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1. Introduction

This report describes a program for the measﬁrement and anaiysis
of the depolarization and differential attenuation that occur when
millimeter wave signals propagate through rain. Ihitial data will be
taken along a 1.43 km path at 17.65 GHz and a supqutiﬁg theoretical
model will be Qeveloped to relate the propagation effgcts-to rainfall
rate and windvvelocity.

Figure 1 presents a block diagram of the overéll éxperiment. It
consists of (1) an RF system (millimeter wave tranémitter and recei§er),
2) transmitting and receiving antennas, (3) a weather System with rain
gauges, wind'sénéors, and drop counters, and (4) a ﬂigital control,
processing, and data storage system built around a Ra&ﬁheon PB 440 com-
puter. 'The sections to follow report the status of these systeﬁs in

detail.

2. Revised Choice of Polarization

Our first intent was to transmit and receive horiéontal and verti-
cal_polarization, but a careful review of the theory‘ied to a decision
to begin with polarizations + 45° frém vertical insteéd. The reésons
follow. |

Depolarization would not occur if raindrops wefe spherical and if
single-drop forward scatter were their only mode of interraction with
millimeter waves. These conditions are not realistic;rmultiple scatter,

oblique scatter, and departures from a spherical geometry all cause



weiderq yooTg juswTasdxy 1 2an3tyg
} HONNd
4dvVL 43dvd ANTT
VIV
JILNdWOO Q%h-dd JITIOYINOD .
NOFHLAVY TVLIIOIA 4
L A
SYOSNIS ANIM
N
P4
\ e [£'; T#
SHENTIT
INOHAHTAL >
4 1983 4 T# A4
SIONVO NIVY
YIAATADTE 3 YILLINSNVYL

VNNI LNV

aazI4v10d-1vaa

.nA” - | SYAIIHOTIN €4 °T

VNNILINV QHZI¥VI0d-1vVAd




depolarizétion. Non-sphericity is the most important factor in rain
depolarization and the only one treated by contemporary theory.

~Real raindrops resemble spheroids with symmefry'about a major and
minor axis, and the flatness of a drop increases with itsvsize. Because
of the symmetfies involved, waves polarized along the principal (major
and minor) axes of a drop are not depolarized during forward scatter.
They are depolarized in oblique scatter, an effect that present theory
ignores.

Waves pﬁlarized along the major axis are attenﬁéted more strongly
than waves polarized along the minor axis. This differential attenuation
depends on the rainfall rate R, and for the path and ffequency covered
in this report its theoretical value ranges from 0.19 dB at R = 12.5
millimeters/hour to 2.9 dB at 150 millimeters/hour.v-The'degree of .
cross polarizati@n that the differential attenuation will produce is é
function of the angle between the incident E vector and the minor axis
(for purposes of discussién the angle could be measﬁfed.from either axis)
of the raindrop} An angle of 0° produces no depolarization while an
éngle of about 45° maximizes the depolarizatiom.

Raindrops are usually canted at an angle determined by the local
wind velocit&. Workers at Bell Telephone Laboratories have estimated
an éverage.cahtiné anéle (between the minor axis aﬁd vertical) of 15°
during heavy rains; and one might expect to observe avérage canting
angles between 0° and 15° as the rain progresses from light to heavy.

In this experiment we want to observe rain depolérizatidn.as often

as we can--i.e., in the lightest rain possible. This means that the



transmitted polarizations should be + 45° from the exﬁected canting
angle, and not horizontal and vertical. Since the expected canting
angle range is 0-15°, polarizations of + 45° from the vertical were
selected. Thé advantages to the experiment of this choice of polari-
zations are evident from Figure 2, which compares the expected cross
polarization 1e§els for vertical and for + 45° polarization. 'For ver-
tical polarization, expected cross polarization levéls lie below the
bottom curve, while for + 45° polarization the data‘should fall between
the top two.éurves. The differences are major; for-antennas with

~31 dB cross polarization discrimination and + 45° polarization,de-
pplarization.wdgld be measured at.33 mm/hour rain af 0° canting angle
and at 38 mm/hbur for a 15° angle. Vertically polafized signals on
the other hand would result in no depolarizétion for 0° drops and
would require a rainfall of 60 mm/hour to produce detectable depolari-
zation with drops canted at 15°. Therefore polarizations of + 45°

from the vertical were chosen for this experiment.

3. RF System

3.1 Introduction

The RF and:associated control equipment were deéigned to measﬁre
three basic parémeters: (1) the simultaneous attenuation of the +45°
and -45° polarizations, (2) +45° attenuation and +45° to -45° cross-
polarization conversion, and (3) -45° attenuation and -45° to +45°
cross—polarization conversion. The RF system was fabricated to inter-

face with a Raytheon PB 440 computer using negative 8 volt logic.
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3.2 Work Schedule

The period from 1 January to 31 March 1972 wéé'devoted to subsystem
design, procurement, assembly, and testing. Subsystems designed included:
the receiver, the transmitter, emergency power systems for the trans-
mitter and receiver, waveguide switching circuits,'transmitter remote
on-off circuit, and receiver and transmitter alarm légic. These de-
signs are complete and their construction status is discussed individ-
ually below,

The period from 1 April to 30 May 1972 was spént aligning the re-

ceiver and transmitter and testing both for reliability.
3.3 The Transmitter

The traﬁsmitter was designed to meet these specifications:

