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Presenter
Presentation Notes
Together we will review one innovative strategy for Californian Waste Water managers to use to meet the challenge of our day. Three of the State’s key goals for water and carbon management that impact the wastewater community are:Recycling 2.5 million acre-feet of wastewater by 2030.�Reduce carbon emissions to 80 percent below 1990 levels by 2050.�Reduction in organic waste disposal in landfills 75 percent below 2014 levels by 2025.��



Climate Change manifes ts  firs t in California’s  Water. 
Challenge and Opportunity are California’s  Hallmark…

including Climate Change

This Photo by Unknown Author is licensed under CC BY-ND
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Climate Change manifests first in California Water. While a huge threat with rising sea levels, temperatures, fire and drought, climate refugee migration, it is not by any means alone. Climate Change along with poverty, population growth, energy costs, environmental degradation, COVID all call for a new way.  Business had adapted, Universities have adapted, and so must we.  So where do we fit into this picture?

http://www.rstreet.org/2014/08/06/californias-incomplete-prescription-for-reducing-climate-risk/
https://creativecommons.org/licenses/by-nd/3.0/


YOU have always  been key to Public Health, Robus t 
Economy and Social Wellbeing.
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Water Resource  managers, you, as Wastewater Managers are key to climate response, public health, a robust economy and general wellbeing. You protect California’s most critical resource: water. You rose to the challenge of COVID, detecting the virus in the effluent flows and informing Public Health.  You are addressing PFAS and PFOS and many other emerging constituents. Your legacy is to develop cutting edge solutions and tackle these challenges. Wastewater managers have always led the way to improved human and environmental health Today is no different. 



The Perfect Storm—Again.. but worse this  time.

Presenter
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So again we find ourselves in a drought.  And that is just the beginning of the storm.A study by Cornell U and the University of Arizona and US Geological Survey researchers looked at the deep historical record tree rings etc. and  the latest climate change models to estimate the likelihood of major droughts in the Southwest over this century.  The researchers concluded that odds of a decade long drought are “at least 80 percent”. The chances of the “megadrought” one lasting 35 or more years  stands at somewhere between 20% and 50%, depending on how severe climate change turns out  to be.  They project an “unprecedented 50 year megadrought one “worse than anything seen during the last 2000 years, checks in at a nontrivial 5 to 10%.  UC Davis Professor Jay Lund tells us today Northern California has received about 48% of average historical precipitation for this time of year.  This is the 3rd driest water year on record, so far.  Only 1924 and 1977 were drier in precipitation over the last 101 years.  Snowpack – Statewide snowpack is about 30% of average for this date. Temperatures – Temperatures have been warmer than historically. Warmer temperatures increased evaporation and dried soils much more quickly, further reducing streamflow, groundwater recharge, and stressing already-dry forests and aquatic ecosystems. Reservoir storage – Statewide, reservoirs are at about 74% of their long-term average.  Last year was dry, and this year’s runoff hasn’t helped.  Shasta, Oroville, Folsom, and New Bullard's Bar are all lower today than they were on this date in any year of the 2012-2016 drought.  This drought seems to be off to a faster start than the 2012-2016 drought.The Colorado River’s huge reservoirs are very low, 56% of average storage (only 41% of capacity). Colorado River drought plans are being triggered. There’s More!EMERGING CONTIUANTS,�Science reveals emerging constituents, pharmaceuticals, PFAS, PFOS etc. and innovation and Technology gives us to tools to address those constituents at a high cost. Treatment is expensive and ratepayers have their limits. AGEING INFRASTRUCTUREThe American Society of Civil Engineers gave our drinking and wastewater systems a D grade. REVENUE Great deal of our ratepayers are in poverty and are unable or unwilling to pay for for their water treatment. The crisis heightened the financial vulnerability many ratepayers face and spotlighted the larger issue of water affordability. The State Water Resources Control Board, after surveying water agencies about unpaid bills, reported in January that about 12 percent of California households, some 5 million people, are behind on their water bills with an average debt of $500 per household. The figure has grown steadily since then, approaching a collective $1 billion.FragmentationWater systems in the US were designed, built, and commissioned in the 20th Century. They were designed to be fragmented and evolved to be more so. CLIMATEClimate Change is here and demands action.  The environment has changed, the expectations of you have changed and while you have delivered well in the past today’s calling required a new process now strategies. At every level. How to we respond to this moment?  



