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STAFF REPORT 
  
   
DATE: August 31, 2016 
TO: Chairman and Members,  

FROM: Chris Wessel, WRWC Water Management Planner                                          
Frank Donough, Desert Research Institute, Associate Research Scientist  

SUBJECT: Report by the Desert Research Institute (“DRI”) on its Cloud Seeding Operations 
for the Truckee River and Lake Tahoe Basins for the past water year, and efforts 
to secure funding from other cloud seeding beneficiaries; discussion and possible 
recommendation to the Western Regional Water Commission ("WRWC") for 
funding in an amount not to exceed $100,000 from the Regional Water 
Management Fund ("RWMF") to support similar Cloud Seeding Operations for 
the upcoming water year. 

 

SUMMARY 
Since 2009, DRI has conducted its cloud seeding program for the Truckee River and Lake Tahoe 
Basins using funds provided by either the Truckee Meadows Water Authority (“TMWA”) or the 
Truckee River Fund ("TRF"), and the WRWC.  DRI staff has provided a Proposal and Scope of 
Work including a budget for $100,000 (attached) from the RWMF to partially fund and continue 
cloud seeding operations for water year 2016-2017.  The WRWC budget for FY 2016-2017 
includes $100,000 for the proposed cloud seeding operations.  Mr. Frank McDonough of DRI 
will provide a presentation about the water year 2015-2016 program and proposed operations for 
the coming year.   
 
BACKGROUND 
Wintertime cloud seeding is focused on enhancing snowfall in mountainous regions to increase 
the snowpack, resulting in more spring runoff and water supplies in the surrounding areas.  The 
DRI cloud seeding program has been in operation for more than 25 years.  DRI estimates that, 
for the Truckee River Basin, cloud-seeding has boosted water in the snowpack by an average of 
18,000 acre-feet a year over the last 10 years.   
 
DRI funding cuts in 2008 threatened to eliminate its cloud seeding operations such that outside 
financing was necessary to continue the program.  In response, DRI applied to the TRF in 2009 
to support the operation of five cloud-seeding generators in the Sierra Nevada.  DRI received 
approval for partial funding from the TRF and the WRWC for the 2009-2010 water year.  DRI 
has applied for and received funding from the TRF, and more recently TMWA, and the WRWC 
to cover operations in each successive water year. 
 
DRI has convened a cloud seeding program advisory board for the purpose of developing long-
term funding alternatives involving entities that benefit from the program.  
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RECOMMENDATION 
Staff recommends that the Northern Nevada Water Planning Commission ("NNWPC") accept 
the report and recommend that the WRWC approve the proposal from DRI for funding in an 
amount not to exceed $100,000 from the RWMF for the 2016-2017 cloud seeding program. 
 
 
 
 
 
CW:js 
 
 
Attachment:  Proposal and Scope of Work: Cloud Seeding Project for the Tahoe and Truckee 

Basins for Water Year 2017 
   
 
 
 



Page	|	1	
	

DRI.png 

	
 
 

August	30,	2015			
 
 

Truckee Meadows Water Authority 
1355 Capital Blvd.  
Reno, NV 89502 
 
Western Regional Water Commission 
1001 E. Ninth St. 
Reno, NV 89512 
 
 

Dear	TMWA	and	WRWC:			
 
 

Attached	 is	our	proposal	and	budget	 for	 the	WY2017	Tahoe-Truckee	cloud	seeding	project.	
The	project	 represents	 a	 continuation	of	 the	 remote	 generator	 operations	 of	WY2016	 and	
will	focus	on	seeding	the	Tahoe	-	Truckee	target	area.	We	plan	to	use	the	same	cloud	seeding	
sites	as	last	year.	

 
 

If	the	revised	proposal	and	budget	are	found	to	be	satisfactory	we	request	a	purchase	order	
be	drafted	in	the	amount	of	the	proposed	budget	in	order	for	DRI	to	be	able	to	initiate	and	
complete	 the	 work	 in	 a	 timely	 manner.	 A	 project	 start	 date	 of	 September	 30,	 2016	 and	
project	stop	date	of	September	30,	2017	is	requested.			

