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Chapter 1
Introduction

This report summarizes the challenges Iowa is faced with in meeting the wastewater treatment
needs of its residents, and explores the opportunities for providing ecologically responsible
wastewater services for those with inadequate or nonexistent treatment systems. In Iowa,
small- (single-home) and mid-size (those serving a few homes or a commercial development)
communities offer the greatest opportunity for improvement. This is mainly due to the fact that
Iowa has already provided sewer service to large populations where the conventional big pipe
approach has been cost-effective. Many of the wastewater treatment technologies available for
single-family homes and mid-size populations offer unique environmental benefits such as
water reuse and/or zero-discharge to surface waters. Additionally, small treatment systems
can provide higher-quality effluents than conventional large-scale treatment works, reducing
the adverse environmental effects caused by excessive release of nutrients and pathogenic
organisms.

1.1

Status Quo in Iowa

Municipal Treatment Systems
According to the latest census of sewer disposal, approximately 76 percent of Iowa’s
population is served by municipal treatment systems.1 The state has made extensive use of
conventional treatment systems to achieve this level of service. For smaller municipalities,
treatment systems generally consist of a gravity sewer and pond system. Of the 739 treatment
systems in Iowa, 537 (73 percent) utilize ponds.2 For larger municipalities, wastewater
treatment facilities generally consist of gravity sewer, mechanical treatment works, and a
continuous surface water discharge. Over the last 30 years, the consulting engineering
community has been very effective in leaving no stone unturned, meaning it is safe to assume
that a community large enough for the conventional treatment approach to be cost-effective,
already has a system.
The vast majority of pond systems in Iowa are designed to store water and discharge only
twice a year, in the spring and fall. These pond systems store water for up to six months at a
time. The long storage time allows for some biological treatment processes to occur. However,
pond systems are not particularly effective in removal of ammonia-nitrogen and phosphorus,
and pond effluents often contain high concentrations of suspended solids due to algae. By
discharging only twice a year, pond systems are supposed to release their effluents during
periods of high stream flows, when there is adequate dilution capacity in the receiving stream.
There are several problems with the pond model. Even if the ponds discharge during high
stream flows, the nutrients (such as nitrogen and phosphorus) released by these systems still
have negative impacts on the Mississippi River ecosystem and the Gulf of Mexico.3 In many
cases, pond systems discharge more frequently than twice a year, because of inadequate
storage capacity due to large amounts of clear water (infiltration and inflow) entering the sewer
system. The ponds themselves may leak if they are unlined or have poorly maintained banks.
When these ponds discharge during periods of low stream flows, there are a variety of water
3

quality impacts. Most of the nitrogen present in pond effluents is in the form of ammonia, which
is toxic to aquatic life. The nutrients (nitrogen and phosphorus) can stimulate algae growth,
resulting in high levels of suspended solids and dangerously low levels of dissolved oxygen at
night.
Although these problems occur throughout the state, most receiving streams in Iowa are not
designated for aquatic life protection. More than 83 percent of Iowa’s river and stream miles
are classified as general and are not protected with acute and chronic toxicity criteria for
aquatic life. This includes 54 percent of all perennial river and stream miles, in direct
contradiction to Iowa’s own water quality standards. Only 7 percent are protected for human
consumption of fish, and only 5 percent are protected for primary contact recreation.
Virtually none of the lagoon systems in Iowa incorporate water reuse or land application of the
treated effluent as additional steps in the treatment process. And very few use sand or gravel
filters to further treat the effluent by removing the high levels of suspended solids (primarily
algae).
While recognizing that serious problems exist with many of Iowa’s existing lagoon systems and
aging mechanical plants, this report will focus primarily on the needs of communities and
individuals currently without wastewater treatment systems. Fortunately, many of the
technologies discussed in this report can also be applied to provide additional treatment, reuse
or land disposal of effluent from continuously discharging and controlled discharge lagoon
systems.

