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Problem Overview 

In rivers all along the West Coast, salmon fry populations are in decline1,2. Over the last 
50 years, multiple factors have contributed to the current state of survival and return, 
including industrial dams, agriculture irrigation water diversion, overfishing, and the 
effects of climate change.  

 

As climate 
change 
intensifies, river 
temperatures 
are rising while 
water volume 
levels 
simultaneously 
decline, and the 
combined effect 
creates 
considerable 
stress on 
salmon at the 
egg fertilization 
stage, fry stage 
and the 
returning adult 

spawning stage. Currently, the negative effects of lower water levels and higher water 
temperatures are most acute in California and Oregon. But they’re already being felt in 
the north. 

Chinook, the largest species of salmon, have been in sharp decline as far north as the 
Kenai River in Alaska, and in even starker decline in warmer southern rivers. In the 
1960s, Chinook returned to the Sacramento River in annual numbers of about 500,000. 
Now they return in numbers below 5,000.3   

Due to decreased rainfall and snowpack, increased drought, and considerable 
agricultural water allocations, the foreseeable reality is that the Sacramento and San 
Joaquin rivers will continue to suffer escalating negative effects of low water levels 
combined with higher-than-normal water temperatures. 

75% of the water in the Sacramento-San Joaquin delta comes from the Sierra Nevada 
Mountains. A recent study predicts a 79% decline in Sierra Nevada snowpack over the 
next 81 years.4 

Over the last three years, the State of California has attempted to shield salmon 
populations from thermal stress by reallocating water designated for agriculture back 
into rivers, in order to mitigate water loss and bring down water temperatures in the 
process. These efforts have not proved effective.5  
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The Decline of California’s Largest Watershed 

Originating from headwaters that include Kings Canyon and Yosemite National Parks, 
principal tributaries like the Tuolumne and Merced combine into the 366-mile San 
Joaquin River, which joins the other half of the state’s largest watershed at the 
Sacramento-San Joaquin Delta. The 445-mile Sacramento River rises in the Klamath 
Mountains, pausing before swelling into the largest river in the state.  

Together, they support some of the most productive and profitable agriculture in the 
world, irrigating more than two million acres of arid land. The rivers generate 
hydropower for more than 4 million homes and provide drinking water to over 25 million 
people—including San Francisco and Los Angeles.6 

Historically, the Sacramento River has been the second-largest salmon-producing river 
in North America. But that’s history. Salmon runs that once numbered in the millions 
have dwindled to lows of fewer than 40,000.7 In 2009, the nonprofit American Rivers 
first listed the Sacramento as the nation’s most endangered waterway system, citing 
water shortages, ecological issues, and declining fish populations. 

Meanwhile, the San Joaquin River and its principal tributaries once supported the third-
largest run of Pacific salmon in California, measuring more than 200,000.3 In 2014, 
American Rivers named the San Joaquin River one of America’s Most Endangered 
Rivers. By 2016, it had risen to number two. With water diversions along the tributaries 
taking more than 70 percent of the natural flow and more than 100 miles of the San 
Joaquin’s main stem completely dry, the few returning fish have nowhere to go. The 
river’s salmon populations sit on the brink of extinction.  
 

Proposed Technological Solutions 

Significantly lowering the overall temperatures of the Sacramento and San Joaquin 
rivers via water diversion isn’t feasible—the major increases in flow needed to 
accommodate salmon would lead to unacceptable agricultural and economic losses. 
We need to develop new alternatives. 

Thermal stress is a critical issue for returning salmon, but even more so for those in the 
fry stage, when their tiny bodies are especially vulnerable. During hot summer days, 
salmon typically seek out shaded pockets of cooler water called thermal refugias, where 
they linger until the passing water temperatures drop to tolerable levels.8 We intend to 
mimic this natural adaptation by providing artificial thermal refugia in regular intervals 
along the river’s course. By creating and sustaining calmer, cooler pockets that salmon 
fry can seek out, we can give them the opportunity to rest and recover during peak heat 
hours. 

We’re setting out to create affordable and scalable thermal refugia solutions of two 
types:  

• Low-tech shading installations 
• Electrothermal solutions, including solar-driven heat transfer systems and 

supercooled fluid, stainless steel tubing installations  
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By developing cooling technologies and deploying them in combination with adaptive 
shading devices, we can meaningfully decrease the stresses placed on salmon during 
their river-based stages of life.  

 

Engineering Thermally Attenuated Nodes  

Salmon tend to move from one thermal refugia to the next during their early life in the 
river, lingering in these areas that are naturally cooled by water that’s deeper, shaded, 
or faster moving. We can cost-effectively build and deploy thermally attenuated nodes 
that offer protection from heat stress during low-water levels in the hot summer months.  

 

The Fry Safe Concept  

The basic idea behind the fry safe is not unlike a type of cold spring. The system design 
includes an onshore sub-system, an in-river subsystem, and insulated tubing 
connecting the two. The onshore system takes in river water, runs it through a heat 
exchanger to reduce the temperature, then runs it back into the river device where it 
gets dispersed around the fish. 

