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PREFAC E 

The p u r p o s e  o f  t h i s  r e p o r t  is to  p r o v i d e  c o m p l e t e  docu-  
m e n t a t i o n  o f  t h e  r e s u l t s  o f  t h e  M a r s h a l l  S p a c e  F l i g h t  C e n t e r  
(MSFC) a i r  q u a l i t y  p r e d i c t i o n s  and  m e a s u r e m e n t s  made d u r i n g  
t h e  S p a c e  S h u t t l e  l a u n c h e s  from Kf-.nnedy Space  C e n t e r  (KSC) on  
A p r i l  1 2 ,  1 9 8 1  ( S T S - l ) ,  November 1 2 ,  1 9 8 1  (STS-2) ,  March 22 ,  
1982  (STS-3 ) ,  and  J g n e  27,  1982 (STS-4 ) .  T h i s  r e p o r t  d i s -  
c u s s e s  t h e  a t m o s p h e r i c  c o n d i t i o n s ,  t h e  u s e  o f  t h e  NASA/MSFC 
REED c o d e ,  and t h e  r e s u l t i n g  p r e d i c t i o n s  and m e a s u r e m e n t s .  

A d d i t i o n a l  i n f o r m a t i o n  o n  o p e r a t i o n a l  e n v i r o n m e n t a l  iin- 
p a c t s  i n v o l v i n g  p o t e n t i a l  e f f e c t s  o n  a i r  q ~ a l i t y  c a n  be found 
i n  t h e  E n v i r o n m e n t a l  I m p a c t  S t a t e m e n t  f o r  t h e  Kennedy S p a c e  
C e n t e r ,  O c t o b e r  1979.  

T h i s  r e p o r t  c o n s i s t s  o f  t h e  f o l l o w i n g  s e c t i o n s  : 

S e c t i o n  A - MSFC E x h a u s t  E f f l u e n t  D i f f u s i o n  P r e d i c t i o n s  
a n d  Measurements  f o r  STS-1 

S e c t i o n  B - MSFC Exhaus t  E f f l u e n t  D i f f u s i o n  P r e d i c t i o n s  
and  Measurements  f o r  STS-2 

S e c t i o n  C - MSFC E x h a u s t  E f f l u e n t  D i f f u s i o n  P r e d i c t i o n s  
a n d  Measurements  f o r  STS-3 

S e c t i o n  D - MSFC Exhaus t  E f f l u e n t  D i f f u s i o n  P r e d i c t i o n s  
a n d  Measurements  f o r  STS-4 

R o b e r t  E.  T u r n e r  
A t m o s p h e r i c  S c i e n c e s  D i v i s i o n  
S y s t e m s  Dynamics L a b o r a t o r y  

iii 
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TECHN I CAL MEMORANDUM 

SECTION A 

MSFC EXHAUST EFFLUENT D I  FFUSIOF: PREDICTIONS AND 
MEASUREMENTS FOR STS -1 

I. INTRODUCTION 

This report presents the results of the Marshall Space Flight Center (MSFC) 
air quality predictions made during the first Space Shuttle launch (STS-1) from 
Kennedy Space Center (KSC) on April 12, 1981. 

The National Aeronautics and Space Administration (NASA) has conducted and 
is conducting a prediction and measurement program to assess the potential environ- 
mental effects from aerospace operations. A s  a part of this join* Langley-Kennedy- 
Marshall (LaRC-KSC-MSFC) program, MSFC has developed both the NASAIMSFC 
Rocket Exhailst Effluent Diffusion (REED) code and the use of polymer electrets to 
measure exhaust effluents. Large-scale solid rocket launches have been monitored 
since the late 1960's to refine the model and to develop new measureme~t techniques 
for use in aaking environmental analyses of the air quality from the exhaust effluents 
from the Space Transportation System (STS) launches. 

The Space Shuttle exhaust ground cloud results from the exhaust plume from 
the Space Shuttle Vain Engines (SSNEfs) and the Solid Rocket Bocsters (SRBfs) 
initially impinging on the launch complex and flame trench. The initial ground cloud 
is formed from high-temperature combustion products (exit plane temperatures of 
approximately 2146 K) and vaporized flame trench water. The exhaust cloud rises to 
an altitude at which buoyant equilibrium with the ambient atmosphere is established. 
This occurs at an altitude of 1 to 2 km in a period of 5 to 10 min after launch. A t  
this point, the kinematic transport phase commences. At stabilization, the exhaust 
cloud typically contains approximately 99 percent ambient air entrained during the 
cloud rise portion of its transport. The major rocket exhaust constituents are hydro- 
gen chloride (HCL),  carbon dioxide (C02),  water vapor ( H 2 0 ) ,  and aluminum oxide 

(A1 0 ). Figure  A-1 is a schematic representat ion of th is  process. The exhaust cloud 2 3 
rise to stabilization and the turbulent transport are intimately coupled to small-scale 
meteorological phenomena, rocket exfiaust plume chemistry, and turbulent diffusion. 

Some of the difficulties involved in carrying out launch prediction and monitor- 
ing activities will  be considered. Since the transport process is intimately dependent 
on the meteorological conditions, they will be considered next. 
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THERMODYNAMIC MODE 

CLOUD DYNAMICS DETERMINED 
FROM BUOYAMCY AND MOMENTW 
CONSERVATION 

KINEMATIC MODE 

INITIAL CONDITIONS FOR DISPERSIVE 
TRANSPORT OF ROCKET G R W N D  CLOUD 

Figure A-1. Schematic of rocket exhaust ground cloud 
formation and transport. 

- 
11. METEOROLOGICAL CONDITIONS 

Real-time atmospheric data and weather forecasts were provided by the Cape 
Conaveral A i r  Force Station Air Weather Service Detachment located in the Cape Range + 

Control Center. Their data included vertical atmospheric soundings, synoptic weat her 
charts, upper air charts, wind tower data, and other meteorological infdrrnation. 
These data were then analyzed in terms of diffusion parameters by a MSFC atmospheric 
scientist in a small-scale parametric forecast. 

Weather conditions at the time of launch were influenced by a large surface 
high-pressure system centered in the Atlantic Ocean (Fig. A-2). Aloft winds were 
generally southeasterly to approximately 1000 m (3500 f t ) ,  changing to easterly [up to 
6900 m (19 000 f t ) ]  prior to switching to westerly above 6200 m (19 000 f t ) .  A t  8.5 h r  
prior to launch (L - 8.5 hr) l, a MSFC forecast was made (Table A-1) as an input to 
the NASAIMSFC REED code, which was tile basis for the diffusion prediction that 
determined the final deployment of the monitoring instrumentation. 

At launch time (L - O), the surface wind speed was 2 m s-' and light to 

moderate ( 4  to 10 m s - I )  aloft over the initial 10 km (3048 ft) according to the 
atmospheric sounding (Table A-2). 

-cis time prior to or  after launch, and T-time is a time in the count 
which is always equal to or !ess than L-time. 
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Figure A-3 rhowr the GOES SMS-11 imagery of cloud cover. Figure A-4 i s  
a n  enlargement of the KSC a r e a  which skowr the STS-1 exhauat trail visible near  
the center of the photograph. 'Data iram the,Cind tower a r r a y  a t  KSC and Cape 
Canaveral Air Force Station i t*  ah- in' TBble A- 3. Data f rom the NASA 
150-m tower (tower 313) are used as an  input in the NASAIMSFC REED code 
prediction. 

111. ROCKET EXHAUST PREDICTIONS 

A. STS-1 Exhaust Cloud 
1 

. , The f i r s t  launch of the Shuttle produced a n  exhaust cloud that was very 

: I similar in size and concentrations to prelaunch estimations. Figures  4 - 5  through 
A-9 show a temporal history of the exhaust cloud development, together with 1 cloud dimensions. The camera site, approximately due west of Pad 39A. is  one 

t 

1 of three si tes where sequential photographs were taken. Figure A-5 was taken 
1 30 s af ter  launch, and the column cloud and two flame trench clouds a r e  evident. 
1 

Figure A-6 shows the clouds a t  L + 90 s; the darker  lower clouds a r e  beginning 
to merge to form a single ground cloud. In Figure A-7 (L + 240 s), the clouds 
have merged and can no longer be distinguished as individual clouds. Figures 
A-8 and A-9 show the cloud a t  L t 330 s and L + 26 min, respectively. 

