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PREFACE

The purpose of this manual is to provide, in a single volume, a source of information and
guidelines dealing with quality assurance requirel}ilents necessary for the production, assem-
bly, and checkout of a spacecraft to be sterilized i)y heating in accordance with current NAéA
sterilization requirements. The manual is based on work performed by General Electric
under the present and pre;vious contracts as well as on the NASA MSFC publication SR~-QUA L~
64-13, but extensive use has also been made of many other available sources. I such cases,
a careful attempt has been made to give appropriate credit and to identify the references.

No claim for completeness is made. As a matter of fact, ‘the editors are acutely aware of
numerous gaps and deficiencies caused by the limitations of their contracl and by the state

of flux which currently exists in the planctary exploration program and its sterilization

requirement implementation and definition.

1

This maﬁual is not intended for use by itself, but rather as a supplement to a quality assﬁr—
ance maﬁual for the class of spacecralt under consideration. SR-QUAL-64-13 is an example
of such a manual. This manual extends the usefulness of general quality assurance manuals
to plane-’rhry and other:spacecraft which must be rendered sterile or require other biological
burden control. Thus, it should enable experienced quality assurance personnel to partici-
pate in a;pla.netary program by providing a convenient reference volume.

t
In keeping with the above philosophy, quality provisions and guidelines which are considered
common gpacecraft practice will not be included, but may be excerpted or referenced where
desirable for more complete understanding,

H
An attempt has been made to include a certain amount of background data on planetary quar-
antine requirements and microbiology fo give quality assurance oriented personnel an
appreciatic'm of the problems encountered by personnel outside their area of specialization.

Such information is provided in Section 1. This section also covers training programs,
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maﬂle‘;i{aticﬁi models, and data bank requirements. Section 2 covers the major elements O:f
a Quality Assurance plan required for a sberilizecf spacecraft program. Receiving Inspec-
tion is discussed in Sestion 3. Fabrication, subsystem and final assembly are covered in .
Section 4. The above represent functions which are part of any nonsterilizable spacecraft
.quality program. In this manual, however, emphasis is placed on the special quality
assurance aspects which are tequired [or glerilization, biolegical monitoring, and related
planetary quarantine {tems. " Tor this reason, coxjiventional quality agsurance guidelines aré
touched upon only briefly because they are zivailable from sources such as SR-QUAL-64-13
and other related documents. Section 5 covisrs an area which is unique for spacecralt to béf
sterilized. It covers decontamination and térmix;g,l sterilization requirements. Microbiolo-
gical procedures are discussed in detail in Secﬁo‘:‘n 6 and include special facilities require-A
ments. Applicable NASA specifications are either referenced or excerpted for greater
convenience throughout this manual, ‘

¥
The rap:d pace of progress in-ihe field of bioclean manufacture, assembly and checkout for
spacecraft results in the necessﬂ.v {o include material in this Manual which may be of
temporary nature only. This has not ruled out the inclusion-of such material because a
volume o?f guidelines must strive to cover all aspects of a problem, sven though some
agproachézs and guidelines are temporary. Tor this reason, users are encouraged to send

comments [or updating, correections, and other suggestions concerning this Manual to:

Mr, M. F. Pickard Code R-QUAL-~AA
George C. Marshall Space Flight Center

* National Aceronautics and Space Administration
Huntsville, Alabama 35812

This Manual was prepared by the Space Systems Organization of the General Electric
Company.fér the George C. Marshall Space Flight Center of the National Aeronautics and
Space Adm inisn'ation in partial fulfillment of Contraci NAS 8-21139. The Contracting

Officer's Representiative was Mr. M. FF. Pickard.
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A manual, such as this, is based on the contribution of many sources and individuals. The
major contributors who aided in the preparation of this volume were N. W. Behringer,

M. Hammer, M.G. Koesterer, R.J. Kepple, R. Pellicotti, M.R. Stahler and J. St. Leger.l
The undersigned acted as principal contributors and editors, ably assisted by R. G. Wadciell.

E. Fried
J.R. Gillis

King of Prussia, Pa.
December 1968
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SECTION 1
INTRODUCTION

1.1 SUMMARY

The purpose of this manual is to provide a convenient reference handbook for quality assur-
ance pef;rsom;el who are engaged in a program requiring planetary quarantine or other
biological burden control. This manual is not intended to be used by itself, but in conjunc-
tion wilith the "Biological Handbook for Engincers” (Ref, 1-1) and the appropriaie quality
assurance guidelines for the class of spacecralt under consideration. The significant new
requiréments are those introduced by microbiofogical considerations. Reference 1-1
provid‘lt_as a convenient source for information and reference on microbiological and relatec}
backgr‘ound data intended for engineers. The intent here is not to replace training courses
for eng‘}ineering and quality assurance personnel preparatory to their engaging in planetary

quaran;ﬁne related work, but rather to provide a source book.

Training courses are necessary for all personngl required 1o work on a planetary gquaran-
tine suizjec ted spacecraft program. Such courses may range from a brief indoctrination
‘ | - ) ‘3 I3 -
lecture for peripheral personnel to a week-long course for cognizant senior personnel.
. i

These are covered and discussed in other parts of this section.

The curfgnt emphasis on economic solution of sterilization related activity places the
quality as“surance enginecr in a unigue position with respect to achieving such solution on
a biologically acceptable spacecraft. Because most of the additional manpower require-
ments are ‘fiue 1o microbiological as well as particuiate contamination control, assay and
surveillanc-?ia consiraints, this represents an area of ﬁotential economic optimization. The
quality assu'{ance team in conjunction with the microbiologists and the sterility control
group ¢an pe'I“form a real service by recommending elimination of unnecessary or ineffec-
tual practices, procedures and facilities. In this context, the work of the microbiology

team can be co“nmdered a guality assurance and monitoring {function performed by specially
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trained and specially certified personnel. In {act, microbiology laboratories and personnel’
must be certified according to NASA Standards. ]f{equirements for such microbioclogy

activities and laboratories are discussed in Sectioh 6.

I N
1

i
in orderj;o utilize effectively a -body of data based on microbiological.assays, in-process
inspectici;n, facility certification, personnel qualification, nonconformance reporis, ete.,
an "instant recall” system is nécessary. Such a system, within the constraints of plane-
tary qua‘ranﬁne requirernents, congists of a daia bank and an associated microbioclogical
confamination prediction model, Such a system provides not only traceability for sources
of problems, but also provides a reservoir of data for microbial load prediction. Because

this requirement is unique for spacecraft systems requiring sterilization, itis covered in

gsome detail in this section.

. 3
Other settions deal with "General Background" information, .'"Planetary Quarantine' and

related 1-}1aterial.

} . ; .
Paraphrasing some of the Voyager Project definitions of Quality Assuré}nce functions in a
)

program this excerpt summarizes these functions,
: .

planetary

Monit[oring and control procedures will be established in the sterilization
plans’so as to ensure that all event compromising the quarantine constraints
will b*g identified, documented and corrected insofar as ig feasible,

Qualitir Assurance organizations, in cooperation with the cognizant Project
System, and cognizant NASA representatives will assure that effective control
is exe I;CiSCd by the Capsule. Contractors in complying with the quarantine
constraints, It is the responsibility of Quality Assurance as a member of
this team to interface dircctly with and monitor, the Contractor's-Quality
Assurance efforl so as to agsurc that all activities are procecding

properly and in accordance with approved specifications, procedures, and
plans. '

1-2



Quality Assurance, as defined above, will act in cooperation with the cognizant
NASA representatives in monitoring the followwg actwltles/areas of the Capsule
Cont1 actor, pertinent to Planctary Quarantine:

a. Tacility Certification an& C'oentrol
b. Design Review

c. Assembly, Inspection, and Test
d. Material Control

e. Assay

f. Decontamination and Sterilization

Documentation

ua

The above activities will be covered in detail in the Quality Assurance Plan.
Upon completion of terminal sterilization, the Quality Assurance Manager will

certify to the Project Manager that the Lander Hardware has met quality assur-
ance requiremenis.

1.2 GENERAL BACKGROUND

Currenily (September 1968), only dxy heat has been accepted by NASA for the sterilization
of spacecraft designed to enter planetary atmospheres. In order to achiéve such heat
stenhzanon a range of time-temperature relatlons are being established, which, when
S&tleiEEd(, will provide assurance that the number of viable microorganism on the space-
craft has been reduced to an acceptable level. Table 1-1 shows typical sterilization cycles.
The effeétivoness of such a process presupposeé that the number of viable microorganisms
on the spidcecraft belore the heat sterilization treatment is below a certain le\}ei. 1t
theretore becomes necessary to perform all spacecralt manufacturing, assembly and
checkout functlons in such a manner as to provide pomtiVe controls, measures and docuf

mentation fo verify the microbiological burden levels before terminal ste rilization,

1-3



Table 1-1. Typical Sterilization Cycles

¥

Temperature Sterijlization’ D Value*
c) Time (hr): - (hr)
160 i3 0.21
155 . 4 0.31
150 - 6 0.46
145 © 9 0.73
140 14 1.1
135 22 1.8
130 34 2.8
125 53 4.4
120 84 7.0
115 132 11.0
110 210 17.5
105 336 28,0

*D-value is an abbreviation for Decimal Reduction Time which is the time required, at-a
given iemperature, to desiroy 90% of a biological population.

Ste‘r.:ility of the spacecraft as a result of the terminal sterilization process can be certified
by inference only, since veriflicalion of the time and toemperature and other parameters
‘during such a process requires adequate control and monitoring of such activities. The
role of Qu‘::ﬂity Assurance in the darrying out of sucjh activities through in-process analysis

and inspection, tests, documentation, reports and ﬁrocedures is self-evident.

Although I\{ASA Policy Directives (Ref. 1-2, 3) do nfft specify the methods of accomplishment

of the biological burden on the spacecraft, current éyidelines consider that:

a. The lander will be assembled in bioclean ropms at specified levels of assembly.

L
-

b. The landing assembly will be subjecled to an a.pprov'ed sterilization procedure.

‘¢. The landing assembly will be enclosed in a bacteriological barrier to mainfain
cleanliness and sterility. After sterilization, the enclosure will not be opened
within any portion of the earth's atmosphere which might recontaminate the
landing assembly. ‘

1-4



The ladt item may be modified by NASA in the future to permit insertion of otherwise ’
steriliZed items which could not withstand the temperatures applied o the lander during
termingl sterilization. Propellants, and experiments currently are some items that fall
in this 'category. Development work is currently sponsoxred by NASA {o investigate sterile
assembly and sterile insertion (Ref. 1-4, 1—5).*, However, until specifically permitted By
NASA, the above techniques shall be considered as developmentai, only. Reference 1-6

presents a philosophical discussion of planetary quarantine and sterilization requirements

from the near past to the present and summarizes current NASA thinking.

L]
T

Reference 1-7, while not professing to represent current NASA policy or thinking, repre-

sents an excellent summary of the current state of the art in gterilization.

1.3 PLANETARY QUARANTINE

i

1.3.1 ;’ POLICY

By intérnational agreement it has been decided to take all necessary steps to prevent the
contammahon of the planets with viable earth orgamsms On December 19, 1966, the
United rN:lllOllb General Absembly unammoubly a.dopted a "Treaty on Principles Governing
the Act1v1t1es of States n the Explora,non a.nd Use of Quter Space, Including the Moon and
other Celestial Bodies. " Article IX of that treaty states that" ... shall pursue studies of
outer s_'g;ace including the moon and other celestia.?i bodies, and conduct exploration of them
80 as to"a.void their harmful contamination...!" NASA has issued policy directives which
govern United States actions with respect to planetgry contamination.

NASA Policy Diveclive NPD 8020, 7 (Ref. 1-2) deals with the basic poiicy and responsibilities
for impleri_lentation of NASA requirements for certification of the biological loading on out-
bound spaciecmft. NASA Policy Directive NPD 8020, 10 (Ref. 1-3) deals more specifically

€
with biological coniamination control of ouibound planetary spacecraft,
“ -



The mere (nel of the launch of a planetary apnecocraft I'rom earth implies the acceptance of
a chance, ;no matter how small, for planetary contamination. Many attempts have been
made to specify this chance numericaily. In 1964, COSPAR adopted a resolution which
accepied the interim objectives of the probability that a gingle viable organism remaining
on a planetary landing spacecraft is less than 10h4 and the probability limit for accidental
impact by nonsterilized flyby or orbiting spacecraft is' 3 x- 10"5 or less. ‘

At the 1966 COSPAR meeting, a proposal was madléa by the United States delegation to change
these limits to a 10_3 probability of contamination ‘dur‘mg the period of planetary explora-
tion. The specific breakdown between probabilities of contamination for lander and orbiter
is to be resolved by system design in each individual case. This resolution is currently ’
under advisement by COSPAR. References 1-6 anﬁ;l 1-7 discuss this in detail. At the 1967

i

COSPAR meeting, these allocations were again discussed (Ref. 1-12).

NASA I:’c»lic:yr Directive NPD 8020. 10 (Ref, 1-3) states that the probabiiii.y of 1x 10-‘3 for
planelary contamination shall be used as the guiding criterion. This became effective
Septembgf 6, 1867, and represents current NASA Policy. In order to implement this policy,
a maﬂlemflnical model has been developed, which defines the basgic formula for evaluating
the planeta;ry contamination probability by a landing spacecraft., The elaboration of the

formula and the definitions involved are presented in Ref, 1-1.

1.3.2 BRBQUIREMENTS )

NASA hag jzlssued Standards for Clean Rooms and Work Stations for the Microbially Con-
trolled En\;':ironment {(Ref. 1-8) which deline the onvl:glironmental conlrols to be used in the
fabrication; test and launch environment of spacecﬁa[t subject to planetary quarantine and
a section on Operalional Guidelines which specifies the requirements for the dress and
behavior ofi*:personnel in such facilitles, This document supplements the Design Criteria

and Constru]‘ction Standards (Ref. 1-9) with respect to the design and construction of ¢clean

rooms and work stations for the microbially controlied environment,
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In Augusat 1967, NASA published the "NASA Standard Procedures for the Microbiological
Exam:ination of Space Hardware" (Ref. 1-10). It specifies methods, procedures and
equipment to be used for the microbiological examination of spacecraft hardware and re-
lated items. |

NASA' has issued a basic policy document, (Ref. 1-2) as well as a specific policy document
(Ref. 1-3) which relate the policy, respcznsibility and certification of the biological loading

i
on oulbound planetary spacecraft,

Although only dry heal has heen approved by NASA for the sterilization of planetary landers,
. radiation and gaseous sierilization may be uscd for sterilization of heat-sensitive items
and f(?I‘ sterile repair and insertiion if specific and individual authorizations are obtained
from the Planetary Quarantine Officer. The'l2 heat cycles listed in Table 1-1, are exam-
Pples of typical-requirements. The D values shown in the table are basged on heterogeneous
' mesoi)hilic bacterial spores in soil. The specified cycles will reduce the bacterial popula-
tHon by 12 decades; i,e., from 108 to 10_4'andgare shown for example only, Work is in
progx}‘ess to specify D values for spores ‘!ocabed in buried, mated, or surface regions.
The féllowing are conservalive values that mtnélt be used until further data becomes avail-

able.

D] 950 (huried) = 5. 0 hours
D12-:5,SC (Mated) = 0.3 =~ 4.4 hours -(deperiding on moisture imperviousness)
DlZESC (surface) = 0.3 hour (in 40% R. H. equivalent)
*Z (buiried) = 20.7°C
}
Z (mated) = 20.7°C
Z (surface} = 20.7°C

Z-valué is the change in temperature required to produce a factor of 10 change in a

given D-value.
3



Work performed recently has shown that the bioclean assembly of planetary spacecraft in

8
laminar flow clean rooms results in far lower contaminatfion levelg than 10, with some
b
reported estimates as low as 10 . Work performed onéfi:his contract has indicated that

local protectfon of spacecraft hardware, when handledg"in non-cleanroom areas, can result

in contamination levels in the 106 range (Ref. 1; 1), bther investigations have noted similar
results, The design of ierminal sterilizalion cycles will be based on the estimated number
of heat resistant organisms known to he on the planetary lander. The sierilization effect

of the heatup and cooldown, as well as location,, will be used in designing heating cycles.

Deconiamination, i.e., a reduction in microbial population without complete sterilization,
may be achieved either by a shortened heat cycle-or by the ethylene oxide (ETQ) treatment.
Development pf an ETO decontamination treatment is currently in a stafe of flux. Itis

recommended that the latest NASA approved procedure be obtained before use.

1.3.3 PLANETARY QUARANTINE MATHEMATICAL MODEL :
Plaﬁetary Qparantiné utilizes mathematical moéels to establish the interrelationship of the
principal pq‘rameters contributing to the probability that a planet will be contaminated. To~

illustrate {his. the following basic formulas excerpted {rom Reference 1-1 are provided.

The basic formulas for planemry contamination is given by Equation 1-1, which defines
contamma.hon plobdbxllhes for landing and nonlanding missiong. Egquations 1-2 through 1-4
expand and detail the factots of Equalion 1-1.

} {

P = NP(N) + N'P(N") (11}

. e
Equation 2-1is an approximation of standard probhability relationships based on the {act that

in the present context, P is much Iess than unity and that, necessarily, P(N) P(N') are
smaller than Pc' Algo, as noted in the definitions, probabilities of contamination due to a

flight veliicle arc averages for the category of vehicles under consideration.
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The complexity of planetary landing vehicles may'lead to a distinciion between contamina-
tion located in different regions of the spac’ecral‘t.- each rel}uirlng separate conglderation ‘
‘of the eventis contributing to the total probability of céntaminaﬁon by the lander. A suitabl'e
framework for this purpose is provided by Equation 1-2, provided the probability of la.ndin'g'
is taken:as unity.

1

j=m
(P(N) = T ED(h) - P(r) - P(g)| i (1-2)
j=1

It may be assumed that contamination is segreguted into three categories:

J

a. } Buried. or internal to material 1o malerials and components (to be denoted by
the subscript b)

i

b. Occluded between mating surfaces (Lo he denoted by the subscript m)

c. | Contamination on open.surfaces (to be denoted by the éubscript s)

Three independent contamination events would thus be considered corresponding to the

above. 'Equation 1-2 can then be expressed explicitly as

~
i

P = PzDb . P@b . P(g)b (1-3)
+ Par1ym . P@@m . P{gm

+ Pn~lys . Pirys . Tg)s

Thus. Pth) is. in each case the probability of a yjable organism rem?.ining after steriliza-
tion inthe three regions considered. Different pr‘obabilities of release from buried, mated,
and surfage contamination are possible in this formulation and, if appropriate, a similar

distinction can be made for probabilities of growth and spreading.
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For the case of unsterilized vehicles, including that of fly~by missions, planetary contami-
1 .
nation may be due to a number of contamination sources. P(N') may be evaluated from
o .

PON) = 5 P@) - Pa) - Plg") (1-4)
. 1=

where k is the tolal number ol i independenticontamination sources. (Sources which are not

H
independent would be viewed as jointly constituting a single source.)

The most difficult part of the task of defining input parameters, is the selection of quantita-
tive values, siﬁce many of these are based on inference, estimates or sometime just
educated guessing. Continuing research and flight vehicle dz_).ta. have been increasing the
amount of factual information available. For this reason, there will be continuing updating

and revision of such parameters, Currently, the following parameters values are recom-

mended f:)r use with the above equations,

—y

¢

P ‘= 1x10 "
c .
N )= 50
P{r) = to be established lor each j soui*cc
a -3
Ple) = 1x10 ~ =Plg) = P(@_ = Plgs"
N' = 50 B
¢ *
' .
P¢(h') = to be established for each i source
P(r') =. to be established for each i source
-3
Pg) = 1x10

The spacecrafl sterilization requirement shall be based on the value of P(n= 1), The alloca-

tion of probability of contamination {o the 1973 mission ghall be less than 1 x 10—5.

P(3 for both stekilized and unsterilized vehicles shall be 1 x 10—3.
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. P(N)

P{N")

Pn= i)
P(n=1)

P(h)

P(r)

i
DEFINITIONS AND-NOMENCLATURE
FOR PLANETARY QUARANTINE MODELS

Time period of unmanned biological exploration (years) during which contamina-
tion is to be prevented. '

Probability that, during the time period T, the planet undér consideraﬁon will '
be ‘contaminated so as to constitute a';significant-detriment to the intended
program of biological exploration. |

Number of vehicles intended fo land or impact on the planet during the time-
period T.

Average probabilily that any one of the N landing vehicles will cause planetary
contamination.

Number of vehicles in the planetary exploration program which are not intended
to land on the planet during the time-period T. Thig category of flight vehicles
inelude orbiters, flyby missions, and the carriers of landing vehicles.

Average probability that any one of the N' nonlanding vehicles will cause planetary
contamination.

Number of viable microorganisms present.

Initial population of viable microorganisms, e.g., at initiation of the sterilization
process. !

Probability that one or more or exactly one viable microorganism will be presenti

Transfer of viable microorganisms to the planet so as to create a contamination
hazard., Note: this is a generalized symbol for all contamination events to be
considered for a flight vehicle, each ew"/ent requiring assessment of probabilities
of releasc, growth, and spreading. } ‘

Probabilily that the event h will occur, |

Release onto the planet surface or into its éﬁmospﬁere, organisms which have .

| survived sterilization, given that they have been transferred to the planet.

) Probability that the event r will occur. Note: P(r) is the conditional probability
or release, given that the event h has occ}urred.
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rf

P(zr")

P(g)

P(g)

2]
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DEFINITIONS AND NOMENCLATURE
FOR PLANETARY QUARAN'Z!Z.‘INE MODELS {Cont})
k]

Release onto the planet surface or into its atmosphere, organism(s) not subjected
to sterilization, given that they have been transferred to the planet.

Probability that the event r' will occur. Note: P(r') is the conditional probability
of release, given that the event h' has occurred.

*Growth and spreading on the planet surface ox into its atmosphere of terrestrial

microorganisms which survived a sterilization process, given that events h and r
,have occurred.

Probability that the event g will oceur. Note: P(g) is the conditional probability
of growth and spreading, given that events h and r have occurred.

Growth and spreading on the planel surface or in its atmosphere of terrestrial

microorganisms which had not been subjected to sterilization, given that evenls
h' and r' have occurred.

Probability that the event g' will occur. Note: P(g'} is a conditional probability
of growth and spreading, given that events h! and r' have occurred.



1.4 ;TRAINING PROGRAMS

1

1.4.1 INTRODUCTION

The basically different background of physical sciences oriented personnel in relation to

the life-sciences requiremen‘ts of the planetary quarantine and sterilization programs, ,
requires personnel training and orientation to assure the success of such programs., Such
trair;ing is particularly desirable for quality assurance personnel. because of their sur-
veillance and andit functions of microbiological and related procedures. As a rule, the
following types of personnel should be required to attend 2 training course before starting
work on a planetary spacecraft to be sterilized l;y heating in accordance with NASA require-

ments,

a. Senior engineering personnel

b. Program office personnel

¢. Design engineers
§

. ? Quality assurance personnel
e. Checkout and ‘test cngineers

f. Assembly and {esi Lechnicians
¥
In gef,leral. all personncl who will come in phygical contact with the spacecraft or any of itg
subsystems must. as 4 minimum receive an orientation lecture. Although the degree of
trainif;g aud the selection of personnel requireciéto take such training rests with the program
office and planetary quarantine officer, this section of this manual will outline the responsi-
t
bilities of the quality agsurance organization with regpeet to such training programs.
i
1.4.2 TRESPONSIBILITIES

Quality assurance participation in planetary quarantine and sterilization related training
]

program is three-fold. as follows:
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a. ‘Administration of training programs in conjunction with the planetary quarantine
officer, microbiologist, engineering and other funetions

h. Certification and recertification (as well as decertification) of personnel requiring
.access to flight hardware and vehicles
¢, Participation in training courses as a prospective planetary program member

These adlivities will be discussed separately,

1.4.2.1 Training Program Administration

The need for a continuous and comprehensive training program for personnel engaged in a
planetary spacecraft program is consistent with planetary quarantine requirements.
Although the administration of such a series of programs can rest with one of several
groups within the framework of a project organization, it will be assumed here that Quality
ASSura:nF:e has been assigned this function. This requires extensive interface activities
with other groups, since the following specialties must be represented in such a program

as task leaders in lectures or discussions.

a. Microbiology e. Planetary Quarantine

"]b. Contamination Control f. Quality Assurance

¢. Project Engineering g. Design Engineering

d. Sterilization h. Assembly, Test & Checkout

1.4.2.2 -Certification

Pe rsonnelt who successfully complele _the course on lecture seriés will have the‘ir names
entered on a qualification list,‘ which will alsc; be a.'fjart of the Data Bank. Thus, cert?fica;
tion will be] a requirement {for acéess io flight hardware. The amount of training will be

determined‘ hy the Planetary Qu:;.rantine Officer or his designated Sterility Control group.
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Generally, the amount of training is directly related to the probability of the individual's

opportu}nity to compromiée sterility of the spacecraft system.

