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PROJECT CIRRUS HISTORY

{ - INTRODUCTION

Thia history sf Project Cirrue wan prepared at the request of the
Rasearch Laboratory for three reasons, Firat of all, the project has been--
and still 1s, at this writing~~of such unusual interest and significance, that
the telling of the astory 18 merited for its own sake. Secondly, the tormina-
tion of the project 18 bound to result In an eventual dispersal of the various
moemberns of {ta pergonnel, Already Dr. Langmuir has retired from active
General Elactric employ, and the othar members of the project are, and
will be, more and more engaged in new and completely diffarent activities,
And finally, the broad aspects of the project have such wide implications that
it is particularly important that the story be committed to paper ‘“for the
record”’,

It has not been easy to organize the raw material In any simple, logical
tashion. As 18 so often the case, the project was very complex, with a num-
ber of subdivisions associated with the main activity., Some of these subdi-
vislons ran consecutively, some oparated In parallel, and others intertwined
or branched off in variously divergent directions,

Where {t was possible the material has been arranged {n chronological
or otherwise logical order. Where it was not possible, the varlous subor-
dinate topics have been taken up in as nearly a logical order as posaible. As
a reault, cases will be found where the story ‘‘gets ahead of itzelf”’, and
later it becomes necessary to retrace one'n steps to pick up the thread,

The history, with the exception of the Introduction and Conclusion,
divides itself naturally into two main parta, The first ia the story of the
early activities which led to the formation of Project Cirrua, The second
iz the story of Project Cirrus itself,

Schenectady, New York o : ©" ' B.S. Havens
July, 1982 om0 T




I - EARLY HISTORY

It would be dilficult, if not impossible, to trace the complete lineage
of averything leading up to Project Clrrus. Genersl Electric sclentists were
not the only ones who atudled many of the problems involved. And even when
restricting consideration to General Electric research projects, the ajtua-
tion is complicatad.

The following material 18 confined az much as possible to work which
has a relatively direct bearing on Project Cirrus research,

GAS MASKS & SMOKE FILTERS

The earliest activity leading directly to Project Cirrus was the study,
beginning in 1840, of the fundamental nature of iiltration in gas masks, This
work was undertaken by Dr, Irving Langmulr ('md Dr. Vincent J. Schaefer at
the request of the Chemical Warfare Service.

Gas masks normally use charcoal to absord peison gases, but even in
World War [ the possibility arose that the enemy might use toxic smokes
which could not be absorbed by charcoal and thus would have to be removed
by .a filter somewhat like filter paper. ™

The firat step in attacking the problem was to make some smokes of .
the type for which the filters would be used. In dolng %0, the sclentists stud-
fed the particles which composed the smokas, They investigated such things
as particle atability, concentration, and measurement. They obtained fairly
successful theordtical resultsand a better understanding of how to bulld a
good filter. And incidentally, they acquired a great deat of detailed know-
ledge as to how to make a amoke which would be non-volatilé and would con-
sist of particles far smaller than thoae of ordinary smokae, nnd thny 1earnea* :
much about optical proparties, . . . , ‘

This work was done under a National Defense_Rasoarch Commmee
‘contract, As Langmuir and Schaefer neared the. end of the work, a form
letter was received in August, 1841, asking If anyone could think or a way
to make a white screening smoke that could be usad over large araas to
cut down the hazard !rom aerial bombardmant

SMOKE GENE.RATORS
Langmuir and Schaefer wanderad whwthar they ﬂouldn t do this by

using the methods they had adoptecl for making amakea for mstmg ﬂlterq
They decided to: tr:,;‘ , B RS S I .

| Thny had tound 5 th‘ .auai:m ﬂ‘wayv‘ta make amokea tmd comrol the
particle aim was to ake somu oll and.pu ‘1t{ mm o volatﬂe condluon - They
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heated olele acid and similar substances up to about 200°C and passad a
stream of alr over them to get the vapor mixed with pir. Then they quenched
the mixture suddenly by blowing iu 2 large amournt of cold air, The parti-.
cles grew In size and by sudden quenching they found they could stop the
growth at any desired point and also make particles of very samall alze.

Thoy were surprised to find that, under certain conditions, they could get
particles of extraordinarily unl!orm alze,

Further work and experimentation showed thatthey could do the same
thing on a large scale, larger generators wera buill, tests ware made, and
the design was adoptea%y the Army and used successfully and on a large
acale during the war,

PRECIPITATION STATIC

Quite independently of this wor.. the Secretary of War asked in 1543
for research into the problems of precipitation static.\12) It was belleved
that the invasion by Japan would have to coma very largely from air attacks
through the Aleutian Islands, across Alaska, and from the North, That led to
a tremendous development of air transport and airplanes through the Aleutians,

The difficulty in flying aircraft in the Aleutiana was very serious. One
of the big problems was icing of the aircraft, but even more baffling was the
complete loss of radio contact when the planes flew through snowstorms. The
planes might become charged, sometimes, to a potentlal of 250,000 volts or
more, producing corona discharges from all parts of the plane and causing such
alectrical disturbances that radio sets ¢ould not recelve messages, Pllots had
particular difficulty in finding their bases and getting down through this foggy
bad weather. What could be done about e

Langmuir and Schaefer were 1ntereated They hnci no particular ideas
on the subject, except that it had to do with weather, - In their opinion, the best
place to investigate something like that wae the well-equipped laboratory of the
Mt, Wazshington Observatory on top of Mount Wasmngton {n New Hampshire,

Mount Washington in winter has an average temperature of minus four
nr five degrees F, the wind averages about 60 miles per hour, and most cf the
time clouds swaep over the summit., Tt seemed to offer the proper conditions
for a research of thia kind ' o

So equipment was tmtalled at the aummit. and Schaefar went there sev-
oral times during the winter of 1943 to conduct experiments. But he discov-
erad that anything exposed there during the winter immediately became cov-
ered with lce, becauze the air was full of aupercooled water droplets, He and
Langruir bacame o much interested in this that they hoped they would not
hava to continua a long study of piOC;pi atlon mtatlv S
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Early 'matory -

In the course of thig work, Schasfer relied heavily on the servicos
of Raymond B, Falconer, who was then one of the obsarvers in the weather
station on the summit,

AIRCRAFT ICING

It s0 happened that the Army Alr Forces were just ag much interested
in problems of aircraft icing as In pracipitation static, This fitted in s0 well
with the new nterest of Lfg%ryu*r and Schaefor that in 1944 they atarted a
study of icing of alrcraft

They had much assistance {rom Victor Clark, Falconer, and others
of the observatory personnel, who were already workmg on riming and
leing. Langmulr and Schaafer, however, were able to introduce some new
and very productive ideas, '

Extensive mathematical calculations were necessary, The first work
of this nature was done by Langmulr, and hi¢ results were used in connec-
tion with the cloud studies at Mount Washington (gsee balow), During the
later stages of-the Mount Washington studies, Langmuir declded to make use
of a differeatial analyzer for these calculations, and in preparing the mat-
erial for that purpose, he'was assisted by Dr. Katharine Blodgett, Thus
it wae possible to calculate the percantage of water droplets which would
be depesited on a given surface under specific conditions. The information
wag used on dats obtained on Mount Washington to determine the number
and alze of water droplets involved in the formation of ice,

CLOUD STUDIES AT MOUNT WASHINGTON *

The theoretical calculations worked beautifully in practice. Thay
begun to acquire a very satisfactory understanding of some featurea of
cloud structure and the growth of cloud particles, They became absorbed
in this new intereot. Ana Langmufr found he could apply to his amoks gen-
erator work the same evnporauon-coudenaauon theory he had used to cal-
culate the growth of smoke pnrtic!ea (114

: But, although they !elt they had a fundamental thaory for some of the
factors that caused particles to grow in clouds to the size thay are, they
didn’t fsel conditions were right for further study on Mount Washington,
[t would be far better to study cloud particie growth in atrplane flights,

~ That would raqulm the developmant of new Instruments,

, 'I‘hia Was law m 1946 They took the queation up wlth tm Army Alr
Forco and the Bignnl Corps. They were led to think that perhaps somo=

" hody might furnish alreraft for experimental purposes of thiz sort; it
E aoemad that it woulti be deeirnbm tc know something about clouds from a
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___Standpoint of national defense. But they dldn’t get along very fagt, They )
carried the research along on thelr own to a large extant, testing Instruments
on Mount Washingion, but they never got teats in alreraft, .
NUCLEATION

By this time thay were deaply Interestad in their cloud study. They
investigated and learned a lot of things. But the thing that struck them most
wag that, | there nre any snow crystals in a suparcooled cloud, they must
grow rapidly and should tend to fall ont. They came to the conclusion that
in winter, if there are supercoolad stratus clouds from which no snow is
falling, even though the tempseratures !n the clouds are below freezing, there
simply are no appraciable numbers of effectlve snow nucle!. Such e¢louds can
apparently be supercooled to very low teamperatures,

They thought this presented a problem that should be investigated, Why
was it that sometimes snow forms go easlly, with apparently no lack of nuclet
on which crystals can grow, and at other timaa there seem to be ncne? They
concluded there must be something in the atmosphere that causes water drop-
lats to change to ice only at certain times and under various conditions, They
decided to make some careful experiments in the laboratory in an attempt to
duplicate those conditions.

SCHAEFER'S COLD BOX

During Langmuir's absence in California for three or four months in 1948
Schaefer made what Langmulr has described as ‘‘some beautiful experiments’’.{12)
During the previous winter he had been studying the behavior of droplets on cold
surfaces to see how they supercooled or froze as the temperature dropped. He
had found he could supercool water drops to a8 low as ~20°C on surfaces coated
with polystyrene and simllar materiala, He had realized, however, that such
experiments were not simulating supercooled clouds and had sought » better
method of experimant, I : ‘

He decided to try a home freezing unit of the type used for food storage.
He lined 1t with black velvet no he could get a good view of what huppened Inside
when he directed a beam of light down Into the box. He then breathed into the hox,
and the molsture condensed and formed fog perticles which were just like ordin-
ary cloud particles, although the temparature was about -23°C, No lce erystals
formed, He tried many different substances dusted inte the box to get ice crys-
- tals to form, but almost naver got any, - He got just enough to convince him that,

-

- M he Gld get them ho could eantly sée them. .~

' Finally, one July day whoh the temparatire of the chambar was not low
enough, he put a big plece of dry lca into 14 to lowsr thetompoerature, In an
instant the air was full of oo crymtals, - The crystals porsisted for a while
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after he took the dry ice out,

Frllowing this discovery, Schaefer conducted a number of experiments.
Thesae showed tha! even a tiny grain of dry lce would transform the super-
cooled «loud in the cold box to 1ca crystala, Quantitative experiments were
conducted which showed that many milliona of cryatals could be produced
in this manner,

In order to find out {f there wua somathing peculiar to dry fce which
producad this effect, he worked with other cold materials. For example,
he showad that, by dipping 8 common sewing needie into liquid afr and then
passing it momentarily through the supercooled cloud in the cold box, sim-
ilar spectaculsr effacts occurred. This demonstrated that the presence of
a sufficlently cold substance was all that was required to produce the effect,
Schaefer devised methods and equipment for determining, with conaiderable
accuracy, the C(lél)cal teamperature at which the supercooled cloud changed )
tc {ce crystals, 36) Thia temperature waa found to be -38.9C+ 0.1 degree.

Schaefer's discovery changed the whole sttuation. It meant, {irst, that
it wan not the dry lce or the needle as such that was responsible for the ef-
iectd but the temperature. Anything could be used having a temperature of
~40~C or colder.

VONNEGUT’S EARLY WORK | |
CLOUD STUDIES AT M.I.T. :

Meanwhile the stage had been get {or another Important contribution
to this ploneering work in meteorology. Before Dr, Bernard Vonnegut be-
came associated with the General Electric Research Laboratory, he was
employed at Masaachusetta Institute of Technology, where he had been én-
gaged in various stulles during the sarly years of World War II. In the
laboratory of the Chemical Englineering Department he worked on smokes
for the Government’a Chamlical Warfare Service. He measured amokes,
smoke penetration, and smoke filters, Then he became Interested in the
problem of icing of airplanes and want to work on that {n the Meteorology
Department, for the Alr Force. o o ‘

SUPERCOOLING

Meanwhile he had been doing nome wark on the side In supercooling.
He found that by making an emulsion of water drops suspended in oil, he
could cool water far below the normal treezing point, and it would not
~ {raega 11&:#ia;;c:erta‘i.tgi'pg,i;n.t:iwhs;y_e_:mhed;',whe‘njthe;whole}. mass froze.very - .
- rapldly,hEel oo i e T T e e

IR S
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Vonnegut jolued the staff of the Research Laboratory in the Fall of
1945 and he continued hiz supercooling investigations there.

SUPERCOOLING OF METALS

In various contacts with Langmutr and Schaefer, Vonnegut Jearnad of
the work they were doing. Knowing that Schaefer was already working oa the
supercooling of water, he switched hia activity to the suparcooling of metals,
in order to avold duplleation. He found he could supercool Woods metal by
subdividing it into many small, independent particles, and he developed 8
technique of studying the effect with x-rays. He alsosorked with tin.(62)

NUCLEATION STUDIES

Vonnegut had been Interested In the work being done by Langmuir and
Schaefer und had kept in rather zlose touch with it. In the fall of 1948, Lang-
mulr asked him {{ he would be interested in heiping with the quantitative work
being done on the number of ice crystals produced by dry fce. As a result,
Vonnegut applied himsel? to this and other problems In the general atudy of
nucleation,

SILVER 10DIDE

It occurred to Vonnegut that some substance very similar to {ce in its
crystal structure might serve as the nucleus for the formation of ice crystals
in the cold box. He went through all the known tables of crystal structure and,
from over a thousand compounds, selected three substances that 8 Shought
might have possibilities: lead lodide, antimony and silver lodide.(58

He dropped samples of sach of these three substances into Schaefer’s
cold box., The results wore almost negligible, although ne produced shough
effect with the lead lodide to warrant further expuriment. He and Schaefer
tried lodoform and lodine and obtalned ice cryatals in small numbers with
them, too, but nowhere near as many as with dry ice seeding,

Tha problem intrigued Vonnegut. Hae decided to try a metal smoke In-
atead of the powder. He Introduced same allver smoke Into the box by draw-
ing an electric spark from a plece of sllver, and it produced in the cold box

8 swarm of Ice crystals, . oo

The rasults were 8o spectacular that he declded to. try silver iodide
again, but this time ss a smoke; for the effect with sllver.did not persist,
Pirst he vaporizad.allver-iodide and then he:{ntroducad Into'the cold box
the smokes resulling-from the rapld condensation of this vapor. It was a com-
plete success. Further investigation ahowed that his earlicr negative results
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with silver lodlde had been caused by the fact that the asliver lodide he had

. used wag impure. Powdered silver lodide worked very well when it was
reasonably pure. He alao found that the raason !sr the succenaful use of
lodine was again impurity --contamination with silver,

The problem then became onme of finding out fsomething about how
silver lodlde worked and of finding methoda of generating sllver-lodide
smoke of amall particle size on a large scale, So many nuclel could be
produced with sllver-fodide amoke that caleulations indicated all the alr
of the Inited Yates could bs nucleated at one time with & few pounds of
silver {odide, s0 that the air would contain one particle of stlver {odide
per cubic inch--far more than the number of ice nucle! occurring nor-

mally under natural conditions,(Bb)

LANGMUIR’'S EARLY SEEDING CALCULATIONS

AN BRI Tt it e

s A YETER FTARS G B N st

Meanwhile Schaefer and Langmulir had continued their study of
the effects of dry ice. In August of 18946 Langmuir made a theoretical
study of the rate of growth of the nucle! produced by dropping pellets
of dry lce through clouds of supercooled water, (80) "He calculated the
velocity of fall and time of dissipation of the dry ice, the amount of ice
particles that would be formed, thetir slze, the amount of snow which
would result, etc. With a reasonable number of pellets dropped along
4 a flight path into the top of a cloud, the limiting factor would not be the
number of nucle! but the rate st which they could be distributed through-
out the cloud.

-

He also showed that such o formation of ice and snow particles
would ralse the temperature of the cload, and he calculated the amount
of temperature change. Thus the air in the clond would be caused to
rise, increasing its upward veloclity because of the seeding. The result-
Ing turbulence would spresd the ice nuclel throughout the cloud. He
anticipated that it would only be necessary to seed a stratus cloud along
lines one or two miles apart in order to glve complete nucleation of the
cloud within a period of 30 minutes nr so.

B A A b e e o

FIRST MAN MADE ¢ INOWSTORM

o e A R RS U TR AL AR,

: Thus the stage was set for actusl experiment with an airplane in

Lo real olonds, On November 13, 1846, a Falrchild alrplane was rented at

the .mhemactady alrport, plloted by C‘urti*; Talbot, ando®aefer want

P +aloft {n search of a'sutable cloud.(38) 1t wae found over Pittsfield.

| ‘ ~ about 30 miles-east-of Schenectady, at an attltude of 14,000 feet and &

' tempwatum of 2000, Wha! hmppened niext 18 best described by the
followlng axtrwt from qc'hanfvr g Iabm arory nutebmk entry for that
day , : :
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ot flew nto the oloud and | sinrted the dispennor In
operation. | dropped abuut thrae pounds (of dry i.f.f..ﬂ and then
swung around and headed south.

“Abput this Uime [ looked toward the rear and wasg thrilled
to see long streamers of anow falling from the base of the cloud
through which we had jost pasced. [ shouted to Curt to swing
around, and as we did a0 we paased through a mans of gilstening
gnow crystalsl ... We made another run through a denge portion
of the unseeded cloud, during which time I dispensed abeat three
more pounds of crugshed dry fce ... Thiz was done by opening
the window and letting tho quvtiun of tho passing zxir remove it
We then swung west of the cloud and observed draperies of snow
which seemed to nang for 2-3000 feet beiow us and noted the
cloud drying up rapidly, very similar to what we obaarve In the
cold box in the laboratory..... While still in the cloud as we saw -
the glinting crystals all over, I turned to Curt and we shook hands
as I said ‘We did iti’ Needless to say, we were quite excited.

““The rapldity with which the CO, disipensed from the window
seemed to affect the cloud was amazing. It seemed as though {t
almost axploded, the effect was so widespread and rapid........

““When we arrived at the port, Dr. Langmulr rushed cut, enthu-
siastically exclaiming over the remarkable view they had of it in
the control tower of the G.E, Lab. He said that in leas than two
minutes after we radioed that we were starting our run, long
draperies appeared from the c¢loud vicinity.”

This first seeding flight was of tremendous algnificance. Not only did
it show that the laboratory experiments and calculations were justified, but
it algo enniributed new material to the rapidly accumulating store of know-
ledge. For example, it suggested that the vell of now that {irst appeared
{mmedlately below the cloud could not have been produced by anow falling
from the cloud but rather was produced directly by the actlon of the dry
lce pellets falling into a layer of air below the cloud which was saturated
with respect to lce but net with respect to water. :

Subsequent experiments proved that {t was also frequently possible to
seed a superconled cloud by flying just below it and dropping dry lee, The
thicknens ot the layer In which such seeding Is possible ls about 10 moeters
for nach deg vea ¢ below the treeaing point at the cloud base. ‘The fce crys-
tals thus formed may be carried up into the cloud If the cloud is nctively
grow ng by canvection
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On November 21 Schaefer seeded a supercooled valley fog wit dry
ice. He found that it wng possible to reduce visiblity by generating more
{ca arystals than fog droplets and also to dinnipate the fog by dispenalng
just enough lce crystals to use up the fog droplets, ench crystal growling
large anough to tall to the ground.

OTHER EARLY FLIGHTS

There ware two othar seeding flighta made by Schaefgr with a rented
plane that month, one on the 23d and the cther on the 28th, ) Thege tests
wera made on iaglated cumnulus «lype clouds. The whoie of each cloud was
changed Into ice within flve minutes. and snow began falling {from the bage
of the cloud.

Photographs were taken from the ground every 10 seconds, and these

were developed and projected as movles. They showed that, with orographic

clouds the alr moves into one part and leaves another part; in a matter of
five minutes or 8o an entirely new mass of alr is within the cloud. Thus
it was found that experiments with small cumulus clouds are ususlly of
little interest, for the effects last but a few minutes.

wther flight test was made on December 20, also using a rented
plane. Thia tirne the sky was completely overcast, and by 9 o’clock

in the inorning tha Weather Bureau in Albany reported that {t expected
snow by 7 o’clock that evening, Schaefer dropped about 256 pounds of
granulated dry ice in the lowar part of the cloud at a rate of 1 to 2 pounds
per mile, about 1000 feet above the Irregular and ragged base of the over-
cast, at altitudes ranging from 7000 to 8500 feet. at about noontime. A

two -pound bottle of liquid carbon dloxide was also discharged into the
cloud during this period.

Bafore and during the 3eeding flight, a light drizzle of supercooled
rain had been encounterad, which s«emed to evaporate before it reachod
the ground. Flylng back along the line of seeding, after seeding was com-
pleted, 1t was found that the drizzling raln had stopped and that it was
snowlng, But on reaching the point where the seeding had stopped, drizzle
conditions were again encountered, Three more seeding runs were made
along the same lina before tha plane returned to Schenecctady.

The plane then descended to 4000 feet, where the vis ibility was
botter, and made a reconnoltering flight, checking the places whare snow
was fallmg. By this method and through reports recalved, it was found
that anow started to fall in inany places in the reglon. At 2:15 pim. it
stucted snowing in Schenectady and st many other places within 100 milaes.
It snowed at the rate of ubout one inch per hour for eight houra, bringing
the henvimst 'mczwmll of tha wlnmr wmm thn qms«unh Vmup uici not
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assume it had cauged thls snowztorm, 1t did bellove that, with weather con-
ditlons as they were, they could have started a general snowstorm two to
four hours before 1t actually sceurred, if they had been able to seed above
the clouds during the early morning.

ESTARLISHMENT OF PROJECT CIRRUG

This, then, waz the attuation {n which the research workers found
themsaelves by the and of the year: Their work on precipitation static,
then on alrcraft lcing, had devaloped tirough cloud studies into meteoro-
loglcal work of profound significance, PBut, while their work on precipita-
tion stutlic and alrcraft lcing had been done under government contract, the
work they were now doing on weather resecrch was not. Thelr last con-
tract had expired at the end of the previous June,

At this point Dr. C. G. Suits, Director of the Research Laboratory,
reported some of the results of cloud seeding to General Electric officials,
While it was clear that weather modification and experimental meteorology
were remote from the research which had been the traditional interest of
the laboratory and the Company, it was equally clear that these new results
were possibly of very great significance to the country. It was, therefore,
decided that the work should be encouraged and pushed forward,

Because the results might have such wide applicationto the country
generally, and because much government assistance would be needed in the
form of weather data, alrplanes, and flight equipment, a government con-
tract for the continuation of the work wag to be sought, While the govern-

: ment agency which had sponsored the previous research was not interested

i in the new work, other government agencies were. Normal contacts with the
1 dignal Cerps, for example, had kept that organization in touch with the new
reaearch, and Col, Yates, chief of the Alr Weather Service, had asked the

, Company te submit a bld covering this work In the latter part of September,
1 A formal proposal covering cloud modification and cloud particle studien

: was submitted to the Evans Signal Laboratory at Belmar, New Jersey

_ (a Signal Corps unit) on September 20. Meanwhile the weather studles were
belng conducted at General Electric expenge, although General Electric anti-

cipated no benefit resulting to the Compsany from the work from a meteoro-
logical standpoint,

TIPTRETIAS ke
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The fiight toot of December AO added a powerful stimulus to the Com-
pany’s negotiations with the governtent. Although the General Electric pross
reloase covering It did not-¢laim that the genersal snowstorm was caused by
the segding, the colncldence of the. two events did ¢ ‘'sa some mdepmmvrsnt
apevulauon cwer {he voaalbiltty of cauae a-m affm't '
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This quesation waa so Important that it was brought by Suits to the
attention of Vice Prestdent R, E. Luebbe, general counsel of the Company,
It was recognizod that the poss'bility of llabllity for damage from cloud-

: geeding experiments was a very worriaome hagard in this new form of

T cloud experimentation. Since such a threat to the share ownera’ money
would not be balanced by any known gain to the Company’s products or
buninens, there was great reluctance to incur rigka of uncertain but
potentially great magnitude,

It wao conaidered particularly fruportant for this reason that any
seeding experiments be conducted under government sponsorship. No
further seeding flights were made untll such asponsorship was provided,

A contract (W-368-038-80-32427 req. ECG 21180) was {inally re-
celved from the Signal Corps covering ‘‘research study of zloud particles
and cloud modifications’’ beginning February 28, 1947, It coversed cloud
modification by seeding, plus investigations of liquid water content, par-
ticle size, particle distribution, and ‘‘vertical rise of the cloud in respect
to the base.’’ . :

An important part of the contract was a subparagraph stating that

‘“the entire flight program shall be conducted by the government, using
exclusively government personnel and equipment, and shall be under the

- excluaive direction and control of such government personnel.’”” The Re-
search Laboratory immediately notified all those involved in the research
‘‘that it 13 essential that nll of the G.E. emploveas who are working on thls
project refrain from asserting any control or direction over the flight pro-
gram. The G, E, Research Laboratory responsibility is confined strictly

; to laboratory work and reports.”’