The flame deflectors a t  the launch pad a r e  designed to direct  the SRT exhaust 
plume (which i s  composed principally of HCL, A1 0 and s team) toward the north and 

2 3' 
the SSME exhaust plume (which is composed principally of water and steam) toward 
the south. An apparent chimney effect causes these two exhaust clouds to merge and 
form a single ground cloud. The LaRC aircraf t  used to make exhaust cloud concen- 
tration and particle measurements reported a t  least  two more  clouds formed a t  higher 
altitudes. The two separate exhaust clouds a r e  visible in Figure A-9, which was 
taken a t  L + 26 min. The appearance of two separate clouds may mean that the clouds 
do not completely merge a s  indicated in Figure A-7. 

' B. Diffusion Predictions 

- 1  
.- i The NASAIMSFC REED code [l] was utilized to maire predictions of the t rans-  

: 1 port of exhaust effluents. The objective was to determine the HCL concentration 
fields of the exhaust cloud in the transport  layers.  The predictions were used to 
support ground-level and a i rc ra f t  measurements. The NASA/MSFC REED code includes - 
three separate models to account for the atmospheric conditions, the thermodynamic, 
and the kinematic modes of the transport  process. The code i s  outlined in Figure 
A-10. 

v Two sets  of diffusion predictions were made for L - 0. The f i r s t  was made 
based on a meteorological forecast a t  L - 8.5 h r  (Table A-1) to support KSC's final 

I deployment of air quality monitoring instrumentation. The center-line peak concen- 
4 trations, 10-min average concentrations, and dosages for HCL along the ground cloud 

transit  path a r e  shown in Figure A-11. The HCL isopleths for this forecast  a r e  shown 
in Figure A-12. To correlate the surface measurements with the a i r  quality predic- ' tions, the L - 0 sounding (Table A-2)  was used in the NASAIMSFC REED code. The 
L - 0 HCL centerline concentrations and dosages a r e  shown in Figure A-13, and HCL 
isopleths a r e  shown in Figure A-14. The locations of the KSC dosimeter measure-  
ments are also shown in these figures. . ORWMAL PAGE iS 
A- 6 OF POOR QUAtll'Y 
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TABLE A-3. DATA FROM CAPE CANAVERAL WIND TOWER ARRAY 

WIND SYSTEM DATA 11302 12 RpR 1981 30 MIN INTE6RATION 
DIFFUSIOP DRTR VDLK3O 

12 FT 54 FT 6FTLFIPSE PIR 5<1000)25 5 <100>25 
TOWER DIR SPD DIR SPD GST TRIP RATE DEV PPH PPFI PPn PPH 
COCISTAL 
112 162 02 152 05 07 64 6.2 5.1 56.8 25.0 17.5 7.7 
110 124 04 144 07 09 67 3.5 1.9 44.9 19.8 13.9 6.1 
108 136 02 131 05 07 62 6.7 4.3 59.4 26.2 1 8  8.1 
005 131 06 123 08 10 71 0.0 1.1 28.8 1 2 7  8.9 3.9 
003 129 05 132 08 10 70 1.4 1.9 32.0 14.1 9.9 4.4 
001 081 05 090 07 09 71 1.7 1.2 34.8 15.3 10.8 4.7 
BFWJFINR 
313 233 00 143 04 05 32 16.8 15.4 58.2 40.8 18.0 
311 149 02 140 03 04 64 5.6 .4 90.6 39.9 28.0 12.3 
506 298 01 090 02 04 56 1OP4 - 3  95.2 66.8 29.4 
403 108 02 113 06 07 60 10.1 .0  96.6 42.5 
3 03 
INDIFHJ 
714 101 02 134 06 07 57 9.4 4.7 97.8 43.0 30.2 13.3 
412 
509 100 01 116 04 05 55 13.1 . 3 78.9 34.7 
803 342 01 104 04 05 57 11.3 . 0 48.4 
HETEOROLOGICRL DATR 
ALT TOWER 313 TOWER 110 TOWER 005 
FT D I R  SPD GST TtlP DPT D I R  SPD 6ST THP DPT D I R  SPD GST TMP D 

495 150 10 12 7 0  55 
393 155 10 11 
292 141 09 10 
204 140 07 08 70 55 126 10 12 115 07 10 
162 146 06 08 71 142 10 11 71 121 07 10 70 
054 143 04 05 69 55 144 07 09 70 59 123 08 10 71 
012 233 00 01 124 04 06 131 06 08 
006 1 024. OHBS 52 45 67 57 71 



9 

Fiaure A-5 . STS- 1 exhaust cloud formation. Estimated cloud volume: - 
t 8 .2 x l o i  m3; time: L + 30 s ;  length: 960 rn (3150 f t ) :  

width: 274 m (900 f t ) .  
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Figure A -6.  STS- 1 exhaust cloud formation. Estimated cloud volume : 

6.8 x lo8 m 3 ;  time: L + 90 s; length: 1143 m (3750 f t ) ;  
width: 648 m (2125 f t ) .  

A-  11 
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I 

Figure A - 7 .  STS - 1 exhaust cloud formation. Estimated cloud volume : 

1 . 2  x l o 9  m 3 ;  time: L + 240 s ;  length: 1433 m (4700 ft); 
width: 1158 m (3800 ft). 

! 



Figure A -8. ST S- 1 exhaust cloud formation. Estimated cloud volume : - 
1.6 x 10' m3; time: L + 300 s; length: 1676 m (5500 ft) ; 

width: 1143 m (3750 ft) .  



, . 
Figure A-9. STS-1 exhaust cloud formation; time: L + 26 min. 
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Figure A -10. NASA IMSFC REED code. 

Figure A-11. Forecasted concentration and dosage for HCL. 



I Figure A -12. Diffusion prediction based on 8.5-hr meteorological forecast. 
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Figure A-13. Concentration and dosage for HCL uskg L - 0 sounding. 



Figure A -14. Diffusion prediction based on atmospheric sounding taken 
at time of launch; [ 1 : numbers in brackets indicate KSC's 

HCL dosimeters, ppm-s [ 21. 



IV. ELECTRETS 

A. Background 

The NASA/MSFC electret  is a small (quarter size) disk of a polymer (Fig. 
A-15) which ie electrically charged. It has the property of attracting charzed 
molecules. The exposed electrets a r e  returned to the laboratory where X-ray 
spectroscopy is used to identify the =::irged particles present 13-41 and to provide 
a qualitative measure of the amount of chlorine (Cl )  presect. 

Based on controlled experiments a t  rocket firings and Titan launches, it has 
been shown [S] that the electrets can provide an excellent footprint of solid exhaust 
effluents. Hence, the electrets provide a means of evaluating ti-.e effluents from 
the exhaust ground cloud. 

B, NASA/MSFC Electret Measurements 

Nineteen NASAIMSFC electrets were deployed for the STS-1 launch (Fig. 
A-16). The sites ranged in distance from 400 m to 24 km (Titusville, not shown on 
the map). 

The spectrograph from site FIM8 (Fig. A-17) was used to establish a background . ' - 
since the ground cloud did not pass over that site. A typical spectrograph result 
for a site which the exhaust cloud did pass over is shown in Figure A-18. It clearly 
shows the C1 peak a t  2.621 keV. Tables A-4 through A-12 give spectrograph peaks 
for the other si tes where HCL was detected. It will be noted that these results 
compare well with the results obtained with the KSC dosimeters (Fig. A-13). Thus, 
it is  reasonable to say that the a i r  quality predictions and the electret  measure- 
ments a r e  in agreement and that they compare favorably with KSC and LaRC measure- 
ments and observations. 
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Figure A-16. Location of MSFC1s electrets during STS- 1 launch 
at Kennedy Space Center, Florida. 
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O X-RAY ENERGY SPECTRA-ELEMENTS 9 4 keV 

Figure A-17. Backgro-nd energy spectra from site FIM8, STS-1. 

