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CASCADE IMPACTOR
PARTICULATE MEASUREMENTS
SUMMARY - §TS-2, 3, 4

Measurement Prediction Flight Results
>5y size particulates <375 ugms/m3 (assuming d=25y STS-2 _Asceant nN 30 ugms/mJ
p=2gms/cm”) Descent v 10 "
STS-3 Ascent ~o10 "
Descent v 10 "
STS5-4 Ascent tNon functional
Descent ~ 20 uggslm3
. ip to Spu size particles| <100 ugms/m3 (assuming d=5y 3 S$15-2 Ascent A 500 ugmslm3
b p=2 gms/em™) Descent - 250* ™
ST5-3 Ascent < 10 pgms/m
Descent < 10 "
ST5-4 Ascent ~ 300 ugms/m3
Descent < 10 "
a.3u to lu size <10 ugms/mJ (assuming d=1j 3 $TS~-2 Ascent ~ 250 ugms/m3
particles p=2 gmg/cm”) - Descent v 125*ugms/m3
$T5-3 Ascent < 10 ygms/m
Descent < 10 "
S$TS-4 Ascent ~ - 90 ugms/m3
Descent Non functional
* Descent values may be|largely instkumental (thermal), and should be considered upper limits.
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STS-2, STAGE 2, POSTFLIGHT SENSING CRYSTAL
SEM PHOTOGRAPH

$T$-2, STAGE 3, POSTFLIGHT SENSING CRYSTAL
PHOTOGRAPH WITH SEM

S15-2, STAGE 4, POSTFLIGHT SEMSING CRYSTAL
PHOTOGRAPH -USING SEM
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ENLARGEMENT OF AN AREA OF STAGE
3, STS-2, CONTAINING FIRBERS,
AND SPECTRA OF TYPICAL
PARTICLES.
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CTRA OF VARIQUS
~IBRES ON STAGE 3, STS-2
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LOCATION

Ground
Ascent
Ascent
Descent

Descent

1+ Covers C
by volum

INDUCED ENVIRONMENT CONTAMINATION MONITOR

Air Sampler Results
Contaminant Totals for Representative
STS Ground, Ascent, and Descent Phases

SPECIES LEVELS EXPECTED, DETECTION*
SPEC. METHOD

Volatile <15 PPM, <15 PPM A
Hydrocarbons+t in Purge Gas
Volatile Unknown, no Spec A
Hydrocarbons+t
Reactive Unknown, no Spec B
HC1
Reactives Unknown, no Spec C
NO, NO,, NH !

2 3
Volatile Unknown, no Spec A

Hydrocarbonst

% A - Concentration on adsorbent; postflight GC/MS analysis.
B - Reaction with silver oxide/hydroxide surfaces; postflight analyses by ESCA.

C - Reaction with ruthenium trichloride surfaces; postflight analyses by ESCA.

g to Gy, rénge and uses ~GC;, as average molecular weight to obtain PPM

ORIGINAL Pﬂ“g

Wi i

g

OF POOR QUALEY

OBSERVED

<3 PPM by Wt.
<1 PPM by Volumet

50 PPM by Wt.
~10 PPM by Volumet

None detected
to PPM sensitivity

None detected to
PPM sensitivity

~20 PPM by Wt.
~ 4 PPM by Volumet

1ECM OPT1CAL MEASUREMENTS

PASSIVE SAMPLE ARRAY

AVERAGE CHANGE IN OTPICAL PROPERTIES:

PRE-LAUNCH ENVIRONMENT ~-----

FLIGHT MISSION ---woooooomaoo

FERRY=FLIGHT ~—-mosoocmam

(MEASURED UNCERTAINTY = 1%)

NO MOLECULAR CONTAMINANT FILMS DETECTED

MEASURED OPTICAL DEGRADATION ATTRIBUTED TO PARTICULATES

—————— < 1%
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TEC!T OPTICAL MEASUREMENTS
PASSTVE SAMPLE ARRAY

FI.IGHT MISSTON RESULTS: STS-2, STS-3, STS-&4
Sample' Wavelength Range of AR Average
A (nm) (+0.01 uncertainty) % Chanpe
120 -0.07 to +0.03 +0.77%
160 -0.01 to +0.04 +1.87%
Mng/Al 200 -0.03 to +0.02 +0.1%
(22 samples) 260 -0.04 to +0.01 -0.3%
280 -0.06 to +0.01 ~-2.3%
120 ~0.03 to +0.04 -1.7%
160 -0.01 to 40.03 +0.9%
Gold 200 -0.01 to +0.03 +4.2%
(18 samples) 240 -0.02 to +0.04 +0.9%
280 -0.03 to +0.02 -0.1%

®  MEASUREMENT UNCERTAINTY 4+ 1% CABSOLUTE). .

