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IECM ASCENTIREENTRY 
TEMPERATURE (IECM AIR SAMPLER) 

STS-2. STS-3, STS-4 
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TIME (MINUTES) 
TIME REFERENCE A T  ALTITUDE OF APPROXIMATELY 

22.875 ':m 175.000 FT) 

I ECM 
CASCADE IMPACTOR 

PART I CULATE MEASUREMENTS 
SUMMARY - STS-2, 3, 4 

Measurement _- 
>5u s i z e  p a r t i c u l n t e s  

1)i  t o  511 s i z e  p a r t i c l e  

0 . 3 ~  to It1 s i z e  
p n r t  iclcs 

* Drscent  vnlues may 1 n r g e l y  i n s t r u m e n t a l  ( t h e m a l ) ,  and 

F l i g h t  R e s u l t s  
STS-2 Ascent  Ir 30 irpms/m 3 

Descent ?, 10 " 

STS-3 Ascent  .\, 10 " 

Descent ?r 10 *' 
STS-4 Ascent 

Descent  ?, 20 u ~ m s l m ~  
STS-2 Ascent  ?r 500 ygms/m3 

Descent ~r 250* " 

Descent  < 10 
STS-4 Ascent ?r 300 ugms/m3 

Descent  < 10 " 

Descent  ?r 1 2 5 * ~ 6 m s / m ~  

Descent  < 10 

Descent  Non f u n c t i o n e l  

Non f u n c t i o n e l  

STS-3 Ascent  < 10 ugmE/rn 3 

STS-2 Ascent  ?r 250 u,ems/m 3 

STS-ri Ascent % 90 pgmstm 3 

STS-3 Ascent  10 ugmfjlm 3 

o u l d  b e  c o n s i d e r e d  upper  l imits.  



ZJU z 

STS-2, STAGE 2, POSTFLIWT SENSING CPYSTAL 
SEV PHOTOGRAPH 

STS-2, STAGE, 3, POSTFLIGHT SEASIRG CRYSTAL 
PHOTOGRAPH WITH SEN 

STS-2, STAGE 4, POSTFLIGHT SELSING CRYSTAL 
PHOTOGRAPH USING SEN 
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ENIARGVnE!iT OF AN AREA OF 'STACE 

AND SPECTRA OF T Y P I C A L  
PARTICLES. 

3, STS-2, CONTAINING FIBERS, 

,:,, r . 

S?EG4A OF VARIOUS 
'!XES ON STAGE 3, STS-2 

# 
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I N D U C E D  ENVIRONMENT CONTNIINATION MONITOR 

A i r  Sampler R e s u l t s  
Contaminant T o t a l s  f o r  Representa t ive  
STS Ground, Ascent ,  and Descent Phases  

LOCATION SPECIES LEVELS EXPECTED, 

Ground V o l a t i l e  <15 PPM, e15 PPM 
SPEC. 

liydrocarbonst i n  Purge Gas 

Ascent V o l a t i l e  Unknown, no Spec 

Ascent Reac t ive  Unknown, no Spec 

Descent React i v e s  Unknown, no Spec 

Descent V o l a t i l e  Unknown, no Spec 

Hydrocarbonst 

H C 1  

NO, NO2, NH3 

Mydrocarbons t 

DETECTION* OBSERVED 

A < 3  PPM by Wt. 
METllOD 

~1 PPM by Volume1 

u10 PPM by Volumet 

t o  PPM s e n s i t i v i t y  

PPM s e n s i t i v i t y  

- 4 PPM by Volumet 

A 9150 PPM by Clt. 

B None d e t e c t e d  

C None d e t e c t e d  t o  

A u20 PPM by Wt. 

Q A - Concent ra t ion  on a d s o r b e n t ;  p o s t f l i p , h t  CCIMS a n a l y s i s .  

B - React ion w i t h  s i lver  oxide lhydroxide  s u r f a c e s ;  p o s t f l i g h t  a n a l y s e s  by ESCA. 

C - React ion w i t h  ruthenium t r i c h l o r i d e  s u r f a c e a ;  p o s t f l i g h t  a n a l y s e s  by ESCA. 

