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Who/What is HRSD?

CAROLINE Heathsvile _ o ——

® Provide wastewater
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Current state of wastewater in Hampton Roads

SURFACE WATER 80% mmm) £

HRSD costs are rising
to treat water to
higher standards.

GROUND WATER 20%

Treated water
currently discharged
to area waterways —
no beneficial use.

AQUIFER
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The Challenges/Opportunities for HRSD

*~$750M in Nutrient Removal Upgrades by 2021

*~$2B in Consent Decreed Mandated Upgrades to
Reduce Sanitary Sewer Overflows

*\ery large managed aquifer recharge effort pending

—Indirect potable reuse?
—~120 MGD
—~$1B

Sustainable Water Initiative for Tomorrow



SWIFT — Sustainable Water Initiative for Tomorrow

Treat water to meet
drinking water standards
and replenish the aquifer
with clean water to:

Provide regulatory stability
for wastewater treatment

Reduce nutrient discharges
to the Bay

Reduce the rate of land
subsidence

Provide a sustainable
supply of groundwater

Protect the groundwater
from saltwater
contamination

Wastewater Advanced Water
Treatment Treatment (AWT)
HRSY

POTOMAC

W
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Hydrogeologic Section:
Coastal Plain of Virginia

WEST EAST
150 Fall Zone

Surficial aquifer

Chesapeake Bay impact crater

Chesapeake

-150

Potomac aquifer

-300

Elevation, in meters above or below NAVD88

-450

10 20 MILES
& = ]

10 20 KILOMETERS

-0

VERTICAL SCALE GREATLY EXAGGERATED

Figure 11. Section illustrating layering in the Virginia Coastal Plain aquifer system fram west to east. Elevation relative to North
American Vertical Datum of 1988 (NAVD88). Modified from McFarland and Bruce (2006).
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Groundwater depletlon has been rapid

Vircinia GeorLocical SURVEY BurLieTix 63

1932

1933
1934

1935

A, Overflow from artesian well in Isle of Wight County 1937

15 wasted.

® Artesian wells in early 1900s — groundwater
wells required valves not pumps!

® [n about 100 years have gone from water
levels at 31 feet above sea level to 200+ feet

below.

Sustainable Water Initiative for Tomorrow



Modeled Potomac Aquifer water levels with and without SWIFT

Simulated Potentiometric Contours N

Potomac Aquifer

50 Year Term - BASELINE

+

Potomac Aquifer

50 Year Term - All Injection Wells
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What is the travel time of the injected water?
Approximately 180 years to travel one mile

® Recharge water velocity decelerates rapidly as it moves from the injection site

®* Model predictions range from 3 to 29 feet/year
® Data from the SWIFT Research Center =2 refinement of recharge velocities and travel times

HOBILD = Upper Potomac Aquifer -
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Land subsidence — we are sinking

® According to USGS

e Up to 50% of relative sea- |
level rise may be due to land ..[%&%
subsidence ‘

e Up to 50% of land
subsidence may be due to

aquifer compaction . _
HAMPTON 4
ROADS - #2 LARGEST

Smithfield -,

N LeeHan o
Y R

A
33 @01} b

POPULATION CENTER AT RISK
BEERL
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Impact on nutrient reductions

Nansemond James River
7,000,000 Completed Completed
l 6,000,000 lbs TN
6,000,000 Army Base 2011 WLA
Completed VIP
Completed
5,000,000 v
T - 4,553,500 Ibs TN
E K 2017 WLA
< 4,000,000 ——
§° 3,553,500 Ibs TN
g 2022 WLA
Z 3,000,000
© Chesapeake-
P Elizabeth Offline
2,000,000
1,600,000 Ibs TN
EPA Backstop
1,000,000
SWIFT Projected TN
0
2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023
I James River Basin Total Nitrogen 2011 WLA 2017 WLA
= Projected 2022 WLA EPA Backstop SWR Projected

James River Basin — TN Similar results with TP and TSS and in other river basins.

