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VERIFICATION OF RAINFALL ESTIMATES
TNTRODUCTION

During the 1971 and 1972 southwest monsoon seasons in Southeast Asia
(SEA), the 1st Weathe: Group (1 WG) at Tan Son Nhut AB, Vietnam, made
estimates of rainfall for the Ho Chi Minh Trail by annlyzing the activaticon
patterns from IGLOO WHITE seismic sensor strings. The data were collected
at the Infiltration Surveillance Center and relayed to Tih Air Force (7 AF).
These sensor-derived rainfall data soon became the primary snurce of rain-
fall knowledge for Laos because of the lack of other near real-time informa-
tion. Rainfall estimates for the major pass areas and "choke-points" in
the enemy's logistic network were of value to 7 AF in anticipating vehicular
traffic levels.

The greatest limitation of the weather data secured from the sensors
was the lack of verification of the rainfall estimates {rom independent
sources. There was no quertion that the sensors activated for rainfall,
and this fact allowed the tracking of rainshowers and thunderstorms across
the sensor field and permitted the mapping of the spatial extent of rainfall
areas. Even the relative change in a storm's intensity with time was
detected by analyzing the sensor activation patterns. However, there was
no way to verity the accuracy of the estimates of rainfall amounts. As the
sensor w2ither data program was underway in & comba* enviromment, a
verification effort was impossible to undertake because of the lack of test
equipment and available manpower, and the inaccessibility of the area of
concern.

In a 9 December 1971 letter to lst Weather Wing (1 WW), the 7 AF Staff
Weather Officer Analysis Team (SWOAT) stated the need for a calibration
test and recommended that the tests be performed at a CONUS location. The
1 WW endorsed the request in a forwarding letter to Air Weather S=wvice
(AWs), while HQ PACAF in a separate letter outlined the value of the rain-
fall data obtained from the sensors in SEA end recommended that calibration
testing be verformed at Eglin AFB, Florida. After HQ AWS contacted the
Directorate of Sensor Matters (AFXOB) at HQ USAF, the Sensor Evaluation
Group at Eglin, and Detachment 10, 6th Weather Wing at Eglin, it wes
determined that the tests were indeed feasible., HQ MAC provided the funds
required for reimbursable test expenses, while Detachment 10 obtained four
recording rain gauges from the US Geological Survey snd AWS provided wind
measuring sets. The Armament Development and Test Center (ADIC), Eglin AFB,
provided the sensors, an instrumentation van to receive the sensor signals,
computer reduction of the sensor data, and personnel to perform all functions
necessary to collect the sensor data.

TEST EQUIPMENT AND LOCATIONS
Sensors

Description - The three types of sensors used in this test were the
ADSID III, the ACOUSID IIT, and the COMMIKE III.
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The ADSID III (Air-Delivered Seismic Intrusion Detector) is a purely g
seismic detector that was designed to detect ground vibrations created by \
moving vehicles or personnel. ADSID ITI is activated automatically whenever
selsmic disturbances exceed the sensitivity level of the sensor. The
sensitivity level is a function of the gain setting of the geophone, and
must be selected before the sensor is implanted.

- m— .

.

The ACOUSID III (ACOUstic and Seismic Intrusion Detector) is a seismic
sensor with a commandable acoustic interrogation capability. Thus, when
the sensor is activated seismically by some disturbing element, a command
can be sent to activate a microphone. The sensor will then transmit an
audio record for 19 seconds. In this way, not only can the activations be
confirmed, but some target discrimination can be performed. Interrogations
of the sensor's status, as well as changes in gain setting, can be accom- )
plished by radio command. )

T T o g e S

acoustic sersor. This sensor is also air-d.elivered, however, a parachute ‘
is added to retard its fall speed as well as to aid emplacement in the )
upper foliage of trees. Because of its sensitive microphone and tree

emplacement capability, this sensor is used to confirm the location of l
suspected enemy truck parxs and staging areas and to monitor activities in

those areas. The COMMIKE III relays acoustic information only upon command.

The COMMIKE ITI (COMmand microphone (MIKE)) is a pessive, commandable !h

Emplacement - Thirty-six of these sensors from the IGLOO WHITE inventory
were hand-emplaced in four strings in the west test area of Egiin AFB.
Each sensor string consisted of alternately spaced ADSID ITI and ACOUSID III
sensors, with one COMMIKE III sensor at the midpoint of the string. Sensors
in each string were emplaced 100 meters apart and each parallel string was
separated by approximately 1.0 kilometer (Figure 1). Data for the tests
were collected at the "Blue Goose" instrumentation van, located at the
west site. On 10 November 1972, the three strings of sensors east of the
Blue Goose were removed as they were located in one of the deer hunting areas. For
the remainder of the test, data were gathered from the west string only
(Figure 2). The sensors were originally planted in the four strings to
cover a large area and to detect rainfall in areas with different types of
foliage. Pictures of the various foliage and the Blue Goose are shown in
Figure 3.

Meteorological Equipment

Rain Gauges - Four recording rain gauges were obtained from the U.S.
Geological Survey. Two were Stevens Recorders, Model #A35, and two were
Water Level Recorders, Julien P. Friez and Sons, Co, Model #FA3. All
four geges used weight-driven chart paper drives. The rainfall was
collectea in a 12-inch diameter funnel which flowed into a lb-inch diameter
holding tube. A float inside the tube was connected to & perforated
steel tape which passed over a sprocket to a small counter-weight. As the
water level in the tube rose, the float would rise causing the recording
pen to move across the chart paper. The stands for the gauges were
conestructed by maintenance personnel of Det 10, 6 WW. Gear modifications




February 197k Technical Report Ti-253 ;
B h
\
N 1o US Army Florida é
Ranger Camp
/1 |
* I ;
I
k \ Il 2
1 .l I
{ )\ Il —"—::::“::: .
NI Sl s T ;
e s e e, 4
11/ (o]
0 i e
\
S\ / I
i \\\\ ” | R e
i |
f l\\\"' ,I
\‘S\ " I ||‘
' ~NO
L tow_ b |
| —_t——— e e — e e == ==
v } £ T
O ADSIDII E |
+ ACOUSID Il N ,
‘ € COMMIKEN .
! | R RAINGAUGE
| W  WIND :
r Road 236
: To Eglin Main §
——
g To Eglin Aux Field #7
i
¥
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were made to increase the paper advance rate, and 4-inch hclding tubes

were constructed to replace the original 12-inch tubes. This expanded

the time and rainfall scales for more accurate calculations of the rainfall
rate. The rain gauges were originally placed at opposite ends of the
sensor strings (Figure 1). On 10 November 1972, all four gauges were moved
to the western sensor string (Figure 2) for the remainder of the test.