Small-Scale Systems
A very different situation exists for small-scale wastewater systems, which generally serve
individual homes or small groups of homes. Like other states in the Midwest, Iowa faces
essentially two different challenges — meeting the needs of rapidly expanding exurban areas,
and meeting the needs of small rural communities. The combination of the pressure to build
houses on marginally suitable soils and the presence of aging rural communities creates
situations where non-compliant onsite treatment systems are commonplace. It is currently
estimated that Iowa has over 100,000 polluting septic systems.4

Urban Growth
Urban growth leads to residential development in ring suburbs and bedroom communities
outside of sewered areas. Des Moines and the Iowa City/Cedar Rapids corridor typify this
growth pattern in Iowa. The area between Iowa City, Coralville and North Liberty is a classic
example. All three of these municipalities provide sewer service, but the rapidly growing
residential developments between the cities rely on individual septic systems. As the most
easily developed land is consumed, developers offer lots that are increasingly marginal in their
ability to support individual septic systems. The continued pressure to build homes in this area
is leading developers to explore cluster systems (e.g. a system that collects, treats and
disposes the wastewater generated by all the lots in the development).

Unsewered Communities
Many of the small rural communities in Iowa have stable or declining populations. These are
the communities that fell through the cracks during the construction grant era following
passage of the Clean Water Act in 1972, mainly because they were too small for conventional
approaches (e.g. mechanical treatment works, ponds) to be implemented cost-effectively.
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They rely on aging individual septic systems or draintile networks that discharge sewage
directly to surface waters. It has been illegal in Iowa for more than 20 years to discharge
wastewater into tile lines, yet the practice continues in many areas of the state. The Iowa
Department of Natural Resources (IDNR) has recognized the wastewater treatment needs of
these communities and a survey of unsewered communities in Iowa is under way.5 By current
estimates, approximately 139 incorporated communities and 600 unincorporated communities
are without sewer service, representing over 21,500 homes. The collective discharge of
inadequately treated or untreated sewage by these communities is approximately 1.2 billion
gallons per year.
These sewage discharges pose significant environmental problems and are leading to the
contamination and degradation of rivers, lakes and streams. Figure 1-1 is an example of a
direct (untreated) sewage discharge to Clear Creek in Iowa County, Iowa. Discharge of
untreated sewage results in the spread of disease-causing organisms (pathogens), an
overabundance of algae blooms, and impairment of surface waters.

Photo courtesy D. Ratliff

Figure 1-1. Untreated waste collected in one hour from tile line discharging into Clear
Creek, south of Conroy, Iowa, January 2005
Swimming use is impaired in 52 percent of Iowa rivers and streams and in 25 percent of Iowa
lakes that have been assessed for support of this use.6 This impairment is due to bacterial
contamination. While agricultural sources also contribute to this problem, inadequately treated
sewage is plays a significant role, especially during low stream flows.7

1.2

Factors Contributing to Unsewered Communities

At the time this document was prepared, Iowa was estimated to have 739 unsewered
communities.5 This abundance of unsewered communities is not a circumstance unique to
Iowa. Similar situations and socioeconomic factors have resulted in the presence of
unsewered communities in other Midwestern states. For instance, there are over 900
unsewered communities in Minnesota,8 and an estimated 677 unsewered communities in
Indiana.9 By examining the shared experiences among government officials in these states, it
5

is clear that there are a number of factors contributing to the challenges facing unsewered
communities. The most prevalent factors appear to be community size, financial situation, and
the cost and availability of professional services.

Community Size
Unsewered communities are small. Indiana estimates that 88 percent of the state’s unsewered
communities have 200 homes or fewer, 78 percent have 100 homes or fewer, and 51 percent
have fewer than 50 homes.9 This closely resembles the situation in Iowa, where incorporated
communities without sewer average 64 homes (with 90 percent lacking treatment) and
unincorporated communities average only 30 homes (80 percent lacking treatment).(5) The
small size of these communities creates several challenges.
Small communities have limited or no experience with self-governance. Typically, issues such
as funding, taxes and road repairs are dealt with at the town or county level. As a result, these
communities often have no track record of financing, owning and managing infrastructure,
which makes it difficult for the individuals in these communities to organize and implement
projects. This is especially true for unincorporated communities. In Indiana, 516 of the 677
unsewered communities are unincorporated.9 Iowa’s situation, with 600 of the 739 unsewered
communities being unincorporated, closely resembles Indiana’s.
The small size of these communities also leads to technical challenges. Conventional
treatment systems are not cost-effective when scaled down for very small populations.
Alternative systems appropriate to the size of the community are often not widely accepted,
and in many cases officials often don’t know that other treatment options exist.

