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INVESTIGATION OF LUNAR SAMPLING 
AND 

SAMPLE RETURN METHODS 

RALPH STONE AND COMPANY, INC. 
ENGINEERS 

SUMMARY 

The r e t u r n  of samples of l u n a r  m a t e r i a l  acqu i r ed  by Apollo a s t r o n a u t s  
i m p l i e s  many unique o b j e c t i v e s .  Minimum contaminat ion  from t h e  packaging 
system and from o u t s i d e  i n f l u e n c e s  such as the LEX and t e r r e s t r i a l  atmos- 
phe res ,  and minimum in t ra -sample  con tac t  a r e  primary requirements .  Pro-  

‘ t e c t i o n  from p h y s i c a l  damage du r ing  r e - e n t r y  and l and ing  a r e  e s s e n t i a l ,  y e t  
t h e  packaging system weight must be minimized t o  p e r m i t  t h e  r e t u r n  of a s  
much l u n a r  m a t e r i a l  as p o s s i b l e  wi th in  t h e  70 pounds a l l o c a t e d  f o r  samples ,  
c o n t a i n e r s  and a c c e s s o r i e s .  A l l  o b j e c t i v e s  must be met wi th  a system which 
t h e  a s t r o n a u t  can use  e f f e c t i v e l y  d e s p i t e  s e v e r e  l i m i t a t i o n s  on t i m e  and 
d e x t e r i t y .  

P r i n c i p a l  r e s t r i c t i o n s  were those imposed by t h e  Ea r ly  Apollo Sc iences  
Teams whose concern was t h a t  t r a c e  contaminants  from packaging m a t e r i a l s  
could be mis l ead ing  t o  l a b o r a t o r i e s  e v a l u a t i n g  t h e  r e t u r n e d  specimens. 
Aluminum, copper and gold  were among the  few a c c e p t a b l e  cand ida te  m a t e r i a l s ,  
w i t h  s t a i n l e s s  s t ee l  a p o s s i b l e  a l t e r n a t i v e  f o r  s p e c i a l  sample requirements .  

The amounts and k inds  of gases  evolved by t h e  samples a r e  s c i e n t i f i c a l l y  
impor t an t ,  r e q u i r i n g  t h a t  a completely p a s s i v e  h igh  vacuum des ign  be sought  
f o r  t h e  s t o r a g e  c o n t a i n e r .  Th i s  e l imina ted  pumps o r  g e t t e r s  from cons idera-  
t i o n ,  and placed f u r t h e r  c o n s t r a i n t s  on t h e  cho ice  of m a t e r i a l s ,  seal  des igns  
and p re t r ea tmen t  procedures  t o  minimize ou tgass ing .  II Conf igu ra t ions  s t u d i e d  were g e n e r a l l y  l i m i t e d  t o  8 x 11-1 /2  x 19 in .  
d rawer- l ike  o u t e r  c o n t a i n e r s  and f l e x i b l e  i n n e r  bags made of v a r i o u s  p o l y e s t e r  
f i l m  and aluminum f o i l  l amina tes .  

R e s u l t s  i n d i c a t e d  t h e  f e a s i b i l i t y  of  a packaging approach invo lv ing  par- 
t i a l  compartmentation of t h e  sample box and i n g r e s s  of l a r g e  and small 
sample bags through a p o r t  i n  the top. 
met t h e  vacuum requi rements ,  bu t  placed an  added burden on t h e  l a t c h i n g  
mechanism t o  app ly  a s u f f i c i e n t l y  high u n i t  f o r c e  t o  e f f e c t  a p o s i t i v e  
c l o s u r e .  

Redundant m e t a l l i c  seals g e n e r a l l y  

Thc l i m i t e d  time a v a i l a b l e  t o  the a s t r o n a u t  f o r  sampling and t h e  r e -  
s t r i c t e d  c o n t a i n e r  volume were found t o  place s i g n i f i c a n t  c o n s t r a i n t s  on 
t h e  maximum number of i n d i v i d u a l l y  packaged samples.  To improve payload 
e f f i c i e n c y  and r e t u r n  maximum weight i t  was found t h a t  w i th  t h e  bag con- 
f i g u r a t i o n s  t e s t e d ,  samples sma l l e r  than 2 i n .  should be packaged i n  groups 
of t h r e e  o r  more. 
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INTRODUCTION 

I 

The r e t u r n  o f  l u n a r  s u r f a c e  m a t e r i a l  by t h e  Apollo a s t r o n a u t s  w i l l  be 
a s c i e n t i f i c  even t  of the f i r s t  magnitude. S c i e n t i s t s  throughout  t h e  world,  
and more s p e c i f i c a l l y ,  t h o s e  on t h e  Early Apollo Sc iences  Teams a r e  methodi- 
c a l l y  p r e p a r i n g  a n  e x h a u s t i v e  sample a n a l y s i s  and r e s e a r c h  program, T h e i r  
concern is t h a t  t h e  maximum amount of samples a re  r e t u r n e d ,  p r o p e r l y  docu- 
mented and i d e n t i f i e d ,  packaged t o  minimize p h y s i c a l  damage and contamina- 
t i o n ,  and r e t u r n e d  to  E a r t h  i n  a form t h a t  w i l l  n o t  d e t r a c t  from subsequent  
s c i e n t i f i c  experiments ,  

The rough o u t l i n e  o f  a p l a u s i b l e  scheme f o r  sample r e t u r n  was evolved 
i n  mid-1964, and d e s c r i b e d  g e n e r a l l y  t h e  packaging o f  g e o l o g i c  samples i n  
f l e x i b l e  bags ,  t h e  p r e s e r v a t i o n  of special  purpose samples i n  small  r i g i d  
c a n i s t e r s  and t h e  stowage o f  a l l  sample c o n t a i n e r s  w i t h i n  a r i g i d ,  drawer- 
l i k e  sample box aboard t h e  LEM. From t h e  beg inn ing ,  t h e  i n v e s t i g a t o r s  were 
cogn izan t  t h a t  t h e  paramount requirement  was to  r e t u r n  r e p r e s e n t a t i v e  l u n a r  
samples.  Other  p r i n c i p a l  o b j e c t i v e s  were minimum c o n t a i n e r  we igh t ,  minimum 
sample con tamina t ion ,  s i m p l i c i t y ,  high r e l i a b i l i t y  and minimum u s e  of t h e  
a s t r o n a u t ' s  t i m e .  It was f e l t  g e n e r a l l y  t h a t  t h e  sample box should be  a 
p a s s i v e  vacuum chamber having t h e  b e s t  p o s s i b l e  sea l ,  and t h a t  t h e  i n n e r  
bags and c a n i s t e r s  should be i n d i v i d u a l l y  s e a l e d  t o  minimize in t r a - sample  
contaminat ion and to  p rov ide  redundant p r o t e c t i o n .  

The scope of t h e  i n v e s t i g a t i o n  included development of e n g i n e e r i n g  
c r i t e r i a  p e r t i n e n t  t o  t h e  r e t u r n  o f  l una r  samples from t h e  Apollo manned 
l u n a r  mis s ions  i n  a form most u s a b l e  t o  the many s c i e n t i f i c  teams and 
l a b o r a t o r i e s  r e s p o n s i b l e  f o r  a n a l y s i s  and i n v e s t i g a t i o n .  The p r i n c i p a l  
p r o j e c t  g u i d e l i n e  was t o  evolve a n  a c q u i s i t i o n  and packaging system combin- 
i n g  maximum sample r e t u r n  w i t h  o p t i m u m  p r o t e c t i o n .  Details  of t h e  i n v e s t i -  
g a t i o n  have been p resen ted  i n  four s e c t i o n s :  

PART I SAMPLE CONTAINER DESIGN REQUIREMENTS 

A. Sample Box 
B. I n n e r  Bag 
C. S p e c i a l  Containers  

PART I1 CONTAMINATION 

PART 111 SAMPLE ACQUISITION AND PACKAGING PROCEDURES 

PART I V  APPENDICES 

A. Comments from S c i e n t i f i c  Community 
B. V i b r a t i o n  Test  R e s u l t s  
C. Packaging Demonstration T e s t  R e s u l t s  
D. 
E. Bibl iography 

I n n e r  Sample Bag M a t e r i a l s  T e s t  R e s u l t s  
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I 

RECOMMENDATIONS 

SAMPLE BOX 

1. Rigorous s t r u c t u r a l  i n v e s t i g a t i o n s  and tests should be completed t o  
ach ieve  an  optimum conf igu ra t ion .  
s t r u c t i o n ,  and frame and plate c o n f i g u r a t i o n  w i t h  pa r t i a l  bulkheads were 
a n a l y t i c a l l y  s u p e r i o r  t o  t h e  o t h e r  s t r u c t u r a l  systems s t u d i e d .  

E l l i p t i c a l  and r e c t a n g u l a r  sandwich con- 

2. Conta iner  material  s e l e c t i o n  work i n d i c a t e d  t h a t  s e v e r a l  aluminum 
a l l o y s  may be s u i t a b l e  f o r  s t r u c t u r a l ,  vacuum ou tgaes ing  and sample con- 
tamina t ion  c o n s t r a i n t s .  F i n a l  material cho ice  w i l l  depend i n  pa r t  on 
whether  manufactur ing methods and a l l o y i n g  c o n s t i t u e n t s  can be c l o s e l y  
c o n t r o l l e d .  

3. 
i n n e r  seal  (probably gold  o r  aluminum) t o  minimize ou tgass ing  and d i f f u -  
s i o n ,  and an  e l a s t o m e r i c  o u t e r  seal t o  provide  added p r o t e c t i o n  a g a i n s t  
unexpected d e f l e c t i o n s  o r  imperfec t ions  on t h e  s e a l i n g  s u r f a c e s .  

A two-stage redundant seal should be used c o n s i s t i n g  of a m e t a l l i c  

4. 
shaped e n t r y  p o r t  i n  t h e  11% x 19 inch t o p  su r face .  The l a t c h i n g  mecha- 
nism should exert a f o r c e  of  a t  least 200 pounds / l inea l  inch  t o  seat t h e  
redundant  elastomeric and metal l ic  s e a l s .  

The f i n a l  c o n f i g u r a t i o n  must accommodate an  8 x 11 inch  e l l i p t i c a l l y -  

5. The pe r iphe ry  of t h e  box should have a m e t a l l i c  t e a r - o f f  s t r i p  ( e .g . ,  
similar t o  a c o f f e e  can des ign)  t o  f a c i l i t a t e  removal of samples a t  t h e  
r e c e i v i n g  s t a t  ion.  

6. P a r t i a l  bulkheads less than two inches i n  h e i g h t  should be used t o  
minimize movement of samples and t o  provide  a d d i t i o n a l  s t r u c t u r a l  s t i f f -  
en ing. 

7. Additional packaging p r o t e c t i o n  t o  prevent  sample movement appea r s  t o  
be  e s s e n t i a l  t o  minimize a b r a s i o n  and puncture  of t he  i n n e r  sample bags. 

INNER SAMPLE CONTAINERS 

1. The b i o l o g i c  sample  c o n t a i n e r  should i n c o r p o r a t e  e i t h e r  a s h i e l d  o r  
probe t o  permi t  a c q u i s i t i o n  of samples wi th  minimum contaminat ion  from 
t h e  a s t r o n a u t ' s  g love  o r  s u i t  leakage. Except f o r  t h i s  c o n s t r a i n t ,  a l l  
i n n e r  c o n t a i n e r s  are p o t e n t i a l l y  a p p l i c a b l e  t o  t h e  s t o r a g e  of samples 
in t ended  f o r  b i o l o g i c  examinat ion.  
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(RECOMMENDATIONS, con'  t) 

. 2. The c o n t a i n e r  f o r  machine-driven co re  samples should be c y l i n d r i c a l  w i t h  
redundant  seals similar t o  those  on t h e  sample box. The c y l i n d e r s  can be  
s t o r e d  i n  special  l o c a t i o n s  wi th in  the Command Module, and should be de- 
s igned  accord ingly .  

3. Con ta ine r s  in tended  f o r  samples t o  be examined f o r  s u r f a c e  and t rapped  
gases should be s t a i n l e s s  steel cy l inde r s  w i t h  metallic seals, and should  be  
designed t o  connect  d i r e c t l y  t o  t h e  gas a n a l y s i s  appa ra tus  wi thout  i n t e r -  
media te  process ing .  

SAMPLE BAGS 

1. Two cand ida te  materials, copper and aluminum f o i l ,  meet most of t h e  
vacuum, packaging and contaminat ion requirements .  To provide  an  impervious 
gas  b a r r i e r  t h e  bag should be a laminated f o i l ,  t h e  number and t h i c k n e s s  of 
p l y s  t o  depend on t h e  phys ica l  p r o t e c t i o n  provided by t h e  o v e r a l l  packaging 
system. 

2. A t  least two s i z e s  of bags should be s u p p l i e d ,  one about  3 inches  i n  
d iameter  and t h e  o t h e r  8 inches.  Dex te r i ty  and time c o n s t r a i n t s  appear  t o  
l i m i t  t h e  t o t a l  number of sample bags t o  100. I f  small rocks  (2 inches  and 
under) are c o l l e c t e d ,  g r e a t e r  packaging e f f i c i e n c y  can be achieved by plat- 
i n g  s e v e r a l  i n  a bag,  r a t h e r  than  p r o t e c t i n g  each i n d i v i d u a l l y .  

3. Bag c l o s u r e  can b e s t  be achieved by mechanical  crimping. M u l t i p l e  folds 
proved t o  be awkward and i n e f f e c t i v e ,  wh i l e  s e a l a n t s  gene ra t e  contaminat ing  
gases .  

CONTAMINATION CONTROL 

1. M a t e r i a l s  should be  s e l e c t e d  t o  avoid  contaminants  unacceptab le  t o  
s c i e n t i s t s  des ign ing  t h e  l u n a r  sample exper imenta l  programs. 
c o n t r o l s  are e s s e n t i a l  t o  ensure  q u a l i t y  materials of  a c c e p t a b l e  p u r i t y .  
I d e n t i f i c a t i o n  programs t o  o b t a i n  r e l i a b l e  s i g n a t u r e s ,  and c l e a n i n g  pro- 
cesses t o  remove s p u r i o u s  s u r f a c e  contaminants are secondary c o n s i d e r a t i o n s .  

Manufactur ing 

2. 
vacuum s t o r a g e  w i l l  p rovide  ample packaging material s t e r i l i z a t i o n .  
h e r m e t i c a l l y  s e a l e d  sample  box w i l l  ensu re  a g a i n s t  b i o l o g i c a l  contaminat ion  
d u r i n g  t h e  t r a n s l u n a r  phase,  wh i l e  c o n t r o l  sampling techniques  w i l l  be  used 
t o  d i f f e r e n t i a t e  between b i o l o g i c a l  growth. of l u n a r  and non-lunar  o r i g i n .  

P r e h e a t i n g  techniques  r equ i r ed  t o  minimize ou tgass ing  f o r  e f f e c t i v e  high 
The 

SAMPLE IDENTIFICATION AND ORIENTATION 

1. Adequate sample  i d e n t i f i c a t i o n  can be achieved  by numbering t h e  sample 
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(RECCMMENDATIONS , con' t) 

c o n t a i n e r s  and r eco rd ing  t h e  a s t r o n a u t ' s  d 
t ions .  

s c r i p t i v e  d a t a  du r ing  exp lo ra -  

2. Sample o r i e n t a t i o n  can be  recorded by photographs taken by t h e  exp lo r -  
i n g  a s t r o n a u t ,  showing t h e  sample i n  r e l a t i o n  t o  i t s  immediate sur roundings .  
Other  photographs w i l l  be  used t o  record t h e  sample area i n  i t s  r e l a t i o n s h i p  
t o  t h e  LEM. O r i e n t a t i o n  of t h e  LEM to t h e  l u n a r  topography should be d e t e r -  
mined by comparing photographs taken  du r ing  t h e  LEM descen t  s t a g e  w i t h  p r e -  
v i o u s l y  prepared d e t a i l e d  topographic  maps of t h e  l and ing  area. 

3. A l l  photographs and v o i c e  record ings  should be time indexed. 

FUTURE WORK 

1. 
ment of breadboard,  p ro to type ,  proof and f l i g h t  q u a l i f i c a t i o n  hardware f o r  
t h e  sample box and i n n e r  c o n t a i n e r s .  

It is  recommended t h a t  an  o r d e r l y  program be cont inued  f o r  t h e  develop-  

2. A seal  and s t r u c t u r a l  op t imiza t ion  program should be implemented h e -  
d i a t e l y  t o  provide  adequate  lead-t ime f o r  t h e  d e l i v e r y  of proto type  hard-  
ware f o r  e v a l u a t i o n  and test .  

