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Slow Sand Filters

Physical / Biological Treatment Process

Filter Surface is Scraped Periodically to Restore
Filtration Capacity

e Typical Scraping Interval =1 - 12 months

Filter Scraping
e Labor Intensive

e Removes Filters from Production
e 1-2 Days to Scrape
« Several Days to Weeks to Ripen

Typically Limited to High Quality Source Water
e <5-10 NTU
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~ Roughing Filters

- Upflow |
Graded Washed Gravels e
* Pea Gravel e
 7/8” Drain Rock
* 1 %" Drain Rock
Loading Rate
* 1gpm/sf
* 10 x loading rate of Slow Sand Filter
- Piping
» Distribution Manifold to Evenly
Distribute Raw Water

* Collection Header to Evenly Collect
Treated Water ROUGHING FILTER MEDIA DETAIL

SCALE: 3/8"=1'-0"
* Drain Trough to Allow Rapid Flushing

CLEAN BED W.S.
EL=240.27

TOF_OF MEDIA

/:
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FL=033,00
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Roughing Filter Operations

Periodically Backflush to Remove Accumulated
Material

e Typically Flush Every 1-3 Months
Rapidly Open Drain Valve to Flush

Flush Until Clear Water Observed
e Typically 5 - 20 Minutes
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Roughing Filter Advantages

Reduce Turbidity Loading to Slow Sand Filters

Increase Interval Between Slow Sand Filter Scraping

Allow Slow Sand Filters to be Used On Higher
Turbidity Source Waters

Benefits Can be Source/Site Specific

CONSULTING ENGINEERS





“Roughing Filter Case Studies

Pilot Studies
e Spring Point HOA

Pilot Studies with Full Scale Treatment Plants Constructed
e City of Roslyn
e Town of Coulee Dam

e Town of Pe Ell
e Naselle Water Company

CONSULTING ENGINEERS





~Spring Point HOA

® Orcas Island, WA
* Water Sources

e Jay’s Pond
e Clyde’s Pond
* Raw Water Quality
e Shallow Ponds
e High Organic
e« TOC =6 -13 mg/L
e Raw Water Turbidity

e Average = 8.0 NTU
e Range =1.1-120 NTU

(}l‘ﬁy & ()Sl)omc, Inc.
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Spring Point HOA Pilot Study Data

+ Raw Water

® Roughing Filter Effluent

A Slow Sand Filter 1
Slow Sand Filter 2

=)
[
=
&
=
=
S
I

* *n n
: @ : o
K:M PSS ST o M

Wnaoe A % KOs o w ~"w v
LRRSAOK ARG RIS IIIR RO A%<—b}z<-.»i\—m<—§—’&-" X

0 100 150 200
Days

0

A &k

- O
iray (:\_ OT T, Il‘l(".

ERS






Spring Point HOA Pilot Study Data

Scraped Filter 1| |Scraped Filters 1 & 2|
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A Slow Sand Filter 1 (0.09 gpm/sf)
® Slow Sand Filter 2 (0.04 gpm/sf)
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~ City of Roslyn, WA

* 1.0 MGD Slow Sand Filter with
Gravel Upflow Roughing Filters

Two Filter Trains

* On-Line Since 1998
e Water Source

e Domerie Creek
e Turbidity
e Raw Water
e Avg. =13 NTU
« Range =0.25 -10.2 NTU
* Filter Runs

e 0 Years

>
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Roslyn Pilot Study Data

¢ Raw Water

= Roughing Filter

® Slow Sand Filter w/ RF
Slow Sand Filter w/o RF
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Roslyn Pilot Study Data

40 4 Slow Sand Filter w/ Roughing Filter

B Slow Sand Filter w/o Roughing Filter
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" Town of Coulee Dam, WA

* 2.0 MGD Slow Sand Filter with
Gravel Upflow Roughing Filter

» Two Filter Trains (Four SSF)
* On-Line Since 2003
* Water Source
e Lake Roosevelt
» Turbidity
e Raw Water
e Avg.=0.80 NTU
« Range=0.3-3.6 NTU
* Filter Runs
e Average = 2.3 years
e Range = 1.5 years - 3.2 years






Coulee Dam Pilot Study Data

* Raw Water

® Roughing Filter

A Slow Sand Filter No. 1

X Slow Sand Filter No. 2
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Coulee Dam Full Scale Data

4.0

¢ Raw Water
3.5 ® Filtered Water
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" Town of Pe Ell, WA

* 0.5 MGD Slow Sand Filter with i L f ;‘
Gravel Upflow Roughing Filter —— ol dial
e Three Filter Trains
* On-Line Since 2003
e Water Sources
e Lester Creek
e Chehalis River
» Turbidity
e Raw Water
e Avg.=0.80 NTU
« Range=0.3-20NTU
e Filter Runs
e Average = 12 months

e Range = 4 months - 29 months <S>
(_:‘l'l‘ﬁy & Osb()mc, In(:.
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pe Ell Pilot Study Data

e Raw Water

® Roughing Filter Effluent

A Slow Sand Filter Effluent
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Pe Ell Full Scale Data

4 Raw Water
® Filtered Water
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- Naselle Water Company

* 480 gpm Slow Sand Filter

* Three Filter Trains

* On-Line Since 1996

* Roughing Filter Added in 2011
* Water Sources

e Lane Creek
e (O’Connor Creek
* Turbidity
e Raw Water
e Avg.=1NTU
« Range=0.3-15 NTU
* Filter Runs w/o Roughing Filter

e Average = 3-4 months

* Anticipated Filter Runs w/
Roughing Filter <S>

L 6—12. months (}l'ay & (.)s.l.)(..n'nc, Inc.
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= Raw Water

+ Roughing Filter

4 Slow Sand Filter w/ RF
Slow Sand Filter w/o RF
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Naselle Pilot Stud yD Jta

35

30 m Slow Sand Filter w/o RF
* Slow Sand Filter w/ RF

25
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15 Reduced Slow Sand
. Filter Loading Rate to
ol 0.05 gpnvsf
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Naselle Full Scale Data

+ Raw Water
= Roughing Filter
A Filter No. 1
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Naselle Full Scale Data

¢ Raw Water
= Roughing Filter
A Filter No. 1
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Naselle Full Scale Data
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Scrape Slow Sand
Filter

Roughing Filter On-Line

Scrape Slow Sand Filter.
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Cost Data

Naselle ¢

Coulee Dam
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Conclusions

Gravel Upflow Roughing Filters

e Area Simple, Cost-Effective Technology that are
Appropriate Pre-Treatment for Slow Sand Filters

e Increase the Range of Water Quality that can be
Treated by Slow Sand Filters
e Improve the Performance of Slow Sand Filters
e Reduce Turbidity Loading to Slow Sand Filters
e Reduce Rate of Accumulation of Headloss
o Increase Filter Scraping Interval

CONSULTING ENGINEERS





~ Acknowledgements

Barry Peacock, Town of Coulee Dam
Joe Peck, City of Roslyn

Don Webster, Town of Pe Ell

Regan Wirkkala, Naselle Water Co.
Dave Dilling, Spring Point HOA

Russ Porter, Gray & Osborne
Shari Gaer, Gray & Osborne
Janet Cherry, Gray & Osborne
Pat Gill, Gray & Osborne

CONSULTING ENGINEERS





~ Questions?