1. Operating Frequency: 17.650 GHz + 0.005% |

2. Operétion Mode: CW -

3. Operating Independent Channels: 2 (+45° and ;45° polarization)

4, Operating Minimum Output Power: 25 milliwatts per éhannel

5. Switching Capability: transmit or no transmit remotely

selected for each channel. |

The heart of the transmitter. (Figure 3) is an RDL, Inc., 17.65 GHz
source, model POOK 131. This uﬂit meets the-frequenCy and power speci-
fications listed above. An attenuator follows the source to permit
field adjustment of the output so that the receivgr.will_operaté>0ver
its full dynamic range. .The signal from the source is monifored by

a General Microwave 460B power meter through a 40 dB coupler. The
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source output is split by a 3 dB coupler into a +45° and a -45° channel.
The attendator in the +45° channel insures that both channel outputs
are identical. Each channel contains a waveguide:switéh that can
either terminate the signal in a ﬁatched load or sen& it on to the
antenna.

The transmitter has been built and bench tested and now is under-
going reliability tests. Data taken during the bench tests are listed
below.

1. Frequency: 17.65 + 800 KHz

2. Power Qutput: 26 milliwatts per channel:

3. Isolétion Between Channels: > 60 dB

The transmitter output power was set in the 1abofatory after a
consideratién of path loss, antenna gain, and receiver éehsitivity.

It can be chénged in the field to coincide with the dynamic range of
the receiver.

The transmitter has been licensed by the Fedefél Communications
Commission as a contract developmental station in the experimental

radio service. 1Its assigned call letters are KQ2XOC.
3.4 Transmitter Control System

A remote control system for the transmitter was designed to allow
the PB 440 computer to operate the waveguide switches and receive mal-

"on~-off". control was required for

function alarms. A remote positive
the transmitter for compliance with FCC Regulation 5.106 Subpart C,

Experimental Radio Services. A power switching circuit was designed



to switch automatically from 60 cycle power to battery power in case

of power failure.
3.5 Waveguide Switching Circuit

Figure 4 illustrates the waveguide switching circuit. Pins 2
and 3 and.4 and 5 carfy 28 volts for the +45° and -45° channel wave-
guide switches respectively. Pins 1 and 7 are the -8 volt lines from
the PB 440. Both switching circuits are shown in the transmit position--
i.e., the waveguide switches are activated and are ;duting power to the
antenna. .Qlol through Q104 are high-beta transistors to ‘insure a high

input imbedance and low current drain.
3.6 Malfunction Alarm System

The traﬂsmitter alarm system generates a negati§e 8 voit logic
signal if the transmitter power supply fails or if tﬁe waveguide
switches assume different positioﬁs from those spécified by the
PB 440. Figure 5 illustrates the alarm circuit and its associated
dual_inveiter, NOR gate, .and pulse filter. This cichit hag been

bench tested ‘and operated reliably.
3.7 Remote "On-Off" Circuit

Figure 6 represents the transmitter "on-off'" circuit. The entire
circuit, less’'Sl, is located at the transmitter. S1 is a key switch
which is 16catéd next to the PB 440 in a secure enclosure. Only pro-
perly authorized personnel have access to the switch. The circuit has

been built and tested; it operated for 346 continuous hours without failure.
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Dual Inverter Circuit (two on:the p.C. boardj

) ,(D -8 volts
R4 { :

2%1(8 R 6% L 5?7 620
’; | _01“ 471 pf | 'D_'.>2i c2 “471 pf
—AN\—11_ @ Nr-
| RS R7
s iZK R <

.(:) “ground i B

(:) -8 volt supply Negitive logic NOR gate and variable
pulse filter circuit. (one on the p.ctDboard)

-8 ,
All diodes are S405G volts

ccl

R9 R10
D3-D7 620 R11 IK 620
C31271 pf : C
@'—"'Kl 1 ‘>_{_ D8 D9 R14 10K
Kl H—id—\,
R12 15K

C4 _l. » , R15

10K

____I.d-—--
O—— ®Y

e - .

All transistors are TIS38 except Q3 which is MPS6518

_ ® , &>
Logic Relay " | Waveguide .

Signals Driver | 0,28 volts| Switch ‘NO o :
From the v V//TNC o e :
Computer C - 4 A/

Relay Waveguide : ‘rz\ -

0,-8 volts| Driver | 0,28 volts - Switch NC -
< . _NO )

: — \\Y; 4 .

ower ’ | % Extra

Alarm o o
Positive logic: NAND
Negitive logic NOR

Inverting : . :
Variable ﬁﬁiﬁﬂc to <§>
Pulse Filtek  the Computer

Figure 5. Alarm Circuit
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3.8 Transmitter Power Switching Circuit-

This circuit (1) regulates the +28 volts to the transmitter,
(2) trickle charges the batteries, (3) switches over from liné
power to battery power when necéssary, and (4) produces a -8 volt
signal for fhg alarm circuit if a power loss occurs. :Figure 7 shows
the entire switching circuit. It has been built and bench tested,

and it performs all required functions.
3.9 Receiver

The receiver was designed aroupd these specificéﬁioﬁs.

1. 2 Channel CWIMoae Operatioﬁ at 17.65 GHz .

