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here’s an ongoing debate in the world of septic systems about how 
well they work and how often they fail. Of course professionals know 
they work fine, and last long, if they are installed correctly, and if they 

are maintained properly. 
That second “if” is the big one, and it’s at the heart of controversies over 

local ordinances to require homeowners to have their septic systems 
inspected and cleaned periodically. There seems to be almost a frontier 
mentality that says if I live in the country and own a septic system, no one 
should be able to tell me what to do with it.

A look at the data
Well, South Dakota’s Pennington County recently collected some data 

that shows what can happen when septic system owners are simply left to 
their devices. According to the Rapid City Journal, a county ordinance reg-
ulating septic systems, passed in July 2010, came with controversy. “Oppo-
nents said there’s no proof that septic systems were polluting groundwater 
and, besides, owners are capable of maintaining their own systems without 
inspections,” said an edito-
rial in that newspaper.

But after the ordinance 
was adopted, the county 
sent letters to the owners 
of about 750 systems – out 
of the 5,000 total systems in the county – saying those systems were on the 
schedule to be pumped and inspected.

The inspections found 56 systems that needed minor repairs and 105 
that needed major repairs, including 10 systems with overflowing drain-
fields. That first set of systems inspected focused on those closest to streams 
and groundwater.

The newspaper’s editorial board concluded that this data justified the 
ordinance – that clearly many people were not taking care of their systems, 
and therefore the ordinance was not just a “costly intrusion on private prop-
erty” as its opponents claimed.

How about elsewhere?
A logical question is: What sort of results would be typical if all coun-

ties’ systems were inspected? What do you think the results would be in the 
counties where you work? 

The intent here clearly is not to cast an aspersion on onsite systems. The 
intent simply is to portray reality. We must accept that many septic systems 
are old and were built before the onsite industry was regulated as strictly as 
it is today. We also must accept that a certain number of people neglect their 
systems, calling for service only when they encounter a messy problem.

As a journalist I remember covering a story about residents on a Wis-
consin lake opposing a planned expansion of a state park, on the grounds 
the increase in visitors would add to water pollution. During the debate, a 
regional planning commission report surfaced showing that at least half the 
lake residents’ septic systems were in soils classified as “limited or severely 
limited” for their use.

That doesn’t mean all those systems were polluting the lake, but it does 
give any reasonable person pause.

And your county?
Reliable statistics on deficient or failing septic systems is just about 

impossible to come by. In most cases we have to rely on anecdotal data. So 

let’s try to create some of that here – data that, while certainly not rock 
solid, at least would come from professionals in a reasonably good position 
to know.

Please ask yourself this question: If my county did what Pennington 
County, S.D., has just done, what percentage of septic systems would be 
found in need of repair? What percentage would likely be found failing?

Would you care to hazard an estimate? Or a guess? I think the results 
would be interesting and, considering the sources, reasonably credible. If 
you have an impression you would like to share, send a note to editor@
onsiteinstaller.com. And explain briefly how you arrived at your estimate. 

I promise to respond to all comments, and we will publish the overall 
results in an upcoming issue of Onsite Installer magazine. O

Feedback
Onsite Installer™ welcomes your comments, 
ideas and suggestions on how we can serve 
you better. Call 800/257-7222; fax 715/546-
3786; or email editor@onsiteinstaller.com.
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Failures: How Prevalent?
Results from a South Dakota county’s septic system inspection program
raise a question: How common, in general, are deficient and broken systems?
By Ted J. Rulseh, Editor

A logical question is: What sort of results would be typical if all counties’ systems were inspected? 
What do you think the results would be in the counties where you work? 
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“It’s important that the compartments share the same water 
level for efficient circulation, so I core drilled a few holes in the 
middle of the center partition,” says Spiers.

The effluent pump in the 750-gallon anoxic chamber runs 30 
minutes on and 30 minutes off to keep solids in suspension. The 
bioreactor in the 750-gallon aerobic compartment attaches to an 
aeration grid with a 2-inch blower line. Aeration scours the membranes and 
facilitates the breakdown of nitrogen.

