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EVIDENCE GF PERSISTENCE
IR CROSS-CONTAMINATION
IN CLOUD SEEDING EXPERIMENTS
By
Jo A, Warburten and L. G. Young
Introduction

It would appear that there are ssveral outstanding dilemmas in the results of
weather modification experiments, Thers are large discrepancies between successful results
in some locations obtained from seeding isolated cumulus clouds with silver indide or dry
ice and an apparent failure te produce such increasas in nominally like casezs elsswhere,
3imilar, but somewhat lower magnitude discrepanciss have been observed when sesding ex-
tended volumes of cloud over thousands of squars miles of countryside,

Bethwaite, et al (1967) 1/hava reported increases in precipitation of 100 to 500%
when isolated cumulus clouds were seeded with saveral grams of silver isdide, On the other
hand, Battan and Kassender (1962) 2/ have reported no such increases. Investigators who
have conducted large scale weather modification esxperiments (Gabriel (1967) 3/; Hendersen
(1956) &/, £lliott (1962) E/, smith et al (1963 &/, 19657/) have reported increasss not
exceeding 20% wharsas sthers (Smith et al (1963) 8/ have reported no increases at all,

One can spsculate on causes, such as dispersion of sesding material, although
sther possible reasons have been suggestad to explain these results, Bowen (1966) 3/ has
reported on evidence that seeding is apparently more successful in producing precipitatien
increases in the early years of an experiment compared with the later years of the same
exopsriment, Grant (1963) 10/ reported large numbers of ice nuclei in the atmosphere in
sgeding arsas in CDolorado evsen though the Agl seeding generators had not been operating for
soms days, Or avan wesks, prior to the observations, This result has been referred to by
Grant as "“persistence". If such persistence is a physical reality in terms of its possible
effects on precipitation, a statistical analysis recently reported by Bowen (1968) carries
real implications for results of wesather modification experiments throughout the world,
Gabriel st al (1957) 14/ s howevsr, did net find statistical evidsnce of persistence in
the Israel experiment,

Recently, Reinking and Grant (1967) 12/ have reported the observation of consider-
aole numbers of ice nucleil in the Rabbit Ears Pass, (Colorado area of ths U.5.A. when no
local sseding was occurring. They have suggested that these nuclei may have had their
origin some 300 to 400 miles upwind of their target area in another cloud-seeding region,

A series of obssrvations of silver content in precipitation has just been made
with precipitation samples collected from various locations in the Western United States,
The details of these observations which are presentsd in this paper provide additional
evidence that either cross-contamination of seeding material is occurring between separate
cloud seeding areas or persistence within the sama area may be occurring,

Dbservational Data

The data presented is composed of results from five geographical areas, The total
number of samples is about 150, The samples of snow, hail and rain were collected in a
variety of ways all of which attempted to avoid metallic surface contact. fMost of the
samples were collected during major snow-falls cver a period of five months: December;
1965 ta April, 1967. Soms samples were taken from areas where extensive ground-based
silver iodide seeding was sccurring; some were from areas where no local seeding had
scourred. The samples were fraom Reno, Nevada; Hungry Horse, Montana; Elko, Nevadas
Climax, Colorado; and Reapid Citys South Dakota.

ALl samples wsre analyzed by the same method, a detailed description of which has

been given by uarburton and Young (15968a) 13/, after concentration of the silver from
solution, it is analyzed by thermal neutron activation analysis. The lower Limit of
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congentratien which is detsctable, using a one liter semple of snow, is about 3x10-12
am m1“1. The analysis was randomized as much as possible treating a few samples from sach
geographical region in each analysis batch,

Results
All Data

Figure 1 shows the results, by geographical location, of all silver masses
measured,

It can be saeen that these silver masses range from 6x10~2 grams to 2x10<0 grams,
A mass of 109 grams can be measured to an accuracy of +80% whereas a mass of 13-% grams
can be determined tu an accuracy of +2%. This information provides the degree of confidence
with which each data point in Figure 1 has been determined.

In general, it can be said that the concentration of silver in snow collected from
aresas where extensive seeding is being carried out; for example Montana end Colorade, is
10 to 100 times that in snow collected from locations whers no such sseding is occurring
(2.g.5 Renoc, Nevada).

Analysis of rasults by individual gepgraghical areas

REND s NEVADA

The results for this area of the Eastern Sierra presented in Figure 1 {c), show
that eighty percent of the samples contain masses of silver less than 6x10~8 grams and
9 samples (20%) have silver masses greater than this., This mass of silver (6x10=F gm) has
been chosen arbitrarily for the purposes of comparison of silver mass distributions from
the several locations listed. Since most of the samples were collected on towsrs raised
10 to 15 feet above the surface of the ground,; it has been possible to identify the
storms from which the snow Tell. 0OF the nine samples which contained silver significantly
in excess of the fairly regular 2-3x10-8 grams “background", seven are identifiable by
storm date., The other twe were for snow taken from a snow pit and it has not been possible
to determine with any degree of accuracy when this snow fell, Table I presents information
on seeding times and locations as well as on gensral wind flow in this area of the Sierra
on the days of interest.

