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Introduction

During the 43rd annual meeting of 1975, Mr. Barton described the SCS program for
acquiring a system to be known as SNOTEL and for which the telemetry netwerk would employ
meteor burst communications.

During the 45th annual meeting of 1977, Messrs. Barton and Burke described the
characteristics of the SNOTEL system then being implemented and the manner in which these
characteristics were Influenced by the data acquisition requirements of SCS.

During the 46th annual meeting of 1978, Mr. Farnes described the SNOTEL System in
relation to the data user and how it would essentially revolutionize his practices, proce-
dures and capabilities.

At this 47th annual meeting it is our pleasure, as representatives of the Western
Union Telegraph Company, to further discuss the telemetry component of SNOTEL from the view-
point of the contractor who provided it.

We will briefly describe the characteristics of meteor trails as a communication
medium, for those of you who may not be familiar with this technique, and the nature of
experimental meteor burst systems as contrasted with the now operational SNOTEL system. We
will describe some of the problems and challenges we have confronted during the implemen-
tation of this precedent setting system and identify some ideas for further exploiting this
technology in the same and similar applications. Finally, we will discuss the installation
and maintenance aspects which are so important to the success of a program of this type.

Whereas this paper relates principally to the operational SNOTEL system, it should
be noted that a second operational system, the Alaskan Meteor Burst Communication System
{AMBCS) has been successfully installed in Alaska.

!

Characteristics of Meteor Trails

The theoretical aspects of communicating by reflection or reradiation of radio
waves from ionized meteor trails have been developed during the past twenty five years.
Experimental communications systems have been designed and tested. Performance data has
been consistent with theoretical predictions.

Table 1 lists the important parameters of meteor trails and their characteristics
which influence the design of meteor burst communications systems.
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Parameter Characteristics

Daily Meteors: 1012— Overdense, Forward Reflection
10 - Underdense, Forward Scatter
Anaual Variation: 431 summer to wintey

Max. at poles, Min. at equator

Daily Variation: 42l AM to PM

Max. at equator, Min. at poles
Total Variation: 16:1 over a l-year period
Height: ' 93 ¥m
Range: to 2000 Km
Trail Duration: 0.1 to 1.0 Sec.
Useable frequencies: 10 to 100 MHz

Table 1. Characteristics of Meteor Trails

A very large number of meteoxre daily enter the earth’'s atmosphere. Their high
speed collision with air molecules creates short lived trails of electrons. These ionized
trails act as a reflecting medium to radio waves. Meteor size and mass ranges from 16 cm
and 10 kg to Z x 10=3m and 10~ gm. The number of meteors varies inversely with size. Elec~
tron line density or the number of electrons per meter of trail length also varies inversely
with size. Trails with electron line densities of 1015 and greater are created by larger
meteors, are referred to as overdense and cause a forward reflection of radio waves. Trails
with electron line demsities of 1014 and less are created by smaller meteors, are refarred
to as underdense and cause a forward scattering of radio waves. Since the daily_number of
underdeénse trails exceeds the daily number of overdense trails by a factor of 107, system
design is norwally tailored for the utilization of underdense trails.

At a latitude of 45°, an annual variation in meteor trail activity of approximately
4:1 occurs from summer to winter. This ratio is maximum at the poles and minimum at .the
equator. In addition, there is a daily variation of approximately 4:1 which is maximum at
the equator and minimum at the poles. The total seasonal variation therefore approximates a
ratio of 16:1. These variations are always considered in relation to the desired perfor-
mance capabilities of any meteor burst communications system.

Meteor trails occur at a height of 93 Km thereby establishing the basic geometry
for communications links and limiting the range of such links to about 2000 Km ox 1200miles.
Beyond this distance the earth’s curvature prevents line-of-sight paths between the two sta-
tions and a common meteoxr trail. For viable distances of less than 1200 miles the designer
i8 concerned with antenna propagation characteristics and link power budget to satisfy the
required radio performance of the communications link or links being considered. Meteox
trail path losses exceed line-of-sight path losses by from 50 to 125 db for tralls having
electron line densities of from 101% to 1010,

The time duration of ionized meteor trails ranges from 0.1 to 1.0 second. Sus~—
tained communications between any two polnts is limited by these durations. To transmit as
much information as possible during these brief intervals requires the use of high bit rates
and efficient link protocols. Increased bit rates are possible with increased operating
frequencies which, in turn, reguire increased link power budgets.

