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Abstract
From 28 April to 8 May 1983, a survey team visited Diego Garcia to
determine if the loss of optical transmission due to the deposition of air-

borne sea salts on its optical components would preclude the installation of

o | SRR A

a GEODSS site on the southern part of -the island. This report describes the

- objectives, the motivation, the planning, the experimental procedures. the

Spn e T e Y ST S

laboratory measurements, the collection and interpretation of the data, the

analysis of the data, the expected detection loss, and the selection of a

e ee—e_ o
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specific location for a GEODSS site. Then, recommendations are offered.

Briefly, the results indicated that with the wind from the SE and under by

[y

typical operating conditions--sky brightness greater than 19.5 magnitudes per

~ons

square arcsecond and for an operational night of 12 hours--the expected detec- 3
tion loss due to the deposition of air-borne salts on the coverplate of a &
GEODSS telescope would be approximately one-tenth of a visual magnitude. The
maximum loss under atypical conditions would be approximately three-tenths of
a magnitude. Since it became apparent during the survey that the detection

losses would not be great enough to preclude the installation of a GEODSS ik
site on the southern part of Diego Garcia, an exact location for a site was '

pin-pointed by the survey team before its departure from the island.
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Symbols

T  Optical transmission (percent) 2;1
T° Temperature :é';
't Exposure time (hours) ff
¢ Angle of incidence of wind with respect to . is¥
the glass surface. Here, ¢ = 90° corresponds , : .

to the case of perpendicular incidence. 24

SNR  Point source signal-to-noise ratio. . B
. 5

R.H. Relative humidity (percent) X!

7,
oA

TDRY Dry-bulb temperature
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1. Map of Diego Garcia showing locations of sites.
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3. T (t) for ¢ = 90°.
4. R.H. (A T°).
- 5. T° and R.H. as functions of local time.
6. T versus height above ground,
7. T (t), dusk-to-dark exposure.
8. T (t), dark exposure.
9. T (t), dark-to-dawn exposure.
10. T (t), vane and backside slides
(i.e., ¢ = 45° and ¢ ~ 0°)
1. T (t), ¢ = 0°, 45°, aqg 90°.
12. T (¢) for 8.5 and 12-hour exposures.
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I. Grouping of runs. ¢ = 90° data. ’
II. Climatology for Diego Garcia for May.
I1I. Measured weather parameters during survey.
- Iv. Exbected detection losses, in terms of visual magnitudes,
due to salt deposits.
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I. OBJECTIVES OF THE SURVEY
On April 28th, a team consisting of representatives of SPACECOM
" (Capt. Dave Dyche and CMSgt. Mike Rice), ESD (Capt. Lou Soracco and Mr. Floyd
Farnsworth), and Lincoln Laboratory (R. Weber), arrived on Diego Garcia to
perform a 1imited site survey. The site survey was limited in that there
. | were only two well-defined (and related) objectives:
1. To determine the impact on the detection capability of
a GEODSS system, if located on the southern part of the
island, due to the deposition of air-borne salts on the
~optical components. /
2. To identify a specific location for a GEODSS site on the
southern part of the island provided an "on the spot"
determination can bg made that the detection capability

of the system would not be seriously degradedf

*“Seriously degraded" was agreed to be a detection loss in excess of 0.5
visual magnitudes over the course of an operational night.
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II. BACKBROUND AND MOTIVATION
A few words are in order as to why this effort was to be confined to
" the southern part of Diego Garcia. Figure 1 shows the locations of the five
sites (numbered 1-5) offered by the Navy to ESD in 1982. Late in that year,
it was agreed that 3ite 1, near the Charlie site, was the prime location for
a GEODSS installation. As a consequence of this agreement, a site survey was < 3
conducted during December of 1982. The major conclusion of the survey was
that Site 1 would be acceptable if the levels of 1ighting in the area could
be reduced and controlled in the future. It was also noted in the survey
report (24 December 1982) that there appeared to be a salt deposition problem
at Sites 3, 4 and 5. I :
In March, the Navy officially withdrew its offer of Sites 1 and 2 on the :
grounds that the location of a GEODSS site at efther of those locations would :
tend to restrict the growth and 1ighting to such an extent that vital opera-
tions would be hampered. At a joint AF/Navy meeting held at the PACNAV
facility at Pearl Harbor on 22 March, the Navy insisted that Diego Garcia be ;
revisited to explore the possibility that efther of Sites 3, 4: or 5 may be

~ v e

acceptable to the Air Force. It was here that the AF agreed to the present

o

survey to determine the effect on the optical performance of a GEODSS instal-
lation at each ot the three mentioned sites due to the deposition of salts
from the atmosphere.

