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FOREWORD 

The Mar t in  Company submits  t h i s  f i n a l  r e p o r t  o f  t h e  contamin- 
a t i o n  s e n s o r s  s t u d y ,  as r e q u i r e d  by paragraph  I I I . B . 4 ,  C o n t r a c t  
NAS10-2693. This r e p o r t  i s  submi t ted  i n  two volumes: 

Volume I - Execut ive Summary Repor t ;  

ii 

Volume I1 - F i n a l  Technica l  Repor t .  
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I. INTRODUCTION 

The purpose of this study is to provide the required infor- 
mation to evaluate and develop automatic contamination sensors 
and monitors capable of being installed in a fluid distribution 
system and remotely indicating particle-contamination count, 
amount of moisture present, purity of the fluid, or a combination 
of these, The study also provides the required information for 
the development of a mechanical sampling procedure and technique, 
and to some extent, the equipment necessary to perform this sam- 
pling. 

Specific objectives are to: 

1) Establish design criteria for automatic remotely- 
indicating fluid contamination sensors, monitors, 
counters, and recorders based on the requirements of 
the facilities at Launch Complexes 3 4 ,  3 7 ,  and 3 9 ,  
Kennedy Space Center (KSC); 

2) Provide data and information from launch facilities, 
other centers, and manufacturers required for the 
evaluation and development of such equipment; 

3) Evaluate existing equipment (without resorting to 
hardware testing) and make specific recommendations 
as to the suitability of each and where future de- 
velopment efforts might best be expended; 

4 )  Investigate possible use of other tried and untried 
development methods for this equipment; 

5 )  Establish design criteria for sampling equipment, 
procedures, and techniques based on the fluid-sam- 
pling requirements at Launch Complexes 3 4 ,  3 7 ,  and 
39; 

6 )  Investigate sampling techniques at these facilities 
and, by surveying NASA prime contractors and other 
manufacturers, determine the techniques providing 
the optimum results, compare these techniques with 
those in use at KSC, and make recommendations for 
improvement. 
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Martin-Designed High Pressure S c r e e n - F i l t e r  Holder ,  w i t h  
a 50-mesh Screen 

S e r i e s  of 3 High-pressure Membrane Holders  w i t h  0.8 p 
Membranes 

X MSA I n f r a r e d  Analyzer ,  Model MG3823 

X1 L i s t o n  Becker I n f r a r e d  Analyzer 

Y Gow-Mac Ortho-Para Meter 

Z Arnold 0. Beckman Oxygen Analyzer (for N ) 

* The cormodity t h a t  the organiza t ion  samples i s  not  the true 
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connnodity shown. Hovever i t  is c l o s c  enough t h a t  t h e  sam- 
p l i n g  procedure used would b e  a p p l i c a b l e  t o  t h e  s u b j e c t  
f l u i d .  Example: Lockheed does  not  use  or sample A-50 ,  
b u t  they  d o  u s e  and sample UDMH. It i s  f e l t  t h a t  sampling 
of UL" i s  t h e  same as sampling A-50. 

DAC-VAFB . . . . . . . Douglas A i r c r a f t  Co., Vandenberg A i r  

WHC-VAFB . . . . . . . Martin Mariet ta  Corp., Vandenberg A i r  

LAC-VAFB . . . .,. . . Lockheed A i r c r a f t  Corp., Vandenberg A i r  

GD/C-VAIB . . . . . . General Eynamics/Convair, Vandenberg A i r  

Force  Base 

Force  Base 

Force  Base 

Force  Base 

E - V A F B  . . . . . . . General  E l e c t r i c  Corp.. Vandenberg A i r  

KX . . . . . . . . . Kennedy Space Center  

Force Base 

P&W . . . . . . . . . P r a t t  and Whitney A i r c r a f t ,  West Palm Beach, 
F l o r i d a  

A.F. P l a n t  74 . . . . A. F. Plant "74 .  S t e a r n s  - Rogers Corp.. 

GDfC-S.D.C. . . . . . General Dynamics/Convair, San Diego. C a l i f .  

EAFB-RPL . . . . . . . Edwards A i r  Force  Base Rocket Propuls ion  

West Palm Beach, F l o r i d a  

Laboratory 

RD-C.P.C. . . . . . . Rocketdyne, Canoga Park ,  C a l i f o r n i a  

RD-S.S.C. . . . . . ~ Rocketdyne. Santa  Susana. C a l i f o r n i a  

RD-Reno . . . . . . Rocketdyne, Reno, Sevada 

AGC-Sacto . . . . . . Aeroje t  - General Corp., Sacramento, C a l i f .  

DAG-R.C.C. . . . . . Douglas A i r c r a f t  Corp., Rancho Cordova. 

LAC-S.C. . . . . . . . Lockheed A i r c r a f t  Corp., Sunnyvale, C a l i f .  

LAC-S.C.C. . . . . . Lockheed A i r c r a f t  Corp., Santa  Cruz,  C a l i f .  

Boeing-B.O. . . . . . Boeing Co., Boardman. Oregan 

Boeing-S.W. . . . . . Boeing Co., S e a t t l e ,  Washington 

DAC-S.M.C. . . . . . Douglas A i r c r a f t  Corp, Santa  Elonica, C a l i f .  

NAA-D.C. . . . . . . . North American Avia t ion ,  Darney. C a l i f o r n i a  

JPL-P.C. . . . . . . . J e t  Propuls ion Labora tory ,  Pasadena, C a l i f .  

LEC-WSTF . . . . . , . Lockheed Electronics Lo., White Sands T e s t  

C a l i f .  