Figure A-18. X-ray energy spectra from site 8A. STB-1. 



TABLE A-4. ELECTRET QUANTITATIVE RESULTS OBTAINED 
FROM X-RAY SPECTROSCOPY AT SITE A8 

(5,130 m ;  Azimuth, 317O from Launch Pad 39A Dur ing  STS-1)  

Ene rgy  (keV) Total  T e s t  C o u n t s  ( 1000 ,s) Symbol Background  Coun t s  -- - 

5.894 400 Mg Trace  

TABLE A-5. ELECTRET QUANTITATIVE RESULTS OBTAINED 
FROM X-RAY SPECTROSCOPY AT SITE A9 

(7,360 m; Azimuth, 331° from Launch Pad  39A Dur ing  STS-1) 

Ene rgy  (keV) Total  T e s t  Coun t s  (1000 6 )  Symbol Background  Coun t s  

1.012 950 Zn - 
1.486 32,000 A1 13,840 

1.739 2,450 Si  1,900 

2.307 575 S 3 25 

2.621 7,750 C 1 990 



TABLE A-6. ELECTRET QUANTITATIVE RESULTS OBTAINED 
FROM X-RAY SPECTROSCOPY AT PAD L14 

(439 m ;  Azimuth 247O from Launch Pad 39A Dur ing  STS- 1) 

Energy  (keV) Total T e s t  Counts  (1000 a) Symbol Background Counts  

1.041 800 Na Trace  

1.486 24,800 A1 13,840 

TABLE A-7. ELECTRET QUANTITATIVE RESULTS OBTAINED 
FROM X-RAY SPECTROSCOPY AT PAD L8 

(421 m ;  Azimuth 160° from Launch Pad 39A Dur ing  STS-1) 

Energy  (keV) Total Tes t  Counts  (1000 s) Symbol Background Counts  

1.0412 625 Na Trace  

5.894 500 M g Trace  



TABLE A -8. ELECTRET QUANTITATIVE RESULTS OBTAINED 
FROM X-RAY SPECTROSCOPY AT PAD L1O 

(458 m ; Azimuth 78O from Launch Pad 39A During STS-1) 

Energy (keV) Total Test Counts ( 1000 s) Symbol Backpound Counts - 
1,041 350 Na Trace 

5.894 400 MI3 Trace 

TABLE A-9. ELECTRET QUANTITATIVE RESULTS OBTAINED 
FROM X-RAY SPECTROSCOPY AT PAD L11 

(421 m ;  Azimuth 1 4 O  from Launch Pad 39A During STS-1) 

Energy (keV) Total Test Counts (1000s) Symbol Background Counts 

1,0412 200 Na Trace 

Trace Cr  - 
500 MI3 Trace 



TABLE A-10. E L E C T R E T  QUANTITATIVE RESULTS OBTAINED 
FROM X-RAY SPECTROSCOPY A T  PAD L4 

(2,007 m ;  Admuth 340° from Launch Pad 39A During STS-1) 

Energy (keV) Total Test  Counts ( 1000 6) Symbol B a c k v o u n d  Counts  

1.0412 1,000 Na Trace 

2.621 4,000 C 1 990 

TABLE A-11, E L E C T R E T  QUANTITATIVE RESULTS OBTAINEn 
F R O M  X-RAY SPECTROSCOPY A T  PAD L5 

(1,784 m ;  Azimuth 255O from Launch Pad 39A During STS-1) 

Energy (keV) Total Tes t  Counts  (1000 8) Symbol Background Counts 

1,0412 600 Na Trace 

3.312 Trace K - 

TABLE A-12. E L E C T R E T  QUANTITATIVE RESULTS OBTAINED 
FROM X-RAY SPECTROSCOPY .A? P4.D L8A 

(5,130 m ;  Azimuth 317O from r4aunch Pad 39A During STS-1) 

Energy (keV) Total Test  Counts (1000 s )  Symbol Background Counts  

2.307 1,000 S 325 

2.621 1,500 C1 990 

5.894 360 Mf3 Trace 
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SECTION B 

MSFC EXHAUST EFFLUENT D l  FFU SION PRED I CTIONS 
AND MEASUREMENTS FOR STS-2 

I. INTRODUCTION 

t .  
i 

This report presents the results of the Marshall Space Flight Center (: SFC) 
4 air quality predictions made during the second Space Shuttle launch (STS-2) from 

Kennedy Space Center (KSC) on November 12, 1981. 
f 

- 1 The NASAIMSFC Rocket Exhaust Effluent Diffusion (REED) code was utilized to 
make predictions of the transport and diffusion of rocket exhaust effluents as part of 
the continuing NASA envimnmental effects assessment program. Polymer electrets 

I 

- 1 
were also used to measure exhaust effluents. 

The Space Shuttle exhaust ground cloud resdts  from the exhaust plume from 
the Space Shuttle Main Engines (SSMEs) and the Solid Rocket Boosters (SRBs) 
initially impil.ging on the launch complex and flame trench. The initial ground cloud 
is formed from high-temperature combustion products (exit plane temperatures of 
approximately 2146 K.) and vaporized flame trench water. The exhaust cloud rises to 
an altitude at which buoyant equilibrium with the ambient atmosphere is established . 
This occurs at an altitude of 1 to 2 km in a period of 5 to 10 min after launch. At 
this point, the kinematic transport phase commences. At stabilizatiou, the exhaust 
cloud typically contains approximately 99 percent ambient air entrained during the 
cloud rise portion of its transport. The major rocket exhaust constituents are 
hydrogel chloride (HCL), carbon dioxide (C02), water vapor (H20) ,  and aluminum 

oxide (A1203). Details of the REED code can be found in References 1 and 2. 

11. METEOROIDGICAL CONDITIONS 

Weather conditions at the time of launch were influenced by a large high- 
pressure system that covered the eastern half of the United States (Fig. B-1). A low- 
pressvre system which had passed through Florida the preceding day was located in 
the Atlantic Ocean northeast of Cape Canaveral. At launch time, surface winds were 
moderate (7  to 8 mlsec) from the north-northwest. Aloft the winds gradually shifted 
to the north-northeast near 400 m, remained northeasterly to 1400 m ,  and then 
gradually shifted to a more northerly direction (Table B -1). 

Figures B -2 through B-7 show the GOES-2 imagery  of cloud cover  over  much of 
Florida and the Atlantic shortly after launch. The exhaust ground cloud can be seen 
in all ,f the pictures; however, the Shuttle contrail, or plume cloud, can be clearly 
identiiled in only the first two photographs. These photographs clearly show the 
cloud transport along the west bank of the Banana River and correspond well with 
the direction of moti~n observed on the ground. 



Figure B-1. Surface weather map at launch of STS-2. 



T
A

B
L

E
 B

-1
. 

A
T

M
O

SP
H

E
R

IC
 

S
O

U
N

D
IN

G
 A

T
 

T
IM

E
 O

F
 S
T
S
-
2
 L

A
U

N
C

H
 

*
*
+
*
+
*
*
*
+
*
+
*
*
*
I
S
*
*
*
+
*
+
 

M
E

T
E

O
R

O
L

O
G

IC
A

L
 

D
A

TA
 

*+
*~

*+
**

**
**

+
*+

**
a

+
**

* 

R
U

N
 N

U
M

B
fR

: 
1 

U
S

IN
G

 
R

E
T

E
O

R
O

L
O

G
lC

fi
C

 
D

A
T

h
 F

IL
E

: 
V

K
l2

1
5

 

T
E

S
T

 
N

B
R

 
0

9
1

 0
1
 

T
 

W
IN

U
S

 
0

 
V

K
l2

lS
 

R
A

Y
IN

S
O

N
D

E
 R

U
N

 
A

N
/C

N
D

-1
 

C
A

P
E

 
C

A
N

A
V

E
R

A
L

 A
F

S
, 

F
L

O
R

lO
k 

A
S

C
E

N
T 

M
B

R
 

0
4

3
4

 

*
*
*
+

*
+

1
1
1
*
1
+

+
*
+

*
*
0
+

+
*
+

 
S

O
U

N
D

 I
 H

G
 

S
U

R
F

A
C

E
 

D
E

N
S

IT
Y

 
< C

R
/R

**
3

 
> :

 
1 

1
9

0
.4

3
 

M
E

T
 

L
E

V
E

L
 

A
L

T
IT

U
D

E
 

N
O

. 
tF

T
) 

<
N

>
 

...
...