*Site 4 was subsequently ruled out because of planned antenna conétruction :
in the area. )
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. Fig. 1. A map of Diego Garcia showing the locations of the proposed
sites (labelled 1-5). The dashed 1ine above #5 is the dividing line
between the American and British zones.




III. PLANNING AND PREPARATIONS FOR THE SURVEY
Early in the planning stage, it was decided that data would be collected

' not only at Sites 3 and 5 but also at Site 1, despite its withdrawal by the

Navy. If Sites 3 and 5 should prove to be unacceptable because of heavy
deposits on the optics and if Site 1 should prove to be acceptable in this
respect, the basis (in data) would be on-hand to attempt to re-open the ques-
tion of the location of a GEODSS installation at Site 1.

Conceptually, the collection of data was quite simple: Microscope
slides were to be exposed (one side) simultaneously at the three locations.
The variables were to be the time of exposure, the height above ground level,
and the ahgle of incidence of the wind with respect to the exposed surfaces.
The periods of exposure were to always include night-time conditions (i.e.,
GEODSS operational conditions). Finally, appropriate weather data were to
be collected.

The exposed slides were to be returned to Lincoln Labdratory for analyses
to indicate the effects.of salt deﬁositions on ;he detection capability of the
GEODSS system.

Due to the shortness of the time for preparation for the trip to Diego
Garcia, some compromises had to be made. Whereas it would have been desirable
to collect deposition data as a function of elevation (height above ground
level) at a1l three locations, it was decided to attempt this at Site 5 only.
The reason this site was chosen was that it was clearly preferable to Site 3
because of the width of the land avaflable from the lagoon to the ocean.

Here, the telescopes could be located at least 800 feet from the beach; at
Site 3 the similar distance was of the order of 200 feet. Moreover, Site 3

R L LRt . . L% - L S S S -_-.-'~
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appeared to be located in a flood plain, or at least in a very marshy area.

The fixed slide elevations at Sites 1 and 3 were to be approximately

§ 30 feet, corresponding to a height above ground level of the GEODSS telescopes
§ in a standard GEODSS_faéi]ity. The additional deposition-versus-elevation
2 data available at Site 5 would perhaps indicate the desirability of increasing
% - the telescope heights, either by the use of land-fill or by increasing the

heights of the towers, to take advantage of any indicated improvement in
detection capability at these elevations.

As a result of discussions with colleagues at the Air Force Geophysics

Laboratory, Mr. A. Korn agreed to lend the team an aerostat, and to instruct
us in its use, for the survey. An aerostat is a blimp. This particular model

requires (according to its specifications) approximately 1,000 cubic feet of

helium gas to inflate it to its full length of 33 feet and to its maximum
diameter of 8.5 feet. In calm winds (3'3 kts.), the blimp has a 1ift of 36

1bs., an important design number.

3
3
3
N

Mr. S. Milner, of Lincoln Laboratory, fabricated the apparatus to be
used on the survey. Figure 2 is a sketch of the essential parts of the blimp

A
f? system showing the aluminum wind vanes, holders, and positions of the micro-
7§ scope slides. The vanes.were free to pivot around the stainless steel cable.
N To change slides, or to "top-off" the helium, it was only necessary to shorten
g one of the three guy wires to bring the balloon to a reasonable elevation.