The bioreactor’s flat-sheet membranes in a double-plate configuration 
provide high surface treatment while acting as a physical barrier for most 

wastewater pollutants. An on-demand transfer pump draws 250 to 300 
gallons per dose through the pores to the space between the films and into 
the 4-inch gravity discharge line. Retention time in the treatment tank is 12 
hours for 500 gpd. The system requires no backwash. 

A tee in the discharge line splits the flow to two 60-foot laterals in the 
drainfield 25 feet away. The 4-inch laterals have 1/2-inch predrilled holes 
every six inches.

“The advantage of membranes is that the direct discharge permeate 
numbers remain identical no matter the installation,” says Spiers. “Samples 
average less than 2 mg/l BOD and TSS, less than 1 mg/l ammonia, less than 
5 mg/l total nitrogen, and less than 10 E. coli colonies per 100 ml. 
Phosphorus is less than 0.1 mg/l.”

Installation
Darren Spiers and Trevor McCallahan of Spiers Construction in Caldwell 

installed the sewer lines, tanks and drainfield. “The homeowner imported 
2,000 yards of gravel for a 4-foot-high pad that elevated the house above the 
floodplain,” says Ryan Spiers. “We located the system 15 feet behind the 
home – the side facing the street – in an area that shouldn’t flood.” 

Darren Spiers used a Case 225 tracked excavator to dig 5-foot-deep 
holes that then filled with 12 inches of groundwater, causing the walls to 
become unstable. He moved the machine 10 feet from the excavations to set 
the tanks, filling them with enough water to prevent flotation. They 
protruded 18 inches aboveground, enabling Spiers to later mound them 
with soil and smooth it into the home’s gravel pad.

Ryan Spiers reduced the 2-inch discharge on the effluent pump to 3/4-
inch to lower amperage. “If 1/3 hp pumps run without head, they draw 15 
amps,” he says. “Necking them down drops the amperage to 10 or 11.” A 
separate dosing tank was unnecessary because the bioreactor pump handles 
elevation requirements up to five feet. Spiers ran the discharge line up 
through the 30-inch plastic riser, then installed a union two feet down from 
the lid and plumbed the discharge line to the drainfield.

“The advantage of membranes is that the direct discharge 
permeate numbers remain identical no matter the 
installation.”
Ryan Spiers

Darren Spiers uses a  Case 225 tracked excavator to lower the 1,500-gallon treat-
ment tank as Trevor McCallahan monitors the placement.

Ryan Spiers of Alternative Wastewater Systems plumbs the 60-pound 
membrane unit.

Ryan Spiers draws a sample of mixed liquor from the treatment tank.

Spiers pumped out the ballast water in the treatment tank, drilled holes 
for the piping, and meticulously vacuumed the tank to remove concrete 
chips and plastic shavings. To prevent debris and rocks from falling on the 
sensitive membranes, Spiers plumbed the 60-pound unit, then he removed 
it to a safe location until the system was ready to activate. 

“At startup, I installed the BioBarrier, filled the two compartments with 
water, and seeded them with activated sludge from a wastewater treatment 
plant,” he says.

Spiers Construction used the excavator to remove 24 inches of soil for 
the drainfield, then placed 18 inches of ASTM sand followed by six inches 
of washed drain rock using a Caterpillar 297 tracked skid-steer. Workers 
ran the laterals, covered them with six inches of rock, protected the 
drainfield with geotextile filter fabric, and backfilled with 12 inches of 
sculpted native soil.

Maintenance
Alternative Wastewater Systems 

maintains the system. Spiers draws 
permeate samples annually and 
reports results to the state. Because 
the membranes keep microbes and 
solids in the tank, pumpouts are 
annual or every other year. O

MORE INFO:
Bio-Microbics, Inc.
800/753-3278
www.biomicrobics.com
(See ad page 19)

Goulds Water Technology
866/325-4210
www.completewatersystems.
com/brands/goulds
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O&Mmatters

n September Onsite Installer, we discussed media filters as one advanced 
treatment option to deal with site and soil limitations. Now we will 
expand that topic to include the many configurations of aerobic treat-

ment units (ATUs). 
Before we get into the types of units, we need to look at the basic oper-

ating principles. Almost all ATUs operate with the common municipal 
wastewater treatment process known as activated sludge, where beneficial 
microbes live in a solution called mixed liquor. This is a combination of the 
microbes, oxygen and their food – pathogenic organisms and organic and 
inorganic compounds – biochemical oxygen demand (BOD).

