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PRACTICAL EXPERIMENTS WITH A MIXTURE (F SODIUM
CHLORIDE AND CEMENT AS A REACENT FOR SEEDING
LARGE CUMULUS CLOUDS

bty Ys. P. Budilova, Ye, Ye. Korniyenko,
V. T. lenshin and D. D. Stalasvich

Introduction

Theoretical and experimental investigations into the use
of hysrosconic substances 2s reazents for seeding larsge cumulus
clouds with the purrose of nroducins artificial rain were care
ried out in 19601965 in the Denartment of Physics of clouds
and active seedint of the Fain teophysical Observetory s/n o, 1.
Yoveyliov.

The theoretical assessment of the ontimal use of the rec-
aztent and the sizes of its particles, demending on the para-
netors of the convective clouds to be seeded, was finalized by
the experimental method. Although the field tcsts invelving
the use of a hyrsroscopic asent for seeding purposes vere epis
sodic in nature and the resultin, agsessment of the effectives
ness of that seedins methiod could be considered merely as nre=
liminary, it was established that positive results could be
achieved under certain conditions,

Practical tests vith a mixture of sodium c¢hloride and cene
ent as a reagent for seeding convective clouds in the stevpe
rezions of the Ulraine were carried out in llayeJune 1966 by the
decision of the llain Administration of the Ilydromctoorolozical
Services, The tests were carried out by the vorkers of the
Imin Teonhysical observatory i/n Vovoyliov and the Ulirainian
Zydrometeorolosical Scicntific Research Institute (from 20 lay
throush 13 June) vho used an TL=l!: flyin~ laboratory equinped
uwith a set of aerolosical apparatuses /5/ and a naclasing and
measurin; device. ilost of the exveriments wvere carried out in
the area of the meteorolo~ical testins ground of the Ulkirainian

s

Tydrometzorolosical Seientific lesecarch Institute.
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The purpose of the tests was:

a) to get additional experimental data on the ontimal cone
ditions of seeding convective clouds in high and low tempoeratures
using a mixture of sodium chloride and cement as a reagent:

b) to test the packaginz and measuring device developed by
the lain Geophyvsical Observatory 1/n Voyeykov for introducing
the reagent into the clouds:

¢) the development of seeding methods and wvays of controle
ling them by the use of the data from the precipitation measure
ing and pluviographic notwork and radar stations,

L

Preparing the Reagent and the Zxperimentation

Ordinary table salt (NaCl) and cement (=400 or Ii«500) in a
11 mixture were used as starting material for preparing the ree
agent, The following technology was used in preparing the ree
agent:

a) the salt was dried in a crucible furnace (for 1.5-2 hro,
at a temperature of 150~200°) with a view to dehydrating it

b) the salt was ground in a ball mill in order to reduce -
the particles to a 57 micron radius, Theoretical calculations :
showed 1t to be the optimal size:

¢) cement was added to nrevent the salt particles from
sticking together later on. The cement was therefore put into
the ball mill drums half an hour to an hour before the end of the
saltegrinding process thereby ensuring the proper mixture of the
compononts,
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The finished reagent was stored in metal (or polyethylene)
hopvers with a capacity of 20«40 liters in wvhich it could be
kept (when sealed) without changing the initial spectrum of the
particles for several years,

Packages made of filter paper in the form of cylinders of
various sizes and containing from 0,1 to 0,5 kilogcrams /3/ wvere
fillod with the reagent 2«3 hours tefore the laboratoryeplane
took off for seedinz operations, Tied with cord at both ends,
the reagent-containing paclages were placed in cardboard boxes
and kept in the plane, and then placed (singly or in pairs) in
each of the 10 containers of the measuring device.

The expected intensity of atmospheric convection was cale
culated by the stratum methed /1/ and the results of the calcu-
lation for the Ukrainian territory were mapned on the basis of
the radioesounding data 3 hours before talteeoff.

After establishing a twoeway radio cormmunication between
the plane and the radar facilities of the testins ground, the
plane left for the area scheduled for seeding operations where
an assessment was rmade of the seneral condition of the cloud
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area, their forms and quantity, the tendency to further develop~
ment of breal:up, the altitude of the base of the convective
oclouds, the upper boundary of the mmin cloud area and the altie
tude of the most developed cloud pealks: established also vas

the presence of clouds with indications of orystallization (or
laclk of it), natural precipitation zones as well as their locae
tion at the time of the seeding operations,

large cumulus clouds of a liquid structure were selected
for seeding purposes, Thelr condition was deterriined by the ape
pearance and the optical phenomena at the cloud tops. Isolated
large cumulus clouds in the stage of development or a group of
several clouds usually ranged i: banks were sslected for seeding,