Mike Johnson, P.E.

Gray & Osborne, Inc.

2102 Carriage Drive SW, Bldg. |
Olympia, WA 98502
360-292-7481
mjohnson@g-o.com

>

GGGGGGGGGGGGGGGGGG



mailto:mjohnson@g-o.com�

mailto:mjohnson@g-o.com�

mailto:mjohnson@g-o.com�



		GRAVEL UPFLOW ROUGHING FILTERS AS PRE-TREATMENT FOR SLOW SAND FILTRATION�

		Slow Sand Filters

		Roughing Filters

		Roughing Filter Operations

		Roughing Filter Advantages

		Roughing Filter Case Studies

		Spring Point HOA

		Spring Point HOA Pilot Study Data

		Spring Point HOA Pilot Study Data

		City of Roslyn, WA

		Roslyn Pilot Study Data

		Roslyn Pilot Study Data

		Town of Coulee Dam, WA

		Coulee Dam Pilot Study Data

		Slide Number 15

		Coulee Dam Full Scale Data

		Town of Pe Ell, WA

		Pe Ell Pilot Study Data

		Slide Number 19

		Pe Ell Full Scale Data

		Naselle Water Company

		Naselle Pilot Study Data

		Naselle Pilot Study Data

		Naselle Roughing Filter

		Slide Number 25

		Naselle Full Scale Data

		Naselle Full Scale Data

		Naselle Full Scale Data

		Cost Data

		Conclusions

		Acknowledgements

		Questions?




PNWS 2011 Conference May 6, 2011

% %‘-—. & %% I.f-f L ‘._“.::_P‘”— - ‘_.Pq -
oty B A - e
\a

“Pretreatment of Raw water with 2000 NTU
— No Problem !1”

Matt Reynolds, P.E. (City of Anacortes)
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Presentation Overview

= Anacortes Water Treatment Plant
= Project Drivers and Proposed Improvements

= Skagit River Basin and Raw Water Quality
Characteristics

= Ballasted Sedimentation (Actiflo®)
* Pilot Study Goals and Objectives
= Pilot Study Results & Findings

= Conclusion





Anacortes Water System
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. * SKAGIT RIVER
#N\ " WATERSHED
&

WASHINGTON

Padilla

J
| I Anacortes

‘‘‘‘‘

\ Tesoro& Shell

Water i
Treatment r
I Cothoon Way

E-oi\ \ it Dafi
|\ qy* ;_ Oil Refinery

r e &\
Del Mar | | )
i — ] I
‘,__.._L-_- ‘:----—‘ l..l-f‘-ﬂ ......... i
R
simitk
| La
Bay

£ Conner

Swinomish
Tribe

Skagit River
Deception Pass

o .
) Skagit __;\ Skaglt PUD
Naval Air <. Oak Harbor = =

¥ Station ?






Bldg

Power
Substation






Project Drivers — Challenges/Limitations

= Floodplain Limitations
= Challenging Raw Water Quality

» Dramatic fluctuation of Turbidity and Color

= |neffective Pretreatment

= Need to Expand Treatment Capacity

» 2007 MDD: 29 MGD
» 2030 MDD: 40.7 MGD

= Qut-of-date Building Code
= |acking Reliability and
Redundancy






Skagit River Basin
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Historic Flood Events of Skagit River

Source:
Army Corps of Engineers
Historical Pictures





Recent Flood Events

Sandbag Wall In Front of Water
Treatment Plant

Flooded Skagit River
Downtown Mount Vernon, -5
Oct 2003 =





“Chocolate Creek” Event in August 1992

f —, m N Average | 1992
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Water Quality Challenges

WTP Daily Average Turbidity Summary (2003 -2008)

Raw Clarified
Minimum 1.4 NTU 1.INTU
Average 25 NTU 6.5 NTU
Maximum 2,700 NTU 32 NTU

(@)

Turbidity Increases from 100 NTU to 500 NTU in ——— =
less than 8 hours during 2006 flood event

Ineffective
Pretreatment:

Turbidity of
clarified water
exceeded -

= 5NTU
about 50% of
the time

10 NTU
about 20% of
the time.






Selecting Ballasted Sedimentation

Ability to treat
water with high
turbidity

Rapid response
times

Perform efficiently

Compact footprint @@ with both low and
high turbidity

Consistent settled

water for filters Reliable process






Ballasted Sedimentation Process

Add Coagulant to
Grow Large Flocs

particles '

Flocculate

Add Ballast and

Polymer
Ballasted
Flocculation

Settling — use plate =
settlers to erfhance
separation |

Distance

Ball

Microsand
Particle

Organic Particle

Attach Particles to
Ballast
to Increase Settling

AS Velocity

Time





Ballasted Sedimentation - Actiflo

SLUDGE
(0.5 to 1%)

HYDROCYCLONE
BALLASTED FLOCS
IH I TO HYDROCYCLONE
POLYMER
MICRO SYAVNID)
M M

CLARIFIED
WATER

00O O O

COAGULANT

INJECTION
COAGULATION MATURATION

TUBE SETTLER

WITH SCRAPER O

Vendor: Kruger





Proposed Improvements
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Pilot Study Objectives

B
; A
o

i\

Trailer Mounted Pilot Unit

53'L x8'W x 13.5°H

Verify Key Demonstrate

Design Performance Allow Plant

Simulated -
Parameters + 24-hr 3 Turbidity Spike Opgrpa;(':)ar;n%am
» Optimization demonstration Test

Experience
run






Test Setup and Parameters

= Source Water

= Classic Actiflo Set-up
- Flow: rates up 270 gpm
- Sand Concentration: 5-9 g/L
- Recirculation Rate: 19 gpm (Hydrocyclone: 80/20 split)
- Hydraulic Loading Rate: 17.9 to 42.9 gpm/sf

= Coagulant - Alum : (10-50 mg/L)
= Polymer (anionic & cationic): 0.1 — 1.0 mg/L





= Treatment Goals for Ballasted Sedimentation

Raw Water Turbidity Range Settled Water Turbidity

Less than or equal to 200 NTU Less than or equal to 2 NTU

Between 201 NTU and 500 NTU Less than or equal to 3NTU
Greater than 500 NTU Less than 5 NTU

= Settled Water Quality Performance Requirements

Parameters Settled Water Quality Criteria
Target: Not greater than 1 NTU

T“&Iﬁfjty’ 95th percentile: Not greater than 2 NTU*
98th percentile: Not greater than 5 NTU

* Washington Department of Health (DOH) Treatment Optimization Program turbidity goal






Optimization Study - Coagulant Analysis

B Influent 3 Effluent ——% Removal

o

Turbdity (NTU)
L N A T s I e s ¢

Alum Coagulant Dose (mg/L)

e Alum: 10-40 mg/L Tested; Optimum Dose : 18 mg/L
 Polymer (Hydrex-3502) : 0.65 mg/L
 Flow: 160 gpm @ Hydraulic Loading Rate of 25.4 gpm/sf






Optimization Study — Polymer Analysis

B Influent /= Effluent ——% Removal

e Anionic
e Cationic

% Removal

Turbdity (NTU)