Decertification will be initiated when:

a. A person previouslg'( certified leaves thé project for a period of time fo be
specified by the sterility control group i

b. - A person has committed sterility or contamination control viclations, (subjec.
to definitions by sterility control group)

c. Procedures and/or policy change sufficiently to require retraining

d. Employment terminates

Statistical approaches performed by industrial organizations have shown that "skill reten-
tion or problem awareness” does not maintain a constant level with respect fo time, It is
a human trait that routine procedures breed carelessness. For such reasons, recerti-
ficationéof personnel is required. Although the periodicity of recertification requirements-
can varj‘g with thé type of personnel involved, 2 d%;finite plan needs to be established. As a.'
minimunﬁl, personnel need a review session monthly. Such review sessions can indicate
previousiy unknown or neglected.problem areas, point out errors or omissions and other-

wise serve as a lecdback system.

1.4.2.3 Training Courses

» . 5
The need for quality assurance pergonnel to participate in specialized training courses
along with gther project personnel is self-evident. The types of courses are:

'S

a. Quaﬁity Assurance Management Courses
~ ‘i - -
b. Planetary Quarantine and Sterility Control

1-15



A formal Quality Assurance'Managemen-t indoctrination and traihing program oeeds to be
esta,blisﬁe;i for personnel having a.direct bearing o o£1 -product quality. Such a program should
center on the explanation and understanding of management controls that need to be imple-
mented to ensure product quallty The course mater1a1 should follow the traditional business

cycle of a product:,

a, I"rogram Regquirements and Integration

¥

b, Design and Development
{

¢, Procurement Control

Il
i

d. Manufacturing and Related Process Controls’
e. Testing Array and Eiquipment Calibration

i, \{;ssembly Manufacture .md Checkout

g :Syétems Acceptanoe and Field 'Interfaoe‘

" h. Field Control and Information Feedback

H

i
i, Nonconforming Materials, Contxol of

} -
j. Data Evaluation and Cost Analysis

$

These courses should first be directed to those personnel within the Quahty Asgsurance
’-l
Operatmn bhaving an immediate need. The course phould then permeate throughout the Quality

Assurancga Operation and allied operations, q. ey ;E‘]ngineering and Manufacturing.

Ster111zallon OrieNteq INUOCIrINATON ANy Tralnng Programs need w be established tor

persomnelihaving regponsibility in product quality or who will be in direet contact with prime

hardware. The course material shall consist of the following:

a. Planetary Quarantine Requirements

3 - I3
b. Assembly. Test, Checkout, Sterilization Cycle of Spacecraft
‘ ¥
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¢. Microbiological Contamination Control

d. Miorobiological Assay Procedures

e. Documentation and Inspection Requirements-
f. 'Sterility Control Policies

g. Control of Sterility Violations

h. Personal habits and Behavior in Work Areas

i ,

Although the course material represents a.;:l outlire rather than a rigid requirement, it indi-
cates the subjects to be covered. Az a mixiﬁrnun’a, all personnel enfering microbial con-
tamination controlled work areas should be cognizant of Items a and h. For QA persomnel

thonitoring microbiological activity, additional training is required.

In the case of visitors, reading of a summary sheet covering Items a and h and acknow-

ledgement by signature, appears adequate,

i

1.4.3 TRAINING AIDS

1.4.3.1 Training Courses Available

Table 1-2 shows a partial list of training courses in microbiological contamination control,

guitable for engineers.

1.4.8.2 Visual Aids .
Table 13 shows a partial listing of films available that can serve as .an introduction in

microbio'logy, exobiology and spacecraft sterilization.

1.4.3.3 Publications
Sources of-background material for the field of microbiology and spacecraft sterilization
are provided in a number of bibliographies published under NASA sponsorship. A partial

listing of these bibliographies is shown in Table 1-4.
’ ¢



Table 1-2. Partial List of Training Courses

)

Course Sponsor Ig_ength Frequency Location
]
Environmental NASA One Week Ar required{ Various Localions
Microbiology for University of Minnesota ) by NASA (by demand)
Engineers . and by de- —
. na"lnd
!
Bio-Space Téchnology NASA and University Two Weeks Yearly, Wallops Iskand,
Training Program of Virginia ‘ usually Virginia
) during the
: summer
L
Microbiological Analysis, | Millipore Filter One Day Yearly Variocus Major
Sterile Filtration and Corporation _at given Cities
Clinical Techniques localion
e
Audio-Tutorial Kansas State Teachers Semester - Emporia,
Bacteriolopy Course College Kansas
———
Clean Packaging Clean Room Products, Inc.| One Duy By Request | Manufacturer's

Plant or Farmingdale|
N.Y.

e

Various special

Uniiled States Public

As recuired

On Demand

Savannah, Georgia

\

Convection, Inc.

topics of Biological Health Service, (from one
and Sterilization Communicable Disease day to two
interest Center, Savannah, weeks) it
H Georgia
H
Contamination Cdntrn! Specialty Training 2 days to On Bemand | Monvrovia California
Division, Speccialty one week ' or at Manufacturer's

Plant

1-18

AT



Cost

Content Surmmary

Contact for Information

Remarks

No charge

Dhrected primarily at Spacecraft
Sterilization and Planctary
Quarantine Problems.

Planetary Quarantine
Officer, Code SB3, NASA,
Washingion, D.C. 20546

This is the pmmar:f
course for the space-.
craft sterilization
Program.

¥

]

No charge

Known space environment, tra-
jectory and orbital considerations,
periormance summary and usage
of existing rocket boosters,.
biological data handling and
instruments, introduction to

launch range lacilities and biospace
Might Meilities.

Director, Conference and
Institute, University of
Virginia, School of General
Studies, P.0O. Box 3697,
Charlotiesville, Virginia
22903 o

Limited participation.
NASA approval |
reqguired.

No charge

Physical and chemical characier-
istics of lillers, sterle fillration,
preparation and sterilization of
cquipment | filtralion, sterility
lesting, microbiglogical

analysis of 50, and analylieal
microbial {echniques

Millipore Filier Corp.
Iedford, Mass., 01736
Afin: Sales Manager

Requires some
cxperience.

General ana basic hacteriology,

Dr. Ted E. Surdy
Kansas State Teachers
College, Emporia,
Kansas

§

. -

This is a course for
Kansas State Teachers
College students. Tor
availability of tapes,
contact Dr. Surdy.
Requires laboratory
facilitics.

Complete guide  to clean packaging,
theory, choice of materials, cleaning
procedures, and state-of-the-art.

' I’resi',dent, Clean Room

Prnrh.:fgts, 56 Central Ave.
Farmipgdale, N.Y. 11735

Applicable 1o both
biological and non-
viable contamination
control packaging,

No charge

These courses cover o wicle range
of special topics and are adapted
it meel needs of the Lime and
changes in the areas of mterest
to the National Welfare

$180
per
person

Complete ¢lean room discipline
course, Theory operations and
practice.

President, Specialty
Training Division,

120 Taylor St., Monrovia,
California.

Course adapted to use
requirements. (NASA
cooperation)
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Table 1-3. Partial Listing of Films

Title Contact for Information Length [Sound
‘ -
1. Selected Fill‘l;lS and Slides A list and abstracts are available from American e
: Society for Microbiology, 115 Huron View
Boulevard, Anh Arbor, Michigan 48103,
9. Decontamination of Space National Aeronautics and Space Administration, 18 min X —p
Vehicles HQ-35, (1961) Educational -Audio-Visual Branch, Code AFEE-3,
Washington, D.C. 20546
3. Lifc on Other Planets, Nationa! Aeronautics and Space Administration, 2] min X —p—
HQ~-34, (1861) Fducational Audio-Vigual Branch, Code AFEE-3, "
Washington, D.C. 205406
|
4. Chemical Disinfection, 16mm, M-816 Public Health Service Audio-visual Facility, 30 min X—
(1964} Chamblee, Georgm 30065, Attn: Film Distmbution
5. Sterihzation Problems and Techmques, 'Public Health Service Audio-visual Faecility, 30 mm K=
~ 16 mm, M-736 (1963) Chamblee, Grorgia 30065, Attn: Film Distribution
6. Basic Biclegy of Bacteria, 35 mm, 5-174 | Public Health Se,i'vice Audio~visval Tacility, 56 X
(1950) Chamblee, Georgia 30065, Aftn: Film Distribution | Frames
&
7. The Growthiof Bucteria, Yeasts and American Society for Microbiology, 115 Huron View| 22 min No—p—
Molds (1933) Boulevard, Anm Arbor, Michigan 48103,
8. Air SBampling for Microbiological Public_Health Service Audlo-visual Facility, 11 min Wi
Particulates,! 16mm, M-926 (1965) Chamblee, Georgia. 30065, Atin: Film Distrabution
9. Surface Sampling for Microorganisms Public Health Servic? Audip-visual Facility 8 min X et
(Rodac Plates))(1965) Chamblee, Geqrgia 3?065, Attn: Film Distribution
‘ %
10, Surface Sampling for Microorganisms Public Health Service Audic-visual Facility 5 min X —
16 mm, M-925 Chamblee, Georgia 30065, Attn: Film Distribution
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Summary

Basic microbiology characteristics of bacter%a, fungi, viruses

Dr. C.R. Phillaps and Mr. R.K Hoffman of:Ft. Detrick, Maryland discuss the
iological problems and the necds for the deqontamination of space vehicles. They show
different methods of achieving decontammatipn.

H

Dr. J. Lederberg (Stanford University) discysses the possibility of life existing on other
planets, He tells of the various ways that Iife could have been introduced, and he
describes the methods for detecting and investigating the problem.

A filmed lecture by Dr, Earle H. Spaulding, Chairman, JDepartment of Microbiology,
Temple University School of Medicine, Philadelphia, Pa., on chemical dismfection

in hospital practices. Definition factors mmvelved in disinfection and recommendations
are covered.

A Niimed lecture by D, J, C. Kulsey, Director, Disinfection Reference 1.uaboratory,
Central Public Health Laboratory, London, dn sterilization in hospital practice.
Definitions, ugse of dry and moist heat.(stcam) and chemical and radiological sterilization
arc discussed. . ¥

An ntroduetion to bacteriology. Explains Lhc, characteristics of bacteria, differences
in types, feeding and multiplication a.nd contrbl through boiling, freezing and pickling.
Elementary explanation for nonprofcssmnal audiences.

Shows reproduchion by fission, budding and branching in bacteria, yeast and molds.
Tllustrates colony development, pigment production. Vacuole formation and protoplasmg
streaming. -

Shows proper techniques and procedures for :sampling airborne bacteria in hospitals
using Reyniers and TDL Samplers. Ilustrates reasons for airborne sampling,

operation of the Reyniers sampler, operation of TDL sampler and counting bacterial
colonies. )

Tenches proper techniques and procedures of surface sampling for bacterfa in hospitals,
using Rodac Plates. Gives reasons for surface sampling, preparation of the agar
sampling plates, description of the random and geometrie grid sampling methods, and
the counting and reporting of colonies.

Shows proper tcchniqut;ﬁ nnd procedures of surface sampling for bacteria in hospitals
using the swab and template. Gives rensons for surface sampling, techniques of
sampling on flat and irregular surfices processing swabs and rinse liquids, counting

of microbial colonies and interpretation of results.
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Table 1-4, Partial Listing of Bibliographies

Title

Source

Remarks

A Selected Bibliography

from the Literature Retrieval
Syetem} Space Biology Branch,
X-624-67-564 (November 1967)

NASA-Goddard
Space Flight Center

Greenbelt, Md. .
Space Biology Branch
Code 624 I

326 References

Bthllog'raphv on

Planetary Quarantine - Vol, T
Pohey, (D.E. Wright,
November 1867)

Biological Sciences
Communication
Praject, George
Washtngton University,
Waghingion, D.C. 20036

123 references on policy, sterilization
relaled requirements, conference pro-
ceedinga and background information 1temas
on NASA position.

" ‘Bibliography on Planetary
Quarantine - Vol II,
Enviro%nmental Microbiology,
(D.E. :.Vrtght, November 1967)

i

Bioclomeal Sciences
Communication

Project, George
Washington University,
Washington, D.C. 20036

3569 references and citations

mvolving microbial growth, detection,
identification and monitoring throughout
spacecrafi fabrication.

Bibliography on Planetary

Quarantine - Vol 1],

Eng‘meéring Parameters,

(D.E. Wright, November1967)
t

Biologcal Sciences
Communication

Project, George
Washington University,
Washington, D.C. 20036

251 references on development and
testing of spacecraft components and
sterilization and decontamination
procedures.
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1.4.3.4 NASA Publication, "Spacecraft Sterilization Technology"

This presents the best compilation of sterilization state of art as of 1966. If is based on

the NASA-sponsored Firsi National Conference on Spacecraft Sterilization Technology held
’ -

at - Pasadena, California, in November 1965 mfeference 1-1d).

1.5 DATA BANK

The execution of a meaningful guality program which includes mathematical modelling
as well traceability capability requires a data bank. Such a data bank would be a
repository for all quality, checkout, contamination and sterilization data for all spacecrafl
componenis, systems and assemblies up and including {o canister mating and terminal
slerilization. This data bank differs from conventional dpacecraft data banks in that
it includes the additional data due to sterilization ) planetary quarantine and biclogical
burden accumulation requirements. -

The need for a data bank, however, extends beyond the requirements of the Quality
Assuxi:ance program only. It was considered a prime requirement of the Voyager
Plane?:ary Quarantine Plan (Ref. i—lB) by being considered a part of Voyager Data
Manaéement System. The following excerpts from Reference 1-13 will illustrate the
type ixllformation and utilization which can be expected from a data bank in a Quality- '

i -
Assurance or as a Management Plan application.

Conlamination Data Bank

T he Planetary Quarantine Contaminalion Data Bank, as a part of the Voyager Data
Management System, will be established to satlsfy a portion of the quarantine require-
ments. It will be used by Voyager Project and System Management, by NASA
Hcaéquarters and by development contx actors to function as follows:

?‘& .s
a

4. Assure that contamination and s';teriligation decontamination is complete

' and adequate.

b. Assure that documentation is tracecable for a.ll affected assemblies and
components.
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€. Ensure applicabilily of sterilization processes and related specifications.
d. Implement the Planectary Quarantine Data Plan in an efficient orderly manner.

e. Make certain that identification of the sterilization data clearly establishes
the identity of each component and/or agssembly as the source.

f.  Provide current information on short notice upon demand in order to es-

tablish or adjust predicted microbial contamination load estimated for the
Capsule before terminal sterilization.

ig.  The Contamination Dala Bank shall be the repository of all contamination.
and sterilization data for all equipment in Capaules to be sterilized, down
to and including the piece-part level.

h., Prime contractors shall be required to maintain, for flight hardware, the
same depth of contamination and sterilization data, and to provide the
. Voyager Data Management System with this data at specified intervals,
Contamination and sterilization data requirements shall be determined
. during the design phases of the Project.

i. The Contamination Data Bank shall provide, under the Planetary Quarantine
Chief's direction, computer-processed reports, in a predesigned format(s),
on a predetermined schedule basis to a controlled distribution. Demand
reporting will be handled on a case-by-case basis. Some typical types. of
reporting and computer usage are as; follows:

Lo

1. TRcecording, maintaining, and reporting assay rccords
2.  Developing contamination curves

3. . Delermining probability of flight capsule contamination (mathematical
model)

4. Providing traceability of a§semblies and components through the
sterilization process (in conjunction with the Voyager Configuration
Management System).

5. Generating reports of temperature cyeling times, accumulated againét.

critical components or assemblies, to _provi’de for prediction of
possibility of addilional temperature cycling degrading reliability. "

In the abscnce of a current planctary project, these functions represent the latest contam-

ination daia bank philosophy.
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SECTION 2
QUALITY ASSURANCE PLAN

2.1 INTRODUCTION

The ability to deliver a ﬁlanetary spacecraft ;conforrhing in all respects to the Planetary
Quarantine as well as functional and mission requireﬁlents? requix_'es a workable and
adequate quality assurance plan. Quality can neither !be inspected into a product; noxr

can it be added after a piece of hardware has been completed. The performance of

gquality assurance 1mp11es that conformance with all engineering, design, test and
planetary quarantine specifications and requiremenis is observed verified, docum ented
and made reirievable and {raceable. To do this, a Quality Assurance Plan muatl be
provided, delineating the function, aciivities, documentation, training and organiza-
tional: relation for the Quality Assurance team. Because each project or program

must have a program plan specifically tailored to its end-item and oxrganization

structure, the plan outline presented herein will be limited primarily to the planetary
quaraﬁtine oriented activities. Since a plan must be based on the guidelines and pro-
visions of "Quality Program Prov1s1ons for Space Systems Contractors” (NASA

Document NPC 200-2, Ref. 2-1), this outline is no exception. However, it goes

beyomli the requirements of Reference 2-1, to includc? the particular microbiology oriented
aspects of the planetary quarantine requirement. In additionfo the broad outline of NPC200-
2, L‘ne‘ NASA—George C. Marshall Space Flight Center Publication SR-QUAL—S!L-lé Ref.
2-2) isl used extensively in this manual. Speciflic details or procedures in ihe p‘lanetary
quamritine cognizant areas are hased on reported work by the General Evlectx"ic-Compnny
Ref. 5—4), the Jet Propulsion Laboratory (Ref. 2-5, 2-6), and on actual hardware experi-
ence in the course of a current NASA-MSFC funded program (Ref. 2-7) and olher sources.
Parts ‘ot the plan oulline are given in this section with others in suhs.equent sections of the
manuag'l. This approach-was taken o emphasize the plane!:ary quar_anté.ne affected phases
of the 1p-lan.

2.2 RESPONSIBILITIES

QualityiAssurance responsibilities for a Planetary Spacecraft Program include, in a broad

A
sense, ,[the following:



a. Control of Procured Items
b. Control of Manufactured Items
| ¢. Control of Subagsembly Items
d. Control of Major and Final Agsembly
e. Checkout and Test
f. Canister Mating and Sterilization
g. .Spacecraft Mating and Launch Activity

h. Data System

This rhanual will concern itself primarily with planetary quarantine affected items although
the quality assurance requirements for planetary landers include all the above in the fullest
sense of quality assurance, As an example, Figure 2-1, shows the typical quality work
elements as used in spacecraft programs. The major additional quality elements are
concerned with the microbiologic;al' requirements. as prescribed lay planetary quarantine,
I‘igﬁre 2 2 shows a detailed example of a typical make-or-buy sequence for the procurement,
fabrlcatxon and sterilization of Voyager hardware and is typical of the kind of planning
required. TFigure 2-3, “also based on the Voyageri program, illustrates general quality
assuranée documentation flow. - It does not 1nc1ude the data bank, bio-assay data and other
bic~ burden data, because it was prepared for use with an orbiting spacecraft, which may
only need to be decontaminated., It does, however, illustrate the extensi_ve documentation

reqmred for proper control:

2.3 QUA];::ITY ASSURANCE PLAN QUTLINE

A quality assurance plan for a mission and program must be tailored to that program

and the performmg organization to be functlonally effective and economically acceptabie.
The plan ottline items presented here are unique to a planetary quarantme governed pro-
gram. *Onlgr highlights are presented for special reqmrements, because the current NASA

policy detalls are in the proc ess of added deflmtlon. +Items customary'in. all spacecraft

2-2
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programs such aa rocelving inspeciion, fabrication, assembly and reluted procedures
are covered in subsequent sections of the manual, They roughly follow the prescribed
sequence of quality assurance and ingpection plans as outlined in "Quality Assurance

Provisions for Inspection Agencies" NPC 200-1 (Reference 2-3).

a. Receiving inspection and test

b:  Qualification inspection anii test
¢. In-process inspection and test
d. End-item inspection and test

e. Shipping inspection

f. Storage inapection

‘ il
The plan necessarily also follows the format outlined in NPC 200-2, (Reference 2-2),
including Basic Requirements, organization and Management, Receiving Inspection, Fabri-
calion, Assembly, Test, Packaging, Statistical Analysis and Audits, but not necessarily

in this order.

Z2.3.1 ORGANIZATION

The Quality Assurance organization shall include, in addition to normally required personnel,
assigned personnel from microbiology, data systems and contamination control. All such
personnel shall have participated in ithe appropriate training courses. The sizc and reporting

level of this organization shall be commensurate with its program management assigned
responsibility.

The organization shall include the following types of personnel:

a. Quality Assurance Chief

b. Professional Quality Assurance Personnel
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! : - ..
C. 1 Quality Assurance Technicians

1
d.
3
]

Assigned Personncl as required

The degree of overlap in responsibilities between Quality Assurance personnel and

Microbiology Personnel, Manufacturing personnel, Facility personnel, Test personnel

and other review or audit groups should be reduced by specific delineation of such

responsibilities al the siari of the program.

"

Specific examples of anticipated quality assurance activities which are introduced by

planctury quarantine ave:

2-1¢

ad.

Be
T
Co
4
dos

€,

fot

o

h...{'
i. ?
jo
k.
l.

M.

Tio

Microbiological Materials Receiving Inspection
Microbiolégical Facility. Certification and Monitoring
Visual Monitoring of Spacecraft Assembly and Test
’Monitoring of Microbiological Assays

Monitoring of ‘Deoontamination Procedures

A
)
B
4

Menitoring of Terminal Sterilization

Mouvitoring of Personnel Practicds in Biological Control Areas

Analysis of Personnel and Hardwarce I?igw for QA Implementation

* Analysis ol Documentation lor Dati Bank Use

t

Analysis of Monitoring Techniques for Bichurden Prediclion Models

* Review of Procurement Procedures for Microbiological Control and Inspection

‘Contamination Review Board
Sterility Conirol Team

Nonconformance Materials Review (including microbiological aspects)



Although this list is nol complete, it indicates tho range of additional quality assurance
activities which can be cxpected in a planetary program. The additional and perhaps

more stringent documentation requirement also needs to be considered.

2.3.2 lORGANIZATIONAL RELATIONS
Quality Assurance will have inter-relations responsibilily with several organizations in

the performance of planetary and sterilized hardware activity. Among these groups are:

4. Microbiology

b. Facility (clean rooms)
Ce Data Systems

dy Engineering

e. Manufaciuring

{. Tost Operalions

Among the interrelated activity will be the cvaluation of decontamination and sterilizalion
procedures and reporting and recording microbiological procedure violations by all
involved personnel. This includes personnel behavior, dressings, washings, etc.,

before and during clean room activities.

