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Integrated Water Management...

...acknowledges the entire water cycle as a single, integrated system, in which water in all its forms is
recognized as a critical resource
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This Project Focuses on Interconnectivity Among Conventional and
Advanced Processes
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Module A

WRRF Water Quality Impact and Improvements

S

Wendell Khunjar, Ph.D., PE Ke'IIy L.andry, Ph.D., ENV SP
Scientist

Associate Vice President
Director of Wastewater Innovation
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Background
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AWT Success Depends on WRRF Performance

Challenge(s): 2 Challenge{sl_: -

1 | ‘Soiirce confrol of contarifiants of Color and/or inhibitory compounds from
concern that may interfere with AWT septage, leachate, sidestream flows,
and/or finished water quality and/or unexpected inputs to the

collection system

\ﬁ%ﬁ; Grit Removal

Primary
= Clarification 5 Challenge(s):

Poor settleability can
result in discharge of

Challenge(s):
3 Challenge(s

Changes to PC performance can
impacteffluent BNR capacity

leading to suboptimal secondary Biological Nutrient solids to AWT
effluent quality / g Removal
Solids 6 Challenge(s)*:
Treatment Excessive dechlorination, residual

SeecunGary-Charficaton sodium bisulfite can quench ozone

Insufficient dechlorination, residual

Chlerination chlorine can damage membranes

4 Challenge(s):
Low SRT and/or insufficientaeration
can impact effluent BNR capacity
leading to suboptimal secondary
effluent quality 7 | Challenge(s):
AWT influent water quality (e.g.,
salinity fluctuations) can impact
membrane permeability and
performance

*If flows are directed to AWT post-
disinfection




Two Typical Approaches to Advanced Wastewater Treatment
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Module A Research Goals and Objectives

Document how performance at WRRFs can impact AWT process performance

Data Analyses of WRRFs
and AWTs




Module A Research Approach
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Project Scope

Data Analyses of Concept Evaluation for

Improvements at
WRRFs and AWTs WRRFs vs. AWTs

Pairwise
comparison
of dataset

Screening of | Cause/Effect
relationships \VFTe)




AWT parameters

Example Approach - Residuals Management for O;/BAF

- L
Configuration
Ana.F.M B
total.F.M | | |
MCRT ||
SOUR ||
sV ||
SBR.MLSS [ |
SBR.pH ||
SBR.DO ||
Eff.Alk ||
EFf.TP ||
Inf.Alk ||
Inf.TSS ||
Inf.BOD B
Inf.NOX ||
rrow [l
[2]
X a oxT v = =
IR LR
TEEIEULggg a=§E

WRRF parameters

Kendall
Correlation

' 1.0

0.5

0.0

AWT Parameter

DOC removal

Combination of WRRF
parameters that

significantly impact
AWT (p < 0.05)

Influent BOD

PC removal efficiency

Mitigation
Approach

Pre-treatment

Load EQ

Change # of
clarifiers in
service

Change PS
blanket

Implement
CEPT

Load EQ




Remember! Correlation Does Not Equal Causation

e Per capita consumption of mozzarella cheese (US)
Civil engineering doctorates awarded (US)

9 - T  rr i T T 1 T T 71 OC
2000 2001 2002 2003 200¢ 2005 2006 2007 2008
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Interface Parameter Concept

WRRF Parameters

Hazen

INTERFACE Parameters

HAA

NDMA

Temperature

Flow {Backwash, CIP waste)
Toxicity (in return flows)
pH {in return flows)

AWT Parameters

Module B: O3/BAF Based AWT
Dzone dose

Filter loading rate

Empty Bed Contact Time.
Backwash frequency
Biofilter UFRY

DOC Removal

CECs Remaoval

MEMA Removal

Btc.,

Module C: MF/UF Based AWT
Flux

MF/UF Fouling

RO Fouling

Backwash Frequency

et

Module D: MBR/RO Based AWT
Pathogen Removal

RO Biofouling

e,

Meodule E: MBR/O3/BAF Based AWT

TOC Removal
Mitrogen Removal
et

Interface Parameter

Process parameters
monitored at the
interface between
mainstream WRRF
and AWT

WRREF effluent =
AWT influent




Utilities Evaluated

WRRF Utility Name WRRF Train AWT Train
Utility No. 1 1°, 2° Nit MF/RO/UV AOP

Utility No. 2 1°, 2° Nit, 3° Filter/UF O3 /BAC/O3

Utility No. 3 1°, 2° Nit/Denit, MBR BAC/GAC
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Uti|ity No. 1 Process Flow Diagram Interface Parameters = Secondary Effluent