The useful range of operating fregquencies for meteor burst communications extends
from 10 to 100 Miz. The lower end of thie range is limited by the length of the lonized
trail. The upper end of this range is limited by path losses. Mid-range frequencies of
from 40 to 50 MHz have been found to be most applicable in relation to cost considerations
and information capacity. The bit rate normally utilized at these frequencies is 2000 bits
per second.
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Point-to-Point Meteor Burst Systems

Excluding the now operational SNOTEL System and its smaller counterpart now opera-
tional in Alaska, all other meteor burst systems have been experimental and have been
associated with point-to~point communications, i.e., between point A and point B. Consider-—
able effort has been expended in developing successively improved systems by utilizing
developing knowledge and experience to achleve optimum performance on a point-to-point basis.

Figure 1 illustrates the geometry of a typical point-~to-point system. Experimental
systems have been tested in this configuration at various station separation distances 0, at
various latitudes and in various orientations such as east to west or north to south. Their
purpose and use have been for the transmission of narrative information. Design emphasis
has been oriented toward the achievement of useful transfer rates of error-free information.
Site selection, antenna propagation characteristics and power budgets are optimized in rela-
tion to the fixed distance D.

FIGURE 1. Link Geometry of Point-to-Point System

Figure la illustrates, in simplified form, an example of the link protocol employed
by point~to-point systems. The receiving station repeatedly transmits probes (P) in the
direction of the transmitting station. The probe is a request by the receiving station for
the distant station to transmit. In addition to the request a probe may contain other infor-
mation relating to link operation. Whenever & meteor trail cccurs to reflect the probe
signal to the transmitting station the transmitting station receives this probe and immedi-
ately transmits information to the receiving station via the now established meteor path.
The transmitting station transmits for a period longer than the expected duration of the
meteor trail to assure utilization of the path as long as it persists. The receivingstation
checks the received information for accuracy. Upon detecting an error the recelving station
resumes probe transmission including, within the probe, a pointer which tells the transmit-
ting station the point at which the first exror occurred in the previcus transmission. When
this probe reaches the transmitting station, via a new meteor trail, the transmittingstation

Receiver: Pﬁ FPPPPPPPPPPPPP% FP
! § § §
Transmitter: The Quick Browi n fox jumped OW
{ i
§ l \ 1
Start of End of Start of End of
1st trail lst trail 2nd trail 2nd trail

FIGURE la. Simplified Operation of Point-to-Point Link
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then “rolls back" to the point of error and continues transmission on the newly established
meteor path. This technique permite the utilization of all meteor trails, regavdless of
their duration, to achieve a maximum information transfer rate.

A contemporary system of this type is the Buropean COMET System cperated by NATO.
This system, operating over a distance of 1000 km, has demonstrated an average information
transfer rate of 130 bits-per-second which is eguivalent to three 60 words-per-minute tele-
type circuits. The transmission rate of 2000 bits-per~second results in a link utilizatvion
efficilency of 7.5%. It should be noted that the design of this system is enhanced by the
use of dual frequency diversity and space diversity. Concurrent signalling on two chammels
of different frequency and reception by two antennas which are physically separated with
signal combining by the receiver Improves link performance in relation to single frequency,
gingle antenna systems.

Multi-Station Nertwork

The SHNOTEL telemetry network represents a significant departure from the point-to-
point systems from which most test data and experience has derived. In one sense it can be
thought of as a very large party line network with up to 511 stations, each required to talk
tc one master station. It can also be thought of as up to 511 point-to-point systems each
comprised of the master station and one vemote station at 2 given point in time. In actual-
ity, there ave two master stations in the SNOTEL network but we will assume that there is
bui one for purposes of this discussion.