Financial Situation
Unsewered communities are often poor. For instance, in Indiana, 90 percent of residents in
unsewered communities earn a low-to-moderate income, and over 48 percent qualify as lowincome. Wastewater infrastructure can be quite expensive. It is estimated that addressing the
needs of Iowa’s unsewered communities will cost between $214 million and $322 million.5 In
order to afford wastewater treatment, communities need to be able to make effective use of
available grant and loan programs.
Proposed projects often do not receive support by the local residents because the cost per
home for sewer service is too high. Another financial obstacle occurs when unincorporated
communities lack the legal means (e.g. bonding, assessments) required to fund wastewater
treatment projects.
Also, many communities find themselves waiting for grant funds to become available. The
IDNR has historically been reluctant to undertake enforcement actions against communities
that have applied for grant funds, even if they are discharging raw sewage. Since the pool of
applicants is much greater than the grant monies available, communities may wait for years to
get funds. Also, communities may have unrealistic expectations about how much money they
are eligible to receive and fail to implement adequate financial plans. In the meantime, the
discharge of inadequately treated sewage continues.

Cost and Availability of Professional Services
In order to successfully complete a project, communities need to hire a variety of
professionals, including an attorney, engineer, surveyor, planner, operator, etc.10 Unsewered
communities often have a difficult time locating, interviewing and hiring qualified professionals.
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Due to their lack of governance, they do not have the experience to organize a project to the
stage where they can hand it over to a hired professional. If unincorporated, the community
may lack the financial wherewithal to pay for the professional assistance they need. Even if
they can locate and hire professionals, they still may not receive the level of assistance that
they need. Two common examples of this involve engineers and regulators. Engineers may be
unfamiliar with alternative approaches that could be more cost-effective for the community.
Regulators may be unwilling to approve anything except tried and true solutions.
Successful small-scale projects require a combination of community leadership, fiscal
management and regulators who are open to approval of new technologies. Other factors that
promote the development of small-scale projects include effective use of grant and loan
programs (financial assistance), innovative engineering (alternative technology), appropriate
land-use planning, and operators who are committed to the long-term operation and
maintenance of the system.

1.3

Infrastructure Options for Unsewered Areas

The infrastructure best suited for wastewater treatment in a community is a function of land
use, and is well represented by the density of residential homes in an area. There are three
basic models of wastewater infrastructure; all are driven by land use, as shown in
Table 1-1.
Table 1-1. Wastewater Infrastructure Models11
Residential Land Use

Most Suitable Infrastructure

High density

Central systems (the big pipe)

Medium density

Decentralized systems (cluster systems)

Low density

Decentralized (single-home systems)

Central Systems
In high-density areas (cities and towns) central sewer systems (typically gravity sewer, ponds,
or mechanical treatment) are the most cost-effective infrastructure model. These are the
systems most familiar to regulators and engineers. In Iowa, this infrastructure model is
essentially built out. As mentioned earlier, if a central system for a given community was
deemed to be cost-effective, it has already been constructed.

Cluster Systems
As land use density decreases, the distance between homes (or groups of homes) increases,
and so does the cost to connect that home to a wastewater collection network. As the size of
the treatment works gets smaller, conventional systems (mechanical treatment, ponds)
become less cost-effective. These two factors combine to produce a tipping point12 where
decentralized systems become more cost effective than large, conventional treatment works.13
With the decentralized approach, clusters of homes are connected (often using alternative
sewer systems) and small-scale treatment systems are employed (typically using sand filters,
peat filters or constructed wetlands) to produce a cost-effective wastewater infrastructure. Due
to the smaller size of these systems, treated effluent is often released back into the soil
through infiltration. Soil infiltration offers many benefits, such as zero discharge to surface
waters, recharge of the water table and opportunities for water reuse.
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Most engineers have had limited exposure to alternative treatment technologies and often
have no training in infiltration systems. Additionally, many regulators are unfamiliar with
alternative technologies, and existing regulatory programs may be poorly structured to deal
with decentralized systems. These factors often create barriers to implementing decentralized
approaches.14 A major challenge with decentralized wastewater systems is the effective
management of the systems, which by definition are small and scattered. The U.S.
Environmental Protection Agency (EPA) recently developed draft guidelines for the effective
management of decentralized systems.15 Decentralized systems have not been implemented
widely in Iowa, although they appear to be the best approach for dealing with the wastewater
challenges posed by small unsewered communities.

