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Contract Tasks

—(Task.2)—
Development of a Preliminary Program Design (Task
3)
Establishment of Operational Criteria (Task 4)

Development of Monitoring and Evaluation
Methodology (Task 5)

Review. . of Environmental and Legal Aspects (Task 6)
S DevelopmenineiCost,Estim ateSHURISHET) n——
- Heddg IEREaon (A e)
= Coordination Meetings and Presentations (Task 9)

= Statistical Analysis of 2007-2008 Winter Cloud
Seeding Project in Eastern Idaho (Task 10)




HDHU&HA

North Target'Area

-r - .-l'_,.-..-}.

‘Eulnl.."ﬁ‘mloﬂjl- -ﬁ" T
’ Hl"

14,
F‘"‘\'Ddl-i sﬁnﬂﬂ'

2.0
-113.0

S




Reglon or Inieres

e

I

Upper Snak e River Basin and
Easterm Sniake Plain Aquifes
migai=s L v LBEn o e







RPotentiailEast iarge Aliea
area apove 6500 feet)




Profile Trirougn Norin Tarc

©
@
I~
N
@
At

"

{1-0)Lower Red Rod
R X

“» DELORME

Data use subject to license.
© 2006 DeLorme, Topo LSAS &0, 12
Wy GElOrme. com bt (13.2° E) Data Zoom 5-0




9,000 1t

g,100

7200 ft
(1) Lowwer Red Rock Lake

6,300

E.40 mi 9 60 mi 1280 mi 16 65 mi




) gt

4 1
Idaho Falls /
|l." I_.-"l

”;ﬁ‘aummm -
Ref&r?aﬁon - rl'Hz

I LR | .
| .. Lava Hot Springs

Data use subject to licensze.
@ 2006 DeLorme. Topo USAEE.0.
ey delarme . com

WM (12.9° E)

Dsts Zoam 7-6




85770 f
8,250 1t

7,500 ft

6,750 ft

§,000 ft

5,250

Wayan

(1] Palizades Rezervair

0 mi 3 mi 10 mi 1:3 mi 20mi  21.38 mi




Previous Research-Progiiams:in the Intermountain West (Climax |
sanddliiBridgerRkRange Experiment) Indicate the Potential to
Inerease Winter Snowfall in the West.

A Number of Long-Term Operational Winter Cloud Seeding
Programs in the West Indicate Apparent Effects of Cloud Seeding

In this Range.

Capability Statements from Several Professienal"Societies
Indicate the Potential to Increase Winter RPrecipitation in
Mpountaineus,Areas by 5 to 15%

gverEeasibility.Studies, Conducted RECERUVAIGIFPOIENTIEINIE]ETimm.

salicas inyeiiuNruicaieN=orentiaiNicieases of Approximately
- 10%.
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700-mb Temperature (C)




Percentage ol Six-HoeuiE Stem Events with

Percentage of 6-hr Periods with "Neutral" Stability,
by Month




Percentage ofi Six-Hoeur Storm Events with

Percentage of 6-hr Periods with "Neutral" Stability, by
Month
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Preliminary Design Cormponents

——

1)" Defimition offprogram;scope
2). Seeding agent selection
3) Targeting and delivery methods

4) Meteorological data collection and
Instrumentation

5) Selection and siting of eguipment
pGYNEEgal 1SSues

WA ENVieRmENEIFRCORCERSE
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Goal of tne Cloud Seeding Prograrm

S

B ——

=“NAWE proposestihefollowing geal for the
‘ESRBP: e stated goal of the program Is to
Increase winter snow pack in the target areas
to provide additional spring and summer
streamflow and recharge undergroundsaguifiers
at a favorable benefit/cost ratierwithout the
creation of any significant negative
Spvirenmentaliimpacts.
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Seeding Agernt
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Silver lodideisithe'moest commonly used
Seeding Agent and is the agent recommended
for this program.




The following are the Bz Seeding/ Modes:
= Ground-Based Generators, Manual Operation
= Ground Based Operation, Remote Operation

= Aerial Generation Methods
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lodide Generator
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Seedability: ofi 6-Hour Pernoeds: in Detailed

nealysis Based o estimeiad CloLlc
/

Percentage
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Seedability Based on Estimated Cloud Top
Temperature, November- March, East Area

61.6%
38.4%

Seedable Not Seedable




Percentage

Distribution of Seedable Events by Ground Seeding,
Additonal Percentages by Remote and Aircraft
Seeding, Nov- Mar, East Area

