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Introduction
With increasing soclal and political pressura for both more rain and more sffective
rainfall, the Burgauy of Reclemation through the 3ffice of Atmospheric uWater Resources has
organized a bread research and development program directed at lsarning how to get more

rain or smow te fall and Lo put it where it zan do ths most oood,

“Broject 3kywat program is gensrating an all-out effort to ace-
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scope the consideraticn of the social, scolegical, ecunomic and lesgal problems gensrating

from weather modification efforts, Howsver, the primary obisctive of the Skywaeter program
inp the capability, to make mere rain or snow to fall, and to
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filter into the lLakes hehind dams o
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It is alsc important to point oub that the Skywater program is only a part of the
National weather Modification program, [Other components of the Mational program include
fog contrel, lightning and hail supprasssion, severs local storm elimination or control,
and hurricans modification which are primarily being conducted under the auspices of
other Faderal agencies,

Tha basic nature of PFroject Skywater is a contracted program diregcted by the Bursau
of Reclamation through the $ffice of Atmospheric yater Resources, Its current funding is
three and three-guarter millicn deollars and the work is being perfermed through 10 univ-
ersities, 1 nonprofit research foundation agency, 5 Fedaral agencies and § privats re-
search gQroups.

Primary Study Arsas

The work of Projscit Skywate 2 has svolved into nine problesm arsas as follows: (1)
Probiem Identification and Approach, (2) Program Studiss, (3) Background Studies, {4)
Instrumentation, {5} Cloud and Pr c&plta on Drocessas, (6) Cloud Treatment Materials,
(7) Cloud Trsatment Gystems, (8) weasther Medification Evaluation and (9) othsr studies
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such as Sccial, fconomic, Ecological and Lsgal aspscts of weather meodification,

Under gu identification, we include such items as the definition of a weather
modification 8y =L am which includes duti'ninq and sxamination of componsnts of a total
weather modification svystem, It alsc includas ths identification of proklem areas and gaps
in knowlsdgs or tschnslogy, It inmiude% the sstablishment of pricrity nesds and program
planning for the program,

In the program study arsa, we irciude the definition and selection of weather mod-
ification sxperimental arsas, regionzl analysss, augmentation of river basin streawmfliow
through weather medificaticn, and the coordination and integration of pregrams with other
groups or agsnciss,

1/ Pragsented al the Wesitarn Smow Confersnce, d8oise, Idehe, April 18 - 20, 1867,
2 Assuciats Chief, Uffice of Atmospheric Watasr Resourcas, 0Office of Chief Engineer,
Buregau of Reclemablion, iUnitad States Department of the Intsrior, Denver; Colorado,



Background studies are of many types, In the meteorsclogical arsa they include such
things as nuclei climatology, cloud and storm climatolegy, synoptic climetology, diffusion
studies, water budget studiss and the developmant of water yisld astimation procedures.
Other studies include arsa sconomic studies, water value, scological studies, sociclogical
studies and personnsl requirements,

Instrumentation is also of special concern to the Skywater program. Priaority needs
include new or better airberne nuclsi countecs, snow measurament devices, radar, instru-~
ment systems with real-tims ressarch and display systems, the improvement of all typss of
standard sensers, and new and better remote sensing devices,

The Skywater program is concerned with all aspscts of cloud and precipitation pro-
cesses, The program includes work on cloud dynamics, cloud physics,; cloud and storm model-
ing, terrain effects on storms or clouds, trans-sky diversion and many cther factors,

In the arsa of cloud treatment materials, the Bursau is interested in any of the
new and better seeding agents along with increasing the efficiency in the use ef the pri-
mary seeding agents, silver iocdide and dpry ice.

Along the lines of cloud treatment systems it is cencernsd with the developmant of
variable output generators and dispansers, automated treatment systeme, real-time monitor-
ing of research or operationazl systems and new treatment systems. Such new systems might
include napalm mass seeding genarators, jet engime nuclei injection systems, and rockst or
other launched systems,

Weather modification evaluation continuss te be a very important part of the Sky-
water program., Some aspects of this work include the detection of sseding agents ir pre-
cipitation, cost to benefit studies, pollution studies, downwind effects, carryover ef-
fects and project rain-one-the=-ground svaluations.