@ - Five vanes were provided for the blimp system. They were fixed at intervals
:‘ of 10 feet, the first being 20 feet above the ground. Vanes were also fabri-
i cated for use at Sites 1 and 3. The method of suspension in these cases--

%f perhaps poles, cherry-pickers, or cranes--was to be decided on the island

| since the required elevations (i.e., 30 feet) were reasonable.
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GEODSS
BLIMP
GUY WIRES
>

ﬂ }____—suoe HOLDER
l} WIND
¥ BACKSIDE SLIDE STAINLESS
e STEEL
31 CABLE
LB
2 —
- VANE SLIDE .
£
. ;c
Y '
43 Fig. 2. The experimental arrangement for the aerostat ("blimp"). The *
,.5 vane slides are at 45° with respect to the direction of the prevailing
o wind, while the backside slides are in a protected position, simulating,
H to some extent, an optical surface protected by the telescope dome.
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IV. PREPARATIONS AND PROCEDURES ON THE ISLAND

The weather for the first five days on the island was poor. There was

' essentially complete cloud cover, gusting winds, and frequent rain storms.

This extended period of solid cloud cover was, according to Navy weathermen,
very unusual for this location. This is a universal reaction; i.e., bad
weather is always "unusual". By Wednesday, May 4th, when there was a break
in the weather pattern, land had been cleared in the area of Site 5 for the
Taunching of the balloon, wooden poles with cross-arms (giving the appearance
of gallows) had been installed at Sites 1 and 3, the weather equipment had
been tested, and adequate helium hadlbeen secured for the proposed experiments.
On our visit to the Navy weather station on the afternoon of May 4th, the
weatherman predicted more foul weather for the next 24-48 hours, even though
the sky was blue, with scattered, broken clouds, and a gentle breeze blew
from the SE. The team decided to take a chance. By 5 P.M., the blimp, with
slides in place, was tethered over Site 5. Slides were installed at Site 1
(30 feet above the ground), and at Site 3 (30 and 20 feet above the ground).
Later checks showed that the latter slides were actually located a few feet
above the nominal values. The height of 30 feet approximated the location
of the telescope above the level of the ground for a standard GEODSS tower.
It was noted that the slides at 20' did not clear the average tree height in
the surrounding areas. During the first exposures, all slides were oriented
with the wind at 90°, measured from the face of the slide. The unusual con-
vention will be used that this is an angle of incidence of ¢ = 90°. Wind

parallel to the face would then have an angle of incidence of ¢ = 0°. 1In

later exposures, slides were exposed at 45° (on the windvanes) and in
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protected positions behind the vanes, simulating the telescope faceplate in
~ the dome s1it with the wind coming from behind. The 45° slides have been :

dubbed "vane", and the protected ones "backside" slides (See Fig. 2).

Sets of slides were exposed at all sites for differing lengths of time.
R Whenever a new set was inserted or removed from the holders, weather condi-
:;ﬂ tions were noted. Open containers served as precipitation detectors at each
Tocation. The exposed slides were stored for transport to Lincoln in covered

carrying cases.

In all, 145 slides were exposed during the experiments. The data collec-

tion ended the evening of May 8th because of severe atmospheric turbulence and

the prediction (which proved to be accurate) of extended rain storms. Twelve

BT slides were of no use because of rain or severe turbulence during the exposures.

%} . There remained 133 slides to be analyzed at Lincoln. From these, an examina-

ﬁi tion, "on the spot", indicated that the depoéitions would probably not impair

§§E th; optical performance of a GEODSS installation at Site 5. Objective 2, i
T page 1, could be accomplished! '
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V. LABORATORY MEASUREMENTS

Upon return to the Laboratory, while measuring the transmission of light
through the exposed slides, an oscillatory transmission was noted for 25 of
the specimens. An examination of the complete set of transmission data for

the 133 slides indicated that the transmission values for the 25 oscillatory

PORAT . | 3 S U NN IR A 7 P

. slides were erroneous. Several of the suspect samples were cleaned, dryed,

:

and re-evaluated. The clean substrates were defective, exhibiting the same
spatially oscillatory behavior. Prior to departure, six or seven randomly
selected clean slides had been checked in the apparatus, with no strange effects.
Apparently, one of the three boxes of new slides taken on the survey contained
part of a "bad" run. '

Once it was experimentally determined that uniform background 1ight and
point source light were equally attenuated by the exposed slides, a point-
source set-up was used exclusively for the measurements. Briefly, a spot-

size of 30 microns was projected onto the faceplate of the 80 mm Ebsicon

; camera through an f=5.6 optical system across the input of which was placed
a clean microscope slide. The system was then adjusted for maximum signal
output as observed on an oscilloscope. The Tinewidth was observed at the
same time. With no further adjustment, the clear slide was replaced with an
exposed slide and the signal amplitude and 1inewidth observed. From these
observations, the transmissions of the acceptable 108 slides were determined.