.I. Covers C t o  CZ4 range  and u s e s  %CI2 as average molecular  weight  t o  o b t a i n  PPM 
by volumz. 

P A S S I V E  SAMPLE ARRAY 

0 AVERAGE CHANGE I N  O T P I C A L  P R O P E R T I E S :  

PRE-LAUNCH EIqVIRONMENT - - - - - - - - - - - -  < 2 %  - 

F L I G H T  M [ S S l O N  _ _ - - _ _ _ _ - - _ _ _ _ _ _ _ _ _ -  < 1% 
- 

1% F E R R Y - F L I G H T  _ _ _ _ _ - _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _  < - 

(HEASURED U N C E R T A I N T Y  1%) - 

0 NO MOLECULAR CONTAMINANT F I L M S  DETECTED 

0 MEASURED O P T I C A L  DEGRADATION A T T R I B U T E D  TO P A R T I C U L A T E S  
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TEC'I OI'TICAL MEASUREMENTS 
PASSIVE SAMFLE ARRAY 

FI.IGIIT MISSION RESULTS: S T S - 2 ,  STS-3 ,  STS-4 

Sam p 1 e Wave length Range of AR Average 
A (nm) ( + 0 . 0 1  uncerta inty)  ?b Chanp.e 

120 -0.07 to +0.03 +O .7X 

1 6 0  -0 .01  to + 0 . 0 4  +l .ax 

____- 

MgF21A1 200 

240 ( 2 2  samples) 
-0 .03  to +0.02 +o . 1% 

-0.04 t o  +0.01 - 0 . 3 %  

280 - 0 . 0 6  to + 0 . 0 1  - 2 . 3 %  

1 2 0  

160 

G o l d  200 

(18 samples) 240 

2 8 0  

-0.03 to +0.04 -1.1% 

-0.01 to +0.03 +o. 9% 
-0 .01  to +0.03 + 4 . 2 %  

- 0 . 0 2  t o  M . 0 4  +o .9% 

- 0 . 0 3  to +0.02 -0.1% 

0 MEASUREMENT UNCERTAINTY 2 18 CABSOLUTE). 

0 MOST OF THE OBSERVED DEGRADATION A T T R I B U T E D  TO E F F E C T S  OF P A R T I C U L A T E S .  

NO E V I D E N C E  FOUND FOR MOLECULAR F I L M  D E P O S I T S .  

0 i I l l R l l l G  11PI f W r R A l l O N S ,  SAMFLFS AllD 

I N S I R U M F N I F  Or I I l E  IECM O E S I G I I A I F I )  

rim ri IGHI W C R E  P R o r E c f E v  a y  C n V E R t  

IJIIIIL r i m i  n ~ r r s s  PRIOR IO R O ( L - I I V I  

5 1 5 - 1  19 DAYS EXPOSI/PF OFF 

p = 6 . 5  x I O '  P A E 1 1 C l t Z l r 1 4 2  

C L A S S  so0 IO 150n 

5 1 s - 4  5 D A Y S  EXPOSURE OFF 

* = 1 . 3  x I O J I C M ~  

CLASS S O 0  

l N - l R A l ~ S l l  OPF-PCR 0 6  D A Y S )  

0 : 6 . 7  x I O ' l I M '  

CLASS 700 

16 D A I S  EXPOSURE IN  PCR 

p = 5 X 1O2ICM' 

CLASS 100 

SAMPLES EXPOSED FROM 

I S 1  ACCESS OPF A L A S i  ACCESS PCR 

0 = 2 . 7  x lns/cnz 
CLASS 150 
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IFCM or I I ( AL MFASUREHENTS 

I ’A55 I VI. SAMPLE ARRAY 

I I 11.111 M 1 5 5 1 f l N  R F F t l l  IS: S T S - 7 ,  SIS- 3 ,  S I S - l l  

AVERAGEI) 

(.Of4 I AMI El  A T  I (111 51’1‘C I F I C A  T I ON : 

I’AR 1 I I I I D r N S  t I Y - OPT i CAL SURFACES 

< CLASS 1011 - 

F L I G H T  M I S S I O N  RESULTS 

S T S -  1 

0 = 1.7 X 10’ PARTICCES/CM’  

< CLASS 300 

0 P I  5111 IS SII(JWN I N D I C A T E  DIFFERENCE 

I N  I r V r l S  MTASIJRFD ON SAMPLES FXPOSED 

IO I N l l P F  M I S S I O N  VERSUS L E V E L S  I N  

SAMI’I I5 FXI’OSFI) ONLY ON F E R R Y - F C I G I I T .  

