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SECTION 1 

Executive Summary 

Drought is a recurring phenomenon in California, and dry periods are increasing in 
intensity and duration because of climate change, as demonstrated by the extreme 
and unprecedented drought over the past 5 years that has largely redefined the 
driest period on record. As the stateõs population continues to grow, there is a greater 
awareness of the need to maintain water supplies for both human consumption and 
wildlife habitats. Wise water use is a critical part of addressing Californiaõs new 

realities in a sustainable manner. At the same time, declining flows also create 
ancillary system impacts worthy of consideration.  

During the recent historic drought, Californians responded to the 
call for emergency statewide water use reductions, which the state 
has recognized as a highly successful outcome. However, this 
significant reduction in water demands has brought to light some 
unintended consequences of declining flows that ripple throughout 
the interconnected urban water cycle. These observations offer a 
preview into the potential impact of establishing permanent indoor 
water use targets at or below the thresholds achieved as a result of 
the governorõs emergency conservation mandate. 

Californiaõs water industry leaders, including regulators and 

purveyors, are working to understand the system-wide impacts of 
increased conservation so that decision makers are better informed 
as they address Californiaõs current and future water challenges.  

Through a partnership with California Association of Sanitation 
Agencies (CASA), Water Research Foundation (WRF), WateReuse 
California, and California Water Environment Association (CWEA), 
California Water Urban Agencies (CUWA) has developed this white 
paper to provide decision makers, water/wastewater system 
managers, and other stakeholders an understanding of the impacts 
of declining flows resulting from substantial reductions in indoor 
water use and how utilities are adapting to these circumstances.    
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the impacts of 
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This white paper has been informed by the following activities: 
¶ Conducting a literature review to gain a foundational understanding of what impacts utilities may 

be experiencing because of declining flows 
¶ Distributing a high-level survey to determine the level and range of observed impacts in 

California 
¶ Holding one-on-one interviews and developing case studies to illustrate the broad range of 

issues agencies are experiencing and their associated impact 

Wisely managing demands is foundational to ensuring reliable water 
supply in years to come. California water agencies continue to 
prioritize wise water use through both short-term conservation (i.e., in 
response to a drought or emergency) and long-term efficiencies for 
lasting, sustainable effects. While some people use the term 
òconservationó to describe both short-term and long-term strategies, 
this white paper distinguishes between conservation as an 
emergency response to drought and water use efficiency (WUE) as a 
long-term strategy for lasting demand reductions. Our objective is to 
leverage the recent observations of utilities impacted by emergency 
conservation measures in 2015 and 2016 to inform the stateõs long-
term WUE policies. 

Efficient use of our water resources can have major environmental, public-health, and economic 
benefits by helping to improve water quality, maintain aquatic ecosystems, and protect drinking 
water resources. Potential benefits of demand management include: 
¶ Improved drought resilience 
¶ Sustained instream flows to support water quality and wildlife 
¶ Reduced, deferred, or avoided costs of new infrastructure or additional supply 
¶ Reduced energy costs due to decreased pumping of wastewater 

Demand management consequently decreases flows within the interconnected urban water cycle 
impacting drinking water distribution and water quality, wastewater conveyance and treatment, and 
recycled water production and quality (Figure ES-1). 

 
Figure ES-1. Declining flows in the urban water cycle can potentially impact all areas of the cycle.  
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Impacts on Water Distribution Systems 

With declining water system flows, drinking water has a longer 
residence time in pipes, leading to chemical, biological, and 
physical water quality issues and potentially compromising public 
health and compliance with the Safe Drinking Water Act, 
particularly for disinfection by-products (DBPs), coliform bacteria, 
chlorine residual, and lead and copper action levels. 
A great deal of work has been done to address these concerns. 
Best management practices include improving the hydraulics in 
storage facilities and managing water chemistry. Improvements 
in storage facilities include installing baffling systems and 
increasing the turnover rate through deep cycling pumping and 
tank mixing. Many water systems have implemented aggressive 
nitrification control and disinfection residual and DBP control 
practices. Water suppliers also increase pipeline flushing and 
discharge water from distribution system reservoirs as necessary. 
These mitigation methods are certainly feasible, though some 
system improvements and operational changes can take years to 
plan and implement, thus highlighting the importance of allowing 
sufficient time to adapt to declining flows with future WUE 
objectives.  

