


Rugged trash racks and rakers keep 
water intakes free from debris and hassle.

Rugged Trash Rakes and Trash Racks

*Electro-mechanical Trash Raker U.S. Patent No. 7,815,811 & 9,539,528

Power Generation | Pulp, Paper & Steel Mills | Municipal Water Intakes | Wastewater Treatment Plants | Flood Control Pump Stations

Our innovative debris capture solutions were developed 
at our own hydroelectric facilities. So, we mean it when 
we say... ”we use what we sell, every day.”  Our trash racks 
and trash rakes are easy to install, operate and maintain. 
Our HDPE trash racks are practically maintenance free, 
designed to resist rust, corrosion, mussels and other 
marine life. Our patented electro-mechanical rakers have 
no hydraulics to maintain so they provide years 
of �awless performance.

For inquiries, please contact Shane Scott at 360.601.2391
or at shane@sscottandassociates.com

Keep water intake free 
from debris and hassles.
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Laura Read: I am a water resources engineer with 10 years of 
experience in conducting hydrology-related scienti�c research 
focused on water management, climate change analysis and 
adaptation strategies, water resource systems modeling, and 
�ood risk analysis. I have a PhD in civil and environmental 
engineering. In graduate school, I focused on modeling 
water systems to understand things like �ood behavior 
and probabilities. After graduate school, I did a postdoc 
here in Colorado and then joined the National Center for 
Atmospheric Research. �ere, I worked on a system called 
the National Water Model, an e�ort by the National Oceanic 
and Atmospheric Administration (NOAA) to develop a 
single forecasting model for river �ows across the United 
States. I currently work as the head of product strategy for the 
HydroForecast service at Upstream Tech. 

Hydro Leader: Please tell us about Upstream Tech.

Laura Read: Upstream Tech was founded by 
Alden Keefe Sampson and Marshall Moutenot in 2016 and 
has grown from 3 people to about 35. Mr. Sampson and  
Mr. Moutenot met each other at Tufts University, where they 
studied computer science and gained experience with machine 
learning and advanced data systems. Upstream Tech currently 
o�ers two products: Lens, a remote sensing platform used to 
monitor lands, and HydroForecast, our hydrologic modeling 
service. �e idea for HydroForecast came out of conversations 
about the critical water-related needs we face now and will 
face in the future and about the speci�c gaps in and issues with 
current forecasting methods. As we are recognizing across
the globe, to safely and e�ectively operate reservoirs and rivers, 
water managers need better data and stream�ow forecasts 
that are able to adapt to changing and extreme conditions. 
HydroForecast currently provides river �ow guidance on 
multiple horizons, ranging from historical reconstructions of 
�ows in ungauged watersheds to short, seasonal, and long-term 
(decadal) stream�ow predictions. 

Hydro Leader: Would you explain the basic problem that 
HydroForecast is designed to address?

Laura Read: HydroForecast is a service that provides 
stream�ow or river �ow forecasts in any basin in the world. 
At any given moment in any location around the globe, 
people are making tough water management decisions 
without enough accurate information. Often, they are tasked 
with managing many factors, such as water supply needs, 
recreation, and the risks of drought and �ood. We help them 
make better decisions with more accurate forecasts of the 
river �ows coming into their systems. Our vision is to build 
out a global service that allows a client to predict the short-, 
medium-, and long-term hydrologic scenarios they will face, 
up to decades into the future. Many current forecasting 
capabilities are hit and miss; customers come to us because 
we’re more consistently accurate. Our goal is to become the 

most accurate globally available provider of stream�ow and 
weather data in the world. We have a long way to go, but we 
made a good start in proving our accuracy piece after putting 
our short-term model through a year-long stream�ow 
forecast rodeo across 19 sites in the United States, hosted 
by the Bureau of Reclamation, CEATI International, and 
hydropower utilities and veri�ed by RTI International.