Single-Home Systems
At low land-use densities, houses are scattered far apart and it is no longer cost-effective to
connect them to a sewer network. At this scale, single-home systems are the most costeffective infrastructure type. Standard systems typically consist of a septic tank and soil
infiltration system (drainfield or mound).16 Treatment of wastewater occurs in the septic tank
and also via microorganisms in the soil.17,18 Because treatment (especially removal of
pathogens) does not occur until after the wastewater has been released to the environment,
most jurisdictions rely on prescriptive code requirements to define the depth of soil needed for
treatment, and the application rates required to keep the wastewater below the ground surface.
Over the last 15 years, there has been considerable interest in systems that pretreat
wastewater before releasing it to the ground. With pretreatment, soil infiltration systems can be
operated at higher hydraulic loading rates19-21 and a smaller volume of soil is needed for
pathogen removal. This has led to the development of new performance-based standards that
allow for a variety of pretreatment and soil infiltration systems to be employed.22,23
Due to the small size of these systems and their historic reliance on soil treatment processes,
most consulting engineers have little training or experience with small, decentralized
wastewater systems. Designs are usually completed by septic-system contractors, and in a
few states, by licensed designers. There is no uniform regulation of single-home systems at
the federal level. As a result, each state has different regulations governing these systems; in
some states, (such as New York) each county has developed its own standards.
In Iowa, single-home systems are regulated under Iowa Administrative Code 567 Chapter 69
(Chapter 69), which covers systems up to 1,500 gallons per day (gpd). Chapter 69 is unusual
in that it allows single-home systems to discharge to surface waters (the pros and cons of this
approach are discussed in Chapter 6). Chapter 69 has historically been one of the most
flexible state standards in the Midwest, and allows the use of sand filters, wetlands, drip
irrigation, etc., which are considered performance-based in other states.
There is a technology crossover between decentralized systems and single-home systems.
Pretreatment and soil infiltration technologies developed for single-home applications have
been scaled up to decentralized cluster systems. There is some overlap on the regulatory side
as well. Chapter 69, for instance, covers systems up to four dwelling units serving 15 people or
less.

Regionalization
In addition to the three infrastructure models listed in Table 1-1, a fourth option exists:
regionalization. Regionalization occurs when unsewered areas surrounding a city are annexed
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and connected to the sewer system, or when one community agrees to pipe its sewage to
another town’s treatment facility. In large urban areas, sewer service may be regionalized
across multiple cities to consolidate services. Des Moines and the Twin Cities are examples of
this. Due to the high cost of extending sewer pipes, regionalization generally only occurs in
areas that are in close proximity (five miles or less).

Wastewater Service Options
In the wastewater field, there are many choices available. Besides the four models of
infrastructure previously discussed, there are many collection, treatment and disposal options.
The pros and cons of these options are discussed in Chapter 2. The relative cost-effectiveness
and environmental benefit of each approach is a function of the size of the community, land
use density, and proximity to neighboring communities. Other factors, such as topography, soil
type and property ownership, can also affect individual options. As a result, no solution offers a
universal, best way to provide wastewater service. For a small unsewered community in rural
Iowa, the relative ranking of these alternatives may look something like Table 1-2.
Table 1-2. Ranking of Wastewater Options for a Small Unsewered Community
Wastewater Option

Cost per Home

Level of Treatment

New Central System

High

High

Decentralized Cluster Systems

Low

High

(Decentralized Single-Home Septic
Systems

Low

Sewer extension (regionalization)

High

High to Low
(depending on system and
maintenance)

High

The economic and environmental situations in rural Iowa are best matched with decentralized
wastewater treatment systems, which can offer a high level of treatment for a low cost per
household.

