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ABSTRACT OF THE DISSERTATION 

 

Health Impacts of Expanding Urban Recycled Water Use in California  

 

by  

 

Sharona Yael Sokolow 

 

Doctor of Philosophy in Environmental Health Sciences  

University of California, Los Angeles, 2017  

Professor Hilary Godwin, Chair 

 

The overarching goal of the work described herein is to elucidate how expanding recycled water 

systems throughout California would impact human health and how we might lower barriers to 

the expanded use of recycled water in this region. We focused on three topics: (1) comparing the 

health impacts of expanded use of recycled water to other water conservation strategies in 

Southern California; (2) conducting a detailed case study on the financial costs, greenhouse gas 

emissions, energy and health of different water source scenarios for Long Beach Water District 

(LBWD); and (3) interviewing public health and water industry professionals to understand 

barriers to expanded use of recycled water in California. Based on our first study, we concluded 

that expansion of recycled water has the potential to yield greater net health benefits than other 

water conservation strategies in Southern California, when the full range of health impacts of 

water conservation strategies, including those related to energy use and human health, are taken 
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into consideration. In our second study, we found that maximizing recycled water use in LBWD 

would lower energy and greenhouse gas emissions and be more cost effective than other water 

source options by as early as 2025. In our third study, we found that critical stakeholders 

perceive that the majority of the barriers that prevent expansion of recycled water use in 

Southern California fall into the following categories: regulatory restrictions, infrastructure costs, 

lack of funding, requirements for new technology, adverse health effects, and negative public 

perception of recycled water. Taken together, these studies provide clear insights into the 

advantages associated with expanding use of recycled water in Southern California, the gaps 

between perceived and real barriers to expanded use of recycled water, and how committed 

stakeholders—including those in the public health profession—can help ensure that water 

solutions that benefit our region’s health are pursued going forward.  
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CHAPTER 1 

 

Introduction and Overview of the Organization of the Thesis 

 

California is currently facing its most severe drought of the past 50 years and is projected to 

experience increasingly severe and frequent droughts in the future as a result of climate change.1-

5 The same trends are expected for the American Southwest as whole, including regions that 

currently supply Southern California with the majority of its water.1 As a result, Southern 

California’s current reliance on imported water is not sustainable, and a top priority is to identify 

more sustainable approaches to supplying water for California and its growing population.6 

 

The need to increase the safety and reliability of the water supply is not exclusively a California 

issue, but rather a global problem. Water is essential for maintaining the health of the population, 

through needs such as personal hygiene and maintenance of agricultural production. A safe water 

supply is not accessible for millions of people across the world. Estimates suggest that 750 

million people worldwide7 (1 in 9 people) do not have access to safe and clean drinking water — 

a number expected to increase with the onset of climate change, rising greenhouse gas (GHG) 

concentrations, and increasing populations.8 In California, some of the most significant projected 

impacts of climate change on health include: (1) increased incidence of temperature-related 

illness and death, more air-pollution-related illness and death; (2) increased morbidity and 

mortality associated with sea level rise and wildfires; and (3) food and water shortages related to 

increasing temperatures, changes in precipitation patterns, and increased frequency of extreme 

weather events.2  
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Since 2009, California’s legislature has made several advances toward protecting the state’s 

water supply and promoting water conservation. In 2009, California’s legislature passed the 

largest-to-date water legislation package in state history, which included Senate Bill x7-7 (SBx7-

7). SBx7-7, a key component of the legislation, mandated a 20% reduction of urban water use in 

all water districts across the state by the year 2020.9,10 In 2014, to deal with California’s 

prolonged drought, voters approved an even larger water legislation package, Proposition 1. 

Proposition 1 includes a one billion dollar bond to support California’s water needs, including 

$725 million for recycled water projects.11 Most recently, in the spring of 2015, California 

Governor Jerry Brown called upon urban water suppliers to cut water use by 25% from baseline 

2013 usage levels.12 

 

In addition to policies to promote sustainability of water sources and conservation, researchers 

have determined that one method to improve the sustainability of California’s water supply is 

through expanding use of recycled water, both for potable and non-potable uses.13-16 Integrating 

recycled water treated for potable reuse into supply systems can help boost drinking water 

supplies from local sources that otherwise rely on energy-intensive imported water or 

groundwater.5 Recycled water treated for non-potable reuse, such as landscape irrigation, can 

indirectly benefit supplies of drinking water by decreasing the amount of high quality potable 

water used for landscape irrigation and other applications that do not involve direct human 

contact.14 In urban settings, expanded use of recycled water has great potential to reduce the need 

for costly, energy-intensive imported water.3,5,17 Across the world, use of recycled water for both 
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potable and non-potable purposes has been successful in improving water sustainability within 

water scarce regions.13-16,18   

 

One barrier to implementing recycled water specifically for potable uses is the fear that the water 

is unclean, or that it may cause disease.19-23 In general, research suggests that health risks 

associated with recycled water are minimal.18,24,25 Toxicological health risk assessments 

conducted for potable reuse projects in Tampa24 and Denver25 exposed rats and mice to varying 

concentrations of recycled water treated for potable reuse; these studies did not demonstrate any 

reproductive, developmental, or chronic toxicity from consuming recycled water treated for 

potable reuse. Additional toxicological studies conducted by the National Research Council 

evaluated long term toxicity exposure assessments of 150x and 500x recycled water 

concentrations in fish over multiple generations, implemented in Singapore and Orange County; 

these studies found no statistically significant differences in morphology, reproduction, or gender 

ratios in offspring or mortality. Over multiple generations, exposure to the recycled water 

concentrates did not cause estrogenic or carcinogenic effects within the fish.26 A study by the 

National Research Council used quantitative comparative risk assessment to determine potential 

risk associated with specific contaminants that may be present in recycled water treated for 

potable reuse, including pharmaceuticals, personal care products, and classes of contaminants 

including nitrosamines, disinfection byproducts (DBPs), hormones, pharmaceuticals, 

antimicrobials, hormones, flame retardants, and perfluorochemicals. These results were 

compared to those obtained for water from conventional drinking water plants originating from 

three places: (1) surface water; (2) groundwater; and (3) water treated by microfiltration, reverse 

osmosis and advanced oxidation.18,27-31 Contaminant levels were measured within each water 
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supply sample and compared with each other. These assessments suggest that the levels of 

contaminants in recycled water that has been treated by microfiltration, reverse osmosis, and 

advanced oxidation do not exceed levels in existing fresh potable water supplies.18,31As a result, 

these and other authors have estimated that expanded use of recycled water that is treated for 

potable reuse would contribute relatively little to the total United States disease burden18,32 

Maintaining low risk associated with recycled water for potable reuse requires strict adherence to 

treatment standards for recycled water; water that is not treated to the appropriate level can pose 

health risks.33,34 Some constituents, such as microbial pathogens and trace organic chemicals, 

have the potential to affect human health, depending on their concentration and routes of 

exposure.32,33 Pathogens are of particular concern because of their acute human health effects; 

viruses require special attention because of their low infectious dose and small size.14,33,35,36 

Furthermore, because recycled water is utilized for many potential applications, the contaminants 

of concern depend on the end use.14,33,35-37 For example, contaminants in treated water that may 

have health effects may not be problematic in industrial or irrigation applications where human 

exposure is limited.14,33,35,37 All told, however, prior studies suggest that health concerns about 

recycled water can be addressed with available treatment technologies.18,32,36  

 

We chose to focus our research on another environmental health policy issue facing the water 

and public health communities. With a focus on recycled water, we examine how different water 

sources are both affected by and affect climate change, and how intermediate factors related to 

water source choices have the potential to affect health.  While it is widely accepted that climate 

change will affect the quantity and frequency of droughts and floods across the world,2,8,38 what 

is less recognized is how changes in water sources and water resources management will be 
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affected by climate change and how, downstream, these decisions may impact health. To better 

understand how climate change and water source decisions may impact health, we chose to take 

a holistic view of factors decision makers may consider. Factors we considered with potential for 

downstream health impacts include: (1) sustainability, (2) water quality, (3) energy demand and 

(4) GHG emissions, (5) overall costs, (6) technical feasibility, and (7) public perception of each 

water source. For example, energy demand can differ considerably among water sources, and 

decision makers should understand how energy differences have the potential to affect health. 

One pathway through which energy demand can affect health is during production, where energy 

produced via coal-fired power plants release GHGs. Increases in energy production result in 

increases in GHG emissions, which can both contribute to air pollution and exacerbate the 

effects of climate change through increasing regional temperatures.2,39 Air pollution may result 

in health-related impacts through to respiratory disease, and increased regional temperatures may 

result in health-related impacts through heat stress or heat stroke.2,39 By focusing our research on 

a holistic of view water source decision making, we further explored a pathway through which 

water sources have the potential to impact public health in the future. 

 

In this thesis, we examined the issue of expanding recycled water in Southern California through 

the lens of a public health professional. In Chapter 2 of this thesis (previously published in the 

American Journal of Public Health),17 we specifically explored how the health impacts of 

expanded use of recycled water in Southern California compare to the health impacts of other 

effective water conservation strategies. This research originated from a comprehensive health 

impact assessment (HIA) of different water conservation strategies.40 We found that energy and 

costs associated with California’s water system have the potential to affect health. Thus, in 
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Chapter 3, we created a holistic framework for determining the health impacts of water source 

decisions which included an assessment of energy demand, GHG emissions, costs, water quality, 

sustainability indicators, technical feasibility, and public perception of different water sources 

using Long Beach Water District (LBWD) as a case study with relevance to other drought-

stricken water districts (Chapter 3). Finally, in Chapter 4 we conducted interviews with public 

health and water industry professionals to elucidate barriers to expanded use of recycled water 

within California. More detailed summaries of the results presented in each of these chapters are 

provided subsequently.  

 

Chapter 2: As part of a larger effort funded in part by the Pew Health Impact Project and Robert 

Wood Johnson Foundation, we previously conducted a comprehensive HIA of urban water 

conservation methods in compliance with California Senate Bill x7-7.40 In this HIA, we 

identified a number of water conservation measures with the greatest potential to impact 

California’s water-energy nexus. In Chapter 2 of this thesis (previously published in the 

American Journal of Public Health17), we conduct a more nuanced health impact analysis of 

several of these conservation measures, including the following: (1) a ban on landscape 

irrigation, and (2) expanded use of alternative water sources (e.g., desalination or recycled 

water).  The results of the HIA suggest that the expansion of recycled water for non-potable 

applications has potential to result in a net positive impact on water conservation, energy use and 

human health. The benefits of expanding recycled water use were also found to exceed those of 

banning landscape irrigation or maintaining the status quo. 
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Chapter 3: In this study, we used Southern California’s LBWD as a case study to create a 

holistic framework for assessing potential health-related impacts of water source decision 

making. Within our framework, factors we assessed include: sustainability, GHG emissions, 

water quality, energy demand, costs, technical feasibility, and public perception of increasing 

water reuse relative to other water source alternatives (e.g., imported and/or desalinated water). 

For a quantitative assessment, we modeled energy demand, GHG emissions, and costs of 

different water source scenarios for LBWD based on real and projected water demand in 2010, 

2025, and 2035. This analysis revealed that increasing recycled water use in LBWD, including 

recycled water use for potable applications, would reduce the total energy used, GHG emissions, 

and costs by 2025 compared to Business as Usual. In addition, expanding the use of recycled 

water has positive health implications for water sustainability considerations and minimal 

technical or infrastructure updates compared to other new water sources (i.e., desalination). 

Because energy use and GHG emissions are intricately linked to negative health impacts 

(Chapter 2), we conclude that maximizing recycled water use would result in net benefits to 

health. To receive these benefits, we recommend that urban water districts should work now to 

develop the infrastructure required to maximize use of recycled water for potable reuse.   

 

Chapter 4: In this study, we report the results of 12 non-scheduled standardized narrative 

interviews with stakeholders in the water and public health communities on barriers to expansion 

of recycled water use in California. Perceived barriers were identified related to limited 

regulations, infrastructure costs, lack of funding, developing new technology, adverse health 

effects, and negative public perception of recycled water. Respondents provided concrete 
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suggestions for how to lower these barriers as well as insights into the roles that public health 

professionals could play in this effort.  

 

Taken together, these studies provide compelling evidence that expanded use of recycled water 

in Southern California could result in both health (Chapter 2) and economic (Chapter 3) 

benefits, despite the fact that health concerns are frequently perceived as barriers to expansion of 

recycled water initiatives. This work also provides critical insights into barriers to expansion of 

recycled water initiatives and ways in which these barriers could be addressed (Chapter 4). In 

Chapter 5, I summarize the overarching insights gained from this work, along with priorities for 

future studies. Supporting information for Chapters 2 and 3 is provided in Appendices 1 and 2, 

respectively. 
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CHAPTER 2 

 

Impacts of Urban Water Conservation Strategies on Energy, Greenhouse Gas Emissions 

and Health: Southern California as a Case Study* 

*This chapter and its corresponding tables and figures were originally published in the American Journal 
of Public Health, and are reprinted with permission from the journal. The citation for the published 
chapter is as follows:  

Sokolow S, Godwin H, Cole BL. Impacts of Urban Water Conservation Strategies on Energy, 
Greenhouse Gas Emissions, and Health: Southern California as a Case Study. American Journal of Public 
Health. 2016;106(5). 

 

ABSTRACT 

Climate change, increasing water demands, drought, and impaired water quality render water 

supply a critical issue across the world. In California, a state subject to serious drought, water use 

is linked to energy use and GHG emissions because most water is transported hundreds of miles 

from sources to users. Consequently, water conservation strategies in California have the 

potential to decrease carbon emissions and benefit human health. Here, we expand upon a 

comprehensive HIA of California’s urban water conservation strategies, comparing the status 

quo to two options: (1) banning landscape irrigation, and (2) expanding alternative water sources 

(e.g., desalination, recycled water). Expanding recycled water use is a highly desirable option for 

California cities, because of its potential to reduce water use, energy use, and GHG emissions, 

with relatively small negative impacts on the public’s health. Although the suitability of recycled 

water for urban uses depends on local climate, geography, current infrastructure, and finances, 

analyses similar to those presented here can help guide water policy decisions in cities across the 

globe that are facing challenges of supplying clean, sustainable water to urban populations.  

  



!

 15 

INTRODUCTION 

Water, energy, and health are intricately linked.1-3 As a result, the health impacts of new water 

management policy and energy use policies and programs should be assessed systematically 

when programs and policies in these arenas are proposed, implemented, and evaluated.  This is 

particularly true for the American Southwest and other locations with Mediterranean climates, 

including California, which is currently experiencing a prolonged drought and is projected to 

face even more dire water shortages going forward.4-6 Our analysis will focus on Southern 

California as a model for how choices in water sources can impact human health.  

 

To address the prospect of long-term water shortages, California implemented aggressive water 

conservation legislation (“The Water Conservation Act,” Senate Bill x7-7), which calls for each 

of California’s nearly 400 urban water districts to decrease water use by 20% by 2020.7 In 

addition, during the 2014 election, California voters approved of a one billion dollar water bond, 

and in the Spring of 2015, California Governor Jerry Brown called upon urban water suppliers to 

cut water use by 25% from their 2013 usage levels.8 The goal of each of these initiatives is to 

decrease demand for water across the state so that this demand is in better alignment with current 

and projected water resources.  Senate Bill x7-7 mandates that each urban water district develop 

and implement a water management plan, but it does not specify how to achieve those 

reductions. Although the legislation does not mandate the mechanisms for reducing water use, it 

does list 14 “demand management measures” as suggested areas to focus water conservation 

actions.9 Likewise, the governor’s mandate requires urban water districts to conserve water, but 

does not specify how each district should achieve this goal.8 In deciding which strategies to 

implement, urban water districts have a unique opportunity not only to decrease water 
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consumption overall, but also to implement those water conservation strategies that have 

secondary benefits to health.  

 

To help urban water districts choose conservation strategies that maximize the potential health 

benefits and minimize potential harms to health, we recently completed an HIA of urban water 

conservation in California.10 This work expands on our observation that the water-energy nexus 

is a source of negative health impacts, especially when coupled with climate change. Here, we 

discuss two different urban water conservation strategies that have the greatest potential to 

decrease energy use and GHG emissions in California: landscape irrigation bans and expanded 

use of alternative water sources (e.g., desalinated or recycled water). We discuss the health 

impacts of each of these strategies and compare them to the status quo. Based on this analysis, 

we recommend that urban water districts in California prioritize expansion of recycled water. 

Recycled water is a top priority because it not only conserves water, but also reduces energy 

consumption and GHG emissions, and thus has the largest potential to improve health. The 

positive impacts of increasing use of recycled water greatly outweigh potential negative impacts 

on health. Greater development of recycled water programs will provide a feasible solution to 

address the challenges of climate change by creating a new, sustainable, high quality water 

supply with the potential to sustain future increases in population. Although water recycling 

exists around the world, current levels of reuse only represent a fraction of treated wastewater 

generated and could be expanded immensely. We discuss the important role that public health 

professionals can play in helping their local water districts to adopt strategies that are conducive 

to both conserving water and improving the health of their constituents. 
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How California’s current use of water impacts energy, GHG emissions, and health.  

The majority of California’s current water sources require high-energy inputs. Pumping, treating, 

transporting, and heating California’s water currently account for nearly 20% percent of the 

energy used across the state.6,11 Much of this energy use is the result of a heavy reliance on 

“imported” water, since the majority of the California’s water users are concentrated far from 

major water sources.1 One consequence of the energy used to transport California’s water is high 

GHG emissions; transporting water via California’s State Water Project alone uses 2-3% of the 

state’s total energy and results in roughly 4 million tons of GHG emissions per year.1,5  

 

Today, 750 million people worldwide (1 in 9 people) do not have access to safe and clean 

drinking water12 — a number expected to increase with the onset of climate change, rising GHG 

concentrations, and increasing populations.3 The energy intensity of California’s water sources is 

troubling because climate change resulting from GHG emissions is projected to have substantial 

negative impacts on health, both locally and globally.3 In California, some of the projected 

impacts of climate change on health include: (1) increased incidence of temperature-related 

illness and death, more air-pollution-related illness and death; (2) increased morbidity and 

mortality associated with sea level rise and wildfires; and (3) food and water shortages related to 

increasing temperatures, changes in precipitation patterns, and increased frequency of extreme 

weather events (Figure 2-1).13  

 

California’s reliance on imported water is also problematic because many of the state’s sources 

of imported water are themselves threatened by climate change.6 Climate change is projected to 

result in more extreme weather events, including more severe and frequent heat waves and 
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droughts.3 Furthermore, increased temperatures will result in more precipitation as rain instead of 

snow in the American Southwest, and cause snow to melt earlier in the year.6 These changes will 

reduce mountain snowpack, which serves as a natural storage system for fresh water and feeds 

springs and reservoirs as snow melts in the late spring and summer.6 Water scarcity, which will 

be exacerbated by climate change, has additional negative health impacts.13 Water scarcity often 

compromises nutrition as a result of diminished agricultural production.13 Water scarcity can also 

result in reduced water quality due to saltwater intrusion or decreases in groundwater quality.14 

Secondary health impacts from water scarcity include respiratory and cardiovascular disease 

(e.g., from air quality issues arising from dry lake beds), as well as financial stressors that lead to 

poor health (e.g., stress, heart disease, exacerbation of illnesses) and morbidity and mortality 

related to insufficient or unclean water.13,15-17 To make matters worse, some of these impacts will 

disproportionately affect California’s more vulnerable populations (i.e., low income households 

and communities).16,17  

 

Water scarcity also has implications for California’s economy18 that are inherently tied to human 

health.16 In a future with increased water scarcity, water costs will rise. Water costs will rise not 

only due to smaller supplies and larger demands, but also because energy prices in California are 

predicted to rise by 80% over the next decade.18 These increasing costs will undoubtedly 

disproportionately impact low income customers.16 In California, 1 in 6 adults (6.3 million) and 

more than 1 in 5 children (2 million) lived in poverty in 2014.19 For the lowest income 

populations, the amount of monthly income spent on housing and utilities and health care costs 

accounts for nearly 50% of the budget. In contrast, in higher income households, the amount of 

monthly income spent on housing, utilities, and health care costs accounts for 40% of the 
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budget.19 Changes in water costs and availability will impact lower income households more 

profoundly since these households are already more financially strained and since a greater 

portion of their water use is for basic needs with little leeway for cuts in water use without 

impacting quality of life.19  

 

Water shortages will also have implications for California’s green spaces,20 which play an 

important role in mediating health.21 Without water to maintain green space and with 

temperatures already on the rise, there will be greater potential for extreme heat events and urban 

heat island effects.22 Green space is an important mediator for the onset of climate change that 

can prevent health impacts related to heat stroke, respiratory disease, activity-related health 

impacts (obesity, heart disease), and mental and elderly health issues.21,23-28  

 

Furthermore, each of the pathways discussed previously is compounded by California’s expected 

population growth from 37 to 60 million people (a 162% increase) by 2050.29 California’s water 

sources are unsustainable for the current population and certainly cannot meet the needs of an 

expanding population if present per capita levels of water consumption continue. Solutions are 

needed that will allow California to move away from its current dependence on imported water. 

Ideally, water districts should adopt solutions that both decrease overall water use (i.e., conserve 

water) and also have fewer negative impacts on health. Subsequently, we examine two proposed 

urban water conservation strategies—landscape irrigation bans and expansion of alternative 

water sources—and discuss both of their downstream impacts on health.  

 

 



!

 20 

METHODS 

Identifying connections among water, energy, GHG emissions, and health. 

We recently completed a comprehensive HIA of urban water conservation alternatives in 

California, which evaluates the linkages among urban water use, energy consumption, and public 

health.10 HIA is a deductive science-based process of applying available research to specific 

policy questions, anticipating future impacts and incorporating the guidance of affected 

stakeholders. Like other HIAs, this HIA considered both potential benefits and potential harm of 

multiple pathways and impacts of a specific policy proposal, in this case, California Senate Bill 

x7-77, which mandated 20% reductions in urban water use by 2020. Specifically, this HIA aimed 

to identify the health impacts of different conservation measures available to utilities as they 

worked to achieve SBx7-7 targets.10 Among the various health benefits and risks addresses in 

that HIA, health effects mediated by the energy needed for transporting and treating water from 

different sources stood out as both significant and under-appreciated. As a result of this finding, 

one of the report’s main recommendations calls for the expansion of recycled water use; this 

conclusion is not only applicable to California, but also can be applied to water systems across 

the world.  