 Both performed well
at dose 0.30-0.65 mg/L

040 0.35 0.30
Hydrex - 3502 PolymerDose (mgilL)

B Influent = Effluent ——% Removal 0.40 mg/L AnioniC
Polymer Selected as
Optimum
@ 18 mg/L Alum Dose

Turbdity (NTU)
Yo Removal

0.50 030 020
Hydrex -3615 Polymer Dose (mgilL)






Hydraulic Loading Rate (HLR) Analysis

B Influent /3 Effluent ——2% Removal

% Removal

Turbdity (NTU)
i RV U T T A i (3 T B

1.08

254 2749 308 34 9
160 174 191 214
Hydraulic Loading Rate, Flow Rate {gpmfftz. gpm)
e Alum: 18 mg/L
 Polymer: 0.40 mg/L

Optimum Operating Range: 22.8 to 30.8 gpm/sf






Simulated Turbidity Spike

Turbidity Spike

mmm | f. Turbidity e Efuent Turidity Coagulant Dose |

:

2000
1600

ty, Eff. Turbidity
2
o

Inf. Tubrbidi

1.11
=

400
200 H Ia.a s I3.13 I'IE Ia.1 DEEN K 1 198 132 I1.u1 10 Mz Iu.ga o3
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4 5 6 7 9 10 11 12 13 14 15 16

1 2 3 8

17
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-+ 50
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- 10

asoQq enbeon

* Alum: 30 -70 mg/L (Added lime for pH adjustment)
 Polymer: 0.40 mg/L (data 1-12) & 0.50 mg/L (data 13-17)
sRaw Water Turbidity: 200 NTU consistent, as high as 3000 NTU

Optimum Performance: 1.4 NTU Settled Water Turbidity
@ 50 mg/L Alum and 0.5 mg/L Polymer Dose






TOC Results

HLR
(gpm/sf)

Coagulant Dose
(mglL)

Raw Water TOC
(mg/L)

Settled Water TOC
(mg/L)

% Removed

Higher coagulant doses resulted Iin
lower settled water TOC






Summary Findings

Demonstrated ability
to meet all settled
water quality goals

Demonstrated ability
to handle high
turbidity events

Demonstrated quick
response

Achieved
effluent turbidity
less than 1.5
NTU at hydraulic
loading rates
from 18 to 43
gpm/sf

Achieved
effluent turbidity
level of 1.4 NTU
with 2200 NTU

raw water

turbidity

Treatment
restored within 1
HRT following
simulated failure
of coagulant

pump






Key Operating Guidelines for Full Scale
—Operation

. Hydraulic
. Coagulant ~ Polymer  Target Settled  Mixing :
Raw(Lt%rUb)ldlty Dose Dose Water pH with  Speed Loa?I_llrll_%)R ate
(mg/L) (mg/L) Lime Dose (Hz) (apmf)

Low Not
(< 15) L | Required 2 L=t

High
(up to 2200)

50* . 7.55 90 18 - 43
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Raw Water Quality (2003-2008)

= Turbidity

» Average: 28 NTU
» 95th-%: 81 NTU
» 98th-%: 164 NTU
» Maximum: 5475 NTU

= Color: 1-4872 Pt Co
= pH: 6.5-7.8
= Alkalinity: 16-38 mg/L

= TOC 0.5 to 3.0 mg/L





Existing WTP Facilities

Pretreatment Filters
Intake Pump Basins Clearwell
Station_______ Filter-To-Recycle High Service
z | £, i = Pumps
SE ' 2EZ : SE i
23 o 53
b9 | | | i
; [T T To
_| #1 || #2 || #3 e | Transmission
From _ *f’[l_ F 1 3| G System
Skagi‘r’% I 2 ‘H §§—>
_ : gd 35.38 mgd
g = ey 263Md S | (PP 9
Injection Vault 36.29 mgd L
0.09 mgd v
: 2 % (0.73 mgad)
Intermittent [fermNineses: No?ﬁl?grgr?tlij \é\éater
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A 4
To v v v &
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JWC Ozone Pilot Issues
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e /Compl Icated \Watershed

= Tualatin River

= Gales Creek

% - Wapato Creek (Lake)
« 1 = Scoggins Creek
i ' '-1 = Hagg Lake

[ Joint Water Commission

= Barney Reservoir
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g2Geosmin andiVilB: During Worst

Event in fRent Histony,

2-Methylisoborneol (MIB)

Ave Range Ave Range
Site Name (ng/L) (ng/L) N (ng/L) (ng/L) No. -r'
Tualatin River Intake 3.9 ND;% 8 0.18 NDto 1.1 8 =

A Finished water O R e ND All ND 8
h X . ‘,.1"
W N
Joint Water Commission

Distribution System ND All ND 9

|_____ Based on this information— Targeting

5 80% Gesomin Removal
P R
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Residuai Ozone (mg/i.)

¢ Sodium Bisulfate
0.5 M Calcium Thiosulfate (Captor) —
\ A Hydrogen Peroxide pH 7.0
0.4 @ Hydrogen Peroxide pH 6.2 *r'
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¥ Pilot Scale Tiesting

= Targeted 0.1 to 0.2 mg/L residual for 1-log
Geosmin inactivation

= Targeted 0.5 mg/L residual for taste and odor
control

= Evaluated intermediate ozonation (settled |
water)

= Four Pilot Filters:
« Existing Media/No ozone
« Existing Media/Ozone
* Deep Bed/Ozone
 Biologically Activated Carbon (ozone/BAC)
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6T Plant Schematic
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Four pilot filters and
adjustable speed
peristaltic pumps

Ozone contactor
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Settled Water UV-245 (cm™)
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©Ozone Demand
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Ozoene Decay.
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Ozone Disinfection Model

> Residualn Residual Residual In Residual Residual In Residual
: (mg/L) out (mg/L) (mg/L) out (mg/L) (mg/L) out (mg/L)
Contactor 0.09 0.06 0.06 0.03 0.03 0.02
inlet
Average Average Average Average
residual residual residual resid ugal ﬁavsﬁiiﬁga? st%auga?
0.09 0.08 0.05 0.04 0.02 0.02
Residual Residual In Residual Residual In Residual Residual |
out(mg/L) (mg/L) out(mg/L) (mg/L) out(mg/L) e(ﬁqlgfs "
0.09 0.09 0.04 0.04 0.02 0.02
vY I¥ 1YY
— EENED
CT (mg/L*min) 0.16 0.14 0.09 0.06 0.04 0.00
HRT (min) 3 3 3 3 3 0.001
T10 (min) 1.8 1.8 1.8 1.8 1.8 0.0006
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Contactor
outlet
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THM Formation Potential
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Joint Water Commission

fOzone Bypreducts

Formaldehyde (pg/L)

Filtered Water (no Filtered Water BAC Filtered Water
Ozone) (ave 0.8 mg/L O,) ave 0.8 mg/L O,)

<5.0 7.0 (5.5 to 10) <5.0

No MCL; 2,600,000 ug/L “tolerable limit” by Intern’l Pgm on Chem Safety
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; “Ozone Byproducts

Bromate (10 pg/L MCL) UNGIC

Bromide
<0.02 mg/L
Ozone Dose (mg/L) Bromate (ug/L) . J
03 <5 0 In source)
O 9 <5.0
<5.0

RN .