 
 	
 

Respectively	yours,			
	

Frank McDonough 
	
	
	

Frank	McDonough:	Project	Manager	
Frank.McDonough@dri.edu	
+1	775.674.7140	
Attachments:	Proposal	and	Budget			
Cc:	Maria	Garretson	(DRI)			

 

cwessel
Typewritten Text
   9-7-16: NNWPC Agenda Item 7			Attachment

cwessel
Typewritten Text

cwessel
Typewritten Text

cwessel
Typewritten Text

cwessel
Typewritten Text



Page	|	2	
	

 

Proposal and Scope of Work 
 

Cloud Seeding Project for the Tahoe and Truckee Basins for WY2017 
 
 
 
 
 
 
 

Submitted to  
 

Truckee Meadows Water Authority 
1355 Capital Blvd.  
Reno, NV 89502 

 
Western Regional Water Commission 

1001 E. Ninth St. 
Reno, NV 89512 

 
 
 

By 
 

Division of Atmospheric Sciences  
Desert Research Institute 

2215 Raggio Parkway 
Reno, NV 89512 

 
 

September 2016 
 
 

Project Contact: Frank McDonough 
Project Manager 775-674-7140 
Frank.McDonough@dri.edu 
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Introduction 

The goal of this project is to enhance snowfall from winter storms and to increase the 
snowpack of the Tahoe and Truckee Basins through the application of wintertime cloud seeding 
technology. Cloud seeding will be conducted from 5-ground based generators through the late 
fall, winter, and spring of 2016-2017 at a cost of $310,000. T he assumption is that the cost will 
be shared by the Truckee Meadows Water Authority ($210,000) and the Western Regional Water 
Commission ($100,000). The enhanced snowfall from cloud seeding is expected to enhance the 
water supply of the Truckee River System.  

A continuation of the cloud seeding effort will help improve water storage supplies for 
the entire Truckee River system. Results from carefully conducted experiments in the Sierra 
Nevada and other mountainous regions in the western U. S. have shown that snowfall can be 
increased by 5-15% annually in the specific basins targeted by cloud seeding operations. And 
DRI’s past reports, including from this season, have indicated estimates of approximately 10% 
overall water augmentation. Past and current environmental assessments have all indicated that 
no negative impacts to watersheds are produced by cloud seeding operations. 

The primary measureable outcome of the project will be an estimate of the enhancement 
in snow water computed for each seeded storm period, and for the entire winter season, based on 
the hours of seeding, the amount of seeding material released, the expected increase in 
precipitation rate, and the average areal coverage of the fallout from each seeding site. Historical 
research results from ground-based cloud seeding projects have documented the hourly increases 
in liquid equivalent precipitation rate due to seeding to be in the range of a few hundredths to 
greater than 2 mm (0.08 inches) per hour. As a very conservative estimate of the effect for the 
Tahoe-Truckee project a value of 0.25 mm (0.01 inch) per hour will be used in the enhancement 
estimates. Prior estimates from the DRI program yielded snow water increases ranging from 
8,000 to 30,000 acre-feet, with an annual average of 14,000 acre-feet.  

With a slightly above normal snowpack during WY2016 the Lake Tahoe water level 
(measured at Tahoe City) reached the natural rim of 6223 ft MSL in early April. The peak Lake 
Tahoe level of the summer, 1.05 feet above the natural rim, was reached in early to mid June 
(Fig. 1). As previously reported in TMWA/WRWC-sponsored final report for WY2016, the 
additional water added to the watershed by cloud seeding operations during WY2016 was estimated 
to be 19,021 acre-feet (6.1 billion gallons). If all of the 6.1 billion gallons of additional water from 
the cloud seeding operations were to run off, it would be enough water for 45,240 Truckee 
Meadows households (an average metered Truckee Meadows household uses 137,000 gallons 
per year). The project costs for this additional snow water was approximately $16.25 per acre-
foot. In the absence of cloud seeding Lake Tahoe may have been delayed from reaching its 
natural rim by 10 days and the available maximum storage in Lake Tahoe this summer may have 
been reduced by 15% from 1.05 ft to 0.90 ft above the natural rim. 
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Project location 
The WY2017 proposal focuses on a cloud seeding effort for the Tahoe Basin and the 

Truckee River Basin where DRI conducted seeding for the state of Nevada for more than 25 
years. Figure 2 shows the location of the project. The red-shaded region approximately encloses 
the cloud seeding target area for the two basins. The DRI ground-based cloud seeding generator 
(CSG) sites used in WY2016 are shown as yellow squares. Trace chemical analyses of snow 
samples from the northern Carson Range in 2004 and 2005 showed that 34-52% of the samples 
contained enhanced concentrations of silver (Huggins et al, 2006), indicative of snow frequently 
being created by cloud seeding with AgI. 