Quality E{ssurance will monitor, inspect, and verify all test operations from both a
functional as well as a planeclary guaraniine view pc')inta The same is true for asscmbly
and Fabrication aclivitics., FFor Lhis reason, Qualily Assurance will- participate in, or
concur, in‘\ull significant fabrication, assembly, lest, microbiological monitoring and
related plurtlemry quarantine planning activities., It is a Quality Assurance function (o
support andtcooperato with other [unctional groups to reduce the probability of any

paotential qualily compromise or contamination of planetary space-systems hardware.
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2.4 RECEIVING INSPECTION

This activity is covered in detail in Section 3 of this manual. This detail is possible
becaus;e there is very little change from the previously used procedures ag defined by
NP‘C.-ZbO—z (Reference 2-1) and Sﬁ—QUAL—64—13 (Reference 2-2) and these procedures
would be adapted.

2.5 FABRICATION AND ASSEMBLY

This activity is covered in Section 4. Although it is recognized that personnel controls

have to be exercised in the fabrication and assembly of spacecraft/ landers to be storilized,
!

the degree of control is still in process of cvaluation. Clean room controls, as specified,

will ptobably noi be required until the subsystem assemﬁly level is reached.

Contamination violations and sterility compromises are-to be handled as "Nonconforming
Material" and will be adjudicated by the Materials Review Board or the Contamination

Review Board.

2.6 TEST AND CHECKOUT

The h'}specti(m and test operations will be planned jointly with test operations functional
per sonnel and microbiology personnel to satisfy sterilization and planetary quarantine
requirements. All other requirements and plans will be initiated according to procedures
and plans formulated for the specific program, The detdiled information prov1ded in

Sections 4, 5, and ¢ of this manual shall be considered for guidance.

Contamination viclation and sterility compromisgs shall be handled in accordance with
the pro%edures outlined in Sections 2,11 and 2, 1§°

2.7 PACKAGING

Only the‘problems of microbiologically clean packaging will be considered here, with
exampled of representative approaches from existing controlied and routine packaging.

Packaginﬁ problems assume a major importance in a bloclean spacecraft program and
! -
are discussed in Section 4.7.
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2, 8" BIQOLOGICAL CONTAMINATION MATHEMATICA T, MODEL
The problems posed by Planetary Quarantine Requirements and the subsequent necessity

to develop space vehicles which meet predetermined and measurable sterilization
requirements can easily be handled by means of mathematical modelling techniques.
Sophisticated computer programs have been developed which aid in the ability fo
monitoi‘, predict, control, and Aevalliate the bioload conditions throughout the life cycle
of a space probe vehicle from agssembly through terminal sterilization. This means
that the contamination probability ean be determined and evaluated in advance of actually
undertéking the construction of a space vehicle by providing visibility and traceability

of factors contributing to bioload accumulations. Thus, as a Quality Assurance analysis

tool, math models are ideally suited for use in space probe sterilization programs.

The use of math modelling techniques permits tradeoffs and evaluations to be made of
sterilizations requirements upon program costs, system reliability, and manuf:icturing
or testing facility environments (clean room levels), based on manufacturing, assembly
and test biological assay data. In addition, a c(;mplete ‘data. bank is obtained whereby each

component's bioload history can be retrieved upgon demand.

One other important benefil of using a2 mathematical model is apparent. Biological assays

normally require up Lo 72 hours to grow cullures, with counts made at 24 hours, 48 hours
i ) . ’

and 72 hours. Usc of malh models may permit use of 24-hour counts, thus gaining crilical

s
time under certain condilions.

As indicated earlier, the purpose of using math modelling techniques is to provide the capa-
bility to‘;monitor, predicl, evaluate, and control the bioload conditions through assembly,
checkout, tést, a}ld perhaps canister maling repair cycles for space vehicles. This capa~
bility provides the essentizﬁ basis for evaluating the totdl bioload accumulation for both
external iand internal paris of the space vehicle before thermal sterilization. Furthermore,
it permitf‘s evaluating quantitativeiy the proba‘bility‘ agsociated with meéting pre-set steriliza-
tion ¢>bjec§t,ivos with defined confidence Ievcls;. Inputs for the model are obtained primarily
from microbiological sources (assays) manufacturing and assembly sources (processing

time Lo perform tasks) and quality assurance sources.
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A math model developed by General Eleotrio ia opera‘tionlal and is currently being utilized
to evaluate bioload conditions on a p:;ototype space vehicle undergoing a series of tests.

A similar math model is currently under development by Martin-Marietta (Denver)

and used by the Jet Propulsion Laboratory.‘ ‘

The computer program utilized by General Electric is baged upon a probabilistic treat-
ment of external and internal bioload quantities aitld will be described briefly {o illustrate
such a math model, Poisson statistics are utilized to handle microorganism arrival

and departure rates. Expected values and variances of counts due to sequential assembly,
test, and other operations are determined. The model prediets the number of organisms
on t,he basis of the prevailing environmental factors of arrival rates, death rates, reten-
tion factors, and tifne required-to perform vari&;’us operations on the vehicle or its
components. The model produces a mean valué and variance for the bacteria population

foliowing each procedure.

Arrival rates are determined on the basis of

a. iﬁetenti_on faclors
b. Proj ccteq arca of the components, subsystems, or vehicle mz—Ljor assemblies
c. EFalloui rate
d. .‘Time required to perform tasks
e. Total area
14
- 1. E;ercent of the area conlacted during task performance
g. Organism contribution due to contact

. h. Environmenial controls )
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Departure rateg are determined by:

2. The mean death parameter
b. Time to perform tasks
¢. Reduction due to tasks such as chemical and mechanical cleaning, heating,

and removal or elipping or material from work in process

Given the biological agsay and assembly data, the model yi¢lds after each task or process

a., Mean cxternal organism count
h. Imternal organism count
c. External variance

d. Mean internal variance

1
The basic equations utilized by the model are as follows, using the nomenclature shown.

Following that, Figure 2-4 shows a computer logic flow chart.
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MODEL EQUATIONS

Mean External P (1 _ e—,u.At)‘ o (1- F) L g KAt
Count i} : 0
]
Mean Internal _ -u* At
Count ¢ = (960 * Fno) © ,
‘ !
Variance of DN _ - U At _ L TRAL _ 2 -phb
External Count a [p, tad-5 T ® ] {1 - *(-E) % °©
Variance of 2 ~u*At ( -p* At) 2 2 -u*At
i = -
Internal Count 9 Fno € 1-e T8 * FO'o ©
Where
n = the mean of the external count
ng = the mean of the initial external couni (before the pruiess)
A =  {he mean arrival rate of bacteria'
{1 = the mean death parameter for external bacteria
At = the time Interval for the process

=  the mean of the internal (occluded or mated) count

= the mean of the initial internal count

(0
g* = the mean death parameter for internal bacteria
F = the fraction (percentage) of external bacteria that becomes internal during
process
2 .
o, = the variance of the injitial external count (before the process)
2 .
o =  the variance of the external count
2
q =  the variance of the internal count
2
90 =  the variance of the initial internal cougt
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The organism count is subdivided into three sections:

4. External: The external count gives the mean number of organisms (spores)
'on any exposed surface of the component.

b. Occluded: The occluded count is the mean number of microorganisms {(spores)
which lie on the surface of the material, but are totally enclosed by the structure,
(i.e., the interior surface of a closed box). The occluded count is entered
initially, but is modified as additional areas are enclosed during the assembly
of components during manufacturing. The occluded microorganisms (spores)
are affected only by natural die-off rata; (2 function of the environment),
and by heat treatment.

£

¢. Mated: The mated count determines thé mean number of microorganisms
{spores) which are enclosed between twii physically mated surfaces., This
count is also entered initially and is modified as the manufacturing and checkout
process is continued. The mated reglon‘ microorganisms are affected only
by the natural die-off rate and by the effects of heat treatment.

Each component, al any stage inh the process, has a part number (Q), a group number
(G), and’a tevel number (L), The process is divided into a series of levels, each level
con31st1ng of a series of operations on the parts ex1st1ng at that level the final operation
in a Tevel being the amalgamation of at least two Qarts to form a new assembly. This

assembly becomes a part in the next level,

The parts are arranged in groups according to hovﬁ) they are to be combined at the end of
the level, Parts with the same_group number G are c;)mbined to form one new part

for the neﬁ: level. The parts are numbered sequentially in each group. The effect on '

the cou.nt of combining par'cs in.the final operation of the level is first quoted separately
for each psirt and then as a group total for the parts a.s formed inio the new assembly.

Operations are performed on the individual parts according ‘to the operation number (J).
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The mating or combining operations generally take a finite length of time, and there is
deposiffion and natural die-off on the surface during this period. The external and internal
counts ;wfll thus depend on how the external, occluded, and mated areas vary with the
time ch!lr]'ng the assembly. This variation will depend on how mating is done; i.e.,
whethe‘r the area is occluded or mated gradually or near the beginning or end of the
process. The method of handling a wide range of different mating procesges is to

assume that the physical joining occurs at or near the middle of the operation time; the
areas in the first half of the process being as tiley were before the combination and,

during the second half, as modified by the combination.

Because of the increased flexibility which becomes available through the use of math
models, it is easy to recognize that they offer a wide range of additional capabilities

for qniality assurance analysis and procedures.

The problems of recontamination analysis and prediction can be handled by the math model.
Qther japplications ineclude:
l; i
2. Comprehensive contamination data higtory listing on all parts of the system

b. Analysis of heat sterilization duration requirements based upon predicted
bioload

¢. Evaluate effects upon system reliability due to heat soak requirements
f o .
d. , Identification of areas where sterilization costs can be reduced by predicting
where major bioload accumulations are hkely to occur and how hest to avoid
these conditions

e. Tradeoff and optimization of manufacturing, assembly, checkout and test
operations in accordance with contamination control objectives

f. Selection of assembly operations and facilities which are most cost-effectlive
i

g. Provision overall system management visibility in terms of sterilization ef-
fectiveness
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But most of all, the use of math modelling ih the context of space vehicle sterilization
requ1rements reduces what has previously been a formidable and Serious problem of

v1rtua11y unmanageable proportions.

A

!
2.9 TRAINING PROGRAMS

The need for training programs in a planétax"y spacecraft program which Includes plane~
! )

tary quarantine must include not only the normally expectéd personnel training and

certification customary-on all scientific spacecraft systems, but also thai particularly

required by the planetary guarantine requirement.
i

t
t

The former is covered in numerous planetary spacecraft program documents, such
as those generated in the several Voyager and Mariner studies, and will not be repeated

here.

The latter is unigue to a planetary landing vehicle and has been descrlbed in Section 1.4
3
of this documentn It is presented there because of the unique m1crob1010gica1 requirements.
- {

2.10 DATA SYSTEM

The microbiological contamination data bank is digcussed in Section 1.5 because if is a
uniqu:e p"lanetary quarantine réquiremenh Tﬂis section covers the highlight's of the
remainiz%g data system requirements for a planet%ry program.

. . - )
2.10.1 GENERAL
The data }eporti.ug system provides quality and discrepancy intormation from the parts
level throligh fielq operations. The following documentation is éustomarily used fo

accumulate and report quality data and information:
¢ .
Ao In‘;spection Record Forms

b. Nonconformance Report Form

¢. Inspection Report Form
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d. Performance Dala éards (Parts)

e.. Performance Data Sheets (Articles)

f., 'Failure Report Form

g. Data Control Sheet/ Nonconformance Report

h. Supplier Performance Data Sheets

i. Supplier Failure Reports

jo  Materials Lab Analysis Reports

Item a is used by all in-house inspection operations. Items b, ¢ and d are used primarily
at Receiving, Receiving Inspection, Parts Laboratory Inspection/ Test, Subassembly
Fabrication and Inspection levels. Items e and f apply for component, subsystem and

system test levels while item g is used in field operations. Items } and Lare required

from subcontractors and suppliers and established by contractual commitment as part:

of the overall control of purchased axticles, Item Jj is used to report physical and
chemicgl analysis results on samples of material, finishes, coatings, etc., required for
a.cceptaince of such items by Receiving or In-Process Inspection.
To aid i.n disseminating concise failure information to all operations, a Failure Summary
Log is éompiled and maintained current. This log groups all failure data for each specific
article tiogether in summarized form arranged chronologically and provides a useful, quick
reference tool for checking failure histories and corrective actlons taken. The log also
references, by number, formal failure analyses E)lerformed which prdvide additional detail

on specific failures.

Corrective action is determined by review and analysis of reported failure information and
also the results of special investigations, evaluation testing, etc., as required to substantiate
such action. Formal failure analysis is required for all performance discrepancies reported
on components, subsystems and systems. All resoui;*cas of the Project Group are used as

needed to determine and accomplish required action. Corrective actions taken are documented

1)
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on formal failure analyses or by notation on discrepancy and failure report documents when
action is ;obvious or formal analysis ig unnecessary, Quality aspects of article gpecifications
and drawings are periodically reviewed on the bagis of all pertinent data reported to identify
changes necessary to assure a quality level consistent with program requirements, All
failure data and information is trangmitted to the Beliability Operation to facilitate evaluation

for trends, Mean Time Between Failures (MTBF)Jgoals, performance variability, compi-
lation of the Failure Summary Log, etc.

2.10.2 DATA REPORTING DOCUMENTATION

The Inspection Record, Nonconformance Report, and Inspection Report provide direct
indicatic;n of design and fabrication deficiencies. Review and analysis of this information by
Quality Assurance determines adequacy of process control, quality trend and indication of
where and when specific quality training and certification or recertification of personnel is
needed. ,The analysis resulis determine required correctivé actions and are preliminary

indications of quality levels.

The Performance Data Cards, Performance Data Sheets, and Failure Reports provide
performal}ce history and records for all articles including type approval test results. Re-
view and a‘nalysis of this information and Inspection Reports Identifies posaible design im~
provement% and indicates which articles have limited or critical life characteristics. In-
formation &n Unified Failure Reports and Inspection Reports is also analyzed to identify
problem areas and determine the need for special investigations or analyses necessary for
solution. Thé Data Control Sheet/Nonconformance Report provides interface with field

experience and supplies feedback information for analysis and initiation of corrective actions

required inhotse,

Subcontractor/Supplier/Vendor Failure Reports, Analyses, and Performance. Data provide
indication of qua‘lﬁty ievels on purchaged articles. Suitable inputs for es_tablishing Sub-
contractor/Supplier/Vendor quality ratings are also derived from this information, When
these inputs show a{eterioration from the acceptable performance level; dfetailed review is
performed to deter;nine the cause and the results submitted to The Subcontractor/Supplier/

Vendor for corrective action.
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2.10.8 ORGANIZATION

Quality and discrepancy da@a ig generated by Subcontrgctors‘/Suppliers[Ven@oz:s ag wall a8
the following orgenization elements:

a Receiving Ingpection

b. . Parts Laboratory (parts screening, special tests, éte. ).
¢. . Processg Control Ingpection

d. Component Test

e. System Accumulation Inspection

f. System Test

g. Biological Contamination Control

" he Field Inspection and Test

2, 10.‘4 ACCUMULATION AND RETRIEVAL

To handle efficiently the volume of quality data necessary for a-fProjecg:_mxu PEUVIUG LUL

rapid -data retrieval, a Configurati—on Information System (CIS) will be'e%ﬁablighed. This
operation will receive input data and information by méans of-the report’ing:documents
referenced in Section 2..10 and transfer it to punched card form. These data cards will be
accumulated and retained by the CIS for use in prOVLdmg rapid processing and retrieval
servmes for all other operations. Ar'tlcle performance proflles can bé, obtamed through this
,retrieval capabﬂity. One valuable feature will be the inclusmn of a uiscrepéncy/fallure
cause code number on all discrepancy or failure data cards. 'Ilhis code xylll‘provide meang fo
retrieval by various breakdowns such ag location, type, fest level, supgflez* manufacturing

error, etc.. Thd services of this pperation will:

4, Support preparation of quality status reborts
b.h Provide data for historical reviews

c.  Aid in evaluating the effectiveness of correctivé’actiong, andi’
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d. Assist in preparation of failure analyses. IExamples of data reporting flow diagrams
aro shown in Flgures 2-5 and 2-6.

2.10,5 DESIGN AND DEVELOPMENT

To provide records necessary for traceability in solution of problems, performance char-
acteristics history and trade-off decisions, all quality data associated with design and develoﬁ—
ment will be recorded in engineering loghbooks. These data will include details of experimental
tests investigations, failure analyses, descriptions of tests, numerical results and conclusiofis,
The development data will not be entered in the CIS, but will be retained by Design Engineering

for reference as required.

2.10,6 QUALITY STATUS REPORTS

The CIS will supply the majority of information required for preparation of periodic quality
status reports by Quality Control. These reports will include current profiles of article
performance, quality goals achieved, results of analyses and corrective action taken. Inter-
pretation, ;recommendations, conclusions and projected action based on this information will

augment the basiec data reported. Coples of the report will be supplied to Program Manage-
) i
ment and NASA.

2.10,7 EI\H]) ITEM REPORTS ‘

The CIS will also provide inputs for thé quality data ﬁaquired in end item reports. Narrative
interpretatit;n and conclusions will accompany these data. Use of the configuration information
system will énhance the timeliness and accuracy of the information submifted in both the
quality status' and end item reports. In addition to the documents referenced in Section 2. 10. 1,

the following data and information documents are generated for configuration control and log
higtory:

a. Break’:of Ingpection Card - Records changes made in articles at in-process level
{ﬁ

b, List of Material (L/M) - Defines system final configuration,
3\ .

c. Break of Inspection Record (BOI) - Identifies system changes in configuration
chronologically and shows serial and part numbers of articles removed and
replacements installed

d. Failure Analyses System) - Identifies troubles and malfunctions encountered and the

corrective action taken
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Retest and incomplete test statue is obtained by review of gystem test data records. Thesk

I
documents provide additional information requixted for preparation of the end item report.

2,10, 8 RECORDS

Inspection results are recorded in numerical form where possible and practical on Ingpection
Record Forms. These are filed by each Inspection Operation to provide traceability and
reference information, if needed for subgequent failure analysis. Evidence of completed
inspect.ion is accomplished by stamping both the Record Forms and the article. Discrepan-
cies are documented by use of the Nonconformance Report, Inspection Report, Unified Failure
Report, or Data Control Sheet, depending on the inspection level. Functional performance
characteristics data for complete articles are recorded on TP Performance Data Sheets
which also provide for recording operating time and identify each characteristic as critical,
majoxr c;r minor, All performance data for critical and major characteristics is recorded

as actual variable measurements where it is possible and practical. Minor characteristic
data aré recorded by either attribute or actual variable me‘asurement. Copies of these data
sheets sfre maintained on file. The original will be transmitted to the CIS, Discrepancies
and fail&res are documented on the Unified Failure Report, Data Control Sheet and/or
Inspection Report Forms. In addition to these detailed records the majority of this infor- -
mation Will be maintained in punched card form by the CIS.

[y

2.11 AUDITS AND CORRECTIVE ACTION

The syste!r‘n of discrepancy and failure reporting through the use of the Nonconformance

Report Cohtamination Violation Report, Inspection Repoﬁ, Unified Failure Report and Data
Control Shéi:et/Nonconformance Re_port {)rovides means for identifying immediate corrective
action direétly on the document. TFailure analysis isjperformed when the cause or corrective
action is nolt obvious and includes a cross—refer;ence to the failure reporting document.
Corrective actions are directed toward elim inati‘on of 1‘:'he initial cause factor(s) to the maximum
extent possik;le, consistent with schedule, cost, ease c;f implementation and degree of cause
isolation achigved. Periodic audit and followup ié performed to verify that corrective actions

1 .
have been implemented and are maintained.
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2.11,1 TRENDS

All data generated at any point requires review and approval before resumption of the materidl
flow. This ‘review includes notation of any major changes in characteristics and permits

early recog.;xition and initiation of corrective action. When the quantity of articles is large
enough to provide sufficient data for meaningful cont)rol charts, these are prepared and main~-
tained by Process Control for parts and subassemblies. Periodic reviews by Reliability of
accumalated data are performed to identify less obvious trends for components, subsystems

and gystems. This trend information is transmitted to Quality Assurance for use in determining
necessary corrective actioh. Problems or potential problems revealed by review of perform-
ance and failure data which require action in areas é)ther than the one where the discrepancy

or variation ig detected, are interfaced with other operations to provide a coordinated action
effort.

2.11,2 FATLURE ANALYSIS

Failure analysis are performed to determine the spéciﬂc cauges of the failure or discrep-
ancy and the required corrective action. ‘Where applicable, special investigations, tests,
teardown evaluation, ete., are conducted to support the analysis. The services of Design
Engineerinf;, Materials and Processes, Parts Laboratory and Subcontractors/Suppliers are
used to asc:‘ertain the best and most economical solution. The failure analysis report includes‘
complete id.entification of the discrepant material and the applicable failure reporting
document. :Also included is a brief description of thefi_failure, summary of all analysis
performed, material disposition, and the corrective zi;ption taken or planned. When analysis
shows that a potential problem may be present in exisfing parts stock or in completed
articles, cor%‘ective action includes a "hold" on the suspect parts stock and recall of com-
pleted article"is. Suitable investigation, ingpection and ‘%_est are then employed t0 determine
disposition of the suspect material., When corrective a?;:%tion Trequires rework of articles
which have préviously completed fabrication and test allﬁ,affected operations are notified of

the rcquiremer{ts in writing.

When required action has an impact on delivery schedules or field use, Project Management
is algo notified so that a satisfactory plan for accomplighment of the action can be formulated

1
consistent with project requirements.
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2.11.'s FAILURE ANALYSIS/REVIEW

A Faiflure Analysis Review Board (FARB)will-be established in the Project Office to review
and evaluate all failure analyses and corrective actions. The purpose of this review.and
evaluhtion ig to assure adequacy of analysis and identify any deficiencies or incomplete ac-
tions, When a formal analysis is required, th%a Board assigng and issues an identifying log
number. The assigned log number is rej.'ferengzed on all documents igsued pertaining to the
failure, thereby providing means for cofrelatjing these documents for subsequent use.
Periodic status reports of analyses are issueé{ which provide a listing of all current analyses
in progress and those which have been completed and reviewed, but held open for corrective

or additional action. The review board will normally consist of one representative fron

each of the following operations:

a. Quality Assurance (Chairman)
Reliability

Design Engirieering

d: Manufacturing

el Standards

f. Materials and Processes

g." Planetary Quarantine

The board meets periodically to review new and supplemental analyses issued and the status
of actic;n items generated at previous meetings. - FARB representatives receive copies of
all analyses issued for individual review before Bﬁoard meetings. This provides time for
detailect} review by the representatives so that re{;iew, conclusions, r;acommendations and

1

action items at board meetings can be efficiently icm‘npleted.
When the throughness of the analysis and corrective actions are adjudged adequate and

complete,’ the board accepts the analysis repért and designates it as "cloged. "' Satisfactory

evidence that corrective actions identified in the report have been implemented or Initiated
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{s required by the board to close the report. Examples of such evidence are documents of
changes in design, process, procedure or test equipment; writien notifications to personne}
and Subcontractors/Vendors/Suppliers; and initiation of orientation/training actions. When
analysges or corrective actions are found deficient or incomplete, the report is held "open, !
pending receipt of supplemental information correcting, clarifying or completing the "open"
items. Board representatives are assigned action iteras to expedite and assure adequate
followup -of "open" items requiring action in their respective operations. A suwminary report
of the minutes and results of board meetings is issued for information purposes to all affecéed
operations and personnel. The board also compiles and maintains current the Failure Summax
Log. This log inchides brief information on results of formal analysis, informal analysis and
corrective actions for all discrepancies. Figure 2-7 shows the interrelationshipé involved

in the operation of the Failure Analy;sis Review Board.