......

Eiltration Performance Measures

= Turbidity to 0.1 NTU
= Headloss to 12-ft

= Unit filter run volume

g






Headloss (ft)

L, »1‘.

Joint Water Commission
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""Typical Results

= Existing (No Ozone) at 11 gpm/sf | S

== BAC & Ozone at 11 gpm/sf =2
= Deep Bed & Ozone at 13 gpm/sf =

== Existing & Ozone at 11 gpm/sf

0 |
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Ozone Improved Filter

Unit Filter Run Vol. (gal/sf)

Periermance
60,000
50,000 m 5 gpm/sf
40,000 = 6 gpm/sf
|
30,000 =7gpm/st |
W 8 gpm/sf
20,000
W 9 gpm/sf
10,000 m 10 gpm/sf
- w11 gpm/sf
Control Ozone BAC Deep  m12gpm/sf
Bed






Summary, offRESults

Issue Result
| . Disinfection 1.2 mg/L
| Tastes and Odors | 1.8 mg/L
. | Algal Byproducts |>0.4 mg/L removes all MCLR

" THMs 20 percent reduction

| Chlorine Demand |4 to 10 percent reduction

- Contact Time 5-min sufficient

Joint Commission

Quench Sodium Bisulfite for 1-min

| Filtration 25% increase in Loading Rate
50% increase in productivity






“lncorporation of ©zone
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A Little About Me...

e Water Treatment Plant Superintendent for the City

of Grants Pass
— 15 years of water treatment experience.
e DHS-DWP Grade IV with Filtration Endorsement
— Experience in filter operations and controls.
e Included programming filter and backwash controls
e Instrument verification, calibration and repair
— Survived two filter rehabilitation projects in that 15 years
(one successful, one not).
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OBLIGATORY DISCLAIMER:

e |tis important to remember that filters are a critical
barrier in the fight against microbial contamination
of finished water. It is crucial that all precautions are
taken and that proper disinfection procedures are
followed when performing any of the maintenance
procedures discussed in this program.






Do | have a problem Filter?

e Question sounds easy, but...
— High turbidity throughout filter run, or turbidity
breakthrough after short filter run.
— Builds headloss very quickly
— Sensitive to flow changes
— Uneven media surface
— Cracking in filter media surface

e One filter or all?

— If all filters exhibit similar symptoms, problem most Ilkely
pretreatment or design related. "

y | JUST ALD WATER
\[ cipe For Life





Safety is Job # 1!

Slippery surfaces, sharp edges
Poor air flow
Slips, Trips and Falls (ORS 437-002-0125)

— Ladders for entering and exiting

— Climbing over handrails, etc...

— Washwater troughs

Filters are a potential confined space
— (OR-OSHA 1910-146 subpart J)

— http://www.cbs.state.or.us/externaI/osha/pd1‘/pubs/2864.pd1c

y | JUST ALD WATLE

-t[ cipe For Life



http://www.cbs.state.or.us/external/osha/pdf/pubs/2864.pdf�



Safety is Job # 1!

e Safety — NOT just your s but your customers too
— Disinfection!!!
e AWWA - C653-03 Standard for Disinfection of Water

Treatment Plants
e http://apps.awwa.org/WaterLibrary/ShowAbstract.aspx?an=0057958

— Be as clean as possible and realize that most disinfection
occurs POST filtration, but...
e If pre-chlorination is not practiced microbial growth
can occur in the filter
e Bacteria can grow and pass into the finished water

supply. AL
) L,




http://apps.awwa.org/WaterLibrary/ShowAbstract.aspx?an=0057958�



So lets figure out what's wrong...

e Visual Inspection — never underestimate your eyes
— Is the surface uneven? >1” — 2” may indicate disruption in
the underdrain system.
e Best accomplished by draining to the media surface
— Cracks in the media at the end of a filter run?
 In the middle of a filter? Along the edges?
— Large amounts of detritus?
e Especially problematic with outside filters and large
trees
e Can lead to mudball problems if they are not removed
or backwashed out. )\ st are wans

—





So lets figure out what's wrong...

e Visual Inspection — During/After the backwash cycle
— Are there visible boils in the filter media? Some boiling is
normal, but should move around the filter.
— Isuncontrolled air released from the filter bed during the
backwash cycle? (excluding air scour systems)
— Visible mudballs/ detritus after the cycle is complete?
— Is the filter level after the backwash cycle?

[
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Working in your Filters...

e Working in the filter — protecting your investment
— Filter Media is expensive! Do not damage it by walking on
it.

e Media specs — as they breakdown, UC increases and
will lead to higher initial headloss and shorter filter
runs.

— While not always practical, try to walk on plywood when
working in the filter.

e Boards will distribute weight of worker over a Iarger
area than a foot print.

y | JUST ADD WATLE
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Fi

ter Surveillance Tests

_east Invasive to Most Invasive
— Visual inspection

— Backwash turbidity profile

— Bed expansion test

— Floc retention test

‘I:r-::.::-- 0
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Tools of the Trade

e Backwash Turbidity Profile
— Sample collection jars
— “dip-stick”
— Bench turbidimeter
— Data Collection Worksheet
— Stopwatch

EN | JUST ALD WATER:
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Finally! Something to do!

e Backwash Turbidity Profile
— Samples taken 30 seconds after water starts flowing over
the wash water trough
e 30 second intervals thereafter.
— Two person task
e One to collect samples — one to hand labeled sample
bottle and keep time
— Analyze samples as soon as they are taken
e Time on the X axis, Turbidity on the Y axis
— Should show high peak, with slow taper to low turbidity.

l: )
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Backwash Turbidity Profile

Filter No.
Date:
Sampler:

Time:  sample Jar NO. | urbidity
00030 1
0:01:00 |
0:01:30 g
0:02:00 4]
0:02:30 5]
0:03:00 E |
0:03:30 7
0:04:00 |
0:04:30 o
0:05:00 104
0:05:30 11]
0:06:00 IE: |
0:06:30 13]
0:07:00 14]
0:07:30 154
0:08:00 18]
0:08:30 17]
0:09:00 18]
0:09:30 19]
0:10:00 20}
0:10:30 21
0:11:00 27
0:11:30 23
0:12:00 24]
0:12:30 254
0:13:00 28]
0:13:30 27
0:14:00 i |
0:14:30 20]

NOTES:






BW Turbidity Profile Examples
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Filter No.2 —--- Ideal Turbidity Profile






Whatto doift

ne data is not favorable...

e Doesthe curved
significantly?

|II

eviate from the “ideal” curve

— Increase/decrease backwash rate or duration
e Be sure not to exceed the design capacity of the

underdrain system or media!
— Engineering support or mfg specs.

e Follow up with floc retention analysis if backwash
effluent is remaining turbid at the end of BW cycle to
further interpret.

[
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Tools of the Trade

e Filter Bed Expansion Test
— “pipe organ” or simplified single pipe system

— Clamps |
— Tape Measure —_ y i]] C f’f
— Bright Disk " el o
- Stick : - - -
FRIN |
- \'\ b i ! llllln

== A Lecipe For Life






Finally! We get to do some work...