3. Extens ive  q u a l i f i c a t i o n  test programs should be implemented i n  c l o s e  
coord ina t ion  between NASA and t h e  s c i e n t i f i c  community. 
should  be planned t o  ensu re  t h e  compliance of t h e  l u n a r  sample c o n t a i n e r  
program w i t h  t h e  o v e r a l l  r e s e a r c h  e f f o r t  f o r  sample  e v a l u a t i o n  and a n a l y s i s .  

These programs 

4. C r i t i c a l  samples such as b i o l o g i c a l ,  gas ,  low-level  r a d i a t i o n  count ing  
and s u r f a c e  s t r u c t u r e  w i l l  r e q u i r e  t h e  c l o s e s t  coope ra t ion  between t h e  MSC 
r e c e i v i n g  s t a t i o n  des ign  and t h e  sample c o n t a i n e r  development program t o  
e n s u r e  compatible  i n t e r f a c e s  w i t h  the handl ing  and manipula t ing  equipment 
a t  MSC. 
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I .  

PART I 

SAMPLE CONTAINER DESIGN REQUIREMENTS 

A. SAMPLE BOX 

OBJECTIVES AND CONSTRAINTS 

The o b j e c t i v e  of t h i s  s e c t i o n  i s  t o  p r e s e n t  des ign  c r i t e r i a  f o r  the  
p r o t o t y p e  sample c o n t a i n e r .  The p r i n c i p a l  requi rements  a r e  a s  fol lows:  

(1) S i z e  and c o n f i g u r a t i o n .  Overa l l  envelope dimensions a r e  8 x 11% x 
1 9  i n . ,  t h e  l i m i t s  of t h e  s to rage  a r e a s  provided i n  t h e  LEM and t h e  
Command Module. F i g u r e  1 i l l u s t r a t e s  a r e c t a n g u l a r  p a r a l l e l e p i p e d  
sample box which makes optimum use of t h e  a v a i l a b l e  space.  

(2) Weight. T o t a l  weight of t h e  boxes, i n n e r  c o n t a i n e r s  and a l l  l u n a r  
samples must be l i m i t e d  t o  70 pounds. To op t imize  t h e  sample pack- 
a g i n g  system, t h e  weight of t h e  c o n t a i n e r  s t o r a g e  systems mus t  be 
a minimum c o n s i s t e n t  w i t h  adequate sample p r o t e c t i o n  and s e a l i n g  
requi rements .  I n d i c a t i o n s  a r e  t h a t  each of t h e  two sample boxes 
w i l l  weigh no t  more than  6 t o  8 pounds. 

(3) P h y s i c a l  p r o t e c t i o n .  The sample c o n t a i n e r  should be s u f f i c i e n t l y  
r i g i d  t o  prevent  vacuum break  or o t h e r  i n a d v e r t e n t  contaminat ion  
d u r i n g  t h e  r e t u r n  f l i g h t .  I n  a d d i t i o n ,  t h e  packaging system w i t h i n  
t h e  box should be adequate  t o  p r o t e c t  t h e  samples a g a i n s t  damage and 
in t r a - sample  contaminat ion .  F u r t h e r ,  should it be necessa ry  t o  j e t -  
t i s o n  t h e  c o n t a i n e r  i n  t h e  ocean, t h e  box des ign  should i n s u r e  a g a i n s t  
s a l t  wa te r  i n t r u s i o n  o r  damage du r ing  extended f l o t a t i o n  i n  rough seas .  

(4) Contamination. Trace  contaminants from t h e  packaging and s e a l i n g  
m a t e r i a l s  w i l l  i n t e r m i x  w i t h  the samples. These t r a c e s  a r e  c r i t i c a l  
and mus t  be e a s i l y  i d e n t i f i a b l e  and s c i e n t i f i c a l l y r r e u t r a l .  Gene ra l ly ,  
a l l  o r g a n i c  m a t e r i a l s  and ino rgan ic s  wi th  molecular  weights  h i g h e r  
t h a n  Cu a r e  n o t  a c c e p t a b l e .  

(5) As t ronau t  c o n s t r a i n t s .  The design of t h e  rock box mus t  be such t h a t  
t h e  u n i t  may be: (a )  e a s i l y  removed from t h e  Command Module and 
stowed i n  t h e  LEM, (b) e a s i l y  removed from the  LXM and t r a n s f e r r e d  t o  
t h e  l u n a r  s u r f a c e ,  and (c) r e a d i l y  opened for t h e  s t o r a g e  of samples. 
I n  t h a t  r e g a r d ,  t h e  e n t r y  p o r t  i n  t h e  box must be l a r g e  enough f o r  
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e f f i c i e n t  and s imple  s t o r a g e  by t h e  awkwardly gloved a s t r o n a u t ,  and 
s e a l i n g  must r e q u i r e  a minimum of t ime and e f f o r t .  

STRUCTURAL DESIGN CONSIDERATIONS 

The sample box must be capable  of w i ths t and ing  a des ign  p r e s s u r e  d i f f e r -  
e n t i a l  of 2 0 . 5  p s i  and a proof pressure of 30 p s i .  
w i ths t and ing  Apollo launch and Command Module r e - e n t r y  v i b r a t i o n  requi rements  
(Procedure I X ,  Environmental  S p e c i f i c a t i o n s  f o r  Apollo S c i e n t i f i c  Equipment) 
a t  t h e  p a r t i c u l a r  equipment l o c a t i o n  a s s igned  f o r  t h e  sample c o n t a i n e r s ,  and 
should wi ths t and  t h e  maximum a n t i c i p a t e d  ( c u r r e n t l y  78-G) shock load .  This  
i s  p a r t i c u l a r l y  important  a t  t h e  s e a l  l o c a t i o n s ,  which must have s u f f i c i e n t  
s t i f f n e s s  t o  prevent  vacuum break  over  t h e  complete range of s t a t i c  and dyna- 
m i c  loads .  See F igu re  2 f o r  t h e  complete loading  regime. 

It must be capab le  of 

Support  du r ing  s t o r a g e  as c u r r e n t l y  planned w i l l  be by s i d e  r a i l s ,  
a l though  box s t r e n g t h  des ign  would be improved by uniform bottom suppor t .  
P re l imina ry  a n a l y s e s  of s e v e r a l  s t r u c t u r a l  systems have been completed and 
are sunmrarized i n  Table  1 . F i g u r e s  3 through 6 i l l u s t r a t e  t h e  v a r i o u s  
s t r u c t u r e s  analyzed.  

MATERIALS 

An aluminum a l l o y ,  5456-H321, has been t e n t a t i v e l y  s e l e c t e d  because of  
i t s  minimal ou tgass ing  t endenc ie s  and f a v o r a b l e  s t r u c t u r a l  a s p e c t s .  Batzen 
and Ryan (see Bibl iography Appendix V) r e p o r t e d  an  outgans ing  r a t e  of 8 x 

For comparison, 
Grove r e p o r t e d  ou tgass ing  r a t e s  of  t o r r - l i t e r / c m 2 - s e c  f o r  4OO0C baked 
s t a i n l e s s  s t e e l  a s  be ing  r o u t i n e l y  a t t a i n a b l e .  

t o r r - l i t e r / c m 2 - s e c  f o r  t h i s  m a t e r i a l  baked a t  20OoC. 

The e f f e c t  of aluminum outgass ing  w i l l  be t o  i n c r e a s e  t h e  box p r e s s u r e  
a t  a r a t e  of 3 x 10-9 t o r r / h o u r .  
w i th  minor amounts of wa te r ,  CO and C02. 

The gases  evolved w i l l  be mainly hydrogen, 

I n g r e s s  i s  planned through a p o r t  w i t h  a minimum diameter  of 8 i n c h e s ,  
l o c a t e d  i n  t h e  11.4 x 19 in .  t op  face of t h e  sample box. A more r e f i n e d  
a c c e s s  would be an oblong-shaped por t  w i th  i t s  major a x i s  a long  t h e  19 in .  
dimension,  provided t h a t  problems a t t e n d a n t  w i th  l a t c h i n g  can be overcome. 
The u s e  of a f u l l  opening l i d  is  u n a t t r a c t i v e  from a s t r u c t u r a l  s t r e n g t h  
s t a n d p o i n t ,  r e q u i r i n g  more weight t o  ensu re  s t i f f n e s s  of t h e  seal  a long  t h e  
major box p e r i m e t e r s ,  as w e l l  as extending t h e  s e a l  l eng th  two t o  t h r e e  t imes 
t h a t  of  t h e  c i r c u l a r  p o r t .  
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(PART I ,  SAMPLE CONTAINER DESIGN REQUIREMENTS, con' t) 
1 

To f a c i l i t a t e  removal of t h e  samples by remote c o n t r o l  manipula t ion  a t  
t h e  r e c e i v i n g  s t a t i o n ,  a s  w e l l  a s  t o  provide  in su rance  a g a i n s t  co ld  welding 
of t h e  l i d ,  a tear-away s t r i p  around t h e  major pe r ime te r  of  t h e  box should  
be i n c l u d e d ,  a s  shown i n  F i g u r e  7 .  

SEAL REQUIREMENTS 

M a t e r i a l s  and c o n f i g u r a t i o n  a r e  s t r o n g l y  i n t e r a c t i n g  e lements  i n  t h e  
s e a l  des ign  and cannot  be regarded  independently.  
s u c c e s s f u l  a p p l i c a t i o n s  of f luo roe la s tomers  i n  vacuum s e a l i n g  a p p l i c a t i o n s ,  
t h i s  m a t e r i a l  i n  O-ring form was examined f i r s t .  However, c a l c u l a t i o n s  
i n d i c a t e d  t h a t  t h e  ou tgass ing  r a t e  would cause  a r a t e - o f - p r e s s u r e - r i s e  
h i g h e r  than could  be t o l e r a t e d  (about 1 0 ' 2 t o r r / h r ) ,  and it  was concluded 
t h a t  e l a s tomers  should n o t  be permi t ted  d i r e c t  exposure  t o  t h e  i n n e r  volume 
of t h e  rock box. The performance paradox of t h e  f l u o r o e l a s t o m e r s  i s  due t o  
t h e  f a c t  t h a t  t h e  proposed a p p l i c a t i o n  i s  f o r  a p a s s i v e  chamber, whereas 
most u l t r a  h igh  vacuum chambers i n c o r p o r a t e  s u b s t a n t i a l  pumping systems. 

Because of t h e  many 

Indium and l ead  have been r e j e c t e d  by members of t h e  Ea r ly  Apollo 
Sc iences  Teams (see  Appendix A) a s  being p o t e n t i a l l y  c r i t i c a l  contaminants  
t h a t  might mask t h e i r  i n v e s t i g a t i o n s .  Gold and aluminum a r e  g e n e r a l l y  
a c c e p t a b l e  c a n d i d a t e  m a t e r i a l s ,  b u t  a s e a l  s e l e c t i o n  program should be 
scheduled t o  de te rmine  t h e  f i n a l  m a t e r i a l s  and des ign  c o n f i g u r a t i o n .  

A double s e a l  c o n f i g u r a t i o n  i s  recommended t o  minimize leakage e f f e c t s  
and provide  e s s e n t i a l  i n su rance  i n  case one s e a l  f a i l s .  The o u t e r  O-ring 
seal  m a t e r i a l  should be f luo roe la s tomers fo r  d e f l e c t i o n  compliance,  and t h e r e  
should  be a guard vacuum space between t h e  two s e a l s .  Since an e l a s tomer  
cannot  be exposed t o  t h e  chamber i n t e r i o r ,  t h e  i n n e r  s e a l  should be m e t a l l i c .  
Most p r i o r  expe r i ence  w i t h  gold and aluminum has been i n  f o i l s  and s o l i d  or  
hollow t o r o i d a l  shapes.  Whether t hese  w i l l  be a c c e p t a b l e  depends l a r g e l y  
upon whether s u f f i c i e n t  f o r c e  pe r  l i n e a l  inch can be a p p l i e d  through a 
s i m p l i f i e d  c l o s u r e  mechanism capable  of be ing  a c t u a t e d  by t h e  a s t r o n a u t .  

To keep p r e s s u r e  bui ldup  i n  t h e  sample box below 10-8 t o r r  i n  100 hr .  
w i t h  a 2 5 - l i t e r  box, t o t a l  gas ing res s  must be kep t  below 2 . 5  x 10-9 t o r r  
l i t e r / h r .  This  cor responds  to :  

Su r face  o u t a s s i n g  from i n s i d e  of box: 
1 .3  x 10-16 t o r r - l i t e r / c m 2 - s e c .  

Outgassing from s u r f a c e  of i n n e r  s e a l :  
5 x 10-14 t o r r - l i t e r / c m 2 - s e c .  

Permeation through i n n e r  s e a l :  
1 . 2  x t o r r - l i t e r / s e c . - c m  of s e a l  l e n g t h  
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A l l  of t h e  preceding  w i l l  be d i f f i c u l t  t o  ach ieve ,  though probably  
a t t a i n a b l e .  

Permeat ion through t h e  o u t e r  e l a s tomer i c  s e a l  should be low enough t o  
keep guard volume r a t e - o f - p r e s s u r e  rise below 1 t o r r / 1 0 0  h r . ,  o r  7 x 
torr-liter/cm2-sec, -atm/cm. This  i s  roughly 4 times lower than t h e  v a l u e  
p r e s e n t l y  used f o r  f luo roe la s tomer ,  b u t  might be ob ta ined  by u s i n g  s t r i c t  
manufac tur ing  c o n t r o l s ,  s e l e c t i v e  q u a l i t y  a s su rance  t e s t s ,  e f f e c t i v e  pre-  
t r ea tmen t  and s e a l i n g  methodology. Permeation through i n n e r  m e t a l l i c  s e a l  
w i l l  be smal l  enough t o  be accep tab le .  

LATCHING DESIGN CONSIDERATIONS 

The sample box i n g r e s s  p o r t  must be s imple t o  remove and replace, and 
r e a d i l y  ope rab le  by t h e  a s t r o n a u t  with h i s  s e v e r e l y  l i m i t e d  d e x t e r i t y  and 
m o b i l i t y .  The l i d  should be hinged o r  a r t i c u l a t e d  from t h e  box t o  prevent  
dropping o r  damage. The h inge  and clamping mechanism must be des igned  so 
t h a t  c o l d  welding w i l l  no t  be a problem and d u s t  w i l l  n o t  cause  jamming of 
t h e  l a t c h i n g  mechanism. The l a t t e r  requirements  are  p a r t i c u l a r l y  s e v e r e  
w i t h  a s e a l  such a s  go ld ,  which must have a h igh  u n i t  load  p e r  l i n e a l  i nch  
t o  be e f f e c t i v e .  The s e a l s  provide  an a d d i t i o n a l  r e s t r i c t i o n  f o r  t h e  l a t c h -  
i n g  mechanism, which must be designed t o  seat  and clamp t h e  l i d  s q u a r e l y  and 
i n  a d i r e c t i o n  normal t o  t h e  p lane  of t h e  seal  r a t h e r  than  by s l i d i n g  o r  
r o t a t i o n .  

Two l a t c h i n g  schemes have been sugges ted  which i l l u s t r a t e  t h i s  approach. 
One, seen  i n  F igu re  8,  shows a r o t a t i n g  taper locking  dev ice  i n  which t h e  
loads  are c a r r i e d  by b a l l  bea r ings  and t h e  f o r c e  a p p l i e d  by a g e a r .  The 
o t h e r ,  u s ing  an i n f l a t a b l e  t o r u s  t o  develop s e a l i n g  f o r c e ,  i s  more a t t r a c t i v e  
because  i t  minimizes mechanical motion between v a r i o u s  p a r t s  and r e q u i r e s  
t h a t  t h e  a s t r o n a u t  merely break  a sea l ed  b u i l t - i n  i n e r t  gas  capsu le  t o  a c t u a t e  
t h e  seal .  

A redundant  clamping mechanism, which would be a c t u a t e d  du r ing  t h e  t r a n s -  
e a r t h  phase ,  and which would provide cons ide rab ly  more p r o t e c t i o n  du r ing  t h e  
f i n a l  minutes  of r e - e n t r y  and landing shock, i s  worth cons ide r ing .  Seve ra l  
approaches have been sugges ted ,  such a s  a supplementary clamping r i n g  o r  a 
p r e s s u r i z e d  o u t e r  t o r o i d a l  r i n g .  