2,11. 4 SUBCONTRACTORS/SUPPLIERS

Failure ciata reporting is established as a coutraci;;ual requirement for all articles purchased
from sub[contractors and su})pliers. Immediate ncgtification of failures is required to permit ~
carliest r!)ossible assessment of any impact on articles previously received. It is alsgo
required :that the immediate notification be confirmed by detailed writteh report. In addition
to the dethiled reports of fallures, detailed failure analyses including information on the
correctivfe action taken or proposed are required. Minimum requirements, specifying the
type of data and information to be submitted, are defined in the procurement documents, an_cf
also inclu:‘:le maximurm time limits for submigsion Jg this information. The data and informa-
tion recei\}ed are reviewed and eﬁvaluated for completeness of analysis and adequacy of corr~
ective actions. The subcontractor or supplier is noﬁfied of any deficiencies and required

to submit sqpplement reports clariflying or correcting the deficiez’lcies noted. For failures
which occur"'on purchascd articles pre{riously received, a Unified Failuré Report and Inspec-
tion Report é‘.;re prepared and the article returned to the vendor for analysis and corrective
action. When necessary, the subcontractor or supplier ls requested to initiate specific
corrective acti‘,_ion measures which have been identified by review and evaluation of :perform-

ance and failure data accumulated after receipt of the purchased article.

]
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2.12 QUALITY ASSURANCE AUDITS
i

2.12,1 }GENERAL ) ‘

The audtit function is geared to advise managemént with current factual data regarding program
compliz;nce and the effectiveness_of quality management systems oh product quality. The dudit
group: \}vili be.comprised of personnel who have general knowledge in program requirements,
managefment gystems, contractor/subcontractorf/veridpr auditing, manufacturing processes‘

and controls, product verification, planetary quarantine, field operations, and quality control/
reliability specifications.

i .
2.12. 2] AUDIT PLAN

“The auditing program will be designed toward and implemented to provide positive assurance

that: ($ee Figure 2-8)

a. , Contracted requirements are being complied with,

b. | The established Quality /Rellability system-is complied with and changed if needed
¢ to satisfy Program requirements.
". ¢, 1 Processes (soldering, welding, potting)are rigidly controlled t:o pr:event defeéts.

d. | Completed articles are manufactured and/or tested to the specified engin'eex_'ing :
{ definitions.

e. _The Contractor, Supplier, and Subcontractor shall be monitored for compliance

to contract requirements..
i

£, iI;?J‘Leld Operations are compliant with the accepted Field Prograimm Plan,

g. Planetary Quarantine is not compromise

Iy Q—A Ly

The aundit{ng program shall, for example, be focuged to _th'é prevention pf :

a. Any misunderstanding of Program requirements that could prove costly to the
program and impair schedule commltments e.g., magnetic requirements, type

approval and proof test model requ1rement§, supplier/subcontractor control
requirements, material review requirements
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Implementing existing quality /reliability procedures which are in any way contzary

b.
- to contract requirements including NASA Specifications NPC 200-2 and NPC 200-3

¢. The degradation of in-process articles that may be caused by manufacturing prdcesses
(paint, soldering, bonding, wiring, etec. ) and rmethods

d. Installing into the end items any arficles which do not agree with the specified
engineering definition or planetary quarantine

e. Correlation omissions by NASA, Supplier, Subcontractor regarding type approval
and proof test model testing

f.  Conducting confidence test hefore the review of the end item logbook and its verifica~
tion to the latest planetary quarantine or engineering definition.

2.12.3 ACCOMPLISHMENT OF AUDIT PLAN

To aécomplish the outlined tasks and their associated examples, schedules shall be estab-
lished and submitted to Quality Assurance management on a continuing basis for review and
approval. Checksheets for each major task will be developed in sufficient detail to provide

a qualitative measurement fc;r management action. The Management Report will accentuate
critical areas that require action. Corrective Action Request will be forwarded to the
manager responsible for nonconformance that occurs within the particular work scope. This
formz:llized system will state the nonconformance, provide recommendations for correction
and specify that corrective measures must be in place within a specified time period. Qual-
ity Asisuranca will participate as a member of a Management Audit and Review Team which

{
will appraise Supplier's, Vendor's, and Subcontractor's progress.
H

2.12, 4¥ CONTAMINATION VIOLATION AND CONTAMINATED REVIEW BOARD

The specific need for a contamination violation audit and reporting procedure is based upon

the reqiirements of planetary quarantine, This procedure, in conjunc.:tion*with the mathematica
contamihation accumulation model information,. is necessary to assure control of the micro-
biologicél cleanliness of the'planetary lander. The functional group to which such reports and
audits are addressed is the Contamination Review Board (CRB). The function of this Board

is somewhat similar to that of a Nonconforming Materials Review Board (NCMRB), except

that it is rlnade up of personnel from Quality A(ssuré{nce, Microbiology, Facilities, Engineering,
and other cognizant groups, ’
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Contam in:ation violations can be and must be reported by anyone observing such occurrenceé.
Although .visual monitoring will be retiuired during all spacecraft assembly and checkout
operations, both with and without aid of a closed circuit TV system (Ref 2-8), this d;)es

not dimiﬁish the responsibility of all personnel engaged in the planetary lander program to
report vi:olations of both spacecraft procedures as well as facility procedures. These
violations shall be channeled through the Quality Assurance representative, who will initiaté
the necessary action with the concurrence of microbioloéists, planetary qua.rant%ne and
facility personnel. The Contamination Review Board (CRB) represents the final disposition
authority for contamination violations and will be convened if disposition of violations cannot

be effected at other levels.

Reference 2-9 describes the functions of a Contamination Review Board as follows:

a. . Review the reported discrepanéy and determine whether a2 contamination problem
exists.

b. r‘Determine the disposition or action to be taken regarding the contaminated facility,
'hardware, or personnel.

c. Assure that effective followup ensures that corrective action is taken to remedy the

‘cause of the contamination.
H

'l
Farther details of the CRB authority and procedurés must be established by the cognizant
project office and the NASA Planetary Quarantine Officer, ‘

!

2.12. 5 MATERIAL REVIEW BOARD
A Material Review Board (MRB) will be establisheq for determining the disposition of non-

conforming materials. Guidelinos of the MRB function are as follows: '
{

When material s first found to depart from spe‘g':ified requireménts, it will be properly
identificd as nonconforming and isolated (rom normal charmels of fabrication and pro~
cessing. Material submitted for material revnew action will be routed to holding areas
mutually acceptable to the Project Group and the= Government representative. Where
removal from normal channels of fabmcahpn is impractical due to the size or configura-
tion, marking or tagging will be accomplished in=a manner to assure positive identifi-
cation as nonconforming.
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ATl nonconforming material will be reviewed by Matermls Review Board personnel, If
the material is obviously unfit for use or is found to be uneconomically repairable, it
may be scrapped in accordance with the project'é Government-approved procedure for

1dent1fymg and disposing of scrap. The project may authorize the return of nonconform-
ing materml for completion of operations, rework to original specifications, or repair

to NASA—approved repair procedures.

Minor nonconforming material will be submitted to the Material Review Board for disposition
and will be disposed of in accordance with the decision of the board., Minor nonconformances

will be summarized on the applicable quality form for delivery with the end item,

1

Major nonconforming material will he authorized for use only if a waiver ig granted by the
contractmg officer. The Materlal Review Board will conduct an investigation and submit

recommendatlons for dispositions to the Confracting Officer.

2.12.6 DETFINITIONS

Applicable SEiefinitions areas follows:

)
a. Nonéonformance - Any departure of a product from specified requirements.

b, Mino% nonconformance - Any nonconformance other than major that does not materi-
ally rdduce the usgability of the produce for its intended purpose, or is a departure
from established standards having no significant bearing on the effective use or
operation of the product or associated ilomas,

¢. Major nonconformance - Any nonconformance that could result in hazardous or
unsafe conditions for individuals using or maintaining the affected product or could
adversely affect reliability, durablhty, performance, mterchangeabxhty, weight,
or the basic demgn intent,

d. Material Review Board - A formal Project-Government board established to deter-
mine the disposition of minor nonconforming material and to recommend the dispos- -
ition of major nénconforming material. The Material Reviey Board is made up of 2
representative of'the Project Group whose primary respons1b111ty is product quality,
a representative of the Project whose primary responmblhty is demgn, and a
Government representative assigned.
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The preject group will provide for the solection, ovaluation, approval, maintenance, and
controli of all inspection standards, gages, and ineasv.;ring and test equipment necessary t.o
determine conformance with specification, drawing, and contract requirements. All measur-
ing equ]ipment will be calibrated at scheduled intervals, when required, against certified stand
ards which have valid, known relationships to the National Bureau of Standards. Records will
be maintained indicating the date of the last calibration and the next due calibration date.

The due date and other identification attesting the due date of the next calibration will be dis-
played on each independent item of equipment. The contractor shall provide the procedures

and means for periodic operational checks to be performed prior to use of .specified measuring

equ iprﬁ ent.
1

2.13 GENERAL GUIDELINES

. .
The guidelines described in this section form the MSFC analysis and checkout philosophy
(Reference 2-2). These concepts have been implemented on many missilq and space programs
and differ here only in emphasis and application. They also must be supplemented by

planetary quarantine requifrement guidelines.

The flow of events shall follow a logical, well- _p]anned sequence that permits adequate anz_a.ly-—

sis of each component and/or system with a minimum of nonessential duplication, and with

the most efficient use of manpower, ecquipment,’and facilities.

The building-block principle of testing shall be utilized. This means that components are
tested i}ndividually belore they are required to perform in subgystems, and subsystems are

tosted individually before they -are required to perform in systems.

Operations shall be integrated io utilize the available time most efficiently and facilities most

effectively. All operations will be accomplished in a logical sequence and the results recoxdec

in‘a format meaningful for future use. Testing shall be planned to accommodate fault isolation

routines without interrupting all other operations.
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Analyais and checkout operations ghould he deve]om:d from concopla baged on thoe most vorga~
tile soloction of nianual and automatic gystems to arrive at the oplimum balance between man
and machine. The end resuit of automation should be equal to or better than the end result

of alternate methods.

Organizations responsible for analysis and checkout shall use trained, skilled personnel who-
throughly understand the specimen and shall perform independently of the design and manu -
facturing elements, They shall establish criteria derived from design specifications and

design objectives and shall be responsible for accepting or rejecting the results.

No analyti;‘:al or checkout opcrations shall be performed, except by use of procedures which
have been submitted to the procuring activity in accordance with contractual documents.
An organized data processing plan shall be developgd and implemented. This plan shall

assure that all required data are processed and delivered to cognizant organizations.

Test operations shall incorporate fail-safe provisions which assure return.to’a safe conditior

in the event of a power failure or other emergency.

{

‘Replacemeht of rework of parts shall require that appropriate analyses and tests be rerun

to verify that the new or reworked part is compatible with anﬁ meets the specified requirements.

Standardiza;cion of equipment, procedures, and techniques shall be accomplished where.it is
practical and where it does not compromisce objectives.

i

: . .
Inspection sltamps that are traccable.to the individual responsible for the analygis will be

used to indicate concurrence. The use of thnse inspection stamps shall be in accordance with

H
contractual documentation.

4
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Parts,: components, or assemblies Intended fo;' flight or for asgsembly in an operational
support systero will not be uged ags test fixtures for testing of other such components. No
part, component, or assembly that undergoes qualification testirig will be used in a fiight or

operational support system:

The detailed test plans for the various gﬂecliout-operations will assure thé efficient application
of resources. Test equipment usgd at the factory test sites sHall have accuracy and ran’ges
comparable to that used at all other fest sitcs:'in order to ensure congistency of test results.
Consideration shall be given to the recasons fc;r analysis or ,checl:kout. The mere ability qf

an item to perform a function is not the criterion for acceptance. Ability to perform its
function when required and in the proper mode is the imp‘orta:nf;. i.tem. Thus, engineering

evaluations of the test results are required.

The contractor shall implement a system to feed back rapidly to suppliers the information

necessary for correction of deficiencies detectgd during any phase of activity.
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SECTION 3
RECEIVING INSPECTION

3.1 INTRODUCTION

This section provides the basic guidelines for the receiving inspection activity and is

based extensively on material from Reference 3-1. Receiving Inspecti(m shall provide
agsurance that all incoming materiuls conform to the guality (including microbiological)’
specifications and requirements stated in the purchase order. Aﬁy special requirements

shall be detailed by the cognizanl engineering and microbiological personnel at the time

of purchase.

In general, the purchased hardware will be supplied to withstand the terminal heat steril-
ization cycle, .but will not be sterile upon receipt, This hardware will be subjected to the
normal aerospace receiving inspection and/or tests: All ‘ha.rdware and supplies received
including microbiological assay materials, raw materials, parts, components, assemblies,
ete. , - will be subjected to inspections and/or tests to assure conformance to the applicable
spcci%ications standards, and drawings. These inspections and tests will range from visual,
dxmensxonal,and functional anzlyses at the suppliers plant {o detailed analyses of chemical
and physmal properties 1equir1ng special laboratory facilities, Any sterile or decontam—

1nated materials or supplies recowed will reqgfiire special ha.ndlmg and the inspection per-

sonnel should have additional training in these areas.

All réceiving inspection documentation, such as test and inspecﬁox:l data, vendor data, fail-
ure reports, nonconformance réports, sterility certif-ica.tions, and corrective-actions shall
be maintained and will become a part of the his:_torica.l’ file on the applicable item'. These

- records shall be maintained for a time peribd -specified .by the particﬁla’r contract,

. n
L

3.2 GENERAL OBJECTIVES

The overall objectives of the receiving inspection activity are to .ensure quality conformance
of all purchased items and Goveinmentdprnished equipment received. By verifying thé
qualit:y and the count of all incoming items and ‘Pnaterial, it can be agcertained that the sup-

plier'%, material complies with the quality fstamiards and requirements as stated in the



procuring document. By eliminaling nonconformi}ng materials from entering the stock

areas, failure costs in subsequent assembly oper:ations can be reduced.

The receiving inspection acitivity shall provi’dq a;well—plamed and documenited quality
inspection, test, and analysis that will determine the condition and count of all components,
parts, ete., on their arrival at the contractor's facility. R eceiving" Inspection will norma.llly
perform visual and dimensional checks and verification of all dr'awing and specification .’

requirements. The extent of the inspection will depend on the contractual requirements.

Normally, receiving inspeetion will not per{orm chemical and physical analyses of raw mat-
erials, radiog‘mphié inspeclions, sterility or contamination analysis, leak tests, or mech-
anical and electrical functional tests. These types of analyses require special skills and

facilities and arc conducted by other organizations for the receiving inspection operation.

The results uf these analyses are returned to receiving inspection and become a part of the

historical file.

3.3 GENERAL REQUIREMENTS

To assure that the objectives of the receiving mspectlon functmn are met, the recewmg
inspection operation will meet, as a minimum, the requirements based on SR- QUAL ~-64-13

(Rc-fer(,n(,e 3-1) or similar documents as excerpted here, with additions Speciflcally intend-
ed for a plo,nctarv Spa.cecr'lft
i
o - .
a, Inspeect and/or test all components, paris, and subassemblies in accordance with

‘the specifications and/or requiremcnts specified in the contract and in accordance
Ewnth the purchase order.

b. lUtilizo approved inspection and/or test procedures, techniques, and equipment for
measuring dimensions, voltages, frequencies, pressures, temperatures, and hard-
‘ness. Employ proper test stimuli, excitation and/or other special requirements.

4
i 3

c. Schedule mechanical and electrical functional test:ing into the appropriate functional
test support area. ‘

d. Determine the visual rejections, dlmensional rejections, electrical malfunctions,
and all ont-af-Hmits verformancea. i
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Take timely corrective action,
Document all receiving inspection results,

Determine and evaluate all procedures, data, and statistics to assure that the
inspection and/or test preparation requirements and objectives have been accom-
plished before stocking materials.

Assure that suppliers qualify and reqﬁalify parts as required by the contract. Rec-
ords will be kept for failure ratio inspection, and a specified number of paris will
be run at a maximum rate condition for a specified time period.

Collect the inspection and/or test data and process it for evaluation of results with
the test data furnished by the suppliers. This data will be used as an input for an
effective supplier rating system and to assist in defect trend information,

Planning and performing inspections and tests on all procured articles will verify thal the

quality requirements of the purchase order have been satisfied either at the source, at the

contractor's plant, or both,

Al

Cl

Inspections performed at the receiving activity will, as a minimum, include veri-
[ication of all drawing and specification characteristics that have not been source-
inspected by the contractor and which can be verified without disassembly of the
article. Particular emphasis will be placed on those characteristics for which
deficiencies may neot be detecied during subsequent inspections and tests. The
quantity and degree of inspection perfdrmed will be consistent with the critical
nature of the article, the information zfvailable from previous inspections and
tests, and the quality history of the article. Statistical sampling techniques may
be used, where applicable, subject to NASA approval.

Inspection and test equipment, drawings, specifications, and instructions shall be
available in the receiving inspection area for reference in performing the necesgsary

" tests and inspections, Where the cost of certain inspection or test equipment pro-
" hibits duplication of the supplier's inspection equipment in the receiving inspection

arca or where the inspection may compromise the sterility, as in the case of sterile
petri dishes, culturc media, etc., the inspection or test operations shall be per-
formed at the supplier's facility.

Procured articles subject to age deterioration or other éegradation will be accom-~
panied by an indication of the data at which the useful life will be expended. All
such articles will be adequatcly protected in subsequent storing and handling oper-

ations. A system for removitl should be established for items that have exceeded
their shelfl life,



¢. Chemical and physical tests necesgsary to'verify material quality will be conducted
on test specimens submitted with purchased articles.

e. Chemical analyses, microbiological assa;ys and physical tests necessary to verify

that raw materials conform to specﬁlca.tlons will be periodically conducted. on
samples randomly selected from the raw’ "materials received.

Physical separation of raw materials and purchased fabricated articles for sterilizable

systems will be maintained, This will provide, 4s a minimum, sepafation of:

a. Materials or articles awaiting inspection and test results
b. Conforming materials or articles

— €, -Rejected materials or articles

3.4 PLANNING AND SCHEDULING

A receiving inspection activity requires detailed. plaﬁning and scheduling in order to accom-
plish cori:mplete and accurate iests and inspections eito meet over-all end-item delivery dates,
Compone\.pm ax)d materials qualily control flow chaérts that designate where inspection and
test stations are required and what is to be accomplished at each station wiil be prepared,
Usiﬁg the flow charts, the time at each station can be stipulated and the time for the entire
cycle estimated. This time-scquenced flow chart enables deteéiions of critical areas so
that proper emphasis can he applied to m*eet major milestones, program schedules, and

ensure th}at end-item delivery dates are met.

The {low chart (Figure 3-1) shown on the next page illustrates equipment hardware flow,
through afreceiving inspection facility, In order to determine end-item delivery dates,

realistic ‘scheduling should he based on the time cycle for each of the areas shown. Tigure

3-1 depic?;s the receiving inspection functions and shows the support funetions for special

tests,
¢

)

Using the ;chart gshown in Figure 3~1, time required at each area can be accurately com-

puted in the receiving inspection activity and an over-all fest and inspection time cycle can .
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be determined. This can then be cerrelated with the over-all cycle requirements and a -

realistic schedule can be establisheci.

Receiving inspection is responsible for ensuring that all special_ized tests are run, including:
those not accomplished by the receiving inspection activity.

5

3.5 RECEIVING INSPECTION EQUIPMENT

Equipment capable of meeting the tesi, inspection, and analyses requirements, shall be:
provided, in accordance with the minimum gquality requirements established by the particular

program

3.6 FACILITIES

Facilities in the receiving ’inépéction area will be adequate to provide fo.r ‘the required inspec-
tions, tests, and analyses. Thé layout of the receiving inspection a,rea-is most important

and should allow for separauon of items according to thelr intended use, within the frame-
work of muchamcal and electrical items, These facﬂltles will be in an area Ia.rge enough

'
to permit‘the smooth flow of equipment through the receiving inspection activity.

A receiving inspection area in support of the fabrication and processing of sterilizable space-

Cri'lft subsysliem should meet the following requirements a8 2 minimum:

;
4

a. Clean room (s) will be provided where requirements dictate the control of temper-
ature contaminants and dew point, This will permit the mspectxon and/or test of
critical items without degradatmn of the item.

bh. La‘lminar flow bioclean work station will be provided where requirements dictate
inspection of decontuminated or sterilg hardware. |

¢. Bdnded arcas will be'provided for control of at least the following items: high’
pe;'formance, costly and-scarce parts, intricate and guarded proc'edures, including
specifications and drawings, and delicate and precision gages., The bonded areas
can be used to separate Gov ernment—ff;rnished equipment from contractor property.
rI‘h‘e bonded area will also be available?fi)r discrepant material storage.

t
d. A receiving dock will be prov1ded that is strategzcally located and able to handle all
1ncom111g materials,
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The electrical,power necessary to ‘perform the inspections and/or tests will be~
monitored, régulated power. '
f
The recewmg inspection area should be enclosed to ensure proper control of mat-
erials and the inspection and/or test cycle. = ! ]
£
The work benches, work areas, unpacking, cleaning, and repacking areas should be

designed and laid out to obtain the hest results pOSSlble for in-and~out flow of 1tems
through the receiving inspection operation, . )

Handling equipmont to meet the requirements of moving hardware about the contrac-
tor's receiving inspection activity.

A prekaging avca in receiving inspection will provide for unpacking a.nd repackaging
of hhrdware before and after inspection and/or test

The packaging area will be able to handle pagkaging such as, but not limited to, the
following:

1, Lumber and plywood boxes

{2, Various wrapping papers

f

3. Moisture and vapor—proof barrier (MIL-B-131C)
4. Cellulose packaging material

Polystyrene cushion material

[}

6. Packing malcrials suitable for ETO decentamination
7. Corrugated containers

8, Desiccant materials

3.7 DATA AND REPORT REQUIREMENTS

Data and report requirements in the receiving inspection activity will be concerned with the

designated procedures for the collection, recording, coding, storage, and dissemination of

measuremant data, the reports necessary fo document satisfactory or unsatisfactory con-
4

ditions that may exist, and the gorrective action to be requested and input to the Data
) f

System, The data and report rr'equit'aements serve to support the documentation require-~
4

ments contained in NASA Quality P].fblication NPC 200-2 (Reference 3-2).
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The contractor shall maintain records of inspections and/or test data performed throughout
the entire receiving inspéction activity. These records will provide evidence that the required
tests and inspections have been performed (on parts, compcgz’lents, subassemblies, ete.), and:
shall show identification, inspection and/or tesis involved,, inumbe):- of conforming articles,
numher rejected, number of defects, and basic cause for rejection.

i.
This data will be suitable in format, accuracy, completencss, and detail o permit analysis
and easy retrieva‘i. This data will cover both conforming and rejected items, When data o3
information are ‘;'cquired to be recorded, the film, tape, or chEI: media will be identified
with the characterisiic measured and any other necessary multiplying factors. When defec-
time or nonco;ﬁorming articles are involved, the records will include the results of analysi.

and correctiye action taken.

Narrative gﬁémments, recommendations, tabulatidns, or pertinent réceiving inspection data
and a summary of corrective actions will be compiled into a monthly Quality Status Report

which shdil be submitted to the procuring activity.

