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< DRI Outline

serl Research Institute

- Background
- Brief Tahoe Summary = "

- Cloud seeding
technology (table)
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< DRI Background R

How Cloud Seeding Works

Z The silver iodide 3. The silver iodide causes
particles rise into cloud moisture to freeze
the clouds and create ice crystals
1.A minute amount of silver 4. Ice crystals grow big
iodide is sprayed across a g 'L enough to fall as snow.

propane flame — P

30f19
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DRI Background

Desert Research Institute

Create small ice crystals

Subfreezing liquid through seeding

water clouds

Crystals
grow in
presence of
tiny

subfreezing

Crystals
grow into
large
crystals
which fall
as snow
and add to
snowpack

Snow
melts into
runoff
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=Rl CA/NV cloud seeding projects

Desert Research Institute

West Coast ot o

1. Lake Almanor Pactfic Gas & Electric Company

L]
O e ra t I O n a I 2. Tahos-Truckes Dasart Ressarch Inatiuta
p 3. Upper American River Sacramento Municipal Uity Disirict

3
- / 4, Upper Mokelumne River Pacific Gas & Eleciric Company
C I O u d S e e d I n g =t I3 5. Carson and Walker Rivers Desert Research Institute
! 1 \: 6. Tuolumne River Turlock and Modesto Imgetion Districts
M = 7. San Joaquin River Southimn California Edison Company
p rOJ e Cts Ove r 8. Eastemn Siema City of Los Angsles
9. Kings River Kings River Conservation District

t h e a St 2 O 7 10. Karwewah River Kaweah Defta Water Conservaton Distrct
p e\ 11. Kern River Mcuth Kem Waler Storege District
. Y 12. Sania Barbara Counly Santa Barbara County
years.

13, Montarey County Montarey County

14. North Fork Stanisisus River Nontham California Power Agency

Currently active
inl1lto 14 8
watersheds

Aircraft and —
ground-based
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Source” Departmant of Water Resources Caldomis Waler Flan Update 2009 Vol 7 Resourcs Managemen! Sirategies



06-17-15 BOARD Agenda Item 7

Desert Research Institute

DRI l[daho Cloud Seeding

Idaho Power’s

S1 million/ year Cloud Seed =
¥ 3 .pper Snake

4. incooperation with

Aircraft cloud seeding
warmer winter

storms Salt and Wyoming

s Ranges
Ground-based and A
aircraft cloud seeding o
for colder storms sx e
B 24 I .55
P e
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=Rl Utah cloud seeding projects

Desert Research Institute

Most of the
higher terrain in
the state is
targeted.
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DRl Tahoe/Truckee seeding networ

Desert Research Institute
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DRI DRI cloud seeding

Desert Research Institute

Sited at locations that
maximize seeding
effectiveness

Remote 24/7 operations
by expert cloud seeding
meteorologists

i‘E‘. DRI Cloud seeding generator:
Generators and

communications
equipment are reliable 4
and serviced by '
experienced technicians

Ward (Sierra Crest near Alpine)

L}
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Desert Research Institute

sguaw Yalley G.C., CA  Snotel Site

Lat 39 117 W Lon 1200 157 H Eleuw 3200 fact NRCES ID 20K30% NHE ID SEWG1
&0

Sierra Crest
Squaw (8,200') #

in

Snow Hater Content {in.J}

0

1000101 ni-01 101 ni-01 ni-01 0611
Echo Feak, CH anotel Site
thﬂlﬁﬁ 21" H Low 120 047 W Eleuw 7300 feet NRCS ID 2OL0RS NWS ID ECOG1

Echo Pk (7,600) N

20

10

Snow Hater Content {in.}

]

1o-001.-01 0i-01 ai-01 0i-01 iis01 ne-11
201mnil 2012 2013 2014 2015 2015
Provizianal Dﬂl_-l of Year I-Ies.t-ern Page 10 of 19
data Regional

provided bug [

+ j Climmte
USDA-HRCS Znow Water Content

Canter
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Desert Research Institute

Truckee
(6,400')

Big Meadow
(8,300’)

Tahoe/Truckee _ 5 year SWE 06-17-15 BOARD Agenda Item 7

Lat 39 157
40

35

30

25

20

13

10

Snow Hater Content {in.}

0
10700101

N

Truckee #2, CH

Lon 120 12° H Eleu B400 faet

Shotel Site

HRCS ID 20K13S

0i-01 ni-01 ni-01

ni-01

0611

HHE ID TRUC1

Lat 39 277

40

35

30

25

20

15

10

Snow Hater Content {in.?}

5

0

10-001-01
2010zl

Provizional
data

provided by
USDA-NRCE

MY

S300 feet

Big Meadow, snotel Site

Law 119 577 H Elzwu

NRCE ID 19K0EE

1-01
2013

Day of Year

ni-01
2014

2012

ni-01
2015

lG.-11
2015

!