...
...

...
...

...
 

1 
1

6
 

4
.9

 
2
 

4
4

3
 

1
5

0
,3

 
3

 
1

0
0

0
 

3
0

4
.8

 
4

 
1

9
3

6
 

5
9

0
.1

 
5

 
2

0
0

0
 

6
0

9
.6

 
6
 

2
Z

3
5

 
6

8
1

.2
 

7
 

3
0

0
0

 
9

1
4

.4
 

8
 

3
4

3
5

 
1

0
4

7
,O

 
9
 

3
4

4
1

 
1

0
4

8
.8

 
1

0
 

3
7

1
9

 
1

1
3

3
.2

 
1

1
 

4
0

0
0

 
1

2
1

9
.2

 
1

2
 

4
3

7
5

 
1

3
3

3
.5

 
1

3
 

5
0

0
0

 
1

5
2

4
.0

 
1
4
 

5
0

0
5

 
1

5
3

5
.5

 
1

5
 

6
0

0
0

 
1

8
2

8
.8

 
1

6
 

6
6

3
8

 
2

0
2

9
.4

 
1

7
 

6
6

7
0

 
2

0
3

3
.0

 
1

8
 

7
0

0
0

 
2

1
3

3
,6

 
1

9
 

7
4

2
5

 
2

2
6

3
.1

 
2
 0

 
8

0
0

0
 

2
4

3
8

.4
 

2
 1 

8
2

6
4

 
2

5
2

0
,4

 
2
2
 

8
3

9
6

 
2

5
5

9
.1

 
2
 3

 
9

0
0

0
 

2
7

4
3

.2
 

2
4

 
9

1
4

0
 

2
7

8
5

.9
 

2
5

 
:0

0
0

0
 

3
0

4
8

,O
 

D
IR

. 
S

P
E

E
D

 
TE

M
P

 
.(

D
E

G
>

 t
N

/S
>

 
tk

'T
S

>
 

,-
--

--
--

--
--

--
--

--
--

--
--

--
--

 

3
3

7
.0

 
7

.7
2

 
1S

.0
1'
 

2
2

.4
 

3
3

7
.0

 
8

.7
5

 
1

7
.0

0
 

2
0

.4
 

3
5

1
.0

 
1

0
.3

0
 
2

0
.0

0
 

1
6

.5
 

3
.0

 
9

.7
8

 
1

9
.0

0
 

1
5

.4
 

4
,O

 
9

.7
0

 
1

9
.0

0
 

1
5

.2
 

8
.0

 
9

.7
8

 
1

9
.0

0
 

1
4

,4
 

1
9

,O
 

9
.2

7
 

1
8

.0
0

 
1

3
,2

 
2

8
.0

 
8

.7
5

 
1

7
.0

0
 

1
1

.7
 

2
6

.0
 

8
.7

5
 

1
7

.0
0

 
1

1
.7

 
1

6
.0

 
8

.2
4

 
1

6
.0

0
 

1
2

.2
 

1
6

,O
 

8
.2

4
 

1
6

.0
0

 
1

2
,Z

 
1

3
.0

 
8

.2
4

 
1

6
.0

0
 

1
2

,2
 

4
.0

 
7

.2
1

 
1

4
.0

0
 

1
1

.7
 

4
.0

 
6

.6
9

 
1

3
.0

0
 

1
1

.6
 

3
5

1
 .

0
 

5
.1

5
 

1
0

.0
0

 
9

.5
 

3
5

2
.0

 
5

.1
5

 
1

0
.0

0
 

7
.8

 
3

5
2

,O
 

5
,1

5
 

1
0

.0
0

 
7

,8
 

3
5

8
.0

 
5

.1
5

 
1

0
.0

0
 

7
.4

 
5

.0
 

5
.6

6
 

1
1

.0
0

 
6

.6
 

6
.0

 
6

,1
8

 
1

2
.0

0
 

6
.0

 
7

.0
 

6
.6

4
 

1
3

.0
0

 
5

.6
 

6
.0

 
7

.2
1

 
1

4
.0

0
 

5
.7

 
0

.0
 

7
.7

2
 

1
5

,0
0

 
6

.4
 

3
5

9
.0

 
6

.2
4

 
1

6
.0

0
 

6
.5

 
3

9
4

,O
 

8
.7

5
 

1
7

,0
0

 
5

.6
 

P
T

E
M

P
 

D
P

TE
M

P
 

P
R

E
S

S
 

R
H

 
(L

Z
E

G
. 

C
>

 
tn

e
, r

 
<

)L
) 

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
- 

2
2

.9
6

 
1

6
.0

 
1

0
1

6
.9

 
6

7
.0

 
2

2
*
2

0
 

1
4

.7
 

1
0

0
0

.0
 

7
0

,U
 

2
1

.8
3

 
1

4
.0

 
9

0
2

.3
 

7
S

.(
i 

2
1

 .
4

6
 

1
3

.1
 

9
5

0
.0

 
8

6
.0

 
2

1
 .

4
5

 
1

3
,0

 
9

4
7

.9
 

8
7

.0
 

a a~ 
2

1
 .
P
9
 

1
2

.5
 

9
4

0
.0

 
0

0
.4

 
2

2
.3

5
 

1
1

.6
 

9
1

4
.4

 
9

0
.0

 
s
g

 
2

2
.1

4
 

1
1

.7
 

9
0

0
.0

 
1

0
0

. 
2

2
.1

9
 

1
1

.7
 

9
0

0
,O

 
1

0
0

. 
Ff

Z 
2

1
.7

6
 

2
.2

 
8

9
1

.0
 

5
0

.6
 

2
3

.4
2

 
-2

.3
 

8
8

1
.9

 
3

5
.0

 
2

4
0

3
2

 
-8

.2
 

8
7

0
.0

 
2

3
.7

 
2

5
.9

5
 

-3
.4

 
8

5
0

.4
 

3
5

.0
 

2
5

.8
8

 
-3

.3
 

8
5

0
,O

 
3

5
.0

 
2

6
.8

1
 

-3
.1

 
8

1
9

.9
 

4
1

.0
 

2
7

.1
3

 
-3

.3
 

0
0

0
.0

 
4

5
.0

 
2

7
.1

4
 

-3
.3

 
8

0
0

,O
 

4
6

.1
 

2
7

.6
4

 
-6

.1
 

7
9

0
.3

 
3

6
.0

 
2

8
.2

4
 

-9
,7

 
7

7
B

.0
 

3
0

.5
 

2
9

.2
8

 
-8

.2
 

7
6

1
 .

5
 

3
5

.0
 

2
4

.7
6

 
-7

.6
 

7
5

4
.0

 
3

5
.0

 
3

0
.2

7
 

-9
.4

 
7

5
0

,U
 

3
4

.0
 

3
2

.7
4

 
-1

7
. 

7
3

3
.6

 
1

8
.0

 
3

3
.2

7
 

-1
9

. 
7

3
0

.0
 

1
5

.3
 

3
5

.1
3

 
-1

8
. 

7
0

7
.0

 
1

7
.0

 

**
 -

 I
N

D
IC

A
T

E
S

 
T

H
e

T
 

D
A

TA
 

IS
 L

IN
E

A
R

L
Y

 
IN

T
E

R
P

O
L

A
T

E
D

 
FR

O
M

 
IN

P
U

T
 

M
E

TE
O

R
G

LO
G

Y
 







- r.. 

