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A Tale From

»Hamby Water Reclamation

» Abilene, TX




Abilene’s Water Sources

USGS 08083500 Ft Phantom Hill Res nr Nugent, TX
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Hubbard Creek Lake
Full pool: 1,183.0 ft msl
2015: - 30.73 ft
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— Elevation of reservoir water surface above datun
=== Period of approwved data
=== Period of prowvisional data

Lake Fort Phantom Hill
Full pool: 1,635.9 ft msl
2015: - 16.85 ft

USGS 08086400 Hubbard Ck Res nr Breckenridge, TX
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=== Period of approwved data
=== Period of prowvisional data

USGS 08136600 O. H. Ivie Res nrVoss, TX
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— Elevation of reservoir water surface above datum
=== Period of approwved data
=== Period of provisional data

Lake O.H. lvie
Full pool: 1,1,551.5 ft msl
2015: - 44.81 ft




Abilene’s Water Sources in 2013

* The recent historic drought severely affected Abilene’s
raw water sources.




City of Abilene
Water Production and Wastewater Reuse
Schematic (Before/After Upgrades)

Hubbard Creek Reservoir

Hamby Outfall 001
Freewater
Creek

Northeast Outfall 003

Lake Fort fg =
WTP | Phantorm H|II e ; Outfall 002 ‘
- , G L W Kirby Lake
mm ; ‘
" Reuse
Customers

Lake O.H.
Ivie

‘ / Grimes Hargesheimer

WTP WTP




Indirect Potable Reuse Quality Drivers

» Constituents of concern in the Hamby WRF effluent, were
It to be used for indirect potable reuse included:
— CBOD, TSS, ammonia, pH, DO, phosphorus
— Nitrogen/Phosphorus-algae growth leads to taste and odor
— Salinity levels and other secondary parameters
— DBPs - TTHMs, HAAS, Bromate, others?

— Contaminants of Emerging Concern (CECs)



Anticipated TPDES Permit Limits and Reuse Quality Standards

Anticipated Outfall No.  Anticipated Outfall Current Type | Reuse Quality

Parameter 001/002 TPDES Permit 003 TPDES Permit Standards per Reclaimed
Limits Limits Water Rules
5-day Carbonaceous Biochemical :
Ox yen Demand (SZSI:%OID mil:i rams April-Sept.:: 7 5 5
- 5 MY Oct.-March: 10
per liter (mg/L)
Total Suspended Solids (TSS), mg/L 15 15 None
- April-Sept.: 2
Ammonia-Nitrogen, (NH;-N), mg/L Oct.-March: 3 2 None
Total Phosphorus (TP), mg/L 0.5 0.5 None
Escherichia coli (E. coli) or Fecal E coli £ coli Fecal:
Coliform (Fecal) Colony Forming Units '126 ' '126 ' 20 (30-day geometric mean)
per 100 milliliters (CFU/100 mL) 75 (single grab max)
Turbidity, Nephel tric Turbidity Unit
urbidity, Nephelometric Turbidity Units None None 3

(NTU)



Hamby Water Reclamation Facility (Prior to Upgrades)




Hamby WRF
Plant Process Schematic (Prior to Upgrades)
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Hamby Water Reclamation Facility (During Construction)




Hamby WRF Improvements
Process Schematic (After Upgrades)
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Hamby WRF Project Timeline

Preliminary Design Final Design
Authorized Authorization
May 20, 2013 November 21, 2013

Design Phase

Construction Phase
T Discharge/]\Advanced T
: : Complete all
Start Construction Treated Effluentinto  ~ oo i

December 2, 2013 Lake Fort Phantom
May 2015
January 2015 y



Pretreatment System

New Fine Grit New 2 mm
Influent from Removal Fine Screen
Buck Creek System System
PS
Influent from —_—
Prison PS Eine >
Influent from Degritted FIIE?fT Screen
EQ Effluent JE e
to Fine IFSS Structure
4 Screens
Dewatered Dewatered
_ Grit to Screenings
Onsite EQ Dumpster to Dumpster
Storage
€ A 4 v v




Flow Equalization System

Overflow from

New E
PTU Structure Return I(:?S
New PTU to EQ Return
—S Structure PS 1

Influent from

Buck Creek
PS
>
EQ Return
Inlilrl:s?gaflg%m Flow Back to

F’TlIJ ?IUUC:UFG Overflow from EQ

ntluen Return PS Wet Well

Channel

to Earthen EQ Basin

Earthen EQ Basin



Biological Nutrient Removal System

_ MLSS Anoxic
Anaerobic Recycle Selector
Selector 1Q From zZones - 2
Zones - 2 MBR
2Q
1Q - 3Q s
>
From Influent
Flow Splitting South End of
Structure BNR Control
1Q Structure 3Q
Aerobic Influent/RAS v
Selector Mi gn Zone
Zones -4 xing
5Q 5Q 20Q
<« ‘ <€ <€ North End of
To MBR BNR Control
System Structure
RAS from
MBR 3Q