Oxygen

Water Resource Reclamation Facility

Secondary

Raw =’ ———  Effluentto AWT

Influent

Secondary Clarifiers

Bar Screens Grit Removal Primary Clarifiers

Advanced Wastewater Treatment Train

Secondary Effluent
to AWT

Groundwater
Injection

Microfiltration Reverse Osmosis UV/AOP Decarbonation
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Utility No. 1 Summary of Results

Water Resource Reclamation Facility Advanced Wastewater Treatment Train

» Secondary Effluent
Raw Influent Interface Parameters = Secondary Effluent

s

AWT Parameter +/- R2
Normalized TMP, psi + 0.31 I I
_’l Microfiltration

Bar Screens

S Specific Flux, GFD/psi - 0.30 |
Grit Removal %{l Secondary
> Effluent COD, S
. ¢ /L g Reverse
Primary mg Osmosis
Clarifiers
UV/AOP

Secondary

Clarifiers Groundwater

Injection

Decarbonation




Utility No. 1 Summary of Results

Water Resource Reclamation Facility

Advanced Wastewater Treatment Train

Raw Influent

Bar Screens

Grit Removal @Qﬂ

Primary ¢
Clarifiers %
v

Secondary
Clarifiers

Interface Parameters = Secondary Effluent

Secondary

Effluent COD,
mg/L

AWT Parameter +/- R2

Total Flux, GFD - 0.26

Specific Flux,

Stage 3, GFD/psi e

Groundwater
Injection

» Secondary Effluent

)

m Microfiltration




Utility No. 1 Summary of Results

Water Resource Reclamation Facility

Raw Influent

Bar Screens

Grit Removal @Qﬂ
am Emm . - : _— -
Primary T
| Clarifiers

Lo - 2= =
-

HPOA

Secondary
Clarifiers

Advanced Wastewater Treatment Train

Interface Parameters = Secondary Effluent

WRRF +- R2
Parameter
SOR, gpd/sf  + 0.37

Blanket Depth,in - 0.59

Secondary

» Secondary Effluent

)

mmea Effluent COD,
mg/L

[
>

Groundwater
Injection

m Microfiltration

Reverse
Osmosis

UV/AOP

Decarbonation




Utility No. 1 Summary of Results

Water Resource Reclamation Facility Advanced Wastewater Treatment Train

» Secondary Effluent

Raw Influent Interface Parameters = Secondary Effluent

Bar Screens

[
>

)

m Microfiltration

_ B WRRF ]
Grit Removal %{l Parameter - R2 Secondary
MCRT,days - 0.26 —> R =ii[I[=13146{0]p} R
. Total Oxygen everse
Primary + 042 mg/I— Osmosis
Clarifiers % Flow, KCFH
UV/AOP

Secondary
Clarifiers

| ]

Groundwater
Injection

Decarbonation
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Utility No. 1 Summary of Results _—
o
E 35 e
‘2_ 30
i 25 .
Water Resource Reclamation Facility 2 59 < v
9 2
Raw Influent Interface Parameters = Secondary Effl & 15 o . ey N
< 10
.'-.__" --------
2 "
Bar Screens S 0 - 10 15 20 |
* Sec Eff Turbidity, NTU
60
Grit Removal E&’ WRRF Parameter +/- R2 Secondary
Al 2.
! SLR, Ib/sf/d + 028 Effluent Turb|d|ty, S 50 L
) =
Primary Influent COD, mg/L - 0.85 mg/L z s
Clarifiers z40 =
T
0
5 30 =
2 ©
£ 20 ° :.
[T ° (%]
[T [ J
Secondary ® oa® o® R?=0.0003
Clarifiers 0 M“o
0 5 10 15