2. =70 dBm Sensitivity/Cﬁanhel

3. Isolation Between Channels -60 dB

b, Easily Intgrpreted Transfer Function

The recéiVer, shown in Figure 8, is a single-conversion CW receiver.
The local oscillator is tunable over a‘wide range buﬁ is set at 17.68
GHz in order to produce a 30 MHz IF. Neither sweebing the local oscil-
lator nor‘AFcidircuitryAwere found to be necessary.. [The gain of the
receiver is fi#t over the 10 MHz IF bandwidth and the local oscillator_
frequeﬁCy néver drifts far enough t§ take the IF signal oﬁt of the |
passband. |

The attenuators in each leg adjust the receiver segsitivity, and
the isolators insure isolation between channels. thé isolator.aﬁ the

local oscillatdr'output protects the LO from any mismatch. The 30 MHz
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IF presented to the logarithmic amplifier produces a linear DC out-
put which ié then fed to an A to D converter for interpretation.
Several tests were run on the receiver and the results are listed
below. It should be noted that because of the specialized function
of the recéiver, standard definitions of specificatiéns do not al-
ways apply. Therefore an attempt to define the tefmé has been made.

1. Smallest Input Signal Detectable (at O dB SNR’:—80.78 dBm

2. 1Input Signal for 3 dB Signal td Noise Ratio- at Log Output:

- 60.78 dBm o

3. Mixgr Gain: 16.78 dB at 30 MHz

4, Iﬁter—Channel Isolation: > 60 dB

5. Gain Variation Over IF Bandwidth: + 1 dB

6. Dynamic Range: 6& dB

7. Linearity: See Figure 9

The receiver will have auxilliary power capabilities similar to

the transmitter. These circuits are under construction now.

4. Antenna System

4.1 Antennas

The antennas to be used are Control Data Corpofétion 48 inch

.parabolic‘réflectors. There will be one dual polariéed-antenna at

each end of the path. Question-mark waveguides through the center

of the reflector are connected to an orthomode transducer and a

scalar feed at the focal point. The question mark feed together
with a symmetrical four-spar support structure is*éxpected to produce .

the lowest possible cross-polarization level (30 to 35 dB below the
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main beam>peak in the principal planes). Test data will be suppiied

by the vendor. Boresight telescopes will be mounted on each reflector
to facilitate antenna alignment. Delivery of the'antennas is expected

about 28 June 1972.
4.2 Antenna Mounts

The mounts for each antenna consist of an Ainslie Antenna Company
Space Frame Mddel S-4 plus an adapter structure to attach the reflectors.
The space frame is an off-the-shelf item which can withstand up to

150 m.p.h. winds. It may be adjusted + 5° in elevation and + 7 l/2°

"in azimuth and can be locked into final position. The adapter struc-

tures have been built by our techmicians.

4.3 Path Considerations

After a long search of possible antenna locations,va patﬁ which
is nearly east-west was selected as sketched in Figufé 105 The trans-
mitter is located on a hill on a university farm on tﬁe wes;‘side'of
campus. The)péth extends over a pasturé,.a golf coutée, and between

campus buildings to the.receiver site on top of McBryde Hall in the

main part of the campus. The main beams of the antennas do not inter-

cept the ground or any other obstacle. 1In fact, tﬁe:angle to ground
from the transmitter location to mid-path is 2° and the angle from

the main beam maximum to the first null of the radiation pattern is

about 1°, The path profile is shown in Figure 11. The path length

is 1.43 Km (4700 feet).
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5. Transmitting and Receiving Sites

5.1 Receiving Site

The receiving antenna will be mounted on to'an'aif~conditioning
penthouse-oﬁ top of the sixth floori of McBryde Hall., vThe space frame
has been moﬁnted to the éide of the penthouse. The waveguidés for
the feed wiil go through the wall and connect to the'feceiver inside
the penthouse. Space has been provided for an additioﬁal antenna for

future work. -
5.2 Transmitting Site

The transmitter will be housed in a tower constructed from poles
and lumber. The current stage of construction is sﬁqwn in the photo-
graph of Figure 12. A roof will cover the transmittef‘hpusé and ééréh
in front of the house. A partial drawing of»the‘towe? in Figure_l3‘
shows the froﬁt face to which the antenna will be mouﬁted. The Cross
beams are 3 1/2"x 4 1/2" x 8' utility pole crosé arm;._ The po;ition
éf the mounting pads for the space frame and the énfenna itself. are

shown in Figure 13. The center of the antenna is 12 feet above

‘ground level. Space has been provided on the right side for an

additional antenna for future work.
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'Present Status of Transmitter Site

Figure 12,
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6. Weather System

6.1 Rain Gauges

Six Weather Measure P501 remote recording tipping-bucket rain
gauges were purchased. Five of these will be plaéed along the pro-
pagation path with an average spacing between gaugés'df 268 meters. -
The sixth gauge will be held in reserve as a replacement in case one
of the otheré malfunctions or is damgged. |

When ipstalled the gauges will be numbered 1 tﬁroﬁgh 5, béginning
at the transmitter. Numbers 1 and 2 will be locatéd.in open.pasture-
land. Numbér 3 will be on the edge of a éolf coursé?.énd number 4
will be between Derring Hall and Greeﬁhouse Road. GaﬁgeyS will be
on the roof of Norris Hall. Roof iocations are 1es§ favérable rain -
gauge sites than ground locations, but all unoccupied gféund beneaﬁh
this paré of the path is shielded by buildings.

