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• Background MBBR

• Leachate Treatment

• Older Leachate Case

• Hazardous Waste Site Case

• Cold-weather Nitrification of Sanitary WW

• Total Nitrogen Removal on Sanitary WW



Anox
Started 1986 in Lund, Sweden as 
spin-off from Lund University 
Today working globally. 
Main office in Lund, Sweden

Kaldnes
Started in 1989 to commercialize the 
MBBR technology developed at the 
Technical University of Trondheim. 
Owned by Anglian Water 1994-2002.
Two offices (Tonsberg, Norway & 
Providence, Rhode Island)

The Anox/Kaldnes Group
Formed 2003 when Anox acquired 
100% of Kaldnes. Now the group is 
an independent group developing and 
commercializing new technologies 
and know-how on the global market.



AnoxKaldnes MBBR
• The process is based on biofilm principles using polyethylene 

carrier elements.

• The carrier elements, which are less dense than water, provide a
large protected surface for bacteria culture.

• MBBR has advantages of AS and TF systems without the 
disadvantages of those systems.

• The AnoxKaldnes MBBR is the most documented fixed film 
process with numerous technical publications and presentations.

• Several Process Configurations are available & are based on 
design requirements: Flow-through MBBR, BAS, & HYBAS



STAINLESS STEEL 
RETENTION SIEVES

STAINLESS STEEL 
AERATION SYSTEM

Aerobic MBBR



Anoxic MBBR

STAINLESS STEEL 
RETENTION SCREEN

SUBMERSIBLE SLOW-
SPEED MIXERS



Aerobic MBBR



BIOFILM CHIP®

1,200 m²/m³ in bulk
366 ft²/ft³
Municipal

K1 (Top) & K3
500 m²/m³ in bulk

152.4 ft²/ft³
Idustrial / Municipal

Natrix® Carriers
Fixed Film Area Varies

P&P or Industrial

Biofilm Carrier Elements



LEACHATE TREATMENT - MBBRs
WASTEWATER CHARACTERISTICS

• BOD:COD RATIO – MBBR self adjusts with older leachate

• Young leachate has BOD:COD ratio with a good amount of 
degradable organics – assimilation of ammonia is high

• Older leachate may have high content of recalcitrant organics that 
are impossible to remove biologically.

• MBBR biomass would gradually convert from heterotrophic to 
autotrophic.

• TEMPERATURE ISSUES – not likely with MBBR

• MBBRs have nitrified at wastewater temperatures < 10C;

• Lagoon site in Colorado & Quebec nitrified at <3C

• CHEMICAL TOXICITY – not likely with MBBR

• MBBRs treating 1,4-dioxane – hazardous landfill leachate;

• MBBRs treating phenols – petrochemical production site;



LEACHATE TREATMENT – MBBRs
Mature Leachate
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LEACHATE TREATMENT – MBBRs
Mature Leachate
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LEACHATE TREATMENT – MBBRs
Mature Leachate

0.0

0.5

1.0

1.5

2.0

2.5

3.0

0 20 40 60 80 100 120 140 160 180
Time (days)

g NH4-N/m2,day

SALR on reactor 1
RR in reactor 1

HRT ~1 Day in R1



CASE HISTORY
1,4-dioxane

Removal Using MBBR



Lowry Landfill WWTP



Lowry Landfill WWTP

Parameter Feed to MBBR MBBR Effluent

Flow 4 m3/day

1,4-Dioxane 6,400 – 12,000 µg/L 57-83 µg/L

Tetrahydrafuran (THF) 13,500 – 25,000 µg/L 46-212 µg/L

Soluble COD 150-230 mg/L 124-143 mg/L

TOC 62-92 mg/L 52-61 mg/L

TDS 4,300 – 5,000 mg/L

Ammonia 80-160 mg/L 32 mg/L

Nitrite 0.1-3 mg/L 0.02 – 0.38 mg/L

Nitrite & Nitrate 10-19 mg/L 33-67 mg/L



Lowry Landfill WWTP

• 1,4 – Dioxane degradation >95% 

• Reduction in Temperature to 15C – no impact on 

effluent quality

• In order to nitrify – alkalinity required



CASE HISTORY
Cold Water Nitrification

with MBBR



Johnstown, Colorado
• New NH3-N Effluent Limits 

could not be met by 
Existing Lagoons

• Solution - Retrofit small 
portion of 3rd Lagoon to 
MBBR

• Installed 2 process trains of 
2 aerobic MBBRs in series

• Installed with 26% fill of 
Biofilm Carrier Elements to 
accommodate 0.75 MGD 
(2,850 m3/day)