Sec Eff Turbidity, NTU
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Utility No. 2 60 MGD Facility
Interface Parameters = Secondary Clarifier Effluent

Existing Facility Process Flow Diagram
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Utility No. 2 Summary of Results

Water Resource Reclamation Facility

Raw Influent

Bar Screens

Grit Removal |

Primary
Clarifiers

Advanced Wastewater Treatment Train

BNR

Secondary
Clarifiers

Interface Parameters = Secondary Effluent

Ostara

AWT Interface

+

r= rchg/cm -
|

R2 —
Parameter Parameter - |
Sec Eff PO4-P,
Ferric Used mg/L | e I_ p—
Tot Sec Eff TP, 043
mg/L

Secondary
Effluent

PO,-P, mg/L
TP, mg/L

!

I Solids
I Contact
Clarifiers
late . Granular
Plate > wiar
Settlers Media Filter

4
Immersed
Membrane
Filter



Utility No. 2 Summary of Results

Water Resource Reclamation Facility

Raw Influent

Bar Screens

Advanced Wastewater Treatment Train

Grit Removal @Qﬂ
Primary ¢
Clarifiers @l
BNR 1
Secondary
Clarifiers

WASSTRIP

Interface Parameters = Secondary Effluent

Ostara

Secondary
Effluent

TP, mg/L
TSS, mg/L

* Coag/Floc

Plate
Settlers

Immerse

Membrane
Filter
AWT Interface  +/ R2
Parameter Parameter -
GAC Sec Eff TP, 36
Effluent i
COD Load SeCEffTSS, . 57
mg/L

Solids
Contact
Clarifiers

#>.  Granular




Utility No. 2 Summary of Results

Water Resource Reclamation Facility

Raw Influent

Bar Screens

Grit Removal |

r ._ | |
Primary
| Clarifiers

L — -

BNR

Secondary
Clarifiers

Advanced Wastewater Treatment Train

Interface Parameters = Secondary Effluent

WRRF

+/- R2
Parameter
Overflow Rate,
st - 0.28
- Ostara

Secondary

Effluent
PO,-P, mg/L

* Coag/Floc

Solids
Contact
Clarifiers
B> Granular
Plate > wiar
Settlers ! Media Filter

4
Immersed
Membrane
Filter



Utility No. 2 Summary of Results

Water Resource Reclamation Facility

Advanced Wastewater Treatment Train

Raw Influent Interface Parameters = Secondary Effluent

Bar Screens

Grit Removal E’/'

* Coag/Floc

Plate
Settlers

Solids
Contact
Clarifiers

2. Granular

<
| ll WRRF o R2
i Parameter Secondary
Primary AerObIC SRT, 0 41 E,ﬁ:luent TP
Clarifiers min i ’ :
mg/L Immersed
Membrane
Filter
Secondary
Clarifiers
Ostara




Utility No. 2 Summary of Results

Water Resource Reclamation Facility

Raw Influent

Bar Screens

Grit Removal E’/'

Advanced Wastewater Treatment Train

Interface Parameters = Secondary Effluent

WRRF
Parameter
Caustic Dosing

Al
Primary ¢
Clarifiers @]
BNR i
Secondary
Clarifiers

Secondary

* Coag/Floc

Effluent
TSS, mg/L

Solids
Contact
Clarifiers

7, Granular
Plate P

Settlers

4
Immersed
Membrane
Filter




11.5 MGD Facility
Interface Parameters = Membrane Permeate

Utility No. 3

|.._ MainProcess  ----- AltemativeProcess —— ChemicalFeeds [l Liguics [l Solids [l Rectaimed Water

‘ »