F a c i l i t y  

GAEC-WSTF . . . . . . Grununan A i r c r a f t  Engineering C o r p . ,  White 
Sands Tes t  F a c i l i t y  

ZIA-WSTF . . . . . . . Zia Company, White Sands T e s t  F a c i l i t y  

NAA-WSTF . . . . . . . North American Avia t ion ,  White Sands T e s t  
F a c i l i t y  

MSFC . . . . . . . , . Narsl ia l l  Space F l i g h t  Center  

RMD,TCC-D.S. J .  . . . . React ion  Motors Div, Thiokol  Chemical Corp., 
D e n v i l l c ,  New J e r s e y  

MMC-Denver . . . . . . Martin-Mariet ta  Corpora t ion ,  Dcnvcr Div is ion .  
Dcnver, Colorado 

F i g .  1 Sampling Equipment and Methods 
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The second p o r t i o n  of the survey  was devoted t o  v i s i t i n g  man- 
u f a c t u r e r s  of i n s t r u m e n t a t i o n  and sampling equipment t o  o b t a i n  
complete informat ion  concerning t h e  i n s t r u m e n t a t i o n  and sampling 
equipment r e a d i l y  a v a i l a b l e ,  p o s s i b l e  mod i f i ca t ions  t o  e x i s t i n g  
equipment,  and concep tua l  i d e a s .  T h i r t y - f i v e  such o r g a n i z a t i o n s  
were v i s i t e d .  The equipment and p h i l o s o p h i e s  of t h e s e  organiza-  
t i o n s  a r e  be l i eved  t o  p r e s e n t  t h e  most complete composite a v a i l -  
a b l e  a t  t h e  p r e s e n t  t i m e .  
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111. SUMMARY OF DETERMINATION OF APPLICABLE CONTAMINATION CONTROL 
C R I T E R I A  

A .  PURITY/IMPURITY CRITERIA 

Table  1 o u t l i n e s  t h e  f l u i d  p u r i t y  c r i t e r i a  f o r  the f l u i d s  of  
i n t e r e s t  and i s  a compi la t ion  of  t h e  fo l lowing  s p e c i f i c a t i o n s :  

1) MSFC-SPEC-234 - Nit rogen;  Space Vehic le  Grade (Type I 
Gaseous, Type 11, Liquid)  ; 

2) MSFC-SPEC-354A - Helium; 

3)- MSFC-SPEC-399 - Oxygen (Type I Gaseous, Type 11, L i q -  
u id)  ; 

4 )  MSFC-SPEC-356 - Hydrogen, L i q u i d ;  

5 )  MIL-P-27402 (USAF) - Hydrazine-uns-Dimethylhydrazine 
(50% N2H4 - 50% UDMHj;+: 

6) MIL-P-27404 - Monomethylhydrazine; 

7 )  MIL-P-26539A - Nitrogen T e t r o x i d e ;  

8) MSFC-SPEC-342 - Rocket Fuel ,  RP-1. 

B. PARTICLE C R I T E R I A  

The p a r t i c l e  c r i t e r i a  l i s t e d  i n  Table  2 were e x t r a c t e d  from 
Appendix A ,  Media S p e c i f i c a t i o n s ,  from MSFC DWG 13M20097 f o r  t h e  
S a t u r n  I B ,  and from Appendix A, Media S p e c i f i c a t i o n s ,  from MSFC 
DWG 13M50099 f o r  t h e  Sa tu rn  V .  These c r i t e r i a  a r e  t h e  most com- 
p l e t e  c r i t e r i a  a v a i l a b l e  f o r  t h i s  program. Correspondence from 
Propu l s ion  Div i s ion ,  P ropu l s ion  and Vehic le  Engineer ing  Labora- 
t o r y ,  MSFC, da t ed  9 March 1966, i n d i c a t e s  t h a t  a d d i t i o n a l  p a r t i c l e  
c r i t e r i a  a r e  for thcoming f o r  a l l  Sa tu rn  f l u i d s  and should be  com- 
p l e t e d  by 1 June 1966. It  i s  n o t  a n t i c i p a t e d  t h a t  t h e s e  c r i t e r i a  
w i l l  i n c l u d e  parameters  t h a t  cannot  be  sampled o r  monitored by 
t h e  methods o t f e r e d  i n  t h i s  r e p o r t .  

*Aerozine-50 (Abbreviated A-50 i n  t h i s  r e p o r t )  . 

c 
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I V .  PHILOSOPHY FOR ESTABLISHING SAMPLING AND MONITORING POINTS 

The fo l lowing  phi losophy was used t o  e s t a b l i s h  sampling and 
moni tor ing  p o i n t s  : 

Procurement sampling,  performed on t h e  o p e r a t i o n a l  
f l u i d  wh i l e  i n  t h e  vendor  c o n t a i n e r  a t  t he  p o i n t  of 
d e l i v e r y ,  o r  whi le  i n  a bonded s t o r a g e  t ank  p r i o r  t o  
d e l i v e r y ,  w i l l  be cons ide red  adequate  t o  e s t a b l i s h  
t h e  a c c e p t a b i l i t y  of  t h e  f l u i d  f o r  i n t r o d u c t i o n  i n t o  
t h e  NASA system; 

A l l  o p e r a t i o n a l  f l u i d  sampling performed on t h e  NASA 
system, t h e r e f o r e ,  w i l l  b e  des igned  t o  d e t e c t  p r i -  
m a r i l y  those  contaminants  that  are a degrada t ion  prod- 
u c t  of  the o p e r a t i o n a l  f l u i d  o r  which are  system- 
gene ra t ed  bo th  by p rope r  and improper c o n t r o l  of  s y s -  
t e m  c o n d i t i o n s ;  

N o  sampling of t h e  o p e r a t i o n a l  system upstream of the 
s t o r a g e  t anks  is  recommended u n l e s s  t h e  o p e r a t i o n a l  
f l u i d  i s  uniquely  s e n s i t i v e  t o  contaminants  t h a t  can- 
no t  be completely kep t  from t h e  system ( e . g . ,  atmos- 
p h e r i c  gases  in  an LH sys t em) ;  2 

Liquid  s t o r a g e  t anks  w i l l  be sampled on ly  wh i l e  t h e  
c o n t e n t s  a r e  a g i t a t e d  by a r e c i r c u l a t i n g  sampling 
stream. The recommendations, t h e r e f o r e ,  p rovide  f o r  
pump-operated r e c i r c u l a t i o n  loops f o r  each  l i q u i d  
s t o r a g e  t a n k  t h a t  does n o t  have one a s  p a r t  of  i t s  
o p e r a t i o n a l  c o n f i g u r a t i o n .  A s  an a l t e r n a t i v e ,  t ank  
c o n t e n t s  can  be a g i t a t e d  by bubbl ing  t h e  b l a n k e t i n g  
gas through them. A dynamic sample can  t h e n  be  t aken  
a f t e r  homogenizat ion;  

I n  g e n e r a l ,  two p r i n c i p a l  mon i to r ing  p o i n t s  a r e  rec- 
ommended i n  each main f l u i d  l i n e  downstream o f  the 
s t o r a g e  c o n t a i n e r s ,  one a t  t h e  o u t l e t  i n t o  t h e  t r a n s -  
f e r  system (but downstream of s t o r a g e - a r e a  f i l t e r s )  
and the  second as nea r  t o  t h e  a i r b o r n e  i n t e r f a c e  as 
i s  p r a c t i c a l ;  