WLA — Nutrient Waste Load Allocation in lbs/yr
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SWIFT Benefits: Chesapeake Bay Restoration Goals

HRSD HRSD Post Available for Stormwater
Bay TMDL SWIFT Loads other needs Reduction
Allocations (2030) Needs*
Nitrogen
James 3,555,500 500,000 3,055,500 63,039
York 288,315 39,000 249,315 19,114
Phosphorus
James 318,436 50,000 268,436 13,088
York 19,315 6,000 13,315 3,887
Sediment
James 14,000,000 700,000 13,300,000 5,269,142
York 1,400,000 66,000 1,334,000 1,413,762

* DEQ Regulated Stormwater w/o federal lands

Sustainable Water Initiative for Tomorrow 12
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The Challenges/Opportunities for HRSD

*~$750M in Nutrient Removal Upgrades by 2021

*~$2B in Consent Decreed Mandated Upgrades to
Reduce Sanitary Sewer Overflows
—RWWMP in the form of an Integrated Plan, October 2017

*\ery large managed aquifer recharge effort pending

—Indirect potable reuse?
—~120 MGD
—~$1B (over 10 years)

Sustainable Water Initiative for Tomorrow 13



Sewer Overflows

No chronic locations

No data to support episodic SSOs contribute to
ocal water bacteria impairment

Recent success with more focused efforts
— Wet weather and dry weather monitoring

— Source tracking “hot spots”

— Coordinating field work with locality

Overflows not eliminated with Regional Wet
Weather Plan when weather event generates
flows above designed service level
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SSO Work Versus SWIFT — Volume Discharged

80,000

60,000

N
o
o
o
o

Volume (MG/year)
N
o
o
o
o

-20,000

-40,000

RWWMP values: based on avoidance of 271 MG loss over 50 years associated with capacity-related

$2.2B

$1B

<>

SSOs

<>

avoided

v

(5.4)
Design Current RWWMP RWWMP SWIFT SWIFT
Flows 2023 Flows | Discharge | Reduction | Discharge | Reduction
Baseline RWWMP SWIFT

overflows (5 yr Level of Service).
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Water Supply Augmentation Approaches (Indirect Potable Reuse)

Indirect Potable Reuse Approaches Examples
De Facto |

Common throughout the

WrP ~ world (e.g., Mississippi
WWTP [~ % River, Colorado River, etc...)
River
Surface Water Augmentation |
Upper Occoquan Service
R Reservoir Authority (Northern Virginia);
WWTP | AwTP WTP _;% Gwinnett County (Georgia);
Singapore NEWater

GW Recharge via Spreading Basins |

a

Spreading
¥ .. Basins

Montebello Forebay (Los Angeles, CA);
El Paso (Texas);
Chino Basin (Chico, CA)

WWTP "l AWTP

Fruarnarin o o B 5 2 EEE FEE A P
e messssle
ettt 2

AAAAA i G L

GW Recharge via Direct Injection |

GWRS (Orange County, CA);
West Basin (CA);
Los Alamitos (Long Beach, CA);
Scottsdale Water Campus (AZ)
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Typical Approach to Developing Finished Water
Goals for Groundwater Recharge

* Meet all primary Maximum Contaminant Levels (MCLs)
regulated by the USEPA in the SDWA

®*Provide multiple barriers to pathogens and organics
(including chemicals)

®* Aquifer compatibility

®* Hazard Analysis and Critical Control Points

e Action level exceedance will prevent water from entering the recharge well

Sustainable Water Initiative for Tomorrow 17
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Aquifer Compatibility: inject similar water
guality to that in the aquifer:

®|onic strength/TDS - Prevent swelling, repulsion, and
migration of clay mineral fragments
—Within ¥2-order of magnitude of aquifer (TDS ~ 1,400 — 4,800 mg/L)

—Major ions should match to prevent clay ion exchange
oCalcium (~30 mg/L) and sodium (~1,000 mg/L)

®EPA secondary MCL for TDS = 500 mg/L
®Pilot values for Carbon-based AWT:
—50th Percentile: 541 mg/L
—99th Percentile : 635 mg/L

® Recommendation:
—Given high ionic strength of aquifer, aquifer compatibility should
take precedence over finished water TDS limit
—No specific TDS limit; targets will be created for compatibility 1s
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Advanced water treatment alternatives

FLOC/SED-OZONE-BAC-GAC-UV Aquifer
= ) Injection
Carbon Based Existing J_ H
Discharge \\\\\\\\\
Floc/Sed Ozone BAC GAC uv
MF-RO-UVAOP Aquifer
&H ’ Injection
Membrane Based| Existing UV AOP
Discharge e ,
Microfiltration Reverse Osmosis
River
Outfall
. Sequencing
Pf:er(]:?rnz?(lm Batch Reactor
P (Nit/DeNit)

Sustainable Water Initiative for Tdtnorrow
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The SWIFT Pilot

Sustainable Water Initiative for Tomorrow 20
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SWIFT Pilot Process Flow Diagram
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Swift

SOI| Columns to evaluate Soil Aqulfer Treatment
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SWIFT Pilot Testing Results
®*Both trains meet drinking water quality standards