Wind Sets - A ™Q-15 Wind Measuring Set and Easterline Angus recorders
were obtained from AWS resources. This was placed on the southern end of
the western sensor string because that was the only location where 115-volt
power for the recorder could be supplied. Pictures of the various gauges,
their sites, and the T™R-15 are shown in Figure k.

CONDUCTING THE TESTS

Fersonnel from the Staff Meteorology Office, Det 10, 6 WW, were
responsible for conducting the rainfall verification tests. When rainfall
appeared imminent, they notified Wolfcall (the ADTC range test controller)
vho then coordinated the test times with the range contractor, whose
personnel manned the "Blue Goose" instrumentation van. The Blue Goose had
to be manned in order to collect any sensor data. Dlesel-powered gener-
ators were used for power because of the high frequency of power outage
in the area due to lightning strikes. Starting the generator and checkout
of equipment reguired about a half hour before any data could be collected.

Several problems were encountered during this test. One problem
concerned manning the Blue Goose after normal duty hours and on weekends.
A long lead time forecast of rainshower activity over the sensor strings
was not required during noimal duty hours, since the contractor personnel
were either working at the Blue Goose or at West Control, 3 miles away.
However, most of the precipitation occurred during evenings and on week-
ends, so rainshower activity had to be forecast accurately with enough
lead time to provide for menning of the Blue Goose. The ILN/F?S-‘T? weather
radar proved an invaluable tool in forecasting the shower activity.
Another problem was the uncooperative weather during the early weeks of
the test. During September, the precipitation was primarily in the form
of light rainshowers, which moved rapidly with short average life times
of 30 minutes. This was followed by more than 20 consecutive days in
October with no precipitation. Finally, in November and December, there
were several predicteble squall lines which moved through the area and
provided the basis for some useful data.

COLLECTION OF RAW DATA

The sensor date were collected at the Blue Goose in the following
manner: The radio receivers fed the information to an instrumentation
interface unit, which converted the signals into the proper format for
the various recording instruments. All seismic activations and responses
to commands were recorded on digital tape and an X-T (distance-time) plot-
ter. Acoustic returns could be monitored real time with a speaker. All
data received were recorded on an FR 1300 fourteen-track tape recorder
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Fig 4. Meteorological instruments. Upper left, Friez water level
recorder; upper right, Stevens recorder; lower _eft, complete
rain collection device; lower right, T™3-15 wind set and
recorder.
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to facilitate recovery of any data required. All data were time-tegged,
with accuracy measured in thousandths of seconds.

The rainfall data were acquired in a les3 sophisticated fashion. Every
three days, or after a rainstorm of any intersity, staffmet personrel drove
out to the test area. Imue to the rough terrain aai sand roads, a L-wheel
drive vehicle was required, and an average trip took turee hours. If no
rain had fallen, time checks were written on the rain gauge charts, and the
clock weights re-wound. If some precipitation had been recorded, the chaxts
were removed, the collecting tubes emptied, and the recorders reset. Time
checks were entered on the strip uharts before they were removed and when
the recorders were restarted. The amount of rainfall was also measured in
the collecting tubes aud entered on the charts as a cross check. The
recorders and tables were covered with plastic material to iusure that no
spurious rainfall ran into the collecting tubes.

The ™R-15 wind recorder ran continuously, and the data were removed
only when the strip chart needed replacement.

DATA ANALYSIS
Rainfall Times

In order to compute rainfall rates, it was necessary to determine the
rate of chart advance in the recorders. The gear ratio selected should
have driven the chart one smell division per 15 minutes. However, we
discovered considerable variation from machine to machine and even from
time to time. Therefore, it was necessary to calculate chart speed on each
record by dividing total elapsed time by the number of divisions covered.
If a recorder stopped, the chart speed could not be determined definitely.
Normally, the rate from the rrevious record was used in these cases. After
chart rate was established, the times of onset and cessation of rain were
determined.

Initial Comparison

The initial comparison between the sensor and rainfall data was to see
if the sersors had been monitored while it was raining and had collected
any usable data, Table 1 is a sumary of thet comperison:
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Mission Times of Times of Wind Further
Date Number Sensor Data Ralnfall. data Data Analysis
21 Sep k708 2133Z-2235% 22002 ~e- No
22 Sep 5704 18352-20302 19207 -—- No
25 Sep 170k 1929Z-2230Z 1930Z-2135% -—- Yes
26 Sep 2707 1000Z~16487 None - No
23 Oct 1703 15262-1940% 1526Z-18407, Yes Yes
26 Oct k706 23382-04312 23002-0330Z -—- Yes
2T Oct 5705 12112-19062 0500z 2407, Yes Yes
T Nov 2706 2001Z-21552 20152~20352% --- Yes
1C Nov 5705 21092-2345Z 21152-23452 -—- Yes
13 Nov 1703 18042-01382 1900Z-01382 -—- Yes
25 Nov 6702 14082-15502 14082-15502 --- Yes
4 Dec 170k 19092-22312 19092-2215Z -—- Yes
5 Dec 2705 21182-2400Z 21302-2400Z Yes Yes
6 Dec 3707 16262-22012Z 16262-21032 -—- Yes
Table 1. Summary of Sensor vs Rainfall Data for Further Analysis

; Of the fourteen tests attempted, eleven warranted further evaluation.

The three that werc disregarded had no measurable rain, and the sensor
returns were almost nonexistent.