• Can upgrade to 1.5 MGD 
(5,700 m3/day) by simply 
adding media



Johnstown, Colorado

Construction:

• New concrete 
basins in area of 
Lagoon 3

• Total MBBR 
volume = 1,225 m3

• HRT = 10.32 hrs 
Phase 1 Flow

• HRT = 5.16 hrs 
Phase 2 Flow



Johnstown MBBR

SYSTEM COMPONENTS:

• Biofilm Carrier Elements

• Engineered Aeration System

• Carrier Element Retention Sieves



Johnstown, Colorado

Startup:

• AnoxKaldnes 
Aeration 
Pattern

• AnoxKaldnes 
Retention 
Sieves

• Algae from 
Lagoon



Johnstown, Colorado

Startup:

• Media 
Addition

• Fixed Film 
Assimilation 
Period 1-4 
weeks

• 1 week for 
organic 
removal

• 4 weeks for 
nitrification



Johnstown, Colorado

In Operation:

• Aeration 
System 
Provides 
Complete Mix 
& Oxygen 
Transfer

• No Algae 
Problems



Historic Nitrification at Johnstown WWTP
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Johnstown, Colorado
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Johnstown, Colorado
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Johnstown, Colorado
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Johnstown, Colorado

Parameter         DAF Influent          DAF Effluent 
  Range Average  Range Average 

Turbidity, NTU  18 - 80 40  2 - 28 15 
BOD mg/L  24 - 35 27  3 - 13 10 
TSS mg/L  19 - 62 35  8 - 25 11 

 

Coliform Bacteria Removal

DAF Feed 5,000 CFU/100 ml

DAF Effluent avg. 250 CFU/100 ml 



CASE HISTORY
Long-Term TN

Removal Using MBBR



Gardermoen WWTP



Gardermoen WWTP Process Hall



Gardermoen WWTP – Inst. 1998
Specific Data on Gardermoen WWTP:
Design Flows: 

Dry 5.83 MGD 22,100 m3/day
Wet 8.24 MGD 31.200 m3/day

Primary Settling Area 
Total Surface Area 4,520 ft2(420m2)
Water Depth 10.8 feet (3.3 m)

Moving Bed Biofilm Reactors
Number of Trains 2
Total Empty Bed Vol. 204,445 ft3 (5,790m3)
% fill of Media in MBBRs 42-67%
Water Depth 21.3 feet (6.5 m)

Flocculation Chamber Total Volume 19,000 gallons

Dissolved Air Flotation Total Surface Area 2,100 ft2 (195 m2)
Water Depth 8.2 feet (2.5 m)



Gardermoen WWTP – Inst. 1998

Specific Data on MBBR
Reactor 1 Volume - 14,830 ft3 (420 m3) Anoxic/Aerobic 67% fill 
Reactor 2 Volume - 14,830 ft3 (420 m3) Anoxic/Aerobic 67% fill
Reactor 3 Volume - 24,540 ft3 (695 m3) Aerobic 67 % fill
Reactor 4 Volume - 24,540 ft3 (695 m3) Aerobic 67% fill
Reactor 5 Volume - 6,356 ft3 (180 m3) Anoxic/Aerobic 42% fill
Reactor 6 Volume - 13,241 ft3 (375 m3) Anoxic 67% fill
Reactor 7 Volume - 3,884 ft3 (110 m3) Aerobic 51% fill



GARDERMOEN WWTP
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GARDERMOEN
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GARDERMOEN
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GARDERMOEN
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GARDERMOEN WWTP
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GARDERMOEN
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Gardermoen Performance - TN Removal
3-yrs of Data (Monthly Averages)
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Gardermoen WWTP

CONCLUSIONS:
• The use of spent MPG as a carbon source for the MBBR has been a success 

story at the Gardermoen WWTP.  The facility must provide 70% TN removal to 
remain in compliance.

• Since startup in 1998, the facility has maintained well over 70% TN removal.

• The highest C/N-ratios were only used in order to consume more deicing fluids.  
At a normal C/N-ratio of 5.5 g COD added/g NO3-Neq, the effluent NO3-N 
concentration was sufficiently low and the total N removal of 94 % was more 
than satisfying.  

• At the low C/N-ratio of 2.4 g COD added/g NO3-Neq, the effluent NO3-N 
concentration increased to 8 mg NO3-N/l.  The total N removal efficiency was 
still 75 %, which shows that the plant may be operated at very low post-
denitrification C/N-ratios in order to fulfil the requirement for 70 % total N 
removal. 




































