~ ~ G ~ N A L  : :. 
OF POOR Q U I ~ G ~  







0RIC;IIH'RL F,-!GC i$ 
OF POOR QUALITY 



111. ROCKET EXHAUST PREDICTIONS 

A .  STS-2 Exhaust Cloud 

The exhaust cloud produced by the launch of the second Shuttle was similar in 
size to the one produced by the first Shuttle launch. Figures B-8 through B-13 show a 
partial temporal history of the exhaust cloud development and transport through 
photographs taken at a camera site approximately 3 miles west of the launch pad. 
Figure B-8, which was taken approximately 45 s e c  a f t e r  launch, shows the SSME cloud 
on the right side of the picture. This cloud is  composed principally of water or 
steam, and some rainout is  visible beneath the cloud. Figure B-9 was taken a t  105 sec ;  
the SSME cloud on the right has almost completely evaporated in the dry  ambient &ir. 
Figure B -10, taken a t  165 s e c ;  shows that the plume and flame trench cloud have not 
merged and effluent ralnout 1s clearly visible beneath both clouds. Jn Figure B-11, 
taken at L + 295 sec , the two clouds have merged and effluent rainout is still occur- 
ring. At I, + 465 sec (Fig. B-12X the cloud has  e l o ~ g a t e d  along the transport direction, 
with rainout still occurring. At L + 11 min (Fig. B-13), the cloud has  elongated fu r the r  
and the vertical extent has decreased as convective activity diminished, and the cloud 
approaches ambient co~dit ions.  

B . Diffusion Predictions 

The NASAIMSFC REED code was utilized to make predictions of the transport 
and diffusion of ground cloud exhaust effluents in prelaunch and in postlaunch moni- 
toring and measurement activities. Prelaunch atmospheric soundings and forecasts 
are used to make diffusion predictions that are used in environmental monitoring 
activities. The L - 0 sounding was uscd to make the diffusion predictions shown in 
Figures B-14 and B-15. F igure  B-14 i s  a plot of the  HCL concentration prediction con- 

' tours .  Contour values a r e  shown on the map  and a r e  well below any of the c r i t i ca l  values 
. . established by Government o r  industry. Figure B -15 p resen t s  a plot of par t ic le  g rav i -  

tational deposition in milligrams per square meter; these are well  below any critical 
values. 

IV. ELECTRETS 

A. Background 

Electrets of polymers have been used successfully in measuring rocket exhaust 
effluents, as  discussed in References 3 thrcagh 5. Electrets are made of Teflon- 
polytetrafluorethylene (C 2F4). They are dielectrics with a permanent surface charge 

t h ~ t  gives them properties analogous to magnets, attracting charged particles and ions 
to their surfaces. The multi-element analysis aspect of the electret i s  of great value 

I w'len contamination [nust be monitored. Details of the procedures and equipment used . to make electrets can be found in References 3 and 4 .  

The particles collected in tests that have been conducted either have a positive 
or negative charge and are attracted to the electret's surface. These collected par-  
ticles o r  ions on the electrets are then analyzed by taking an X-ray spectrograph of 
the sample. The electrets are evaluated by taking the total C1 counts (No) obtained 
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Figure B-8. STS-2 exhaust cloud formation; time! L t % 45 sec. 



Figure B-9. STS- 2 exhj~ust cloud formation; time: L + r\, 105 sec. 
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Figure B-11. STS- 2 exhaust cloud formation; time: L + % 285 aec. 
I 



Figure B-12. STS-2 exhaust clo91d formation; time: L + % 465 sec. 



Figure B-23- STS - 2  exhaust cloud formation: time : L + % 11 rnin. 
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from the surface of the electret after exposure to pollution as a measure of the quan- 
tity of material collected by X-ray energy spectroscopy (XES) analysis. From XES 
malysis of the effluents collected on the electrets from the ground cloud of STS-2, 
m:-lti-element analyses are made in the X-ray energy range from 0.707 to 30 keV 2 
0.170 keV (i.e. , fluorine to silver). References 6 and 7 give details on X-ray energy 
microscopy and practical application of scanning electron microscopy. 

B .  MSFC's Electret Meas~wments at Launch Complex 39A 

Samples were taken by the MSFC electrets at 13 locations extending from the 
immediate launch area (400 m )  to approximately 2160 rn. Figure B-16 i l l u s t r a t e s  the 
deployment of the electrets around launch complex 39A at KSC . The XES measure- 
ments are shown in Tables B -2 through B -14 of the Appendix. Figure B -17 i l lus t r a t e s  
qualitatively the difference in energy spectra of the background electret obtained at 
site UCS-6 2000 m and 270 degrees fmm the launch pad and an electret exposed to the 
STY - 2  ground cloud at site L8, 420 111 and 160 degrees from launch pad 39A. The two 
electrets wers positioned 2 m above the ground and 1 rn apart. One electret was 
perpendicular to the ground and the other horizontal to the ground. The intent was 
to determine the particle fallout on the horizontal electret positioned parallel to the 
Earth and to determine the ion measurement on the vertical electret. The data from 
XES clearly show that when the electret is  in the direct flow of the ground cloud 
(vertical), it  gathers more of the exhaust particles and ions ;is measured by XES. 

Surface measurements by MSFC Is electrets of the rocket exha-at ground clouds 
which traveled in a southerly direction from launch complex 39A were obtained at 
sites L8 (420 m and 160 degrees from launch pad 39A, TabIeB-3), L10 (450 m and 
78 degrees from launch pad 39A, Table B-4), and L 1  (1580 m and 1 2 0  degrees from 
launch pad 39A, Table B-5). A t  site 11 the observed electret C1 counts (No) from 

XES analysis [all counts are corrected for background (Nb)] were 13,750' and 13,750 , 
where the prime ( l )  indicates electrets which were positioned vertical to the ground. 
Also, the counts ( N  ) of aluminum were 35,675 for the vertical and the horizontal 

0 
electrets. A s  shown in Tables B -2 through B - 14, the counts from XES for aluminum 
are generally below 500. At site L8, the counts for C1 were 8750' and 1750- and for 
Al, 8675' and 3175-. At site L10, the C1 counts were 675' and 4750-, while the A1 
counts were 0. At site L1, the C1 counts were 7750' and 9750-, while the A1 counts 
were 75 for both horizontal and vertical electrets. 

Figures B-18 throughB-21 taken b y  the photomicroscope, i l lus t ra te  the ve r t i ca land  
horizontal electrets exposed to the Space Shuttle's ground cloud at site 11 (420 m and 
1 4  degrees from the launch pad). The C1 count was 13,750 for CI and 35,675 for A1 
for both the vertical and horizontal electrets. 

For comparative purposes, Figures B -22 and B-23 i l lus t r a t e  an e lec t re t  exposed not 
in the direct flow of the ground cloud; 800 counts of C1 and 300 for A1 were obtained. 
The microscope photographs of electret (Z')  at site L14 (400 rn and 247 d\?greeu from 
the launch pad) are shown. 
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Figure B-16. Deployment of electrets at various sites at launch complex 39A, 
Kennedy Space Center, Florida, during launch of STS- 2 ,  November 12, 

1981. Prime ( I )  indicates electrets placed normal to the ground ; 
dash marks (-)  indicate parallel ground measurements are in 

counts (No) of C1 obtained from X-ray energy 

spectroscopy (XES) analysis. 
B -20 
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X-RAY ENERGY SPECTRA (KeV) 

X-RAY ENERGY SPECTRA (KeV) 

Figure B-17. Conlparison of background energy spectra obtained by XES at site 
UCS-6, prior to launch (top figure) with spectra fror. site L8 after launch 

of STS- 2 illustrating the two peaks of C1 and Al. 



0RIONF.L i .-.LC P!I 
OF POOR QUALlfl 

Figure B-18. n~icrosco~ic photo of electret (3')  at site 11 (7. 9X). 

! 
1 
1 
1 

? I 

I 
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3 B -22 
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Figur #e B-19. Closeup microscopic photo of electret (3' )  nt site 11 ( 



Figure B-20.  l~llcrosmplc photo of electret ( 4 - )  nt site 11 (7.9X). 
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Figure B-21. Closeup microscopic photo of  electret ( I - )  at site 11 (157x1. 



Figure B-22 .  Rlicroscol~ic ptmto of clcctrct ( 6 . )  rit site L13 (7. 9 X ) .  



~ i g u r e  B-23. C!onenp ~i;riz;;pi~ l ~ i l u i u  oi ricctrct ( 6  ) nt site L13 (75X). 