1.4

Opportunities for Ecological Wastewater Management in Iowa

The term ecological wastewater management will be interpreted broadly in this document.
Merriam-Webster’s dictionary provides a definition for the term ecology and lists human
ecology as a synonym. Human ecology is defined as “the ecology of human communities and
populations, especially as concerned with the preservation of environmental quality through
proper application of conservation and civil engineering practices.”
So, for a wastewater alternative to be deemed ecological, it must embody the principles of
environmental preservation and conservation. In this document, these technologies include
onsite technologies such as constructed wetlands, water reuse systems and groundwater
recharge systems, among others. Accordingly, the participants involved in ecological
wastewater management must also practice these principles. These participants include
educators, regulators, consultants, contractors, utility representatives, academic researchers
and homeowners.
There are many opportunities to implement ecological wastewater management in Iowa.
Ecologically responsible systems are most effectively employed in mid-size decentralized
9

wastewater systems because in Iowa, the centralized and single-home infrastructures are
basically built-out. A community large enough to have a centralized treatment plant probably
already has one. For single-home systems, the technology and infrastructure for onsite septic
systems has been developed and implemented through Iowa code for many years. The
treatment gap falls upon communities that are not large enough for a centralized treatment
system, and do not have adequate soils or land planning to allow onsite systems at each
home. These communities are discharging untreated sewage directly into Iowa’s water. The
raw discharge of these unsewered communities and the questionable performance of many of
the state’s lagoon systems offer the biggest bang for the buck in terms of addressing pointsource pollution in Iowa.
By current IDNR estimates, there are 739 unsewered communities throughout the state.
Providing services to these communities will require between $214 million and $322 million in
infrastructure investments. If only some of these infrastructure dollars go toward small-scale
wastewater systems, Iowa still has the opportunity to become a leader in ecological
wastewater design.
In addition to the unmet needs of small communities, there are the high-growth areas
surrounding Des Moines and in the Iowa City-Cedar Rapids corridor. These areas represent
additional opportunities for new wastewater infrastructure investments. Cluster systems are
already being implemented in the Iowa City-Cedar Rapids corridor. Based on similar
development patterns in Minnesota, it is likely that use of cluster systems will expand in this
region.
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Chapter 2
Technologies that Enable
Ecological Wastewater Management
In Iowa, the greatest opportunity for the development of ecological wastewater management
exists for single-home systems, decentralized cluster systems, and to provide additional
treatment to the effluent from existing lagoon systems. Cost-effective implementation of smalland mid-scale wastewater systems requires a different tool kit than the one commonly used by
engineers today. The three main components of a successful wastewater treatment system
include the sewer system, the treatment system itself and the disposal system. This chapter
will discuss the benefits and limitations of the alternative technologies for each component
(sewer, treatment and disposal) and discuss which of these technologies can provide solutions
for Iowa’s unsewered communities.

2.1

Alternative Sewer Systems

Conventional gravity sewer systems rely on manholes and large-diameter (eight-inch and
larger) pipes. In order to carry sewage away from homes, the pipes are laid at a precise grade.
In new developments, construction of large-diameter sewer is fairly straightforward since it can
be completed before the roads are built. Providing conventional gravity sewer to an existing
community generally requires complete repaving of all the roads.
In unsewered communities, homes rely on septic tanks with leach fields or drain tile networks
for wastewater disposal. Most lots do not have enough space to construct single-home
systems. The tile network is not compliant with engineering standards for sewers, and also
carries many other sources of water (stormwater, sump pumps, footing drains). The
combination of these factors often dictates that a cluster system, using a decentralized
approach, is more cost-effective than a conventional treatment system. However, installing the
new sewer system is no simple task.
Usually, a new wastewater collection system is the last utility to go in the ground. That means
the sewer designer must work around phone, gas lines, electric and cable utilities, plus water
lines from individual wells or community water supplies. In these instances, alternative sewer
systems are generally more cost effective than conventional gravity sewers. Oftentimes, these
alternative sewer networks are placed through the use of directional boring, which minimizes
conflicts with pre-existing utilities. A picture of a directional boring machine is shown in Figure
2-1. This section discusses the three alternative sewer systems most commonly used in the
Midwest.
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Photo courtesy North American Wetland Engineering