Gomponents of the Cloud Treatment Problem

The heart of the Skywater program is the cloud treatment problem, This problem has
four basic componsnts., They are: (1) treatment of the clouds, (2) physics and dynamics of
natural and treated clouds, (3) msasurement of the required parameters for the study and
evaluation of what is going on in the clouds and (4) the evaluation of the results of the
trsatment,

Cloud treatment is a2 complex procsss, Currently it is primarily accomplished with
seeding, gensrally with Ag 1 through thse use of airborne or ground gemerators. Important
concerns in the treatment of clouds ares (1) were the proper materials produced? (2) if
so, did the material reach the cloud in the right amount? (3) if s0, was the material
involved in the precipitation process? (4} if so, did it werk in the desired direction?
{(5) if so, did ths rain reach the ground? and (6) if so, did it fall in the right place?
when all of these things ars accomplishsd, the treatment can be considsred a success,

At the present timse, based on our present technology, two effects of cloud treat-
ment are considered tc be of primary importance to rainfall augmentatiom or targeting, The
first is affecting the microphysical processses within clouds to enhance the precipitation
process, and the second is to affect the microphysical process to snhance the buoyancy of
the clouds through releass of latent heat and make clouds bigger and live lenger to act as
rain manufacturing systems, Much research is regquired befors scientists will be abls to
fully exploit the manipulation of eithar or both these rain snhancing processes.

Measurement and evaluation of what is going on within the clouds are closely linked,
Instrumentation is currently being developed at a repid rats, but much still remains to be
desired in this area, As new instrumentation becomes availasble, we are able to moniter and
svaluate new aspects of treated and untreated cloud processss, When ihese mesasurements be-
come available, bstter evaluations will become possible, iIn some aspects of the wsather
modification problem we are still learning what needs toc bs msasured and in others we are
Just beginning to get ideas of what is reguired to meke these weasurements, QJur primary
sensering platform remains the small plane, In addition to the problem of lnadeguate sen-
soring devices, the platform has problems in pesitioning, altitude, and structural limita-
tions. We must further consider the problem of modifications induced onm ths envirenment by
our very attempts to make measurements,
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The MRI group has also conducted fisld experiments with seeding sgsnts other than
gilver iodids and dry ice, For sxapmls, metaldehyde, a promising organic, was used with
positive results in the 1966 sxperiments,

Another important aspect of the field program at Flagstaff during the summer of
1966, was a cooperative effort by ssveral Bursau contractors which resulted in a real-time
acquisition, display, and utilization of data obtained from radar and airborns sensing
elements, The development of such a real-tims system has been a part of the University of
Nevada's contract objectives., As an outgrowth of a Bureau-sponsored conference on data
acquisition, two of our contractors, South Daketa School of Mines and Technology and
Meteorology Rssearch, Inc., joined with the University of Nevada to provide this data
acquisition system involving telemetry, aircraft and radar. Becsuse of similar interests,
the Pennsylvania State University alsc supported this group. These four organizations, as
well as others interested in weather modification research, met during the summer of 1566,
for a concertsed research effort on summer cumulus cleud systems, The data acquisition sys-
tem included a number of instrumented aircraft which telemetsred data to the ground,
tracking radars, and an en-line computer which processed the data in real time, This was
the first opportunity for a full-scale field test of this system, and the promising re-
sults suggested for additional study.

Missouri River Basin. At the South Dakota School of Mines and Technology, (SDSM&T)
a group of scisntists with a varisty of interrelatsed interests is dsvelopimg practical
methods for seeding summer cumulus cloud systems in the Northern Great Plains, The Rapid
Project has a randomized crossover design utilizing a high frequency ef test casess, Silver
iodide, dispensed from mobile ground generators or from airborne generators, is used in
this expaeriment. Dus to ths rigorous statistical requirements of this study, definitive
results are not yet available.

A climatological study of the expsrimental site revealed that the maximum precipit-
able water is found late in July, but that the precipitation peak is in June. One suggested
explanation of this phenomena is that downslope surface winds and subsiding air aloft in
late July effactively suppress precipitation despite the highsr precipitable water content.

South Dakota cloud physics field studies included more than 300 aircraft passes
through about 200 different clouds, Many of these cloud penstrations were at the -5°C
level, It was found that ice particles do not naturally cccur at the -5°C level in most
of thae cumulus clouds studied., Dry ice was used te ssed individual clouds, and the seed-
ed clouds were comparad with unseeded clouds with respect to glaciation, vertical develop-
ment, and precipitation falling from the cloud base., More cases are requirsd bsfore defin-
itive results will bs availablas,

The University of Wyoming's (UW) Natural Resources Research Institute is studying
cap cloud phenomena at Elk Mountain, an isolated peak 50 miles northwest of Laramie, They
have demonstrated that cyclic sseding of cap clouds results in cyclic precipitation from
the cap clouds, and that moving the gensrator to different locations shifts the precipita-
tion arsa. An observatory has bsen installed on top of Elk Mountain to permit better ob-
servation within the cap clouds, Evaluation of the data gathered so far suggests that a
single silver iodide gensrator can be sxpected to provide, conservatively, 100 acrs-feet
of water in the form of additional high mountain snowpsck per day of cap cloud scocurrence,
It is estimated that about 1,000 such generator-day units of cperation ars availables dur-
ing most winters in the mountains of Wyoming.

