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Project overview
The Water Replenishment District
of Southern California (WRD, or
District) was established in 1959
pursuant to the Water Replenishment
District Act of 1955. WRD manages
two interconnecting groundwater
sub-basins, the Central Basin and the
West Coast Basin. WRD manages
groundwater for nearly four million
residents in 43 cities of southern Los
Angeles County. The 420 square mile
service area uses about 220,000 acrefeet per year (AFY) of groundwater,
which equates to over 40% of the
total demand for water. WRD ensures
that a reliable supply of high-quality
Figure 1. Artist rendering of the Water Replenishment District of Southern
groundwater is available through its
California’s Groundwater Reliability Improvement Project (GRIP) Advanced Water
water supply programs and effective
Treatment Facility (AWTF) in Pico Rivera, California.
water recycling.
Grounds (MFSGs), after blending with San Jose Creek
WRP’s tertiary treated effluent (the resulting combined
Facility and project description
WRD has developed the Groundwater Reliability Improvement water is referred to as the blended tertiary treated water),
Project (GRIP) Advanced Water Treatment Facility (AWTF) and (2) injecting the advanced treated recycled water into
with the overarching goal of offsetting and replacing the the supplemental recharge wells located at the GRIP AWTF.
current use of imported water for groundwater replenishment The GRIP AWTF infrastructure is designed with a provision
with advanced treated recycled water. The landmark facility to expand to an ultimate production capacity of 29.6 MGD.
(Figure 1) is located at 4320 San Gabriel River Parkway, Figure 2 presents a schematic diagram of the GRIP AWTF.
Pico Rivera, California. The GRIP AWTF has a treatment
capacity of 14.8 million gallons per day (MGD). The GRIP A brine pipeline will convey RO concentrate and other AWTF
AWTF treats the tertiary treated effluent from the Los Angeles waste streams to a trunk sewer, in Beverly Boulevard, for
County Sanitation Districts’ (LACSD) San Jose Creek Water treatment at LACSD’s Joint Water Pollution Control Plant
Reclamation Plants (San Jose Creek WRP), East and/or West (JWPCP) in Carson.
facilities, using ultrafiltration (UF), reverse osmosis (RO),
ultraviolet advanced oxidation process (UVAOP), post- UV AOP overview
treatment stabilization and dechlorination to produce advanced The UV AOP at the GRIP AWTF consists of low-pressure,
high-output UV reactors with chlorine addition upstream of
treated recycled water for groundwater recharge.
the UV trains as the oxidant. UV AOP is used to disinfect
The GRIP AWTF enables WRD to help achieve its goal of RO permeate and destroy constituents of emerging
recharging the aquifers with local sources. Recharge of the concern (CECs) that pass through RO membranes due to
advanced treated recycled water is accomplished via (1) their low molecular weight and low ionic charge, notably
surface spreading in the Montebello Forebay Spreading N-Nitrosodimethylamine (NDMA) and 1,4-dioxane.
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Specifically, the Trojan UVPhox™ system will accomplish
NDMA treatment to below the notification level (i.e. 475 ng/L
to <10 ng/L or >1.67 log) and will simultaneously accomplish
0.5-log removal of 1,4-dioxane in accordance with California
Department of Drinking Water (DDW) requirements for
potable reuse projects. Trojan Technologies will assist in
conducting on-site acceptance testing of the UVAOP so that
the performance of the system can be verified. Treatment
data comprising NDMA and 1,4-dioxane destruction will be
submitted for review.

Figure 2. Simplified WRD GRIP AWTF process flow diagram

UV AOP effectively reduces and inactivates pathogenic
microorganisms and achieves the maximum disinfection
credits allowed for target microorganisms. The chlorine
used for oxidation also provides the disinfectant residuals
necessary to protect the supplemental recharge wells
from biofouling. The inactivation of microorganisms and
reduction of micropollutants vary with the UV dose, which
is a product of the UV light intensity, the exposure time and
the chlorine dose. The GRIP AWTF is the second full-scale
implementation of UV AOP for an indirect potable reuse
(IPR) application using chlorine as an oxidant, after the City
of Los Angeles’s Terminal Island Water Reclamation Plant.
The advanced treated recycled water is dechlorinated using
sodium bisulfite, prior to blending with the tertiary treated
effluent. The blended tertiary treated water is used for
spreading at the MFSGs (including the unlined portion of
the San Gabriel River between rubber dams) or it can bypass
the MFSG and be discharged to the lined portion of the San
Gabriel River and unavailable for groundwater recharge.
Dechlorination ensures compliance with the total residual
chlorine limitation in the GRIP AWTF NPDES permit.
A portion of the advanced treated recycled water from the
Product Water Storage Tank, which has undergone UF,
RO, UV AOP and post-treatment stabilization (but not
dechlorination), is pumped to the supplemental recharge
wells for injection into the aquifers.
UV AOP description
The Phase 1 GRIP AWTF UV AOP consists of two (2)
parallel trains each with three (3) Trojan UVPhox™
D72AL75 reactors and sodium hypochlorite chemical
storage and feed facilities. The Trojan UVPhox™ system is
designed to reliably destroy NDMA, 1,4-dioxane and other
trace contaminants present in RO permeate source water.