 

Technical Advisory Committee. 

This work was conducted with the guidance of a Technical Advisory Committee (TAC). The 

TAC included representatives from California’s regional water wholesalers, municipal water 

suppliers, sanitation districts, state water regulatory boards, water conservation experts, and 

academics with expertise in the water-energy nexus, in addition to experts within California’s 

state public health department. These individuals provided direction toward relevant literature to 
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support our work, as well as feedback regarding the applicability of our research and the 

feasibility of our recommendations.  

 

Assessing energy demand. 

Energy demand was an important part of our evaluation; the data used to determine energy 

demand for each water source were gleaned from several reports brought to our attention by 

TAC members. After identifying estimates of the amount of embedded energy in water from 

peer reviewed documents and water agency reports, we reviewed state-mandated urban water 

management plans for information on water sources used by different suppliers.30-33 Realizing 

that each energy footprint of water deliveries is highly dependent on the location of a service 

area and each utility’s unique mix of water sources, we created scenarios that appeared to have 

the most policy relevance to our geographic area, Southern California. For example, a 

groundwater aquifer close to the surface requires less energy than pumping from a deeper 

aquifer. During the course of the HIA, it became apparent that two conservation strategies could 

affect energy consumption and GHG emissions: landscape irrigation practices and the expansion 

of alternative water sources. These scenarios were chosen because changes in either water 

conservation strategy will impact the amount of imported water, and thus energy, needed 

throughout California.  

 

Data analysis. 

To analyze our data, we initially created a chart comparing the relative energy demand and GHG 

emissions (Figures 2-2). Next, to build upon the extensive foundation of water and energy 

analysis from state agencies, water providers, and think tanks, we evaluated the peer-reviewed 



!

 22 

literature (Supplemental Table 2-1). We also held discussions with experts from the water 

community to build a theoretical framework of water sources, their energy demand, and how 

water uses can impact human health. Energy demands were selected using Southern California’s 

West Basin Water District as a baseline, using minimum and maximum energy demand values to 

reflect the range. Although our specific example of energy intensity (Figure 2-2) focuses on 

conditions in Southern California, the intensity range for each water source helps show the 

applicability to other locations, and evaluating the extreme values does not change our 

conclusions. Thus, while the energy intensity of water sources outside Southern California may 

differ, this figure can be applied globally.  

 

Using the data collected to create this energy demand chart (Figure 2-2), we were able to 

indicate cumulative magnitude of health impact from energy demand and costs associated with 

water sources by assigning a ranking (1-4) and calculating an average of the cumulative rank 

(Figure 2-1).  These data do not attempt to quantify the health impacts of climate change, but 

instead demonstrates the proportionate impact water source decisions can have on health.  

 

GHG emissions were calculated based on annual average emissions factor for Southern 

California Edison (SCE; 0.32 kg CO2 equivalents per kwh) and median energy intensity for each 

water source.32 Calculations for energy savings between California’s State Water Project and 

recycled water were conducted using the State Water Project’s annual water delivery of 230,000 

AF/year,1 and energy demand averaged from each water source: 3900 kwh/AF from the State 

Water Project and 385 kwh/AF from recycled water.  
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FINDINGS 

Health impacts of landscape irrigation bans.  

Landscape irrigation bans are an attractive water conservation strategy because irrigation 

consumes 52% of California’s residential water use and is the single greatest component of urban 

water use in California overall.34 Although some parts of the state irrigate large green spaces and 

golf courses with recycled water, many of California’s urban areas do not currently have the 

infrastructure in place to use recycled water for irrigation.35 This situation is not likely to change 

soon because it is very costly to install supplemental distribution systems for recycled water.36 If 

California’s current drought persists, mandatory irrigation restrictions could be implemented for 

urban parks. Similar mandates were put in place in many parts of Australia in the early 21st 

century in response to their severe drought.20  

 

Landscape irrigation bans help conserve both water and energy, which can ultimately benefit 

health (Table 2-1). Specifically, eliminating water for landscape irrigation would decrease urban 

water districts’ reliance on imported water, thereby reducing impacts from GHG emissions. 

These emission reductions would both benefit air quality27 and reduce the effects of climate 

change.13,23 In addition, decreasing urban water demand will increase the amount of water 

available for agricultural and environmental needs across the state and the Southwest region as a 

whole.1  

 

While landscape irrigation bans would have a positive effect on lowering water and energy use, 

they could also result in negative impacts on human health. For instance, in Victoria, Australia, 

50% of public parks and gardens halted irrigation due to water-use restrictions in 2007, which 
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reduced the presence of green space.20 The absence of green space also has health implications 

related to activity. Diminished activity space is tied to exacerbation of activity-related illnesses 

such as obesity and heart disease, and can pose a disadvantage to individuals suffering from 

mental health issues, such as attention deficit hyperactivity disorder (ADHD).25,26 The change in 

surface from green space to brown has been demonstrated previously to decrease physical 

activity and result in increased injuries that result from dry play areas.37 Additional drawbacks 

include the loss of social capital from green spaces used as meeting points, decreased activity, 

and potentially exacerbating chronic illness in elderly populations.21,25 Grass and trees provide 

beneficial ecological services, such as evapotranspiration, shading, and cooling of the 

surrounding environment.24,38 Furthermore, decreasing levels of green space in urban areas 

exacerbates the impact of existing GHG emissions by trapping heat (i.e., the urban heat island 

effect) and promoting the creation of more harmful secondary pollutants.36 

 

Less extreme versions of landscape irrigation bans include measures that promote or require 

xeriscaping (i.e., landscaping using low-water, drought tolerant plants35). Xeriscaping has the 

potential to be a particularly valuable conservation tool in Southern California because 65% of 

residential water use in a typical Southern Californian home is used in outdoor irrigation.39 

Although xeriscaping is effective in lowering outdoor residential water use, it can also result in 

negative health impacts. An Arizona study determined that soil temperatures in xeriscaped sites 

were 8 degrees Celsius higher than under turf.35 Likewise, this study found that dense green 

space in urban neighborhoods reduced energy needs for cooling by 3.5% compared to a 

reduction of 0.4% with minimal green space.38   

 



!

 25 

The negative health impacts resulting from reducing green spaces have been shown in the past to 

impact vulnerable populations differentially. For instance, decreases in the ratio of green space-

to-pavement has been shown to lead to higher temperatures in poorer areas than in more affluent 

neighborhoods, causing a more pronounced increase in extreme heat events and exacerbation of 

urban heat island effects in low-income neighborhoods.40 

 

Health impacts of expanding use of alternative water sources.  

Increased use of local groundwater extraction, desalination, and expanded recycled water use 

have all been suggested as ways to help meet California’s urban water needs and shift reliance 

away from use of imported water. Shifting to alternative water sources has the potential to lower 

GHG emissions and impact human health positively (Table 2-2); however, the energy intensity 

varies tremendously among specific alternative water sources. For instance, production of 

desalinated water is more energy intensive than importing water (Figure 2-2).1,33 The energy 

required to operate an ocean desalination facility is nearly 50% higher than California’s next 

most energy-intensive source of water (imported water) and more than 120 times more energy-

intensive than getting water from the gravity-powered Los Angeles Aqueduct.30,41 Furthermore, 

although infrastructure exists for operation of 17 desalination plants in California, none are in 

operation due to environmental concerns.42   

 

Although desalination has been deployed successfully in both Australia and Israel43, this does not 

necessarily mean desalination is a good solution for California. Emissions related to the high 

energy demands of desalination would exacerbate poor air quality and respiratory disease in 

California. As a result of existing air quality problems, California holds the most strict air quality 
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standards in the United States and has implemented penalties for excessive emissions.44 Due to 

these penalties, the cost of desalinated water in California will be much more expensive than in 

either Australia or Israel. However, as desalination technology improves and becomes more 

energy efficient, desalinated water may become a viable option for California in the future.33  

 

By contrast, increasing the use of groundwater as an alternative source of water in California 

would be less energy intensive than our current use of imported water (Figure 2-2).1,30 In 2014, 

as a result of California’s severe drought, water districts relied on groundwater to supplement an 

unprecedented 60% of the potable water supply in the state compared to ~30% in non-drought 

years.14 This increased reliance on groundwater has had implications for human health;14 many 

existing groundwater basins are contaminated, and the extent of contamination is exacerbated 

during drought periods. Without natural waters to recharge the basins during drought periods, 

contaminants in the groundwater become more concentrated; exposure to these contaminants can 

lead to increased rates of gastrointestinal illness and cancer.45,46  

 

Recycled water is much less energy intensive than desalination, imported, water or groundwater 

(Figure 2-2),30 and poses fewer real health risks. Increasing the percentage of recycled water 

used in California would substantially decrease GHG emissions, which would have a dramatic 

positive impact on human health. If just 10% of the water that is currently imported from the 

State Water Project were shifted to recycled water, California would save ~80 million kWh of 

energy annually and reduce carbon emissions by nearly 42,000 metric tons per year. 
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Increasing use of recycled water throughout California would have significant health benefits. At 

a minimum, recycled water could be used more extensively to maintain green spaces, which 

would reduce urban heat island effects, and hence limit the severity of extreme heat events. In 

Southern California, the Burbank Water District implemented recycled water systems to irrigate 

all parks during the 1980s.47 Although this involved initial infrastructure costs, Burbank’s green 

spaces are protected from potential landscape irrigation bans, thus maintaining ecological 

services and health benefits for the surrounding area. Recycled water could also be expanded to 

recharge groundwater basins, which would result in a net improvement in groundwater quality 

by helping to dilute potential contaminants.14 Recycled water is cheaper than other alternatives31, 

which would render a positive impact on utility costs to benefit low-income households.    

 

DISCUSSION AND IMPLICATIONS 

Based on recommendations from our comprehensive HIA of urban water conservation 

strategies10, and our further evaluation of health impacts of the water-energy nexus, we find that 

expanded recycled water use is an attractive alternative to imported water in California. Recycled 

water use has great potential for expansion because its water source (wastewater) is in abundant 

supply, has lower marginal costs, and has a smaller energy footprint than imported water or 

desalination. Nonetheless, recycled water is underutilized in California.48 In 2009, wastewater 

treatment systems in the South Coast Basin hydrologic region (Los Angeles and surrounding 

areas) treated 1.5 million AF of wastewater.49,50 Of this, just 176,000 AF (11%) were allocated 

for uses that required potable water, and 1.32 million AF (89%) were discharged into the 

ocean.49,50 Clearly, for expansion of recycled water to occur, more effort than just a bill 

promoting water conservation is needed.  When determining which water conservation measure 
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to use, our study shows that when choosing recycled water over other alternatives, health 

benefits increase overall, and are specifically maintained for green spaces; in addition, GHG 

emissions lower and water conservation increases. 

 

Worldwide, lessons from water recycling in California would be valuable across the United 

States, especially in the Southwest and Southeast, and in higher-income countries within 

subtropical latitudes where precipitation is predicted to decrease, such as the Mediterranean, 

parts of Mexico and Central America, and Australia.  In most locations, infrastructure, not water 

treatment technology, is the barrier to recycled water expansion. In areas with growing 

populations and expanding infrastructure, adaptations for recycled water piping should be 

implemented during initial construction stages, even if recycled water has not yet been 

authorized, as retrofits can be cost prohibitive.  Lessons from our study lose relevancy in high 

latitude areas, such as India and parts of Central Asia where climate change is predicted to 

increase precipitation heavily, and in low-income countries where adaptations to water systems 

are not financially feasible. 

 

Subsequently, we discuss three categories of barriers to expanded use of recycled water—public 

perceptions, regulatory, and financial barriers—and the potential roles that public health 

professionals can play in lowering these barriers and hence improving the health of the 

communities that they serve. 
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Lowering public perception barriers to expanded recycled water use. 

Public perception is currently a barrier to expansion of recycled water, even though current 

technologies can treat wastewater cost-effectively to levels that exceed federal health standards 

for potable water.51 Review of successful, recycled water programs in Orange County, California 

and in Singapore (two large-scale urban settings) can provide insights into how problems related 

to public perceptions were overcome. In both of these cases, local governments opted to use 

recycled water to replenish water supplies indirectly, thus removing problems associated with 

public stigmatization of toilet to tap.  In the case of Orange County’s Groundwater 

Replenishment System (GWRS), recycled water is pumped into Orange County’s groundwater 

basin, which then becomes available for use.52 The GWRS supplies 72,000 AF/year of potable 

water, enough to supply the water needs of 600,000 people.52 Singapore has a more 

comprehensive system, known as NEWater, that collects and treats 100% of that nation’s 

wastewater.53 Currently, Singapore allocates 56,000 AF/year for industrial and commercial 

uses.53 After treatment, this water is placed in a reservoir, where it is mixed with fresh water for 

domestic use.53   

 

As discussed previously, substantial opportunities exist in California to use recycled water to 

recharge groundwater and for outdoor irrigation, which could result in dramatic reductions in the 

use of imported water across the state.  Public health professionals can play a critical role in 

promoting the health benefits of these strategies by collaborating closely with their local water 

districts to move these efforts forward.  For instance, there is clearly a need for local health 

departments to help develop educational, culturally sensitive campaigns for the general public 

promoting appropriate use of recycled water that are both based on the latest science. 
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Lowering regulatory barriers to expanded recycled water use in California. 

Although water regulations in California currently allow for indirect potable reuse (IPR) of 

water54, direct potable reuse (DPR) of treated water would be more cost and energy effective and 

hence more desirable in the long run. To this end, a bill was passed in California (SB 322 

(Hueso), 2013) that requires that State Department of Public Health “to investigate the feasibility 

of developing uniform water recycling criteria for DPR and to provide a final report on that 

investigation to the Legislation on or before December 31, 2016.”55 Public health professionals 

can stay abreast of progress on this issue by visiting the State Water Resource Control Board’s 

Division of Drinking Water’s Recycled Water website: 

http://www.waterboards.ca.gov/drinking_water/certlic/drinkingwater/RecycledWater.shtml 

   

Lowering financial barriers to expanded recycled water use in California. 

Another barrier to increased use of recycled water is upfront infrastructure costs.48 California’s 

2014 water bond allocates $725 million towards recycled water projects.  Finances provided by 

the water bond are one mechanism by which to lower the costs of implementing large scale 

systems for purification and distribution of recycled water across the state56 and help to make 

these costs competitive with the substantial costs associated with maintaining California’s 

current levels of imported water.1 In addition, researchers have recently demonstrated the 

feasibility of a system for residential graywater treatment that would allow individual households 

to treat and reuse water onsite, obviating the need for expensive, municipal-level recycled water 

distribution systems.57  
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CONCLUSION 

California’s current drought has inspired increased urgency for innovative drought solutions. 

Wise, effective action can help make future reductions easier without compromising the 

economic, quality of life, and health benefits provided by water. Decreases in per capita water 

consumption are an important part of efforts to bring demand in line with supply.  Using a 

comprehensive HIA approach, we demonstrate that expanded use of recycled water in California, 

in addition to being an effective water conservation strategy, would result in health benefits.  

This is primarily because expanded use of recycled water would dramatically reduce energy 

consumption and GHG emissions associated with urban water consumption, as well as because 

recycled water can be used to promote green spaces for recreational uses and to mitigate urban 

heat island effects. Ironically, public health concerns have traditionally been a barrier to 

expansion of recycled water, even though the risks associated with recycled water use do not 

exceed those found in traditional water supplies. Public health professionals can play an 

important role in promoting the health benefits of recycled water and by working with colleagues 

in other sectors to advance the safe and appropriate expansion of recycled water use.  
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!
Figure 2-1: Water sources have differing impacts on human health. Water source decisions will impact human health in a variety 
of ways, especially when compounded by climate change and population rise. Water sources with lesser energy and cost demand 
(recycled water and groundwater) have a lower cumulative magnitude of impact on human health than those with higher energy and 
cost demand (desalination and imported water). Water sources such as desalination and imported water have a higher potential to 
affect health outcomes from the energy/cost pathway. AF= acre-foot = 325,853 gallons of water.  
! !
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Figure 2-2: Energy intensity of California’s water sources.  Whereas recycled water and Local Groundwater are much less energy 
intensive than water imported via the State Water Project West Branch or the Colorado River, Ocean Desalination is currently more 
energy intensive than these two sources of imported water and thus correspond increased greenhouse gas emissions per acre foot of 
water28-31.  Substituting recycled water for water from these two sources of imported water would significantly decrease energy 
consumption and greenhouse gas emissions in California and hence benefit health.  
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aFor recycled water systems, energy recovery is not included.  For plants that are 10 Mgal/d and larger, the potential energy recovery 
from biogas is on the order of 115 kWh/AF, potentially offsetting energy needed to treat and distribute water 29 
bGroundwater is pumped from differing depths depending on location, this estimate is based on the West Basin Water District in 
Southern California28. 
cThe low value for recycled water is based on West Basin Water District in Southern California whose distribution system uses gravity 
to deliver the recycled water28. 
dGHG emissions based on annual average emissions factor for Southern California Edison (0.32 kg CO2 equivalents per kwh) and 
median energy intensity for each water source30.
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Table 2-1: Positive and negative impacts of landscape irrigation bans 

Health Impact Area Implications Health Impact  
Energy Use Increased greenhouse gas 

emissions 
!Respiratory Disease, 
"Air Quality,  
!Extreme Heat Events, 
!Heat Stroke 
Exacerbation of illnesses 

Elimination of Green Space 
(for ecosystem services) 

Vegetation dies, changes in 
albedo and urban heat 
island effect; change in 
activity surface 

!Respiratory Disease,  
" Air Quality,  
! Extreme Heat Events, ! 
Heat Stroke; 
! Sports Injuries 

Elimination of Green Space 
(for activity) 

Less space for activity ! Activity-related illnesses 
(obesity, cardiovascular 
disease); 
Exacerbation of mental 
health issues 
" Social interaction 
" Elderly Health 

!

!

!

!

! !
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Table 2-2: Positive and negative health impacts of alternative water sources 

Health Impact Area Implications Health Impact  
Water Quality Increased Groundwater 

Pumping; 
Wastewater treatment level 

! Gastrointestinal illnesses  
! Cancers 

Energy Use Increased Greenhouse Gas 
Emissions 

!Respiratory Disease, 
"Air Quality,  
!Extreme Heat Events, 
!Heat Stroke 

Water Cost Changes in water 
availability (and source) 
will be reflected in water 
cost 

! Financial Stressors 

Presence of Green Space Vegetation dies, changes in 
albedo and urban heat 
island effect, change in 
activity surface 

!Respiratory Disease,  
" Air Quality,  
! Extreme Heat Events, ! 
Heat Stroke, 
! Sports Injuries 

!

! !
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CHAPTER 3 

 

Assessing Health Impacts of Direct Potable Reuse for the Urban Water Supply: Case Study 

of Long Beach, California. 

 

ABSTRACT 

Use of recycled water is emerging as one strategy to help close the gap between potable water 

demand and increasingly limited, unstable water supplies.1,2 Numerous studies have investigated 

the potential health risks related to use of recycled water,3-10 but few studies have focused on 

potential health-related associated with increased use of recycled water.11,12 Here, we provide a 

framework for holistically assessing the potential health risks and benefits of recycled water for 

potable use compared to established water source options (i.e., imported water, groundwater, 

recycled water for non-potable reuse, seawater desalination). For illustrative purposes, we have 

applied this framework to a case study of the LBWD in Southern California. We qualitatively 

evaluated the sustainability, technical feasibility, water quality, and public perception of current 

and proposed water sources for LBWD. We also modeled energy demand, GHG emissions, and 

costs of four different water source scenarios for LBWD in 2025 and 2035. This process 

highlighted existing uncertainties and data gaps that would need to be addressed for the impacts 

of water source choices to be evaluated more rigorously. Although the results are specific to 

Long Beach, the framework should be useful to stakeholders making urban water management 

decisions in a variety of contexts. Proactively assessing the potential health-related impacts of 

water source decisions can provide local water districts and decision makers with information to 
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minimize harm and maximize health-related benefits while choosing which water sources are the 

best fit to local circumstances.  

 

INTRODUCTION  

Traditionally, water source choices have been justified primarily on the relative costs, technical 

feasibility, and public perception of different water source options.13 More recently, concerns 

about climate change have highlighted the importance of also considering the sustainability, 

energy demand, and associated GHG emissions of different water sources.13 By contrast, 

relatively few studies have examined the health impacts of water source management 

decisions.3,7-10,14-21 

 

In those cases where studies analyzing water source management decisions have included 

assessments of health impacts, they have focused primarily on concerns about water quality, 

particularly in situations where recycled water has been considered as a water source.3,7-10,19-24 

Fears that recycled water is unclean, or that it may cause disease, have been a major impediment 

to use of recycled water in some areas.14-18 For instance, in San Diego in the 1990s, public fears 

over the use of recycled water fueled opposition to a water reuse facility, and eventually 

contributed to abandonment of the original proposed project.17,25,26  

 

Health risks linked to waterborne contaminants depend on the eventual end use for the reclaimed 

water, since both the required treatment technology and the potential for exposure depends upon 

the intended use of the water.19,22-24,27 A primary concern about the use of recycled water for 

potable applications is that recycled water may contain microbial pathogens, viruses, or trace 
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organic chemicals that have the potential to affect human health.19,20 Pathogens are of particular 

concern because of their acute human health effects; viruses require special attention because of 

their low infectious dose, and because their small size may pass unimpeded through water 

treatment processes.19,22-24 By contrast, concerns about contaminants found in reclaimed water 

tend to be lower in industrial or irrigation applications because the potential for human dermal or 

inhalation exposure is less likely.19,22,23,27 

 

Despite widespread concerns about the safety of recycled water, several prior studies have 

suggested that health concerns about recycled water are minimal if the water is recycled with 

appropriate treatment technologies. For instance, rats and mice that were exposed to varying 

concentrations of recycled water treated for potable reuse (i.e., treated to potable standards 

through ultrafiltration, reverse osmosis, ozone disinfection, and/or granular activated carbon and 

then diluted with municipal drinking water) have not shown any signs of reproductive, 

developmental, or chronic toxicity.4,5 Likewise, fish exposed to concentrated recycled water over 

multiple generations resulted in no statistically significant differences in mortality, morphology, 

reproduction, or offspring sex ratios.6 A report by the National Research Council (NRC) used 

quantitative comparative risk assessment to determine potential risk associated with specific 

contaminants that may be present in recycled water treated for potable reuse.3 The potential 

contaminants assessed included pharmaceuticals, personal care products and classes of 

contaminants including disinfection byproducts (DBPs), hormones, pharmaceuticals, and 

antimicrobial compounds. The NRC assessment concluded that the levels of contaminants found 

in recycled water treated by a combination of microfiltration, reverse osmosis, and advanced 

oxidation do not exceed levels in existing fresh potable water supplies.3,7-10,21 Taken together, 



!