* Meaia Expansion Test

— Wash the filter as normal
e Perhaps combine with backwash turbidity profile test

— Install the pipe organ tester or single pipe at the 20%

expansion level
— Backwash the filter as normal WITHOUT surface wash or

alr scour.
— Log the expansion of the media and calculate the bed

expansion

[
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Finally! We get to do some work...

e Media Expansion Test - Examples

Expansion =5inches

Filter bed =18 inches

What is the percentage of bed expansion?
Inches of Expansion v

Inches of Media Depth

% Expansion = 100

(3) x100=27.7% . . .
18 How much bed expansion should you have with 30" of Anthracite
Reccomended Expansion is 25%

Expansion in Inches
Media depth in Inches

%Expansion = ( )x100

X e
25%:(%) A\, | JUST ALD WATER

&= A Lecipe For Life

25= (S—XO)(%

.25(3—10) = X
(.25)(30)=7.5





nat to do if the media is not expanding...

"his may not be a problem...
— Not enough expansion?
e Do the results of the backwash turbidity profile and

floc retention analysis look favorable?
— If so don't sweat this parameter!

— Too much expansion?
e |s filter media being lost (washed over the wash water
troughs?)
e |s media breaking down? (l.E. getting smaller at a fairly
fast rate?)

[
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Still Have a problem?

e Floc retention Analysis
— Plan on this test taking all day! Wise to combine with the
visual analysis testing as the filter has to be drained below
the media level.

e Warning!!
— This test is very disruptive to your filter and all precautions
should be taken to ensure that it is performed carefully
and to the letter of the procedure.

[
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Tools of the Trade

e Flocretention analysis
— Plywood
— Filter coring tool
— Rubber mallet
— Plastic bags Ziploc preferred (Lots!)
— 5o ml graduated cylinder (plastic)
— 250 mL wide mouth flask
— Bench turbidimeter
— Vortex Mixer (optional, but...)

(i
[
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Floc Retention Analysis...

e Floc Retention Analysis
— Fill out the Floc Retention Worksheet
e Pick several locations that represent an average of the
filter
— Drain the filter to below the media.
e Try not to drain it below the level of the underdrain if

possible
— Minimizes air trapped in the filter
— Work quickly so filter media remains moist

e It will adhere to the sampling tube better

L.
8
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Floc Retention Analysis (cont’d)...

e Flocretention Analysis
— Working from plywood take core samples

e 0" —2", 2" —6", 6" —12", 12" —18", 18" — 24", 24" — 30"
and 30" — 36" (more if filter is deeper).

e Place each sample into a separate numbered bag.

e Sample carefully so as to not cross contaminate core
samples (I.E. dirty sample from the top endingupin a
relatively clean sample from the bottom of the filter)

— Fill the filter with backwash water and let it set for 30
minutes or so. (for air to escape)






Floc Retention Analysis (cont’d)...

e Flocretention Analysis
— Backwash the filter like normal and drain
— Resample the filter in the same locations into a second set
of zip lock bags.
e Prepare the samples for processing
— This can be done in a day, but samples can be preserved if
tightly sealed to maintain moisture!
— Prepare data worksheet

[
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Floc Retention Analysis (cont’d)...

e Pack 5o mL into the graduated cylinder

e Transfer to the 250-500 mL wide mouth erlenmeyer
flask

e Fillthe so mL Graduated cylinder with tap water to
rinse it, transfer the water to the graduate cylinder.

Do this twice.
— The flask now contains 5o mL of media, and 100 mL of tap
water.

e Shake/mix “vigorously” for 30 seconds
e Drain the water (not the media) into a 500-1000 mL

beaker NIRRT
) -






Floc Retention Analysis (cont’d)...

e Repeat 4 more times so that a total of ;oo mL of
sample has been collected.
e Gently stir the oo mL sample to keep the turbidity

suspended.
e Fill aturbidity sample vial from the beaker and read

the turbidity. Read at least 3 samples and average

the results
e The final turbidity reading will be multiplied by 2 50
the data will be tabulated based onai10oomL §

sample.






What does it all mean?!

e Flocretention Analysis - Data
— Spreadsheet is available upon request.
e jcanady@pnws-awwa.org
— After Backwash:
e 30— 60 NTU indicates a clean, ripened bed.
e 60—120 NTU indicates a slightly dirty filter.
e 120+ NTU indicates a dirty filter and the backwash
regimen needs to be looked at.
e >300 NTU could mean that there is a problem with
mudballs.

‘..:_',::.'-'
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hat the Data Will Look Like

Filter Depth in Inches

10

15

20

25

30

a5

Filter No.3 West Wall Middle - 05/24/2006

/

50 100 150 200 250 300 330 400
Turbidity (NTU)/100 mL
—4#— Pre BW Turb/ 100mL ——PostBW Turb/ 100 mL =~ ====-- Optimum Post Bw Values

Slightly Dirty Not a Problem

Problem Filter





What to do if the data is not favorable...

e Possible causes —
— Improper backwash flow rates
— Filter-aide dosage too high
— Improper coagulation
— Air scour/ surface wash not operated at the correct
time/rate or not functioning as designed
e Plugged nozzles?

e Solutions —
— Filter "Lancing” (should not be considered long term
solution — but may be...)
— Modify backwash rate/ regimen (where possible)
— Shock chlorinate filter media

[

M\ | JUST ALD WATER
= A Lecipe For Life
m






Post Filter Entry Disinfection

e "Tools of the trade”

— Disinfection
e Plastic bug sprayer
— Metal parts (especially brass) do not hold up well to high
concentrations of bleach!

e Injector pump or HTH for shock chlorination of filter.
— Beware of inert solids with HTH!

e De-chlorination agent
— Calcium thiosulfate

— Consider your situation on this one...
» NPDES Permit issues?

(i
[

M\ | JUST ADD WATER
= A Lecipe For Life
|m






Laboratory Media Analysis...

e Why have a lab analyze your filter media
— What is the ES and UC of the media in your filter
— Can be used as an indicator for when to replace your
media
— If adding media “topping off” it is best to try and match as
close as possible
* In general the original spec should be ok, but if the
media is severely degraded it cause an even bigger
problem!

e Who does this:
— Anthratech U.S.
e Not cheap! But there are potential savings
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Presentation Roadmap

* Overview
* Types of biological filtration
* Benefits
* Potential risks

* Case study: bench-scale assessment of biological
filtration for groundwater treatment with carbon
and phosphate addition

* Conclusions





Slow Sand Biological Filtration

A II-" b

 Historically, biological
filtration around for T ——
100’s of years via slow b
sand filtration :

* Biofilm layer
“Schmutzdecke”

* Relies on microbial
activity of bacteria to
degrade contaminants

2 coarse sand 1

Example of Slow Sand Filtration





-
Rapid Sand Biological Filtration aka BAF

* Passive: Filters become biologically active when a
disinfectant residual is not maintained across the filter

* ANEW TAKE

* Active: Enhance biological activity through
* GAC media to increase surface area for biomass (BAC)

* Ozonation prior to filtration to promote
biological oxidation of contaminants

* External phosphorus addition
* External carbon addition





Renewed Interest in Biological Filtration

2011 PNWS-AWWA

» Chance Lauderdale - Engineered % PNWS &\
Biofiltration g (B ananss
* AWWA Biological Drinking Water Treatment
Committee
* IWA Leading Edge Technology Conference, ‘\\
Phoenix, AZ, June 2010 - Workshop on American
biological drinking water treatment Water Works
* 2009 WQTC - Two sessions on biological Association

drinking water treatment

-

IWA Internatiuna! _
\’ Water Associatio
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Biological Filtration Benefits

