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Dams: 
(Every high and significant hazard dam should have an EAP! At a minimum all high hazard dams 
must have an EAP! The importance of an EAP can’t be overstated. They save lives!) 
At Dangerous Kentucky Dams, Locals Aren’t Prepared For Disaster  
By CAITLIN MCGLADE • 8/6/19, wkyufm.org 
 
The Loch Mary Reservoir holds enough water to fill 
about 715 Olympic-sized swimming pools. All that 
stands between that wall of water and Annette 
Rudolph’s Earlington, Kentucky neighborhood is a 95-
year-old earthen dam, deteriorating and seeping water. 
Rudolph, 70, has lived in the neighborhood she calls 
“The Bottom” all her life, and floods are routine there. 
State inspectors have told the dam’s owner, the city of 
Earlington, that heavy rain could overtop it — 
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“threatening the safety of the residents downstream,” according to a 2018 inspection report. 
  
Yet local officials don’t have a crisis plan for a dam failure. The county emergency manager 
would have to lead a crisis response, but he doesn’t have maps showing which houses would be 
inundated or how far the water would travel. Officials have not practiced a response. To Rudolph, 
that means if the dam breaks, “we’re on our own.” “If you can’t swim, you’re just a damn dead 
pigeon.” The Loch Mary Reservoir dam is one of 80 in Kentucky that state inspectors have 
deemed to be a two-fold risk: high-hazard, because a breach would threaten lives or property, 
and in poor or unsatisfactory condition. Only six of those dams have complete emergency plans 
on file with the state, according to a Kentucky Center for Investigative Reporting investigation. 
State records and more than two dozen interviews with local emergency management officials 
show emergency responders largely lack detailed plans for responding to a crisis at those dams. 
Precisely how many people in Kentucky live at risk is unclear without those plans, as one of their 
functions is to scientifically identify where the flood waters would go during a breach. 
(Interactive: Is there a high-hazard dam near you?) 
 
But just having a plan isn’t enough: the local community also needs to practice and update it on 
an annual basis, said Colette Easter, a civil engineer in Louisville. Easter assessed Kentucky’s 
dam safety program for an analysis by the American Society of Civil Engineers. “If a local body 
has not reviewed the plan, then it would be pretty challenging to implement it,” Easter said. 
The Federal Emergency Management Administration recommends detailed plans for any dam 
that would threaten lives if it broke. Forty-three states have laws that require these plans for high-
hazard dams, but Kentucky does not. 
 
Of the 178 dams the state Division of Water considers to be high hazard — regardless of whether 
it’s in good or bad condition — about 89 percent don’t have complete plans on file with the state. 
KyCIR interviewed emergency management staff in 25 counties where high-hazard dams are 
rated in poor or unsatisfactory condition, the lowest ratings respectively. The vast majority had not 
seen dam break plans, or didn’t know if there were any — even when state data indicated their 
dams had plans. Yet those are the people who would generally have to call the state to alert 
officials of a problem, and take charge of responding to a dam disaster, said Glen Alexander, 
environmental engineer supervisor with the state Division of Water’s dam safety program. “We try 
our best to communicate with emergency managers. We probably haven’t always done the best 
in the past and we’re trying very much to improve that,” Alexander said. 
  
Nick Bailey, emergency management director for director for Hopkins County, where Rudolph 
lives, has six high-hazard dams that are in poor or unsatisfactory condition in his county. All but 
two are privately owned, and Bailey said he didn’t know much about their condition or inspection 
history. He thinks the city of Earlington is working on a plan. Earlington’s mayor didn’t return 
requests for comment. Bailey doubted most dam owners would make plans unless they were 
required to.\ “How would I even know whether or not a dam owner was doing their part of the 
bargain if I’m not even aware of which dams are high hazard and which are not?” Bailey said. 
 
‘Draft’ Plans Count, But Aren’t Widely Shared  
The Kentucky Division of Water has oversight to inspect dams, issue violations and order repairs. 
But they say the dam owners are responsible for voluntarily making emergency plans. More than 
half of the 950-some dams regulated by the state are owned by individuals, businesses or coal 
companies — not governments. Alexander said his team encourages dam owners to make plans, 
but they don’t have much success. “I’ve heard it all,” he said. “A big one is the expense involved 
… other owners don’t have an interest in maintaining those documents.” Data reported by the 
Kentucky Division of Water data say that 74 percent of Kentucky’s high-hazard dams have 
emergency action plans. But a state dam official in Frankfort, not the dam owners, made most of 
those plans. The state officials said they’re drafts, and they have not been adopted by local 
officials — or necessarily even seen. Only 20 of 178 are actually complete. 
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The Division of Water wouldn’t release its draft plans, citing an exemption in Kentucky’s open 
records law. But Alexander said they contain basic emergency contact lists and simplified maps 
of the area expected to flood during a breach. If the state were to require dam owners to make 
these plans, Alexander said, they would have to be much more thorough. State officials say they 
made these drafts to help prepare dam owners for breaks, since they can’t force dam owners to 
take the initiative. In theory, emergency managers could call state dam staff during a disaster, 
who could then get to the maps within 20 minutes and ship them out electronically, Alexander 
said. Carey Johnson, assistant director for the Kentucky Division of Water, said he didn’t think it 
was misleading to report the draft reports in state data. “The document is a tangible document, 
with inundation maps, and we’re happy to share it,” he said. 
 
But state officials only share the plans they’ve drafted with dam owners or local emergency 
managers if asked, because they worry that sending them out without context would create a 
misunderstanding that dams were in imminent danger. Alexander said his division regularly 
communicates with dam owners, but inspectors do not proactively reach out to emergency 
managers about specific dams or share inspection reports with them. The dam safety team has 
only five employees that oversee nearly 1,000 dams statewide, he said. Resources are a major 
barrier. “When you do 300 to 400 inspections a year, it gets a little much to send out multiple 
copies,” Alexander said. Even some state-owned dams don’t have complete plans, including 
three owned by the Department of Fish and Wildlife Resources in Grant, Marion and Shelby 
counties. Dam officials appear to have made draft plans, but a spokesperson for Fish and Wildlife 
didn’t know anything about them. Alexander said his team is working on complete plans now. 
 