The electrets are an important wmplanlentary aerosol meaeurement device. The 
multi-element analysis aspect of the electret i s  of great value when contamination must 
be monitored, as in the Space Shuttle launches, where measurements of hydrogen 
chloride, c ~ r b o n  dioxide, and aluminum oxide particles are to be moni!o:ed. An XES 
analysis illustrates ths comp~rative coatdbutlon of each e l e ~ s n t  in the  fallout from 
the ground cloud. 
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TABLE B-2. X-RAY ENERGY SPECTROSCOPY ANALYSIS O F  ELECTRET AT 
SITE L11, POSITIONED 420 m AND 14 degrees FROM LAUNCH COMPLEX 

39A DURING STS-2 's  LAUNCH FROM KSC (' PRIME, INDICATES 
VERTICAL POSITIONED ELECTRETS, - DASH, INDICATES 

HORIZONTAL POSITIONED ELECTRETS) 

i 

X-Ray 
E n e r g y  
(kev) 

L 

0.707 

1.0412 

1.253 

1.497 

1.749 

2.013 

2.306 

2.626 

3.317 

3.660 

5.411 

6.398 

7.477 

8.040 

8.637 

Symbol 

F 

Na 

M g 

A1 

S i 

P 

S 

C1 

K 

Ca  

C r  

Fe 

Ni 

C u  

Zn 

Total  T e s t  
Counts  
(No) 

21,000' 
18,600- 

50 0' 
200- 

36,000' 
36,000- 

8,000' 
7,000- 

500' 
800- 

2 00' 
300- 

14,0OCv 
14,000' 

1,300' 
1,500- 

150' 
250- 

1,250' 
1.120- 

240' 
200- 

200- 

200- 

130' 
200- 

Background 
C o u n t s  
(No) 

1 

19,000 

325 

325 

50 

2 50 

100 

125 

b 



TABLE B-3.  X-RAY ENERGY SPECTROSCOPY ANALYSIS OF ELECTRET AT 
SITE L8,  POSITIONED 420 m AND 160 degrees FROM LAUNCH COMPLEX 

39A DURING STS-2 ' s  LAUNCH FROM KSC (' PRIME, INDICATES 
VERTICAL POSITIONED ELECTRETS, - DASH, INDICATES 

HORIZONTAL POSITIONED ELECTRETS) 

X-Ray 
E n e r g y  
CkeV) 

0.707 

1.0412 

1.253 

1.497 

1.749 

2.013 

2.306 

2.626 

3.317 

3.660 

5.411 

6.398 

7.477 

8.040 

8.637 

i 

Symbol 

F 

Na 

Mg 

A 1 

S i  

P 

S 

C 1 

K 

C a  

C r  

Fe 

N i 

C u  

Zn 

Total  T e s t  
Count s 
(No) 

19,000' 
19,000- 

1,430' 
200- 

2 50- 

9,000' 
3,500- 

1,400' 
1,000- 

600' 
250- 

9,000' 
2,000- 

2 50' 

60 0' 
200- 

60- 

3 50' 
200- 

30' 

30' 
30- 

2 

Background  
C o u n t s  
(No) 

4 

19,000 

325 

325 

50 

2 50 

100 

125 

b 



I 

I TABLE B-4. X-RAY ENERGY SPECTROSCOPY ANALYSIS O F  ELECTRET AT 
f SITE L10, POSITIONED 450 m AND 78 degrees FROM LAUNCH COMPLEX 

39A DURING S T S - 2 ' s  LAUNCH FROM KSC (' PRIME, INDICATES 
1 VERTICAL POSITIONED ELECTRETS, - DASH,  INDICATES 
I 
1 

HORJ 7BNTAL POSITIONED ELECTRETS) 

9 

Background  
C o u n t s  

(No  
I 

19,000 

X -Ray 
Energy 
(keV) 

0.707 

1.0412 

1.253 

1.497 

1.749 

2.013 

2.306 

2.626 

3.317 

3.660 

5.411 

6.398 

7.477 

8.040 

8.637 

Symbol 

F 

Na 

M g 

A1 

Si 

P 

S 

C 1 

K 

Ca 

C r  

Fe 

N i  

C u  

Zn 

Total  T e s t  
C o u n t s  
(No) 

19,000' 
19,000- 

1,200' 
1,000- 

700' 
200- 

300' 
400- 

1,300' 
1,300- 

800' 
600- 

7,000' 
5,000- 

2 50' 
300- 

2 50' 
250- 

60' 
60- 

180' 
180- 

30- 

40- 



TABLE B-5 .  X-RAY ENERGY SPECTROSCOPY ANALYSIS O F  ELECTRET AT 
SITE L1, POSITIONED 1580 m AND 120 degrees FROM LAUNCH COMPLEX 

39A DURING STS-2 ' s  LAUNCH FROM KSC (' PRIME, INDICATES 
VERTICAL POSITIONED ELECTRETS, - DASH, INDICATES 

HORIZONTAI, POSITIONED ELECTRETS) 

X-Ray 
Energy 
(keV) 

0.707 

1.0412 

1.253 

1.497 

1.749 

2.013 

2.306 

2.626 

3.317 

3.660 

5.411 

6.398 

7.477 

8.040 

8.637 

* 

Backgr-ound 
Counts  
(No) 

19.000 

325 

325 

50 

2 50 

1 00 

125 

b 

Symbol 

F 

Na 

Mg 

A 1 

Si 

P 

S 

C 1 

K 

Ca  

Cr 

Fe 

N i 

Cu 

Zn 

Total  T e s t  
C o u n t s  
(No) 

20,000' 
19,000- 

2,000' 
1,800- 

4f10' 
600- 

400' 
400- 

1,300' 
1,501)- 

800' 
1,000- 

8.000' 
10,000- 

260' 
2512- 

400' 
400- 

190' 
150- 

30' 



TABLE B - 6 .  X-RAY ENERGY SPECTROSCOPY ANALYSIS O F  ELECTRET AT 
SITE L14,  POSITIONED 400 m AND 247 degrees FROM LAUNCH COMPLEX 

i 39A DURING S T S - 2 ' s  LAUNCH FROM KSC (' PRIME, INDICATES 
VERTICAL POSITIONED ELECTRETS, - DASH,  INDICATES 

HORIZONTAL POSITIONED ELECTRETS) 

X-Ray 
Energy 
(keV) 

0 .707  

1.0412 

1 .253  

1 .497  

1 . 7 4 9  

2 .013  

2.306 

2 .626  

3 .317  

3 .660  

5.411 

6 .398  

7 .477  

8 .040  

8.637 

Symbol 

F 

Na 

M g 

A1 

Si 

P 

S 

C 1 

K 

Ca 

Cr 

Fe 

N i  

Cu 

Zn 

Total Test 
Counts 
(No) 

20,000' 
20,000-  

100' 
i 00 -  

1  50' 
300- 

1,000'  
1 ,000 -  

100' 
150- 

1,000' 
800- 

60' 
90- 

180' 
130- 

30' 
30- 

J 

Background 
Counts 
(No) 

19 ,000  

325 

3  2 5  

5  0  

2  50 

100 

12 5  

L 



TABLE B-7.  X-RAY ENERGY SPECTROSCOPY ANALYSIS O F  ELECTRET AT 
SITE L13,  POSITIONED 480 rn AND 293 degrees FROM LAUNCH COMPLEX 

39A DURING S T S - 2 ' s  LAUNCH FROM KSC (' PRIME, INDICATES 
VERTICAL POSITiONED ELECTRETS, - DASH,  INDICATES 

HORIZONTAL POSITIONED ELECTRETS) 

i 

!i -Hity 
Enorgy 
(keV)  

0 .707  

1.0412 

1 .  253 

1 .497  

1 .749  

2.013 

2.306 

2 .626  

3 .317  

3 .660  

5 .411  

6 .398  

7 .477  

8 .040  

8 .637  

S yni bol 

1: 

N :I 

hl g 

A i 

S i 

I' 

S 

C I 

K 

C. a 

C r  

I:c 

N i 

C u  

%n 

'Pot i t 1  ' I ' c s ~  
C'o~irl t s 
(No) 

