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Providing Safe Drinking Water

» Treatment Technologies
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Groundwater Recharge

 How do we provide safe drinking water?




Groundwater Recharge

Standard Full Advanced Treatment

Membrane Ultraviolet
Filtration Reverse Light/Advanced
Osmosis Oxidation
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Groundwater Recharge

Standard Full Advanced Treatment

Ultraviolet
Reverse Light/Advanced
Osmosis Oxidation

Membrane
Filtration

Aquifer
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Treatment Technologies

* Diversity of removal mechanisms are used to control diversity

of chemicals
e Multiple removal mechanisms also proactively mitigate next
“unknown”
Membrane Ultraviolet
Filtration Reverse Light/Advanced
Osmosis Oxidation
ll - & - =
UV Light

Inactivation

Physical Physical Physical

Removal Removal Degradation




Natural Environment
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* Treatment (degradation) 4

— Soil Aquifer Treatment

— Continuing to investigate the
treatment benefits of
groundwater recharge

e Time

— Response Time



CEC Removal by SAT

Excellent Removal Fair Removal Poor Removal

(>90%) (90 to 50%) (50 to <25%)

Atenolol, Atorvastin, BHA, Caffeine, Dioctyl
phthalate, Enalapril, Fluoxetine, Galaxolide,
Nonylphenol, Norfluoxetine, Salicylic acid,

Simvastatin hydroxy acid, Trimethoprim

Carbamazepine, Primidone, TDCPP

Benzophenone, Ibuprofen, DEET, EDTA, lopromide, Meprobamate, Sulfamethoxazole

Diclofenac, Naproxen, Gemfibrozil, Octylphenol, Tonalide, Triclosan

Dilantin (Phenytoin), TCEP, TCPP

Data origin: Drewes et al., WRRF 05-04, travel time up to 2 weeks




Surface Water Augmentation

* What changes as we move from
groundwater recharge to surface water
augmentation?

Groundwater Augmentation
Surface Spreading (Ch 3, Article 5.1)
Surface
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Subsurface Injection (Ch 3, Article 5.2)

Reservoir Augmentation (soon)
Surface Water Augmentation (Sb 3, Article 5.3 & Ch 17, Article 9 - both in draft)
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Surface Water Augmentation

* What changes as we move from
groundwater recharge to surface water

augmentation?
- ent Treatment
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California Toxics Rule Compliance




Surface Water Augmentation

* What changes as we move from
groundwater recharge to surface water

augmentation? ‘
atmen
tural ENVIro ent1re
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Nuty: California Toxics Rule Compliance
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But...no loss in treatment technologies



Surface Water Augmentation

* Many treatment technologies available. ..

Reverse
Osmosis

% (//fr (
\\\\\ Lighgy, Moty

/40'[,8

n

o) fio




Surface Water Augmentation

* But RO 1s by far the most important when
considering chemical contaminants

Reverse

pprane .
Ner® Osmosis
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Removal of Uncharged
Compounds
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Removal of Uncharged

Compounds
100% A &, . S,
ugar
O Silica 342 amu
80% O 8 amu

1,4-dioxan
88 amu

But even RO cannot
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Compounds Can Get Through
Reverse Osmosis




Groundwater Recharge vs.
Surface Water Augmentation
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Groundwater Recharge vs.
Surface Water Augmentation

N: o Well removed through
biodegradation that
occurs in the aquifer




Surface Water Augmentation

How do we ensure we remove and
control these compounds?




Tools for SWA

We have tools at our disposal

/ Improved Treatment

Source Control
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Secondary/Tertiary
Treatment

Ozone
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BAC

Membrane
Filtration

Source Control
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Monitoring & Diversion

Reverse
Osmosis

BE-=

Ultraviolet
Light/Advanced
Oxidation
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Additional Treatment

Free Chlorine




Additional Challenges for SWA

e California Toxics Rule

— NDMA
 DDW Notification Level: 10 ng/L
 CTR Limit: 0.69 ng/L

* Nutrient Requirements
— Nitrogen requirement for GWR: 10 mg/L

— Basin Plan Objectives for Nitrogen: ~1-2 mg/L as N




‘Benefits?