I n  a d d i t i o n  t o  t h e  p r i n c i p a l  mon i to r ing  p o i n t s ,  a 
number of sampling p o i n t s  a r e  n e c e s s a r y .  These 
sampling po in t s  are not  i n t ended  f o r  cont inuous  
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m o n i t o r i n g ,  b u t  r a t h e r  f o r  t a k i n g  f l u i d  samples  be-  
f o r e  a c t u a l  b o o s t e r  l o a d i n g .  These p o i n t s  would be 
used f o r  checking system c l e a n l i n e s s  and dryness  
d u r i n g  blowdown of t h e  sys tem o r  d u r i n g  o t h e r  exer-  
c i s e s  i n  which sampling would be i n d i c a t e d ;  

The recommended moni tor ing  p o i n t s  a r e  based on the  
u l t i m a t e  i n  r e l i a b i l i t y  and on t h e  assumption t h a t  
some p o i n t s  w i l l  be s u f f i c i e n t l y  c l o s e  t h a t  one ana-  
l y z e r  w i l l  be shared  by more t h a n  one moni tor ing  
p o i n t .  Based on t h i s  c o n c e p t ,  i t  i s , p o s s i b l e  t h a t  
some sampling p o i n t s  might a c t u a l l y  become moni tor ing  
p o i n t s  in t h e  u l t i m a t e  d e s i g n .  The f i n a l  s e l e c t i o n  
o f  t h e  number and e x a c t  l o c a t i o n s  of moni tor ing  p o i p t s  
w i l l  depend on many f a c t o r s ,  among which a r e  t h e  f o l -  
lowing : 

a) R e l a t i v e  c o s t s  of t h e  p o s s i b l e  combina t ions ,  

b )  Weight,  

c )  A v a i l a b l e  l o c a t i o n s  and p r o x i m i t y  t o  one a n o t h e r ,  

d )  Minimum m o d i f i c a t i o n  t o  sys t em,  

e )  Length of sampling l i n e s  r e q u i r e d ,  

f )  Length of t ime f o r  s w i t c h i n g ,  

g)  A b i l i t y  t o  u s e  f low sampling wedges f o r  m u l t i p l e  
f low rates  and t w o - d i r e c t i o n a l  f l o w .  
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V. RECOMMENDATIONS FOR SAMPLING AND MONITORING 

A .  SAMPLING 

I n  many i n s t a n c e s  t h e  f i n a l  d e s i g n  c r i t e r i a . a n d  s p e c i f i c  
equipment recommendations r e s u l t i n g  from t h i s  s t u d y  are equiva-  
l e n t  t o  o r  i d e n t i c a l  t o  e x i s t i n g  o r  planned methods,  s e p a r a t e  
from t h i s  s t u d y ,  f o r  t h e  same f l u i d s ,  sys tems and complexes.  
Mechanical sampling f o r  p u r i t y  parameters  ( a s  d i s t i n g u i s h e d  from 
p a r t i c u l a t e  sampling)  as it  e x i s t s  o r  i s  planned f o r  t h e s e  f a c i l -  
i t i e s  cannot  p r a c t i c a b l y  be improved on f o r  t he  m a j o r i t y  of  t h e s e  
f l u i d s ,  e s p e c i a l l y  f o r  t h e  noncryogens.  

I n  t h e  case  of RP-1, a one -qua r t ,  g l a s s  b o t t l e  w i t h  screw-on- 
type  b a k e l i t e  cap  and c o n i c a l  po lye thy lene  s e a l  i s  recommended. 
For  the cyrogenic  l i q u i d s  a Cosmodyne Cryogenic  Sampler is  r e c -  
ommended. 

va lved  s ta in less  steel  p r e s s u r e  bomb i s  recommended. For  d e t e r -  
mining m o i s t u r e  c o n t e n t  i n  gases ,  an e l e c t r o l y t i c -  type m o i s t u r e  
i n d i c a t o r  a t t a c h e d  d i r e c t l y  t o  t h e  system, i s  recommended. Table  
3 summarizes p r e s e n t  p r a c t i c e  and recormendat ions f o r  sampling 
f o r  p u r i t y - i m p u r i t y  parameters .  

For  N204, A-50, MMH, and the gases, a Hoke double-  

For p a r t i c l e  sampling,  d e s i g n  c r i t e r i a  f o r  concep tua l  equip-  
ment and methods a r e  p re sen ted  t o  provide  f o r :  

Performing a l l  f i l t r a t i o n s  f o r  p a r t i c l e  count  c r i -  
t e r i a  a t  t h e  s i t e  of sampling;  

Precount ing  the membrane a f t e r  t h e  sampling t o o l  i s  
connected t o  the  sampling p o i n t  and a n  i n i t i a l  oper -  
a t i o n a l  f l u i d  f low has  occurred  through i t ;  

Performing the  sample f low and p a r t i c l e  count  w i th -  
o u t  d i s t u r b i n g  o r  t r a n s p o r t i n g  t h e  sampling dev ice  
between t h e s e  o p e r a t i o n s ;  

Taking o t h e r  p recau t ions  t h a t  w i l l  minimize o r  ac-  
count  f o r  t he  c o n t r i b u t i o n  t o  t h e  sample from s o u r c e s  
o t h e r  t h a n  the  o p e r a t i o n a l  f l u i d .  T h i s  r e p r e s e n t s  a 
s i g n i f i c a n t  d e p a r t u r e  from p rev ious  technology.  
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No company is t a k i n g  the above fundamental  s t e p s  toward Sam- 
p l e  v a l i d i t y  a l though a l l  u s e r s  w i t h  whom t h e  concept  was d i s -  
cussed agreed t h a t  it appears  t o  answer t h e  problem. I n s t e a d ,  
t h e  i n d u s t r y  s t i l l  u s e s  one of  two g e n e r a l  p rocedures .  The f i r s t  
is  t o  t a k e  a f l u i d  sample i n  a c o n t a i n e r ,  f i l t e r  t h i s  sample 
through a membrane which has a count ing  g r i d  impr in ted  on i t ,  
r i n s e  t h e  membrane and t r a n s f e r  i t  t o  a microscope s t a g e  f o r  
c o u n t i n g .  I n  t h e  second procedure,  t h e  membrane i s  i n s e r t e d  
i n t o  a sampling t o o l  i n  the l a b o r a t o r y .  The t o o l  i s  t h e n  t r a n s -  
p o r t e d  t o  t h e  sampling p o i n t  and connected t o  i t .  The p a r t i c l e  
sample i s  t a k e n  from t h e  f l u i d  d i r e c t l y  on t h e  membrane. The 
t o o l  i s  t h e n  d isconnec ted  from t h e  sampling p o i n t ,  and t r a n s -  
p o r t e d  back t o  t h e  l a b o r a t o r y  ( i n  most i n s t a n c e s  i n  u n c o n t r o l l e d  
o r i e n t a t i o n  w i t h  r e s p e c t  t o  t h e  v e r t i c a l )  where t h e  sampling de- 
v i c e  i s  disassembled and the  membrane i s  t r a n s f e r r e d  t o  t h e  
microscope s t a g e  f o r  count ing.  

