCP)
which are utilized for subsystem and system
checkout are reviewed, Particular attention is
devoted to revised procedures and to changes
proposed during operations, The hardware set-
ups utilized for tests are included, with em-
phasis on safety provisions such as relief
valves, hose restraints, proper bonding and
grounding and the like. Hazardous sequences
in these operadons are identified and marked
and special control exercised while they are
in-work. Real-time deviations to procedures
are reviewed, with a safety concurrence and
sign-off required for those designated hazard-
ous,

An early and highly satisfactory Review
effort was the Operational Readiness Inspection
(ORI) conducted on the LM Internal Environ-
ment Simulator (IES), This altitude chamber
facility was designed to provide checkout and
verification of the LM life support system and
involved manned runs in 1009, oxygenenviron-
ments, The ORI was conducted in accordance
with NASA directive MSCI8825.2, which estab-
lishes criteria for manned operations in
oxygen-rich environments. GAC believes that
the ORI conducted under 8825.2 18 an extremely
valuable safety tool for any facility requiring
man-rating., Effective program cost control
will tailor the ORI, the Board size, and the
scope of actvity to the hazardous nature of the
facility being inspected.

Prior to the LTA=-8 LM test vehicle opera-
dons in the MSC Houston altitude chamber, a
review of the OCPs to be utlized during the
tests was conducted by a special team of sub~
system engineers, coordinated by LM System
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Safety engineers. These tests, the first man-
ned LM operations in a simulated space en-
vironment, were identified as extremely
hazardous and a thorough analysis of every
phase of the operation was conducted, The
Safety Review team identified numerous pro-
cedural problems, all of which were corrected
by changes to the documents prior to the
chamber runs.

A similar review of the test documents to
be utilized during the checkout of LM=1, the
unmanned firsc flight spacecraft, was cone
ducted at Cape Kennedy by the LM Hazard Re-
view team, This review, chaired and coordi-
nated by LM System Safety program personnel,
covered thirty-seven documents and identified
and documented fifty-three hazards. In three
cases, hardiware fixes were required and
change requests were initiated. The remainder
of the hazards were satisfled by procedural
changes incorporated in the testdocuments,

For the first manned flight, . M=3 in earth
orbit, the team reviewed the documents to be
utilized for the preflight spacecraft checkout
and altitude chamber runs at KSC, This team
also identified more than tifty hazards requir-
ing changes tc the procedures, all of which
were incorporated in the testdocuments. More
important than these statistics, however, was
the heightened interest stimulated in hardware,
test set=up and procedural changes when the
Safety Review was scheduled and imminent,

With each of these safety reviews, confi-
dence in the spacecraft and the test procedures
increased and on completion of the LM-3
assessment, formal reviews were terminated.
However, procedural changes proposed during
any test or operaiion are still reviewed and
approved by Safety prior to their incorpora-
ton in the documents.

An additional Review task is the investiga-
ton and reporting of accidents which occur
during production or test operations. On the
LM Program, an accident is defined as any
unplanned event which results in injury or
damage to program material or facilities, All
accidents are thoroughly investigated and re=-
ports submitted to cognizant management and
N- 3A offices. Recommended corrective ac-
tions are tracked to close-out, with periodic
status reports to responaible groups,

Experience on the Program to date showsa
steadily declining accident rate, with 3.9 ac=
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cidents per million manhours in 1969 and a low
of 2,2 in 1970, During a one year period, from
May '69 through May '70 more than 8,000,000
man hours were worked without adisabling in-
jury. Analysis of the accident record indicates
that the majority of the accidents are caused
by carelessness and failure to follow pro=
cedures, Some typical examples include the
following:

1. A facility technician installing a wosk-
stand on a concrete floor was setting
studs with an explosive-~actuated gun,
To expedite the job, he attempted to
drive a stud through a pre~drilled hole
in a flange of the stand instead of using
a clip held by an additional stud. Miss-
ing the hole, the stud ricochetted off the
flange and fioor and struck the man on
the jaw, where it lodged and was sub~
sequently removed surgically,