 
Project description 

Although the project is being funded by two separate sponsors, the work in each phase 
is the same. The project budget indicates how the funding will be partitioned between the 
Truckee Meadows Water Authority (TMWA) and the Western Regional Water Commission 
(WRWC) (Table 1). 

The project design and method of operation will be the same as those used for the 
project conducted in WY2016. Seeding will be conducted from a line of five ground-based 
CSGs positioned on, or a few miles upwind of, the main Sierra Nevada crest to the west of 
Lake Tahoe (Fig. 2). The generators have been ideally sited and positioned to take advantage of 
the generally southwest wind directions in winter storms in the Tahoe area, and are remotely 
activated by DRI staff when the proper weather and cloud conditions for seeding have been 
verified. 

Ground-based cloud seeding is based on the following sequence of events. The seeding 
material is silver iodide (AgI). The seeding “generators” burn a solution containing AgI 
dissolved in acetone. The burning process produces a “smoke” of microscopic AgI particles 
(about 0.0001 mm is size) that are transported downwind and dispersed into clouds over the 
mountains. Vertical dispersion up to at least 2000 feet above the surface is produced by the 
turbulence created by wind moving over the uneven terrain. In the presence of cloud droplets 
existing at temperatures below -5o C the silver iodide particles act as ice-forming nuclei and 
enhance the ice particle concentration in the natural clouds. Once initiated by silver iodide the 
ice particles grow in size and mass as they move downwind and begin falling to the surface 
when they have sufficient mass to overcome the upward motion in the clouds. In the time frame 
of 20 to 30 minutes snowfall within a seeding plume can reach the surface in and around the 
Tahoe Basin. This “chain-of-events” in the cloud seeding process has been verified by numerous 
detailed experiments conducted in the Sierra Nevada and other mountainous regions of the 
western U.S. (Huggins, 2009). 

  
Project Phases 

Phase 1 of the project will include preparation of the five seeding generators at the 
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locations shown in Figure 1. This will require several weeks. The Barker generator, which is 
always removed in the spring, will be reinstalled. Phase 1 also includes refilling the seeding 
solution tanks, refilling propane tanks, and testing all generator components and 
communications links. Three Generators will be filled with a minimum of 120 gallons of 
solution, which allows for about 290 hours of seeding per unit, two generators will be filled 
with 140 gallons of solution, which allows for 330 hours of seeding per unit for a grand total of 
1530 hours of possible seeding per season.  This translates to a range of 14,000 to a maximum 
of 28,000 acre feet of water stored in the mountains in the Tahoe-Truckee basin. 

The meteorological forecasts and observations needed to conduct the project are 
available either through the DRI Western Regional Climate Center or through public web-based 
weather data links. These data links are combined in a special cloud seeding weather web page 
(http://www.dri.edu/weather-information) that will be revised as needed for the 2016-17 season. 
In addition a cloud seeding weather forecast algorithm will be developed to serve as forecasting 
guidance. Water year snow conditions and the progress of seeding operations for the Tahoe area 
can also be monitored throughout the winter at the following site: http://www.dri.edu/current-
operations. (Fig. 3). 

All operational guidelines, safety restrictions and suspension criteria for the project have 
previously been developed and can also be found on the DRI cloud seeding web site at: 
http://cloudseeding.dri.edu/. These guidelines specify the cloud conditions, wind and 
temperature conditions in which a seeding operation can be initiated, and also specify certain 
hazardous weather conditions (such as avalanche, heavy holiday traffic and potential flooding 
situations) during which no seeding can be done. 

Phase 2 of the project will involve the actual cloud seeding operations, beginning on 1 
November 2016. In Phase 2 the project manager will begin monitoring the weather and making 
forecasts for seeding events to be expected within three to five days. The project manager 
(meteorologist), an experienced cloud seeding meteorologist/graduate, and a new trained graduate 
student will ensure that 24/7 operations will be conducted. As a storm begins to affect the Tahoe 
region cloud and weather conditions will be monitored more frequently to determine when 
seeding criteria are satisfied. When the shift meteorologist determines that conditions for 
conducting a seeding operation are satisfied, seeding will commence using the remotely 
controlled CSG communication network. The Tahoe communication links are internet-based 
and a generator can be started from any computer with internet access. Seeding commences 
when all pre-established seeding criteria are met, and continues until conditions in the storm fail 
to meet the criteria. Based on prior experience in the Tahoe region, 15 to 50+ seeding events 
can be expected during the period from early November through late April, the 6-month period 
proposed for Phase 2 of this project. In WY2016 there were a total of 38 separate seeding 
events. Due to the low water storage level the seeding forecast operations were extended 
through May. The end date for Phase 2 could occur sooner than May if a very stormy winter 
unfolds and the generators run out of solution or other expendable supplies. The DRI technical 
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staff will monitor and maintain seeding generators throughout the operational period. 
Phase 3 of the project will begin between May15-31 (depending on when operations 

