
 
 

Rheotherm Application Focus – Cloud Seeding 

The American West faces a deepening water crisis. Over 40 million people across seven states 

depend on the Colorado River, yet decades of overallocation, rising temperatures, and erratic 

snowpack have pushed reservoirs like Lake Mead to historic lows. In regions such as Denver, 

mountain snowpack provides roughly 80% of the annual water supply, making the reliability of 

winter precipitation not just an agricultural concern, but a matter of basic municipal survival. 

Against this backdrop, cloud seeding has emerged as one of the most practical and cost-

effective tools available for augmenting freshwater supply.  

Since the early 1960’s, the Desert Research Institute (DRI) has been pioneering the science of 

cloud seeding. As the population of the American southwest increased dramatically in the 20th 

century, the available water resources became insufficient for the quickly growing population. 

DRI’s Division of Atmospheric Science has been focused on studying and optimizing cloud 

seeding as a safe and effective way to enhance the availability of drinking water resources. DRI’s 

efforts have advanced cloud seeding from a theory to a fully validated and practical technique, 

used in America and many other countries around the globe. By monitoring the flow rate of the 

cloud seeding agent, Rheotherm flowmeters played an integral part in this process. 

Contributing, not only to the accuracy and repeatability of the scientific results, but by 

withstanding decades of continuous service in the extremely harsh environmental conditions at 

the test sites. 

 

Figure 1: A cloud seeding generator is installed and erected in place. The large container houses storage tanks for propane, cloud 
seeding fluid, nitrogen gas, and a Rheotherm flowmeter. The fluid is carried up the stack and burned, releasing a stream of ice 

nucleation particles. 



 
 

 

Figure 2: A cloud seeding generator is shown covered in ice at the top of a remote mountain in Nevada 

Cloud seeding is very similar to the natural process of precipitation. In natural snow 

precipitation, supercooled water molecules suspended in clouds form ice crystals on small 

particles of dust, or ice nucleation sites. These ice crystals increase in size until they can no 

longer be suspended in the clouds and then fall to the earth as snow. Cloud seeding takes 

advantage of the pre-existing water molecules in the air and delivers an engineered ice 

nucleation particle directly to the cloud layer, precipitating a snowfall downwind of the 

cloudseeding station. The ice nucleation particle is silver iodide, a naturally occurring and 

harmless substance that has a hexagonal crystal structure that promotes ice crystal growth.  

The reason silver iodide works so well lies in molecular geometry: ice naturally forms in a 

hexagonal lattice, and silver iodide’s crystal structure closely mimics this arrangement at the 

atomic scale. This structural similarity means water molecules readily attach to silver iodide 

particles and begin crystallizing, even at temperatures where they would otherwise remain 



 
 

liquid. The substance was first identified as an effective ice nucleant by Bernard Vonnegut1 in 

1947, building on General Electric’s pioneering cloud seeding experiments with dry ice the 

previous year, and it remains the gold standard for ground-based seeding operations nearly 

eight decades later. Crucially, silver iodide is environmentally benign; concentrations deposited 

by seeding operations are orders of magnitude below levels of any concern, and decades of 

environmental monitoring by DRI and independent researchers have found no measurable 

ecological impact. 

While the formation of the snow may be straightforward, delivering the silver iodide to the 

clouds at the right time, place, and rate is a complex process. Environmental conditions such as 

temperature, humidity, and wind speed play a large role in the success of a cloud seeding 

operation. The conditions must be monitored and accounted for to make sure that the 

operation is successful and to ensure no material is wasted. 

A cloud seeding station operates semi-autonomously and can be located in very remote 

locations where it is monitored and controlled by satellite and only periodically refilled and 

maintained. To deliver the silver iodide particles to the sky, the system burns an acetone carrier 

fluid in a propane burner. The flame temperature and carrier fluid flow rate must be maintained 

within a narrow range for good results. The carrier fluid is stored in a large pressurized tank. The 

flow rate of the fluid out of the tank varies with air pressure, elevation, air temperature, and the 

amount of fluid remaining in the tank. To compensate for this, a flow control feedback system 

has been designed. The Rheotherm flowmeter continuously monitors the flow rate of the 

carrier fluid, and an automated control valve adjust the flow rate to maintain it at a constant 

setpoint. 

  

 
1 Brother to renowned author Kurt Vonnegut. 



 
 

 

Figure 3: Jesse Juchtzer, Principal Research Technician at DRI, demonstrates the operation of a cloudseeding generator. Carrier 
agent is supplied from a nitrogen pressurized tank, with the flow rate monitored by a Rheotherm flowmeter and controlled by an 
automated valve. The cloud seeding agent is injected into a propane flame and vaporized to create ice nucleation particles.  

Using this system, a team of two technicians at DRI can manage over 30 cloud seeding 

generators distributed among several states, turning them on and off as weather conditions, 

wind speed, and snowpack depth permit.  