The next  s i g n i f i c a n t  d e p a r t u r e  from previous  technology i n -  
vo lves  t h e  t a k i n g  of a l l  samples from cryogenic  f l u i d  streams 
and a l l  p a r t i c u l a t e  samples from t h e  o t h e r  f l u i d  s t r e a m s .  It i s  
recommended t h a t  such  samples b e  t a k e n  through a Wyle L a b o r a t o r i e s  
Dynamic F l u i d  Sampler o r  a Maledco Engineer ing  Company T u r b u l e n t  
Flow Sampling v a l v e ,  depending upon t h e  l i n e  s i z e s  and f l u i d s  
involved ,  i n s t e a d  of through a s imple  s i d e - t a p .  The Wyle u n i t  
i n c o r p o r a t e s  two b a s i c  p r i n c i p l e s :  (1) i n c l u s i o n  of a mechanism 
which permi ts  t h e  withdrawal of a " s l i c e "  of f l u i d  from t h e  f u l l  
c r o s s  s e c t i o n  of t h e  f l u i d  system; ( 2 )  maintenance of i s o k i n e t i c  
flow c o n d i t i o n s  b o t h  i n s i d e  and o u t s i d e  of  t h e  sample withdrawal  
mechanism. The Maledco u n i t  i s  designed w i t h  a "Z" s e c t i o n  f low 
p a t h  which c r e a t e s  tu rbulence ,  and t h e  sample is  withdrawn d i -  
r e c t l y  from t h e  t u r b u l e n t  s e c t i o n .  These a r e  t h e  only  s u i t a b l e  
cont inuous  r e p r e s e n t a t i v e  p a r t i c u l a t e  sampling d e v i c e s  d i s c l o s e d  
by t h e  s t u d y .  

Because t h i s  i s  a v e r y  c o n t r o v e r s i a l  parameter ,  p rev ious  
s t u d i e s  p e r t a i n i n g  t o  i t  were i n v e s t i g a t e d  thoroughly .  It was 
concluded t h a t ,  f o r  p a r t i c l e s  l a r g e r  than  100 p i n  f l u i d s  less 
v i s c o u s  t h a n  MIL-H-5606 h y d r a u l i c  o i l ,  i s o k i n e t i c  sampling is 
necessary  f o r  adequate  r e p r e s e n t a t i o n  i n  t h e  sample of t h e  s y s -  
t e m  p a r t i c u l a t e  c o n t e n t  r e g a r d l e s s  of whether  t h e  flow i s  lami- 
nar  o r  t u r b u l e n t .  

13 

Tbble 4 summarizes p r e s e n t  p r a c t i c e  and recommendations f o r  
sampling f o r  p a r t i c u l a t e  contaminat ion .  
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B . PARTICLE MONITORING 

The su rvey  of launch s i tes  and s t a t i c  t es t  f a c i l i t i e s  u s i n g  
p r o p e l l a n t s  and p r e s s u r a n t s  i d e n t i c a l  o r  s i m i l a r  t o  t h e  opera-  
t i o n a l  f l u i d s  i n  t h i s  s tudy  d i s c l o s e d  no f a c i l i t i e s  u s i n g  any of 
t h e  zone-sensing-type au tomat ic  p a r t i c l e  coun te r s  f o r  i n s p e c t i o n  
of  t h e  f l u i d s .  

None of t h e  au tomat ic  p a r t i c l e  coun te r s  i n v e s r i g a t e d  can de- 
t e c t  o r  r e p o r t  t h e  l o n g e s t  dimension of the  p a r t i c l e  o r  f i b e r .  
A l l  c r i t e r i a  d e f i n i n g  a l lowable  p a r t i c u l a t e  contaminat ion  i n  
f l u i d s ,  i n c l u d i n g  those  of NASA, r e f e r  t o  p a r t i c l e s  and f i b e r s  . 
by t h e  l o n g e s t  dimension.  The re fo re ,  t h e  use  of au tomat ic  p a r t i -  
c l e  coun te r s  f o r  monitor ing p a r t i c u l a t e  contaminat ion  i n  t h e  
f l u i d s  of i n t e r e s t  t o  t h i s  s t u d y  i s  not  f e a s i b l e  u n l e s s :  

1) The c r i t e r i a  a re  changed t o  d e f i n e  p a r t i c l e s  i n  terms 
of some parameter o t h e r  than  t h e  l o n g e s t  dimension,  
e . g . ,  p r o j e c t e d  c r o s s - s e c t i o n a l  a r e a ,  which can  be 
d e t e c t e d  by automatic  p a r t i c l e  c o u n t e r s ;  

2) A c o r r e l a t i o n  can be demonstrated between p a r t i c l e  
s ize-and-count ,  determined by t h e  au tomat ic  c o u n t e r ,  
w i t h  s ize-and-count  determined by t h e  l i gh t -mic ro -  
scope method of SAE Aeronau t i ca l  Recommended Proce-  
dure  (ARP) 598; 

3) An automat ic  ins t rument  can be developed t o  a c t u a l l y  
measure longes t  p a r t i c l e  dimension. 