 48 

these and other studies suggest that expanded use of recycled water—if treated appropriately for 

potable reuse—would contribute relatively little to the total United States disease burden.3-5,20 

 

In contrast to the extensive research on the potential health risks of recycled water use, relatively 

few studies have focused on any potential health-related benefits of increasing use of recycled 

water.11,12 Climate change is projected to result in increasingly unpredictable weather patterns 

going forward, which will make it that much harder to support growing water demands due to 

population growth, particularly in areas like Southern California that already experience water 

scarcity.28-31 Worldwide, increased water insecurity is responsible for some of the largest 

projected impacts of climate change on human health.32,33 Water scarcity often compromises 

nutrition as a result of diminished agricultural production, and reduced water quality due to salt-

water intrusion into the root zone or decreases in groundwater quality.34 Secondary health 

impacts from water scarcity include respiratory and cardiovascular disease (e.g., from air quality 

issues arising from dry lake beds, such as inhalation of airborne dust), as well as financial 

stressors that lead to poor health (e.g., stress, heart disease, exacerbation of illnesses) and 

morbidity and mortality directly related to insufficient or unclean water.32,35-37 Recent studies 

have shown that expanded use of recycled water can help to reduce demand for fresh water, and 

can also reduce energy consumption and GHG emissions, which can constitute a valuable 

contribution to efforts to mitigate climate change.11,12  

 

Methodologies are needed that allow decision makers to account explicitly for both health 

benefits and health risks of water source choices and weigh these health factors alongside factors 

related to sustainability, technical feasibility, water quality, public perception, energy demand, 
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GHG emissions, and cost considerations of different water supplies. (See Figure 3-1.) To this 

end, we have developed a framework for evaluating how factors related to water sources 

decisions may impact health. We focus on the application of this framework to a specific case 

study, namely water source decisions for LBWD in Southern California. Although the results 

from the case study are specific to LBWD, the approach demonstrated herein could be used by 

decision makers to assess the health impacts of water source decisions in a variety of contexts. 

 

METHODS 

HIA methodology. 

We drew upon HIA methodologies to build a structured framework to evaluate water source 

decisions and their potential to influence health (see Figure 3-2). HIA aims to determine the 

range and magnitude of both positive and negative, as well as both intended or unintended, 

health-related impacts of proposed policies or projects.38,39 HIA methodology recognizes the 

complex interactions that are not traditionally considered (e.g., the health-related impacts of air 

pollution stemming from increases in energy demand) that may result in unique health-related 

outcomes for differing populations.38-40 HIA employs a multi-disciplinary approach to 

distinguish between these interactions and connections. This process typically involves 

consultation with a diverse group of experts outside of public health and medicine and review of 

research literature from different areas and methodologies.38-40 The analysis reported here did not 

involve conducting a full HIA and did not investigate the health impacts of a specific policy or 

project. However, we did apply HIA methodology to identify the potential health impacts from 

water source decisions for local water districts. Since this study focused on LBWD in Southern 

California, the conclusions drawn herein are specific to this particular case study. The framework 
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and methodology reported here could, however, be used by other water districts or agencies that 

wish to understand the health impacts of their local water source decisions.  

 

Development of the logic framework: literature review and discussions with experts.  

To illustrate both confirmatory and disconfirmatory evidence for the putative linkages between 

water source decisions and health, we developed a logic framework based on a synthesis of 

information available in the peer-reviewed and gray literature and through conversations with 

experts in the field (see Figure 3-2). We used Google Scholar and Web of Knowledge to review 

peer-reviewed literature using search terms such as “water quality AND health,” “climate change 

AND air quality,” “household budget AND health,” “wastewater AND health concerns,” and 

“air quality AND energy demand.” To identify reports from agencies, non-profit organizations, 

and local water districts, we used Google and Google Scholar search terms such as 

“sustainability AND California water,” “climate change AND California water.” We also 

explicitly identified data from relevant water agency websites, such as Southern California’s 

Metropolitan Water District (MWD) and LBWD. Additionally, conversations with experts from 

California’s regional water wholesalers, municipal water suppliers, sanitation districts, and 

public health experts were used to help guide the analysis. These individuals identified relevant 

literature and data sources to support our work. The experts also played a critical role in 

delivering feedback regarding the applicability of our research and the feasibility of our 

recommendations.  
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Case study: Southern California’s Long Beach Water District.  

To validate the utility of the framework presented herein, we applied our framework to a case 

study at LBWD. LBWD was selected for the case study because, unlike most other California 

water districts, LBWD’s boundaries generally correspond to the city’s boundaries.41 Thus, water 

services, wastewater collection and treatment, and water use policies all apply to the same 

geography and population, which theoretically allows for geographic coordination across 

services and greatly simplified our analysis. LBWD currently uses three of the five water sources 

described within this report (imported water, groundwater, recycled water for non-potable reuse). 

According to the LBWD Urban Water Management Plan, LBWD proposes to reduce imported 

water by 2025 by implementing desalination, albeit on a limited scale.41 LBWD does not 

currently have plans for using reclaimed water for potable applications. Hence, an analysis that 

compares the potential impacts of implementing potable reuse in LBWD to the impacts of the 

current water source plan for 2025 has the potential to inform future policy decisions.  

 

Creation of scenarios for case study. We used quantities the quantities of water that LBWD 

reported having used in 2010 in the LBWD Urban Water Management Plan41 to establish 

baseline levels of imported water, groundwater, and recycled water for non-potable applications 

used by LBWD. In addition, we used the projected water use from different sources for LBWD 

in 2025 and 2035 that were reported in the LBWD Urban Water Management Plan (imported 

water, groundwater, recycled water for non-potable applications, and desalination) to create the 

reference water source scenario “Business as Usual” (BAU) for 2025 and 2035. According to 

LBWD plans, desalination is expected to provide 5,000 AF of water annually when introduced in 

2025 and grow to 10,000 AF/year in 2035.41 These BAU values were used as a starting point for 
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exploring three additional hypothetical water source scenarios (i.e., scenarios in which different 

percentages of water use from different sources would be implemented) for LBWD in 2025 and 

2035. A description of the various water source mixes used in each of the scenarios is provided 

below and are summarized in Table 3-1. All of the scenarios projected for 2025 and 2035 at 

LBWD incorporate anticipated increases in demand due to population growth based on 

projections provided in the LBWD Urban Water Management Plan41. See Appendix 1 for a 

description of the calculations that were performed to determine the potential supply of 

wastewater available for reclamation and treatment for either NPR or DPR in LBWD.  

 

For Scenario 1 (S1): BAU, we used projections for water demand and water source utilization for 

2025 and 2035 that were reported in LBWD’s 2010 urban water management plan.41 (See Table 

3-2.) The BAU scenario assumes introduction of seawater desalination (5,000 AF of water 

annually in 2025 and 10,000 AF/year in 2035) to meet increased demand due to population 

growth. 

 

In Scenario 2 (S2): “Mixed Reuse” (MIXED), we investigated how outcome variables (energy 

use, GHG emissions and cost) would change if LBWD used recycled water treated for both 

potable and non-potable reuse instead of imported water or seawater desalination. In this 

scenario (Table 3-1), we assumed that the projected demand would be the same as in the BAU 

scenario and that LBWD would use the same quantity of recycled water for non-potable reuse as 

in the BAU scenario from 2025 and 2035, but that no imported water or desalinated seawater 

would be used by LBWD in 2025 and 2035. We assumed that, instead of using imported water 

and desalinated water, LBWD would use recycled water that had been treated for DPR. LBWD 



!

 53 

currently has the capacity to use additional recycled water from nearby Los Coyotes Water 

Reclamation Plant (LCWRP),42,43 but would need to implement new infrastructure by 2025 to be 

able to treat this water for DPR. Currently only 28.6% of the treated wastewater generated from 

the LCWRP facility is used within the service area, and the remaining is discharged into the 

nearby San Gabriel River.42,43 

 

In Scenario 3 (S3): “Maximizing Direct Potable Reuse” (POTABLE), we asked the question of 

how outcome variables (energy use, GHG emissions and cost) would change if LBWD 

maximized use of recycled water that is treated for potable reuse (via DPR) in 2025 and 2035. As 

was the case for Scenario 2, this scenario assumes that no imported water or desalinated seawater 

would be used. (See Table 3-1.) Scenario 3 differs from Scenario 2 in that all of the recycled 

water used by the LBWD in Scenario 3 would be treated for DPR, and no water would be treated 

for non-potable reuse. Like Scenario 2, Scenario 3 assumes that that LBWD would implement 

infrastructure improvements to treat water for DPR by 2025. To produce the required amount of 

water for DPR, LBWD would need to supplement their own treated water supply with treated 

water from an outside source (i.e., nearby LCWRP).41-43 Scenario 3 allows us to explore whether 

costs to treat a larger quantity of recycled water to potable standards outweigh the associated 

costs of continuing to import water and building a seawater desalination facility or the costs 

associated with building dual-plumbed systems necessary to handle recycled water treated for 

non-potable reuse.  

 

In Scenario 4 (S4), “Maximizing Desalination” (DESAL), we asked the question of what 

outcome variables (energy use, GHG emissions and cost) would change if LBWD maximized 
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use of seawater desalination in 2025 and 2035. As was the case for Scenario 2, this scenario 

assumes that no imported water would be used by LBWD by 2025 and that the quantity of 

groundwater and recycled water used for NPR in 2025 and 2035 would be the amounts that were 

projected by LBWD projected in their 2010 water management plan.41 (See Table 3-1.) Scenario 

4 differs from Scenario 2 in that it assumes that desalinated water is used instead of the recycled 

water for DPR that was assumed in Scenario 2. The purpose of this scenario is to demonstrate the 

impacts when a significant portion of water demand comes from seawater desalination. By 

contrast, in the BAU scenario, the amount of water coming from seawater desalination is low 

compared to imported water in 2025 and 2035. DESAL thus provides insights for decision 

makers into whether or not making significant investments in seawater desalination technology 

over current water source plans (i.e., continuing to import water) would be beneficial and also 

allows decision makers to directly compare the impacts of investing in a desalination facility to 

those of investing in a facility to recycle water for potable reuse.  

 

Energy Demand Data and Estimates for LBWD Water Sources. Using an approach similar to that 

employed previously by Wilkinson,44 energy demand was assessed for each component of the 

water system (i.e., extraction/collection, treatment, distribution/discharge) for each water source 

in LBWD, then added together to calculate total energy for that water source. We obtained 

energy demand data or demand estimates directly from water suppliers for LBWD (e.g., the 

energy demand for conveyance of imported water was obtained from the MWD). (See Table 3-

245-50 and Appendix 1.)  
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Where energy demand data were not available for LBWD, we obtained estimates for energy 

demand by performing a regression analysis using equations and data obtained from the 

American Water Works Association Research Foundation (AwwaRF).47 The AwwaRF had 

previously reported a data set for system parameters related to energy use for a national sample 

of water utilities and wastewater facilities.47 This report contains data from 125 water utilities 

and 266 wastewater treatment plants in the United States, including 46 water utilities and 20 

wastewater treatment plants from California (including LBWD).47 The data in the AwwaRF 

report includes system parameters related to water utility and wastewater facilities’ energy use, 

including number of groundwater sources and groundwater pumps, groundwater well depth, 

types of water treatment technology, size of population served, service area size, length of water 

mains, high and low area elevation, and other energy use factors for each of the water utilities 

and wastewater treatment plants they studied, as well as data on total energy use and energy use 

for production (groundwater extraction), treatment, and distribution. 

 

Because LBWD participated in the AwwaRF survey, we had access to data for LBWD on size of 

the area served by the water district, the number of groundwater pumps used, and the total length 

of water mains for LBWD. We verified the accuracy of the LBWD data in the AwwaRF report 

with staff at LBWD.51 Using formulae provided in the AwwaRF report, we conducted regression 

analyses to determine energy estimates for (1) “production” of groundwater in LBWD (i.e., 

groundwater extraction), (2) treatment of potable water for LBWD, and (3) distribution of 

potable water in LBWD, based on the area size, number of groundwater pumps, and length of 

water mains data available for LBWD. See Appendix 1 for more details regarding how the 

regression analysis was performed and the equations used in that analysis. 
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Calculations of energy demand for 2025 and 2035 for each scenario for LBWD. To obtain 

energy demand estimates for each water use scenario for LBWD for 2025 and 2035 (Table 3-3), 

the estimates for the energy demand for each water source in LBWD (Table 3-2) were 

multiplied by projected water demand values (Table 3-1). See Appendix 1 for more detailed 

information about where the energy demand numbers originated from, and why they were 

selected to use in this analysis.  

 

GHG emissions calculations for LBWD water source scenarios. GHG emissions for of the water 

source scenarios in LBWD were calculated from energy demand using a multiplier reported by 

the SCE of 0.35kg CO2 -eq/kWh [CO2/kilowatt hour].52 (Table 3-2, Table 3-3.) 

 

Estimated unit costs used for LBWD case study. For water sources currently used by LBWD, 

baseline cost estimates was obtained from publicly available utility websites and reports,43,53-58 or 

from LBWD through a public information request.45,49,59 Data sources for cost for each water 

source used by LBWD are summarized in Table 3-4; estimated baseline costs for each water 

source used by LBWD are summarized in Table 3-5. Because LBWD does not currently use 

desalinated water, we used cost estimates obtained from the paper “A Perspective on Reverse 

Osmosis Water Desalination: Quest for Sustainability”49 which includes summary values of best 

available cost data for existing reverse osmosis operations for seawater desalination. This paper 

was used to represent costs versus the costs of an existing facility because no two seawater 

desalination facilities are the same. Likewise, because LBWD does not currently have an 

advanced treatment facility (which would be required to treat reclaimed water to standards 
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required for potable reuse), we used data for complete advanced treatment of recycled water in 

Orange County Water District (OCWD). These data were obtained via publicly available reports 

and through public information request at OCWD.45,57 Costs for OCWD were used as an 

estimate because OCWD is located in close proximity to LBWD and is likely to have similar 

factors that contribute to overall cost. See Appendix 1 for more detailed information about 

where the estimates for unit cost for current and future water sources for LBWD originated from, 

and why they were selected for use in this analysis.  

 

We also considered how costs for different water sources might change between 2010 and 2035.  

Imported water costs are projected to increase by 9% annually over the 25-year time horizon 

between 2010 and 2035, as a result of declining supplies and increasing conveyance costs.53-56 

(Table 3-5) Personal communications from staff at local water facilities suggest that costs for 

groundwater and recycled water for non-potable reuse are unlikely to change dramatically 

between 2010 and 2035. However, it might reasonably be assumed that, as a result of 

improvements in technology, costs for desalination and purification of recycled water for potable 

applications as a result of improvements in technology may decrease between baseline and 2035. 

 

Cost calculations for water source scenarios in LBWD case study. For each water source 

scenario, costs were calculated by summing the product of the projected quantity of water used 

from each source in that scenario (Table 3-1) and the range of prices per AF for that source 

(Table 3-5): 

!" = $ %&"'&"
(

&)*
 

Where !" is total expenditures in year t,  
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n is the number of water sources, 

%&" is the quantity in AF of water source x in year t, and 

'&" is the price per AF of water for water source x in year t.  

 

We calculated three possible expected expenditures for each scenario: a “low” cost (!"+,-.), 

using the low end of the cost range for each source ('&"+,-.), a “high” cost (!"+/01/), using the 

high end of the cost range for each source ('&"+/01/), and a “medium” cost (!"+234052), using 

the median cost of the range for each source ('&"+234052). !The resulting low, medium, and high 

cost estimates from each scenario are provided in Table 3-6. 

 

RESULTS AND DISCUSSION  

Water source scenarios used to explore impacts of water source choices for Long Beach 

Water District.  

To explore how water source choices impact health, we developed four different scenarios for 

water source use for our case study, LBWD, for 2025 and 2035.  

 

Scenario 1 (S1) “Business as Usual” (BAU) reflects the current water source mix proposed for 

2025 and 2035 in LBWD’s 2010 urban water management plan.41 This scenario assumes that 

LBWD will continue to rely on imported water, groundwater, and non-potable reuse, and will 

start to use a small amount of seawater desalination (5,000 AF in 2025 and 10,000 AF in 2035).  

 

Scenario 2 (S2) “Mixed Reuse” (MIXED) was designed to explore what the impacts would be of 

replacing both imported and desalinated water with recycled water treated for potable reuse. 
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Scenario 3 (S3) “Maximizing Potable Reuse” (POTABLE) was designed to explore the impacts 

of replacing imported, desalinated water, and recycled water treated for non-potable reuse with 

recycled water treated for potable reuse. 

 

Scenario 4 (S4), “Maximizing Desalination” (DESAL) was designed to explore the impacts of 

replacing both imported and recycled water treated for non-potable reuse with desalinated water 

(and not treating any recycled water for potable reuse). 

 

Summary of qualitative factors that have impacted water source choices and how they 

related to water sources in the LBWD case study. 

Our literature review identified four factors that have traditionally guided decisions about water 

source choices (Figures 3-1, 3-2): 

•! Sustainability  

•! Technical feasibility 

•! Water quality 

•! Public perception  

Subsequently, we provide an assessment of how each of these factors as they pertain to water 

sourcing decisions at LBWD.  

  

Sustainability of LBWD water sources and implications for LBWD water sources. Sustainability 

of water sources is a particularly critical issue in Southern California because California has 
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highly variable annual precipitation29 and because the population of California is already high 

and expected to grow from 37 to 60 million people (a 162% increase) by 2050.60  

 

The sustainability of LBWD’s water sources varies greatly. Reliance on imported water in 

California is threatened by increased temperatures, which result in more precipitation as rain 

instead of snow.29 Traditionally, seasonal snowpack has been relied upon to store freshwater 

until the warmer and drier months, though increased temperatures during winter can prevent 

adequate storage and capture for later use.29 Groundwater sources rely on local precipitation to 

recharge. Without reliable and consistent precipitation, groundwater supplies are shrinking.34 

Conversely, recycled water treated for non-potable or DPR, and seawater desalination are more 

sustainable water sources since their sources (e.g., treated wastewater and seawater) are not 

affected by weather patterns. Although health-related impacts may be associated with recycled 

waters or seawater desalination, these sources are largely exempt from sustainability issues. 

 

Water quality of LBWD water sources and implications for LBWD water sources. Water quality 

indicators include measurements of turbidity, coliform bacteria, lead, and arsenic, amongst other 

potential contaminants.61,62 Imported water at LBWD is provided by the MWD; this water is 

tested for over 100 potential contaminants daily by both MWD and LBWD, and meets or 

exceeds federal and state water quality standards.61,62 MWD and LBWD publish detailed water 

quality reports annually that include water quality parameters for water sources used by the water 

district.61 The Los Angeles Sanitation Department controls LBWD’s recycled water treated for 

non-potable reuse, which meets tertiary water treatment standards.43  
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LBWD’s groundwater is extracted from Southern California’s Water Replenishment District 

(WRD) Central Basin. The groundwater quality within WRD’s Central Basin currently meets all 

federal and state water quality standards.63 However, some restricted areas of the basin have 

poorer quality and are unsuitable for potable use; therefore, they are not incorporated within 

WRD’s groundwater extraction. WRD closely monitors the entire basin for more than 100 water 

quality constituents through daily sampling of its well network to ensure emerging water quality 

concerns are identified and managed quickly.63 WRD also monitors the basin for salinity levels 

to ensure no seawater intrudes into the groundwater basin.63  

 

For sources not currently utilized at LBWD (e.g., seawater desalination and potable water via 

DPR), data from established facilities (i.e., Carlsbad’s Poseidon seawater desalination plant 

operated by San Diego County Water Authority, or Complete Advanced treatment technology at 

OCWD) were reviewed. San Diego County Water Authority (SDCWA) controls the water 

quality of water generated via seawater desalination at the Poseidon plant. Water generated via 

seawater desalination is blended with established imported water sources, which meets state and 

federal water quality criteria. Similar to LBWD, water quality indicators include measurements 

of turbidity, coliform bacteria, lead, and arsenic, amongst other potential contaminants. Our 

literature review did not reveal any significant water quality concerns specific to desalinated 

water.  

 

The OCWD treats recycled water for potable reuse using technology known as advanced water 

treatment (AWT) within their drinking water treatment facility.64 The AWT process at OCWD 

involves microfiltration, reverse osmosis, and oxidation and disinfection via ultraviolet light 
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treatment before the treated water can be introduced into the potable water supply. Once 

OCWD’s treated water is blended with potable water, it is held to the same potable water quality 

standards as water from other sources. Although OCWD treats recycled water for IPR, the same 

technology could be used to treat DPR.64 For recycled water treated for potable reuse (direct or 

indirect), current treatment technologies exist and are constantly improving to best address any 

related health issues. In general, research reveals that recycled water generated from DPR does 

not pose any additional risk versus current, established water supplies.3,6,9,10 

 

Technical feasibility of LBWD water sources and implications for LBWD water sources. 

Technical feasibility for LBWD water sources refers to not only available technology to 

introduce a new water source, but also whether or not the existing infrastructure and location are 

available and practical. Technical feasibility has downstream impacts on health because without 

the appropriate foundation to implement a water source, the health benefits or harms described 

herein cannot be realized. 

