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d ‘ Relative Responsibility for
CO ..crislifc Pollution Loads to the Bay (2007)

Nitrogen Phosphorus Sediment

Urban/
Suburban
32%

Wastewater loads based on measured discharges; the rest are based on an average-hydrology year.
Does not include loads from direct deposition to tidal waters, tidal shoreline erosion or the ocean.
Data and Methods: www.chesapeakebay.net/status_reducingpollution.aspx




dC‘ History of Nitrogen Removal at Blue Plains
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dC‘ Exceeding Chesapeake Bay Nitrogen Reduction Goal

Annual Total Nitrogen Load, Ibs/yr

16
14

Chesapeake Bay Goal

12 8,467,200 lbs/yr

N
o

Ibs/year
Qo

TN Discharge, million

million for denitrification
facilities
Operating cost over $50

million for denitrification
12 Month Period | since 2001

| DC Water invested $25
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Blue Plains AWTP
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Key ENR Program Elements
. Additional Denitrification Tanks
. Sidestream Digester Recycle Treatment
. Wet Weather Treatment
. Secondary upgrades

New Biosolids
Management Program
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@ Upgrade of the Dual Purpose ‘

¢ New Wet Weather Pump Station &8
& High Rate Enhanced
Clarification Facility
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New Side Stream
Centrate
Treatment
Process
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New Wet Weather Pump Station
& High Rate Enhanced
Clarification Facility
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d ‘ Challenges to Blue Plains in Meeting TN
C Requirements

« Storm flows impact entire plant operation
— Primary tanks are overloaded
— Secondary and BNR sedimentation basins overloaded
— Operators intervene to protect bio-processes
* Reduced biological treatment capacity
* Return to normal mode takes up to 5 days
— 1% of annual BNR flow volume (flows > 555 mgd) causes ENR problems

 Site constraints 1% of flow >555 mgd D
— Land area is limited
— Most of land is built-out
— Limited space for new process trains

 Must continue permit compliance while construction is underway
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d ‘ Coordinated & Comprehensive
C ENR / Wet Weather Planning
« By Coordinating the Nitrogen Removal and Wet Weather Treatment

planning, WASA could:

— Provide better water quality performance than original CSO plan
(LTCP), as required by EPA

— Increase reliability of both TN & CSO controls
— Achieve TN and CSO reductions earlier
— Less impact on rate payers than conventional approach

Rapid Clarifier / Thickener

Mix
Reactor . .
- . Launder Recirculation Cone
= - Reactor / Turbine Drive Assembly \ /" Lifing Assembly
|| " "
= =~

| | A\
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Conventional Approach Innovative Approach
High cost to Reducing peak :
provide BNR for Blue Plains flow to BNR 370 Bluocl-z PlamsI \J;Z?hsefﬂlgnvsr; vxg‘tN
this flow rate 370 mgd annual avg reduces cost myd annua’ avg technology
& 1076 mgd \ 1076 mgd
740 mgd 336 mgd 555 mgd 521 mgd
Peak Factor = 2.0 Peak Factor = 1.5
31 mg of storage
225 mgd
Complete Excess Flow Treatment, Complete Enhanced Clarification
Treatment ENR Plain Settling, Add Treatment ENR Proprietary Process, $239M
4 Primary Tanks, $22 M
Outfall 002 (-—v Outfall 001
Outfall 002 Outfall 001

Improve effluent quality so total
pollutant loads are less than

$850 M Cost conventional approach

$1,435 M Cost

Disbursement dollars

Disbursement dollars

Selected as WASA'’s Plan 12
DCWATER.COM



Wet Weather Plan:
Submitted 2007

Extend tunnel by 3.5 miles:

o« 23 feet diameter

 Added 31 million gallons to 126 million
gallons of LTCP tunnels for total of 157 X g i :
million gallons 3 Main & O Branch Tunnel { =

« Increases storage capacity by about 25% N e TR RN
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Construct at Blue Plains:

* Nitrogen removal facilities
 Enhanced Clarification Facility (ECF)
* Tunnel Dewatering pumping station

" Pump Station

— Enhanced Clarification
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Wet Weather Management Plan

New Wet Weather Pump Station
& High Rate Enhanced
Clarification Facility
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Component er Treatment Plan
ltem Description