+ Show Water Content

)

HHE ID EHHNZ

Hestarh
Regicnal P
Clirmate
Center
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Rl Cloud Seeding Truckee/Tahoe WY 2015

Desert Research Institute

Summary of season

- 19 events year to date
Nov 2014 — 4 events

Dec 2014 - 6 events
Jan 2015 - 1 event

Feb 2015 - 2 events
Mar 2015 - 2 events
Apr 2015 - 4 events

-Total Generator hours — 590 gen-hours

-Initial estimate of increase in snow water
equivalent (SWE) ~9,000 acre-feet

Page 12 of 19
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Desert Research Institute

3 Storms:

Feb 6-7

4” SWE

T-2C

Winds (SW/80MPH)
No Seed

Feb 8-9

4” SWE

T0C->-6C

Winds (SW-W/60MPH)

Seed 2" half of storm (unstable)

Feb 27-28
1.7” SWE

T-8C

Winds (W/15MPH)
Seed entire event

Wind Direction [deg) Air Temp (C)

WY2013 Total Precip [in)

WY2015 Tahoe Area Weather Data

——— Tahoe Seed limes

200
—-+—  HEV 700 Temp = joorn
10 — T
F 150
S e R AR . A | | . SRR, SN NP ———. 1ok S ——
Jn 1+ 100
\
-10 4 e
:ﬂ ] . -
| |
. | —H
R YT R P L1
2/1/2015 2/6/2015 2/11/2015 2/16/2015 2/21/2015 2/26/2015
360 -8 700WD _i ?(.JOWSkt s ¢ SqwWdir —— Sqw WS mph % 120
Jr.' Y ‘o ! { R
300 o At e S 4 - 100
wad D :
. e 1 L
240 g § 80
180 &0
60 — 20
o T T T T LI T T [T . L — T T T T [ T T a
2/1/2015 2/6/2015 2/11/2015 2/16/2015 2/21/2015 2/26/2015
J T T T T =
1 CS5C Precip |— Squaw pregip —— Big Méadow precip = Tahoe Seed Times
30 4 ——————— ————— = e e b L L— 30
T T T T
p I I | | | L
I | | | | 1
| I T T T .l L
| | | |
20 - —————— _|__,./-’£_ i T~~~ TTTTT T T 20
7 I | | | | B
I | | |
7 I | | | | r
I L - + + I
10 - =——————— === ————|+ ———————— - il— ———————— :————— 10
- 1 -
B I | | | | -
I I | | |
| | : ' : il
|
0 ™ ™ T 1 T 0
2/1/2015 2/6/2015 2/11/2015 2/16/2015 2/21/2015 2/26/2015

Date

Tahoe/Truckee — February 2015™ ™"

Relative Humidity [%)

wind Speed [mph)

SNOTEL SWE {in)
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SRl Cloud Seeding Truckee/Tahoe WY 2015

Desert Research Institute

T
WY 2015 Compared tO 2500 17-Year Summary of Tahoe-Truckee Basin Cloud Seeding Operations o
preV|Ous yea rs | IR Seeding Hours ® Tahoe-Truckee CSGs
2000—:
Mean generator hours g 1500—f g“ﬁ
Historic: 917 gen-hours £ ] °
¥ 1000 — 2
WY2015: 590 gen-hours A 5
500 {
Mean seeding water .
. 0 —
augmentatlon 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014
Historic: 14,600 acre-feet o0 | |
R Estimated Snow Water Augmentation
WY2015: ~9,000 acre-feet* ] Ground-based Seeding Only
30000 - ——————————— ]
Median cost per acre-ft. § zouoo_i __________________________________ - — — |
Historic: < S20 < 1 — _ _
10000 - ——— =1 = F [ L] | —{ =1 = F - 4 -1 H
*9,000 acre-ft. is enough ] H H H H
water for 21,000 Truckee 0 AP E

1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014
Meadows households.
Water Year
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SDRl Cloud Seeding Truckee/Tahoe WY 2015

Desert Research Institute

Tahoe Summary

- Very warm and dry winter overall
- All seedable storms were seeded
- Equipment worked well when needed

- Estimated 9000 acre-feet (3 billion
gallons) of water added to snow pack

- Several big storms (Pineapple express)
were too warm to cloud seed from
ground using Agl

- Aircraft

- Liquid Propane

Page 15 of 19
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Productivity

Cost

' Seeding | Description
Remote: Use Agl plume
Ground released from
based surface to seed
(Agl*) clouds
Aircraft Release Agl from
(Agl*) aircraft flares

directly into
clouds
Remote: Createice
Propane crystals at nozzle

use crystals to
seed cloud

*Agl — silver iodide

- Continuous
operation

- Low Cost

- Solar powered

- In or below cloud

base
- Proven
technology

- Max increase in

precipitation

- Warmer storms

- More seeding
options (winds)

-Warmer storms -

2°C (29°F)
- Low Cost
- Solar Powered

- Colder than -

6°C (21°F)

- Requires
specific set of
atmospheric
conditions

- Higher cost
-No
continuous
operations
(pilot
rest/refuel)

- Aircraft Icing

- In cloud
operations

- High
elevation sites
(access)

- Experimental

10000 -
20000 acre-ft
season

~200+ acre-
ft/hr (in ideal
conditions)

Expected to
be significant
(Utah study)
but requires
further study
after
operations

$60,000/generat
or: includes
install/full,
forecasting and
seeding
operations,
reporting

$20,000 mo
aircraft/crew,
S$800/hr seeding
operations
S
forecasting/flight
guidance

$13,000 to build
and fill,

S id site and
install (variable)
S operations
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DRI Thank You !