Although the contract was a Signal Cerps contract, the project actu-
- ally had joint sponsorahip by the U. 3. Army Signal Corps and ths Office of
Naval Reaearch, with the close-cooperation of the U, S. Air Force, which -
furnished sirplanes and the aszoclated peraonnel,

The title of Project Clrrua was not applied immedtately, It went into
effect offfeially on August 26 of that year,

B L .
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CONTRACTUAL HISTORY

The work done on Project Clrrus and the activities leading up to
it were covered by several contracts with the government,

The two resedvch projecta, inve  ‘ng firnt the work on gas masks
and smoke flliters and then ©'.v work on smoke generators, extemnded over
; : a period from October 1040 throagh Februsry 1044, Thig work was done
| under two contracta (NDCre-104 and OENMsr-131) with the Office of
Scleniifle Research and Development.

From October 1943 through June 1948, precipitation static research
was carrled on under Signal Corpn contract W33-1068-3¢-85 and, subse-
quently, under Alr Force contracts W33-038-AC-0151 and W33-038-AC-15801.

The meteorological research which became Project Cirrus, was
supported for a time by the General Electric Company. In February 1947,
the first of three Signal Corps contracts (W368-038-3c 32427, W36-038-sc-
38141, and DA36-038-3¢-1534h) was signed, The last of these remalned
in force until the end of September-1852,

ORGANIZATICON

.

The over-all dirnction of the project and the formation of broad
matters of policy were antrusted o a Steering Committee, consisting
of representatives of the three military branches of the government co-
operating In the project, Dr. Irving Langmulr and Dr, Vincent J, Schaefer
of the Research Laboratory served as consultants on the committes, The
milltary personnel was as follows:

-

Signal Corps. Dr, Michael J. Ferance, Jr., chief, meteor-
ological branch, Evang Signal Laboratory,
Belmar, N, J, His alternate was Dr. C, J.
Brasefield of the same unit of Belmar.

et S SN T T T K R B o e

Navy. E. G, Droessler, geophysical branch, Office
of Naval Res., Navy Department, Washington,
His alternate was Commander R, A, Chandler,

| } R T ‘ Preceding Page Blank

AT ——T e T T




M EAL I OGN GTIT, ety T

.

ettty Deganlred ~16.

Droesslor was succecded {n the summear of 1950
by Lt. Max A Eaton. Commandor Chandler was
gucceeded {n the summer of 1840 by Commander
G. D Good, DONGO (Alr),

Ar Forcen,  Major P J, Kenting, eidef, Weather bquipmoent
Flight Test Factity, Middletown, n, Major
Keatng wad suceesded 3723740 by Col, N, €,
Svender of the Ave Weather Office, Wasghingion,
Major Keating had no alternate; (;:m. Spender’s
alternate was LY Col, . Tucker of the Elec-
trontcs & Atmeopheric Pranch at Washington,

The activities of Dr, Langmulr, Dr, Schaefer, Dr. Vonnegut, and others
of the General Electric Company’s Rasearch Laboratory ataff were Hmited
by the Steerin~ Committee to laboratory work and analysis, The “oneral
Electric sclentific group came to be known to ‘hwr personnel of th., project
as the Research Group, In additlon to Langmulr, Schaefer, and Vonnegut,
this group Included Messrs. Kiak Maynard, R. E. Falconer, Raymond Neu-
bauver, Robert Smith-Jolmnzen, Duncan Blanchard, George Blair, Myer
Geller, Victor Fraenckel, and Charles Woodman,

An Operatlons Group was established by the Steering Committee early
in the life of the project to plan, co-ordinate, and control all project air oper-
atlons, assiat in the assernbly and analyals of all technlcal data obtained,
provide all necessary meteorological information and service required 'or
the efficient conduct of the project, and take whatever action was neceasary
to fulfill those requirements. This group would contain all military and
civillan pergonnel necessary to fulfill thoge functions, and it would be under
the direction of an Qperations Commitiee. Thiz commlitlee was sat up to

“agygume full responsibiity for, and, therefore, exercige complete {reedom
of action in the initiation of plans for, and the control of, all project alr oper-
atlons to be conducted in the vicinity of -‘;suhcmec:mdy.”

The Operations Committer was set up, lke the Steerlng Committee, to
Include ropresentatlves of the three services, plua Klah Maynard of the Re-
search Laboratory aa G ennral Electric consultant. 1t went through numerous
changes of personnel. The initial membership, and subsequent changes, were
a8 follows:

1. Lt Comm. Dantel ¥, Kex, USN, chalrown; Capt, 0N,
"*ambezrlain, USAF; F‘«‘ue:e;ar Wight, Slenat Corpsy Mp
Maynard, : o

)

2. Wlght wap :tueowdm by & tumwl Stine 1 Angunt, 1847,
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In Juna, 1948, Mr, 3tine became chalrman and Lt Comm,
L. B. Faust, exacutive officer,

4, In the fall of 1848 Major Rudloph C. Koerner, Jr. becnma
chairman, Rex and 3tine left the committee, and Capt. J. A.
Plummer USAF, was added,

b, In February, 1840, Lt. Comm. Paul J. Slegel became ex-
ocutlve offfcor and Lt Comm, Faust, opsrations officer,

8. In April, 1949, Fauat was succaeeded by Capt. Carl F., Wood
as operations officer, Faust becoming data control offlcer,
Plummer left ths committee, Membershlp {rom then on:
Koerner, Slagel, Wood, Faust, Maynard.

The initial personnel of the aperations group conslsted of six repra-
sentatives of the Signal Corps, six of the Alr Force, and six of the Navy,
Although the number of General Electric people working on the project re-
mained fairly constant at a figure of six or seven, the government repre-
sentatives varied widely in number. A3 a consequence, the total personnel
of the project varied also, running as high as 40 or 41 persons at various
times when actlvitles were at thelr peak. These Included crewmen for the
planes, weather technliclans, and civillan employees for such services as
photography. A total of 33 persons went on the Puerto Rico operation, and
37 went on the second trip to New Mexico.

An hlphabetical list of ths membersa of Project Cirrus at one time or
another Y4 attached as Appendix [,

FIIGHT PROGRAM

At the outset, and untll June 1, 1947, Project Cirrus test flights were
made by a plane from the Weather Squadron assigned to the Signal Corp.
This plane visited Schensctady six times, and a total of flve seeding flights

. were made, Olmsted Fleld at Middlsetown, Pennsylvania, was the base of

operations,

It was soon discovered, however, thut many delsys in carrying out
tiights could be traced to this geographlc separution of the Operations
and Research groups, Accordingly, in tha summaer of 1947, all flight
operatlons were transferred to Schenectady. Headquarters for the Opera-
tiona Group was established at the Ueneral Eiectric hangar at the Schen-
ectady County Alrport, o

~ The mcmtlea}'la‘wadny expsmded until, at the end of 1948, they cone
aisted of a total of 1880 aquare faet of offlce, operations, and storage
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apace, including a flight tower, weathor office, asdminigtration offlee, dark
room, navy cage, Hecorderk room, operations office, analysis room, and

a parachute-and-atock room. In addltion to thls, about 840 square foet of
conference room was avallable whenever required. In the same category
was 8 room in the hangar for alrcraft, when a heated aréa wayg needed for
Installstion work, repalrs, or other reasons,

On cal! were two alrcraft mechanices, two shop men, two transcribers,
and an instrument man. A full-time secretary handled reports, correspon-
dence, telephones, stc,

T'o facilitate flight operations, two Weather Pureau teletype circults
were installed, as well as a Teletalk system conneciing all offices. This
could alzo operate a public-address system in the hangar and the ramp. In
addition, connectlions were made through two leazsed wires to the Boston CAA
control center and the Army Alrways control center at Middietown, Pa.

At the hangar, a repair station was avallable, Guards were assigned
for the proteciion of alrcraft and equipment, end standard aircraft fire-
fighting equipment with trained personnel was on hand for emergencies.

At first the number of atrcraft assigned to the project was disappoint-
Ingly meager, but eventually this situation was corrected. At one time as

many as 3ix planes were available--three from the army and three from
the navy.

Active flight operatlons ran from the establishment of the project in
March, 1847, until August, 1860, when the Operations Group was dlabanded
at the suggestion of the Research Group, (This move was made In the inter.
egts of aconomy, for most of the objectives of the flight program had by that
time been accomplished.) '

A list of all the {lights made by Projent Cirrus {s attached as Appendix
II. This list Includes the flights made In rented planes before the establish.
ment of the project, It also Includes the flight numbers for the time after a
system of numbering was instituted, - ; B

Although a brief statement of the locatien and purpose of each flight

18 also given in Appendix I, this information Is not supplied In detatl, It iz,

rather, summed up in connection with the discusalons which follow of the
Indtvidual studies and operations, Detafled descriptions of the fitghts are
avallable in flight folders located, at the time of this writing, in the files

of the Weather Statlon {n the Laboratory penthousie. . =
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CGROUND OPERATIONS

In addition to the {llght program, the Operatlons Group had the re-
sponsibility for condicting numerous oparations on the ground. These
operations ware of two kinds: photography and eilver lodide seeding.

Whan 1t became apparent that such nnerations would be neceasary ss

part of the project from time to time, a ayatem of numbering each oparation
was ontablished. A record of all the numbered ground operations was main.
tained by the Operatlons Group, and a tabulation from thls record is attached

as Appendix I,
WEATHER STATION

Weather observation being essential to operations of the type carried
on by Project Clirrus, one of the {irst steps to be taken by the Operations

Group was to set up a complowe weather-observing station as part of the fa«
cliitisa 2t the General Electric hangar. Dally radlo contact was established
with the Weather Equipment Flight Tesat Facility at Middletown, Pennsylvania,

and circulta for weather teletype services were installed,

The primary requirements of the weather station were agreed to be as

follows?

1. Preparation of aercloglcal flight data prior to taka<of!
on {light tests,

2. Gathering of data to supplement that obtatned in the alr
on seeding missions, gatherad after the flight for the ares
concerned during the time of test,

3. Co-operating with the Regsearch Group in {ts study of weather-
analyzing instruments and test flightz, and supplying it with
such gpeclal weather reporta as needed for analyziug purpoaes

In order to meet these requirements, the Weather Stntlon performod
the following functions: : SARTEE -

1. Daily small-cloud maps wera prepamd of conditions dur
ing the lasi hour before Lake-off on test flights, covering
an area having a radms of aoo m!laex trom the Schenectady
County Mrport. S e .

4, Dally: fught-c warg made to- reaorrl tha nlr condltlons up ) '
to 8000 ram:nbova the airport_ e L

NI
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3. Radlosonde data above [reezing level were oblained datly
from Albany,

4. Dally surface weather maps were prepared of the com-
plete Eagtern Unlted States aren,

5. Data were obtained dally of the winds aloft for the Eastern
United States.

8. Local actual weather observations were made hourly.

7. After each test flight, cross-sections of the areas sevded
were prepared, based on reports of flight personnel and
teletype weather reports.

When the Operations Group was disbanded In 1850 and the facilities at
the General Electric Hangar were abandoned, the Weather Statlon was trans-
ferred to the penthouse of the Regearch Laboratory at the Knolla,

Through the Offica of Naval Researcﬁ, two navy men had & lengthy
assignment to the project as aerologists, and as such they contributed much
valuable assistance to the study of general and specific problems encountered
In the various research studles, These men were Lt, (Jjg) W. £. Hubert and
H. J. Wells, AGC. (L:. Hubert was succeeded in 1851 by Lti. Cdr. C, E, Tilden,)
A partial list of studies made by these men i3 included on pages | and il of the

introductéa?,to the final report on Contract W-368-039-sc-38141 dated July
30, 1961,'94

PHOTOGRAPHY

Ancther very Important activity easential to the success of the project
was photography of varlous kinds, From the outset it was found that complete
evaluation of the results of the various aeeding experimants aould not be '
made without taking plctures,

Both still and mouon-plctura types of p‘hotogr’aphy were used, In addi-
tion, apeclal techniquea were adopted. For example, by means of lapse-time
photographs 1t was possible to speed up movies in order to ohtain a better
grasp of the changes taking place in n cloud. Also, by the use of stereoscopic
aquipment, it was poaaible 1o produt-e thrm:-dimcamicnal views,

A photograpmc: darkrcom waa provlded ay part of the Ground Dparanons
facilitics at the General Electric hangar. When the: Dparatlons Group was dis.

banded in 1950, darkroom fncllttias were provided m the panthouse wemher
statlon at the Knolls. el G S
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So Important was photography consldered In the active phans of the
project, when the Operations Group was functioning and regular test {fiighta
werey being conducted, that many clvillan professionsl photographars were
amployed {n additlon to those provided by the Signal Corps  On the necond
New Maexico test operation, six photographera made the trip {rom 3chenectady
to Albuguerque. During the Puerto Rlcan test operation, over 100,000
{ramea of lapse-time plotures ware taken In cojor, The load on the darkroom
at the Genernl Electric hangar in Schenectady became so greoat that o photo-
graphle traller was obtained from the Signal Corpy Englneering Laboratories
to relieve the congastlon.

One print of each photograph was, at the time of the preparation of
this report, on file in the Knolls penthouse weather station, plus virtually
all motion pictures (some are in the possassion of Schaefor), All negatives
are flled in the photographle vaulis of tha Signal Corps Laboratory at
Belmar, New Jersey.

INSTRUMENTATION

A conslderable portion of the time and activity of Project Cirrus per-
sonnel was spent on the development of speclal {instruments, tools, and equip-
meont essential to the project, As in any new undertaking in which there i3
little or no previous experience, many new devices of this type had to be
designed, or old ones had to be adapted to special requirements, I[n addl-
tion to 8chaefer's simple cold chamber, which became a standard item of
meteorological research in the field of cloud physics, the more {mportant
equipment of this type follows:

Dry Ice Dispenger. One of the first ln?t:; ments which had to be de-
veloped was an aulomatic dry tce dispenser.(7%) This was devised
(Schaefar-Falconer-Kearsloy) for use In an airplane, to allow a continuous
release of dry-ice pallets during seeding operations.

Dry lce Crugher. Thia was a device (Schaefer-IFalconer-Kearsloy
for reducing blocks of dry ice to usable fragments for zeeding purposes,
It greatly reduced the time required for preparing this material for a
seading run. S S '

e

Silver Jodide Genarators. A number of differont methods for the gen-
aration of sllver-lodide smokes were studled by Vonnegut early in the his~
tory o(fsgge project. One method vaporized stlver lodide from a llg;, ftla« °
ment, Another Involved the ugse of A 3mall alectric furnace, S
third mathod vaporized stlver lodide from 4 string in a flame and then
caused a very ﬂrz'a s;mokuby rapldly quenching the flame with a blast of
compressed atr.(56) A 'fourth introduced stlver lodide into flares of the

T T S——
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atandard firewaris type A87) A fiith technigue produced ailver-fodida smokes
by flrst producing a sllver smoke with an eliotric are and then converting
tho 3“\/(!?%' particlas to allver lodide by the addition of lodine vapor ¢ the

H6)

amoke,

| In addition to these, two othor techniques were devized which were well

sulted to large-sceale needing. Inone, a solid haol, :usf'h ag charcoal, impreg-
nated with a sllver-todide solutton, waa burned (07881 The stlver todide
vaporized and thon condensed In the form of a fine smoke. In the other tech-
nique, a solution of sllver lodide and ace z ]}ﬁ &Ja:e atomlized In & spray noszle
and burned, vaporizing the sllver lodide. \V The silver-fodide vapor
rapldly condensed when it mixed with the cool alr of the atmosphere, to form
a smoke of very asmall particles, the size of which could be varied over o wide
range. A later design of this generator, adapted for usa In flight, was found
to be stmple and rvliable.

Camera Clinometer. 1t became evident in early flights that it would be
necessary, when photographling seeded areas, to know the vertical angle at
which the camera was poeinted. A very simple device W?a made (Langmuir-
Falconer) to attach to the camers to indicate this angle

Flight Instruments. Standard instruments often had to be modifled,
and new ones were occasionally developed, For example, a device was
; - evolved (Maynard-Falconer) to record the movernient of th? agrplane “stick’’
! for correlation and measurement of vertical acceleration,

‘‘Wenther'’ Instruments, But it was in the {leld of weather observation
) and atmosphere studles thatl most of the instrument development occurred, Some
; of the early devices were speclal rods (Falcgner-Maynard) to be mounted on
the airplanes to determine the rate of teing;(’%) an alr decelerator (Schaefer-
Falconar) to assiat in sorting out rain, s ,&ust. ot cloud particlesa from the
almosphere as ihe plane passes through "o and a cloud.particle gun
(Schanfr(\% 7g§coner) for sampling the cloud-droplet size distribution tn
clouds. An attempt was made to devclop a cloud-particle ranging instru-
ment for alrplane use to provide a continuous record of the distribution of
particle sizes In a cioud, but without success,

Cloud Meter. An important early development was a cloud meter
(Schaefer-Falconer), designed to provide Information which would give a
meaqu(:ﬁ Qﬁ tga wfrage effective particle sizes in the various portions of a |
cloud. This device, embodying a continugualy moving tape Im-
pregnated with a water-saenaitive dye p:ave 8 «mu:sfac,tory indiuation of the
amount of cloud particles collected L .

Condensmlon Nuclal Detector. ‘Another 'ifﬁpdr!.ant instrument (Vornegut)
wag one ior obtaining a continuoua record of tho concentration of condensation
nuclet In a given alr {3Pim[)1€!.(67) This Involved & simple adaptation of the
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cloud-chamber technique. Also a very simple pockat zize unit was deviged
for making spot checks of the relatlve numbers of such nuclel In a given
sample.

Vortex Thermometer. A development of much significance was the
design by Vonnegut of gn instrument, the vort o thermometer, {or uae by
airplanes in mensuring true atr temperature.t8) The usual type of ther-
mormeter 15 unuatisfactory for thias purpose becaune of aerodynosmnic heal -
Ing caused by the rapld movement of the alrplane through the atr. The
vortex thermometer reduced these aerodynamic effects to a negligible
amount. Also, fov the first time, {t made 1t possible to give a quite accu-~
rate measurement of the temperature in s cloud, Furthermore, an indica-
tion of true elr speed can be provided by measuring the difference in
readings given by a vortex thermometer and one exposed in the normal
mannar, because the deviation from true temperature of 2 normal ther-
mometer varies with the speed of the plane. But it was found that the
vortex whistle (see below) showed greater possibllities for this application.

Vortex Speed Indicator. An outgrowth of the development of the
vortex thermometer was the adaption of the principles involved to the
productien of a musical note (Vonnegut). As the pitch of the note produced
in such & manner varies with pressure, such a wh'stle could be used as .
the basis for measurement of true air apeed and alr mileage of alrplanes;(“’

Rain Catcher. A tool found very useful in raln studlies aloft was a
rain catcher, naveloped (Langmuir-Schaefer-Maynard) to give the average
value of the precipitation in the alr for approximately each thousand feat
of flight. The device involves the use ofa rain scoop, a tube rhgsa exit
velocity can be controlled, and a group of storage containers, 82

Portable Cold Chamber., A simple but effective cold chamber was
designed by Schaefer, which could be carriad about for field studles, It
consisted of a amall rectangular wooden box lined with copper sheeting
and having a copper inner chamber. A charge of five pounds of ¢rushed
dry icg B‘gagquggxd to hold the temperature below «10°C for three

1

hevirs,

Ice Nuclel Detectors. Since vne of the {mportant properties of the
atmosphere a3 related to the persistence of supercooled clouds ls the
presence of {ce-forming nuclet, considerable effort was expended toward
the development of an Instrument which would provide a continuous, auto-
matic record of the quantity of such nuclel In the atr at any glven time,
Two developmental instruments were devised, but difficulties were expe-
rienced with both of them, andneither was brought to a astisfactory
degree of porfe¢tion. 'One device (Schaefer) made use of tho tendsncy

I Bhn o,
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of a thin water-soluble film of potyvinyl aleohal to fmpermol.(‘l D The other
(Vonnegut) utllized the conling effect of the tee crystaln whaon thay struck a
hot wire carrying an electric current, 0

Untform Particle Generator. A useful tool in the study of cloud physies
{s an apparatus {or producing particles of uniform ;;ls.e, daveloped (Vonnegut)
during the worl on one of the lce nuclel detec:tom.( 70 wih 1, particles were
produced in sizes down to about 10 microns dlameter.

Salt Particle Detector. An apparatus wag constructed (Vonnegut-
Neubauer) that detects and counts aerosol particles, Such as zalt particles,
by the pulses of light they produce when they enter 8 hydrogen flame, Ob-
servations showed that the concentration of large sodlum-containing particles
in the ntmosphere is subject to considerable fluctuatton,(74A)

Cloud Chamber. A very simple but effective adaptation of the con.

tinuous ?‘Igu&fhambcr was developed by Schaefer, using water instead of
alcohol.\PYs It gave promlge of considerable value in ronducting quanti-

tative experiments with a controlled atmcsphege.

Aerosol Precipitator. A very simple apparatus was constructed by
Vonnegut to precipiiate aerosol particles from the atmosphere on a strip
of paper. It was found useful in the study of condensation nucle! {n the at-

mosphere.

Snowflake Recorder. Thia device was daveloped (SchaelarFalconer~
Kearsley] lo record the type and concentration of snow crystals reaching the
ground during the storm perlod of the winter season, It utilized a strip of
paper on which was rubbed a water-sensitive dya.('m B :

Cloud Type Indlcator (Schaefer-Falconer), By measuring the daylight
from a small portlon of the northern gky, It was found that the variations in
reflection caused by blus sky or various cloud types which passed this area
produrigsj a curve which could be interpreted in terms of particular types of

ecloud
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The Interest and activity In cloud seeding and the fundamental physics
of clouds, followlny the initlal experiments, were go varled that 1t 1 Jiffi-
cult o give an orderly account of the progress {n this fleld. Research beth
in the laboratory and In the stmosphere continued to rovesl new and inter-
enting facts., The contentz of this nectlon of the history consinl of munimartey
of the more importont laboratory studies In this fleld which were conduciod
by the Resiearch Group of Project Clrruy,

PERSONNE L

It would be dlfficult, if not linpossible, to list the names of all the
people contributing to the laboratory studies of the project. But twelve
persons should by mentioned who took part, #ither continuously through-~
out the life of the project, or at one time or another durlng its exigstence.

Dr. Irving Langmulr, under whose direction the project evolved, i
planned the methods and technlques for the various programs, snalyzed
flight resuils, and se! up procedures for the routine analysis of such re- ,
sults. He nlso reduced to convineing matherpatics many of the theorles ;
evolved,

Dr, Vincent J. Schaefer, who worked with Langmulr in the planning
of the project, carried out both fleld and laboratory experiments on the
fundamental processes involved in changes of cloud forms, !

e T Ry

Dr. Bernard Vonnegut alap carried cut extensive fleld and labora-
tory exporiments on dubjecta agsoclated with the project. Particularly
he concentrated on theorles and technlquaes assoclated with the use of
silver lodlide for needing. '

Raymond E, Falconor worked on various phases of instrumantation
of the flight planod, on laboratory studies, and on other related problems.
He worked closely with Laugmulr in hin perfodicity studlea, After the
terminatlon of the Operations Group, the establishment and melintenance
of a waather station In the Knolls penthouse was his primary responsibility,

Victor Fraenckel served ms Genaral Electrlc representative on the
Steering Commitiee and as contract llalson,

Kish Maynard wag the Reaearch Laboratory reprezentative on all
flight tests and on the Operations Group when It was notive, He gathered
data and malntalned records of all flight teats, He was aasotiated with
Falconer in the operation of the weather station at the Knolls penthouse.

Ayt
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Raymond L, Neubauer was asaociated with the Jater stagen of the project
tn the developmont of Instruments and studles of sliver -lodide amokes,

Robert 3mith-Johannsen, assoctrted with the projoct during it enrlier
history, was princlpally concerned with the satudy of the supercooling of water,

Duncan Blanchard was temporarily associated with the project {n con-
nection with theo study of water droplets,

Myer Geller, temporarily sasociated with the project, contributed tm..
portant « m'cu[aﬂng work,

Charles Woodman, temporartily associated with the project, contributed
Important mathematlcnl work,

Arthur Parr, & Research Laboratory machinist, built almost all the
speclalequipment and developmental {nstruments involved.

ICE NUCLEI

One of the mosl important phenomena assoclated with the study of the
physics of clouds is the formatlon, distribution, and relative abundance of
nuclei for the formation of lce crystals. This subject, therefore, occupled
the sttention of the principal members of the Research Group to a greater
or less extent throughout {ts history.