* Green technology (natural)
* Minimize chemical addition and
residual waste
 Reduces contaminants to innocuous
end-products

Legend 8
1 Transfer pump & RO modul
2 Coarse tile 7 Prassurized valva
3 Mixed-media filter B Rinsing system EC‘
4 Spark filter 9 Quality control @
5 High-pressura pump systemn
6 [ 5
g A
{5 5 @D
> 1O x
- | D\Ej purifia:i wate
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Biological Filtration Benefits

* Removal of multiple

organic/inorganic contaminants
* Dissolved organic matter

* Taste and odor compounds

* Disinfection by-products

* Emerging contaminants of concern
* Perchlorate

* Nitrate

* Ammonia






Biological Filtration Benefits

* Removal of multiple

organic/inorganic contaminants
* Dissolved organic matter

* Taste and odor compounds

* Disinfection by-products

* Emerging contaminants of concern
* Ammonia

* Perchlorate
* Nitrate

Groundwater
treatment






Potential risks?

* Promoting bacteria in drinking water treatment plant

* Potential concerns

* Is there a greater risk for microbial pathogens in
finished water?

* Reduced headloss due to biomass accumulation

* Reduced UFRVs





e
Bench-scale Study - BAC

Dr. Lutgarde Raskin (University of Michigan), Dr. Xu Li (University of
Nebraska)

» Seeded with biomass from GAC
filters from surface water and
groundwater WTPs

* Treatment of synthetic groundwater

* Microbial reduction of perchlorate
(CIO,) and nitrate (NOy)

* Acetic acid added as electron
donor or carbon source

* Ran side-by-side with pilot-scale
plant in Rialto, CA

* EBCT = 20 min






Regulations

* Perchlorate, CIO,
* Toxicity: disturbs the function of the thyroid
* Sources: natural and human influence

* primary ingredient in solid propellant for rockets, missiles, and fireworks
* As of 2005, found in 153 public water systems in 26 states
* EPA considering perchlorate standards for at least 9 years

* CA current standard - 6 micrograms per liter (ug/L)
* Looking at lowering limit to 1 ug/L

* Nitrate

* Toxicity: infants below the age of 6 months - blue baby syndrome
* Standard: 10 mg/L





Microbial Oxidation of Nitrate and Perchlorate

0, Acetic Acid  CO,

N\






Microbial Oxidation of Nitrate and Perchlorate

NO3 Acetic Acid N,

\






Microbial Oxidation of Nitrate and Perchlorate

ClO, Acetic Acid  CO,

\ /






Carbon Source Pump

BAF

Treatment line

_ _ Backwash line

AN

Feed
Pump
_____ 1 Raw Water
N | With CIO,
I_Backwash Waste
—————— -
Filtered Water
Tank
|
l =
|
|
|
Backwash

Tank






Perchlorate and Nitrate Results: Bench-scale

80
70(

— RW Nitrate
60! — RW Perchlorate

o : i
Al a m Filtered Efflluent Nitrate
50‘“““ & = A Filtered Effluent Perchlorate

40/

Nitrate (mg/L)
Perchlorate (ug/L)

30/

20|

1

]

o)
110 115 120 125 130 135

Time of Operation (day)

145 ug/L of phosphoric acid





Perchlorate and Nitrate Results: Pilot-scale

60
50
% A Eff Perchlorate
© )

40 |- o B Eff Nitrate
0 S = Inf Perchlorate
D = < .
S Q = Inf Nitrate
© £ 30 e
+ e
C 9 o
O ©
S =
- Z B
g 20 A v

A
A ,
10 +
A
A
0 — 8 m = n " B m  wm m A
80 90 100 110 120 130

Time (day)





-
Real-time Quantitative PCR

o
‘ (1) Denaturation

* 16S rRNA gene

+

- General bacterial primers 4 @
» PCR products sequenced B S S
for identification | $0 |
o 10° A
s 107 T
2-3 posk { $oewo
g 105 f '
..; 10? $0.2:0
@ 103 —_——
2 107 —
O 10 = —
2 4 6 8 10121416 18 20 Exponential growth of short product

Number of PCR cycles
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Characterization of Microbial Community

Conclusion: Microbial population will shift if given the environmental conditions.

100%

90% |
80% |
70%
60%
50%
40%
30% |
20%
10%

0% -

Bench-Scale Bench-Scale
BAC pre-P  BAC post-P

[1Other Bacteria

Unclassified Alpha-
Proteobacteria

N Unclassified Incertae
sedis b

Unclassified
Rhodocyclaceae

B Acidovorax

M Azospira
M Zoogloea

B Dechloromonas





Existing Regulations

* Turbidity
* Conventional or direct filtration
* Not exceed 1 NTU
* Less than 0.3 NTU, 95% of monthly samples

* Heterotrophic plate count (HPC): No more than 500
bacterial colony forming units (CFU) per mL

HPC

* Total coliforms

* No more than 5.0% samples total coliform-positive in a
month





Examination of Filtered Water

48 Hour Filter Run

1.40E+08 105
1.20E+08 W= CFU/mL - 90
T == Turbidity .
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£ 5
~ (=
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4.00E+07 30
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Strong Correlation between Turbidity and Cell
Density

Turbidity can be used as a quick indicator
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Disinfection Experiments

* Collect BAC reactor effluent
samples b min after

backwash

ES & &
Omg/L 05mg/L 80mg/L
ochloramin

* |nactivation with

Inactivation Reactor

monochloramine in batch

reactors

* Dose ranged from
0.5-8 mg/L

* pH 8, 20°C

Membrane
Filtration and Plating

* HPC using R2A agar

N NN

0C0CD0CDO

10+

Serial
4= oo

]

Incubation and
Enumeration






Disinfection Results

CT (mg*min/L)

0 50 100 150 200 250 300 350 400
1 - L L L L L | L L L L | L L L L | L L L L | L L L L | L L L L | L L L L
o |
= E8 mg/L
I . A4 mg/L
01 igm W3 mg/L
r ‘- A2 mg/L
| ¢ 1 mg/L
[ |
Zo 0.01 g A . = 0.5 mg/L
C ]
S |
> , ‘s
e 2
0.001 2 * A ' ¢ , 4]
o A
-0.. : A ! ]
. 0
I %0000 "
0.0001 | *wtee 1
C . .
|
0.00001

* Experiments followed CT rule





Disinfection Results

CT (mg*min/L)

0 50 100 150 200 250 300 350 400
1 l: L L L L | L L L L | L L L L | L L L L | L L L L | L L L L | L L L | L L L L
1
I B 8mg/L
01 1%
il A 4 mg/L
A
- B 3mglL
[ | A 2mg/L
o 001 "%, . Lmol
Z Bin, mg
> "d'" " 0.5mglL
500 CFU/mL
0.001 | =etE, " il
r A
.0.. :.A 1 ]
A
I AL XX XX . "
0.0001 ‘wtes L s
500 CFU/mL -
" u
0.00001