J. 7.1 _'i‘EST DATA

Test crlélta will be furnished in accordance with NASA Quality Publication NPC 200-2 and other
appliéablc standards. This data will include all the t:l:'ouble, failure, and other measurement
data associated with receiving inspection of components, units, etc. All test data éhall be
exa"}nined, analyzed, and documented so that troubles uncovered in receiving inspection may

be brought to the attention of the cognizant quality and design engineering organizations,
Typical test data reports should indicate, as a minimum, the following;

a.  Indicators of design deficiencies
b, Correclive and preventive action information to various elements of the contractor's
organization .

c. Significant quality trends
d. Complete test history on all articles received

e. Subcontractor quality ratings and feedback information for design improvement

3-§



3.7.2 'INSPECTION DATA

Troub{e, failure, and quality data on every p:art and component shall be completely and
accurately collected, processed, and disseminéted for analysis fo all pertinent areas within
the confractor's organization and to the concerﬁed suppliers. The data required will include

that specified in thig section and in Section 2; 10,
¢

4

An inspection report or other form will be prepared for all items processed by the receiving
inspection activity. A copy of the report will be attached to all defective items and will ‘

f
remain with the item until the defect is corrected or the rework; if necessary, is scheduled

and accomplished.

Copie}s of the report will be distributed to the cognizant areas to be used in scheduling rework,

preparing failure reports, accumulating reliability data, updating components lists, ete.

The 1‘§port information will be compiled, computerized, and disseminated to cognizant

1
personnel within the organization on a required, as requested, or regular basis.

3.8 RECEIVING INSPECTION OPERATIONS

The receiving inspection operations normally performed in support of the manufacture and
checkolit of an assembled stage are described herein., The cbjectives and requirements of
each oﬁeration are included. All of the operations are not performed on every part or com-
ponent butl they are applied as deemed appropriate, Because of the magnitude of materials,
parts, cf:omponents, etc., which pass through receiving inspection, 113 is impractical to
attempt‘ito describe all of the tests which are performed as a part of receiving inspection;

however, the objeciives required of the main categories of inspections are provided.
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3.8, L IDENTIFICATION

F
3.8.1.1 Objectives

The objéctive of the identification task is to control:the identities of all components, hard-

ware, and materials which are received by Receiving Inspection,

‘.

3.8.1.2 Requirements

The contr?;ictor shall establish and maintain an inspection stamp control system that will

include, but not be limited to, the following:

All receipts at the conlractor's plant will be elearly identified, and this iden-

tity will be mainilained throughoul the receiving activity cylcle in order that items
procured under NASA contract may be readily recognized. This requirement does
not cover commercial or off-the-sghell material common to other projects, unless
specified by contracli. Raw materials will be identified at the receiving activity,
and this identification will be maintained either on the fabricated article or on
records traceable to the fabricated articles. All purchised articles released from
the contractor's receiving inspection will be clearly identified to indicate conform-
ance or rejection.

Stamps, decals, etc., will be designated to identify that the articles have under-
'gone rece iving inspection and/or tests. !A rticles that have been rejected or are
‘being held for MRB*action need not be stamped, but the reject or withhold stamp
will be applied to the hold tag or other documentation as appropriate.

Each stamp will be {raceable to the individual responsible for its use, and records
fwill be maintained to identify individuals with specific inspection or test stamps.
1

Stamps indicating that inspections have been performed will be applied directly to
conforming articles, uniess this is impraciical because of physical limitations of
the article. In this case, stampsg should be applied to tags, cards, labels, ete.,
attached to individual articles as practical.

Stamp designs will not resemble Government Inspection Stamps. Ink should not
be biclogically nutr itive

3.8.2 VISUAL ANALYSES

3.8.2.1 -Objectives

The objective of the visual analysis task is to assure that all incoming hardwarc and mater-

1 .
ials arrive with no physical damage and that each item is properly identified and packaged.

*Materinls Review Boarxd
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3.8.2.2 Reguirements

To ac‘complish these objectives, the receiving:inspection activity will visually inspect, but

will nbt be restricted to, the following items:

a. Shipping containers for transit or handling damage
b, Ilardware or materials for improper handling or packaging

c. Hardware or materials for proper workmanship, nicks, scratches, cracks, dents,
N tool marks, discoloration, or any other defects that may render fthe items unsuit-
able for the intended use )

d. Proper documentation and paper work as required

k

The activity will document any discrepancies on the report prescribed in Section 3, 7.2,

"Inspection Data." Procedures will be established for handling material which has been

damaged.
Each bart and its shipping conlainer will be visually inspected and identified in an estab-
1ished'1; and uniform method of ingpection,

'i +

3.,8.3 DIMENSIONAL ANALYSES

3.8.3.1 Objectives

The objectives of dimensional analysis are to assure that the dirnensions on 21l incoming

hardware and materials match the dimensions on the; drawings which were specified by the

purchasie order,

i
3.8. 3,2 Requirements

Detailed receiving inspection planning will be accomplished in order to point out the critical

areas ol any items to be inspected. ‘

1

i
The format to be used for dimensional analysis will point out the dimension to be measured
1

and the telerance allowed. the drawing, and locatiogn and the type of measuring equipment to
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be used, Purchuse order requiremonts, catalogs, drawings, and spcéii’icutions will be
rescarchec:l to determine the dimensions to be inspected. .

i . '
All critical dimensions will be inspected to the listed dimensions on the inspection instruc- .
tions. These dimensions will not be construed as the only dimensions to be checked, -‘The
remaining drawing reguirements will be checked on a frequency basis which is sufficient {o

assure that the parts comply with the specifications and drawing réquirements.
i

4

3.8.4 NONDESTRUCTIVE TESTING
3.8.4.1 {Objectives
The objectives of nondestructive Lestling are to obtain quality- verificz}tion when other inspec-

tion is impractical or inadequate,

3. 8.4, 2- Requirements

In oxder to accomplish these objectives, at least the following methods, ‘when necessary,

will be u.&éed:

i
a. X-ray

b. . I\Ef[icroscope

¢. Fluoroscope

d. Pressure

ey L;zak

f,  Magnetic particle
s

g. ZXyglo

\
h. Ultrasonic

i. Milcrobiologica.l assay
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When these or similar inspection methods are.necessary, sampling plans can be used if
¥

they are in accordance with Program Requireménts, 5 )

These tests can be accomplished within the contractor's facilities or in any approved sub-

1

contractor laboratory.

Proper documentation of these tests will be maintained by the contractor and will be made

available to the cognizant NASA representative,
3.8.5 PHYSICAL OR CHEMICAL PROPERTIES ANALYSIS

3.8.5.1 Objectives
The objectives of the physical or chemical properties analysis are to verify that the mater-

ials have the properties specified by the procurement document,

3. 8. 5.f2 Requirements

Chemical and vhysical testing will be used when necessary to verify quantitative, qub.litative:,
and/or physical properties of the material or article. When the nature of the material or
a,rticle.does not lend itself easily to assuring the receiving inspection activity that the com-
plete q@ality requirements are ‘met, cilemical and physical tests as necessary will be used

to verif:v quality requirements, Test specimens may be required with purchased articles

for test‘s.

i

L
3. 8.6 STERILITY AN CONTAMINATION ANALYSES

3.8, 6.1 Objectives
The objective of the sterility and contamination ilﬁ&lyses is to verify that the materials and

supplies conform to the specifications, standards, and other sterility requirements.

3. 8. 6.2 Requirements

Contamination and sterility-verifications will be used when required to verify the biclogical
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load of received materials and supplies. Sterile hardware and. supplies do not really lend
themselves to normal receiving inspection because any break into the protective package
increascs the probabilily of recontamination. Thus, sterility will normally be verified
through vendor certifications, vendor surveillance, and controlled sa-mples. The micro-
biologist will process controlled éamples with bioa;ssa.ys to verify sterility of the biologiéai
test supplies such as agar, petri' dishes, ete. and any contamination; i.e., nonconformance

will be reported to receiving inspection al the time of such inspection.

3. 8.7 DESTRUCTIVE TESTING

3. 8. 7.1 Objectives

The objectives of destructive testing are to determine that (1) the design limits and perfor-
mance parameters have been met by testing a representative sample to destruction, (2) saf-
ety requirements have been met by testing a representative sample to destruction, and (3}

the point of ifailure compares reasonably with the predicted value. In some cases, the object-

ives of dest‘fuctive testing may be the investigation of failures, unsatisfactory conditions,

and/or problem areas.

]
3.8, 7.2 Requirements

1
Qualifative and quantitative data selected from destructive testing shall be made available

upon request to the procuring activity, Destructive tests include, but are noi Iimited to,

the following:

a, Tehsion testing

1)
b, Compression testing
c. Flexural testing
d, Transverse beading tesling

L]
4

¢, Dend lesting
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f, , Direct-shear testing

!
g. Torsion testing

h. Notched-bar impact testing
i, Hardness testing

j«  Fatigue testing

k., Wear (abrasion) resistance

1. Pulverizing (check for buried microorganism)

3.8.8 ELECTRICAL PARTS ANALYSES

3. 8. 8.1 Objectives
The objectives of the electrical parts analyses are to assure that all electrical parts have
acceptable electrical characteristics and that they will perform the function for which they

. T
are intended.

3, 8. 8.2 Requiremenis

In order to meet these objectives, the following requirements will be met:

a. = All electrical parameters will he tested.

] . -
b. : Other design characteristies will be checked.

¢. tAll functional requirements will be tested,

3.8.9 MECHANICAL PARTS ANALYSES

3. 8. 9.1 Objectives

The objectives of the mechanical parts annlyses are to assure that all parts will perform the

functions which have been specified.
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3. 8. 9.2 Requiremenls

All mechansical parts will be inspected visually and measurements and tests will ‘pe con-
ducted as required to assure satisfactory quality. These measurements and tests may include
a combination of inspection, nondestructive testing, destructive testing or electrical testing-

and will be conducted in accordance with procedures.

All mechanical parts will be tested at the contractor's plant. The contractor's receiving
inspection function will verify that the specifications called for are met and the item can
perform in the area of its intended use.

+

3.8.10 CONTROL OT DOCUMENTATION

3.8.10.1 Objectives

The objectives of documentalion control are to ensure that all prerequisite documentation

meets the requirements of a control system.

P
¥
.

3.8.10.2 ;Requirements

The requlrements of thls system w1ll be prov1ded by the contractor to ensure control of all
documents affectmg the quahtv pr ogram and 1ncorporat10n of changes throughout the receiving
inspection activity. These documents include quahty control procedures, specifications,
procurement documents, engineering notices, and any similar documents, These documents
will be disi':ributed to the proper points and at the proper times in order that all test and
inspection will be accomplished in accordance with the latest applicable documents.. The
system will also provide (1) for the prompt removal of all obsolete documentation from
operating dreas and (2) that quality personnel review all changes to determine their effect

upon the qxialit_y of the [abricated articles and their effé_ct on gquality plan for the receiving

activity.
The contractor will clearly define the effectivity point of all changes, except those which
affect only i1:)1*(-:5(31‘1tation of information on a document and do not affect materials, fabrication,

or performance. The confractor will assure that changes are accomplished on the affected
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articles at an appropriate point, and that the chimged articles are appropriately marked dr
identificd and applicable documents are revised;accordingly. Provisions will be made

!
for adequate and timely inspection and test of all changed articles,

3.9 REFERENCES

3-1 '"Space Vehicle Stage Analysis and Checkout Guidelines, "' NASA, George C. Marshall
Space I'light Center Publication SR-QUAL-64~13, May 1964,

3-2 "Quality Program Provisions for Spacec System Contractors, ' NASA Quality Public-
ation NPC 200-2. Aoril 1962.
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SECTION 4 _
ASSEMBLY AND CHECKOUT

4.1 INTRODUCTION

This section covers the quality assurance philosophy and requirements for the assembly and
checkout of a spacecraft to be sterilized by heating. The basic philosophy followed in these
proccdures is (1) piece parts will be fabricated by conventlonal {(nonbioclean) methods;

(2) piece parts will be deconiaminated or sterilized before their use in higher subasscmblies;
(3) the,sc subassemblies will he fabricated using special procedures usually not requiring
clean room asscembly; (1) major assemblics will be fabricated in clean rooms if the complexity
warrants the control; and linally (5) spacceraft will be assembled in a bioclean room. The
pyramidal or building block philosophy Lo testing and checkout will be utilized; i. e., each
level ol assembly will be checked through a sories- of rigorous and corﬂprehensive tests
before being assembled into the next higher assembly. z-‘it several points in the test and
check;)ut phases and hefore assembly into the next high assembly, the hardware will be
biolog:,ically assayed:and the results compared to those predicted by the biological burden
ac'cuniulation math model. If those predicted levels are exceeded, then the bardware will

be decontammated and/or other disposition will be made by the Contamination Rev1ew Board
(CRB, *sce Sc,ctlon 2.12).

|
In lmclj)ing wilh the basic philosophy of this M:{nﬁal, normal aerospace procedures will not
he disci:ussed excepl where necessary for clarification. The basic phiiosophy of fabrication
annlysis requires analyses of new matcrials, surveillancg and control of manufacturing
procesfses and environments, and an inspection of hardware. .This philoéophy is unchanged ,
{for fab‘rication of a Spacecraftvto be sterilized b;;r heating. -Thig fabrication analysis consist§
of thorzaugh inspection of the completed part or item, a close monitoring of the fabrication
operati;m, a check of the materials used, an analysis of the required environmental condi- ;
tions, and, in some instances, production ’samples and-subsequent destructive testing of
these Samples° Subassembly, -assembly 'md end item. checkout can be accomplished in an

expedlent manner only il the fabrication and .153001ated testing has been properly .performed.
i
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Because of the complexily and expense of large spaceerafl, a thorough checkout of all
components and subassemblies must be performed before incorporation into the spacecrait.
This production testing is necessary to ensure that adequa.te manufacturing procédures were
utilized to produce an acceptable component or subassembly, and that no degradatlon has
occurred. This also minimizes cosiland test. time requlred on the assembled spacecraft

by assuring that the subassemblies have been correctly ‘manufactured and assembled. It
permits test and analysis to be perforr;med which éannot be performed at the next higher
assembly. Thus, the checkout of the assembled spacecraft can proceed without being com-

plicated or delayed by problems which could have been solved more expeditiously at the
subassembly level,

The type of assembly facilily, the clean room stiutus of major test facilities, and the need
for such facilities will be determined by the projeect managemént and the NASA Planetary
Guaranline Officer al the time such aclivities arc b;anned. Presently, it appears that major

. . . LA N i
systems tests can be performed in conventional facilities with personnel controls and con-
A "

trolled handling and packaging. This implies that, ‘whenever possible, systems tests are
performed in clean rodmé, bui that conventional fa.c_:iliti'es can also be used. Personnel
controls ne\cessary forsuch activity include the prohibition of bare-hand contacts, reduction
of number of people in contact with spacecrafi:, and similar safeguarés. Controlled packag-
mg includes complete coverage of ‘spacecraft wilh plastic sheets hefore leaving clean room
and removal of this cover only as required by test. Complete removal requires proper

handling of f)‘mstio cover if rouse is contemplated (Rel. 1-6).

+

4.2 GENERAL OBRJECTIVES

The guidelines conlained in Lhis seclion are ?ntended to aid in achieving the reoiuired reli-
ability of the gpacceraft systems. In order to avoid excessively long sterilization periods
which may adversely affect the rcliabilily of the space vehicle, it is nec'essary'to perform
assembly and test ol the spacecraft in 2 mammer which will result in é. low biological popu-
lation before tgrminal sterilization. This reguirement 'fundamentally affects all ma;.nufacturing,
assembly, and test operations, thus affecting associated quality assurance requirements.

Figure 4-1 shows a typical flow plan as used by JPL (Rei?"erence 4-7),

The basic objeetive of this seclion is to provide guidelines to the additional quality assurance
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i
activity required for the assembly and test of a spa',cecraft to be sterilized by heating. It
is assumed that the guality requirements of NPC- 200 2 (Reference 4-2), SR-QUAL -64-13
(Reference 4-3) or equivalent are apphcab]e but need to be supplemented by the material

contamed; in this Manual.

The guiding consideration in developing quality assurance procedures for the manufacture
and assembly of sterilizable spacecraft is {o introduce bioclean procedures as late .in the
assembly {low as possible, consistenl with keeping the biological population at a sufficiently

low level, The advantages of these guidelines are:

a. Maximum use of conventional aerospace procedures

b. TReduction in the number of people and organizations that must employ bioclean
procedurces

¢, Shortening of the time span during which the biocleanliness of parts must be protected
d. Reduction in the number of tests to be performed on bioclean hardware

]

e, Reduction in cost

4.3 GUIDELINES

The general guidelines cox‘ltained‘in this Section are intended to supplement those presented
in nonbiologically controlled assembly and checkout procedures such as SR -QUAL~64-13
(Referenced-3), Whenever specilic guidelines are not provided, the philosophy of approach
expressed i‘p Sections 1, 2, and 6 ;)f this Mamal shall be deemed sufficient for guidance
unless speeific NASA policies and procedurcs cxist.

i .
The mlcrnhiglop;ic:t] procedurces of Relerence 4-4 and standard’operating procedures covercd
in R cfcrcncclfl-ﬁ as well as in Scetion 6 of this Manual shall be considered guidelines, When

5
a specilie program is esiablished, detailed procedures, samples of which are shown in
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Section 6, must be established and controlled, The functional reliability and microbioloéical
control must be analyze’f:‘l continually to achieve a suitable balance of acceptable quality pr'o-
cedures in the asseml)a‘iy and checkout of hardware,
/ . .

Consideration shall be given to the reasons for assembly analyéis. The mere ability of an
item to perform a function is not the criterion for acceptance‘f' Ability to perform its func-
iion when r(,qulred and in the proper mode is the 1mp0rta11t 1tem. Thus, engineering eval-
uatlons of the tést results are required in c.on3unct1on with blologlcal contamination confrol,

: !
Visual moni?’oring of activities shall be conducted as described in Section 2,12, 4 utilizing
inspectors and closed circuit television. When a queséion of a confamination violation

occurs, the following procedures apply:

a. ' All test data obtained during assembly analysis and checkout must be recorded and

adequatce records of this data must be maintained. Data obtained shall be used fo

¢ form a testing history of each assembly. Data processing will be organized to the
maximum extent to cnsure that the data is available and utilized in the preparation
of required reports,

. b, Vendor data will not be accepted in Iieu of testing.

c. Components utilized in major assemblies must be accompanied by their docurhen-
tation and certification.

d. Tesling shall be performed with adequate lead time to allow for microbiolog’lical
assay completion.

e. A complete log of all events and defects or violations must be maintained to assure
an adequate inpul to the data bank. This is in addition to a. above.

f. The procedures and limitations of clean room facilities must be observed and con-
sidered In any assembly and test plans,

g. The accessibility of ma.joj:': assemblics before, during and after test for the purpose
ol microbiological :1ssay§ shall be reviewed with the microbiology team before
start of 2 major assembly or tesi.

h. Whenever the Spacéc,raft/lander or any of its subsystems are not actively worked
upon, it is desirable to cpver the surfaces with elean (sterile) polyethylene or sim-
ilar films to prevent faIIout accumulation, personnel contact and other sources of
contamination. 3
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1. When work is being performed on the spaceeraft, those portions which are not
rdquired for access shall be covered with clean (sterile) films {0 prevent con~
tomination.

f

i P'iersonnel procedures must be observed. They are discussed in Section 4. 6.

!
4.4 RECOMMENDED PROCEDURES

The mainienance of ,Rarticulate and biological cldanliness at the system level depends on
the propo.;r cleaning and packaging of the component and subsystems. As the assembly pro-
ceeds, the degree of cleanliness can degrade bedause of processes a.ng handling. In corder
to eliminate or at least reduce the microhial burden huildup; detailed procedures, bio~
assay momtm ing and contamination preventing safeguards are required. The types of
subsystcms and components likely to create the most difficult problems are those used

- for the storage, transmission and utilization of gases and liquids,- electromechanical-
equipment, and certain electrical or mechanical subsystems.

4.4, 1 PI%IEUMATIC AND I-IYDI::{AULIC SYSTEMS

The end tiso of this pnecumatic or hydraulic hardwa re hecessilates a higher, order of parti-
culate clo wliness than many other types of h'trdware thus the additional requirements
imposed by sterilizalion can he minimal, dc,p(,nchn;, on the fluids, method of charging of -
a system <md inscretion prior to or afler terminal sterilization, \System clecaning is gencr-—
aliy limildd o gas purging with nitrogen because organic solvents attack the O-ring '
lubricantsi Because nitrogen purging, by itsclf, is not very cflective in 1'edu’cing the hio-
Togical loa;l, conlamination of assembied system rr'mst he avoided. . Hot, dry nitrogen
purge combined wﬁh vibratic;n has been found {o reduce significantly the amount of conta-

mination atd should be used il required..

t

j . .

Typical hardware for the containment and control of gases and {luids includes tubing,
fittings, valves, regulators, nozzles, lanks, and filters. With-the exception of the tubing,
ianks, and h:LLing‘s, these components are normally cleaned, asseﬁnbled, tested, and pack-

aged in a conlrolled environment.



The har;clling: of fluids and fluid subsysiems for 4 spaceccraft to be sterilized by heating is}
an arez; in which considerable developmental work is required. For example, the insertion
of sterjle fluids into a previously sterilized system without introducing viable organisms
still isia problem area. The use of fluid filtration devices without risking back-contamina-
tion as well as the choice of a suitable filtration method itself also need further work.

Thesc items must be considerad by a potential planetary lander contractor.

In ovder to show a bascline requirement the following is provided, In the conduct of
operalions the work station, [ixturcs, eie., should be decontaminated hy wiping with a
disinfectant., Using decontaminated fluids for test will also aid in mainlaining a low bio-
logical load. 'Fhe following hydraulic system checkout and analysis procedure (Sections

5.10. 2 through 5, 10, 2, 2 from SR QUAL-64-13, Reference 4-3) shows an example of
the "normal" requirements.

"5.10.2 HYDRAULIC SYSTEM
Hydraulic system testing medium and all components required to contain pressures will
bescompletely checked. Cleanliness level of the testing medium must be controlled o
avoid contamination of components to be tested with the medium. Monitoring of com~-
ponents contamination will also be conducted. All components (and their mating surfaces)
must be leak and functionally checked o assure their capability to fulfill their test and
mission requirements.

1
"5.10.2.1 Fluid Analysis

15, 10.2. 1. 1 Obhjectives

The'purpose of these tosts is to determine for control, the level of particle conlamin-
ation in clean room atmospheres, compressed gases, and hydraulic fluids utilized for
tcstmg purposed in hydraulic subassemblies. Particle contamination in these fluids
can ca.use contamination in components tested and subsequent failure of the components
or, system to function properly.

"5.10.2.1,.2 Requiremenis
The following requirements will be met:
1}
a. A hlank sample count of contamination will be conducted on test equipment and test
meclia before any tests are conducted.

b, Test equipment will be cle&ned using flowing flltered solvent after each test is
completed

C. ClCﬂIi room environment must be sampled in the vieinity of the test equipment twice
daily. Results must be recorded and plotted ‘foir comparison.
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h,

k.

m.

O.

Clean room e_nvbronment conlamination level limits will be defined spocified by the
procuring activity. ’

All test cquipment must be cleaned, assembled, and disassembled in the clean roomi
All test equipment will be properly protected and stored in the clean room when not
in use. '

Sample connection points will be purged for a duration and rate applicable to the
hardware being checked.

ATl particle counting will he 100 porcent or absolute. Counts can result in mis-
lecading and incorrect pariicle tabulations and must not be used.

Compressed gas contamination level limits must be established and will not exceed
the limits esiablished by the procuring activity.

Results that indicate grossly contaminated systems and components will require
disassembly and cleaning.

Hydraulic fluid and hydraulic components will be contamination tested for particles
in ranges established by the procuring activity and compatible with system design
requirements. Hydraulic fluid will be filtered in accordance with approved methods
until a satisfactory cleanliness level is obtas.ined.