HUNGRY HORSE, MONTANA

AlL of the samplas analyzed from the Montana arsa wsre collected on days when
silver iodide seading was occurring. North. American wsather Consultants collected these
snow samples and forwarded them in the frozen state to Reno for analysis, Figure 1 (a)
shows that only one of thess forty samples contained less than 6x10°° grams of silver,
These results demonstrate that the silver ilodide rsleased by ground gensrators in this
mountainous area has appeared in the snow collected in and around the target arsa. The
highest mass of silver dstacted in 2 1-liter sample was 8 micrograms, >1000 times the
minimum datectable amount. It would have been very desirable to have had comparative
samples collected well away from the seeding area and this is planned in future sampling
programs,

ELKD s NEVADA

Fighteen samples of snow were analyzed from this geographical area (see Figure 1
(d) ). It is an area where ground-based Agl seeding generators are operating., All samples
were collected in the north target area from snow pits. It is not knouwn on which days
this snow fell and hence relationships with the sseding program cannot be attempted, ALl
flko samples, except one, contained messes of silver less than 6x10-8 grams, It remains
to be detsrmined (as for the other geographical areas) whsther this mass is the natural
background for this region or not, The silvar messes were, on the average, 1/30 those in
snow collected in Montana where similar seeding methods were being employed. The results
do suggest that the seeding material is not flowing consistently from the generators into
the target area.
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CLIMAX, COLORADD

Approximately 40 samples of snow were collected in towers well above the ground,
These w2re collected by Culorado 3tate University staff and sent frezen to Reno for
analysis, Collection in the towers enabled indantification of the dates and times of snow
fall. Ground=-besed Agl generators are also used in this geogrephical region.

Figura 1 {b) illustrates the distribution of silver mass determined in these
samples. 3ixty percent of the samples contein silver in excess of 6x107° grams. The dis-
tribution is not unlike that obtained with the samples from Montena where z similar type
of seeding operation had occurred.

Somg of these samples from Coloradu were coullected on days when seeding was occurr-
ing, others when it was not, When the results are divided by this criterion they are dis-
tributed im the manner shown in Figure 2 (a). There appears to be as much silver in precip-
itation in this area on unseeded days as there is on seeded days.

RARID CITY, SOUTH DAKOTA

Results of analysis of hail and rain collected from this area has already been
reported by Warburton and Young (19568b) 14/. Thess results are plotted on the same Figure
1 for comparison purposes, The amount of silver in the samples wes such that 50% havse
masses >6x10"° gm,

When these are divided by seeding criteria, they are distributed as in Figure 2
(b). Again, both seeded and unseeded samples showed similar silver concentrations.

Discussion

The precipitation samples collected from seeded areas have been found to contain
silver in concentrations up to 1,000 times that found in precipitation collected from
unseeded locations, There is, therefore, very little doubt that the silver iscdide being
usaed in these seeded areas is being detected at least in some measure in the samples ana-=
lyzed, More measurements are obvisusly needed teo determine the extent to which the silver
content in the precipitation in a particular seeding area excseeds the natural background
level for that area. The mechanisms by which the silver gets into the precipitation are
still to be determined,

A. Lower Level "Background!

A very large proportion (soms 80%) of the precipitation samples analyzed contain
silver in amounts greater than 6x10-9 grams. In the unsseded area, Reno (see Figure 1 (c) ),
the general Y“background" appears to be around 2-3x10~8 grams from a volume of ons liter of
snow melt, This level of "background" has also been found in snow collected in the £lko
area of Nevada, It might be expected that the natural background of silver would vary with
geu$raphical location, but the results obtained so far are consistently around 10-11 gm
ml=t.

8, Contamination of nominally unseeded areas

(a) Figure 1 (c), showing the activation analysis for the Reno-Mt. Rose areas
includes several samples with silver concentrations greater then twice "background"., The
snow of these samples fell from storms occurring on the dates and in atmospheric and up=-
wind seeding conditions listed in Table I.

(1) storm of 14=15 February 1967
As seen in Table I, seeding with silver iodide occurred in the Lake Almanor,
San Joaguin and Kern River districts of California. The precipitation which fell in the mt.
Rose arsa cccurred betwean 2300 hours on 13 February and 0700 hours on 14 February, In the
altitude range 4,000 to 15,000 feet, winds were between 2400 and 3409, Reference to the map
in Figure 3 shows that Lake Almanor seesding could be the possible source of silver arriving
in the snow at Renoa.
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{(2) storm of 3-4 March 1967
References to Table I and Figure 3 indicate that the silver in the Reno
snow could have come from one of the three scutherm California seeding areas, A low
pressure system hzd developed with its center near Rsno, Nevada. Winds flowed into Reno
from all sectors during the vperational seeding periods given in Table I,