Impacts on Wastewater Conveyance 
Systems 
Declining system flows decrease wastewater flows and may increase 
pollutant and solids concentrations, which increase blockages, 
odors, and corrosion in pipes. This leads to increases in operation 
and maintenance (O&M) costs, odor complaints, and an accelerated 
degradation of infrastructure. 
Preventive measures are in place to mitigate blockages, including 
the use of garbage disposals that break up food waste and installing 
grease traps/interceptors as necessary. However, declining flow can 
exacerbate blockages. Furthermore, the increased concentration of 
organics and solids can lead to elevated levels of hydrogen sulfide 
(H2S) production. In addition to an increase in odors, higher levels of 
H2S can accelerate the rate of corrosion within the wastewater 
infrastructure. 
 

 

  

Of the impacted water 
system respondents, 
49% reported 
operational challenges 
in water distribution 
systems due to low 
flows. 

Of the impacted 
wastewater 
conveyance 
respondents, 50% 
indicated increased 
solids deposition, 
odor problems, and 
O&M challenges. 
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Impacts on Wastewater Treatment Plant Operation 

Declining flows change the characteristics of wastewater, 
including the quantity and quality of wastewater treatment plant 
(WWTP) influent, causing impacts and stressing treatment 
processes as s salinity, ammonia, and biochemical oxygen 
demand (BOD) concentrations increase beyond design 
specifications.  

The effluent from WWTPs is held to standards mandated by their 
individual National Pollutant Discharge Elimination System 
(NPDES) permits, including effluent quality limits for constituents 
like ammonia. Increasing influent concentrations can impact 
effluent quality, straining a plantõs ability to meet its discharge 

permit requirements. To avoid exceeding permit limits, utilities may have to consider implementing 
costly WWTP upgrades.  

In addition to the noted changes in influent water quality, more than 40 percent of impacted survey 
respondents are facing subsequent challenges in meeting compliance requirements with respect to 
effluent quality. 

Impacts on Recycled Water Projects 

Declining flows can alter treatment and cost-effectiveness of 
recycled-water infrastructure by altering factors considered in 
system design, like anticipated flow and water quality. In 
California, the desire to improve water supply reliability has 
motivated water utilities to expand water reuse through non-
potable applications such as irrigation as well as potable reuse 
through groundwater or surface water augmentation and 
eventually raw or treated water augmentation. To expand water 
reuse statewide, California utilities are designing and 
constructing new infrastructure to treat and distribute the 
recycled and/or purified water. Thus, declining flows could lead 
to underutilized assets and could limit the ability to meet the stateõs water reuse goals of at least 1.5 
million acre-feet per year (MAF/year) by 2020 and 2.5 MAF/year by 2030. 

As indoor residential water use decreases, the availability of treated wastewater for water reuse 
decreases, thus decreasing production potential. Declining flows can also result in generation of 
more concentrated wastewater streams, with elevated concentrations of total dissolved solids (TDS), 
nitrogen species, and organics. 

Informing Policy on Long-Term Water Use Efficiency 
Long-term WUE can produce many benefits as well as some ancillary effects on the water, 
wastewater, and recycled water systems. These impacts can be balanced through informed policy 
and achievable time frames. Regulators and utilities have been leading the charge in tackling 
Californiaõs ever-growing water challenges. When developing long-term WUE policy, the significantly 
interconnected nature of the system must be considered, and a holistic, one-water view can benefit 
smart policy and provide better solutions in managing Californiaõs water resources.  
  

Of the impacted 
wastewater treatment 
respondents, 68% 
indicated changes in 
wastewater influent 
quality. 

Of the impacted 
recycled water 
respondents, 70% 
indicated a decrease in 
recycled water 
production. 



  

 

6 
 

SECTION 2 

Supporting a Holistic Strategy 
for Water Supply Reliability 

Drought is a recurring phenomenon in California, and dry periods are increasing in 
intensity and duration because of climate change. Meanwhile, our population 
continues to grow and there is a greater awareness of our need to maintain water 
supplies for both human consumption and wildlife habitats. Wise water use is critical 
to supporting water supply reliability and resilience, and understanding its impacts on 
the interconnected water system supports a holistic approach to addressing 
Californiaõs water supply challenges. 

Utilities have been leading the charge in tackling Californiaõs water 

supply challenges, implementing innovative programs and 
infrastructure to develop drought-resilient water systems. Part of this 
strategy is reducing Californiaõs overall demand on this finite 

resource. During the recent historic drought, Californians responded 
to the call for emergency statewide water use reductions, reducing 
their use by as much as 31 percent in July 2015, which the State 
has recognized as a highly successful outcome. However, this 
significant reduction in water demands brought to light some 
unintended consequences of declining flows that ripple throughout 
the interconnected water supply system. These observations offer a 
preview into the potential impact of establishing permanent indoor 
water use targets at or below the thresholds achieved as a result of 
the governorõs emergency conservation mandate. 