Call to Action
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Water utilities are responsible for providing an essential, uninterrupted service in the face of a number of stark challenges. In addition, the fragmented governance of drinking water, wastewater, and stormwater limits opportunities to leverage funding and advance integrated solutions. Utilities recognize that the current model is not sustainable to provide essential services; they are finding new ways to cooperate, share services, and identify new revenue streams. Managers have done well, but today our physical and social environment is fundamentally changing.The Call to action put together the puzzle pieces of our fragmented siloed system of water management to reveal the big picture find synergies and efficiencies. The call to action today is even greater to make water sustainableThere is no stationarity, the past will no show us the way.  Working harder at what we have done in the past will not meet these challenges. We have a new opportunities to look upstream and downstream.  We are on a path to disaster if we don’t radically change what we are doing.If you are unclear how how all the pieces fit together. If these challenges seem overwhelming, they are, but you can change that. 



California can have a a res ilient s us tainable , energy efficient future  
with thriving rate  payers  and a robus t economy.

You can turn things  around before  it is  too late .

Reframe your res pons ibilities  to s ee  s olutions . 

This Photo by Unknown Author is licensed under CC BY-SA
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Water utilities throughout the country are recovering nutrients, reclaiming water, and producing energy from waste streams—all of which help reduce carbon and nitrogen emissions to the atmosphere and generate power and heat. Water utilities are using biogas cogeneration, wind turbines, heat exchangers, and solar systems to recover and produce net energy positive facilities. They have embraced the idea that wastewater treatment plants can be transformed into resource recovery facilities, as some produce more energy than required for their operations and sell the excess energy back to the grid. Similarly, biosolids management has evolved from a “disposal” problem to a “reuse” opportunity. Furthermore, if you look upstream and down stream within your watershed you will find synergies, efficiencies and innovation by working together.  A resilient sustainable, energy efficient water treatment system with happy rates payers, robust economy.  A community we want our children and grandchildren to enjoy and thrive in. You can turn things around before it is too late. Reframe your responsibilities so you can see solutions.  Think about how water is used and discharged throughout your watershed. Your responsibility is more than water treatment. You are called to tap into new opportunities to create efficiencies, break down barriers and remove obstacles. One Water can create solutions

https://www.wondermondo.com/figueroa-mountain-poppy-fields/
https://creativecommons.org/licenses/by-sa/3.0/


US Water Alliance

One Water is  a  
trans formative approach 

to how we view, value, 
and manage water. 
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One Water is a transformative approach to how we view, value, and manage water.  With One Water you make every drop work to address multiple beneficial uses, save energy and costs. In the past, perhaps you were only concerned with wastewater treatment but for a long time you have been concerned with these 6 issues. The One Water approach envisions managing all water in an integrated, inclusive, and sustainable manner to secure a bright, prosperous future, for our children, our communities, and our country. One Water approaches are progressing in multiple arenas: from using advanced technologies to recover nutrients and energy from wastewater; to using green stormwater techniques to mitigate flooding while beautifying neighborhoods; to undertaking watershed level planning and collaboration to address water quality issues; to implementing innovative financing and partnership models. A One Water approach can take many different forms, but has some unifying characteristics. Beyond the Status QuoTrusted systems and infrastructure that have worked efficiently and effectively—out of sight, out of mind—in pipes beneath our cities no longer are enough. The silent culture of the water industry is over. Thankfully, water management in the U.S. is entering another era of change and innovation. There is no shortage of new ideas and technology development. Engineers are doing what they do best: designing and building systems to address our most pressing needs. Yet success depends on more than their technical merit; the way we implement them in a rapidly changing society matters. Our water resources, systems and infrastructure have reached a tipping point, as well as the way we innovate and manage water. The One Water Movement“One water” is the recognition that all water has value, and it is a movement to actively manage it in a sustainable, integrated and inclusive way. This involves complex and interwoven solutions with partners across jurisdictions. One water is a breakdown of historical silos within the water sector, but also among all the other stakeholders who influence, and are influenced by, the management of water resources. This includes community and business leaders, industries, farmers, environmental advocates, conservationists, policymakers, academics and others. The movement calls utilities to step up as anchor institutions within their communities to achieve six goals (Figure 1):Reliable and resilient water utilities;Thriving cities;Competitive business and industry;Sustainable agriculture systems;Social and economic inclusion; andHealthy waterways. Why One Water? Water is a cornerstone for each of these goals, and many of these goals are interdependent. Taken together, one water can lead to tangible progress in how we manage water resources in the U.S., but water managers and operators cannot achieve any one of these goals alone. As rates increase, so do community expectations for the accessibility and transparency of their utilities. This complexity brings forth the need to work across boundaries and improve the public’s understanding and support of innovations in the water sector. Utilities must engage with their customers; engineers are learning the importance of communicating their technical work; and communities are holding their utilities accountable. 