 

Although LBWD does not currently operate a seawater desalination facility, a facility recently 

opened nearby in Carlsbad, California, thus proving its feasibility. In Long Beach, the city is 

situated along the coast, rendering a seawater desalination plant feasible because of the 

convenient access to seawater.41,65 Although barriers may exist regarding the feasibility and 

expansion of seawater desalination facilities persists, public opposition to high overall costs of 

developing seawater desalination facilities and the environmental impacts to coastal habitats and 

marine life may prevent facilities from breaking ground.66,67  
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Likewise, although LBWD does not currently treat recycled water for potable reuse, this 

technology is available in neighboring Orange County and LBWD already has some of the 

infrastructure required.22,64,68,69. Existing facilities are in place at LBWD to treat wastewater for 

non-potable applications; over 2014-2015, LBWD treated 14.59 Million Gallons/day (MGD), or 

16350 AF/year at their 25 MGD facility.43 Although facilities exist to treat water for non-potable 

uses, capabilities to treat wastewater for potable reuse do not exist at LBWD. Additionally, 

LBWD would need to increase the volume of wastewater to support the potable water needs of 

their population. A potential method to increase LBWD’s wastewater would be to reroute water 

from a neighboring facility, such as the LCWRP. Capabilities for producing recycled water for 

potable reuse currently exist in Southern California, but require greater infrastructure and space 

than is currently available at LBWD; neighboring OCWD produces recycled water treated for 

potable reuse via IPR reuse via their Groundwater Replenishment System.70 IPR is not feasible 

for LBWD because unlike OCWD, LBWD does not operate or have rights to their own 

groundwater basin; LBWD purchases its groundwater from WRD’s Central Groundwater Basin 

in Southern California. Alternatively, DPR requires less physical space than IPR and is likely to 

be integrated into California’s water supply in the near future. At the end of 2016, California’s 

State Water Resources Control Board (SWRCB) released a report71 describing the feasibility for 

developing regulations to support recycled water treated for DPR as drinking water source in the 

near future.  

 

Public perception of LBWD water sources. Public perception of health risks related to water 

sources has been shown to shape their public acceptance and is particularly a concern for 

proposed new sources of water, particularly use of recycled water for DPR. Currently, public 
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opposition is considered to be the greatest obstacle to successful implementation DPR in 

California.3,6,22,64,68,69 Not surprisingly, the most common public concerns from DPR surround 

water quality and the safety of the water supply.  

 

Public education and outreach campaigns may help address public concerns about quality and 

safety of recycled water. Among the many factors shaping public perceptions and acceptability, 

information from trusted sources has been shown to be key.16,17,25,26 An example in San Diego 

demonstrated that greater focus on public education campaigns can lead to greater public 

acceptance. In the 1990s, plans to build a recycled water facility for non-potable reuse in San 

Diego were derailed due to lack of public support.17,25,26 Years later, after a strong public 

education and outreach effort, San Diego was able to boost public support for recycled water 

from 26% in 2004 to 79% by 2012; when the public is not informed or supportive, it is difficult 

for decision makers to act on substantial changes to local water sources.16,17,25,26  

 

Expansion of recycled water is not the only new source subject to public criticism. In response to 

new seawater desalination facilities in Southern California, environmental groups have publicly 

raised concerns over the environmental impacts to sea life, marine habitats, and water pollution 

from increased brine discharge.66,67  

 

Summary of implications of quantitative factors for the water scenarios in the LBWD case 

study. 

In addition to these qualitative factors, we also identified three quantitative factors that have 

traditionally guided decisions about water source choices (Figures 3-1, 3-2): 
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•! Energy demands 

•! GHG emissions, and  

•! Cost of water sources. 

Subsequently, we report our assessment of three factors for the water sources scenarios in the 

LBWD case study. 

 

Energy and GHG emissions for LBWD water scenarios. We estimated energy demand for the 

current and projected water sources for LBWD (Table 3-2) and used these estimates to calculate 

total energy demand for the four urban water source scenarios we modeled for LBWD for both 

2025 and 2035 (Table 3-3) as well as to calculate the estimated GHG emissions for each of the 

water sources and scenarios (Tables 3-2, Table 3-3).  

 

These results indicate that scenarios which include increased recycled water use—both for 

potable and non-potable uses—have a considerably lower energy and GHG emission footprint 

compared to the BAU scenario (i.e., the water use mix currently planned by LBWD) as soon as 

2025. The highest predicted total energy demand and GHG emissions per year were those within 

the DESAL scenario (i.e., the scenario in which all imported and recycled water would be 

replaced with desalinated water). This assumes that current energy demands for desalination 

technology. Although the high end of the range has potential to improve in the future, the low 

range is unlikely to change significantly in the future.  The next highest predicted total energy 

demand and GHG emissions per year were those for the BAU scenario. Energy demand and 

GHG for the BAU scenario are driven by high energy demand for imported water. The lowest 

projected total energy demand and GHG emissions were those for the MIXED scenario (i.e., the 
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scenario in which imported water and desalinated water would be replaced with recycled water 

treated for potable reuse) and the POTABLE scenario (i.e., the scenario in which imported water, 

desalinated water, and recycled water treated for non-potable reuse would be replaced with 

recycled water treated for potable reuse).   

 

Cost estimates for LBWD water scenarios. The estimated unit price for each of the current and 

potential water sources LBWD (Table 3-5) was used to develop low, medium, and high cost 

projections for each scenario in LBWD case study for 2025 and 2035 compared to Baseline 

(2010; Table 3-6).  

 

These results of this analysis (Table 3-6, Figure 3-3) indicate that scenarios that include a 

significant expansion of recycled water use—for either potable or non-potable uses—have the 

potential to cost LBWD significantly less than either the BAU scenario (LBWD’s current plan) 

or the DESAL scenario (maximizing use of desalinated water) as early as 2025. Comparison of 

the high end of the projections for each of the four water use scenarios reveals that the highest 

projected costs were associated with the BAU scenario. Within the low range of cost projections, 

the order of cost for the different scenarios was DESAL <MIXED < POTABLE <BAU. Though 

for medium and high cost projections, the cost range changes to MIXED <POTABLE <DESAL 

<BAU. Notably, the highest estimates for the MIXED and POTABLE scenarios (in which 

imported and desalinated water is replaced with recycled water treated for potable reuse) is lower 

than the lowest estimate for the BAU scenario (i.e., what LBWD currently plans to use) in 2025 

and the medium estimates for DESAL. The highest single cost contribution to the BAU costs 

comes from imported water, reflecting a projected increase in the cost of imported water of 9-
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10% annually during the study period (Tables 3-8, 3-9).53-56  Despite the variety of factors 

contributing to desalination facilities (local permit and regulation costs, intake and discharge 

costs, feed water quality costs, finished water quality costs, project delivery mechanism costs, 

and associated infrastructure and operations costs (power, proximity, labor, etc.)), future costs 

for desalination facilities are trending downward, whereas imported water supplies are becoming 

more expensive; this was observed in the lowest estimate for DESAL, which is lower than the 

low estimates for MIXED and POTABLE.49 The downtrend in overall seawater desalination 

costs is generally associated with improved Seawater Reverse Osmosis (SWRO) membrane 

performance and advances in energy recovery from the desalination process which could be 

implemented at a potential new facility at LBWD.49,50!See Table 3-9 for description of 

uncertainty in costs for Imported Water and Seawater Desalination.  

 

Downstream health impacts related to water source decisions and the implications for 

LBWD water source scenarios. 

We developed a logic framework72 that illustrates the causal pathways with the potential to result 

in downstream health-related impacts from water source decisions; this framework can 

systematically assess potential health impacts and guide potential water source decisions (Figure 

3-2). The primary pathways are related to sustainability of water sources, technical feasibility, 

water quality, public perception, energy demand, GHG emissions, and costs. Subsequently, we 

illustrate how this framework can be used to assess the health impacts of water sources and water 

source scenarios for LBWD. The potential health risks and benefits of each of the water source 

scenarios that we explored for LBWD are summarized in Table 3-7.  
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Causal pathways that link sustainability of water sources to health: implications for LBWD 

water sources and scenarios. A myriad of health-related issues are tied to reliance on 

unsustainable water sources. Water scarcity often compromises nutrition as a result of 

diminished agricultural production,32 or can result in diminished water quality from salt-water 

intrusion or decreases in groundwater basin water levels.34,73,74 Secondary health impacts from 

water scarcity include respiratory and cardiovascular disease (e.g., from air quality issues arising 

from dust from dry lake beds), as well as financial stressors that lead to poor health (e.g., stress, 

heart disease, exacerbation of illnesses) and morbidity and mortality related to insufficient or 

unclean water.32,36,37,75 

 

Water scarcity will also have implications for California’s green spaces,76 which play a valuable 

role in mediating health.77 Reduced water for irrigating green spaces combined with temperature 

increases has the potential to result in more frequent extreme heat events and urban heat island 

effects.78 Green space is an important mediator for the onset of climate change, which can 

prevent health impacts related to heat stroke, respiratory disease, activity-related health impacts 

(obesity, heart disease), and mental and elderly health issues.77,79-84  

 

The two water sources for LBWD that are most affected by water scarcity are imported water 

and groundwater. LBWD purchases imported water from the MWD,41 which sources that water 

from the State Water Project (i.e., from Northern California’s the Sacramento and San Joaquin 

Rivers).13 The primary source of these rivers is snow melt from the Sierra Nevada Mountains. 

Historically, precipitation in these ranges is highly variable; to combat this variability, the State 

of California has implemented a series of reservoirs for storing water.13 However, during 
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extended droughts, such as that experienced from 2011-2017, these reservoirs can run low, 

resulting in water scarcity.29,85 Global and local models suggest that climate change will result in 

droughts in the American Southwest that are increasingly severe and last for increasingly long 

periods of time.29 As a result, imported water used by LBWD, which is already vulnerable to 

water scarcity, is projected to become even more vulnerable.29,85 Groundwater supplies are more 

vulnerable because replenishment rates are slow compared to the rate of use.34 The high use of 

impervious surfaces throughout the Southern California basin and diversion of run-off to 

concrete-lined “rivers” that deliver rain water into the ocean have further slowed natural 

replenishment rates for the region.13 In addition, groundwater reservoirs are vulnerable to sea 

water intrusion resulting from sea level rise associated with global climate change.63  

 

As a result of these differential vulnerabilities, the water source scenarios for LBWD that are 

most dependent on imported water are those in which we would expect to see the greatest 

negative of the health impacts associated with water scarcity. Because all of the scenarios rely 

equally on groundwater, the vulnerability of LBWD groundwater to water scarcity does not vary 

between the scenarios. By contrast, only one of the scenarios we explored, the BAU scenario 

(i.e., the water mix proposed by LBWD for 2025 and 2035 in their 2010 urban water 

management plan41) relies on imported water. As a result, switching to any of the other three 

scenarios (MIXED, POTABLE, and DESAL) would decrease the region’s vulnerability to the 

negative health impacts associated with water scarcity.  

 

Causal pathways that link energy requirements and GHG emissions to health: implications for 

LBWD water sources and scenarios. Substantial energy is necessary for moving and treating 
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water across California (i.e., imported water).12,47,86-90 Most of this energy comes from the 

combustion of fossil fuels, which release air pollutants and GHGs into the atmosphere.47 Because 

GHG emissions drive global climate change, they are indicators for negative health impacts both 

globally and locally.11,12,32 Globally and locally, climate change is projected to cause temperature 

increases, water scarcity, and increased extreme weather events that will affect energy use, and 

how changes in energy use have potential to affect health.32,91 For example, increases in 

temperatures have potential to exacerbate air quality concerns stemming from GHG 

emissions.32,91 Poor air quality conditions are shown to be associated with increased rates of 

respiratory disease and cardiopulmonary and lung cancers, especially over long periods of 

exposure.92,93 

 

The water sources for LBWD that have the highest energy demand and GHG emissions are 

imported water and desalinated water, and hence the scenarios that depend on these sources have 

the highest health risks related to climate change and air quality. Scenarios at LBWD that require 

the highest energy demand and GHG emissions are BAU and DESAL, as importing water across 

California and generating desalinated seawater are highly energy intensive. Choosing to follow 

implement either scenarios will exacerbate the health impacts of climate change from energy and 

GHG emissions, whereas choosing to implement a less energy intensive option (MIXED, 

POTABLE) may mitigate these effects. 

 

Causal pathways that link water costs to health: implications for LBWD water sources and 

scenarios. Higher costs for water have the potential to result in downstream impacts on health 

through reduced access to healthy foods, reduced access to health-related services, and possibly 
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increases in stress-related mental health impacts, all mediated by household financial 

strain.36,37,94-96 These impacts are anticipated to be greatest on low income communities, because 

a greater portion of monthly budgets of low-income households are allocated toward utilities and 

are already more financially strained.36,94  

 

The water source for LBWD that we anticipate would have the biggest impacts on health through 

this pathway is imported water. Of the current and projected water sources for LBWD that were 

examined herein, imported water was the most costly (Table 3-5). Imported water is costly 

because imported water is so energy intensive; increasing energy costs are projected to increase 

the costs of imported water by 9-10% annually during the period we modeled (Table 3-9).54-56 In 

addition to imported water, depending on the local needs of the facility, seawater desalination 

has potential to be costly both because of energy intensity and also because of operations and 

management fees related to bring new facilities online.97-99 Desalination facilities vary between 

locations, thus there is a wide range of cost uncertainty based on local needs and conditions 

(Table 3-9).48,50,97-99  Alternatively, implementation of a facility to generate potable water via 

DPR would require minimal infrastructure changes to existing facilities and thus would not 

contribute as much to the cost burden as desalinated seawater or imported water.22,45,64 

 

As a result of these factors, the two scenarios for LBWD that we anticipate would have the 

biggest differential negative impacts on health through this pathway is BAU; this scenario relies 

on the costliest water source (imported water). Implementing BAU versus MIXED or POTABLE 

would disproportionately burden low-income or already vulnerable populations through 

increased utility prices.94 For lowest income populations, amount of monthly income spent on 
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housing, utilities, and health care costs accounts for nearly 50% of the budget. In contrast, in 

higher income households, the amount of monthly income spent on housing, utilities, and health 

care costs accounts for 40% of the budget.94 Changes in water costs and availability will impact 

lower income households more since these households are already more financially strained and 

since a greater portion of their water use is for basic needs, with little leeway for cuts in water 

use without impacting quality of life.94 

 

Causal pathways that link water quality to health: implications for LBWD water sources and 

scenarios. Water quality has long been the standard criterion that decision makers consider when 

evaluating the health impacts of water source decisions. Water quality has the power to impact 

health through potential water contaminants or constituents, which may cause sickness,3,6 and 

meeting established water quality standards is a high priority for water districts at all times.41 In 

most situations in developed countries, water quality is unlikely to be a concern for existing 

water sources (e.g., imported water, groundwater), although the introduction of a new potable 

water source involves new parameters for measurement. Climate change has potential to change 

the water quality of different water sources. For example, during drought, less precipitation 

results in less groundwater basin recharge. The lack of precipitation can result in less dilution of 

potential contaminants in the groundwater basin, leading to poorer water quality.34,73,74 For 

imported water sources from Northern California, decreased freshwater availability risks 

increasing salinity in the water supply, thus rendering the source unfit to drink.29,30  

 

Potable water generated via DPR that is not treated to the appropriate level has the potential to 

pose health risks.19,100 Some constituents, such as microbial pathogens and viruses, have the 
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potential to affect human health, depending on their concentration and routes of exposure.19,20 

Pathogens are of particular concern because of their acute human health effects; viruses require 

special attention because of their low infectious dose and small size.19,22-24 Current treatment 

technologies exist and are constantly improving to best address any related health issues, though 

in general, research reveals that recycled water generated for DPR does not pose any additional 

risk versus current, established water supplies.3,6,9,10  

 

Among the water sources assessed for the LBWD case study, DPR poses the greatest potential 

risk related to water quality. However, research suggests that DPR, as it would likely be 

implemented in California, could minimize these water quality risks and keep within current 

standards and on par with other water sources. Nonetheless, educating the public and generating 

positive public perception related to DPR would be vital for successful implementation of DPR 

in LBWD.14-16,18 The scenarios that include implementing recycled water treated for DPR, and 

are hence the most affected by this constraint are the MIXED and POTABLE scenarios. By 

contrast, water quality concerns for BAU and DESAL are minimal within LBWD.  

 

LIMITATIONS 

The limitations of this study fall into two main categories: 

•! Limitations in the data available for the LBWD case study and resulting in uncertainty of 

the calculations for energy demand, GHG emissions, and cost; and 

•! Limitations in the ability to generalize the results obtained for the case study to other 

locations. 
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Limitations in the data available for the LBWD case study and resulting in uncertainty of 

the calculations for energy demand, GHG emissions, and cost.  

Where energy demand estimates for LBWD were unavailable, we determined energy demand 

estimates through regression analysis based on a data set collected by the AwwaRF, which 

surveyed the energy demand water districts in California and New York. (See Table 3-1, 

Appendix 1)47 Limitations include the uncertainty of future energy sources, development of new 

technology with lower overall energy demand, and the energy demand of new sources if they 

were to be implemented at LBWD’s facilities. To better represent the energy demand of water 

districts beyond these areas, a research priority would be to conduct surveys in other regions 

across the country.  

 

Estimated GHG emissions for LBWD water sources were calculated from the energy demand 

estimates. The GHG emissions data is reliant on an effect parameter, a multiplier developed by 

SCE, which reflects the amount of CO2 released per kilowatt-hour energy expended.52 The value 

reported by the SCE assumes that all energy demands are met using electricity from the grid and 

that all of this electricity is generated through combustion of fossil fuels. If, for example, all 

energy to move water in California were powered by solar energy, or the energy the amount of 

GHG released from energy demand would change dramatically. 

 

The costs for different water sources have the potential to change in the future, with increasing 

energy costs, new energy sources, new technology development, and changes in drought 

conditions. Cost data is based on established ranges of LBWD-specific water sources; data were 

obtained directly from the entity distributing the water to LBWD. Limitations lie in the 



!

 75 

uncertainties about these new water sources, including uncertainties about whether these water 

sources would be powered using electricity from the grid. In addition, the future costs of both 

imported water and groundwater will be highly dependent upon future drought and precipitation 

patterns, which are hard to predict. In addition, the future cost of imported water will be highly 

dependent on energy costs, which we have assumed will increase by 9% annually, but are fairly 

uncertain. Likewise, the costs for building and implementing either a seawater desalination 

facility or a facility for treated water for DPR are uncertain and depend both on the pace of 

technology development for these treatment modalities over the next 5-10 years and site-specific 

costs for LBWD. A full evaluation of the latter was beyond the scope of this study. 

 

Limitations related to generalizing the results obtained for the case study to other locations.  

The ability of other jurisdictions to generalize from the results obtained for the LBWD case 

study are limited due to variations in climate, geography, quality of local water sources, local 

regulations, and public perception from one region of the world to another. Differences in current 

climate and projected impacts of climate change on precipitation patterns vary dramatically from 

one region of the world to another and have important implications for costs and sustainability of 

local water sources. Likewise, local geography (e.g., proximity to abundant surface water 

sources, proximity to the ocean, etc.) can have a dramatic impact on the costs and sustainability 

of local water sources and the feasibility of implementing new sources, including desalinated 

water. The quality of water sources is also highly variable across the globe. Local regulations 

and perceptions about recycled water impact the feasibility of implementing DPR. In California, 

the development DPR regulations were mandated by the SWRCB in Fall of 2016 and are still in 

development. Developing regulations to allow for DPR will expedite the feasibility of these 
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types of facilities outside California and beyond. As water scarcity and droughts increase in 

frequency and severity worldwide, perception of new water sources (including recycled water for 

DPR and desalinated water) are likely to shift dramatically, but these shifts are likely to vary 

considerably from one region to another.  

 

As a result of this high level of variability in a wide range of critical factors, we do not 

recommend that other water districts take the results reported herein for LBWD and assume that 

they apply to their own jurisdictions. However, the framework and methodology that we reported 

herein should be generally applicable to other water districts, assuming that they have access to 

comparable data and estimates for key values related to energy use and cost for different water 

sources as well as information about the quality and sustainability of their local water sources 

and a reasonable understanding of any factors (e.g., geography, local infrastructure, climate, 

regulations, and public perception) that will influence their water source options. 

 

CONCLUSION 

A full consideration of the health issues associated with different long-term water source 

decisions can help provide a more complete basis for making evidence-based decisions. Here, we 

present a framework that lays out the most important pathways by which water source decisions 

impact health. These pathways include: 

•! Sustainability, 

•! Technical feasibility, 

•! Water quality, 

•! Public perception, 
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•! Energy demand, 

•! GHG emissions, and 

•! Costs. 

We developed a framework to explore how different water management choices in that 

community would likely impact health. Specifically, we focused on LBWD and investigated four 

different water source scenarios: 

•! Scenario 1 (S1) “Business as Usual” (BAU), the current water source mix proposed 

for 2025 and 2035 in LBWD’s 2010 urban water management plan;41  

•! Scenario 2 (S2) “Mixed Reuse” (MIXED), where both imported and desalinated water 

from the current plan are replaced with recycled water treated for potable reuse;  

•! Scenario 3 (S3) “Maximizing Potable Reuse” (POTABLE) where imported, 

desalinated water, and recycled water treated for non-potable reuse specified in the 

current plan are replaced with recycled water treated for potable reuse; and  

•! Scenario 4 (S4), “Maximizing Desalination” (DESAL) where imported and recycled 

water treated for non-potable reuse in the current plan are both replaced with 

desalinated water.  

This analysis revealed that, while each of the scenarios has different possible benefits and risks, 

that overall, those scenarios that would increase use of recycled water (MIXED and POTABLE) 

have a greater potential to benefit public health.   