The SNOTEL System utilizes one transmit frequency for the master station which is
the veceive frequency of the remote stations. A second frequency is employed for trans-
mission by the remote station and reception by the master station. The master station trans-
mits and receives simultaneously whereas the remote stations transmit or receive alternately
The master station is equipped with four antennas, necessary for system wide coverage. All
four antennas are keyed simultaneously with the same probe patterns. However, each antenna
is equipped with a2 separate receiver which is independently connected to the mastexr station
computer. Two Or more messages from different remote stations which may arrive simulta-~
neously at different master station receivers will be processed by the master station com-
puter without contention. Remote stations transmit only when they receive a probe from the
masier station provided that the received probe contains an address to which they may validly
respond and only if they have not already responded during a preset time interval.

Each Remote Station of the SNOTEL network is assigned a unique address. If, how-
ever, the master station were to probe for sach remote station in rotation the elapsed time
to obtain data reports from all stations in the network would be unacceptable. To illustrate
this, 1t requires from about 0.4 minutes at 6:00 AM during the summer to abcut 6.4 minutes
at 6 PM during the winter to establish an effective meteor path between the master station
and any given vemote station. The ratic of these delays is consistent with the 18:1 amnual
variance previocusly described. If data were to be obtained from the 160 initially installed
remote stations by uniquely addressing each In turn, the elapsed time to cbtain data from
all stations would range from about 64 minutes to asbout 17 hours.

The elapsed time to acquire data from all stations in the network iz minimized by
probing for groups of stations with a group address to which any station of the group will
respond upon receilving the probe. The liklihood of two or more stations receiving the probe
simul taneously is very low due to the random occurrence and location of meteor trails and
the resultant low probability of establishing simultaneous meteor paths to two or more shta-
tions in & group. To further reduce the liklihood of simultanecus responses, each remote
station assumes 2 quiescent state for a preset period after successfully tvamsmititlng. TFor
SNOTEL, this period is 30 minutes and during this time the station will not answer an other-
wize valid probe. However, the probability of establishing multiple meteor paths incresses
with the occurrence of meteor showers or with sporadic E layer activity. Whenever two ow
more stations respond simultaneously to the same master station receiver their dats is
received in errov after which thev continue to be probed for corrvect data.
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Figure 2 illustrates the vertical link geometry of the SNOTEL system in relation
to one of the master station antennas. Unlike the point~to~point systems at fixed dis~
tances, this system requires that useable meteor paths be established at all distances uwp to
a maximum vange of about 850 miles. To accomplish this requires that the master station
antenna have a wiform vertical power lobe extending over elevation angles of from 4° to
50°, To achieve this imposes certain conditions on the antenna design, its mounting height
and angle and on the site terrain. It is also required that remote station antemnas have
a vertical power lobe at the take-off angle fo meteor trails which 1s appropriate to their

range.

FIGURE 2: Link Vertical Geometry of Snotel System

FIGURE 3: Simplified Depiction of:
Master Station antenna Azimuthal Lobe
Remote Stations
Meteor Reflection Patterns
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Figure 3 illustrates the horizontal link geowmetry of the SNOTEL System in relation
to the horizontal lobe, between 3 db points, of one of the master station antennas. Remote
stations, indicated by letters, are geographically dispersed within this covered area.
Since meteor trails oceur on either side of the great circle path between any two points,
the effective coverage of the master station antenna exceeds that which is shown. The
civeled areas indicate meteor reflecticn patterns which occur randomly throughout the
covered arca whenever the mester station probes for the remotes. The pattern shown cover-
ing stations C and D can be predicted to occur in accordance with the range of stations C
and D from the master station and their separation distance. TFor this situation, stations
C and D are assigned to different probe groups to avoid simultaneous probe reception anid
response.

Figure 32 illustrates, in simplified form, the sequence of communications between
the master station and the remote station. The remote station Is normally in a listening
mode with its receiver on. Upon receiving a probe containing an address to which it can
validly respond it switches its transmlitter on and transmits already accumulated current
data. It then switches ite transemitter off and its receiver on in preparation for receiving
the master station acknowledgement. If the data has been received correctly by the master
station an acknowledgement will te received after which the remote station will enter the
quiescent state previously described.