The reagent was neasured after the soometrical dimensions
and some of the dynamic characteristics of the clouds had been
established, Use was made in tl:i!s connection of the recommended
expenditu-e of the reagent developed by the lhin Geophysical
Observatory i/n Voyey!zov on the basis of the theoretical investie
cation in connection with the introduction of a hygroscopic ree
agent into the cloud by the point-source nmethod (Fim, 1), In
view of the fact that thoe doses were calculated on the assumption
of a sinrle dispersion of the reagent (actually, however, the
reagent had a relatively wide spectrum of particle dimensions
ranzing from 2 to 20 microns), the doses of tho reagent occasione
ally differed from the calculated values,

MeE !
| |
!
soot
Fige 1. Relation bstween the
w0 measured hygroscopic reagent
[ in the package and the verti-
cal thi-kness of convective
Jﬂ[ clouds AH seeded by the point-
source methoqshery other 100
200 metars of spacse.
00t
i 0735 25 30 350 HNm
' Puc. 1. 3a8NCHMOCTb AO3INPOBOK THTDOCKONNYECKOTO pesreHTa
8 MNaKevre or neptunnbuon MOWLHOCTH KOHBEKTHBRLIX 06Aa-
xo8 AN npn BO3ACACTPHN MO THNY TOYCUNOrO HCTOVHWKA Ne-
pe3 xaxavie 100 u nytH. .
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Tho packazes containing the hygroscopio reaszent were
dropped by tho measuring device at intervals of 1,+ 1,5 and
2,0 seconds, with the plane flyins above the upper part of the
cloud. The fizures on the use of tho reagont are cited in
tables 3 and 4 in vhich account is taken of the fact that the
planc usually flew at 230250 lm/hr,

Control of the Seedins Operations

The seedin: oporaﬁiona were observed from the nlane as well
as by the uso of radar stations and the procipitation measuring
and pluviosraphic networl: of the moteorological testing ground.

Observations are made fron the nlane as it flies around the
seoded cloud on tho same level, Tollowing the observations of
the evolution in the anices of thie clouds the plane dropped to
the lovier boundary of the clouds where observations vere made at
thie base of the clouds, ofthe incipiont precinitation and the
characteristic formatlon of precipitation zones. Hotes wore
made of the time tho precipitation began, and its intensity vas
estimated visuallys in addition, the aizo of the nrecipitation
zone was measured ¢ number of times in two mutually perpendicular
direcotions, in the direction of the seedinz and perpendicular to

-4t (or in the direction of the wind and perpendicular to it at a

700 millibar lovel)., Raindrop samples vere talien at the crosse
ins :~ the rain zones in the area of the hishest intensity. 1In
some cases it vas possible to observe the precinitation zones
until their corplete dezradation, and vatch the direction and
speed of the shifting zones,

Radar obsorvations were possible in one«third of the e:pere
iments., A radar station was used to fix the coordinates of the
seedinz area, establish the presonce or absence of a radioe
echo at the time of seedins and the duration and macnitude of the
radioeecho on the circulare~scope indicator as well as the trajece
tortes of the precipitation sources above the testiny ground
and its nearest surroundincs. In a number of cases it wvas posse
ible to estimate the quantity of artificial »recipitation on the
tosting zround on tho basis of the fisures »nrovided by the
pluviometric posts. DBut the basic data on the convective cloud
seedinz (especially beyond the ranse of the experimental teste
inz cround) wvere obtained by observations from the plane,

Analysis of the Experiments

Sixtyethrec experiments in convective cloud seedins by the
mentioned hyzroscopic reasent were carried out 'during the field
inveostipations in 196G, Observations of the seedint effect were
made in I'7 experiments. The basic characteristics of the cloud
selected for seeding purposes are cited in tables 1l and 2,
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1.1 to 4,1 kilometers.,

Table 1
- Tsbanua 1
K A Huu
s 1,51— | 2,00— { 2,51— | 3,01— | 3,8)— | 4,01=
Lo-1.8[ o0 | “T | oo | “Cas | “lae | was | ToTAe
)n (] i 17 1 11 4 3 83
S Px | 98 17,5 27,0 17,8 17,8 .3 47 100
6 n 3 8 16 8 ) 1 3 a |
Px | 64 | 170 | M0 17.0 17.0 2,2 6,4 100 I

The vertical thickness of the convective clouds ranged from
The frequency of the vertiocal thickness

, D H is shown in table 1 for the total number of tests (a) and for
4 the tests involvins observations of the seeding effect (b).

