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Background: North America Weather Consultants
Feasibility Study 2020

Study suggested that
cloud seeding was
feasible in the four
headwater regions of
the Santa Ana River.

Eastern San Gabriel Mountains
San Bernardino Mountains
Eastern side of Santa Ana Mtns

West slopes Mt San Jacinto



Background: Estimated yields from
feasibility study

Precipitation

Increases
beneath the
seeding plume

Streamflow
increases



Validation Tasks

Task 1) ensure that the cloud seeding
operations are matched to the seedable storm
periods.

Task 2) ensure that the cloud seeding

generator placement is able to deliver seeding

material to the target areas

Task 3) determine the estimated amount of
additional seeded snowfall/precipitation for
each storm, and the winter total in each area.

Task 4) compare unseeded seasonal
precipitation amounts within the target areas
to an adjacent unseeded control area, then
compares the seeded year to the long-term
relationships.

Task 5) compare the seasonal unseeded
stream flow within the target areas to
adjacent unseeded control areas, then
compares the seeded year to the long-term
relationships.

Target Areas and Generator Locations



Task 1: Detailed review winter weather
and independent assessment of NAWC
operations



Task 1: Detailed review winter weather
and independent assessment of NAWC
operations — results

13 storms were seeded between
November 15, 2023 and April 15,
2024.

All of these seeded storms
contained seedable clouds at or
below 11,000" MSL.

No seedable storms were missed.

The total number generator-hours
were 2,165, with 1,703 hours of
operation during potential seeding
conditions.



Task 2) Snow Chemistry

|dentifying slightly elevated
amounts of silver in fresh
seeded precipitation can
confirm successful targeting of
the from the cloud seeding
generator locations.

Precipitation sampling was
done during 2 storms to assess
the silver in the precipitation.




Task 2) Storm 1- Feb 20 - 21, 2024
(sampling of NW & NE target areas)

10,000’-MSL cold front/trough crossing
area.

Clouds with bases below mountain top
were present.

Temperatures at 10,000° MSL were about
-5C (23F).

Winds from the southwest.

On-shore flow from Pacific.



Task 2) Collection sites Feb 20 - 21, 2024
(NW & NE target areas)
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Task 2) Snow Chemistry Results
Feb 20 - 21, 2024
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Task 2) Storm 2 —Mar 6-7, 2024
(SE target area)

10,000’ (MSL) cold front/closed low
crossing area.

Clouds present below mountain tops.

Temperatures at 10,000 MSL about -5.5C
(22F).

Winds from the south-southwest.

On-shore flow from Pacific.



Task 2) Collection Sites — Mar 6 - 7, 2024
(SE target area)




Task 2) Snow Chemistry —Mar 6 - 7, 2024
(SE target area)
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Task 3) Estimating seeded precipitation

Background:
-50-year project over southern Sierra (Big Creek) showed an average seasonal

precipitation increases of 8%. (McGurty 1999) and 4% increases in stream flow.

- Several other historical deep pocket research projects over the central Sierra
suggested average increases of 0.01” of snow water equivalent during seedable
periods (Huggins 2007, Reynolds (1980).

-S25M project showed a 1statistically significant 14% seasonal increase in
precipitation across the Snowy Mountains in Australia.

American Meteorological Society states in their capability statement that seasonal
increases of 10% over unseeded precipitation can be realized by a well run cloud
seeding program.

- A NSF research program conducted over Idaho showed 200 — 400 acre-feet per
hour increases in snow water equivalent during a Pacific storm using a mountain-top
cloud radar, research aircraft, and high-resolution precipitation gauges.



Task 3 Estimating seeded precipitation

Assume a 0.01” per hour increase
in precipitation along the terrain
under generators footprint (30 sq
mi) during the time periods when
seedable conditions were present.



Task 3 Estimating seeded precipitation all
seedable times
(Northeast)



Task 3 Estimating seeded precipitation all
seedable times
(Northwest)



Task 3) Estimating seeded precipitation all
seedable times
(Southeast)



Task 3 Estimating seeded precipitation all
seedable times
(Southwest)



Task 3 Estimating seeded precipitation
when precipitation was measured

Assume a 10% increase in
precipitation along the terrain
under generators footprint (30 sq
mi) during the time periods when
seedable conditions were present
and precipitation was observed.