Uulike the point-to-point systems, which employ link protocols for the dynamic
segmenting of information, the SNOTEL system utilizes a single meteor trall for transmission
of the entire transaction consisting of probe, data message and acknowledgement. The rotal
time required for this transaction with a date message containing the maximum of 16 data
words is 0,175 seec. at the transmission rate of 2000 bits per second. This time is consis-
tent with the effective duration of the meteor trails for which the system link power budget
has been designed. Shorter duration meteor tralls are avolded by requiring, at the remote
station, that the signal level of received probes exceed a threshold value before their
acceptance and before transmission of data by the remote station.

Master Station: P%FPPPPPPPPPPPPPPACKIPPPPPPPPPPPPPPPPPP?PPPPPPPACKZPP

Remote Station 1 Data Message 1

1]

§ i

| i

I i ‘

¢ i
Start of End of Start of End of

trail 1 Transaction Trail 2 Transaction

Remote Station 2: Data Message 2

o s e e Smen

FIGURE 3a: Snotel System-Simplified Operation

Performance of SHOTEL

The SNOTEL I Svystem, consisting of the master stations and 160 remote stations was
formally cesked during the period January 15 to February 12, 1978 which is the peried of
lowest mereor activity during the year. The average aystem~wide response performance during
sixteen consecutive days was as follows: 72% within 30 minuvtes, 93% within one hour, 96%
within two hours and 977 within three hours.

The test peried included, in addition tc evaluation of response performance, a

number of tests designed to assure the goverument that system eapabilities ave commensurate
with vegquirements of the contract., All tests duriag this period were successfully completed
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Problems and Challenges

When Western Union initially embarked con the SHOTEL preogram its greatest concern
related to the application of meteor trail communications theory and technigues Ffor z system
£ this type. This concern stemmed from the fact that while much was knowm 2ad understood
about meteor trall communications, there was no previous experilence for a syetem heving the

characteristics and vastness of SNOTEL. Ironically, perbaps, wmost of the major problems
encountered during this program have not been related to adverse dlscoveries associzted with
nasic metecr burst theory. Such theories have proven to be sound and meteors, except for a
few brief periods of near total absence, have continued to arrive azs expe ct‘am

Among the major problems and resulting chellenges has been the implementa
reliable rewote station power supplies. These power supplies tﬁﬂ%i Lt Of
“i‘ch are charged from a photoveliaic or solar pansl source. ince the
cn of solar panels is essentially in its infancy and simc@ there was no
ov relating to their application atr locations with 0
Union has had continuing difficulty in estaeblishing a c&"* effective &ﬂ i
ice has proven to be an effective but costly teacher. We have now, we believe,

r s in this field.

The operating environment of the master station located at Ogden, Utah is saspected
of being less than ideal. This location is subject to higher than desived deJ»nt nolse
levels., Additionally, its location on a hill composed larvgely of vslcamia rvesld
desirable in velation to that requirved for vptimum antenna propags o cygat:
cant efforts to analyze these problems and achieve lmprovement have en npade,

per forms satisfactorily but hindsight tells us that a more favora .it& should ha
initizlly selected.

o

Link power budgets were initially calculzted fov utilization of wunity gein dipole

ntennas at most remote station locatlons. These antennas also pravid&d the wide be

a?fman appropriate to the requirement for communicating with ai b LWo master

ncated 300 miles apart. It has been necessary to modify a wmajori
brain an sdditional 3-5db of gain.

C) It P:)

station therve 18 a crogs-

: p aths.  Autenpa moddfication
Juce ﬂnw PO

Within a radius of about 200 wmiles of the maste
between line-of-sight or spacewave pathsz and meteor trail
or adjustment at a number of sites has been nacessary

HETHIY

tion of these problems should not be iﬁtefﬁf@t@u a5 having aegaﬁ'
to the SNOTEL system since it must be rvemembered that this system I
To have had no problems during its implementation would have been 1ittle &Hﬂsr of mive vu?mn .
{t# success has now been proven by the wealth and timeliness of the datas obrained
the winter season of 1978-7%9. We bellsve that SNOTEL clearly demon ates the supse
of this technology for the acquisition of environwmental data.