PACKAGING REQUIREMENTS 

The v a r i o u s  tubes  and con ta ine r s  f o r  b i o l o g i c  and gas  sampling,  and 
o t h e r  s p e c i a l  purposes  should be secured w i t h  c l i p s  o r  o t h e r  mounting p r o -  
v i s i o n s  a long  t h e  s i d e  and end wa l l s  of t h e  sample box. To minimize 
e x c e s s i v e  j o s t l i n g  of t h e  rock  samples du r ing  t r a n s f e r  and s t o r a g e ,  an  
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(PART I ,  SAMPLE CONTAINER DESIGN REQUIREMENTS, c o n ’ t )  

e g g - c r a t e  compartmentation scheme has been experimented wi th .  The 2 i n .  
h i g h  compartment w a l l s  s e r v e  t o  i s o l a t e  t h e  s m a l l e r  samples and reduce 
movement, and t o  s u p p o r t  t h e  large samples, p r o t e c t i n g  t h e  s m a l l e r  ones 
benea th  from be ing  pu lve r i zed .  

Because t h e  d e n s i t y  o f  the material on t h e  l u n a r  s u r f a c e  i s  n o t  known, 
i t  is  imposs ib l e  to p r e d i c t  t h e  t o t a l  sample volume. The packaging scheme 
must t h e r e f o r e  be f l e x i b l e ,  n e i t h e r  be ing  r e s t r i c t e d  t o  sma l l  compartments 
f o r  r o c k s ,  n o r  t o  l a r g e  v o i d s  i n  a n t i c i p a t i o n  of r e t u r n i n g  o n l y  pumice o r  
d u s t  samples.  

Conventional padding m a t e r i a l s  a r e  unaccep tab le ,  p r i n c i p a l l y  because 
o f  t h e i r  h i g h  g a s  entrapment.  Metallic s p r i n g s ,  i f  u sed ,  must be s u f f i -  
c i e n t l y  s t r o n g  t o  ho ld  the samples a g a i n s t  t h e  wal l s  under v i b r a t i o n  and 
shock c o n d i t i o n s ,  y e t  n o t  s o  s t i f f  a s  t o  c r u s h  d e l i c a t e  rock sample s t r u c -  
t u r e s  which some i n v e s t i g a t o r s  a n t i c i p a t e  w i l l  be  encountered.  A cush ion ing  
scheme invo lv ing  an  i n f l a t a b l e  b l adde r  i s  a p o s s i b i l i t y ,  a l t h o u g h  i f  used i t  
must be a h i g h l y  redundant s t r u c t u r e ,  t o t a l l y ,  devoid of g a s  t r a n s m i s s i b i l i t y  
and leakage. A s  can be seen  from v i b r a t i o n  t e s t  r e s u l t s , a  d e v i c e  such  a s  
t h e  b l a d d e r  o r  an  e q u a l l y  c o n f i n i n g  mechanism appea r s  t o  be mandatory t o  
p reven t  sample movement and a t t e n d a n t  a b r a s i o n .  

INSTRUMENTATION REQUIREMENTS 

A means must be  provided t o  determine when s u f f i c i e n t  samples have been 
c o l l e c t e d  t o  meet b u t  n o t  exceed the  weight  l i m i t a t i o n .  Such a d e v i c e  must 
be of s imple c o n s t r u c t i o n ,  s i m i l a r  i n  concept  t o  a d i r e c t  r e a d i n g  s p r i n g  
scale. One d e s i g n  e n v i s i o n s  a s p r i n g  a t t a c h e d  t o  t h e  box, w h i l e  a n o t h e r  pro- 
poses  t o  a t t a c h  t h e  box t o  a s p r i n g  on t h e  Jacob’ s  s t a f f .  E i t h e r  method 
would p rov ide  s u f f i c i e n t  accuracy f o r  g r o s s  weight d e t e r m i n a t i o n s .  

A simple b i - m e t a l l i c  element with s u r f a c e  read-out  can be used f o r  
t empera tu re  i n d i c a t i o n s .  T C  more s o p h i s t i c a t e d  i n s t r u m e n t a t i o n  i s  r e q u i r e d ,  
a s t a n d a r d  vacuum p e n e t r a t i o n  f o r  t h e r m i s t o r  o r  thermocouple connec t ions  can 
be accommodated e a s i l y .  

An i n d i c a t i o n  o f  vacuum f a i l u r e  can be provided w i t h  a Bourdon tube  or 
a n e r o i d  gauge w i t h  a m i n i a t u r e  s u r f a c e  read-out .  I f  d e s i r e d ,  a “ w e l l ”  f o r  
t h e  i n s e r t i o n  o f  an  i o n  o r  Redhead magnetron gauge could be s u p p l i e d .  To 
e l i m i n a t e  a d d i t i o n a l  s e a l s  t h e  s u r f a c e s  su r round ing  such o p t i o n a l  pene t r a -  
t i o n s  should be cont inuous,  having reduced t h i c k n e s s e s  capab le  of be ing  
e a s i l y  c u t  i f  t h e  i n v e s t i g a t o r s  a t  the r e c e i v i n g  s t a t i o n  f i n d  i t  n e c e s s a r y  
t o  i n s e r t  add i t  iona 1 ins t rumen ta t ion .  
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(PART I ,  SAMPLE CONTAINER DESIGN REQUIREMENTS, con' t )  
I 

B. INNER BAG 

OBJECTIVES AND CONSTRAINTS 

The i n n e r  sample bag o r  wrapper,  be ing  i n  i n t i m a t e  c o n t a c t  w i t h  t h e  
samples, must be of a m a t e r i a l  which can be r e a d i l y  i d e n t i f i e d  and which 
w i l l  n o t  i n t e r f e r e  w i t h  l a t e r  p e t r o g r a p h i c ,  p h y s i c a l  o r  b i o l o g i c a l  i n v e s t i -  
g a t i o n s .  The bag m a t e r i a l  must be tough, a b r a s i o n  and puncture  r e s i s t a n t ,  
have minimal o u t g a s s i n g ,  g a s  pe rmeab i l i t y  and e l e c t r o s t a t i c  p r o p e r t i e s .  

MATERIAL REQUIREMENTS 

Gas p e r m e a b i l i t y  c o n s i d e r a t i o n s  have r u l e d  o u t  t h e  p o s s i b i l i t y  of u s i n g  
s i n g l e  l a y e r  p l a s t i c s  o r  s i n g l e  l a y e r s  o f  f o i l  f o r  t h e  i n n e r  bag mater ia l .  
Experience w i t h  h i g h  a l t i t u d e  ba l loons  h a s  shown t h a t  m u l t i p l e  l a m i n a t i o n s  
n e g a t e  p inho les  i n  i n d i v i d u a l  l a y e r s  and p rov ide  a n  e f f e c t i v e  g a s  b a r r i e r .  
T h i s  approach i s  recommended r e g a r d l e s s  o f  t h e  m a t e r i a l  s e l e c t e d .  

Two c r i t e r i a  of utmost importance f o r  t h e  i n n e r  l i n e r  of t h e  f l e x i b l e  
sample bags a r e  (1) i t  m u s t  be a high p u r i t y ,  i d e n t i f i a b l e  m a t e r i a l  which 
w i l l  n o t  i n t e r f e r e  w i t h  subsequent i n v e s t i g a t i o n s ,  and (2) i t  must be capab le  
of e f f e c t i v e  p re - t r ea tmen t  t o  minimize o u t g a s s i n g .  The two m a t e r i a l s  t h a t  
appea r  t o  meet t h e s e  c r i t c r i a b e s t  a r e  aluminum a n d  copper ,with t h e  l a t t e r  
having a n  edge because i t  car, be baked a t  600 t o  300 C ,  compared w i t h  200 t o  
3OO0C w i t h  aluminum. 

0 

I f  laminated m a t e r i a l s  a r e  u s e d ,  t h e  manufactur ing method must be ex- 
t r eme ly  w e l l  c o n t r o l l e d .  Gas e n t r a i n e d  between t h c  l a y e r s  could i n v a l i d a t e  
t h e  e f f e c t s  o f  o u t g a s s i n g  p re - t r ea tmen t ,  and o r g a n i c  adhes ives  or  o t h e r  con- 
t a m i n a t i n g  i n f l u e n c e s  could do s e r i o u s  harm t o  subsequent  i n v e s t i g a t i o n s  
should t h e  l a y e r  nex t  t o  the samples be p e n e t r a t e d  due t o  a b r a s i o n  from v i -  
b r a t i o n  o r  o t h e r  problems. The o u t e r  l i n e r  o f  t h e  f l e x i b l e  c o n t a i n e r  i s  a l s o  
c r i t i c a l ,  s i n c e  e x c e s s i v e  ou tgass ing  might ra ise  t h e  p r e s s u r e  i n  t h e  p a s s i v e  
s t o r a g e  c o n t a i n e r  t o  a l eve l  t h a t  could a f f e c t  o t h e r  samples, should t h e  f l e x -  
i b l e  c o n t a i n e r  s e a l s  be  p e n e t r a t e d .  

CONFIGURATION DESIGN REQUIREMENTS 

Two s i z e s  of bags a r e  d e s i r e d ,  one f o r  t h e  l a r g e r  samples up t o  8 i n .  and 
S e v e r a l  shapes appea r  t o  be s a t i s -  t h e  o t h e r  f o r  samples s m a l l e r  than 3 i n .  

f a c t o r y  packing a l t e r n a t i v e s ,  b u t  from a s t o r a g e  and d i s p e n s i n g  s t a n d p o i n t ,  
o n l y  t h o s e  c o n t a i n e r s  capab le  of being fo lded  f l a t  a r e  d e s i r a b l e .  Of equa l  
importance i s  t h e  requirement  t h a t  the sample bags be open when d i spensed ,  o r  
r e a d i l y  openable by t h e a s t r o n a u t  (see Appendix C) .  
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(PART I ,  SAMPLE CONTAINER DESIGN REQUIREMENTS, c o n ' t )  

I n  t h e  even t  t h a t  aluminum or copper f o i l  bag l i n e r s  a re  used ,  care 
must be taken t o  e n s u r e  a g a i n s t  bag l i n e r s  s t i c k i n g  by cohesion or c o l d  
welding p r i o r  t o  sample packaging. 
answer t o  t h i s  problem. Cold welding may prove u s e f u l  f o r  bag s e a l i n g ,  
w i t h  p r e s s u r e  a p p l i c a t i o n  by ro l le r  or s t y l u s  p rov id ing  a vacuum c l o s u r e .  

Disposable  l i n e r s  appea r  t o  be one 

C. SPECIAL CONTAINERS 

GAS SAMPLES 

S p e c i a l  c o n t a i n e r s  d e s t i n e d  f o r  experiments  o n  t h e  e v o l u t i o n  o f  g a s  
from t h e  s u r f a c e  o f  l u n a r  rocks  w i l l  i nvo lve  e x a c t i n g  d e s i g n  r equ i r emen t s .  
To be e f f e c t i v e  f o r  t h e s e  purposes ,  t h e  i n t e r i o r  s u r f a c e s  must have abso- 
l u t e  minimum l e v e l s  o f  ou tgass ing .  Highly po l i shed  s t a i n l e s s  s t e e l  c y l i n -  
d e r s  g e n e r a l l y  meet t h e s e  r equ i r emen t s ,  no t  on ly  from an  i n h e r e n t l y  low 
o u t g a s s i n g  s t a n d p o i n t ,  b u t  because they can be baked a t  v e r y  h igh  tempera- 
t u r e s  (lOOO°C) t o  f u r t h e r  reduce contaminat ion and g a s  e v o l u t i o n .  The con- 
t a i n e r s  may be r e l a t i v e l y  smal l ,  no more than 1 in .  d i ame te r  by 6 i n .  long,  
and must be s e a l e d  w i t h  a metal l ic  ( p r e f e r a b l y  gold o r  aluminum) seal .  
A r eady  means of a d a p t i n g  t h e  c o n t a i n e r  t o  t h e  u l t i m a t e  experiment must be 
provided so t h a t  t h e  g a s  sampling c o n t a i n e r  can be opened d i r e c t l y  i n t o  t h e  
expe r imen ta l  appa ra tus .  

BIOLOGICAL CONTAINER 

The d e s i g n  requirements  f o r  t he  b i o l o g i c a l  sample c o n t a i n e r s  encompass 
t h e  r e q u i s i t e s  of p r e - s t e r i l i z a t i o n ,  c o n t r o l  d u r i n g  a c q u i s i t i o n  t o  minimize 
e x t r a n e o u s  con tamina t ion ,  and stowage i n  a r e l i a b l y  s e a l e d  sample box which 
w i l l  p rov ide  redundant p r o t e c t i o n .  

The re  appea r s  t o  be l i t t l e  doubt t h a t  t h e  o u t g a s s i n g  bake t empera tu re  
o f  400 t o  8OO0C w i l l  be s u f f i c i e n t  f o r  s t e r i l i z a t i o n  purposes.  
r a t i o n  which appea r s  most l i k e l y  t o  minimize unwanted a s t r o n a u t  contamina- 
t i o n  i s  a s h i e l d e d  t e l e s c o p i n g  probe which, when extended,  can be used t o  
p e n e t r a t e  t h e  contaminated s u r f a c e  and o b t a i n  samples from a d e p t h  of 
s e v e r a l  inches.  

The configu-  

The o r d i n a r y  g e o l o g i c  s a m p l e  packaging procedures  w i l l  be  v e r y  n e a r l y  
a s c e p t i c ,  w i t h  t h e  excep t ion  o f  p o s s i b l e  contaminat ion in t roduced  by t h e  
a s t r o n a u t ,  or t h e  LEM f u e l  combustion products .  Thus, a l l  samples can be 
p o t e n t i a l l y  a p p l i c a b l e  t o  b i o l o g i c a l  examination. 
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PART I1 

CONTAM IN AT ION 

OBJECTIVES AND CONSTRAINTS 

The s u c c e s s  of  t h e  sampling program depends l a r g e l y  upon t h e  deg ree  t o  
which t h e  samples r e f l e c t  t h e i r  lunar  make-up and c h a r a c t e r  when r e t u r n e d  
to  e a r t h  l a b o r a t o r i e s  f o r  examination. The c o n s t a n t l y  a c t i v e  c y c l e s  of o u t -  
g a s s i n g  and a b s o r p t i o n  which u n i v e r s a l l y  occur  i n  hard  vacuums, w i l l  i n e v i -  
t a b l y  produce some unwanted molecules  on t h e  s u r f a c e s  of t h e  samples.  Simi- 
l a r l y ,  whatever  m a t e r i a l  i s  i n  con tac t  w i t h  t h e  samples du r ing  t h e  t r a n s -  
e a r t h  phase w i l l  be  d e p o s i t e d  t o  some degree  upon t h e  sample s u r f a c e s .  
Thus,  c o n t r o l  ove r  bo th  m a t e r i a l s  and c l e a n i n g  p rocesses  is  c r u c i a l .  

SOURCES OF CONTAMINATION 

(1) Fue l  Trace Contamination. The p r i n c i p a l  sou rce  of l u n a r  contaminat ion  
w i l l  be  t h e  LEM's r o c k e t  engines .  About 4000 l b s .  of a N2O4- hydraz ine  
unsymmetrical  d imethylhydraz ine  mix tu re  w i l l  be burned,  t h e  e x a c t  
amount t o  depend upon t h e  number of seconds of  hover  needed. Es t ima tes  
o f  t h e  e x t e n t  of  such  contaminat ion from t h e  p o i n t  of  l and ing  range a s  
h i g h  a s  a thousand miles i n  a l l  d i r e c t i o n s .  Taking a somewhat less 
c o n s e r v a t i v e  v i ewpo in t ,  i f  t h e  LEM approaches  t h e  l u n a r  s u r f a c e  tangen- 
t i a l l y ,  contaminat ion  could be minimized by t a k i n g  samples away from 
t h e  LEM i n  a d i r e c t i o n  o p p o s i t e  t o  the approach path.  

Should secondary power s u p p l i e s  be used t o  d r i v e  t h e  rock c o r i n g  d e v i c e  
or o t h e r  supplementary equipment, t h e  combustion products  o f  t h e s e  
u n i t s  would be major sou rces  of contaminat ion  and t h e  sampling program 
should  be o r i e n t e d  as f a r  a s  p o s s i b l e  from t h e s e  a c t i v i t i e s .  

(2) Gloves and S u i t s .  Because t h e  space  s u i t  is p r e s s u r i z e d  to  approxi -  
mate ly  3 .7  p s i  and c o n t a i n s  many a r t i c u l a t i n g  j o i n t s  w i t h  sea ls ,  r e l a -  
t i v e l y  l a r g e  amounts of gas leakage w i l l  accompany t h e  e x p l o r i n g  a s t r o -  
nau t  d u r i n g  h i s  sampling program. The most s e r i o u s  leakage  w i l l  be  
from t h e  g loves  and w r i s t  j o i n t  which are  i n  close proximi ty  t o  t h e  
hand tools and samples d u r i n g  a c q u i s i t i o n  and packaging. Samples 
which have been handled by t h e  a s t r o n a u t  w i l l  i n e v i t a b l y  c o n t a i n  t r a c e s  
o f  g love  contaminat ion  which w i l l  be  p a r t i c u l a r l y  annoying d u r i n g  labo-  
r a t o r y  a n a l y s i s ,  s i n c e  i t  w i l l  be p r e s e n t  i n  random amounts on n e a r l y  
a l l  samples.  