‘Each r;in gauge will be enclosed by a Weather Meaéure P565 wind-~
shiéld for inéreésed accuracy under conditions of hfgh:Wind.‘ The
first windshields received from the manufacturer were dgfective (&rilled
with the wrong size holes) and have been returned to_Weather'MeaSUIe.
Replacementsvare in transit and field installation by.July 1 is expected.

‘The rain»géuges have been interfaced with theiPB 440 computer and
a progfam‘was developed which counts the number of trips and records
the time of each tfip. The program is now in 24 hour operation with
the gauge nearest the receiver. Table 1 in the Appén&ix displays the
data that this gauge gathered during tropical storm‘”Agnes,; June 19-22, 1972.

The processing was done by an IBM 370/155. The remaining gauges will be
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on line as soon as their field installation permits;
6.2 Drop Counters

A raln gauge records the volume of water falling.into its collection
area. Of qual'importance in analyzing rain effec;s in_miliimeter wave
propagatioﬁ»is the size distribution of the raindrops. When large amounts
.of data are analyzed, the Laws-Parsons size distribution gives good agree-
meﬁt for average propagation effects, but in many éxpgriments reported
in the literatufe sizeable departures from theory éfe.ébserved during
occasional storms or during intervals of a single‘stofm, aﬁd these may.
result from changes in the instantaneous drop size:distribution.

To reduce uncertainty about the raindrop size, some efforts to de-
velop an inexpensive but reliable drop counter forithis projéct have. been
made using volunteer undergraduate assistants. An accoustic approach
failed, but an electro-optical counter gave good reéults in éreliminafy
trials and prototype model is now under construction. It is expected
to count the total numBer of drops falling in a known area, and indi-
cations are that it may have enough resolution to maké useful size
measurements. But even the total number of drops félling per unit
time will be Qaluable, since it plus the rain gagge'éutput fo; the same
time periodlprovide sufficient information to calcﬁiaée the median drop
size. The instantanéous drop size distribution can then be approximated
as a standard one with its median shifted to the measured value. If the
prototype model is successful, drop counters will Be'installea beside

each rain gauge,
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6.3 Wind Sensors

Three Weather Measure W121 wind sensors have been ordered and de-
livery by 1 July is expected. They will be installed near the trans-
mitter, the‘midpath point, and the receiver, The wind'sensors will
generate dat;‘onywind velocity along-the>§ath; this factof ig expected

to be of major importance in rain depolarization.

7. Digital Control and Data Storage System

7.1  Introduction

There are fhree major factors involved in choosing a digital

rather than an analog system for control and data storage in this ex-

. periment. The first consideration is the amount of data needed to

provide an adequate model for the depolarization phepoménon. - There

- will be at least 21 data inputs to the system: two from the receiver;.

five from rain gauges, five from drop counters, sixufrpm wind-éensors,k
one from the traﬂsmitter power meter, one from a possible rain;temper-
ature sensor, and one from system alarm sensors placed at key pdints
in thevexperiment. The necessity. for 21 inputs preciudesvdata col-
lection by the analog chart recorder method. The seéohd consideratiqn
ié the amount of time required to translate déta'ffbm chart recorder

paper to a form suitable for computer processing. An IBM 370/155 com-~

puter will ultimately extract statistical information from the data

and with a digital recording system the data is already in the proper
form. The third consideration is the additional benéfits which an

on—-line digital computer would lend to the experiment. ‘These include
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réutine and automatic checkouts of the entire system, preliminary
data processing and reduction, automatic variation ofvsémpling inter-
vals with changing weather conditions, and continuous,mqnitoring of
the entire system to provide immediate notice of failuré.

Figure 14 illustrated the control and data acQuisition éyétem
used in this experiment. The following sections outline its major

components.
7.2 The PB 440 Computer

The Rayfheon PB 440 computer is a second génetation-special
purpose machine intended for digital coﬂtrol appliéatidns and ﬁhé
modeling of. larger computers. The unit used in this:exPeriment has
8K of core sﬁorage and both magnefic and éaper tapé Qépability; it‘
has operated almost continuously fér the past six ﬁonths with no

significant failures.
7.3 Analog to Digital Converter

The data inputs from the receivers, the wind sensors, the power

meter, and the temperature sensor are analog voltages which must be

- converted to digital form for computer use. 4An8-bitﬂénalog to digital

converter has been built to perform the conversioi, since PB 440 logic

is incompatible with the A to D converters presently owned by the de-
partment. Tests on the converter revealed a maximum conversion error

of one part in 256 or 0.4%.
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7.4 Controlier,

The coﬁtrdller is the name given to the interfacing and timing
circuitry which connects the vafious inputs to the_cémputer. As
shown in Figure 15, the clock is the heart of the coﬁtroller.

The clock is an oscillator follﬁwed by a chain.of freqqency di-
viders. The oséillator is a stable source with a squafé wave output
at 100 KHz which has been checked and adjusted wiﬁh‘ﬁhe standard Sig—b
nal of WWV. The frequency dividers are a series of divide—by—ten
stages and provide the outputs down to 0.0l Hz which ‘the rest of the
system reqﬁires. | |

The clock register stores the time of day whichvis used to ré—
cord the time that a particular pieée of data is taken. The clock
register couhts fhe 5 Hz output f;om the élock and therefore records
time to the néarest 0.2 second. The clock register i$ feset when
the count readhés 432,000 (decimal)which represents midnight_and thé
beéinning of a new day. -

The interrupt system is used to sequence>the daﬁa inputs to the'
computer since any number of inputs may occur simultaneouslyQ':Thére
are 24 flip-flops, each of which is set_by the presence of data from
one of the sources; The interrupt system scans thesé=flip—flbps iﬁ
turn, stops when it encounters one which has been set;.records the
appropriate data, resets the set flip-flop, and moves on to the next
flip;flbp in the squence.