Utility No. 3 Summary of Results

Water Resource Reclamation Facility

Raw Influent

Bar Screens

Grit Removal %

Primary
Clarifiers

Bioreactor

Advanced Wastewater Treatment Train

Interface Parameters = Membrane Permeate

MP TN, mg/L

MP TKN, mg/L
MP TP, mg/L

AWT Interface
Parameter Parameter +- —

MP TN,
Effluent TN mgiL 0.75
MiT;f_N’ 0.35

Effluent TP 9

MP TP,

0.53
mg/L

: Cascade
" Aeration

). SWDischarge

AL




Utility No. 3 Summary of Results

Water Resource Reclamation Facility

Raw Influent

Bar Screens

Grit Removal E‘“/"/

Primary
Clarifiers

Interface Parameters = Membrane Permeate

MP TN, mg/L

MP TKN, mg/L
MP TP, mg/L

| Bioreactor

WRRF Interface

Parameter Parameter —
MP TP,
Methanol, mg/L Ol
Ibs MP TN, 0.50
mg/L

v

Advanced Wastewater Treatment Train

Cascade
Aeration

Y _ SW Discharge
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Utility No. 3 Summary of Results

Water Resource Reclamation Facility Advanced Wastewater Treatment Train

Raw Influent Interface Parameters = Membrane Permeate

Bar Screens

Grit Removal E‘“/"/

MP TN, mg/L

MP TKN, mg/L

Primary
Clarifiers MP TP, mg/L
WRRF Interface R2 Casca_lde
Bioreactor Parameter Parameter Aeration
Centrate  MP TKN, 0.27
TP, mg/L mg/L )
! I e _ SW Discharge

v
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Utility No. 3

WRRF

20 MGD Facility

Interface Parameters = Ozone Effluent

Hazen

SECONDARY
SCREENING pRIMARY  PRIMARY SPLITTER BOX
FACILITY  SPLITTER SEDIMENTATION SECONDARY RECLAIMED
BASINS AERATION SEDIMENTATION WATER PUMP
BASINS STATION
Mt FILTERS
L J
RESIDUALS | | - 1 }
- x FILTER
LINE _ _ = 1 é BACKWASH
MF BACKWASH
OZONE CONTAG, X \
CHLORINE QDNTACT |
RESERVOIR MICROFILTRATION (MF) REVERSE
3 FLTRATE  OSMOSIS (RO)
PUMP )
STATION
OZONE
MIXING | MAWT oV B TR
'y ¥ ['}
RESERVOIR A @ DECARBONATION EB
CAP _._‘CL. Y : RO FEED TOWERS |
= | PUMPS | PRODUCT WATER
LT N | PUMP STATION Y
Iy MCAP
v VIMF FEED
RWDS ! O ot
PUMP | :
STATION 96 | RE WELLS RS WELLS o ~
: : IR EEEK] Y Yy vy -
I
I

AWT
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Utility No. 4 Summary of Results

WRRF
Raw Influent

Bar Screens Interface Parameters

AWT Interface o R2
Primary __|Parameter Parameter Microfiltrat
Clarifiers Membrane — nainity + 050 erotiiiration
Integrity ’

Aeration Basins §a
Reverse Osmosis

Secondary
Clarifiers Secondary Effluent
Alka”nity, mg/l— UV Disinfection

Filters

(=

"'EE Decarbonation
0 !

zone l
Reuse Application

Chlorine
Disinfection
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Utility No. 4 Summary of Results

2
2
155
o
c Interface Parameters
- AWT  Interface =~ o,
5 | Parameter Parameter Microfiltration
1S Membrane - icrotiitrati
05 o
2 Integrity Alkalinity + 0.50

0

y = 0.0156x - 06625 Secondary Effluent

Alkalinity, mg/L

130 140 150 160 170 180
Alkalinity (mg/L)

Hazen

Reverse Osmosis

UV Disinfection

|

(=
— 1 .
'-.:5 Decarbonation

|

Reuse Application
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Utility No. 4 Summary of Results

WRRF
Raw Influent

Bar Screens Interface Parameters

Primary WRRF  Interface R2 Microfiltration
Clarifiers Parameter Parameter
Aeration Basins g Y Alkalinity
WAS Flow - 0.42 Reverse Osmosis
Secondary
Clarifiers Secondary Effluent _
Alkalinity, mg/L | UV Disinfection

Filters

(=

"-EE Decarbonation
o 1

zone l
Reuse Application

Chlorine
Disinfection
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Utility No. 4 Summary of Results