(3) Sample Bag L ine r s .  Some m a t e r i a l  w i l l  i n e v i t a b l y  be d e p o s i t e d  by s p a l l -  
i n g  or  a b r a s i o n  from t h e  i n s i d e  s u r f a c e s  of t h e  sample bag l i n e r s .  
Aluminum and copper a r e  both  being cons ide red  a s  cand ida te  l i n e r s  and 
b o t h  have t h e  advantage  of being r e a d i l y  i d e n t i f i a b l e .  
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I (PART 11, CONTAMINATION, c o n ' t )  

A more s u b t l e  sou rce  of  contaminat ion w i l l  be  t h e  e v o l u t i o n  of gas  
molecules  from t h e  s u r f a c e s  o f  the bag l i n e r s .  
such  contaminat ion  w i l l  depend l a r g e l y  upon t h e  e f f e c t i v e n e s s  of  t h e  
c l e a n i n g  procedures  and t h e  s t o r i n g  p r o v i s i o n s  employed, which p l a c e s  
g r e a t  importance upon bake-of f ,  vacuum s t r i p p i n g ,  and e l e c t r o n  beam 
t echn iques  f o r  pre-c leaning .  

The type  and e x t e n t  of 

(4) P o l y e s t e r  Film, Unl ike  f luorocarbons ,  which have a known s i g n a t u r e  
when viewed w i t h  t h e  spec t rometer ,  t h e r e  i s  l i t t l e  r e l i a b l e  informa- 
t i o n  i d e n t i f y i n g  p o l y e s t e r  f i lms .  I f  such a m a t e r i a l  i s  t o  be used ,  
c o n s i d e r a b l e  pre- launch  i d e n t i f i c a t i o n  expe r i ence  must be ob ta ined .  
A secondary i n f l u e n c e  i m p l i e d  by t h e  use  of f o i l  and lamina tes  i s  t h e  
amount of gas  t rapped  between l aye r s  by t h e  manufac tur ing  process .  
An i n v e s t i g a t i o n  o f  t echn iques  t o  s t r i p  and minimize t h i s  e f f e c t  must 
be pursued i f  t h e  l amina t ing  technique i s  employed. I n  a d d i t i o n ,  t h e  
type  of adhes ive  used t o  b ind  t h e  l amina t ions  is of extreme importance 
and mass spectrometer s i g n a t u r e s  and /o r  o t h e r  i d e n t i f i c a t i o n  must be 
o b t a i n e d ,  a s  w i t h  o t h e r  sample c o n t a i n e r  m a t e r i a l s .  

(5) Outgassing.  S e a l  and wall ou tgass ing  a r e  always p o t e n t i a l l y  t r o u b l e -  
some sources  of  contaminat ion ,  but  t h e  materials and p re - t r ea tmen t  
c r i t e r i a  e s t a b l i s h e d  i n  P a r t  I should minimize t h e i r  adve r se  e f f e c t .  

(6) LEM Contamination. Inasmuch a s  t h e  p r i n c i p a l  sou rce  of  e a r t h  b a c t e r i a  
r e l e a s e d  on t h e  moon w i l l  be the LEN'S atmosphere,  t h e  atmosphere 
w i t h i n  t h e  LEM should  be vented  through an  u l t r a  h igh  e f f i c i e n c y  b i o -  
l o g i c a l  f i l t e r .  The redundant  s e a l i n g  c a p a b i l i t i e s  of  t h e  sample box 
and t h e  i n t e r n a l  sample c o n t a i n e r  bags and c a n i s t e r s  w i l l  minimize 
t h e  chances of contaminat ion  from t h e  LEM and CM atmosphere d u r i n g  
t h e  t r a n s - e a r t h  phase. 

(7) Receiv ing  S t a t i o n  I n f l u e n c e s .  Cons iderable  c o o r d i n a t i o n  w i l l  have t o  
be e f f ec t ed  between t h e  sample c o n t a i n e r  program and t h e  des ign  and 
c o n s t r u c t i o n  of  t h e  f a c i l i t i e s  i n  t h e  r e c e i v i n g  s t a t i o n .  The proceed- 
ings  of t h e  American Vacuum Socie ty  and t h e  minutes  of  t h e  meet ings of 
Committee E-21, American Socie ty  f o r  T e s t i n g  of  M a t e r i a l s ,  c o n t a i n  
many r e f e r e n c e s  t o  e x c e s s i v e  a c c i d e n t a l  contaminat ion  i n  l a r g e  and 
sma l l  vacuum i n s t a l l a t i o n s .  These contaminants  have been a t t r i b u t e d  
p r i n c i p a l l y  t o  (1) backstreaming from d i f f u s i o n  pumps and (2)  t h e  
b o i l - o f f  of  low ends from p l a s t i c s ,  wire i n s u l a t i o n ,  seals and elec- 
t r o n i c  components. Extreme care  must be e x e r c i s e d  i n  a l l  f a c e t s  of 

hand- t h e  r e c e i v i n g  s t a t i o n  d e s i g n ,  o r  t h e  eng inez r ing ,  c l e a n i n g ,  and 
l i n g  p rocesses  used f o r  t h e  sample c o n t a i n e r  des ign  program w i l  
i n v a l i d a t e d .  

be  
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1 (PART 11, CONTAMINATION, con' t) 

IDENTIFICATION OF CONTAMINANTS 

It i s  impor tan t  t h a t  an o r d e r l y  program be developed which w i l l  g i v e  
i n v e s t i g a t o r s  i n  a l l  d i s c i p l i n e s  a n  oppor tun i ty  t o  e v a l u a t e  t h e  s o u r c e s  
and types  of sample contaminat ion .  In t h i s  regard  a s e r i e s  of c o n t r o l  
tes ts  should be des igned  t o  c o n s i d e r  contaminat ion  sources  from: (1) b a s i c  
packaging m a t e r i a l s ;  (2) s u r f a c e s  of packaging m a t e r i a l s ;  (3) a s t r o n a u t  
hand l ing ;  (4) LEM combustion products ;  ( 5 )  a d j a c e n t  samples; ( 6 )  m a t e r i a l s  
i n t roduced  a t  t h e  r e c e i v i n g  s t a t i o n ;  and (7)  m a t e r i a l s  i n t roduced  by t h e  
i n v e s t i g a t i n g  agenc ie s .  

The aluminum used f o r  c o n s t r u c t i o n  of t h e  boxes and p e r i p h e r a l  equip- 
ment, t h e  m a t e r i a l s  used f o r  a l l  s e a l s ,  and t h e  m a t e r i a l s  of t h e  i n n e r  con- 
t a i n e r s  and bags should a l l  be made i n  s i n g l e  b a t c h  p rocesses .  The ba tches  
should  be s u f f i c i e n t l y  l a r g e  t o  provide f o r  t h e  e n t i r e  Apollo program, 
i n c l u d i n g  c o n t r o l  samples. Th i s  w i l l  r educe  t h e  amount of p e r i p h e r a l  
i n v e s t i g a t i o n  r e q u i r e d  du r ing  l a t e r  mi s s ions  t o  i d e n t i f y  t r a c e  contamin- 
a n t s  by l a b o r a t o r i e s  competent i n  o b t a i n i n g  s i g n a t u r e s  of m a t e r i a l s  through 
mass spec t romet ry  and o t h e r  a p p l i c a b l e  means. The c o n t r o l  samples ob ta ined  
a t  t h e  time of f a b r i c a t i o n  w i l l  be used du r ing  l a t e r  i n v e s t i g a t i o n s  t o  h e l p  
i d e n t i f y  t r a c e  contaminants.  
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PART 111 

SAMPLE ACQUISITION PROCEDURES 

OBJECTIVES AND CONSTRAINTS 

The d e t a i l s  of t h e  procedures  by which t h e  a s t r o n a u t  w i l l  o b t a i n ,  
i d e n t i f y  and package uncontaminated lunar  s u r f a c e  g e o l o g i c a l ,  b i o l o g i c a l  
and o t h e r  samples a r e  dependent upon t h e  s i z e  of  t h e  samples o b t a i n e d ,  t h e  
number of samples i n  each s i z e  ca t egory ,  t h e  c h a r a c t e r  of t h e  samples ,  i . e . ,  
whether  d u s t  or hard  rock ,  and t h e  amount of  i n d i v i d u a l  s e p a r a t i o n  r equ i r ed .  
The i n t e n t  of t h i s  s t u d y  was n o t  t o  provide t h e  c r i t e r i a  by which samples 
would be  s e l e c t e d ,  bu t  r a t h e r  t o  examine t h e  packaging i m p l i c a t i o n s  of  
v a r i o u s  sampling ph i losoph ies .  Since t h e  a v a i l a b l e  packaging schemes are  
l i m i t e d  by t h e  smal l  amount of time a v a i l a b l e  t o  t h e  a s t r o n a u t ,  recommen- 
d a t i o n s  on i d e n t i f i c a t i o n ,  o r i e n t a t i o n s  and s e l e c t i o n  c r i t e r i a  have been 
developed i n  con junc t ion  w i t h  t h e  a c q u i s i t i o n  procedures .  

IDENTIFICATION 

A numbering system f o r  t h e  f l e x i b l e  and r i g i d  c o n t a i n e r s  is t h e  most 
a c c e p t a b l e  means of  sample i d e n t i f i c a t i o n .  
numbers 2-112 inches  h igh  on an  aluminum f o i l  bag were p l a i n l y  v i s i b l e  on 
photographs taken  from a d i s t a n c e  of 27 f e e t  under  normal outdoor  l i g h t i n g  
c o n d i t i o n s .  When t h e  o u t e r  l i n e r  o f  t h e  f l e x i b l e  sample bags has  been 
f i n a l i z e d ,  color,  background, and t e x t u r e  of t h e  numbers can be s e l e c t e d  
f o r  optimum c o n t r a s t .  
rocks  and h i s  i d e n t i f i c a t i o n  o f  bag numbers should  be done by au tomat i c  
v o i c e  r e c o r d i n g  indexed t o  r e a l  t i m e .  
and/or  head-held cameras w i l l  provide a d d i t i o n a l  sample i d e n t i f i c a t i o n .  
Real t i m e  marks on t h e  f i l m  f o r  p o s i t i v e  indexing  t o  t h e  recorded  v o i c e  
comments can be an e s s e n t i a l  i d e n t i f i c a t i o n  a id .  

T e s t s  i n d i c a t e d  t h a t  b l a c k  

The e x p l o r i n g  a s t r o n a u t ' s  comments wh i l e  p i ck ing  up 

Photo r eco rd ing  by hand-he ld ,  s h i p ' s ,  

ORIENTATION 

The problem of p rope r ly  o r i e n t i n g  t h e  e a r t h ' s  i n v e s t i g a t o r  t o  t h e  
precise p o s i t i o n  on t h e  l u n a r  s u r f a c e  a t  which any p a r t i c u l a r  s a m p l e  was 
acqu i r ed  invo lves  f i r s t  t h e  g ross  l o c a t i o n  of t h e  l u n a r  l and ing  s i t e .  
Work c u r r e n t l y  under  way by D r .  Shoemaker and o t h e r s  on d e t a i l e d  mapping 
of t h e  l u n a r  s u r f a c e  w i l l  provide adequate  r e f e r e n c e  m a t e r i a l  from which 
o r b i t i n g  and d e s c e n t  photographs can be matched t o  i d e n t i f y  major l u n a r  
landmarks,  Having determined t h e  landing  l o c a t i o n ,  t h e  LEM must t hen  be 
o r i e n t e d  t o  i t s  immediate landscape ,  and t h e  l o c a t i o n  of each sample 
o r i e n t e d  t o  t h e  LEM. A s i m p l e  procedure is o u t l i n e d  i n  F igu re  9 ,  based 
on t h e  assumption t h a t  t h e  a s t r o n a u t ' s  hand-held camera can be provided 
w i t h  a m i l  s c a l e  o r  o t h e r  a n g l e  measuring device .  
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b (PART 111, SAMPLE ACQUISITION PROCEDURES, con' t) 

The o r i e n t a t i o n  procedure  w i l l  r e q u i r e  t h e  a s t r o n a u t  t o  do two th ings :  

(1) Proceed a t  r i g h t  angles  t o  t h e  f r o n t  of  t h e  L M  a nominal 
d i s t a n c e ;  f o r  example, 100 f e e t ,  as measured by a l i g h t  
c o r d ,  and erect l igh t -we igh t  p o l e s  w i t h  c o l o r e d  f l a g s .  

(2) A t  each  sample l o c a t i o n ,  t a k e  a photograph of t h e  LEM and 
range  po le ( s )  w i t h  f l a g ( s )  v i s i b l e  i n  t h e  p i c t u r e .  

The unique c o n f i g u r a t i o n  of t h e  LEM makes i t  p o s s i b l e  t o  de te rmine  t h e  
azimuth a t  which any g iven  LEM photograph was taken. T h i s ,  t o g e t h e r  w i t h  
t h e  p h o t o g r a p h i c a l l y  measured a n g l e  between t h e  LEM and t h e  f l a g ,  and t h e  
measured d i s t a n c e  between t h e  LM and t h e  f l a g  p rov ides  a l l  t h a t  i s  neces-  
s a r y  t o  de termine  by s imple  t r i a n g u l a t i o n  t h e  p o s i t i o n s  of samples r e l a t i v e  
t o  t h e  LEM. The sys tem is simple, r e q u i r e s  no su rvey ing  in s t rumen t s  or 
special  a n g l e  o r  d i s t a n c e  measurements by t h e  a s t r o n a u t ,  and invo lves  a 
minimum of e x t r a  weight ( p o l e s ,  f l a g s  and cord) .  

T h i s  system, o r  an e q u i v a l e n t ,  is recommended on t h e  b a s i s  of s t u d i e s  
of t h e  t i m e  r e q u i r e d  f o r  packaging a c t i v i t i e s .  Every a d d i t i o n a l  second used 
for i d e n t i f i c a t i o n  a c t i v i t i e s  w i l l  d e t r a c t  from t h e  e x p l o r a t i o n  program, and 
may mean less than t h e  f u l l  complement of samples w i l l  be packaged and re- 
tu rned .  

The o r i e n t a t i o n  of i n d i v i d u a l  samples t o  t h e  topography of t h e i r  imme- 
d i a t e  sur roundings  (5-10 f t )  can again b e s t  be handled by photographic  means. 
Prear ranged  packaging procedures  inc lud ing  s c r i b e  marks on c e r t a i n  samples 
i n d i c a t i n g  l u n a r  n o r t h  and v e r t i c a l  o r i e n t a t i o n  a re  e s s e n t i a l ,  and t h e  com- 
b i n a t i o n  of v o i c e  r e c o r d i n g  and photographs w i l l  p rovide  p o s i t i v e  i d e n t i f i -  
c a t i o n  and adequate  supplementary da t a  r eco rds .  

ROCK HANDLING 

The a c q u i s i t i o n  and packaging of l a r g e  rocks  presupposes no p a r t i c u l a r  
problem, s i n c e  t h e  f l e x i b l e  i n n e r  sample c o n t a i n e r  bags a r e  i d e a l l y  s u i t e d  
f o r  rocks  of t h e  f o u r  t o  s ix  i n c h  diameter ca t egory .  For samples below 
t h r e e  i n c h e s ,  i n d i v i d u a l  packaging becomes p r o h i b i t i v e l y  time consuming. 

There seems l i t t l e  doubt t h a t  i n  t h e  case of a g g r e g a t e s ,  g r a v e l s ,  
pumice, o r  d u s t ,  t h a t  bags w i t h  hoops i n  t h e  t h r o a t s  which can  be used con- 
v e n i e n t l y  a s  scoops p rov ide  a convenient approach. I n  o t h e r  i n s t a n c e s ,  i t  
may b e  d e s i r a b l e  t o  a c q u i r e  undis turbed  s u r f a c e  d u s t  o r  pumice samples which 
p r e s e r v e  t h e  s o i l  s t r u c t u r e  for l a t e r  a n a l y s i s ,  which can be accomplished by 
hand c o r i n g  w i t h  t h i n  metal l ic  test tubes.  

Samples from machine d r i v e n  coring d e v i c e s  cdil be  packaged i n  separate 
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t u b u l a r  c o n t a i n e r s  and s t o r c d  i n  a v a i l a b l e  l o c a t i o n s  o u t s i d e  t h e  sample 
boxes,  S p e c i f i c  hand l ing  and s t o r a g e  f o r  t h e s e  s p e c i a l  samples w i l l  be 
covered i n  subsequent i n v e s t i g a t i o n s .  