Rainfall Rates

The next step was to compute the r.infall rates. This was done by
noting the times when the rainfall ra%es changed (when the slope of the
trace cha.ged), calculating the time intervals, and measuring the horizontal
distances the pen traveled within the intervals. (Figure 5 is ~n example
of the record from the Stevens recorders.) The rates were then converted
to inches per hour. After examining the variety of calculated rainfall
] rates, the following classifications were established for the purpose of
discussion: 1light rain, less than 0.25 inches/hour; moderate rain, 0.25
L to 1.0 inches/hour; and heavy rein, more than 1.0 inch/hour.
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It became obvious at this time that the collection of accurate rainfall
data would not be an easy task. Many problems were encountered such as
clocks stopping, papver jamuing, pen drive tapes slipping on the sprockets,
pens not working, weights being stolen, and f > reign meterial in the collect-
ing funnel. Once the data were plotted, some timing errors were observed
that could not be easily resolved. For example, a well defined line of
thunderstorms moved trrough the test area over all four rain gauges. The
rainfall data should have shown temporal continuity. However, ten to
thirty minmute variations were observed. Therefore, the timing of the rain-
fall turned out to be fairly subjective.

Hnd Data

Wind data were only available on three tests. The 1iig+15 was not
recelved prior to starting the test. Several days of data were missed due
to paper jams in the recorder. Timing, however, seemed quite precise.
Location of the wind set was a problem because we wanted it collocated with
a sensor string; however, all of the sensors were in areas of tall pine
trees. We selected a site with as much exposure as we could find, but the
10-foot mast placed the anemometer only above the smallest shrubs. Wind
direction was not observed, because it would not relate to wind-caused
seismic movement. Observed speeds were much below those ovserved at Eglin
wain base in storm situations. Available wind records were examined to
de*eriine whether winds caused selsmic returns, especially when seismic
returns could not be assoclated with rainfall.

Sensor Data - Seismic Returns

The selsmic data obtalned from the ADSIDs and ACQUSIDs were available
in four formats. First, the X-T plot indicated each sensor activation,
including the response to command of the ACOUSIDs (Figure 6). The operaiors
also hand-scribed comments about weather at the Blue Goose site, as well as
start and stop times of the audio commands. The other three formats were
printouts from the CDC 6600 computer. One format (type 1 message) was one-
minute summaries of the seismic activations from each sensor (Figure T).
Another format (all messege types) was & similar minute-by-minute summary,
but included the responses to command signals from the Blue Goose. The
last format was a listing of all the signals recorded, with time to the
millisecond {Figure 8).

Compariscn of Reinfall and Seismic Sensor Data

Once all the rainfall had been analyzed and the data printouts obtained,
the major task of comparing the rainfall rates to the seiemic activations
began. The eleven tests that 2ppeared promising were individually analyzed.
Three facts became obvious imsediately: sensors activated for weather other
than rain; the maximum activation rate was higher than the expected six times
per minute; and sensors with identical gain settings could still have
different sensitivity.
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The seismic senacrs activated for traffic, iain, thunder, and possibly
wind. One sensor string was only 100 meters from a paved road, and oriented
parallel to the road. Traffic could be detected very well from the sensor
returns (Figure 9). By examining the X-T plot, even the speed of the
vehicles could be calculated. Analysis of rainfall data from this string
was usually unfruitful because of tanese high traffic levels. At times,
traffic would also cause activations on the second string east of the roed.
At other times, three strings were affected at the same time by what was
suspected to be aircraft traffiz. Thunder at times caused activations over
the entire sensor field. On several cays, the rainfall pattern was di.fficuit
to recognize on the seismic returns due to frequent activations from thunder.
We suspected that some pericds of otherwise unexplained activatic.us were
caused by wind, eitler directly by moving *he sensor antennas or irdirectly
by tree movement. However, wiad data were Insufficient to establish any
relationships.

-

- e
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We understood at the outset that the seismic sensors could transmit
once every 10 seconds, giving a maximm activation rnte of six per minute.
However, we occasionally observed reports of seven activations per minute,
and on 25 November one sensor transmitted seven tines per minute for seven-
teen consecutive minutes. The ADIC Sensor Lab verified that the specifica-
tions for the inhibit circuit, which controls the &ctivation interval, is
10 + 2 seconds on the ADSID III and ACOUSID ITI. The control in this
circuit is a resistance-capacitance (R-C) network. If seismic movementis
of sufficient intensity and frequency are reported by the sensor's geophone
end build up a certain level of charge in other circuit elements, the sensor
will transmit an "activation,” provided the time couctant of the R-C network
is exceeded. Thus, during times of high levels of seismic movement, the
sensor cen transmit cvery time this time constant is excsoded. We observed
this "saturation"” to occur frequently during heavy rainfall. The time
constant veried from 8.5 to 11.0 seconds on different sensors, but remained
essentially the same for each senscor from day to deay.

Activation and saturation levels are highly dependent on gain setting.
Gain setting affects the level of selsmic activity required to trigger the -
geophone. For a given level of seismic activity, increased gain setting
results in more frequent triggering of the geophone. For ¢:ach output from
the geophone, a certain amount of charge bullds up in another circuit
elerent. This charge, however, has a certain decay rate. Outputs from the
geophone must occur frequently enough to overcome this decay rate and build
up the required level of charge before the sensor will transmit any
activations. The higher the seismic level, the more frequent the outputs
from the geophone and the more rapid the charge buildup to the critical
level. Thus, higher gain settings not only lower the threshold level of
seismic activity required for activation, but also lower the level of
activity required for saturation. The sensors in each string were set at
the same gain setting, two strings on gain 3 and two on gain 4, However,
there was still a wide variation in the sensitivity of the various sensors
in a string. This was especially noticeable during periods of light rain-
fall. After 10 November, when &ll four rain gauges were moved to the one
sensor string, we were able to determiue with some certainty that these
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Fig 9. Example of activations caused by vehlcular traffic.

Channels 1, %, 3, and 4 are ACOUSIDs (200 m. apart) and 5, 6,
T, and 8 are ADSIDs (200 m. apart) in the power line string.
The two groups of activations are from traffic moving north

and south on the highway. The heavy time divisions are

approximately one minute.
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variations were due to sensor sensitivity rather than to variations in rain-
fall along the string.

- e

The seismic data from the ACOUSIDs Ior all tests before 25 November were
not used in the comparisons, since during part or all of the rainfall periods
the ACOUSIDs were being commanded for acoustic returns, and seismic activa-

i tions are rot transmitted during the acoustic transmission cycle.

Individual Comparison Results - Following is a discussion of the data
4 collected for each test day and the comparison of the rainfall and sensor
data, with a quantitative summary of the comparisons.