(£

Ongoing SNOTEL Growth and New Applications

stations on the SNOTEL network during E§79 w1th the ng@cha,iaﬂ at approximately
remete stations will be ready for operetlon duving the 1979-80 suow season. This w
double the number of snow sampling sites, as compared to the 1978-79 szeason, from wi
veal time data will be available to the government.

Each remote station is capable of sizteen 12-bit data words per transwdssion. Most
stationg are currently monitoring station balttery, temperature, preciplitation and suow water
entent thus utilizing only four of the sixteen date words. Available additional car

zxpected to be utilized for 1) obtaining cowparative data in an opzrational environment
rom: sensors measuring the same parameter but employing diffevent technologies and 2} sen~
rs measuring additlonal parameters of interast such as wind speed;, wind divectlon and
il moisture.

6]
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Development efforts, some of which have related to SNOTEL and to the Alaskan Meteor
Burst System, have resulted In a repertoire of loglc modules suitable for interconnecting
the remote station equipment with a wide variety of analog and digital semsors. In addition
a wodular family of simplified, low power VHF equipment has been designed for extending ths
distance over which the meteor burst remote station can be connected to sensing devices.
Whereas this distance is presently limited by the use of metallic cable, low power, limg-of-
sight VHF will extend such distances to from 3-5 wmiles. With such equipment, it will be
posgible to obtain data from sensing devices leocated within a 3-5 mile rvadius of the metecry
burst remote station and then to transport this data over long range meteor burst links to
the destination user.

3

An item of some concern to those who first learn of meteor burst technology is th
delay factor associated with the establishment of meteor paths and the impact of such delays
the total response period to obtain data from all or part of a network. Such councerps
frequently arise in relation to a need, for example, for data reports from a number ¢f sta-

tions svery 10 to 15 minutes. Maony such requirements can be met by tallovring the master
tatd

stations. Respouse time can be further reduced by utilizing higher gain anteunass, faster
data rates and increased transmitter powsr. By employing multiple frequencies, in relation
to the geographic and density distribution of remote stations, response intervals caun be
significantly shertened.

o
2

In summary, the designer of meteor burst communications systems has considerable
exibility at his disposal for the design of automated data acquisition systems to nmeet a2
wide range of requivements.

Installation and Maiuntenance Aspects

With much of the meteor burst telemetry equipment by necessity collocated with ihe
data collection instrumentation in remote, often difficult to reach mountainous terrain,
continuity of service and economics dictate that the functions of installation and malote-
pance be carefully planped and carried out. Critieal to these functions are the feasibility
of all-weather access and the ability of the site to support meteor burst transmission/
reception. Consequently, the initial I&M activity beyond plamning is the confiymatrion of
site acceptability from all viewpoints. The following discussion pertains to the T&M of
remote stations; master statlon aspects are discussed separately.

The selection of a data site for automation must not only meet the needs of a rap-
rasentative hydrologic and climatic locatdion im a watershed, but must also support the radio
propagation characteristics of the meteor burst system. Radio path characteristics wvavry
with the specifics of the desired link such as distance from the master station, the eleva-
tion angle along the 1ink path, anrd the directional orientation of the link. A standsrdized
system/network design is commonally used to meet the broadest possible range of these para-
meters to insurs adeguate performance from all points in the network, including optimization
of trensmitter radiated power, receiver sensitivity, and antenna gain and bandwidth. How-
ever, the conditions at the data site must allow for a vertical horizon angle which varies
on a scale of approximately 20° at z range of 300 miles to 5° at 800 miles, no interposing
gignificant natural or manmade obstructions in the radio path, and a freedom from radic
interference from such sources as other radio systems, power lines, oy industrial broadbz
noise. The telemetry system power source can also impose some limitations on site selec
The Ffire hazard of fossil fuel generators require appropriate site preparation and mair
nance for such a system. The commonally used solar cell (photovoltaic effect) - storage
battery combination introduces the need for adequate solar exposure. The solar ecell avvay
{panel)} wmust be mounted in a position which provides wmobstructed open sky over an aszimuth
angle of 140° from true south and above an elevation angle equivalent to the sun’s position
at 9:00 a.n. and 3:00 p.m. on December 21, at the latitude of the site, as dipinted in
Figure 4.
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Figure 4. Sclar Panel ¥axposurs Requivement