During installation of replacementcom=
ponents in the spacecraft heattransport
(cooling) system a technique involving
freezing the system fluid 1n the coolant
lines with liquid nitrogen coils was pe=
ing utilized, (This process permits
cutting lines withoutdraining the system
or introducing air into the lines), An in-
adequate temperature gage and inatten-
tion by the man monitoring the temper=
ature allowed the plug to thaw and pop
out, Attempting to stop the flow of glycol,
the technician held his thumb over the
open line, suffering second degreecryo=
genic burns from the escaping fluid.
In addidon to the injury, extensiveclean=
ing was required to remove the spilled
glycol from wire bundles and spacecraft
structure,

At the siart of the transfer of approxi-
mately 25C0 gallons of waste alcohol
from a facility storage tank to a tank
truck the 3" pickup hose ruptured,
spraying approximately 100 gallous of
alcohol over the truck and the surround-
ing area before the transf r pump was
stopped. There were no injuries and no
other damage although the incident was
potentlally catastrophic coneidering
amount of alcohol involved and the igni-
tion sources present in the area, Prompt
action by the Safety Engineer and the Fire
Guard covering the operation minimized
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the spill and dissipated the free liquid.
Cause of the accident was anunqualified
driver-operator on the tanker who did
not uperate the pick-up pump and valves
in proper sequence.

Also included in the Review function is the
tracking of close-out action on safety-signifi-
cant failures which occur during test or flight
operations, While the primary responsibility
for failure close-out action rescs with the Re-
Hability group, Safety is concerned with fail=
ures involving hazards to ground or flightcrew
personnel and makes full use of the Reliability
documentaton which is available, Identifica-
tion of those failures for which Safety has a
responsibility is based on criteria established
by the Safety group in accordance with hazard
classifications developed by NASA, Acdon in
tracking these failures consists of coordinating
with the responsible engineering subsystems
groups and continuing the follow=-up to final
close=-out,

LM Safety also reviews all ground support
equipment fallures, assessing hazaris to per-
gonnel or hardware and coordinates with the
GSE group on close=out action, For common-
use GSE, which is shared with other contrac-
tors, an information exchange procedure has
been established to assure timely corrective
action on all hardware at all sites,

We have found thatthedaily Program Stat:s
meetings atternded by the Program Director
and Engineering subsystems managers, pro-
vides maximum wvisibility on developing prob-
lem areas and the opportunity to initiate im-
mediaie corrective action. This activity is a
major day-to-day furction of the system safety

group.
®5Surveillance

The surveillance function ig nrimarily the
activity of the Test Operations Safety group.
All manufacturing and test facilities are moni-
tored for compliance with safety requirements
and for adherence to current Corporate Pro-
cedures and legal requirements of local and
Federal safety atatutes. Identified hazards are
corrected immediately or the work area is
tagged out-of-service, This coverage is pro-
vided by Safety on a full-time basis for all
scheduled operations, 24 hours per day seven
days per week,
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® Test and Mission Support

Safety support of test operations includes
participation in Test Readiness Reviews and
Pre-test Briefings, Safety requirements and
emergency procedures are reviewed with the
test team and qualification of test team mems=
bers confirmed with the Test Conductor.

Frequent surve;s of test facilities arecon-
ducied tc assure adherence to established
safety requirements, Sp- 2ial attention is de-
voted to hoisting and 1i‘dng equipment, pres-
sure hose restraints, proof testing of equip-
ment, and installation of safeguards such as
kick plates, guard rails, safety nets etc,

Test team training and certification (as
required) are monitored and frequent drills in
emergency shut down or back-out procedures
are conducted, Authority for safety apprcval of
deviations to hazardous test procedures is
delegated to the safety engineer on duty, The
Safety Manager is the only Authority for
waivers - which are granted for one-time ex-
ceptions to established safety requirements or
rules, In all such cases, additional specific
safety requirements are improsed,

During hazardous test sequences Or opera-
tions, a safety engineer is required to hMe
present at the testsite at all times, His support
of the activity includes real-time approval of
procedural deviations, equipment changes, and
maintenance, of a safety test environment
throughout the facility.