More Rain Strains Dams  
Of the 80 high-hazard dams rated poor or unsatisfactory across the state, records show at least 
47 of them received that ranking at least partially because they wouldn’t hold enough rain during 
a catastrophic storm. Inspectors rate dams low for two other reasons: structural deficiencies that 
threaten the integrity of the dam; or maintenance issues like animal burrows or overgrown plants 
that threaten to create structural problems. Dam breaks are rare, and poor condition doesn’t 
mean imminent failure. Dams that can’t hold catastrophic rain could theoretically be taken down 
overnight, but if would take an extreme, and highly unlikely, rain event. Even dams in good 
condition could break given unexpected natural disasters, like an earthquake. That’s why dam 
safety experts recommend that all high hazard dam owners have emergency plans. And climate 
change makes it more pressing, particularly for dams that can’t hold catastrophic rainfall, to have 
emergency action plans. 
 
Jake Allgeier, hydraulic engineer with the Army Corps of Engineers, compared dammed bodies of 
water to a plugged bathtub. “It fills up with water and the more often you have rain, the more 
water you have, the more quickly it fills up and the less flood storage you have to store that water 
and prevent downstream damage.” Last year was one of Kentucky’s wettest years on record. And 
several of the Corps’ dammed lakes in Kentucky have filled to record levels in recent years. 
(Federally owned dams are not under state oversight; high-hazard dams owned by the U.S. Army 
Corps of Engineers have emergency action plans.) All that rain puts a strain on dams. Warmer 
temperatures can strain dams further by changing surrounding vegetation, which can create more 
sediment that builds up in streams or lake beds and cause more flooding, Allgeier said. State 
Sen. Robin Webb, D-Grayson, said the increasing rainfall in Kentucky makes stronger laws even 
more important. 
 
Webb has introduced bills and resolutions to require emergency action plans for high-hazard 
dams in past legislative sessions. She says the issue doesn’t get much traction. “It was always 
deemed more regulation,” she said. “I get it. I’m not a big government type of person. But I am a 
public health and safety, and worker safety, advocate.” Officials could struggle to reach 
vulnerable residents in areas of Eastern Kentucky without cell reception in the event of a disaster 
without emergency action plans, she said. “We’ve been lucky,” Webb said. 
 
Emergency Staff Caught Off-Guard  
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According to FEMA, a plan is not effective unless it’s made in close coordination with emergency 
management authorities and practiced regularly. Some emergency managers interviewed by 
KyCIR were surprised to hear that dams in their county were considered high hazard, and they 
had no idea that inspectors had rated them poor. They did not have plans to practice. Jerry Stacy, 
emergency management director for Perry County in Eastern Kentucky, didn’t know the state had 
determined three dams in poor condition in his county could threaten lives if they broke. He said 
he generally knew the homes that might be affected, but not based on any hydrological study. 
“I’ve been here five years and this is the first time I’ve had a conversation about this,” he told 
KyCIR. 
 
Chris Limpp has been Spencer County’s emergency management director for five years and 
worked for the county for 15. He didn’t know a dam existed in his county, let alone that state dam 
experts determined that it would likely kill someone or significantly damage infrastructure if it 
broke. “This is eye-opening,” he said. Jim McKinney, emergency services coordinator for 
Louisville Metro Emergency Services, said dam owners have not provided him with specific 
plans. But he does know which of the county’s dams are high hazard, and he said he’s working 
with dam owners in Jefferson County to address issues with their dams.  He also said he wants to 
present dam owners with templates for emergency action plans, in hopes that they’ll make their 
own. But he thinks everyone, including homeowners, shares responsibility to educate 
themselves. 
  
For example, some expensive property sits downstream from a small, high-hazard dam in the 
Norton Commons area. Tyler Glick, a spokesperson for Norton Commons, said a property owner 
living downstream of the dam is aware of living downstream from a potential breach. But 
McKinney says that’s not always the case. “Many of these people that live downstream from 
dams, they have no idea what’s upstream from them,” he said.\ Alexander of the state dam 
program acknowledged as much. “If the emergency managers aren’t up to date on the 
information, if they don’t practice how they’re going to handle the information when the time 
comes, they’re going to be caught off guard and not really know what to do,” Alexander said. 
State dam safety staff said they plan to ask the legislature to require dam owners to make 
emergency action plans within the next few sessions. 
 
Kenny Hardin, emergency management director for Bullitt County, said supporters of reforms are 
likely to run into resistance from dam owners. He said owners of existing dams shouldn’t be 
required to make plans, although perhaps new dam owners should. “What the landowner would 
say is, ‘Big Brother is interfering with this.’ There’s been no issues, so why should you come in 
here now and make me do something that has been no issue?” Hardin said. Bullitt County has 
four high-hazard dams, three of which are in poor condition. Only one has a draft plan on file with 
the state, and all are owned by private individuals or businesses. Hardin told KyCIR he wasn’t 
familiar with any plans and would need to look into it. Later, he said he located two plans from 
private dam owners, at least one of which was out of date. Some dam owners were working on 
plans when KyCIR reached them. In Nelson County, the city of Bloomfield is spending about 
$120,000 to improve its dam on a two-acre fishing lake in the city park. If it were to break, the 
water would wash over about five or six houses, hit Bloomfield City Hall, a church, a few other 
buildings and then an apartment complex that houses a lot of elderly people, said Mayor Chris 
Dudgeon. So the city is also drafting up emergency action plans, which meant having to hire an 
engineering consultant to do hydrological studies to determine where water would go if the dam 
broke. 
  
In Jenkins, a border city with Virginia in Letcher County, a dam failure at Elkhorn Lake could 
strike 30 percent of the town’s population if it broke, said Mayor Todd DePriest. The dam has 
been leaking for years, and he fears a natural disaster could come along and take the dam out for 
good. He used to work with people who witnessed a major coal slurry dam failure in West Virginia 
in the 1970s, which killed more than 100 people. And he’s heard the stories. “It sort of gets in the 
back of your mind. That’s something they never thought would happen up there,” he said. “Same 
thing here. You can think that it may not happen. But we need to be prepared.” The state Division 
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of Water ordered Jenkins last summer to work on an emergency plan, and it’s in the works now. 
The city had already commissioned some studies, so DePriest got the data he needs to build 
inundation maps. He plans to share the maps with emergency planners, who will conduct regular 
practices. According to state data, dam officials made a simplified plan for the dam, but DePriest 
had never seen it. Neither had the emergency management director, Paul Miles. Testing 
emergency plans to make sure they work is key, Miles said. “You have to practice your plan,” 
Miles said. “If you don’t, it’s not a good plan.” Sydney Boles of the Ohio Valley ReSource 
contributed to this report. Contact reporter Caitlin McGlade at (502) 814.6541 or 
cmcglade@kycir.org. 
 