System



Membrane Bioreactor System

MLSS to BNR 1Q MRS 1 SO'I'dS
Control <€ > Disposa
Structure Lagoon
5Q 10
Flow to
Advanced
e WlLss Treatment
= :T System
A
Citric Acid > 30
Sodium Hypochlorite > 5>
Backpulse RAS 0
Flow from Aerobic
Backpulse Scouring Air Selectors
System from MBR
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System



Advanced Treatment System

Reverse Osmosis
Permeate Flows:
4.2 MGD Design
5.0 MGAD Peak
|
Reverse Osmosis

AT/RO/PW
Pump Station
AT Storage
Basin
From
MBR
-> —> To LFPH
Ozone  Biologically Active  Chlorine Post-Aeration and
|_Contactors Y Filters ] \ Contact Basin Flow Measurement )
|
Advanced Treatment Blended
v Flows: Flows:
2.8 MGD Design 7.0 MGD
To Outfall 4.0 MGD Peak Design
001 & 002

9.0 MGD Peak



Comparison of Advanced Treated Effluent Treatment
Goals and Actual Performance

Parameter

Annual Average Flow Rate to Lake Fort
Phantom Hill

Total Phosphorus
TDS

Chloride (as CIY
Sulfate (as SO,%)

Pathogen Removal/lnactivation®
Cryptosporidium parvum
Giardia lamblia

Viruses

Contaminants of Emerging Concern (CECs)

Goal

7/ MGD

0.5 mg/L
375 mg/L
100 mg/L
95 mg/L

4-log
4-log
0.5-log

50 - 90% Reduction

Actual Performance

6-7 MGD

0.03 mg/L
325 mg/L

80 mg/L
70 mg/L

4-log+
4-log+
0.5-log+

80% Reduction
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SINGAPORE AND NEIGHBORS
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SINGAPORE's 4 National Taps

NEWater
30% of current water needs

(55% by 2060) Desalinated Water
Local Catchment Water ® 100 mgd or 120 mgd (US gal),
2/3 S’pore’s land area as Water from & e 550, of demand
catchments




Singapore Water Loop

“Used Water”

— o « e
AANAN]

water

Stormwater management Rain Sea Treatment of used
water at 4 water
reclamation plants

Indirect potable use

’ e
S NEWater factories

‘—A

Direct non-

potable use
et | through 515km

transmission
Collection of rainfall in 3 Desalination plants network Collection of used water in

17 reservoirs 3,500km of sewers and DTSS

Transmission and
distribution network
(5,500km)

L > W e

Treatment of raw to
potable water at 8 PUB
water treatment plants

https://www.pub.gov.sg/watersupply/singaporewaterstory



Deep Tunnel Sewerage System (DTSS)

..............................

Extends deep tunnel
DIRYI sewerage system by

PHASE 2 P Completedin
2025 48 . Rk 2008

to serve the eastern
to serve the western , part of Singapore
part of Singapore

. .

i SOUTH (DOMESTIC) i
% USED WATER TUNNEL ;

.....................

Changl WRP

*

@ 800,000 ..

Initial Used Water Treatment Capacity  :

} INDUSTRIAL O N
% USED WATER TUNNEL ; .

: 60 km \ ‘

¢ LINK SEWERS

Initial treatment capacity P Tasvecsksesvessasn® g
650;000 m’/day
: Domestic Used Water Treatment Module  :

1 501000 m’/day

Industrial Used Water Treatment Module
5
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Tuas Water Reclamation Plant Site Layout
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Total Plant Electricity Usage (KWh/m3)
Energy

.: < Conv. Act. Sludge with Pri. Treat.,..H 0.29,-35
— \\ 2 Conv. Act. Sludge with Pri. Treat.,..H 0.3%% Typical
A GUIDE TO NET-ZER§1§EN§§IZCE }\ < Conv. Act. Sludge with Pri. Treat.,..H 0.5737 = Best Practice
B TIONSO Ii?;{ YW éx:(ljmms = Conv. Act. Sludge with Pri. Treat., WAS..H 0.233%
REC \ ¥ Conv. Act. Sludge with Pri. Treat., WAS..H 0849
wn,};%;'!,"(s' 3’5 ¥ Conv. Act. Sludge without Primary..H 0_20f3q
ﬁ%é?; ‘,\L a Trickling Filter with Primary Treatment,..H O_Qfs
"':"di::%?w H\ m Act. Sludge — nitrification — without Primary.. # |O.360'55
1‘ o Act. Sludge — nitrification — with Primary.. * P_34 0.54
s ilz T Act. Sludge — nitrification — with Pri. Treat.,..H 0}259-45
\,, & Act. Sludge — BNR — with Pri. Treat., WAS..H 130020
serCh WWERF "L T Act. Sludge — BNR — with Pri. Treat. and..H 0290148
k\k A Act. Sludge — BNR without Primary..#| 0.3 0.65
EL ™ Act. Sludge — BNR without Primary..* |O.36 0.60
| \ = Act. Sludge — ENR — with Pri. Treat,, WAS..# 32052
1\// s Act. Sludge — ENR — with Pri. Treat. and..h ({),32 51
‘ _E' o I\/IBR_(ae;obi;) —_BNI; — ;vith_Prir;lar;..% P_74| | 1.50
EXpECt MBR in = MBR (aerobic) - BNR w/o carbon addition..% 069 | | 1.39
0.7 - 1.6 kWh/m3 S MBR (aerobic) — BNR without Primary..ﬁ O.8|1 | | 1.51
% MBR (aerobic) — BNR — w/o carbon.. 0.75| | 145
8_ _Pur_e O>_<yg(;n A_ct. élud_ge v:/ith _Pri._Tre;t.,.._H 4_300'49
g Mainstream Two-Sludge (A/B) Activated..h 0.34 52 ‘