S -y g M iy

MATE: 25 September 1972

SENSORS: Two main periods of activations occurred from 1929Z to 19L45Z
and 21302 to 2145Z. The sensor string nearest the highway activated at
various levels every few minutes for traffic. ADSID #37 activated almost
{ continuously and j32 activated only five times during the entire test.
Both were disregarded. The operators added many valusble comments on
the X-T plot regarding raja and wind. Both periods of heavy rain were
preceded by strong winds. Data were acquired from 1929Z to 2230Z.

RAINFALL: Most of the rainfall occurred in the form of two showers, at
about 1930Z and 2130Z. The first shower nearly missed the two eastern
gauges, moving from SSE. The second shower was recorded on ail gauges.
The pen drive slipped oa Gauge #2. However, the data for the first
shower appeared reasoneble. An obstruction in tie collecting funnel on
gauge 4 slowed the flow of water, so rates were unusable.

COMPARISONS/CONCLUSIONS: Rainfall times correlated well with maximum

sensor activations. Juring the first shower, with rainfall rate 1.25"/
1 hour, the three ADSTDs evaluated (gain L) approached saturation for about
)< a minute. The rate during the heaviest part of the second shower was
about 3"/hour on both i}l and #3 gauges. AD3ID ;f18 (gain 3) saturated at
10.0 second intervals for two minutes. ADSIDs ;34 and #36 (both Gain 4)
saturated for 8 and 6 minutes, at 9.5 and 10.1 second intervals, respec-
tively. Comparisons listed below are averages over the entire period of
the showers for all of the sensors considered.

) GAIN 3 GAIN b
RAINFALL RATE SENSCX COUNT RAINFALL RATE SENSOR COUNT
F (inches/hour) (inches/hour)
2.0 L2 2.0 55
1.25 4.8

! . ( 0.""6 3’7
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DATE: 23 October 1972

SENSORS: Seven ADSYDs were inoperative. The returns fiom the other
ADSIDs were in 5 to 15 minute blocks, many of them uncorrelated in time,
pltl:zz scattered low counts throughout the test period. Data period 1526Z -
22447,

}‘.AINFALLZ WIND: Rainfall occurred in the test area from approximately
1040Z to 1 « Most of the heavier precip.tation occurred during the
sensor data period. The rainfalli was generally light to moderate with
brief heavy showers. The rainfall records looked very goed, but timing
was & problem. Number two gauge exhibited extremely rapid chart speed.
Gusty winds(up to 25 kts) were recorded between 1315Z and 1855Z.

COMPARISONS/CONCLUSIONS: Since time correlation was difficult and the
heavier showers appeara to be brief and localized, each rain gauge
record was compered nnly to returns from the adjacent sensor string and,
in one instance, to one seunsor. No activations could be attributed to
wind. The activat. n rates from the ADSIDs set on gain 3 were much lower
than the rate from those set on gain L. Therefore, results are compiled
separately. Activations from the sensor string neecrest the road showed
a high rate of vehicular traffic, making rainfail difficult to discern.
The 0.5 and 0.67 inches/hour rates are not instantaneous rates, but are
results of smoothing through a period of rapidly fluctuating rainfall.
During a period of 1.5 inches/hour rainfall, two ADSIDs on gain 4 appeared
to saturate briefly.

GAIN 3 GAIN b

RAINFALL RATE SENSOR COUNT RAINFALL RATE SENSOR COUNT
{inches/hour) { inches/hour)

2.0 2.8 1.5 5.7

1.3 1.8 1.3 5.2

1.0 1.6 0.5 3.8

1.0 1.4 0.5 33

0.67 1.9 0.5 2.9

0.20 0.0
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DATE: 26 October 1972 b

SENSORS: The sensor string nearest the highway had numerous brief periods
of activations and one nine-minute period with counts up to six per miiute.
The other strings had very sporadic activations throughout the period.
Period of data: 23382 to 27/0431Z.

-

RAINFALL: Light rain (l2ss than 0.05"/hr) began at about 2300Z and
continued until about m/033OZ. Brief moderste showers with rates up
to 0.5"/hr occurred near 27/0200Z and 0300Z.

OOMPARISOIB/ CONCLUSIONS: All of the activations on the sensor string psar
the road and the next string to the east appeared to be caused by traffic.
These were &ll set at gain 3. The moderste showers that occurred alorg
these two strings were too brief for an accurate calculation of rainfall
rates, but they were abcit 0.3"/hr. No activations could be attributed
i to these showers. On the eastern-most string (gain 4) these showers

1 t-iggered a two-minute period of activations which average 1.3 counts.

i Tne one shower with 0.5"/hr rate appeared to occur only on the northwest
t ! end of the western string, where the last three ADSIDs were inoperstive,

and therefore triggered no activations. The light contimuous rain caused
no activations on the gain 3 sensors and only isolated activations on the
gain 4 sensors.

GAIN 3 GAIN 4
RAINFALL JATE SENSOR COUNT RAINFALL RATE SENSOR COUNT
» (inches/hour) ( inches/hour)
£ 0.3 0.0 0.3 1.3
0.05 0.0 0.05 0.0
f
/
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DATE: 27 October 1972

SENSORS: Period of the data was 12112 to 1414z, 1535Z to 15522, and
18322 to 1907Z. High activation levels were occurring at the beginning
of the test and corntimued until 1300Z. Eight ADSIDs were out of commis-
sion. Operator remarks on the X-T plot gave changes in intensity of rain-
fall at the Blue Goose, which correlated very well with the sensor activa-
tions.

RAMA]‘.L[WIND: Rain had begun near 0500Z, consisting of several periods
of relatively light rain. Heavy showers began at about 0900Z. By 1000Z,
the two rain gauges with the higher rate of pen travel had malfunctioned:
the pen arms had travelled all the way across the paper and falled to
reverse. By 1240Z the other two gauges had overflowed. Total rainfall
amount was over three inches. Rates exceeded four inches per hour in
the heavier showers. Wind gusts to 37 knots accompanied the heavy rain.

COMPARISONS/CONCLUSIONS: Due to the limited weriod of time that both
the sensors and rain gauges were operating and the timing difficulties
o the rain records, no comparisons could be made. However, it appeared
reasonably certain that the sensors were operating during one period of
4"/hr rainfall. Activations during that period were analyzed for satura-
tion. ADSIDs #34 and #35, gair +, saturated at 9.7 and 11.0 seconds.
ADSID %22, gain 3, saturated : + 10.3 seconds; but ADSID #31, also gain 3,
did not saturate at all.