20,000'  
19 ,000-  

70- 

250' 
250- 

900' 
900- 

100' 
100- 

600' 
750- 

120' 
100- 

160' 
140- 

50- 

30' 
40- 

1 I i 1 ~ k g 1  C I U I ~ ( ~  

Cou11l.s 

( N o )  

1 0 .  000 



TABLE B-8. X-RAY ENERGY SPECTROSCOPY ANALYSIS OF ELECTRET AT 
SITE L15,  POSITIONED 420 rn AND 200 degrees FROM LAUNCH COMPLEX 

39A DURING STS-2 ' s  LAUNCH FROM KSC (' PRIME, INDICATES 
VERTICAL POSITIONED ELECTRETS, - DASH, INDICATES 

HORIZONTAL POSITIONED ELECTRETS) 

I 

X-Ray 
Energy 
(keV) 

0 .707  

1 .0412  

1 .253  

1 .497  

1 .749  

2 .013  

2.306 

2 .626  

3 .317  

3 .660  

5 .411  

6 .398  

7 .477  

8 .040  

8 .637  

+ 

Symbol 

F 

Na 

bl g 

A1 

Si 

P 

S 

C 1 

K 

Ca  

Cr 

Fe 

N i  

Cu 

Zn 

Total Test 
Counts 
(No) 

19,500'  
20,000-  

100- 

50 0' 
500- 

1,100'  
1 ,000-  

100' 
200- 

500' 
500- 

120' 
60- 

200' 
120- 

30' 

30' 

A 

Background 
Counts 
(No) 

1 

19 .000  

* 



TABLE B-9. X-RAY ENERGY SPECTROSCOPY ANALYSIS OF ELECTRET AT 
SITE L12,  POSITIONED 420 m AND 334 degrees FROM LAUNCH COMPLEX 

39A DURING S T S - 2 ' s  LAUNCH FROM KSC (' PRIME, INDICATES 
VERTICAL POSITIONED ELECTRETS, - DASH, INDICATES 

HORIZONTAL POSITIONED ELECTRETS) 

b 

X-Ray 
E n e r g y  
(keV) 

0.707 

1.0412 

1.253 

1.497 

1.749 

2.013 

2.306 

2.626 

3.317 

3.660 

5.411 

6.398 

7.477 

8.040 

8.637 

J 

B a c k g r o u n d  
C o u n t s  
(No) 

19,000 

Symbol 

F 

Na 

Mg 

A 1 

S i  

P 

S 

C 1 

K 

C a  

C r  

Fe 

N i  

C u  

Zn 

To ta l  Test 
C o u n t s  
(No) 

21,000' 
20,000- 

600' 
130- 

500' 
400- 

1,000'  
1,300- 

500' 
250- 

3,600' 
1,100- 

150' 
60- 

170' 
130- 

150' 
150- 



TABLE B-10. X-RAY ENERGY SPECTROSCOPY ANALYSIS O F  ELECTRET AT 
SITE L9,  POSITIONED 400 m AND 115 degrees FROM LAUIICH COMPLEX 

39A DURING S T S - 2 ' s  LAUNCH FROM KSC (' PRIME, INDICATES 
VERTICAL POSITIONED ELECTRETS, - DASH,  INDICATES 

HORIZONTAL POSITIONED ELECTRETS) 

X-Ray 
E n e r g y  
(keV) 

0.707 

1.0412 

1.253 

1.497 

1.749 

2.013 

2.306 

2.626 

3.317 

3.660 

5.411 

6.398 

7.477 

8.040 

8.637 

J 

? 

Background  
C o u n t s  
(No) 

19,000 

325 

325 

5 0 

2 50 

100 

125 

Symbol 

F 

Na 

Mg 

A 1 

S i 

P 

S 

C 1 

K 

~a 

C r  

Fe 

N i 

C u  

Zn 

Tota l  T e s t  
C o u n t s  
(No) 

20,000' 
19,000- 

250 

3 50' 
350- 

1,000' 
1,000- 

100' 
200- 

700' 
1,800- 

100- 

30' 
30- 

150' 
150- 

30' 
30- 



TABLE B-11. X-RAY ENERGY SPECTROSCOPY ANALYSIS O F  ELECTRET AT 
SITE L 5 ,  POSITIONED 1680 m AND 290 d e g r e e s  FROM LAUNCH COMPLEX 

39A DURING S T S - 2 ' s  LAUNCH FROM KSC (' PRIME, INDICATES 
VERTICAL POSITIONED ELECTRETS, - DASH,  INDICATES 

HORIZONTAL POSITIONED ELECTRETS) 

, 

Utickgro und 
C o u n t s  
(No) 

19.000 

325 

325 

5 0 

2 50 

100 

12 5 

b 

X-Ray  
E n e r g y  

(keV)  

0.707 

1.0412 

1.253 

1.497 

1.749 

2.013 

2.303 

2.626 

3.317 

3.660 

5.411 

6.398 

7.477 

8.040 

8.637 

J 

Symbol 

F 

N 

lPl g 

A 1 

S i 

P 

S 

C 1 

K 

Ca 

C r  

Fe 

Ni 

C u  

Zn 

Total  T e s t  
C o u n t s  
(No) 

19.000' 
19,000- 

2 50' 
100- 

400' 
300- 

1,300' 
1,000- 

2 00' 
100- 

350' 
100- 

1,800' 
1.000- 

1,000- 

150' 
90- 

120' 
60- 

240' 
150- 

40- 

40- 



TABLE B-12. X-RAY ENERGY SPECTROSCOPY ANALYSIS O F  ELECTRET AT 
SITE L4, POSITIONED 2160 m AND 311 degrees FROM LAUNCH COMPLEX 

39A DURING STS-2 ' s  LAUNCH FROM KSC (' PRIME, INDICATES 
VERTICAL POSITIONED ELECTRETS, - DASH, INDICATES 

HORIZONTAL POSITIONED ELECTRETS) 

X-Ray 
Energy 
(keV) 

0.707 

1.0412 

1.253 

1.497 

1.749 

2.013 

2.306 

2. ti26 

3.317 

3.660 

5.411 

6.398 

7.477 

8.040 

8.637 

J 

Symbol 

F 

NH 

M g  

A1 

S i 

P 

S 

C 1 

K 

Ca 

C r  

Fe 

Ni 

Cu 

Zn 

Total T e s t  
Counts 
(No) 

19,000' 
19.000- 

1,200' 
100- 

200' 

2 50' 
400- 

1,300' 
1,100- 

600' 
200- 

7,500' 
600- 

300' 

300' 
120- 

60' 

130' 
140- 

30- 

30' 
50 - 

Background 
Counts 
(No)  

A 

19,000 

325 

3 2 5 

50 

2 50 

100 

125 



TABLE: B-13. X . R A Y  ENERGY SPECTROSCOPY ANALYSIS O F  ELECTRET AT 
SITE L6,  POSITIONED 1680 m AND 258 degrees FROM LAUNCH COMPLEX 

39A DURING S T S - 2 ' s  LAUNCH FROM KSC: (' PRIME, INDICATES 
VERTICAL POSITIONED ELECTRETS. - D A S H ,  INDICATES 

HORIZONTAL POSITIONED ELECTRETS) 

L 

X-Ray  
Energy 
(keV) 

0.707 

1.0.112 

1.253 

1.497 

1.749 

2.013 

2.306 

2.626 

3.317 

3.660 

5.411 

6.398 

7.477 

8.040 

8.637 

Syrnbo: 

F 

N t i  

hl g 

A 1 

I S i 

P 

S 

C 1 

K 

Ca 

Cr 

7 ... . ., 

Ni 

Cu 

Zn 

A 

- 
Total Test  

Counts 
(No)  

19,000' 
19,000- 

60' 
100- 

250' 
300- 

1,000' 
1,200- 

100' 

100' 
70- 

600' 
1,000- 

6G 

60' 
180- 

180' 
140- 

40- 

30' 
60- 

Hiick ground 
Counts 
( N o )  