To establish the scceptability of a data enllectlon site from the telemetry system
aspect, a site survey, guentitatively noting pertinent site conditions, Is esssentd
survey can be completed with relatively unsophisticated handheld instvuments such as a good
compase and an Abney level. The surveyor must also carefully note the presence of potenti-
ally harmful RFI sources. If solar electricity is selecred as the power scurce, the sil
survey must determine the avallability of an adequate window' . A carefully prepared
list with space for annctation of chserved data provides a record for subseguent aus
and ongoing maintenance activitles. Sketches with significant site features, distances,
type and height of canopy, etc. are extremely useful and should be included in the survey
data. If information regarding site access has not previcusly been documentad, it should
also be included in the survey record.

Iveis

Recognizing that appropriate snow measuring sites, by their dunhe ol
quire extraordinary access means for installation and maintensnce activi? ;a viiceulsrly
the latter as service restoral may be necessary at any time of year, careful transportation
planning is critical. The constrainis to sccess, which can only be judged as :0 degy
difficulty on a site-by-site basis, include;

racter, re-

=

ae of

® Legally protected or rvestrictad areas,

®» Lack of voad and trail ava“iabiiity and/or maintenance

e TIll~defined maps and markers

@ Geographical features such as steep slopes, overhangs offering
avalanche threat, lavrge boulder incidence, etc.

& Climatic conditions which obsure visibilicy

® Canopy, terrain features, altitudes, or severe weather, which preciude

ter operations.

In surveying access, worst case tramsportation requirements should be determin
cases oversnow machines, sither the lavge heavy duty types or the smaller,
passenger type, in combination with snow shoeg for foot travel is adequate ;
travel to a site; however, a small fully tracked vehicle Tor seasons other than wxq*wm
essential for traversing alternating snow, shallow water, mud, or bare ground conditions.
Helicopter - only access is an alternative, but this approach also requives caveful evalua-
tion in terms of cost effectiveness and availability. The cost element may be affected by
availability, considering type of craft {pay load, operating altituds, and landingattlicude),
pilot qualifications, fervry time and inclemeni weather. TFor any transperiaticn means, planw
ning for a significant amount of equipment, in addition to the ISM cvew, must be consid
Ttems such as batteries or propane tanks, test eguipment, replacement zssemblies, su
gear, and communication equipment weighing up %o 100 powmds will have fo be trangported Lo
the site each visit.




Installation

To provide for the environmental proteciion of the electronics package at a data
site, a waterprocf enclosure is employed, & battery pack can be accommodated in the same
enclosure or housed in z separate one. This enclosure(s) can be mounted in any convenient
open lecation at the site, but is often installed in a larger enclosure or in a shelter con-
structed for the purpose as s matter of human comfort and convenience, as well ag to insure
access to the equipment when the spowpack builds., With expected temperatures in the very
low range (¥~ 30°C), the enclosures housing both the electronics and batteries should be
designed to afford some protection such as snow burial, heavy insulation, or an external
heat source. An external antenna must be cabled to the equipment, along with an additional
cable for interconmecting the power source. Antenna arrays (typically a dual element dipole)
and solar panels require a mounting structure 20-30 feet in height, which may be a conve-
nient tree or an installed self-supporting tower or mast. Assuming completed construction
and instrumentation, a single days effort of two technicians is normally required for the
insfallation and test of the telemetry system at a vemote data site.