Attempts t o  demonstrate  c o r r e l a t i o n s  a s  i n d i c a t e d  by t h e  
second p o s s i b i l i t y  have been made by a number of o r g a n i z a t i o n s .  
R e s u l t s  of t h e s e  programs a r e  p re sen ted  i n  r e p o r t s  pub l i shed  by 
NASA-MSFC, Douglas A i r c r a f t  Corpora t ion ,  and AF M a t e r i a l s  Labo- 
r a t o r y ,  Wr igh t -Pa t t e r son  AFB. A l l  o f  t h e  e v a l u a t i o n s  have been 
performed on h y d r a u l i c  f l u i d s  i n  which n e a r l y  a l l  p a r t i c l e s  were 
<lo0 p and most were 6 0  p i n  s i z e .  The r e s u l t s  i n d i c a t e  t h a t  
t h e  use  of au tomat ic  p a r t i c l e  coun te r s  f o r  moni tor ing  p a r t i c u l a t e  
contaminat ion  i n  h y d r a u l i c  f l u i d s  appears  f e a s i b l e .  However f o r  
p a r t i c l e s  l a r g e r  than  100 p i n c l u d i n g  f i b e r s ,  t h e  r e l a t i o n s h i p  
between microscopic  de t e rmina t ion  of t h e  l o n g e s t  p a r t i c l e  dimen- 
s i o n ,  and t h a t  r e p o r t e d  by t h e  au tomat ic  coun t ing  d e v i c e s ,  de- 
t e r i o r a t e s  w i th  i n c r e a s i n g  par t ic le  s i z e .  

15 
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No s u c c e s s f u l  e v a l u a t i o n s  have been performed i n  t h e  f l u i d s  
o f  i n t e r e s t  t o  t h i s  s t u d y  wi th  the  types  and s izes  o f  p a r t i c l e s  
o f  i n t e r e s t  t o  t h i s  s tudy .  S ince ,  i n  a d d i t i o n ,  t h e  a v a i l a b l e  
p a r t i c l e  count ing  techniques  do n o t  measure p a r t i c u l a t e  contami-  
n a t i o n  i n  terms o f  e x i s t i n g  c r i t e r i a ,  recommendations f o r  t h e  use  
o f  au tomat ic  p a r t i c l e  c o u n t e r s  a re  n o t  i n d i c a t e d  a t  t h i s  t i m e .  

C .  PURITY MONITORING 

During t h e  s u r v e y  of  launch  and s t a t i c  t e s t  f a c i l i t i e s  on ly  
a few i n s t a n c e s  of on-s t ream moni to r ing  o f  o p e r a t i o n a l  systems 
f o r  t h e  f l u i d s  o f  i n t e r e s t  were found.  These were: 

1) F lame- ion iza t ion  hydrocarbon a n a l y z e r s  f o r  t o t a l  
hydrocarbons .  These se rved  bo th  a s  cont inuous  ana-  
l y z e r s  and p e r i o d i c  a n a l y z e r s ;  

2 )  Mois ture  meters  t h a t  r ead  by t h e  h y d r o l y s i s  of ab- 
sorbed  w a t e r  on hygroscopic  p l a t e s .  These a r e  used 
f o r  bo th  cont inuous  and p e r i o d i c  mon i to r ing ;  

3 )  The f r i t t e d  s i l v e r  -- KOH t ype  O2 a n a l y z e r  f o r  

oxygen c o n t e n t  i n  g a s e s .  These a l l  were used a s  
cont inuous  on-stream a n a l y z e r s ;  

4 )  A gas  chromatograph t h a t  was programed by e l e c t r o n i c  
t a p e  f o r  on-stream measurement of t r a c e  gas  contam- 
i n a n t s  i n  hydrogen;  

5) An i r is t rument  des igned  t o  measure the  o r tho -pa ra  
r a t i o  of  hydrogen con t inuous ly  on-s t ream;  

6) A l i q u i d  p rocess  moi s tu re  meter  t h a t  measured mois- 
t u r e  c o n t e n t  i n  petroleum p r o d u c t s .  T h i s  dev ice  i s  
used cont inuous  l y  on-s  t ream . 

A l l  the  o r g a n i z a t i o n s  v i s i t e d  used v a r i o u s  means of i n s t r u -  
menta l  a n a l y s i s  i n  a l a b o r a t o r y  f o r  some con tamina t ion  parameters  
i n  t h e  f l u i d s  of i n t e r e s t ,  w i th  the  e x c e p t i o n  of  N 0 However, 

a number o f  t h e s e  o r g a n i z a t i o n s  s t i l l  depended q u i t e  h e a v i l y  
upon w e t  chemical  a n a l y s i s .  

2 4 '  
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A t  t h e  p r e s e n t  t i m e  t he re  are some s p e c i f i c  i n s t rumen t s  t h a t  
appear  promising f o r  adap t ion  t o  o n - l i n e  use  f o r  t h e  contamina- 
t i o n  parameters  i n  the f l u i d s  of i n t e r e s t .  These have maximum 
a p p l i c a b i l i t y  t o  the  g a s e s .  

With t h e  above c o n s i d e r a t i o n s  i n  mind, a su rvey  o f  t h e  i n -  
s t r u m e n t a t i o n  manufac turers  was made. The i n t e n t  o f  t h e  su rvey  
was t o  f i n d  a v a i l a b l e  i n s t r u m e n t a t i o n  capable  of  p r o v i d i n g  con- 
t i nuous  moni tor ing  of one o r  more of  t h e  parameters  of i n t e r e s t  
t o  t he  s t u d y .  Because ve ry  few types  of cont inuous  moni tors  
were found,  an  a l t e r n a t i v e  approach was u s e d .  T h i s  approach was 
t o  p rov ide  a n  i n t e g r a t e d  system of cont inuous  moni tors  f o r  param- 
e t e r s  t h a t  could be s o  monitored,  and r a p i d  r e c y c l e  p e r i o d  moni- 
t o r s  f o r  those  parameters  t h a t  a r e  imposs ib l e  t o  moni tor  con t in -  
uous ly .  This  i n t e g r a t e d  s y s t e m  comes a s  c l o s e  t o  the  i d e a l i z e d  
concept  a s  p o s s i b l e .  

One system uses  mass spec t rometers  i n  con junc t ion  w i t h  hydro- 
carbon a n a l y z e r s ,  mo i s tu re  moni tors ,  and p a r t  p e r  m i l l i o n  (ppm) 
oxygen a n a l y z e r s  f o r  t h e  a n a l y s i s  of  t h e  contaminants  i n  t h e  cryo- 
gen ic  o r  gaseous f l u i d s .  The o t h e r  system s u b s t i t u t e s  process  
stream gas  chromatographs f o r  t h e  mass spec t romete r  t o  p rov ide  t h e  
same ana lyses .  Both systems would use  p rocess  gas  chromatographs 
f o r  t he  a n a l y s i s  of  t h e  ambient l i q u i d s  i f  t h e s e  parameters  are  
monitored.  