The encoaer combines the appropriate data with tﬁe time which it

occurred (as contained in the clock register). It then generates a
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—
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¥y
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Figure 15, Controller Block Diagrém”'
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five-bit éode represehting the source of the data'and'gates this into
the computer along with the data and the time.

The timing and control section was built to handlé the timing
problems encountered when the controller and the computer are operated
simultaneously. This section signals the computer when data is ready
and gates it into the computer at the appropriate time. If the com-
puter does not respond within two milliseconds thevcontroller channels
the data direcﬁly onto tape for storage until the compﬁter is ready
to receive it.

Complete circuit diagrams for the variousAparts bf:the controller
will be furnished with the final report. The controiler will\héve a
backup powervséﬁrce and will continue fo record’dataién tape in the

event of a power failure.
7.5 Alarm System

As stated previously alarm sensors are being pléded at key pqints
in the experiment. These will all be fed ﬁack to the' PB 440 for moni-
toring in case of failure. 1In additioﬁ the status of the entire sys-
tem will be mqnitored continuously by project personnel, A multiplex
transmitter ié Eeing installed ét the computer andva matching receiver
at the home of'faris Wiley‘via telephone lines. Up fo 64 error codes
_can be transmittedbover the lines and will permit imhediate acfion in
case of failure of any system component including the computer and con-

“ troller.
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8. Appendix. Sample Rain Data

RAIN DATA FOR 19June 1972  DETAIL LIST FOLLOWS PAGE

ACCUMULATION IN .01 INCHES LOCAL TIME  RATE IN IN/HR RATE IN MM/HR

] 1116:42.8

2 1117:39.4 0.643 16.33
3 1122:53.6 0.115 2.91
L 2032:21.6 0. 001 0.03
5 2257:34.6 0./004 0.10
6 2341:27.0 0.014 0. 35
7 2344: 9,2 0.222 5.64

DAILY MAXIMUM RATE 0.643 IN/HR OR 16.33 MM/HR AT 1117:39.4

DAILY ACCUMULATION 0,07 INCHES



RAIN DATA FOR

ACCUMULATION IN . Ol INCHES

8
9
10
11
12
i3
ik
15
16
17
18
19
20
21
22
23
21,
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
Ly
45
46
47
48
49
50
51

35

20JUNE 1972  DETAIL LIST FOLLOWS

0 5:18.
2 6:10,
313:33.
320:15,
332:47.
338:48.
34814,
L 8: 3.
L13:36.
L16:53.
420:1370
L24:13/4
428:50.
L33:42,
Lu2. L,
Lu7:38.
45255,
5 3:20.
511:16.
518:21.
523:26.
528:51,
53445,
539:22,
552:45,
555:54,
6 0:11,
619: 4,
627:18.
629:18.
631:18.
633: 4.
63L:48,
635:45.
636:60.
638:31.
640:30.
641:53.
6L43:43,
645:35,
647: 1,
648:35.
651: 9.4
653: 6.8

MNoONOYEDMNMOMNMNOO PO

QOFOONODOINNOOVONFIFFNODOONDOONNLETOANOOONOYN

LOCAL TIME

RATE IN IN/HR

[eNoNeoNeoNeoNoNoNoloNoloReoNoloNoNeNolleoNoRololoNoloNeNoNoNoNoNoNeNeNoNoNoNoNeNoNoNoNol ool

.028
. 005
.009
.090

048

.100
. 064
.030

108

. 184

181

.150
.130
. 123
.072
.108

114

. 058
. 076
. 085
.18
L1
. 102
.130
. 045
.190
LN
.032
.073
.300
.303
.343
.3L6

632

.4186
.396
.303
439
.327
.321
L2k
. 387
+234
.308

PAGE 1

RATE N MM/HR

.72
13
.23
.28
.22
.53
.62
.77
.75
.67
.59
.81
.31
.13
.83
.7k
.89
L6
.92
.16
.00
.81
.59
.30
b
.84
.57
.81
.85
.62
.68
.71
.79
. Ok
.36
.05
.68
.15
.31
.16
.76
.83
.9k

SNOPMNMNAOAODON—=O0OWE—=WNNWN—==NN—-WWWEEFNO—~N—=NOOO

o o 0000 —

~J
[0
N



RAIN DATA FOR 20JUNE 1972

ACCUMULATION IN .01 INCHES

52
53
oL
55¢
56
57
58
59
60
61
62
63
6L
b5z i,
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96

36

DETAIL LIST FOLLOWS

LOCAL TIME

655:19.
656:49.
657:46,
658:21,
659:24.
7 1:16,
7 3:43.
7 6: 8.
7 7:18.
7 8:35.
710:54,
735:45,
749: 7.
818:12,
820:36.
822:20.
824 8.
825:41,
828:24,
833:39.
920:31.
1015:27.
1239:23.