Watershed-scale thinking and action. 

This Photo by Unknown Author is licensed under CC BY-SA
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Managing the water resources at the watershed scale, while difficult, offers the potential of balancing the many competing demands we place on water resources.  The watershed approach acknowledges linkages between uplands and downstream area, and between surface and ground water and reduces the chances that attempts to solve problems in one realm will cause problems in others.  Watershed management integrates all the various human activities that occur on a given area of land that have effects on or affected by water.  We focus on all sources of pollution within the watershed as a whole rather than on types of sources or on the arbitrary political boundaries of counties and municipalities.  With this perspective we can plan long term sustainable solutions to many natural resources problems.  We can find a better balance between meetings today’s needs and leaving a sound resource legacy for generation to come.  The One Water approach recognizes that water must be managed in ways that respect and respond to the natural flows of watersheds. It is within the watershed context that communities must reconcile their water demands with the imperative to sustain the resource for future generations. Watershed level management brings together regional partners from within and beyond the water sector in joint planning and collaborative action to protect the shared natural resource that is essential for health, agriculture, industry, aquatic species, forests, wildlife, recreation, and life itself. Once you see the whole watershed, its hydrology, economy, demographics, you can solve for your own district. 

http://www.progressive-charlestown.com/2015/09/a-new-analysis-and-approach-to.html
https://creativecommons.org/licenses/by-sa/3.0/


A sys tems  approach. 

This Photo by Unknown Author is licensed under CC BY-SA-NC
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Regulatory, financial, and governance structures have put water into separately managed silos for drinking water, wastewater, and stormwater. The stovepipes have been reinforced at every level of government—from the Clean Water Act and Safe Drinking Water Act at the federal level, to how water rights and regulation are managed at the state level, to the fragmented nature of how local utilities and city agencies are organized.  One Water embraces water’s complexity and interdependence, the multiple actors that affect water resources, and the ecosystem’s reliance on those resources. One Water recognizes that if we tackle problems based on the complete life cycle of water and larger infrastructure systems—rather than limiting ourselves to one piece of the equation—we can identify and advance more effective and lasting solutions. 

https://ocw.mit.edu/courses/engineering-systems-division/esd-342-advanced-system-architecture-spring-2006/
https://creativecommons.org/licenses/by-nc-sa/3.0/


Focus  on achieving multiple benefits . 
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International Water Association. One Water leaders design and implement projects and programs with a focus on achieving multiple benefits—economic, environmental, and social. Solving today’s water problems requires breaking down barriers not only within the water industry, but also among all the other stakeholders who influence, and are influenced by, the management of water resources. This includes community and business leaders, industries, farmers, environmental advocates, conservationists, policymakers, academics, and many others. With multi benefits you can share costs and liability.   Many partnerships generate cost savings of .40 on the dollar. 



Inclusion and engagement is key. 

Equitable Solutions for Water Scarcity
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The Public Policy Institute of California tells us more than a third of Californians are living in or near poverty. Nearly one in five (17.6%) Californians were not in poverty but lived fairly close to the poverty line . All told, more than a third (35.2%) of state residents were poor or near poor in 2018.  These are your rate payers and their ability to pay will affect your revenue stream.“One Water is not just about efficiency and the life cycle of the drop,” says Radihka Fox while at the U.S. Water Alliance. “It’s also about equity and other outcomes that we want.” Since the Progressive Era, to fight waste, fraud, and abuse, water was organized into special districts, away from politics to isolate specific functions, such as drinking water, wastewater and flood control. These were separated from land use, which has great impact on water. Special districts are run by technical professionals and over time each developed finely tuned curriculum, cultures, language, and the regulations that govern them.  When politics was removed, so were the people. The idea developed that water was too complex for the people to understand and best be left to the professionals. Today this independence undermines IWRM goals of considering public concerns, particularly of economically disadvantaged groups. Lower income people are more likely to lack access to clean water under current water management structures, and many are at risk from climate change impacts, such as flooding, because they live in low-lying areas. “If whatever infrastructure strategies or planning we’re doing don’t take those things into account, we really haven’t achieved One Water because we’re taking care of some, but we’re not taking care of all,” says Fox.Inclusion and engagement of all. One Water recognizes that when all people have a stake in ensuring a water secure future, we achieve the best results. It is a challenge to bring equity issues to the fore, and one needs to address is intentionally by developing consultation processes. This can be difficult for agencies that have a technical focus.



