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Introduction
Many utilities are beginning to consider
indirect potable reuse (IPR) and direct
potable reuse (DPR) as approaches to
provide quality drinking water as the
demand on available water supplies
increases. IPR and DPR projects typically
rely on treatment processes such as
microfiltration/ultrafiltration,
reverse
osmosis (RO) and ultraviolet disinfection
(UV) advanced oxidation processes
(AOP).
While this full advanced treatment (FAT)
approach produces high-quality drinking
water, the treatment train has a high cost
and is energy-demanding, primarily due to
the RO unit process.
Gwinnett County, located in the greater Figure 1. The Shoal Creek Filter Plant (SCFP) is one of two Gwinnett County
metropolitan area of Atlanta, Georgia, drinking water facilities that use raw water from Lake Sidney Lanier (Lake
practices planned IPR without RO. The Lanier) to provide potable water to over 900,000 residents. The SCFP intake is
F. Wayne Hill Water Resources Center located less than 1 mile from the F. Wayne Hill Water Resources Center (FWH
(FWH WRC), the County’s largest water WRC) diffuser returning advanced treated water to the lake.
reclamation facility, uses ultrafiltration,
pre-ozone, biologically active carbon (BAC) filtration and Research approach – pilot scale testing
post-ozone disinfection to return highly treated reclaimed Pilot-scale testing was conducted to determine whether the
water to Lake Sidney Lanier, the county’s sole source of advanced treated water from FWH WRC could be used as
drinking water supply for more than 900,000 people. The an alternative water supply for subsequent drinking water
county’s drinking water treatment plants – the Shoal Creek treatment and whether operational changes would be needed
Filter Plant (SCFP) and Lanier Filter Plant – both use ozone- for this scenario. Two independent, six-gallon per minute
biofiltration process trains to produce high-quality drinking IPR and DPR pilot treatment trains were constructed and
water.
operated in parallel for nine months. The IPR pilot was fed
water from Lake Lanier, while the DPR pilot was fed FWH
To fulfill its mission of providing superior water service WRC advanced treated water blended with water from Lake
at an excellent value, Gwinnett County Department of Lanier. The pilot plants simulated the full-scale drinking
Water Resources (GC DWR) partnered with researchers to water treatment train at SCFP.
evaluate more economical alternatives for IPR/DPR projects,
specifically an alternative treatment train using two-stage The objective of the pilot study was to evaluate whether
ozone-biofiltration, without reverse osmosis (RO), to achieve multi-stage ozone-biofiltration (ozone-BAF) could be used to
potable quality water when operated in a DPR scenario.
achieve potable quality water in a DPR scenario. Data from
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Figure 2. Both the indirect potable reuse (IPR) and direct potable reuse (DPR) pilots replicated
the treatment processes of the full-scale SCFP. The IPR pilot was fed Lake Lanier water only.
The DPR pilot was fed various blends of FWH WRC advanced treated water and Lake Lanier
water. Both pilots were monitored, and their performance was evaluated over nine months.

the pilot plants were evaluated to determine the appropriate
blending ratios of FHW WRC advanced treated water with
Lake Sidney Lanier raw water to meet primary and secondary
drinking water standards. The team also evaluated the
capability of blending advanced treated water in the process
to stabilize operations during a lake turn-over event in Lake
Sidney Lanier, while improving finished water quality.
The pilot plant performance was monitored for a matrix of
operating conditions, including various blends of FWH WRC
advanced treated water and lake water and testing during
periods of cold and warm water to identify differences in
treatment performance.
A diagram of the two pilot facilities, along with Gwinnett
County’s full-scale facilities, is shown in Figure 2. The
IPR pilot was fed lake water only while the DPR pilot was
fed various blends of FWH WRC advanced treated water
and Lake Sidney Lanier water. After the pilot plants were
installed and commissioned, a nine-month pilot testing
program with four phases was conducted beginning in
August 2016 and completed in June 2017.
Phase 1: Baseline characterization. Both pilot plants were
fed with water from Lake Lanier only and performance was
compared to the full scale SCFP facility to demonstrate that
the pilot plants properly represented full-scale performance.
Phase 2: DPR blend ratio testing. The DPR pilot tested
four blending ratios (15%, 25%, 50% and 100%) of FWH