(We all knew this was gonna happen! American Rivers has weighed into the controversy.) 
LET’S ASK “WHAT IF?…” ON THE LOWER SNAKE RIVER 
We live in the Pacific Northwest, a region where we embrace bold ideas, are inspired by 
natural wonders and dream big about the future. 
By Wendy McDermott | August 16, 2019, americanrivers.org  
  
Here in the Pacific Northwest, most people would 
agree that when it comes to our future, we want 
healthy rivers, salmon and orcas. We want clean 
energy. And we want economic opportunity. But 
for too long, the conversation surrounding salmon 
and other native fish recovery and the possible 
removal of dams on the lower Snake River has 
been stuck in tired frames: environment vs. 
economy. salmon vs. agriculture. Seattle vs. 
Eastern Washington. Meanwhile, salmon and 
southern resident orcas are slipping toward 
extinction; the region’s affordable power is at risk; 
and communities from the Pacific coast to Idaho are missing out on economic potential. Plus, a 
changing climate is adding new threats and uncertainty to much of what society has taken for 
granted. In order to have a constructive conversation, we need to acknowledge the benefits the 
lower 
 
Snake River dams have provided, and we need to understand our options should they be 
removed.  We need to understand not only the costs of removing the dams but also the benefits 
to the region. We need to understand the true impact – both negative and positive – on existing 
commerce. We also need to explore what the benefits of a healthy, free-flowing river and 
revitalized salmon and steelhead runs would look like for the entire Pacific Northwest. An analysis 
released by ECONorthwest tackles some of these questions. The main takeaway:  there would 
be substantial public benefits from restoring the lower Snake River. We live in the Pacific 
Northwest, a region where we embrace bold ideas, are inspired by natural wonders and dream 
big about the future.  Let’s not shy away from asking “what if?…” This new study contributes to 
the dialogue, presenting information and asking key questions. Here are some more questions 
we’d like to explore, together with others across the region, as a way to move this important 
discussion forward. 

-What if we stopped focusing so much on our differences and came together to 
identify shared values and priorities?  
-What if we set our sights on a vision for the future that includes healthy salmon, 
clean energy, thriving agriculture, a strong economy — and ensured everyone 

moves forward together? 
-What if we could make investments to revitalize a 
lower Snake River that sustains people, fish and 
wildlife? 
  
More than 75 years ago, when the Bonneville Power 
Administration started building dams on the Columbia 

Lower Snake River 

Lower Snake River 
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River, they hired Woody Guthrie to write songs about the river and the promise of federal 
hydropower dams. The Lower Snake River dams were built in this spirit of hard work and 
progress. Can we harness that same optimism and can-do spirit of “Roll On, Columbia”, when 
considering restoring a free-flowing lower Snake River? Why couldn’t a revitalized river be a 
source of great hope, pride and opportunity for our entire region? Today, we have a once-in-a-
lifetime opportunity to change the course of history and greatly reduce the extinction risk for 
endangered salmon and steelhead. To do this, we need healthy dialogue and open minds to 
foster the emergence of new economies. The people of the region deserve to have the 
information and they deserve to have their voices heard. Let’s get the information and let’s move 
forward together. Let’s all keep asking “what if?” 
 
(Gotta fix ‘er up. Where the rubber meets the water.) 
Long-term fix to dam required  
By Bill Bowman, 8/16/19, dailyitem.com  

 
For the second time in three years, the Adam T. Bower Memorial 
Dam, PA is coming down early to allow crews to make repairs to 
one of the world’s largest inflatable dams. It is our hope the job is 

done right, allowing for — weather permitting — a full boating season at Lake Augusta in 2020.  
Timing is everything and traditionally the time around Labor Day is a window to make repairs if 
needed. Two bags were replaced in 2017, a move that also shortened the boating season and 
impacted seasonal businesses when locals pulled their boats out of the water a month early. We 
understand the timing. It’s undoubtedly a complicated process and the unforeseen is possible. 
We just want to see the repairs hold for the long-term to the benefit of DCNR, local outdoor 
enthusiasts and businesses who depend on increased foot traffic through September. “Late 
August into September are the lowest water levels, and it’s easiest to work in the rivers at the 
lowest levels of the year,” said Alan Lichtenwalner, the Northcentral Region park manager for the 
state Department of Conservation and Natural Resources.” It gives us the safest and best 
condition to work. The later we do it, we run the risk of bad weather and high water. It’s a short 
window of opportunity. We have to take advantage of it.” 
 
According to DCNR, park officials detected air pressure dropping in Bag 6 in June. During three 
weeks of around-the-clock work and monitoring, park staff discovered several small punctures in 
the bag, as well as damage to the air piping system. Even with high water from the heavy rains 
this spring, officials were able to successfully make temporary repairs to keep the dam inflated. 
“The park staff has done a great job this summer, 
and they busted their tails to keep it going so we 
could make it through Labor Day,” said 
Lichtenwalner. “We hope everything holds, but we 
can’t keep operating like this in the future. We 
want to be sure for 2020 we have a good, solid 
bag there and we won’t have these issues in the 
new season.” We applaud DCNR’s efforts to this 
point and hope the patches they used this 
summer can become permanent fixes — at least 
matching the expected 25-year lifespan of the 
bags — to allow Valley residents and visitors to 
enjoy the valuable natural resource as long as possible. NOTE: Opinions expressed in The Daily 
Item’s editorials are the consensus of the publisher and top newsroom executives. Today’s was 
written by Managing 
 
(Fixer upper.) 
City to vote on using bonds for dam project  
By Shweta Karikehall, Staff Writer, Aug 19, 2019, .thedailystar.com 
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Oneonta's Lower Reservoir Dam, NY improvement and repair project is set to receive additional 
funding through the issuance of bonds. The entire project will cost $1,366,000. The city received 
$641,000 through the Community Development Block 
Grant program as administered by the state Office of 
Community Renewal, and the city will finance the balance 
of the rest of the project — $725,000 — through the 
issuance of serial bonds, according to the Aug. 20 
Common Council agenda. The council will vote Tuesday on 
whether to issue the bonds.  The Lower Reservoir, along 
with Wilber Lake, is a main drinking water source for the 
City of Oneonta, according to the city's annual drinking 
water quality report for 2018. An inspection three or four 
years ago indicated that repairs to the dam were needed 
because of “wear and tear” over time, said Oneonta Mayor Gary Herzig. There is no emergency 
concern, he added. The city's water system serves 15,954 people who live in the City of Oneonta, 
and parts of the Town of Oneonta, according to the water quality report. The Common Council 
authorized working with C.T. Male Associates in March for design-phase engineering services in 
connection with the project.  After the repairs and improvements are finished, the dam will have a 
probable "usefulness," or amount of time before additional repairs are needed, of 40 years. 
 