* All primary MCLs (regulated) are being met

* All secondary MCLs (aesthetics) are being met, except in
the Carbon-based AWT system:

—TDS (salt) is slightly above 500 mg/L (50%/95% = 523/550 mg/L)
—Sulfate and chloride are consistently less than 250 mg/L

®* Topics:

—Pathogen removal

—TOC

—Emerging contaminants
—Bromate, 1,4-dioxane, NDMA

)RS i> Sustainable Water Initiative for Tomorrow 25
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Pilot Evaluation: Carbon vs Membrane

Pathogens
® Both trains provide similar quantifiable log

removal credit for viruses, Cryptosporidium, and
Giardia, and demonstrated complete removal of
Male specific coliphage (virus) (>8 log removal) in
challenge testing

—
Pathogen Indicators Finished Water Finished Water
Total coliform, 99th percentlle <1 MPN/100mL

E coli, 99th percentile <1 MPN/100mL <1 MPN/100mL

MS2 Challenge Test > 8-log removal > 8-log removal
Pepper Mild Mottle Virus >5.9 log removal >5.9 log removal

Sustainable Water Initiative for Tomorrow 26
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< Average Total Organic Carbon (TOC) removal
in both treatment processes during pilot
operation

0 TOC Profile, Carbon train TOC Profile, Membrane train
9 Q 10
: T, JmES
J IL - i ) ) +Q1 7 = ¢
B 1 T I L = *+Q1
£s * 6 | o |
0 o HJ _—| T OLower end 5 O Lower end
04 Q
: R - :
3 Lo - =median —median
— - 3
2 . oUpper end
1 T &I oUpper end 2 PP
o |L 1 *Q3
0 - T c c I I o *Q3 0 = i
@ 2 o 5 = 3 > = b i) o
E no T a3 T 3 3 b ) 8 (@]
- °E 0 0 0 Q L o <
] W < < b < = 5 x E =
o w Pl uil] I] [0} n_e_ w ﬁ‘i -
=)
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Effect of temperature on TOC removal in BAC

BAC TOC Removal
1 o 50
09 a5
08 - a0
x X

07 - - 35
06 - 30

S
L os - - 25

@)
04 @ 20
03 % 15
02 10
01 5
0 0

2 10N 2008 gode gh® 20V

201

©
20 101 10& 10‘* 10* 10‘— 20
el 1 e® ¢ pel ol?! | 2021 | ﬂ|'),F:| 1,1._|'1,E>| 'L|75| 1|7,&| ,5|16| 25! 5 25! 28! 1ﬁ.|
¢ Temperature —— Hypo BW stopped ———Hypo BW started & BAC High
® BAC Low = Monochloramine = Bisulfite

Temperature in °C
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<2 TOC removal in GACs showing GAC High close to
exhaustion but still achieving 20% removal

TOC removal in GACs vs Bed Volumes

D I I T I T T |
0.00 10,000.00 20,000.00 30,000.00  40,000.00 50,000.00 60,000.00

+ GAC High @ GAC Low
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Pilot Evaluation: Carbon vs Membrane

Contaminants of Emerging Concern
® A suite of 96 CECs analyzed in both treatment processes

® Treatment case study for 8/31/16
e Only constituents detected by analysis are displayed in chart
® Multi-barrier approach is shown by decrease in concentration through

the treatment process

® All values shown in ng/L (parts per trillion) Membrane
Carbon Train Train
. Pilot BAC | GAC UVAOP
Contaminant Feed 03 Eff Low | Low RO Eff Eff
4-nonylphenol 320 | <100 | <100 <100
Acesulfame-K 360 290 <20 <20 <20
lohexal 1400 <10 <10
Sucralose 12000 | <100
Primidone 46 <5 <5 <5
TCEP <10 <10 <10

Sustainable Water Initiative for Tomorrow 30
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Average number of CECs detected

CECs (ng/L) S1 S3 S4.1 | S4.2 S5.1 S5.2 S8 S10
Pilot BAC1 | BAC2 UVAOP
Feed O3 Eff Eff Eff GAC1 Eff GAC2 Eff| RO Eff £ff
n(sampling | 15 5 5 5 13 13 3 9
events)
Average #
detected 25 16 11 10 6 3 2 1
throughout
operation

Sustainable Water Initiative for Tomorrow
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<= Removal of CECs consistently detected in
both GAC vessels Vs bed volumes