Break out  # 1.
What Questions do you have about One Water?

Discuss with you breakout partner and be 
prepared to share in the chat or in person when 
we return in 2 minutes.



How do I implement 
One Water?
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You have all heard of IRWMP.  Integrated Regional Water Management Program is the Program run by CA Department of Water Resources and is predicated on the International known Integrated Water Management principles which is the precursor to One Water.   This graphic from American Rivers lays out a process that you could use for One Water. 



Partnerships  for progres s . 

Graphic credit: Mahro Zaman Oct 24, 2018 Entrepreneurs
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Integrated planning across the water cycle One promising strategy to overcome the fragmented nature of water governance is coordinated water resource planning among utilities and other stakeholders in a region or watershed. The movement towards “One Water planning” recognizes that no community can go it alone, and that what happens in one part of a watershed impacts another. For example, the decisions made by a community sitting at the headwaters impacts water quality down stream. Utilities, metropolitan planning organizations, and other regional organizations are assuming lead roles in bringing together various stakeholders to plan for and balance multiple water needs within a community. Partnerships are necessary for another reason. There is not enough money in the system to pay for the necessary innovations and solutions one by one or one off.  It is economically efficient to invest to address the source of the problem even if that is not in your jurisdiction.  Many partners sharing in an expense shares risk as well of the cost of the solution.  



Presenter
Presentation Notes
The first one water project was built in the 70s. Orange County Water District became aware of increasing salt levels being delivered to them via the Santa Ana River. The River drains the upper Watershed which is naturally salty but became even more so with extensive diary operations.  Orange County invested in the upper watershed outside of their jurisdiction which was matched by districts  WESTERN MUNICIPAL WATER DISTRICT, San Bernardino Valley Municipal water district, the inland Empire utilities district and the Santa Ana watershed project authority.  Desalter‘s were built to remove salt from ground water that would otherwise rise into the river and go to Orange County. The Brine Line controls and conveys the brine to the Orange County Sanitation District where it is treated and released to the ocean.The Brine Line removes 500,000 pounds of salt per day. The Brine line supports a host of industries in the England Empire who need ultra low TDS water or whose discharge is not acceptable to POTWs.  Biotech Manufacturing• Pharmaceutical Companies• Electronic Parts Manufacturers• Power Plants• Co-Generation Plants• Medical Supply Manufacturing• Water Purification Plants• Bottled Water Facilities• Ion Exchange Facilities• Computer Chip Manufacturers• Commercial Laundries• Food and Beverage ProcessingThe desalting process delivers sweet water that add to the Inland Empire water supplies.  
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California’s Salinas Valley offers a One Water model. Ag was pumping groundwater causing salt water to  intrude into aquifers from the coast. In the mid-1990s, the Monterey Regional Water Pollution Control Agency, now renamed Monterey One Water, began providing farmers with recycled wastewater to irrigate 12,000 acres (4,900 hectares) of food crops, the largest such project in the world.         



Santa Clara Valley Water Dis trict Deploys  
Water Reuse on a Mass ive Scale 
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In Silicon Valley, most of the farms have long since been replaced by companies like HP, Apple, and Google; the growing region requires careful water management and stewardship from the Santa Clara Valley Water District. In July 2014, it opened the $72 million Silicon Valley Advanced Water Purification Center to help diversify and stretch water supplies for an area grappling with drought, changing weather patterns, and water service issues amidst a thriving economy and growing population. As the primary new water resource for Silicon Valley, the purification center—the largest of its kind in Northern California—produces 8 million gallons a day of high-quality purified water from recycled wastewater that is primarily used for landscaping and industrial cooling. The facility takes water that has already gone through two levels of wastewater treatment and puts it through three additional high-tech cleansing processes—microfiltration, reverse osmosis, and ultraviolet light disinfection. Instead of being released into the bay, this high quality purified water is distributed through the regional recycled water system, which serves approximately 835 industrial and municipal customers who are heavily reliant on water to do business. Compared with standard recycled water, The Santa Clara Valley Water District’s Silicon Valley Advanced Water Purification Center in San Jose, CA. Courtesy of Santa Clara Valley Water District.  