Considerable work was done in developing Instruments and methods
for detecting the presence of, and counting, such nucle! in the atmosphere.
Relatively early in the history of the project, a station was establizhed by
Schaefer at the Mt, Washington Observatory {or regular observations of the
concentration of such lce-forming nuclel, and these obgarvations continued
over flive years. Subsequently, Schaefer found in the laboratory that certaln
kinds of soils, when dispersed F& dust, were moderately good nuclel under
certalin atmospheric conditions, (4

At the time of writing this report, the number of lce nuclel naeded n
a supercooled cloud to initiate a chain reaction (see page 28) was not yet
known, but evidence found early in the history of the project, suggesting
that a critical concentration 18 found In the range of 10,000 to 50,000 nuclet
per cublc metar, has conaistently heen strengthened since. MA)

Observattom of ice nuc]ai were also conducted atf the Research and
Development Diviglon of the New Mexico School of Mines at Socerro, with
whem the aclentigts of Project Clrrus malntained 2 close linizon,
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A signtilcant fact resulting from tho Mt Washington studlos wan
the rartty of relati(f,}y high concentrations of active ice-forming nuclet
in the atmosphere, H the observed rosults are g trun representation
of the averaga mean condition of the atmonphere, 1t 1s nbvioua that, by
the artificial Introduction of sublimation nueclel into the atmosphere, man
posnaages a powerful method of modiying many cloud nystems,

One prolific source of lce-forming nuclel might be the Great Plaing
and the more arid reglons immediately adjacent to the Continental Divide,
Wind atorma, dust devils, and strong convective aciivit g._:sn.:ld eanily ac-
count for the formation of ice-forming nuclel aercasly

It seems probable the{ t,%e smoke produced hy forest fires is
poor source of such nuclel. An attempt was made to daermine the's
role that bacteria and the spores of fungl might play in this res a t(
and to evalunte the role of industrial smokes of varicus kinds.

Adlabatic Expansion of Gas. An important contribution to the early
knowledge of meteorological phenomena was made through Vonnegut's
observations that, when gas is cooled to below -38°C any adiabatic expan-
sion, very large numbers of ice crystals are formed, 0) wor example,
the low temperature produced at airplane propeller tips and wings can
seed 2upersaturated alr or supercooled clouds, resulting (h's persistent
vapor trails or cloud modification, Cwllong had reported\¥’ that {ce
crystals could be produced by this method, but he apparently had not
appreciated the enormous numbers ‘which are so produced,

It was found that the adlabatic expansion resulting from the bursting
of a rubter balloon a millimeter in dlameter produced cver 10,000,000
ice crystals. Schaefer made a popgun which did the same thing, lending
{tself to caraful contrnl of tomperature, pressure, and humidity,

This provided corroboration of conclusions already reached with
dry ice and furnished additmnal quanti.ative data which were found very

‘useful,

Chamical-Eﬂects. An Interm;tlng affect notlced by Vonnegut while
carrying out some studies of {ce crystala in a cold chamber was that
the presence of normal butyl alcohol cauged the crysials to form as hox-
agonal columns Insteed of hexagonal plates. (68) 'The phenomenon was
gtudled by Schaefer in soma detatl bul. no practical applieatxon of tha
Nndings was develcped S :
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Spontaneous Formaticn, Work done by Schaefer and others as early
ns 1940 Indicated that ice crystals formed spontaneously in water-anturated
alr when the temperature reached the nelghborhood of ~36 or ~409C, Schaafer
conducted quite a bit of research Into this aubject of spontaneous form(zp; Sm
and determinoed that the eritical temporature was 38,0 ¢ 0,1 dogrees \¢

This phenomenon io probably of conslderabie atgntficance th ralatlon
to the formation of clrrus clouds and ice crystal fogs in the {free stmospherae,

Structure, Schaefer’s study of the various types of Snow crystlals, which
started belore the establishment of Project Clrrus, continued throughout the
project. In 1848 he publirhed 4 simple y%#cluslve list of ten types of solld
precipltation for classificatlon purposes. In 3lightly modified form this
classification 1s now in uge throughout the worid, :

Crystal Growth and Multiplication, Experiments made by Schaefer in
1949 Indicated that snow partlcles tend to shed minute fragments of ice when
they are placed in alr slightly warmer than their own temperature, An ica-
forming nucleus appearing in a supercooled cloud grows rapldly, especially
in the temperature range of -12 o -168°C, where the difference between the
partial vapor pressure of ice and of water passes through a maximum. When
the crystal becomes large enough, it sheds a conaiderable number of ice parti~
cles as it falls through the cloud, These particles then serve as new nuclei
and repeat the cycle, In this manner, a few {ce-forming nuclel in a cuble
meter of cloud may start a chaln reaction which, wmﬂx y few minutes, could
shlft a supercooled cloud to a mass of snow crystals. 8

A laboratory stud; was made to determine the factors of importance
for obtaining the maximum rate of snow crystal growth,

SILVER 1ODID®

After the discovery that silver-lodide smokes serve ag an excellent
nucleus for the formation of ice crystals, the project was faced with the prob-
lem of {Inding some way of genarating the smoke officlently and in quantity.

It was found that smokes consisting of exceedingly fine particies could be
easlly produced by vaporizing siiver todide at a high tamperature and then
rapldly quenching the vapor. This was readlly accomplished by burning
silver-fodide -irpregnated charcosal or injecting a spray of sllver-lodide
solution Ints a hot flame, Stmple gensrators based on this principle were
made which could produc'e.10Hm‘:’clel-per,?ﬁrmnd,«aeneugh-_tr’:iseed from- .
1000 to 10,000 cuble miles of alr per hour(85) . Soe
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A very Interanting fact didcovered an the resull of one of Yonnegut's
1 ' studien L that sllver~lodide particten do not reant {mmediately as leo-

’ forming nuclel when Introduced into a supercooled cloud of water droplets,
Even 50 minutes aftor introducing 9 smoke somple into the cold chnmber,
lce crystals could be seen to form .t 5 measurable rate, The genersl
concluaton reached as a result of this atudy we t Hmt the rate of reaction
at -139C {a 30 to 40 1imes faster than at 1()‘5’(:,(5

| The Hrat unambiguous results in cloud seeding ustng silver-lodide
| generators were obtained in 1948, Bllver-lodide nuclel producad by one

of Vonnegut's generators in4talled in an airp}a‘ga rusulted In cloud mod-
{tlcation simlilar to that produced by dry ice, 60)

Experiments were conducted to determine whether the burning of
charcoal particles used in stlver-fodide seeding {rom an atrplane would
be seriously affected by the moisture in clouds, It was conciuded that

. the b%%ng 15 not serlously affected if the charconl 13 theroughly g«
; nited, '
i N
by Some experiments were conducted to diazover the value of a turbo-
{ Jet burner a5 a silver-lodide smoke genorator, It was dectded that such
{ A method migh\( % of value If larger genorators were needed than those

already in use,

Expariments were also made irz té‘ac:lng sllver-lodide smokes after
. thelr release by seoding generm,ors.,@) S ,
The nature of silver odide 18 such as to suggest the possibility

that its effactiveness as a seeding agent might be reduced by the actlon

of ultraviolel and near-ultraviolet radlation from the sun, Accordingly,
an Investigation was made to determine lts rate of decay under expected
conditions of radiation in the free atmodphere, The results of work in
this tield not only by Project Cirrus, but also the New Mexico School

of Mining and Technology, sugpested that far greater quantities of silver-
lodide particles might be roqulred for seeding operations under conditlons
of bright sunlight than would be needed gt night or under conditions of
cloud cover. But later work and observations l?ﬂc%sd that the effect

of sunlight might not be us bad as wag forceaat (04,74 '

AT RO A TR R A
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Ex.pefimeﬁhal]&yﬁdrk}f;i'}';bwed:t.hafig RE posssihld to convert supor-
cooled ground fogs to lee eryntals by releasing wllver-lodide smokes
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.
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RAINDROP STUDIES

Although many of the detallp are still lacking, studles conducted by
Project Clrrus began to provide anawers to the question of how rain s

formad,

In 1947, when reportt wore recoived of succasaful »ecults obtained
by dry-lce seeding of cumulus clouds over Hawall having a temperature
above the freezing point, Langmulr restudled theoretical calculations he
had prepared In 1944 in studies relating to work at Mt, Washington Ob-
servatory. As a result ;)g developed a theary which agresad very well with
the reactions reported.( <

According to Langmulr's theory, actively growing cumalus clouds
having an average drop size of 20 microns, a Hquld water conlent exceeding
2.5 G/M3, and a vertical thickness of more than a mile are in favorable
state for starting a chain reaction. This could be achieved by introducing
water drops greater than 60 microns in dlameter into the actively growing
part of the cloud,

Large drops in such a cloud would fall at a greater velocity than
would small drope. In faliing, they would overtake and collide with the
small drops and thereby increase in slze, In time the large drops would
become s0 large that surface tenslon ¢ould no longer hold them together,
and they would break up into two or more smaller drops. These in turn would
grow and break up, and the number of large drops would increase in this
manner by a chaln reaction,

The process would not be sufficlent to produce large numbers of
raindrops in a cloud without a vertical updraft, However, in the case of
clouds with suitable updraft conditions, many stages of the chatn reuction
aro carried out, resulting in the production of ratn,

This chain-reacdon theory led Langmulr to postulate that cumulus
clouds having sufficient updrafts could be sended with a few large watar
drops. ' .

To determine the valldity of several of the important phenomena in-
volved in this theory, various studles were Inltlated in the laboratory and
experimants conductad in the fleld. BRlanchard devised a splondid method
for studying the properties of frec-falling water droplets in rir, using a
vertical wind tunnel; “A series of striking atrabescaopic photographs was
made, showing the oscillations, gyrmlcsn'a,‘;pumat}??m and fractures that go
on as water drops full at thelr terminal veloetty Mt~ - v '
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Ancther activity concerned mm\f with devising mesans of sampling
ralndrops and measuring dlameter (2

Seeding wl(zéx_ kve‘er drops wes carried out with apparent succens {n
tropleal clouds, Thia 8 more fully discussed 1n a later gccncm of
this report,¥Pago 43)

CONDENSATION NUCLEI ‘ ' ‘

Condenantion nuclet played an important role In the behavior of the a
atmosphere. In 1948 Vonnegut devised a method of obtalning a conumﬁ%s ' ‘
record of the concentration of condensation nuclel in the atmosphere.

Varlous experlimonts wera conducted with this eguipment, both aground

and aloft. The results suggest that the continuous measurement of the con-.
centration of condensation nucle{ may be very useful in meteorological ir.
vestigations,

ELECTRICAL PHENOMENA

It was observed in 1843 by Schaefer that Interesting atmospheric
electrical measurements could be obtained by connecting one end of a
shielded cable to an insulated needle presented to the sky and the other
end to a a?é\f)mve recording microammeter, one side of which was well
grounded. Among the interesting observations made during successive
years was one to the effect that the data obtained with this instrument in-
dicated the passage of ¢harged clouds ovar the observation polnt.,

Continuous records were kept by Falconer from 1948 on, using the
data provided by this equipment, and an attempt was made to correlate
the measured coronu-dlacharge currents with other meteorological phe.
nomena, such aa {rontal passages, wind direction, precipitation, and re-
flected Ught from the northern giky. It was found that there was generally
good agreement between such ﬂndlngs smd those of omer lnvest,lgators.

i Wi it o o i = S

Baest correlations obtalned with thig equlpment seemed to be. with
frontal passages associated with the arrlva) of new air masses and the
occurrence of precipitation not necesaarily local but possibly extending
to o radius of a fow hundred miles, But correlation was also obtained
with wind shifts and pressure changes, since frontal paasages were
assoclated with thoze phenomena, There also seemed {o be some re- ’
lation botween certain instrument indications and amall, sharp changos
in the reﬂec(f,%d light ,from the . northmnnky. partlculafly in apparently
¢clear gkies, ' ! SRR e _
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Workman-Reynolds Effect. When Workman and Reynolds announced
in 1948 Thelr discovery of the formation of a large olectrical potential when
water containing amall quantitien of certaln salls {s In the proceas of
freeving, Schaefar declded to check the experiments by an independent in-
vestigation. Accordingly, test equipment was sel up and cbaervations were

mada,

The Viorkman-Reynolds electrical effects were Immediately observed,
The resulls of thls experiment have very important lm;al&alioﬂs with re-
spect to the development of lightning In thunderatorms.

Electrical Atemlization. Some qualltative experiments were made by

Vonnegut and Neubauf,}‘ E determine the effects of high voltage on the form«

ation of water drops, It was found that streams of highly electrified,

uniform droplets about 0.1 millimeter in diameter could be produced by

applylng potentlals of from b to 10 kilovolts, ac or de, to liquids In small

capillaries. Aerosols of uniform size and having & particle radius of a

micron or less could be formed If the capillary was positively charged and
{ if liquids having low electrical conductivity were used, Aerosols formed In
| this way showed the colors of higher-order Tyndall spectra.

STUDY OF CLOUD TYPES

In connection with an investigation of snowstorm intensities, Schaefer .
started measurlng variations in sky brightness using a ught-Senmuva {natru- .
ment, Falconer subsiequently carried on the meagurements in more detatl, o
It was discovered that the variations In the curve made by this instrument
were A rather good indicator of the type of cloud -cover prevalling during a
day. There seemed to be a typlcal trace for each peneral cloud type..

Such un instrument might be use ful in nutomm'c waather stauona to
glve some Indlcation of Hkv m—.qdiﬂ, ns { hore T(‘tu igcaugna

Test 1namnatlons ware mada by Falconer a§ various pointn aground
- and aloft, and cUnglderable data were gatherad ( . ‘

ANALYTICAL wom'

Of great qlgntt&canf‘a, beth in connectlnn wtth artivnmn af thtz ReuﬂBPCh
Group and with thoze of the O '"\pera:lcn., Group, wag the analytical work per-
formed by mngmuir It conmltumd one ot tbo mcst lmportant c*c)ntribmmns' A
v to the projact e : D ‘ .
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From the outset he studied and analyzed the various test flights of
the Operations Group, and extensive reports were prepared analyzing cum-
ulus and stratus cloud seedings. Hin analysis of the cumulua asedings over
Hawsll and the chain~reaction theory of ralnfall which resulisd have al-

ready been mentioned, (Pags 30)

Langmuir patd particulur attention to the seeding operations carried
on in New Mexico, and to the poasible effacts of silver-lodide seading, and
these activities are described more fully in a later section of thia report,
(Page 4N

Such a large quantity of data was accumulated by {light, fleld and
laboratory activities during the more active period of the project, that the
Research Group finslly suggested early tn 19560 to the Technical Steering
Committee that flight cperations be terminated at Schenectady in order
that the accumulated data might be evaluated and reports prepared on
the findings.

el
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CIRRUS CLOULG

The significanze of elrrun eloudy and the role they play tn variony
weather phenomena were, of eourde, subjects of Intense interent to Pro-
Jeet Clrrua, Vartoun studles of and expertments with such clond forms
woro conducted, although more sttention was patd o stratnus and cumulus
clouds,

A regular dally obgservation program was begun {n 1947 to explore
the posalbility of Inducing the development of cirrua«type clouds under
¢lear aky conditlons. It was belleved that supersaturalion with regpect
to he probably occurs falrly frequently at temperatures warmer than

~30°C in alr devold of foreign-particle nuclet. Lacking such nuclel, o
conzlderable degree of supersaturation could develop, as s often shown
by the generation of so-catled vapor trails behind high-flylng atrcraft.

To explore these poasibliities, Falconer Initiated a project in which
balloons carrying dry ice {n open-mesh bags were released on a daily
schedule and followed by theodolite. Many of these producad vistble tratla
of {c r-rmzt nd In several Inatances the {ralla wore quite notice-

Several seedings were also cerrled out from an atrplane in clear
alr, using both dry ice and sllver todide, Tn clear air supersaturated
with respect to ice, the seeding operalion produced a cloud made of lce .
crystals, Thae results of these operatlom indicated that, if the humidity
in low, even at tamperatures below -38°C, appreciable supersaturationn
with respect to 1ce can exist without the formation of lce crystals, lce
crystais can ?;7%? be creatad however oy aeeding wlth sither dry ice or
silver lodide, ‘ .

Natural Formation, In alx ot the Projeot C‘trr\m mat mght!s a con-

‘aiderable elfort was directed toward. obtaimng photographle evidence of
- the appourance of the tepa of clrrus clouds. it was found thit, despite the :
various trregularlt'es seen irom be!gw, tht: top of f'zum vloudﬂ is extremely L

ﬁat

Most meteoraloglam and waather mudenm agrae that 0 clrmg clou*i ,

~ formation s often. apsociated with the bvermnnlng of ‘cold air. by a.Wwarmor
- tongue of molst airi Whanever the moisture. c:orxdmom it éwarm avers
~oriding aly reach. saturation wimﬂ'reapea Jo.} 0 ga]d '
" has a tempersture of 34 i\
. &t the invéralon In
- dspend on the’ concon;rat
B moiat alr mmm. :
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probably be saome multiple of the effactlve number of condensation nuclet.
Sinee thene conditions for the lee«crystal formatlon are of a marginal no -
ture, the vartability and often unique appearance of true and false clrrus
clouds may bo closely related Lo thess spontancous erystal formation
phenomens.

Based on thin reasoning, Schuefor concluded that tt is likely that the
concentration of suparcocled water droplets at the transition temp@ruttﬁi
of -38°C 15 of primary importance in the formation of cirrus crystals. )

Langmulr, analyzing the hehavior of curmulus clouds, described an
action which he called clrrus-pumplng. This cccurs when, with few or no
nuclel present, the cloud rises lo great heights, If it rises to a height when
the temperature gets dcwn to -39°C or thercabouts, minute {ce crystals are
formed in grest numbers, almost tnstantaneously. These come into contact
with the supercooled water droplets in the cloud and Immedlately cause them
to freeze. This, {n turn, liberates a large amount of heat simultaneously over
the whole top of the cloud, and this upper part rises still further, forming a
cirrus crown shaped something llke a pancake,

The pancake grows in dimenslon and gets thinner, and it sometimes drifts
gradually off to one stde, so that It assumes tha general uppearance of an
anvil--a type of cloud characteristic of the troplcs. One large cloud of this
type, sald Langmuir, might sometimes produce cirrus clouds which would -
gpread over 10,000 square miles, Outside of the troplcs, they may often occur
;i;;ilngdg? summer ir sem{-arld reglons such as New Mexico, Arlzons, or

0. o o S -

Helght, Tamperature, etc. Some observations were m‘adé by the project
of the helght of cirrus clouds and thelr temperatures. . . .

'STRATUS CLOUDS

~ Much more attention was pald to stratus clouds. Thae flight test of -
December 20, 1848, for example, was c&r;c;ucte'd when the sky was com-
- pletely overcast, und it produced anow. &) 1n the flight test-of March 6,

1947, now under the auspices of Project Clrrus, seeding was conducted
on stratus clouds. Looking down on the cloud, It was obaerved, first, that
a deep groove had been produced along the top of the seeded area,-and snow

~ fell, Soon the sky cleared up in & spactacular fashion, so that there was a.
- clovdless area 20 miles long and ¥ 'mlles wide where the seeding had taken

Plﬂﬂth %lthough‘ thare were no.other breaks in the overcast inany direcw. - .
“Hon MY Further tests on stratur clouds produced similar results. . . 0 -
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The conclusion was therofore reached in the earliost days of the pro-
Ject that cloud seeding could produce holea tn stratug clouds. Thus & plane
should be able to clear B hnle for ligelf. The reault would be not only o

tnerease viaibility but also to ellminate {cing conditiony.

Langmulr made an exhaustive analysis of the photographic data ob.
tained on these early tost fiights, reaching fome very lntf?(fa&\tlng melu -
slona regarding the nature and vehavior of stratus elouda MY

It was soon found that u very useful technlgue {n seeding stratus
olouds was to seed in patterns--L shapes, race-track shapesa, Greek gam-
mas. ete. Thus {t would be possible to watch for modificaiion-of the clouds
following the sume pattern, And invariably moditication did occur, agreeling
with the pattern of the seeding. [n many cages closr areas were produced
in the cloud deck.

Among the stratus cloud studles made by the project were:

(1) The effect of seeding supercooled stratus clouds with
various amounts of dry Ice and silver iodlde,

(2) The optimum quantity of seeding agent required to pro-
duce large clesred areas in an otherwise solld deck of
supercooled clouds,
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VoL MU ST DTS

The most spectseafar, fraltful, and controveraial vregulty produced
by the activitles of the project woere those produced as a result of the work
on curmmulus clouds. This work, which ginrted In the eariiast days of the
project, continued throughout {tn duration and let Into some very Inmter-
esting other actlvitles,

Fllght tests on November 23 and 20, 1948, were made on inolated
cumulua-type clouds, The whole of each cloud was changed into {ce
within flve nr gm) tan after seeding, and snow began falllng from the base
of tha ¢ loud Hut §1 was reallized that axmrimanw with amall cum-
ulus clouds were of Uttle Intereat, for the effects lasted but a few minutes,
Othor exporiments were conducted with cumulug clouds in the early days
of the project and, although many of them were changed to snow, the re-
sultys were of comparativaly little interest,

By the summer of 1947, however, some spectacular resdis were
obtalned with cumulus clouds, especlally witlr thunderstorms. These were
so impressive that it was declded o make some studlea of cumulus clouds
and thunderstorms in New York State’s S3acandaga Reservolr territory, not
far Irom Schenectady.

This reservolr 13 situated just south of the southeast corner of the
Adirondack Mountains. Evidence pointed to the probabllity that this large
body of shaliow wsater provides the molsture which {neds thunderstorms in
eaatern New York State. It was belleved that the unusual conditions there
could be used to observe the effect of seeding the Intense ithunderstorms
developed, Actually, however, no seeding was performed there, although
many photographs were taken and considerable time was spent In & study
of conditions in that area,

HONDURAS

In 1948 and 1040, Langmulr visited Honduras, Guatemala, and Costa
Rlca to study tropleal cloud formations, and particularly to learn what wus
being done by Joe Silverthorne, 8 commercial cloud seeder, In seeding
clouds for the Unlted Frult Company, The work was Lelng conducied for
the purpose of testing out the possibility of controlling rainfull, and partic.
ularly in the hope of stopping blow.downs that result from winds assoclated
with thunderstormsa, wh!choccasionally dc*:tmy'large stnnda of fruft treen,

At Langmulr’s auggasuon. Bilverthornﬁ trtad out ® numbar of ax-
periments early ih 1940 and made many worthwhlle observations, It was
sometimes desired to produce roin, and sometimes it was deslred to pre-
vent rain, Cn the one hand, by vverseeding the top of & high cumulusg

~cloud, rain would be provented. The top'of the cloud would float off into

n hiphm ammde, wham it would GLE blmwn away by thu Loumer trade wind.,

Preceding Page Blank
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I{, on the other hand, the cloud was seeded just above the freeeing level,
heavy raln might be produced, Simllarly, water seeding by meanna of water -
filled balloons released {rom atrplanes might disaipate u cloud and produce
rain at low altitudes, but it seamed that in such instances dry«icqa seeding
would be much more effoctive.

April 18, 1849, The reaults ¢f the flight on thia day, with Langmulr

cmpaneﬂ?? allverthorne aloft, were o outatanding 28 to merit delatled

commant The Jollowing in extracted from an account of the flight by
Langmuir in the Project Clrrug report to the government of July 30, 1951:

“We flew up to Polint 5nl and found s maszs of dry alr sbhove
the moist atr coming from the sea at an altitude of about 8000
or 7000 feet.,..From a height of about 8000 feet, looking South,
8 whole panorama of high cumulus clouds could be seen rlaing
above the smoke, which extended up to about 11,000 or 12,000
feet further Inland, although it was much lower than this near
\ the ses. .

! ‘A large cloud was found which rose, 1 bellave, to a height
of about 25,000 feet, and we seeded 1t by making a serles of ghort
passes into the cloud at an altitude of approximately 21,000 feet--
two pelleta* about one inch cubed belng dropped into the cloud

at H0-gecond intervals during these passes, The whole clircult

of the cloud was made, and then the plano moved off a short
distance, enabling us tu see the effect produced.

““A band around the cloud, perhaps 500 or 1000 feet high,
was ougarved which obviously conslsted of lue crystals and
which ultimately detached ttaslf from the lower part of the
cloud and floated off as a huge mass of {ce crystals that could
be meen for a long time,

‘ ““After the top of this cloud hed turned to ice crystals
and had detached itself, there was left under this cloud
nothing but a group of lower clouda that reached only about
14,000 feet, which was below the freezing level, Latler we
flew down among these clouds and found that cloud bases
had gone down {rem 12,000 feet Lo about 7,000 feet. It waa

- diffloult to see whethar any rain was felling because of the

. smoka. but from. the It waering of thfa ¢loud buse wo concluded

5 ’DK‘Y: .,1109?3
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fthat ratn had fallen from the lower part, while the top
of the cloud hud detached Htgell and floated off towa rds
the noribeast,

“Shartly aftor seesding thiy cloud with 10 to 17 petletn,
wo picked out a smaller cloud nearby whone top reached
nbout 20,000 feel and dropped ono single pellet of dry tco
ons {nch cubed on this cloud, About 8 or 10 minutes iater
we found that this whole cloud had changed to 1ce cryatals,
We {low through the ice cryatal cload and verified the fact
that thay were entlrely lce crystals, You could see tham
blowing into the cablin, and we alzo found that the clond grad-
vally disaipated. It probably rained out from the lower part
of the cloud but this was down In the amoke level where we
could not see {t, and the top of the zloud then gradually mired
with the surrounding dry ulr which had been deprived of {is
nsource of supply of moisture from below.