. It 1s to be noted that the chosen spot-size, 30 microns, corresponds to a

telescope resolution of 2 arc-seconds and to an atmospheric seeing disc of
the same value. RSS-ing these quantities yields 2.82 arc-seconds. Since the
GEODSS (main) faceplate scale is approximately 10.6 microns/arc-second, we

have 10.6 x 2.82 = 29.9 microns, a good match.

L ".* ) ‘,‘1 LA ILE X S ‘:}'f > I L AT ¥ LA TR S e % W RS Rl TN . ., O R R '.".'I
SR el o G s e Y o ey e L T o TN T o ey o e |



LT T L CRCIC A W W W WLk € y - e Savn Xk va Ka Ay .2 - 3 R S e T n

No measurable differences of the half-maximum linewidths among exposed,
unexposed, and no slides (i.e., the absence of a slide in the optical path)

" were noted for any of the 108 individual measurements. Perhaps, this is not
surprising in that the pixel size at the output of the camera (in zoom) was

approximately 6 arc-seconds in diameter.

10
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VI. THE DATA AND ITS INTERPRETATION
At this point, it is appropriate to state the spirit in which all
" that which follows is to be understood. There are many variables involved--
slide elevation, wind speed, wind direction, wind uniformity, angle of
incidence, relative humidity, time of exposure, precipitation, temperature,

. and cloud cover. The data are sparse--a maximum of 108 points divided among
13 positions and 10 exposures. Because of these factors--the sparcity of data
and the number of variables (some controlled, some not)--the usual goal of
research to sift through a maze to uncover, quantitatively, underlying
behavior, will be difficult, if notlimpossible. Perhaps, the most that can
be expected from the present effort is to note trends and to specify limits.
With this in mind, we proceed with the presentation of the data and its inter-
pretations.

A. Grouping of Experimental Runs

The exposures varied from 2 hours to approximately 10 1/2 hours.
It was possible to group them, according to exposure times, into ten "runs",
labelled A-J. An examination of Table I reveals that some of the groupings
are approximate, reflecting delays (due to turbulence and/or rain) in the
placement or removal of groups of slides. This table also indicates the
measured transmissions (in percentages) for 90° angles of incidence. By this
time, Site 5 was renamed "G-Site", to avoid confusion with GEODSS' future

. eastern Atlantic site. On the same table, then, G30 and G40 refer to the
slides at 30 feet and at 40 feet, respectively, at the G-Site. The blank
entries indicate that either runs were not made at that time at that site or

that the slides were subsequently found to be defective. The letters HOH

n
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indicate that moisture was found in the precipitation detectors at the time
of the collection of the slides.

B. Perpendicular (¢ = 90°) Data

Figure 3 is a graph of the data included in Table I. The plots for
630 and for G40 do not indicate the expected gradual loss in transmission with
time of exposure. The plots for Site 1 and 3 do suggest the expected behavior.
The dashed curve is a least-squares curve-fit to the data of Site 3. The fit
is reasonably good. For an exposure of 9 1/2 hours, the transmission, T, is
80%. A significant result is that the minimum value of T shown on the figure
is 80%. It may also be noted that the degradation at Site 1 tends to be less
than at the other sites except for éxposures greater than approximately 8.4
hours.