The repairs include replacing some of the stone walls that line the spillway with poured concrete 
walls, which will last longer; raising the top of the dam to help it absorb heavy rain and high water 
levels with less chance of spillover; extending the dam's toe, which will help to prevent future 
erosion; repairing and replacing valves and pipes; and strengthening the banks of the waterway 
using "rip rap," Herzig said. A temporary bypass will be created, allowing water to come directly 
from the Upper Reservoir to the water treatment plant and bypass the Lower Reservoir dam 
temporarily so workers can drain the water behind the dam and do work on it, he said.   C.T. Male 
Associates is doing the engineering work and Jett Industries is doing the construction work, 
Herzig said. There is no proposed completion date for the project's finish, but work is ongoing, he 
said. Cleanup after recent removal of existing concrete walls could be seen at the Lower 
Reservoir Dam construction site Tuesday afternoon.  "Without the dam we do not have a 
reservoir to provide us with fresh water, so the maintenance of the dam, the proper ongoing 
maintenance, is a very high priority," Herzig said. 
 
 (Too many in need of repair.) 
'We're managing that risk': 13 of Oregon's 75 high-hazard dams located in 
Lane County 
By Stephanie Rothman for KVAL, August 22nd 2019, kval.com 
 
EUGENE, Ore.- Many of Oregon’s dams are in 
critical condition and that includes 13 of Lane 
County’s biggest reservoirs. Oregon has 75 high-
hazard dams. The "high" designation means that, if 
the dam fails, major damage and loss of life would 
follow. | Search Oregon Dams. Thirteen of those 75 
dams are in Lane County. Many of them are 
managed by the Army Corps of Engineers. Top ones 
include the dams at Dorena, Dexter and Cottage 
Grove reservoirs. Erik Petersen with the Army Corps 
says the dams do not pose an immediate threat to 
the public. “We have an active dam safety program that is constantly 
evolving our understanding as science changes, as conditions change," he said. "We know 
what's going on with our facilities, and we're managing that risk to a tolerable level at all times." 
 
 

Fern Ridge Dam 
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(No matter what kind of dam, you always find an opponent.) 
Flooding and fish vulnerability all being weighed in proposal for dam along 
Chehalis River 
A dam proposed to ease flood risks on the Chehalis River is drawing attention from 
supporters and critics alike, some concerned about the vulnerable fish population.  
Author: Alison Morrow, August 23, 2019, king5.com  
 
CENTRALIA, Wash. — A dam proposed for the Chehalis River is drawing a lot of attention. The 
dam's purpose would be to reduce flooding in the area south of Pe Ell in Lewis County, but some 
worry it would hurt vulnerable fish. ] A catastrophic flood in 2007 is often referenced by supporters 
who want the dam for the Chehalis River. "When I-5 closed in 2007 for five days, that not only 
affected the Chehalis basin, it affected the entire region and even the country," said Erik Martin, 
the Chehalis River Basin Flood Control Zone District Administrator.  
 
The proposed dam would be what's called a flow-through facility and it would only affect river flow 
during times of flood risk, according to Martin.  "Ninety-nine percent of the time, the river will flow 
just as it does today, right through the bottom of the structure," said Martin. The site would also 
include a trap and haul facility to transport fish upriver when the dam is working. Both the 
Washington Department of Ecology and the U.S. Army Corps of Engineers are preparing 
Environmental Impact Statements. If those statements include severely negative impacts on fish, 
Martin said, the project will be tabled. "Coming up with a solution to address that flooding is really 
important," said Mara Zimmerman, the Executive Director for the Coast Salmon Partnership. 
"What I want to make sure is that the impacts of salmon are fully considered." Zimmerman and 
others are concerned about how the dam could affect already declining salmon and steelhead 

runs. "I think people are very surprised that in 2019, we are talking about putting a dam up when 
we are spending so much time and effort taking dams down in other rivers," Zimmerman said. 
The spring Chinook runs are half what they were 20 years ago. Each year, the around 2,000; 
Coho numbers about 30,000 to 60,000 and Chum sits anywhere between 30,000 and 60,000. 
 
The dam is also drawing critics from fishing circles. "Our fish runs have been down for the last 
few years. It's been hard for fishing guides to make a living," said Brian Oldfield, owner of Brian's 
Fishing Company. Oldfield understands that the proposed dam is different than others, but he's 

From 2017, Salmon and Steelhead Species Run Sizes, provided by WDFW. 
 
 



 
Copy obtained from the National Performance of Dams Program: http://npdp.stanford.edu 

9 

still not convinced. "It is still taking away an area where there is one of the last remaining big wild 
steelhead runs in Western Washington," Oldfield said. "As a sports fisherman, I would not like to 
see that." The Washington Department of Fish and Wildlife said it's looking at different flood 
management options up to and including the proposed dam, but they have to evaluate the 
potential benefits and consider the harm a dam could cause to the river and fish.  "If you are 
throwing a dam on the main stem river, even if it is a dam designed to have relatively low impact, 
it’s going to make that challenge greater," said Michael Garrity, WDFW's representative on the 
Chehalis Basin Board. "We do think there has been enough degradation in the system and 

enough opportunity for restoration that right now it is sort of an open question about whether we 
can get to that net significant benefit with the dam or if you would have to do something with 
smaller impacts on the flood control side." 
 