 

Even without considering development of new technologies going forward, the overall energy 

and GHG emissions associated with implementing DPR have the potential to be lower than 

available sources.  DPR could be achieved by increasing the capacity at LBWD’s existing water 
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treatment facilities and adding advanced treatment capabilities. The neighboring OCWD 

provides evidence of the technical feasibility for recycling water for potable reuse, and proves 

the potential for achieving water quality suitable for DPR. Additionally, using wastewater as a 

source has the potential to be more sustainable than relying solely on imported water or 

groundwater, which have greater reliance on precipitation patterns. The overall financial burden 

of implementing DPR may not be not as high in the future as the existing option of relying on 

existing, unreliable unsustainable sources (e.g., imported water). DPR may also be financially 

subsidized by future state or federal government grants to help offset the burden at local water 

districts. Public education and outreach campaigns regarding DPR processes are a good place to 

begin.  
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Figure 3-1: Factors that have traditionally been considered when making water source decisions. Factors in purple represent 
those amenable to evaluation via qualitative analysis; factors in green represent those amenable to evaluation via quantitative analysis.  
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Figure 3-2: Logic framework of water source decision making and the potential for downstream health-related impacts. 
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Figure 3-3: Projected costs of each water source scenario for LBWD in 2025 and 2035 compared to baseline (2010).  Costs 
projections for each scenario are shown for 2025 (blue) & 2035 (yellow), with 2010 baseline costs represented by the horizontal red 
line. Error bars represent high and low cost projections for each scenario, with the horizontal bars (dark blue and green) showing the 
“medium” cost projections (i.e., those produced when median projected costs per water source was used); the numbers above these 
bars provide the medium cost projections for each scenario in millions of dollars. 
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Table 3-1: Projected amount of water from each source assumed for each scenario in Long Beach Water District case study 

developed herein  

 Amount of Water from Each Source Assumed in Each Scenario (AF/yr) for Years Specified 
Water Source Baselinea S1: Business 

As Usual 
(BAU)b 

S2: Mixed 
Reuse 

(MIXED)c 

S3: Maximizing 
Potable Reuse 
(POTABLE)d 

S4: Maximizing 
Desalination 

(DESAL)e 

2010 2025 2035 2025 2035 2025 2035 2025 2035 

Imported 22,237 18,551 11,929 0 0 0 0 0 0 

Groundwater 34,655 34,000 35,000 34,000 35,000 34,000 35,000 34,000 35,000 

NPR 6,556 13,400 14,000 13,400 14,000 0 0 13,400 14,000 

DPR 0 0 0 23,551 21,929 36,951 35,929 0 0 

Desalination 0 5,000 10,000 0 0 0 0 23,551 21,929 

TOTAL DEMAND 63,448 70,951 70,929 70,951 70,929 70,951 70,929 70,951 70,929 

Note. NPR=Non-potable Reuse, DPR=Direct Potable Reuse. All scenarios rely on water demand data from Long Beach Water District’s 2010 
Urban Water Management Plan.41 For more details about how the water demand calculations were conducted, please see Appendix 1. 
a Baseline includes actual water demand values for LBWD in 2010. 
b For Scenario 1 “Business as Usual,” includes projected water demand for LBWD in 2025 and 2035. 
c For Scenario 2 “Increasing Reuse,” LBWD water demand projections in 2025 and 2035 were altered to include recycled water for both potable 
and non-potable uses and eliminate imported and desalinated water.  
d For Scenario 3 “Maximizing Potable Reuse,” LBWD water demand projections in 2025 and 2035 were altered to maximize recycled water for 
potable reuse and eliminate imported and desalinated water.  
e For Scenario 4 “Maximizing Desalination,” LBWD water demand projections in 2025 and 2035 were altered to maximize recycled water for 
potable reuse and eliminate imported and desalinated water.  
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Table 3-2: Estimated current energy demand for components of current and potential water sources used by Long Beach 

Water District (LBWD) and total estimated energy demand for LBWD water sources. 

 Estimated Energy Demand for Components of Water Sources for LBWD Estimated Total Energy 
Demand for Water 
Sources for LBWD 

(kWh/AF) 

Extraction/Collection 
(kWh/AF) 

Conveyance 
(kWh/AF) 

Treatment 
(kWh/AF) 

Distribution/ 
Discharge 
(kWh/AF) 

Imported 
Water 

n/a 2910c  
(2580-3240)c 

 

40a 
 

<10a 2630-3290 

Groundwater 90a 
 

<10a 40a <10a 140-160 

Non-Potable 
Reuse 

30b 

(20-40)b  
n/a 450b 

(400-500)b 
<10a 410-490 

Direct 
Potable 
Reuse 

30b 
(20-40)b  

n/a 1300 
(1270-1575)b 

<10a 1260-1340 

Seawater 
Desalination 

n/a n/a 3700-9250d,e <10a 4670-4690 

aEnergy demand values estimated using regression analysis (see Methods and Reference 47) were estimated to have an uncertainty of ± 10 
kWh/AF.  

bPersonal correspondence from staff at LA County Sanitation District; see reference 48. 
cPersonal correspondence from staff at Metropolitan Water District; see reference  46. 
dRange provided reflects energy demand reported for total specific energy consumption for the seawater desalination process; see reference  49. 
eNote: The theoretical minimum energy consumption at 50% recovery for seawater desalination using a single stage RO with 100% efficient pump 

and energy recovery is estimated to be ~1950 kWh/AF. This number was obtained from reference 49. 
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Table 3-3: Estimated energy demand and greenhouse gases emitted for each water source scenario for Long Beach Water 

District in 2025 and 2035 compared to baseline (2010) 

 Amount of Energy Required (Million kWh-AF/year) and GHG Released (Million kg CO2-AF/year) for Each 
Scenario for LBWD at Specific Years 

Baselinea 

 
 

S1: Business As 
Usual (BAU)b 

S2: Mixed Reuse 
(MIXED)c 

S3: Maximizing Potable 
Reuse (POTABLE)d 

S4: Maximizing 
Desalination (DESAL)2 

2010 2025 2035 2025 2035 2025 2035 2025 2035 
Recycled  Energy 3-4 6-7 6-8 37-45 35-43 48-60 47-58 6-7 6-8 
 GHG 1-1.2 2-3 2-3 13-16 12-15 17-21 16-21 2-3 2-3 
Imported Energy 52-73 44-61 31-39 0 0 0 0 0 0 
 GHG 18-26 15-21 11-14 0 0 0 0 0 0 
Desal. Energy n/a 19-46 37-93 0 0 0 0 97-140 90-130 
 GHG  n/a 6-16 13-32 0 0 0 0 34-49 31-46 
Total Energy 60-82  19-46 79-145 41-51 40-49 53-65 52-64 98-230 92-216 
 GHG 21-29 26-42 28-50 15-18 14-17 19-23 18-22 34-80 32-76 

Note. Rows provide energy demand contribution of recycled water, imported, desalinated water and total energy required. All scenarios rely on 
water demand from Long Beach Water District’s 2010 Urban Water Management Plan 41. Recycled= Recycled water for both non-potable and 
potable uses. Desal= Seawater Desalination. Imported= Imported water. Total=Amount from all water sources within scenario (ex: imported, 
groundwater, seawater desalination, recycled water for potable and non-potable reuse) 
a Baseline includes actual water demand values for LBWD in; energy and greenhouse gas emissions were calculated using LBWD-specific data 
given baseline water demand. 
b For Scenario 1 “Business as Usual,” includes projected water demand for LBWD in 2025 and 2035; energy and greenhouse gas emissions were 
calculated using LBWD-specific data given Scenario 1 water demand. 
c For Scenario 2 “Increasing Reuse,” LBWD water demand projections in 2025 and 2035 were altered to include recycled water for both potable 
and non-potable uses and eliminate imported water and seawater desalination; energy and greenhouse gas emissions were calculated using LBWD-
specific data given Scenario 2 water demand.  
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d For Scenario 3 “Maximizing Potable Reuse,” LBWD water demand projections in 2025 and 2035 were altered to maximize recycled water for 
potable reuse and eliminate imported water and seawater desalination; energy and greenhouse gas emissions were calculated using LBWD-specific 
data given Scenario 3 water demand. 
e For Scenario 4 “Maximizing Desalination,” LBWD water demand projections in 2025 and 2035 were altered to maximize recycled water for 
potable reuse and eliminate imported water and seawater desalination; energy and greenhouse gas emissions were calculated using LBWD-specific 
data given Scenario 4 water demand. 
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Table 3-4: Data sources for each water source for Long Beach Water District case study 

 

 Water Sources for Long Beach Water District 

Imported Groundwater Seawater Desalination Non-potable 
Reuse 

Direct Potable Reuse 

Water Quality 
Data 

Long Beach 
Water District 
2015 Water 
Quality Report61 

Long Beach Water 
District 2015 Water 
Quality Report61 

A Perspective on 
Reverse Osmosis Water 
Desalination: Quest for 
Sustainability49 

Los Angeles 
Sanitation 
District 2014-
2015 Status 
Report43  

Orange County 
Sanitation District 
reports24,70 

Sustainability 
Considerations 
Data 

Determined through the peer-reviewed literature, agency reports and grey literature.29-31,85,101-104 

Greenhouse Gas 
Emissions Data 

Used 0.35 kg CO2/kWh, the California-specific Greenhouse Gas Emissions multiplier.52 GHG for each water 
source was calculated based on total energy per source. 

Cost Data Metropolitan 
Water District 
Public 
Information 
Request46 

Long Beach Water 
District Public 
Information 
Request/Water 
Replenishment 
District59,105 

A Perspective on 
Reverse Osmosis Water 
Desalination: Quest for 
Sustainability49,106 

Los Angeles 
Sanitation 
District 2014-
2015 Status 
Report43 

Orange County Water 
District Public 
Information Request45  

Technical 
Feasibility Data 

This source is 
already 
established at 
LBWD.41 

This source is already 
established at 
LBWD.41 

Technical feasibility is 
based on LBWD’s 2014 
seawater desalination 
report.41,65  

This source is 
already 
established at 
LBWD.41,43 

Technical feasibility 
was determined by 
industry-specific 
technical reports22,64 
and through 
conversations with 
experts. 

Public 
Perception Data 

Public perception for all sources was determined through a combination of peer-reviewed literature and through 
conversations with experts.14,16-18,29,85,107,108 
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Table 3-5: Estimated unit price (in dollars per AF) for current and potential water sources Long Beach Water District used in 

calculations 

 Cost Per Acre-Foot ($/AF) 
 Imported Groundwater Non-Potable 

Reuse 
Direct Potable 

Reuse 
Seawater 

Desalination 
Baseline 850-130053-56 257-42659 585-80543 700-90045 654-212249 
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Table 3-6: Low, medium and high cost projections for each Scenario in Long Beach Water District case study for 2025 and 

2035 compared to Baseline (2010) 

Projection 

Cost Projections ($M/AF-year) for Each Scenario 

Baseline S1: Business As 
Usual S2: Mixed Reuse S3: Maximizing 

Potable Reuse 
S4: Maximizing 
Desalination 

2010 2025 2035 2025 2035 2025 2035 2025 2035 
Low 26 60 85 33 33 34 34 31 30 
Medium 33 79 114 40 39 41 41 53 52 
High 68 98 142 46 46 48 47 75 73 
Note. Costs in million dollars per acre-foot per year. 

 

 

 



!

 
!

102 

Table 3-7: Summary of key differences in the health impacts and other considerations that 

influence water source selection for Long Beach Water District water source scenarios   

Scenario 1.! Business As 
Usual 

•! Imported 
Water (26%) 

•! Groundwater 
(48%) 

•! Non-potable 
Reuse 19%) 

•! Seawater 
Desalination 
(7%) 

2.! Mixed Reuse 
•! Groundwater 

(48%) 
•! Non-potable 

Reuse (19%) 
•! Direct Potable 

Reuse (33%) 

3.! Maximizing 
Potable Reuse 

•! Groundwater 
(48%) 

•! Direct Potable 
Reuse (52%) 

4.! Maximizing 
Desalination 

•! Groundwater 
(48%) 

•! Non-potable 
Reuse (19%) 

•! Seawater 
Desalination 
(33%) 

Relative 
Health Risks 
 

•! High health risks 
associated with 
climate change 
due to high GHG 
emissions; 

•! High health risks 
associated with 
air quality due to 
high energy use; 

•! Highest risk of 
food insecurity 
and diminished 
access to services 
due highest costs; 

•! Minimal risk to 
hygiene and 
sanitation from 
DPR. 

•! Minimal risk 
resulting from 
trace 
contaminants in 
water treated for 
DPR. 

•! Minimal risk to 
hygiene and 
sanitation from 
DPR; 

•! Minimal risk 
resulting from 
trace contaminants 
in water treated 
for DPR. 

•! Highest health 
risks associated 
with climate 
change due to 
highest GHG 
emissions;  

•! Highest health 
risks associated 
with air quality 
due to highest 
energy use; 

•! High risk of food 
insecurity and 
diminished 
access to services 
due high costs. 

Relative 
Health Benefits 

•! Currently, 
quality of water 
sources is high. 

•! Lowest health 
risks associated 
with climate 
change and air 
quality; 

•! Reduced heat 
stress and 
increased physical 
activity because 
recycled water 
available for 
landscape 
irrigation. 

•! Low health risks 
associated with 
climate change 
and air quality;  

•! Reduced heat 
stress and 
increased physical 
activity because 
recycled water 
available for 
landscape 
irrigation. 

•! Little to no water 
quality concerns. 
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Scenario 1.! Business As 
Usual 

•! Imported 
Water (26%) 

•! Groundwater 
(48%) 

•! Non-potable 
Reuse 19%) 

•! Seawater 
Desalination 
(7%) 

2.! Mixed Reuse 
•! Groundwater 

(48%) 
•! Non-potable 

Reuse (19%) 
•! Direct Potable 

Reuse (33%) 

3.! Maximizing 
Potable Reuse 

•! Groundwater 
(48%) 

•! Direct Potable 
Reuse (52%) 

4.! Maximizing 
Desalination 

•! Groundwater 
(48%) 

•! Non-potable 
Reuse (19%) 

•! Seawater 
Desalination 
(33%) 

Other 
Considerations 

•! Existing sources 
have high public 
acceptance; 

•! Future concerns 
related to 
insecurity of 
imported water. 

•! Significant 
infrastructure 
needs. 

•! Public perception 
is a potential 
barrier; 

•! Water sources are 
highly 
sustainable; 

•! Minimal 
infrastructure 
additions needed 
to existing 
facilities. 

•! Public perception 
is a potential 
barrier; 

•! Water sources are 
highly 
sustainable; 

•! Minimal 
infrastructure 
additions needed 
to existing 
facilities. 

•! Local 
environmental 
concerns are a 
major barrier. 

•! Water sources 
are highly 
sustainable; 

•! Significant 
infrastructure 
needs. 

Note. Water source percentages shown for each scenario are for 2025 estimates. 
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Table 3-8: Identification of the water source that contributes the most to cost for each scenario in the Long Beach Water 

District case study in 2025 and 2035 compared to baseline (2010)   

Projection 

Water Source that Contributes the Most to Cost in Each Scenario 

Baseline S1: Business As Usual S2: Mixed 
Reuse 

S3: Maximizing 
Potable Reuse 

S4: Maximizing 
Desalination 

2010 2025 2035 2025 2035 2025 2035 2025 2035 
Low GW Imported Imported DPR DPR DPR DPR Desal Desal 
Medium GW Imported Imported DPR DPR DPR DPR Desal Desal 
High GW Imported Imported DPR DPR DPR DPR Desal Desal 
Note. Ground=groundwater; Imported=imported water; DPR=recycled water treated for direct potable reuse; Desal=desalination. 
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Table 3-9. Factors driving uncertainty in costs and energy for imported water and seawater desalination at LBWD. 

Water Source Main Factors Driving Uncertainty 
Energy Cost 

Imported Water - Relatively little uncertainty in energy 
demand. 

MWD reports a range of current costs 
for imported water that includes year-
to-year variation in: 

- Tiered water rate 
- System access rate 
- System power rate 
- Water stewardship rate 
- Treatment surcharge 
- Readiness to serve charge 
 

In addition there is uncertainty in the 
rate of escalation for cost of imported 
water, which depends on:  

- Infrastructure repair costs 
- Rising energy costs 
- Rising treatment costs 

 
Seawater Desalination  - Treatment type 

- Presence of energy recovery 
- Seawater intake type 
- Conveyance to drinking water 
treatment facility 

Price of seawater desalination varies 
by facility:  

- Local regulations & permitting 
costs 

- Intake and discharge costs 
- Feed water quality costs 
- Infrastructure and location costs 
- Project delivery mechanism costs 
- Infrastructure operations costs    
(power, proximity, labor).  

 
!
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CHAPTER 4 

 

Perspectives on the Barriers Towards the Future of Recycled Water in California: Results 

from Interviews with Key Stakeholders 

 

ABSTRACT 

Expanded use of recycled water has the potential to improve the sustainability of water systems 

in areas with high levels of water insecurity, including California. Despite recent studies 

suggesting that expanded use of recycled water could be both beneficial to health and cost 

effective, the rates of recycled water use in California remain low. To identify barriers to 

expansion of recycled water use in California, we conducted open-ended interviews with a 

targeted sample of 12 key stakeholders who represent a range of viewpoints within California’s 

recycled water community, including experts from government regulatory and public health 

agencies, wastewater suppliers, and independent consultants and engineers. Barriers identified by 

the respondents were related to the regulatory environment, infrastructure and funding, 

requirements for new technology, health risks, and public perceptions. Respondents provided 

concrete suggestions regarding how to lower these barriers and insights into the roles that public 

health professionals could play in this effort. This work suggests that public health professionals 

can play a critical role in facilitating the expanded use of recycled water and improving water 

security and sustainability worldwide. 
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INTRODUCTION 

Recycling water is increasingly recognized as a valuable strategy for improving the resiliency of 

urban water supply systems,1-3 but is relatively underutilized in most regions of the world. 

California offers an instructive case study for identifying barriers to recycled water use as well as 

approaches to lowering those barriers.2,4 While in the midst of an extreme drought, California’s 

conditions are anticipated to worsen both as the population grows,5 and as climate change causes 

more frequent and severe water shortages.6 Currently, California’s South Coast basin (Los 

Angeles and surrounding areas) uses relatively little recycled water—just 11% of the basin’s 

total water supply came from recycled water in 2009—even though the state is experiencing 

extreme drought, and will likely face greater water insecurity in the future.7,8 In addition, most of 

the urban recycled water currently used in California is allocated toward non-potable 

applications, such as green space irrigation or seawater intrusion barriers.8  

 

Going forward, use of recycled water for potable applications is likely to become increasingly 

important.2,9,10 Potable reuse of recycled water, which involves treatment of wastewater to 

drinking water quality standards, is typically divided into two categories: DPR and IPR.1 DPR 

refers to treated wastewater that is directly introduced into the potable water supply after 

treatment. By contrast, IPR refers to treated wastewater that is introduced into an environmental 

buffer (e.g., groundwater or a river) following treatment and before entering the potable water 

supply. (See Figure 4-1.) IPR has expanded in recent years across the world, particularly in areas 

suffering from extreme water scarcity (e.g., Singapore11). In California, many wastewater 

treatment plants provide recycled water for non-potable uses (e.g., landscape irrigation), but only 

seven wastewater treatment plants provide recycled water through IPR.12 Currently, only four 
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facilities in the world produce potable water via DPR and only two facilities are in the United 

States.1 Both United States facilities are located in Texas, and neither is currently in operation.1,2  

 

Positive public perception of recycled water is a driver toward successful implementation of 

recycled water programs. Studies suggest public acceptance is heavily tied to public accessibility 

of information regarding recycled water processes and systems.13-17 Unsurprisingly, the public is 

more accepting of alternative water sources during times of crisis, which is relevant to 

California’s current drought.18,19 For example, in San Diego, lack of public support derailed a 

water reuse project in the 1990s. Years later, with a strong public education and outreach effort, 

San Diego was able to boost public support for recycled water from 26% in 2004 to 79% by 

2012; when the public is not informed and/or supportive, it is very difficult for decision makers 

to act on substantial changes to local water sources.15,20,21  

 

For potable reuse, public opposition is considered the greatest obstacle to successful 

projects,14,18,20,22 where most common public concerns surrounded water quality and the safety of 

the water supply. For example, many associate recycled water with the moniker “toilet to tap” or 

subscribe to the “yuck” factor, deeming the water unclean or unhealthy.23,24 Similarly to recycled 

water for non-potable reuse, public concerns for potable reuse mainly surround safety and 

reliability of water quality.14,18,20,22  Research has shown that technology exists to treat water for 

potable reuse, and should not be cited as the limiting factor for expanding potable reuse.1-4,25,26 

However, in some studies, public trust in water quality stemmed from the public’s trust in water 

managers and their ability to ensure the best possible water quality.14,16,18 
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Two critical question that arise regarding potential expansion of recycled water: (1) why, in the 

face of a need for more sustainable water sources, hasn’t California more aggressively pursued 

expanded use of recycled water and (2) what can be done to facilitate increased use of recycled 

water in California—including for potable reuse—in the years to come?  Here, our goal was to 

more completely explore perceived barriers to expansion of recycled water in California as well 

as to identify how those barriers might be lowered. With the understanding that water and health 

are intricately linked,27,28 we sought to identify how health factors may play a role in barriers to 

recycled water expansion.  To this end, we conducted interviews with policymakers and 

professionals in the state’s water and public health communities and asked these respondents 

about their perspectives on recycled water, expansion of potable reuse, including DPR, perceived 

barriers to implementation, health-related impacts and what to expect in the future.  

 

Here, we report the results from these interviews, including insights gained into how barriers to 

the expanded use of recycled water in California could be lowered. Based on the results of these 

interviews, we provide specific recommendations for the roles that public health professionals 

could play in lowering these barriers, and how public health professionals might partner with 

other sectors to reduce barriers to expanded use of recycled water not only in California, but also 

in other areas with high water demand and scarce supply. 

 

METHODS 

Literature review. 

We evaluated peer-reviewed and gray literature to better understand the status of recycled water 

for potable and non-potable reuse and to identify barriers to expansion of recycled water that had 
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been identified previously in the literature. The literature reviews performed for Chapters 2 and 

3 were supplemented with literature searches through Google Scholar and Web of Science using 

search terms “health AND recycled water” “recycled water AND water quality” “water reuse 

AND health.” Additional sources recommended by respondents participating in the interviews 

were also reviewed.28 

 

Study sample. 

We employed a systematic snowball sampling strategy to identify professionals at government 

regulatory agencies, staff members of state and local public health departments, independent 

engineers and consultants, employees of local wastewater treatment facilities, and policy experts 

within the water community in California who had expertise in recycled water.29 Initial contacts 

were established through the authors’ participation in regional water management working 

groups, or through connections made while working with experts in the field. Our initial wave of 

interviews targeted stakeholders with expertise in areas related to barriers to expansion of 

recycled water in California that were identified during our literature review (i.e., regulatory 

expertise, technological expertise, and expertise in public perception). Through our initial 

interviews, we identified additional barriers to expansion (i.e., those related to infrastructure, 

funding, and health), which guided the selection of additional respondents with expertise in these 

areas (i.e., infrastructure, funding, and health). A third set of interviews was conducted to assure 

adequate representation from all sectors associated with recycled water use and barrier themes 

identified in the literature review and first two sets of interviews.  
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Overall, we identified 22 candidates for participation in the interviews, who were then contact by 

email. Of the 22 individuals contacted, 12 (54%) agreed to participate in the study. All of the 

individuals who were interviewed as part of this study are high-level technical professionals with 

great familiarity with recycled water issues in California, and work with recycled water issues on 

a daily basis for their profession. 