Design criteria
Table 1 summarizes the UV/Cl2 AOP system design criteria.
The primary system design criteria are for the proposed UV
oxidation system to treat the maximum design flow of 14.83
MGD of RO permeate having a minimum UVT of 96% by
a minimum of 0.5-log reduction (LR) of 1,4-dioxane and
1.67-log reduction of NDMA with at most 4 ppm of free Cl2
present in the reactor influent.
Table 1. Summary of UV AOP design criteria
Peak design flow (RO
Permeate), MGD

14.83

Minimum specified UVT, %

96%

Required 1,4-dioxane Log
Reduction

0.5

Required NDMA Log
Reduction

1.67

Allowable free chlorine dose,
mg/L

2 to 4

System model and lamp type

Trojan UVPhox™ D72AL75;
LPHO

Number of trains

2

Number of chambers per train

3

Number of reactors per
chamber

2

Number of lamps per reactor

72

Total number of lamps per train 432
Lamp input power, each (kW)

0.24

Ballast type

High efficiency; electronic

UV AOP performance testing/commissioning
The Trojan UVPhox™ system performance test is required
to verify that the performance of the proposed system meets
the treatment criteria at the design operating conditions. The
design conditions are summarized in Table 1, including the
specification of 0.5-log reduction of 1,4-dioxane and 1.67log reduction of NDMA. The performance testing is intended
to provide data for multiple objectives. The primary objective
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is to demonstrate that the system meets the guaranteed
contaminant destruction criteria at design conditions (i.e.,
96% UV-T; 14.83 MGD; 0.5-LR of 1,4-D; 1.67-LR of
NDMA; ≤4 mg/L free chlorine).
The performance testing also will establish performance data
over a range of expanded operating conditions (e.g., lower
UV transmittance, lower Cl2 residual) in both manual and
automatic control modes for a more thorough examination
of the system performance. These results will also be used
to support the development of an operations plan for the
UV AOP system and its submission to DDW for approval.
Performance will be assessed by analyzing UV reactor influent
and effluent pairs of water samples for 1,4-dioxane and
NDMA. NDMA and 1,4-dioxane will likely need to be spiked
to increase influent concentrations during testing. In addition
to monitoring contaminant destruction, the performance test
will include measurement of headloss across the UV reactor.
UV oxidation fundamentals
UV-based advanced oxidation processes rely upon the
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UV-based advanced oxidation processes
rely upon the simultaneous mechanisms of
direct UV photolysis and UV oxidation to
degrade chemical contaminants in water.
simultaneous mechanisms of direct UV photolysis and UV
oxidation to degrade chemical contaminants in water. UV
photolysis is the process by which chemical bonds of the
contaminants are broken by the energy associated with UV
light. UV photolysis does not require the addition of an oxidant.
UV oxidation systems rely on the generation of radicals (e.g.,
hydroxyl radical or •OH) by way of the UV photolysis of an
oxidant, such as H2O2 or aqueous Cl2, and the subsequent
oxidation of chemical contaminants by those radicals.
In recent years, UV radiation in combination with chlorine
(UV/Cl2) has been investigated as an alternative to the typical
UV/H2O2 process, particularly in water reuse projects. The UV/
Cl2 AOP relies on photolysis of free chlorine with formation
of hydroxyl radicals and chlorine atoms as oxidizing species.
The process is gaining increased attention from water utilities
because chlorine is already required for residual disinfection,
it is cheaper and dosed at lower concentrations than hydrogen
peroxide (H2O2), all of which could translate into significant
cost savings should the treatment conditions be favorable.
Hydroxyl radical scavenging demand
While the desired reaction in UV oxidation systems is between
photogenerated hydroxyl radicals and contaminant molecules,
the unselective nature of hydroxyl radical reactions results
in reaction pathways with constituents in the background
water matrix. Examples of these hydroxyl radical scavenging
reactions are the oxidation reactions with the natural organic
matter (NOM) present in waters or reactions with carbonate
and/or bicarbonate ions. Aqueous chlorine species themselves
will react with hydroxyl radicals and, therefore, are considered
hydroxyl radical scavengers. All these scavenging reactions
have the effect of reducing the steady state concentration of
hydroxyl radicals in the water. Since the rate of contaminant
degradation is proportional to the steady state concentration of
hydroxyl radicals, these hydroxyl radical scavenging reactions
reduce the rate of contaminant degradation. The level of
scavenging reactions associated with a water sample can be
quantified and is referred to as the hydroxyl radical scavenging
demand of the water.
UV/Cl2 AOP
The UV/Cl2 process is more complex than UV/H2O2 AOP,
and its efficiency is highly dependent on the spectral power