I 

19.000 

325 

3 2 5 

5 0 

2 50 

1 00 

125 



TABLE B-14- X-RAY ENERGY SPECTROSCOPY ANALYSIS OF ELECTRET AT 
SITE I ,7 ,  POSITIONED 1800 m AND 226 degrees FROM LA'JNCH COMPLEX 

39A DURING STS-2 ' s  LAUNCH FROM KSC (' PRIME, INDICATES 
VERTICAL POSITIONED ELECTRETS, - 3 A S H ,  INDICATES 

HORIZONT < L  POSITIONED ELECTRETS) 

1 

B:~ckground 
Counts 
( N o )  

1 

19.000 

r 

X-Ray 
LnergY 
(keV) 

0.707 

1.0412 

1.253 

1.197 

1.749 

6.398 

7.477 

8.04il 

8.637 

b 

2.013 

2.306 

2.626 

3.317 

3.660 

5.411 

Symbol 

E' 

N:i 

MtZ 

A l 

Totni Test  
Counts 
(No) 

19,000' 
19,300- 

1,100' 
200- 

250' 

400' 
300- 

E' e 

N i 

C u  

Z n 

S i I 1,300' 
1,000- 

153' 
150- 

30- 

40- 

P ! 200' 

S 

C 1 

I< 

Ca 

C r  

150- 

600' 
400- 

5,000' 
1,100- 

2 50' 
Gri- 

2 53' 
60- 

60- 
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SECTION C 

MSFC EXHAUST EFFLUENT Dl  FFUSION PREDICTIONS 
AND MEASUREMENTS FOR STS-3 

I. INTRODUCTION 

This report present the  results of the Marshall Space Flight Center (MSFC) 
air quality predictions made during the third Space Shuttle launch (STS-3) from 
Kennedy Space Center on March 22,  1982. 

The NASA IMSFC Rocket Exhaust Effluent Diffusion (REED) code was utilized 
to make predictions of the transport and diffusion of rocket exhaust effluents a s  part 
of the continuing NASA environmental effects assessaent program. Details of the 
REED code can be found in  the Reference. 

11. METEOROIDGICAL CONDITIONS 

Weather conditions at the time of launch were influenced by a high-pressure 
ridge that was drifting slowly eastward and by a cold front that was approaching f r ~ m  
the north (Fig. C-1). Low-level winds aloft were west, southwesterly to westerly with 
the approach of the frontal trough from the north. Surface winds over the Cape 
were southwesterly during the early morning countdown and after launch ; however, 
just prior to launch, winds in  the pad area switched to easterly with t3e stzrtup of 
the Sea Breeze. Easterly flow was recorded on ail pad anemometers both at the 
surface and 275-ft levels. This intrusion of easterly winds could explain reports of 
the exhaust cloud appearing to hover i n  the pad area before moving out to sea. 

GOES east imagery of cloud cover in  Figures C -2  and C - 3  shows the scat tered 
stratocumulus and cirrus clouds that were present during launch. The Shuttle 
contrail o r  plume cloud is  clearly visible in  the photograph; however, the  exhaust 
ground cloud cannot be identified. 

111. ROCKET EXHAUST PREDICTIONS 

A. STS - 3 Exhaust Cloud 

The exhaust cloud produced by the launch of STS-3 penetrated and mixed, with 
low-level clouds that were present in the launch area, whizh made it difficult to 
estimate cloud size and configuration. Figures C -4 through C -9 show a temporal  history 
of the exhaust cloud pI~\elopment and transport in  photographs taken at a site 
located west of the l a u ~ ~ c h  pad. As in  previous exhaust clouds, rainout occurs 
shortly after launch and can be seen in some of the photographs. 



B . Diffusion Predictions 

A s  in previous launches, the NASAIREED code was utilized to make predictions 
of the transport and diffusion of exhaust cloud effluents. The L = 0 radiosonde 
sounding shown in Figure C -10 was used to obtain the HCL concentrations and gravita- 
tional deposition values which are shown in Figures C -11 and C -12. Again, these values 
were below any of the critical values that have been established by government or  
industry . 

REFERENCE 

Stephens, J. B. and Stewart, R .  B. : Rocket Exhaust Effluent ModeYng for the 
Tropospheric Air  Quality and Environmental Assessments. NASA Technical Report 
R-473, June 1977. 



- ? C . - . . '  

Figure C -1. Surface weather map a t  lnunch of STS- 3 .  
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Figure C-4. STS-3 exhaust cloud formation: 
time: L + approximately 60 see .  
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Figure C-5 .  STS- 3 exhaust cloud formation : 
t i m e :  L + approximately 120 sec. 
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Figure C -6. STS- 3 exhaust cloud form:ltion : 
time: L t ~pproximately 210 sec. 
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Figure C -7. STS - 3 exhaust cloud formntion : 
time: L + approximately 330 sec. 
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Figure C -8. S T S - 3  exhaust cloud formation : 
t i m e :  L + approximately 420 sec. 
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Figure C-9 .  STS- 3 exhaust cloud formation; 
time: L + npproximately 540 sec. 
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SECTION D - MSFC EXHAUST EFFLUENT DIFFUSION 

PREDI CTIOMS AND MEASUREMENTS FOR STS-4 



SECTION 1) 

MSFC EXHAUST EFFLUENT D I FFUSION ?RED I CTIONS 
AND MEASUREMENTS FOR STS-4 

I .  INTRODUCTION 

This report presents the results of the Marshall Space Flight Center (MSFC) air 
quality predictions made during the fourth Space Shuttle launch (ST S-4) from Kennedy 
Space Center (KSC) on June 27,  1982. 

The NASAIMSFC Rocket Exhaust Effluent Diffusion (REED) code was utilized to 
make predictions of the transport and diffusion of rocket exhaust effluents as part of 
the continuing KASA environmental effects assessment program. Details of the REED 
code can be found in the Reference. 

11. METEOROLOGICAL CONDITIONS 

Weather conditions at the time of launch were influenced by a high pressure system 
that was centered off the Atlar,tic Coast and extended southwestward across the Florida 
peninsula into the Gulf of Mexico (Fig. D-1). Winds at the surface were  f rom the south- 
southeast at the surface shifting to southwesterly above 3000 ft remaining southwesterly 
through the exhaust cloud transport layers. 

111. ROCKET EXHAUST PREDICTIONS 

A .  STS-4 Exhaust Cloud 

A s  in previous launches exhaust cloud rainout begins shortly after launch and 
appears to be partially caused by the deluge water that mixes with the exhaust effluents 
(Figs .  D - 3  through D-9). Atmospheric conditions that were present at the time of launch j 

may have enhanced convective and entrainment activity in the cloud and a first look 
seems to confirm this; however, it will take a more detailed approach to verify this 

I 

fact. After 1 4  min, the exhaust cloud cannot be dis?inguished from the ambient cumulus 
4 

clouds that were present in the pad area (Fig. D-10). 
3 

B . Diffusion Predictions 7 
' p 
-5 

The NASAIREED code was utilized to make predictions of the transport and diffusion 9 
d 

of exhaust cloud effluents by using the L=O radiosonde sounding shown in Figure D-2. 
HCL concentrations and gravitational deposition values are shown in Figures D-11 and D-12 

i 
and are below any of the critical values that have been established by government or 

2 
industry. 



REFERENCE 

Stephens, J .  Briscoe and Stewart, Roger B .  : Rocket Exhaust Effluent Modeling for 
, the Tropospheric Air Quality and Environmental Assessments. NASA Technical Report 

R-473, June 1977. 
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Figure D-3 .  STS-4 exhaust  cloud form:ltion; time 1, + approximately 30 sec. 
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i Figure D-5. STS-4 exhaust cloud formation ; time L + approximately 150 scc. ! 
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Figure D-6. STS-4 exhtaust cloud formation; time 1, + ~lpproximrltely 210 sec .  



Figure D-7.  STS- 4 exhaust cloud fornliltion : time I. t :~pproxirniltely 380 scc . 
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Figure D-8. STS-4 exhaust cloud formiltion: time I. t ;lppmxirn:ttely 570 scc. 
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Figure D-9. STS-4 exhaust cloud formation ; time I, + approximately 600 see .  
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Figure D-10. STS-4 exhaust cloud formation; time L + approximately 14 min. 
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