* New tunnel from Poplar Point to Blue Plains
4dTunnel Blue Plains and System * Requires increase in tunnels system storage
Storage Volume volume of 31 mg (from 126 mg in LTCP to 157 mg)

o Outfall Sewer Overflow to Blue « Allow flows that exceed treatment capacity to
Y Plains Tunnel overflow to tunnel (521 mgd min)

Tunnel Dewatering Pumping Station [+ 225 mgd capacity at Blue Plains
- « 225 mgd capacity constructed at Blue Plains
= | Enhanced Clarification Facility * WASA will pilot test
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Average Wet Climatic
Climatic Year
No ltem Year (2003) Notes
1 | Rainfall (in) 40.97 59.3
2 | Base 002 Discharge in avg year (mgd) 370 370
3 | Est. 002 increment for wet weather (mgd) 0 65 | From experience in 2003
4 | Total 002 Flow (mgd) 370 4351 (2)+(3)
5 | 001 Discharge (mgd) 7.3 17 | From model

6  Bubble Permit (EPA Approach) 001 + 002 must meet permit

7 TN Permit Limit (Ibs/yr) 4,689,000 Per permit

8 001 Effluent TN Allowance (lbs/yr) 311,420 Est. ECF performance

9 TN left for 002 (Ibs/yr) 4,377,580 (7)-(8)

10 Effluent TN required at 002 (mg/L) 3.87 3.44 [ (10)/(4) x conversions factors

New Effluent TN Limit is very challenging especially in a wet
year when the plant is most vulnerable to process upsets

15
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dC‘ Fundamentals of Nitrification - Denitrification

Autotrophic
Aerobic Environment

Heterotrophic

1 mol i\litrate Anoxic Environment

(NO;3") . 40% Carbon
’
58 ’
1 mol Nitrite 1 mol Nitrite
(NO,") (NO,") _. 60% Carbon
’
/
1 mol Ammonia 2 mol Nitrogen Gas

(NH5/ NH, *)

Oxygen demand 4.57 g / g NH*,-N oxidized (N)

Carbon demand 4.77 g COD /g NO;-N reduced
DCWATER.COM



dC‘ Fundamentals of Deammonification

Autotrophic ANAgnatQxophic
Aerobic Environment AnaerobiYRe it OXiaidh
Autotrophic Nitrite Reduction
(New Planctomycete, Strous et. al. 1999)

NH,* +1.32 NO, + 0.066 HCO, + 0.13 H*

> 0.26 NO, + 1.02N,, + 0.066 CH,O, .N, . + 2.03 H,0

. — -
0.57 mgNEQ,) (NO,) » ~ 60% Carbon

i
S /
Partial ‘gg !
Nitrification A \\
e \\\
1 molAMMOoNia e e = = == = = == = VO NGOG e GANO,
(NH3/ I\|H4 +) (NZ)

Oxygen demand 1.9 g / g NH*,-N oxidized
DCWATER.COM



ENR Upgrade and Expansion
— Research & Planning
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dC‘ The Nitrification/Denitrification Process

Only 370 mgd [ NORMALLY ANOXIC

facility in the — : T
world removing

nitrogen and

phosphorus to

(A) STAGE 2A
| |stAcE3B
DIFFUSERS: 244
SPARES: 53

FLEXIELE METHANOL

FEED POINTS
‘ STAGE 5B
: DIFFUSERS: 317
7 SPARES: 69

low levels B [ e
Deep tank (33 ft) e /
nit/denit system STAGE 28 . . A

DIFFUSERS: 451
| SPARES: 58

Twelve reactors
were designed

STAGE 3A ¥ /
DIFFUSERS. 327 -~
SPARES: A0

AMOKIG/ACLRODIC

d t : d .I,- ' STAGE 4 BAFRLE b
WEIRS WITH GATES NO
an Op iImize or @ e ne s

equal flow Sp||t WEIRS ONLY

[STAGE 5A

DIFFUSERS: 244

BPARES: 53
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ENR Research & Planning Program
dC‘ Defined Denitrification Kinetics

Rate of Nitrogen removal defined by bacterial growth rates

Industry standard denitrification rates assumed to be very fast

Only small tank volumes required

v Required tank
Blue Plains observed much slower rates expansion, but
reduced risk of
permit