One Water LA 2040
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The City of Los Angeles embarked on the One Water LA 2040 Plan to provide a strategic vision and implementation plan to manage all types of water resources–surface water, groundwater, potable water, graywater, wastewater, recycled water, and stormwater–as “One Water.”This is a collaborative planning effort of Los Angeles Sanitation (LASAN) and the Los Angeles Department of Water and Power (LADWP). Through a stakeholder driven process, the plan identifies both near and long-term integration opportunities that include the entire urban water cycle to benefit LASAN, LADWP, and many other city departments and regional agencies. The Plan guides the City to implement billion-dollar water infrastructure, water supply, water reclamation, recycling, and stormwater management projects to make Los Angeles a more sustainable and water resilient City.LA is building resiliency into every aspect of its water management strategy. This required unprecedented collaboration and has become an industry benchmark for developing a One Water framework to manage the urban water cycle.



The Hydrologic Cycle
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That  drop makes the never ending cycle is the same drop when the dinosaurs roamed the earth. Nature has always recycled. Water is finite and older than earth itself, but it’s uses are infinite. The same drop is treated and used many times before released to the ocean or receiving water. The water drop is finite but also infinite as it is used repeatedly before evaporating and returning again. 



The water drop is  finite  but also 
infinite  as  it is  used repeatedly. 

East Bay MUD
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This is how East Bay MUD see the water drop through its multiple uses. In this systems approach, the entire water cycle is integral to One Water. The water drop seamlessly travels through the water cycle as snow, rain, flood, stormwater, groundwater, treated drinking water, wastewater, water stored behind a dam and surface water for the environment, people, industry and agriculture each affected by land use. Yet water management is generally fragmented by different disciplines and agencies, each with their own protocols, structures and regulatory regimes. Without partnerships or regional agencies, no one agency has the authorities, knowledge or jurisdiction to seamlessly manage



• Leverage exis ting financial and 
infras tructure as sets

• Minimize capita l, O & M, and life-cycle 
cos t 

• Pursue innovative, non-traditional 
revenue-generating concepts

How do we pay for these Innovations?

Presenter
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Hopefully there will be $2.3Trillion dollar physical infrastructure package. While that is a lot of money, many have already spent it.  While I can’t say for certain, I would imagine that with Radhika Fox as the Lead for EPA Office of Water, a day one appointee in the Biden Harris Administration.  As you may know, Ms Fox, most recently as the US Water Alliance, one of the largest proponent for One Water. I would not be surprised to see One Water principles reflected in the new infrastructure bill. 



How do you impact 
downs tream agencies? 

Presenter
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Innovative water utilities are also transforming themselves as responsible managers of valuable resources, partners in local economic development, and proactive members of the watershed community who are working to deliver maximum environmental benefits at an affordable cost. Water utilities are proactively pursuing new strategies that combine water conservation and efficiency, major water reuse projects, rainwater harvesting, and other approaches.�Consider if you are an inland district and wish to build a recycling plant to provide irrigation water to your community.  Will you take your your highly treated discharge currently discharged to the river where is provides groundwater recharge, environmental flows and drinking water for the next community to treat and deliver to their community?



How do ups tream 
agencies  affect you?

Presenter
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Is there a pollution problem that orientates upstream, such as salt, nitrates or any others that if addressed higher in the watershed would be less expensive to control?  Rather than have every district down gradient treat for the problem independently. 



Break out  # 2.
How do your operations impact upstream and 
downstream users? How are you affected by 
them?

Discuss with you breakout partner and be 
prepared to share in the chat or in person when 
we return in 2 minutes.



What Obs tacles  should I 
anticipate when I 

implement One Water?
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Well, there are a few challenges.  



Institutional 
Boundaries

Basin
Boundaries

Ins titutional Boundaries  vs . Watershed Boundaries .