12477373008

1313: 2,
1536:23.
1557:22,
1559: 8.
16 0:43,
1653:48.
1616:49,
1843 :54,
1848 :45,
18L49:42,
1850:12,
1850:40.
1851:22.
1852:17.
1854:37.
1856:40.
1859: 1.
19 0:48,
19 2:34,
19 4L:49,
19 7:11.

NMNoONOOONOYE OOV OV EEENNNMNOOEREONN

2

OO FEFENOONOTNOONN—~IOO0ONON

RATE IN IN/HR

oNoNoNoNeoNeoNoNeoNoR B oeoNoNoNoNololNeloloNoNoNeNoNeoNoNololoNollelololNolNo o oo oo RNl el Nl

.273
.4oo
. 643
. 029
.571
. 321
247
.248
.514
. 468
.259
. 024
.0ks5
. 021
.252
.316
.367
.391
. 221
Lk
.013
.01
. 004
.073
. 024
. 004
.029
L340
.379.
.196
. 046
. 004
.124
.632
. 241
.286
.878
.667
.257
.295
.255
.336
.340
.267
.254

RATE IN

3.
10.
16.
26.
14,

8.

6.

6.

w
.

wW W
N —

—_— N
OO OOTIT OV

WO~ WVWPOOO—-—OCODONNTIVWIOOD —O O —

PAGE
MM/HR

93

2
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RAIN DATA FOR 20JUNE 1972 DETAIL LIST FOLLOWS PAGE 3

ACCUMULATION IN .01 1INCHES LOCAL TIME  RATE IN IN/HR RATE IN MM/HR

97 19 9:20.4 0.281 7.14
98 1912: 7.2 0.217 5.5]
99 1914:45.6 0.228 5.79
100 1917:38.8 0.208 5.29
101 1920:31.8 0.208 5.29
102 1923:57.0 03176 L, 46
103 1926:47.6 0.212 5.38
104 1928:49.6 0.295 7.50
105 1933:11.0 0.138 3.50
106 1940: .772 0. 087 2,20
107 194432, 1 0.136 3.45
108 1948:23.6 0.156 3.96
109 1955:1376 0. 088 2.23
110 20 5:35.2 0.058 1.47
111 20 6:46.5 0.507 12788
112 . 20 9:29.8 0.221 5.61
113 2015:31.4 0.100 2.53
114 2022:46.8 0. 083 2.10
115 2029: 7.2 0.095 2.4
116 2037: 6.4 0.075 1.91
117 20L40:57.6 0.156 3.96
118 2041:47.4 0.735 18.66
119 2042:27.6 0.900% 22.86
120 2043:29.6 0.581 14,75
121 2044:17.6 0.750 19.05
122 2044:59.0 0.878 22,30
123 2045:29.8 1.200 30.48
124 2045:53.4 1.565 39.76
125 20L46:15.1 1. 714 43,54
126 2046:34,2 1.895 48.13
127 2046:56.2 1.636 41,56
128 2047:24.6 1,286 32.66
129 2047:57.8 1.091 27.71
130 2048:39.9 0.857 21.77
131 2049:30.0 0.720 18.29
132 2051:16.8 0.3L40 8.63
133 2053:35.6 0.261 26..63
134 2055:55.2 0.259 6.58
135 2057:34.2 0.364 9.24
136 2059:36.8 0.295 7.50
137 21 1:35.4 0.305 7.75
138 21 5: 7.6 0.170 L4, 31
139 2111:23.8 0.096 2,43
140 2121:24,0 0.060 1.52
141 2130: 3.8 0. 069 1.76



RAIN DATA FOR

20JUNE 1972

ACCUMULATION IN .01 INCHES

142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177

DETAIL LIST FOLLOWS

LOCAL TIME  RATIN IN IN/HR
2136:32.4 0. 093
2140:47.0 0,142
2143:34 .4 0.216
2146:27.8 0.208
2149:10.5 0.222
2150:41.0 0. 400
215454, 2 0. 142
22 7: 3.4 0. 049
2213:23.6 0. 095
2218:10.6 0.125
2221:16.4 0.195
2224204 0.196
2228:11.,3 0.156
2231:30.0 0.182
2235:56.9 0.135
2239:45,8 0.158
2241 :55.2 0.279
2248:37.2 0.090
2254:58,6 0. 094
2259:42.4 0.127
23 3:36.6 0. 154
23 7: 6.4 0.172
2311:41.6 0.131
2315:21.6 0. 164
2320:12.9 0.124
2324:55.6 0.128
2329:35,2 0.129
2333:22.6 0.159
2338:28.0 0.118
2342:38.4 0. 144
2345:45,2 0.194
2348:41.6 0.205
2350:43.6 0.295
2352:19.4 0.379
2355:41.8 0.178
2358:36.2 0.207

DAILY MAXIMUM RATE 1.895 IN/HR OR

DAILY ACCUMULATION 1,70 INCHES

L8,

13 MM/HR AT 2046:34.2

PAGE

RATIN IN MM/HR

2.36
3.60
5. 48
5.29
5. 6l

10.16
3.61
1.25
2:41;
3.19
. 9k
4,97
3.96
b.62
3.42
4.0l
7.09
2.27
2.40
3.23
3.91
4.38
3.33
L.16
3. 14
3.2
3.28
k.03
3.00
3.66
k.92
5.20
7.50
9.63
k.53
5.26

L




RAIN DATA FOR 21JUNE 1972

ACCUMULATION IN .01 INCHES

178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221

39

DETAIL LIST FOLLOWS

LOCAL TIME

(ol eNeNoNo el e Nl
VONONFETWN -~

OO QO

011

012
012:

013
015

019:
026:
031:
033:

033

034
034;
039:
133,
32,
022,
5.
45,
L1,
18.
Ls.
41,
1 3:
16:
1 9:
110:
111
111:
112:
113:
114
115: 3.