[ ] MOST OF THE OBSERVED DEGRADATION ATTRIBUTED TO EFFECTS OF PARTICULATES.
\ L] NGO EVIDENCE FOUND FOR MOLECULAR FILM DEPOSITS.

1ECH GPTICAL MEASUREMENTS

PARSIVE SAMPIE ARRAY
AVERAGED

PRE-FLIGHT EXPOSURE RESULITS
COMTAMEHAYT ION SEFCITTICATION:

515-2 19 DAYS EXPOSURE: OPF

" ; !
PARFILIE PENSIYY - OPUICAL SURTACES o= 1.4 X lﬂ. VAR'ICLE'\/(.H’

CLASS 750 10 1500
< (LASS 300

S¥S5- AYS EXPOSURE: OFF
[] ORBITER PRIMTSSIMNG FACILIYY (OPT) s-¥ 19 0 s

) - 2
Al KSC SURMTCIFD 10 CLEAN-YP . p = 6.5 x 10° PIU'}TICI.I:S/!‘,H
FOLLOWERG ROLL -ONT OF $15-2, CLASS 500 10 1500

° DURING OPF NITRATIONS, SAMPLES AND
INSTRUMENTS OF THE JECM DESIGHATED
FOR F1 16T WERE PROTECTED BY COVERS
UHTIL FINAL ACCESS PRIOR TO ROLL-OUT.

5S4 5 DAYS EXPOSURE " OPF
o= 1.3 x 10%cM?
CLASS 500

IN-TRANSIT OPF-PCR (26 DAYS)
o= 6.7 x 1077cm
CLASS 200

16 DAYS EXPOSURE IN PCR
p=zs5 x 102/cH?
CLASS 300

SAMPLES EXPOSED FROM
1ST ACCESS OPF ~ LAST ACCESS PCR
o= 2.7 x 10°7cm?
CLASS 750
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- 1ECM OP11CAL MEASUREMENTS
ORIGINAL PAGE [§ PASSIVE SAMPLE ARRAY
OF POOR QUALITY  r1remn MISSION RESULTS:  STS-2, STS-3, STS-t

AVERAGED

FLIGHT MISSION RESULTS
CORTAMINATION SPECTFICATION:

PARTICLE DFNSFIY - OPT;CAL SURFACES STS-1
o= 1.7 x 107 PARTICLES/CH
< CLASS 300 < CLASS 300
®  MEASUREMINTS PERFORMED WiTH OMN) CON | 8Ts-2
OP1LCAL _IMAGING PARTICLE COUNTING o= 3.8 x 10° pARTICLES/CM’
FACILYIY, = CLASS 300

® RESULTS SHOWN INDICATE DIEFEREMCE

SY5-3
IN LEVFLS MEASURED ON SAMPLES EXPOSED p = 2.7 X 103 PART(CLES/CM2
LO ENTERF MISSION VERSUS LEVELS N = CLASS 300
SAMPLE S £XPOSED ONLY ON FERRY-FLIGHT . =
STS-4
3

p=0.5X 10 PARTICLES/CMZ
< CLASS 300

-

TECM OPTICAL MEASUREMEWTS

i -
1400 - '\\ ——— < ORBITAL FLIGHT
u I ‘ :
0] | \ #-— ~— — —o FERRY FLIGHT
1/
1000 - . ® PRE-FLIGHT/OPF
= 800
Q .
‘é‘ i
-
T 600
a
400
200~
0 Y Ll B o _.—,:\.\‘T N
0 10 ' 20 50 100
k PARTICLE SIZE - DIAMETER (MICRON) TYPICAL PARTICLE DISTRIBUTIONS
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IECM OPT1CAL 1-1EASUREMEN’1:S

OPTICAL EFFECTS MODULE DRIGINAL PACE 18
OF POOR QuUALITY
SUMMARY OF RESULTS: S5TS-2, STS-3, STS-4
MISS10# PHASE AVERAGE CHANGE IN TRANSMITTANCE (253.7 nm)
EXPOSED SAMPLES USEXPOSED SAMPLES

LiF, CaF, MgF, SAPPUIRE QUART.
KSC/OPF: GROUND OPERATIONS 0% 07 -17% -1% 0%
GROUND TO ORRIT 0% -2% -1% 0% a7
ON-ORBIT 0% +1% +1% -3% 0%
DESCENT/LANDING FERRY FLIGHT  -17% 1% 07 -1, -1
® TOTAL -1 -1% -29, -3 -1%

OEM SAMPLES LABELED "EXPOSED' REMAIN EXTERNAL TO OEM HOUSING 95% OF MISSION DURATION.
FLIGHT DATA - SCATTER CHANNEL INDICATE NO ACCUMULATIONS OF PARTICLES GREATER THAN

CLASS 300 SURFACE LEVELS.