The fo l lowing  techniques  a r e  recommended f o r  moni tor ing  t h e  
s p e c i f i c  contaminants  i n  each of t he  f l u i d s  of i n t e r e s t .  I n  
some c a s e s  an  a l t e r n a t i v e  method i s  i n d i c a t e d .  I n  each c a s e ,  
t h e  pr imary i n s t r u n e n t  is l i s t e d  f i r s t .  

1 )  GN2 (converter-compressor  and pad s t o r a g e  a r e a s )  

Ref: MSFC-SPEC-234: 

P u r i t y  w i l l  be monitored by i n s t r u m e n t a l  d e t e r -  
mina t ion  of i m p u r i t i e s  and t h e  au tomat i c  sub- 
t r a c t i o n  of  t h e s e  from t h e  t o t a l ;  

Hydrocarbons w i l l  be monitored by t h e  f lame 
i o n i z a t i o n  type t o t a l  hydrocarbon a n a l y z e r ;  

Mois ture  will be monitored by an  e l e c t r o l y t i c  
hygrometer than  r e a j s  h y d r o l y s i s  of absorbed 
w a t e r ;  

Trace  0 w i l l  be monitored by a ppm oxygen ana- 

l y z e r  of  the type  t h a t  has  l e a d  and f r i t t e d  
s i l v e r  e l e c t r o d e s  immersed i n  a KOH b a t h .  

2 
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2) G N ~  [Mobile Launcher (ML) or AGCS area] Ref: MSFC-SPEC-234: 

a) Purity will be monitored by instrumental determin- 
ation of impurities and the automatic subtraction 
of these from the total; 
Hydrocarbons will be monitored by the flame 
ionization type total-hydrocarbon analyzer; 

b) 

c) Moisture and trace 0 will be monitored by a 2 
mass spectrographic analyzer. 

Alternatives: An electrolytic hygrometer for 
moisture content and a ppm 0 analyzer for oxy- 

gen content can be used. 
2 

3 )  Helium (ML or AGCS, converter-compressor, pad areas) Ref: 
MSFC -SPEC -364A: 

a) Purity will be monitored by instrumental determin- 
ation of  impurities and the automatic subtraction 
of these from the total; 

b) N2, H2, O2 and moisture will be monitored by a 

mass spectrographic analyzer; 

N2, H can be monitored by a proc- 

2 

2 A1 terna tives : 

ess stream gas chromatograph. 0 can be moni- 

tored by a ppm oxygen analyzer. Moisture can be 
monitored by an electrolytic hygrometer. 

c) Hydrocarbons will be monitored by a total-hydro- 
carbon analyzer of the flame ionization type. 

4) Gaseous oxygen Ref: MSFC-SPEC 393 (Grade C): 

a) Purity will be monitored by the paramagnetic 
oxygen analyzer; 

b) Moisture will be monitored by an electrolytic 
hygrometer; 

c) Total hydrocarbons will be monitored by a flame 
ionization type total hydrocarbon analyzer; 

d) Acetylene content will be determined by nondis- 
persive infrared spectroscopy. 
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5) Gaseous hydrogen (ML o r  AGCS and pad s t o r a g e  a r e a s )  Ref: 
MSFC -SPEC -3 56: 

a )  P u r i t y  w i l l  be moriitored by i n s t r u m e n t a l  de te rmin-  
a t i o n  of i m p u r i t i e s  and t h e  au tomat i c  s u b t r a c t i o n  
of t h e s e  from t h e  t o t a l ;  

b) 02,  A r ,  H e ,  ca rbon-bear ing  gases ,  and moi s tu re  

w i l l  be  monitored by a mass s p e c t r o g r a p h i c  ana-  
l y z e r  ; 

A l t e r n a t i v e  : These commodities can  be measured 
by  a p rocess  s t r eam gas chromatograph. 

c )  T o t a l  hydrocarbons w i l l  be  monitored by a f l a m e -  
i on  i z a  t ion  t o t  a 1 -hydrocarbon ana  1 yz er . 

6 )  LN2 (Ref :  MSFC-SPEC-234) and p r o p e l l a n t  grade  oxygen 

(Ref: MSFC-SPEC-399, Grade C): 

There are no moni tor ing  dev ices  capab le  of measuring 
contaminat ion  d i r e c t l y  i n  c ryogen ic  f l u i d s .  However, 
f o r  LX and LO of p r o p e l l a n t  g rade ,  a cont inuous  

c ryogen ic  s a m p l e r  t h a t  used a cont inuous  f l a s h  vapor-  
i z e r  can be  used wi th  t h e  i n s t r u m e n t a t i o n  proposed 
f o r  t he  gaseous phase of t hese  commodities t o  perform 
t h e  r e q u i r e d  a n a l y s i s .  These c ryogen ic  samplers  are 
commercial ly  a v a i l a b l e  i n  s e v e r a l  forms. 

2 2 

It i s  n o t  cons idered  n e c e s s a r y  t h a t  LN be monitored 

as i t  flows from the s t o r a g e  dewars t o  t h e  c o n v e r t e r -  
compressor f a c i l i t y ,  because N i s  n o t  used as a l i q -  

u id .  LN is a source  o f  GN and i s  monitored as such 

a f t e r  v a p o r i z a t i o n .  However, a sampling p o i n t  t o  
check t h e  c o n d i t i o n  o f  LN i n  t h e  dewars du r ing  s t o r -  
age  i s  recommended. 

2 

2 

2 2’ 

2 

7)  LH2 (Ref: MSFC-SPEC-356): 

For LH a cont inuous v a p o r i z i n g  c ryogen ic  sample r ,  

i n  con junc t ion  w i t h  t h e  i n s t r u m e n t a t i o n  proposed t o  
moni tor  G 3 ,  w i l l  be s u f f i c i e n t  t o  a n a l y z e  a l l  con- 
taminants .  

2 
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8) Aerozine-50 (Ref :  MIL-P-27402 (USAF) : 

The N2H4, UDMH, amine, and m o i s t u r e  c o n t e n t  of  Aero- 

z ine-50  can b e  monitored by a p rocess  stream gas 
chromatograph. However, i t  i s  n o t  n e c e s s a r y  t o  moni- 
t o r  A-50 on a cont inuous  b a s i s  because t h e  q u a n t i t i e s  
used a r e  n o t  l a r g e ,  t h e  load ing  t i m e  i s  s h o r t  enough 
t h a t  mon i to r ing  by the  gas  chromatographic  technique  
appea r s  to  be i m p r a c t i c a l ,  and t h e  p r e s e n t  method of  
sampling i s  a c c u r a t e  and r e l i a b l e  enough t o  ensu re  
t h a t  good q u a l i t y  p r o p e l l a n t  i s  loaded.  