(This is where it all starts.) 
http://terment.ru/en/?q=Federal+guidelines+for+dam+safety 
Federal guidelines for dam safety 
 
(Lotsa education material.) 
The National Dam Safety Program, Expert Video Series: Dr. John Lowe, III, 
Filters & Sinkholes, Rapid Drawdown Stability, FEMA P-719DVD/August 
2008, (DVD-ROM) 
Download site: 
http://terment.ru/en/?q=The+National+Dam+Safety+Program%2C+Expert+Video+Series%3A+Dr.
+John+Lowe%2C+III%2C+Filters+%26+Sinkholes%2C+Rapid+Drawdown+Stability%2C+FEMA+
P-719DVD%2FAugust+2008%2C+%28DVD-ROM% 
(That’s a fact Jack!) 
No satisfying those who hate dams  
tri-cityherald.com, August 27,2019 

 
The salmon spend most of their life in the ocean. We have had record 
salmon runs, with the dams in place. The Tri-City Herald has reported 
them over the years. Millions have been spent upgrading the dams so 

From 2017, Estimated Current and Intrinsic Habitat Potential of the Chehalis Basin, provided by WDFW 
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they can coexist with the salmon.  The dams are responsible for 1.5 percent loss of salmon. 
Bypasses around the turbines were built. Screens, over turbine water inlets, were put in place. My 
father-in-law’s company was one of the contractors to work on that project at Lower Monumental.  
We barge the smolts down river, to Portland, all at taxpayer expense. Where is the compromise 
from the ignorant environmentalists? The answer, my friends, is that there is none. They want the 
dams gone, period! 
 
(If they’re old and can’t be used for anything, take ‘em down.) 
The false hydro 'pollyanna' of too many dams 
reformer.com, August 25, 2019  
 
Aug. 23 was National Hydropower Day sponsored by the industry so you may hear or have heard 
something about hydroelectric dams. While listening to any "First Renewable" spiel there are a 
few other considerations about dams to keep in mind. Few tributary rivers or streams regardless 
of size have escaped dam building. There are more than 1,000 active and remnant dams in the 
four state Connecticut River Watershed alone. Dam building has gone on since the arrival of 
Europeans here in the 1600s but with most built since 1850. Now that we have moved away from 
direct waterpower to electric generation only a handful of these 1,000 dams, serve any economic, 
safety, or social function. 
 
When people read or hear about removing dams, they react with things like, "What about all that 
silt behind the dam: won't it smell and look ugly if the dam is removed?" or "Doesn't that dam help 
stop flood waters?" or "Can't we rebuild it and produce electricity?" Except in unique 
circumstances these are myths and do not balance the scales between the value to society and 
the harm to a river caused by dams. What about the myth of rehabilitating a dam for power 
generation. Old dams are expensive to rehab and usually require a complete rebuilding, the cost 
of which is way more expense than the power produced would ever repay. Over the last decade, 
dam removals have taken place all over America and real life experience shows that those mud 
flats once you remove the dam turn into natural riparian zones with plants and wildlife in as little 
as one growing season. Dams other than flood control dams do not stop or slow down 
floodwaters. If water flows over the crest of a dam during normal flow conditions, that dam has no 
flood storage capacity. Communities have found that removing old dams has actually eased 
flooding conditions, especially during ice out events because the river flows more naturally. 
 
(More on the Lower Snake River dams. A voice of reason.) 
Lower Snake dams need attention, critical thought 
Steelhead decline creates environmental, problems, but dams provide valuable resource 
for region 
By GUS WATERS, Evergreen columnist, August 27, 2019, dailyevergreen.com 

 
EDITOR’S NOTE: This story has been edited to reflect that steelhead are 
a species of trout, not salmon. Currently, the lower Snake River is home 
to four dams. The dams provide Washington and Whitman County with a 
slew of benefits including energy-efficient transportation, commercial 
recreation, irrigation water and electricity. While these benefits are 
enticing to many residents of Whitman County, they don’t tell the full story. 

With the construction of these dams on such a large scale, numerous environmental and 
economic problems have developed, including effects on the surrounding communities due to the 
decline in steelhead, a type of rainbow trout. Several environmental groups and Native American 
tribes are now calling to remove the four dams on the lower Snake River. “You can’t help but hurt 
fish populations with any dam,” said Allyson Beall King, associate clinical professor who 
specializes in water resources and environmental assessment. “You can’t fully mitigate the 
interruption that the dam has created.” This situation regarding the four dams is complicated, but 
having overzealous and unmoving opinions on whether we should tear down the Snake River 
dams won’t solve the problem and doesn’t reveal the whole truth. 
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The Snake River flows from the western edge of Wyoming to Hells Canyon and is one of the 
Pacific Northwest’s most important tributaries to the Columbia River. Many populations thrive 
because of the river, including the Chinook, Sockeye and steelhead that swim upstream for 
breeding. Various native tribes have fished the Snake River for thousands of years. The river has 
been dammed on an enormous scale since the construction of Swan Dam in 1901. The dams 
pose significant problems for Washington. One example is the decline of steelhead. Steelhead 
have faced problems as a species and are now listed as endangered. The cause of the decline in 
steelhead is complicated, but the construction of dams is a leading factor. The decline of the 
steelhead isn’t just an environmental problem though, it is also an economic problem as well. 
 
In 2017, due to the low steelhead population, the Idaho Fish and Game Commission had to close 
its steelhead fishing season. “Their decision hurt riverside towns … it is unfair to punish rural 
communities that depend on fishery-based economies,” according to the Idaho Rivers United 
website. Towns in Idaho are often dependent on tourism revenue that comes from people 
wanting to fish for steelhead and having this source of revenue disappear could devastate the 
future economy of many of these towns. Another economic impact caused by the lack of 
steelhead is the decline of the Puget Sound fishing industry. As many as 25,000 fishing jobs have 
been lost as a direct result of the Snake River dams, according to the non-profit coalition Save 
Our Wild Salmon.  This level of economic and environmental decline must be considered a 
negative consequence of the dams. 
 
That said, removing the dams also poses environmental risks. Significant amounts of sediment 
have built up on the upriver side of the dams. It would need to be removed for the river to revert 
to its original source. Removing this sediment is difficult. If it were to just be allowed to flow 
downstream, all the toxins in the sediment would wash down the Snake and into the Columbia, 
causing their own adverse side effects. If the sediment were to be relocated, the carbon 
emissions generated from the transport would be immense, and the sediment would end up 
elsewhere, and likely just leach back into the water supply. Removing dams is an immensely 
complex process, and while removal may have positive environmental and economic impacts, it 
would also likely have adverse consequences that are difficult to predict. The Snake river dams 
obviously has downsides, but it also has many benefits as well. “Residents of Whitman County 
and the producers and the farmers of this area benefit enormously because it is an avenue for 
effective and efficient transport for the product that they produce,” said Eric Jessup, research 
professor and director of the Freight Policy Transport Institute. “They would lose a very cheap 
way to transport their product to the market. It would lead to higher input costs and higher 
transportation costs.” Whitman County leads the nation in wheat production and exports most of 
its grain overseas. This would mean that Whitman county wheat would be less attractive to 
overseas markets, potentially damaging this region’s economy. 
 
