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AGENDA
IDAHO WATER RESOURCE BOARD

Cloud Seeding Committee Meeting No. 1-25
May 14, 2025
1:00 p.m. (MT) / Noon (PT)

Water Center
Legacy Pointe Conference Room
322 E. Front St.
First Floor
BOISE

Livestream available at https:/www.youtube.com/@iwrb

Introductions and Attendance

Cloud Seeding Season Update

Cloud Seeding Informational Presentations

Public Comment—In Person Only—Not to Exceed 30 Minutes
Committee Recommendations *

Other Items

Adjourn

hadl S A e

Committee Members: Chair Marc Gibbs, Jeff Raybould, Al Barker, and Pat McMahon.

All public meetings are moderated. The Chairman will allow participants to speak in an orderly
fashion. Please be patient and respectful of others while testifying. We reserve the right to stop
the meeting if participants are not respectful during the meeting. Public comments at committee
meetings should be limited to topics pertinent to that committee. Comments will be recorded
and be part of the public record.

* Action Item: A vote regarding this item may be made at this meeting. Identifying an item as an action item on the
agenda does not require a vote to be taken on the item. Americans with Disabilities: The meeting will be held in
person and online. If you require special accommodations to attend, participate in, or understand the meeting, please
make advance arrangements by contacting Department staff by email jennifer.strange@idwr.idaho.gov or by phone at
(208) 287-4800.

322 East Front Street « P.O. Box 83720 ¢ Boise, Idaho 83720-0098
Phone: (208) 287-4800 Fax: (208) 287-6700 Website: idwr.idaho.gov/IWRB/


https://www.youtube.com/@iwrb

















































































https://www.meted.ucar.edu/USBR/cloud_seeding/



































































Idaho Department of Water Resources - Cloud Seeding Informational Meeting

Case 1: Zig-zags observed | California | Time 0

“YWhen to Seed: Opportunity Recognition

This case features observed “zig-zag” seeding lines in both
satellite and radar imagery, confirming both a suitable cloud
and effective delivery.

West-northwest flow is creating upslope snow in the central-
southern Sierra Nevada. The Day Cloud Phase muI ﬂm“&\l
imagery from GOES-16 indicates much of. |a|§g‘uper Qjﬁd
water, while channel 13 |nd|cate€édl fg this \\ﬂéﬂﬂer than
-20°C, even 15 C. ndsg‘&ﬂ% C|rr K:I doud tops
can occasig \Aen t ﬁ%hese\l@ab& wﬂh@d\“%
generally W I% a(\‘ e‘o‘ S d‘\\e
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VT 12:56:58 AM
PT: 01:06:29
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b VT 01:35:26 AM.
PT: 01:44:57 AM
















Idaho Department of Water Resources - Cloud Seeding Informational Meeting

Suspension

Programs always have “suspension
criteria”, which, when satisfied, result in
the cessation of seeding (if ongoing),
and the prohibition of seeding (if not
underway).

These criteria typically include the snow
water equivalent of the snowpack in the
target area, available reservoir storage
capacities, and other factors such as
emergencies affected by weather
(search and rescue).

Regulatory agencies typically reserve the
authority to implement suspensions for
other reasons as well.
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SWE Deficit to Suspension
Wind River Range 2016-2017 Season - through 31 May 2017

Big Sandy Opening
——— Elkhart Park
Traces within the pink-shaded

area indicate SWE above the
suspension criterion.
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Idaho Department of Water Resources - Cloud Seeding Informational Meeting

How to do it

Cloud seeding is applied cloud physics.

Cloud seeding procedures, protocols, and
safeguards have been developed over decades.

These are published in documents produced
through the American Society of Civil Engineers
(ASCE) and its Environmental Water Resources
Institute (EWRI).

Refinements (improvements) occur as knowledge
increases.

These documents are updated every few years and
again subjected to scientific and public review.
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https://ascelibrary.org/doi/book/10.1061/9780784414118
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How to do it

These documents
are regularly
reviewed and
updated, available
for purchase in hard
copy or digital
format. f}ﬂ,.v,
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https://ascelibrary.org/doi/book/10.1061/9780784414118






Idaho Department of Water Resources - Cloud Seeding Informational Meeting

Seeding & the Hydrologic Cycle

It is important to remember that
cloud seeding makes an
incremental increase in natural
precipitation. Net precipitation
remains well within the bounds of
natural variability.