As indicated in table 1 (b), the thiclkness of the clouds ex-
E caeded 2 kilometers in 76,6 % of the canes,

The temperatures at the upper boundary of the clouds, tu.b'
are shown in tablo 2,

Table 2
e
4 e r
s from —6,1 |[frem—6,1 from-12,1

fYom6,0t0 0,0 1" "¢q "6'0 | to—_120 | te—is0 |Total

2 16 a1 14 63

;3,2 25.4 49,2 2,2 100

2 14 2 9 4
03 29.8 6.8 19,1 100 -
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(Page 27 of Nussian text is

missingy e- Trans,)

In oneethird of the cases the temperature at the upper bound-
ary of the convective clouds was above «60,

1 . Thirtyeone of the secded 7 clouds undor observation proe
X duced precipitation, that is in G665 of the cases,

E i The intensity of the obscrvable artificial precipitation
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may be divided into two typeos:
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1) fron scattercd drops to a vory light rain, Such precip~
itation wvas observed in seven cagses twliich is 15 of the cases of
oconvective clouds under observation, and 22,5 of the total
number of omses in vhich the soedins rosulted in artificial pro=-
cipitation:t

2) from 1light to moderate rain., Such precipitation was
noted 2! cases, that is in 515 of the clouds under obsorvation,
and in 77.55 of the clouds with artificial precipitation,

In 16 cases thore vas no precipitation, vhich is 34% of the
total number of cases under obsorvation aftor the scedins.

/e should point out that in tableo 5 the number of seeded
¢louds undor obsorvation includad the clouds with a vertical
thickness of at least 1,5 l:ilomoters, The seedinz of such
€louds does not produce nrecipitation if they are not entirely
supercooled, It is obviously inoxpedient to sce them. !Illot counte
in7 these clouds (thore wore five of them in our oxperiments),
the uso of a mixture of sodiunm chloride with cement for seeding
purposos may be presented in table 6 in a form vhich is more ine
dicative than tabla 5,

Table 6
Results of experiments ilumber of %
cases

Iithout precipitation 11 28
'7ith precipitation: 31 7

1) from scattered to very light rain 7 22,5

2) 1i~ut to noderate rain 20 77.5
Jlumber of cases in which the sseding

effect wras observcd L2 ,e
Total number of clouds seeded 52 an

Procinitation wvas thus noted in 745 of the total number of
cases under consideration, Trecinitation of the first tyme wvas
noted in 17¢) of the cases, and of the socond tymo in 57%. lleavy
precipitation vas not obsorved in any of the experinents,

It should be pointed out that some clouds could produce
natural precipitation, especially clouds with a great vertical
thiclness at lov negative temperature at the upper edre, That
-1s vhy the procipitation occurrinz after the seedinz (7' 5) cane
not be entirely considored as artificial, Turthermore, the
nrecinitation of the first type (22,5% of the casesn of rain
clouds) rmy have no nractical immortance,
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It appoars from Tip, 2 that tho seeding of clouds with a
vertical thickness of over 2,4 Xkilometers was, as a rule, efe
feotive, In some cases a negativs effect of the seeding was
noted even in clouds vhoss vertical thickness exceedsd 3,0 kiloe
meters, Such phenomena are noted also when clouds ares seeded
with orystallizing reagents /2, 4/. This shows that the result
of the seedins depends not only on the vertical thickneas of the
cloud, the temperature at the upner boundary and the doses of
the reazont but also of other unaccounted for factors producing
a considerable effect on the raine-making: process in the clouds,
Such factors may include certain unfavorable structural and dye
nartic characteristics of the clouds developinz by the time of
the seedinz or immediately after it.
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Puc. 2. Spdexr sodaehctann cmectio NaCl ¢ uementom s seamcn- !
MOCTR OT BEPTRRAALHOA MOIIHOCTH NOHBEKTHBHMX OGAAKOR M pac- |
XOAA pearenra Ha | KM nyTa. J

I — momAL OT €A000r0 KO YNEPERHOO; I — OCARKH, Ne SHIOKMUINE & .
ACAM OYERL CRAOMX; I — Ge3 o:ux.oo; 4 — yona msnGoaswero .oocn.n :g:-
Achctonn.

¥igs 2. The affect of seeding with a mixture of
sodium chloride & cement determined by the
vertical thickness of the convective clouds
& the use of the reagent per 1 km of space.