end) and includes the documentation of weather events to verify that seeding occurred during 
optimal time periods (Fig. 3). Each period will be evaluated and a ‘seedability factor’ (SF) will 
be applied to quantify the fraction of time when seeding was potentially effective. The estimates 
of snow water enhancement will be made and adjusted by the SF. Validation using the new 
network of WRWC sponsored precipitation gauges will be conducted and presented in the final 
report (Fig. 4). A final report on project operations, including the measureable outcome, will be 
completed during Phase 3. In addition, some case studies will be included to document the 
performance of the high-resolution meteorological model. Phase 3 also includes the removal of 
seeding units as dictated by some of the Forest Service special use permits. Removal of 
generators is only possible after snow has melted and the roads to the sites become useable. In 
some years this can be mid- to late July (as occurred in 2011). Phase 3 will be extended to 30 
September 2016 to allow time for all generators to be checked for problems, and repaired as 
needed either in the field or at the Stead, Nevada Cloud Seeding Facility.  
 
Principals involved 

The project will be managed by Frank McDonough, he will primarily be assisted an 
experienced cloud seeding meteorologist/graduate student. Field operations and maintenance 
support will be provided by two experienced technicians that are jointly supported by this and 
other DRI cloud seeding projects.   

 
Schedule 
Start Phase 1: 1 Sept 2016. Generator preparations begin. 
End Phase 1: 1 Nov 2016. All seeding generators are installed, tested and ready for use. Bad 
weather could produce delays, but testing and other work can be done if units have been 
installed. All web-based computer products are prepared for use in Phase 2. 
Start Phase 2: 1 Nov 2016. Cloud seeding occurs as storm conditions dictate. Cloud seeding 
equipment is monitored and maintained as needed. A log of seeding operations is maintained 
and the weather data needed to assess operations are archived. The cloud seeding update page is 
frequently revised throughout the season. 
End Phase 2: 30 April 2017. This is the approximate end of the operational cloud seeding 
period. If need be, this date will be modified according to whether solution is exhausted or 
seedable storms persist into May 2017. 
 
Start Phase 3: 15 May 2017. Weather data are analyzed to assess the seeding operations. 
Estimates of water augmentation from seeding operations are made. A report on operations is 
completed by 15 July 2017. 
End Phase 3: 30 Sept 2017. All seeding equipment has been checked and repaired as needed.  
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Budget discussion: 
The budget for WY2017 is $310,000, the same as WY2016. The details of the budget are 
presented in the spreadsheet in Table 1. As indicated the costs for the WY2016 project are split 
between TMWA ($210,000) and the Western Regional Water Commission ($100,000). 
	
	
Table	1.		Proposed	budget	for	WY2017	for	both	the	TMWA	and	WRWC	match	components.		
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Figure	1.		Hydrograph	of	Lake	Tahoe	lake	level	for	the	past	year	from	the	Tahoe	City,	CA	gage.	Gage	
heights	are	the	lake	level	minus	6220	feet,	thus	a	value	of	3’	implies	a	lake	level	natural	rime	of	6223’.	
Lake	Tahoe	reached	the	natural	rim	in	early	April	2016	for	the	first	time	since	fall	2014.	
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Figure	2.		Operations	area	for	WY2016	Tahoe-Truckee	cloud	seeding	project.		Red	shaded	area	denotes	
the	target	region;	Yellow	pins	with	blue	labels	represent	DRI	cloud	seeding	generators;	Red	X’s	denote	
SNOTEL	stations	and	other	geographic	features	are	as	labeled.	
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Figure	3.	Example	of	project	summary	plots.	
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Figure	4.	WRWC	high-resolution	snow	gauges	installed	in	summer	2015.	
	