20
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DATE: T November 1972

SENSORS: Five ADSIDs were not operational. The three strings east of

the highway had sporadic activations throughout the period. The string

to the west had a 20-minute period of activations near the begimning of

the test arnd only isolated activations thereafter. Data times were 2002Z -

21562.

RAINFALL: Approximately twenty —inutes of light rain occurred at gauges
T2 end 4 during the test period. Bricf light showers occurred at all
gauges before and after the test period. Total accumulatior was 1/16 inch.

COMPARISONS/CONCLUSIONS: The tvo ALSIDs operating in the string nearest
the highway hed activations averaging 1.5 and 1.0 counts per minute during
the rain period. However, sume traffic is evident on the X-T plot during
the period, and the strings to tus east also experienced activations at
the same times, where no rainfall wes recorded. Therefore, we concluded
that a comparison of these activations to rainfall rate would be invalid.
Another period of activations on the eastern-most string, which lasted for
22 minutes, did not correspond to rairfall or other sensor activations.
The area east of the highway was to be opened for hunting on 11 November.
Possibly a large part of the activations on the three eastern strings were
caused by hunters reconnoitering the area. The string west of the Goose
(gain !.) had a period of activations which correspond well with the rain-

fall times and rates.

RAINFALL RATES SENSOR COUNTS

Tinches/hour)
0.1% 2.8
0.05 0.9
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DATE: 10 November 1972

SENSORS: This was the first test day with only one sensor string. All
ADSIDs were operating. The periods of activation corresponded fairly well,
but the levels of sensitivity varied considerably. All were on zain
setting 4, Operatcr remarks on the X-T plot described rain intensities

at the Goose, including "plenty lightning and thunder” at the beginning

of the test. Test period: 2109Z - 2345Z.

RAINFALL: All four gauges showed the same rainfall pattern: Approximately
6 minutes of moderate rain, 10 minutes of light rain, 10 minutes of heavy
rain, 25 minutes of no rain, and then 20 minupés of moderate rain. There
was a time discrepancy of about 10 to 12 mindtes between the gauges, so
some adjustment was made. The time discrepancy could not be attributed to
the movement of the storm, since the gauges were now all along one sensor
string. The total rainfall was about 0.7 inch and occurred from 2130Z to
2300Z.

COMPARISONS/CONCLUSIONS: This test was the best in the series for compari-
son of rainfall and sensor deta. The times compared favorably, showers
were of sufficient duration to make accurate analyses, and seversl lifferent
rates occurred. Due to the apparently different levels of sensitivity of
the ADSIDs, activation levels were computed separately. During the period
of light rain following the first shower, considerable thunder occurred,
activating the sensors. Therefore, no comparison was made for that period.
Also, the series of smaller showers near the end of the rain period varied
in intensity from one end of the string to the other, so the rate computed
from the nearest rain gauge was used in the comparison. During the first
shower (1.3 inch/hr), ADSIDs %66, #55, and #52 saturated, but #46 did not.
During the heavy shower (2.5 inch/hr), all ADSIDs saturated. The time
iﬁgerval was 10.5 seconds for #66, 10.U4 for #55, 10.9 for #52, and 10.6 for
¥) .

RAINFALL RATES SENSOR COUNTS AVERAGE
(inches/hour)
66 55 _f52 #46
2.5 5.7 5.4 5S4 5.3 5¢5
1.3 S5¢T 5.6 5.6 3.4 5.1
0.13 0.8 2.6
0.1
0.04
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DATE: 13 November 1972

SENSORS: ADSID ;46 was inoperative. A high level of activations occurred
Trom 18127 to 1935Z and 2024Z to 14/0034Z. The level of activations emong
sensors varied cunsiderably at several times during the test. Operator
remarks on the X-T _lot were very helpful in determining times of start
and stop and change of intensity of rainfall, as well as occurrence of
wind and thunder. Period of test: 13/1804Z - 14/01372.

RAINFALL: The tirst period of rain was from 18054 to 19302, with rates up
To 1 inch/hr. The second period, with maximum rate up to 4 inch/hr,

began at 13/2150Z and ended at 14/0030Z. There was generally good agree-
ment in times and rates between the gauges. HNumber 1 gauge was inoperative
and #2 malfunct’~ned vetween 23002 and 0000Z. Total accumulation varied
from 1-1/8 inck . 1-7/16 inch.

COMPARISONS/CONCLUSIONS: Evaluation of the data was extremely difficult.
Activation levels were unexplainably high during the first four hours.
Wind an¢ hunder may have been responsible. The first rainfall period
was only recognizable on ADSID #52, but activation levels were too high,
especially at the end of the rainfall period. During the second rainfall
period, ADSIDs #55 and #52 activated at the 5.5 level, regardless of rain-
fall intensity, throughout and even for some time following the rainfall
period. A reasonable comparison w#as cbtainable from ADSID #66, however,
which is listed below. All three ADSIDs saturated during the period when
the rainfall rate was slightly over 1 inch/hr. The minimum interval was
10.6 seconds for #66, 10.5 for #55, and 10.9 for #52. All sensors were
set on gain L.

RAINFALL RATES SENSOR COUNTS
(inches/hour)

k.0 5.8

2.0 5.8

i.o 5.6

1.6 5.2

0.5 5¢5

0.2 3.9

0.1 3.9

0.05 1.k
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DATE: 25 November 1972

SENSORS: During this test and for the remainder of the test series, the
ACOUSIDs were not commanded for acoustic data. Therefore, they were acting
essentially as ADSIDs. This was also the test that prompted our investiga-
tion of minimum activation times and saturation by heavy rain. ACOUSID
#970 responded seven times per minute for 17 consecutive minutes. Counts
were generally one or two per minute higher from it than from the neighbor-
ing ADSID. ADSIDs #55 and #52 activated almost contimuously throughout the
test and their data were disregarded. ACOUSID #1564 was inoperative and
ACOUSID #1450 had slipped to gain 3. A significant difference in activation
levels from the usable sensors was apparent in the data, but all showed the
same general pattern of starts and stops. The period of data was 14082 -
1550z,

RAINFALL: Due to malfunctions, data were available from only two gauges.
Even then, the amount of rainfall measured in the collecting tube on gauge
#2 was 1-1/k inch, but the chart indicated less than an inch. By comparing
the chart to that from gauge #1, it was determined that the perforated steel
tape which drives the pen arm mechanism had slipped during the heeviest rain,
and therefore data after thet point were unusable., The chart speed calcula-
tions for gauge ;1 indicated unucu.ally .apid chart speed, but this was not
borne out in comparison with the chart from gauge #2. The general pattern
of rainfall had to be adjusted to & best fit with the sensor activations and
the operators' remarks. About 1/3 inch of rain had fallen before the sensor
test began, and light rain was falling as the test began. The rainfall dur-
ing the test consisted of one 25-minute period of heavy rain (1.6 inch/nr)
end several periods of moderate rain. Light rain was still falling at the
conclusion of the test.