The unevenness of the G-Site data and the fact that a reasonable curve-
fit passing through (0,0) is not possible for these data may be explained as
follows: The aerostat was used at G-Site. Frequently, in the presence of
strong gusts of wind (turbulence), the balloon was momentarily deflected,
sometimes downwards, sometimes sidewards, producing erratic motion at the
windvanes to which the slides were fastened. As a result of these momentary
excursions, the heights and the angles of incidence of the wind changed
abruptly. The changing vertical heights alone would tend to average the
salt depositions over a range of heights while the changing angles of inci-
dence would tend, it is conjectured, to produce a different effect. It is
clear that during the time of exposure of a given slide, the salt deposit
already on the slide tends to dry. A shear component of the wind can then,

more readily than in the 90° case, "blow away" some of the dry salt deposit.

13
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In addition, for angles of incidence less than 90°, the rate of deposition,

it seems, would be less than for the 90° case. These two factors--the erratic
" vertical motion and the changing shear component of the wind, whose effective-

ness depends on its speed and on the length of the exposure--can understand-

ably cause the final thickness of the deposit to be different from what might

be anticipated for the ideal case. In retrospect, this bobbing motion probably

simulates, to some extent, the motion of a GEODSS telescope during operations.

C. Climatology
Wind gusts have been mentioned in the preceeding remarks. This

brings us to the climatology of Diego Garcia and to the weather conditions at

the times of the present experiments. Table Il indicates the climatology for
a period of 26 years (1951-1977) for the month of May. It can be deduced
from the temperature and humidity values entered in the table that dewing
should not be an important factor insofar as the optics of a GEODSS telescope
are concerned. Apparently, at these latitudes the moisture content per
volume of air is relatively constant. For the period of the survey, again
from the table, the mostlikely ranges of temperature and humidity are 77°F -
86°F and 72%-84%, respectively. The wind should be from a southeasterly
direction with an average speed of 6 knots.
D. Measured Weather Parameters

Table III indicates the times and measured weather parameters taken
at G-Site at an elevation of approximately six feet. The abbreviations used
in the table are: kts for knots, v. turb. for very turbulent, g for gusts,
temp. for temperature, and R.H. for relative humidity. The wind direction

is given in degrees (azimuthal angle). A comparison of Tables II and III
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TABLE 11 £
CLIMATOLOGY FOR DIEGO GARCIA FOR MAY ;;
(1951 - 1977) =
Temperature ' Averagé minimum 77°F ° X
Average maximum 86°F 81.4°F mean =
Record low 70°F .3
Record high 91°F K
Dew point 73°F o
Rainfall Average 6.7 inches .
Maximum 29.9 inches Expect average of =
Minimum 1.0 inch 15 days per month ~
Max., 24 hrs. 14.8 inches with no rain. 4
Avera?%>Re1at1ve 4 AM.: 84% ,%
Humidity. 1 P.M,: 72% A
4
Winds October-March: W'
April-May: transition to SE z g::::?lr ~g
June-Sept.: SE . ?
Prevaliling direction in May: ESE by
Average speed: 6 kts. P
Max. recorded speed: 28 kts. -
Cloud Cover Mean coverage: 50% "3
Other _ Ceiling > 1000 ft. 5
- = Visibility > 3 TIes} 99% of time
Ceiling > 50 t. b
VisibiTity 5 8 mijes | 8T8 of tine - B
H
o
S
s 3
16 &
A
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TABLE III

o WEATHER CONDITIONS DURING DATA COLLECTION ,

Run Date  Time  Temp.  R.H. Wind 2

(May) M)

- A 7 12% @15 82 125°, slight breeze

10 ° *3

. B 7 3% 87,5 73 80-110°, 3-4 kis. <

520p - - 120°, 3-4 kts, g to 7

B c 7 2% .- -~ 120°, 3-4 kts, g to 7 .

" 8.0 82 110°, 5 kts, v.turb.

=

D 4 s36p g5 76  130°, 3 kts, g to 8 3

- 0% 810 8 120° 0-3 kts .

