
Convert Activated Sludge to BPR  

By Greg Paul and Tim Pernsteiner  



Medford WWTP 



Before Any Changes in Operation 



Design as Chemical Removal 



Ferric Chloride Performance/Effluent TP 
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2012 to 2014 - Ferric Chloride 
Annual Average - 13,333 gallons 

Daily Average: - 36.5 gpd 

2009 to 2014 Average  
Eff. TP - 0.760 mg/l 



Nutrient Removal Plan Suggestion 

Trial Reduced aeration in 
first Cell to Create 

Anaerobic Condition 
Necessary for BPR 





Results of Initial Reduction in  
Air to Cell #1  
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Chemical Treatment ONLY 1st Air turned 
down Cell #1 



Improve Bio-P Performance by 
Getting to Know the System 

ÅAdded online monitoring to better 
understand and track system 
performance 

ïSoluble reactive phosphorus 

ïORP 

ïD.O. 



Eff. Ortho-P Online Analyzer 
Trial Location 



Eff. Ortho-P Online Analyzer 



ORP Online Monitor 



D.O. Online Monitor 



INITIAL ASSESSMENT 
DEC 2014 



BNR Assessment 

ÅItems covered in Assessment 

ïPO4-P Profile, mg/l and Mass 

ïNO3-N, mg/l and Mass 

ïSide stream  

ïORP Data 

ÅInitial Assessment in Dec 2014 

ÅUse Info./Data to help Optimize BNR  



P-Optimization 
ÅAssessment shown NEED for Ҩ ORP  in AN zone 
ïCOMPLETED-Initial air flow turn down in Cell #1 
ïREDUCED AIR FLOW to Cell #1 even more 
ïInvestigate Possibility to having two Cells as AN zones 

ïDecrease overall air flow to aeration tanks 

ÅLearning Operational Controls; D.O., Ferric, 
SRT/MLSS and RAS 
ÅEvaluate BOD Loadings/BOD:TP 
ÅBench tested Alum vs. Ferric for backup 

treatment 
ÅTracking Fractions of P  
ÅDouble check side streams impact 



FEB TO MAY 2015 
- ADDITIONAL REDUCED AIR FLOW RATE 
IN AN ZONE  
- ASSESSMENT RE-CHECK 



 

Reduced Air Flow Again in Cell #1 
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PO4-P Profile, mg/l 
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NO3-N Profile, mg/l 
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Zero NO3-N in 
AN-1 is normal 

for a well 
operating  

anaerobic zone  



ORP - Profile 
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Tail of AN-1 Zone 
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During December 2014 Assessment  
Avg. ORP was 5 mV 

In March 2015 with reduced air ORP is -138 mV 



Results of 2nd Reduction in  
Air Flow to Cell #1  
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Before anything 
1st Air turned 
down Cell #1 

2nd Air turned 
down Cell #1 

It appears an additional 
reason for DECREASED Eff. 
TP is the HIGH Industrial 

BOD loadings FEB through 
JUN 



JUN TO JUL 2015 
EXPANDING AN ZONE 
FOR INCREASED BPR PERFORMANCE 



Expanding AN ? - Being Cautious 

ÅConvert Cell #2 to a second Anaerobic 
Zone 

ÅWatch and checked NH3-N removal 
efficiency of system during switch over 

ÅCheck NO3-N development 



Converted Cell #2 to Anaerobic Zone 



NH3-N/NO3-N in System 
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Results Expanding AN Zone - Cell #1 & #2 
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Effluent PO4-P Inline Analyzer - Daily Avg 
Unit Samples Every 15 minutes (94 times/day) 

0.00

0.10

0.20

0.30

0.40

0.50

0.60

0.70

0.80

0.90

1.00

P
O

4-
P
, 
m

g
/l 

5-14-15  
Turned air down in 
cell #2 Creating 2nd 

AN Zones  

7-31-15 NOT included 
because of operational 

issues - 2.37 mg/l 

AIR AN Zone 



AUG TO OCT 2015 
LEARNING D.O. CONTROL 



Learning D.O. Control 
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Cell #5 Aeration Tank D.O. ppm 