OMPARISONS/ CONCLUSIONS: A reasonable fit was found in the sensor and rain-
fall data. However, the activation levels from the various sensors varied
considerably, as the figures below indicate. All four of the gain 4 sensors
considered in the analysis saturated during the 1.6 :anh/hr rainfall. The
time interval was 8.6 seconds for ACOUSID #970, 10.7 for ADSID #66, 9.1 for
ACOUSID #1396, and 10.7 for ADSID #46.

RAINFALL RATES SENSOR COUNTS AVERAGES - GAIN 4
Tinches/hour)
foro  #66 #1396 #46 #1450 (gain 3) ACOUSID ADSID
1.6 6.9 5.4 5.6 545 1.0 6.3 5.5
1.0 6.7 5.3 3.7 5.0 0.0 5.2 5.2
0.5 59 2.7 1.0 3.0 0.0 3.5 2.9
0.5 6.0 2.7 1.0 3.0 0.0 3.5 2.9
0.4 ho2a 3.3 0.5 2.5 0.1 2.4 2.9
003 309 207 009 200 0.0 202" 202"
0.1 1.0 0.0 0.0 0.0 0.0 0.5 0.0
0.1 0.8 0,0 0.0 0.0 0.0 0.4 0.0
24
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DATE: U4 December 1972

SENSORS: ADSID #52 had numerous activations during the entire test while
the other sensors had only isolated returns.

RAINFALL: Only one of the four rain gauge~ measured the light rain (less
than 0.12 inch/hr) that fell during this entire test.

COMPARISONS/CCNCLUSIONS: For the light rainfall observed, ADSID #52 reflected
the start and stop times very well (within 2 minutes). However, the counts/
minute were quite unreasonable, especially since no other sensors were
activated. It was possible that the gain on this particular sensor had
slipped. 'rhe rainfall rate of 0.12 inch/hr produced activations of 4.7
counts/minute. Because of the inconsistencies these data were not included
in the summary.
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SENSORS: ADSID #52 had a much higher level of activations than the other
sensors during the more quiet periods, and its data were not considered in
the analysis. The type one computer output showed several counts of 8, 9,
and 11 per minute for ACOUSID #970 which were not borne out on the X-T plot.
The overall activation pattern showed two brief periods of high activations
at the beginning of the test followed by an hour and 20 minutes of low
levels, U0 minutes of high levels, and finally 30 minutes of low levels.
Operator's comments on the X-T plot gave & good description of the changes
in rainfall intensity, thunder, and wind. Period of data was 05/2118Z -
06/0000Z.

RAINFALL/WIND: A brief shower(l inch/hr) at the beginning of the test was
followed by 90 minutes of variable, mostly light, rain, 30 minutes of heavy
rain (up to 4 inches/hr), and finally 45 minutes of lighter showers.
Accurmilation during the test period was one inch. Three hours later, another
period of heavy vain brought the evening's total rainfall to 2.9 inches.

Wind was light except for a period of gusts up to 32 knots near 2300Z. The
rain gauge records had time discrepancies of up to 25 minutes. One gauge
had unusually slow chart speed and another malfunctioned during the heavy
rain periOdo

OOMPARISONS/ CONCLUSIONS: A good rit between the rainfall patiern and sensor
activation levels was found. However, the sensitivity of the individual
sensors varied considerably, especially for the lower rainfull rates. The
excessive activation rate indicated for ACOUSID #970 was due to activations
of ancther sensor nearby which was on the same frequency and had been
implanted for surveillance of the closed hunting area. This sensor was set
at a lower gain setting, and its activations were only received during the
heaviest rainfall. After examining the digital dunp for activation times,
it was decided that all of the excessive counts for ACOUSID #9T70 could be
changed to 7 counts per minute. All sensors saturated for rainfall of

2 :I.nches/hr or higher, with the following minimum interval: 8.5 seconds for
ACOUSID 7970, 10.6 for ADSID #66, 9.5 for ACOUSID #1564, 10.6 for ADSID /55,
8.8 for ACOUSID #1450, 9.1 for ACOUSID #1396, and 10.7 for ADSID #46. 1In
the summary below, most of the sensors show & higher count rate for the

4 inch/hr reinfall than for the 2 inch/hr rainfall, which seems to contradict
the finding that all sensors were saturated at 2 inches/hr. The 4 inches/hr
rainfall lasted only 3 or 4 minutes. The timing of the activations within
the one minute summaries can lead to different . counts during such short
periods.

RAINFALL RATES SENSOR COUNTS AVERAGES

(inches/four) 970 #66 564k 55 jabso  J1396 f#46  ACOUSID ADSID
4,0 7.0 5.5 6.5 5.5 7.0 6.5 5.8 6.8 5.6
2.0 6.9 5.5 6,3 5.6 6.7 5.3 5.4 6.6 5.5
1.0 6.9 48 6.1 5.5 6.6 5.8 4.8 6.4 5.0
0.7 5.5 4.3 3.6 5.5 6.3 3.4 k4.5 ST 4.8
0.5 her 3.4 3.0 40 3.3 1.4 1.2 3.1 2.9
0.125 3.9 2.6 1.8 k2 2,0 1.0 1.0 2,2 2,6
0.05 1.9 0.0 0.6 2.0 0.7 0.2 0.3 0.9 1.1
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DATE: 6 December 1972

SENSORS: Two periods of activetions occurred, 1633Z to 1T711Z and 20392 to
2100Z. In both instances, ADSID #52 continued tramsmitting for 15 to 25
minutes alfter all other sensors had stopped; therefore, its &ctivations
could not be used in the anslysis. ACOUSID #790 had been removed and taken
to the 1lab for frequency change due to the presence of another sensor in the
area on the same frequency. It was given a radic frequency code of 1390,
and thern reimplanted during the first period of activetions of the test.
Period of data was 1626Z - 2201Z.