Addittonal-Chalenges for SWA

e California Toxics Rule

~ NDMA dary
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— Nitrogen requirement for GWR: 10 mg/L

— Basin Plan Objectives for Nitrogen: ~1-2 mg/L as N
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Importance of Solids Retention Time

Triclosan
100 ‘.‘ A
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Robust Treatment 1s Critical for
Chemical Control

* No single process effectively controls the wide diversity of chemical

contaminants
_ Membrane Ultraviolet ,
Secondary/Tertiary Ozone BAC Filtration Reverse Light/Advanced Free Chlorine
Treatment Osmosis Oxidation
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CEC Control at Demonstration
Facilities

San Diego Demonstration Padre Dam Demonstration




CEC Control at Demonstration
Facilities

San Diego Demonstration

Median Concentration (ng/L)

4-Nonylphenol
' 4-tert-Ocylphenol
Estrone
Triclosan
2,4-D
Albuterol
Amoxicillin
Butalbital
Diuron
Sulfamethoxazole
Carbamazepine
Cotinine
Atenolol
Cimetidine
Diclofenac
Lidocaine
Lopressor
Thiabendazole
Trimethoprim
Acesulfame-K
Diltiazem
Gemfibrozil
DEET
Dilantin
Carisoprodol
Erythromycin
Iohexal
Meprobamate
Sucralose
TCEP
TCPP
TDCPP
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Padre Dam Demonstration

CEC:
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Robust Treatment 1s Critical for
Chemical Control

* No single process effectively controls the wide diversity of chemical

contaminants
_ Membrane Ultraviolet ,
Secondary/Tertiary Ozone BAC Filtration Reverse Light/Advanced Free Chlorine

Treatment Osmosis Oxidation
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Should not rely solely on treatment technologies...




Additional Monitoring

Five year record of TOC 1n Final Product Water at
OCWD Groundwater Replenishment System
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Olivieri, et. al (2016) Evaluation of the Feasibility of Developing Uniform Water
Recycling Criteria for Direct Potable Reuse. NWRI (ed), California State Water
Resources Control Board, Fountain Valley, CA.




Additional Monitoring

Standard Operating Procedure for TOC Spikes

TOC Excursions SOP for TOC Spikes

Appendix D: TOC Decision Chart

RO process start

- 35
o
g ROP TOC
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B 5 —e— Total Organic Carbon points or more?
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. = plant operation
c
w2 2
S €
c g
5] :
g213
s =
o E
O c 1
c = Keep plant
u“b online
6 0.5 monitoring
= : ROF & ROP
o
° <
= 0
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. Check ROP
Date TOC meter
logs and
calibration TOC > 0.1 mg/L

EC >60 pmhos/cm (bulk)
EC >80 pmhos/cm (train specific)

TOC <.1 mg/L
EC Profile &

Sample Continue regular
plant operation

Isolate and repair Observe shutdown criteria:
RO >0.3 mg/L for more than 1 hour

> 1.5 mg/L average for daily average
>0.5 mg/L average for 4 days
>0.45 mg/L average for 20 days



Tougher

penalties for
dumping of
waste water:

PUB

SINGAPORE — Fines for the
dumping of waste water con-
taining chemicals into public
sewers will be tripled to
$$15,000, while offenders could
also be jailed for up to three
months.

These are the tougher penal-
ties national water agency PUB
will introduce, as 11 factories
were caught illegally dumping
waste water containing high
levels of Volatile Organic Com-
pounds (VOCs) into the sewer-
age system. Seven offenders
were brought to court, while the
remaining four had their of-
fences compounded with a fine.