The water from the Snake river is also crucial to irrigation, an integral part of Washington’s 
agricultural economy. Over 60 percent of the county’s energy comes from hydroelectricity, and 
the Snake River dam contributes to that figure, according to the Snakes River Dams website. 
Many parts of the dam serve as tourist destinations, as the high water levels can be used for 
recreational boat use and kayaking. These dams do good things. This issue is complicated and 
personal. It affects almost everyone, from taxpayers to farmers to fishermen. When you take a 
position on the dam, try to account for all of positives and negatives that your position entails. Try 
to have respect for one another’s diverse perspectives that may lead to different positions. 
 

Hydro: 
 (Some people understand the value of hydro.) 
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National Hydropower Day recognizes this reliable, renewable energy 
source 
August 23, 2019, alabamanewscenter.com 
 
For more than a century, Alabama Power 
customers have benefited from renewable 
hydroelectric power. Today, National Hydropower 
Day, Alabama Power is recognizing the power of 
falling water and its important role in helping 
provide reliable, affordable energy.  "Our company 
was founded on hydropower," said Herbie 
Johnson, Hydro general manager at Alabama 
Power. "Today, our hydroelectric facilities and 
reservoirs continue to serve our customers while providing a multitude of other benefits for our 
state."  The company’s first hydroelectric facility, Lay Dam, began operation on the Coosa River 
in 1914. Today, Alabama Power owns and operates 14 hydroelectric plants, which typically 
provide between 5% and 8% of the company’s annual energy mix.  
 
Meanwhile, the company’s 11 reservoirs provide more than 157,000 acres of water and more 
than 3,500 miles of shoreline for the public's use and enjoyment. Alabama Power operates 64 
recreational facilities on its reservoirs, including boat ramps, day-use parks, walking trails and 
fishing areas.  In addition to providing clean, renewable energy and recreational opportunities, 
Alabama Power’s hydroelectric facilities and reservoirs can help manage water flows during 
periods of heavy rains. Alabama Power reservoirs are also important sources of drinking water.  
Nationwide, hydropower was the largest generator of clean, renewable electricity, representing 
7% of U.S. electricity generation in 2018 and nearly 40 percent of renewable electricity 
generation, according to the National Hydropower Association. About 2,200 power plants make 
up the U.S. hydropower fleet, which employs more than 66,000 workers.  Learn more about 
Alabama Power lakes and the company’s hydroelectric operations at www.apcshorelines.com. 
 
(Even hydro water bottles are good.) 
The best water bottle we've ever tested 
usatoday.com, 8/25/19  
 
Stay hydrated all day long with a Hydroflask. Hydro Flasks are kind 
of a big deal in within the water bottle community. They come in fun 
colors and literally keeps your water cold for hours, which is 
essential whether you're on a long hike or just walking to class. In 
fact, Hydro Flask makes the best water bottle we've ever tested and 
we loved that it aced all of our tests while still having a lifetime 
guarantee. Right now, you can get one with a stylish REI Co-op 
logo for the lowest price we've ever seen. 
 

Environment:  
(They keep doing these studies, but it’s not the answer the 
dam removal folks want.) 
New analysis on lower Snake River dams 
By TJ Martinell, August 22, 2019, thelens.new  
 
As efforts continue in favor of breaching the lower Snake 
River dams to aid salmon and Southern Resident Killer 

Lay Dam & PH 
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whale recovery, NOAA Fisheries – also known as the National Marine Fisheries Service – is 
close to finishing a new analysis of the dams as part of an Environmental Impact Statement (EIS) 
prepared by three federal agencies. Previous studies done by NOAA Fisheries, including a 
biological opinion and its recovery plans, have concluded that removing the dams is unnecessary 
to help salmon and orca populations. The latest analysis looked at the effects of the dams and 
removing them in order to improve fish survival rates. The EIS process was started in 2016 as 
part of a U.S. Court order; later that year, a U.S. District Court judge issued a ruling which stated 
that the new EIS “may well require” breaching the dams. The EIS is expected to be completed in 
2020. 
 
The agencies developing the EIS are the U.S. Army Corps of Engineers, Bureau of Reclamation, 
and Bonneville Power Administration (BPA). Although the new analysis by NOAA Fisheries for 
those three agencies has yet to be released, Rich Zabel told Lens the analysis’ conclusions won’t 
be much different than past studies as to whether the dams should be breached. Zabel is the 
director of the Fish Ecology Division at the Northwest Fisheries Science Center in Seattle. 
“I would say at this point we’re not recommending it,” he said. “I would say we are interested in 
exploring habitat restoration. Breaching the dams would take an act of Congress, so I think in the 
short run we’re interested in pursuing as many activities outside of breaching dams.” He added 
that while there may have been “various degrees of support” for removing the dams, none of their 
previous studies have ever said it’s necessary or required. The analysis comes as the state 
legislature earlier this year approved a $750,000 study that would also examine the effects of 
removing the dams. Environmentalists and some tribes argue the dams impede fish passage and 
are contributing to their dwindling populations. According to Governor Jay Inslee’s Salmon 
Recovery Office, several endangered salmon species include the Snake River spring and 
summer Chinook, and their populations have not improved. Other endangered salmon that 
migrate through the Snake River include Steelhead, which is showing signs of progress, along 
with the fall Chinook which is approaching state recovery goals. The diminished amount of 
salmon is consequently blamed by some for the shrinking number of Southern Resident killer 
whales. 
 
However others, including NOAA Fisheries, highlight other factors harming both killer whales and 
salmon, such as sea lions. Others point to the electricity the dams provide – seven percent of the 
total state production – along with the agricultural benefits. Removing the dams would affect 
roughly 350,000 acres of private-sector agricultural lands and prevent the use of barges to 
transport 40 percent of the nation’s wheat production. There is also the cost to remove the dams; 
the BPA estimates it would take $1 billion to do so. Recently, an ECONorthwest study examined 
the tradeoffs of removing the dams, claiming that the agricultural impacts could be mitigated, 
though its conclusions are disputed by Washington Policy Center Agricultural Director Pam 
Lewison. Meanwhile, several public utility district (PUD) commissions such as Grays Harbor PUD 
and Cowlitz PUD have thrown support behind the dams. The most recent resolution in favor of 
the dams came in July from Mason PUD 3. 
 