At DRI, each generator holds about 170 gallons of silver iodide seeding agent in an acetone 

carrier fluid. Running as much as possible during the snow generating season, each generator 

creates around 3000 acre-ft of snow each year, where 0.5 acre-ft is the average household 

water consumption. In total, DRI is able to contribute 10,000 acre-ft per year equating to 



 
 

roughly 3 billion gallons of water added to the local reserves and enough to supply 20,000 

households. Achieved with a modest fleet of autonomous generators and a two-person 

operations team, this output represents an extraordinarily cost-effective intervention compared 

to alternatives such as desalination or large-scale water transfer infrastructure. Independent 

economic analyses of western U.S. cloud seeding programs consistently find benefit-to-cost 

ratios exceeding 10:1, making it one of the highest-return water management investments 

available to drought-stressed municipalities and utilities. In an area where mountain snowpack 

is a major factor in the total water supply, cloud seeding provides a significant boost to account 

for increasing demand and unstable seasonal precipitation. Additionally, cloud seeding 

generators have found success in supporting snowpack accumulation for ski resorts, 

supplementing reserves for hydroelectric generator operation, and have even been considered 

as cloud-clearing technology for rocket launches.  

  
Figure 4 Left: DRI Technicians service a cloud seeding generator buried under many feet of snow, accessible only by helicopter. 
Right: View up through the wind shroud showing the burning acetone carrier and draft of silver iodide rising from the top. 



 
 

 Cloud seeding generators pose some of the most demanding installation locations for any 

industrial equipment. Located high on mountains in remote parts of the country, these systems 

are exposed to the elements 365 days a year. Sometimes buried under 8 feet of snow in the 

winter and baking in the hot sun during the summer. These rough conditions can rapidly age 

electronic components and cause poorly-designed hardware to fail. Despite these challenges, 

Rheotherm flowmeters have proven themselves to be a highly durable solution. The thermal 

mass flowmeter design used in Rheotherm instruments has no moving parts to wear out and no 

fragile sensing elements exposed to direct fluid contact. This makes them particularly well-

suited for continuous, unattended operation in acetone — a solvent that would degrade many 

alternative sensor technologies over time. The result is a measurement solution that simply 

keeps working through freeze-thaw cycles, pressure swings, and seasonal temperature 

extremes that would defeat conventional instrumentation. DRI’s Technicians state:  

“These flow meters have been the most crucial piece of equipment for our 

research needs, as they have remained robust enough to handle harsh winter 

temperatures (-20F) while maintaining very precise solution flow rates to 

produce the ideal size, shape, and yield of ice nucleating agent upon the 

complete combustion of the seeding solution, (aka. creating microscopic silver 

iodide dust particles). During our seeding operations, these inert crystalline 

dust particles efficiently help convert small supercooled liquid water droplets 

into ice crystals using a deposition/ sublimation process that then causes the 

snowflakes to grow larger and eventually become heavy enough to fall out in 

our targeted high-altitude mountain ranges to increase snowpack in drought 

prone areas. It's truly amazing that these flow meters can sit all summer in an 

acetone solution, sometimes in scorching 120F weather, and then fire right up 

when needed in cold Fall/Winter weather.” 

Bionetics, formerly Intek Inc., began working with DRI in 1991, providing a large batch of 

flowmeters to field technician Monte Stark for a new series of cloudseeding generators. DRI has 

ordered several more batches of flowmeters over the decades, but many of the original 1991 

units were operating for over 30 years. Two of the original meters were returned for evaluation 

and were found to have been damaged by water ingress, but only after surviving 20 years of 

constant use.  



 
 

 

Figure 5: Intek’s Original Quotation and Photos of Rheotherm Flowmeters Delivered to DRI in 1991 



 
 

After achieving success in his cloudseeding operation and quietly retiring, Monte Stark came 

back to work and began a project for Snowy Hydro, a hydroelectric power generating company 

in Australia. Snowy Hydro, having witnessed DRI’s success in cloud seeding, wanted to set up 

their own program to provide additional water supply for their hydroelectric generators. Snowy 

ordered several dozen flowmeters which were also installed in remote cloudseeding generators. 

These meters were returned for yearly calibration, almost every year from 2003 to 2024. 

Unfortunately, in 2025 due to increasing costs, Snowy Hydro retired their cloudseeding program 

and their Rheotherm flowmeters2. 

  
Figure 6: One of Intek’s original flowmeters from 1992, still operating 30 years later. 