Traditional hydrologic models require a signi�cant amount 
of upfront work before deployment, including data collection, 
calibration, and evaluation. Each time you go to a new place, you 
have to set up a new model. You have to do a lot of research to 
get the data right and to really understand it, and then, if you go 
one basin over, you need to do the same thing all over again, with 
limited ability to transfer the knowledge. We’re trying to develop 
one uni�ed model that we can scale up, and we have expended 
signi�cant e�ort on the computational architecture to support 
reliable data pipelines and our overall system. As we build out 
our users across multiple continents and a diverse range of 
applications, we envision that a person could come to our website, 
enter information on their location and the data they need (for 
instance, stream�ow or weather), and receive it pretty seamlessly. 

Hydro Leader: What data sources are you drawing on to 
create these models?

Laura Read: Our technology is a theory-guided machine 
learning model. �is means we integrated tools from 
both physical and statistical methodologies to build 
HydroForecast. We put together what we know about 
physical hydrology—we have a lot of folks on our team 
who have experience in hydrology and understand the 
principles and theories—and use a neural network model, 
which is more of a statistical model, to put all the data 
together and make our forecasts. �is approach enables us 
to take advantage of the latest advancements in compute 
resources, remote sensing data, and hydrologic research, 
which is something unique in our �eld. As we deal with 

The Upstream team at work.
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more frequent extremes, with certain parts of the world 
seeing weather and stream�ow events they have never seen 
before, our model connects them together without needing 
detailed �eld measurements in the physical realm or relying 
on historical data relationships in the statistical realm.

�e types of data that we use are all global sources. 
We use NOAA weather forecasts and European-model 
weather forecasts. We use daily remote sensing to gain snow 
cover and vegetation data. We’re one of the only groups 
that use Moderate Resolution Imaging Spectroradiometer 
(MODIS) data operationally in their forecasts. We also use 
static datasets that describe the unique characteristics of a 
basin, such as the slopes, topography, and land use, and we 
use stream�ow gauges, if there are any, to train the model. We 
achieve a high level of accuracy because we train our model 
on hundreds of basins at once, and rather than a model that 
needs to learn about the basins one by one, we have built a 
core model that learns general hydrology. When we want 
to make predictions in a new basin, we use transfer learning 
to bring that core knowledge of hydrologic processes to the 
new location. We then take the local basin information and 
tune or calibrate HydroForecast to the new region, taking 
advantage of any active stream�ow gauges upstream that we 
can assimilate or pull information from into the model. 

Hydro Leader: Do di�erent basins have enough in common 
that you are able to transfer a decent amount of your model 
from one to the other? 

Laura Read: Yes. �e model learns how to interpret hydrology 
behavior, which is heterogeneous but has some guiding 
principles. For instance, we have a decent density of training 
basins in the Paci�c Northwest, so the model has seen what 
happens when the snow accumulates and melts with certain 
types of slopes and certain types of soils. �e model learns 
the relationships between inputs and runo� really well. �en, 
if we add a new basin in this region, the model understands 
the similar ways in which that basin works. It retains that 
knowledge, which helps it make predictions. In an extreme 
example of this, we took our North American core model 
and used it to make initial predictions in the Upper Zambezi 
basin in central Africa. We were able to make a fairly accurate 

prediction, even though the model had never seen any 
training data from Africa before.

Hydro Leader: Do you use real-time information you get 
from stream�ow gauges?

Laura Read: Yes. If there is an active stream�ow gauge above 
a reservoir, we can integrate its real-time observations into 
the model, using it to adjust the model’s initial state and then 
route the adjusted state through the river network. �is is 
called data assimilation. In very large basins with reservoirs or 
diversions upstream, assimilation has signi�cantly bene�ted 
our models’ accuracy, because it is picking up the real-time 
e�ects of human decisions in a particular section of the basin 
and representing those in the total �ow.

Hydro Leader: Is your model able to predict unexpected 
high-�ow events, such as atmospheric rivers?

Laura Read: Absolutely. Our modeling approach is designed 
to be able to predict events that are outside a particular 
basin’s historical record. Because the HydroForecast core 
model was trained on around 450 basins, and each of those 
basins has a historical record that is, let’s say, an average 
of 30 years long, the model has seen lots of di�erent types 
of events and has learned how to predict runo� in those 
situations. As an example, we had an atmospheric river event 
in the Northwest in October 2022, and we did a review 
of our performance for a customer there, and it was quite 
accurate, even though several of our customer basins had 
never seen events or �ows of that magnitude.