: 08 A

E 5-6 9%  g1.0 88 100°, 0-3 kts ]

3%, 79,0 79 110-130°, 2-3 kts, v.turb.

| ,

F a-5 0%  81.0 8  120°, 0-3 kts X

4°5A 80.0 84 130°, gentle breeze “‘

i 05 -

6 5 4™A 80.0 84 130°, gentle breeze "

n¥r g0 75 140-210°, 0-4 kts, g to 7 5

3

H 7-8 - o%p 82,0 82  110°, 5 kts, v.turb. ;

60 81.0 77  130-140°, 5 kts, g to 9

2

I 6 3%, 79.0 79 110-130°, 2-3 kts, v.turb. £

. na 8.0 74  140°, 5 kts, g to 9 3
J 5 ¥ 8.0 75  140-210°, 0-4 kts, g to 7

9% 8.0 88 100°, 0-3 kts ;

Extra 7 7% 8.9 81 130°, 3-5 kts.
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indicates that the actual temperatures and relative humidites tended to be
somewhat greater than the average values expected from the 26-year history,

while the wind speeds (measured approximately six feet above the ground)

were less than the 26-year average{\ The historical data were probably col-
lected at an elevation of nine feet, but it is not clear that this was indeed
the case. N
The values for the relative humidity entries in Table III require an
explanation. Three of the twelve values of the relative humidity recorded
on Diego Garcia were adjusted to bring them into agreement with the wet and
dry bulb temperature readings which were recorded at the same time. These
changes are indicated in Fig. 4 by fhe vertical arrows. Since the temperature
values appeargd to be reasonable and since the humidity values were read from
a crowded plastic nomograph, the adjustment of the data seemed justified.
The region between the straight 1ines on Fig. 4 indicates the theoretical
range of humidities possible for a given AT (dry-wet temperatures) for the
range of temperatures experienced during the survey. Figure 5 indicates the
behaviors of the temperatures and of the relative humidity over 24 hours.
Some of the scatter reflects the fact that the data were collected over a
four-day period. However, the trends are as expected: the highest tempera-
tures and lowest humidities were in the early afternoon and the opposite in
the early morning hours. If the uncorrected values for the humidity had been

used in this figure, the result would have been difficult to accept.
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As an aside, during the survey the comfort 1ndéx. C.I., varied from a
minimum of 76.2 to a maximum of 82.0 The average C.I. was 79.2. When the
C.I. is 65, most people report that they are comfortable. When it is 75,
about 50 percent complain. When it is 79, all complain. Finally, for 36%
of the measurements the C.I. exceeded 80. Surely, the survey team was not
aware of these facts. |

E. Elevation Effects

Next, transmission as a function of height above the ground and time
of exposure at the G-Site will be considered. Runs H and I were excluded
from consideration because points were missing and because of the HOH problem
(see Table I, page 12). Figure 6 presents the data for heights of 30', 40',
50', and 60'. Each included exposure is labelled and tracked from the
minimum to the' maximum height. The 1iberty has been taken in to connect the
points by straight lines. If one were to compute an average value of T for

each height and then delete "outliers", the resulting values would be very

~ similar (90, 89, 90, 88%). There is no trend (experimental error of + 1%)

toward better results as the height is increased, at least over the small
range used in the tests. This result suggests that the atmospheric salts are
well dispersed after a long sea path and that perhaps the deposits were not
affected by the local surf.
F. Time-of-day Effects

There is another way to look at the data. Runs B, C, D, and J were
made from dusk to dark; A, E, and F, were obtained entirely during the dark;
and, G, H, and 1 took place from dark to dawn. Obviously, this additional

separation of the limited amount of data on hand tends to emphasize that
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shortcoming. Nevertheless, one can look for a trend. Accordingly, Figs. 7,
8, and 9 are presented for the perpendicular case (i.e., the angle of inci-
dence, ¢, of the wind equals 90°). These three figures show consistent
behavior--that is, a decrease in transmission, T, as a function of exposure
time--in all cases except for the G-Site data for exposures that took place
from dusk to dark (Fig. 7). An examination of the weather data during the
appropriate exposure time does not suggest a reason for this behavior at
G-Site. Here, again, the bobbing motion of the balloon played a role.
G. Non-Perpendicular (¢=90°) Data