S T S - 3  

p = 2.7 x lo3 PARTICLESICM’ 

= CLASS 300 

S T S - 4  
2 

p = 0 . 5  x l o 3  PARTICLESICM 

< CLASS 300 

I ECM Or 1 I CAL MCASUREMEd IS 

e * O R B I T A L  F L I G H T  

e- - - -* F E R R Y  FLIGHT 

PRE-FLIGHT/OPF 

0 10 20 50 100 

PARTICLE SIZE - DIAMETER (MICRON) TYPICAL PARTICLE DISTRIBUTIONS 
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IECM OPrlCAI, HEASURLMEiJ'I'S 

OPTICAL EFFECTS MOOULE 

SUIUIARY OF RI:SUI.IS S T S - 2 ,  S T S - 3 ,  S T S - L  

E~ssIJO:~ 1'liASt.. / \VEMGE CIIAI'CE IN TRANSMITPAdCE ( 2 5 3  7 nm) 

EXPOSED SAMPLES UiiEXPOSED SNII'LES 

LiFZ CaF2 tlgF2 SAP Pi1 I RE Q_U"R'. -- - - - 
KSCIOPF CROUigV OPERATIONS 0% 0 Ib - 1% - 1% 0% 

OR -ORB IT 0 "/. + 1% i- 11% - 3% 0 7" 

Q I?liSCENT/LANDING FERRY FLIGII'P - 1% - 1% 0% - 14 - 1 ib 

TOTAL -lib - 1% - 2% - 316 - l'/* 

I 

0 

OEM SAMPI.ES L A B E L E D  "EXPOSED" R E M A I N  EXTERNAL TO OEM H O U S I N G  9 5 %  OF M I S S I O N  DURATION 

F L I G H T  DATA - SCATTER CHANNEL I N D I C A T E  NO ACCUMULATIONS OF P A R T I C L E S  GREATER THAN 
CLASS 300 SURFACE LEVELS.  

P O S T - F L I G H T  P A R T I C L E  COUNTS ON OEM SAMPLES I N D I C A T E  L E V E L S  NO GREATER THAN CLASS 3 0 0  

E F F E C T S  OF D I S C R E T E  SHUTTLE EVENTS NOT DETECTABLE DUE TO L I M I T E D  MAGNlTUDE OF 
MEASURED O P T I C S  V A R I A T I O N S .  

0 

1 IKIUCED ENV I RCINMFNT CONTAM I NATION MON I TOR 
OPT 1 CAL MEASIIREMENT CAMERAIPHOTOMETER 

TYP I CAL QUEST IONS 

WHAT IS THE S I Z E  DISTRIBUTION OF PARTICLES? 

WHAT IS THE VELOC 1 TY II I STR I RUT 1 ON OF PART I CLES? 

:IHAT OPTICAL EFFECTS, IF ANY, ARISE FROM A MOLECULAR CLOUO? 

WHAT ARE THE SOURCES OF CONTAF.1INATION? 

DO ALL  MANEUVERS RESULT I N INCREASED CONTAMI NAT 1 ON? 

HOW DOES THE CONTAMINATION VARY WITH MET? 

HOW LONG AFTER LAUNCH DOES THE SPACECRAFT ENVIRONMENT CLEAR? 

WHAT IS THE DECAY T I R E  OF CONTAMlNATlON DUE TO WATER DUMPS? 

WHAT IS SRIGJITAESS BACKGROUND DUE 70 CWTMIIUATION? 