Figure 3. WRD LJvL UV AOP

distribution of the UV lamp and water pH, with the latter
restricting its applicability to low pH range (<~6.5, where
HOCl is dominant). Its performance as an oxidizing agent
has been evaluated through several pilot and full-scale
installations (e.g., Aflaki et al. 2015; Wang et al. 2015). For
the same mass-based concentration (i.e., milligrams per liter)
considered in the UV AOP, free chlorine absorbs more UV
light at 254 nanometers (nm) than H2O2 and, as a result, can
more efficiently be converted to the hydroxyl radicals (•OH).
At 254 nm, the radical yield from HOCl photolysis is almost
twice that generated from −OCl photolysis.
On the other hand, the UV AOP performance is negatively
impacted by the oxidant (H2O2 or free chlorine) reactivity towards
the generated radicals. H2O2 reaction with •OH is much slower
than those of free chlorine species (hypochlorous acid, HOCl,
and its conjugate base, −OCl). The −OCl demonstrates a very
high affinity for •OH radicals, resulting in much higher radical
scavenging capacity than both HOCl and H2O2. At advanced
water treatment facilities using RO membranes in their core
treatment process, pH levels of between five and six are typically
observed in RO permeate. This is a favorable condition for the
use of free chlorine as the oxidant in UVAOP. Therefore, the
lower scavenging potential of HOCl, together with the effects of
wavelength-dependent molar absorption coefficient and higher
radical yield, lead to higher treatment efficiency.
The dark chemistry of molecular chlorine and chlorine
radical species is much more complex than that of H2O2
and hydroxyl radical. The presence of chloramines in RO
permeate is an additional aspect to consider in the UV/Cl2
implementation to water reuse treatment, as both chlorine
and chloramines photolyze and react with the radical
species, their speciation is pH-dependent, and the entire
system displays rapid dynamics. Further, if the RO permeate
contains free ammonia, then it will react with the added free

Figure 4. Full-scale UV/H2O2 and UV/Cl2 AOP testing at
WRD LJvL AWTF

chlorine, increasing the chlorine demand and the resulting
chloramine concentration and causing a decrease in the UV-T
and an increase in the radical scavenging demand of the water
entering the UV reactors. Commercially available sodium
hypochlorite solutions contain caustic soda (NaOH). Thus,
the addition of sodium hypochlorite increases the pH of the
RO permeate and subsequently reduces the AOP efficiency.
Comparing UV/Cl2 and UV/H2O2 AOPs
Pilot and full-scale testing comparing UV/Cl2 and UV/H2O2
AOPs was performed in recent years at several water reuse
utilities. WRD, in collaboration with Trojan, conducted
full-scale testing of the two AOPs at the Leo J. vander Lans
(LJvL) AWTF (Figure 3), which currently uses similar UV
reactors and H2O2 as an oxidant for IPR. The facility has
been in operation since 2003. The results from the full-scale
testing at the LJvL AWTF (a portion of which is shown in
Figure 4) indicated the following:
• UV/H2O2 is a well-established AOP in which the OH
radicals are generated through photolysis of hydrogen
peroxide.
• UV/Cl2 AOP relies upon the photolysis of chlorine
species to generate OH radicals and chlorine radicals.
• The UV/Cl2 AOP is a highly complex, pH dependent
process.
Following hypochlorite injection in RO permeate, there
are several chlorine species present simultaneously with
potentially changing concentrations.
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• These chlorine species absorb UV three to six times
stronger than H2O2 and are significantly consumed in
the UV reactor.
• UV/Cl2 AOP efficiency for 1,4-dioxane treatment in RO
permeate with pH~5.5 appears to be higher than that of
UV/H2O2, but corrected for UV-T the difference is slight.
• Few byproducts measured.
• UV/Cl2 has the potential for lower O&M costs, if removal
of residual peroxide is required and if pH is low.
GRIP TROJAN UV/Cl2 system controls
The operation of GRIP UV AOP (Figure 5) is based on the
calculation of an instantaneous contaminant log reduction as a
function of the fundamental contaminant kinetic parameters,
system flow, lamp power, lamp age, UV transmittance,
hydroxyl radical scavenging demand, water temperature
and free chlorine concentration. The methodology is based
on a contaminant treatment kinetic model that combines a
fundamental photochemical kinetic model with optical and
hydraulic performance of the specific reactor to accurately
predict the degradation of contaminants in a UV AOP.