Aeration D.O. ppm

125 HP Blower - NO change in air distribution 7-29-15 
125 HP Blower 
9-11-15 
Change in air distribution 
to High at head end and lower 
at tail 

6-28-15 
200 HP 
Blower 



Learning D.O. Control - ORP 
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Much MORE to Learn!!! 
Remember ς this is a 
manual D.O. System 

7-28/7-29 
Air to AN#2 turned down 

to match AN# 1 
Switched from 200hp to 

125 HP blower 



Results ς Reduce Air Flow 
Shift D.O. High/Head ς Lower/Tail 
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NOV TO DEC 2015 
LEARNING FERRIC CONTROL 



Learning Ferric Control ς Close Up 
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Results ς Reduced Ferric Feed 
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JAN TO APR 2016 
LEARNING CONTROL 
- SRT/ MLSS 
- RAS 
 



Learning Solids Control - SRT vs. MLSS 

ÅSRT ς did not fit (Solids not counted) 

ÅMLSS ς fit  

ÅStill more on work what are best 
MLSS levels  

ïWinter/Summer 



Learning RAS Control 

ÅWork on figuring out right blanket level 

ÅRAS too high - Blanket SRT too short 
ïReal problem with low MLSS  

ÅLittle or no final clarifier (FC) blanket 

ïHigher ORP and NO3-N in RAS going into AN 
zone 

ïMay be effect FC D.O. 

ÅRAS too low -  Blanket SRT too long 
ïLow FC D.O.  

ïDeal with secondary P-release in final clarifier 



RAS as % of Influent vs. Eff. sRP 

0.00

0.05

0.10

0.15

0.20

0.25

0.30

0.35

0.40

0.45

0.50

0.55

0.60

20

25

30

35

40

45

50

55

60

65

70

75

80

E
ff
. 
sR

P
, 

m
g

/l 

R
A

S
 o

f 
In

f.
, 
% 

% RAS/Inf Flow Eff. sRP (PO4-P), mg/l

Much MORE to Learn!!! 



Results ς MLSS/RAS Control 
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MAY TO AUG 2016 
LEARNING CONTROL 
FINAL CLARIFIER D.O. 
D.O. TAIL AERATION 
RAS FLOW RATE 



What Happened??? 
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VERY little ferric used 
in highlight period. 

Started ferric back up 
in August 

High due to one day 
operational 

controllable issues 



Spiking Soluble Eff. Reactive P 
Possible Issues 

ÅChange in influent BOD loading ς local food 
processor discharge  

ÅWhat Does ORP Look Like ? 

ÅCan Manipulating the Follow Improve 
Performance 

ïRAS Flow 

ïSRT/MLSS 

ïD.O. (Manual ς NOT Auto controlled) 



Spiking Soluble Reactive P  
Eff. Analyzer Daily Average  
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Close up ς Beginning of the Week  
And Daily Spiking 
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REVIEW 

(1) Total BOD Loading, lbs./week & 
Weekly Avg. of  BOD:TP to Eff. TP 

(2) Average Weekday & Weekend BOD, 
lbs./day to Eff. TP  

 

  



Local Food Processor 
All BOD Data (2014-2016) 
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Total BOD, lbs./week BOD:TP, Weekly Avg. X by 10

Eff. TP, Weekly Avg, mg/l 7 per. Mov. Avg. (Total BOD, lbs./week)
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BOD Loading up ς Eff. TP down 
BOD Loading down ς Eff. TP up 
Also 
BOD:TP high ς Eff. TP low 
BOD:TP low ς Eff. TP high 

BOD Loading up ς Eff. TP down 
BOD Loading down ς Eff. TP up 
Also 
BOD:TP high ς Eff. TP low 
BOD:TP low ς Eff. TP high 

What ABOUT 
Weekday vs. 

Weekend 