 

Interviews and analysis. 

We conducted 11 interviews by telephone during Winter and Spring 2016; 10 of the interviews 

were with individuals and one interview included two respondents. All interviews were audio-

recorded with the permission of the respondents; interviews were recorded with the iPhone 

application TapeACall. The interviews were conducted using an open-ended interview format, 

which included three main themes with open-ended questions regarding barriers to expansion of 

recycled water use, future potential for expansion of recycled water use, potential for expansion 

of DPR, health impacts related to recycled water uses, and public perception of recycled water 

over time. (See Table 4-1.) Interviews averaged 30 minutes. Respondents were not offered 

monetary compensation for study participation. Identifying (i.e., name and workplace) 

information was removed during transcription, though metadata remained (e.g., area of 

expertise). Interview transcripts were transcribed manually in Scrivener, a word processing and 

project management program (Scrivener can be found at 

https://www.literatureandlatte.com/scrivener.php).  
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Analysis. 

Our analysis began with a bottom-up coding approach using a grounded theory model, wherein 

the codes to tag the data were generated by themes within the data collected.30 The grounded 

theory method uses a hypothesis-generating process, not a hypothesis testing process, which 

allows the data, codes, and themes generated to drive the development of the hypothesis.30 

Transcripts were tagged with the following codes, which were identified initially through themes 

in our literature review, and refined during our interviews: “barriers to expansion,” “regulatory,” 

“technology,” “public perception,” “funding,” “infrastructure,” “health,” and “future 

projections.”  Each code was grouped by stakeholder sector (wastewater supplier, government 

regulator, public health professional, water policy professional, and engineers and consultants). 

Through our bottom-up coding process, we identified patterns, inconsistences, omissions, and 

additions across codes and groupings to help guide our analysis.   

 

RESULTS 

Our initial goal was to systematically identify barriers to the expansion of recycled water use in 

California. Three categories of barriers were identified through the literature review: barriers 

related to regulations, barriers related to technology, and barriers related to public perception. 

Three additional barriers were identified through the interviews with key stakeholders: barriers 

related to funding, barriers related to infrastructure, and barriers related to health. Respondents 

discussed encountering these barriers to expanding recycled water in their daily work, how they 

anticipate overcoming these barriers, and what outcomes we can expect for recycled water in the 

future. Although we initially intended to focus on barriers to expansion of recycled water treated 

for potable reuse, respondents described barriers for recycled water treated for both potable and 
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non-potable reuse. Subsequently, we discuss barriers identified for each of the six categories 

(regulatory barriers, technological barriers, barriers related to public perception, funding barriers, 

infrastructure barriers, and barriers related to health). In each case, the barriers are discussed 

according to whether they were identified as barriers to expanded use of recycled water for 

potable or non-potable reuse. 

 

Regulatory barriers. 

All respondents spoke at length about regulations as barriers to recycled water use. The examples 

of regulatory barriers they identified ranged from changes needed in building codes to a lack of 

regulations for DPR.  

 

Regulatory barriers related to non-potable reuse. Several respondents (including one or more 

engineers, consultants, and public health professionals) identified specific components of 

building codes that, if amended, they believed would lead to more expedient expansion of 

recycled water for non-potable use in California. Several respondents noted that the current 

plumbing code allows residences to use gray water systems in-home for spray irrigation, though 

current code is not written to allow use of recycled water in homes for flushing toilets. 

Respondents noted that amending the plumbing code to allow recycled water use in toilet 

flushing could be an additional way to help homeowners conserve freshwater. Respondents felt 

this amendment to the plumbing code is worth considering, especially when installing plumbing 

systems for new housing developments. 
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Several respondents also mentioned that regulatory changes are necessary to allow use of 

recycled water for toilet and urinal flushing in high-rise buildings, which would also provide 

fresh water savings. One respondent clarified: 

To introduce recycled water into high rises, a dual-plumbed system is necessary to 

prevent cross contamination between the potable and recycled waters. In the case of any 

complications, a piece of hardware known as a “swivel ell” allows the user to switch 

between potable or recycled water distribution systems [which maintains an air gap 

between the water sources]. Switching systems allows potable water to flow in place of 

recycled in case something goes wrong. Right now, regulators aren’t allowing these tools 

to be used on dual plumbed sites, and there is no mention [of] swivel ells within building 

code regulations, which slows down the potential to convert existing high rise buildings 

for use of recycled water. 

 

Regulatory barriers related to potable reuse. One or more respondents from each of the 

stakeholder groups (wastewater supplier, government regulator, public health professional, water 

policy professional, and engineers and consultants) reported that a critical first step to expanding 

potable reuse in California would be the creation and adoption of regulations to support DPR. All 

respondents from wastewater suppliers and government regulatory agencies indicated that they 

felt the lack of regulations supporting DPR is the greatest barrier to expansion of recycled water 

use in California. One respondent from a government regulatory agency explained:   

To date, adoption of regulations for indirect potable reuse (IPR) in 2014 inspired 

development for 17 proposed IPR projects across the state. It is assumed that the same 

level of interest will result for DPR projects once regulations are put in place. 
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Respondents from wastewater suppliers, engineers, and consultants offered suggestions for how 

future regulations for DPR could be framed to ensure the best possible water quality. One 

respondent offered two options for dealing with potential lapses in treatment, which were echoed 

by others: 

(1) Real-time monitoring for water quality concerns (pathogens, chemicals of emerging 

concern, nitrogen) could be implemented into the DPR system as an alert for any 

problems. To supplement the real-time monitoring, a method for immediate action to 

prevent contaminated water from entering the potable water supply should be included in 

the event the water does not meet all quality requirements or, (2) Storing and testing the 

treated water before allowing its entry into the potable water system. This would allow a 

greater time buffer to act if any problems arise. 

 

In addition to pointing out the need for setting regulations for DPR, two respondents from 

regulatory and wastewater supply sectors mentioned the significance of regulatory standards for 

hiring and training operators to manage DPR facilities. For instance, one stated: 

Once DPR facilities are ready for use, hiring and training operators to manage the 

facilities effectively will be an important step. To ensure operators are fully trained to fix 

any problems, and educated to monitor and prevent any potential water quality issues, a 

certification program and test should be developed now so it’s ready to go. 

 

Overall, the belief that the lack of regulations for DPR is the greatest barrier to expanded 

recycled water use was consistent among all respondents. Regulators, engineers, consultants, 
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wastewater suppliers, and public health officials that we interviewed prioritized regulations to 

assure water quality, while wastewater suppliers and regulators that we interviewed called 

attention to the need for regulations monitoring operations at the treatment facilities.  

 

Technological barriers. 

Technological barriers related to non-potable reuse. Overall, the experts we interviewed agreed 

that technology is available and effective for treating wastewater for non-potable uses.  

 

Technological barriers related to potable reuse. By contrast, there was no clear consensus among 

the respondents we interviewed regarding whether technological barriers are a concern for 

expansion of DPR, particularly whether current technologies are adequate to treat water for 

potable reuse. One wastewater supply professional we interviewed stated, “The technology for 

direct potable reuse is there. We can treat water to such a high level, that by the time it leaves the 

plant, there’s nothing in it.” 

 

Several of the engineers, consultants, and public health professionals expressed concern that the 

water treatment technology is not adequate to remove pathogens and chemicals of emerging 

concern. Despite this trepidation regarding technological advances, respondents from all of the 

stakeholder groups expressed confidence that the technological barriers will be addressed and 

DPR will be integrated into California’s water supply within the near future, with estimates for 

achieving this ranging between 5-20 years. 
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Infrastructure barriers. 

Infrastructure barriers to recycled water use were identified by wastewater suppliers, engineers 

and consultants, and public health professionals. As the situation currently stands, the 

infrastructure in place at most wastewater treatment facilities does not support the need for DPR. 

Wastewater suppliers we interviewed identified concerns about building out their facilities for 

new uses, and for rerouting existing water through their plants; engineers and consultants we 

interviewed mentioned concerns about building out infrastructure for new technology; and public 

health professionals identified infrastructural needs related to inspecting and approving plans for 

new buildings sites.  

  

Infrastructure barriers to non-potable reuse. Two respondents mentioned an unintended 

consequence of increasing water conservation could be reduced flows at wastewater treatment 

plants. One respondent pointed out that they are already experiencing challenges: 

Originally treatment plants were located to best access more residential flows and avoid 

industrial discharges to get the highest quality recycled water. Currently, the service area 

is limited and now there aren’t as many places to get recycled water. 

Another respondent pointed out:  

Not all wastewater treatment facilities are set up to distribute recycled water back into the 

community they came from; some are set up to route all treated water directly to the 

ocean. Infrastructure updates to piping would help reroute flows to maximize uses at 

facilities with decreasing flows, and also to reduce waste. 
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Infrastructure barriers to potable reuse. Respondents we interviewed from wastewater suppliers 

indicated that investments in infrastructure for DPR would minimize the need for pipeline 

updates to transport recycled water to environmental buffer locations (which are necessary for 

IPR), or for piping for non-potable reuse (also known as “purple pipe”).  One respondent 

mentioned that DPR may be more readily adopted in locations where suitable surface or 

groundwater storage buffers are not possible due to soil type or groundwater basin 

contamination.  

 

Funding barriers. 

Funding was identified as a major barrier to expanding recycled water for both non-potable and 

potable uses, as lack of sufficient funding impedes the implementation of necessary 

infrastructure and technology updates for expanding reuse. Funding barriers to expanded 

recycled water use were identified by government regulators, water policy professionals, 

wastewater suppliers, and consultants and engineers that we interviewed.  

 

Funding barriers to non-potable reuse. One example of a successful approach to provide funding 

for water recycling projects that was cited by several respondents from a variety of stakeholder 

groups was California’s SWRCB program, which offers loan money for recycled water projects. 

Since the SWRCB program was implemented in 2015, so many agencies have taken advantage 

of these resources that the initial allocation of $800 million for the program had to be 

supplemented with an additional $100 million in discretionary funds. Several stakeholders also 

mentioned funding from California’s 2014 Proposition 1 water bonds, which provided $725 

million in funding for recycled water; one respondent noted that funds from the Proposition 1 
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water bond are running out quickly.31  Water policy professionals and wastewater suppliers that 

we interviewed noted an alternative to accepting funding or loans from the state would be for 

individual water suppliers to increase rates to support infrastructure costs. However, these 

respondents also noted that rate increases are not a preferred solution in most areas, especially if 

water suppliers wish to maintain a positive association with increased use of recycled water.  

 

Several respondents pointed out that obtaining funding for end-users (e.g., schools) to implement 

recycled water systems for non-potable reuse on their properties can be challenging. Government 

regulators and engineers and consultants that we interviewed mentioned barriers related to 

funding for end-users to implement recycled water systems for non-potable reuse on their 

properties. Currently, funding regulations only allow water suppliers to apply for funding for 

recycled water projects. This stipulation fails to recognize that designing, planning, and creating 

infrastructure to receive recycled water is costly. One respondent noted that programs can be 

implemented to help overcome this barrier: 

Currently, if a school is interested in using recycled water to irrigate its sports fields, the 

school is responsible for the cost of retrofits and connections once the recycled water 

reaches their property. To amend this, Southern California’s Metropolitan Water District 

previously sponsored a program to support funding required by the end-users, though this 

is not the norm… Metropolitan Water District allocated $7.2 million towards end-user 

support for expansion of recycled water infrastructure. 

Several respondents suggested that funding opportunities for end-users should be included within 

future calls for funding by the state and other relevant funding entities. 
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Funding barriers to potable reuse. Funding barriers to implementing potable reuse of recycled 

water are even greater than those for non-potable reuse because of the additional infrastructure 

that would need to be put into place. Recognition of this barrier by California’s SWRCB has 

allocated funding towards recycled water projects, which will allow local water districts to begin 

construction for potable reuse plants through SWRCB’s subsidies. 

 

In addition to securing appropriate funding, respondents stressed that water districts want to 

make sure it is economically viable to transition away from imported water and increase use of 

recycled water. They pointed out that the costs of implementing potable water reuse are too high, 

which could trigger backlash from their customers. Additionally, some respondents mentioned 

that a lack of funding could cause some areas to decide against implementing potable reuse, 

which could compromise the sustainability of their water supply and increase costs as imported 

water costs increase. Three respondents mentioned that funding is a particular concern for 

smaller or lower income communities who may not have the capital to implement recycled water 

systems.  

 

In many instances, infrastructure and funding challenges are not mutually exclusive. One 

respondent mentioned that one way to minimize both infrastructure and funding challenges is 

through greater regionalization of water systems:  

We would hope there would be more regionalization of recycled water systems, but this 

hasn’t been the case until recently when Southern California’s Metropolitan Water 

District voted to do a pilot study on recycled water for indirect potable reuse in 
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collaboration with Los Angeles County Sanitation. If this turns out well, they’ll expand to 

treat Los Angeles County effluent and distribute to all their member agencies. 

Several respondents noted that cooperation between districts is becoming more common, and 

that it should be an important next step in ensuring successful expansion of potable reuse. 

 

Public perception. 

All stakeholders we interviewed mentioned that public perception and acceptance of recycled 

water has changed immensely over the past 20 years, especially in response to California’s 

current drought.  

 

Public perception barriers to non-potable reuse. Respondents noted that whereas barriers related 

to public perception were once an intractable issue for expanding recycled water, perception has 

evolved over the last twenty years, thanks in large part to public education campaigns. Some 

essential factors that respondents highlighted as being important for maintaining a positive public 

association with recycled water are:  

•! Keeping the public informed early on regarding when wastewater will be integrated 

into their water sources, the treatment type, and how treatment occurs;  

•! Promoting education programs at wastewater treatment plants; and 

•! Maintaining consistent terminology.  

 

Several respondents cited public tours of wastewater treatment plants as one of the best methods 

for gaining public trust, as well as word of mouth. In one respondent’s experience:  
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Public perception has evolved a lot because of the drought. Now people are asking to 

learn about recycled water, not shying away from it. Everyone has been extremely careful 

to make sure we’re not moving too quickly and moving ahead of the science and experts, 

and keeping the public on board. 

 

Public perception barriers to potable reuse. Another respondent mentioned that the public isn’t 

knowledgeable of different treatment types for recycled water; thus, labeling recycled water 

treated for non-potable reuse as “do not drink” could send a negative message for public 

perception of recycled water treated for potable reuse once its available in more communities: 

As people began to learn how water can be recycled and that it’s put into purple pipes, 

there’s been a lot of approval. But at the same time, two opposing things were happening: 

1. More information was getting out about the potential for pharmaceuticals passing 

through treatment systems and making the water dangerous, and 

2. There has been very confusing language on signage all over the place. 

On one hand, the signs will report “we use recycled water for irrigating,” but in others, 

it will say “do not drink,” which sends very conflicting messages. 

This has definitely led to more awareness, and more acceptance, but the confusion and 

inconsistencies can also create fear. 

This respondent advocated for consistent messaging and terminology for all types of recycled 

water, which would help to lessen public fears and increase public acceptance of recycled water.  
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Health risks. 

Potential health risks associated with recycled water use are at the root of most public perception 

fears17 and were also cited by some of our respondents as a potential barrier to application of 

recycled water for potable use.  

 

Health risk barriers to non-potable reuse. Although most respondents did not express concerns 

about human health risks related to non-potable reuse of recycled water, some wastewater 

suppliers had concerns regarding the salinity of water sources and its impact on the local 

environment, which can in turn impact human health. One explained:  

For irrigation use, the barrier we need to address to be more expansive about use is 

salinity. Conservation has driven natural salinity levels up and there are certain plant 

types that don’t do well and die with higher salinity if there isn’t sufficient flushing of the 

soil with lesser salty water.  We’ve seen this increase over time principally because of 

conservation and it depends on which source quality is available to the jurisdiction. 

 

Health risk barriers to potable reuse. By contrast, several respondents (including consultants and 

engineers, and public health professionals) mentioned potential human health risks as a barrier to 

DPR in the future. Respondents were adamant about ensuring that treatment technology keeps up 

with emerging challenges if use of recycled water for potable applications is to be implemented 

in California. Some respondents mentioned discussions within the water community about 

concerns regarding handling effluent from industrial sources and storm water, which could alter 

water quality and introduce new chemicals into the water supply unpredictably. Other 

respondents mentioned nitrification of the water caused by decreased water flow, and some 
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raised concerns raised by constituents about whether emerging concern and pathogens would 

pose a risk if recycled water is included in the water supply for potable use. For instance, one 

respondent suggested:  

It will be necessary to determine levels for acceptable risk for drinking water [for 

chemicals of emerging concern and pathogens]. It is essential that sensor technology for 

direct potable reuse is proven effective before it is implemented for drinking water, 

otherwise public trust will be lost. Consistency of treatment and its ability to be 100% 

reliable over time is an issue, and the next few years will be important for improving 

health-related sensor technology for use in direct potable reuse buffering systems. 

 

Another respondent clarified why wastewater suppliers are most concerned about pathogens, and 

methods for determining the treated water was safe and pathogen-free: 

The pathogens are very important to control because they represent acute risks. It’s not 

like the chemicals of emerging concern, where some involve long-term risks so presence 

the of some chemical above its MCL [maximum contaminant level] for a very short time 

period and it wouldn’t be very meaningful because it could be taken care of with proper 

treatment….While both pathogens and chemicals of emerging concern are important 

from a regulatory standpoint through on-line monitoring and surveillance, pathogens are 

what we’re most concerned about controlling from a health standpoint. 

 

For how to best control for pathogens as many pathogens as possible to protect health, the same 

respondent suggested: 
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You don’t need to monitor for all pathogens — in fact, you can’t because it’s too 

expensive. Not only can you not monitor for all pathogens, but you can’t do it in a fast 

enough time period because as soon as you get the [water quality] results, the water is 

long-gone. Existing pathogen knowledge is based on existing research where we’ve 

looked at the most resistant pathogens, for example viruses that are likely to be present in 

the water and monitor for those…Given current treatment technology using reverse 

osmosis and AOP [advanced oxidation processes], we are relatively confident that the 

water is clear, though, there’s more to be done and more studies should be conducted to 

determine of what’s present in raw, untreated wastewater in the future. 

 

DISCUSSION 

Out of the six categories of barriers to expanded use of recycled water in California identified by 

respondents (regulatory barriers, technological barriers, barriers related to public perception, 

funding barriers, infrastructure barriers, and barriers related to health), the barrier category that 

was identified consistently as the most pressing were those associated with regulations. Although 

some barriers, such as public perception, were mentioned by all groups of respondents, other 

barriers emphasized by some types of professionals were not mentioned by other respondents. 

(See Table 4-2.) Many of these were not surprising; government regulatory employees identified 

regulatory barriers, public health professionals discussed health barriers, and engineers and 

consultants brought up technological barriers.  Interestingly, respondents who mentioned health 

concerns also tended to be the same ones who emphasized technical barriers.  Regulatory 

barriers, such as the need for regulations for DPR, were mentioned by most respondents. Among 
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the different barriers discussed by respondents, regulatory barriers seem most amenable to 

change. 

 

As has been reported previously in other studies and settings,1,2,23,28,32,33 we found that the 

stakeholders in the recycled water and public health communities in California that we 

interviewed consistently recognized and valued the potential benefits of expanding recycled 

water use. While all stakeholders that we interviewed indicated that they supported expansion of 

recycled water for DPR, most spoke about DPR in hypothetical terms because DPR is not used 

currently in California.  

 

Lessons learned: Importance of public perception barriers to recycled water.  

Our interviews highlighted the importance of improving public perceptions of recycled water, 

especially at a project’s beginning stages, and provided insights into how this can be achieved 

effectively. Respondents noted that public perception of recycled water typically improves with 

greater education, particularly about the benefits of recycled water. Our respondents suggested 

that adopting consistent language for recycled water can aid educational efforts. Among 

professionals, recycled water is also known as reclaimed, reused, or purified water, but the 

general public is typically unaware that these terms all refer to the same treated wastewater. 

Using consistent terminology in public health education materials could help inspire greater 

acceptance. Plain language should be used in all educational materials to ensure best absorption 

of the information by general population, and avoid using terms with negative connotations such 

as “toilet to tap.21” To create more consistent terminology, one of our respondents suggested 

recycled water treated for potable reuse could be plainly known as “drinking water” and recycled 
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water treated for non-potable uses could be known as “irrigation water,” which could help 

present the idea to the public in a non-intimidating format.  

 

Lessons learned: Ways that public health professionals can contribute to lowering barriers 

to recycled water use. 

The interviews that we conducted also suggested that public health professionals could play an 

important role in lowering barriers to recycled water use, even in cases where public health 

departments have no direct control over the issues at stake. When pointing to the factors that 

contributed to successful recycled water projects, several of our respondents emphasized the 

importance of inter-agency cooperation. In the examples the respondents cited, this typically 

involved a partnership between a local water district and its neighboring sanitation district, or 

between a local water district and its water wholesaler.  Our respondents did not, however, 

identify partnerships between local water districts and public health departments.  Ideally, these 

types of partnerships and collaborations will occur more frequently as public health departments, 

especially in drought-stricken California, expand their focus from safety of urban water supplies 

to system resiliency. Partnerships between water districts and public health departments could be 

advanced for soliciting funding as a joint unit, or creating a joint education and outreach 

campaign to promote the safety and health benefits of recycled water use. The importance of 

public health professionals engaging in these issues was highlighted by the results of a recent 

poll conducted by California’s SWRCB, “Public Attitudes Toward Potable Reuse of Recycled 

Water.” According to the poll, 77% of survey respondents rated the department of public health 

as the top organization to trust for information regarding safety of recycled water. This poll 

demonstrates that public health departments could play an important role in education of public 
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health practitioners, medical professionals, and local community groups about recycled water 

and its benefits. We noted that none of our respondents mentioned the potential health-related 

benefits of expanded recycled water beyond water quality issues. We believe that educating 

public health practitioners and medical professionals about the greater health-related benefits of 

expanded recycled water use would help them to provide the public with a more positive 

perception of recycled water.   