4-nonylphenol Acesulfame-K
100 100 -—-—I‘ =
90 . Py - u * 90 L) | | | ]
80 80 * b
= 70 m = 70 3 — ? .
z 60 * g 60 * .
E 50 E 50
&= 40 i = 40 i
e 20 + GAC High 2 "o + GAC High
20 m GAC Low 20 * B GAC Low
10 10
0 . | 0 : . : .
< N o P W o o o ] N © PN
Bed volumes/1000 Bed volumes/1000
lohexal Sucralose
100 — NS5 + 100 e ——
90 R RS L : 90 .
80 - 80 . .
_ 70 -+ _ 70 *
2 60 £ 60 R
5 50 — 5 50
o 40 + GAC High = 40 * * ;
*® = + GAC High
30 30
20 B GAC Low 20 W GAC Low
10 10
0 T T T T : 0 . . .
I S S R T
Bed volumes/1000 Bed volumes/1000
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CECs detected in GAC effluent are well
below CEC action levels

Action level

CECs GAC High GAC Low
(ng/L) 8
n=12 n=12
Min Max Average Min Max Average
Estradiol TBD 0 8 1 0 2 0
Estrone 320,000 0 0 0 0 0 0
Sucralose 150,000,000 0 61,000 13,568 0 6,400 1,869
Triclosan 2,100,000 0 0 0 0
Atenolol 4,000 0 0 0 0 0 0
Carbamazepine 10,000 0 0 0 0 0 0
Cotinine 1,000 0 15 1 0 0 0
DEET 200,000 0 0 0 0 0 0
Meprobamate 200,000 0 10 1 0 0 0
Primidone 10,000 0 21 4 0 5 0
TCEP 5,000 0 36 8 0 0 0
Dilantin
(Phenyltoin) 2,000 0 0 0 0 0 0

B

Sustainable Water Initiative for Tomorrow
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Bromate Formation: Monochloramine and Ozone Dose

3.5
3.0
2.5
2.0
15

1.0

Monochloramine Concentration (mg/L)

0.5 -

0.0 +

T T
0.8 1.0

Ozone Dose (03:TOC)
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1,4 Dioxane removal in Carbon-based AWT

1.2
1
)
S 0.8
-
“;’ CA notification limit
]
g 0.6 L ® Pilot Feed
8 s o
: 0.4 { N ) A O3Eff
- A
L] . . . e UVD Eff
0.2 *—
U T T 1
\O A A A
x“ﬂr"ﬂ o *,l“:’\ © ,,ﬂrb\"'ﬁ 1}'-;\'1'0
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= N-Nitrosodimethylamine (NDMA) removal in
carbon and membrane processes emphasizing
importance of BAC and GAC EBCT

70 -
. L]
60 n ’ Carbon train
n . 7
H B [ |
50 = ) .
L Health advisory limit
n n u i !
_ - [ | [ | lA m + Pilot Feed
._—"- 40 - ’ == = L ——nhealth advisory limit
& . u A ; u m Ozone Eff + Pilot Feed
< al [ | . W UFEff
= " am A BACHigh + rorr
8 30 m - =
z . [ ] A < BAC Low 3 UVAOP EFff
|
X % GAC High
*o ® GAC Low
A . S
>I< Y why PY uvD
10 —‘ﬂ‘ T . L
fﬂo’ 03 u" *0 30‘ ® S . Ah
1\ @\ 1 %\ 2l
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<2> N-Nitrosodimethylamine (NDMA) removal in
carbon and membrane processes emphasizing

importance of BAC and GAC EBCT

70

60

=
‘Ei 40
1 X Health advisory limit
E 30 . ¥ ¥ GAC High
® GAC Low
X
20 %y

X
XXX e .
10 -

°
@ ® ® .X
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6 6 1
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SWIFT Research Center — 1 MGD AWT with Injection Well

Sustainable Water Initiative for Tomorrow 38
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Process Flow Diagram for SWIFT Research Center

o (Carbon-based treatment process selected to ensure
aquifer compatibility e e e s e

i EXISTING NANSEMOND TREATMENT PLANT (NTP)

|
|
| SECONDARY '
* CHLORINE |
{ (GLARIFIERS CONTACT TANK |
H SECONDARY :
: EFFLUENT 48" PIPING I | | :
! ‘ | | :
, 5 |
ot et sl e e e i
INFLUENT PS
COAGULANT POLYMER _—
NaOH POLYMER NH3 03 NaOCl KOH/NaOH
ACID H,PO, NaOCI W AQUIFER
il Y L INJECTION
Y N ‘I:I\ I
p— Q B] g@- o | L—2  cHLoRNE |g z
RAPID MIX, : CONTACT
FLOCCULATION & CONTACT —— =" | | spsorpTion| YV REACTOR AQUIFER
SEDIMENTATION GAC FEED PS INJECTION PS
SEDIMENTATION
SOLIDS PUMPING IN’jg(l:J'TFICE)E b
WELL
- BJE:J NTP HEADWORKS
DRAIN PS
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Finished Water Quality Preliminary Targets