 
 
 
Other Stuff:  
(Hydro is still cheaper than all of them. No hydro costs!) 
How to have an all-renewable electric grid  
August 22, 2019, Author David Timmons, theconversation.com  
 
The main solution to climate change is well known – 
stop burning fossil fuels. How to do this is more 
complicated, but as a scholar who does energy 
modeling, I and others see the outlines of a post-fossil-
fuel future: We make electricity with renewable sources 
and electrify almost everything. That means running vehicles and trains on electricity, heating 

Othe9 
Stuff: 
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buildings with electric heat pumps, electrifying industrial applications such as steel production and 
using renewable electricity to make hydrogen (similar to natural gas) for other requirements. So 
the focus is on powering the electric grid with renewable sources.  There is debate, though, about 
whether fully renewable electricity systems are feasible and how quickly the transition can be 
made. Here I argue that feasibility is clear, so only the transition question is relevant. 
 
Known technologies 
My research focuses on the economics of renewable energy. To demonstrate feasibility and 
estimate cost of renewable electricity systems, researchers use computer models that calculate 
potential production from different technologies at each point in time, based on changing weather 
conditions. A model reveals which combination of electricity sources and energy storage systems 
has the lowest cost while always meeting demand.  Many studies demonstrate that fully 
renewable electric grids are feasible in the United States, Europe, Australia and elsewhere. My 
colleagues and I recently completed a small-scale study on the island-nation of Mauritius. Islands 
are attractive places for initial renewable transitions because of their small scale, relative 
simplicity and dependence on imported fuels. There are a number of ways to make renewable 
electricity: hydro, wind, solar photovoltaics, geothermal and burning various forms of biomass 
(plant matter), besides improving efficiency to use less energy. These are mature technologies 
with known costs.  Other possibilities include wave, tidal and concentrating solar power, where 
reflectors focus solar rays to produce power. While these may be used in the future, the need to 
address climate change is urgent, and in my estimation, the mature technologies suffice.  
Opinions on nuclear energy run strong, which is another conversation. But models show that the 
United States does not need nuclear energy to retire fossil fuels.  
 
The grid of the future 

Renewable energy systems are location-specific: The best 
system depends on a location’s resources (is it windy?), its 
temporal pattern (how often is it not windy?) and availability 
of complementary sources (is there hydropower for 
backup?). Despite this location sensitivity, studies in 
disparate places are finding similar results.  Having a 
diversity of renewable sources can reduce costs. In 
particular, solar and wind are complementary if the sunny 
season is not the windy season; models find that a 
combination of both is typically less expensive than either 

alone.  For most technologies, larger scale reduces cost. For example, in the United States, 
large-scale solar farms can be more than 1,000 times larger than residential rooftop systems and 
about half the cost. To minimize cost, we build large systems. 
  
Because solar and wind conditions vary across the 
landscape, system costs fall as a production area 
grows, so there needs to be a robust electric grid to 
move electricity from places where there is supply to 
places of demand. We also need more electricity for 
applications like transportation that currently use fossil 
fuels. This means the grid must grow. Studies show 
that running an electric grid with variable renewable 
energy will include not using, or dumping, some energy 
at times, a strategy that reduces cost compared to 
always storing surplus energy.  Still, some form of 
electricity storage is needed. Batteries work well for 
smoothing short-term fluctuations, but for storing 
energy for many hours or days, pumped hydroelectric 
storage is less expensive. Pumped hydro uses any 
extra energy in the grid to pump water uphill, and when 
energy is needed, the water runs back down to generate power in a turbine. The United States 



 
Copy obtained from the National Performance of Dams Program: http://npdp.stanford.edu 

15 

has some existing examples and many feasible locations. With grid expansion, storage may be 
located at a distance from users. Hydroelectricity and biomass power are available on demand, 
so having these in a renewable electric grid shrinks the energy storage need and reduces cost. 
Both have environmental effects that must be managed.  
  
Hydropower can alter local ecosystems. Burning biomass emits carbon dioxide, but a study I 
worked on shows that biomass emissions are reversible and are clearly carbon-preferable to 
fossil-fuel emissions. Sustainability also depends critically on management of biomass fields and 
forests; the human track record on this has not been stellar.  
Renewable energy systems require land. A U.S. study shows that supplying all electricity from 
wind, water and solar would need 0.42% of land area, plus 1.6% of land area for space between 
wind turbines. Biomass energy requires much more land than wind or solar, so biomass must be 
a small part of the renewable energy solution. 
 
Real barriers are political and cultural 
A future renewable electricity grid with associated electrification may or may not reduce energy 
costs. But avoiding the worst effects of climate change means quitting fossil fuels, whether or not 
this saves money. Still, the renewable transition will be faster and politically easier if it is less 
expensive.  In Mauritius, our study finds renewable electricity costs to be similar to present costs 
there, based on current capital costs for renewable energy. Some studies also find costs for 
future renewable electricity to be lower than present fossil-fuel costs, in the likely event that costs 
fall as we build more renewable energy systems and get better at doing it. 
 
What it costs to generate electricity  
Biomass, coal and nuclear power are more expensive than wind, natural gas and utility-scale 
solar energy. 

 
And that’s it, from a technical perspective. A combination of renewable sources and energy 
storage – the specific combination depending on local conditions and preferences – can supply 
all the electricity needed at an affordable price, and will reduce air pollution to boot.  
But government policies are needed to make a transition to renewable energy. Climate change is 
an external cost – borne by society rather than by energy producers – so market forces alone will 
not make the transition. Besides putting a price on carbon (perhaps with dividends returned to the 
public), government could make it easier to build the needed infrastructure. And public support is 
needed: For example, public acceptance of transmission lines to move electricity from the windy 
Great Plains to city centers is another challenge for an all-renewable grid. A project on the scale 
of transforming the energy system will create jobs – many jobs – which is perhaps the economic 
measure of most importance to the citizenry.  Research from me and others shows that fully 
renewable electric grids are feasible with current technology at current prices; barriers to using 
renewable electricity are more political and cultural than technological or economic 
 
(Pumped Storage is the cheapest.) 
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Energy's Future - Battery and Storage Technologies 
By James Conca, Contributor, 8/26/19, forbes.com  
 
Opinions expressed by Forbes 
Contributors are their own. 
The efforts to lift our power generation 
and electrical grid into the 21st century is 
a multipronged effort. It needs a new 
generation mix of low-carbon sources that 
include hydro, renewables and nuclear, 
ways to capture carbon that don’t cost a 
zillion dollars, and ways to make the grid 
smart. 
Unlike solid batteries, like lithium-ion or 
lead-acid, that begin degrading after a 
couple of years, are fully reusable over 
semi-infinite cycles and do not degrade, 
giving them a very, very long life. V-flow 
batteries also become more cost effective 
the longer the storage duration and the 
larger the power and energy needs. But 
battery and storage technologies have 
had a hard time keeping up. And they are 
critical for any success in a carbon-constrained world that uses intermittent sources like solar and 
wind, or that worries about resilience in the face of natural disasters and malicious attempts at 
sabotage. 
 
