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Potable Reuse: Where We’ve Been and Where We’re Headed

Mackey

A
s traditional water supply management 
strategies are challenged by the uncer-
tainty of climate change and shifting 
customer demands, many regions across 
the United States are adopting new 

strategies for expanding locally controlled water sup-
plies. In particular, severe drought conditions in the 
state of California have motivated water utilities to 
expand recycled water use beyond traditional applica-
tions, such as irrigation and industrial cooling, to 
potable reuse. Even utilities in historically water rich 
areas are considering potable reuse as a way to diver-
sify their water supply portfolio and address more 
stringent limits on nutrient discharge into sensitive 
waterways, deteriorating source water quality, and 
land subsidence resulting from groundwater aquifer 
overdraft conditions. 

BACKGROUND
Potable reuse represents a spectrum of applications 

from indirect potable reuse (IPR) to direct potable reuse 
(DPR). IPR projects involve application of tertiary fil-
tered and disinfected nonpotable recycled water 
through surface spreading, or the application of puri-
fied water that has gone through a multi-barrier 

advanced water treatment system for groundwater 
recharge or surface water augmentation (addition to a 
raw water reservoir). IPR is considered indirect because 
a natural environmental buffer (e.g., the ground in 
aquifer recharge and the reservoir in surface water 
augmentation) is provided between the point of injec-
tion and where it is withdrawn for potable water use. 
In the case of groundwater recharge applications, 
additional virus removal credits (one log removal 
credit per one month of travel time) is granted as the 
purified water travels between the injection location 
and where it is pumped out of the ground for potable 
water use/treatment. DPR refers to a system without 
an environmental buffer; purified water is added 
directly upstream of a water treatment plant or even 
directly into the distribution system. Collectively, IPR 
and DPR are referred to as “potable reuse.” 

Although potable reuse has been practiced in California 
since the 1960s, several factors, including climate change, 
new regulations, severe drought conditions, public per-
ception, and technology advancements, have put the 
spotlight on potable reuse as an alternative water source. 
While potable reuse provides several benefits (e.g., a 
local, drought-resistant water supply; reduced reliance on 
imported water supplies; enhanced overall water quality 
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in the watershed; and reduced ocean discharge), it also 
faces several hurdles such as stakeholder buy-in, public 
perception, and concerns regarding potential heightened 
exposure to emerging contaminants. In planning and 
developing new potable reuse programs, one should con-
sider the lessons learned from “where we’ve been,” while 
focusing on “where we’re headed” in terms of augment-
ing existing water supplies with an alternative safe and 
reliable water supply.

LESSONS LEARNED
The lessons learned from well-established water 

purification programs provide a starting point for 
utilities considering potable reuse by laying out the 
various steps for their development and implementa-
tion. Such programs include Orange County Water 
District’s (OCWD’s) Water Factory 21/Groundwater 
Replenishment System (GWRS), West Basin  
Municipal Water District’s Edward C. Little Water 
Recycling Facility (ECLWRF), and the Water  
Replenishment District of Southern California’s 
(WRD’s) Leo J. Van der Lans Water Treatment  
Facility (LVLWTF)—each of which provide advanced 
purified water for injection into the seawater intru-
sion barrier along the southern coast of California. 
These programs began with similar full advanced 
treatment (FAT) trains that consisted of microfiltra-
tion (MF), reverse osmosis (RO), and an ultraviolet 
light (UV)-based advanced oxidation process (AOP) 
with hydrogen peroxide; however, each utility has 
taken a different optimization approach to enhance 
performance, water quality, and reliability in order to 
meet specific needs. Notable recent improvements 
undertaken at these facilities are listed in the follow-
ing paragraphs.