“In other words, on this day we had beautiful examples of
two effects that can be produced by seeding with pellets of
dry ice. First the sceding of the top of the cloud can cause
the top to float off from the lower part. However, in this
case some of the ice crystals reach the lower part of the cloud
and cause rain to dissipate {t, In the other seeded cloud,
which was much lower and reached only a few thousand feet
above the {reezing level, the whole cloud rap!dly dissipated
as the upper part changed to ice and the lower part rained out.”

The results of the flight of Apr!l 18 constituted for Langmuir a won-
derful demonstration of the effectiveness of alngle pellaty of dry lce for
modlfying large cumulus clouds, Such single -pellst aeeding had a number
of practical advantages,

It quickly became obvlous to Langmuir that the set-up for carrying
out cloud-sagding experiments in Hondures was unique. Stlverthorne made
flights virtually every day, and, somewhere within & 160-mile range, clouda
were nesrly always found sultable (or seeding. Such clovds ware almost
always orographic and assoctated with certaln mowntsains.,

Many interesting experiments were conducted, end almost always
the clouds could ba profoundly modified with single pellets of dry lee,
The latler part of Bllverthorne’s seeding operations used 10-20 pellets,
presumably to muke gure the crystals were more uniformly distributed,
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PRIEST RIVER 51TUDY

Meanwhile the study of cumuius clouds had been approached from an-
other angle. Early in 1946 a vistt was patd to the Resenrch Laboratory and
Project Clrrua by H, T, Gigborne of the Northern Rocky Mountaln Forest
and Range FExporimont Statlon, Untted States Forest Service, Gisborne was
in charge of fire research for Reglon No. 1. He wanted to learn more about
cloud modiffeation studles, :

This fitted tn nicely with Schaefer’s Intareat \n the same subjoct. He
was anxlous to study thunderstorms In a good breeding ground, and Gisborne
wanted to see If anything could be done to reduce forest fires by thunderstorm
modification,

As o resull, Schaeler visited the Laboratory at Priest River, Idaho, in
July of that year (1948). He ronducted quite a study of conditions there and
made rather complete recommendations for a plan of future activity--a plan
which should produce beneficial results from both é%ndpolnm: Gisborne's
prnctical aspocts and Schaefer’s t‘xeoretlcal ones,

Actually, the recommendations were never put into effect. A consid-
erable force {or the completion of the prolect disappeared with the death of
Glisborne. Although the project is still incomplete, Intersst still extaty, how-
ever, both at Schenectady and at Priest River.

RESULTS IN HAWAITI

Further data, supplied {rom still another source, had some unaxpecte:d
and very interesting tmplications and results,

Early in 1947 a request for Information on techn!que.a of dry-ice seeding
wag recelved from the Pineapple Research Inastitute of Honolulu, Hawall, This
Information was suppled by the Research Group of Project Cirrus, which had
been supplylng stmilar Information to meel numerous requests since the pub-
lished reports appeared of Schaefer’a historle snowmaking fight over Pittg.
fleld in 1846, But in this case there was an unewpected aftermath,

In October, Honolulu newspaper accounts w wero recelved ¢ Schenectady,
dencriblng axperiments carrled out over the {sland of Molokal by Dr. L. B,
Leopold and Muurice Halatead of the Plneapple Research Institute, - A few -
weeks later, coples of & prellminary report were received: from these two-
men, describing interesting results obtalned by dumplng dry km lnm wmulua :
elouds having wmperm,ut'm mbovc tlig freefl_gjolm. » L *
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This was an important development, Although Langmulr had glvan
some thougit to the effects of neading nonsupercooled clouds, he hadn’t
done much about {t, and this new work caused nlm to restudy theoretical
calculationn ?Y had prepared in 1044 in connoctlieon with the work at Mt,
Wazhington. (

He now had 8 new approuach to the subject of wenther modifization:
the growth of rain.

RAIN CHAIN REACTION

The result was Langmulir’s chain-reaction theory of rain production,
in brief, as follows: A typleal lerge drop of water grows in size as It {alls
through the cloud, growing faster and faster until it gets so big that it
breaks up, producing smaller droplets. If there are rising air currents,
the lttle droplets will be borne aioft into the cloud again, growing in size
as they go, untll they get so blg that they start falling again., This process
continues in a chaln reactlon, causing the whole cloud to go over into heavy
raln, Under the right circumstances. according E? '\h!s theory, seeding
with water would be just as good as with'dry ice,

The outgrowth of thia, in turn, was considarable work ty Projoct
Cirrus to test Langmulir's theory and apply some of its principles in prac-
tice. For example, to determine the valldity of several of the important
phenomena which his theory postulated, laboraiory studies were Initiated
of the gﬁaxﬁh of water droplets and of the behavlor of droplets floating In
the air, These atudlea continued for a considerable period in the
laboratory, end some very intaresting observations ware made and data
collected. lLater, the Ragearch Group did conslderable work in the stu& dy
of the drop size and aize diatrlbution of various types of preclpuation

As anothar approach to the aublec.t. an extenawa serles 0{~exper-
iments was condurted to explore the poaaibility of inducing preclpif&%on
or other modification in growlng cumulus clcuds by water. saeding.(2

The complete expoaltlon of the tneor}' by L.angmutr was 8 beautiful
example of theoretical analysis and mathematicul caleulation, (13) Among
other things, (i reviewed the knowledge of cloud physics which had al.
ready been gained In the light of the new theory, summing up the probable
behavior of both stratus and cumulus elouds, 1t went so far as Lo auggest
that the chaln reaction could, under the right conditions, be started by
introdicing even a single drop:of water into a cloud, aithough the action
would be most rapld when many large drops weré introduced near the
top of the cloud, . 1f:outlined the’ probable behavior of gelf- propagating
atorms, It pamummd tl‘mt theiph othena that oocur ln artmcim seneding
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with dry lce or with woter are essontially no different {row those that oceur
gponteneously In pature. “However,'' it weni on, “there will frequently be
cases whera the cloud s not yet rendy or ripe for apontaneous developmeant
of snow or mln, although 1t may be poaathle Yo preoduce these sffecta by
seoding.'’ it concluded with the following signtficant summary:

“When we realine that {t s pousible to produce self.-
propagating rain or anow storms by artificial nucleation
and that simllar eftects can be produced spontaneously by
chain reactions that begin at particular but unpredictable
times and places, it becomes apparent that important
changes in the whole weather map can be brought about
by events which are not at present being considered by
meteorologists. I think we muat recognize that tt will
probably forever be Impossgible (o forecast with any great
accuracy weather phenomena that may have beglinnings
in such spontaneously generated chaln reactions.”’

3TUDIES IN PUERTO RICO >

All these studles and tests which had been made, and theorles which
had been evolved as a result, with regard to the nature, behavior, and modi-
tfication of cumulus clouds were an lmportant background to another signif«
{cant milestone in the history of Fo“;)ect Clrrus, That was the axpedition
to Puerto Rico in February, 1949, .

The objective of this trip waa mainly to determine the type and physical
characteristics of the clouds that oceur in Puerto Rico during the winter
months, particularly the month of Fabruary, and, if suitable clouds were en-
countarad, to develop and poasibly to evsiuate water~seeding technlques. Con.
siderable personnel took part In the project, a nupply of planaa WESB avall&bm.
and a large quantity of photographs wan mada -

At least two new preclpitatiorn sequences were obaerved, nnd considerable
dats were accumulated to permit a better understanding of the processes tn-
volved. Also ntudled was the trade wind inversion, a dominant feature which

“controls cloud and precipitation development {n the West Indles region during

February. A better understanding of this phanomoncm .-shc:uld land to 2 better
unda-'standinsr of tmplcal mateorology. S

The numums olcuda ware obnerved o havca a d‘llrerent chnrac,tszr than -
those common in the eastern United Statea. Contaots ‘made with tnterented
local people in Puerto Riso wera’ expectad to lead to the scoumulation ot
some oxcollant aupplemontary dita on.ratndrop stze, cotivergence.of winds,
s;?d the observation of ﬁonbm m‘ﬂgrapmc clrmd Pztmamn t'rom trm quuma

ountaing, : R A : o R
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The earrying cut of successful ground-atr operations on three dif-
teront occaslons, using lapse-time photographs ag part of the ground
coverage, demonstrated conclusively to the members of the project the
value of carrying out such atudies of clouds which develop In definile
cloud-broeding reglona. Simtlar areas In the Jnited States known to
possens such developments were Albuquerque, Now Mexico, and Priest
River, Idaho. Schaefer had already vinitad Prisat River, and arrange-
monts had bean made for {nvestigations and expariments thayve, And
a test missicn had been conducted at Albuguargue the previous year,
detalls of which will be found tn the next section of thig report. (See
lrat paragrapb on thia page.)

Dagplie the fact that no suitable clouds were found for testing out
water-gseeding techniquen during the perind, many valuable resulis wers
obtatned which it was expected would lead to o much better understanding
of the {formation of rain in tropical clouds.

Ono of the very linportant results of the expedition waa the obser.
vation of the important effect of salt nucled on the formation of precipi-
tation in thin troplcal clouds. Sald one of the reports: ‘“This seems,
on first sight, to be of grast Importance in explaining the rain showers
which are of dally ooccurrence and random distribution in the vielnity of

Puerto Rico. Karely is rain observéd from such clouds in the aaat»r'a
United States,’”’ Sald Langmulr: .

“Observations in Puerto Rico in 1949 and in the Hawallan
Islands in 1051 have shown that the rainfall depends on rela~
tively largo particles of sea salt in the alr, in wceord with the
publications of A, H, Woodcock and Mary Gifford, Calcula-
tlons of the rate of growth of salt particles indlcate that lt
should frequently be possible to induce hervy rainfsll by
Introducing aalt inio the trade wind at the rate of about one
tone par hour In the form of fine dust pnrtmles ‘of about 25
microns in dlameter. The heat generated by the condenaation
mey Uberate 8o, murh heat &8 to produce profound. changea ,

- 1n the ai(r Bow nnd t‘m ssymptlc condluona in neighburing
‘ nreaa "a » :

Mthough mtere&;t-m cumulxm clouds smd thundemtorms waa hlgh

{ the Reaeamh Gmup in-1948, the: cumulug Season. .
‘any significant flighta

eBt results vould be

aglon where atorma
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orlginate, rather than in a region which, ke the Schenectady area, s
Ernw»r'*fad by storms. Chalrman Sline of the Operations Committer had

had experience na a forecsster In New Mexico, and he strongly -ocommvnrl@d
that that reglon be uned as a bage for experiments with curnulus clouds. This
recommendation was aeconded by Schaofer, who knew of the work belng done
in thig fleld by Dr. E. J. Workman’s group at the New Mexico 8chool of Mines
and who had obtalned a promise of en-operation (rom Workrnan,

Accordingly, It waa decidad to attempt a flight to Albugquerque, New
Maxico, to determine whether the radar and other faciltties of Dr. Workman's
group wouid be of asaistance in this respact, In view of the waning cumulus
seagson aven at that location, preparations were made to carry out full-scale
tests if proper clouds were formed,

As a resgult, members of the project spent three days nt Albuquerque
during mid-Octuber of 1848, A working arrangement was quickly made with
Dr, Workman and hiz staff for radar tracking and photography of the tests
to be made. Twe seeding flights were made, one on Qctober 12 and the
other on October 14, The second of these two {llghts was performed under
suckh qat‘lsfnctory nsdhlons that the results obtained wer¢ congidered partic-
ularly aignl'ivant =0

For example, an exceptionally complete aerial photographic record was
made of the conditions of the cloud that was seeded {rom one of the planes,
including 178 photographa 4! x &, plus pletures taken avery 45 seconds of a
group of Instruments giving time, sltltude, alr spead, heading of the plane, and
other pertinent informstion. Every time a photograph was tsken of the cloud,
another plature would be taken of n clock and other instruments, thus recording
when the photograph wan taken and other significant datn In this way an in-
valuable flight record was made of the test, B

Further data were ¢ csllected on the ground Lapae time movies were
made of the clouds as seen from the station, as well ag u series of still
pictures, and radar was used to detect any raln that might fall. Although
somo excellent supporting data were thus obtained, unfortunately It was not
ag complete az {t might be because.of a fallure of the radio cormunication
between the alrplane and the radar ‘statfon.  Bul slgnificant radar observa-
tlonz were made, and photographs were taken of the radar scope, glving a
c?mpmtn‘smt of remrdﬁa m‘ r&dar csbscrvatlam ror a conalderable period
of time, ' e

Qct ‘ber 1 mght Tha .
rai--dirscummd at crmf:idn
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than 40,000 aquare mlles a8 a result of the seeding~-about a quarter of
the srea of the State of Now Mexlico. And substuntially all of the ratn for
the whole of New Mexico that fell on October 14 and 1D was the result of
the seeding operations near Albuquerqua on Octobor 14, “The odds in
favor of this conclusion as compared to the asaumption that the rein was
due to natural causes are many milltons to one.”’

An early estimate by Langmuir was that about 100,000,000 tons of
rainfall was produced. Later, using the rain reports from 330 stationn
given in a U, §. Weather Bureau pubuc?éb?n, he concluded that the orig-
inal estimate was unduly conservative. Sald he: ‘“The evidence in-
dicated that the rain started from near the point of seeding shortly after
the time of seeding and then spread gradually at a8 rate which at no place
exceeded 22 miles por hour, over an area of at least 12,000 square miles
north to northeast of Albuquerque with an average of about 0,35 inches.
This corresponded to about 300,000,000 tons,”

SILVER IODIDE AT NEW MEXICO

So satisfactory were the tests cenducted at Albuquerque in 1048 that
it was declided to make a further study of cumulus clouds at that location
in the middle of July the following year. Much more elaborate plans ware
made for this second expedition; for example, not one but a number of

airplanes took part, and virtuaily all the members of the Reseurch and
Operations Groups went along,

-

Previous to the arrivel of the main body of the project, Langmulr
and Schaefer investigated the general cloud situation in the various moun-
tain regions nearby and decided the cloud systems along the Rio Grande
Valley near Albuquerque were suparfor for thalr purpose to anything
they could find in other parts of Arizona nnd New Mexlco, In addition,
the axcellent radar, photographle, and shop facilities of the Experimental

Range of the New Mexico School of. Mmes appeared to be ldeal for currytng
cut the operations planrxed ‘

Between July 13 and July 22 8 tofal o{ tan mghts wusg conducted. on
eight of which two or three planes participated, Excellent co-oparation
was enjoyed in avery phase of the operation, and an extensive maas of
data wes obtalned both In the air and at the ground statlons which were
get up. Heeding operations with varying amounts of dry {ce and the

ground. operat}im of n snvar 1odide ganerator were the subj@cts for the
3; o fugm atudleu TR L . o

-

T R e R TR,

-

, Aa;am me dryaice seedir\g waa aucc&asful. zmd tho reaulm of the
various airborne nesding operations was quite satlafactory. But a new
tactor was {ntmduced inm thm aecand faxpadition whiah puf an entlmly
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ditferent aspect upon the results and had a tremendous influence on the
course of Mture investivations and analysis, This wasg the effect of ground
seeding with sllver lodide.

As usual, clone attention wan pald to changes in westher conditions, in
ordor to obaerve any correlation betwesn such changes and the dry-ico zeeding.
Dut, although Vonnegut waa conducting some stlver-lodide seeding on the
ground, this was disregarded by Langmulr, who was concentrating on the alr-
borne dry-ice seedings. Consequently, when he noticed some weather condltions
which could not be explained by the airborne seeding. he was puzzled.

Then he suddenly became conscious of the fact that Vonnegut had been
trying to call the ground seeding of gllver fodide to thia attention, and he tm-
medlately realized that this might explain the discrepancies he had ¢bserved.
: Further study convinced him that this wasg, Indeed, the cage,

Not only that. but the results of the seeding activities In New Mexlco the

preceding year were reconcidered in the light of thig development, And {t

ii appeared reasonable to conclude that the similar widespread offects produced

; in October, 1948, were the result of the sllver-lodide seeding which wags done

at that time, rather than of the dry-lce ﬂeedinp. which had becn the prevlous
Interpretation,

Langmulr made, a3 was hls 'nnblt. an exhauatlve anﬁly‘am of the avallable
datas and presented a striking a:ummary of hig flndlngs from whlch the fol-
lowing 1s quoted: , -

“T winh particularlv &n thm paper to daacribe the more w(de-
spread effects thut were produced by the operation of the sllvar- |
lodida generator on the ground during July, 1949, near Albuquerque,
The first seeding. with silver fodide during thia stay In'New
Mexico wan on July 16, 19849, but the generator was not run for.

 more than a'couple of hourz on each day thereafter untll the 19th,
- when {t was operated for u short time only, late in the afternoon.
- On July 20\t was not operated at all: but onthe 218t {t was op-~
~ erated for 13-hours, starting about 6:30 a.m. and using 300
‘grama or a wtal nt 2/‘3 pnund of 'ﬂlvcr k)dlde. i

, : ”'X"aﬂt-a mada. by Dr. ,Vﬂrmegut have ghown tmt each gr‘nm of
_ silver {odlde disparsed under these condlttons produced 10“
sublimation nuclel that are alowly affeuctive at - 30& “but very
rapldly eﬂactive at a»-lo C. LI .
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. of the cloud wa
- velooity of tha top:

““The new probability theory... has sorved 8 valuable gulde
In devising an objective method of evaluating the distribution
in space and time of the rain which follows the operation of
the allver-lodide generator on the ground or in the atrplane
flighta near Albuquerque. Te ‘lustrate the resultn, we will an-
alyze the data obtained on two aays, October 14, 1848 (Flight
46) and July 21, 194_ (Flight 110),

“Thene dayns ware cho3en because large amounts of sil.
ver {odiue were usod, but no seedlng was done on the imme-
distely preceding days, Furthermore, the wind direction on
both days was rather simllar. On both days the Weather
Bureau predicted nc substantial amount of rain. Both morn-
ings wera nearly cloudless, and on both days OW winds pre-
vailed {rom the cloud bases at 12,000 feet up (o 20,000 feet.
At lower and higher altitudes and later In the day there were
also winds from the E, W, and NW. On both days, visual
efiects indicating thunderstorms and heavy rain over wide
areas were observed a few hours after the start of the seeding
operations,

-*“In the July operatlon our techniques had been improved
compared to thoge cf the preceding October: In October ra-
dar observations covered only a perind of about an hour In

the afternoon, for at that ime it .1a8 not suspected that the - |
~ raln that lasted well on to the mornlng of tho wm had my- R

thing to do with the seeding, .

“On July 21, ‘1949. however, we had ‘completc z“adarcovc‘ré o
age from early In the morning until late at night,- Photographa

of the clouds were mken not only from planes but from the

- ground, including Lapne»timn mot!on plcturea wlth photographs Loee

- overy few seconds

“Shortly before 8; 30 B.m, on July 21, 1949 a slngle large
- curnulus cloud began to form sbout 25 miles 8 of the fleld sta-~

“tlon near Alouquerque in'a sky that wes otherwise cloudless.
Thiz cloud was located near the Manzano Mountains, and the -

. sllver-lodide smoke had been blowing from tha' N’ abcut 10 mph .' S

B ,so that, 1t ahould '-hmvm“'hm:h@d‘tuu maitlnn of the cloud

s }1 "a@;twegn »g.ae,ana ’loud gréw ln height alowly at

" the unlform rate of 160 faet per. mimte. At 9i57; when the: mp e
26,000 feet (teriiparature -239C), the upwsrd
tna cloud Indreaned: quita ssuddanly. #o that

It had machﬂd

- the cloud rose 1200 feet por mmut ‘unm;at 10:12
_44 ()OCI toot (tamperaturo -859C). -

% e At et Aty 3 O i b o St 108 e AT 3T a e




Cumuluz Sludies ~450«

‘At 10:08, when the top of the cloul was 30,000 feet (temrperatum
489901, the firgt radar echo return was obtained from the cloud
at an altitude of 20,600 fest (lemperature -080C), The dintance
glven by radar waa 25 miles at an azimuth of 1669, which wan
exactly where the cloud wan found to be from visus! obaervations.
The area p precipiiation in the cloud weas aboul one square mile
al that time and was deep within the mnaa of the cloud, Within
four minutes, the procipitation area had {ncreased to seven
square miles, and within six minutea after the first echo ap-
peured, the precipitation had extendad upward to 34,000 eet,
where the temperature was -430C,

“The chalin reaction {n this cloud started at low aititude at
a time und place which agread well with the trajectory of the
silver<lodide smoke.

‘“The f'rat {lash of lightning was seen at 10:10, four minyt-»
after the {irat radar echo wasg detected. <In all, perhaps a dowun
flashes of lightning formed from this cloud. and very heavy rain
was seen to fall to the ground, [he top of the cloud moved to-
wards the W, but the lower part of the cloud, from which the
rain was falling, moved gradually to the NE,

"*At 10145, a necond cloud about elght miles still further
to the NE developed » radar echo, and from that time on during
the day there was an increasing number of rainstorms glving
very heavy showers in the neighborhood. During the late after«

noon 1.2 Inchen of rain fell at the atation where the genorator
- was located, The phenomena obaerved near and at Albuquerque

from the ground and the radio reports of axcopucmuy heavy
rain at Santa Fegave Immaedtate evidence oi tha succesn of thm
operntian in produclng heavy rain‘“_@;f e ey :

Langmuir's raport then analyma river flow data am:l rn!n vmge data

for the reg\on In diacu&alng the rain. gauge data he sayzs. :

1The thther Bureau obaerv»r wlth Project Cirﬁus 'n :
New Mexico stated thal he conaidarad. it possible or even nrob« SO
able that seeding omrmlanm carrled on there could have in- = -
creased the naturally seeurring. raln by five par centy but c«»rminly

“not mora than 10 per cent, 1 this were turs, it Would be pozsible..

10 concluda that smdtng operattana ‘have m*onomtc: value only 1

.. oxperiments are carried on. m:my hundred. c:f.;:daya:. nnd B stat’lmi-.
ot Heal analynm 15 made of the raintall : v. B
o at!nm; s
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““The rainfall data actually show, however, that the rainfall
on both October 14, 1848 and July 21, 1949 was exceptionally
high and could nct have posalbly been accounted for as the re-
ault of naturally occurring raln, This proof {8 made by the
analyais described in this paper,

‘“I'he map of the State of New Mexico, which reprasents
about 120,000 aquare mlles, was divided Into eight octants or
45° sectors radiating out from Albuquerque. Then concentric
circles having radil of 3¢, 70, and 125 and 175 miles were
drawn on the map. This divided the whold state Into 27 regiona
whose average distances and directions from Albuquerque were
known.

‘‘By entering on the map for each of these ragions the
average rainfall for Flights 45 and 114G, a ¢comparison could ba
made of the distribution of the rain on those two days. An ob-
jective way of evaluating the simllarity between such two dis-
tributions is to employ the statiatical device known as the
correiation co-efficient, This was found {n thig case to be
+0.78% 0.078. The chance that such a high value would occur
- among these {igures if one set of them were shuffled giving
a random dintribution I8 only 1 tn 10. Such close agreement
in the diatribution on two days could thus hardly be the reault
of chance, 'I‘here must be an underlying cuusa :

‘‘We belleve that the close a!muarity in dlatributlon i
dependent not only on the rather uniform synoptic situstfons
over the states that prevuiled on those days, but also depended
- on the fact that on both days the probabllity of rainfall depended
" on the nucle! that spread. radlany out from Albuquerque, the
- concentration decr«aslng as the distanca from Albuquerque !n» C
i*creasad s , , o

‘‘The next stap was to mvasttgate juat what c:haractermim .
of thia digtribution were so 9imilar on these two days. On each
of the two days, nearly all of the rain that fell cceurred within

four of the eight octants. If each sector ware divided into four. .

- to BiX parts arrainged. mdlnlly a0 that-each would contain equal -~

- numbars of observing. stationn {About. eight) por. mglon) the an~- -

- 8lysis showed that the sverage rainfall rone rapldly toa maxs -
“imum {nintensity sbout 30'miies from the point'of. geeding. and S

, that in each of the four. soctors it decreased repularly as the .
- dintance fr-om tha fmume mf Hm cll\;nr-{mjﬁe rgmo}'{; ‘ngrg‘}{,g.ﬁ,‘d":__l.

N N N AR eSS A W X e e

4
:
!
]
§

P



‘uUIﬂUlll': thdlﬁ'f’s w‘}).( -

e uned stiver -lodide sasdin;

‘In fact, this decrease followed quite accurately equations (2)
and (3}, which Indicated that the rain {all depended on the con-
centration of nuclel, and thia, in turn, varied inversely in pro-
portion to the distance {rom the nourcs.

“This analysls maken It poasible to separate the effocta
of the artiticial sllver -lodide nuclet {from that of the background

of sublimation nuclel that were already prosent in the atmosphers,

The analysis gave proof that C, » 0, 8o that there was no apprect-
able background on each of these two daya. We must conciude
that nearly all of the rainfall that occurred on October 14, 1948
and July 21, 1949 was the reault of seeding.

