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Excessive
foaming can
cause problems
in the digester
gas system.

When It
Bubbles

Over
Excessive foam is a symptom of unstable digester conditions
Neil Massart, Robert Bates, Blair Corning, and Gary Neun

E

xcessive foaming is a serious problem that seems to be becoming more prevalent among anaerobic digesters throughout North
America. Researchers attribute increased foaming to the rise in advanced biological treatment processes and corresponding changes

in the quantity and characteristics of waste activated sludge (WAS). The real problem,
however, is not the foaming but the unstable digester operations that cause it.
All anaerobic digesters foam to some extent. Acceptable amounts of foam remain
in the digester. Excessive foam, on the other hand, escapes the digester and plugs
the gas-piping system. But foaming is controllable if operators have the time and
resources to monitor the system. Their goal should be to minimize the factors that
exacerbate foaming — not eliminate foaming altogether.
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This digester
suffers from too
much foam.

Potential Sources of the Problem
Although WAS typically is blamed as the
primary source of foaming, the problem can be
caused by other factors, such as excessive filamentous bacteria, excessive grease, and unstable
operating conditions.
Filamentous bacteria. Filamentous bacteria,
such as Nocardia, in the WAS feed from secondary treatment processes could be the primary
cause of excessive digester foaming. When these
bacteria are the culprit, performance also will
degrade in other treatment processes, such as
the primary clarifier and the aeration basins.
However, if the foaming is intermittent, the bacteria may be contributing to the problem, but they
are not the primary cause.
To control bacteria-related foaming, operators
should adhere to basic activated sludge operating principles. These include ensuring that adequate dissolved oxygen is present in the aeration

Figure 1. Inconsistent Feed of the Digester From July 2004
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basins and that sludge retention time is sufficient
to prevent formation of filaments.
Grease. Grease from grease traps and hauled
waste typically is a component of digester solids.
When grease is the primary cause of foaming, the
digester will receive excessive amounts of scum.
Greasy components in scum are hydrophobic
and tend to float in the primary clarifiers.
To control grease-related foaming, operators
should limit the amount of scum entering the digester (as much as possible) and distribute the grease
or hauled waste into the digester over time, rather
than adding large amounts to the digester at once.
Unstable operations. Unstable operations can
cause foaming as a result of insufficient mixing or
organic overload. If the digester is insufficiently
mixed, the biogas generated will not be completely stripped out of the liquid in the digester.
Instead, the entrapped gas can cause pockets of
gas that will rise to the surface uncontrollably
and cause foaming because of pressure spikes in
the digester system. Insufficient mixing also can
entrap more gas bubbles in the liquid and cause
a layer of scum to accumulate on the surface,
thus becoming a layer of foam.
A digester overloaded with organic material
generates more volatile fatty acids (VFA) than
the methane-producing bacteria can consume.
As the methane formers catch up to the acid
formers, more gas is produced rather quickly
and can cause an imbalance in the digester. The
imbalance causes foaming.

Different Sites, Same Cause
As the following three case studies demonstrate,
inconsistent organic loading to the anaerobic digesters is a common cause of excessive foaming.
Case Study No. 1. The 397,400-m3/d (105-mgd)
Morris Forman Wastewater Treatment Plant
(Louisville, Ky.) includes four 6810-m3 (1.8 milliongal) anaerobic digesters followed by five high-rate
centrifuges and four triple-pass drum dryers. The
digesters’ heating system consists of a recirculation pump, a spiral heat exchanger, and a heated
water pump. Each digester’s gas-mixing system
consists of a liquid-ring gas compressor, a gas-distribution manifold, and 14 gas-bubble cannons.
The anaerobic digesters perform two tasks: generating uniform biosolids for further processing and
producing digester gas to fuel the dryer system.
Only primary sludge is fed to the digesters.
Excessive foaming occurred whenever the
digester feed concentration fluctuated more than
20% (see Figure 1, left). However, when staff began monitoring the digesters and using this information to control the feed rate and influent mass
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Figure 2. Consistent Feed of the Digester From October
2004
November
2004
Figure 2. to
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of volatile solids, volatile acids formation became
consistent, and excessive foaming ceased (see
Figure 2, right).
Case Study No. 2. A South Carolina wastewater
treatment plant was upgraded in 2000 to include
three anaerobic digesters and ancillary equipment.
The 5300-m3 (1.4 million-gal) digesters are 26 m (85
ft) in diameter and have a side water depth of 9 m
(30 ft). The total volume is 15,900 m3 (4.2 million gal),
and the total design loading is 26,720 kg/d (58,900
lb/d) under average annual conditions, with a detention time of 29 days for 5% total solids and 75% volatile solids. The digesters include floating gasholder
covers (arch type), which have a gas storage volume
of 740 m3 (26,000 ft3). Large-bubble gas cannons and
liquid-ring compressors mix and circulate the gas.
Excessive digester foaming was a recurring problem. It caused sludge to overflow the
digester walls and enter the biogas collection
piping, blinding flame traps and interfering with
gas-mixing operations.
Although excessive grease and insufficient
blending were contributing to the foaming problems, operators determined that they were not
the primary cause. The primary cause was volatile solids overloading. Once the volatile solids
loading was under control, a second problem
was discovered. The grit removal system was not
functioning properly, allowing grit to settle in the
digesters and reduce their capacity.
After evaluating upstream processes, digesters, and digester-support equipment, operators
decided to
• track the influent flow rates of primary
sludge, thickened WAS, and scum to the
digesters;
• maintain influent solids concentrations
between 4.5% and 5.0% to optimize digestermixing effectiveness;
• maintain primary sludge and thickened
WAS loading rates between 45 and 68 kg
(100 and 150 lb) per 28 m3 (1000 ft3) of
digester volume;
• monitor primary sludge and thickened WAS
characteristics, as well as total and volatile
solids concentrations, to track daily
variations in organic loading rates to the
digesters;
• limit the daily variation in volatile solids load
(organic load) to the digesters at levels
between ±5% and 10%;
• maintain lower sludge blankets in the primary clarifiers to avoid generating
uncontrolled VFA and septic sludge that hurt
digester operations; and
• compare volatile solids reduction to actual