OCWD. During initial expansion of OCWD’s GWRS 
(completed in 2015) to produce 100 mgd of purified 
water, key process enhancements implemented at the 
advanced water purification facility (AWPF) included 
secondary effluent flow equalization to maximize pro-
duction, addition of energy recovery devices on the RO 
skids to improve process control and reduce energy 
consumption, and development of an alternative post-
treatment stabilization strategy to minimize mobiliza-
tion of metals, particularly arsenic, in the groundwater 
aquifer. The alternative post-treatment strategy lowered 
the final product water pH from 8.5–8.8 to 7.6–7.9 
and increased calcium content from 3–4 mg/L to 40–50 
mg/L, which is more representative of groundwater 
quality from natural recharge (Fakhreddine et al. 2015, 
Wang et al. 2015).

West Basin. West Basin produces five “designer” 
waters through its ECLWRF and satellite facilities. To 
enhance treatment performance and reliability of the 
membrane systems at ECLWRF, ozone pretreatment 
was added ahead of the MF system during the Phase V 

expansion (completed in 2013). The aim of the ozone 
pretreatment system upgrades was to break down 
organic matter and improve overall feed water quality 
for downstream membrane processes in order to 
reduce MF and RO membrane-fouling potential and 
cleaning requirements.

WRD. Because of footprint limitations at the LVLWTF, 
WRD implemented a new MF backwash recovery sys-
tem and reconfigured the RO system setup to increase 
overall recovery within the existing plant’s footprint 
during the expansion of the LVLWTF that was com-
pleted in 2014. The existing two-stage RO system was 

supplemented by a new, separate third-stage RO to 
increase overall recovery to approximately 92% 
(USEPA & CDM Smith 2012). Because the third stage 
would experience a much higher scaling potential at 
this high recovery, it would undergo more frequent 
clean-in-place (CIP) than the first and second stages of 
the RO system. By separating out the third-stage RO 
system, a CIP could be conducted on the third-stage RO 
while still operating the first and second RO stages. 
This design approach allowed WRD to expand the RO 
system capacity without having to modify its permit for 
concentrate discharge capacity.

GUIDANCE FOR THE FUTURE
Efforts across the United States are building on these 

well-established potable reuse programs to develop 
guidelines for new applications, create innovative solu-
tions to maximize recovery, and better understand 
treatment process boundaries. These efforts inform 
“where we’re headed” with potable reuse as it is broad-
ened beyond groundwater replenishment to include sur-
face water augmentation and DPR. A brief summary of 
several ongoing research, pilot, and demonstration-scale 
efforts is provided in the following paragraphs.

The California State Water Resource Control Board 
(SWRCB) aims to present its final DPR criteria feasibility 
report to the California legislature by the end of 2016. 
(At the time of preparation of this column, the draft 
DPR criteria feasibility report, issued in September 2016, 
was undergoing public review.) 

Pilot- and demonstration-scale testing efforts at the 
City of San Diego (Calif.) have demonstrated the via-
bility of potable reuse via surface water augmentation 
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at the San Vincente Reservoir. The large storage vol-
ume available in the San Vincente Reservoir provides 
more than six months of retention time and sufficient 
dilution/mixing options to achieve necessary log 
removal credits after the FAT train. The City of San 
Diego is now working with regulators to consider 
augmenting the Miramar Reservoir, which provides 
less than six months of retention time. To compensate 
for the reduced retention time, the system will incor-
porate additional treatment barriers, ozone and bio-
logically activated carbon (BAC) filtration, in front  
of the FAT train (MF–RO–UV–AOP) and rigorous 
enforcement of the operational and management  
protocol to enhance the reliability, redundancy, 
robustness, and resilience of the system to ensure pro-
tection of public health at all times. 

The City of Oxnard (Calif.) is pilot-testing potable 
reuse via aquifer storage and recovery, in which puri-
fied water is injected into a confined groundwater 
aquifer for the regulated retention time before it is 
pumped out of the same well(s) and treated for pota-
ble use. This approach can provide storage during 
periods of low demand while offsetting demands dur-
ing periods of increased water use. This provides the 
City of Oxnard with flexibility for potable use, 
recharging the aquifer, and/or maintaining a seawater 
intrusion barrier.