“The agreements betwoen the Intensity of the average raln-
{all in separate reglons and the theoreticsl equations were so
good {n each of the four sectors on October 14'and July 21 that
the probablility factors for each sector ranged from 102to 102,
Taking all the octants together, the probability factor rose to
about 1080 1,

“For euch of the eight octanta that gave appreciable rain,
the rain started progressively later as the distance {rom the
source of the silver lodide Increased. The advancing edge of
the rain area thus moved from Albuquerque on July 21 ata
velocity of about 15 ,mph and on October 25 at a speed of about
45 mph, These vi-iocitles agrae well with the wind valoclties
observed at varius altitudes,

"“The method of correlntlon coefficlent can be applied to
the relation of the time of the start of the rain to the distance
from Albuquerque. This indicatoa that thare is another pmb- ,
ability tactor which l., the order of 100to i,

“Taking these reaultw altogether, it seoms to me we may
- say that the reaulis have proved conclusively that sllver-lodide
- seeding produced. pracuvally all o! the raln in the Btatﬂ of New
» Maxieo on both of these maya. L SR :

‘I have not mentlaned what happenad on nm oUmr dayn
,‘The reaul*s, alt"mugh %om»what more complicated dua to tha
- -overlapplng of the effact of seeding on succensive days, are”

- almost i striking 48 thoss. o "F,lighta 48 and 110, in which we.
e , “high probebility factors are
o found, which halp confirm the raailts indichted Ly, tha zarmly:;ia

© ot F'lighm f“S smd, S
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“The total amounts of rain thut fell in the state on the
two days ag a result of seeding wore found to be 800 million
tong on October 14, 1848 and 1800 milllon tons on July 21, 1049,
If these unlta are not no famillar to you, 1 may say thal on
Octobor 14, 1048, the tolal amount of rain renultine from soed-
frg was 160 billion gallons and on July 21, 1648, 320 billlon
gallons,

“Dr, Vonnegut his measured the numbar of effective nub«
Hmation nuclel produced by the type of silver-lodide smoke
generator used in our New Mexico experiments for each gram
of ailver lodlde used....One thus finds that, to get a 30-percent
chancs of raln per day within a glven area In New Mexlco, the
cost of the silver lodide 1s only $1. for 4000 square miles,

“1{ similar conditions prevalled ove: the whole Unlted
States, the cost per day to double the ruinfall would be only
of the arder of a couple of hundred dollars, This verified an
estimate that I made in November, 1947 in an address before
the National Academy of Sclences that ‘a few pounds of silver
fodide would be enough to nucleate all the air c¢f the United
States at one time, so that it would contain one particle per
cubic inch, which is far more than the number of {ce nuclel
which occur normally under natural conditions,’ Such 4 dis.
tribution of silver-iodide nucle! ‘In the atmosphere might
perhaps have & profound effect upon the climate,’ "’

The report then discusses a new theory which Langmulr had devel-
oped of tne rate of grow! . of snow crystals In supercooled clouds contain.
Ing known numbaera of aublimation nuclel, After a brief exposition of the

" basis of this theory, he saya:

“From the probabllity theory of {ne growth of showers
from artificlal nucleation, one obtalns the reault that the ,
iotal amount of rain produced by operati’ng a ground genarator
increases tn proportion to the square of the amount of allver
lodide used, Thuz, with three times as much silvor lodido
one would get nine times the rainfall; The intenaitles of the
showors would be no pmater, bm they Wuuld extond over a
grmalar graa, . :

“An analyma of mea Julv 1949 rulnfall n chw Maxim, ,
Arlzona, Colorado,: C‘!klnhcmu Kangay, and Taxas glves svidence
- that n band of heavy rain pragmsxmd 18 an eastarly diroction
during the period of Tuly 20:to July 23 trom southern Colorado
acrons the tmut)mrn half t!f Kammu whmws 1t s};:ava '”i m b mvhe
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‘of rainfall in many places, It may have been dependent on the
sliver-lodide nuclel generated near Albuguergue belween July
18 and 21 and tn central Arizona between July 18 and 21,

“Furthermore, the heavy rains that spread throughont New
Mexlco from July § to 13 before the start of Project Clrrug
seeding experiments appear tu have depended on silver-lodide
seadings in Arizona on July b and 8.

1t 1s very important that regular testa on certain selected
days of ench week be carried out throughout the year, using
j amounts of seeding agents just sufficlent to obtain conclusive
statistical data ns to thelr effectiveness in producing wldespread
rain. It 15 1o be expected that the results will vary greatly In
differont parts of the country, because of the changas in synoptic
siluations."’

The significance of the twe test projects at New Mexlco I8 thus apparont.
They Indlcated not only the possibilitles of sllver-lodide seeding from the ground,
but they suggested a widespread effect on the weather of the natlon. And, as a
result, the project conducted some experiments In periodic seeding which were
destined to have a profound--and controverslal--significance.

e s g b o b e
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NEW MEXICO WORK

By this time, a rather close Halson had been ostabliobed with Dr.
waorkman and hia co.workers at the Now Mexico School of Mines., 8o,
In view of the salgnlflcance of Langmulr’s analysia of the effects and
posatbilitles of stlver-lodide ground seeding, nnd in order to test an
soon an pastlble hiw ldeas on perfodic seeding, o achedule <0 operations
an thla baala wag eatiblished without further ado at New Mexten,

Starting in December, 1949, ¢ allver-lodide ground-based gener-
ator wan operated in New Mexleo by the project on a nchedule so plannea
as to Introduce, \f posaible, o seven«day verlodlelty tnto the weather
cyeles of the nation. This schedule of regular weekly pertodic needings
used about 1000 grams of allver todide per week, and {t continued with
n few modifications until the middle of 19H1. '

B P PO P S IO SRS S R B R I e

Data were gathermi vy Falconer, and almost Immediately Langmulr
found evidences of & definlte wen kly periodicity in rainfall In the Ohlo

River Basin. Apuln, he corducted an exhaustive analysty of the {acts and :
performed elaborate mathematical caleulations to determine the prob-
abilities that these variations \n weather could have taken place by pure :
chance, 5

1

He reported bis findings und his conclusions to the Natlonal Academy
of Sclences, October 17, 1850 to the /\Terlvan Meteorological Soclety of
New York Clty on January 30, 1951 (%) and also to the New York Academy
of Selences on October 23, 1061.(34) He polnted out that, during 1850,
there was a marked and atatistically highly significant seven.day perio-
dicity In many weather elemants, The significance was so high, aald he,
_-thut1t Could not be explalned on the basis of chance; it could not have
cccurred anyway from natural cauges, [t tavolved not only rainfall but
also pressure, humldities, cloudiness, and temperoatures over much of
the United States, . ' ' L ,

' ew Vel A e (241
In his paper,to the New York Academy of tm:!!@.ru:m:z,( "74' Langmulr
sald: : : - - : ' ‘

“Almost immediately, that is, duriog Decembir 1840 and.
- January 1950, 1t was noted that the rainﬁll in the Ohln Rlver .
Hasin began to show a dalinite weekly periodiclty. A conven.
lent way of meaguring the degrée of ,mrlc*(‘licity was to calons
Iate the f‘ormlntmn mvmrmnt S onetween it rainfall on th
auccenaiva days: durmp 0 Rsday period, wtt} the sine or the
conine of tha time nxprmmd g laht of - wrfwk.e the phase
b@inp Lakfm m tw 0 on: «;»unci»ayg [T

ST




Perlodin Seeding .

“Junt before the start of e pertodle acedings, the corre-
latlon coefflciont CC(7) based on the seven average values for
the successive days of the weoek of the KB-day portod amounted
to only @ 23, but in (5 next 28-day perlod the value of CO(7)
rose Lo 0.91.

“Table T glves e avemge rainfadl o Inebes per station
day during 140 days st 20 stations deslgned ag Gronp & in the
Ohlo Valley Basin, repregsentative of an area of about 600,000
square milen, The succensive rows correspond to flve succes-
alve 28-day perlods. It will be noted that the average rainfall
on Monday wns 02727, whereas on Saturday it was cmly 0.0M",
a ratlo of 4.3:1 The next to the iast column glves CO28), the
perlodle correlation coefficlents {or each 28-day perlno, and
the last colurnn glves the phanes In the successive perifods,
Taking the 3b separate values for the 4-week averages given
in the table, one gets CC(35) = 0,689 with a phase of 1,80 days.
This result iz statistically highly signlfh"mt

““These poriodicities In rainfall were evident at almost
any set of stations in the northeastern part of the Unlted States,
Table 2 glves the ralnfall on succesaive Tuenduys and Saturdays
during a 12-week period during the winter of 1949.1950 at Buffalo,
Wllkes-Barre, and Philadelphia. This pertodicity is almost the
same As that found in the Ohlo River Basin but with a one~day
phase lag. The striking contras! between the total rains on
Tuesdays and Saturdays runs parallel to the tetal number of
days on which rains of 0.1" or more cccurred on ’I‘ueqday and
on Saturdays, .

T A RN, o e e,

‘“Maps have been prepared giving for 24 successlve 28.day
: perfods the dlstribution of correiation coefficionts, CC(28),
{ among 17 subdivisions of the Unlted Stales, these data being
: bazed on dally weather reports of 24-hour rainfall at 160 sta«
tlong, During the first flve 28-day perleds there ware always
several adjacent m.bd‘vls(om‘ that showed high weekly perlo-
dicities In ratnfull, After May 1850, Thowever, the peripdicities
became somowhat 'lpc)l‘ddif.:. nhhougn hlghly v»wmﬂcam perio-
aleltles over large arens still oceurred - durlig more t},an half
of the periods afler July 1950, Ii’ro«.umnb;y the large amount of
; commerelal sllver-lodide "iézfi!ding m%tho-wmwm aiatm {(not done
with a weekly pariadlvlty) ‘maaks; ]
- moedings In Now. Mcexitm. By.a miay
,_whir*h krmwn yecd{n ool BEeT']

e ren R L3S T K 1,
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‘In 15 ptaten weat of the 86°% W meridian (excluding Texas)
about 150,000 souare miles of 37 por cent of the total ares of
these sintes were under necding contracts during 1951,

“"Maps for the montha from Decomber 1048 through July
1950, taken froam the Monthly Weathor Review, tllustrated the
distribution of sbnormally lnrge ratnfalls over the United
States, The heavy raing nearly alwaye cceurred in a band ex-
tending from the southwestern to the northeamtern siates,

““An analysls of the pertodicity In the rainfall induced by
perfodic seeding was presented In a paper read October 12
1050 before the National Academy of Sciences, The aren‘;
havirg a high weekly periodiclty were generﬂlly the same as
thoze showing the highest abnormalities In rainfall, Such
heavy rains can only occur {f the winds and the harometric
pressures ¢nuse an adequate supply of moisture to flow from
the Gulf of Mexico. The periodictites in the pressure differ-
encas between Corpus Christi and Jacksonville were studled.
During the first 140 days after seeding began, there was a
highly significant weekly periodicitv mdlcrtlng a periodlc air
flow from the Gulf, .

““The upper air temperatures, aven up to the stratosphera.
showed a high weekly perlodicity over -more than half of tha ‘
United States. Nine stations representative of an area of =
1,300,000 nquare miles gave 950 mb temperatures having’ CC(B&)
greater than 0.6, These data were published, in detat] for -
Chicago and In summary for elght other atations, inthe Decu :

_ @ember issue of ‘The Bulletin of the American Memmrological
Soclety’, and a statlstical analysis was given which proved that
these par!odioules wera highly slgniftcant, Mr, Willinm Lewls
and Mr, E. Wahl, Bull.Amer.Met.8o¢,32:192.5 (1951), and Mr,
Harry Wexler, C‘ham Eng. News 28:3933 (1051), maintained,
however, that these data on the periodicities in temparaturp

were not truly significant and. nlmnafr w«mkly perlodkltlm have T

freqwntly mvurred in tha pas ) : : :

N N
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“Ire value of CC{EB) at these nine polints of intersection
ramged from 0.50 to 0.8h, The area represented o 1.b million
aguare mlles,

“Revently we have extended this grid of rognlarly apaced
atations to include the intergections of the 457 N parallel with
the 70° W and 110 W merldlans, these polnts glving CC valuen
af 0.68 and 0.05 respectively, The 300 N, 807 W Interzcction
just off Jacksonville, Flortda, aloo gave a correlation of 0.60.
We thus have an area of two milllon square miles or 2/3 of the
aren of the United States in which CC(28) exceads Q.50 with a
menn vaiue of CC(Z8) = 0.87.

““We have also examined these perlodicities st corresponding
polnts for preceding and for following pertods. The 28-day per-
iod in May showed low correlations, On the other hand, the two
preceding periods gave highly slgmfir‘ant values, Appa; ently
tha high perlodicity in the upper alr temperatures started about
Ianuary 25, 1950 and continued on until about May 1, 1850, covering
an average area of about half of the United States.

““For the nine points of {nteraection during a 28«day poariod
in April, 1050 the total variance of the temperature was deter-
mined by taking the total sums of the squares of the deviations
of these temperaturas from their mean and dividing by 27, the.. -
number of degrees of freadom. The data obtained In thls way.
are called the ‘total varlance’. By multiplying these values for = -~
each of the nine statlons by the cormaponfilng square of the cor- o
relation c-ommalem CC(ZB). one obtalna the perlodlo cnmpcnent
of the varlance e S SR S

“Exaatly almuar calculauona,wera muda (ar a ?8 dny perlod

~tn April, 1948 whan there was no perlodic seeding, The rosults -
- are giver in Table 8, At.each point the.upper flgure 1§ the ¢

‘periodic compons riance’ for the-April; 1850 period, |

' and the lower figures the corresponding value for April, 1848,
The average valuey far all thess nine pointa show- thai the

parmdw \rartahoa' 101860 wag 18 times ns great.as. ln 1949




";_‘—'rz;corresspondlng parlodielty in the commerelal sesding gaing. on In variows
;i-tparts’s ot tha Weat...Ina th parlodirtty tn: tba wcmther prngwsaad

Parlodle dee d‘lng' w5

“I{ meoms, therefore, that the temperaturs fluctuations tn
1000 ezsentinlly differed from those {n 1948 only In the super-
Imposition of an extremely high asven.dsy periodielty.

“Qulte gimilar results have boen obtaloed by detatled studien
of the upper alr tamperatures {n July, 1960 and November, 1950,''

As Indicated in this extract, Langzmulr'’s conclusions were contosted
by representatives of the Unfited 3tatea Weather Pureau, Inasmuch as this
controversy developed in conslderable proportions, 1t 1s diacussed ina
later sectlon of this report. (Page 77).

EASTERN WORK

In addition to the perlodic seedlng conducted in New Mexico, similar
seeding was initiated in the Schoharle Valley, New York and at the base of
Mt. Washington. An interesting resull of the seeding at Mt, Washington was
obaserved by Josaph B, Dodge, who has charge of the Appalachian Mountain
Club lodges In the White Mountains for skiers and mountaln climbers, Dodge,
who knew nothing of the seeding, pointed out that, judging by the maps of snow
coverage in Malne and New Hampshira, there were two bands. of snow running
at 8 diverging angle in the direction of those two states and coming to a polnt
back at Mt, Washington, This was a seas=on in which there was not much

snow, but along the line of these two bands there had been excaptionally heavy

snow, The results of further study indicated that the lack of snow may have
been caused by overaseding, but that along the two llrws o! heavy anow thara

‘had been just a ugm amount of saed.ng‘

| 'L.A'rmn mxomcx'rv

Early in 1962 durmg the eoume or thmr normnl amlyseq m‘ weather ’
conditions throughout the United ﬁmea Falcorner and Maynard again found

.. evidence of: perlodlcity Furthor atus showed:that the periodicity wason -
.- aseven-dny basis and’ that 1t pmgmﬁaad regularly. from west tc east, The =~
77 correlation coefficienta were caloulated hy Maynard and found: ganerauy to -
o be of a very high order “For oné:28:day period the mrm"auon cuemé!enli‘ sl
S wal the htgha:‘t 0 hr ob' S

amed for ttm c‘cnm*ry aa a whola

It Wah t‘ncugm ;mslbla.that th’xs phenomunun mlght tw ca\mad bv A
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Langmutir, In analyzing the data thus obtained, obderved that 1t would
be difficult to determine cause and effect. In other words, {t would be dif-
ficult to know whether the perlodlcity in weather was caused by periodic
geedin~ or vice versa., For commercial seeding organizations do not seed
at any ndom time but rather choosie for needing those days when weather
conditions are propitious, If the conditions are “'good’’ for the nroduction
of raln, the operator seedsn, Az a result, slthough it might rain naturally,
the seadin, may lncrense the quantity of raln--and 1t may produce rain
when nona woulq have fallen naturally, On the other hand, if conditions
are not right for raln, the operator does not seed, for seeding will nat pro~
duce rain except when meteorological conditions are suitable.

Meanwhile ¥, H, Hawkins, Jr,, of the U, 5. Weather Bureau, in the May
1962 issue of the Monthly Weather Review, called attention to the same per-
fodicity and stated thuf, as Tar as could be determined, no seeding which was
under way that spring could compare in periodicity with the marked spacing
of rainfall at that time. ‘

~

Langmulr, however, examlned the data on western seeding operaticns
and wasg able to show that the observed periodiclty in weather conditlons co-
incided with the schedule of commerclal operations. He reported his findings
to this effect at the annual meeting of the Institute of Mathematical Statiastics
in East Lansing, Michigan, on September 4, 1862,




VI « HURRICANES AND FORESD FIRES

in addttion to the normal studies and teots with which Project Clrruy
concerned lnelf, there were two additional activities o which U angoged
early in {ta history, One was 3 atudy of tropler! hnrricanes and the other,
an attempt to cauae raln in a forest<fire area. Both tock place in 1847,

HURRICANE STUDY

The hurricane study was planned by the vartous participaiing govern-
ment agencien for the purpose of determining whether seeding operationn
could be carried out In such storma, These agencies hoped that the expe: ~
lence thus galned would permit the planning of further operationa in the
future, with the hope of possibly steering or in other ways modifytng trop-
feal hurricanes.

It was planned to study a “‘young’’ storm as soon as possible after
it had assumed the form of a hurricane. A group of General Electric per.
sonnel was request . 5 act as consultants on these oporations by the
chalrman of the project’s Operations Committee.
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After a week of {ntensive organization and briefing, both groups were
maintained in ‘‘stand-by’’ position, but the season progresged for some time :
without any suitable storms occurring. Finally on Qctober 10, 1947 word was
flashed from Miami, Florida, that a storm was forming below Swan Island
in the Caribbean Seca.

Plans were lmmudlntely activated, and the n&xt evan!ng the project’s
two B.17'8 ware at Moblle, Alabama, The storm had traveled with such high
speed, howevar, that by that time 1t was crossing Florida. The unit flew
to MacDill Fleld, Florida the next day, joining forces with the 53rd wGaLher
Reconnaissance group, Flans were 1aid for take-olf early In the morning o
of October 13. The gtorm waa: expeund to be: from 300 to 400 miles oest b
of Florlda by that time ; s e ‘ B

‘The fonowing ac:c.ount of tha cbmmd fentums of the torm, the seed» - ‘
ing operation, and observed offacta was prepare(\ ’i Py Lt. C‘om. Danlel ¥. Rex. DT &
at Lhat time ohairman o{ the pﬁration Graup :

 “The aiorm ccnstawd of an eye. appmximawly ‘.30 mnea ; L i
._1n dlameter, surrounded by a8 rhin wall of clmuds mcwnding DR P

‘Ao ramd by Iargcs bmnkn
tﬂ.lblea.- An exeeaallnmy
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modifieation of the'cloud deck sasded.. No. crganimd trough way -

‘arad perhaps: 300 agu i R
m tollow : the;‘qeedmg procese atany: mnq ciuring thm mimmn IV L

NAPRR ¢ L

‘anctive aquall llne, appearing aas an almogt contimious Hne of
cumulonimbus with elrrus tops Lo an estimated 60,000 teot,
wng obgerved as a apiral extending out trom the center-base
1t 20,000 faet near the auter wall, ifting to 35,000 feet at the
ndgo,

“Apirronch to the storm contnr wan effected from the south«
waoat, this course bringing the group into the astorm’n right rear
quandrant, After a brief vreconnainaance Ught around the cuter
will, the declsion was made to seod a track over the uppermost
r‘lourl shelf and at a distunce from the center sufficlent to permit
the control alrceaft to fly contact L000 feal above the neading alic-
eraft.

“‘A formation intrail was used, with the geeding alroraft (B-37
No. H580) leading at cloud top level, The photorec.anaissance alr-
craft (B~17 No, 7746) followed the seed ship, 3000 feet ahove and
1/2 mlle astern, with the control aircraft (B-29 No. 818) tratling
5000 feet above and 15-20 nlles astern.

‘‘Seeding commenced at 29.8 degrees North, 74.9 degrees
West at 11:38 EST at an altitude of 19,200 feet, the outside alr
temperature being approximately -">°C Continuous seeding was
effected aiong a straight course to 30.2 degrees N, 73.0 degrees
W, thence to 30.8 degrees N, 73,1 degrees W, at which point (12:08
EST) seeding was stopped, During this 30<minute period 80 pounds
of solld carbon dloxide war dispensed along the 110-mile track,

In additlon, two maaa dropa of 50 pounds esch wera made into &
large cumulus top at 30.7 degrees N 73.4 degreos W

‘““Upon oompletlon of thia phase, all planes flew a revecse
course back along the seeded track, taking visual and photographle
nbservationa, No attempt wag made to penietrate tiirough the wall =
of the storm Into the eye or to seed Ih or near the above~mentioned

squall lino, owing to the fallure of thegraip's homing alds (radlo, .~

compass, and vigual flares). It wan thought that such an atternpt,
although desirable, would likely result in a separation of the alr-.
craft, with subsequem abortlon cf the, prlmnry mlnmcm

_“Viaual obaor V““Q". Of U’lﬁ‘ “'Mdﬂd aroa ?how&d a promunced  ‘"-3

ob'servad, rathar Lhe ov
anaran of wide ’

aat praku*ﬂyz_mbaewed appearad ny
: ’ The, disturbed aran. BOvY.

o:vorvostive activity wag geen -
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in addition to thls acepunt by Kex, the followlng brief conclusions

wore prepared, sftnr the tent, by Schaefer, who carried on onbservations
trom the B2 1

"1 Many sultable clauds for seeding ope attons ecour
in this type of hurricene,

9 Phe seeding operation produced an area thowing Brnow
showersa and atable anow ciouds with lght rain tn the above -freezing
reglon. 'The atable snow clouds covered conslderable ares and
might have persisted long enough io affect other aupercooled
clouds. | concur with the entimate of Commander Rex thal about
300 square mlles showod modifieation due to seeding operation.

‘3. The reglon where profound effects might have been pro-
duced was In the extremely nctive squall line mentioned by Com-
mander Kex. Thiz wag not attempted for the reasons indicated.

‘‘4, No bulld-ups were seen following the seedlng operation,
This was to be expected, owing to the thin character of the super-
cocled clouds along the seading path.

5, Owing to the complex structure of this ‘old’ storm, it
is belleved that a ‘young’ burricane would provide much more
satisfactory data for estimating the effect of seeding operatlons

*“¢., The operaticn pointed out the importance of maklng
futuro studies a part of the hurricane reconnalasance program.
Experimental seeding should be made by a group qulte famillar
with the structure of the particular storm, stationad in fairly
close proximity; 8o thnt a number of fomy'a would be made in
rapld succession, :

“While the hurrlcane study projc’—xct secured lmportant in-
formation and provided excellent training for the Project Cirrug
personnel, the time required for planning guch an operation and.
In analyzing the data raiges the question of whether the resulte
justify further activities of this kind by this part’aular group .
untu the. urgant and mnch almpmr operatlcns arcﬁ c.ampleted

»chenantady g : R ,
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Langmulr made some interesting observationn with regard to the nature
i of the hurrlcane. (1'3) Speaking of the rosulta of the seeding test, he aald:

“T'ne maln thing that we learn from thin {light 18 that wo
need to know t’annrnmur«:l‘,l more than we do al present about hup-
ricanes,”’

He conclude:

"It seems to me that next year's program should be to
study hurricanes away from land, maybe out considerably
beyond Bermuda, out in the middle of the Atlantlc....l think
the chances are excellent that, with Increased knowledge, |
think we should be able to abolish the evil effects of these
hurricaues."’

OPERATION RED :

On October 28, 1947, a flight operation was carried out in Vermont and
New Hampshire, At that time severe foresi fires wera raging uncontrolled
in various parts of New England. Although It was not the policy of Project
Cirrus to carry out such a widespread operation, {t was felt that {t would
be worth the additional effort required to make such a flight for the exper-
lence to be galned, partinularly since it would ba ;:‘osnlble to use Scheneatady
as the base of oporations, ; :

e e s 4
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The {light was well planned from an operational point of view, but the re-
sults were not apectacular, because of the abnence over much of the area of =
suitable clouds-«~contrary to a forecast the previous day, Instead of encouns. ..
tering a cloud deck at 18,000 feet as indlcated by the forecast, the top of the -
stratus was about 10,000 teet wlth leumd cumulus reacmng a max{mum of
about 14 OOO feet, - S ) L , A o

s

J——

—~—-

- Seeding aperatioma werﬁ carriad ouf bv two P 1"'*3. the ong ncrmally
n use by Projact Clrrus-and another furnighed by Major Keating of Olmsted
Fleld of the Signal Corps Weather Squadron. The site of operation was over
some of the stratus near Montpeller, Vermont, and in the cumuilus davealnp- A
ments, . Pravtigally au of t,he latter showud ghe emct;: of teoding after flve .
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SR Inmxtum of Tmchnomgy Fmdnr Research G roup {hiat there had bean u sudden

L inerease in raday’ echom {0 fhe viginity of Contord, New' llnmmhlm nhortly

~after the geeding runs, P“'ort\mah,ly RBemia had loarned of the pmpmm% Of =
mmtinrw ,md )nd mdd H o pulm t ¥ nhmin r*mm\lmn x*mlar rcwm‘uw uf the
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area in which the twe planes cporated. He subsequently supplled the Op-
arations Group with a reel of 3b-mm film of the radar 3copes as recorded
by hia group on Octobar 29.