Nitrate In noncompliance

>

Tank Inlet Tank Outlet

>
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| Secondary Upgrade
C — Research & Planning
Key ENR Program Elements
. Additional Denitrification Tanks
. Sidestream Digester Recycle Treatment

. Wet Weather Treatment
. Secondary upgrades

4 ' fﬁixal_. ':i\ f’ J ) oS,
Expansion & Upgrade of the
Secondary High Rate System

& Clarifiers
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d ‘ ENR Research & Planning Program
C Bioaugmentation Patent

US007404897B2
H H a» United States Patent (10 Patent No.:  US 7,404,897 B2
® Ioa ug l I Ie ntatlon Bailey, Jr. et al. 45) Date of Patent: Jul. 29, 2008
(54) TOR N Z 5,447,633 91995 M

5,705,072 V1998
5.811.009 9/1998

\8" Maximizes use of free wastewater carbon =~ SRS g
%% 1/3 less methanol
V¥ Reduces size of new tanks TR LT

patent is extanded o (u usied nnder 33 OTHER PUBLICATIONS

PR

210/605

(75) Inventors: Walter F. Bailey, Jr., Washington, DC W70 Bl 32001
(US); Sudhir N. Murthy, Washi 6426004 BL* 72002 210605
6602417 BI= 82003 210605
20070119763 AL* 52007 01951

FOREIGN PATENT DOCUME

USC. T54(5) by 92 days.
S. Salem, e al., “Bio-Augmentation by Nitification with Retum
(21)  Appl. No.: 11/585,796 Sludge.” Water Research 37 (2003), pp. 1794-1804.
(22) Filed:  Oct. 25, 2006 (Continued)
Primary Examiner—Chester T. Barry
65 Prlor Publoation Deta (74) dttorney, Agen, or Firm—Dickstein Shapiro LLP
US 2007/0102356 AL May 10, 2007

57) ABSTRACT

Related U.S. Application Data

* Process is currently in operation

ing nitrogen from
wastewater while cmm.hmg eed ludge in the mainstream

wment process. Bioaugme

[t

(51)

BioE organisms : nitrification rea
G 210607 210/610; 2100625, (he rates of reaction advaniageously within
2 e Moeag  oF Within a shorier activated sludge solids

Likewise, bioangmentation of seed denitrificatio
will also enhance rate of reaction within a smaller volame or
shorter activated sludge solids retention time.
ment of high ammonia digester reject water i
(56) References Cited tmethod to treat it
the sood nitrfying and deniteyfying cultures.
U.S. PATENT DOCUMENTS

4537682 A §/1955 Wong-Chong 16 Claims, 4 Drawing Sheets

(58) Field of Classification Search ... 2100607,
210/610, 625626

See application file for complete search history

Secondary Reactors  Secondary Sed Basins

) ' BNR Reactors BNR Sed Basins

\'4

Secondary RSL

Nit/Denit WAS Nit/Denit RSL
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New Side Stream
Centrate
Treatment
Process S
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dC‘ water is life Energy Demand

e 10 ¥ Energy Demand (kW-hr/Kg N Removal)
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Nitrification / Nitritation / Deammonification Attached Growth
Dernitrification Denitritation ANAMMOX

DCWATER.COM



dcé

DCWATER.COM

. N BYum] puewasp Abiauz yoads
AWJ = M o < o N - o
© @)) = _ |
™ - . L ]
c To R = N - G0/ZL/10
@) o))
2 - = oﬁ - G0/0L/10
™~ S |5| **
o © = kS - G0/80/10
B > Q o?
o E | » - G0/90/10
._nla. o &
- S ___ $ - S0/70/1L0
= = q.,
S N Yoo ¢ - G0/L0/0E
S O o
= Z - ¥0/1 L/0€
O 5 8
.w o o |g - $0/60/0€
S o = 2 |
= £ 5 o - $0/L0/1€
®© o & =
T = % = :o_“mu_:coEEmmT 18A09 m_w%mo:‘m
> prd = & L
o ) - $
= 2 m 3 N& - p0/S0/LE
¥ o 5 @ %
> £ 5 | DA - ¥0/10/0€
==z z 51"
o X m —— €0/1 L/0E
3 ™ © ¢ o o o o o o
o «~ I N B e 2 =
e o e [P/N B3] pajeurwija peoj-yHN