045

046

oL7

048
048
050:
057:
058:

:19.
:25,
:10.
:52,
<40,
:52.
:20.
:51.
: 14,
:38.
: 5.
226,
:49.
21,
58.
41,
124,
19.
51,
5L,
9.
:37.
5.
59.
0

oolmooowm-rmmmoooowNooooomoowo.meoooorwoxmwomomoxwo:ooomoxm

RATE IN IN/HR

COO0O0O0 0000000000000 —~—00000DO0D—=—=———=uw-—u000000 0O

. 221
. 545
.800
.353
.336
.500
ik
.161
. 565
.500
.385
AL
.636
.125
.973
.857
.353
. 153
.080
.119
.486
.286
.333
.679
. 149
. 092
.621
- 735
.837
.900
.313
. 091
kb
.310
.206
.202
.200
.571-
.029
.923
.720
.750
.679
.973

RATE IN MM/HR

5.
13.
20,

8
8
12

L3
28

21

2
12

33

2

22

PAGE

61
85
32

.96
.55
.70
10.
29,
39.
38.
35.
.54
Ly,

51
50
76
10
17

56

.57
24,

71

.77
8.
3.
.02
3.
.36
32,
.87
17.

3.

96
89

02
66

25
/9

.33
15.
18.
21.
.86
.95
.30
.51
.88
.23
1h
.08
.51
.13
45
.29
.05
.25
A

77
66

27

1



RAIN DATA FOR 21JUNE 1972

ACCUMULATION IN ,O1 INCHES

222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
237
238
239
240
241
242
243
244
245
246

247
248
249
250
251
252
253
254
255
256
257
258
259
260
261
262
263
264
265
266

40

DETAIL LIST FOLLOWS

LOCAL TIME

115:35.
116: 4,
116:36.
117:16.
118: 8.
119:23.
121:16.
122:33.
123:52,
124:42,
125:21,
126: 1.
126:36.
127:23.
128.10.
128. 50,
129, 36.
130:16,
130:49,
131:16.
131:36.
131:57.
132:19.
132:40,
133: 1.
133:28,
134:10.
134:51,
135:34,
136:16.
137:29.
138: 5.
139:13.
140:32,
“141:25,
142:53,
144:22,
145,21,
146: 4,
146:42,
147:15.
148 4,
150; 3.
15151,
153:59. 4

MNROMNMONINNON FOXROONNXOFOFFOROFOENOANOORONNOE LI 0o 0

RATIN IN IN/HR

1.

125

11286

OOOO—'OOOOOOPO-‘OOOOO—'—‘—'—'—'—'—‘"OOOOO—"OOOOOOOOO—'

.161
.900
. 705
.450
.333
.h68
462
.720
.923
.923
. 059
. 766
. 766
-923
- 783
-923
.091
.385
.800
.800
714
AL
.800
. 333
.878
.878
.857
-857
.500
. 000
.537

L56

.692
RAP
L0l
.610
.837
.973
. 091
.750
.303
.333
. 281

PAGE

RATE 5S4 N. MM/HR

28.
32,
29.
22,
17.
1.

8.
11,
1.
18.
23.
23.
26.
19.
19.
23.

57
66
50
86

2
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RAIN DATA FOR 21JUNE 1972 DETAIL LIST FOLLOWS PAGE 3

ACCUMULATION IN . Ol INCHES LOCAL TIME  RATE IN IN/HR RATE IN MM/HR

267 156:13.8 0.269 6.82
268 158: 5.8 0.321 8.16
269 159:31.4 0.424 10.76
270 2 0:52.6 0. 444 11.29
271 2 1:53.0 0.6008 15.24
272 2 2:32.0 0.923 23,45
273 2 2:57.6 1.440 36.58
274 2 3:13.0 2.400 60. 96
275 2 3:28.4 2.400 60. 96
276 2 3:47.2 2.000 50.80
277 2 4:11.6 1.500 38.10
278 2 4:35.0 1.565 39.76
279 2 L.gh 4 1.895 - 48.13
280 2 5:18.4 1.500 38.10
281 2 5k52.4 1.059 26.89
282 2 6:42.0 0.735 18. 66
283 2 7:22.4 0.900 22.86
284 2 8:30.0 0.537 13.65
285 2 9:46.8 0.474 12,03
286 212: 6.6 0.259 6.58
287 214:59,2 0.209 5.32
288 217:40.6 0.224 5.68
289 220:16.0 0.232 5.90
290 223:55.8 0.164 4.18
291 227:46.2 0.157 3.98
292 235:25.2 0.078 1.99
293 251:53.0 0.036 0.93
294 3 3:11.8 0.053 1.35
295 3 7:60.0 0.125 3.17
296 39:9.8 0.522 13.25
297 310: 6.6 0.643 16.33
298 312:24.0 0.263 6.67
299 320:10.8 0.077 1.96
300 327: 3.8 0.087 2,2)
301 332:18.6 0.115 2,91
302 335: 9.4 0.212 5.38
303 338:12.2 0.198 5.02
304 340:50.8 0.228 5.79
305 3bb:44, 0 0.155 3.92
, 306 348:47.4 0.148 3.76
307 352:18.6 0.171 4,33
308 356: 9.2 0.157 3.98
309 359:32.6 0.177 4,50
310 L L.sh 4 0.112 2.85
311 L11:17.4 0. 094 2.39
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RAIN DATA FOR 21JUNE 1972 DETAIL LIST FOLLOWS PAGE L

ACCUMULATION tN .0l INCHES LOCAL TIME  RATE IN IN/HR RATE IN MM/HR

312 423. 2.