Hydro Leader: Who are your current customers? 

Laura Read: We currently serve mostly hydropower customers. 
�ey use our model in several ways. �e �rst is to help them 
make operational decisions. Let’s say they are operating 
hydropower dams on a reservoir: Our information can help 
them decide if they need to release or keep water to meet 
targets for recreation or instream �ow requirements for �sh. 

Another application within hydropower is energy trading. 
Generally, depending on which market you’re in, if you’re able 
to commit more energy to the day-ahead market, you can get 
a better price. With better information and more con�dence 
in what’s going to come into your asset, you can commit more 
power to the day-ahead market and generate more revenue as 
well as helping maintain a secure power grid. For seasonal, let’s 
say 90‑day, forecasts, folks are using us to try and meet lake levels 
and understand how much power they’ll be able to generate over 
the next season. �at can be important for di�erent markets. 
�ey want to know things such as whether they will see lower or 
higher average �ows or whether it will be a drought year.

Finally, hydropower and energy companies use our model 
to understand long-term risks for their asset portfolios and 
to determine whether any assets in their systems are at risk. 

HydroForecast can provide stream�ow or river �ow forecasts in any 
basin in the world.
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Worthington Products is a leading manufacturer of 
debris booms, fish guidance systems, boat barriers, 
safety signs, and related products. Among many other 

applications, its custom-designed boom systems can help capture 
and divert debris after extreme rainfall events, keeping dam spill 
gates and hydropower water intakes open, preventing damage, and 
guaranteeing continued hydropower generation. In this interview, 
Worthington President and CEO Paul Meeks tells us more.

Hydro Leader: What are the dangers posed to dams and 
hydropower facilities by extreme rainfall events?

Paul Meeks: Recently, the news from California was �lled 
with the term atmospheric river. �ese events occur all the 
time, but occasionally, an atmospheric river will turn into an 
extreme event. �e storms that battered California provided 
a glimpse of the catastrophic �oods that environmental 
scientists have been warning us about. Weather patterns are 
being intensi�ed by climate change and producing extreme 
rainfall events that drop massive amounts of water in a short 
period over a small geographic footprint. 

What does this mean for someone who owns a dam or 
a hydropower plant? If you’re in a �re zone, there may be a 
lot of dense, woody debris scattered across the steep slopes 
that surround reservoirs. �e soil in these post�re burn 
zones will be chemically changed so that it is very hard and 
nonabsorbent. Water runs o� this soil rather than soaking 
into the ground. �at runo� quickly inundates a reservoir 
not just with water but with large �elds of �oating debris. 
�at puts pressure on the dam and can potentially increase 
its risk of failure because spill gates are partially blocked 
by debris. �e failure of a dam can lead to widespread 
�ooding and downstream damage. When large volumes of 

�oating debris enter a reservoir, it will accumulate against 
the hydropower plant’s intakes, reducing generation and 
potentially forcing a plant shutdown. �is robs the utility 
of needed revenue. �e debris also damages critical intake 
equipment, such as trash rack systems. Utilities must deploy 
personnel and resources to remove debris, repair damaged 
racks, and repair overworked trash-raking equipment, and 
this cannot be done while the turbines are spinning. �e 
plant must be taken o�ine, and that goes straight to the 
bottom line. More important from a dam safety perspective 
is the risk of debris blocking your spill gates. 

Hydro Leader: What do changing climate trends and updated 
probable maximum precipitation and probable maximum 
�ood models mean for dam owners and operators?

Paul Meeks: �e rain events we are seeing more of seem to 
involve concentrated amounts of rain that may exceed the 
original design capacity of the spillway. Climate change, 
and more importantly these extreme events, are leading 
electric utilities to reevaluate the original modeling that 
went into the spillway design, comparing it against updated 
climate models. �at could lead to a requirement for a costly 
expansion of the facility’s spillway capacity.