In 2006, Weather Modification Inc. of Fargo ND, began manufacturing their own cloudseeding 

generators. They also chose Rheotherm instruments for their robust remote generators, which 

have been continuously operating for 20 years now. The global footprint of cloud seeding has 

continued to expand. China operates the world’s largest weather modification program, 

covering millions of square kilometers. The United Arab Emirates has invested heavily in seeding 

operations to wring additional precipitation from the Gulf’s humid air masses. In the United 

States alone, active programs run in more than a dozen states, managed by water utilities, ski 

resorts, and power authorities alike. As climate variability intensifies and conventional water 

sources come under greater stress, demand for reliable, proven cloud seeding instrumentation 

is only likely to grow. 

 
2 https://www.snowyhydro.com.au/generation/cloud-seeding/ 

https://www.snowyhydro.com.au/generation/cloud-seeding/


 
 

 

Figure 7: DRI Technician services a pair of cloud seeding generators buried under dense snowpack in early 1990s 

Today DRI continues to innovate, using Rheotherm meters to control automatic purging systems 

to clear clogs in the seeding lines and adapt the release rates to the ambient humidity 

conditions.  The water crisis facing the American West — and increasingly, arid regions around 

the world — demands every reliable tool available. Cloud seeding is not a silver bullet, but it is a 

proven, scalable, and cost-effective complement to conventional water management. For over 

30 years, Rheotherm flowmeters have been the instrumentation backbone of that effort: 

measuring accurately, enduring relentlessly, and helping turn atmospheric moisture into the 

water supply communities depend on. Whether the application is drought mitigation, snowpack 

enhancement, or hydroelectric support, Rheotherm flowmeters deliver the precision and 

durability that demanding environments require. 



 
 

 

Figure 8: Today, DRI technicians continue to manufacture and maintain these essential resources. 

  



 
 

Further Reading 

1. Cloud Seeding Operations in the Wind River Range of Wyoming 2016-2017 Season. 

Annual Report. https://wwdc.state.wy.us/weathermod/Wind_River_Report_2016-

2017.pdf ;  

a. A detailed description of cloud seeding generator operation and a component 

level breakdown are available in figure 6, page 14. Also highlighting a Rheotherm 

flowmeter used in the seeding agent control system.  

2. The Dispersion of Silver Iodide Particles from Ground-Based Generators over Complex 

Terrain. Part I: Observations with Acoustic Ice Nucleus Counters. 

https://journals.ametsoc.org/view/journals/apme/53/6/jamc-d-13-0240.1.xml 

a. Features a detailed description of cloud seeding generator operation and control 

systems in section 1.b 

The IN generators used for the WWMPP burn an AgI solution that after 

combustion yields a nucleus of AgI0.8Cl0.2-NaCl formulation (DeMott 1997), 

shown to function effectively by the condensation–freezing mechanism. All 

generator components through which the solution flows are corrosion 

resistant, being either stainless steel or appropriate plastics. Solar panels 

provide the power. Connection for activation and monitoring is done via 

satellite. When a generator is activated, the propane burner is ignited within 

the wind shroud, open at the top and bottom. Once flame temperature 

confirms propane ignition, solution flows through an Intek, Inc., Rheotherm 

flowmeter, up to the burner head, where it passes through a nozzle and is 

atomized into the propane flame and burned. Combustion occurs at 5.7 m 

AGL. When the seeding is complete, the solution flow ceases, and the solution 

line is purged with nitrogen. When the purge is complete, the propane flow 

ends, and the burner goes out. Real-time flow rates are provided by the 

Rheotherms, and flame temperatures are measured by thermocouples. In 

addition, system pressure (to push solution up to the burner) and battery 

voltage are monitored. Four of the generator sites also have Vaisala, Inc., 

WXT-510 weather stations that add surface weather observations to the 

generator data streams. Thus, ignition is always confirmed, and flow rate 

known for each generator, in each seeding event. 

3. Cloud Seeding Program - DRI – Homepage 

4. Mountain Skywater - Colorado River Basin Cloud Seeding Pilot Project – 1971.   

https://wwdc.state.wy.us/weathermod/Wind_River_Report_2016-2017.pdf
https://wwdc.state.wy.us/weathermod/Wind_River_Report_2016-2017.pdf
https://journals.ametsoc.org/view/journals/apme/53/6/jamc-d-13-0240.1.xml
https://linkprotect.cudasvc.com/url?a=https%3a%2f%2fwww.dri.edu%2fcloud-seeding-program%2f&c=E,1,Wn7RaUX4lZOzbtOnCSovy_KFP6kLv2AznQdB3zVbyct0SsmAHCWlMuxYbzGtAFhIaBMljTnA_kZDJW-7IG2gM22yXZ4W1Tf-CeN62qN-h61GiBsDMA,,&typo=1
https://www.youtube.com/watch?v=bDL9P87MQo8


 
 

5. The Cloud Seeders: A video background of the DRI Cloud Seeding Technicians  

6. How does cloudseeding work in Colorado? -  An overview of the cloudseeding program 

from the Denver Water partners 

The%20Cloud%20Seeders
https://www.youtube.com/watch?v=sb1X5AmVDLU