The number of offenders
caught this year has surpassed
the total number of illegal
dumping cases in the last two
years. There were seven cases
last year, up from two in 2010.

The PUB installed 40 sensors in in-

dustrial sites to monitor concentra-

tion levels of chemicals discharged
into the sewerage system.

VOCs such as paints, meth-
ane chloride are commonly
present in waste discharges,
known as trade effluent, from

Source Control

electroplating, pharmaceutical,
printing and food businesses,
trades and industries.

Mr Idaly Mamat, Senior En-
gineer of PUB’s Water Reclama-
tion ( Network) Department,
said: “As some VOCs are toxic
and flammable, the discharge of
trade effluent containing high
concentration of such VOCs into
the public sewer poses fire and
safety hazards to workers or op-
erators working in the public
sewerage system.

“It can also affect the treat-
ment process at water reclama-
tion plants, and subsequently,
impact the production of
NEWater or industrial water.”

Waste water containing lev-
els of these compounds should
be collected by licensed toxic in-
dustrial waste collectors for off-
site treatment and disposal.

The PUB will be amending
the Sewerage and Drainage (
Trade Effluent Regulations) to
effect the stricter penalties. The
amendment will kick in by next
year.

To further monitor the qual-
ity of waste water, the PUB in-
stalled 40 VOC sensors last
month in industrial sites such as
Tuas, Pioneer Sector and Wood-
lands to monitor the concentra-
tion levels of chemicals dis-
charged into the sewerage sys-
tem.

An SMS alert will be sent to
PUB if any illegal discharge is
detected, and officers will be de-

ployed on site to trace the dis-
charge.

The sensors also enable PUB
to closely monitor 1,783 facto-
ries identified as *“concerns”,
out of 4,800 listed in its records,

Since the deployment of the
sensors, 20 more cases of waste
water with high VOC levels dis-
charged into the public sewer-
age system were detected, with
18 offenders identified by the
PUB. Investigations are ongoing
to identify the rest of the cul-
prits.

To further ensure public
sewers are free from obstruc-
tion — which might lead to
overflows and the subsequent
pollution of waterways and
reservoirs — the PUB has pro-
gressively installed some 1,000
sensors since 2010 in manholes
island-wide to monitor used
water levels.

“Before we had these water-
level sensors, we had to depend
on public feedback to notify us
on water overflowing from
manholes into the surround-
ings,” said Mr Idaly.

“With the sensors, we are
able to detect this before it hap-
pens, so we can stop a blockage
before the water overflows into
our canals and waterways. This
prevents water pollution and
prevents public nuisance as
well.”

* Singapore example

— VOC monitoring in

SCWCTS

* Develop source
control programs




Surface Water Augmentation

« What does the reservoir offer us?




Surface Water Augmentation

« What does the reservoir offer us?
Dilution
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Surface Water Augmentation

« What does the reservoir offer us?

glilution  Response Time
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As we move toward direct potable reuse...



Moving to Direct Potable Reuse

Groundwater Augmentation
Surface Spreading (Ch 3, Article 5.1) S

Subsurface Injection (Ch 3, Article 5.2)
Extraction
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Moving to Direct Potable Reuse

Groundwater Augmentation
Surface Spreading (Ch 3, Article 5.1)
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Summary

Surface Water Augmentation

Groundwater Recharge (and Direct Potable Reuse)
* Challenges e Challenges
— CECs — CECs
e Solution — VOCs
— Retention time + treatment in — California Toxics Rule
ground — Nutrient Limits

— Reduced retention time

— Loss of natural environmental
treatment




Summary

Surface Water Augmentation
(and Direct Potable Reuse)

e Treatment

Groundwater Recharge

e Treatment

— Full advanced treatment (injection)
— Full advanced treatment +

additional treatment
 Time technologies

— Retention time in aquifer e Time

— Disinfected tertiary (spreading)

— Improve source control

— Improve monitoring
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Thank you!

shanet@trusselltech.com