6 0.051 1.30
313 433:35.8 0.057 .44
314 L4Lo:10.4 0. 09! 2,32
315 L458:53.6 0.032 0.81
316 517:58.8 0. 031 »0.80
317 538:31.6 0.029 0.74
318 ; 549: 6.2 0.057 1.44
319 558:21.2 0. 065 1.65
320 6 9:L40.6 0. 053 1.35
321 616:55.8 0. 083 2.10
322 62L4:21.6 0. 081 2.05
323 628:14,2 0.155 3.94
324 634:22.8 0.098 2.48
325 639: 8.4 0.126 3,21
326 64244 4 0.167 L.23
327 6L45:47,2 0.198 5.02
328 648:L1.6 0.207 5.26
329 651: 5.4 0.252 6.39
330 653:43,6 0.228 5.79
331 655:14. 4 0.400 10.16
332 656: L. 4 0.720 18.29
333 657:21.2 0.474 12.03
334 659: 3.2 0.353 ° 8.96
335 7 1:19.8 0.265 6.72
336 7 L:1k4.0 0.207 5.26
337 7 6:39.0 0.248 6.31
338 7 8:28.2 0.330 8.39
339 7 9:38.2 0.514 13.06
340 710:39.0 0. 600 15.24
341 711:10.0 1.161 29.50
342 711:49.2 0.923 23.45
343 712:40.0 0.720 18.29
344 713:57.2 0. 468 11.88
345 715:16.6 0.456 11.57
346 717:20.6 0.290 7.37
347 719:34.2 0.271 6.88
348 720:32.0 0.632 16. 04
349 721:17.0 0.800 20.32
350 721:56.0 0.923 23.45
351 722:40.8 0.818 20.78
352 723:35.0 0.667 16.93
353 724414 0.545 13.85
354 725:33.6 0.692 17.58
355 726:25,8 0.692 17.58
356 727:27.4 0.590 14.99
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RAIN DATA FOR 21JUNE 1972 DETAIL LIST FOLLOWS PAGE 5

ACCUMULATION IN .01 INCHES LOCAL TIME RATE IN IN/HR RATE IN MM/HR

357 728:22.4 0.655 16.63
358 728:53.4 1.161 29.50
359 729:24 4 1.161 29.50
360 730: 3.6 0.923 23.45
361 730:47.4 0.837 21.27
362 731:49.4 0.581 14,75
363 733:55.8 0. 286 7.26
364 736:45.0 0.213 5.41
365 738:55.6 0.277 7.03
366 74114, 2 0. 261 6.63
367 744:31.6 0.183 L.ek
368 747:41.6 0.189 4,81
369 751:32.2 0.157 3.98
370 755: 8.8 0.167 4,23
371 757:33.2 0. 250 6.35
372 8 0: 8.4 0.232 5.90
373 8 2:24.6 0. 265 6.72
374 8 5:11.0 0.217 5.51
375 8 7:37.0 0,247 6.26
376 8 9:49.2 0.273 6.93
377 812: 0.8 0.275 6.98
378 814:13.4 0.273 6.93
379 816:18.0 03290 7.37
380 818:12.4 0.316 8.02
381 819:58.0 0.343 8.71
382 822:25.6 0.245 6.22
383 825: 1.8 0.231 5.86
384 828:25.0 0.177 k.50
385 830:36.4 0.275 6.98
386 833:45.8 0.190 4,84
387 836: 6.4 0.257 6.53
388 838:16.0 0.279 7.09
389 8L0:48.8 0.237 6.02
390 84k L4 6 0.153 3.89
391 8L49:32.6 0.125 3.17
392 . 855:37.4 0,099 2,51
393 9 9:21.2 0. oLl ERR
394 934:29.4 0.024 0.61
395 957: L.6 0.027 0.67
396 1018:27.8 0.028 0.71
397 1053:45.6 0.017 0.43
398 : 2214:50,2 0.001 0.02

DAILY MAXIMUM RATE 2.L00 IN/HR OR 60.96 MM/HR AT 2 3:13.0

DAILY ACCUMULATION 2.21 INCHES
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RAIN DATA FOR 22JUNE 1972

DETAIL LIST FOLLOWS

ACCUMULATION IN .01 [NCHES LOCAL TIME  RATE IN IN/HR

390 321

DAILY MAXIMUM RATE 0,002 IN/HR OR

: 3.4 0. 002

0.05 MM/HR AT  321:

DAILY ACCUMULATION 0,001 INCHES

PAGE
RATE IN MM/HR
0.05

3.4

I
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FOR THIS STORM MAX RATE OF 2.400 IN/HR OR  60.96 MM/HR OCCURRED
AT 2 3:13.0 ON 21 JUNE 1972 '

TOTAL ACCUMULATION FOR THIS STORM WAS  3.99 INCHES



