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4.  Ground level agent concentrations exceeding 3 x 10 mg/n    can 
be expected when the agent emission concentration from the spray dryer 
surpasses 3 x IQ-'* mg/m3 during D stability and surface wind speeds 
greater than 10 mph. 

Table 1. Meteorological Stability Categories 

Average 
Surface 

Wind Speed _ 
(mph)   Strong 

Day 
Solar Radiation 

<4 
4-7 

7-11 
11-13 

>13 

Moderate    Slight 

A 
A-B 
B 
C 
C 

A-B 
B 

B-C 
C-D 
D 

B 
C 
C 
D 
D 

Night 
Thin Overcast or 

>4/8 Low Cloud Cover 

F 
E 
D 
D 
D 

Thin Overcast or 
>3/8 Cloud Cover 

F 
F 
E 
D 
D 

Age'' 

SCOPE AND OBJECTIVES 

The Naval Surface Weapons Center/Dahlgren Laboratory (NSWC/DL) was 
requested by the Demilitarization of Chemical Materials Office to monitor 
the spray dryer stack effluent with a high reaolution thermal imaging 
sensor—forward looking infrared (FLIR) , The objectives were to: 

1. Determine the spray dryer plume dispersion configuration 
during low wind speed, stable meteorological conditions. 

2. Determine the spray dryer plume dispersion configuration when 
subjected to aerodynamic downwash. 

3. Determine if two FLIR units, with and without the use of an 
SFg tracer, can be used to locate the area where the spray dryer plume 
reaches ground level. 

4. Continued the evaluation of ground level agent concentration 
during E and F stability and low wind speed D stability. 

5. Evaluate the effect of removing the "diffuser cap" from the 
spray dryer stack on ground level agent concentration. 
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EMITTER   MIRRORS 

DIRECTIONAL 
PRISM 

COMPONENT  AMPLIFIERS 

:=, 

Spectral Band: 8 to 13 micrometers (nominal) 

Field of View 

Search:  7.3 x 9.7° 

Track:  1.8 x 2.4° 

Detector Type: Mercury cadmium telluride 

TV Scan Rate:  30 frames per sec, 2:1 interlace 

Scan Format: Wiper blade 

Display:  875 TV lines 

Cooling:  TI compressor cools to 770K 

Figure 1.  Schematic and Features of AN/AAS-28A FLIR 
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Figure 2.  Tripod-Mounted AN/AAS-28A FLIR at RMA 

TEST PROCEDURES AND RESULTS 

PRELIMINARY TESTS AT NSWC/DL 

To determine if the concept of tracking the spray dryer exhaust 
effluent with FLIR were feasiblej a series of quick tests were conducted 
at NSWC/DL in December 1974. First, a steam generator was placed 100 ft 
from the FLIR to track the plume.  It was found, as expected, that the 
water vapor plume was tracked with FLIR about as far as the plume was 
visible to the eye.  Second, various quantities of SFg were released 
from a pressurized container and tracked with FLIR.  Against a low-angle 
sky background (the conditions anticipated at RMA), the vaporous SFg was 
detected and tracked with FLIR.  The estimated "CL" value detected 
by FLIR in this exercise was about 80 mg/m^ [Cl (mg/m^) = concentration 

  __   _   
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x depth].  Figure 3* shows FLIR imagery of an SFg vapor cloud observed 
during the tests at NSWC/DL.  Table 2 shows the physical parameters 
of Sft The spectral absorption curve of SF6 in Figure 4 shows that 
SF5 is a very strong absorber near 10.6 micrometers 

1 

i 

i 

i 1' • 

'A-  s 

Figure 3. FLIR Imagery of SF6 Vapor Cloud (Black = Hot) 

* Since a plume dispersion is a dynamic event, the still photographs of 
the FLIR imagery presented herein do not adequately illustrate the ease 
of detection and tracking to the observer of the FLIR display.  FLIR 
was always set on black = hot for this program. 

•' __ 
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Table 2.  SF, Physical Parameters 

Molecular weight 

Density, gas @ 0oC, 1 atm 

Specific volume @ 70oF, 1 atm 

Vapor pressure @ 70oF, 1 atm 

146.05/) 

6.52 g/1 

2.5 ft3/lb 
(156.1 ml/g) 

320 psig  2 

(22.5 kg/cm gauge) 

NOTE:  SF6 has a low order of toxicity.  The 1968 
American Conference of Governmental Industrial 
Hygienists recommended a threshold limit value of 
1000 ppm for SF6 (the concentration in air to 
which nearly all workers may be exposed day after 
day without adverse effects).  SF6 can, however, 
act as a simple asphyxiant by displacing the 
necessary amount of oxygen to support life. 

as 
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Figure 4.     Spectral Absorption Curve of  SF, 
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Figure 6.  RMA Spray Dryer 

The use of FLIR in monitoring was divided into two phases.  During 
phase IA, one FLIR unit was deployed to determine, the plume rise and 
dispersion configuration with normal plume components (1) alone, 
(2) with SF,  tracer added at a release rate of approximately 1.7 gm/sec 
and (3) with SF6 at release rates to permit FLIR tracking to the ground. 
The 1.7-gm/sec flow rate was generated using the USAEHA setup injecting 
vaporous SFg directly from its pressurized container into the spray 
dryer stack.  Figure 7 shows higher flow rate setup. A heater tape was 
added to the pressurized SF6 container to provide an ample supply of 
vaporous SF6 for a series of short bursts into the stack.  The holding 
tank was necessary to release a large quantity of SF6 gas in a short 
burst.  The valve settings were calibrated to release SF. at rates 
from 5 to greater than 150 gm/sec.  This corresponds to a concentration 
in the stack from 46 to 1400 parts per million. 

In phase IIA, two FLIR units were deployed. 

SHHHBHHHRHHHHH 
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Figure 19.     FLIR Imagery from 2.9/3.7 of Plume on 23 January  1975 
(Continued) 
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The test on 23 January 1975 demonstrated the effect of the shifting 
wind.  The mobile sampler detected the plume at position 3.9/2.8 which 
was confirmed by FLIR.  However, when the sampling commenced, the wind 
shifted so that the ground plume was several hundred yards from the 
sampling position. 

6.  Near the end of the test on 23 January 1975, resulted in a 
unique plume composed of sawtooth-shaped puffs due to the atmospheric 
instability.  Figures 19 and 20 show imagery from 23 January 1975.  This 
was typical of the tests during D and E stability.  Figure 19 shows the 
beginning of the SF6 burst from grid point 2.9/3.7.  The leading edge of 
the plume reached a mean altitude of about 100 ft with the main body 
remaining at a 50-75 ft height above ground.  Figure 20 is FLIR imagery 
from 3.7/1.4 of the same event.  Figure 20 shows the SF6 shortly after 
release, and the dispersal of the SF burst as indicated by the inserted 
arrows. " 

7.  One interesting sidelight of the main testing was the night 
monitoring of wildlife at RMA.  Figure 21 shows a creature howling 
into the darkness and tending to its young. 

a. 

Figure 20.  FLIR Imagery from 3.7/1.4 of Plume on 23 January 1975 
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Figure 20.  FLIR Imagery from 3.7/1.4 of Plume on 23 January 
1975 (Continued) 
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b. 
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Figure 21.  FLIR Imagery of Wildlife at RMA 
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