* Experiments followed CT rule

* Monochloramine of 3 mg/L and CT value of at least
350 mg-min/L





Disinfection Results

CT (mg*min/L)

0 50 100 150 200 250 300 350 400
1 \\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\
8 mg/L
4 mg/L
01 t \a m3mg/L
2 mg/L
41 mg/L
0.01 ¢ -
ZO F . m0.5 mg/L
2 ,
0.001 3
0.0001 |
0.00001

* Fast rate of inactivation ensued by two lower
Inactivation rates





Modeling of Inactivation Kinetics

* Equation to characterize CT:

) . A\ —
Chick Watson Equation N e
0
N N, _ _ N, _
Modified Chick Watson Equation — =L gy —2g7CT 4 8 T
NO NO 0 NO

Two or Three Population Model
Vicuna-Reyes, P., J. Luh, and B. Marinas. 2007. Inactivation of
Mycobacterium avium with chlorine dioxide.Water Res. 42: 6-7





Modeling of Inactivation Kinetics

* Using Three Population Model solved for decay

constants T ——
N1,0/NO 0.849 ) |
N2,0/NO 0.152 P s -
N3,0/NO 0.006
k1 -0.597 .
k2 -0.074 i
k3 -0.012 £
Variance 0.009

Chloramine CT Value (mg/L-min) @ 20 °C, pH 6-9
Based on EPA CT Tables (Aug. 1999) [BAC Reactor
Inactivation log Giardia Viruses Heterotrophic Bacteria
3-log 1,100 534 160
500 HPC 350






Conclusions - Rapid Sand Biological Filtration
with Carbon and Phosphate Addition

 Filter removed perchlorate and nitrate far below MCLs with
phosphate addition

* Achieved 500 HPC requirement using a CT of 350 with
monochloramine

* Recommend sand layer if designhing GAC reactor

* Recommend WTP performs pilot testing before
Implementing full-scale
* Determine optimal dosages for microbial community
* Better understanding of backwash procedures

* First US plant to treat perchlorate/nitrate contaminanted
water biologically

* Plant being built by Envirogen Technologies in collaboration with
West Valley Water District and the City of Rialto

* 3 mgd





Do the benefits of biological filtration outweigh
the risk?

* Yes

» Mitigate risk
* Adequate disinfection

* Manage bacteria breakthrough

e Promotion of biological activity
* Remove organic and inorganic contaminants

* Get a secondary removal mechanism out of filtration
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Two hypotheses for slow inactivation phases

1. Slow diffusion of
chloramine into cell
aggregates

2. Different bacteria
In mixed microbial
community
respond differently
to chloramine
inactivation






Evaluate hypothesis 1.: filtration

0 100 CT g min/L) 300 400
1 - I I I I | I I I I | I I I I | I I I I
re ® Non-Filter
:‘ A 2um-filtrate
0.1 k ‘ ® 5um-filtrate
b
I [
o i ]
Z o001t 24
Z z
| . ‘ .
0.001 3 é ¢ A
o . N
.
0.0001 .

 BAC effluent sample - not filtered, 2-um filter, 5-um filter

* |Inactivation with 4 mg/L monochloramine

* [nactivation curves for filtered and non-filtered samples
overlapped

e Slow diffusion of chloramine into cell aggregates does not
explain low rates of inactivation





e VAL UVUU LW II]VULII\J\JI\J e n \JUIUII] I \JIVW Al T \J

seqguencing

i 100 CT forg min/L) 300 400
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:‘ A 2um-filtrate

0.1 ‘ o 5um-filtrate
A
I l- i

0.01 t 1Y
g 3

: '
0.001 g Y ‘ ‘ N i

0.0001

N/N,
e
—

e Colony PCR performed at CT values of O, 48, 80, 200, and 360 mg
min/L
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* (1) Denaturation

g F

+
E} 5

l (2) Annealing *

1 . "

‘(:_3} El Dngaltiona‘

e Targeting
« General 8¢ ers . 02D
 PCR products were sequenced for identification—  —

+

Exponential growth of short product





Inactivation
CT

Bacterial Identification CTo CT48to 80 CT 200 to 360
Acidovorax spp. 2 4 0
Aminobacter spp. 0 1 3
Bosea spp. 0 5 26
Curvibacter spp. 1 2 P

<Dechloromonas spp. 6 0 (o)
Microbacterium spp. 1 6 6

@Oiosphingobiu@ ( 3 ) 9 0
Rhodococcus spp. ol 5 10
Shinella_spp. 0 2 0

< SEhingomonas séb 0 2 ( 1 )
Sphingopyxis spp. 0 1 3
Spirosoma spp. 0 1 0
Stenotrophomonas spp. 0 1 0
Variovorax spp. 1 5 1

135 colonies were indentified to the genus level (genera with only one colony identified
are not included in table)

Abundances of Dechloromonas, Acidovorax, and Zoogloea spp. in control sample (CT = 0)
are consistent with previously determined microbial community structure of BAC biomass
Bosea and Rhodococcus spp. are most resistant bacteria in the mixed microbial
community

Results agree with three-population model
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Biological activity impacts
biofilter.....

Water treatment performance
o Effluent stability
(disinfectant residual, regrowth, odors)
« Contaminant breakthrough
(turbidity, trace organics, color, T&O, metals, etc.)
Hydraulic and mechanical performance
« Headloss
e Unit filter run volumes
 Water efficiency
 Underdrain support and backwash equipment





This presentation discusses...

 Concept

 Highlights from Water
Research Foundation
TC 4215

— Low-level nutrient
supplementation

— H,0, addition
e Validation and
Optimization TC 4346

 Implementation

ihC[UfJin





Biofiltration as We Know It:

Design & operation of biofilters are
essentially driven only by filtration





Conventional biofilter operational
considerations focus on particle
removal and production

 Flow equalization

 Media selection
(design)

 Hydraulic loading rate
 Backwashing strategy






Biofiltration Moving Forward:

Filtration and Biological Activity
should drive design and operation

of biofilters
“Engineered Biofiltration”





“Engineered” Biofiltration






Over time, biofilter void space becomes
occupied by particulates and biofilm

Biofilm

Microbial
Aggregates
(loose biofilm)






Biofilm Is predominately
extracellular polymeric substances
(EPS)

e EPS benefits
bacteria

« Adhesion
Protection

Storage

e EXcess EPS impairs
filter performance

» 15KV “X5,000- Bum 10 44 SEI' ~

Headloss

Clogging





EPS occupies =>1000x more void space than
bacteria in clogged “conventional biofilters”

EP Bacteria

Comprise 7-13% Comprise 0.01-0.2%
/ of filter void space of filter void space

Granular media 2

Microbial
aggregates J/Particles






WTPs may experience decreased unit filter run
volumes (UFRYV) after conversion to biofiltration

Average UFRV (gal/ft?/run)

14,000

12,000

10,000

8,000

6,000

4,000

2,000

0

M Ave UFRV

' Biofiltration
Implemented

B Min UFRV

-

| Increased BW frequency reduced production by > 6 percent

2001 2002 2003
Year of Operation

2004 2005





Excess EPS may lead to media
and underdrain clogging

i W PR






Excess EPS may lead to media
and underdrain clogging

Clean IMS Cap





Nutrient Enhancement






Effective biofiltration requires a
nutritional balance

Oxygen

Nutrients
(P, NH5)

Biodegradable
Organic Carbon

Intermediates,
Carbon Dioxide,
Water





Nutritional limitations create
stressed biofilter conditions

Oxygen E F) S

Biodegradable
Organic Carbon

Intermediates,
Carbon Dioxide,
Water





Implementation of nutritional ratio
reduces biological stress

Carbon : Nitrogen : Phosphorus

100 : 10 .