TRANSPORTATION TECHNIOUES 

The sample box w i l l  be a l i g h t  weight ,  h i g h l y  eng inee red  s t r u c t u r e  which 
should no t  be c a r r i e d  by t h e  a s t r o n a u t  du r ing  h i s  sampling e x p l o r a t i o n s .  
S ince  i t  would no t  be d e s i r a b l e  t o  expose LEM atmosphere t o  t h e  h i g h l y  
c l eaned  i n t e r i o r  of t h e  box, i t  should be t r a n s p o r t e d  some d i s t a n c e  
(20-30 f t )  from t h e  LEM b e f o r e  be ing  opened. The g e o l o g i c  sample  bags and 
o t h e r  spec ia l -pu rpose  c o n t a i n e r s  w i l l  then be removed from t h e  sample box, 
c a r r i e d  i n  a pocket o r  hooked t o  t h e  J a c o b ' s  s t a f f  o r  wa lke r ,  and i n d i v i d u a l l y  
d i spensed .  For t h e  r e t u r n  of samples t o  t h e  box, a s i m p l i f i e d  b a n d o l i e r  o r  
pouch w i l l  s u f f i c e ,  inasmuch a s  t h e  t o t a l  sample weight w i l l  produce a r e -  
a c t i o n  e q u i v a l e n t  t o  only t e n  e a r t h  pounds whi le  on t h e  l u n a r  s u r f a c e .  

SAMPLE BOX PACKING 

Packing  of the  v a r i o u s  samples  w i t h i n  t h e  rock box w i l l  fo l low a l o g i c s 1  
p a t t e r n .  The special  c o n t a i n e r s  w i l l  be i n s e r t e d  f i r s t  i n t o  s p e c i a l  c l i p s  
on t h e  i n s i d e  f a c e s  of t h e  c o a t a i n e r .  A s u f f i c i e n t  number of s m a l l  (2 i n .  o r  
l e s s )  samples w i l l  then be i n s e r t e d  t o  f i l l  the  spaces  between t h e  egg c r a t e  
d i v i d e r s .  I n t e r m e d i a t e  s i z e d  (2 -4  i n . )  samples w i l l  t hen  be p laced  i n  t h e  
f a r  c o r n e r s  of t h e  box, followed by t h e  two l a r g e  (4 -6  i n . )  samples a t  e i t h e r  
end of t h e  box. The remaining spaces s t i l l  v i s i b l e  around t h e  l a r g e r  samples 
w i l l  be f i l l e d  by a d d i t i o n a l  sma l l  samples u n t i l  t h e  weighing dev ice  i n d i -  
c a t e s  a f u l l  load. 

It was o r i g i n a l l y  b e l i e v e d  t h a t  t h e  p r i n c i p a l  packaging c o n s t r a i n t  
would be t h e  weight l i m i t a t i o n ,  s i n c e  even r e l a t i v e l y  l i g h t  rocks  (sp .  g r .  
1.0) would exceed t h e  55-60 pound weight l i m i t a t i o n  i n  t h e  2 f t . 3  space  
a l l o c a t e d .  The a d d i t i o n  of i n d i v i d u a l  bags f o r  packaging each  rock sample  
compl ica ted  t h e  a n a l y s i s  by adding  the t a r e  weight of t h e  bags and t h e  t i m e  
r e q u i r e d  t o  d i spense  t h e  bag, drop  the samples i n ,  c l o s e ,  s e a l ,  and stow 
t h e  package i n  t h e  sample box. 

Table  I1 i l l u s t r a t e s  two approaches--one f i l l i n g  t h e  a v a i l a b l e  volume 
w i t h  i n d i v i d u a l l y  wrapped samples and t h e  o t h e r  combining several samples 
p e r  bag i n  t h e  s m a l l e r  s i z e s .  A s  can be seen ,  packaging time is c u t  i n  
h a l f  and sample weight i s  inc reased  40% by t h e  l a t t e r  approach. Note a l s o  
t h a t  f o r  an average  sample s p e c i f i c  g r a v i t y  of 2 .0 ,  a n e a r l y  optimum 56.0 
l b s .  of f i l l e d  sample bags can be stowed i n  t h e  two boxes. The volume and 
weight  r e q u i r e d  f o r  gas sampling, b i o l o g i c a l  and o t h e r  s p e c i a l  c o n t a i n e r s  
has  been n e g l e c t e d ,  a l though  they could a f f e c t  t h e  r e s u l t s  by 20%. 
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Sample Diameter 
and 

Packaging Scheme 
(1) 

One inch:  

i n d i v  idua 1 bag 

SUMMARY 

Number 
of 

Samples 

100 

2 00 

50 

90 

10 

2 

162 

302 

samples pe r  

iameter  f o r  

f i v e  p e r  bag 

OF PACKAGING DATA 

Number T o t a l  Weight w i th  
of S p e c i f i c  Gravi ty  (3) 

(2 1 1.0 2 .0  3 . 0  
Bags 

100 ( 1.9)  ( 3.8) ( 5.7)  
3 .5  5.4 7 . 3  

40 ( 3.8) ( 7.6) (11.4) 
4 .5  8 .3  12 .1  

50 ( 7.6) (15.2) (22.8) 
8 .4  16.0 23 .6  

30 (13.6) (27.2) (40.8) 
14 .1  27.7 41.3 

10 ( 5.1) (10.2) (15.3)  
5.3 10.4 15 .5  

2 ( 4.7) ( 9.4) (14.2) 
4 .9  9.6 14 .4  

(19.3) (38.6) (58.0) 
162 2 2 . 1  41.4 60.8 

(27.2)  (54.4) (81.7)  
82 28.8 56.0 8 3 . 3  

bag. 

sample s i z e s  up t o  3 inches ,  8 inc  

Two inch: 

i n d i v  idua 1 bag 

t h r e e  per bag 

Three inch: 

ind i v  idua 1 bag 

F ive  inch: 

i nd iv idua  1 bag 

T o t a l s  f o r  i n d i -  
v idua  1 l y  pack- 
aged samples: 

T o t a l s  f o r  mul- 
t i p l e  packaging 
of samples p l u s  
3 and 5 in .  

FOOTNOTES: 

1. Number of 

2. 4 .5  inch  

TABLE I1 

I 

Time 

Packaging 
( 4 )  

50 min. 

20 min. 

25 min. 

15 min. 

5 rnin. 

1 min. 

-~ 

81 min. 

41  min. 

I diameter  



. 
TABLE I1 

SUMMARY OF PACKAGING DATA 
~ 

(FOOTNOTES, con' 1 

f o r  over tl 

3.  Numbers i n  
parenthesi 

4. This time 
locate  Sam 

5 .  For additit 

~~ 

'ee inches 

larenthesis 
are  sample 

packaging 
e or descr 

la1 d e t a i l s  

n diamter. 

are sample 
plus bag w 

only. It 
be outcrop 

s e e  Appen 

ie ights .  Numbers with 
.ghts.  

bes not include t i m e  t 

ix D. 

t 
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GAS SAMPLE ACQUISITION 

Experimenters  who a r e  d e f i n i n g  t e s t s  t o  i d e n t i f y  traces of  gas  from t h e  
s u r f a c e s  and i n t e r s t i c e s  of rock  samples a r e  i n t e r e s t e d  i n  probing ,  i f  poss- 
i b l e ,  t h e  i n t e r i o r  of  each package, whether f l e x i b l e  o r  r i g i d  b e f o r e  t h e  
c o n t a i n e r s  a r e  opened f o r  o t h e r  experiments.  For  t h i s  purpose,  gas  sampling 
n i p p l e s  having a diaphragm which can be rup tu rzd  by i n s e r t i n g  a hollow needle  
can be a f f i x e d  t o  each c o n t a i n e r .  

A d d i t i o n a l l y ,  a t  l e a s t  two c o n t a i n e r s  capable  of ho ld ing  2 5  grams of 
d u s t  or o t h e r  maximum sur face- to-weight  r a t i o  samples w i l l  be cons t ruc t ed .  
No special requirements  a r e  known regard ing  c o l l e c t i o n  of t h e  sample,  bu t  a 
h i g h l y  r e l i a b l e  gas  s e a l  i s  mandatory. Cons t ruc t ion  d e t a i l s  of t h e  gas  
sampling c o n t a i n e r  w i l l  be extremely c r i t i c a l ,  as summarized i n  P a r t  I - C ,  
"SPECIAL CONTAINERS". 

There i s  some f e e l i n g  t h a t  d r y  ice o r  o t h e r  f rozen  gases  may be t rapped  
below t h e  l u n a r  s u r f a c e  and t h a t  samples of t h i s  m a t e r i a l  may b u i l d  up s i g n i -  
f i c a n t  p r e s s u r e s  a s  sub l ima t ion  occurs .  Other c o n s i d e r a t i o n s  a long  s i m i l a r  
l i n e s  c i t e  t h e  c h a r a c t e r i s t i c  evo lu t ion  of gas  when a c t i v a t e d  c h a r c o a l ,  which 
has  been s a t u r a t e d  w i t h  g a s ,  i s  thawed from a f rozen  s ta te .  The behavior  of 
any l u n a r  sample which approximates  e i t h e r  of t h e s e  examples could be 
troublesome from a packaging s t a n d p o i n t ,  and some thought  must be g iven  t o  
t h e  p o s s i b i l i t y  of t h e  a s t r o n a u t  pre-screening  h i s  samples t o  e l i m i n a t e  such 
materials,  i f  poss ib l e .  The a l t e r n a t i v e  i s  t o  provide  a p r e s s u r e  r e l i e f  
system which w i l l  p revent  gas  bui ldup ,  bu t  t h i s  would n o t  become e f f e c t i v e  
u n t i l  t h e  p r o t e c t i v e  luna r  vacuum i n  t h e  s t o r a g e  c o n t a i n e r  had been overcome, 
and t h e  chances of i n t r a sample  contaminat ion would thus  be g r e a t l y  increased .  

BIOLOGICAL SAMPLE ACQUISITION 

The i n i t i a l  t h i n k i n g  i n  connect ion w i t h  t h e  a c q u i s i t i o n  of b i o l o g i c a l  
samples  was t h a t  a h igh ly  s p e c i f i c  a s c e p t i c  procedure would be r e q u i r e d  t o  
o b t a i n  meaningful samples. Subsequent i n v e s t i g a t i o n s ,  t a k i n g  i n t o  cons idera-  
t i o n  t h e  seve re  demands upon t h e  a s t r o n a u t ' s  t ime and h i s  l i m i t e d  d e x t e r i t y  
tend  to  put  g r e a t e r  r e l i a n c e  on t h e  conf igu ra t ion  of t h e  sampling dev ice  and 
a few rudimentary procedures .  For  example, s i n c e  t h e  g loves  on the  thermal  
o u t e r  garment w i l l  be  h i g h l y  contaminated,  t h e  a s t r o n a u t  should  no t  touch 
t h e  samples d i r e c t l y .  Perhaps t h e  most p r a c t i c a l  t o o l  c o n f i g u r a t i o n  would 
be a long (18-24 i n , )  l i gh twe igh t  t e l e scop ing  tube which could probe beneath 
t h e  s u r f a c e .  

The normal a i r b o r n  v e h i c l e s  f o r  t r a n s m i t t i n g  contaminat ion  from t h e  
g love  t o  t h e  samples w i l l  be e n t i r e l y  l ack ing  i n  t h e  l u n a r  vacuum making 
unnecessary  much of t h e  s u r g i c a l  c l e a n l i n e s s  concepts  o f  t h e  " s t e r i l e  f i e l d " ,  
etc. The ou tgass ing  from t h e  g loves  and leakage from t h e  a r t i c u l a t i n g  
j o i n t  s e a l s  of t h e  a s t r o n a u t ' s  p ressure  s u i t  a r e  p o t e n t i a l  contaminants ,  bu t  
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(PART 111, SAMPLE ACQUISITION PROCEDURES, con’ t) I ‘  
t h e s e  sou rces  are expected t o  d i s s i p a t e  and minimize p o s s i b l e  t r a n s p o r t  of 
contaminants .  

Con t ro l  experiments  should e s t a b l i s h  i n  advance t h e  c h a r a c t e r i s t i c  con- 
tamina t ion  emanating from t h e  a s t r o n a u t .  
be s imula t ed  i n  a man-rated space chamber t o  prove c o n t r o l  of t h e  c l e a n  
c o n t a i n e r s  o r  c a n i s t e r s  proposed f o r  t h e  l u n a r  s u r f a c e  samplings.  

S a t i s f a c t o r y  p r e - t e s t  s i t u a t i o n  must  

SAMPLE BOX SEALING 

Some e x p e r t s  b e l i e v e  t h a t  t h e  luna r  s u r f a c e  w i l l  be q u i t e  “dus ty” .  Low 
g r a v i t y  par t ic les  s t i r r e d  up by t h e  LEM’s l and ing  may be a t t r a c t e d  t o  t h e  
box and i t s  s e a l i n g  s u r f a c e s .  To avoid t h i s ,  t h e  a s t r o n a u t  w i l l  s t r i p  a 
p r o t e c t i v e  cover  from the  seal and i t s  mating s u r f a c e  j u s t  be fo re  c l o s i n g  
the  l i d .  Even w i t h  t h i s  procedure some f u r t h e r  d u s t i n g  may occur ,  bu t  
t h e  redundant  s e a l  minimizes t h e  p r o b a b i l i t y  of vacuum f a i l u r e  from t h i s  
cause.  
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APPENDIX A 

SUMMARY OF OPINIONS FROM SCIENTIFIC COMMUNITY 

! 1 . 0  INTRODUCTION 

The op in ions  of  s c i e n t i f i c  e x p e r t s  a r e  a n  e s s e n t i a l  component i n  t h e  
s o l u t i o n  of  t h e  l u n a r  sample a c q u i s i t i o n  problem. This  appendix 
r e p o r t s  a sampling of comments and sugges t ions  by v a r i o u s  members o f  
t h e  E a r l y  Apollo Sc iences  Teams and o t h e r  persons sugges ted  by NASA. 
It should be no ted  t h a t  t h e  fo l lowing  summary i s  t h e  c o n t r a c t o r ' s  
b e s t  a t t empt  t o  p r e s e n t  o f t e n  d i v e r s e  opinioii  o f  t h e  e x p e r t s  i n t e r -  
viewed, each o f  whom spoke p r i n c i p a l l y  from t h e  viewpoint  of h i s  own 
d i s c i p l i n e .  The m a t e r i a l  i s  segrega ted  i n t o  t h e  fo l lowing  f o u r  
c a t e g o r i e s  : 

P r o t e c t i o n  from P h y s c i a l  Damage (Sec t ion  2.0) 
P r o t e c t i o n  from Contamination (Sec t ion  3.0) 
Sample A c q u i s i t i o n  (Sect ion 4.0) 
Sample Make-up, Thermal P r o t e c t i o n ,  Other .  (Sec t ion  5.0)  

Each s e c t i o n  h a s  been ar ranged  i n  s u b - s e c t i o n s  acco rd ing  t o  t h e  f i e l d s  
o f  i n t e r e s t  o f  t h e  c o n t r i b u t o r s .  Those con tac t ed  included:  

D r .  
D r .  
D r .  
D r .  
D r .  
D r .  
D r .  
D r .  
D r  . 
D r .  
D r .  
D r .  
D r  . 
D r  . 
D r .  
D r .  

James R .  Arnold,  Univ. of C a l i f . ,  San Diego, C a l i f .  
P. R. Bel l ,  Oak Ridge Na t iona l  Labora tory ,  Oak Ridge,  Tenn. 
Klaus Bieman, M. I . T . ,  Cambridge, Mass. 
M. Ca lv in ,  Univ. of C a l i f . ,  Berkeley,  C a l i f .  
C l i f f o r d  Frondel ,  Harvard Univ. ,  Cambridge, Mass. 
V. W .  Green ( f o r  D r .  Gaylord Anderson),  Univ. of Minn. 
A .  J .  Haagen-Smit , C a l i f ,  I n s t .  of Tech . ,  Pasadena, C a l i i .  
Kurt  Hemenway, Dudley Observa tory ,  Albany, N. Y. 
R. V. Hoffman ( f o r  D r .  C. R. P h i l l i p s )  F t .  D e t r i c h ,  F r e d e r i c k ,  Md. 
R. M. Lemon, Univ. of C a l i f . ,  Berke ley ,  C a l i f .  
J .  Hoover Mackin, Univ. o f  Texas,  Aus t in ,  Texas 
Br ian  Mason, Am. Museum of  Na tu ra l  H i s t o r y ,  N.  Y . ,  N .  Y .  
Wayne Meinke, Nat iona l  Bureau of S tanda rds ,  Washington, D.C. 
P e t e r  S ignor  ( f o r  D r .  Pau l  Gas t ) ,  Univ. of Minn., Minneapolis,Minn 
Kar l  Turekian ,  Yale  Univ. ,  New Haven, Conn. 
Aaron Waters, Univ. of C a l i f . ,  Santa  Barbara,  C a l i f .  

