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Introduction

Since that auspicious day in 1946 when Vincent Schaefsr provided the first clear-
cut svidencs that man could modify the weathsr on a major scale by his drye-ics seeding of
supesrcocled stratus clouds, the art and science of wesather modification has developed into
an accepted industry. Despits this growth and acceptance, many questions remain unanswered
and the responses to seeding have not been proven besyend seme reasonable doubts, Several
raasong for this situation seam apparent. Firstly, the great majority of the progress in
waather modification has been made on epsrational seeding pregrams, Under operational con=-
ditions; research answsre ars incidsntal to the operation, Sscondly, the state of the art
in hydrologic and mateorologic instrumentation has besn sufficiently near its infancy, that
the instruments needed for the proper svaluaticn of changes due to cloud seeding have not
besn available, :

The pressent peper will be dirscted toward the unigue psrtions of the Uteh studies,
rather than to cover the details of the studies,

Qb jectives

The ebjectives all apply to the Wasatch Front Area, They are as followss

1., Te determine the feasibility of increasing water supplies by cloud sseding,
2, To dsvelop more effective methods of cloud seeding,

3., To develop better equipmsnt and methods for evaluating the effects of cloud
sesding,

To svaluats and dalinsate the area affected by cloud seeding under different
synoptic conditions and generator placement locations,

To determine the unique charactsristics of the storm systems,

To make the best possible estimate of the efficiency of precipitation
mechanisms associsted with thess storms,
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Exparimental Network

The experimental netwerk of measuring devices is in a state of flux at the prsssnt
time, It is composed of a network of weighing type tslemetering precipitation gages, snow
plilows, tempsrature sensors, air pressure sensors; nuclel sensors and perhaps wind sensors,

The general ares and locations of the sensing egquipment may be seen in Figure 1.
Primary evaluation will bs mads by msans of the prscipitation sensors,

Two radioc contrelled silver iodide gensrators to be operated by North American
Weather Consultants will be located on the peaks of the Wasatch Front and two more in the
valley wast of the Front as shown in Figure 1,

The "“treated" area will be that area where samples of the precipitation contains
silver in concentrations above background, We do not presently know where these areas will
be but preliminary wind studies indicate they will probably be in a northeasterly dirsction
from the gensrators.,

The precipitation catch in the gages in ths treated arsa will be compared to those
outside by the Mann-Whitney nonparametric test, The detalls of this test will not be
discussed in this paper,

The work reported in this psper was supported by the U, S, Bureeu of Reclamation,
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Special Eguipment

Silver Iodide Gensrators, Remots radic controlled silver iocdide generators develop-
ed by Worth American weather Consultants and described by Elliott (1960) will be used for
seeding a unit installed on the Wasatch Front is shown in Figure 2, This generator emits
about 1079 silver iodide crystals per second in the size range betwsen 0.0%y and 0,05y if
the smoke is quenchsd at the proper temparaturs and consumes about 1/10 gallen of 2 percent
silver igdids in acetons psr hour.

Precipitation Gages, The precipitation gages used were developed at Utah State
University to measure both rain and snow in remote locations and tramsmit the reading back
to the central readout locaticn, The assembly for measuring precipitation is shown in
Figure 3, The gages have a rasclution of about one part in 2500.

Readout Eouipment, The readout sguipment was also developed at Utah State University.
This equipment can be programmed to automatically interrogate the various sensing sguip=-
ment at 60 decihels below noise, clean up the signal, read the datum and rsceord it on a
print-gut and on magnatic taps, The readout could also read directly into a computer. A
front view of this equipment may bs seen in Figure 4, Reading time is a few ssconds per
station with tha actual time depending on signal strength from the remcte locatisn,

Temperature Sensprs, These units were also developed abt Utah State Umiversity and
consist of a bimetalic strip which moves as tempsrature changes, ne sensgr is shown in
Figura 5. Tempsuature sensors ara avallables for both sir temperature dirsct or remotely.

Air Pressure Sensors, Thess uynits are adapted from a conventional microbarcoraph,
Figure 6, or from angerold beilows to telemeiry, The sensitivity with telemstry is much
greater than wiith the ordinary recorder chart,

Snow Pillows, Thes most promising of the spow pillows still being tested are metal
plates four feet square with either a butyl rubber or thin metal diasphram and the inter-
vening space filled with an antifreezs solution, Theses may be seen in Figure 7. The re=
sults from the smaller pillows sasem to be egqual in esvery way to those from the 12-Ffoot
pillow, Testing will continue on thess unite bsfere a decisicn is made on which will be-
come cur standard., There is pressently no difference betwsen the two 4-foot pillows,

Radar, The radar units heing used are 7=8 Trackers, They will be ussd in two par~
ticulars, The fipst is the pPI display of ths precipitstion bands and centers or cells,
The second is te track transpender besring balloons bsing used to study small scale
circulations,

Design of fthe Experiment

pefinitions, A storm condition is said to bs seedable whenever sither .31 inch or
more precipitation falls af one or more of the westernmost precipitation gages or an echo
on the radar larger than ons mile across appears in the vicinity of these gages,

Targst arsa can mean sither (a) an arsa where the silver content of the precipita-
tien is above background, {(b) A fixsd arsa selected as the most probable to be affected by
seeding. {c) That arsa above a stream gaging station on which the silver content of the
precipitation exceeds background most freguently,

The effects of cloud ssseding will be svaluated in thrse Tashions, The first svalua-
ticgn will determine whether or not cloud sseding significantly increases or decreases pre-
cipitation, If precipitation is significantly affected, this svaluation must then be able
to show whether or not there is a carry-gver in the sffects of silver indide from one
storm to the naxt,

The sscond svalustion will show whether or not cloud sseding significantly alters
the pracipitation on a presslscted geographic arsa and whethsr or not there is any signi-

ficant sarry-over,

The third svaluation will determine whether or not there is significant effect of
cloud seeding on straamfliow under the conditions of the expariment,
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Figure 1. The general area and general physical layout of the

atmospheric water resources along the Wasztch Front, Utah.
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Figure 3. The remote telemctéring weighing type precivitation gage
developed at Utah State University. The installation has
three parts, the catchment, the antenna, and the elsctronics.
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Pigure 2. The rémote tadio controlled silver jodide gunerator atop the
Wasatch.Frontnear Bomntiful: Paak (right background).
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Figure 5. One of the telemetering temperature sensors developed at Figure 7. One of the 4-foot metal snow pillows adapted to telemetry
Utah State University. by Utah State Unlversity.

Pigure 6. An actinometer adapted.to telemebsring by Utah
State Universlity., The precicion with telemetering
i3 grester than with the conventlonsl anszlog chart,
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Physical Evaluations, To support the statistical evaluations physical evaluations
will be made to aid in understanding the processes accompanying the seeding of storms,
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