9)  MMH (Ref:  MIL-P-27404): 

P u r i t y  and moi s tu re  c o n t e n t  can  be moni tored  by a 
p rocess  stream gas chromatograph. However, t he  rea- 
sons  f o r  n o t  mon i to r ing  A-50 a p p l y  t o  MMH. 

10) N 2 0 4  (Ref:  MIL-P-26539A) : 

A t  t he  p r e s e n t  t i m e  t h e r e  i s  no known way of measur- 
i n g  p u r i t y  o r  contaminat ion  c o n t e n t  by i n s t r u m e n t a l  
methods. Some manufac turers  have proposed the  u s e  of  
a process  stream gas  chromatograph f o r  t hese  a n a l y s e s .  
However, each chromatograph proposed r e q u i r e s  an ex-  
tensive developmental  e f f o r t ,  w i th  no gua ran tee  t h a t  
t h e  method w i l l  prove t o  be r e a l l y  s a t i s f a c t o r y .  
Again,  t h e  reasons  f o r  n o t  mon i to r ing  A - 5 0  a p p l y  t o  

N2°4* 

11) RP-1 (Ref: MSFC-SPEC-342): 

a )  Mercaptans w i l l  be monitored by n o n d i s p e r s i v e  i n -  
f r a r e d  a t  3.92 p ;  

b )  Aromatics w i l l  be monitored by nond i spe r s ive  i n -  
f r a r e d  a t  5 .1  p; 

c )  O l e f i n s  w i l l  be monitored by n o n d i s p e r s i v e  i n f r a -  
r e d  a t  11 p; 

d )  E x i s t e n t  and p o t e n t i a l  gums w i l l  n o t  be  moni tored ;  
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e )  Moisture  w i l l  be monitored by an u l t r a v i o l e t  
a n a l y z e r  ; 

f )  A l l  o f  t h e  above i n s t r u m e n t s  r e q u i r e  a vapor ized  
sample f o r  p r o p e r  o p e r a t i o n .  T h e r e f o r e ,  t h e s e  
ins t ruments  must be used w i t h . a  h i g h  tempera ture  
v a p o r i z e r  and t h e  a n a l y s e s  made i n  t h e  vapor  
phase .  

g )  S u l f u r  i n  s o l u t i o n  could p o s s i b l y  be determined 
by v a r i a t i o n s  i n  l i g h t  t r a n s m i s s i o n  monitored by 
a p h o t o c e l l .  This  technique  w i l l  t a k e  a long 
t i m e  f o r  development. S u l f u r  no t  i n  s o l u t i o n  
w i l l  probably be f i l t e r e d  o u t  mechanica l ly  and 
w i l l  no t  c o n t r i b u t e  s i g n i f i c a n t l y  t o  t h e  t o t a l  
s u l f u r  c o n t e n t .  

The f o l l o w i n g  p r i c e s  i n c l u d e  c o s t s  i n c u r r e d  by explos ion-  
p r o o f i n g  and i n  o t h e r w i s e  making t h e  i n s t r u m e n t s  compatible  t o  
NASA s p e c i f i c a t i o n s .  

Paramagnet ic  Oxygen Analyzer - The only  i n s t r u m e n t  
s u i t a b l e  f o r  t h e  oxygen p u r i t y  a n a l y s i s  i s  t h e  Beck- 
man Model G-2 paramagnetic oxygen a n a l y z e r .  T h i s  
i n s t r u m e n t  c o s t s  approximately $3900; 

Total-Hydrocarbon Analyzer - The primary c a n d i d a t e  f o r  
t h i s  ins t rument  i s  t h e  Beckman to ta l -hydrocarbon ana- 
l y z e r .  The Model 108A i s  s u i t a b l e  f o r  u s e  i n  nonhazard- 
ous areas and c o s t s  approximately $2600. The Model 106E 
proposed f o r  use i n  hazardous areas c o s t s  approximately 
$3800, compared t o  t h e  Bendix hydrocarbon a n a l y z e r  f o r  
t h e  same use  a t  a c o s t  of $5000; 

Par t s -Per -Mi l l ion  Trace Oxygen Analyzer - The primary 
c a n d i d a t e  f o r  t h i s  ins t rument  i s  t h e  Beckman Model 778. 
T h i s  ins t rument  c o s t s  approximately $4000; t h e  Bendix 
p a r t s - p e r - m i l l i o n  oxygen monitor  a l s o  c o s t s  $4000; 

E l e c t r o l y t i c  Hygrometer - The pr imary c a n d i d a t e  f o r  t h i s  
i n s t r u m e n t  i s  t h e  Beckman e l e c t r o l y t i c  hygrometer w i t h  a 
rhodium e l e c t r o d e .  This  ins t rument  c o s t s  approximately 
$2200, compared t o  a CEC m o i s t u r e  monitor  a t  $2600 and 
t h e  Bendix e l e c t r o l y t i c  hygrometer a t  $3000; 
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5)  Process  Gas Chromatographs - The Bendix high-speed g a s  
Chromatograph c o s t s  approximate ly  $15,000 w i t h  a hydro-  
gen flame d e t e c t o r  a t t a c h e d .  Th i s  i n s t rumen t  c o s t s  
about  $12,000 wi thou t  t h e  d e t e c t o r .  The Melpar u n i t  
c o s t s  about  $40,000 f o r  t h e  f i r s t  u n i t ,  i n c l u d i n g  mas ter  
c o n t r o l  p a n e l ,  Subsequent u n i t s  w i t h  mas ter  c o n t r o l  
pane l s  would c o s t  about  $15,000 each .  A d d i t i o n a l  u n i t s  
w i thou t  c o n t r o l  p a n e l s  would c o s t  about  $10,000 each .  
Perkin-Elmer was unable  t o  quote  an approximate c o s t  
f o r  one of  t h e i r  high-speed chromatographs.  The Beckman 
Model 320-D p rocess  gas  chromatograph t h a t  uses  s t a n d a r d  
chromatographic  t echn iques  and equipment c o s t s  approx i -  
mately $9500. The Bendix chromatograph h a s  t h e  advantage 
over  t h e  o t h e r s ,  because i t  can perform ve ry  r a p i d  a n a l -  
y s e s  (15 s e c  t o  2 min) ,  and i t  i s  r e a d i l y  a v a i l a b l e  w i t h  
a minimum of  developmental  e f f o r t .  The Beckman model i s  
a s t anda rd  in s t rumen t  t h a t  performs t h e  a n a l y s e s  i n  5 t o  
10 min. The Perkin-Elmer in s t rumen t  needs c o n s i d e r a b l e  
development;  