The system will be thermostatically controlled by temperature readings in the river and 
maintain a habitable level during hours of operation. Built to be autonomous, it will draw 
power from a bank of batteries charged by solar panels. Optional voice-capable security 
cameras and a response service will aid teams in resolving troubleshooting needs.  

In the river device itself, thermocouples will take readings inside and outside the device, 
providing temperature feedback data throughout the day. Underwater cameras can be 
installed to monitor the presence of salmon and predators, conduct population counts, 
and help assess troubleshooting needs.  

Developing these devices into effective solutions that are modular and scalable will 
require successive stages of engineering, design, iteration, and prototype testing.  

 

Prototyping and Testing  

Technologically assisting the thermal condition of salmon fry can have a direct effect of 
increasing salmon populations, but in order to get those results, a number of factors 
have to be measured and tested. Prototypes will be tested to answer the following 
questions:  

• How much of a reduction in temperature can be achieved using a small, self-
contained solar-battery system? 

• How much water flow and how much physical space will salmon fry require to be 
effectively drawn into the semi-enclosure? 

• Will salmon fry gravitate to the device during the peak temperature hours of the 
day, when cooling is most needed? 

• How many hours of the day must the device be operational to yield optimal 
results, and at what energy cost?  
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For the Sacramento and San Joaquin Rivers, it appears to be the 11th hour for wild 
Chinook salmon.  

The State of California studied the economic impact of wild Chinook salmon and found 
that those caught in the Sacramento River returned just over $1,000 per fish (license, 
boat rental, gear, food, lodging, etc.).9,10 If, for example, five percent of Chinook fry 
return as spawning adults, then every increase of 100 Chinook fry that make it to the 
Pacific would equate to $5,000 in potential economic value to the region.  

 

Partnerships and Regulatory Overview 

Developing a large-scale solution that costs tens of millions of dollars is a formidable 
challenge. Our technique will be to develop modular, scalable, and temporary thermally 
attenuating technologies. These could be sold or provided as a service (based on 
financial modeling and customer preference). 

Dozens of government agencies and NGOs are involved in salmon-river restoration 
efforts, as are Native American tribes for whom salmon are both culturally and 
economically significant. As such, we must build partnerships and work closely with 
tribal leaders and organizations to make sure we operate within their ethical framework.  

Placing devices in rivers requires permitting from multiple governmental agencies, 
including:  

• United States Geological Survey (USGS) 
• Army Corp of Engineers 
• US Fish and Wildlife Service 
• State Department of Fish and Game 
• State Department of Ecology 
• EPA 

Working with the guidance of our advisor from the USGS, Aquavetic Labs is confident 
that the Salmon Fry tech will successfully meet the requirements to receive the 
necessary permits. 

Business Model 

In a nutshell, Aquavetic Labs (AVL) is developing technologically induced thermal 
refugia using a service model. This will allow us to demonstrate to potential customers 
that the technology works, as well as give us time to refine the processes involved. All 
of which will be a benefit to future sales of devices, should that arise. 

Contracts will include an array of nodes within a 30-mile stretch of river and cover a 
four-year span, since this length is necessary to measure returning salmon numbers. 
AVL will provide the installation, devices, personnel, maintenance, monitoring, reporting 
and removal. Due to the hands-on nature of servicing the devices, these contractual 
parameters are necessary to be sustainable.  
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Revenue Potential 

Assuming that a) these devices will last five years, are successful, and b) the federal 
government and the State of California will pay for the service of thermal refugia for wild 
salmon in the Sacramento and San Joaquin rivers, we can forecast the following.  

The service model is this: $50,000 per thermal node, per summer (four months). This 
includes installation, monitoring, troubleshooting, reporting and removal. 

The Sacramento and San Joaquin rivers have roughly 840 miles combined length. 
Gaining contracts for half of that length, at one device per mile, would equate to $20M in 
annual revenue. While not set in stone, any service model price point would need to 
reflect the capital expenditures, personnel doing the servicing, administration and some 
margin of profit. If ecology managers can’t justify the price point, then there may be 
alternative’s that include crowd funding, sponsorship or other mechanisms by which the 
service can pencil out - that is if we want wild salmon to survive the likely annual 
increases in temperature.  

 

Future Opportunities 

There are 1,427 rivers worldwide, and 165 major river systems. It’s well established that 
climate change is already having significant negative effects on the biology of many of 
these river systems. Over time, we will build a database of rivers with migratory species 
that could benefit from engineered thermal refugia technologies.  

Critical West Coast salmon-river systems also suffering thermal stress include but are 
by no means limited to: 

• Columbia River (1,243 miles) 
• Snake River (1,078 miles) 
• Klamath River (263 miles) 
• Fraser River (854 miles) 

 

 

 

Aquavetic Labs 

AVL is an ocean health technology think tank and startup incubator based in Seattle.  

 

Inquiries: contact Anton Alferness at anton@aquaveticlabs.com 
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