Yor the automation of a candidate snow measuring site, the elements and sequence of
the installation effort should then be:

® Bite access determinations
» Site survey and analysis™

» Supporting siructures construction

» Instrumentation {cemsor imstallation)

o Telemetry squipment installation

e Sysiem checkout and testing
Maintenance

In maintenance concept and practices planning, the reliability of the equipment to
be maintained is a key factor. Too frequent service restoral visits present the dual prob-
lems of data loss and uneconomical operation. To achieve this reliability for meteor burst
systems it is not only necessary to insure that basic design and production quality control
meet stringent guidelines, but it may alsc be necessary to provide a second and third level
of quality asssurance testing as the equipment is shipped and staged for installation.

A second key factor which contributes to the reduction of the demand maintenance
rate 1z good preventative maintenance practices applied during the snow-free season. Exper-
ience has shown that carefully completed PM's provide a significant degree of additional
assursnce that a station will not become inoperative during the critical data gathering
periocd. Preventative wmaintenance includes a close examination of all system elements subject
to physical damage incurred from snow movement, lightening, wildlife, ete. Each element of
the system then must be tested for proper operation. The antenna system must have the VSWR
and radiared power ouiput determined and directicnal orientation checked. All electronies
must have idle, update, and transemission curvents and voltages checked for proper value.

The power svstem, all-important to station operability, must receive detalled attention
with all expendables replenished to capacity {(fully charged batteries in the case of theix
uzed. TFinally, the total operabllity of the station must be determined, both by means of
local test equipment and transactions with the master station. Demand maintenance includes
the detection and correction (usually subassembly or major element replacement due to ex-
pected climatic conditions) as well as all of the steps of the preventative maintenance
routine. For both maintenance activities, a complete recoerd is required for management
purposas. The site log and a maintainers notebook should be annotated with complete and
detalled information. Additional data concerning access or specific site conditions should
also be recorded in the maintainers notebook as such information can be extremely useful for
triggering correction of deteriorating conditions znd future site visit planning. Equipment
removed from a site as a result of field maintemasnce will be subsequently testaed and ve-
paired in a field shop, or returned to the central vepair facility which has the necessary
test equipment and facilities to handle depot-type repalr work.

A successful maintenance program depends upon the preper selection, training, and
equipping of the persommnel who will participate in it. Meteor burst gystems require a
unique set of qualifications. The job classification must specify a degree of physical
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fitness in addition to competency in the test and repair of electronic, legic, and radio
equipment; as well as basic vehicle maintenance. The training necessary to achieve this
competence must be both formal amd practical, beginning with technicians possessing the
basically required skills. In addition to technical training, a survival orientation or a
specialized course is mandatory.

Master Station I&M Aspects

Meteor burst master stations are installed and maintained in a more convential
manner than remote stations, with siting criteria the critical factor. These criteria
includes

Freedom from manmade electrical interference

Clear horizon {azimuth and elevation)

Antenna field

Utility availability {(power, telephone, and commmication lines)
All weather access road

2 @ © ® &

Additional siting considerations include the availability of a suitable structure to house
the station, the proximity of a maintaintenance force, and accommodation of a system main-
tenance management function.

Although meteor burst telemetry systems can be designed for umattended operation,
the quality of system performance is greatly enhanced by a maintenance management capability
which provides an ongoing evaluation of operations with immediate attention to service re-
quirements. Master station software is designed to produce diagnostic and statistical infor-
mation for system management, accesible through the control console, which may be remotely
located as desired.

Summary

With recent acceptance and current operation of the SNOTEL and AMBCS meteor burst
transmission systems, based on both summer and winter testing, theoretical postulations in
regard to multi-station networks have been confirmed. During the implementation of thess
systems engineering design revisions were applied to assure operability. In the course of
this effort additional application possibilities were explored and found to be technically
feasible. The implementation phase of these projects also fully defimed the practical
implications of installation and maintenance. Therefore, it can now be stated that meteor
burst technology has been proven in both design and operation, and is an economical approach
to data acquisition, particularly for the automation of snow surveys.
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