1, TYPICAL QUESTIONS WHICH HOPEFULLY WILL BE ANSWERED RY THE CAMERA/ 
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I NDUCED ENVI RONRENT CONTAM1 1IAT ION MON I TFR 

induced Environment Contamination Monitor Optical Measurement Camera/Photometer 

f le 
er . 
itect 
4 h 
Ilar 
. the 
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- 7  

Induced Environment Contamination Monitor Optical Measurement Camera/Photometer 

One o f  the star fields observed during camera/photometer operation. 
Stars to the 10th magnitude were recorded by such observations during 
sunlit conditions. 

r 

Induced Environment Contamination Monitor Optical Measurement Camera/Photometer 

"Snl 
The 
the 

chopping action o f  the shutter can be seen from the segmented tracks o 
particles. This allows the determinition o f  particle velocity. 
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INDIITED F ~ ~ V I R O I # l E N T  CONTAMINATION M I N I  TOR 
Or1 I CAI MTASURFVENT CAMFRAIPIIOTMIFTFR 

I l l s s l o n  Elnsperl Time 

Data Cramen as a percentap,e of potential contaminstton frames a s  seen  i n  t h e  f i r s t  bR hours 
durinp STS-2, 1. and b 

6 .  TllC NUMBER OF FRAMCS WITt1 X NUMBER OF EVENTS AS A PERCENTAGE OF POTEt iT l l lL  CONTAMINATION 
FRAtqES. 
Or TIIF RFSPECTIVE MISSIONS. 

THE nATA I S  A SUMARY O r  THF STS-7, 3,  AND II MISSIONS OllRING THE FIRST 114 IIOIJRS 

c 

ONBflAnO MISSION 
C r n c r c i i A r T  ELAPSE0 TlMF 
r V E N T  IMETI  

tins MINS 

MANEUVERS 02 30 
P ~ Y L O A D  nnv DOOR TESTS 02 37 

7 

fi0 

95 

45 

1s 

135 

165 

12 

1 

20 

55 

I 1 0  

34 

- 

13 

1 

I 

1 

1 

2 

1 

1 

1 

1 

1 

t 

1 

6 

NUMJER 
OF 
CONTAM 
FRAMES 

13 

1 

1 

1 

1 

2 

I 

1 

1 

1 

1 

1 

1 

5 

. 3n 

’ 30 

, 30 

- 15 

5 

5. 1 

15 

> 20 

20 

3 

10 

3 

1 

’ 30 

TABLE 3 CflRnEL4TIf lN OF OBSERVED 7ONTAMINATION WITH ON-BOARD SPACECRAFT EVENTS 

7. CORRCLATIOH O r  OBSERVED CONT/VlINATlOfI W I T H  ON-BOARD SPACECRAFT R T T I V I T I E S ,  SUCH AS 
MAICUVERS, HATER DUMPS, ENGINE RIIRNS, ETC. THE DATA HAS RECORDED DURING TllE STS-2 MISSION.  

. 
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I1Nl lOAll l l  
CI.N r r m v i  FLAPSEO 1 IMF 1)l’I’Oll I l l N l l Y  C O N I A M  

RECOnVFO 
AT A 1  

M4NFWJFR 

75 

MANEUVEn 

MANEWVEII 

RMS TESTS 23.00- 27 00 

MANFUVER 

I Niliir r 11 LIN I iwv t i  I CONI At1 I NA I I (111 tinti i 1 oit or I I CAI. HE ASI tRr tir t.11 mir iifimtiii cwir I r 11 
AT NUMREn OF 

O N n o A n o  
SPACFCIIAFT 

JlRS, MlNS RECORDED CONlAM 

MANEUVEl i  

MANEUVER 

U4NEUVEl l  

MANEUVER 

APU TEST 

PAYLOAD BhY 
DOOR CLOSING 
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I E C M  OPTICAL MEASUREMENTS 

CAMERA/ PtiO TOME TE 4 

P R E L I M I N A R Y  RESULTS 

I S T S - 2 , 3 :  - Bs I 515-4 1 0 - l ~  - 1 0 - l ~  BO 

BACKGROUND B R I G H T N E S S :  I N  V I S I B L E  SPECTRUM 

PART I CULATES : 0 . 0 1  2 5  urn P A R T l C L E / l . S  X S R / O R B I T  
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