1- light to moderate rain; 2-very light
precipitation
3-no precipitation; L~zcne of the greatest seeding off:ct.
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An anelysis of the use of the reagent per unit of distance,
depending on the vertical thickness of the convective clouds,
shous that as tho thickness increases from 2.1 to 4,0 kilo=
meters, a positive seeding effect may be expected by a corres-
pondins reduction of the reagent from & to 1 kilogram per l:iloe
meter. Thus vhen the reazent ic being dropped (from an IL-1l
plane} everr 1,5 seconds, reagentscontaining paclmges welghing
from 0,4 %0 0,1 Ikilogcram should be used, This conclusion agrees
with the results of the theoreticul calculations (Fiz. 1).

Precipitation is usually seen teo begin 12«1C minutes after
the seedinz., In most cases the nrecinitation lasted 15=30 mine
utes, and in sormx cases 1 hour and even longer,

The size of the precipitation zones produced by a single
cloud (perpendicular to the seeding direction) was 1«5 kilometers,
but more frequently 2«3 kilometers.

Estimatin: the possible volume of artificial precipitaticn.
A full e3 _mate of the actual volume of artificial precipitation
on the basis of the experiments could not be made, as the pre-
cipitation couid not be measured in all cases, DCut available
materials indicate the possibility of estimating the upper
limit of the artifielal precinitation resulting from the use of
& hygroscopic reagent, This can be done by the use of the largest
quantity of carefully measured artificial precipitation as well
as the averare monthly recurrence of convective clouds above tle exe
perimental grounds,bearinz in mind the ratio of the number of
convective clouds producing artificial precipibatioq,following
the use of a hysroscopic reagent,to the total number of sceded
clouds urder observation,

The larzest anount of artificial precipitation (on the exe
perimental ground) occurred on 22 !ay 1966, That case wvas used
as a basis for the calculations showmn below, 7The precinitation
from the cloud iasted a total of 50 minuteg and the ground sure
face area (bounded by a 0,1 rm isohyet)}, accordinz to the pre=»
cipitatisn.measuring networl, amounted to 160 lm7, The precip:
itation chart tras compiled on the basis of the measurcments made
by 19 pluvioesraphs 11 of vhich wvers located in the precipitation
zone under the seeded clcud. The amount of precivitation was
established by the nlanimetric method., The total nrecipitation
anounted to 71,000 tons: the average thicliness of the precipitae«
tion resion vas 0.5:5 rm,

Inforrmmtion based on many years of rainemal:ing e:meriments
shows that an averaze of 120 Cu cong. a month sultable for seede
in are observable in summertime over the e:rxmerimental sround,
According to our figures, the number of cases with significan:

precipitation accounts for 57 of the toftal number of experimental
clouds,

w =
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In terms of the number of clouds producing artificial pree«
cipitation when seeded with hygroscoplc reagents, it amounts
to n = 120 X 0,57 = 69 oclouds,

Takinz into account the ratio of the precipitation area
from one cloud (s = 160 m?) to the experimental area
(s = 3750 kmz), it is possible to determine the total recion of
additional precipitation: 0.45 ¥ 3 = 1.35 mm/month, that is
3.85 of the average monthly precipitetion on the sxperimental
area, It should be pointed out that the amount of precipitation
including the zones where it was less than 0,1 mm is somevhat
larger than wvhat we used in our caloculation (according to the
radar station data, the total light area under the cloud break
from the béginning to the end of the precipitation vas at least
220 Im?), and it may therefore be assumed that the average
monthly additional precipitation may amount to 4=55

Thus the possible upper limit of the additional precipitae«
tion on the experimental area (when a mixture of sodium chloride
and cement is used for seeding purposes) is about 1.5 mm/montn.

In areas with sufficient humidity this quantity may, of course,
be larger.

A summary table of the seedinz re:sults is shown in the ap-
pendix.

Conclusions

1. In the 1966 experiments the large cumulus clouds seeded
with a mixture of sodium chloride and cement (in a 4:1 wveight
ratio) produced artificial precipitation ranging from light to
moderate in 57> of the cases, The usual duration of the pre=

cipitrtion was 15-30 minutes, and in some cases 1 hour and
longer.,

2, Accordinz to an approximate estimate, the maximum
possible quantity of artificial precipitation on the experimental
meteorolocical proving ground of the Ukrainian Hydrometeorolosie
cal Scientifice~Research Institute produced by large cumulus
clouds sceded vith hygroscopic reagents cannot exceed 55 of the
average monthly natural vrecipitation., This figure mey be higher
in areas with a more frequent recurrence of large cumulus clouds,

3. Practical tests with the hygroscopic reagent revealed
that its optimal use per 1 lkilometer of large cumulus clouds to
be seeded ranged from U kilograms (with Al = 2,1 1) to 1 lem
(with AY = 4,0 lm)., This conclusion agrees with the results of
the previous experiments carrisd out by the llain Geophysical
Observatory 11n Voyeylov.
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