Comments by i n d i v i d u a l  c o n t r i b u t o r s  a r e  noted  by s e p a r a t e  paragraph 
numbers w i t h i n  t h e  d i s c i p l i n e s  no ted ,  a s  w i t h  2 . 1 . 1 . ,  2 . 1 . 2  below. 
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2.0  PROTECTION FROM PHYSICAL DAMAGE 

2 . 1  Bio-Sciences Comments 

2 . 1 . 1  The amount of packing m a t e r i a l s  depends on t h e  r a t i o  of  
d u s t  v e r s u s  hard  rocks.  I f  p r i m a r i l y  d u s t ,  on ly  a smal l  
amount (100 cc) need be preserved  i n  s t r u c t u r a l  form. 
Changes i n  sample make-up w i t h  dep th  a r e  important  t o  
p r e s e r v e  and i d e n t i f y .  

1. 
2.1 .2  The p h y s i c a l  cond i t ion  of  t h e  samples i s  impor tan t  o n l y  

from a s u r f a c e  contaminat ion s t a n d p o i n t ,  i . e . ,  t h e  s m a l l e r  
t h e  samples, t h e  l a r g e r  t h e  r a t i o  of s u r f a c e  a r e a  t o  
volume. 

2.2 Geo-Chemistry Comments 

2 . 2 . 1  P r o t e c t  samples by keeping them r i g i d l y  f i x e d ,  no t  
cushioned.  

2 . 2 . 2  Rock p r o t e c t i o n  i s  not  a pr imary concern.  Broken rock  sam- 
p l e s  w i l l  be  accep tab le .  

2 . 2 . 3  Rock samples are a p t  t o  be e i t h e r  v e r y  f r a g i l e  o r  ve ry  tough. 

2 . 3  Mineralogy and P e t r o l o g y  Comments 

2 .3 .1  Most of  project o b j e c t i v e s  w i l l  be  m e t  even w i t h  unpro tec t ed  
samples . 

2 .3 .2  A t  l e a s t  one s p e c i a l  sample should  be p r o t e c t e d  a g a i n s t  
v i b r a t i o n  t o  preserve  s u r f a c e  t e x t u r e .  

2.4 Geology Comments 

2 . 4 . 1  Abrasion impor tan t  from s t a n d p o i n t  of sample c o n t a i n e r  
s t r e n g t h ,  n o t  t h e  e f f e c t  on samples.  

I 2 . 5  Other  Sources  

2 . 5 . 1  Lunar s u r f a c e  may be covered w i t h  a t h i c k  d u s t  l a y e r  which i s  
s t r u c t u r a l l y  weak. Except t o  p r e s e r v e  a s t r u c t u r a l  sample,  
packaging should not be  c r i t i c a l .  

2 .5 .2  Low d e n s i t y  d u s t  m a t e r i a l  i s  n o t  a n t i c i p a t e d  s i n c e  p a r t i c l e s  
should  f a l l  back t o  l u n a r  s u r f a c e  a t  h igh  v e l o c i t y  due t o  l a c k  
of  atmosphere.  
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3.0 PROTECTION FROM CONTAMINATION 

3 .1  Bio-Sciences Comments 

3 . 1 . 1  Any c o n t a i n e r  contaminant should be a common i d e n t i -  
f i a b l e  m a t e r i a l .  The most u n d e s i r a b l e  contaminants  
would be uranium, thorium, l i t h i u m ,  b e r r i l i u m ,  boron 
and lead .  Next i n  importance would be r i b i d i u m ,  
s t r o n t i u m  and t h e  r a r e  e a r t h s .  I n  g e n e r a l ,  a l l  
contaminat ion by elements w i t h  h i g h e r  molecular  
we igh t s  t han  n i c k e l  should be avoided i f  p o s s i b l e .  

I r o n ,  aluminum and s i l i c a  would be s a t i s f a c t o r y  
packaging contaminants.  Packagixg m a t e r i a  1s 
should be g a s - f r e e .  

C a t a l y s t s  used i n  the  manufactureof many p l a s t i c s  
may c o n t a i n  t r a c e  me ta l s  which would mask p a r t s  of 
t h e  i n v e s t i g a t i o n s .  

A small i n n e r  c o n t a i n e r  should s u f f i c e  f o r  u l t r a -  
hard vacuum p r e s e r v a t i o n  of the b i o l o g i c a l  sample. 
A l l  o t h e r  samples should be stowed i n  t h e  vacuum 
sample c o n t a i n e r .  

3 .1 .2  I n e r t  gas  atmosphere i n  sample box i s  s a t i s f a c t o r y .  
A few spores  would not p a r t i c u l a r l y  h u r t  o r g a n i c  
chemical e v a l u a t i o n .  S i l i c o n e  should be avoided,  
Rocket f u e l  combustion products  a re  v e r y  important .  
A s i n g l e  b a t c h  should be made s u f f i c i e n t l y  l a r g e  
such t h a t  t h e  s p a c e c r a f t  requirements  and subsequent  
e v a l u a t i o n s  can  be completed on t h e  same ba tch .  

No p l a s t i c s  of any kind should be used excep t  com- 
pounds such as f luo roca rbons  w i t h  known s i g n a t u r e s .  
P o l y e s t e r  f i l m s  would have t o  b e  v e r y  c a r e f u l l y  ana- 
lyzed and i d e n t i f i e d .  Gold, aluminum, t i t a n i u m  a r e  
s a t i s f a c t o r y  minerals .  

3 . 1 . 3  Probably w i l l  not  f i nd  any germs on moon. 

S a t i s f a c t o r y  s t e r i l i z a t i o n  procedure would be t o  
h e a t  innermost components t o  135 C f o r  24 h o u r s ,  
w i t h  correspondingly h i g h e r  t empera tu res  on o u t e r  
wal ls .  

0 

F i v e  (5) pe rcen t  of s p a c e c r a f t  e l e c t r o n i c  components 
have been found to  be contaminated. 
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A p r e s s u r i z e d  box with i n e r t  atmosphere would no t  be harm- 
f u l .  S a t i s f a c t o r y  i n e r t  g a s e s  a r e  helium, a r g o n ,  and n i t r o -  
gen. 

The e x t e r i o r  of sample box could be s t e r i l i z e d  upon r e t u r n  
t o  e a r t h  by washing w i t h  fuming n i t r i c  a c i d ,  then washing 
w i t h  d is t i 11 ed water . 
V i r u s e s  a r e  n o t  l i k e l y  t o  be found because of t he i r  
s p e c i a l i z e d  n a t u r e .  S t e r i l i z a t i o n  i s  aimed a t  b a c t e r i a ,  
n o t  v i r u s  . 

3.1.4 The technology f o r  s t e r i l i z a t i o n  and a c q u i s i t i o n  o f  l u n a r  
b i o l o g i c  samples i s  s imi l a r  to  e a r t h  procedures .  Sample 
c o n t a i n e r s  must be s t e r i l i z e d  by c l a s s i c a l  t echn iques .  
Baking a t  600-800°C is  s a t i s f a c t o r y .  

Samples should be  packed i n  c o n t a i n e r s  i n  which e x p e r i -  
ments w i l l  l a t e r  be done, r a t h e r  t h a n  r i s k  t r a n s f e r r i n g  
samples. P o r t s  f o r  t h e  i n s e r t i o n  of a s y r i n g e  f o r  innocu- 
l a t i o n  of b r o t h  d i r e c t l y  i n t o  samples would be h e l p f u l .  
It would a lso be h e l p f u l  i f  t h e s e  sample c o n t a i n e r s  were 
t r a n s p a r e n t .  The e n t i r e  box must be s t e r i l i z e d  b e f o r e  
shipmen t . 

3.2 Geo-Chemistry Comments 

3 . 2 . 1  Doubt t h a t  t r a c e  contaminat ion i n  a r easonab ly  p r o t e c t e d  
sample w i l l  impede a n a l y s i s  work. 

3 . 2 . 2  Maintain 2-10 pounds of samples i n  u l t r a - h i g h  vacuum. Re-  
mainder o f  samples should have r easonab le  p r o t e c t i o n .  
Suggest t h a t  h igh  p u r i t y  o r  e q u i v a l e n t  is adequate  f o r  a l l  
b u t  t h e  u l t r a - h i g h  vacuum c a n i s t e r .  

Contamination from packaging m a t e r i a l s  could be a s e r i o u s  
problem. Aluminum i s  one of t h e  m a t e r i a l s  which would be 
s a t i s f a c t o r y  f o r  an i n n e r  bag. 

3 . 2 . 3  P a r t i a l  p r e s s u r e s  of s u i t  and gloves may be a n  important  
sou rce  of contaminat ing gasses .  

10 t o r r  i s  adequate box p r e s s u r e  f o r  most samples. P r e -  
s e r v i n g  t h e  l u n a r  environment i s  important  f o r  on ly  a ve ry  
sma l l  pe rcen tage  of samples. 

-7 

Suggest a h i g h  p u r i t y  aluminum f o r  i n n e r  bag l i n e r .  

3 . 2 . 4  Rare gas  a s  a s t o r a g e  p r e s e r v a t i v e  should n o t  be used. 
Clean n i t r o g e n ,  i f  u s e d ,  would have t o  be s u p e r c l e a n ,  
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b u t  would p r e f e r  no gas .  

I. 
Should n o t  use g e t t e r s ,  and c o n t a i n e r s  should no t  be 
pumped. Otherwise,  gas product ion  a n a l y s i s  would be 
i n v a l i d a t e d .  

D i f f u s i o n  of gas from one c o n t a i n e r  f i n d i n g  i t s  way 
i n t o  an a d j a c e n t  bag is no t  a s e r i o u s  problem. 

Bag should be c a r r i e d  t o  t h e  moon i n  a hyper -c lean  
s t a t e .  Ion bombardment i s  a much bet ter  method than  
e l e c t r o n  bombardment f o r  p rec l ean ing  due to  h i g h e r  
energy l e v e l s .  

3 . 2 . 5  When sample boxes a r r i v e  they  should  be checked t o  s e e  
i f  leakage has occurred e i t h e r  from o u t s i d e  i n  or from 
i n s i d e  out .  Boxes should then be d i s i n f e c t e d  and p laced  
i n  secondary c o n t a i n e r s  a t  lO'%orr, t o  minimize chances 
of f u r t h e r  t e r r e s t r i a l  contaminat ion .  

Con t ro l  bags i d e n t i c a l  t o  those  i n  t h e  sample box should 
be ana lyzed  f o r  ou tgass ing  du r ing  t h e  mission.  High vacuum 
samples should equal  f i v e  pe rcen t  of t o t a l  sample weight.  
Would p r e f e r  t h e s e  to  be i n  many two t o  four-gram c o n t a i n e r s  
r a t h e r  than one l a rge  c o n t a i n e r .  Glass  breakoff  c o n t a i n e r s  
should be des igned  to  weigh under 30 grams, and would pro- 
v i d e  a t o t a l  of 50 samples i n  t h e  5% weight allowance. 

A p r e s s u r e  r e l i e v i n g  d e v i c e  is probably e s s e n t i a l ,  s i n c e  a 
p o s s i b i l i t y  e x i s t s  t h a t  c e r t a i n  samples could evolve  
l a r g e  volumes of gas .  
E f f e c t i v e  ou tgass s ing  of c o n t a i n e r  cannot be done a t  tempera- 
t u r e s  below 600-800°C. 
num f o i l  because of t h i s .  

Recommend copper r a t h e r  than alumi- 

3 . 3  Mineralogy & P e t r o l o g y  Comments 

3 . 3 . 1  I n t e r a c t i o n  between samples,  i n d i v i d u a l l y  bagged i n  rock  
box i s  l i k e l y  t o  be n e g l i g i b l e .  

B i o l o g i c a l  f i n d i n g s  a r e  l i k e l y  t o  be p re jud iced  by minimal 
packaging p r o t e c t i o n  - -  b u t  t h i s  i s  small  p a r t  of o v e r a l l  
o b j e c t i v e  . 
If 10-14torr cannot be main ta ined  i n  box or around samples,  
t h e n  10-30, 10-2 may be a s  a c c e p t a b l e  a s  lo-* or 10-9. 

3 .3 .2  The s p a c e c r a f t  appears t o  be the  major contaminat ion  source.  

Sample box should maintain l 0 - 8 t o r r  vacuum. Another 
approach may be t o  use a c o n t r o l l e d  atmosphere of n i t r o g e n .  

I 
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I .  
I 
I. 
I 

I n n e r  sample bags need no t  ma in ta in  vacuum. 
s p e c i a l  c o n t a i n e r s  should be provided f o r  l una r  gas  
samples . 

However, 

3 .4  Geology Comments 

3 .4 .1  Oxida t ion  should not  be a major problem because most 
d r y  rocks  are r e l a t i v e l y  i n e r t .  

3 . 5  Other  Sources  

3 .5 .1  

3 .5 .2  

3 .5 .3  

Samples may be r e a c t i v e  wi th  water  and oxygen. P ro -  
t e c t i o n  must b e  a f forded  u n t i l  t h e  degree  of r e a c t i v i t y  
can be determined. 

Fluorocarbon o r  po lye thylene  are  s a t i s f a c t o r y  a s  sample 
c o n t a i n e r s .  N o  s t r i c t  c o n s t r a i n t s  excep t  c o n t a i n e r  
should not  g e n e r a t e  p a r t i c l e s .  It would be a good idea  
t o  have two k inds  of c o n t a i n e r s ,  such a s  s t a i n l e s s  s t e e l  
and f luorocarbon,  t o  check one a g a i n s t  t h e  o t h e r .  Should 
n o t  u se  s i l i c o n e  o r  t i t an ium.  

P o l y e s t e r  f i l m s  must  be degassed b e f o r e  coa t ing .  

Should no t  use l e a d ,  go ld ,  o r  indium f o r  s e a l .  Avoid 
r a r e  gases .  

A n t i c i p a t e  d i f f i c u l t y  i n  ach iev ing  seal  due to  f l y i n g  d u s t  
p a r t i c l e s .  Recommend s e a l  be p r o t e c t e d  w i t h  a non-s t icky  
gas  o r  l i q u i d  f i lm.  

4.0 SAMPLE ACQUISITION NOTES 

4 . 1  Bio-Sciences Comments 

4 . 1 . 1  During the  f i r s t  miss ion ,  g e n e r a l  roconnaissance  is of 
prime importance.  Therefore ,  many smal l  c o n t a i n e r s  should 
be used so a s  t o  ge t  r e p r e s e n t a t i v e  m a t e r i a l s .  Samples 
must be l abe led .  Notat ion of o r i e n t a t i o n  may be important  
t o  a s c e r t a i n  cosmic r ay  and solar wir;d a c t i v i t y ,  and t h e  
a s t r o n a u t  should t h e r e f o r e  a t t e m p t  t o  denote  v e r t i c a l  and 
n o r t h  o r i e n t a t i o n .  Photographs should  be taken  showing 
sample o r i e n t a t i o n ,  bedding p l a n e s ,  s t r i a t e d  s t r u c t u r e ,  
e tc .  Try t o  b r i n g  back coherent  and semi-coherent d u s t  
l a y e r s  i n  s e p a r a t e  bags,  i f  p o s s i b l e .  

4 .1 .2  A c q u i s i t i o n  of mic rob io log ica l  samples might be done w i t h  
a hollow c o r i n g  tube ,  u s i n g  f luo roca rbon  p lugs  a s  s p a c e r s ,  
and keeping t h e  tube a s  a s t o r a g e  device .  

-31- 



It i s  more important  t o  o b t a i n  r e l i a b l e  samples than  t o  
maximize r e t u r n e d  sample weight.  Would p r e f e r ,  f o r  b io -  
s c i e n c e s  purposes ,  25 1-gram samples, 5 o r  10 samples 
weighing 100 to  250 grams, and one sample weighing 
1000 grams. 

4 .1 .3  Ast ronaut  t r a i n i n g  is a most impor tan t  f a c e t  of  a c q u i r i n g  
b i o l o g i c  samples.  
from g e o l o g i c a l  samples. Conf igu ra t ion  of sample c o n t a i n e r  
i s  no t  a c o n s t r a i n t ,  b u t  t ransparency  would be u s e f u l .  
I n i t i a l  a c q u i s i t i o n  sample c o n t a i n e r s  should be designed t o  
accommodate l a t e r  l abo ra to ry  experiments .  