6)  Mass Spectrograph - The ins t rumen t  proposed f o r  u se  as 
a common mass spec t rog raph  i n  t h e  base  of  t h e  ML o r  AGCS 
c o s t s  between $150,000 and $175,000. This  i n s t rumen t  
would use  s t anda rd  o f f - t h e - s h e l f  components. This  i n s t r u -  
ment would c o s t  an a d d i t i o n a l  $500,000 f o r  developmental  
e f f o r t  i f  i t  were t o  use  l i g h t w e i g h t  components. The mass 
spec t romete r s  proposed f o r  u se  i n  a l l  t h e  o t h e r  a r e a s  c o s t  
approximately $25 ,000  each .  C E C  was t h e  on ly  in s t rumen t  
manufac turer  t h a t  proposed use  of t h e  mass spec t romete r ;  

7 )  I n f r a r e d  and U l t r a v i o l e t  Analyzers  - The Perkin-Elmer 
m i n i a t u r e  i n f r a r e d  and u l t r v i o l e t  a n a l y z e r s  a r e  t h e  i n -  
s t rumen t s  proposed.  These i n s t r u m e n t s  c o s t  between 
$3500 and $5000 depending on r e q u i r e d  development e f f o r t .  
Although MSA proposed i n f r a r e d  a n a l y z e r s ,  t h e  Pe rk in -  
E l m e r  model was recommended because of t h e  obvious ad-  
vantage  o f f e r e d  by i t s  ve ry  smal l  s i z e ,  MSA d i d  n o t  
provide  c o s t  d a t a  f o r  t h e i r  equipment.  
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To e f f i c i e n t l y  apply  the r e s u l t s  of t h i s  s t u d y  t o  t h e  scope 
systems a t  KSC, t h i s  s t u d y  should  be cont inued  i n  t h e  next  l o g i -  
c a l  phase , i .e. , a d e t a i l e d  a n a l y s i s  of t h e  s p e c i f i c  a p p l i c a t i o n  
of t h e  s t u d y ' s  recommendations t o  t h e  s p e c i f i c  optimum sampling 
p o i n t s  f o r  those  systems a t  KSC. 

The s p a c e ,  w e i g h t ,  a c c e s s i b i l i t y ,  s a f e t y - h a z a r d ,  power con- 
sumption, d a t a - t r a n m i s s i o n ,  o p e r a t i o n a l  f l u i d  s t a t u s  and mode, 
mechanical  i n t e r f e r e n c e ,  sampling system a d a p t i o n ,  sampling p o i n t  
l o c a t i o n ,  countdown and o p e r a t i o n a l  schedule  c o m p a t i b i l i t y ,  d i s -  
p l a y ,  r e c o r d i n g  and c o r r e c t i v e  a c t i o n  l i m i t a t i o n s  and requi rements  
should  be i n v e s t i g a t e d  and c a t a l o g e d  f o r  each in tended  sampling 
p o i n t ,  d a t a  t r a n s m i s s i o n  p o i n t ,  and d i s p l a y  l o c a t i o n .  The l o c a -  
t i o n  of each optimum sampling p o i n t  should  be d e f i n e d  t o g e t h e r  
w i t h  a comprehensive j u s t i f i c a t i o n ,  cognizant  of and compatible  
w i t h  t h e  o p e r a t i o n a l  schedules .  

T h i s  s t u d y  was o r i e n t e d  toward t h e  equipment and method. The 
next  phase should  be o r i e n t e d  toward t h e  s p e c i f i c  system a p p l i c a -  
t i o n .  Only a f t e r  t h i s  phase i s  completed and p r a c t i c a l i t y  i s  
shown, should  t h e  subsequent l o g i c a l  phases  of breadboard d e s i g n  
and p r o t o t y p e  development be under taken  f o r  moni tor ing  equipment.  
(Development of  sampling equipment may be s t a r t e d  b e f o r e  t h e  next  
program phase because i t s  a p p l i c a t i o n  i s  more u n i v e r s a l . )  

It i s  recommended t h a t  t h e  e x i s t i n g  contaminat ion  c o n t r o l  
c r i t e r i a  s p e c i f i c a t i o n s  f o r  p a r t i c u l a t e s  be conver ted  t o  c r i -  
t e r i a  t h a t  are o r i e n t e d  toward t h e  a r e a  o r  l i g h t - s c a t t e r i n g  
parameters ,  which are d e t e c t e d ,  measured, and r e p o r t e d  by t h e  
zone-sensing au tomat ic  p a r t i c l e  c o u n t e r s  a v a i l a b l e  o r  concep- 
t u a l  today .  

It i s  recommended t h a t  a comprehensive,  uniform,  contamina- 
t i o n  c o n t r o l  c r i t e r i a  s p e c i f i c a t i o n  document be prepared  t o  con- 
t a i n  a l l  t h e  contaminat ion c o n t r o l  c r i t e r i a  s p e c i f i c a t i o n s  f o r  
a l l  t h e  program system o p e r a t i o n a l  f l u i d s  and systems (both  f l u i d  
and hardware c r i t e r i a )  f o r  d i s t r i b u t i o n  t o  a l l  NASA o r g a n i z a t i o n s  
and c o n t r a c t o r s .  This  document should  provide  f o r  a l o g i c a l  pro- 
g r e s s i o n  of c r i t e r i a  from t h a t  of  t h e  d e t a i l  p a r t s  a t  component 
manufac turers  f a c i l i t i e s ,  and from t h e  vendor t r a n s p o r t  v e h i c l e s  
f o r  t h e  f l u i d s  t o  t h e  hardware and f l u i d s  i n  t h e  a i r b o r n e  sys tems.  

A sampling manual should b e  prepared  t h a t  i d e n t i f i e s  sampling 
p o i n t s  and sampling frequency (both by t i m e  i n t e r v a l  and by se- 
quence r e l a t i o n  t o  system o p e r a t i o n ) .  