Date
VSS fed to digester

Volatile Acids

digester gas production.
Digester gas production typically averages
0.81 to 0.94 m3 per kilogram (13 to 15 ft3 per
pound) of volatile solids destroyed. Foam, however, entraps solids, resulting in abnormally
higher gas-production rates.
Data-trending was an important tool. It helped
operators see that digester feed was the chief
problem and helped them control it. Overfeeding
the digesters caused excessive foaming; once
volatile solids loading was controlled, excessive
foaming ceased (see Figure 3, p. 54).
Case Study No. 3. At the Williams Monaco
Wastewater Treatment Plant (Henderson, Colo.),
primary sludge and WAS first are pumped to a
515-m3 (136,000-gal) gravity thickener, which is
14 m (45 ft) in diameter and 3 m (10 ft) deep.
Thickened sludge then is pumped to a 1300-m3
(344,000-gal) primary digester, which is 14 m (45
ft) in diameter and 8.5 m (28 ft) deep. Thickener
overflow is pumped to the head of the plant. The
primary digester, which includes three gas-mixing cannons, overflows by gravity to a 1215-m3
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Foam Control

Maintaining a
consistent solids
concentration
in this gravity
thickener helped
control foam at the
Williams Monaco
Treatment Plant
(Henderson, Colo.).

(321,000-gal) secondary digester.
The solids concentration in the gravity thickener ranged from 4% to 8%, and the depth of solids
varied accordingly, leading to organic overloading
and excessive foaming in the primary digester. The
gravity thickener not only thickened solids but
also acted as a fermenter, creating VFA that aggravated the digester’s erratic volatile solids loading.
This reduced gas production and prevented the
digester from maintaining the proper pH.
To correct this problem, operators first
reduced the digester feed to 20% of the design
loading capacity to allow the methane formers to
recover and reduce volatile acids in the digester
(see Figure 4, p. 55). When excessive foaming
ceased, operators gradually increased the digester feed to match the volatile solids feed into the
gravity thickener. They then maintained a consistent solids concentration in the gravity thickener
and developed process-control trend charts to
correct any problems before the digester became
unstable. Their efforts stabilized digester operations and eliminated excessive foaming.