Two criteria have besen formulated by the University of Wyoming for successful cap
cloud sesding, They are:

1. The average lapse rate betwssn the generator slevatien and the cap cloud eleva-

tion must approach or axcesd the dry adiabatic rate, and

2. Riming must be occurring within the cloud (obsasrved at the instrumentation site

atop Elk Mountain),

A second cap cloud program was started during the fall of 1966, in the Wind River
Mountain Ranga. Because this pregram is so newy no conclusive results are available from
this project.

During the spring and summer of 1966, Montana State University completed the pre-
liminary study phase of a field program designed to determine the dewnwind sffects of
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nagetiated with Nerth American Weather Consultants to design a weather modification re-
search program for the drainage basin of thes South Fork of the Flathead River above Hungry
Horse Dam in Montana, The program design was completed in early 3sptember 1966, and was
used as the basis for preparing specifications for the operation of the winter ressarch
sxperiment, The program is designed to restrict seeding affects to the Hungry Horse drain-
age basin, It is providing valuable information about natural nuclei concentratien, is also
augmenting the limited climatological data now available, and studying the effects of sesd-
ing on the precipitation regime, This program got underway in November, and seeding began
early in December, Results of the program are not yst availabls.

Soguthern Sierra. The sourthern portion of the San Joaguin valley and Sierra Nevada
mountains of Californis has long been a focal point of intense interest and activity in
weather modification., Fresno State College Foundation, a nenprofit corporation which is
affiliated with Fresno State Cellege, has besn retained to cosrdinate weather modification
efforts in this region. A hoped-for result is a joint experiment involving many coopera-
tive efforts between the various groups, public and private, opereting in the area. This
would minimize the conflict resulting from one group's control area becoming another
group's target area and should help the programs of all concerned,

During the summsr months of 1966, a cloud census program was undertaken, and limit-
ed seeding opserations on summer cumulus clouds were conducted. It was found that clouds
sesded with dry ice precipitate, whiles adjacent clouds do not. Hydrologic studies wsrs
initiated to determine the affect of precipitatien from summertime cumulus over small
basins in the Southern Sierra region. Atmospheric water budget studies and cloud pattern
studies are underway, Analysis of ths data is still in progress.

Rio Grande River Basin, During the summer of 1966, New Mexico State University com-
pleted the initial survey phase of aproposedfisld program to increase the understanding
of atmospheric processes leading to precipitation and to develop techniques for augmenting
praecipitation in the Upper Rio Grande River Basim, During the initial G-month program they
developed the experimental design for the program which includes the identification of
equipment, instrumentation and parsonnel regquirements. The targst area of the program is in
the Sierra Nacimiento and Jemez Mountain Rangses; most of which is Mational Forest land, A
statistical model, developed by Colorado State University, will be modified to suit the re-
quirements of this program. The objective of the model is to make an analysis of weather
modification effurts on a basin-wide scals. Climatic and hydrologic data were analyzed and
the results used in determining the experiment design. New Mexico Stats University is plan-
ning a year-round program, While rainfall is slight in summer, it is significant. Thers-
fore, the convective clouds of summer will be studisd aleong with the frontal and cyclonic
clouds of winter,

Field Support

Field suppart activities ars conducted with the support of several Federal agencies
to provide special measurements, additional measursments, and additional installations
which, bscause of lack of equipment, trained personnel, or other causes, the contractor
has not besn required to supply. For example, tha U, 5. Geological Survey installed three
stream gages es a part of the Park Rangs program., These gages have greater accuracy than
those normally used in routine measursments. Several weirs were installed on small drain-
agss by the forasst Service, and their scientists are conducting watsrshed management
studiees to determine how such practices influence runoff,

The Soil Conssrvation Service installed snow pillows for the Park Range program and
provided the telemstry system for remotes reading., They alse installed new snow course sites
to facilitate evaluation of results and take special measurements over the new and the
existing snow courses after sach storm,

Laboratory Studiss

Laboratory studies ars being conducted by & number of Buresu contractsrs. Some are
intimately connectad with on~-going field programs, whils othsrs are essentially indspendent
activities,

Utah State University’s prior intersst in telemetry has led to the development of a
radic telsmetry system for transmitting temperature and precipitation data from isclated