Treatment Energy Intensity

Electricity Use
0.92 kWh/m3
Electricity Generation
0.33 kWh/m3
206 MWh/d 61 MWh/d

195 MWh/d

175 MWh/d o NEWaier
0.65 kWh/m3
DUW IPS
0.28 kWh/m3 137 MWhid
Biosolids o
49 MWh/d 0.19 kWh/m3 Incineration

116 MWh/d

IUWIPS
0.28 kWh/m3 Iuw
0.77 kWh/m3

29



TWRP Process Trains

g < WF

superheaters to enhance its overall -
neWater thermal efficiency and power production. \ i
A PRODUCT OF PUB - = <«—— Excess traated effluent & sent
pesd
, ¢ Combined skudge is mbed and processed in to IWMF for its process needs.
How Tuas WRP Works e — i i —
E Uttraviolet light s used for disinfection. (/) 20days v ' I = ’;w“ ‘ = don
Reverse Osmosis (RO) —————————» y ‘Eisoih MR ::: to
Treated effluent s then fed into the RO . l
An illustration of the process flow. membranes in a 3-stage procass configlration. Outt

Bxcess treated effluent s discharged

1o the se inan environmentally

responsibie manner
Membrane Bioreactors Food Wasta
A step-fled bioreactor s usad to provide the right conditions for Food waste & prepared by IWME to remove
ﬂgmwmpmmﬂ!wmnmd any non-putrescible material and pulping to
6 bioreactors, each with 5 passes, with a total volume of 148 800m™. & TMm(uuﬂnzn enhance digestion.
Settled primary shudge is Greasy Waste

thickenad in centrifuges up < Greasy waste collected from grease traps in

Biologically Enbanced Primary T > e ’ Thermal Hydrolysis Process hawhker centres and restaurants is screened and
The biologically enhanced primary treatment uses biosorption ’ Slz&_sp)e;:n?:lbyhmﬁgn:bﬂ'(na degritted prior to digestion.
process and lamefia sadimentation tanks to maximise biosolids iy . o (7bar enhance biogas.
capture rate for higher energy recovery and with a smaller footprint. @, geveration in the next stage of digestion.

Pro-dewatering Centrifuges

Treated effiuent s fed into a single-stage RO
process to produce Industrial Water.

Y

D 1 <
.
~

Fine Screen Aerated Grit Tank
Comprises 2 stages of mechanical screens (25mm and
Senm) followed by aerated grit tanks to remove med
and small-sized particies as well as grit, ofl and grease.

Screened used water is pumped up from a /f ?' ;h: ]":'m:y s ks

- Memb Bior
An aerated MLE bioreactor is used to provide the right conditions for the
microorganisss to remove the soluble substances. A total of 12 bioreactors are
used with a combined volume of 75.000m? together with 36 membrane tanks.

depth of 80m to the treatment modules,
to settle solid substances. The sudge collected Is transferred to the

biosolids facility where the dcarbon s 5 eNergy.
Coarse Sareen Shaft
Large debris removed by saeens.
with I50mm opening. - Influent Pumping Station

Screened used water is purnped up froma
depth of 60m to the treatment module.

Industrial Stream
Industrial used water is conveyed by gravity through
admdiameter turnnel

https://www.pub.gov.sg/dtss/phase?2



DTSS Timeline

1990s

DTSS
CONCEIVED

1999

PHASE 1
START

2008 2014 2017

&) A

PHASE 1 PHASE 2 TUNNEL
COMPLETED START START

TWRP & LINK
SEWERS START

2025

PHASE 2
COMPLETE




Common Themes
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Common Themes from East to West...

* Water Stress Driving More Reuse
— Non-potable
— Potable

MBR Becoming the "Workhorse” for Reuse
* Energy/Operating Costs Coming Down
*MBR + RO for IPR
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