Presenter
Presentation Notes
This natural boundary rather than political or jurisdictional lines governs the geographic scope. Natural Boundaries are inconsistent with established institutions’ jurisdictional boundaries, authorities and “turf”. Staff must travel outside of their “area” to work with others on problems which affect their agency. Beyond issues of stretching professional comfort when stepping outside of topical areas of expertise, one common concern is that staff may not have (or believe they have) the authority to operate outside their agency’s jurisdiction. This is only difficult because everyone single person is being paid to think in terms of their own institution, their political subdivision, their agency. There are a precious few who are paid tasked to think in term of the watershed. .. 



Do we have the skill s et to partner?

This Photo by Unknown Author is licensed under CC BY-NC
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Reaching effective compromises IWRM’s goal is to reach win-win solutions to interrelated social economic and environmental problems, so that no one goes away seriously displeased. This requires engaging in face-to-face negotiations among the major stakeholders, and being willing to compromise.This can be hard for traditional single-purpose agencies.  Despite the commonly heard adage in the western United States that “water is for fighting over,” water agencies tend to avoid conflict, and most managers have not had the benefit of conflict management training. They are expected to solve their problems without imposing on their neighbors. This self-reliance also means they seek to optimize for their agency’s goals, rather than seeking cross-jurisdictional solutions and compromises. Most water engineers would prefer to solve problems with investments in new infrastructure, thought to be more dependable than people and organizations outside of their control. 

http://www.pngall.com/negotiation-png
https://creativecommons.org/licenses/by-nc/3.0/


Harvard Business Review, Eight Dangers of Collaboration by Nilofer Merchant.   December 01, 2011
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This is from the Harvard Business Review, Eight Dangers of Collaborationby Nilofer MerchantDecember 01, 2011The “dangerous” nature of collaboration and a lack of the skillset needed to successfully employ Collaboration has frustrated progress even among the most dedicated. The critical skillset falls generally in the realm of “soft skills” such as capacity building, creating trust, community stakeholder needs, collaboration, negotiations, conflict resolution, shared governance, and leadership. Today’s highly technical water managers need training in these skills.�Looking ahead, our water future will be determined by how talented and skilled the new generation of leaders are, and whether they will be able to navigate these existential water challenges. They are ready, teachable, and come with greater collaborative skills than the current water leaders. But they will need much more support and training to change the water legacy of the 20th Century to address the challenges of the 21st Century.�Collaboration has been proven to have a strong corollary to innovation.Research show it works best for organization that need to solve problems across different part of the business, where cross pollination of idea improves the outputIn 2017, The Water Solutions Network began developing it’s program to bring water professionals along with Ag and NGOs to learn these very skills and to develop trust and enduring working relationships within Watersheds.  They have graduated 75 professional so far and currently another 24 are working together from the Central Valley. 

https://hbr.org/search?term=nilofer%20merchant
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From Daily. Dose Collaboration is not about gluing together existing egos. It’s about the ideas that never existing until after everyone entered the room. Ethic of cooperation over competitionEthic of seeking maximal benefit with minimal harmEthic of inclusiveness and broad definition of expertisePeople, policies and process over pipes, pumps and plants. The Solution is and we are seeing this now a  curriculum that include conflict resolution, negotiation, collaboration, the soft skills will get us through. As you move up the hierarchy of organizations the pressure to optimize for the agency who pays you intensifies and it is unreasonable to ask those to suspend their alliance and thing on the watershed level without the necessary skills to do the job. 



Break out  # 3.
What Obstacles do you anticipate? 

Discuss with you breakout partner and be 
prepared to share in the chat or in person when 
we return in 2 minutes.



Again, you can protect and improve human 
and environmental wellbeing.

QUESTIONS?

Presenter
Presentation Notes
Problem solving is about making what you don’t want go away.  Creating a new involves bringing something you care about into reality such as sustainability, water reliability and quality.  We are shifting the conversation from the familiar avoiding something bad to doing something positive and new.  Shifting the conversation from problems to possibilities.  It all comes down to choice and the capacity to focus on a vision of what we truly desire instead of what we seek to avoid. 



Special Thanks  to:

US Water Alliance One Water Roadmap: 
The Sus tainable Management of Life’s  Mos t Es s ential Res ource 

Wyatt Troxel, WTrScience Group

Dr J ay Lund, UC Davis
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