The rusults obtained by the radar group under Bemis emphasized
to the mambers of Projact Cirrus the effectiveness of this type of instru-
mentation as an adjunct to their cloud~modification studles. Tt raised the

hope that a cloge relationship between the two research groups might be
offected,

In the opinlon of Langmulr the result was inconclusive, because

scaltered showers began to form thal day, atarting in about one or two
hours before Project Clrrus seeded,
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[t wan only natural that the activities of Frofeet Clrras should stime-
ulnte others to undertake experiments i.x slovd zoeding. Haturally, consid-
erable publlelty rasultad fmm Sehnefar’s hlotorte anow~making fUght over

Pittaffeld in November, 19048, The {act t*mt the Rouearch Laboratory of the
Genaral Electeie Company wua involved took the sfinir oot of the claun of
cheap senostionsllam and providod a background of suthenticity that pro-
voked the intereat of sclentlata and weather students the warld aver, ag
well a5 others with varying motives of intorest, Contlnuing publicity of
further Goneral Electeic and Project Clrrus weasther research and exper-
iment causad further interest. Muany Inquiries were recelved asking for
information in general, and asaistance in pgrticular, In connection with
gpeciiic prajects. No attempt will be made to st all of these, bul some
are of particular intereat,

PINEAPPLE RESEARCH INSTITUTE,
HONOLULU, HAWAIL

On March 24, 1947, a request for dry-ice seeding techniques was
recaeived from the Pinespple Institule of Honolulu, Hawall, Although the
records do not show {t, presumably the Information was necded because
of the {mpertance of rain on pineapple growing fn Hawaii, and the Inst{-
tute wanted to keep abreast of any developments.

At any rate, avallable Information was supplied by Project Clrrs,
Later newgpaper accounts were recelved at Schenectady degeribing ex-
periments carried out over the Island of Molokat {n 1847 by Dr, Luna
B. Leopold a a}% r. Maurice Halstead., SUll later, copies of & prelim-
Inary report weare rocelved from these men, describing Interesting
resulty obtained by dumping dry 1ce into cumulus clouds having & tem-
perature above the {reezing point,

Particular interest attaches to this activity, because the result of
Leopold and Balstead prompted Dr. Langmulr to restudy aome theoretical
calculations he had prepared In 1844 at Mt, Wasbington, As a conne-
quence, he devaloped his famous theory of the chain reaction of a rain~
storm described on 8 precesding page (page 49).

MILLIKEN & FARWELL
MCRILE, ALABAMA

For two or threa geasons somewhere about 1947 or 1048 Inter«
aating experiments were conducted i the cloud seading of thunderstorms
with dry ice by the trm of Milltken & Farwell, a sugar company of Mo~
bile, Alabama. Activitles concentrated on big cumulua clonds in the

ne Lghbcrhqod of tha Miz hi“!sippl delta, '

Preceding Page Blank
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Information was eequested from Project Clreas, and Langmidr co-
operated actively, He later reported very interesting resulty. He says
the photogravhs thken are the boat Le had ever seon

UNITED FRUTT COMPANY, HORDURAS

On precading pagen {starting on page 39) an account 18 glven of the
work done by Joe Stlverthorne In needing clouds for the Unlted Frutt Come-
pany In Honduras., This work wes carried on for the purpose of testing
oul the possihiitty of controlling ratnfall, and particularly In the hope of
stopping blow-downs that result from winds ansoclsted with thunderstorms,
which occasionatly destroy large gtands of frult trees.

Langmulr vistted Honduras in 19482 and 1849 and co-operated actlvely -
with Stlverthorne. His obaervations convinced him of the effuctivenass of
slngle pellets of dry fce In modifying large cumulus clouds; al{no st always
the clouds could be profoundly modified with slpgle pellem

NEW YORK CI'TY WATER SHORTAGE

This famous case recelved a great deal of publicity., in order o keep
the record straight as to what happened and the part played by Project Clrrug,
a brief account of the case, 83 told by Langmulr, {8 Incorporated,

Although the work waz done by and for New York Clty Indepandently,
It wag another case of General Electric having some connection with the
activity, When Langmulr pregented a paper on weather modification to
the American Meteorological Society in New York in 1860, New York was
in the midst of o water shortage. At a news conference assoclated with
the AME mesting. nowsmmn mekaed Langmulr {{ seeding could be of any use
in alleviating New York’s water shoriage, He replied that he knew ncthe
Ing about New York; his only experience had been in the Weat,

The newsmen then asked what I,angmu.r wculcl advise fc::r Now York,
He replied that the best thing for New York to do would be to gnt a wood
meteorologlat and have him look Into it. That advice was reported by the
New York Herald Tribune, Later, when the supply of water was becoming
o33 und leag, thin paper ran an miltorlm saying that things were getting
desperate and that 1t was up to the clty lo do mmethmg about {t, Seeding

wai mentioned in the, aduarial, amivalsm Langmulr 8. arivia’ 10, get ] goad LA

memorolngi{st

A A rcmult Stephwn f’“‘z; rn@v. ‘then Neow: York’a water: cammimmnar.
ol in touch with Langmulr and arranged for a8 mpeting. Carnay and'two
vthers vistted Sohenealady, - m"-lme!w mcmmmmadad Wfanum E Hnwe}ll
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director of the M Washington Observatory, whao had been actively ansoct-
ated with Project Clirrus and tha General Electelo netentista aven before
the project started. Howell's aervices were rommmi na 4 result,

Howell': experiments have never boon publinhed, and opintons vary
about the rasults obtalned, An Inte=enting result was a group of lawsults
totaling in the nelghborhood of $2,000,000. The posalbiiity of auch sults
had been mantioned in the general discussions which preceded the actual
seeding, aud at that time Langmulr had commentad that it would be antirely
pasaible that nach sulte would be cheap compared with the resuita which
might be cobtalned, The city, he anid, had already been commitied to apeund
$600,000,000 o add from 50 to 30% more water to lts avatlable supply,
and if they could get as Httle as 209% more water by seeding, it would be
worth the $600,000,000 and any interesat on {t.

COMMERCIA L, SEEDING IN THE WEST

A tremendous amount of interest in the poasibilities of controlling
precipitation waa arcused in the Weust, especlally in the great agricultural
reglong where an adequate supply of water is highly important and a
drought can have catastrophlc consequences. Many co-aperative groups
of water users were formed, and organizations sprang up for the purpose
of engaging In cloud seeding on 8 commercial basis, At the time of writing -
(May, 1952), some 350 million acres of the United States west of the Mlsa-
asipp! were subject to cloud seeding by commaraial operators, according -
to currant estimates (Newn releaae. Jamea Stoklw. tor release May 1?. 1962)

Tt A T G > e e

Although many private 1ndivlduah hnve unr\artaken w do thelr own
seeding, most of this work has been done by a small number of commeraial
orgenizations. Topping the liat 18 the Water Resources Development Corp=
oratlon, with offiees in Denver, Colorado, and Pasadena, California, whose
ralnmaking contracts were reported to cover an ares of over 300 million
acres, or about 17 times the area under trrigation in tha United States,
“Farmers and ranchers paid milllons of dollarg for the services of this
organization, which contemplates extending: its-operations to Central Amer-
fca, South Ameries, South Afriza and Burope.!™ Others include the Pra-
cipitatfon Control Company, Phoenix, Arizona; North Amarican Weather
Consultants, Pasadena, Callfornia; Olson & ‘Taylor Corporation, Shelby,

: Montana. and Wallace E. Howell-Asaociates; Cambridge, Massachusetts..

*Poga 5, .’:‘:wnam rapiortgll
mmm% tu Stmjy and;l
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So many and 8o active are the organlrations for this purpose, that
there hat been gome concern over the ¢ffacts of introducing such quantitien
of stlver lodide into the atomosphare, Studlos by the Heaearch Group of
the project Indleated that silver lodide can continue (n the atmosphere for
an almost Indefinite period, and although ttn uselulness can be modified by
sunlight, the practical eftects of nuch modification are not significant when
the sliver lodlde {5 within or belew the clouda. Finally, the analyses and
calculations of Langmulr (page Hb et seq.), Indicate that periodic silver- :
fodlde seeding in New Mexico produced a tendency toward periodic rainfall ‘
and temperature fluctuations that extended significantly all over the United
Stnte«*

Wk in A

C‘urrently, some members of the Research Group feel that there {3 a
definite possibility that some abnormal {lood conditions of recent years have
been caused, at least to a contributing degree, by commercial seeding oper-
ations in the West, .

b e e e

In addition to the commercial operators, who seed for the beneflt of
others, o least one electric power company has done extensive work In this
fiold, This ls the Callfornia Electiric Power Company of Riverside, Cali~
fornia. This company’s use of seeding stems from its concern over an .
adequate supply of water to operate its hydroelectric' gencrating stations. v
Not only does it credit the seeding with increasing its hydroelectric out« o
put by many millions of kilowatt-hours, but it also declares 1t has produced !
thousands of extra acro-feet of water for the city of Lo Angelas R .
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[nteresting cloud-seeding axperlmanta ware also conducted by John ,
A. Battle, consulting meteorologist of Beaumont, Callfornia, in Callfornla,
for the San Diego County Weather C‘orporatlon and the Banta Ana River.
Weather Corporation, The experiments were conducted over the entire
area of San Diego County plus the Santa Ana River dralriage area In Orange,
Riverside and San Bernardino Countles. The two wrporauons msponstble
represented varicus water agencies in those. reglons, where the relative =~
_ s:nrcity of water. makeq any paqslbmty of increasing Lha annual ralm’all -
attractive, ; S e . -

Silver iodida was uaed tn tmﬂeadlng. Unaoad@d ama.:, were u::u»d for 5
~ control zonea,-in wmpnr!esnn with soedad sreas. Ahout 20 per cent more o
han mguw wntrol ama‘, n c:the;r word.a, &,400 UOO .
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WORK OF OTHER GOVERNMENTS

Actlve research in cloud seeding hag heen carried on in many for-
elgn countrisn, Again, the werk was stimulated by the reports of success-
ful tests made by Project Cirrus, and In virtually all cases the forelgh
work was based on information elther obtalned by direct contact with
Projact Clrrus or through the study of published data,

Among the torelgn countries engaged in such work are Canada,
Cuba, Peru, England, France, Switzerland, Israel, Alperia, Tanganylka,
Unlon of South Africa, Formosa, Japan, and Australla, (Schaefer has
reports covering some of these operations.) :
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Contract DA38-038-ac-1634%5 (the lant of a serlen) torminates Sept-
' ember 20, 1852, alter a ittle over ftve years of the active Hfe of Project
Clrrus as s government.aponsored activity. My that time all the early
axploratory phases of nloud sesding and allled research concerned with
the phystes of clouds ware virtually complete. 3o many nther research
projects had been stimulatad that conttnued prograng in the search for
new basaie knowledge of weather phenamena avem: ansured,

OVER-ALL RESULTH

It s not, of course, easy to predict the uttimate results of the
work done by Project Cirrus, But It seems certain that the ploreering
and spectacular work of the General Electric sclentists in cloud physles,
cloud seeding and weather modification will eventually have a prefound
influence on domestlc and world economlics,

Says the report accompanying S.2226 (footnote page 688):

‘I practical, westher control promises tremendous
benefits for a small investment, Research work !n the
field Involves no tesi plants or production facilities and
very little expensive equipment. The seeding agents, car-
bon dloxide or silver lodide, are inexpensive, yet when used
In small quantities they apparently produce weather phenomons-
of the highesat magnitude. If these phenomena cause only a
small increase in precipitation, this small incm&se can be
economically lmportant

“An inch of rain, converted {nto runoff and concentrated
into a reaervolr, can produce elretric power worth hundreds
of thousands of dollara. A amall {raction of an-inch of extra
rain, falling on crops during the pertod of germlnation, can
greatly incresae crop ylelds. But-artificial nucleation may
have usetul potentinlities in addltinn to that of:stimuleting
rainfall, It may have possibilities for 1ncromlng Snowpack
in mountatnous areas, for holding back and ‘softening’ rain-

£  storms, thereby mdnclng soll erosion, for 1rh1bmng hatll, for
: breaking up hurricanes, and for precipitating ot and. thc-reby o
‘cumng holaa m c.lauc'.s =so ?mt n!r‘f*raft can opmaw ”._; f : R

Some of th@zpoasih(mmw inl a‘."yenk“tn
by Project Cirrua ot '
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wideapread moditying of weather conditions. Such work could easlly have
prafound economie, politicnl, and military effect.

Moditying Orogruphtic Cloudsn, Orographic clouds, which form as
molst aTF 18 lorced to rise when 1L encounters a barrier such as a mountain
range, are very common {n mountainous reglona, and they often form contin-
uously for many days, Relatively little precipitation from them reaches the
eirth, excopt as rime deposita on trees and rocks or as scatlered snow
cryatals, If technlques could ba devined to cause a widespread and effective
precipitation of such clouds, the depth of the snow pack in the vicinity of
mountalns might be markedly increased. Such a result would be of much
Importance, sinca the snow pack on mountain slopes 1 very valuable in
gtabilizing the streams which flow from such regions. These streams, In
turii, have great significance from a standpoint of alectric power and water
supply. The work done by the Callfornta Electric Power Company (page 70)
{a an linportant contribution to this knowledge.

Producing Regions of Ice Nuclel, The production of apacific regions in
the free aimosphere contalning nigh concantrations of ice nuclel or potential
{ce nuclel 18 sn Interesting posaibility., Cold middle clouds, even though having
no appreciable mofsture, may be used a3 ‘‘holding reservolrs’’ to store {ce
crystals until they come Into contuct with lower clouds of greater thickness
or are entrained into cool or cold cumulus,

An example of this type of seeding occurred during the hurricane seeding
project in October, 1847 (page 81). A relatively thin layer of atratus cloudsa
covering an area of nearly 300 square miles waa transformed to snow crystals,
This subsequent fate of the crystals is still a moot question, but if a considerable
reglon of them was aentrained {nto the lower levels of a 1ine of towering cumulue
observed during the flight and situated {n the southeast quandrant of the storm,
the entrainment might have exercised a profound effect on the subsequent
development of those cumulua clouds, L :

Similarly, the {ce crystal reaidue from 3&@&&&,7.b\it:‘a'&ihn.-c‘:‘ﬁmulua clouds

may be entrained at a low level into much larger cumulus feeming in thelr viel-
nlty. In this way, an effect of considerable magnltude 18 produced us the super- .
. cooled reglons are infected at a lower level than'would otherwise be possible.

It will take much careful study to establish methods for utlizing this
type of seeding. Zventually, It may become of gxr_'ant_,l;rx;\portancq;, f ‘ :
 Moditylng Stratiform Clouds: The widespread moditication of straws
- elouds by artlliclal means 18 possible at the présant time whenaver such clouds

" are supercooled, -Under such conditions, the.clouds may be elther further

stabllized by ovarseeding, or preciptiation may be'triggered by using the op:
timum ‘namber of ice nuclet T I AT e
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Ohsorved rosults of the seeding of stratus clouds {ndleste that holea
can be cleared {n them by this method, which Is bound to be of value in -
aircraft oparations,

Modifying Supercooled Ground Fogs. Supercooled ground fogs formed
by advection or radlation may be modified and even dispersed {f care is
exerclsed to prevent overseeding. Too high a concentration of ice nuciel
Introduced into such fogs might actually make the fogs worse,

The prevention of the formation of ice fog (s another poasibility
from the proper manipulation of seeding techniquen, By Introducing an
optimum number of sublimation nuclel into the alr in reglons where such
fogs are troublesome, 1t may be possible to contlnuously remove {rem the
alr the moisture responsible for the {formation of this interesting but of-
ten troublesome type of ground fog.

The ice crystals generated in the vortices of airplane propellers
plus the molsture added to the air by the combustion exhaust of the plane
are the causes which generally lead to the formatlon of lce fogs at alr-
ports, Whether the removal of supersaturation with respect to ice by
seeding methods will be of sufficient magnitude to prevent the lce-fogging
effects produced by plane operauons can be determined most ccnclusively
by actual exper\mem ) , . ; ‘

Protaction of Afrcraft, There is no questton about being abla to
modify IcIng clouds In the vicinitiea of alrports and along heavily traveled
air lanes. The problem rather, ls whether {t may have a practical appli-
cation, Low clouds which restrict visibility for landing approaches aro\mf*
alrports, thick clouds in which planea must erulse us they walt for per-
misnion to land, and thick clouds which might deposit a serious icing load -
on the plane as itirles to climb up through them.~these comprige. hazards =
to safe plane opentlonﬂ. : And whan sueh clouda are aupercoomd thay may,
be profoundly mcdulad S S L

The mmplfaat means for carrying out such cloud mcdif‘eatlon Wc)uld
be to employ & plane well equipped for flylng under serious leing condl-
' tions for patroiling the atr lanes, The plane would report woather and -
cloud conditions and, whenever mermuq wuperooaled ol vudﬁ oc'curred
would carry cmt ssmeciing opera*ions '- :

' . anca "1 sself may pm-
1‘he vorticaaa which form atthe - ;
from the propeller: pa mrm

In ﬂylmg thmugh a _t:uparcuca 4&
duce a fairly effective: modification,
trailing edges.of ‘the. wings. and pa;

‘ largo numbfara of ide oryatals.
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R to the degree in which:éxparimental méteorology
S0 tying elouds in the free atmotphory, . Somea of thess: appnrent Umitations:
L may diaappear 88 ‘sur-knowledge {narennas, nlthough mtmt ot the rustricmorm
S how ra:}ognm@d nrm lmpused by knc.Wn phyﬂlcul lawu. : R _

(:anlu:'ﬂog* w78

Modifying Orographic Thunderatorma. [t may be poanible that sflvers
fodide seeding from ground generators would be particularly useful in mod-
itying orographic “towering’’ cumulus to prevent thelr growth into thunder-
storms, By determining the alr trajectory {rom the ground into the cold
part of the cloud, potential {cw nuclet may be sent aioft by a very simple
procadury. If aubasquent experiments indicate that 1t i3 important to seed
guch clouds at a temperature nnly 8 few degrees colder than the {reezing
point, {t muy become nacesaary to use dry ice diapensed from planes or
carriod into the clouds by free balloons or projectiles.

Modi_t_zmﬁl Towering Cumulus. Towering cumulus also forms over
flat country at 'imes wien the atmosphere is conditionaily unstable.” Dan-
gerous and often deadly lightning strokes, torrential rains, destructive
winds, and sometimes hall and tornadoes are the end products of such
developments. Since the high, vertical thickness of a supercooled ¢loud
geema to be the basic requisite in the formation of a thunderstorm, 1t may
be quite feasible by proper seeding methods to prevent tils phase from

developing.

The manner in which the seedlng is dcme may produce a wide vari-

- ation in the end results obtained. By secding each cumulus tower with

large numbers of ¢rystals shortly after it riges above the freezing level,

~ the cloud would be contimiously dissipated and no extensive reglons of

supercooled cloud could develop. On the other hand, it night be desirable

- to seed such clouds to realize the maximum pesalble energy releage, This
- preaumubly would involve seeding each cumulus tower just pravious to

the point of {ta maximum devolopment 1f this could be done effectively,

1t might be possible to dbuild the Morm into L3 much larger one than would
) dovelop unde. nnturul canditkms , S ,

PuvmtlEg Hall. 'l‘he posaibmty thut hanstorma mlght ba pravented B

by see ng techniques 13 of considerable economic importance.” A great

~ amount of baaie mmrmauon 18 nended on the various:properties of storms
- that produce hall. - In some parts of the country where sevare hail damnga
- - 18 frequent, storms are formed over certain mountain ridges and peaks
‘that gerve as cloud breakers. Such cloude shoild be particularly suited = .
~ {or modification by ground generators. ‘since the air trajectory ia de!lmtelyr

related to the flow of atr up tha mountain and lnto the clouds.

Ag in 5“5' o thea physlmlphenomam, there:ar T
may: ba amployed in mod~ I
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Fair Weather Cumulus, Foremost of these restrictlons is the factor
of cloud type and size, Certain clouds, such ar the {air-weather cumulusg,
have such a small volume and restricted srea that, aven though they are
eanily modifled when supercooled, their total liquld-water content ig incon-
sequential. Ancother complicating factor {s that the alr below larger clouds
{3 sometimes 30 dry that a considerable amount of precipitation avaporates
bafore It reaches the ground,

warm Ground Fog, Another type of cloud which 1a difficult to modify
ia the warm ground log formed by radiation or advection., Such foga are
often extansiva and of conslderable economic Importance, espsacially from
the standpoint of airplane traffic control. But the natural structure of a
fog precludes any simple method of modifying It. Generally, the vertical
thickness 13 not more than 100 meters or 3o, with a cloudless sky above.
This rules out the possibility of modifying {rom above by forming precip-
itation in higher clouds to ‘“‘rain out’’ the fog. (But supercooled ground
fogs may be medified, as explained on page 75.)

Drought. Another weather situation where no method of rellef is
now apparent {3 in the case of drought, This condition generally results
from the stability of a complex weather pattern in a manner which, at
present, 18 not very well understood. Drought {8 generally accompanied

L by either clocudless skies or clouds of small vertical and horizontal devel-
cpment, because of strong Inverslons or thick layers of dry alr.

- Convergence, The development of convergence s an important
feature In tl.o formation of appreciable amount of rainfall {n many parts
of the world. As a rule, such developments are generally accompanied
by the occurrence of natural precipitation, which continues go long an
the convergent movement is preasent, -About the only thing that artificlal
maditication of clouds might-do under such atmoapheric conditions is
ta inltiate the precipltation cycle a few hours befors 1t would start nat- .

urally; or under some condmcm, tc delay the onsm Qf praoiplm tlon by
overswding Lo L ,

§
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As 13 50 oﬂ:en the case with the propwa of utf’\kfﬂg or revolu~
tionary new concepty in sclence, the valldity of the obzervations and
“conclusions of the members of thca Research Group, both before and -
after the establishment af’ Projact Clrrug, was challenged by many,

- -Aga result, quite a schoaol 6f oppesing thoufght hag: baen bullt up.- This
A8 anormal; healthy-condition of atfalrs in o' fren’ Beonomy, and the.

- roaults would be of no prrticulariconsequence werds {t not-for the fact
that the pomibilitmss {hherent in nri{ficial wem m* m amftcation have
f:mr*h gmm aconomm anr‘i:mnltﬁry slgnmcance AR LT T
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- found in testtmony!
on three bma, aa fonowss
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Although eriticiam and challenge have by no means been confinoed to
any one pergson or group, the apearhead of the opposition, to to speak, han
baan the Untied States Weathor Bureau. Thia unit has kept 8 watehful ove
on all the developmeonty ansoclated with Projest Clrrag. In many canes
1t doslgnited observers to work with the project on npecific operationn,

It has conductad experiments of its own. to test the validity of Project
Clrrus findings, notably the Cloud Phyales Froject, jointly conducted by
the Wedather Bureau and the United Slates Alr Force.

The running controversy batween representatives of the Weather
Bureau and Dr, Langmuir is summarized 11 an articlel28) avallable in
his office flles at ThaKnolls, In it Langmuir discusses and angwere the
various criticlsms and challenges, He summarivses the !mportance of
the situation in the {ollowing paragraphs,

““T'he poasibility of such wide-scala control of weather
conditions, of coursa, offers important mliltary applications,
but since nearly all meteorologists are much influenced by
the opinions and the attitudes of the Weuther Bureau men,
the oppesition on the part of the Weather Bureau and other
groups has, up to the present, prevented the starting of any
military applications.

“It was, therefore, of tha utmost {mportance to clear
thias matter up without getting too much publicity, It is
largoly for thia reason that no detailed accounta of the evi-
dence in favor of the reauty of the wldonscale effecta have
been published....” o ‘

Langmulr has since. explulned omlly that, in vlew of this nituation,
he has resorted to the use of publicity only when sther methoda of bringing
mattors to a head had falled. At the time of the preparation of this report,
however, both he and tha other sclentists assaciated with iject Clrrus
had begun to feel that the oppoBition was beginning 10 ‘‘see the Ught’' and
that it would only be a matter of time before the Weather Bureau would
change its attitude. It'is belfeved that the results obtainad. by the Call-
forniz Elactric Power: Company (p&ge 70) haVe had LY great daal to do with
that change of attituda e e S NSO

ch:nfmao piz,ture 55 the Weat}xm\ Buwm :‘»mde oI *he ccntrovme:y mav be
préaemed tlurmg“

- ;cﬁt ‘practical aana“f‘ nomtcal produf‘tlon;ﬁtmm [en Q\r?
. other gallne water rom the. stmdaphiere (including a)cmd
;formtlcmn), of water aultshle for agricultural; mdumrmi,

arings beforo Senate aumommitteed

i T
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municipal, and other beneficial consumptive uses, and
for other purposes,

5,0ndy a bl to provide for the development and reg-
ulation of methode nf wenther modification and control,

J. 198, a bill to authorize the Secretary of Agriculture
to conduct research and axperiments with respect to methods {
of controlling and producing precipitation In molsture- ’
daeficlent arean.