RAINFALL: Moderate rain fell between 1620Z and 1711Z and between 2032Z and
2115Z. The first period was characterized by moderate showers (0.5 :anh/hr)
interspersed with brief periods of light rain. The second period of rain
was somewhat lighter (0.33 inch/hr) and steadier, tapering off gradually at
the end. Total accumulation was 3/8 inch. The pattern, except for timing
problems, compared favorably from gauge to gauge. Data were available from
three gauges.

OOMPARISOI‘I/OONGLUSIOI\IS: Activations during the first rainfall period clearly
depicted the sliowery nature of the precipitation. Since the individual
showers were very brief, the rainfall retes used for comparison were averages
rather than instantaneous rates. Considerable variation in sensor count
rates occurred even though all sensors were at gain 4., The second period of
rainfall presented an interesting case. The rate was high enough that a
response should have been expected from all sensors. Yet only ADSIDs :#52
and #55 started transmitting when the rain began. Number 55 stopmed at the
end of the rainfall, but #52 continued on for 25 minutes. The other sensors
activated either for only the heaviest portion of the rainfall or not at all.
Operator's comments on the X-T plot only referred to light rain during this
period, when in fact, rates were as high as .5 inch/hr during part of the
period. It was possible that drop size during this period was small, leading
to the indications of light rain and low activation rates.

RAINFALL RATES SENSOR COUNTS AVERAGES
(inches/hour)
#1390 #66 #1564 #55 #1450 #1396 #F46 ACOUSID ADSID
0.5 i l"ol 3-8 51)"' 5.2 2.3 3.1 3-8 ll-.2
0.33 1.6 0.5 0.0 4k 06 0.0 0.3 0.5 2.1
0.17 ' LS 2.5 2-0 ll'ca 3.3 200 2.2 2.)'" 3.0
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Canmbined Comparison Results - Obviously, the size of the data sample and
the range of sensitivities of the various sensors do not warrant a sophis-
ticated statistical analysis of the comparisons. Examination of the daily
test results indicated that the data should be separated into three categories
for analysis: <the ADSID and ACOUSID gain U4 data, and all th2 gain 3 data.
The reason for separating the ACOUSID and ADSID data is the apparently shorter
response time and therefore higher activation levels of the ACOUSIDs during
heavy rainfall. This separation of the data did reduce the size of each
sample, but was determined to be necessary. Compilations of average and
individual sensor counts were not "pure" data, because the number of sensors
for wvhich a comparison was availatle was different from day to day, and
individual sensor rates *#ere not computed for the days through 7 November.
Graphs of sensor count vs rainfall rate were plotted, with separate phs
for individual sensor counts and aversge counts for the gain 4 data (Figures
10 through 14). Some adjustment was mede for the heavier rainfall rates to
account for the findings previously discussed on saturation rates. Various
tables were also prepared, listing and aversging all rainfall rates observed
within specified increments of sensor count, and for sensor counts computed
within specified increments of rainfall rate, but these did not appear as
instructive as the graphs. The large degree of data scatter for the lower
rainfall rates may be attributed to several causes., First, the sensors have
varying degrees of sensitivity, especially for these lower rates. Second, on
the "average" graphs, the averasges are for different sensors and different
numbers of sensors in each case. Third, other effects, such as thunder,
traffic, and wind, were present in varying degrees on different days. Fourth,
the rainfall and sensor count rates computed were, because of the showery
nature of the precipitation, not instantaneous rates, but rather averages of
varying rates over a period of time. Finally, drop sizes may have been
different for a given rate, causing different activation rates. Nevertheless,
we believe that these graphs, especially the "average" graphs, can uve “1sed
with a reasonable degree of assurance in analyzing sensor activatioa leveles
for rainfall rates.

Sensor Data - Acoustic Returns

All data received from the sensors were recorded on lh-track megnetic tape
by the FR 1300 recorders. During the period 21 September - 13 November, the
ACOUSIDs were commanded for acoustic data for various intervals. (After
13 November, we determined that continuous seismic monitoring was more
valusble, since we were then operating with only one sensor string.) The
vritten comments on the X=T plots indicated when acoustic data were being
recorded. A total of 39 reels of tape were used on these tests.

With assistance from personnel of the Audio Distribution System of the
"Music Box" Facility at Eglin AFB, selected portions of these magnetic tapes
were replayed. An H. P. Sanborn 3900 tape recorder was used, and a timwe hack
(accurate to one second) was displayed on a digital clock for reference to
other data.

During the earlier portion of the test, ACOUSIDs were commanded about once
a minute, Upon command, the sensor would transmit audio for 19 seconds, then

>
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Fig 10. Individual gain 4 ADSID activation rate vs rainfall rate.
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Fig 11. Aversge gain L ADSID activation rate vs rainfall rate.
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Fig 14. All gain 3 seismic activations ve rainfall rate.
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TIME COMMENTS TIME COMMENTS i
P 1) 4 Start acoustic portion 21202 Start sensor-maybe light rain {
21zi Very light rain 2121 Thunder {
2121:05 Thunder 2122 Light to mod rain ,
2122 Increase to mod rain 2123 Mod rain {
2123:25 Thunder 2123:21  Thunder |
2125 Slight decrease in rain 2126 Rain decrease to 1light i
2127 More decrease 2127:24 Little thunder {
2128:50 Thunder 2129:25 Good thunder i
: 2129:26  Thunder 2130 Light rain :
: 2130 Rain decreasing more 2131 Thunder - lots “
2130:28 Thunder 2132 More thunder
2131 Lots of thunder 2133 Rain almost stopped
2132 Light rain 2134 Thunder
2132:25 Lots cf thunder 2135:05 Good thunder
2133:43  Thunder 2137 Almost nothing
2134 Very light rain 2140 Increase in rain-light to mod
2i35:05 Thunder 2140:30 Good Thunder
2135 Light rain 21 Down to light rain
2137:05 Thunder 2142 Up to mod rain
2139:33 Increase in rain to mod 2143 Heavy rain{
2140:25 Thunder 2144 Down to mod+ rain
2142:05 Now mod+ rain 2146:05 Thunder
2142:45 Heavy rain! 2147 Slight dropoff in rain to mod
2144 Slight decrease 2149 Slight, then big increase in rain
2145 Heavy to mod+ rain 2151 Down, then up, then down
2146:18  Thunder 2152 Light to very light. One short
2147 To mod, then heavy, then burst up, then down again.
mod; up and down.
2152 Decrease to light rain,
then very light rain.
w4
5
i
F} ; Fig 15. Compariscu of acoustic data received from two ACOUSIDs on ‘
i 10 Nov 1972,
L
ol |
| 4
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it would be off until commanded again. The noise level during these "silent
periods” was so mich greater than the actual sudio that it became very dif-
ficult trying to evaluate the short perlods of audio. However, on