 

LIMITATIONS 

We employed a nonrandom, targeted convenience sampling strategy for our participant 

population. The findings of this study are limited by the sample size and nonrandom selection of 

respondents that emphasized representation of professional groups.  Missing from this study is 

representation from local potable water suppliers, local governments, community leaders, 

medical professionals, public health practitioners outside the water community, environmental 

non-governmental organizations (NGOs), and academicians. Additional research to assess 

concerns of other stakeholders not included in this study—such as local government officials, 

community groups, medical professionals, potable water suppliers, academics, school groups, 

and environmental NGOs—would likely be informative. Local government officials and 

community groups may have provided insight into local infrastructure and funding needs, as well 

as a community perspective on integrating and expanding recycled water. Community groups, 

school groups, and environmental NGOs may have offered perspectives regarding building 

support of recycled water, or how to introduce the topic into the community because they 

understand the community’s specific needs. Medical professionals may have provided 

perspectives on the idea of integrating knowledge about water source safety into the clinical 
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setting, or on writing educational materials for the public. Academics may have provided 

perspectives on developing technology and policy positions, what to expect in the future, and 

ways to communicate public health messages to the public effectively. We recognize that these 

stakeholder groups are valuable to the continuing conversation over the expansion of recycled 

water and hope future research involves these groups to better understand the breadth of the issue 

across all stakeholders. 

 

In addition, although the individuals interviewed represented a wide range of views and 

expertise, the findings may still have been limited in breadth. The views, attitudes, and policies 

described in this study apply primarily to California.  Despite limited direct applicability to other 

areas, these findings can guide further inquiry into perspectives in other areas. Future studies 

surveying randomized samples may provide more generalizable opinions from the water 

community, and from outside California.  

 

We found that respondents’ perspectives on recycled water focused on non-potable reuse and 

tended to omit consideration of potable reuse. This makes sense given the rarity of potable reuse. 

IPR is present at seven locations,12 and DPR does not exist in California at all. Perhaps this bias 

gave a more generous perspective when asked about public perceptions related to DPR, but that 

remains to be seen in the future as DPR becomes a part of California’s water supply. 

 

CONCLUSIONS 

The results from the interviews reported herein provide a nuanced understanding of the wide 

range of barriers that still exist to expansion of recycled water, particularly recycled water for 
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potable applications in California. These insights in turn provide specific, tractable 

recommendations for what steps must be taken if recycled water is to play a more important role 

in the future of California’s water systems. One key insight gained from these interviews is that 

expanded use of recycled water in California will not occur without the creation and adoption of 

regulations to support DPR. In addition, once these regulations are in place, additional funding 

must be made available for implementation of the required systems.  

 

The interviews also revealed that, although public perception of recycled water has improved, 

much work remains to be done if recycled water for potable applications is to become 

widespread in California. Water districts should focus on public outreach and education 

campaigns to inform constituents regarding potable water reuse and its advantages over other 

water sources. Plain language should be used in all documentation to ensure best absorption of 

the information by general population. Generating support from the public health community 

could help overcome public perception barriers to expansion by garnering public approval and 

helping expedite water reuse projects. Additionally, funding for staff dedicated to both education 

and infrastructure and maintenance for potable water reuse would help expedite expansion 

because public perception and manpower limitations are a big barrier to expansion.  
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Figure 4-1: Comparison of treatment processes required for direct potable reuse (DPR) and indirect potable reuse (IPR) of 
recycled water. IPR utilizes an environmental buffer such as groundwater, or river, to provide final purification step, whereas DPR 
utilizes an engineered buffer within the wastewater treatment plant.  
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Table 4-1: Main interview questions  

GENERAL QUESTIONS 
1.! What are the main issues that are important for your agency/organization to address around efforts to expand the use of recycled 

water? 
a.! What are the greatest barriers you face in the expansion? 
b.! How much influence does your organization have towards increasing the use of recycled water? 

REGULATIONS & BARRIERS 
1.! Can you give any examples of urban recycled water uses your organization would like to pursue but are prevented from using due 

to current regulations? 
a.! What should we anticipate in the next 10-20 years? 

2.! Describe urban recycled water uses that your agency/organization is currently developing but haven’t implemented yet? 
3.! What happens in areas where the distance between recycled water sources and users is too far? 
4.! What do you think about smaller scale wastewater treatment options to increase use? Is this something your agency/organization is 

looking into? 
5.! What do you think needs to happen for direct potable reuse to be implemented?  

a.! How far away from this are we?  
b.! What barriers need to be removed? 
c.! How is the division of drinking water involved? 

HEALTH AND PUBLIC PERCEPTION 
1.! Have any health issues been raised re: your recycled water uses? If so, by whom, and what were the health concerns? 
2.! Do you think the public perception to potable reuse has evolved relative to 20 years ago, and where do you think it’ll go in the 

future? 
3.! How do you feel about public perception in response to expanded potable reuse?  
4.! What efforts are being made to include public or improve public acceptance? What is your agency/organization doing? 
Note. We conducted the interviews using an open-ended interview format. These interviews included three main themes with open-
ended questions regarding barriers to expansion of recycled water use, future potential for expansion of recycled water use, potential 
for expansion of direct potable reuse, health-related impacts related to recycled water uses, and public perception of recycled water 
over time. 
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Table 4-2: Barriers identified by different types of stakeholders 

Stakeholder Group 

Barrier Areas 

R
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at
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y 

T
ec
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y 
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ic
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er
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n 

In
fr
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H
ea

lth
 

Fu
nd
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Government Regulators* !     �! 
Engineers & Consultants*  ! ! ! !  
Wastewater Suppliers* ! ! ! ! !    ! 
Public Health Professionals* !  !  ! �! 
Water Policy Professionals* !  !   �! 
Potable Water Suppliers ! ! ! ! !  
Local Government Officials !  ! !  �! 
Community Groups   !    
Medical Professionals   !  !  
Environmental NGOs   !    
School Groups   !    
Academics  ! !  !  
Note. Respondents from five different stakeholder groups involved in recycled water 
implementation were interviewed for this study (denoted with *). The barriers to expansion of 
recycled water that they identified fell into six categories. Here, we show which categories of 
barriers were identified by each stakeholder group interviewed, and those barriers associated 
with groups outside this research. 
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CHAPTER 5 

 

Overarching Conclusions and Recommendations for Future Studies 

 

Southern California is just one of several highly populated regions of the world currently 

struggling with water scarcity or insecurity; these issues are projected to exacerbate further as a 

result of population growth and climate change.1 Over the last century, Southern California has 

buffered itself from water insecurity by importing water from other parts of the American 

Southwest. However, greater demands on the region’s water due to climate change and 

population growth across the entire American Southwest, coupled with increasing energy costs, 

challenge this strategy.1-4 As a result, achieving more sustainable water management plans for 

Southern California is a high priority, and doing so could provide a model for other water-

stressed regions.  

 

One of several key strategies for improving sustainability of Southern California’s water system 

is expanded use of recycled water.5,6 However, despite recent legislation and initiatives aimed at 

increasing recycled water in California, the percentage of Southern California’s water supply 

derived from recycled water—particularly for potable applications -- is quite low.6,7 To affect an 

increase in recycled water used throughout California, a better understanding is needed of the 

benefits and barriers to expanding recycled water use, and how these barriers can be overcome. 

We evaluate this expansion through a lens for affecting change for the public’s health. We 

recognize that the greatest changes to public health can be made outside the traditional purview 

of a doctor’s office and that changes in arenas outside the medical profession can also improve 
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health. With the intention of recognizing that health exists in all policies, including water 

policies, we aimed to discover how the expansion of urban recycled water use can have impacts 

on public health, and to provide this information to decision makers. Specifically, we examined 

how water sources are both affected by and affect climate change, through a holistic examination 

of intermediate factors with downstream implications for health. While it is widely accepted that 

climate change will affect the quantity and frequency of droughts and floods across the world,1,8,9 

what is less recognized is how changes in water sources and water resources management will be 

affected by climate change, and how these decisions may impact health. Thus, by focusing our 

research on water sources, their sustainability, embedded energy and GHG emissions, water 

quality, costs, technical feasibility and public perception, we explored further how water sources 

are likely to impact public health in the future. 

 

In this thesis, we have addressed these gaps through the following studies: 

•! Chapter 2: A systematic investigation of the health impacts (both positive and negative) 

of alternative water sources in Southern California compared to the health impacts of 

other effective water conservation strategies and status quo. We conducted this 

investigation by comparing energy demand and GHG emissions of these systems 

(published previously in the American Journal of Public Health.10) 

•! Chapter 3: The development of a holistic framework to assess water source decisions at 

local water district and their potential to impact health. This holistic framework is 

operationalized using LBWD as a model, and includes a detailed qualitative analysis of 

sustainability considerations, water quality, technical feasibility, and public perception, as 

well as a quantitative analysis of the energy demand, GHG emissions, and costs of 
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different water source scenarios. Holistically assessing the potential health-related 

impacts of water source decisions can provide local water districts and decision makers 

with information to identify potential areas to minimize harm and maximize health-

related benefits while choosing which water sources are best fit to their local 

circumstances.  

•! Chapter 4: An analysis of interviews with public health and water industry professionals 

to elucidate the barriers to expanding use of recycled water in California. This study 

sought to understand the barriers towards achieving the work evaluated in Chapters 2 

and 3. 

 

Subsequently, we summarize some of the overarching themes and insights that arose from this 

body of work, from the perspective of informing stakeholders wishing to advance the expanded 

use of recycled water. Although the work presented focuses on Southern California, the lessons 

learned herein should provide valuable information for other regions facing water insecurity, 

particularly those with similar climates and demographics.  

THEMES AND INSIGHTS 

Expanded Use of Recycled Water in Southern California Has the Potential to Result in 

Health Benefits, When Factors Related to the Water-Energy-GHG Nexus Are Considered 

Whereas many prior studies on the health implications of expanded use of recycled water have 

focused on assessing the potential risks of recycled water stemming from water quality, we chose 

to focus on systematically assessing both the potential health risks and the potential health 

benefits of expanded use of recycled water when compared to other water source options.  
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In the study reported in Chapter 2 (previously published in the American Journal of Public 

Health),10,11 we used an HIA methodology12,13 to compare the health impacts of alternative water 

sources (i.e., recycled water, desalination) to both bans on landscape irrigation (a widely touted 

water conservation approach, especially during the current drought) and the status quo (i.e., 

continuing to import the majority of Southern California’s water over long distances). This study 

revealed that health impacts of water source choices in Southern California are tied to their 

respective energy demand, GHG emissions, and contribution to climate change. In addition, this 

study highlighted an important set of benefits associated with recycled water treated for non-

potable reuse, namely the maintenance of green spaces that are conducive to health. Taken 

together, this analysis revealed that expanded use of recycled water for non-potable applications 

has the potential to improve health in Southern California when compared to either the status quo 

or other effective water conservation strategies. This result is noteworthy because it suggests that 

concerns about the health impacts of recycled water—particularly for non-potable applications—

should not be cited as a barrier to expansion. Future studies could include collaboration between 

local health departments and water districts to develop evidence-based educational materials for 

the general public regarding health-related benefits associated with expanded use of recycled 

water. 

 

In the study reported in Chapter 3, we sought to develop a framework for holistically evaluating 

the potential for health impacts when making water source decisions. Specifically, we sought to 

understand how expansion of recycled water for potable reuse could have downstream impacts 

on health compared to established water sources (imported water, groundwater, recycled water 

for non-potable reuse), recycled water for potable reuse, or seawater desalination. Within our 
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framework, we evaluated sustainability, water quality, costs, energy demand and GHG 

emissions, technical feasibility, and public perception of each source within a case study water 

district in Long Beach, California (LBWD). Understanding the impacts of incorporating recycled 

water for potable reuse within this holistic framework was important to explore for several 

reasons: (1) potable reuse is currently not a part of LBWD’s water source portfolio, and this 

research helped determine its potential for health-related impacts in comparison to other source 

options; and (2) as climate change and water scarcity exacerbate, the need for recycled water 

treated for potable reuse will likely increase across drought-stricken regions.  

 

To conduct this analysis, we qualitatively assessed sustainability, water quality, technical 

feasibility and public perception, and qualitatively analyzed energy, GHG emissions, and costs. 

Our qualitative analysis involved a literature review and discussions with key stakeholders, and 

our quantitative assessment used a modeling approach to compare the energy requirements for 

expanded use of recycled water (for potable and non-potable reuse) compared to other water 

source scenarios (imported water, groundwater, and seawater desalination) at LBWD over time. 

Development of this holistic framework allowed a greater understanding of all components of 

the water system and how changes may benefit or harm health. Our findings suggest that 

implementing recycled water for DPR could potentially result in an overall net-benefit to public 

health compared to imported water, groundwater, seawater desalination, or recycled water for 

non-potable reuse. 
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Public Health Professionals Can Play An Important Role in Promoting the Health-Related 

Benefits of Recycled Water by Working With Colleagues in Other Sectors to Advance the 

Safe and Appropriate Expansion of Recycled Water Use 

The identification of health-related benefits associated with expanded use of recycled water in 

the studies presented in Chapters 2 and 3 suggests that public health professionals could play 

valuable roles in promoting the safe and appropriate expansion of recycled water. Insights into 

the potential roles that public health professionals could play in the safe expansion of recycled 

water were gained from the stakeholder interviews we conducted, the results of which are 

reported in Chapter 4. An important theme that emerged through our interviews is that 

successful recycled water projects often involved a range of agencies working together, although 

public health departments were not part of these collaborations. This is a missed opportunity, 

both because public health professionals have expertise in developing educational programs and 

also because public health departments hold public trust. According to recent polling conducted 

for California’s SWRCB focusing on “Public Attitudes Toward Potable Reuse of Recycled 

Water,” 77% of participants rated the department of public health as the top organization they 

trust for information regarding safety of recycled water.14 By collaborating with local water 

districts to develop public outreach and education campaigns about the benefits of recycled 

water, departments of public health could play an important role in promoting the resiliency of 

the water supply. Future studies in this area could include the development and assessment of 

training materials for public health professionals about the health-related benefits of expanded 

use of recycled water and the roles that they can play in the safe and appropriate expansion of 

this important water source. 
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Lessons Learned from this Work Regarding Recycled Water and its Barriers to Expansion 

in Southern California Have Broader Implications 

Although the work presented herein focused on Southern California—and in the case of Chapter 

3, a specific water district within Southern California—the insights we gained have broader 

implications. The observation that rising costs associated with importing water may render 

expanded use of recycled water more cost effective than the status quo has implications for water 

management across the region, and beyond. The observation that energy requirements and GHG 

emissions can dominate health impacts of water source decisions may be relevant to other 

regions with similar climates and socio-demographic factors, particularly urban areas in the 

Southwestern United States, and in high or middle-income countries within subtropical latitudes 

where precipitation is predicted to decrease, such as the Mediterranean, South Africa, parts of 

Mexico, and Australia. The methodologies for holistically and systematically assessing health-

related benefits—sustainability, water quality, energy demand, GHG emissions, costs, technical 

feasibility and public perception—within different water source scenarios are broadly applicable 

and could be readily extended to provide evidence bases for decision making in other geographic 

regions of the world, including those with vastly different climates and socio-demographic 

factors. Likewise, the lessons learned through this work regarding how to improve 

communication strategies related to recycled water and the important role that public health 

professionals can play in developing and disseminating evidence-based educational materials are 

relevant worldwide. It is my sincere hope that this work will not only provide a sound evidence 

base for decision makers considering expansion of recycled water, but will also result in public 

health professionals playing a greater role in facilitating the safe and appropriate expansion of 

recycled water both locally and globally.  
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SUPPLEMENTAL METHODS 

 
Calculation of potential supply of wastewater available for reclamation and treatment for 

either DPR in LBWD. 

To determine whether sufficient wastewater will be available in LBWD in 2025 and 2035 to be 

able to satisfy the demand for input water for treatment for DPR in the scenarios we explored, we 

created Table 3-1 (Projected amount of water from each source assumed for each scenario in 

Long Beach Water District case study) to determine the water necessary to meet our needs. 

 

In brief, our water demand scenarios were organized as follows: 

Scenario 1 (S1) “Business as Usual” (BAU) reflects the current water source mix proposed for 

2025 and 2035 in LBWD’s 2010 urban water management plan.1 This scenario assumes that 

LBWD will continue to rely on imported water, groundwater, and non-potable reuse, and will 

start to use a small amount of seawater desalination (5,000 AF in 2025 and 10,000 AF in 2035).  

 

Scenario 2 (S2) “Mixed Reuse” (MIXED) was designed to explore the impacts of replacing both 

imported and desalinated water with recycled water treated for potable reuse. 

 

Scenario 3 (S3) “Maximizing Potable Reuse” (POTABLE) was designed to explore the impacts 

of replacing imported, desalinated water, and recycled water treated for non-potable reuse with 

recycled water treated for potable reuse. 
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Scenario 4 (S4), “Maximizing Desalination” (DESAL) was designed to explore the impacts of 

replacing both imported and recycled water treated for non-potable reuse with desalinated water 

(and not treating any recycled water for potable reuse). 

Water applications and system loss. To determine water applications and systems loss, we 

assumed that 59% of total water demand in LBWD is allocated towards outdoor uses and thus is 

unavailable for eventual reuse;1 we also assumed that 5% of total water demand is lost to system 

leakage and thus is unavailable for eventual reuse.1,2 The water remaining for indoor applications 

to be allocated as sewage, and thus available for wastewater treatment, is 36% of the total water 

demand.  

 

Conventional wastewater treatment. To determine water demand for DPR in MIXED and 

POTABLE, we assumed that additional water could be made available from the LCWRP,3,4 

which is nearby to LBWD and, like LBWD’s wastewater treatment facility, is also operated by 

the Los Angeles Sanitation District (LASD). This additional treated wastewater allows LBWD to 

meet the potable water needs of their population if DPR were to be implemented. 

 

This calculation revealed additional water would be required from the LCWRP to supplement 

LBWD with enough water to supply their needs for water sources for NPR and DPR in 2025 and 

2035. Our calculations assume that 11% of wastewater treated is “sludge” and thus unusable, and 

that the remaining 89% of wastewater influent can be treated and used within the service area.1,3,4 

 
!  
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Detailed explanation of source of energy demand numbers provided in Table 3-1 and 

rationale for selection of these sources. 

Imported water. 

Conveyance of imported water. LBWD purchases its imported water from MWD and thus relies 

on MWD to convey water across California. MWD’s conveyance energy is dependent on water 

traveling from the State Water Project through the California Aqueduct to MWD’s East and 

West Branches. Conveyance energy demand to reach the East branch is 2,580 kWh/AF, and the 

energy to reach the West Branch is 3,236 kWh/AF, which results in an average energy demand 

of 2,908kWh/AF. MWD reported these numbers in a 2005 California Energy Commission 

Report,5 which was confirmed by a senior engineer at MWD via public information request.6  

 

This is the best available data for conveyance energy because MWD is the agency responsible 

for moving water between Northern and Southern California; limitation of this value is an 

estimate versus an exact value.  

 

Treatment energy for potable water. Energy demand data were not available for treatment energy 

for potable water for LBWD. As a result, we forecasted LBWD’s treatment energy demand 

based on relevant system parameters for LBWD and regression parameters estimated using data 

from a national survey of water utilities fielded by AwwaRF. A detailed explanation of the 

regression analyses is provided subsequently. The predictors for treatment energy include water 

source information (total annual water flow, purchased water flow, raw pumping horsepower) 

and treatment process information (oxidation, direct filtration, sand drying bed, ozone, and iron 

removal). These predictors explain 64% of variation in treatment energy among water utilities in 
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the national sample. The resulting estimate for energy demand to treat potable water at LBWD 

that was obtained from the regression-based forecast was 44 kWh/AF; the estimated uncertainty 

of this estimate was assumed to be ± 10 kWh/AF. 

 

Distribution energy for potable water. The distribution energy represents pumping through the 

water distribution system (from the treatment facility) measured at pumping stations. Energy 

demand data were not available for distribution energy for potable water for LBWD. As a result, 

we estimated this energy demand using a similar regression-based forecast to that described 

above (further details presented subsequently). Eighty-one utilities in the AwwaRF survey 

reported distribution electricity in addition to distribution pump horsepower. The predictors of 

distribution energy include total annual water flow, distribution pumping horsepower, difference 

between highest and lowest points in system elevation, potential for lagoon dewatering, pressure 

filtration, and gravity thickening. These predictors explain 61% of variation in treatment energy 

among water utilities in the national sample. The estimated distribution energy demand for 

potable water sources for LBWD obtained from the regression-based forecast was 4.4 kWh/AF. 

Because the energy demand values for other components had an uncertainty of at least ± 10 

kWh/AF, we listed this as < 10 kWh/AF in our table and used a range of 0-10 kWh/AF in our 

calculations. 

 

Given the absence of distribution energy data directly from LBWD, this forecast is reasonable 

because it was calculated based on relevant LBWD system parameters and system, water use, 

and energy use data from a national sample of 81 water utilities. Although this value is the best 
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possible number given the lack of available data from LBWD, the limitation of this data is that it 

is a forecast and not an exact value from LBWD. 

 

Groundwater. 

Collection energy for groundwater (source pumping). Groundwater at LBWD is extracted from 

800 feet below the surface at Southern California’s WRD’s Central Groundwater Basin. Energy 

demand for distribution of potable water was not available directly from LBWD. As a result, we 

estimated this energy demand using a regression-based forecast similar to that described 

previously (further details presented subsequently). Seventy-two utilities in the AwwaRF survey 

sample reported data for groundwater production electricity. The predictors in this model 

included source total water flow, water pumping horsepower, and average purchased water flow; 

the model explains 72% of variability in production energy. Forecast production energy demand 

given LBWD system parameters is 91 kWh/AF. This forecast is a reasonable value to use given 

the absence of exact data from LBWD; the limitation of using the forecast value is that it is an 

estimate and not an exact value from LBWD. 

 

Treatment energy for potable water. Groundwater is treated to potable water standards, at the 

same facility, using the same technology and equipment in LBWD. Therefore the treatment 

energy demand for groundwater for LBWD was assumed to be the same as that estimate for 

imported freshwater (i.e., 44 kWh/AF ± 10 kWh/AF). 