(3) storm of 10-11 March 1967

Heaviest precipitation in the Reno-Mt. Rose area occurred between 0480 on
10 March and 0300 hours on 12 March, The snows as in the other cases was collected in a
tower mounted about 15 feet above ths ground. This snow was not taken from the tower until
March 20 and was covered by precipitation from later snow falls, However, we are confident
that the snow analyzed fell during the March 10-11 storm period. Reference to Table I and
Figures 3 indicate possible sources of contamination as the southern Sisrra seeding pro-
jects. Winds were from the sector 180° to 240° in the altitude range 4,000 to 15,000 feet,

(4) storm of 15-16 March 1967
Heaviest precipitation in the Reno area was from 1800 hours 15 March to
2200 hours 16 March. The wind sector during the period of the storm was 170° to 2400,
Possible sources of contamination in the Reno snow were San Joaguin or King®s River,

(5) Storm 28-29 Marzch 1967
References to Table I and Figure 3 indicate the possible sources of contame
ination in Reno as the southern Sierra. The seeding times and wind directions were consis-
tent with the arrival of silver in snow falling in the Reno area.

In summary, it is seen that considerable amounts of silver iodide sseding
have vccurred on all days when snow samples collected in the Reno-Mt. Rose area contained
silver in concentrations higher than "background", The seeding times and wind directions
were such that seeding material from thess operational programs could have drifted into
the nominally unseeded area at Mt. Rose.

(b) Figure 2 (b) indicates that the precipitation samples from the unseeded area
in South Dakota, contained guantities of silver comparable with those in samples collected
in the adjacent seeded area, These results could be interpreted as contamination by seed-
ing material which had drifted into the unseeded area from the target area on seeding
days., However, some of these results are not so readily explained, Reference to a case
study report by Vickers and Goyerlé/ (1966), which describes, in considerable detail, the
seeding operations on the Project Hailswath days in gquestion, show that it is not possibley
readily, to account for the presence of high concentrations of silver im the control area
on days when such high concentrations were observed,

Ce. "Persistence® in Seeded Areas on Unseeded Days

Smithlé/, et al (1958) have shown that silver iodide decays as an ice nucleant
under the action of ultravislet radiation. It is therefore debatable that particles, re-
leased from seeding generators, can survive in an ice-nucleating form for extensive time
periods., The detection of silver in precipitation does not provide information on the
chemical form in which the silver existed whan it entered the precipitation, but merely
that it is there.

(a) The Hailswath results described above and illustrated in Figures 1 (s) and
2 (b), suggest that the silver is still present in the atmusphers where the precipitation
has formad. It is therefore possible that the large silver concentrations observed in this
nominally unsseded rain and hail originated at an earlier seeding time, and has persisted
in some way in the atmosphers in the vicinity of the silver iodide seeding gensrators,

(2) Figures 1 (b) and 2 (a), giring analysis results for the Climax, Colorado area,
show that thes silver content in general is quite high, and is indicative of values ob-
tained elsewhere in seeded target arzas., Howsver, ths no-sesd days® snowfalls contain as
much silver as the seadededay snowfalls, These snow samples wera all collected in towsrs
designed to avoid blowing snow entering the snow catchsr.

This result is consistent with that of Grant (1963) who observed continuing high

ice nuclei counts in the atmosphere on days when no seeding was occurring, but following
days when it had occurred.
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Conclusions

Rasults of silver analyses by thermal neutron activation have been presented for
precipitation samples collected in five gsojraphical regions of the western United States,
Lighty percent of the samples which had velumss of about 1 liter of water, contained
silver in guantities grezater than 6x10~3 gMm.

precipitation from two of the mountainous reglons sseded with silver iodide during
the winter of 13661957, contained silver in quantities up to two orders of magnitude
greater than was observed in a similar unseeded region,

“3now samples from one other mountainous reqion seeded by similar methods, consis-
tently gave low silver caontent values. Thise results cast doubt on the accuracy with which
the seeding material can be dispensed into the target area involved,

In two of the regions,; where randomized seeding is occurring (with seeding periods
of one day)s the silver concentrations in the unseeded arsa or on "ng-sesd" days are found
to be as high as those on "seed" days and in the seeded area,

In ancther mountainpus area wherg no silver iodide seeding is being conducted,
significant quantities {greater than 107’ gm) of silver were detected in snow samples from
particular storms. This silver may have originated in operational seeding areas upwind of
ths unseeded rsgion.

Further work is nesded to enable a distinction to be drawn between the conclusion
that a "persistence" effsct for silver may be pccurring in the atmasphere in the general
vicinity of silver iodide seeding generators, and the conclusion that the same results
could be produced by contamination from an adjacent seeded area of the same experiment,
or from snother different seeding experiment; as appears to have occurrsd in the Reno=
fits Rose arsa of the eastern Sierra Nevada,.
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