This was pressed home this week by the Department of Energy’s decision to build a multimillion 
dollar electric grid research complex at the Pacific Northwest National Laboratory. And better, 
larger batteries are a main component of this research. Jud Virden, PNNL Associate Lab Director 
for energy and environment, noted that it took 40 years to get the current lithium-ion batteries to 
the current state of technology. We don’t have 40 years to get to the next level. We need do it in 
10. 
  
The storage market could top $100 billion in less than ten years. It’s not like we’ve been idle. We 
just haven’t been wildly successful. Battery technologies do keep getting better. Recently, Jack 
Goodenough, the inventor of the Li-ion 
battery, came out with a new fast-charging 
battery technology using that uses a glass 
electrode instead of a liquid one, sodium 
instead of lithium, and may have three times 
as much energy density as lithium-ion 
batteries. And in addition to batteries, we do 
have other technologies for storing 
intermittent energy, such thermal energy 
storage, which allows cooling to be created 
at night and stored for use the next day 
during peak times. At present, the most 
widely used storage method is pumped hydro storage, which uses surplus electricity to pump 
water up to a reservoir behind a dam. Later, when demand for energy is high, the stored water is 
released through turbines in the dam to generate electricity. Pumped hydro is used in 99% of grid 
storage today, but there are geologic and environmental constraints on where pumped hydro can 
be deployed. But we really need utility-scale chemical battery storage to deal with rapid 
intermittency in both generation (renewables) and demand (rapid changes in use throughout the 
commercial day). These need to be very large but very stable and long-lasting. 
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Lithium ion batteries are what we know now. They can 
pack a lot of energy storage in a small, light battery, 
making them the battery of choice in small electronics 
such as laptops and cell phones. But Li-ion batteries 
have too short an operating life and have issues such as 
rapid heat generation. For the near-future, they will 
dominate the small-volume niche such as personal 
devices and electric vehicles, but for the utility-scale 
commercial battery market, we need bigger systems that 
last longer. 
 
The latest technology to emerge is the vanadium redox 
battery, also known as the vanadium-flow battery. And 
the best one seems to be from WattJoule, especially 
because their cost is so much lower than other V-flow 
batteries. V-flow batteries are fully containerized, 
nonflammable, compact, reusable over semi-infinite 
cycles, discharge 100% of the stored energy and do not 
degrade for more than 20 years. The Earth’s crust has 
much more vanadium than lithium, and we produce 
twice as much V as Li each year. V-flow batteries are fully containerized, nonflammable, reusable 
batteries, using 100% of the energy stored. They use the multiple valence states of vanadium to 
store and release charges. Energy is stored by providing electrons making V(2+,3+), and energy 
is released by losing electrons to form V(4+,5+) across the central redox flow cell. To increase 
energy just use large tanks. To increase power just use larger stacks. 

 
Most batteries use two chemicals that change 
valence (or charge or redox state) in response to 
electron flow that converts chemical energy to 
electrical energy, and vice versa. V-flow batteries use 
the multiple valence states of just vanadium to store 
and release charges in a water-based electrolyte 
containing vanadium salts. V can exist as several 
ions of different charges in solution, V (2+3+4+5+), 
each having different numbers of electrons around 
the nucleus (see figure). Fewer electrons gives a 
higher positive charge. Energy is stored by providing 
electrons making V (2+3+), and energy is released by 
losing electrons to form V (4+5+). Flow batteries 
consist of two tanks of liquid, which simply sit there 

until needed. When pumped into a chemical reactor, the two solutions flow adjacent to each other 
past a membrane, and generate a charge by moving electrons back and forth during charging 
and discharging. 
 
This type of battery can offer almost unlimited energy capacity simply by using larger electrolyte 
storage tanks. It can be left completely discharged for long periods with no ill effects, making 
maintenance simpler than other batteries. Commercialization of vanadium flow battery systems 
has suffered from the high cost of the V. So you have to either store more electricity in the same 
amount of V through improved chemistry, and improved cell and stack designs. Or lower the cost 
of V. Or both. Said Greg Cipriano, VP Business Development and Co-Founder of WattJoule, 
“Working with our strategic partners, our proposed integrated, multi-metal extraction approach is 
the key to lowering vanadium prices. The old conventional way of metal extraction is inefficient 
and wasteful. Going forward this simply does not make economic or environmental sense.” 
  
Extracting multiple metals from the vanadium rich input source, either fresh ore dug out of the 
ground or slag, used catalyst or oily fly ash - what are considered industrial waste products – 
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provides additional revenue. The non-vanadium metals, such as iron, titanium, and nickel, are 
then sold at market prices which subsidizes the vanadium extraction. There is a lot of oily fly ash 
and coal waste to be had. This subsidy has been found to substantially offset the vanadium cost, 
and in some cases it can reduce the cost to zero. Contrast that with today's sale of vanadium into 
the highly competitive, cost driven commodity metallurgical market today which is a one-off 
transaction. 
 
These V-flow batteries can be quite large and best suited to industrial and utility scale 
applications. They could never fit in an 
electric car, so the Tesla battery is safe for 
now. But the V-flow battery outcompetes Li-
ion, and any other solid battery, for utility-
scale applications. They’re just safer, more 
scalable, longer-lasting and cheaper - less 
than half the cost per kWh.\ Storing energy 
for the future is becoming more important as 
power generation evolves and we need to be 
more creative, and less costly, than we’ve 
been so far. We have the tools - batteries, 
pumped storage, thermal - we just have to 
deploy them fast. Hence, the importance of 
the V-flow batteries. 
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