Next, we'll look at a few slides that
help us better understand the
natural water budget, and the
impacts of cloud seeding.
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The Hydrologic Cycle

Does cloud seeding just
redistribute precipitation?
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Before Cloudiness

100% of the pie...

Water Vapor
(not visible)
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Idaho Department of Water Resources - Cloud Seeding Informational Meeting

When Clouds Form

Water Vapor

0% (not visible)
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The MORE COMPLETE Hydrologic Cycle

Water Vapor

Water Vapor

Water Vapor Water Vapor
Water Vapor , Water Vapor
Water Vapor Water Vapor Water Vapor
Water Vapor\ Water Vapor
apor
Water Vapor Water Vapor
Water Vapor Water Vapor

RATION
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Typical Precipitation Efficiency
30% of the cloud falls out

Water Vapor 80%

(not visible)

Precipitation
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The Cloud Seeding Slice

We should also
remember:

@ seeding occurs 80%
(]

only when conditions
are right, a small Water Vapor

fraction of the time, (not visible)
@ the atmosphere
recharges very quickly,

(3) the additional
precipitation that falls
does not vanish.

Natural
6% 4 Precipitation

0.9%
15% Additional Precipitation
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Perhaps we should

It recharges quickly,
and the water is of

high quality (most of Atmospheric
Water

cscasannasancns NG HOUr ===atattt

think of the 'i: ”
atmosphere as a i : :
largely untapped . 2
reservoir? i é
5 F ;
2 ;
9 ‘

the time).
Reservoirs
The question, then, is
how we get that
water (vapor) to the
ground, where we
can use it.

Ground Water
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Idaho Department of Water Resources - Cloud Seeding Informational Meeting

What Cloud Seeding Can Do

* Increase precipitation, incrementally, above what nature can
give us, thus getting more of the atmospheric water to the
ground, where we can use it.

Users of the technology can make no claims on any water thus produced. It is
considered part of the natural water supply, and it treated accordingly under

western water law.

Water managers are using it increasingly to help make systems whole, and to
add supply to over-appropriated systems.
A
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Idaho Department of Water Resources - Cloud Seeding Informational Meeting

What Cloud Seeding Cannot Do

Break droughts

Create clouds

Move clouds

Change cloudiness, winds, or temperatures.

Ensure that it won’t rain/snow on your
wedding/party/rally, etc.
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Silver in the Environment

Trace chemistry analyses of snow, water, and soil

Values of Silver Concentration

Parts per million

0.2-1.7 ppm water with (Ppm)
undissolved particulate matter

90-800 ppb soil & stream Parts per billion
sediment silver related to (ppb)
crustal silver & local geology

90 ppb silver in Earth’s crust

1-30 ppt fresh unpolluted streams
1-2 ppt baseline in snow

—~ 108
L L L -Q
samples have shown a negligible environmental g
. . . 2
impact from seeding operations é L
: : : £ 10
Trace chemistry measures amounts of chemicalsin  §
such small concentrations that clean gear and =
clean procedures are required 2 4o
O
n
2 400
. . —
1 ppt = 1drop in 20 Olympic- WWMPP:
. 2 2 4-6 ppt baseline in snow 103
SIZEd SWIHlmng POO]S- Ifa 1-36 ppt baseline in streams
seeding signature was 20ppt,

that is about 1/20 of a drop of S ireas SEellviar
water in a pool - it is very hard
to find.

Far less than would be expected from other (background)




Different Forms of Silver

Silver Salts
Most
Silver Chloride SIIVEI‘ 101N
release
Silver Iodide Silver metal Ag+
Silver sulfide
Less

Ultimately silver released into the environment becomes silver sulfide.
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Silver Speciation/Toxicity

Free silver ion (Ag+) is extremely toxic in aquatic environments
(fish, plankton); not harmful to humans or wildlife.

Silver iodide (Agl) is an insoluble salt and does not dissociate in
water.

Agl is essentially insoluble and doesn’t readily produce Ag+.

World Health Organization, EPA and most state government
water quality standards is 100 ppb total silver.

Worst case (and impossible) scenario - if 1 ppb Agl were in
solution with unlimited time to react, a solution of 0.984 ppb of
free silver (Ag+) would result. This is the maximum due to
saturation. This is well below U.S. total silver toxicity guideline
(100 ppb).