Through a partnership with California Association of Sanitation 
Agencies (CASA), Water Research Foundation (WRF), WateReuse 
California, and California Water Environment Association (CWEA), 
California Water Urban Agencies (CUWA) has developed this white 
paper to provide decision makers, water/wastewater system 
managers, and other stakeholders an understanding of the impacts of declining flows resulting from 
substantial reductions in indoor water use and how utilities are adapting to these circumstances. 
This research is intended to support long-term water use efficiency (WUE) planning and inform its 
development within the context of the entire urban water cycle to maximize the inherent benefits 
while mitigating negative impacts on our interconnected water systems.   

Californiaõs water 

industry leaders are 
working to 
understand how 
declining flows can 
impact the 
interconnected 
water system to 
help utilities most 
effectively address 
current and future 
water supply 
challenges. 
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Distinguishing between Conservation and Water Use Efficiency 
Wisely managing demands is foundational to ensuring reliable water 
supply in years to come. California water agencies continue to prioritize 
wise water use through both short-term conservation efforts (i.e., in 
response to drought or emergency) and long-term WUE for lasting, 
sustainable effects. While some people use the term òconservationó to 
describe both short-term and long-term strategies, this white paper 
distinguishes between conservation as an emergency response to 
drought and WUE as a long-term strategy for lasting demand reductions.  

Our objective is to leverage the recent observations of utilities impacted 
by emergency conservation measures in 2015 and 2016 to inform the 
Stateõs long-term WUE policies. Given the interconnected nature of our 
water system (Figure 1), and that many decision makers and 
stakeholders have expressed strong interest in keeping water demands 
at emergency reduction levels, it is critical to review the lessons learned 
from this recent experience to inform how to optimize future water 
management.  

 

 

Figure 1. Understanding how the WUE strategies can affect an interconnected water supply system is critical 
to optimizing future water management. 

Source: Brown and Caldwell, 2017 
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Working to Understand the Impacts of Declining Flows 
This white paper was informed by the following: 
¶ A literature review to gain a foundational understanding of what 

impacts utilities may be experiencing because of declining flows 
¶ A high-level survey to determine the level and range of observed 

impacts in California 
¶ In-depth interviews and developing case studies to illustrate the 

broad range of issues agencies are experiencing and their 
associated impact 

Through their collective membership, CASA, CWEA, and the Association 
of California Water Agencies (ACWA) distributed a high-level survey to 
determine how widespread the impacts of declining flows had been felt 
in California during the drought. The survey sought input from 
respondents regarding their experience with the impacts identified 
during the literature review, namely the òkey indicators of impactsó highlighted in each section.  

A total of 270 distinct responses were received, representing agencies throughout California. 
Respondents represented an array of services and service area sizes, as indicated in Figures 2 and 
3, respectively. Given that agencies often provide multiple services, the survey was designed to give 
utilities the ability to address impacts on each part of their system. 

 
          

Figures 2 (left) and 3 (right). Survey respondents represented wastewater, water, and recycled water service 
providers that served service areas ranging from less than 100,000 to more than 1 million.  

The nature of the survey allowed respondents to choose whether to identify themselves or remain 
anonymous. Out of the 270 responses, 74 distinct utilities shared their information and are listed in 
Appendix B. As illustrated in Figure 4, 70 out of the 74 identified utilities indicated that they 
experienced some kind of impact on their system. 

From the list of 65 impacted utilities, 9 utilities were selected to interview further to demonstrate the 
broad range of issues that utilities were experiencing, and to understand what adaptation strategies 
were already being implemented to address those impacts. A visual representation of the 65 utilities 
that indicated that they had experienced impacts is shown in Figure 4.  
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SECTION 3 

Supporting Conservation as a 
California Way of Life 

As a response to the recent extreme drought, Governor Jerry Brown issued an 
Executive Order (EO) directing State agencies to develop a long-term WUE framework, 
as specified in the report Making Conservation a California Way of Life. This white 
paper highlights observations and experiences of California utilities during the 
drought, which provide a preview into the potential impact of establishing permanent 
indoor water use targets at or below the thresholds achieved as a result of the 
governorõs emergency conservation mandate.  