Several utilities across the United States are evaluat-
ing alternative potable reuse treatment trains without 
RO that may be capable of producing purified water 
quality similar to that treated through FAT (e.g.,  
MF–RO–UV–AOP). An example of a non-RO-based 
potable reuse train consists of MF–ozone with  
BAC–ozone–environmental buffer (Gwinnett County, 
Ga.) or ozone–BAC–chlorine–environmental buffer 
(Regensdorf, Switzerland). Leaving RO membranes 
out of the treatment train eliminates any need for 
brine management, which may be a fatal flaw in loca-
tions where brine treatment and/or disposal is not 
feasible. The City of Los Angeles Bureau of Sanitation 
(Calif.) is also evaluating various non-RO-based pota-
ble reuse treatment trains (e.g., ozone–BAC–soil aqui-
fer treatment) in an effort to maximize water recovery 
for groundwater recharge via surface spreading.

Further understanding of the fate and transport of 
constituents of emerging concern (CECs) and pharma-
ceutical and personal care products (PPCPs) from raw 
wastewater through each treatment process at both the 
wastewater treatment plant and a subsequent AWPF 
would enhance treatment reliability (e.g., optimizing or 
upgrading the secondary treatment processes at waste-
water treatment plants to target increased CEC and 
PPCP removal) and increase public acceptance. 
Research and optimization efforts are starting to focus 
on a “one water” approach. For example, the Water 
Reuse Research Foundation (WRRF; now part of the 

Water Environment & Reuse Foundation [WE&RF]) 
published a report, Trace Organic Compound Indicator 
Removal During Conventional Wastewater Treatment 
(Salveson et al. 2012), that characterized the removal of 
trace organic compounds, including some CECs, 
through primary and secondary wastewater treatment. 
This information can improve evaluation and optimiza-
tion of CEC removal through wastewater treatment 
and subsequent purification for reuse. 

Development of sensor technology and critical con-
trol points is important to ensure treatment reliability 
and early detection of potential operational issues. 
For example, Monitoring for Reliability and Process 
Control of Potable Reuse Applications (Pepper & 
Snyder 2016) examined AWPF unit process monitoring 
systems to evaluate the incidence and effect of false 
positives, false negatives, real-time detection of chemi-
cal and microbial contaminants, identification of poten-
tial treatment failures, and sensor maintenance and  
self-monitoring. Evaluation at the lab—pilot and 
full-scale—found that on-line sensors are effective for 
process control and that real-time monitoring is feasi-
ble, but challenges, such as real time detection and data 
validation, still need to be overcome.

Development of an integrated treatment system 
from raw wastewater all the way through the 
advanced water purification process could better 
ensure reliability and resiliency. For example, 
WE&RF’s Evaluation of Source Water Control 
Options and the Impact of Selected Strategies on 
Direct Potable Reuse (Rimer 2016), looks at quantify-
ing upstream wastewater treatment impacts on DPR 
source water quality and downstream advanced treat-
ment processes. Variable influent water quality to the 
AWPF from diurnal waste discharges or periodic 
industrial discharges, as well as the extent of the 
source control strategy implemented (e.g., number and 
type of industries regulated, such as dry cleaners, spe-
cific compounds regulated to comply with drinking 
water requirements, and a pollutant prioritization pro-
gram) have a direct impact on performance of the 
potable reuse treatment process train. A review of 
existing source control programs for potable reuse 
facilities has indicated that each program is unique to 
the area, such as population served or number of 
industries in the service area, served by the wastewater 
treatment plant. The type of secondary treatment pro-
cess and level of nutrient removal provided at the 
wastewater treatment plant could potentially be opti-
mized to reduce contaminant loading (e.g., CECs) on 
the AWPF. Applying this to practice, OCWD has 
worked closely with the Orange County Sanitation 
District (OCSD) to identify priority constituents to be 
monitored (e.g., 1,4-dioxane and N-nitrosodimethyl-
amine) and to optimize secondary treatment opera-
tions at OCSD’s Plant No. 1 to complement the AWPF.
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CONCLUSION
Understanding key elements from successful potable 

reuse projects will aid utilities in developing an inte-
grated treatment strategy that meets their site-specific 
requirements and produces high-quality purified water 
for potable reuse.
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