! i ..
A blank analysis will be conduected on all h;drauIic fluid contamination test equip-
ment before any tests are conducted.  This will determine the amount of contamin-
:Ltiion being inireduced by the lesl cquipment.

Fluid to be tested will be obtained from reservoirs only after sufficient fluid has
[Towed through the outlet 1o insure that the fluid has not been contaminated by the
reservoir outlet. '

Fh}id must be agitated thoroughly before a test to insure that all solid particles are
in suspension, '

If gross contaminations are encountered during hydrauli_c fluid tests; statistical
methods may be utilized to determine contamination level.

H -
Phetographs may be employed to illustrate and emphasize certain samples when a
permanent record is desired, -

Ilyc,‘lraulic [tuid contamination level specification must be established and must not
excecd The limits established by the procuring activity.



"5..10. 2. 2 Functionnl "Teat
§
5.10.2.2.1 Objective

’I‘hc purpose of these tests is to functionally check all components of the hydraulic sybtem
thai must function under contained hydraulic pressures. These ate testetl both for
fur;ctional capability and cleanliness.-

"5:._ 10.2.2.2 Requirements
The following requirements will be met:

a. All components will be inspected for protective coverings, certification of previous
. proof pressure test, and cleanliness.

b. Component fittings and {lares will bd inspected before and after testing to determme
any damage which may have occurred during testing.

c. All filter elements will be inspected for deformation or other unacceptable qual-
ilies. Unacceptable elemenis shall be replaced.

d. Components will be leak checked and observed for deformation. 0Oil will be the
working medium and test will be performed at working pressure. Adequate safety
equipment and practices will be employed to protect against hazards associated with

testing components under high pressurc, All valves must be tested to determine
cracking and seating pressure.

e, The possibility of internal leakage of all system valve seats, "O" rings, ete.,
must be checked,

f.  Pumps will be checked for contamination, operating pressure, flow, rate, and I
}  leakage.

g. llydraulic package :13501;:1151105 will he fﬁnctionally checked. Contamination, switch
operation, reliefl valve operation, and pump operation will be monitored..

hi A leak check of all conneclions and ma,tmg surf'tces in the hydraulic system will
be conducted.

i.: ‘A clearance check will be made around the éngine while moving the engfne‘ to see
¢ that no obstructions prevent’its full travel.

j. A step response test to check the rate of travel of the actuator system will be
conducted, :

k. . A position linearity check of the command signal versus the actuator posﬁ.mn is
© required. "



a2 ELIG C]‘R()MTF{ HANICAL BQUIPMENT
Electromec,hanicul hardware like motors, gyroscopes, lape recorders ingtruments and
antennas u.m normally be assembled and tested using standard practiccs; however, wilh
additional control of personnel and handling facilitics. In the case of bearings, lubricants
provide an excellent gite for bacterial growth, there?fore, decontamination and sealed’
packaging are extremely important for such deviceé. Frequent bivagsays and contamination

data analysis are required.

4.4.3 ELECTRICAL SYSTEMS

Electrical ‘components and subsystems such as printed circuits, modules, black boxes,
relays, harnesses, cie., can generally be assembled and tested using standard aerospace
practices with additonal cleaning and handling controls required in some cases. Electronic
modules were found 1o be al salisfactory contamination levels by the additon of a disinfectant
like pheno] in rinse solution used in standard process. After fabrication and bench test, the
modulés should 'be stored in sealed packaging and handled with gloved hands, Also, the test

equipment which comes in contact with the module should be disinfected before use. (Ref 4-1)

E“tectromc{black boxes should be assembled at clean work stations, using decontaminated
parts and gloves. After assembly, the black boxes should be stored and tested in sealed
protective ‘packaging whenever possible. Most tests can be performed with the electronic
blaclk box m the protective packaging if the package design is such that all interfaces are

accessiblé." All mating and demating of the connecting harnesses should be performed

through prc}tecﬁvc conncetors (extension) which can he removed leaving: the hardware con-
nccii on c¢lean, Vibration aﬁd acceleration testing, cte., can also be performed with the
packaging intact, Other tests like thermal vacuum and acoustic noise may require the
removal of the protective covcr%ng‘. When this _is the case, the hardware should be pro-
tocted by 411 personnel wearing protective clothing, gloves, face masks, ele. Standard
biéassay rc:c:luirements apply. ‘

4.4.4 MECHANICAL SYSTEMS

The mechanical systems like the structure, honeycomb and pyrotechnic devices can be fab-
ricated usmg normal practices and decontaminated. by heat sterlllzatmn before.use. Para-
chutes, on the other hand, must be fabricaled using special handhng and materials, Thus
all handling O{ parachutes shall require additional controls‘and the test of the actual flight
unit must be ciurtailed to preveunt contamination,
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'I‘hermn;i systems such as thermal insulation, thérmal coalings and heat shields require no
gpecial ‘consideration. N grmal fabrication techniques with subsequent decontamination will
reduce ':’:he _biological burden to satisfactory levels. Active thermal control systems
require more stringent procedures Most testing and ana1y51s on these types of ma-

terials is normally performed using test samples and will have no effect on- the con-

tamination level of the finished product.

4.4,5 ;FINAL ASSEMBLY

Final zi;ssembl_y of heat sterlizable spac@erafl currently requires a Class 100 clean roomi
Recentl experience has indicated thal comparable low conlamination levels can be achieved
in a less cvitical environment.  All subassemblies will be decontaminated before

being brought into the clean room. Quality aSSJrance must obtain the microbiological
spore strips from the doconfaminatcd hardwarc and sumit them for analysis. No
hardware can be installed on the vehicle untll ‘the biological load of that hardware is
known a:nd the results are compat:ble w1th those necessary at that point based on the
ma.thematmal model. Bioassays will also be taken at the interfaces at the time of
insta.lla%tion. All functional and other tests which can be performed in this clean room
should be performed there. Tests requiring special facilities like vibration, thermal
\racuun{, ete., will re;:fuire that the spacecraft be transported to these test facilities.

The spa{cccraft shall be packaged in a plastic covering and placed in a handling container
before émnoval from the clean room. T}Ec plastic covering should remain intact when-
cver poésiblo. In some esl condilions it is necessary to remove this covering. When-
ever Lhéf covering is removed, the environmi;nt around the -spacecralt must be at least
access— cuntn olled. A corvdon shall be c,stabhshed around the spacecraft and the arca
identif wd as "off limits" 1o unauthorized personncl, The covering should be rein-

} .
stalled as soon as possible after the completion of the test activity. (Ref. 4-13)

Additional checkout and analysis will be ?equired when the spacecraft is mated to the

H

canister, This will be discussed in Section 5.
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1.4.6 DOCUMENTATION
Records of all inspections, bicassays and test pgerforrned throughout the entire Eabrication
assembly and checkout process shall be maintaiiled. The records of the inspections
and tests performed will provide evidence that the required tost, inspeections and
analyses have been performed. The records of the bioassay data and analyse$ will be
entercd into the data system and can be used to predict the total number of microor-
ganism]s on the spacecraft before terminal sterilization.
4
When 4 component or subsysicm is received for testing, it must he accompanied by a
vocorq (travel card) showing the part number, serial number, nomenclature, man-
ulacturer and status. This record shall have a stamp affixed to show that the component
or subystem has passed all preceding inspections and the present contamination level,
Also accompanying the component or subsystem should be the test data from any previous
testing'i and any calibration curves.
X
If the hardwarc has previously been decontaminated, then the integrity of the packaging
shall bza checked before the unit is removed for assembly or test. Before assembly,
biologint:al assay samples (swabs) will be taken from the interface of mating surfaces.
¢
After th“c tesling is performed, the test data must be gathered and evaluated and the
test resulis and dispostion reported to all interested parties. 1If the component or
sui;systei.m is rejeeted or contaminated, a nonconfprmance report - must be genexated,
After Lho“discmpnncy has heen determined and rvesolve, a report of this aci:ivity muét
accompanl.y the wnit back into the system.
1
Failure an‘fqusis will be conducted and a report issued on the component which [ail
to meet a crilical specification including contamination or when the test data indicates
faulty desigijn, This report will include an evaluation of the failure and recommended

corrective actions required to avoid further failures of this nature.
y L
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Such data should be compalible with the requircments of an integrated data storeage
and retrieveal plan (data bank). The integrated data storage and retrieval plan will

support the analytical functions associated with the evaluation of the test and biological
data.

4.5 TACILITIES

The'facilities will be dcéigned to fulfill the requirements of the test, inspection and
analysis program. Special {acilitels arc required for the manufacture and assembly
of bioclean spacecraft (References 4-8, 4-9). Foremost amoung these are controlled
cuvironment facilities; i.e., clean rooms, clean enclosures, and clean work stations.

The monitoring of the control of these facilitics will be the responsibility of the quality

agsurance operation,

Table 4-1 shows guidelines to achieve these cleanliness levels (Reference 4-9). Table
i .

4-2 shows similar data for hioclean rooms (Reference 4-8). Clean rooms and enclosures
¥

are classified by the quantity of airborne pariicles that they contain per unit volume.

Fedéral Standard 209a (Reference 4-9) classifies clean rooms by the number of particles

]

0,5 micron or larger present in a cubic foot of air. The particulate level apd the number

of alrborne microorganisms must be controlled by flltermg the incoming a1r and by limit- '

ing thc generation of parlicles within the area.

The cleanliness levels of the final assembly facilities must be established and certified
bcfo'g:c flight hardware manufacluring operations may be performed in them. Table 4-3

summarizes recommended procedures.

The main source ol (:ontaminnt‘ion’ in a conirolled environment is people. Thus, the access
of unauthorized and unirain;:d peraonnel to the work area must be limited and controlled.
Contz;ct with the human hand is 2 major source of biological contamination of hardware,

and extensive precautions should be taken to el_im:inafe as much of this contamination as
possible (Referehce 4-10). This can be achieved by careful design of tools and fixtures and

by wearing sterile gloves and other protective garments (see Figures 4-2 and 4- 3).
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The success of o hioclean hardware program deopends more on humans than on facilities,
because mdn is the biggest gencrator of microorganisms on aerospace paris. It is therefox;e
essential to reduce, as much as possibie, the transfer of these organisms from humans to !
hardware. To_aehieve this goal, the observance of proper work ha{bits aﬁd procedures is

meore critical than the construction of elaborate facilities-.

The NASA Standard for "Clean Rooms and Work.Stations for the Microbially Controlied
Environment, "' NHB 5340. 2 (Reference 4-8), issued August 1967 has been incorporated
throughout this Seclion of the Manual. This NASA Standard establishes the cleanliness
levels which are required before a facility can be certified. A bioclean room is defined by
Relerence 4-8 as any enclosed area where there is control over viable and nonviable parti-
culates in air with iemperature, humidity, "and pressure controi as required to maintain

specified standards for the manufactured product.

The following tables and information present typical contaminant monitoring techniques

and reqairements for which quality assurance personnel will he responsible.

4.5.1 CLASSES OF CLEAN ROOMS
Guidelines for achieving different degrees of cleﬁ}liness in clean rooms are shown in
Table 4-1 taken {from Federal Standard 209a (Reférence 4-9), and Table 4-2 covering

microbiglogical cleanliness taken from Refercnce 4-8.

.



Class 190 (3.5)

Table 4-1. “Guidelines fox Achieving

COlean Room Classes {Ref 4£-5)

1

<Class 10, 000 (350}

-
,Class 100, D0 (3500)

Facilities

Use Existing

Nonlaminar apd laminar flow
rooms, hioel, and downflow

URIEF === s e L

a. Alllaminar grating flow
rooms, clean work stations,
apd downflow, woi ..
First work loeations in
eressilow rooms and ftunnel
units will meet reguire-
menis.

LF-

4. Some noolaminar flov:
- recms and. clean work
st_a,giqns may mect
requirements.
b, Most areas in lamugar
arossflow rooms and tunnel
units should meet reqrire-
menls.
¢, All lamisar grating flow
rooms, Jaminar flow.clean
work siations, and downflow
uni{s will mecet requirements.)

2. Most noplaminar flow rooms
and clean work statiens will
meet requirements.

b. Al laminar-flow rooms,
Zlean worl stations, tunnel,
and downllow units wli
Tacet requirements.

Faeilities

Upgrade Existing

Using laminar How clean work”
stations, tunnel, and downflow .

unle,

&. Area inside elean work
stations.

. Firsi work locations in
tunnel uniis. -

¢, Area inside dewnflow units
wiil meet requiremenis,

2.  Nonlaminar flow roams with
Jaininar flow clean work
astations, tormet, and dewn-
flow units may mest require—
meats.

b, ost areas nside tunnel
units’ should meet reguire-
ments.

@ Ares inside clean work

- stations and downflew units
will meet reguirements.

A, Poov gquality nonlaminar fiow
moms with laminar flow clean ~
work stations, hmnel and
-downiflow mpits may meet
reguirements depepding upon
ratio of recirculeted filtered
2ix to voom volume-

b. Ares inside clean work
stations, mnoel, and downflow
u’ni_ts will meet requircments.

1.  Eaminar fiow clean work

stations, tannel, and dowsn-

flow units, Used in con-
trofled areas.

2,  Area jnside clesu work

stations and downflow units
will et requirements.

turmet units will mest
Tequiréments,

2. Arexz inside clean work
-stations cud downflow units
will meet requirements.

b. Most areas in tunaoel units
should meet reguiremesis.

Areainside clean work slztions,
turmel, and downflow units will
meet reguiremenls.

New Construction

%, . Lamnaz Dow clean work
stations, funnel, and
dowllow wnils,

Used in controiled arsas.

?. First work locations in
1
i
i
a

Arca inside clean wotk
sizfions and.dovnflow units
will meet requirements.
b. First work locations in
furmel units will meet
reguireneals,

2, General area may meet
requirements depending
ugor- Yatio recirentated
fiftered air to volume of
area,

b, Most areas in tunmel umts
should meet requirements,

7
i -

a, Geperal area will sormally
rmeet requrernents, depend-
Ings upon ratio of recirculated

" filgered aux o volume of ares,

b, Area merde clear work stations,
tannel, and downflow units will
meet requirements,

3. Laminar cross-flow

P

1252 work locelivgs will meel

Mostareas in room should

Al areas In Toom will nermally

3.

Downflow units indicate vertrcal flow curl.ajns;:d modules

fype Toome. requirements. meet ragquirements. meet reqlirements
: .
— T
4. Laminar-flow grating, Entire room work area will Entire room work aves will Entire-rooi work arez will ormally

L flocT bpe racms. - N ?ofm.zll_v meet requirements. | mormally meet requiremenis, meef feqUitements,

t L
] I
Nuies: 1. Laminar flaw work stations inelude clean rooim benches and clean air exhaust hoods -

2, Tuamel umés indecate lamivar erossfiow fa.cilfiice, opent oa ane end to exhansi into surroundiné area f
- i
i
N §

FOLDOUT ERAME

EOLDOUT FRAME

4-15/18


http:oesni.ow

Table 4-2. Cuidelines for Achieving Bioclean Room Cleanliness Classes (Reference 4-8

Use Lxsting
Facilities

Upgrade Exisiing
Facilibes

Kew Construction

Kontamunar ang laninar flow
rooms, lunmed, deviadlov units,
apd microbral barpmer systemrs.

Using lamuzar flow biociean
work staticns, tunnels, down-

Lammar [uw broclean
warl stztions, tunmel,

ftow'units, snd rdicripial”” < T doREos whits, and

batrier systems.

wicrobinl barrier s55-
lems used 1o uncon-
trolled areas.,

Laminar flow bioglean
#ork stations, fumnel,

" downfloW umits, and -

micrabial barriexr ays-
tems used in gon-
trolled areas.

Lamnar cross

flow type rasm

, Laminar flow
gratng floor
type Tooms.

Germ-[ree envi-
roarmeatal room

Class 1, All laminart flow graticg 1. Ares within bisclgan 1. Ares within o= 1. Area within hio- Tirst work loca- lEIﬂiEe room werk Entice room work
100 floor rocms, broelean work work stabiens. clcan work siaiions clean work stuidons, tions will meel  farez will nopualiy aren will meet
{3 3) statwns. downflow units, and 2, Firstwerk locations in downflow unifs, and downflow units, and Tequiremenis mest requicemntns requirem ents

mierohal bervier systems.
2. Furst work localons m
cross [low roams and Wnnel
units will meet reaniremanls.

innel umis.

3. Area wside dowaflow units

4. Arez inside microbisl
barcier system will meet

requirements. .

micreinal barrier sys-
lems wili meet re-
auirements.

2. Tirst work loca-
Lens in tunne? usits
wiil meet require-
nents.

microhizl barrier
tems u il meet re-
gultements.

1. Some nonlaminar {lowe
roome and bioclsan werk
stations nay meet Yequire-
ments.

2. Mopst greas i laminax
erass flow vooms and funnel
unils showld meet require-
munts,

3. Al laminar flow grating
Hoer oams, lamisar flow bio-
vlean work stations, dewnflow
units, and mucrobral barmer
systems will mect requircments,

1. Nomlaminar few rooms
with laminar flow bipelean
work stetions, tunel, down-
flow units, and mierchlal
harrier systems may mest
Tequirements.

2, JMost arsas ingide funnel
units Should mect roghire-
ments.

3.  Avrea inside biaclean
work statzons, downilow units,
aod microbial barriey systems
will mecet requrements,

1. Ares inside elean
work stabons, down-
flow units, and micro—
izl harrier systems

2. Most aress inside
fuonel unids should
meet requirements.

will mest requirements.

1. General area may
meet requirements
depending upon raiio of
reefrevizied fltered
aiT to volume of arez.
2. Most aress inside
tnnsl upits should
meet requiremenis,

Most aTeas in
Toom should
mect require-
ments.

Entire Toom work
wiil aormally meet
requiTements.

Enitre room work
ares will meet
requirements.

Class 1, Most ooplanunar fow 1. Poorqualily nonlaminac Ares jnside hioclean 1. Genecal area wiil ANl exens In Fotire room work Enhre rosm work
100, 060 ranms and bivclean work flow rnoms with laminzr Oow work siafions, tunnel wormally meet require- | ronm will nor- area will pormally area will meet
(3560) stations will meet require- bioclean work siations, tungel,} dowsflow units, and ments depending upen mafly meet meet Tequirements requirements

TIEGES.

%, All lsynmar flow roomns,
bioelean work statons, hm-
ael, downflow anitx, ami micro-
bial barrier systoms will moet
Teguirements,

downllow eniis, smd microbial
barrier sysiems may meet
requirements depeading upon
rabie of recivenlated (itered
air tn room volume.

2. Area inside bicelean work
slations, twmel, downflow
wnits, and microbiai barrier
sysiems will mest vequire-
uienis.

mierobial barrier
eystems will mect
Tequirements.

rate of recireulated
filtered afr io vohune
ol centrelled area,

2, Area inside bio—
clean work stations,
temmel, downflow anits,
and mlerchial barrier
systemes will meat
requirements.

renuirements.

Motesy I.

Lammar flow work stations include bioelezn toom banches and bicclean awr exhanst hoods.

2. Turnnel unite indieait laminzr cross fow frcililles, oper on ane end to exhaust inlo surrounding arez.

3, Downflow units iodicate vertical flow certained modides,

<L Microbial barrier systems indicate absolulz contaimment enclosure.

3. Qerm-iree environmental room indicales a slerile roor fa which the operations are performed remotaly or with the personuel contained m an externally

ventilated barrier swait.
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Table 4-3,

Cerlification of I'inal Assembly Facilities

ITEM PROPERTY TECHNIQUE OR INSTRUMENT REQUIREMENT SAMPLING REFTEREKNCES
Total Particulate Light scattening principle Maximum 100 partmles»"ﬂ:3 As required by the NASA Standard NHB 3340.2
Contamination {2.5 iters) = 0. 5 micron contractual document 5.1.1 and 5.2.1
Viable {Microbial} Volumetric samples Maximum 1 organtsm/10 fta * Mumimum of 3 gamiples NASA Standard NHB 5349.2
Contammatton (0.035,19 Iiters) after installation of 5.1 1and5.2.1
filters and prior to NASA Standard RHB 3340 1
assembly operations on Precedure No. 1
flight hardware
Alr s Samples to be taken at
" working level, usmg
1 ¢im for 60 munutes
* eubation at 32°C for
72 hours
Velooity Velometer 90 ¥ 20 ft/pam mnimum Federal Standard 208a,
average 40.2.12
NASA Standard NHB §340.2,
4 2,12
Temperature Thermometer or thermocouple Average to be within range Federal Standard 209a,
of 67°F to 71°T 30.2°
+ 5°F 1n less critical areas NASA Standard NHB 5340.2,
* 0.5%F w eritical areas 30.2 .o
Relative Humdity Hurnidistat 455 maximam Federal Standard 209a, 4.7
NASA Srtandard NHB 5340. 2,
30.3
Leaks Scan HEPA** filter surface An aerosol photometer * Sample each filter Federal Standard 269a, 50.)
, using an aercsol smoke reading 2 0.01% of the separately prior to NASA Standard NHB 5340. 2,
photometer and DOP upstream smoke is installation 501. L
HEPA** considered a leak and ¢ Scan the filter frame

Filter Banks

must be sealed off.

after instaliation of
filters

Surfaces

Viable Contamination

Not Specified

Mot Specified

Not Specified

Not Specified

Viable {Microbial}
Contamination

1 x 2 mch setthng strip,
Rodac plate, Cotton swab

Maximum 1, 200 organisms,/
2 (12, 000/M2)

§ strips to be removed
and assayed from each
carrier tray per
sampling interval
Minimum exposure per
NASA management

NASA Standard NHE 5340.2,
5.1.1

NASA Standard NHB 5346.1,
Procedure No. 1

*"'Clean Room and Work Station Requirements, Controlled Environment, " Federal Standard 2082, General Services Administration, August 10, 1986
**HEPA: High Efficiency Particular Air Filter Uanits )
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Figure 4-2. Bioclean Assembly and Tools

Figure 4-3. Bioclean Assembly
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4.5.2 MONITORING TECHNIQUES

Clean rooms or clean enclosures used to prevent or reduce contamination must be continu-
ously or intermittently monitored for airborne contaminants. Principal methods for
monitoring particulates are shown in Table 4-4. Techniques for microbiological conta-
mination monitoring are described in Reference 4-8 and summarized in Table 4-3. A
major problem with biological monitoring is the time lag required for specimens to incu-+
bate before growth can be visually determined. This is not a problem with the devices
shown in Table 4-4. Optimum placement within a room or enclosure is required to relate

the measurements with actual room conditions.

Methods of monitoring the level of biological contamination of hardware during various

stages of assembly and test are shown in Table 4-5.
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Table 44. Airborne Contaminant Monitoring

Methad

Principle

Type

Comments

Remarks

LIG
SCATTERING

Light scattered by particles passed
through a high intensity light beam
is detected and converted to elee-
trical pulses by a photomultiplier
tube.

Produce the least physical effect
on the particles themselves and
hag high sensitivity.

Particles are sized and counted
Channels are individually scanned.

Particle
Counters

Pulses corresponding to individual
particles are elecironically separ-
ated, sized and counted.

Lﬁsmﬁ'm:-ous pai—ticle
eounting and sizing.

Excellént for-anatytical work
where size and concentration
versus instantansous event

desired. No gualitative data

can he obtained.

All particies over a predetermined

size are counted and totaled. Instru-

ment is portable.

® Level
Indicators

Pulses from photomulitplier are
integrated to indicate an average
level.

Continuous instanta-
neous dust level

Less expensive than light-
scattering devices, Dust-level
Nuetuation versus time easily
obtained. Ideal for continuous
monitoring use.

Instroment utilizes forward scat-
tering for maximum sensitivity.