During the recent drought, Governor Brown issued an EO in April 2015 directing the State Water 
Board to issue emergency drought regulations that mandated a statewide urban water use reduction 
of 25 percent. Water agencies rose to the occasion, meeting or exceeding the State-mandated set 
point. Before lifting the emergency drought regulations in April 2017, the governor issued a 
subsequent EO reinforcing key strategies addressed in the California Water Action Planñnamely, 
Making Water Conservation a California Way of Life (B-37-16, May 2016). Through this EO, the 
governor directed State agencies to develop a long-term WUE framework and to improve planning to 
support Californiaõs water supply reliability and resiliency. 

Water Use Efficiency Guidelines Set Water Use Targets 
The Department of Water Resourcesõ (DWRõs) Making Water 

Conservation a California Way of Life report specifies the process for the 
Stateõs urban water suppliers to meet new, long-term water use targets 
(DWR 2016). Each agencyõs target is an aggregate total of per capita 
water use budgets in three categories: residential indoor use, outdoor 
irrigation use, and distribution system water loss.  

While the water use target equation includes the three considerations, 
this white paper focuses on the indoor residential water use standard, 
because the aim is to evaluate the impact of WUE levels on engineered 
water systems. After residential water is used within the home, it is 
conveyed as sewage to a wastewater treatment plant (WWTP) and 
treated for discharge or reclaimed for non-potable or potable uses. 
Thus, water used in the outdoor irrigation or lost via the distribution 
system is less relevant to the focus of this white paper.  

Supplier water use 

target = 

(indoor water use budget) 

+ 

(outdoor water use budget) 

+ 

(water loss budget) 
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Establishing Residential Indoor Water Use Standards 
The òresidential indoor standardó is defined as òthe volume of residential indoor water used by each 
person per day, expressed in gpcdó (DWR 2016). It is used to calculate a water supplierõs òindoor 

water use budget,ó which is a function of the total service area population, i.e.: 

Residential indoor water use budget = (service area population)  

x (residential indoor standard) x (number of days in a year) 

Senate Bill (SB) x7-7 established 55 gallons per capita per day (gpcd) as a provisional standard for 
residential water use per California Water Code (CWC) 19608.20(b)(2)(A). Until a new standard for 
residential indoor water use is established, that existing standard will apply. As these standards are 
being developed, the impact of reduced indoor water use on wastewater and water systems is a 
critical consideration to inform policy decisions. 

Effects of Reduced Demand on an Interconnected Water System 
The interconnected nature of the water system means that change in one part of the cycle will 
inevitably have impacts, both positive and negative, on other parts of the system. For example, 
increased WUE can have environmental, public-health, and economic benefits by helping to improve 
water quality and maintaining aquatic ecosystems. It also improves drought resiliency and can defer 
the cost of building new infrastructure for additional water supply. 

While there are many benefits to conservation, it is also important to understand how conservation 
may impact the rest of the water system. With reduced water demands both drinking water and 
wastewater flows decline and quality change. The potential impacts of declining flows on the 
interconnected water system is shown in Figure 5.  

 

 
Figure 5. Declining flows can impact the interconnected water system in several ways. 
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Impacts Are Widespread across the State 
As seen in Figure 6, impacts were experienced in every type of system interviewed. They were 
experienced most often in water distribution systems, where 60 percent of survey respondents 
indicated that they were having to manage the effects of declining flows. Additionally, 52 percent of 
wastewater conveyance systems, 48 percent of WWTPs, and 43 percent of recycled water projects 
indicated that they experienced impacts due to declining flows.  

 

    
Figure 6. Survey respondents experienced impacts of water conservation in all system types, most often in 

water distribution systems. 

 
The following sections dig deeper into impacts on each type of system based on the literature review, 
high-level survey results, and case studies with utilities that have experienced the most significant 
impacts and have already implemented adaptation strategies. 
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SECTION 4 

Impacts of Declining Flows on 
Water Distribution Systems 

With declining water system flows, drinking water has a longer residence time in 
pipes, leading to chemical, biological, and physical issues that may have a potential 
impact on public health and compliance with the Safe Drinking Water Act. 

Decreased Potable Water Demand Increases 
Residence Time in Water Distribution Systems 
As water in the distribution system declines, residence time 
increases in reservoirs and pipes. While reduced consumption has 
its benefits (e.g., decreased groundwater overdraft), it also has 
potential ancillary impacts.  

WRF conducted two studies focused on indoor residential water use 
in select study sites throughout North America, once in 1999 and 
the next in 2016. During that time, indoor water use decreased 15% 
from 69.3 to 58.6 gallons per capita per day (Figure 7).  

 
Figure 7. Two WRF studies showed a 15 percent decrease in average 

daily indoor per capita water use from 1999 to 2016. 
Source: DeOreo et al., 2016  
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