POST-FLIGHT PARTICLE COUNTS ON OEM SAMPLES INDICATE LEVELS NO GREATER THAN CLASS 300.
EFFECTS OF DISCRETE SHUTTLE EVENTS NOT DETECTABLE DUE TO LIMITED MAGNITUDE OF

MEASURED OPTICS VARIATIONS.

IHDUCED EMVIRONMENT CONTAMINATION MONITOR
OPTICAL MEASUREMENT CAMERA/PHOTOMETER

TYPICAL QUESTIONS

WHAT IS THE SIZE DISTRIBUTION OF PARTICLES?

WHAT IS THE VELOCITY DISTRIBUTION OF PARTICLES?

WHAT OPTICAL EFFECTS, IF ANY, AB]SE.FROM A MOLECULAR CLOUD?
WHAT ARE THE SOURCES OF CONTAMINATION?

DO ALL MANEUVERS RESULT IN INCREASED CONTAMINATION?

HOW DOES THE CONTAMINATION VARY WITH MET?
‘HON LONG AFTER LAUNCH DOES THE SPACECRAFT ENVIRONMENT CLEAR?

WHAT IS THE DECAY TIME OF CONTAMINATION DUE TO WATER DUMPS?

WHAT 1S BRIGHTJESS BACKGROUND DUE TO CONTAMINATION?

1. TYPICAL QUESTIONS WHICH HOPEFULLY WILL BE ANSWERED BY THE CAMERA/

PUOTOMETER EXPERIMENT ON THE IECM.
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(" INDUCED ENVIRONMENT CONTAMINATION MONITCR )
OPTICAL FEASUREMENT CAMERA/PHOTOMETER

\\\\\\\~————-LOGHT BAFFLE

CAMERA/PHOTOME TER

SCHEMATIC OF THE CAMERA/
PHOTOMETER INSTRUMENT SHOWING
BOTH THE BAFFLE AND THE PLACE-
ENT OF THE CAMERA ON THE
PRESSURIZED CANISTER,

\

Induced Environment Contamination Monitor Optical Measurement Camera/Photometer

4 B

Picture of the camera/
photometer showing baffle
and pressurized canister,
A solar shutter: to protect
the instrument from high
temperatures . during solar
orientation s seen at the
top of the baffle,
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Induced Environment Contamination Monitor Optical Measurement Camera/Photometer

\_ Wy,

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

e ™

induced Environment Contamination Monitor Optical Measurement Camera/Photometer

“Snoﬁéib;ﬁﬁ‘éf contaminant particles seen during the early portion of S$TS-2.
The chopping action of the shutter can be seen from the segmented tracks of
\» the particles. This allows the determinition of particle velocity. )
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INDUCED ENVIRGHIENT CONTAMINATION NMONITOR OR!GFNAL pﬁ@”“ i
= b

OPTICAL MCASUREMENT CAMFRA/PHOTOMETER OF poo
. R QUALIY 4
4

Hission Elasped Time

thumber of Eveunls

per Frame 2-Th 7-12h | 12-17h {17-22h [ 22-27h |27-32h |32-37h | 37-42h |62-40RK

x - 20 817 257 107 k1A i 0% 2% 0% 107

20 ~ x > 10 8 12 4 6 3 2 2 0 0

10 ~ x> 5 f 16 5 1 2 5 0 0 5

S x>~ 2 0 32 11 5 | 51 10 2 0 in

1 5 9 22 14 12 12 7 3 5

0 0 6 48 71 70 7n 87 97 0

Total Contamination 100 94 52 29 30 29 13 3 30

Data frames as a percentape of potential contamination frames as seen in the first 48 hours
during ST5-2, 3, and &4,

6. THE MUMBER OF FRAMNES WI1TH X NUMBER OF EVENTS AS A PERCENTAGE OF POTENTIAL CONTAMINATION
FRAMES. THE DATA IS A SUMMARY OF THE S7S-2, 3, AND 4 MISSIONS DURING THE FIRST 48 HOURS