S57T%

Ground Remote
Seeding Method




Estimates, ofiPenrceniaceldnecieasesiniNoyvenher

et ehiasisaedinepMode N ot Araa

Estimated Seeding Effect by Cloud Seeding Method,
November- March, North Area

3.0%

B Ground
O Remote
O Aircraft

Precipitation Increase (%)

Ground Remote Aircraft

Type of Seeding



Estimates, of Percentagedncreases. JnNovember
— Marcn Prec oug_zun ur Seeac Ie Ie Jues
_ Popilopechoy Saacine oc

Estimated Seeding Effect by Seeding Method, November-
March, East Area
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Ground Remote Aircraft
Seeding Method




Conclusionsion Secding Vedes and Poetential
Increases in Precipliatiorn

ATprogram: could=herunonly. using manually eperated ground
Jased generators to potentially achieve a 3.01% average increase
Im the North area and a 3.9 % average increase in the East area.
This might be considered as a “core” seeding program which
would be the least costly type of operation.

Based upon the percentages of potential increasesylixdoes, not
appear that the use of remotely controlled, ground=basedr
generators Is warranted, at least from a benefit/cost perspective

Qropinmizessecding.effects, a program utilizing manually
epeiaied ground generators plus a seesdiigsancrairceuid — —
potentiallyWﬂ) NCECSENNMIENNGTTH area and a 7.6:%
' SENT =St area. Iferaerait could seed in conditions
Witere remotely controlled ground generatersimight be used, se
the remotely controlled estimated increases have been included
In the aircraft estimates.




Approximat Locations eilVianualliyaOperated
Generators, Norrm r\ree
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Ihere are three primary USes of or

=uistiflcatieons for the addition of
meteoroelogical measurements or
Instrumentation:

1) Such additions will assist in better targeting

of the seeding material,

2) Such additions will provide hetter real-time
iecegnition of seeding opportunities, and

S)NSUch addiiensavillproVidENiENEanS e e [
s evaluateNie errectiveness or the seeding
Operations.




Recommended Data Collection Approach

-~ NAWC groggsias e e oasecl celizl ecilor aaporoscer ge acogied |f
e Eformance o thiSprograme The goafW|I1‘be—tU“m‘ake-eT:iaxz‘a1_ -
OIPSENAtIens: early I thernIsterR/ el thie' program,, Wilch™ may |aterr e
discontinued or replaced With mere hasic measurement or prediction

P PO ACHIES:

For example, one of the primary concerns regarding the conduct of a

winter orographic cloud seeding program in a new area Is the frequency,
magnitude and location of supercooled liquid water upwind and over the
barriers in question. We propose that a ground based.cingwate meter be

operated in each of the target areas

A microwave radiometer could provide verticallysintegrated samples of
theayater content of the atmosphere from the surface to the top of the
ZNMOSPIEre DUTtNESE radiometers are moerelcostly. thandhelcingliaicy
NHEIErSAumicrowaveNadiometer.could beiols E0NOI GRE Or (WorVIHTET S
IrESSEEIaNE NEIGIERIESECNCINENCIENHELIErS to determine hew the
reerrelanentetween the twoerehsenvationalitechnigues.

We also propose that program specific rawinsonde (weather balloon)
observations be taken during storm periods during the first winter

season ofi the program.




2 gteitac oozl of thie grocjrar Is to lncraeassa Wiriar SAoWoaci in
ﬁ? (Eret anreas toy provide a0 ditional S PO G ST E
- streamilow andsrecharoe under- -gliound aquiferstat afavoranilie
pDenefit/cost ratio, Without thecreation of any: significant negative
environmental impacts.

The target area will be those areas in Bonneville, Clark, Fremont
and Madison Counties that lie above 6,500 feet (2.0 km), which are
tributaries to the Snake River.

The primary operational period will be Novemberthrough March.
Silver iodide will be the seeding agent

A “core program” of lower elevation ground based generators Is
recommended, This core program could be supplemented by a
Seedingraiicralt.equipped with acetene/silver iodide generatonsl
il estimated henefits constitute anfaEEEp i ENiiiEl ENEIRIC—
estimetedlCOEERENEIZEHiEddifiREISeeding mode.

Mtions Orthe effectiveness ofi the cloudiseeding program
would be based upon historical target andcontrol technigues

= Qualified/experienced meteorologists should direct the seeding
operations.