26 September, 10 November, and 13 November, the audio commands were sent
automatically every twenty seconds. Except for a loud beep every twenty
seconds, the retumms were continmuous audio. Listening to these tapes was
not only easier, but also very enlightening. On 26 September, the ADSIDs
had been reporting some activations, yet no rain was in the area. By
listening to the acoustic data, we could hear some traffic, both air and
ground, occasional thunder, end some bi:vis in the background. Nearby thunder
completely saturated the ACOUSID response. On 10 November, there were over
thirty minutes of continuous audio during a large thunderstorm with various
rainfall rates. Figure 15 is a log of the data heard from two of the
ACOUSIDs. On 13 November, there were numerous short sections of continuous
audio, but the rainfall was not as variable., We had hoped to determine
from the audio reports the reason for the high level of seismic activations
in the absence of rainfall. Considerable thunder ias heard throughout the
period. Wind could not be detected in the audio signal. Only two ACOUSIDs
were transmitting during the first rainfall period. The sounds from the
two were similar, except that one was more sensitive. During the second
rainfall period, one ACOUSID failed while the other was operating intemmit-
tently. Consideradble thunder was still heard during the usable audic
periods. We listened to the channel which recorded the COMMIKE signal on
several of the tapes. We heard nothing but noise on any of the samples
checked.

It was apparent from listening to the ACOUSIDs and from the logs that
rainfall rates at the different sensors within a string changed at about
the same time. This contrasted sharply to the 10 to 15 minute variations
between the much more primitive rain gauge indications. Also, the changes
in rain intensity heard in the audio signal corresponded very well in time
to the changes in level of selsmic activations. This was valuable in
analyzing the data for 10 November, when seismic activation levels remained
high during light or no rain periods because of thunder. We could see no
wvay of quantitatively adjusting the seismic count during rainfall perlods
for activations caused by other phenomena, such as thunder, so these periods
were excluded in the comparisons.

A video display of the audin returns for selected test periods was made
on an He P. Sanborn 7702 strip chart recorder for ACOUSIDs #970 end #1564
on 10 November. A portion fram #970 is shown in Figure 16. A time hack
was placed on the chart every minute. By comparing the width of the trace,
one can readily see the changes in rainfall intensity. Also evident on the
chart are the 19-second "beeps" and the response from thunder. Thunder
caused the recorder pens to impact on both ends of the scale, frequently
damaging the pens. By reducing the gain on the recorder, the responses
from thunder could be kept within range, but the rainfall detail was lost.
These strip charts were useful as an aid in separating the seismic activa-
tions due to tlinder from those caused by rainfall. However, if the
activations which occurred from thunder were removed from the seismic count,
it still could not be determined whether rainfall would have triggered the
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HEAVY RAIN

MODERATE RAIN, INCREASING

MODERATE RAIN

THUNDER

LIGHT RAIN, INCREAS'NG

THUNDER

MODERATE RAIN

THUNDER

THUNDER
LIGHT RAIN, INCREASING

THUNDER
LIGHT RAIN

2142+

214 «

21404

2139+

Time ——

{ Fig 16. Visual display of portion of acoustic data from 10 Nov T2,
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ADSID during the same re period. poi'tions of the acoustic
datawererecordedonalhinchmagnetictapeat?-grl’s. The same signal
was recorded on two channels. 1

After 25 November, no acoustic data were collected, because we had suf-
ficient audio data for reproduction purposes and wanted to test the ACOUSIDs
in the pure seismic role. No seismic data could be obtained for the
ACOUSIDs while they were in contimuous audio command. During the earlier
parts of the test series, when the ACOUSIDs were commanded once per minute,
the seismic count could not be used in analysis because of the 19=second
period of each nminute wben counts were not availlable. In an operational
situation, when weather personnel were monitoring the sensor operation in
real time, the audio command would probably be used as a brief check on the
seismic returns, without significantly affecting the value of the seismic
data.
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CONCLUSIONS

l. Seismic activation rates from intrusion sensors can be used toc infer
rainfell rates with some degree of confidence.

2. Sensors "saturate,” that is, activate at & maximm rate when certain
rainfall rates are exceeded.

3. There is a lower threshold value of rainfali rates below which sensors
- do not activate.

fos s S

- L, Gain settings strongly affect the sensor activation rates in rainfall,
i the lower threshold, and tlie rainfall rate at which they saturate.

5. Sensors with the same gain setting have different sensitivities to rain-
fall, especially for lower rainfall rates.

e A .

6. Acoustic sensor returns are invaluable aids in interpreting seismic
returns.

’_“/ T. Insufficient data were collected to determine the effects of different
s types of vegetation on rainfall sensor activations.

8. Seismic sensors are very responsive to thunder, especially nearby thunder.
No definite ceonclusions could be reached on the effect of wind.

9. If seismic sensors are to be used to obtain estimates of intense rain-
) fall, gain settings of 4 and 3 should be used to increase the spectrum of
rainfall rates which can be inferred.

f 10. Because of the data processing capability needed for recovery of rain-
fall estimates, the use of intrusion sensors to obtain rainfall estimates
*. should be done in conjunction with routine sensor intelligence operations.
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RECOMMENDATIONS

1. Although noise levels may obscure the rainfall returms, it would be
worthvhile to evaluate sensors with gain settings of 5 and 6 to more
accurately estimate lower rainfall rates.

2. If more accurate rainfall comparisons are needed, & controlled experi-
ment with a wider rariety of rainfall rates, less variability of rainfall
rate occurrences, and accurate rainfall rate and drop size measurements i
recomnended,

3. 3Before any operational program of sensor rainfall analysis is begun,
the sensors to be used must be evaluated carefully because of variations
in seasor types and modifications in design and capabilities.
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