Task 3 Estimating seeded precipitation all
seedable times and precipitation present
(Northeast)



Task 3 Estimating seeded precipitation all
seedable times and precipitation present
(Northwest)



Task 3) Estimating seeded precipitation all
seedable times and precipitation present
(Southeast



Task 3) Estimating seeded precipitation

Summary
Target Area Seedable Clouds Seedable Clouds
Present and Precipitation
Present
Northeast 15,428 6,017
Northwest 8,060 3,138
Southeast 4,210 1,754

Southwest 700 338



Task 4 Target Control Assessement
Target area climatology (Only one yea r)

and project design.
require south through
southwesterly winds
when seeding conditions
are present.

An upstream control site
was identified (Santa
Rosa Plateau).

Gauges within the target
area were identified.

The non-seeded seasonal
relationship between the
target and control were
computed and plotted
with the clouds seeding
season added to the
plots.



Task 4) Target-Control — Sites

Extra-area gauge =

Target Areas ~ Q
—

Control gauge




Task 4) San Bernardino Target Upstream
Control — Results

Big Pine Flat (6,851’)

v Converse (5,618') Burns Canyon (6,284’)
, Y Y
Santa Rosa Plateau (1,987’) Santa Rosa Plateau (1,987’) Santa Rosa Plateau (1,987’)
Expected preC|p|tat|o"n 10.2 Expected precipitation 13.0” observed Expected precipitation 6.1” observed 6.9”
observed 12.8 14.4” (+12.1%)

(+25.5%) (+10.7%)



Task 4) San Bernardino Target Upstream
Control — Results

Heaps Peak (6,455’) Rock Camp (4,900')
\Y Vv
Santa Rosa Plateau (1,987’) Santa Rosa Plateau (1,987’)
Expected precipitation 23.5” observed 27.2” Expected precipitation 20.9” observed 26.2”

(+15.7%) (+25.3%)



Task 4) San Jacinto Target Upstream
Control — Results

Keenwild (4,752’) Kenworthy (4,590’) Vista Grande (4,906’)
Vv Vv Vv
Santa Rosa Plateau (1,987’) Santa Rosa Plateau (1,987’) Santa Rosa Plateau (1,987’)
Expected precipitation 20.3” observed Expected precipitation 13.7” Expected precipitation 20.1”
20.1” observed 13.6” observed 22.9”

(-1.0%) (-0.7%) (+13.9%)



Task 4) Santa Ana Target Upstream
Control — Results

R2=0.91

Lytle Creek(2,792’)
Vv
Santa Rosa Plateau (1,105%)

Expected precipitation 37.7” observed 31.8”
(-18.5%)



ask 4) Santa Ana Target Upstream
Control — Results

R2=0.91

Silverado (4,752')
Vv
Santa Rosa Plateau (1,105’)

Expected precipitation 17.7” observed 16.9”
(-4.7%)



Task 4) Target Control — Extra Area
Effects

R2=0.95

Mojave Dam (3,134’)
V
Santa Rosa Plateau (1,105’)

Expected precipitation 8.5” observed 9.6”
(+12.9%)



Task 4) Estimating seeded precipitation
Summary

Potential positive seasonal seeding
precipitation increases for the Northeast
target area and the northern gauge of the
Southeast target area.

Neutral to negative seasonal precipitation
increases over the Northwest (1 gauge)
and the Southeast (limited seeding)

The extra-area gauge suggested a
precipitation increase.



Task 5) Target-Control Runoff Evaluation

San Gabriel River (Control)
VS.

Santa Ana watershed (Target)
-City C Near Highlands \ >




Task 4) Target Control — Runoff

R2=0.96

San Gabriel River Gauge
Vv
City C Near Highlands Gauge

The expect runoff would have been 13,800 acre ft, This was 5,000 acre-feet below the expected value.
Note: San Gabriel runoff was excessive during very wet years possibly due to full upstream reservoir releases.



summary

13 storms were seeded, with 1,703 generator-hours and 22 flares.

All time periods with favorable conditions were seeded (outside the
early Feb atmos. River).

The snow chemistry showed mostly low values of seeding material
in the assessed snowpack.

If all seeding time periods were successfully seeded, as much as
29,000 acre-feet of additional precipitation was possible.

If all seeding time periods where precipitation was measured were
successful seeded, as much as 11,000 acre-feet of additional
precipitations was possible.

The precipitation target and upstream control analysis of the
seasonal snowpack suggested, the target area gauges had more
precipitation than climatologically expected for the most locations.

The was no evidence of a decrease in precipitation downwind of
the project area.

The streamflow analysis was likely not valid due to the extreme
runoff this winter in the control (San Gabriel River).