Q=



rountain locaticons teo the Water Rssearch
isplated locations reguire the installzti
the transmission is essentially ling-gf
ong specific call signal, and is capable
single transmitter, The lﬁﬁ@“fﬁ“@tﬁfyﬁ&
tion and printed readout of &
the shorter the time, Becau
designeﬂ and built as ap Iin

its 2 signal from the labor

catory at the mouth of Logan Canyan, Thsse
" spveral mpuntaintop relay stations bacause
, Bach obe telemetry unit 1ls rasponsive to
sending several types of information from a
digital dete readoul system, Interroga-
about 10 ssconds--the strongsr the signal
z snavedy an autoematic tracking filtesr was
al Lu system, Ths system ms it now axistsz trans-
cocy to a repeater {which say then go to sothsr rapsaters) to
a precipitation gage site v 5 data transmitter, The value of ths desired
parapeter is then trensmitisc back alpﬁg the sawe path, Eventually the data readout will
be linked directly with 2 compulsr,

B in
wl

Stata Un

oy

versity nes also developed ssvsral spescial
sevaral snow pillows, AL ona sits they

£ butyl rubber pillow, a 4~Fuapt steel
W Lo

In addition to telsmelry,
transducers, fiberglass precipibation
hayve installed, for comparabive purpo
piilow, a 4-Ffout rubber membrare ouar

1

foot rubber membrane pillow,

The relative accuracies all somparable; the diurnal fluctuations are much
less pronounced th the smaller gl s S,ﬂnk pillow agpaars to be ths best

compromiss of crot, malnterance, ace

Tha tiniversilty of Asvu
model which incorp
chancas unpurring in &
bzing studied., The produ
tha collsction sfficiency.
facts of condansation and opad
arg sufficiently velid when considering

im wvary dap
aRnBehT {
arats sbuoy
Lisction problems

of silver contant in spow by nautron
ur ice crystal nucleant in clouds, affects of
watting on the ice nucl of chemical compounds; the freszing of droplets,
and the characteristica of ; in vgwfﬂrai .5, Thess studies were begun dur~
ing the summer of 1966, and conclusive ra yat available,

Riher laborato
activatlwng dutarauxugw&ghlc

South Daketa School
tory to study the var.
test variouws kinds of cloud
aysham, and the cloud QhVa4Li'
boundary congitens,

aatabiishiﬁg a cloud physics lebora-

e iodide, and alsn 2 wind tunngl to
cantinuing work on & telemstiy

ud medsl to incorporate changing

Thay are

Thz wentilation ten of tha Honssbalke @ in western Soubh Dakote has Flve ver-
tical shafis oosratl gun the surface an dy B50-Fant level, two subsha®ts operat-

inc betwesn tha 4,
avery &awei. Enuw@%

ang 6y 300w antd a net-liks horizontal passagesway ab
a L& 1 s in the sxhaust shafts and that ihe
alr reeches hha uurﬁm*e. Sputh

physics

thess

tane it

expez“m 31y

nootin climatalogy of the Wast with
yatems, and alse case studiss of steorm types
hayy disclosed the relationship be-
tlon and amount of precipitation, the
&ty canter, and the wintsr precipita-
preocipitation relationships in
have also been compieted,

weathar
on prenind
4 precin *“at Lan
&

The .,
special emphs
and assuciats
twsen The ‘3
winter praci
tion from 4 s
individual watershs

ok,

Thelr
&md th@

00 mmiy 1940
the tpper Colorads

ting with the Bureau's grogram

La #nd dispensing syshems for E}g"“ airerafi,
b B8 to very large droppable
for aboub 4,800 fest of vertical fall,
tlom of silver ilodide with alkali isdides,

The Mavai Ordrancs
through their devslopment
Pyrotachnics ra
charges have begn
NOTS nﬂa ﬂlur flche

burn

1t hasg Ly cemo that the 1iting complexes, such
as fgl- 3'79 s@rna sondensal the or grow largs enough for a
dilute solution Lo Tnxw at which fime the droplet to fresze,

3l e



Dr. T. G. fNwe Berg is investigating the effect on the efficiency of sseding agents
on passags through the warm base of a cloud where ths temperaturz is warmer than 09C and
the cloud composed of water droplets. He has desvelopad specialized laboratory equipment to
obgerve the interaction betwesn water drops and silver lodide particles, bstwsen water
vapor and silver iodide; and the effectiveness as a ssading agent of silver iodide partic-
les after these interactions. The water drups and silver icdide particles are suspended in
a nonuniferm alternating-current field and observaticons ars made microscopically and by
high-gpead photoaraphy, Equipment has alsc been developed to preduce silver iodide partic-
les of known charge along with charge analysis of the interactions with water vapor,