The attitude of the Wrather Bureau o summarized {n a gtatement
presented to the above groups on March 14, 1851, by W. ¥, McDonald,
assistant chief of the United States Weather Buroau, and a further clari.
fication of Weather Bureau views Is found in the subsequent guestioning
of Mr. McDonald by members of the commlttees,

The fact that the challenges to the valldity of Project Clrrus claims
arae not confined to the Weather Bureau is also indlcated during the same
Senate hearings. Statements were made at those hearings by other indi-
viduals not assoclated with the Weather Burcau, and some of those (ndlvid-
uals did nct agree with the {indings of Project Cirrus. Among them were
Hens H. Neuberger, profeasor of meteorology and chief of the Diviston
of Meteorology, Pennsylvanla State College, and Charles L. Hoslar, a
sta{f member of that college; and Henry G. Houghton, professor of meteor-
ology and head of the Departmant of Metﬂcrology. Massachuaeun Institute
of Technology.

LEGISLATION

For various reasons, natlonal lcwiqlaum hins been auggastad, and.
actunally introduced, to regulate and control artificial weather modification.
Of the thrge bills reforred to n the prmwlmg paragraphs, two (5.222 snd
5.708) specifically covered this proposad regilation and cuntrol (8,222
and authorized the Sevretnry of Agriculmre to c:onduot mneamh anri 0X-
par‘imem"a (" '?98) S e SR : ., o

Since that tlma a new bill wan draf u} and immdmw ln the: Senate,
BYA Congress, secomi session: §.2226. This blll would craale & tempor-
ary advizory committes: of niné. mrecmn to sludy-and svaluate esxperiment

o An weather modification; c.:antlnvufng no longer than July %0, 1066, "The com.

mittee would reportita Congress-at-the sarllost possible moment on the
advisability: ot tha,Guvemmnnl&regulating, by’ meane of Haenses or’ oihar-
“of peroons attetnpting to niodity the weathér. The ad-
uld «’*onm';t of !’t\m mambr‘*rv appnimmi Ivom publie
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life by the Presldent plus the secretaries of Detense, Interlor, Agriculture,
and Commaerce, or thelr designees. The blll way referred to the Committes
on Interatata & Forelgn Commerce on Octlober 8, 1951, and reportad out
with amendments on May 12, 1852,

The Goneral Elactric attitude toward leglslation wan summed up at
the above hearings by Vice President and Director of Reaearch, ¢, G, Sults,
and by Schaofer and Vonnegut, who accompanied bim to the hearings, Said
Sults, in part:

“These facts which underlle nxperimental meteorology
are not in the controversial area; they have been demonstrated
and proven. What controveray has arisen has been concerned
with such matters as (1) the economic importance of induced
rainfall--by ‘Induced rainfall’ I mean artificially induced rain-
fall--(2) whether long~-range effects of cloud seeding exiat,
and (3) whether induced rainfall may not have occurred nat.
urally in the absence of seeding. There Is a great mass of
Information bearing on these questions, and 1t would not be
possible to discuss it all here,

““It {8 my considered opinion, however, that the results of

the most recent werk are of the very greatest {importance Lo the

i Natlon. We have at hand a means of exerting a very considerable
degree of control of weather phenomena.. Prﬁclqely how much
zontrol can be accomplished will come from further study. Much

- work remains to be dons, und it would be a national tragedy if
legislation did not provide a proper franie work for developing
the full potentialities of weather modification methods, It would
be hard to imagine anything mora !mportnnt to the country than

; weather modlﬁcauon and ccntrol " R

. Ancther axtract from the Suim rtatamenv e S

- “1 wish to be very clear on ona pomt The work my. com-
pany hing done in this field, Injtially at our own expense and more
~recently'under a Signal Corps contract with the participation
“of the Office of Naval Research and the United States Alr Force,
has had no slngle practlcal application within the Company. The
~ work originated as dn unexpocted result of one of the many fun-
 damental Investigation: which we undertake in tha search for
. new knowladge: ‘becauge the leaders of my com-
- pany-and resp ve: ofithe Clovernment belleved
- ‘that the poasibill: {eation might be of grest
E impmrmnca' On Decembar s’? 1860 my

- Docament -
Reproduced From
Best Available Copy

s o i ) S USRI
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‘company announced that for the preasent and uptll further
notice it does not intend to anforce any of ta patents re«
lating to woather modification by the artificisl production
of snow and rain,

A contraclor of the Government for research in thia
fleld, whare the general public iy the Intended boneficiary,
shouid not be subjected to the uncertainties of legal Nabiltty
hezards which are Inherent in expartmental weather modifi-«
cation, The provisiona of 5.222 would greatly minimize the
legal hazards which now exist. Some =ich solution of this
problem must be found lf private agencles are to engage in
research in this fleld, and by that i mean under contract
with the Governrment,’’

Other aspects of the need for legislation were volced at that time
by Schaefer. The tonowlng quotes from hla statement llustrate these
other aspects:

‘It {8 very {mportent, in my opinion, that weather
studies involving experimental meteorology be conductled
in such a manner that all of the modifications attempted
by man-conducted seeding operations be knuwn and con-
trolled. If this is not done, the effort of attempting to -
underatnnd the reactlons which occur is a horsless one...

R R A U sl S0 U St oo i

‘It 18 obvious that some type of national legislation
{8 of the utmost importance at this time to protect the
public in the future from unscrupulous individuals who
would play on the gullibility, hope, or desperation of in«
dividuals or groups in need of water or other rellef from
an undesirable climatic s‘tuution "

Vonnegut, also. in hia statement read at those hearlnga urgod
tha adoption of syltable legislation.  In addition to the reazons volced.
by Sults and Schaefar he added othtars. whtch are fcund ln the follow~ .-
ingextract- % T e o ’

[ “The problems of weafher cmt*ol are no large and
-of sush NattonMde {mportance that only Fedarsl. leglﬂsla-ﬁ
v,tlon*can inauw that thia pow_erml new taol wm result m
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‘graatly retarded or prevented and that possibly much haria
can resull from storms, droughts, or floods produced by un.
controlied seeding.

““I'heory haa predicted and oxperiments sre confirming
the {act that a few pounds of atlver lodide roleaned into the
atmosphare {u the form of fine particles can exoreine a pro-
found influence over the weather hundreds o milea away from
the point of release. Clearly no private individuel or group
car be perinltted to carry on operations Hkely to affect wanthar
condilions over thousands or hundreds d thousands of nquare

[ e

miiga,

““The potentialities, both for good and bad, which attend
silver-lodido seeding are =o lurge that the development and
use of this technique must be placed in the hands of the Fed-
aeral Government,

, “‘Secondly, it 1s highly desirable that the Government

{ pass laws regulating cloud seeding, in order to promote the
rapid development of this sclence. Many {acts are yet to be
iearned concerning the best methods of sesding to obtaln
desirable results. These facts can be deterimined only by
experiments in the atmosphere, The analys!ls of the results

of cloud~seeding experiments {8 a complicated and difficuit
problem. If, 83 in the case at present, many geeding ex- .
periments are belng Independently and aimultaneously carried
out in many places, the problem of analysis becomes even more -
; : difficult and frequently impossible. Fedaral regulation is nec-
essary to insure the rapid developmant cf the beneflts of
cloud seeding,

- “Thirdly, the aclence of weather control can be of such
great benefit to the antire country that the responsibility
for its advancement must rest with tha Government, Legisa-
lation ahould provide fundsg for research by Government and

by private groups into hindamental mc‘ientlﬁc problems con-
" nected with the weather.” : . o

At the time of thé preparatlon of this histary, no natlonal leglslaﬂon
had yet bean enm.ted to cover any of the needm ontumarx m Lhe fomgomg
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REFERENCE LITERATURIG

A wenlth of Informatiun, publighed and othorwise, o avatlable to pro-
vide further detalls of the varisun aspects of this project us covered {n
this history, and mont of 1t {8 lHnted In Appendix IV, Some of thig Information
nccompanies thig report in the form of vartous appendices - -elther becguse
the {nformalion is 5o cloaely associatea with history that 1t should become,
at least to that extent, » part of 1, or because 1 would be difftcull to refer
to otherwise,

A suminary of other types of supplemental information follows:

1. Government Reports. The various quarterly, final, and occaslonal

reports made by the General Klectric Company to the Governmant summarize

the work conducted under various Government contracts. These reports have
all been printed and are avallable In General Electric Hbrartes and ftles,

2. Articlos & Papers. Many articles and papers have been prepared
by members of Frawect Clrrus, especially members of the Regearch Group,
for printing in periodic publications or for dellvery before scientifle and
other bodles. Some of these, covering significant developments or making
helpful summarlea of progress but not apecifically included in the reports
to the government, are listed {in Appendix IV,

3. Laboratory Records. A further wealth of detallad Infermation {s
to be found 1n the normal records of the Research Laboratory. In partic.
ular, the notebooks maintained by the individual workers in the project can
be consulted. In addition to these are the reports of the Steering Commitiee
and the Operations Group of Project Clrrus, coples of some or all of which
are in the possession of Langmuir, Schaefer, and Maynard, Still other {nfor«
mation can be obtained from letterbooks, oontrac'r folders, and accounting.
racords,

4, Langmulr's Recorda A great deal of pertinent Informatton has
been gathered togelher by Langmulr as the basis of hla various analyses
and mathematiea) ealculations, particularly In connection with his running
controversy with the Weazhc{ Bureau, One such cc:llection(f“ has already
been mentioned, Anothertll) g a collaction of unpublished lettors and
reportd on the gangral subjact of the seven-day perfodicity in the wenther
during 1950, Both of theae documunm ar@ to bn mund ln L,angmulr offlce
files at Tha Knc:ll'a. T . , .
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Appendix 1
Alphabetical List of Parconnel

Mra, Margaret Bakuzonls, GE

Raymond Belluccel, civillan mathematlclan
S/8gt. C. 8. Belote, USAF, radlo operator
5/5¢t, Roy E. Berry, USAF, crew chief

George Blalr, GE

Duncan Blanchard, GE

Major D, Blue, USMA

Ist Lt. Mitchell B, Bressette, USAF, navigator
Vincent Bruck, Stgnal Corps photegrapher
Robert C. Bulock, Signal Corps

Major E. Cartwright, USAF

Theodore Catellle, Signal Corps photographer
Capt. Clarence N, Chamberlain, Jr., USAF, pllot
T /Sgt. Vernon H, Davls, Signal Corps Supply Sgt.
M/Sgt. Eugene R, Dickson, USAF, crew chlef
Mrs. Analee Durant, secretary

Robert F. Egger, ALZ2, USN, radle and radar operator
Raymond Falconer, GE

Lt. Cdr, Elwood B, Faust, USN plict

Charles S. Ferria, clvillan electrician

Victor Fraenckel, GE

8/3gt. Russell C, Friedl, USAF crew chlef
iat'Lt, Carl J, Fuhrmann, USAF pllot

Myer Geller, GE

Miaa Conslance Godell, secretary

T/6 C. E. Hall, 8ignal Corps driver

Cpl. Francls N Ham, Signal Corps driver

Lt. Cdr. B, X, Harrlson. USN pillot

1at Lt. Ted E. Hoffman, USAF pllot

T/8gt. C. E. Hughey, USAF ¢rew chlef ,
Thomas J. Hurley, Signal Corps:photographer:

Lt. J. W. ller, USN pllot

Cpl. Billy G. Jackson, Signul *C‘c)rpts photographer.

. -Cpl, Ernst 8. Johnson, Signal Corps photographer
T/Sgt. Martin M; Kalich, USAF radio opemtor

John Kelly, Signal Corps. ctviltan techniclan -

. Major:Rudolph.C. Koerner, Ir;, 8ignal C‘arpa

G CplTamen W Lnnd, Bignal Gorpa Supply. Sgt
oL DE Trving Langmule, GE.O

o Wmlam Lewl.n. U s Weathm* Bureau cc;mss
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Kiah Maynard, GE

ABERM! E, R. Mlilan, USN aerologlat

5/8gt. H. &, Millett, USAF crow chief
Landon Morris, Signal Corps photographer
Raymond L. Neubauer, GE

3/8gt. J. H. Nlven, USAF radio operator
William N. Perry, ADC, USN pillot

Capt, John A, Plummaer, USAF pilot

Harold Pontecorvo, Slgnal Corpa photographer
Alexander Preede, Signal Corps photographar
T/Sgt. Willlam M. Ratcliffe, USAF crew chlef
Cearl R, Remscheid, AG1, USN aerologist
Lt. Cdr. Dantel F, Rex, USN

Edward Rudzik, AD3, USN engineor

AERMI! R, F. Rayan, USN aerologist

Capt. Michael A, Sbarra, USAF pllot

Dr. Vincent Schaefer, GE

Lt. Cdr. Paul J. Stegel, U3SN pilot

Robert Smith-Johannsen, GE

Donaid Southard, Signal Corps photographar
Samuel Stine, Signal Corps

George Swistak, Signal Corps photographer
ACMM Adam Szepkowsaky, USH chief

Lt, Cdr. C, E. Tilden, USN

Lt. David D, Tracy, USAF navigator

lst Lt, Henry W, Tutt, USAF pilot

Dr. Bernard Vonnegut, GE

Howard J. Wells, AGC, USN aarologist
CAERM G. B. West, USN, aerologist

Roger Wight, 8ignal Corps (civillan)

Capt, Carl F, Wood, USAF pilot

Charles Woodman, GE
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Projoct Clrens Unnumbered Fllght Tests

Ihue

11/13/48
11/23
11/20
12/20

3/8,/47
3/7
3/12
4/7
5/8
8/5
8/6
8/7
8/11
8/13
8/16
8/18
8/20
8/%1
8/25
8/on
8/28
8/929
B/19
9/25
8/30
10/7
10/10
10/11
10/12
10/13
10/14
10/“_]

6/31/48
8/%
10/18
11/30
12/14

/1760

Location
Pittafield
Schenectady
Schenectady
Jchenectady

Schenectady
Schoanectardy
Schenectady
Schenectady
Schenectady
Schenectady
Schenectady

Schdy ~-Westover, Mass,

Schenectady
West Polint

Schenectady
Schenectady
Schenectady

Schdy-Indlan Lake

Schenectady
Schenectady
Schenectady
Schenectady
Schenectady
Jchensctady
Schenectady
Schenectady

Schdy-Mitchell Fleld
QOlmstend, Pa =Brookley, Alas,
Erookley~-MeDIlll, Fla.

Florlda

MceDUE-Olmstead, Fa,

Olmatend -Schay

Jchonectady
Schenectady
Schenoctady
Hehenacthdy
Schenectady

Rugton-Sohonoctudy

Operation
D geeding
DY seeding, tnolated comulus
DI sewding, wolated cumutug
D oseeding

DE seading
DE seeding
DE seeding
DE seeding
DI and 51 zeedlng
Instrument Check
Instrument Check

- Welghing

Instrument calibration
D1 and SI seeding

S1 needing
Instrument cherk
Instrument check

DI and 81 seeding

DI and 31 seeding
natrument check
Inagtrument check
Instrument check

Dry run for hurricane
[nstrument check
Inatrument check
Tracing 31

Hurricane study
Hurricane study
Rurricane study
Hurricane siudy
Hurreleane study
Hurricane study

Waler drop tests, pumping

Water drop tents, balloons

DI seeding

Stereoscople camora tent

Info. "light #3 « batloon gounding:s

Observation » tie~1n with
Cieovrud Clperation #76
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Rumbered Tont Flights

Fllght

Lavratlon

£

Number [Date

|

12
13
14
15
168
17
18
19
20
21
22
23
24

26
27
28
29
a0
3l
KP
a3
34
b
36
31
48
39
40

11

B/10

B4
10/99
11/12-13
11/17
12/11/41
12/12
1/13/48
1/14
1/28
1/98
279

/9
3/31
4/1

4/1

4/8
4/13
4/15
4/19
4/21
4/28
4/28
4/29
4/30
b/

8/
5/18
5/21
8/3

7/9
/16
T/20
/26
'1/30
8/3
8/4

8/8
8/9 -

8/31
8/1 .

Seheneetndy

Now Hampahlre
Clmatead, Pa; Brookley,Ala,

Ceheneetady
Schenectady
Schonectady
sSchenectady
Ochenectady
Schenectady
Middletown,
Schenectady
Schenectady

Sacanadagn Reservolr

Schenectady
S~henectlady
Schenectady
Schenectady
Schenactady
dchenectady
Schenectady
Schenectady
Schonectady
Cape Cod

Schenectady
Schenectady
Schenectady
Schenectady
Schenectady

Off New Jersey (oast

Schenectady
Schenectady
Schenectndy
Lake George
Glens Falls

Pa.

Catskill, N, Y

Je htanecmdy

Scheneclady .

Schenectady
. Schenectady

Schoneolndy.

~S3echonectady

AN

()po ration

N seoding

Foreat-fire gecding; Oper. Red

Waler secding
Raclng 81

Ul seeding

DI seeding

DI pattern seedling
DI seeding

None

Servicing

DI pattern seeding
DI pattern seading
Tralniog

DI seoding

DI pattern seceding
DI seeding

DI pattern seeding
DI seeding

DI seeding

DI seeding

- DI pattern seeding

Obnervation

D1 aeedlngg—MlT project

Seeding

Water seeding
Nothing

DI pattern seeding
DI seeding

I curnuluy seeding
Water seeding

DI seeding . ‘
DI and water seeding
DI needing
D1 and water seeding
D1 aceding '
Water mmdlng

 Wuter needing - :
DI and water mmlhm 4

DI seeding-

1 and water wm,mu .
: '_Wmnr mmnmg
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Flight

Number Date
4% /18
43 S
44 10/14
Ah 10/14
AR 10/13
47 10/14
1R 11/16
A4 11/18
50 11/17
13! 11/23
L 11/74
03 (1/24
b4 19/1/48
hh 12/8
he 14/9
YY) 12/21
58 12722
5o 1/14/49
20 2/4
81 2/5
a7 2/6
83 2/8
4 2/8
A4 2/8
1413 2/10
VY 2/11
08 2/11
69 2/12
70 212
71 3/3
T2 3/4
3 3/10
L 3/1b

5 3/10

76 /17
7 /24

18 a/2%0
T4 5/30 -
B0 3/31
B1 A/l
¥

A/8

. U

{.aention
s

Schenectady

fake Guoorge
Albuquergue, N.M,
Albuquerque, NoM,
Schenectady
Schenectady
Schenectady
Schenectady

Bast of Albauny
Schenectady

Sehdy and Amsterdam, N.Y.

Schdy and Rome, N.Y.
Schdy-NW of Albany
S of Uticen

N of Schenectady
E of Albany
Albany & East

W of Coxsackle
fPuerto Rico
Puerto Rico
Puerto Rico
Puerto Rico .
Puerto Rico
Puerto Rico
Puerto Rlco
Puarto Rico
Puerto Rico
Puerto Rlco
Puerto Rico

8 of Lake Qntario
Sprakers, N.Y. .
Albany

W of Syracuie

A

TR Dix, NJTL & return o

Schenectady
Sehdy -Rome-Middletown«
Amsterdam

"B of Albany -
~ 8Schenestaddy .
T Albany vielnlty - SRREAL
‘ Soharactady. L e
Schinectady =

Qperation

Calibration
Photography

Watar fee and D gending
51 and DI aneeding
water {ce and DI soeding
water \co seeding

DI seeding - -pattern

DI seeding --pattern

DI seeding ~-pattern

DI pattern secding

DI patlern saeding

DI pattern seeding

DI pattern seeding

DI seeding

Dl seeding

SI & DI seeding; pattern
DI seeding; pattern

D} seading; pattern
Survey

Survey & water seeding
Water seeding

Survey

Wataer seeding

Survey ,

Survey

Survey

Survey

Survey

Survey

D1 & 81 seeding; pattern
Temperature soundings

* Sl seeding; pattern
- DI seoding }
Tesgting vortex thermometer

Temperature soundings

~ Testing cloud meter; photo,

Teating vortex thermometer

DI pattern needing

DI pottern geeding SN
Testing vortex thermometer
ologeeding L

WA Mty
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Flight
Numbter [ate
B3 4/18
84 4/02
8 4725
86 4/20
87 573
B8 b/
8¢ bh/b
80 b/
91 5/10
92 h/11
03 5/18
B4 5/18
BL 5/24
80 H/24
B7 /27
08 8/9
99 a8/17
100 8/9%
101 8/20/49
102 /6
103 7/13
104 /14
108 /16
106 7/16
107 7/18
108 7/19
100 7/20
110 /91
111 "1/ 22
112 1/23
113 B/24
114 B/}
115 8/2
116 6/6
117 9/20
118 B/93
119 9/%8
120 D/
121 9/e8
122 10718

Location

Schenectady

Weost Foint & return

Schenectady

Rume. N.Y. & Y'th“"l

Schenactady
Schenectady
Ashokan Reservolr
Schenectady
Schenectady

Little Falls & Rome

Schenectlady
Schenectady

~80-

Schdy-Rome & return

Schenectady
Schenectady
Schenaectady
Ballston Spa
Winchester, Vi,
Schenectady

Schenectady

Albuguerque, N .M,
Albugquerque, N.M,
Albuguerque, N.M,
Albuouerque, N. M,
Albuquerque, N.M,
Albuquerque, N.M,
Albuguerque, N, M.
Albuquerque, N, M,
Albuguerque, N, M,
Albuguerque, N.M,
3choharie Vulley
Schoharie Valley
Schoharie Valley
Jchoharie Vallay
Schoharia Valley

ur‘ham‘vtady,[ |

: S(‘henectaﬁy ~
Schenectady

E.otfchdy: -

Behenectady . .

Opc ration

51 pattern seading

Tosting vortex thermometer

Instrument testing

Observation

Teating condensation nuclel meater
Instrument teating

DI seeding

Instrumaent testing

Instrument testing

Instrument testing

Iristrument testing

Instrument testing

Testing condens, nuclel counter
Instrument check

Tasting vortex thermometer

Testing vortex thermometer, high altitude
Salt water seeding ,

DI seeding

Ingtrument test

Instrument test

Dl seading

DI, Hquid CO
DI & liquid c8&
D1 seeding

D1 & 81 areding
DI seeding

& water seedlng
seeding .

81 ground x DI air seeding
81 ground & DI alr seeding

81 ground & DI alr seeding
S! ground & DI air seeding
Observing ground seeding

- Observing ground seeding

Observing ground seeding
Observing ground seeding

-Obzerving gmund aﬂedlng-»tia ~in

. Gd, Op. #13
- 'Testing vortex thermometer

'?':ff'i‘jz’l‘emlng vortex thermometer =

Testing vortex: Lhermometer«-tle ln l

R ) e mmmng. Gd, Op. #17
'-"I*mmpc::ratum 'fmundlng,bd Op #24.25

e e o
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Flight
Number Date
= 123 10/13
124 10/18
125 10/17
120 10/24
1a 11/1
128 11/10
129 11/16
130 11/17
131 11/18
132 11/30
133 11/230
134 12/1
13b 12/13-14
138 12/15
137 12/18
138 1/4/50
139 1/20
140 1/30
141 1/30
142 - 2/3
' 143 2/6
144 2/10
145 2/20
148 2/28
147 2/28
148 3/3
149 3/17
150 3/20
161 3/21/50
152 3/22
163 4/10
164 4/12
: 165 4/18
Lo 158 4/19
167 4/26-28
168 B/8
168 b/23
'160_ /6 '
181 . . 8/238 -
'16 v 8/26

Schenectady

Mt, Waahmgton
N of Schensctady
B Troy & Albany - :
~ Albuquergiie, N:M. =
~ Albuquerque, N.M,

~Ble

Location

Schenectady
Schenectady
Rome
Albany

&c‘henac'ady

Schenectady
Schenectady
Schdy-Indlanapolis
Indlanapolis ~Schdy
Schenectady
Schenectady

Cape Cod

Mt. Washington
Schdy-Mt. Washington
Schenectady
Schenactady
Schenectady
3chenectady
Schenactady
Schenectady
Schenectady
Schenectady -
Schenactady
Schenectady
Schenactady
Schdy-Dayton, O,
Dayton-3chdy

Schdy-Amaterdam B

~Schenectady -

Schenectady

Schdy-Boston-Bangor-

Operation

Instrument tenting; Gd. Op. #28
Obaervation

Temperature soundings; Gd, Op. #34
Observation

Temperature soundingy; Gd, On, #34
Obaervation; FO-30

GO-4!