Implementation of nutritional ratio
reduces biological stress

Carbon : Nitrogen : Phosphorus

1 mg/L : 0.117 mg/L : 0.026 mg/L






Nutrient supplementation
promotes healthy biomass

» T .

/,.,_

', 15kV X5, 000/ Sum 10 44 SEI' ~

Stressed Biomass Healthy Biomass
(Nutrient Limited) (Nutrient-Enhanced)

SEMs courtesy of USEPA





EPS (mg/g GAC)

Nutrient supplementation decreased

free and bound media EPS

9

8

M Control Biofilter
i Nutrient-Enhanced Biofilter

Free EPS

~ Bound EPS





Correct Nutrient Balance
Decreases Headloss and

INncreases Filter Run Time

7
‘ -
6 15% decrease in
| terminal headloss
5 - d
Head-4 " ,\,'\ﬁ“,(‘e
loss not -
S . r w“"“‘“
M POSPL ofeel | |
w‘f,.....w“ ’.....m» e d 15% increase in
e et A\ CE filter run time
3 e e B
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ATP (pg/ml)

ATP analyses confirm increased
biofilter activity with phosphorus

supplementation

1,800,000
1,600,000
1,400,000
1,200,000
1,000,000

800,000

600,000

400,000 -
200,000 -

0 -

M Start of Filter Run

M End of Filter Run

96%
increase

Biofilter Control

133%
increase

Supplemental Phosphorus






DOC (mg/L)

INncreased biofilter activity yields
higher DOC removal

3.9

3.7

3.5

3.3

3.1

2.9

2.7

2.5

M Pilot Influent

M Biofilter Control Effluent
M Nutrient-Enhanced Biofilter Effluent

10% Removal

20% Removal






MIB Concentration (ng/L)

Phosphorus supplementation
Improves MIB degradation under high
loading conditions

180

160

140

120

100

80

60

40

20

10
0

M Pilot Biofilter Feed

M Biofilter Control Effluent
M Nutrient-Enhanced Biofilter Effluent

Odor
Threshold
Concentration —






Mn concentration (pg/L)

Phosphorus supplementation
Improves manganese removal under
peak loading conditions

250

200

150

100

50

M Pilot Biofilter Feed
M Biofilter Control Effluent

M Nutrient-Enhanced Biofilter Effluent

Secondary
MCL






Peroxide Enhancement






Chlorine backwash i1s the commmon biofilm
control strategy

Granular media






Chlorine inactivates filter bacteria, but is
less effective at EPS removal

Cl,
Inactivated l Minimal EPS
bafte“a depolymerization






Hydrogen peroxide may be an effective
alternative for biofilm control

Granular media






Oxidoreductase enzymes utilize organics as
substrate for redox, some activate peroxide to
form free radicals

Granular media






Free radicals may create chain reactions for
EPS depolymerization

HZOZ
l Increased EPS
depolymerization
i \ /
(s O
[] rol L]
RO oL RO ro RO
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Hydrogen peroxide addition
reduces headloss significantly In
Arlington, TX

10 I
I
9 I
3 : 1 mg/L
I > | Supplemental
Head / : Hydrogen Peroxide
loss © | (No Phosphorus)
(f) 5 |
4 l
3
, // // //
1 I
0 I

9/28/2009 9/30/2009 10/2/2009 10/4/2009 10/6/2009 10/8/2009
Date "





Headloss (ft)

Hydrogen peroxide addition
reduces headloss In Tampa, FL

3.5 1
m Control I 1 mg/L
3 .| Supplemental
|1+ Peroxide " | Hydrogen Peroxide
Enhanced : (No Phosphorus)
2.5 | Dosing Pump
| Stopped
2 » ‘ I
0.5 . |
L
u - g
O a "

03/13/11 03/18/11 03/23/11 03/28/11 04/02/11 04/07/11 04/12/11 04/17/11 04/22/11





Hydrogen peroxide
supplementation does not appear
to limit microbial activity

1,600,000
1,400,000
1,200,000

1,000,000
ATP
(pg/ml) 800,000

600,000

400,000 -
200,000 -

O -

M Start of Filter Run

M End of Filter Run

Biofilter Control Supplemental Hydrogen Peroxide





Hydrogen peroxide
supplementation does not impair
DOC removal

3.5

3.4

3.3

DOC

(mg/L) 3.2
3.1

15%

Removal

2.9

2.8

2.7
2.6

2.5

M Filter Feed M Supplemental Hydrogen Peroxide





Implementation and Conceptual

Costs






Implementation of nutrient-
enhancement requires minimal
process changes

Ozone
|

|
'

To
Disinfection

From £C _
Process Intermediate

Ozone
Contactor

Carrier Water  Bjofiltration

Peristaltic | | _
e Q Q Chemical Tanks

Pumps A4






Nutrient supplementation is a
compliant and cost-effective strategy

NSF Certified

Phosphoric Acid e Estimated chemical
0.02 mg/L as P cost: $0.40/MG or
l $0.0004/KG

4.3 gpd for 100 MGD

- Arlington would save
Biological $0.50-%$1.0 per MGD
Filters treated





Questions?

Contact:

Chance Lauderdale, PE
Carollo Engineers

CLauderdale@carollo.com
(941) 504-5983
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		WTPs may experience decreased unit filter run volumes (UFRV) after conversion to biofiltration

		Excess EPS may lead to media and underdrain clogging

		Excess EPS may lead to media and underdrain clogging
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		Effective biofiltration requires a nutritional balance

		Nutritional limitations create stressed biofilter conditions

		Implementation of nutritional ratio reduces biological stress

		Implementation of nutritional ratio reduces biological stress

		Nutrient supplementation promotes healthy biomass 
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		Correct Nutrient Balance Decreases Headloss and Increases Filter Run Time

		ATP analyses confirm increased biofilter activity with phosphorus supplementation

		Increased biofilter activity yields higher DOC removal

		Phosphorus supplementation improves MIB degradation under high loading conditions

		Phosphorus supplementation improves manganese removal under peak loading conditions

		Peroxide Enhancement

		Chlorine backwash is the common biofilm control strategy

		Chlorine inactivates filter bacteria, but is less effective at EPS removal

		Hydrogen peroxide may be an effective alternative for biofilm control

		Oxidoreductase enzymes utilize organics as substrate for redox, some activate peroxide to form free radicals

		Free radicals may create chain reactions for EPS depolymerization

		Hydrogen peroxide addition reduces headloss significantly in Arlington, TX

		Hydrogen peroxide addition reduces headloss in Tampa, FL

		Hydrogen peroxide supplementation does not appear to limit microbial activity

		Hydrogen peroxide supplementation does not impair DOC removal
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		Implementation of nutrient-enhancement requires minimal process changes

		Nutrient supplementation is a compliant and cost-effective strategy
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