Figure 3. Effects on the Digester with Variation in Volatile
Solids
Loading
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To reduce or eliminate excessive digester foaming due to unstable operations, plant staff should
• monitor (at least daily) the total solids
concentrations, volatile solids concentrations, and flow rates of primary sludge and
thickened WAS;
• maintain the solids concentrations in
digester feed between 4.5% and 5.0% by
controlling thickened WAS concentrations;
• maintain volatile solids concentrations in 		
mixtures of primary sludge and thickened
WAS between 45 and 68 kg (100 and 150
lb) per 28 m3 (1000 ft3) of digester volume
(loading rates can be higher if the digester
only receives primary sludge);
• restrict the daily variation in influent
volatile solids concentrations to levels
between ±5% and 10% by mixing the two
sludges appropriately in a blending tank;
• compare volatile solids reduction to digester
gas production (digester gas production
typically averages 0.87 to 1 m3 per kilogram
[13 to 15 ft3 per pound] of volatile solids
destroyed [gas production will indicate
whether the digester loading is appropriate]);
• maintain the sludge blankets in the primary
and secondary clarifiers to less than 460 mm
(18 in.) deep at peak flows to improve
removal efficiencies;
• develop trend charts with upper and lower
limits for all anaerobic digestion parameters;
• develop process control spreadsheets —
such as 7-, 15-, and 30-day averages of
digester feed volatile solids concentrations,
volatile acids in the digester, and alkalinity
in the digester — for weekly reviews and 		
monthly summary reports;
• develop a digester feeding spreadsheet to
control volatile solids loading to the digester
(see Figure 5, p. 55); and
• perform process-control testing in an onsite
laboratory and provide results within 8
hours of sample receipt.
Staff also should control ancillary equipment,
such as primary clarifiers, the gas-collection system, and the mixing system.
Primary clarifier. Septic conditions in the
primary clarifier promote excess VFA formation,
which could upset the digester and cause excessive foaming. To minimize VFA formation, staff
should control the primary clarifier’s sludge flow
rate so the sludge blanket is no more than 460
mm (18 in.) deep at the middle of the clarifier
bridge during peak flows.
Gas collection system. The digester gas col-
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lection system should be free of obstructions
that could put backpressure on the system. To
minimize foaming problems, the gas piping’s drip
traps, which collect condensate or water carryover from the digester, should be emptied frequently. This can be done manually or automatically via electric actuators with timed cycles.
Also, the waste-gas flare and pressure-relief
valves should be set properly. For example, if the
system is designed to operate at 230 mm (9 in.)
of water column, the waste-gas burner should be
set to fire at 241 mm (9.5 in.) of water column.
Likewise, the pressure-relief valves should open
when the pressure is about 130 mm (0.5 in.) of
water column less than the design pressure. For
example, if the design pressure is 280 mm (11 in.)
of water column, the relief valves should be set at
267 mm (10.5 in.) of water column.
The sediment trap should prevent water in the
digester from entering the gas piping. Operators
should monitor the sediment-trap sight glass
(liquid level in tank) and note whether the liquid
is clear (normal conditions) or brown or black
(foam carryover).
The manometers throughout the gas header
must be properly maintained, cleaned, and filled
with the proper fluid. Operators should compare
manometer readings with electronic-pressure
indicators to confirm that they are measuring gas
pressure accurately.
Mixing system. Thorough digester mixing is
critical for effective operations. The digesters at
all three sites had gas-cannon mixing systems,
which work well when feed solids concentrations
are 5% or less, but they do not work well in thicker
sludge. Also, mixing-system downtime should be
minimized to avoid too much solids settling.
Ideally, operators should operate the gas-mixing
compressors continuously — except during maintenance — with the bypass valve completely closed
and each cannon producing approximately one
bubble every 5 to 10 seconds. When necessary, the
gas-mixing system can be turned off up to 8 hours
without disrupting the biological process or volatile
solids loading cycle. If the system is off more than
8 hours, however, volatile solids loading should be
stopped until the gas-mixing system has been restarted and operating for at least 12 hours. Before resuming volatile solids feed, operators should sample
the digester contents to confirm existing operating
conditions and adjust the loading rate accordingly.
Spreadsheets can be used to determine the correct
volatile solids loading rate (see Figure 5, right).
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erly is not an automatic process. A dedicated and
knowledgeable staff is essential to monitor operations, evaluate the data generated, and respond
appropriately to ensure that gas production and
volatile solids reduction are at optimal levels. The
staff must be adequately trained to control digester
performance. Also, regular staff meetings to discuss
data trends and digester sampling protocols are essential for effective digester operations.
As Thomas Edison, a prolific U.S. inventor,
noted, “Machines are no better than the skill,
care, ingenuity, and spirit of the men who operate
them.” It is fortunate, then, that all three plants
discussed in this article have excellent staffs who
dealt with foaming problems expeditiously.
Neil Massart is a process engineer in the Kansas
City, Mo., office of Black & Veatch (Overland Park,
Kan.). Robert Bates is biosolids administrator at the
Louisville and Jefferson County Metropolitan Sewer
District (Louisville, Ky.). Blair Corning is wastewater
environmental affairs supervisor in the South Adams
County Water and Sanitation District (Commerce City,
Colo.). Gary Neun is an operations specialist in the
Kansas City, Mo., office of Black & Veatch.

Figure 5. Example of Volatile Solids Loading
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Figure
Example of Volatile Solids Loading Rate Spreadsheet
Volatile Solids Feed Calculations

Volatile solids dose to be used

VS loading
Percentage of Feed as TWAS

INSTRUCTIONS ON
HOW TO USE THIS SPREADSHEET
1. Blue cells are for data entry.
2. Yellow cells are for calculated results.
3. Enter volatile solids loading.
4. Enter VS concentration for primary and TWAS.
5. Enter amount of VS feed in lbs to be TWAS
6. Enter the digester volume.
7. Spreadsheet calculates dosing rates based
on 24 hour pumping.
8. If required enter different pumping rate less than
24 hours.
9. Spreadsheet calculates pumping rates based
on hours of operation to achieve VS loading rate.
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