ﬂIgeﬂpresentation of the data concludes with the results obtained for
eprsﬂ;és in which the direction of’the wind was other than perpendicular
(¢=90°) to the exposed glass surface. A total of 23 useful slides were obtained
with ¢=45°. These are the so-called "vane" slides. Six slides--the "backside"
s1ides--were obtained in the protected "backside” position. See Fig. 2, page
6, for the locations of these positions. The vane slides sampled the atmosphere
at 30' at all sites and at 60' at the G-Site for exposure times ranging from 3
to 9 3/4 hours. For a given length of exposure, the G30 transmissions tended
to be better than those for G60 and in every case were better than their 30'
counterparts at Sites l.and 3. Recognizing that these differences were not
very great (the 23 T-values ranged from 89 to 99 percent), average T-values
were compﬁted for each run and have been plotted as a function of exposure
time (Fig. 10). Runs A and I were not included since they provided single
points only; that is, slides were rejected due to water smudging or because
of defective substrates. The straight 1ine passing through the origin and
the lower data points in Fig. 10 is a best fit to the data. From this line,
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Fig. 7. Measured transmission versus exposure time for exposures made
passing from dusk to dark. The individual runs are labelled.
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passing through (100%, 0) are best fits to the data. The data are from

all sites. The vane range transmission was 89% to 99%. For the backside
. case, the range was 95% to 99% for all data points.
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this information, Fig. 11 was prepared. It shows the average transmission to
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for an exposure time of 8 1/2 hours the transmission has been reduced to
appoximately 93 percent.

Five of the protected backside slides were exposed at 30' and one at 60°'.
Of these two runs, one was for 4 1/2 hours, the other for 7 hours (3 data
points for each run). Their averages have been plotted and a best-fit line
drawn on Fig. 10 (the upper straight 1ine). After 8 1/2 hours, T = 96 percent.
The total spread here was from T = 95¢ to T = 99%.

H. Transmission as a Function of Wind Incidence

Even though it is realized that the protected backside slides were

not at ¢ = 0° (i.e., wind parallel to glass surface), let us assume that they
were. Surely, the difference must b; small, that is, for an exposure of 8 1/2
hours in the backside position, T = 96% (Fig. 10). For the parallel case, T
cannot be much greater for a similar time of exposure. For ¢ = 45°, it is
observed that T = 93% for the same exposure time. From Fig. 3, the ¢ = 90°
case, the average value of T for t = 8 1/2 hours is approximately 84.5%. With

be expected as a function of the exposure time for ¢ = 90° (perpendicular
case), 45°, and approximatély 0° (protected case). From the information
given in this figure, potentially useful curves may be derived. For example,
the next figure, Fig. 12, shows the average transmission to be expected as a
function of the angle of incidence of the wind with respect to the optical
coverplate of the telescope for exposure times of 8.5 and 12 hours. It is
noted that for the ¢ = 45° case, for 8.5 and 12 hour exposures, the average

values of the transmission are 93% and 90%, respectively.
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VII. EXPECTED DETECTION LOSS

We may now analyze the results to determine the expected loss in detec-
tion capability, in visual magnitudes, to be expected because of the salt
deposits on the optics of a GEODSS telescope as a function of the wind direc-
tion, exposure time, and sky brightness.

To indicate the impact of the loss of point-signal and background ampli-
tudes due to the salt depositions, it is convenient to deal in terms of the
signal-to-background nofse ratio (SNR). Since the signal varies as the trans-
mittance, T, (1 is perfect) and the noise varies as the square root of T, the
SNR varies at T1/2, This is true for medium (and brighter) sky backgrounds.
For the darkest of sky backgrounds, the SNR varies directly as T. This report
considers the former case to be representative of typical conditions at Diego
Garcia. Finmally, it is to be noted that the detection loss, in visual magni-
tudes, is proportional to the loss of SNR. Table IV, constructed from the
presented data, indicates the expected losses.

Table IV is self-explanatory. ‘For the expected typical sky brightnesses
and for an average value of ¢ = 45°, the loss in detection capability is less
than one-tenth of a visual magnitude for a 12-hour exposure. For the worst
case, one that should never occur in practice, the loss is approximately three-
tenths of a visual magnitude.