Toxicity levels - rats = 95 ppb of Ag+; germinating plants = 750
ppb; adult plants = 14,000-120,000 ppl%.
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“Silver Accumulation and Trace
Chemistry

Silver primarily accumulates in soils or streambed sediments and
is found at parts per trillion (ppt) levels in the environment.

Environmental sampling of cloud seeding operations have found
no detectible increase in total silver concentrations above
background levels in soil, streams or aquatic species in seeded
areas.

Field studies in the western U.S. for seeded snow found that
extremely small amounts of Agl are dispersed over large areas
after cloud seeding - orders of magnitude lower than naturally
occurring background levels of silver; ultratrace chemistry is
required to detect it.

Snow sampling - clean techniques are required due to
contamination issues and low levels of total silver in snow.



Measured Silver from Seeding

e Total silver in water Silver in Water Samples from WWMPP
measured during i v ) Wt S s Vi
seeding operations was L“ ]
the same order of L= i
magnitude as the el -
baseline from years |
before seeding started. s |

* Several orders of S e e < M e

(Baseline)

magnitude less than
values considered
hazardous to the
environment or human

health.

From the WWMPP



- Snowpack Silver Profiling

Battle Density Battle Silver
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Weather Mod Silver inputs to Idaho CM and Upper Snake
s

Y

Ag =

- :.‘ =

op Soil ——=mw

e

Target Area = 14,000 sq. miles,
100 Kg silver iodide released per year

Cloud seeding impact on
background.
Background soil levels
reached in 10,000 years.
Conservative estimate.

Background soil silver = 13000
micrograms. Assuming 0.1 mg Ag Kg-'
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Bioaccumulation (Food Chain)

Bioaccumulation is the buildup of a substance as it moves up the food chain.
Toxicity depends on the concentration of active, free Ag+ ions in water.
Silver iodide is insoluble, stable, and does not readily break down into Ag+.

Soil, sediment, and water silver toxicity is very low even at high total silver
concentrations — most is bound into a compound and is not available for
absorption.

Accumulation of Ag+ in algae is relatively high but much is bound into stable
compounds; macroinverte%rates feed on algae but don’t show significant
bioaccumulation because less Ag+ ingestecﬁ Even lower in fish, ingested silver
is passed as waste, also showing no significant bioaccumulation.

Ultimately, Ag+ becomes locked up as non-toxic silver sulfide (Ag2S).
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Permitting

Many higher elevation lands in the western United States are

targeted or could be targeted for winter orographic cloud seeding
projects. These lands are often managed by federal agencies such
as the USFS and BLM. Placement of equipment requires permits.

Permits — Special Use Permits (federal)(CatEx, EA, EIS);
Temporary Use Permits may or may not trigger environmental
review, depending on the federal agency.

Laws - National Environmental Policy Act (NEPA), California

](Envir)onmental Quality Act (CEQA), Endangered Species Act
ESA).

Private or state lands are also suitable and don’t trigger NEPA.

Ground and aerial operations must submit annual reports to
NOAA describing hours operated, amount of seeding agent
used, etc.
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Summary

Total silver concentrations from seeding are orders of magnitude lower
than naturally occurring background levels of total silver.

Silver iodide (AgI) is not toxic, stable, insoluble, does not readily
dissociate in water and does not become toxic.

Although silver ions (Ag+) from soluble silver salts have been shown to
be toxic to aciuatic species in laboratory settings, this is not the case
with insoluble silver salts such as Agl in the natural environment.

Environmental sampling of cloud seeding operations have found no
detectible increase in total silver concentrations above background
levels in soil, streams or aquatic species in seeded areas.

Extra-area affects — seeding has a small impact on water vapor budget
and downstream affects are negligible.

Suspension criteria minimize the potential for floods, avalanches and
overtopping dams.
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References
Snowy Hydro (Australian Program)

North American Weather Modification Council
Weather Modification Association

Wyoming Water Development Commission (Pilot
Program and Operations Reports)


https://www.snowyhydro.com.au/
http://www.nawmc.org/
https://weathermod.org/
https://wwdc.state.wy.us/weathermod/projects.html
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Patrick Golden

Principal

Lead Biologist
pgolden@heritage-ec.com
www.heritage-ec.com
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ENVIRONMENTAL
CONSULTANTS, LLC

Environmental Consulting, Permitting and Strategy
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