Microbio logica l  d a t a  may a l s o  be acqu i r ed  

4.2 Geo-Chemistry Comments 

4 . 2 . 1  Very p a r t i c u l a r  about sample o r i en ta t ion - -wh ich  s i d e  up,  
l una r  n o r t h ,  e t c .  

4 .2 .2  Do reasonab le  sample o r i e n t a t i o n  work--do n o t  t r a d e  
samples t o  g a i n  da t a .  

F i l l  one box f i r s t ,  then  t h e  o t h e r  t o  s i m p l i f y  packaging. 

4 . 2 . 3  Sample o r i e n t a t i o n  (up, no r th )  and temperature  no t  t oo  
important .  

Astronaut  c o n s t r a i n t s  a r e  a n  important  a c q u i s i t i o n  l i m i t a -  
t i o n .  

4.2.4 I n t e r e s t e d  i n  ana lyz ing  gases  i n  the sample,  a s  w e l l  a s  
t he  sample. Therefore ,  would l i k e  one s u r f a c e  sample and 
s e v e r a l  a t  i nc reas ing  depths .  

Must have s e v e r a l  gas sample c o n t a i n e r s  so experiments  can 
be r epea ted  t o  check f o r  r e p r o d u c i b i l i t y  and q u a l i t y  of work. 

Suggest copper f o i l  r a t h e r  than aluminum f o r  bags ,  s i n c e  
copper  can b e  degassed a t  8OOOC whi le  t h e  temperature  l i m i t a -  
t i o n  f o r  aluminum i s  45OoC. 
f o r  p inch  s e a l i n g ,  s i n c e  aluminum must have a c l e a n  s u r f a c e  
which i s  h i g h l y  r e a c t i v e ,  and copper can be crimped wi thout  
s p e c i a l  s u r f a c e  t rea tment .  Suggest  manufactur ing technique  
i n v e s t i g a t i o n s  involv ing  d ipp ing .  copper mesh i n t o  copper.  

I n  a d d i t i o n ,  copper i s  b e t t e r  

S i g n a l  t o  no i se  r a t i o  f o r  gas  s t u d i e s  i s  bad w i t h  smal l  bags ,  
and must have s e v e r a l  l a r g e  bags f o r  h ighe r  q u a l i t y  experiments .  
Bags must have navel w i t h  puncture  diaphragm 1/8 t o  3/8 i n .  
d iameter  €o r  gas sampling. 

I 
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4 . 3  Mineralogy and Pe t ro logy  Comments 

4 .3 .1  S e v e r a l  hundred 1-112 in .  d iameter  bags should be pro- 
v ided .  Five-gram samples  (pebble  s i z e )  a r e  adequate .  
Genera l ly  p r e f e r  a l a r g e  number of small samples about  
112 i n .  The a s t r o n a u t  should have a dev ice  f o r  de te rmi-  
n ing  t h e  temperature  of samples. 

S p e c i a l  sampling tubes should be provided f o r  d u s t  samples ,  
gas  samples,  and s u r f a c e  t e x t u r e  p re se rva t ion .  

4 .4 .  Geology Comments 

4 . 4 . 1  I f  t h e  lunar  su r face  is a homogeneous p l a i n ,  sample 
l o c a t i o n  i s  n o t  t o o  important .  

O r i e n t a t i o n  (up, no r th ,  etc.) i s  important  f o r  geo- 
phys i ca l  bu t  not  f o r  most g e o l o g i c a l  purposes .  

C a l i b r a t i o n  of g r a i n  s i z e ,  i f  above sand s i z e  range ,  
i s  b e s t  ob ta ined  from o n - s i t e  photographs.  

4 .5  Other  Sources 

4 . 5 . 1  Emphasis must be placed on redundancy of sample makeup so 
t h a t  experimentors  can check t h e i r  r e s u l t s .  

A n t i c i p a t e  h igh  e l e c t r o s t a t i c  charge.  

5 .0  SAMPLE MAKE-UP, THERMAL PROTECTION, OTHER 

5.1 Bio-Sciences 

5 . 1 . 1  Concerning temperature  p re se rva t ion :  

(1) Exposed rocks i n  vacuum a r e  no t  l i k e l y  t o  b o i l  
o f f  gas.  

(2) Permanent shadow l o c a t i o n s  near  t h e  l u n a r  po le s  
may t r a p  v o l a t i l e  gases .  
i n t e r e s t  i n  l a t e r  miss ions .  

This  would be of g r e a t  

(3) During l a t e r  miss ions ,  t h e  sample boxes should be 
r e f r i g e r a t e d .  

(4) Try not  t o  l e t  sample c o n t a i n e r s  g e t  ho t  
(150'F). 

5 .1 .2  Sample temperature  v a r i a t i o n s  a r e  not  a primary concern.  
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5 . 1 . 3  M i c r o b i o l o g i s t s  must have a c c e s s  t o  samples f i r s t  
i n  o r d e r  t o  examine for presence  of organisms. Need 
on ly  5 o r  10 samples weighing a few grams f o r  micro- 
b i o l o g i c a l  t e s t s .  Formaldehyde and a l c o h o l  or e t h y l e n e  
ox ide  i n  gaseous form can  be used t o  s t e r i l i z e  t h e  o u t -  
s i d e  of t h e  con ta ine r .  

5 .2  Geo-Chemistry Comments 

5 . 2 . 1  Rather  s e e  more weight of samples brought back 
than  t r a d e  payload f o r  s o p h i s t i c a t e d  packaging t e c h n i -  
ques.  Want a r e p r e s e n t a t i v e  samples. 

5 . 2 . 2  Thermal p r o t e c t i o n  between h i g h  and low tempera ture  
samples i s  n o t  important f o r  f i r s t  mission.  

5.2.3 Order of  sampling i s  p o t e n t i a l l y  impor tan t  for s t a t i s t i -  
ca 1 purposes.  

5 . 3  Mineralogy and Pe t ro logy  Comments 

5 . 3 . 1  Most impor tan t  t o  have a t  least  one l a r g e  rock 8-10 
pounds. 

5 .4  Geology Comments 

5 . 4 . 1  Thermal c o n d i t i o n s  not impor tan t - - tempera ture  c y c l i n g  
has  occurred  on t h e  moon s u r f a c e .  

Age de te rmina t ion  w i l l  r e q u i r e  a l a r g e  bulk  sample. 

I f  ledge o r  ou tcropping  i s  homogeneous, any sample w i l l  do. 
I f  n o t ,  go a f t e r  p e c u l i a r i t i e s .  S i z e  of speciments should 
be d i c t a t e d  by g r a i n  s i z e .  

5 . 5  Other Sources 

5 . 5 . 1  Samples should  impart no p a r t i c u l a r  r a d i o a c t i v e  hazard.  
However, warming of co ld  samples may annea l  d i s l o c a t i o n s  
o r  c r y s t a l l i z a t i o n  d u e  t o  r a d i a t i o n .  

5 . 5 . 2  S p e c i f i c  g r a v i t y  i s  expec ted  tova ry  from 1 . 5  t o  3.0.  
Recommend c o f f e e  can type s t r i p  around box pe r iphe ry  
t o  a s s i s t  i n  opening a t  rece iv i i ig  s t a t i o n .  S p e c i a l  
c o n t a i n e r s  mus t  be provided f o r  low- leve l  count ing.  
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APPENDIX B 

BREADBOARD SAMPLE BOX VIBRATION TESTS 

1.0 INTRODUCTION 

One of t h e  most c r i t i c a l  requirements  f o r  the packaging system i s  
t o  p r e s e r v e  t h e  i n t e g r i t y  o f  t h e  samples d u r i n g  launch and r e - e n t r y  
v i b r a t i o n  regimes. 

T h i s  ser ies  o f  tests e v a l u a t e d  the  sample p r o t e c t i o n  provided by 
t h e  compartmentation and f l e x i b l e  bag packaging system proposed 
d u r i n g  t h e  c u r r e n t  s tudy .  V i b r a t i o n  e f f e c t s  on t h e  breadboard sample 
box were no t  cons ide red  r e l e v a n t  t o  t h e  u l t i m a t e  s t r u c t u r a l  des ign .  

2.0 TEST ARTICLES 

2 . 1  Breadboard Samples Box, per  F i g u r e s  10. Compartment edges 
p r o t e c t e d  wi th  p l a s t i c  tubing. 

2.2 S i x  F l e x i b l e  Samples Con ta ine r s ,  3 i n .  d i ame te r  by 6 i n .  l ong ,  
c o n s t r u c t e d  o f  a fou r -p ly  l amina t ion  of a 1/2-mil aluminum f o i l  
i n n e r  l i n e r ,  a 1/2-mil  p o l y e s t e r  f i l m  second p l y ,  a l / Z - m i I .  
p o l y e s t e r  f i l m  t h i r d  p l y ,  and a 1/2-mil  aluminum f o i l  o u t e r  
1 i n e r .  

2 . 3  Po lye thy lene  and aluminum f o i l  bags 

2 .4  Assorted large (4 i n . )  and s m a l l @  to  2 i n . )  rock  specimem 
s p .  g r .  2 .2 .  

3.0 TEST EQUIPMENT 

Ling  Model A 300 B Shaker and a s s o c i a t e d  c a l i b r a t i o n  and r eadou t  
e qu i pmen t . 

4.0 TEST PROCEDURES 

4 .1  T e s t  N o .  1 

S i n u s o i d a l  v i b r a t i o n ,  5-70 CPS (sweep) a t  0 .04 i n .  Double 
Amplitude, fol lowed by 70-2000 CPS (sweep) a t  10 G ' s .  F i v e  
minutes  t o t a l  run  t i m e .  Empty box. 

4 . 2  Test  No. 2 --- 
S i n u s o i d a l  v i b r a t i o n ,  5-44 CPS (sweep) a t  0.20 DA.  fol lowed 
by 44-1200 CPS (sweep) a t  20 G ' s .  F i v e  minutes  t o t a l  run 
time. Ten pounds of sma l l  rocks added t o  box, approximately 
150 in3. (See F i g u r e  11.) 
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4.3 T e s t  No. 3 
-.- 

S i n u s o i d a l  v i b r a t i o n  for two minutes  a t  30 CPS, 0.20 DA, 
9.5 G I s .  Same rocks  as Test  No. 2 ,  excep t  one 4-pound 
rock sample (approximately 60 in3) added t o  t h e  box. 

4.4 T e s t  No. 4 

S i n u s o i d a l  v i b r a t i o n  f o r  two minutes  a t  30 CPS, 0.10 DA, 
4.7 G I s .  Same rocks  as Test  No. 3. 

5.0 RESULTS 

5 . 1  T e s t  No. 1 

Resonance noted a t  602 and 647 CPS. No damage r e s u l t e d  t o  t h e  
box. Compartmentation t a c k  welds f a i l e d  a t  5 l o c a t i o n s ,  b u t  
wal l s  remained r i g i d  and s t r u c t u r a l l y  s a t i s f a c t o r y .  

5.2 T e s t  No. 2 

5 CPS 

15 CPS 

29 CPS 

66 CPS 

190 CPS 

330 CPS 

800 CPS 

1200 CPS 

No sample movement. 

Rocks moved v i o l e n t l y ,  b u t  t i n f o i l  and laminated bags 
moved much less than po lye thy lene  wrapped samples. 

Rocks moved much more, jumbled from one compartment t o  n e x t ;  
t i n f o i l  and laminated bags con t inued  to  move less than  
polyethylene-wrapped samples. 

Movement of samples reduced; f o i l  and laminated bags d i d  n o t  
move. 

Occasional  movement. 

Movement s topped ,  except  sand s p i l l e d  from one bag and moved 
v i o l e n  t l y  . 
No sample movement. 

No sample movement. 

5.3 Tes t  No. 3 

A l l  r o c k s ,  i n c l u d i n g  l a r g e  r o c k ,  tunbled v i o l e n t l y .  P l a s t i c  
p r o t e c t i o n  a t  t op  of egg-c ra t e  d i v i d e r s  worn through. Small 
bags punctured by c o n t a c t  w i t h  bo l t -heads .  Large sample bag 
punctured by top  edge of compartmentation (see F i g u r e  12) .  
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5.4  Tes t  No. 4 

28 l b s  

S i g n i f i c a n t  movement of  samples bu t  much less than  du r ing  
Test No. 3. Bags c u t  and ab ra ided ,  bu t  n o t  a s  e x t e n s i v e l y  
a s  i l l u s t r a t e d  i n  Fig.  12.  

0.04 in .  DA 0.04 in .  D.4 

6.0 DISCUSSION 

0.2 i n .  DA 

Having v e r i f i e d  t h a t  t h e  box was s t r u c t u r a l l y  sound dur ing  t h e  f i r s t  
t e s t ,  samples were added and ampli tude inc reased  t o  a c c e l e r a t e  wear 
d u r i n g  t h e  second sweep frequency tes t .  The maximum movement of 
samples occurr2d d u r i n g  t h e  second t e s t  a t  about  30 CPS; t h e  t h i r d  
t es t  was concen t r a t ed  a t  t h a t  frequency t o  a c c e l e r a t e  wear on t h e  
sample c o n t a i n e r .  The fo l lowing  t a b l e  shows t h e  comparison between 
s p e c i f i c a t i o n  requirements  (Procedure I X ,  Environmental  S p e c i f i c a -  
t i o n s  f o r  Apollo S c i e n t i f i c  Equipment) and t h i s  series of s c reen ing  
tes ts .  

0.2 i n .  DA 

SPEC 
REQMTS 

TEST 411 

TEST #2 

TEST #3 

TEST #14 

EQUIPMENT WEIGHT 

Less than  50 l b s  

TABLE I11 

1 .56  G 0.043 i n .  DA 

38 l b s  

42 l b s  0.2 i n .  DA 
30 CPS 
(9.5G) 

42 l b s  0 .1  in .  DA 
30 CPS 
(4.7G) 

52 t o  500 CPS 

6.0 G 

1OG a t  70 CPS 
25G a t  600 CPS 

2 OG 
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The bag degrada t ion  exper ienced  d u r i n g  T e s t s  3 and 4 was much 
more s e v e r e  than  would a c t u a l l y  occur  because of (1) a c c e l e r a t e d  
test  c o n d i t i o n s  (approximately 5 times s p e c i f i c a t i o n  requi rements )  
and (2) unpro tec t ed  p r o j e c t i o n  and egg-c ra t e  d i v i d e r s  ( p l a s t i c  
t ub ing  p r o t e c t i o n  wore o f f  i n  t h e  f i r s t  1 /2  minute) .  Neve r the l e s s ,  
t h e  r e s u l t s  do show t h a t  m a t e r i a l  tougher  than t h e  4 -p ly  f o i l  and 
p o l y e s t e r  f i l m  lamina te  i s  requi red .  The movement of samples 
enveloped i n  laminated bags was less than those  p r o t e c t e d  only  by 
po lye thy lene ,  i n d i c a t i n g  t h a t  t h e  f o i l  damps sample v i b r a t i o n .  
However, a means of  s ecu r ing  the samples a g a i n s t  movement is manda- 
t o r y  . 
With r e s p e c t  t o  t h e  d i v i d e r s ,  t h e  t o p s  of t h e  compartment walls 
can be r o l l e d  o v e r  t o  form a generous r a d i u s ,  e l i m i n a t i n g  t h i s  as  
a p o t e n t i a l  sou rce  of wear, and a l s o  g r e a t l y  i n c r e a s i n g  t h e i r  v a l u e  a s  
a n  i n t e g r a l  component of t h e  s t r u c t u r a l  system of the  sample box. 

7.0 CONCLUSION 

7 . 1  The four -p ly  aluminum f o i l  t o  p o l y e s t e r  f i l m  lamina te  
m a t e r i a l  used f o r  i nne r  sample bags du r ing  t h e s e  t e s t s  
was p a r t i a l l y  e f f e c t i v e  i n  damping rock  movement du r ing  
i n t e n s i v e  v i b r a t i o n  of  t h e  sample con ta ine r .  

P l a s t i c  mater ia ls*= n o t  e f f e c t i v e  f o r  V ib ra t ion  damping. 