Desert Research Institute

1

Any questions/comments?

Page 17 of 19
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DRI Extra slides

Desert Research Institute

Silver lodide (Agl)

-Insoluble in water (remains a solid at high and low temperatures)

-No molecular charge

-Less than 1 oz released per hour by DRI generators — dispersed over 35 sqg. miles

-Not bioavailable (is not biologically available to the ecosystem)

-The amounts found in the seeded snow < 10 pts trillion (10/1000000000000) (Huggins
2015)

-Not detectable in soil/runoff or water bodies even after 50 years of cloud seeding
(Mokelumne; Stone 2006)

Page 18 of 19
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<DRl  Is cloud seeding effective?

Desert Research Institute

Cloud seeding can increase snowfall by up to 15% (peer reviewed
scientific publications)

- Climax Experiments Colorado (central Colorado Mountains)
(Mielke et al. 1981; Grant 1986)

- Bridger Range Experiments (15%) ( southwestern Montana)
(Super and Heimbach 1983)

- Snowy Precipitation Enhancement Research Project (14%) (Snowy Mountains,
Australia) (Manton et al. 2011)

- Wyoming Weather Modification Pilot Project (5 to 15%) (Medicine Bow/Sierra
Madre, WY) S15M, 10 years (Breed et al. 2014)

Page 19 of 19



06-17-15 BOARD Agenda Item 7

Wyoming Weather Modification
Pilot Program

summarized from Roy Rasmussen’s 2015 AMS presentation
presented by Frank McDonough

Page 1 of 13
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Randomized Crossover Experimental Design

) s

: ": ey \‘\_\7\ -

Rasmusson Ranch

Sienra, M,a_dr.e
Generators,

Similarity in storm conditions affecting both ranges allow for the possibility
of a “cross-over” design resulting in paired data (seeded and control cases),
and statistically is the most efficient design to conduct and evaluate.



Summary of Cases and Seeding
Decisions at the Sierra Madre Range

Seeding Decision : 2008-2013

SM
seeded

yes

seeded
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RRR equation — Statistics

Primary Test Statistic for the Statistical Evaluation
Root Regression Ratio (RRR)

RRR = (Seeded Snowfall/Unseeded Snowfall)

with adjustments using controls which
would provide an estimate of snowfall that
would have occurred naturally
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Primary statistical analysis

B Statistical Analysis
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Downwind Contamination

MEDICINE BOW SEEDING
CASE "N"

Agl acoustic counter

RAW ICE NUCLEUS COUNTS

4-hour Seeding Period

———
o 60 120 180 240 300 360
MINUTES (FROM SEEDING START)

0206 MB

106°30"'W 108"W 100w nworw 108°30°W 108"W

[TTTTT TR —— [ NEEE [TTET T T I T Ea——

1:9:8-7-8-8:.4-3-2:-90 1 2 3 485 8.7 8 9 1-9-8-7-8-5.4:-32:2:-170 1 2 3 4 85 8.7 8 %




Eliminating cases of downwind seeding of the Med Bows by Sierra

Madre seeding from silver iodide ground based measurements and

model estimates of seeding precipitation and applying the statistical
analysis results in values of RRR from 1.04 to 1.09.

B Statistical Analysis
[7777Z] Statistical with Stratification
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Eliminating cases with generator hours per case of
less than 21 hours and applying the statistical
analysis results in values of RRR from 1.03 to 1.17.

B Statistical Analysis
7] Statistical with Stratification
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2013 seasonal seeding effect

Seeding effect (MIB & SM)

Seasonal sood gitect of 4h with 30 min offset (mm)

41°40'N
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Seasonal natural precipitation of 4h with 30m offset (mm) (m) Seasonal seeding effect of 4h with 30 min offset (mm)
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Conclusion:

N
O

The accumulated
evidence from the
statistical, modeling,
and physical studies
suggests a positive
orographic seeding
effect, over a winter
season, between 5 and
15% in the Medicine
Bow and Sierra Madre
Ranges, for seedable
cases based on the RSE
criteria and for which
sufficient ground-based
silver iodide seeding
was achieved

B Statistical Analysis
77777 Statistical with Stratification
B Modeling Analysis
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