8

IUVA News / Vol. 20 No. 3

Therefore, the UV system
control algorithm provides
a
dynamically-adjusted
system based upon the
identified process input
parameters. Further, by
incorporating user-provided
Cl2 and electrical energy
costs, the algorithm can
calculate the combination
of lamp power and Cl2 dose
that meets the contaminant
treatment objective at the
lowest operating cost.
Specific constraints on Figure 5. WRD GRIP UV AOP
the limits of the system trains
operation also can constrain
the operating conditions. The controls will be calibrated after
the conclusions of the performance testing scheduled for
December 2018.

GRIP UV AOP performance testing/commissioning
The primary task is to demonstrate that the UV AOP
performance meets the removal targets at the design conditions.
To quantitatively demonstrate the required log reduction of
NDMA and 1,4-dioxane, it is necessary to accurately measure
both the influent and effluent concentrations. The influent
1,4-dioxane concentration would need to be high enough to be
reduced by up to 0.5-log and produce an effluent 1,4-dioxane
concentration that is greater than the analytical method
reporting limit (MRL). The USEPA 522 MRL for 1,4-dioxane
is 0.07 μg/L (ppb). The influent concentration would need
to be at least 0.22 µg/L. If the UV influent 1,4-dioxane
concentrations were <0.22 µg/L, then it would be required
to spike 1,4-dioxane into the UV influent stream to achieve
concentrations higher than 0.22 µg/L. Similarly, the influent
NDMA concentration would need to be high enough to be
reduced by up to 1.67-log and produce an effluent NDMA
concentration that is greater than the analytical MRL. The
MRL for NDMA is expected to be approximately 1 ng/L (ppt).
The influent concentration would need to be at least 47 ng/L.
If the UV influent NDMA concentrations were < 47 ng/L, then
it would be required to spike NDMA into the UV influent
stream to achieve concentrations higher than 47 ng/L.
The UV oxidation system performance will be calculated
based on pairs of water samples collected from the UV
reactor influent and effluent sample ports. The UV reactor
influent sample port must be far enough downstream of the
Cl2 injection point to ensure that it is completely mixed in
the influent stream prior to sample collection. Further, the
UV reactor influent sample port must be far enough upstream
of the UV reactor to ensure that no impact of the UV AOP
reaction has occurred (i.e., light transmittance up the pipe
is minimal). A recommended distance from the reactor inlet
flange is 50 cm or more. Similarly, the UV reactor effluent
sample port must be far enough downstream of the reactor to
ensure that the AOP reaction is complete (i.e., UV intensity is
minimal) and that the water leaving the reactor is well mixed
and representative of the bulk water leaving the reactor.
A critical requirement is that the UV system be operating at
steady state prior to collection of the UV reactor influent/
effluent sample pairs by allowing five hydraulic retention
times (HRTs) to pass after a process change. The hydraulic
retention time is calculated by dividing the system volume by
the flow rate. The system volume from the Cl2 injection point
to the effluent sample port would need to be calculated and
divided by the flow per train to determine one HRT. Sample
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collection should not occur prior to five HRTs following
either a change in the system flow, lamp power and/or the
chemical (e.g., Cl2) injection rate. For example, if the volume
between the Cl2 injection point and the effluent sample port
is 1,500 gallons, then at a flow of 1,500 gpm one HRT would
equal one minute and five HRTs would take five minutes.
Although the design UV-T value of the reactor influent stream is
specified as 96%, the typical operating conditions are expected
to produce water with a UV-T as high as 98%. It is, therefore,
planned to conduct performance tests at both ambient and design
UV-Ts to demonstrate the impact of UV-T on performance and
the ability of the UV system automatic controls to adjust the
operating parameters as a function of UV-T. It is also planned
to target a possible worst-case UV-T of 95%, which should
provide significant flexibility to system operation.
The performance test shall be considered successful if the
measured log reduction of 1,4-dioxane and NDMA is equal
or greater than the targeted 0.5-log reduction and 1.67-log
reduction values specified in the design conditions.
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Conclusions
The WRD GRIP AWTF joins the City of Los Angeles’
Terminal Island Water Reclamation Plant in implementing
full-scale UV/Cl2 AOP for indirect potable reuse (IPR)
applications. The UV/Cl2 AOP relies on photolysis of free
chlorine with formation of hydroxyl radicals. Using Cl2
rather than H2O2 as the oxidant should result in significant
cost savings at the WRD GRIP AWTF. The GRIP AWTF UV/
Cl2 AOP is expected to be operational at the end of 2018,
producing water to ensure continued reliable supply in the
WRD service area. n
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