As indicated in Table II (Climatology), for approximately four months of
the year, the prevailing direction of the wind is SE; for six months, it is W.
When the predominant operational viewing angles are considered, it becomes
apparent that the effective value of ¢ may we be less than 45° over the course
of an operational night. Thus, the actual detection losses will be less than

those indicated in Table IV.
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TABLE IV
EXPECTED DETECTION LOSSES DUE TO SALT DEPOSITS

. ;

¢ Exposure Transmission Detection Loss \

o (degrees) (hours) (%) (visual magnitudes) p
Typical Skies  Dark Skies

45 8.5 93 0.04 0.08 4

(typical case) 12 90 .06 B ) 1

90 8.5 84 0.10 0.19 :

(atypical case) 12. 78 .14 .27 ;

R

¢ = Angle of incidence of .he wind with respect to the o

glass surface. Here, ¢ = 90° corresponds to the 3

perpendicular case. : g
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f VIII. SITE SELECTION ;
= As mentioned earlier, in consonance with the observations made "on the '
2-% spot”, the general area of the G-Site was accepted as a location for a GEODSS ,
:; system. In fact, before the survey team departed from Diego Garcia, a precise 3
location was selected between the sites marked 4 and 5 on Fig. 1. It is per- ’.;j
i} . haps appropriate at this point to describe some of the observations that led
% to this decision. First is was noted that while the exposed ¢ = 90° (perpendi- :
” ) cular) slides from Site 1 generally, but not always, had thinner deposits on ~,_
" them than their counterparts from the other locations, their situation with :(
" respect to the wind path was more favorable. That is, the predominant wind ‘
‘ direction during the survey was from the SE, resulting in an immediate land ~
d path of several (5-6) miles just before the location of the slides at Site 1. :
;'; At G-Site, the land path was less than 800 feet. For the six months of the :
" year when the wind is from the West, Site 1 will no longer have the advantage

; of a long land path. Finally, ‘when it was observed that there was virtually
!4‘ no difference between Site 1's exposed backside and vane (¢ = 45°) slides and
I those from the other two locations, the decision to accept the area of G-Site
a for the location of a GEODSS system was made. *
..
° 2

.
-
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.
o
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1 IX. RECOMMENDATIONS

'f; As has been shown, near the selected location, the data concerning the
553 " rate of deposition of sea salts as a function of elevation do not clearly

323 indicate an optimum elevation. Nonetheless, the recommendation is made that
jjj the telescope axes be raised six feet above that height which a standard GEODSS
:gi? installation would provide at that location. This additional height is best
3? achieved by the use of land-fill. This recommendation is justified by two

£ considerations. )
%; The average height of the vegetation in the selected area is 60 feet.

L8 For a telescope tower located 150 feet inside the cleared area, including a

;f 60 foot frame around the link fence, for telescope axes 34 (instead of 28)

Efi feet above the ground, viewing will be clear down to an elevation angle of

gﬁ 0 = arc tan {(70-34)/150} = 9.8 degrees. Thus, topping of the surrounding

vegetation will be minimized. Of course, there are a few isolated trees whose

height exceeds 60 feet; and, there remain the two extremes of the equatorial

3 search belt when it is required that 6 = 5°, Still, much is to be gained by
a the additional hefght. '
%5 Second, the use of landfill is desirable to minimize flooding in the area,
iig a distinct possibility, during stormy weather.

Experiences on Diego Garcia indicate that it is in the midst of a dynamic

area as far as the formation, movement, and dissipation of clouds are concerned.

Sudden, isolated cloud-bursts are frequent. Therefore, it is almost a neces- .

T sity that the Diego Garcia site have precipitation detectors installed which
5&3 automatically alert the operators and which quickly cause the domes to be
:’I‘k;

*ﬁf closed. In addition to preventing water from falling on the equipment,

34
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efforts must be made to minimize the deposition of the air-borne salts on the
equipment. One general step is to maintain a positive pressure, however
slight, of clear dry air in the dome, even during operations. Next, the
optical surfaces must be kept covered through the evening cool-down period
prior to operations. Finally, during idle periods, the telescopes must be
oriented away from the direction of the prevailing winds.
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