OF THE RESPECTIVE MISSIONS,

THDUCED ENVIRONAENT CONTAMINATION MOMTTOR OPTICAL MEASHREMENT CAMERA/PHOTONFIER

AT NUMBER OF
ONBOARD MISSION TIME NTIL POTENTIAL NUM3ER AMOUNT
SPACECRAFT ELAPSED TIME | orroRTUNITY | CONTAM. o o
EVENT MET) 10 ORSERVE FRAMES CONTAM, CONTAM,
HAS : MINS CONTAM RECORDED FRAMES IPARTITRY
AT AT
MANEUVERS 02:30 7
PAYLOAD BAY DOOR TESTS| * 02:32 5 179 13 30
60 ' 1 30
‘96 1 1 > 30
MANEUVER 04:15 a5 1 1 - 15
5 1 1 5
v 2 2 5 1
165 1 1 ~ 15
OMS BURN 07:45 12 1
1 >
07:50 2
OMS BURN 08:33 1 1 1 20
M .
ANEUVER 09:10 20 1 1 3
55 1 1 10
110 1 1 3
MANEUVER 11:00 34 1 1 1
H,0 DUMP 2 B
2 11:53- 12:53 - [ 6 > 30

TABLE 3. CORRELATION.OF OBSERVED.CONTAMINATION WITH ON-BOARD SPACECRAFT EVENTS.
7. CORRCLATION OF OBSERVED CONTAMINATION WITH ON-BOARD SPACECRAFT ACTIVITIES, SUCH AS
MANEUVERS, HWATER DUMPS, ENGINE BURNS, ETC. THE DATA WAS RECORNED DURING THE STS-2 MISSION.

A-135



ORIGINAL PAGE IS
OF POOR GUALITY

THDHCEB TRVIRONNERT CORTANTHAT IO Boni ToR OPTICAL NEASURTNENT CAMERA/PHOTONETIR

I NUMBER OF
ONBOARD MISSION TIME UNTIL POTENTIAL NUMBER ANMOLHT
SPACECIIAFRT ELAPSED TIMF OPPORTUNITY CONTAM. (833 Of
EVINT {MET} 10 OBRSFAVE FAAMES CONTAM, cOoNTAN
HRS - MINS CONTAM, RECORDED FRAMES PARTE Y
_ AT AT
MANEUVER 12-35 ? 1 1] 0
5
150 1 0 1
180 1 2 2
240 1 o n
770 1 ] [}
330 1 9 L]
510 1 Q o
MANEUVER 21:55 5 1 1 2
MANEUVER 22:18 40 1 0 0
RMS TESTS 23:00-- 27:00 ~ = 4 1 1
150 1 4] 9
219 1 1 3
240 4 o 0
270 1 [} 0
MANEUVER 32:05 25 1 0 0
50 1 o 0
CONTINUED

8. CORRLLATION OF OBSERVED CONTAMINATION WITH ON-BOARD SPACECRAFT ACTIVITIES, SUCH AS
HANEUVERS, WATER DUMPS, ENGINE BURNS, £TC. THE DATA WAS RECORDED DURING THE STS-2 MISSION,

THRHCED EHVIRONALNT CONTAMINATION NONTTOR OPTICAL MEASURLHMENT CARTRA/PROTONCIER

AT NUMBERN OF
ONRDARD MISSION TIME UNTIL POTENTIAL NUMBER AMOUNT
SPACECRAFT ELAPSED TIME | UPPORTUNITY | CONTAM, OF OF
EVENT MET) 10 ORSENVE FRAMES CONTAM, CONTAM,
HRAS : MINS CONTAM, RECORDED FRAMES - {PART/ER)
i AT AT
MANEUVER 36:55 4 1 0 o
90 1 o L]
150 2 0 0
180 2 0 o
240 1 0 ]
330 2 0 n
360 2 0 n
420 2 0 0
a5 ] 0 0
510 2 0 [
MANEUVER 45:51 [ 1 1 1
MANEUVER 46:07 50 2 ] o
MANEUVER 47:21 [] 2 0 0
2 ] 3 9,22
APU TEST 47:48-- 1 4 L} 1,3->30
47:52
30 1 0 (]
72 18 ? 1.2
PAYLOAD BAY 49:37 0 2 2 2
DOOR CLOSING
CONTINUCD

9, CORRELATION OF OBSERVED CONTAMINATION WITH ON-BOARD SPACECRAFT ACTIVITIES, SUCH AS
MANTUVERS, WATER DUMPS, ENGINE RURNS, ETC, THE DATA WAS RECORDED DURING THE S7S5-2 MISSION.
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TECM OPTICAL MEASUREMENTS
CAMERA/PHOTOMETER

PRELIMINARY RESULTS

13 ~14

$T5-2,3: 10~ - 10 Bo

BACKGROUND BRIGHTNESS: IN VISIBLE SPECTRUM
$TS-4 10713 _ 1071% 8o

PARTICULATES: 0.01 25 um PARTICLE/1.5 X 1077 SR/ORBIT
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