= @pportunity Recognition Criteria
s CommuUnications of Seeding Decisions
= Seeding Suspensions

= Communications of Seeding Activities




———

1. Excess snowpack accumulation

2. Rain and/or snowmelt-induced winter flooding
3. Severe weather

4, Avalanches




DevelopmentoipVioniicnorandEvaluation

Wetnodology (
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= rarget/ControlfEvaluations

s Randomization
= Sjlver in Snow Evaluations

pimputer Simulations

e




PewRwind Effects

Jloxicity of Seeding Agents
Avalanche Considerations
Snow Removal

Delay of Snowmelt

General Statements en: the Potential
ERvirenmental ImpactsieidiinienCloue
_SeediNFES— _—

— Legal Implications
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Utilized the Historicalirarget/Control Evaluation
Approachrto-Consider Increases N November-Marech
Precipitation and April 15t Snow water Contents
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TARGET/CONTROL REG

North-Trarget — April_Ilst Snowpack:

“Control 09) Target (Y)

Moonshine SNOTEL (X1) Crab Creek SNOTEL

Dry Fork snowcourse (X2) Island Park SNOTEL

Pebble Creek snowcourse (X3) White Elephant:SNGIIEL

Swede Peak SNOTEL (X4) Lucky Degrsnoeweeurse

Above Gilmore snowcourse (X5) Big Springs snowcourse
Valley View snewcourse
Camp,Creek snowcourse
INVINEEEIELKSSHOWCOUTSE
WERWETCreek snowecourse
Catham Spings SHewWeourse

Linear: Y =1.05(X) +3.4 (r=0.95)

Multiple Linear: Y = 0.54(X1) + 0.10(X2) + 0.19(X3) + 0.19(X4) +
0.03(X5) + 3.6 (r = 0.96)




TEAR
1957
1598
1993
2000
2001
2002
2004
2006
2007
2008

hAean®

XOBS
15822
1144
1558
10.96
5.54
P85
3.18
1502
5.96
13.7

117

TOBS
2502
15.16
20.15
1621
278
14.50
1522
19.54
.57
18.7

164

TOALC
22.55
1543
12777
14.93
924
13773
12.01
22.34
S.63
17.80

153

EATIO
1.11
095
1.02
1.09
095
1.02
1.27
.85
0.9
1.05

1.0

EXCELS
247
-0.27
038
1.23
-046
1.11
3.21
-2.40
-0.11
0.93

062




TEAR
2002

2003
2004
2005

2008

Ilean

XOBS
1058
6.35
.13
2.65

14.0

9.7

TOBR
1247
1287
1247
1167

1735

134

TOALC
1343
&.08
1196
1147

17.09

126

RATIO
0.92

1.42
1.04
1.02

1.03

1.0

EXCERL
-1.01

3581
050
020

0.44

0773




PREILIMINARY ESTII\/IATED NV ERANCGE INCREASES IN
MARCH — JULY STREAMFLOW ON WILLOW CREE
BELOW TEA CREEK NEAR RIRE, IDAKRIC

APPROACH: USE ESTIMATEDINCREASES IN APRIL 15T SNOWWATER
CONTENT FOR EAST AREA BY SEEDING MODE BASED ON ANALYSIS
“FROM TASK-5-REICATE APRIL 15T NRCS SNOW MEASUREMENT
CONTENTS IN THE AREA TO MARCH - JULY STREAMELOW THROUGH A
REGRESSION EQUATION. ESTABLISH AN AVERAGE RUNOEE VALUE IN
TERMS OF APRIL 15T SNOW WATER CONTENT. THEN INCREASE SNOW
WATER CONTENT VALUE TO SEE IMPACT ON STREAMELOW.

RESULTS: AN INCREASE OF 3.9% IN APRIL 15I SNOW WA TER
CONTENT CALCULATED TO BE DUE TO GROUND BASED SEEDING
RESULTED IN AN ESTIMATED 8.1% INCREASE IN;STREAMEFLOW OR
4937 ACRE FEET.

MERESULTS: AN INCREASEOFE.7.6% IN ARRIEISIESNOW WATER R
ONTENT CACEINN=IMEEEDUENGEIRO@UND BASED AND
VREORNESEERING RESULTED IN' AN ESTIMATED,L5.7% INCREASE IN

STREAMELOW OR 9622 ACRE EFEET.




——

NAWE is Currently"Werking with IWRB personnel to
developrestimates of Increases in Streamflow for the
North and East Areas. Lack of Long-term Historical,
Unregulated Streamflow Records is Complicating this
effort.
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Assumptions:
Size ofi TTarget Area - 1000 square miles
Average Increase in April 15t Snow Water Content — One inch

1000 Sg.mi. X 1inch/12 inches per foot X.640 acre/sq. mi.+
= 53,333 acre feet
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= The Study is Nearing Completion.

= |t Appears the Conduct of a Winter Operational Cleud
Seeding Program Is Feasible for These Areas




NorthrAmerican WeatherConsultants Web Site:

WA, AaWCING.com