Two basic types
ATUs use two basic configurations: suspended growth and attached 

growth (or fixed film). Both involve fully saturated environments (sub-
merged in liquid). In suspended growth systems, an air supply maintains 
the desired dissolved oxygen (DO) level and mixes the solution to maintain 
suspension of the activated sludge – the solids – during aeration. 

The activated sludge is formed as the beneficial microbes and food 
adhere to each other and become heavy. As the wastewater moves from aer-
ation into a clarification phase, the heavy particles settle to the bottom and 
form a sludge blanket in the clarifier. 

As the microbes and their food settle in the clarifier, now deprived of 
oxygen, they become stressed and in some cases die off. In a well-operated 
system, some of the sludge is returned (return activated sludge) to the aera-
tion basin. There, the oxygen-deprived microbes begin eating again, and at 
a higher rate than normal. The clear liquid at the top of the clarifier (super-
natant) either flows over a weir or is pumped off in a timed sequence.

In attached growth processes, the microbes attach to the surface of a 
submerged media, where they form layers as the food attaches to them. As 
these layers of activated sludge become heavy, they slough off and settle to 
the bottom. Many attached growth processes get their mixing and oxygen 
through an airlift function that moves the mixed liquor and some settled 
sludge up and over the media, creating a circulating affect. 

In both suspended growth and attached growth processes, sludge accu-
mulation needs to be managed to maintain the proper food-to-microorgan-
ism (FM) ratio. Periodic removal of sludge (wasting) is needed to keep the 
system in balance. The removed material is called waste activated sludge 
(WAS).

  
Where it all begins

Aerobic microbes don’t like old, stale food, so it is rare to see a full-sized 
septic tank at the head of an ATU treatment train. Many ATUs use a trash 
tank to collect the larger junk that gets flushed down the drain. Most trash 
tanks store no more than 24 hours of raw wastewater. 

Maintaining these smaller tanks is important. Maintenance frequency 
totally depends on how well you educate the system user on what they can 
put down the drain. Talk dollars and cents – when you explain how much 
it costs to pump such a small component, the economics speak for 
themselves.

Is there enough food?
In normal use (a home occupied full time), an ATU should need no 

attention beyond routine O&M. But if the unit is on a vacation property 
used part time, an alternate food supply or startup period might be neces-
sary to keep the microbes healthy and active. It is best to check with the 

I

Understanding ATUs
Aerobic treatment units work on the same basic principles as municipal wastewater 
treatment plants. They require special knowledge and good maintenance.
By Kit Rosefield

Cross-section diagram of a typical single-compartment septic tank. 
(Photos courtesy of Kit Rosefield)

ATU manufacturer to see if they recommend supplemental feeding for par-
tial occupancy. I have heard of adding dog food, corn syrup, or other car-
bon-based products to be sure the microbes get the nutrients they need.

Is the chemistry in balance?
A couple of chemical balance considerations can make or break a healthy 

microbe population. One very important element for most life forms is oxy-
gen. Most ATUs have air systems designed by the manufacturer to maintain 
a DO level of 2 to 6 mg/l. For most aerobic processes, 2 mg/l is the optimum 
DO level. 

If DO levels fall much lower, microbes can die off or get sluggish. On the 
other hand, excessive oxygen can create conditions that encourage growth 
of other organisms that compete with the desirable microbes for the food. 
These include filamentous organisms, which look like a network of fine 
hairs in the mixed liquor and form a kind of net that keeps solids from set-
tling, allowing them to pass through the clarifier and on to the next treat-
ment train component. 

If that happens to be a disinfection unit, the unwanted solids will 
impede disinfection. If the next component is the soil treatment unit, solids 
can foul the soil, pores, resulting in premature failure. 