Hydro Leader: How can Worthington’s products help dam 
owners address the problems caused by extreme rainfall events?

Paul Meeks: Worthington o�ers dam owners and operators 
an economical solution to keep their spillways unobstructed, 
allowing them to bene�t from 100 percent of their design 
spillway capacity without worrying about losing capacity 
because of debris piled up against their intakes. Let me 

How Worthington Products’ Boom Systems 
Can Address Extreme Rainfall Events

A Worthington-designed debris boom de�ected debris away from the 
spillgates and water intakes at Matahina Dam in New Zealand after 
an extreme rainfall event.

Debris is removed from the water at Lake Matahina.
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give you an example of an incident that happened in 
New Zealand a few years ago. A massive, localized extreme 
rainfall event occurred in an upper watershed, and it brought 
tons of debris into Lake Matahina, a reservoir whose 
dam had a very small spillway. Fortunately, there was a 
Worthington-designed debris boom in front of Matahina 
Dam that de�ected all the debris away from the spill gates 
and the water intakes. �e operators were able to spill water 
safely and maintain 100 percent of their spilling capacity, 
which got them through, though they still �ooded a lot of 
the downstream area. �ey were also able to generate power 
the whole time, which was important to them because the 
debris cleanup costs were signi�cant.

Our barrier specialists work closely with dam owners to 
o�er solutions that contain or de�ect all this debris, trash, 
litter, and vegetation, preventing damage and guaranteeing the 
continued ability to spill water. �at helps those dam owners 
to lower their risk and their liability. Our conversations with 
the C suite and their board members always lead back to 
their concern about risk and ways to mitigate the risk caused 
by these events. We can o�er a�ordable and highly e�ective 
ways to reduce that risk to levels that are acceptable on the 
executive side, the insurance side, and the board side. 

Hydro Leader: Can Worthington’s products help dam owners 
avoid the need for construction projects such as spillway 
enlargements?

Paul Meeks: We had a project at Goshen Dam in Virginia, 
which is owned by the Boy Scouts of America (BSA). As 
the owner of the dam, the BSA was faced with the prospect 
of spending millions of dollars to construct a new spillway 
because the region is exposed to the remnants of hurricanes 
and tropical storms. �is site had a boom in place, but it was 
ine�ective. State and federal regulators told the BSA that if it 
put an e�ective boom system in front of the existing spillway 
to prevent its blockage during an event, it would get credit 
for the existing spillway and reduce the footprint required for 
a new spillway. We were able to provide the client with our 
robust BB20 Debris Master barrier, set up in an inverted‑V 
con�guration to de�ect debris away from the center of the 
boom line, away from the primary �ow zones and the intake 
gates, and toward the shore against the dam. �e BSA still 
had to put an emergency spillway in, but the footprint and the 
costs were signi�cantly smaller than they would have been if it 
did not get credit for its existing spillway. We saved our clients 
millions, if not tens of millions, of dollars.

Hydro Leader: How should potential clients select from 
among Worthington’s product lines for a solution that �ts 
their needs?

Paul Meeks: In the more than 25 years that we have been 
providing waterway barriers, we have developed a full range 
of solutions for our clients. We like to ask our clients to pick 

up the phone and call us or shoot us an e-mail and let us 
know their challenges and goals. Our application specialists 
will reach out to map out potential solutions. With our 
experience, we know the questions to ask. Based on the 
feedback, we are able to present product solutions that are 
both a�ordable and functional. 

Hydro Leader: What results have Worthington customers 
seen in terms of dealing with extreme rainfall events, debris, 
and so on? How does this help protect human life and 
prevent property damage?

Paul Meeks: In addition to the Matahina Dam example I 
described earlier, two examples come to mind. One of them 
is relatively old. In the mid-1980s, an extreme rainfall event 
in the Cheat River watershed in West Virginia slammed the 
Lake Lynn Hydroelectric Power Plant with tons of heavy 
�oating debris that piled against the spillway structure. �e 
dam lost 34 percent of its spilling capacity, and the water 
rose to within 12 inches of the top of the parapet wall. After 
the event, Worthington designed a barrier system to de�ect 
debris toward a specially designated gate to keep it away 
from the dam’s primary spill gates and pass it downstream. 