Bernhard Wett, March 2009



d ‘ DEMON® Sequencing Batch Reactor
C water is life

« Plant undertook many energy efficiency activities
«  With the introduction of DEMON it became a net energy producer

Wh/PE | mmm production [kWh/PE] EEE consumption [kWh/PE] == self-sufficiency [%]| %
100 125
90 = /A\\f /\ A
A W/ NN 7
80 2 V., \V/ 100
70 L
'Q—“'\.‘
60 oas - - 75
s o
50 =
el
c 0
40 S 5
30 (=
£
20 o 25
10 E
0 0
83 8833 3 I T T 838 88 888 88 88 8
Y 68 5 € 98 68 5 € 9y S48 5 € oY o
38822338822 32882<3283

Bernhard Wett, March 2007
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Suspended Growth Deammonification Experience:
DEMON® Process

w . . i

dc

Suspended growth SBR systems:
e Strass, Austria

 Glarnerland, Switzerland

« Thun, Switzerland
 Plettenberg, Germany
 Heidelberg, Germany
 Apeldoorn, Netherlands

o Zalaegerszeg WWTP, Hungary

Several under construction; ~ Strass (A)

 Croatia

« Austria

« Germany

« By 2012 project > 20 Demon facilities on-line Thun(CH)

DCWATER.COM



dC‘ water is life

Need Long Solids
Residence Time

Need to control nitrite
toxicity

Need to inhibit
competing NOB

W WERF

Water Environment Research Foundation
Collaboration. Innovation. Results.

Process Control

Signals

Time:

|

pH-value

DO concentration

|

Water level SBR

Air flow rate

|

Temperature

|

Storage volume

Processes
Nitritation
Anammaox
COy-stripping
Alkalinity feed
Ammonia feed

Agration

Control system

Parameters

DO set-point

pH=level

pH-band width

Feed rate

|mpacts

Ammonia
inhibition
Mitrite
toxicity
Inorganic

carbon
[imitation

Activation

Blower

|

Stirrer

|

Feed pump

Effluent valve

Sludge wastage

|

Heater

|

flow|rates

reject-water

time [min]
cycle length
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Apeldoorn 4,180
Thun 880
Glarnerland 550
Strass 1320
Blue Plains 20,000
Alexandria 2831

0.77

0.16

0.1

0.13

5.8
0.8

0.66

0.67

0.69

1.2

0.58
0.42

>80% TN
>90% NH,-N

>90% TN
>90% NH,-N

> 90% TN (80 mgl/l)
> 90% NH,-N (40mg/l)

> 80% TN
> 90% NH,-N

>80% NH,-N
>90% TN

* Typical Volumetric Design Criteria = 0.7 Kg / m3 / day

* Typically > 80% TN

* Effluent NO4-N < 10% or less if biodegradable COD available

AZCOM
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BP Tunnel Dewatering Pump Station &
Enhanced Clarification Facility

New Filtrate

e - e SBE  Dual Purpose Sed Basins B MR Treatment Process
Cambi / MAD / BFP B < o0 T Trerte -
Dewatering - ol







— Research & Planning
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dC‘ Fundamentals of Deammonification

Autotrophic ANAgnatQxophic
Aerobic Environment AnaerobiYRe it OXiaidh
Autotrophic Nitrite Reduction
(New Planctomycete, Strous et. al. 1999)

NH,* +1.32 NO, + 0.066 HCO, + 0.13 H*

> 0.26 NO, + 1.02N,, + 0.066 CH,O, .N, . + 2.03 H,0

. — -
0.57 mgNEQ,) (NO,) » ~ 60% Carbon

i
S /
Partial ‘gg !
Nitrification A \\
e \\\
1 molAMMOoNia e e = = == = = == = VO NGOG e GANO,
(NH3/ I\|H4 +) (NZ)

Oxygen demand 1.9 g / g NH*,-N oxidized
DCWATER.COM



Can we apply Deammonification
to Mainstream TN removal?