Higher oxygen levels can also cause bulking of the settled sludge, espe-
cially if excessive sludge is present. Bulking sludge rises to the clarifier sur-
face, creating a gooey mat that typically has to be removed manually. 

Another chemical consideration is pH, a measure of acidity or alkalinity. 
The range of pH is from 0 to 14. Seven is neutral, lower pH numbers are 
acidic, and higher numbers are alkaline. The lowest pH to which microbes 
should be exposed is about 5.5, and the highest is about 8.5. In a normally 
operated system, pH should not be an issue, but if users are sending 
inappropriate chemicals down the drain, things can go haywire pretty fast. 
This is where a residential evaluation survey is extremely helpful (visit the 

Consortium of Institutes for Decentralized Wastewater Treatment at www.
onsiteconsortium.org). 

Managing solids
For evaluating and managing solids, there are two basic methods. The 

first, which relates to the volume of solids in suspension, is a 30-minute set-
tling test. Here, we draw a sample from the aeration chamber, fill a 1,000 ml 
graduated cylinder or beaker, and set it aside where it won’t be disturbed. It 
is a good practice to check and record the settling after about five minutes 
to get an idea how fast the solids are settling. After a half hour, the solids 
should be fully settled. We typically want to see no less than 20 percent and 
no more than 60 percent solids by volume. 

If we are below 20 percent and no wasting has been done recently, we 
may have a low FM ratio. If we are above the 60 percent mark and it appears 
settling is complete, it is time to waste solids from the clarifier. If settling 
appears incomplete and there is still an undefined separation, there could 
be low oxygen or an unwanted condition such as filamentous growth. If fil-
amentous growth becomes an issue, a thorough pumping and cleaning of 
the unit is recommended. 

Another good way to decide when to waste is to use a sludge depth 
device. If the sludge blanket becomes deeper than 30 percent of the total 
clarifier depth, then wasting to achieve a 20 percent level is recommended. 
Wasting can be done with a submersible pump or a vacuum truck. If a truck 
is used, that’s a good time to clean the trash tank and possibly the discharge 
pump tank. 

Servicing the air supply 
ATUs use many types of air supplies, including diaphragm and rotary 

vane compressors, ring blowers, and submersible vacuum aspirators. The 
air supply is usually coupled with a fine- or coarse-bubble diffuser, air injec-
tion via an aspirator, or airlift and cascade air transfer. 

Each option has different service needs, specified by the manufacturer. 
Some have air intake filters and some have air exhaust filters. Whatever the 
configuration, get trained by the manufacturer and be clear on what the unit 
is supposed to be doing. Airflow and air pressure tests are valuable to see if 
the air supply and distribution systems are performing as designed. Some 
ATUs have high- or low-pressure alarms or high-liquid-level alarms. 

So, let’s summarize what we’ve covered.
1. ATUs are similar to small-scale municipal treatment plants.
2. They can be susceptible to underloading or overloading of BOD.
3. Keeping the proper oxygen level is critical to supporting a good 

microbe population.
4. High or low pH can adversely affect the biological process.
5. Managing solids is important to controlling a number of factors, 

including oxygen levels, undesirable organisms such as filamentous, and 
bulking of sludge.

6. Know the type of air supply and its maintenance requirements. 
7. Learn how to test and verify alarm and monitoring systems.
8. Be properly trained by the ATU manufacturer.
9. Educate your users and yourself.
The next O&M Matters will feature disinfection, then keep an eye out 

for the final article on drip dispersal. For information on O&M training pro-
grams, visit www.nawt.org. O

About the author
Kit Rosefield is an adjunct instructor at Columbia Community College and a 

trainer for NAWT and the California Onsite Wastewater Association. His company, 
Onsite Wastewater Management in Mi Wuk Village, Calif., has a consumer educa-
tion service at www.septicguy.com. Reach him at 209/770-6760 or kit@septicguy.
com.