Parameter Proposed Regulatory Limit Water Quality Goal
(non-regulatory)

MCLs Meet all primary MCLs N/A

TN 5 mg/L monthly average; 8 mg/L  Secondary Effluent CCP Action
max daily Limit for TIN = 6 mg/L

Turbidity IFE <0.15 NTU 95% of time & CCP Action Limit at 0.10 NTU to
never > 0.3 NTU in two initiate backwash or place filter
consecutive measurements in standby

TOC 4 mg/L monthly average COP Action Limit at 4 mg/L,
6 mg/L maximum laboratory 10 day average

Total coliform <2 CFU /100 mL; 95% of time CCPs to achieve 12 LRV for

E. Coli Non-detect viruses and 10 LRV for Crypto &

Giardia

Unregulated None Monitor suite of chemicals and

Chemicals address as necessary

Total Dissolved Solids None Monitor PAS compatibility

Sustainable Water Initiative for Tomorrow 41
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Design to Achieve Expected Pathogen LRVs —
12/10/10 including SAT (NWRI Recommendation)

Operate to achieve using CCPs

Parameter Log Reduction Credits
Coag/Sed  Ozone BAC GAC UV (18 Cl, Total SAT  Total
(+BAC) mJ/cm?) AWT
Up to
Enteric Viruses 2 3 0 0 4 0-4 9-13 6 >12
(CA)
>67?
Cryptosporidium 4 0 0 0 0 10(8) >6 >10
(4 allowed)
>67?
2.5 1.5 0 0 0 10 (8) >6 >10
(4 allowed)

Sustainable Water Initiative for Tomorrow 42
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- Hopes that wastewaler can
* conserve land in coastal Va.

gy DarrvL FEARS

SEAFORD, VA. — It looks like a
mad scientist’s lab, something
mi@mmdud-ﬁmvd.vm
turn in every direction. Tubes are
stacked halfway to the ceiling.
Tiny bubbles dance in large vats of
water. ?

But what's happening in a han-
gar of the York River Treatment
Plant is real, part of a grand exper-
iment that could help keep this
coastal region from continuing to

| subside and eventually being
claimed by the rising sea- Over the
pext 15 months, tests will deter-

of wastewater can be purified to
drinking water quality and inject-
ed into the ground.

mine whether millions of gallons

If successful, the project of the
Hampton Roads Sanitation Dis-
trict could start to replenish a
giant aquifer that thousands of
industries and half a million
households in the area are sucking
dry. Over the past five decades,
they have collectively pumped out
so much water that land here is
falling 4 millimeters a year — or
more than 12 inches by 2026.

Ted Henifin's jaw-dropping,
eyebrow-raising idea was pro-
posed in 2015, and last month the
sanitation district general manag-
er kicked off the pilot phase to stop
what some scientists have called 2

nightmare in super slow motion.
Aquifers big and small exist un-
der Hampton Roads in muddy
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Timeline
* Now

* Pilot AWT system operating since June 2016
» Soil column tests to evaluate soil aquifer treatment
» Working with VA Dept of Health to identify existing

private wells around recharge sites , = :a*’@‘
pECTRUN 8

uu_:_ﬂiflllmlﬂ“

* Preparing for full-scale implementation
« MS4 trade agreements with Hampton Roads
localities
 NWRI independent panel transitioning to SWIFT
oversite and monitoring entity
* 2018

« SWIFT Research Center with 1 MGD recharge well
e 2020

 Permits issued for full scale facilities
e 2020 to 2030

« Construction through phased implementation
® 2030 Fully operational

e ~120 MGD of clean water recharging the aquifer 45
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Why now?

® Consent Decree requires plan submittal with schedule to
EPA October 2017

» Lose financial ability to pursue water recycling project until 2037
at earliest

* Bay TMDL deadline is 2025

« Will require more significant investments in nutrient and sediment
removal without SWIFT
« HRSD is backstop if Agriculture and Stormwater come up short

* Groundwater scarcity will continue to get worse
» Will force development of additional water supplies by local
governments

» Chills development in eastern Virginia
» Potential loss of water dependent industries

* Next regulation (viruses, emerging contaminants, ?7?)
will require plant upgrades

Sustainable Water Initiative for Tomorrow 46
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