advanced treated water combined with the SCFP raw water
from Lake Lanier. Each blend was tested for a minimum of
one month until steady state conditions were achieved. The
25% and 50% blends were simulated at specific time points to
evaluate the impacts of seasonal variability on performance.
Phase 3: Robustness. The DPR pilot, with a 50% blend of
advanced treated water, was compared to a pilot operating as
the full-scale facility’s planned IPR during a seasonal period
of challenging lake water quality. Each fall is a challenging
period for treatment because the surface layer of the lake
deepens enough to be drawn into the SCFP raw water intake.
The water quality impacts of blended water in the DPR pilot
were compared against the IPR pilot and full-scale SCFP
during this period.
Phase 4: Benchmark sampling. There were four benchmark
sampling events, approximately quarterly, to characterize
water quality at the advanced treated water facilities and the
two pilot trains. Data from the benchmark events allowed the
performance of specific unit processes to be assessed with
respect to removal of a wide range of microbial and chemical
contaminants.
Results of the analysis were incorporated into a cost assessment
to evaluate the overall feasibility of ozone-biofiltration in
DPR applications and to benchmark it against other advanced
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Figure 3. Along with sampling and analytical testing on each pilot train, benchmark sampling was performed at strategic
locations along the full-scale FWH WRC and SCFP at four-time points during the study.

treatment processes, including microfiltration/ultrafiltration
(MF/UF), reverse osmosis (RO) and advanced oxidation
(AOP).
Results
Pilot testing demonstrated that ozone-biofiltration provided
water of equal or better quality than current drinking
water supplies when blended at a ratio of 15% FWH WRC
advanced treated water. At higher blends (e.g., 25%, 50% and
100%), primary and secondary maximum contaminant levels
(MCLs) for certain chemical contaminants, particularly
nitrate, bromate and cyanide, were exceeded.
During the 25% blend, the DPR pilot effluent cyanide
exceeded the primary MCL of 0.2 mg/L. Cyanide formed
after chlorine disinfection, but was not detected at the
blended pilot influent, ozone effluent or biofilter effluent.
Nitrosodimethylamine (NDMA) was also detected at the
pilot effluent exceeding the California and Massachusetts
notification levels of 10 ng/L. The blended pilot influent was
on average 3.3 ng/L with NDMA concentrations increased
after ozone to an average of 41 ng/L but reduced by anthracite
biofiltration to an average of 14 ng/L.
During the 50% blend, DPR pilot samples were collected weekly.
Nitrate exceeded the primary MCL (10 mg-N/L) in five of 17
samples; the highest nitrate concentration was 11 mg-N/L. The
average pilot influent nitrate was 8.2 mg-N/L and the average
pilot effluent was 8.2 mg-N/L. One exceedance of bromate was
above the primary MCL (10 µg/L), with a concentration of 13
µg/L and one exceedance of di(2-ethylhexyl) phthalate (MCL
6 µg/L) with a concentration of 8 µg/L.
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Figure 4. Fully automated chemical metering pumps and
control valves were used to provide consistent doses.
Online instruments provided turbidity data recorded at fiveminute increments.

The secondary MCL for color (15 CU) was exceeded during
the 50% robustness period with an average of 166 CU for
apparent color and 139 CU for true color. During this period,
60% of the true color samples and 34% of apparent color
samples were above the secondary MCL.
In comparison, the IPR pilot (operated in parallel but
received 100% Lake Lanier water) had an average of 60%
of true color and 41% of apparent color samples above the
secondary MCL. During the rest of the 50% blend test period,
including warm, declining and cold temperatures, DPR pilot
color was below the secondary MCL, except for one sample
of 65 CU. Regarding emerging contaminants for the 50%

regardless of blend ratio between 0.3 and 0.4 mg/L. The
percentage of TOC and DOC removals throughout the pilot
were lower for higher FWH WRC advanced treated water
blend ratios, which was likely associated with a combination
of temperature and less reactive carbon. UV Transmittance
(UV-T) declined with higher blends, as FWH WRC advanced
treated water UV-T ranged between 88% and 94%, while
Lake Lanier ranged from 92% to 94%.

Figure 5. Each pilot had an independent treatment train that
included ozonation, coagulation/flocculation, biofiltration and
chlorine disinfection.

blend, the average DPR pilot influent NDMA was relatively
low at 9.3 ng/L. The concentration increased slightly after
ozone to an average of 14 ng/L. However, more importantly,
after biological filtration, NDMA was reduced to below
detection in all pilot effluent samples except for one, with a
concentration of 11 ng/L – slightly above the California and
Massachusetts action level of 10 ng/L.
Water quality
DPR pilot influent temperature increased with blend ratio,
because FWH WRC advanced treated water was slightly
warmer than Lake Lanier, especially during the cold-water
period. The higher the percentage of advanced treated
water from FWH WRC, the higher the temperature. The
temperatures measured during the cold weather at 25%, 50%
and 100% blends were 53.9, 56.5 and 63.6°F, respectively.
Blending FWH WRC advanced treated water caused a
significant decrease in the pilot influent and filter effluent
turbidity at higher blends. In the DPR pilot, with lake water
only (0% blend), the average DPR pilot influent turbidity
was 0.65 nephelometric turbidity units (NTU) and anthracite
filter effluent turbidity was 0.06 NTU. At the 100% FWH
WRC advanced treated water blend, pilot influent turbidity
was significantly lower at 0.06 NTU and the filter effluent
turbidity was 0.01 NTU.
Organic constituents in the DPR pilot influent also increased
with blend ratio. Net removal of organic carbon, which
includes total organic carbon (TOC) and dissolved organic
carbon (DOC), across the pilot was relatively consistent