7.2 The fou r -p ly  aluminum f o i l  t o  p o l y e s t e r  f i l m  lamina te  
m a t e r i a l  (0.0005 i n .  p e r  l aye r )  was n o t  adequate  i n  r e s i s t i n g  
puncture  and a b r a i s i o n  under t h e  v i b r a t i o n  c o n d i t i o n s  of 
t h e  tes t .  
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4 

APPENDIX C 
SAMPLE BOX PACKAGING DEMONSTRATION TEST 

1.0 PURPOSE OF TEST 

The packaging concept ,  i nc lud ing  placement o f  i n d i v i d u a l  samples i n  
f l e x i b l e  bags ,  s e a l i n g  t h e  bags and s towing them i n  t h e  sample box, was 
s u b j e c t  t o  des ign  c o n s t r a i n t s  imposed by t h e  l i m i t e d  d e x t e r i t y  of t h e  
a s t r o n a u t .  The proposed system, t h e r e f o r e ,  emphasizes s i m p l i c i t y  arid 
e a s e  of  hand l ing ,  and numerous in-house t es t s  were done by t h e  c o n t r a c t o r  
t o  s i m u l a t e  a s  n e a r l y  a s  p o s s i b l e  c o n d i t i o n s  of use .  

It  was recognized  from t h e  beginning  t h a t  t h e  problems of  l i m i t e d  
v i s i b i l i t y ,  r e s t r i c t e d  s u i t  movements from d i f f e r e n t i a l  p r e s s u r e ,  and 
l i m i t e d  degrees  of  freedom i n  the a s t r o n a u t ' s  g loves  would be imposs ib le  
t o  comple te ly  s imula t e .  Therefore  more formal  e v a l u a t i o n s  were conducted 
i n  t h e  NASA-MSC C r e w  Systems Laboratory u s i n g  a t e c h n i c i a n  i n  a s t a t e - o f -  
t h e  a r t  s u i t  t o  v e r i f y  t h e  r e s u l t s .  Th i s  r e p o r t  summarizes t h e  r e s u l t s  
of t h e  C r e w  Systems Labora tory  tests. 

2.0 TEST ARTICLES 

2 . 1  Breadboard Sample Box, per  F igu re  10. Compartment edges p r o t e c t e d  
w i t h  p l a  s t i c  tub ing  . 

2.2 S i x  F l e x i b l e  Sample Conta iners ,  3 i n .  d i ame te r  by 6 i n .  long ,  con- 
s t r u c t e d  of  a f o u r - p l y  laminat ion of 1 /2  m i l  aluminum f o i l  i n n e r  
l i n e r ,  1/2 m i l  p o l y e s t e r  f i l m ,  1 /2  m i l  p o l y e s t e r  f i l m ,  and 1/2 m i l  
aluminum f o i l  o u t e r  l i n e r .  

2.3 Assorted po lye thy lene  bags,  some w i t h  aluminum f o i l  l i n e r s .  

2 .4  Assor ted  l a r g e  (4 i n . )  and sma l l  (1 to  2 i n c . )  rock  specimens,  
average  s p .  g r . ,  2.2. 

2 .5  F i n e l y  washed beach sand. 

2 . 6  Random pebb les ,  1/2 t o  1 in.  

2 .7  Random s i z e d  ( t o  4 i n . )  s l a g  rocks  from NASA MSC s imula ted  l and ing  
s i t e .  

3.0 TEST EQUIPMENT 

3.1 Ear ly  Gemini p r e s s u r e  s u i t ,  t o g e t h e r  w i th  a s s o c i a t e d  communication: 
and a i r  p r e s s u r e  supply  equipment. 
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3.2 Black and wh i t e  s t i l l  photographic equipment, 16 ann c o l o r  motion 
p i c t u r e  equipment and a s s o c i a t e d  l i g h t i n g .  

4 . 0  TEST PROCEDURE 

4 . 1  

4 .2  

Sample Box Tests 

The s u i t  t e c h n i c i a n ,  u s i n g  an open end wrench, unscrewed two bo:.ts 
and removed t h e  l i d  cover ing  t h e  8 in .  d iameter  p o r t  a t  the  top of 
t h e  breadboard rock  box. After wrapping each  i n d i v i d u a l  sample 
( s e e  Tes t  No. 2)  t h e  t e c h n i c i a n  stowed t h e  samples i n s i d e  t h e  box 
by r each ing  i n t o  t h e  f a r  co rne r s  and then f i l l i n g  t h e  c l o s e r  com- 
p a r  tment s . 
Inne r  Bag Tests 

The f l e x i b l e  sample c o n t a i n e r ,  an aluminum f o i l  t o  p o l y e s t e r  f i l m  
l amina te ,  3 i n .  d iameter  a t  t h e  t o p  and 2-1/2 i n .  a t  t h e  bottom, 
6 in .  long,  and s t i f f e n e d  a t  t h e  open t h r o a t  w i t h  a s o f t  aluminum 
r i n g ,  was t e s t e d  f o r  gene ra l  u t i l i t y ,  d i s p e n s i n g  and s e a l i n g  
capab i 1 i t y  . 
U t i l i t y  tests performed included (1) p l a c i n g  v a r i o u s  s i z e  rocks i n  
bags and (2) scooping f i n e l y  washed beach sand i n t o  t h e  bag. D i s -  
pensing was accomplished by removing n e s t e d  bags e i t h e r  by l i f t i n g  
on t h e  handle  o r  by p u l l i n g  a t a g  a t t a c h e d  t o  t h e  base  of t h e  bag. 
S e a l i n g  was accomplished by crimping t h e  mouth of t h e  bag s h u t  and 
f o l d i n g  t h e  top  over  s e v e r a l  times so t h a t  a long d i f f u s i o n  pa th ,  
b u t  no t  a vacuum type s e a l  would be produced. 

5.0 RESULTS AND DISCUSSION 

5 . 1  Sample Box T e s t s  

The i n t r a v e h i c u l e r  g loves  were not  a n  o b s t a c l e  i n  hand l ing  the  
v a r i o u s  c o n t a i n e r s  a s  i l l u s t r a t e d  i n  F i g u r e s  13 ,  14 and 15. 
F i g u r e  16 shows t h e  t e c h n i c i a n  f i l l i n g  compartment i n  t h e  f a r  
c o r n e r  of t h e  box wi thout  p a r t i c u l a r  d i f f i c u l t y .  F igu re  1 7  
i l l u s t r a t e s  t h e  uniform d i s t r i b u t i o n  of samples w i t h i n  t h e  rock 
box. The thermal o u t e r  garment g loves  t h a t  cover  t h e  a s t r o n a u t ' s  
g loves  employed du r ing  t h i s  tes t  w i l i  reduce d e x t e r i t y  and i n c r e a s e  
b u l k i n e s s ,  making i n g r e s s  somewhat more d i f f i c u l t .  

The s i z e  of t h e  e n t r y  p o r t  i s  margina l  because the  s u i t  t e c h n i c i a n  
ques t ioned  h i s  a b i l i t y  t o  place rocks i n  t h e  f a r  c o r n e r s  of the  box. 
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5 . 2  I n n e r  Bag T e s t s  

The small  sample bag proved to  be a s a t i s f a c t o r y  scoop i n  unconso l id -  
a t e d  sand. The hand le  on the bag cou ld  be  r e a d i l y  grasped and t h e  
scooping motion was e a s i l y  accomplished. Samples cou ld  be e a s i l y  
p l aced  i n  t h e  bag by holding t h e  bag i n  one hand and dropping t h e  
sample i n  wi th  the other hand. 

The d i s p e n s i n g  t echn ique  t e s t e d  was e a s i l y  accomplished.  The s u i t  
t e c h n i c i a n  demonstrated equal a b i l i t y  i n  o b t a i n i n g  a bag by l i f t i n g  
up on t h e  bag handle  or by l i f t i n g  on t h e  t a b  f i x e d  t o  t h e  b a s e  of 
t h e  bag. 

The s e a l i n g  method was ve ry  d i f f i c u l t  t o  accomplish.  Due t o  l i m i t e d  
manual d e x t e r i t y  t h e  t o p  of t h e  bag could no t  be e a s i l y  crimped. 
The l a c k  o f  manual and w r i s t  d e x t e r i t y  made t h e  t w i s t i n g  needed t o  
complete t h e  s e a l  d i f f i c u l t ,  and o n l y  a f t e r  e f f o r t  and c o n c e n t r a t i o n  
was t h e  s u i t  t e c h n i c i a n  a b l e  to c r i m p  and f o l d  a few bags.  

6.0 CONCLUSIONS 

6 . 1  Sample Box T e s t s  

The s i z e  of t h e  e n t r y  port was b a r e l y  adcquate  under t h e  c o n d i t i o n s  
of t h e  t e s t ,  and should be e n l a r g e d  f o r  t h e  p r o t o t y p e  box. Limited 
compartmentation of the c o n f i g u r a t i o n  t e s t e d  was s a t i s f a c t o r y  f o r  
s a m p l e  packing purposes ,  but m s t  be reduced i n  h e i g h t  so a s  n o t  t o  
l i m i t  maximum sample  s i z e .  

6 .2  I n n e r  Bag T e s t s  

Fold-over  s e a l i n g  i s  n o t  a s a t i s f a c t o r y  means of bag c l o s u r e .  
minum hoops,  i f  u sed ,  must be d u c t i l e  so as n o t  t o  tend to  remain 
open, or must be shea red  o f f  b e f o r e  s t o r i n g  i n  t h e  sample box. 

A l u -  
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APPENDIX D 

INNER SAMPLE BAG MATERIALS TEST 

1.0 INTRODUCTION 

A group o f  t es t s  was performed on t h e  f o u r - p l y  aluminum t o  p o l y e s t e r  
f i l m  l amina te s  i n i t i a l l y  s e l e c t e d  a s  l i k e l y  c a n d i d a t e s  f o r  t h e  f l e x i b l e  
i n n e r  c o n t a i n e r s .  These t e s t s  e v a l u a t e d  t h e  c h a r a c t e r i s t i c s  o f  t h e  
m a t e r i a l  a t  h igh  vacuum, and included 

Diaphragm d i f f u s i o n  r a t e  t e s t s  
S e a l  leakage tests 
Outgassing r a t e  de te rmina t ion  

2 .0  DIFFUSION RATE STUDIES 

A f o u r - p l y  l amina te  c o n s i s t i n g  of 1 /2  m i l  l a y e r s  of aluminum. p o l y e s t e r  
f i l m ,  p o l y e s t e r  f i l m ,  and aluminum, p e r  G. P. S c h j e l d a h l  Tompany Type 
7 1 7 ,  was p l aced  i n  a t e s t  f i x t u r e  w i t h  10-5 t o r r  on one s i d e  of t h e  
sample m a t e r i a l  membrane and p o s i t i v e  p r e s s u r e s  of 5 ,10,15,20 and 25 
p s i g  helium on t h e  o t h e r  s i d e .  T e s t s  were performed a t  74 and 125OF, 
u s i n g  a C.E.C.  Model 120 mass spectrometer a s  a l e a k  d e t e c t o r .  

Two samples which e x h i b i t e d  high d i f f u s i o n  ra tes ,  were l a t e r  found t o  
have minute punc tu re  holes due t o  a p p a r e n t  mishandl ing a f t e r  f a b r i c a t i o n .  
The remaining samples e x h i b i t e d  no d e t e c t a b l e  d i f f u s i o n  d u r i n g  30 min- 
u t e s  under t h e  noted t es t  c o n d i t i o n s .  The 25 p s i g  tes ts  were extended 
t o  90 minutes  wi thou t  d e t e c t i o n  of any d i f f u s i o n .  

3.0 SEAL TESTS 

3.1 Twist  S e a l  

A bag c l o s u r e  was simulated on an  open-ended tube of t h e  f o u r - p l y  
laminated aluminum t o  p o l y e s t e r  f i l m  m a t e r i a l  by t w i s t i n g  one end 
o f  t h e  tube  t o  e f f e c t  a c l o s u r e .  The o p p o s i t e  end of t h e  tube  wos 
then g r ipped  c i r cumre ren t i a  l l y  betwcen two f l a n g e s  and a vacuum 
p u l l e d  s imul t ancous ly  on both s i d e s  of t h e  s imula t ed  s e a l .  A m a s s  
spectrometer l e a k  d e t e c t o r  was connected t o  one s i d e  of t h e  sea!. 

The admission of helium t o  t h e o p p o s i t e  s i d e  was d e t e c t e d  immediately 
i n  t h e  l e a k  d e t e c t o r ,  i n d i c a t i n g  g r o s s  d i - r e c t  leakage. The tes t  was 
r e p e a t e d  s e v e r a l  times, always i n d i c a t i n g  a leakage i n  excess  of 
le3 s t d .  cc/sec. 

3 . 2  Fold S e a l  

A second type  o f  s e a l  was t e s t e d  by f o l d i n g  f l a t  one end o f  a 
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t u b u l a r  s e c t i o n  of aluminum t o  p o l y e s t e r  f i l m  l amina te  mater- 
i a l  and f o l d i n g  t h e  f l a t t e n e d  p o r t i o n  back on i t s e l f  f i v e  (5) 
times i n  114 in .  fo lds .  The o p p o s i t e  end of  t h e  tube  was 
then  clamped c i r c u m f e r e n t i a l l y  between two f l a n g e s  as b e f o r e ,  
and a s imultaneous vacuum p u l l e d  on bo th  s i d e s  of t h e  seal t o  
1C!'5torr. 
t h e  sea l ,  hel ium p res su re  approximate ly  two decades g r e a t e r  
than  t h e  p r e s s u r e  from t h e  mass spectrometer s i d e  was a p p l i e d  
t o  t h e  s e a l .  

With a mass spectrometer connected t o  one s i d e  of  

No leakage was de t ec t ed  f o r  e i g h t  minu te s ,  a f t e r  which a 
d i f f u s i o n  ra te  equ iva len t  t o  2 x 10-7s td .  cclsec. was noted 
f o r  15 minutes.  Then t h e  l e a k  ra te  inc reased  s t e a d i l y  u n t i l  
more than  s t d .  cc l sec .  had been reached.  When r e p e a t e d ,  
t h e  l e a k  r a t e  was g r e a t e r  than loe4 s t d .  cclsec. almost  
immediately,  i n d i c a t i n g  t h a t  a permanent leakage pa th  had 
been e s t a b l i s h e d .  

A second sample was cleaned w i t h  a l c o h o l ,  s e t  up i n  t h e  tes t  
f i x t u r e ,  and fo lded  f i v e  times as be fo re .  With t o r r  on 
t h e  l e a k  d e t e c t o r  s i d e  and lom3 helium on t h e  i n s i d e  o f  t h e  
bag,  an  immediate leakage of 4 x 10-7 s t d .  c c l s e c .  was de- 
t e c t e d .  See F igure  18 f o r  a comparison of  leakage r a t e s .  

4.0 OUTGASSING RATE DETERMINATION 

Two samples ,  each  c o n s i s t i n g  of two l a y e r s  of 112 m i l  p o l y e s t e r  f i l m  
sandwiched between o u t e r  l a y e r s  of 112 m i l  aluminum f o i l  were p re -  
c leaned  i n  an ion  pump f o r  fou r  days a t  150°F and 10'8torr. 

A background curve  was obta ined  on t h e  empty t es t  chamber, pumped t o  t h e  
10'lOtorr range ,  and a second curve was ob ta ined  w i t h  t h e  prec leaned  
sample i n  t h e  t e s t  chamber, 

Comparison between t h e  two curves a r e  i l l u s t r a t e d  on Figure  19 ,  showing 
ou tgass ing  r a t e s  as a f u n c t i o n  of p re s su re .  

Ir, 

5.0 CONCLUSIONS 

5.1 D i f f u s i o n  Ra te  S t u d i e s  

The fou r -p ly  cand ida te  aluminum t o  p o l y e s t e r  f i l m  lamina tes  
a r e  e f f e c t i v e  b a r r i e r s  a g a i n s t  gas  d i f f u s i o n .  

5 . 2  Sea l  T e s t s  

5 . 2 . 1  T w i s t  S e a l  

S e a l s  performed by t w i s t i n g  t h e  mouths of t h e  sample 
bags c losed  a r e  u n s a t i s f a c t o r y .  

-43- i 



5 . 2 . 2 .  Fold S e a l  

S e a l s  found by f o l d i n g  ove r  t h e  f l a t t e n e d  mouths o f  t h e  
sample bags a r e  marginal  and w i l l  n o t  be e f f e c t i v e  i n  
r e t a i n i n g  g a s e s  evolved i n  s i g n i f i c a n t  q u a n t i t i e s  by t h e  
l u n a r  samples. 

5.3 Outgassing Rate T e s t s  

Outgassing o f  the c a n d i d a t e  fou r -p ly  aluminum to  p o l y e s t e r  f i l m  
l amina te s  m a t e r i a l  was excess ive .  Samples t e s t e d  had n o t  had 
optimum hand l ing  and manufactur ing c o n t r o l s  f o r  h i g h  vacuum a p p l i -  
c a t i o n s ,  nor was p re -c l ean ing  t echn ique  adequate .  F u t u r e  sample 
procurement s p e c i f i c a t i o n s  must c o n t a i n  r i g o r o u s  q u a l i t y  c o n t r o l  
p r o v i s i o n s .  
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