�e other incident happened at Tillery Hydroelectric 
Plant in North Carolina after Hurricane Florence. �ere were 
concentrated instances of heavy rainfall; everything �ooded; 
and the water brought with it all sorts of debris, including 
refrigerators, blue barrels, trash cans, docks, boats, and logs. 
�ere was no boom system above the spill gates, but there was 
a Worthington boom system above the hydropower plant, 
and it e�ectively kept all this debris o� the trash rack. Once 
downstream water letter levels subsided, the operators were able 
to resume generating. �e debris and trash did not damage the 
intake trash racks or the intake cleaning equipment.

Hydro Leader: What is your vision for addressing extreme 
rainfall events?

Paul Meeks: I �nd the whole topic of climate change, 
extreme rainfall, and atmospheric rivers fascinating. We 
are learning as much as we can about this so we can be a 
knowledgeable resource, able to provide our customers solid, 
reliable, scienti�c advice, not uneducated headline advice. 
For us, it is about educating ourselves and then educating 
our customers about how an upstream barrier system can 
help them generate more power, reduce their dam safety risk, 
and lower their public safety liability. H

Paul Meeks is the president and CEO 
of Worthington Products. He can be 
contacted at pmeeks@tuffboom.com or 
(330) 452‑7400.















To sign up to receive Hydro Leader in electronic form, 
please contact us at admin@waterstrategies.com.

Upcoming Events

February 7–11 American Water Works Association and Hawaii Water Environment Association, 
Annual Joint Conference, Honolulu, HI 
February 8 Nebraska Water Resources Association, Water Roundtable, Lincoln, NE 
February 22–24 Northwest Hydroelectric Association, Annual Conference, Portland, OR 
February 27 American Public Power Association, Legislative Rally, Washington, DC 
February 28–March 2 Association of California Water Agencies, Washington, DC, Conference
March 1–3 Texas Water Conservation Association, Annual Convention, Bastrop, TX 
March 6–8 Public-Private Partnership Conference and Expo, Dallas, TX 
March 7–8 Texas Water Conservation Association, Texas Water Day, Washington, DC 
March 8 Nebraska Water Resources Association, Water Roundtable, Lincoln, NE 
March 14 American Public Power Association, CEO Roundtable and Supply Chain Summit and Strategic Discussion, 
Savannah, GA 
March 14–15 CEATI International, Annual Hydropower Conference, Palm Springs, CA  
March 31 American Public Power Association, Lineworkers Rodeo, Kansas City, KS 
April 12 Nebraska Water Resources Association, Water Roundtable, Lincoln, NE 
April 16–19, Edison Electric Institute, Transmission, Distribution, Metering & Mutual Assistance Conference, Dallas, TX 
April 17–19 National Water Resources Association, Federal Water Issues Conference, Washington, DC 
April 17–21 Edison Electric Institute, Global Electrification Forum, Washington, DC 
April 17–21 United States Society on Dams, Annual Conference and Exhibition, Charleston, SC 
April 23–26 Edison Electric Institute, Spring Occupational Safety & Health Committee Conference, New Orleans, LA 
April 25–26 National Hydropower Association, Midwest Regional Meeting, Middleton, WI 
April 30–May 3 American Public Power Association, Engineering and Operations Conference, Pasadena, CA 
May 1–3 Northwest Hydroelectric Association, Technical Workshop and Owners Forum, Spokane, WA 
May 8–10 National Hydropower Association, Water Power Week, Washington, DC 
May 9–11 Association of California Water Agencies, Spring Conference, Monterey, CA 
May 16–23 Edison Electric Institute, Business Diversity Conference, St. Louis, MO 
June 11–13 Edison Electric Institute, EEI2023, Austin, TX 
June 11–13 Idaho Water Users Association, Summer Seminar, Sun Valley, ID  
June 14–16 Texas Water Conservation Association, Summer Conference, The Woodlands, TX 
June 16–21 American Public Power Association, National Conference, Seattle, WA 
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