It has bean detsrmined that silver icdide of the type normally used in cloud seed-
ing is not wetted by warm (room temperature) water drops in collision, Experiments have
indicated that the activation energy for the wetting of silver iodide particles and the
coalescsnce of water drops is betwsen 7.5 and 8 Kecal/mole, It has also been found that the
delay bstwesn contact and coalescence is considerably shorter at taemperatures near 09C
than at room temperatures, indicating that superconled water drops may wet silver iodide
particles in collision,

Aerometric Research, Inc., has begun a study of the gsneral effects downwind of
seeded arsas, Histerical climatic and hydrologic data have been tabulated and testing has
bequn to select ths best analysis technique. A tabulation of all weather modification pro-
jects on record in the 11 Western States has bsen completed, A total of 124 separate pro-
jects has besn found,

The University of California at Los Angeles has obtailned the complete meteorclogi-
cal and operational data from a Swiss hail suppressicn program., In the UCLA program it is
not the hail suppression which is of interest, but rather the differences in precipitation
which occurred. Analysis revsaled that substantially mors precipitation occurred on those
occasions when one particular meteorologist forecast for hail occurrsnce than when another
meteorologist was in charge. The purpose of the study is to identify the particular mete-
orological situations which sxisted when sach of the two metecrolegists was on duty, and
the weather modification technigues that resulted in incrsased and descreased precipitation.

The uss of streamflow as an evaluation method for weather modification experiments
is being studied at Colerade State University, Streamflew has the advantage that it repre-
sents the water which is available for man's use., It alsoc inteqgrates the precipitation of
an entire basin. The rasults of the first part of the study have bsen published as a Ph.D.
dissertation, and include detailed analyses of several statisticel approaches to the use
of streamflow in evaluation,

W, E. Howell Associates, Inc., is developing an evaluation technigus that involves
an adaptation of a statistical techrnique set forth by G. P. Wadsworth. The approach elim-
inates the nesd for widely separated target and control areas and many years of sseding
experience to determine effects, Initially, the work was confined to relatively simple
topography, but will ultimately be applied to wountainous terrain, The distinguishing
charactaeristic of this method is that the asstimate of natursl target precipitation does
not depend on a climatological relationship between certain stations or sets of stations,
A plane surface is fitted to the precgipitation parameters in tha vicinity of the seeded
area, and the natural target precipitation is dsterminad from the plane. The actual target
precipitation can then be comparaed with the estimatsd pracipitation., Thus, sach individual
storm furnishes all its own control data, Data ars still being assembled, and no results
are available at this tims,

Negotiations have besn completed with the University eof Arizona for investigations
of the lesgal aspects of operational weather modification programs, and with the University
of Denver®s Denver Ressarch Institute to study the most effective expsrimental designs for
statistical evaluation of weather modification experiments or operstions, The Department
of the Interior’s Nffice of Ecelogy is studying the ecological sffects of increased pre-
cipitation. Metsorology Ressarch, Inc,, is preparing a report on the status of cloud
nucleation,
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Future Plans

The combination of these many activitiss, in conjunction with research conduct-
ed by other nations eor agencies within the United States, is bringing us much cleser to
our goal of a practical capability to increase precipitation for the improvement of water
supplies, However, comprehansive management of the atmosphers requires caontinued and ex-~
haustive develepment of scientific knowladge, technical skills, and sprecialized equipment
The identification and scluticn of the many complex problems involve disciplinss often far
removed from the sciance of meteorclogy.

We have completed a planning report that cutlines our future progrem in atmospheric
water rssources, As described in this report, we propose to develop a ragion-by-region
capability for enhancing water supply, with sarly emphasis on those arsas where water pro-
blems are critical., We expect to devslop & practical, reliable capability in selected
western mountain areas by about 1975, Supporting the regional development efforts will be
an sxpanded series of research projects and studies resslving the many problems identifisd
by current weather modification programs,

Conclusion

The Projsct Skywater program is now coming of age, We have learned much about the
problem we are dedicated to sclve; we have lsarnad some approachss to the problem, We know
much about some of the comporsnts of the problem, but little or nothing about others, for
example, we have l2arned much about the inefficlencies of mature in precipitation produc-
tien but practically nothing of why silver ipdide works as a treatine agent,

As new information, instrumsntation, theorlss or hypcthasis bscome available, we
myst be preparsd to disprove, accept, rejsct or sssimilate whatsver bscomes important to
the program, We must identify the gaos in sour knowlsdge, instruwmentation, or procedures
and take appropriate steps to get on with the job of lsarning how to make more rain and
put it where it will do the most good.