50

45 y =3.2119x + 19.429

40 R?=0.3187
—~ 35
=
S 30
=25
O 20
15
10

Interface Parameters
AWT Interface
| Parameter Parameter

MF TMP COD + 0.32

+/- R2
Microfiltration

Reverse Osmosis

MF TMP

40
35
30
—
< 25
E 2
[m)]
o 15
o
10
5

0
Sep-17 Apr-18 Oct-18 May-19 Dec-19 Jun-20 Jan-21

Secondary Effluent

COD, mg/L

UV Disinfection

|

(=
I .
'-.:E Decarbonation

|

Reuse Application

MF TMP

9
8
7
6
5
4
3
2
1
0

eCOD eMF TMP

Hazen 36




Utility No. 4 Summary of Results

WRRF
Raw Influent

Bar Screens Interface Parameters

Primary WRRF Interface i i i
. g Microfiltration
Clarifiers Parameter Parameter - =
MLSS - 0.72

Aeration Basins §a CcOD

SVI

Reverse Osmosis

Secondary
Clarifiers Secondary Effluent _
COD, mg/l— UV Disinfection

Filters

(=

"'EE Decarbonation

!
Ozone l

Reuse Application

Chlorine
Disinfection
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Utility No. 4 Summary of Results

Feed Turbidity (NTU)

1.4
12 ® y=0.0567x +0.1856
1 P R2=0.0479
° ] &
0.8 e Interface Parameters
°
Y o < AWT Interface )
06 e — Parameter Parameter k R2 . . .
............... Microfiltration
0.4 MF TMP  Turbidity +  0.05
0.2
0 -
0 1 2 3 4 5 6 Reverse Osmosis
MF TMP
1.4 9
> o g Secondary Effluent
= ° 7 Turbidity, NTU UV Disinfection
= 4 6
> o o
5 08 5=
S —
< 06 4 <
- 3 =7 Decarbonation
© 0.4 .\,
8 2
w 0.2 P 1 l
0 0 Reuse Application

Sep-17 Apr-18 Oct-18 May-19 Dec-19 Jun-20 Jan-21

® Feed Turbidity @MF TMP
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Utility No. 4 Summary of Results

WRRF
Raw Influent

Bar Screens Interface Parameters

Primary WRRF Interface R2 Microfiltration
Clarifiers Parameter Parameter
PC Effluent
_ | Alkalinity oo 0
Aeration Basins ga Alkalinity
MLSS - 0.25 Reverse Osmosis

Secondary
Clarifiers Secondary Effluent _
Turbidity, NTU | UV Disinfection

Filters

(=

"'EE Decarbonation

!
Ozone l

Reuse Application

Chlorine
Disinfection
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Next Steps

1. Performing direct comparison between WRRF and AWT parameters (eliminating interface
parameter step)

2. Evaluating and removing multi-collinearity effects between independent variables

* Multi-collinearity produces less reliable probabilities

» Statistical inferences from a model will multi-collinearity may be not dependable

3. Performing multi-linear regression analyses to develop predictive models for AWT
performance

Hazen 40



Thank You!

Troy Walker

Water Reuse Practice Leader | Hazen and Sawyer
1400 E. Southern Avenue, Suite 340, Tempe, AZ 85282
480-436-7959 (main) | 480 340-3270 (cell)
twalker@hazenandsawyer.com
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WRRF Recommendations

100 ® 5-MILE OUTFALL_5-MI @
* Development of MLR COD mg/L_7d_avg
analyses may be developed 9% ——Model COD (SOR, Blanket), mg/L

to estimate WRREF effluent
quality that impacts
downstream AWT
performance

= Model COD (MCRT, SOR, Blanket), mg/L

o]
o

]
o

* Comparisons across utilities
will be performed to identify
similarities or if trends are site
specific

D
o

(o))
o

Secondary Effluent COD, mg/L

N
o

* Recommendations to improve
performance of key WRRF
parameters will be developed 30

* Monitoring

* WRREF control/ rades
HPg B S S S S (S RS T I C RS
» AWT upgrades/controls \@\‘1'

Hazen 42




Slide 42

WT1 Walker, Troy, 7/24/2021