 

Energy demand data were not available for treatment energy for potable water for LBWD. As a 

result, we estimated this energy demand by performing a regression analysis using equations and 
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data obtained from AwwaRF. (A detailed explanation of how the regression analysis was 

performed is presented subsequently.) The predictors for treatment energy include water source 

information (purchased water flow, raw pumping horsepower) and treatment process information 

(oxidation, direct filtration, sand drying bed, ozone); they explain 66% of variation in treatment 

energy in the model. The resulting estimate for energy demand to treat potable water at LBWD 

that was obtained from the regression analysis was 44 kWh/AF; the estimated uncertainty of this 

estimate was assumed to be ± 10 kWh/AF. 

 

Distribution and conveyance energy for potable water. The distribution energy represents water 

movement through the distribution system measured at pumping stations. Eighty-one utilities 

reported distribution electricity in addition to distribution pump horsepower. The predictors 

include distribution pumping horsepower, difference between highest and lowest points in 

system elevation, potential for lagoon dewatering, pressure filtration, and gravity thickening. 

Groundwater travels through the distribution system twice—initially after leaving the 

groundwater basin, and then after treatment—thus, this number is used twice. The estimated 

distribution energy demand for potable water sources for LBWD obtained from the regression 

analysis was 4.4 kWh/AF (multiplied by 2). Because the energy demand values for other 

components had an uncertainty of at least ± 10 kWh/AF, we listed this as < 10 kWh/AF in our 

table and used a range of 0-10 kWh/AF in our calculations. 

 

Wastewater for non-potable reuse. 

Collection energy for wastewater. LASD treats and provides recycled water for non-potable uses 

for LBWD. According to the LASD annual recycled water report4, they estimate the energy 
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demand for wastewater treatment to be 30 kWh/AF with a range of 20-40. This number was 

confirmed through personal communication with LASD staff.7 

 

Treatment energy for non-potable reuse. LASD treats and provides recycled water for non-

potable uses for LBWD. According to the LASD annual recycled water report4, they estimate the 

energy demand for wastewater treatment to be 450 kWh/AF with a range of 400-500. This 

number was confirmed through personal communication with LASD staff.7 

 

Discharge energy for non-potable reuse. LASD treats and provides recycled water for non-

potable uses for LBWD. Unused wastewater from LBWD is discharged to Los Coyotes Creek, a 

nearby water body.1 The energy demand for discharge estimated to be 2.6 kWh/AF, according to 

personal communication with LASD staff,7 who provided information about energy demand for 

discharge and amount of water discharged per year for LBWD. Because the energy demand 

values for other components had an uncertainty of at least ± 10 kWh/AF, we listed this as < 10 

kWh/AF in our table and used a range of 0-10 kWh/AF in our calculations. 

 

Wastewater for DPR.  

Collection energy for wastewater. LASD treats and provides recycled water for non-potable uses 

for LBWD. According to the LASD annual recycled water report4, they estimate the energy 

demand for wastewater treatment to be 30 kWh/AF with a range of 20-40. This number was 

confirmed through personal communication with LASD staff.7 
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Treatment for DPR. Energy demand to treat wastewater via DPR is based on the energy demand 

for AWT at OCWD’s Groundwater Replenishment District for its advanced treated water. The 

purpose of AWT is to produce water that meets all federal, state, and local potable water 

standards. This data is the best possible value to apply to LBWD because if LBWD were to 

implement DPR, it would most likely involve installation of an AWT system.8,9 The energy 

demand for AWT reported by OCWD is between 1100-1500 kWh/AF (average = 1300 

kWh/AF), per communication from staff at the OCWD in response to a public information 

request.9,10  

 

Distribution energy for potable water. Because DPR is treated for potable purposes, its 

distribution energy demand will be the same as for other potable water sources. The estimated 

distribution energy demand for potable water sources for LBWD obtained from the regression 

analysis was 4.4 kWh/AF. Because the energy demand values for other components had an 

uncertainty of at least ± 10 kWh/AF, we listed this as < 10 kWh/AF in our table and used a range 

of 0-10 kWh/AF in our calculations. 

 

Desalinated Seawater.  

Treatment energy for desalinated seawater. The estimated energy demand values for treatment of 

desalinated water for LBWD are on energy demand values found within “A Perspectve on 

Reverse Osmosis Water Desalination: Quest for Sustainability.”18 Since LBWD does not have its 

own seawater desalination plant, we used data to represent the energy demand range for seawater 

reverse osmosis given existing facilities.18 The range for seawater desalination via reverse 

osmosis is between 3700-9250 kWh/AF.18 
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Distribution energy for potable water. Because desalinated seawater is treated for potable 

purposes, its distribution energy demand will be the same as imported water or groundwater. The 

estimated distribution energy demand for potable water sources for LBWD obtained from the 

regression analysis was 4.4 kWh/AF (multiplied by 2). Because the energy demand values for 

other components had an uncertainty of at least ± 10 kWh/AF, we listed this as < 10 kWh/AF in 

our table and used a range of 0-10 kWh/AF in our calculations. 

 

Detailed methods for regression analysis to estimate missing energy demand data. 

Energy demand for phases (e.g., production, treatment, distribution) associated with water 

sources used by LBWD was not available directly from the utility. To estimate these energy 

demands, we conducted forecasts based on regression analyses using data from a national survey 

of water utilities conducted by AwwaRF. Of note, the survey included 125 water utilities and 

266 wastewater treatment plants across the United States, including a total of 46 in California. 

Our approach to the regression analyses were informed by methodology and variable selection 

detailed in an AwwaRF report titled, “Energy Index Development for Benchmarking Water and 

Wastewater Utilities.”11 The authors of the AwwaRF report used a stepwise approach to identify 

system parameters significantly associated with energy use.  First, they used bivariate models to 

identify total flow as the strongest predictor of total energy use and energy use for each phase 

(e.g., treatment). Next, they ran a series of two-predictor models to identify parameters 

associated with energy use after adjustment for total flow. They then selected variables with t-

statistic values ≥ 2.0 (roughly equivalent to a p value with statistical significance < 0.05) in these 

two-predictor models for inclusion in more robust models. The authors identified an “ideal” 

model (i.e., best balance between parsimony and R2) for predicting total energy use that included 
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parameters relating to distribution and pumping (total average water flow, average purchased 

water flow, length of water mains, source water pump horsepower, total system horsepower, and 

elevation range).  

 

For the purposes of this thesis, we conducted additional regression analyses using a parallel 

approach to that described above and used in the AwwaRF report. Our intent in conducting these 

additional analyses (rather than using the regression parameters reported in the report for our 

forecasts) was twofold. First, we sought to confirm the findings in the report. Second, the 

outcome variable (e.g., treatment energy demand) in each of the phase-specific regression 

models included energy purchased from energy utilities specifically for that phase (e.g., 

purchased energy for water treatment), plus natural gas used by the utility as a whole. This 

approach worked for AwwaRF, because the survey measured natural gas use for each utility as a 

whole (in other words, there is no way to include phase-specific natural gas use because the data 

were not collected for each phase). However, this approach did not fit our intended purpose of 

separately forecasting LBWD’s energy demand for production, treatment, and distribution and 

then summing these phase-specific demands as an estimator of total energy demand. Essentially, 

including each utility’s total natural gas use in the outcome for each phase and then summing to 

predict total energy demand results in over-estimation of total energy on the order of magnitude 

of double the mean natural gas use of utilities in the sample (because total natural gas use would 

essentially be triple counted instead of being counted once). 

 

We used three multiple linear regression models to predict energy demand for the following 

among the 125 water utilities in the AwwaRF sample: (1) production energy demand, 
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(2) treatment energy demand, and (3) distribution energy demand. Energy demand outcomes for 

each outcome was measured in kBTU and log transformed to produce a more normal distribution 

(because there were many very large and very small utilities in the sample). Our approach to 

variable selection was to use variables identified in the AwwaRF report (and described both 

subsequently and in Chapter 3) as being in the “best fit” model for each phase.  

 

Regression equation for production energy demand. The equation used in the multiple linear 

regression model for production energy demand was: 

ln #$%&_'()*

= ,9.03 + 0.59 ∗ ln 4564_76%8 + .42 ∗ ln $58_ℎ# − .086

∗ ln $58_#_576%8  

 

where ln #$%&_'()*  is the natural log of production energy demand, ln 4564_76%8  is the 

natural log of total average flow, ln $58_ℎ#  is source water pumping horsepower, and 

ln $58_#_576%8  is average purchased water flow. 

 

Regression equation for treatment energy demand. The equation used in the multiple linear 

regression model for treatment energy demand was: 

ln @$A5@_'()* ,

= ,,9.90 + .69 ∗ ln 4564_76%8 − .11 ∗ ln $58_#_576%8 + .13 ∗ ln $58_ℎ#

+, .80 ∗ @$A5@_%C −, .79 ∗ 7E6@_&E$ − .66 ∗ $AF_F5G& −, .90 ∗ @$A5@_E$%G + .57

∗ #$%4_HI 
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where ln @$A5@_'()*  is the natural log of treatment energy demand, ln 4564_76%8  is the 

natural log of total average flow,,ln $58_#_576%8  is average purchased water flow, 

ln $58_ℎ#  is source water pumping horsepower, @$A5@_%C is oxidation treatment, 7E6@_&E$ is 

direct filtration, $AF_F5G& is sand drying bed, @$A5@_E$%G is iron removal treatment, and 

#$%4_HI is ozone treatment. 

 

Regression equation for distribution energy demand. The equation used in the multiple linear 

regression model for distribution energy demand was: 

ln &EF@_'()* ,

= ,,6.63 + .24 ∗ ln 4564_76%8 + .74 ∗ ln &EF@_ℎ# + .42 ∗ ln A6AJ_4ℎ −, .38

∗ $AF_65K − 1.57 ∗ #$%4_7E6@_#$AFF + .74 ∗ $AF_K$5J 

 

where ln &EF@_'()*  is the natural log of distribution energy demand, ln 4564_76%8  is the 

natural log of total average flow, ln &EF@_ℎ#  is distribution pumping horsepower, ln A6AJ_4ℎ  

is the natural log of elevation change, $AF_65K is lagoon dewatering thickening, 

#$%4_7E6@_#$AFF is pressure filtration, and $AF_K$5J is gravity thickening. 

 

Forecasts. We used the regression parameters from each of the phase-specific models with 

information regarding LBWD system parameters (see Table A1-1) to forecast phase-specific 

energy demand for LBWD, resulting in three energy demand values: (1) forecast production 

energy demand, (2) forecast treatment energy demand, and (3) forecast distribution energy 

demand. We obtained system parameters for LBWD by identifying LBWD in the AwwaRF data 

based on state (i.e., California), population size, area size, number of groundwater pumps, and 
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length of water mains reported in the data set; we confirmed each of these system parameters 

separately with staff at LBWD.  

 

Detailed information about sources of estimate costs for LWBD water sources.  

The estimated unit price (in dollars per AF) for current and potential water sources for the 

LBWD are provided in Table 3-4. More detailed explanations of the sources of these costs 

estimates and why those sources were selected as the best available estimate are provided for 

each water source for LBWD subsequently. 

 

Imported water. A unit price of $850-1,300/AF with a projected 9% annual increase in cost from 

2010-2035 was used for the LBWD case study. The 2010 cost represent the price for water sold 

to water districts by the MWD, which is the current supplier of imported water for LBWD.1 The 

projected increase in cost of 9-10% annually was obtained from MWD meeting minutes and 

local newspaper reports and is based on projections for future drought conditions and 

infrastructure needs.12-15 The cost range represents a tiered water rate depending on usage, 

maintenance of conveyance and distribution facilities, treatment costs, power costs, and 

surcharges to invest in future water needs. 

 

Groundwater.  A unit price of $257-426/AF was used for groundwater for the LBWD case study. 

This range was given as the amount that the LBWD has paid for their groundwater over the past 

10 years, in response to a public information request.16 The LBWD purchases their water from 

WRD’s Central Basin, then treats and sells the water at their own facilities. The overall cost for 

groundwater can be broken down into two parts (each roughly 50% of the cost, depending on the 
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year): WRD groundwater basin replenishment fee, and an additional cost for treating the water 

the water.16 Overall, costs are higher during drought years because the costs for replenishing the 

groundwater basin and the depth groundwater is pumped result in higher cost.  

 
Non-potable reuse. A unit price of $585-805/AF was used for the cost of water treated for non-

potable reuse the LBWD case study. LBWD’s recycled water is generated and treated by a 

facility operated by LASD. The price range used herein was that reported by LASD for the years 

2014-15.4 The cost range is representative of peak and off-peak demand times, in addition to 

operations costs. LASD sells the recycled water to LBWD at a rate of $804.55/AF for peak 

demand (nighttime) usage or $574.56/AF for off-peak demand (daytime) usage; $391 of this cost 

can be attributed to operations and management costs.4  

 
Seawater desalination. A unit price of $654-2122/AF was used for the cost of desalinated water 

treated for potable use in the LBWD case study. Currently, LBWD does not use desalinated 

water. Thus, the range used herein are the costs reported within “A Perspective on Reverse 

Osmosis Water Desalination: Quest for Sustainability.”17,18 This text represents the most up-to-

date values for seawater desalination via reverse osmosis given available technology.  

 

The composition of seawater desalination facilities vary from location to location, thus no single 

facility’s energy or cost profile can represent the needs of other facilities.17,18 Generally, the 

factors causing and contributing to the overall cost and energy needs of a seawater desalination 

facility are the same from location to location. However, the magnitude of these factors can vary 

significantly between projects resulting in differences. According to the WateReuse 

Association’s Desalination committee, factors include: local permit and regulation costs, intake 
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and discharge costs, feed water quality costs, finished water quality costs, project delivery 

mechanism costs, and associated infrastructure and operations costs (power, proximity, labor, 

etc.).17,18  Despite the variety of factors contributing to desalination facilities, future costs for 

desalination facilities are trending downward, whereas imported water supplies are becoming 

more expensive.18 The downtrend in overall seawater desalination costs is generally associated 

with improved Seawater Reverse Osmosis (SWRO) membrane performance and advances in 

energy recovery from the desalination process.17,18   

 

DPR. A unit price of $700-900/AF was used for the cost of reclaimed water treated for direct 

potable use in the LBWD case study. Currently, LBWD does not treat recycled water for potable 

use and DPR is not currently used in California. To estimate the range of costs for DPR for 

LBWD, we used estimates for the cost for AWT of recycled water from OCWD. OCWD 

currently treats reclaimed water using AWT for their Groundwater Replenishment System, 

which treats recycled water for potable reuse via IPR. This is the same process that would be 

likely be implemented for treating recycled water for DPR if implemented at a facility in the 

future.  

 
The total cost of DPR, including AWT, conveyance, and brine management, may run between 

$700/AF ($700/AF for AWT plus $120/AF for conveyance) and $900/AF. The low-end cost is 

based on the assumption that brine would be discharged through an existing ocean outfall. It is 

important to note that the cost of drinking water treatment (i.e., the cost to re-treat the AWT-

generated water at the drinking water system treatment plant) is not included because the same 

quantity of water is being treated; only the source of supply has changed. Although OCWD 

received a grant from Orange County Sanitation District to pay for half the capital costs of their 



!

! 163 

project, this cost is not factored into this range, thus rendering it more generalizable to costs 

outside OCWD. Additionally, OCWD receives ongoing operating subsidies for energy programs 

and local water development from Southern California’s MWD, although these are also not 

reflected within this cost range.   
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Table A1-1: Water demand calculations for water source scenarios within Chapter 3 

Scenario Year Population 

Sources (Acre-feet/year) Water Applications and System Loss (Acre-feet/year) 

Imported 
Water from 

MWD  Groundwater  
Desalinated 

Water  

Non-
Potable 

Recycled 
Water  

Potable 
Recycled  

Total 
Inputs  

Outdoor 
(not 

available 
for 

recycling) 
(% of 
inputs) 

Indoor 
Applications 
“sewerage” 

(% of 
inputs) 

Total Used 
(% of 
inputs) 

Leakage 
(% of 
inputs) 

      

      

(1
) B

us
in

es
s A

s U
su

al Baseline 
2010 462,257 22,237 34,655 0 6,556 0 63,448 37,434 22,841 60,276 3,172 

35.0% 54.6% 0.0% 10.3% 0.0% 100.0% 59.0% 36.0% 95.0% 5.0% 

2025 489,686 
18,551 34,000 5,000 13,400 0 70,951 41,861 25,542 67,403 3,548 

26.1% 47.9% 7.0% 18.9% 0.0% 100.0% 59.0% 36.0% 95.0% 5.0% 

2035 508,233 
11,929 35,000 10,000 14,000 0 70,929 41,848 25,534 67,383 3,546 

16.8% 49.3% 14.1% 19.7% 0.0% 100.0% 59.0% 36.0% 95.0% 5.0% 

(2
) I

nc
re

as
in

g 
Re

us
e 

2025 489,686 
0 34,000 0 13,400 23,551 70,951 41,861 25,542 67,403 3,548 

0.0% 47.9% 0.0% 18.9% 33.2% 100.0% 59.0% 36.0% 95.0% 5.0% 

2035 508,233 
0 35,000 0 14,000 21,929 70,929 41,848 25,534 67,383 3,546 

0.0% 49.3% 0.0% 19.7% 30.9% 100.0% 59.0% 36.0% 95.0% 5.0% 

(3
) 

M
ax

im
izi

ng
 P

ot
ab

le 
Re

us
e 

2025 489,686 0 34,000 0 0 36,951 70,951 41,861 25,542 67,403 3,548 

0.0% 47.9% 0.0% 0.0% 52.1% 100.0% 59.0% 36.0% 95.0% 5.0% 

2035 508,233 
0 35,000 0 0 35,929 70,929 41,848 25,534 67,383 3,546 

0.0% 49.3% 0.0% 0.0% 50.7% 100.0% 59.0% 36.0% 95.0% 5.0% 

(4
) M

ax
im

izi
ng

 
D

es
ali

na
tio

n 2025 489,686 
0 34,000 23,551 13,400 0 70,951 41,861 25,542 67,403 3,548 

0.0% 47.9% 33.2% 18.9% 0.0% 100.0% 59.0% 36.0% 95.0% 5.0% 

2035 508,233 
0 35,000 21,929 14,000 0 70,929 41,848 25,534 67,383 3,546 

0.0% 49.3% 30.9% 19.7% 0.0% 100.0% 59.0% 36.0% 95.0% 5.0% 
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Table A1-2: Water demand calculations for water source scenarios within Chapter 3 

Scenario Year Population 

Conventional Wastewater Treatment (Acre-
feet/year)    

Advanced Treatment 
and Re-Use (Acre-

feet/year) 
Locally Treated 

Wastewater 

Title 22 
treated 
water 

needed 
from Los 
Coyotes 

Total 
available 
for adv. 

treatment 
or reuse 

Total 
Water 

Avail for 
Reuse 

(LBWD 
+ LC) 

Treated for 
non-

potable 
available 
for reuse 
(% reuse 
water) 

Treated 
for 

potable 
reuse 

(% reuse 
water) 

      

Wastewater 
available 
for adv. 

treatment 
or reuse (@ 

LBWD) 

Non-
reusable 
Effluent 
Disposed 

from 
Wastewater 
Treatment 

(@ 
LBDWD)       

(1
) B

us
in

es
s A

s U
su

al Baseline 
2010 462,257 20,329 2,513 0 20,329 22,841 6,556 0 

89.0% 11.0% --- --- --- 28.7% 0.0% 

2025 489,686 
22,733 2,810 0 22,733 25,542 13,400 0 

89.0% 11.0% --- --- --- 52.5% 0.0% 

2035 508,233 
22,726 2,809 0 22,726 25,534 14,000 0 

89.0% 11.0% --- --- --- 54.8% 0.0% 

(2
) I

nc
re

as
in

g 
Re

us
e 

2025 489,686 
22,733 2,810 14,218 36,951 39,761 13,400 26,361 

89.0% 11.0% ---  ---  ---  33.7% 66.3% 

2035 508,233 
22,726 2,809 13,203 35,929 38,738 14,000 24,738 

89.0% 11.0% --- --- --- 36.1% 63.9% 

(3
) 

M
ax

im
izi

ng
 P

ot
ab

le 
Re

us
e 

2025 489,686 22,733 2,810 14,218 36,951 39,761 0 39,761 

89.0% 11.0% --- --- --- 0.0% 100.0% 

2035 508,233 
22,726 2,809 13,203 35,929 38,738 0 38,738 

89.0% 11.0% --- --- --- 0.0% 100.0% 

(4
) M

ax
im

izi
ng

 
D

es
ali

na
tio

n 2025 489,686 22,733 2,810 0 22,733 25,542 13,400 0 
89.0% 11.0% --- --- --- 52.5% 0.0% 

2035 508,233 
22,726 2,809 0 22,726 25,534 14,000 0 

89.0% 11.0% --- --- --- 54.8% 0.0% 
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Table A1-3: Table of LBWD system parameters used in forecasts 

 Groundwater 
Production 
(Extraction 

Potable Water 
Treatment 

Potable Water 
Distribution 

Total Average Flow 
(!"#!_$#%&) 

63.1 63.1 63.1 

Source Water Pumping Horsepower 
('"&_ℎ)) 

3090 3090 -- 

Average Purchased Water Flow 
('"&_)_"$#%&) 

38.4 38.4 -- 

Oxidation Treatment 
(+',"+_%-) 

-- 1 -- 

Direct Filtration Treatment 
($.#+_/.') 

-- 0 -- 

Sand Drying Bed 
(',0_0"1/) 

-- 0 -- 

Iron Removal Treatment 
(+',"+_.'%1) 

-- 1 -- 

Ozone Treatment 
()'%!_23) 

-- 1 -- 

Distribution Pumping Horsepower 
(/.0+_ℎ)) 

-- -- 2467 

Elevation Change 
(#,4_!ℎ) 

-- -- 0 

Lagoon Dewatering Thickening 
(',0_#"5) 

-- -- 0 

Pressure Filtration 
()'%!_$.#+_)',00) 

-- -- 0 

Gravity Thickening 
(',0_5'"4) 

-- -- 0 

Note. With the exception of elevation change (which is a true zero), values of ‘1’ and ‘0’ are dummy 
codes to indicate whether a process is (‘1’) or is not (‘0’) used by LBWD. 
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