Thank You/Questions



Santa Ana River Watershed
Cloud Seeding Pilot Program:
Year 2 Operations

ltem No. 6.B
Jeff Mosher, General Manager



Recommendation

Receive and file.
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Postpone Year 2 Cloud Seeding Pilot

Program Operations

* SAWPA Staff will be postponing Year 2 Operations (November 15,

2024-April 15, 2025) of the Santa Ana River Watershed Cloud Seeding

Pilot Program

* The decision was based on:
* The potential for debris flows from the burn scars from recent wildfires in the

watershed
* Input receivec

from the three Flood Control Districts

 Program’s Sus

vension Criteria

3 | sawpa.gov



Cloud Seeding Pilot Program

Northwest
NW1 Chino Basin Water Conservation
NW2 District
NW3
San Antonio Water Company
NW4
Northeast
NE5 City of San Bernardino MWD
NE6 Private Landowner
NE7 San Bernardino Valley MWD
NES8 San Bernardino Valley Water
NES Conservation District
NE10 San Gorgonio Pass Water Agency
Southeast
SE11
Eastern Municipal Water District
SE12
SE13 Private Landowner
Southwest
SW14 El Toro Water District
SW15 East Orange County Water District
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Santa Ana River
Watershed Fires
(2024)
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Santa Ana River
Watershed Fires

(2024)

Southwest Target
Area:

Airport Fire
23,526 acres
95% contained

Equipment

6 | sawpa.gov



Santa Ana River
Watershed Fires
(2024)

Northwest Target
Area:

 Bridge Fire

O 54,6 878 acres

O 97% contained

O Under investigation
* Vista Fire

O 2,936 acres

7 | sawpa.gov



Santa Ana River
Watershed Fires

(2024)

Northeast Target
Area:

Line Fire

39,232 acres
80% contained

Arson

8 | sawpa.gov



Santa Ana River
Watershed Fires
(2024)

Southeast Target
Area:

e Record Fire
e 517 acres

e 100% contained

e Human

9 | sawpa.gov



Suspension Criteria

\
e \Warm storm rain on snow
e Freezing level is >8,000 feet
e Quantitative precipitation forecast is > 3 inches in 24 hours

%

~
| Input from FCDs on
* Threat of debris flow potential for flooding and
e Coordinate with flood control districts : :
mud slides/debris flows.
/
\

e Winter storm warnings
* Flash flood warnings
=V ° Severe thunderstorm warnings
Weather B Sustained winds more than 30 mph at the sites

10 | sawpa.gov



Flood Control District Input

San Bernardino County
Flood Control District

Riverside County Flood
Control District

Orange County Public
Works

Los Angeles County
Flood Control District

11 | sawpa.gov
8 | sawpa.gov



Flood Control Districts Input

LA County Flood Control:

Cloud seeding recently burned areas could
potentially lead to additional sediment
deposition within flood control facilities/dams
and may result in increased cleanout costs
and/or flood risks.

San Bernardino County Flood Control

In light of these fresh burn scars, recommend
suspending the cloud seeding pilot project for
this upcoming winter season. This precaution
could help avoid any unintended consequences
related to runoff and debris flows from the burn
areas.

Debris flow from the El Dorado fire burn scars (2022)
Source: KTLA 5 News

12 | sawpa.gov



Flood Control Districts Input

Riverside County Flood Control

Reduce the Southwest, Northeast, and
Northwest cloudseeding target areas
by removing the Macy, Airport, Bridge,
and Line fire burn scar areas.

OC Public Works

Recommend holding off on

performing cloud seeding in the Santa
Ana Mountains (due to the ongoing
fire) and in the San Bernardino
Mountains by Seven Oaks Dam (due to

the ongoing fire).
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Postpone Year 2 Cloud Seeding Pilot

Program Operations

* SAWPA Staff will be postponing Year 2 Operations (November 15,

2024-April 15, 2025) of the Santa Ana River Watershed Cloud Seeding

Pilot Program

* The decision was based on:
* The potential for debris flows from the burn scars from recent wildfires in the

watershed
* Input receivec

from the three Flood Control Districts

 Program’s Sus

vension Criteria

14 | sawpa.gov



Proposed Schedule

Tasks

2024

2025

2026

Year 1 Validation Results

Jun

Jul

Aug

Sept

Oct

Nov

Dec

Jan

Feb

Mar

Apr

Year 2 Operations

Input from FCDs

Mobilization (Y2 Operation)

Year 2 Operations
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Recommendation

Receive and file.
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Thank You

m @sawpa_water o @sawpatube

17 | sawpa.gov



	6.A.1 CM 2024.56 Cloud Seeding Pilot Program - Year 1 Validation Results - Attach 1_
	6.B.1 CM 2024.57 Cloud Seeding Pilot Program - Year 2 Operations - Attach 1