BNH4-Elimination BIN-Elimination

—~60
X
'>50
e
940
(=]
E30
[ H]
20
10
0
[s0} = = iy} iy} w w M~ M~ =} =} D D o
- [Ty - L - L - L - L - L) - Ty}
o o o o o o o o o o o o o o
[ap} [ap} [ap} [ap} [ap} [ap} [ap} [ap} «©) [ap} [ap} [ap} [ap} [ap}

Strass, Austria
Source: Bernhard Wett

Sidestream characteristics — high temperature, higher NH,* and N/C
ratio and adequate SRT

What about mainstream??
— lower temperature, low N/C ratio and limited SRT
DCWATER.COM
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dC‘ water is life

WAS Cyclone

Underflow
anammpox

Source: Bernhard Wett, ARA Consult

DCWATER.COM



d ‘ Can we apply Deammonification
C to Mainstream TN removal?

« WERF Project: INFR6R11

* Full-Plant Deammonification For Energy-
Positive Nitrogen Removal

— Principal Investigators: Maureen O’Shaughnessy
and Bernhard Wett

— Several utilities jointly investigating in Europe &
USA

— Full-scale, pilot-scale, bench-scale
— Kartik Chandran, Columbia University

DCWATER.COM



Can we apply Deammonification
C \ to Mainstream TN removal?

* International Collaboration

Maureen O’Shaughnessy & Bernhard Wett / WERF &
EPA

Blue Plains bench scale SBRs started January 2011
HRSD Chez-Liz pilot starting Summer 2011
Strass WWTP, Austria started April 2011
Glarnerland WWTP, Austria started to look at this 2010
Initial concept:
* Operate low C/N ratio
« Optimize ammonia oxidizing autotrophs
« Bioaugment and retain anammox

« Qut-compete nitrite oxidizing bacteria

5 3 N e bl
gy . Sy Noe b o e e

Glarn WWTP, Austia
DCWATER.COM



dC‘ ! Deammonification pilot at Blue Plains

DO Pr:f?lic-t ?\rp?il 20th
._,;0;;2 n Ja n n " ’ A A A
- A A AU A T A AU (A A
P NITINATINATANANETE

DO Profile - April 20th
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—
>

ntration, mg/L
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0.04

0.02

Dissolved Oxygen Conce
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d ‘ Reactor B — Profiling
C water is life Specific Nitrogen Processing Rate

Reactor B - Specific Nitrogen Processing Rates (SNPR)

w
(=

N
n

N
(=

SNPR, mgN/gVss.h
[
A

=
o

0.5

0.0
2011/4/19

==4=A0B- Observed == NOB - Observed ANAMMOYX - Observed
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dC‘ water is life

—l—- NHA-N ==/~ NO3-N —¥—NO2-N

50

45 dNH4+dNO2=23gN/gTSS/h
23 —
.E 30 )\ :
8 25
:’: 20 \’\
@ 15 o .
E 0 o~ Anammox-granules visible in
2 s X mainstream activated sludge

0 ‘ I 1 I 1 1

0 20 10 60 80 100
time [min]

 Preliminary and promising data

* Three months of seeding

» Could take a year for steady state

* Nitrate concentration is significantly
lower in deammonification lane
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dC‘ water is life The Benefits...

Potential Operating Cost Savings
Wastewater Annual Annual External
Plant Energy Savings® Carbon Savings
Blue Plains (DC Water) $4.0 - $6.0 million $7.0 million
(330 mgd)
8 WWTPs (HRSD) (125 mgd) $2.0 - $4.0 million $2.0 million
* Assumes 50% - 75% Anammox nitrogen removal.

DCWATER.COM



dC‘ water is life S umma ry

* New technologies for nitrogen removal
are in development

— Could considerably help reduce energy and
carbon requirements for nitrogen removal

— Could go a long way towards energy positive
wastewater treatment

— Compatible with existing infrastructure

DCWATER.COM



How'does the Program work?

» Collaboration (Teams)
— Within DC Water (DWT, Program Management)
— Other Utilities (ASA, WSSC, Fairfax County, HRSD)
— Universities
— Modeling Experts
— External Research Agencies (primarily WERF)

Approximately 200 publications and presentations in the past 8 years

WATER.COM



How" does this Program work?

« Example Universities
— Howard University
— George Washington University
— University of Maryland

— Virginia Tech
— Virginia Military Institute
— Bucknell University

— University of Innsbruck
— University of Waterloo
— Laurier University

Approximately 30 MS and PhDs in 8 years
WATER.COM



Contact: Sudhir N. Murthy, PhD,
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