Other general water quality limits, such as alkalinity and
hardness, were improved with higher FWH WRC advanced
treated water blend ratios. The alkalinity of Lake Lanier
water was very low, ranging from 16 to 20 mg/L, while the
FWH WRC advanced treated water ranged from 85 to 139
mg/L. Similarly, calcium and magnesium concentrations
were lower in the lake water (less than 5 mg/L) compared to
the FWH WRC advanced treated water (ranged from 20 to
25 mg/L). Higher calcium and magnesium can be beneficial
for increasing alkalinity and stabilizing pH and ultimately
producing less corrosive water. Issues with scaling from
either of these water sources would not have been likely.
Perfluorooctane sulfonate (PFOS) was below detection
for all blends of pilot influent and effluent samples. PFOS
was slightly above the detection limit of five ng/L in three
of eight FWH WRC advanced treated water samples.
Perfluorooctanoic acid (PFOA) was detected at low levels,
well below the EPA health advisory level of 70 ng/L, in all
nine FWH WRC advanced treated water samples. By blending
with lake water, PFOA concentrations in the chlorinated pilot
effluent were reduced to very low values ranging from below
detection to 9.1 ng/L, which occurred during the 100% FWH
WRC blend. Since PFOS and PFOA are highly recalcitrant
compounds not removed by ozone, biofiltration or chlorine,
no significant removal was observed in the pilot.
Operational benefits of blending FWH WRC advanced
treated water with Lake Lanier water
Blending FWH WRC advanced treated water with Lake
Lanier to manage excursions in water quality in Lake
Lanier demonstrates operational benefits in terms of ozone
demand and filter run time. Process robustness was evaluated
during the fall, when Lake Lanier’s epilimnion reached the
SCFP intake. The warm water with higher organics created
operational challenges, which were observed in the IPR pilot
and full-scale plant, resulting in increased ozone demand,
increased coagulant and flocculant doses, and shorter filter
run times. The IPR pilot required increased ozone doses and
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polymer doses to maintain filtered water turbidities below
0.15 NTU, while exceeding the normal level below 0.1
NTU. Simultaneously, the DPR pilot operating with a 50%
blend did not require increased ozone, coagulant or flocculant
doses to maintain water quality and filter run times were not
shortened, and there was up to 100 hours of longer filter run
times possible on the DPR pilot.

Figure 6. The FWH WRC is the largest of three countyowned and -operated water reclamation facilities providing
wastewater treatment for more than 50 percent of the
county’s residents.
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Significant cost savings using ozone-biofiltration
instead of RO
Implementing DPR using the advanced treatment train at
FWH WRC to provide supply to the drinking water treatment
plants, compared to a RO-based treatment scheme, would
result in significant cost savings. The capital and operational
costs for a new 60 million gallons per day (MGD) advanced
water treatment facility supplying 15% of the raw water
supply to a new 98 MGD potable water treatment facility
were calculated for two scenarios:
• Advanced water treatment facility using the treatment
process currently employed at FWH WRC; and
• Advanced water treatment facility utilizing full
advanced treatment (MF/RO/UV-AOP) with
mechanical evaporation of RO concentrate
While the new potable water treatment facility utilizes the
SCFP treatment train in both scenarios, the RO-based system
had a 30-year capital and O&M cost of $3,200/MG water
treated. The two-stage ozone-BAF system implemented at
FWH WRC and the SCFP was less than half the cost, at $1,500/
MG water treated. The main source of the cost difference
was the RO treatment train, specifically, the capital cost of
mechanical evaporation for brine disposal was significant
and RO operating costs for power were more than double the
cost required using the ozone-BAF process.
Conclusions
DPR was demonstrated to provide potable quality water
when operated with advanced treatment including two-stage
ozone-biological filtration without RO. In addition to meeting
potable water quality requirements, operational benefits
included reduced ozone demand and lower filter headloss
accumulation rates. With respect to biological parameters,
advanced treated water from FWH WRC was of equal or
higher quality than Lake Lanier, indicating DPR could lower
acute risks compared to current practices. The findings from
this research project, Water Research Foundation Reuse 15-11,
indicates that non-RO-based treatment schemes involving
ozone-biofiltration can produce high-quality potable water at
significant cost savings compared to RO-based full advanced
treatment. n