For the Apollo Missions, LM System Safety
engineers are assigned to the Mission Support
Team and provide full coverage of all LM
actve mission phases in \..e Bethpage missior
support room, Activity in this role includes
participation in the mission simuladon training
runs, flight crew debriefings, and follow=-upon
flight anomalies and discrepencies,

SUBCONTRACT SAFETY

For the task of reviewing the safety of the
Program sub=contractors, the LM Safety team
monitors the formal review activity of the Re=
liability, Quality Assurance, and Sub-gsystem
Engineering groups which have primary re-
sponsibility, Reports are reviewed regularly
and the safety group partcipates when required
for on-site reviews. Documentation and ad-
visory service are supplied to the regular in-
spection teams and to the resident personnel fn
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the plants, LM Safety provides perscnnel 2nd
parricipates on~call for investigations of acci=
dents or when plant conditions involving safety
are being reviewed, Recornmendations resulte
irg from investigations or reviews are made to
Program Management, with follow=-up to agsure
implementation of approved changes. This co=
ordinated effort with QA group has been demon-
strated to be a satisfactory, cost-effective
method of monitoring a vast network of sub=
contractors.

FIELD SITE SUPPORT

An essential element of the L M safety effort
is support of the Grumman field sites at MSC
Houston and White Sands, with the Bethpage
Program office providing policy direction and
liaison between sites. The Houston uperationis
primarily manufacturing and test in supportof
Grumman activity at NASAMSC. At White
Sande, the company provicdes engineering and
marerial support for the engine firing and
propulsion system tests conducted in the test
cells,

At KSC, the company maintains a safety
group which provides all required functions for
the local activity. Liaison and coordination for
this group is also provided by the LM Safety
organization at Bethpage, particularly in the
area of spacecraft technical support and in the
exchange of operational experience and infor-
mation.

REPORTS

Management visibility, buth for NASA and
Gruman, is provided by regular and speclal
reports of aignificant events and safety ac-
complishments on the Program. A monthly
status report is provided to the MSC Safery
office with other special reports asrequired,

An accideat reporting systen: has been
established to proviae the packground material

for positve preventive action, All occurrences
are recorded, udlizing a simple, one page form,
and are followed-up until finalclose-out action
is complete, Reports ard periodic summaries
are distributed to Program, Corporate, and
NASA offices to assure maximum benefit to
other groips with similar problems.

MEETINGS

Accident experience and preventdve actions
were also shared with other coniractors and the
NASA Centers by means of the STEn8 Safety
Technical Exchange Meetings) sponsor¢ u by the
NASA, These valuabie meectings were scheduled
perfodically at the Centers or at Contractors'
plants and provided a uselul forum for the ex~
change of informat.or,

Currently, b2 LM Safety grrup partici-
pates in reguiar Safety Concern mne~tings via
telcons with che MSC Safety offi~2, This co=
ordinated approach avoids dur‘icadon and
a- ures maximum effort on followsup and
close=-out of identified hazards.

CONCLUSION

The application of System Safety principles
to the LM Program has been eminently suce
cessful by any standard., In the face of the
pressur-~ of dght schedules and shrinking
budgets, LM manufacturir~ and test operations
have Leen on-time, with a continuaily declining
accident rate, The 1.M spacecraft performance
on the Apollo missions to date - from the{first
lunar landing by Armstrong and Aldrinin LM $
to the latect by Shepard and MitchellinL.M 8 «
has met or exceeded all mission objectives.
The success of the total effort to put man on the
moon marks Apollo as probably the most
significant program o1 our age.Asasmall part
of that total effort, LM Systeme Safety made a
cont.“ibution which will continue, maintaining
or improving the stindaxds established for the
Program until the final Apollo missionis flown,
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