VOLUME
DISPLACEMENT

Particles suspended in an electro-
lvte are drawn through a small
aperture. An individual particle
displaces its own volume of Muid
producing a resultant electrical
pulse proportional to the particle
size,

Instantaneous particle
eounting and sizing.

Gives true particle volume meas-
urement, Some types of particles
will be dissolved or altered when
suspended in solution. Unsuitable
for continuous monitoring of
particle range from 0.7 to 200
mierons.

All particles over a predetermined
size are counted and totaled.

MICROSCOPIC

Calleeted dust is counted and an-
alyzed by optical microscope.

Provides the best qualitative in-
formation for source identifica-
tion. Requires trained operator
and careful technigue.

Any high-quality microstope may
be used. Counting is made simpler

and less tedious by using a projection-

type microscope.

Collection

Dust is allowed to settle on some
collecting and counting surface.

Continuous sample,
cumulative,

Sees only settled-out dust. Re-
quires long sample time with
time lag in obtaining results

® Filtration
Colleetion

Dust is strained from air sample
by a membrane [ilter.

Greb sample,
cumulative

Provides a quick sample. Pro-
duces exeellent quantitative and
qualitative data. Monitors par-
ticles 5 microns and larger.

Filters, holders, pumps, and asso-
eciated equipment are available.
Filters may be viewed with incident
light or rendered transparent by
different liquids,

® Impaction
Collection

Dust-laden air is forced through
a small aperture at near-sonic

veloeity. By placing a collect-

ing surface in the air path, the

dust is separated out by inertial
forces and caused to adhere on

the eollecting surface.

Grab sample,
cumulative.

Provides quick sample. Method
is most sensitive to one particular
size range, depending on orifice.
Matter may be aliered by forces
involved.

Instrument contains impactor
and counting mieroscope. Device
takes very small sample

Instruments provide a series of
slits for maximum sensitivity
over total size range,

* Electrostatie.

Precipitation
Colleetion

Dust charged in a high-potential
field is collected on melal suy—
face of opposite polarity.

Grab sample,
cumulative.

Respudres showrt sample-time.
Particles muslt be collected on
metal surface. Requires high
voltages (10 kv and over)

Dust is collected on ihe inside of
2 metal tube.

Dust passed between hot and cold
surface is caused to collect on
eold surface for counting.

Continuous sample

Very low collection rate and low
efficiency for large particles.

Colleetion rate 7.0 ml min. Effi-
ciency drops sharply for particles
above 5 microns.

FOLDOUT FRAME 7
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Table 4-5. Monitoring Techniques for Hardware Flow

Muonitoring Operation

Monitwring Technique

Number of Samples

Frequency of
Sampling

Remarks

General
Fabrication

No monitoring of bislogical
contamination

Subassembly

® Microbial levels in air in
clean rooms and clean
benches

® Viable particle fallout on
surface in all clean rooms
and clean work beaches

* Viahle particles on and
in components

Reyniers Siit Sampler

Fallout strips

Surface sampling and
sterility tests

Not less than three

Not less than 2
strip samplers

Spot check of basic
parts used in sub-
assemblies

Once each month
when work is in
progress.

Once each month

Subassemblies should be delivered
for assay in the same package used
o transfer the hardware within the
manufacturing facility

Assembly, Test,
and Checkout

® A}l operations

8 Decontamination procedures

% Calibration of temperature
time indicators and

recorders

® Temperature-time records
of heat and ETO procedures.

* Microbiological contamina-
tion of clean room air

® Viahle particulate fallout
onto surfaces

Microbial contamination on
elean room clothing

* Spacecrafl covers and other

flexible film materials

® Particles on and in
compornents

.

Microbial contamination
on todls

Microbial contanination
on personnel

Visual
Visual

Standard

Reyniers 5lit Sampler

Stainless steel strips

Not specified

Not specified

Nol specified

Impression plate,
swab, or total
immersion

Not specilied

Three samples

Six strips from at
least three locations

From at least 3
garments, one each
min.

From at least &
locations on each sheet

Approximately 10% of
the basic parts

(not subassemblies)
shall be assayed

Samples to be taken from
cheel, chest, back, fore-
arm, and palm and any
other locations at any other]
times required by sterility
cantrol personnel or by
the medical officers.

Continuous
Continuous

Spot Check

At least twice
each week

Assayed twice
weekly

Not less than
once a week

Not less than
once & week

Minimum exposure of sirips should
he one week.

Garments should be sampled 2= they
become available. Use of the— must
awail the results of the assayv.

Assay must be performed before
material is introduced inio clean
room unless sterilization will e
accomplished by means of dry heat
ar autoclave.

Quantitative levels on surface, and
quantitative and/or qualitative
interval

Number of samples and schecole ©
be established,
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Typical instruments for the monitoring of biological contamination are shown in Figure
4-4, The Anderscn sieve sampler permitls the determination of the size of the contami-~
nants. The Reyniers slit sampler shows a time record of the occurrence of contami-
nation. Both instruments draw in forced air streams and deposit the biological conta-
minants contained in them on nutrient plates which are subsequently incubated for 2 to 5
days. Fallout plates rely on the gravitational movement of microbiological particles, .
either directly on a nutrient plate (Petri dish) or on stainless steel plates which are sul:?—

sequently rinsed off and the rinse incubated.

, REYNIERS ' [ prre
fl 511 sAMPLER ANHERAN S

SIEVE SAMPLER

l ACUUM PUMPB
! y @

|

»

F)
F=FALLOUT PLATES-

Figure 4-4. Instruments for Monitoring Contaminants
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Tho [ulllowlng material taken from NHB 5340, 2 (Reference 4-;8), states some of the NASA

Standarél recornmendations for environmental conditions in bioclean facillties,

{
"ENVIRONMENTA L CONDITIONS

"AIRBORNE PARTICLE COUNTING. Airborne particle concentrations, viable and
non~viable, should be measured at representative locations in the bioclean room or
work station, It is necessary to recognize that the differences between non-laminar,
laminar airflow, and microbial barrier systems lead to different measuring techni-
ques. For example, any contamination generated in non-laminar flow rooms or
work slations tends to be diffused over the entire work area generally,.thus airborne
particle counts will be fairly uniform through the whole work area. Air samples
therefore should be taken at work height Ievel and in the general work activily areas.

"In laminar flow devices, however, any airborne contamination released into the
work arca will follow the air stream path toward the exit, therefore, contamination
levels in these devices will vary to a marked degree from &ir.cleanliness class

100 to the specific contamination level downstream of the dirtiest operation. Thus,
in a laminar flow facilily the sample of air should be taken from the air as it ap-
proaches the work activily area of interest. Particles count should be taken at work
height level and in the general work activity areas.

"RECOMMENDED TEMPERATURE RANGES, Temperatures in the bioclean room
shpuld be maintained around a2 mean temperature of 72°F (22. 2°C) for personnel
co;nfort with the exception of those laboratories or work areas for which other
temperatures may be necessary for control of stability of items being fabricated

or tested or for micro-organisms control in which case the mean temperatures
should be specified. Choice of temperature mav be based on the desired die-away
ofjvegetative microorganisms which, when humidity is héld -constant, is directly
proportional to temperature The temperature variation at the control point may
range from %0, 25°F (0. 14° C) in the most cntmal operations to as much a8 £ 5.0 F
(5—2 g%). " &

4.5.3 STERILITY INDICATORS

The ulti;nate measure of success of a quality assurance program is the ability to deliver
a stcrilef_ spacecraft. Sterility can never be measured directly. Only nonsterility {i.e.,
the presence of viable organisms) is measurahle. The best indication of sterility is the
lack of gL:owth of microorganisms in culture of test samples taken from the item treated,
This typeifesting may be destructive and, therefore, many items cannot be tested directly.

Indicators'which can be retrieved and fested are wi'dely used as a substituie for testing *
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procossed itoms. The indicators normally employed for sterility checks are processed
simultaneously with the items being sterilized éxcept for thermometers, thermocouples
and offier temperature-sensing instruments. A guide for the selection of an indicator

consistent with the sterilization method used is presented below:

i

Sterilization Property Under
Method Indicator . Measure
Dry Heat ¢ Thermometer ® Temperature

or ¢ Thermocouple ® Temperature
Moist Heat ¢ Temperature sensitive ® Temperature
: - Tapes
- Paints
- Labels
- Crayons .
- Ampules =
® Bacterial spore strips, @ Viability

ampules, and packets

| Ethylene Oxide ° Chemical indicators ® ETO concentration
® Spore .&31:1'ip§§i ® Viability
;
' Peracetic Acid ® Spore strips, : ® Viability
X Filtration ® Direct culture of ® Viability
' filirate
Radiation ¢ Igofope counting devices ® Dosage
. @ Sensitive chemicals ¢ Dosage
A : ¢ Bacterial cultures ® Viability

1
4.5, 4 FACILITY MAINTENANCE
In order to r‘qake contamination contrfol eflective, all controlled environment facilities
require a tho-rough cleaning and decontamination maintenance program. The experience
of operators c;E~ large clean rooms with control of particulate matter shows that most
janitorial services do more harm than good. It is to be expected that this is even truer
for clean rooms"which include biological controls. Therefore, periodic cleaning services
should not be performed more often then necessary. The presence of janitorial personnel

can be reduced byl\having daily cleaning of each work station performed at the beginning of
i )

each shift by the operalors themselves.
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During the performance of a pilot spacecraft blocloan assembly by Gonersal Electric
{Reference 4-1}),janitorial cleaning of the bloclean rooms was limited, and no degradation
of cleanlincss was observed over a period of 6 weeks. RCA, which operates the largest
existing laminar downflow clean room at Lancaster, Pennsylvania (20,000 sq ft), has its
operators wipe their work bench tops with deionized watér floors are mopped once a week,
if required, with mops having monofilm fibers (only 40% of the floor consists of grating). !
Walis are spot cleaned when necessgary, and there 1s noapermdm cleaning schedule. The
air flow is 50 ft/min, and the room averages 1.8 partl.cles >0. 5pu/ft3 of air. This demon- :

strates the self-cleaning capability of laminar downflow facilities.

4.5.5 GLOSSARY

The following glossary laken from Reference 4-8 explains the most common terms used

in connection with biologically controlled manufacturing and tedt facilities.

"AEROSOL., A suspension of ultramicroscopic solid or liquid particles in air
or gas.,

"DUST. Any powdered matter fine enough to be easily suspended in air or gas.

"NON-LAMINAR FLOW BIOCLEAN ROCM. A room characterized by no require-
ment for uniformity of airflow patterns and air velocities.

"NON-LAMINAR FLOW BIOCLEAN WORK STATION.. A work station characterized
by no requirement for uniformity of airflow patterns and air velocities but having
specific 1‘chi1'er!‘r1\ents for control of viable particulates. This includes work stations
which have constructed air exhaust or ports.

"TAMINAR AIH‘E‘LC‘)W. Airflow in which the entire body of air within a confined
area moves with uniform velocity along parallel {flow lines.

"LAMINAR FLOW BIGCLEAN ROOMS. A room in which the laminar airflow
characteristics predominate throughout the entire air space, with a minimum
turbulence, and having specific requirements for the control of viable particulates.

"LAMINAR FLOW BIOCLEAN WORK STATION, A work station in which the
laminar airflow charactef‘istics predominate throughout the entire air space,
with a minimum turbulence, and have specific requirements for the control of
viable particulates.
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”HI(:H EFFICIENCY PARTICULATE AIR FILTER (HEPA). MIL-F-51068A specifieé
filters with minimum efficiency of 99.97% determined by the homogeneous Dioctyl
Phthalate (DOP) method of air flows of 100% and 20% of the rated flow capacity of

the filter. Itis referred to as the "HEPA" filter.

"FILTER AIR. The air which issues directly from the "HEPA" filter.
"FIRST WORK IOCATION. The wotk location first in the path of the filter air.

"DYNAMIC AIR SAMPLING. The samphng of the air in the air space to obtain
the number of airborne particulates and défine those particulates carrying viable

mieroorganisms. :’

NFALLOUT SAMPLING. The horizontal placement of sterilized strips in the air
space for collection of depositied particulates which may have viable microorganisms
and which have been airborne prior to deposition on the collection surface.

"MICROBIAL BARRIER SYSTEM. The protection system used to prevent micro-
bial migration and contamination of a product with microorganisms.

"MICROORGANISMS. Microscopic plants 'or animals in seven principal groups called

protozoa, true fungi, mold-like higher bacteria, true bacteria, spirochetes, rickettsiae,
1

and filtrable viruses. "

4.6 PtERSONNEL PROCEDURES

Rigid, yet workable procedures for the behavior of personnel inside clean facilitles and near
clean hardware must be esiahlished and ohserved. 'These procedurcs must then be rigorousiy
erforcéd; otherwise, workers lose respect and tend to ignore all procedures which are not

to then{ liking, A typical cxample of entrance and exit procedures during manufacture of
electronic componenis in the JPL EASL facility is shown in Table 4-6 (Reference 4-11).

Similar procedures will-be required in bioclean assembly areas.
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Table 4-6. JPL EASL Facility Entrance and Exit Procedures

L

--toa.cn»h

9.
10.
11.
12,
13,
14,

16.

17,

Entrance
1

Enteir door outside locker room and remove clean cloth from stack.
Thoéoughly wipe top and sides of each shoe with this clean cloth,
Discard cloth in designated contamer. ) . -
Cle:{n each shoe in shoe cleaner for a minimum of 20 seconds,
Enter locker room. .

Clean Nmger nails.

Scrub hands to two inches (approximately) above wrist with pHisoHex soap and sterile brush
for a minimum period of two minutes.

Clean shoes on vibration shoe cleaner,

Enter and turn on air shower,

Place hands over head and furn around slowly in air shower for a minimum air wash of 20 seconds.
Enter dressmg room.

Don fresh, clean room laundered cap and smock.

Donbreath deflector and obtain package of sterile rubber gloves.

Ente:r air lock and proceed through to hardware assembly area.

Don:sterile rubber gloves and begin work,

. ’ Exil

Exit‘through Bioassay station.

Re-Entry
For yre-cntey to hardware assembly area, repeat sleps 1 through 12. Steps 1 through 17 above
Sw[)s;l through 17 nbove will he witnesacd by QA Inapcector. Any deviation will be noted,

s
A

NOTE

For maintenance and/or microbiological work in the laminar downflow room,
these procedures do not have to be {ollowed, provided the flight hardware

is not present or is 1n a covered container. However, a cap and smock must
be worn, and sterile gloves will be donned prior o entering the air shower
from the locker room. For work in the dressng room, only sterile gloves
need be donned prior to entering. ‘

Janilors will not be required to follow these procedures; their procedure will be:

a. Use air shower
. Don hat and smock

¢. Use gloves that are normally used in the cleaning procedure.




The NASA Standard NHB 5340. 2 (Reference 4-8) has lisled personnel conduet guidelines,
which arc non-mandatory, but desivablo. SBome of theso operational guidelines are shown

as lollows:

"Equipment cleaning and decontamination. All equipment should be cleaned and
decontaminated before being passed into the bioclean environment by dusting,
vacuuming, washing, dunking, or by suitable means, compatible with the equip-
ment involved.

""Personnel covering. All personnel should wear lint~free, non-shedding garments
in the bioclean area. Head covering which covers the entire head should be used to

avoid part or component contamination by loose hits of hair or loose skin flakes.

"Cosmetics. Hand lotions, creams, or soap containing lanolin to tighten skin
particles should he used as appropriate. Cosmetics and medication which may
produce contamination should not be permitted, In particular, eye make-up,
rouge, [ace powder, and haiv gpray should not he used and fingernail polish
should be removed before entering the bioclean area.

"Smoking and eating. Under no conditionsishould smoking or eating be permitted
in, the bioclean area. "

"Parts handling methods. Gloves, tweczers, or other mechanical barriers to
prevent contact between skin and hardware should be used while working with or
handling sensitive parts to avoid contamination of those parts by loose skin,
microbiota, or natural skin oils. Solvent contact with hands should be aveided,

ag many solvents remove natural skin oils causing excessive '"skin peeling' or
flaking.

"P“aper and writing materials. Paper should be limited to the non-shedding
iype or enclosed in a transparent non-shedding covering when used in the bio-
clean area. Only ball point pens should be used for writing. Lcad pencils
and crasers should not be permitied in the bioclean area.

"Custodiul equipment. All equipment used to maintain the cleanliness of the
hioclean avea should be stored within the bloclean area in a manner which
will prevent aceumulation or dispersion of p;,rtlculates or microbiota on the
surfaces and reduce particulate shedding when used. Vacuum hoses, electric

cables, and other flexible conductors should be stored on reels or racks off
the floor of the bioclean area. Synthetic sponge mops should be hung so that
the mop head does nol touch the floor. Vse of bristle brushes, steel wool,
and other particle sheddding materials should not be permitted.
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"Cleaning operations. Before heing {ransporied into the bioclean area, all
parts instruments, materials, and systema should be cleaned as required
 to prrevent contamination of the room. To prevent direct transfer of conta-
mination, constant surveillance of the established procedures for handling
clean parts and assemblies is recommended. Partlcular attentions should
be paid to cleaning operations that are performed in tie bioclean room.
Ultrasonic cleaners, spray rinses, and volatile immersion baths may re-
leage liquid droplets containing contaminants into the room air. The design
of the cleaning equipment, and its location in the room should be selected to
minimize this problem. Where practical, contamination producing opera-
tions should be located in adjoining areas, and the work should be passed

into the bicelean room W1thout cross contamination after the operation has
been performed.

"Containers. Transport and storage containers should he made of low particle
shedding materials. They should also have, as rigorous a cleaning schedule

as the parts or equipment. Care should be i:aken to ensure that containers
used for transporting cleaned parts do not transfer contamination from surface
to surface in ihe bioclean room. ™

In addition, Table 4-7 presents rules of conduct to be observed within a Bioclean Facility.

o
2

Table 4-7.. Rules of Conduct Within a Bioclean Facility

i Do's . Dont's
e Repoi:t any respiratory or skin ailments @ Don't enter any bioclean work area -
to the supervisor. with respiratory or skin azilments

without approval.
e Folloiw all entrance and exit procedures.

8 Don't omit any of the steps prescribed

© Minimize the number and speed of ) in the entry and exit procedures.
molions o avoid air turbulence. This
is particularly important in a non~ ® Don't create air turbulence with
laminar flow facility. unnecessary or hasty movement. .
® Wear ‘sterile gloves when handling "® Don't handle hardware with ungloved
biocle!an hardware. hands or with gloves that have been
-contaminated:

e Avoid‘contaminating sterile gloves
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Table 4-17.

Rules of Conduct Within a Bioclean FFacilily (Coni)

Do's Dont's

Replace conlamined gloves immedi- ‘@ Don't contaminate sterile gloves by

ately. touching exposed parts of the body or
6ther sources of contamination.

Wear a mask or shield whenver the face )

is within approximately three feel of .the ® Don't touch anything with the conla-

hardware. - minated gloves.

Wear garments as prescribed at all ® Don't cough, breath or sneeze on the

times. hardwatre. '

Report any breach of the above rules ¢ Don't open or remove garments within

to area supervisor. the bioclean area.

Enter a bioclean area only when abso- ® Don' allow broken rules to go unreporied.

Iutély ncecessary.

' © Do not cnier a bioclean facility withou
Always obtain approval from the arca need. ‘
supervisor before enlering a bioclean -
facility. ¢ Don'l under any circumstances enter a

. bioclean area without approval.
Follow manufacturing planning.

. ® Don't deviate from manufacturing planning..
Return accidentally contaminated i
materials {o the deconlamination @ Don't use conlaminated materials.
area or, when necessary, request
and apply decontamination procedures. e

A

4,6.1 i?ERSONNE T MONITORING

Qualily assuraoce shall verify {hat all contamination control procedures for the particular
ope ralimc arc bllowed., Any breach of the specigi contamination control procedure shall be
immediately documenied on a nonconlormance reporl and forwarded to the contaminafion

1 . .
conirol hoard for disnosilion.
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During the assembly or iest of the spacecrafi In the class 100 laminar downflow clean
room, quality assurance will not'only verify that the proper procedures are followed in

the clean room but also that the entering and exit procedures are followed. Typically,
Quality Assurance would verify that upon entermg the facility, all personnel cleaned their
shoes in the rotating brush shoe cleaner, that the, personnel sign-in and are on the list of
authorized personnel. Quality Assurance would verify that all personnel walk on the track-
off mats into the locker room and that all jewelry and undesirable objects are removed from
" the person and placed in a locker. Qualily Assurance would dlso verify that the hands are
thoroughly scrubbed and thai the person entering washes and rinses his face, that he
properly enters the air shower, that he dons Iresh, clean smock, cap, face mask, boots,
and gloves, and that clean garments do not become conlaminated by touching the dirty

floor, etc., while donning it.

4.6.2 P;ERSONNEL SELECTION

The hielogical conlamination control problem on gtcrospace hardware is essentially a
pcrsonncil problem. Hufn:ms arc {he prime biological contaminators of hardware. Human
attitudosz can negatle carefully drawn cleanliness plans. Therefore, no bioclean vehicle is
better than the workers who bgild it. These facts :should be kepi in mind when facilities are
designed, procedurcs are devised, monitoring éper&tions are planncd, and hardware is
being built. Highly motivated, conscientious, and_’}reliable workmen should‘ be used where
biclogical ¢leanliness is required. In addition to the most rigorous proceciures and controls,

the enthusiastic cooperation of all personnel is required to' ensure bioclean hardware.

Expericncé has shown thai, in the long run, work in a clean room is distasteful to most
people. In order 1o produce bioclean hardwarc in such a facility, an adequale supply of
labor must be provided. Backup personnel, who must be available, increase the cost of

production.
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A gpecial rate structure may be an cffoclive deyice of maintaining a pool of available labor.
A sysidm of rolating personncl inside and outside the elean room is advisable to prevent °
complacency and to provide periods of work under less demandiné, circumstances. Under
this arrangement, an individual receives two lc:yels of remuneration. During his assign-
ment in the bioclean area he suffers no penalty from reporting légi’timate‘ grounds for nons
participation. On the contrary, he would face expulsion from the rotation system and loss

of the opportunity to earn a higéhor income if contamination of the hardware were {raced -

to his nonecooperation.

He would run the risk of permanent assignmoent {o the lower rated nonbioclean operation
il he habitually mistepresented his condition of health for the sake of avoiding work in a

highly .conirelled area.

Such a sysicm would remove incentive or onus from true reports by & worker on the state
of his health as it affects the biocleanliness of his work. This is a necessity because, -
X .

otherwise, pcople may be tempted lo hide or invent adverse conditions of health which

require their exclusion from bioclean work.

L +

%

The National Acronautics anci Space Administration is currently sponsoring a sexies of
oricntation courses for professional technical workers in order to familiarize them with
microbiology. Similarly, indusilry will have to instilute {raining programs for their
workers in clean rooms and other sensitive arcas 1o familiarize them with-biocl;:zm pro-
ccdurcsl. Many indlustrial elean room operators currently Tun such training programs,

and the i)rnposed bioclean {raining should be [ashioned afier them, Sec Scction 1. 4. 3.
4,6,3 PROTECTIVE GARMENTS
i .

{
4.6.3.1 Masks
i
Prolectlive garments are the principal means of preventing transfer of contaminants from

humans to, hardware. Frequent changes ol masks are recommended to prevent overloading

with organisms.
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4,6,3.2 Gowns

An itemized listing of the effectiveness of uniform types is shown below:

a,

The conventional surgical gown oxr smock worn over street clothing does
little or nothing significant to prevent the escape of bacteria from the body.

The replacement of street clothes with freshly laundered dress does not
significantly reduce the dispersion of bdcteria.