TOP: Here is a meter that can 
be used to measure dissolved 
oxygen in an aerobic treat-
ment unit. LEFT: Two jars show 
the results of a basic settle-
ability test.
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n September Onsite Installer, we discussed media filters as one advanced 
treatment option to deal with site and soil limitations. Now we will 
expand that topic to include the many configurations of aerobic treat-

ment units (ATUs). 
Before we get into the types of units, we need to look at the basic oper-

ating principles. Almost all ATUs operate with the common municipal 
wastewater treatment process known as activated sludge, where beneficial 
microbes live in a solution called mixed liquor. This is a combination of the 
microbes, oxygen and their food – pathogenic organisms and organic and 
inorganic compounds – biochemical oxygen demand (BOD).

Two basic types
ATUs use two basic configurations: suspended growth and attached 

growth (or fixed film). Both involve fully saturated environments (sub-
merged in liquid). In suspended growth systems, an air supply maintains 
the desired dissolved oxygen (DO) level and mixes the solution to maintain 
suspension of the activated sludge – the solids – during aeration. 

The activated sludge is formed as the beneficial microbes and food 
adhere to each other and become heavy. As the wastewater moves from aer-
ation into a clarification phase, the heavy particles settle to the bottom and 
form a sludge blanket in the clarifier. 

As the microbes and their food settle in the clarifier, now deprived of 
oxygen, they become stressed and in some cases die off. In a well-operated 
system, some of the sludge is returned (return activated sludge) to the aera-
tion basin. There, the oxygen-deprived microbes begin eating again, and at 
a higher rate than normal. The clear liquid at the top of the clarifier (super-
natant) either flows over a weir or is pumped off in a timed sequence.

In attached growth processes, the microbes attach to the surface of a 
submerged media, where they form layers as the food attaches to them. As 
these layers of activated sludge become heavy, they slough off and settle to 
the bottom. Many attached growth processes get their mixing and oxygen 
through an airlift function that moves the mixed liquor and some settled 
sludge up and over the media, creating a circulating affect. 

In both suspended growth and attached growth processes, sludge accu-
mulation needs to be managed to maintain the proper food-to-microorgan-
ism (FM) ratio. Periodic removal of sludge (wasting) is needed to keep the 
system in balance. The removed material is called waste activated sludge 
(WAS).

  
Where it all begins

Aerobic microbes don’t like old, stale food, so it is rare to see a full-sized 
septic tank at the head of an ATU treatment train. Many ATUs use a trash 
tank to collect the larger junk that gets flushed down the drain. Most trash 
tanks store no more than 24 hours of raw wastewater. 

Maintaining these smaller tanks is important. Maintenance frequency 
totally depends on how well you educate the system user on what they can 
put down the drain. Talk dollars and cents – when you explain how much 
it costs to pump such a small component, the economics speak for 
themselves.

Is there enough food?
In normal use (a home occupied full time), an ATU should need no 

attention beyond routine O&M. But if the unit is on a vacation property 
used part time, an alternate food supply or startup period might be neces-
sary to keep the microbes healthy and active. It is best to check with the 
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Aerobic treatment units work on the same basic principles as municipal wastewater 
treatment plants. They require special knowledge and good maintenance.
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Cross-section diagram of a typical single-compartment septic tank. 
(Photos courtesy of Kit Rosefield)

ATU manufacturer to see if they recommend supplemental feeding for par-
tial occupancy. I have heard of adding dog food, corn syrup, or other car-
bon-based products to be sure the microbes get the nutrients they need.

Is the chemistry in balance?
A couple of chemical balance considerations can make or break a healthy 

microbe population. One very important element for most life forms is oxy-
gen. Most ATUs have air systems designed by the manufacturer to maintain 
a DO level of 2 to 6 mg/l. For most aerobic processes, 2 mg/l is the optimum 
DO level. 

If DO levels fall much lower, microbes can die off or get sluggish. On the 
other hand, excessive oxygen can create conditions that encourage growth 
of other organisms that compete with the desirable microbes for the food. 
These include filamentous organisms, which look like a network of fine 
hairs in the mixed liquor and form a kind of net that keeps solids from set-
tling, allowing them to pass through the clarifier and on to the next treat-
ment train component. 