GO-42

Instrument test; GO-41

Instrument test; GO-46

Instrurnent test & Weather Observation
instrument test; G/-47-48
Callbrating vortex therm; GO-53-54
Snow replicas; vortex therm; GO-b5

DI seeding; joint with MIT

3! detection; GO-83

Instrument check; DI seeding

Snow replicas; GO-71

Callbrating vortex therm.; GO-71
DI clear-air seeding

Snow repilcas; vortex thermomaeter

Photos; snow replicas

Clear-alr geeding .
DI geeding; anow replicas
DI seeding; snow replicas
Attempted vapor tralls

‘Instrument Caltbration

Snow replicas
Weather reconnalsance
Weather reconnaisance

“Snow replicas ,
- 81 seedling; GO-83

Observation -

81 veeding

Stseeding

Ma«mena Rocheater-

Schdy

e st aeodtng o

R clenr-air s:redmg

DI qoeding
DI'eumulus tmedtng o
DU eumnulus aseding. . L

PO

R P O R R



Appendix 11 -8 -
Flight
Number Date Lo~ itlon Qperation

183 8/27 Albuquerque, N, M, DI cumulus seeding
184 8/27 Albuquerque, N.M, DI cumulun seading
186 8/28 Albuquorque, N.M, DT cumulus seeding
108 8/2¢ Albuquerque, N.M. DI cumulug seeding

187 6/30 Albuquerque, N, M, DI eumulug seeding

| 168 7/1 Albuquerque, N. M, DI cumulus seeding

169 7/0 Albuquergue, N, M, Tracing gd, 81, DI aceding
170 7/8 Albuquerque, N.M, Tracing gd. 31; DI geeding
! 171 /7 Albuquarque, N.M, DI seeding '
} 172 7/8 Albuquerque. N.M, DI & 8] seeding

173 7/11 Albuquerque N.M.-  Gathering weather data

Burbank, Calif,
3 174 7/12 Burbank-Gt.Falls.Ont. Gathering weather data

176 7/13 Gt. Fallg -Schdy Gathering weather data
176 10/26 Mt, Washington _ DI seeding (joint)
1M 5/16/61 Mt. Washington 8] seeding (joint)
{ 178 4/8 Schenectady SI & DI seeding |
- 179 4/24 Schenectady Observation o
180 5/9 Schenectady DI, Liquid OOy, & SI seading -

181 6/15 Schenectady DI & S! seeding
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Number [Date
1 q4/8/19
o q4/23
3 4/8
4 8/0
f /8
8 14-20
7 8/43
B 8/2%
4] 8/30

10 8/31
11 g/

12 9/8

13 8/20
14 p/al
16 9/22
18 9/27
17 9/28
18 9/29
19 10/4
20 10/6
21 10/%
22 10/6
23 10/11

24 10/12
26  10/12

28 - 10/13
87 10/18
28 ' 10/19
929 10/20
80 10720

Coap 10726

38 . 10/28

PROJECT CIRRUG - ARPENDIX 111

Ground Operations

Location

Schdy Co. Alrport
Schdy Co, Alrport!
Schdy Co. Alrport
Schdy Co. Alrport
Sehdy Co. Atrport

Albuquerque, N, M.

Schoharie Valley
Schoharle Valley
Schdy Atrport
Schoharte Valley
Schoharie Valley
Schoharie Valley
Cshohartie Valley
Schoharie Valley
Schoharie Valley
Schohartie Valley
Schoharie Valley
Schoharle Valley
Schoharie Valley
Schoharle Valley
Schdy Alrport
Schoharie Valley
Schoharle Valley
Schoharle Valley
Schdy Alrport

~ Schoharle Valley
" Behoharle Valley

Sehoharie Valley
Schdy Alrport

‘Bohoharie Valley

-~ 8choharie Valley
- Schoharie Valley
" .Behoharle Vallay )
" Bchohurle Valley
“-Behoharie Valley
‘Sehoharie Valley
‘Sehigharie Valley
-~8achoharie Valley
) Bchoharle Valley
Sehoharie-Valley.

O pera tion

(lond photography (still)
¢ loud photography (st
Cloud photography (stild)
Cloud photography {st111)
Lapse-time movies

31 seeding
S1 geading
ST seading
31 scedling
51 seeding
S1 seeding

S1 seeding--tie-in Flight #117

31 seeding

S! geeding

81 seeding --Flight #120
St seeding--Flight #121
S! seeding

S! seeding

SI seading
Lapse-time movies

- 81 aeeding

51 seeding

81 needing --Flight #122
Lapse-time movies '
81 seeding~-Flight #123
81 seoding - -Flight #124

81 seeding

Lapse-time movies

81 seeding

o1 soeding
51 seading
81 aaeding--Flight #127

. 8l seedlng
"Bl peeding
81 meading
81 seeding
C Bl neading
81 soeding - -Fiight #1278
61 needing.
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Number

41
47
43
44
45
40
47
48
49
50
51
£ 0

Y]
b3
b4
o9
56
Ry}
hB
58
80

e

Date

11/18
11/
11/29
11/23
11/28
11/30
12/1
1e/1
r\,/d
12/6
12/1/49
12/8
12/13
12/14
12/1%
12/20
12/21
12/22
12/27
12/28
12/2¢
1/3/50
1/4
1/8
1/10
1/11
1/12
1/18
1/%6
1/36
1/40
1/31
/1
2/2

2/

2/8

R/

2/14
2/18 "

: z'/:?.x

'?  4/1;*TT
A/

Location
N TR d

Schoharle Valley
Achoharie Valley
Schohurie Valley
dchoharie Valley
Schoharie Valley
Schohartie Valley
Schoharle Valley
Schdy Alrport

Schdy Alrport

Schoharie Valley
Schoharie Valley
Schoharie Valley
Schoharie Valley
Schoharie Valley
Schoharie Valley
Schoharie Valley
Schoharie Valley
Schoharie Valley
Schoharie Valley
Schoharle Valley
Schoharie Valley
Schoharle Valley
Schoharie Valley
Scheharie Valley
Schoharie Valley
Schoharle Valley
Schobarie Valley
Schdy Afrport

Schoharie Vallay
Schoharle Valley

Schdy Alrport
~ Schoharie Valley
. Sehoharle Valley
‘Schoharie Valley
Behoharie Valley
‘Sehoharie Vallay
- Schoharie Valley -
Schoharie Valley -
Schoharle Valley = -
‘Schoha rie Vallwy*lﬁ o
:,:;.Sahdy Airpcsrt

".;Bchdy Mr}mr{

Sehy

94 -

O parstion

3! seeding-~Flight 4128, 131
31 seeding --Flight #130
Al neading
31 aecding
51 geeding
81 meeding--Flight #132, 1338
31 needing--Flight #134
Lapae -time movies
Lapae-time movies
Sl seeding
Sl seeding
51 seeding
S1 sevding --Flight #130
31 seeding--Flight #135
S1 seeding-~Flight #136
SI seeding
31 seeding
S seeding
SI seeding
SI seeding
3] seeding
51 seeding
SI seeding--Flight #138
8! seading
3! geading
S seeding
5! seeding
lapse-time movies
S1 seeding
- 81 seeding .
- Still photos; Fllght #140, 141
81 seeding :
- 81 seeding
- 8] seeding
.81 Jeadxng--l"11ght unnumbered
5] seeding .- _
SI needing .
- 31 seeding -
- 8] seeding-
81 saeding
*Lupae timw movias

am-u‘

jf m;ma-tim» nmviesn. F“llgh! Hbd'
= . (UL photen ,

B e e
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PROJBECT CIRRUS - APPENDIX 1V

Bibllography of Reference Literature

Duncan Blancha m

(1)  "'Obaervations on the Behavior of Water Drops at " .. mina) Velocity
{n Alr'"; Project Cirrus Occaslonal Report #7 (November 1, 1948),

(2)  “"The Distribution of Raindrops in Naturel Rain’’; Project Cirrus
Occaslonal Report #15 (November 15, 1949).

(3)  **The Use of Sooted Screens {or Determining Raindrop Size and

Distribution’’; Project Cirrus Occastonal Report #18 (November
15, 1949),

(4) ‘“‘Experiments with Water Dropy and the Interaction Between Them

at Terminal Velocity in Alr'’; Project Cirrus Occaslonal Report #17
(December 15, 1948},

B. M, Cwnotﬁ

(5 “Qublimation h a Wiison Chamber'’; Nature, Vol. 1565, p. 361 (1946),

Raymond E., Falconer

(8) A Method for Obtalning a Continuous Record of the"”i‘ype of Clouds

in the S8ky During the Day'"; Project C‘lrrus Occa'alonal Report 48
(March 1, 1949), o

(7) ‘'Some Correlations Betwaen Varlauom in the Atmospherlc Po-
tential Gradient at Schenectady and Certaln Meteorological Phe«.
nomena"' Project Clrrus Occaslonal Report na (December 1, 1949;.

LTJG W, E. Hubmt and H, J Wells, AGC, U 3. Navy

'(8)’ "Parlndic E‘lucmattona tn the tho Bﬂsin Moisture Balance", Pro-

ject Cirra Occasional Rapnrt 20 (January 15 1901)

(9). -;“Seven-day Periodiclty 1n Upper-nir Temperatures Indured by

- Locallzed Silver.lodide Saeding’“ Projact Clrruq Occaamnal Res«
port,ﬂ'?v (J‘ammry 1!3 1%1)., R B S

.“cor\cantrntmn of h..o ~crymal Nuola! Undar Varimm 'wgathnr .
Qond‘i 8" ?’rbjaw Cirr\m Owumona\ Rrﬂport ﬁ?s (Juna . 19&»1)
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Tpving Langmuir

(11)

“Supercooled Water Droplets in Rlstng Currents of Cold Saturated Atr’’;
Research Laboratory Report No, RL~223 (Ortober 1943-August 1844),

(1LA) ““Memorandum on Introduction of [ce Nuclet Into Clouds’’; nevar pub-

(12)

(13

(14)

(15)

et e e e

(16)

(17

* (18)

(18

20)
(21)

©(20)

uly 1, 1650).

>.::.in1quna"' Sclenca.’ o

(2'3)‘ }“C‘mma ;md Effect'Ve BU

Hshed but avatlable In Research Laboratory Library (August 16, 1946),

“The Growth of Particles \n 3mokes and Clouds and the Production of
Snow from Supercooled Clouds’’; Proc, Amer . FPhil.Soc., Vol 02, p. 167
(July 1048),

““The Froduction of Raln by a Chaln Reactlon in Cumulus Clouds at Tem-
peratures Abuve Freezing''; Jour.Met,, Vol.h, p. 175 (October 1848),

“‘Studles. of the Effects Produced by Dry-lce Seeding of Stratus Clouds'’;
Project Cirrus Occasional Report #10 (December 31, 1848},

‘‘Larger-scale Seeding of Stratus and Cumulus Clouds with Dry Ice'’;
Abstract of Am.Met.Soc, paper (January 25, 19489).

“‘Qutline of Progresa {n the Evaluation of Cloud Modification Techni-
ques’’; Memorandum for Office Use (early 1850).

Miscellaneous Letters and Reports (‘‘Seven-day Periodicity in the
Weather During 1850'"; ““Study of Paricdicity In Rainfall Due to Silver-
fodide Seeding in New Mexlco"' ‘‘Supplementary Remarks in Relation to
the Tables and Figures’’); Folder prepared for Omca Use (1850).

““Progress in Cloud Modification by Project Cirru'!"' Project Clrruq
Occaslonal Report #21 (April Ia. 1060). - S

“A Gamma Pattern Seeding of Strmus Clouda, I‘llght 52, and 8 Racetrack
Pattern Seeding of Stratus Clouds, Flight 53'"; (with C A Woodman)
Project Cirrus Qccaslional Report, #33 (June 1, 1950)

“‘Results of the Saedlng of Cumulus C‘lcud:s in New Mexlco”' Project
Cirrua Occaslonal Report #P4 (June 1 1960) - ,

Studies nf Tropicalrmouds"; iject C,lrrua Occaslonm Report #2bH

arloua Beedinx "I‘Wh- o

“Gontrol ot Preclp v / b
La rewinh ?30)

3 July 14 1950:-395:"

Frobabllity:; Shower Pmductmn"- Pro}ac
Lirma Oc*cwnonal Rfsport #2 (July-‘-.-i,t“:s _mtm)
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(24) “Cloud Seeding by Meani of Dry ice, Stlver lodlde, and Sodlum
Chloride'’; T'rans, N.Y, Acad.Set,, Vol,'4, p.40 (November 1051 «
Res. Lab, reprint-1R80),

(25) A Seven-day Parlodicity in Weather in *he United States During
April 1800""; Bull,Amer.Met.Soc., Vol. 31, p.380 (Decembar 1860 -
Reg. Lab, reprint-1781),

(28) ""Widespread Modliflcations of Synoptie Weather Conditions Induced
by Localized Stlver-iodide Seeding’’; Prepared in Janunry 1851 and
never published,

L. B, Leopold and M. H, Halstead

(26A) '‘First Trials of the Schaefer-Lar;gmulr Dry-ice Cloud-seeding
Technique in Hawali’'; Bull.Amer Met.Soc., Vol,28, No.10, p.525
(December 1948).

Vincent J, Schaefer

(27) *‘A method for Mnking Snowflake Rapxicas“' Sclenc@ Vol. 93,
p.239 (March 1941), :

(28) ‘'Making ‘Fesall’ Snownakos”' Schen,Mus,Toples, Vol {1, p.B
(July 1641 - Rea. Lab. reprint- 1104)

(28) ‘A Method of Makmg Repllcaa of Snownakea. Tce rv.*smla, and-
Other & h?rt-nved Subsmnces”' Mua Newa Vol 19, 2 11 (.mpwm-
ber 1941 ‘ RN

(30) "“Use of Sncwﬂaka Rapuem ror Studying Wlnmr torms”' Nature.
Vol. 149 p&l(Jﬂnunry l'i 194? ‘Res, Lab, reprint-1121),

(31) **An Ate Decelerstar for Une on De-leing Pmctpitat‘cn Statlc and
Wenther Reconnaltssm.ﬂe Planes'’; Report never publmhed but avail-
_ able 1n Schaeter's ftice e (Janua ry 1946) )

¢ publighod bu

allnbla 1n Schuotar L]

‘Repor S"; wvatiable tn Reten mh‘ Lab~
" raony s o gl

.!tﬂl‘unmmlﬂ\m Caatinga fc:r Sampur.g". . .
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(33) "“I'he Production of len Crystals In a Clond of Supereooled Water Drop-
leta'’; 3clence, Vol 104, p.4b7 (Novembar 15, 19468 - Res. Lab, reprint-

1379,
(34) ““Propertles of Partleles of Snow and the Klectrical Effects They Pro.
duce In Storm’’y Trann AGU, Vol.28, p.b87 (Augunt 1947 .« Res, Lab
roprint- 14734},
(36) ‘‘Hent Requirements for Instruments and Alrfolls During Icing Storms
on ML Washington''; Trang ASME, Vol.09, p.843 (November 1047 «
Res. Lab. reprint~14456),
(38) ‘“The Production of Clouds Contalning Supercooled Water Droplms or
lce Cryatals Under Laboratory Conditions’’; Bull.Amer.Met.Soc., Vol, 29
175 (April 1848 - Res. Lab. reprint-1502},
(37) ‘A New Plane Model Cloud Mater'’; (with R, E. Falconar), Project
Clrrus Occaslonal Report #2 (May 15, 1948),
(38) ‘““The Natural and Artificlal Formation of Snow in the Atmosphere'’;
Trans.AGU, Vol.28, p.482 (August 1948 - Res, Lab. reprint-1632),
(38) ““Types of Solid Preclpitation in Snowstormsa’’; Waatherwise. Vol. 1 o
p.6 (Dacember 1948 <« Res, Lab, reprmt 15682), o : a
(40) ‘*Methoda and Techniques for the Study of Atmospherte Nuclel, Clouds,
and Procipitation’’; Abatract of Am.Met.Sec, paper (Janusry 25, 1949)
(41) "“The Detection of Ice Nuclel In the Free Atmmaphere". Project Clrrus
Occaalonal Report #9 (February 1, 1846), .
(42) "“The Posalbility of Modifying Lightning Storms in the Northern Rockiea",
. Project Cirrus Occaslonal R@port #11 (I"abruary 1, 1949) : :
(43) ‘“The Forma‘lon of Ice Crystals in the storatory and Lhe Atmosphere'’; t
Chem.Rev,, Vol.14, p.201 (April 1949 - Rm Lab. reprlnt 1&01) ’
(44) “‘Raport on Cloud Studie'% in Puerto Rico"; L‘ wmct Clrruﬂt Occaslonal _y -
: Report #20 (Januarv 15 1960) o P ‘
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(48) ‘A Confirmation of the Workman-Reynolds Effect’’; Phyw Rev.,
Vol.77, p.721 (March !, 1950 « Ren, Lab, reprint-1890).

(4') *'Tho Occurrence ot lce-crystal Nuclel in the Free Atmosphere';
Proc, lot Nat Alr Pollutlon Sympoaturn (Mareh 19850 - Res, Lab.
reprint-1098),

(48) ‘‘Induced Frecipitation and Experimental Moteorology’’; Trans. . NY Acad.
Sel., Vol 12, p.260 (June 1850 - Res, Lab, reprint<1740),

(42) “‘Experimental Meteorology'’; Journ.Appl.Math.&Phys,, Vol.1, p.153
(1860 - Res. Lab. reprint-1708).

(50) *“The Effects Produced by Seeding Supercooled Clouds with Diy Ice
and Silver lodide’’; Cent.Froc.Roy.Met.Soc., p.42 (1950 - Res, Lab,
reprint-1748),

(51) ‘'Effect of Sunlight on the Actlon of Stlver-{odide Particles ag Subli-
mation Nuclei’’; (with B, Vonnegut, S, E. Reynolds, and W. Hume), Bull.
Am Met.Soc., Vol 32, p.47 (February 1951 - Reg, Lao. reprint- 1809)

(52) *“Snow and Its Relatiunship to Experimental Metecrology”‘ Comp.of
Met., p.221 (1861 - Res, Lab, reprint~1852),

(53) ‘A Centlruous Cloud Chamber for Studying Small Pa ruclea ln the
Atmospherof'* Prcject Clrrus Occamonal Report #32 (March 1, 18562),

(64) *“The Formation of loe Crystals in Ordlnary and Nuclet- free‘ Ar';
Frojoct Clrrus Oc,casional Report #3'3 (March 1. 18528,

(54A) ""The Concentration: ol Ice ‘Nucte! at the Summit of Mi. Washington'’;
FProject Clrrus Occawlonal I‘eport #35 (Augu.st 1, 1952).
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(65) “'‘Some F‘xpmlmenm on the Frec«.,lng of Wmer“- Project Cirrug
Oecasional Raport dB (Jurm 1. 1948). R
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(b8)  *“Phe Nuchmtion of Im T‘:.)rnwticm by Sll\mr ludldo"' J'our Appl.
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“Nucleation of Ice Formatlon by Silver lodide Particles’’; Suppie-~
mentary to Firat Quarterly Progress Report, Projoct Cirrus (Nov-
omber 15, 1047),

“Influence of Bulyl Aleohol on Shape of Snow Crystals Formed in the
Laboratory’, Sclere, Vel 107, p.821 (June 11, 1048 - Res. Lab,
reprim—lb%) Project Clrrus Qceastonal Report #5.

“Smoke from Smelting Operations a~ a Poasible Source of Sliver~
lodide Nuclel’: (with R. E. Falconer), Project Clrrus Cocaslonal
Report #4 (June 16, 19438),

“Production of Ice Crystaly by the Adlabatic Expansion of Gas''; Pro-
ject Cirrus Occasional Report #5 (September 15, 1948); Jour, ‘\ppl Phys.,
Vol.19, p.859 (October 1948).

““Nucleation of Supercooled Water Clouds by Stlver-lodide Smokes'’
Project Cirrus Occasions} Report #6 (September 15, 1948); Chem, Rw ‘e
Vol.44, p.277 (April 18489),

“Varlauon with Temperature of the Nucleation Rate of Supercooled
Liquid Tin and Water Drops’’; Project Cirrua Occasional Report ¢6
(Qctober 15, 1948); Jour.Coll.8ct., Vol.3, p.u83 (December 1948 -
Res. Lab. reprint« 1u6")

““A Cupillary Collector for Meaaurlng the Dapostiion of Water Drops
on & Surface Moving Through Clouda”' Rev .Sci.lnstr,, Vol, ?O. p.110.
(February 1940), : .

“Note on Nuclel ror Ice Crvaml Farmntlcm". Bun Am Mat é?»cm Vol.SD.‘ |
p.184 (May 1949 ~ Res, Lah, m;:x'lntn ﬁlO) T ,

“Stlver-lodide S mol'ta” Pro]ectf‘irrus C)ccwlonal Roport#la TR
(July 1, 1948), o | o . |

“Vortux ’l‘hermometar for Measuring Tme Mr’ ’I‘ammrnmmq and
True Alr Speeds In Flight'’; Project Clrrus Ocuaalonal Raport #14
(“aeptamber 1, 1848%; Rw‘a ¢l.ir S .
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(60) “Bxperiments with Sllver-lodide Smoken in the Natural Atmosphere’’;
Bull.Am . Mel.Soc., Vol.31, p. bl (May 1800 - Res. Lab, reprint-1724).

V) 'Detection and Measurement of Aeronol Partcles by the Use of an
Elactrically Heated Filament’’;, (with R, £, Neubauer), Project Cle- :
rus Occastonal Report #29 (wptember 1, 1851); Analytical Chamistry,
Vol.24, p. 1000 (June 19568).

(71) ‘A Vortex Whistle''; Project Clrrug Qccaslonal Report #30 (Nov -
ember 1, 1951},

(72) “Recent Experiments on the Effect of Ultraviolet Light on Stlver-
lodide Nuclet’; (with R, E. Neubauer), Bull,Am.Met.Soc,, Vol,32,
p.358 (November 1851 - Res. Lab. reprint-1804).

(73) ‘'Spray-nozzle Type of Gilver-lodide Smoke Generator for Alrplane
Use’'; (with Kiah Maynard), Project Cirrus Occasional Report #31
(F’ebruury 16, 1952).
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(74) *“Thin Films of Supersaturated Selutions for Detecting, Counting
and Identifying Very Small Crystalline Particles’’; Project Cirrus
Occaslonal Report #34 (April 15, 1652), o

(74A) “Counting Large Sodtum-containing Particles in the. Atmosaphare
by Their Spectral Emission in a Hydrogen Flame''; (with Raymond
L. Neubauer), Project Cirrus Occaslonal Report 038 (October 1, 1862),

(7T4B) “Production of Manodisperse Liquid Particles by Elactrical Atom-
fzation’'; (with Raymond L, mebauer} ProJeM Clrrua Occanlonal
Report #36 (October 1 1%2) = o =

(7T4C) “*Effect of Halogens on tht: Produuticm c:sf ("ondensatimn Nuz lral by 8
Heated Platinum Wire'’; project C‘irm*a Occa zmnal Report #39
(October 1, 1088), L ' ‘ '

(74D) ""Multiple -stage Dilunon m“ Aem"xolﬂ by Use. of A'spirmur"t"' Pro-
‘ jact urru Qccmionm }“mport, #’3’/ (Oombw 1 19.»?)

_":m«znﬂﬂc ‘mmmn. _Vot.iae. P71 (Jamrm-v 1962,
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(01

Projoct Clrrun Reports

Pirst Guarterly Proguvess Roport, July 10, 1847,

Second Quartarly Progreas Report, November 15, 1947,

Third Quarterly Progress Report, Fabruary 1bh, 1848,

Fourth Quarterly Frogroas Report, July 1, 1948,

Fifth wuarterly Progress Report, S8eptember 15, 1048,

¥inal Report, Contract W-36-038-SC-32427, December 31, 1848,

Sixth Quarterly Progress Repoft, Jnnuarg 28, 1949,

Seventh GQuarterly Progress Report, March 16, 1948,

Eiyrhth Quarterly Progress Report, June 15, 1948,

Ninth Quarterly P'rogress Report, September 15, 1848, , ‘ ;
Tenth Quarterly Progreas Repnrt, December 30, 1949.
Eleventh Quarwrlyprogvt’eaﬁRe’p«art‘. Marph 30. 1950_.
Twelfth Quartarly Pﬁogresa ’Répolr_t.'Juw 30, 1960,
Thirteenth Quurterly ‘Pr’ograss'heport ‘Octobar 30, 1860.

Fourteenth G‘uarterly Prorress Report. Jammry 30 1961 -

Fifteonth Quarterly Progresa Repnrt, {Aprll 30 19‘%1
Final Hoport Contram W dﬁ O.&G-—bC-d&Ml July .30, l%l.‘ o !
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Miscellanaous

“Report of Cloud-aeeding Experiments in the 8an Dlego County and
the Banta Anag River Waterghed’ ) revined editton June 10, 1868, pub-
lished by John A, Battle, consulting meteorologist, Beaumont, Call-
fornia, :

“Weather Control and Augmented Potable Water Supply’’; Extracts -
from hearings before subcommittees of the committees on Interior

and Insular Affairs; Interstate & Forelgn Commerce; and Agriculture
& Forestry, United States Senate, 82d Congress, First Segsions; on
$5.0, 5.222, and 8.798; Washington, . C. March 14, 15§, 16 19 and

April 5, 1851; U, 3, Government Printing Office,
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