A two-piece suil divided al the waisli, loose and comiortable neckline, and
open-end short slecves do not provide 1mportant sifes for the ecscape of
skin organisms.

The only escape of bacleria in significant numbers occurs at the ankles.

Tightly woven fabrics with pore radii as small 28 10 microns are far more
effective as filters than standard fabrics.

Garmenis rapidly lose effectiveness as filters when they become contaminated.
(The change of garment with each entrance into the bioclean facility prevents

!saturation.)

Desirahle properties of prolective garments are:*_.‘i
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h.

1
Minimum of seams.

Loose-fitling, to minimize ah rasion- agamst underclothing.
lAl;)scnce of pockets, pleais, tfucks, and bgj,lts.
Fabricatled from fabrics with continyous %}1ament yarns.

: 3
Tlight fabric Weave, such as hérringbone gg_x taffeta.
Minimum get;eration of static electricity,

Limited linting.

Sewed with nonlinting (1imiteéi linting) thread.



Guldolines for laundering clean rcom garments are ligted below:

a. | Repair all defects before washing.

b. . Close zippers.

c. TLaunder small loads.

d. Use mild alkaline or neutral soaps or Qetergents‘
e. Avoid bleaches if possible.

.| Use temperatures bc;,low 1400F.

g. Eliminate extractlion if possible, drip dry insfead,

h. Do not iron.

4.6, 3.3 TFootwear
NASA Standard NHB 5340. 2 (Reference 4-8) stipulates that personnel shall wear lint-free
nonshedding garments in the hioclean area. These garmeﬁts serve as a barrier which

separates the person from the hardware,

In laminar downflow rooms, any part of the bodér 3 inches below the spacecraft need not be
covered. However, if thé worker elevates himself so that his lower extremities are above
the lowest point on the hardware, even the soles must be covered if adequate proiection of
the hardware from the hiological contamination is to he achieved.

Beenuse footwenr used in a bioelean tacil ity shoJld remain in the decontaminated area,

: Sncakcr;;, lennis shoes, or some other type rubber-soled shoe are usually recommended.

For covering the entire foot when a complete biological barrier is required, nylon booties

provide a possible solution. The use of any of these foot coverings, however, raises a

number of problems.
£
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a.

b.

, .
Many industrial contractors insist on the use of safety shoes in all manufactur-
ing areas. This safety ruling would preclude the wearing of sneakers and other
types of footwear preferred because of the ease of laundering.

'Covering of the sole of the shoe can become a safety hazard on ladders and
‘scaffolding. Booties definitely contribute to awkwardness of movement, and
they increase the likelihood of tripping.

If special steel-toed shoes are worn without a cover for the sake of saféty,
sterility of footwear is difficult to achieve and maintain.

Sneakers are frequently used in clean rooms. They are easily cleaned in water at tempera-

tures from 140 to 160°F. Twenty minutes in soap suds followed by two hot rinses and one

cold rinse are often sufficient, but in many facilities wearing of sneakers is forbidden.

Shoes must have a metal guard for the toes. These safety shoes are more difficult to

decontaminate than sneakers.

4.6. 3.1 Gloves

A major source of biological-contamination ol hardware results from contact with human

hands; therclore, NASA Standard NHB 5340. 2 (Reference 4-8) prescribes:

"Gloves, tweczers or olher mechanical barriers fo prevent contact between
the skin and.hardware should be used while working with or handling sensitive
parts to avoid confamination of those parts by loose skin, microbiota, or
natural skin oils. Solvent contact with hands:,should be avoided, as many
solvents remove natural skin oils causing exgessive 'skin peeling' or flaking."

Although prevention of biological contaminalion ig‘effectively achieved by the use of gloves,

the [ollowing hazards encountered in their use should be considered:

4-40

a.

b.

Powdered gloves arc nol sujtable for c]ezlfn room use because they shed
pariiculate materials.

Many gloves made of thin plastics, ip order fo retain touch'sehsitivity,
arc highly susceptible to puncture.

Gloves made of thick materials tend to minimize the operators touch
sensitivily and make handling of small itelfgs difficult.



d.. Unlined plastic and rubber gloves often cause severe sweating of the hands
when worn for extended period.

c¢. Some plastic gloves, particularly those containihg vinyl compounds, are
highly plasticized. The plasticizers iend to be leached from the gloves
and deposited on the hardware. When.solvents are present this is a
severe problem.

f. Cotton gloves tend to shed particulates.

g. Gloves made of nylon, dacron and mixtures of synthetic fibers are com-
parable and may be laundered and sterilized repeatedly. However, they
are prone to snags and may not be as effective as.rubber and/or plastic
gloves as a barrier to biological contamination.

Some suggested guidelines in seilecting gloveé for use on a sterilization program that

minimizes these hazards are:

a, Use unpowdereé gloves.

h. Usc Lalex rubber gloves when solvents are used. An inner glove of mercerized
collon could be worn to alleviate the perspiration problem.

c. An alternaie solunon would be the usc of lined rubber gloves which are stronger
yel relain sufficient {lexibility and touch gensitivity.

1

The bioclean requirement adds an additional task, namely, maintenance of sterility or
of a low level of biological population, to those usually demanded of packages. There
is fairly general agreemeut on the fact that current aerospace packaging methods are
inadequ‘ate to satisfy all present requirements. The additional bioclean requirergent

complicates the problem.

Extreme care must be taken in the preparation of ﬁackaging procedures and in the
choice of packaging materials and configurations. If this is not done, the package is
quite likely to destroy the level of ¢leanliness of the packaged item which has been

laboriously achieved by previous manufacturing and decontaminating operations.
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The following scection containg criteria for biotlean packaging, information on packaging

materials, typical packaging procedures and examples of good packages in current use.

4.7 PACKAGING.
Only the problems of microbiclogically clean packagmg will be considered here, with
examples of representative approaches from existing controlled and routine packaging.

Packaging problems assume a major importance in a bioclean spacecraft program.

The purpose of packing is to protect the product:from detrimental environmental faclors.
In the acrospace industry, reliability requiremehts place a premium on cleanliness.
Cleanliness specifications for‘aerospace packing usually outlaw the use of wood, paper,
box board, and the ordinary forms of dunnage. Materials'which generate gross partic-
ulates are unacceptable. Where cleanliness is critical, the package itself becomes
potentially a hostile environment for the hardware. Logically, the surface of the package
in conlact with the item it encloses must meet the same standards of cleanliness as the
item itsell, Examples of the required cleanliness levels applicable to package designs

and materials are given below:

. . Particle .~ _Number of
' Location Size . _Particles
-1 . (microns)
| ’ : . 2
Vehicle Surface >250 30/ fi
" Pneumatic System >100 0
' Filler Element =100 T10
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Cloarly, thoso restrictions on contamination narrow the choice of appropriute materinls

T

and 1imit geloction to the tield of plastics and metals,

Follovlring is a list of packing objectives and I;1!aterials used in the aerospace industry,
It shows that thin-gage metal is the most versatile material to satisfy these objectives.
However, it is not nedessari}y the most econb:xpical and conver;iént material to apply.
Plastic film is more ;ceadily adaptable fo a variety of configurations. and prévides a seal

that is easily established.

Objective . Material
Protection from physical forces Rigid outer enclosure of metal or
plastic

Rigid or gemi-rigid foamed plastic
Metal or rubber shock mounts
Crush-up structure 8

Protection from vap;)r and moisture Heat sealable plasti-c film

Hermetically sealed metal canister
or enclosure

Glass

Protection from particles Heat sealable plastic film
Rigid plastic container
Metal container
Glass

Thus, because of low cost and ease of applicatic;n, plastic film is widely used paéking
material in the aerospace industry. Its main deficiency is its inability to shield the
hardware from impact. Ordinarily, this shortcoming is overcome through the use of

a rigid envelope to provide impact resistance. Table 4-8 presents plastic film selection

guidelines.
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Table 4-8, Suggested Guidelines for the
Selection of Plastic Film
Materials for Packing

Heat sealable

FOLDOLTE ffﬁ%ﬁﬁ%

TEIT ey os

Desigoation General Propertics Witer Vapor Permeability | Water Absorption | Thickness Application Cleanliness Recomn.lended
{maximuztmn) {maximurmn) (0,001 in.) Level of Material
(£/100 inZ2/24 hr/atm/mil (percent) Package
Primary Barrier e Water vaporproof 0.1 9. 005 1.8 e Precision cleaned Same as Aclar -
o Waterpraof +15% parts material to
F - e protected
¢ Greaseproof e Liguid oxygen
B systems ;
* i.-;;:illi?;};g‘eﬂ & Water vapor i
pankt sensitive '
o Ieat sealable hardware )
i
i
Primary Barvier o Waterproof 10 3 1.8 ¢ Precision cleaned Same as Nylon 6 |
¢ Greasenroof +15% parts where materijel to i
TeaseyTeot high abrasion he protected ;
8 Abrasion resistance is :
resistant required 1
e Ilzat sealable = o
e e :
A
[Primary or e Moderately water 0.5 .05 ] @ Precision cleaned Same as Polyethylane i
Becondary Barrier - vaporproof +20% parts material to i
: tectad. !
& Waierproof t e Protection of ba protects l
H i b ie H
& Heai sealable l [ PLUDATY Darrier ‘
5 i g
1 i
i i
i !
] ; 5
\ H
Secondary Barrier o Moderately wafer 0.5 1 0,05 G +920%, & Protection of Folyerhylene [
vaporprool 1 ' - primary barrier ;
s Waterproof H
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TRANSPARENT CANISTER FOR MAJOR
SPACECRAF T SIUBASSE MBLY

[t @i A e T YT S = gt oy

BILASTIC SHROUD FOR
ASSEMBLED SPACECRAF I

SPACECRAFT ENCLOSED
IN PROTECTIVE
COVER

METAL CANISTER (OPEN)
FOR ASBEMBLED SPACECIIAFT

Figure 4-5. Special Packages

METAL CANISTER (CLOSED)
FOR ASSEMBLED SPACECRAFT
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The bioclean requirements associated with planetary landers necessitate the incorporation
of a biological contamination barrier in the design of the package. No single material

fulfills all of these requirements. Thin-gauged metal and plastic film, however, perform
satisfactorily in the majority of cases when properly applied. The following list shows the

most desirable features of such barriers:

® Readily sealable ¢ Compatible with ethylene oxide
®  Abrasion resistant ® Permeable to ethylene oxide
e Puncture resistant L Resistant to high temperature

(30001?) and moisture
®  Non-shedding

° Impermeable to moisture
. Easily cleanable

In a bioclean spacecraft program, packing is required not only for the completed vehicle

and its components, but also for many other items as shown on the opposite page.
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TYPICAL PACKING CHECKLIST

Item to
be paekaged

Plastie gloves

Dueron or

nyvion |
uniforms E
Spes - —
|
Dacron or I
nvlon 1
uniforms |
e e {pes
Assembled J .
capsule ;
|
| ®
| .
|
t
Small | -
clectronie
prece parts
.
|
Electronie .
muodules |
| ®
.
Flectrieal L]
harnesses ‘
\
=T i ot
Pneumatic .

and hydraulice
components

Heined

Lol

Objectives
sterility
maintennnee

Sterility
maintenance

Sterility
maintenance

Requirements
e [leat sealable |
¢ Permeanhble to £T0

Puckage
® DPolyethylene film
bag

¥
¢ [leat senlable
® Permeable to ETO
® ‘Trunsparent

® DPolyethylene film
bag

e Compitible
with steam

& Kraft paper

Sterility
miintenance
Protection from
degradation
Transfer from
assembly lo
launeh site
Low Jevel

ol I-inlugu-:ll
comtamination
Protection

Low lovel of
hialogical
contamination
In-house
handling
Protection

Same as
clectronic modules

Low level of
binlogiceal
contamination
IFreedom

Irom
particulate
contimination
Protection

Low level
“of biologicenl

conlaminalion

5

® Hermetically
sealable

* Puncture
resistant

*  Transportable
Resistanl to impaet
and shoek

- P SRS SO —

e (Compatible with
('\l'g{lhi(‘. Hl"l]\ enls
Easily sealahle
Termeable to F'TO

® (Cleanable
Re-usable
Suitable for
convenient shelf
storage

® Same us
electronic modules

S T ——

® (Compatible
with organic
solvents
e Easily sealable
Permeable to 12T0O
Compatible
with working
fluids (i.e. 1.0X)

® (‘ompatible
with organic
solvents

e [asily sealable

& DPermeable to ETO

® Metal
canister
® Plastic shroud

® Plastic il hag

® DPetri dish |
with film
sheeting

o T e P e é

| ® Plastic hoxes |

| ® DPolvurethane |

encapsulated in
plastic lilm I

e e e e

I foam padding
r

® Peg board
® DPlastic sheeting
® Plastic tape

e Plastic film
® Adhesive tape
® Metal container

I E—

e [Plastic film
bhag

® MNetal container

4-49




4. 8 REFERENCES

4-50

4-2

4-4

4-7

4-8

4-10

4-11

"Procedures Manual for Planetary Spacecraft to be Sterilized by Heating, "
Vol. II - Manufacturing Procedures, General Electric Company, Report
on Contract NAS 8-11372, 1966.

"Quality Program Provisions for Space System Contractor, ' NASA
Quality Publication NPC 200-2, April 1962,

""Space Vehicle Stage Analysis and Checkout Guidelines,'" NASA-MSFC
Publication SR-QUAL-64-13, May 1964.

'""NASA Standard Procedures for the Microbiological Examination of Space

Hardware, ' NASA, Publication NHB 5340. 1, Washington, D. C., August 1967.

"Standard Operating Procedures for the Experimental Clean Assembly
and Sterilization Laboratory,' Space Biology Branch, NASA Goddard
Space Flight Center, Greenbelt, Maryland, July 1966.

"Development of Quality Assurance Requirements for Planetary Spacecraft
to be Sterilized by Heating, ' General Electric Company Report 685D4250,
Contract NAS8-21139, December 1968.

Avco Corporation, "Sterilization Assembly Development Laboratory (SADL) -

Quality Assurance Program Plan, " Report for Jet Propulsion Laboratory -
JPL Document SADL 002. 01, August 1967.

""NASA Standards for Clean Rooms and Work Stations for the Microbially

Controlled Environment, " NASA Publication NHB 5340. 2, Washington, D.C.,

August 1967.

""Clean Room and Work Station Requirements, Controlled Environment, "
Federal Standard 209a, General Services Administration, August 1966.

Portner, D.M., "Microbial Contamination Obtained on Surfaces Exposed
to Room Air or Touched by the Human Hand, " Protection Branch Test
Report No. 1-64, Physical Defense Division, U.S. Army Chemical Corps,
Fort Detrick, Maryland, July 22, 1963.

Kapell, G.F., J.J. McDade, and T,R, Gavin, "Experimental Assembly
and Sterilization Laboratory (EASL) Operations: Phase I, "Jet Propulsion
Laboratory TR 32-941, April 15, 1966,




SECTION 5

DECONTAMINATION AND TERMINAL STERILIZATION

5.1 Introduction

5.2 General Guidelines

5.3 General Objectives

5.4 General Requirements
5.5 Planning and Scheduling
5.6 Terminal Sterilization
5.7 Sterilization Canister
5.8 Sterile Insertion

5.9 Decontamination

. 10 References

=




SECTION 5
DECONTAMINATION AND TERMINALSTERILIZATION

5.1 INTRODUCTION

This section describes the Quality Assurance activity required during the decontamination

and terminal sterilization of a spacecraft lander. The currently preferred procedure for
achieving a sterile planetary lander is assembly under closely controlled environmental
conditions to obtain a low biological population, followed by possible chemical decontamination,
enclosure in a biological barrier, and subsequent dry heat sterilization. To avoid excessively
long sterilization times which may adversely affect the reliability of critical lander systems,
assembly of the lander with a low biological population before terminal sterilization is
necessary. This requirement fundamentally affects Quality Assurance activity by projecting
it into the area of microbiological control. Thé maintenance of particulate and biological
cleanliness becomes as important as functional reliability. Sterility is an absolute term
meaning a complete absence of life. Regardless of the definition of life, the concept of the

term remains unchanged. Decontamination is the reduction in the number of living organisms,

from any original condition, to a lesser number but greater than zero. Biologically, de-
contamination means killing or removing some of the organisms, but not all, from some item.

Both decontamination and sterilization are used for the treatment of planetary spacecraft.

Decontamination also occurs when the death rate of a population exceeds the birth rate. When
living space, moisture, available nutrients, and atmospheric conditions become unsuitable
for the normal rate of reproduction, die-off occurs (i.e., the mortality rate exceeds the
reproduction rate) and the numerical size of the population decreases. Die-off can be in-

duced by deliberately making conditions unsuitable for growth.

Decontamination procedures are carried out throughout the assembly and checkout phase.
Some decontamination results from organism due to careful handling, while some of it is
due to deliberate chemical and heat decontamination treatment. Experience has shown that
clean and eareful handling of hardware prior to and during assembly would result in a

5
spacecraft having less than 10” spores on its surfaces (Ref. 5-1).




Results obtained in the current program indicate microbial burden estimates of less than
106 for checkout in nonbioclean facilities, but using careful handling and protection of
hardware. These microbial burden levels appear to fall within the currently specified limits
required before entering terminal sterilization, in order to keep sterilization time at an

acceptable minimum.

Although required decontamination levels before terminal sterilization and the required
sterilization time have been specified in previous programs like Voyager, no specific NASA
requirements exist at this time. However, results from numerous existing NASA-
sponsored studies can provide sufficient information to permit fairly close estimates

of probable requirements. References 5-4 and 5-$ provide some estimates of sterilization
requirements. Reference 5-5 provides a preliminary draft of a NASA Planetary

Quarantine document. Although the necessary elements required for a successful

quality assurance plan on a spacecraft to be decontaminated and sterilized are available,

it is incumbent upon the performing organization to obtain approval from the cognizant

program planetary quarantine officer before such a plan is implemented.

Decontamination and subsequent canister mating activities for test spacecraft have been
carried out by Jet Propulsion Laboratory (Ref. 4-5), General Electric (Ref. 5-3), and
others. Thus, techniques and procedures for potential planning activities exist, What is
needed, however, are specific quality assurance plans and procedures for a specific space-
craft, mission and, most importantly, performing organization. Selective development

work to arrive at the most cost-effective procedures can then be carried out.

5.2 GENERAL GUIDELINES

The general guidelines shown here from the terminal sterilization quality assurance philosophy.
Whenever detail requirements are not provided, these guidelines are to be followed to achieve

or derive the detailed requirements.

a. The Quality Assurance activity should be conducted concurrently with assembly
and check-out operations so that deficiencies in microbiological quality can be
be discovered, corrected, and verified in a timely manner before terminal
sterilization.

b. Personnel access to, and work practices in the lander-canister area should be
closely controlled to maintain contamination levels within the area.




0, Htatus and aptolpated progress of operationa should be reported nt regular
intervala and be compatible with the data system,

d. No analysis or treatment will be performed, except by the use of a procedure
approved by the procuring agency or NASA Planetary Quarantine Officer.

e. A complete and accurate log of all the significant events that occur during the
decontamination and sterilization operations should be prepared.

f. The microbiological adequacy of all assembled units should be demonstrated,
No vendor data will be accepted in lieu of data to be obtained during assembly
and checkout operations.

5.3 GENERAL OBJECTIVES
Some of the unique objectives of the Quality Assurance function during the decontamination

and terminal sterilization operations are as follows:

a. To evaluate and certify the facilities, personnel, equipment and procedures for
microbiological quality during decontamination, sterilization and testing operations

b. To verify the adequacy of microbiological monitoring processes

c. To verify the functional and microbial quality of decontaminated and sterilized
hardware as well as canister

d. To verify the adequacy of documentation and data bank input
e. To collect and furnish data for decontamination quality analysis

f. To collect and provide defect information so that timely corrective action can
be taken

g. To verify that a biological barrier is attained after assembly of the canister to
the lander

h. To verify that the integrity of the biological barrier has not been violated between
terminal sterilization and spacecraft mating

5.4 GENERAL REQUIREMENTS
Quality Assurance will participate jointly with planetary quarantine personnel in the verification

documentation, monitoring, and certification of planetary lander hardware during the de-

contamination and sterilization procedures.




While Quality Assurance personnel do not set the requiroments, they are responsible for the
systematic verification of conformance to prescribed specifications and documents, utilizing

techniques developed for current hardware programs,

Some specific requirements for the decontamination and sterilization phase are as follows:
a. Establish and follow procedures for controlling contamination level in facilities
where decontamination and sterilization is to be earried out.

b. Establish and follow procedures for collecting, storing, and analyzing assay
data to estimate contamination loads.

¢. Provide a system of data collection, storage and dissemination to assure that
the status of component/assemblies is available, -

d. Provide for monitoring critical contamination sampling events and to maintain

certification of facilities, personnel and procedures.

5.4.1 GENERAL CONSTRAINTS

Quality Assurance will participate in the establishment of procedures for producing a sterile
lander which meets NASA requirements. A typical procedure based on an analysis of the
contamination factors, design requirements, practical manufacturing and test procedures,

and qualification program is as follows:

a. Assure reliability of sterilizable components by:

@ Conducting suitable qualification tests on all piece parts, materials, sub-
assemblies, assemblies and systems which are candidate types for flight
hardware

b. Control contamination by:

e Carefully selecting and training clean room and assembly personnel

e Designing the lander system for low burden accumulation rates and easy
decontamination

c. Terminally sterilize the Lander System by:
e Determining the biological contamination load

¢ Applying heat as specified by NASA procedures to reduce contamination
to the specified probabilistic level
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d. Maintain Sterility by:

e Designing a Sterilization Canister which keeps a positive differential pressure
inside at all times, from sterilization through launch

e Employing a system which requires no poststerilization adjustment
e Monitoring pressure and seal integrity continuously
e Using separation techniques which generate no debris to contaminate the

planet or lander, and which will not allow contamination crossover from the
unsterile spacecraft.

5.5 PLANNING AND SCHEDULING

Decontamination and terminal sterilization activities require the integration of quality
assurance tasks with all other functional and operational tasks in order to achieve the highest
degreee of microbiological cleanliness of the spacecraft. To accomplish this integration,
extensive planning and scheduling will be required by quality assurance personnel, in the

achievement of all required tasks within time, space, and budget constraints.

Quality assurance will utilize all necessary analysis tools, such as the mathematical bioburden
prediction model (see Section 2. 8), in order to predict potential contamination problems, be-
fore they occur. Quality assurance will schedule all inspections, biological sampling, and

related activities on a2 minimum interference basis.

The following examples illustrate additional activities in planning which quality assurance

should do.
a. Monitor all personnel procedures and activities on or near the spacecraft 24 hours
a day, by visual surveillance.

b. Require lander system decontamination when the total burden of contaminants
exceeds certain levels.

c. Schedule all personnel access in such a way as to minimize personnel contact
with the spacecraft.
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d. Coordinate room certification and spacecraft movements to avoid delays.

e. Avoid certification-caused delays.

f. Maintain a display master schedule of all in-process inspection, biological assays,
and results.

g. Cooperate with engineering, assembly, planetary quarantine and test personnel to
integrate the schedule.

h. Prepare contingency plans for contamination breaks or violations.
The end result of these planning activities should be the smooth and efficient flow of hardware
and monitoring procedures with a minimum of overlap, confusion and subsequent contamination

control violation.

5.6 TERMINAL STERILIZA TION

Because terminal sterilization using heat is the only NASA-approved method at the present
time, this is the only method which will be considered. Section 1.3 describes the current
procedures. As conceived at present, a canister (providing a biological barrier) will be
used for encapsulating the landing vehicle before, during and after terminal sterilization.
Sterility of a vehicle, enclosed in a biological barrier, can be certified by inference only,
since any sampling or biological assay would require viol<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>