If that happens to be a disinfection unit, the unwanted solids will 
impede disinfection. If the next component is the soil treatment unit, solids 
can foul the soil, pores, resulting in premature failure. 

Higher oxygen levels can also cause bulking of the settled sludge, espe-
cially if excessive sludge is present. Bulking sludge rises to the clarifier sur-
face, creating a gooey mat that typically has to be removed manually. 

Another chemical consideration is pH, a measure of acidity or alkalinity. 
The range of pH is from 0 to 14. Seven is neutral, lower pH numbers are 
acidic, and higher numbers are alkaline. The lowest pH to which microbes 
should be exposed is about 5.5, and the highest is about 8.5. In a normally 
operated system, pH should not be an issue, but if users are sending 
inappropriate chemicals down the drain, things can go haywire pretty fast. 
This is where a residential evaluation survey is extremely helpful (visit the 

Consortium of Institutes for Decentralized Wastewater Treatment at www.
onsiteconsortium.org). 

Managing solids
For evaluating and managing solids, there are two basic methods. The 

first, which relates to the volume of solids in suspension, is a 30-minute set-
tling test. Here, we draw a sample from the aeration chamber, fill a 1,000 ml 
graduated cylinder or beaker, and set it aside where it won’t be disturbed. It 
is a good practice to check and record the settling after about five minutes 
to get an idea how fast the solids are settling. After a half hour, the solids 
should be fully settled. We typically want to see no less than 20 percent and 
no more than 60 percent solids by volume. 

If we are below 20 percent and no wasting has been done recently, we 
may have a low FM ratio. If we are above the 60 percent mark and it appears 
settling is complete, it is time to waste solids from the clarifier. If settling 
appears incomplete and there is still an undefined separation, there could 
be low oxygen or an unwanted condition such as filamentous growth. If fil-
amentous growth becomes an issue, a thorough pumping and cleaning of 
the unit is recommended. 

Another good way to decide when to waste is to use a sludge depth 
device. If the sludge blanket becomes deeper than 30 percent of the total 
clarifier depth, then wasting to achieve a 20 percent level is recommended. 
Wasting can be done with a submersible pump or a vacuum truck. If a truck 
is used, that’s a good time to clean the trash tank and possibly the discharge 
pump tank. 

Servicing the air supply 
ATUs use many types of air supplies, including diaphragm and rotary 

vane compressors, ring blowers, and submersible vacuum aspirators. The 
air supply is usually coupled with a fine- or coarse-bubble diffuser, air injec-
tion via an aspirator, or airlift and cascade air transfer. 

Each option has different service needs, specified by the manufacturer. 
Some have air intake filters and some have air exhaust filters. Whatever the 
configuration, get trained by the manufacturer and be clear on what the unit 
is supposed to be doing. Airflow and air pressure tests are valuable to see if 
the air supply and distribution systems are performing as designed. Some 
ATUs have high- or low-pressure alarms or high-liquid-level alarms. 

So, let’s summarize what we’ve covered.
1. ATUs are similar to small-scale municipal treatment plants.
2. They can be susceptible to underloading or overloading of BOD.
3. Keeping the proper oxygen level is critical to supporting a good 

microbe population.
4. High or low pH can adversely affect the biological process.
5. Managing solids is important to controlling a number of factors, 

including oxygen levels, undesirable organisms such as filamentous, and 
bulking of sludge.

6. Know the type of air supply and its maintenance requirements. 
7. Learn how to test and verify alarm and monitoring systems.
8. Be properly trained by the ATU manufacturer.
9. Educate your users and yourself.
The next O&M Matters will feature disinfection, then keep an eye out 

for the final article on drip dispersal. For information on O&M training pro-
grams, visit www.nawt.org. O

About the author
Kit Rosefield is an adjunct instructor at Columbia Community College and a 

trainer for NAWT and the California Onsite Wastewater Association. His company, 
Onsite Wastewater Management in Mi Wuk Village, Calif., has a consumer educa-
tion service at www.septicguy.com. Reach him at 209/770-6760 or kit@septicguy.
com.
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