Figure 2-1. Example of sewer installation using directional boring

Small-Diameter Gravity Sewer
Small-diameter gravity sewers (SDGS) are comprised of interceptor tanks (typically septic
tanks) and small-diameter collection mains.24 The tanks are located at each service connection
or group of connections to remove grease and solids from the wastewater before it enters the
main collection line. The diameter of the collection mains vary according to the number of
connections (flow) it receives, and the available slope. The typical minimum diameter of the
collection mains is four inches. Figure 2-2 shows a schematic of a SDGS system.
The principle behind the SDGS systems is to create an overall downward slope from the inlet
to the outlet. The pipe is laid to follow the contours of the land, which results in a main that has
both upward- and downward-sloped sections. Connections to the main can be made as long
as the outlet is lower than the inlet, and the main is lower than each of the connections
between a house and the main itself. In SDGS sewer systems, cleanouts, check valves and
air-release valves are required, but manholes (which are typically sources of high inflow) are
eliminated. Small-diameter gravity sewer has been proposed by Clay Regional Water as part
of the wastewater system for the City of Greenville, Iowa (population 93). Advantages and
disadvantages of small-diameter gravity sewer include:

12

Disadvantages of SDGS

Advantages of SDGS
•

Low operation and maintenance fees

•

Few mechanical / electrical parts

•

Small diameter pipes are less
intrusive

•

The use of cleanouts eliminates high
inflow events associated with
manholes

•

Interceptor/septic tanks are required on
private property at each home

•

Connections and system locations are
limited by topography

•

The potential exists for infiltration and
inflow into pipes

•

Piping must be installed below frost line
or insulated

Figure 2-2. Schematic of Small-Diameter Gravity Sewer (SDGS) System24

STEP Systems
Septic tank effluent pumping (STEP) systems are comprised of interceptor tanks (septic
tanks), pump vaults, and small diameter pressure mains.24 The tanks are located at each
service connection or group of connections to remove grease and solids from the wastewater
before it is pumped into the treatment system. Existing septic tanks can be used, but often
tanks must be replaced due to insufficient capacity, deterioration, or leaks. The diameter of the
pressure mains varies according to number of connections (flow), with an average diameter
between 1¼ and 4 inches. Figure 2-3 is a diagram of a STEP system.
With STEP systems, the only locations where infiltration and inflow (I&I) can be introduced are
at the home, service connection, and through direct seepage into the pump station. Home
connections should be inspected from time to time in order to maintain low I&I. High water
alarms with backup batteries for emergency power are recommended when using pumps at
each service connection (or group of connections). The effluent pumps can either be
considered part of the common wastewater system, or can be owned by each homeowner.
13

STEP systems are used extensively in Scott County, Minnesota, which is one of the fastest
growing suburban areas in the Twin Cities.
Disadvantages of STEP Systems

Advantages of STEP Systems
•

Small diameter pipes are minimally intrusive

•

Mechanical / electrical pumps required

•

Sewer follows contours of site

•

Higher operational and maintenance fees

•

Connections can be made at any location

•

•

STEP systems are often less expensive
than gravity sewer in areas with low density
housing

Easements may be required if pumps are
located on private property

Figure 2-3. Diagram of a Septic Tank Effluent Pumping (STEP) System24

Pressure Sewer
A pressure sewer system (Figure 2-4) uses a raw sewage grinder pump at every service
connection or cluster connection point.24 The grinder pump handles raw sewage by grinding
the solids into slurry, which is then transported to the treatment and disposal site via a
pressurized force main. The collection force main follows the contours of the land, and allows
for connections to be made at any location. The diameter of the pressure main typically ranges
from 1¼ inches to 4 inches. Figure 2-5 shows the installation of pressure sewer and a grinder
pump.
I&I are negligible in the pressurized portions of a pressure sewer system. Pressure mains can
be placed below the water table and still not experience infiltration problems. The only
locations where I&I can be introduced are at the home, at the service connection, and through
direct seepage into the pump station. Home connections should be inspected from time to time
in order to maintain low I&I. Like with STEP systems, high-water alarms with backup batteries
14

for emergency power are recommended when using pumps at each connection or group of
connections. The grinder pumps can be considered part of the common wastewater system, or
can be owned individually by each homeowner. Pressure sewer systems have been used in a
number of communities in Iowa.
Disadvantages of Pressure Sewer

Advantages of Pressure Sewer
•

Septic tanks not required at each
connection (grinder pumps are used
instead)

•

Solids are handled at the treatment system

•

Small diameter pipes are minimally intrusive

•

Pipes follow contours of the site

•

Connections can be made at any location

•

This alternative is often less expensive than
gravity sewer in areas with low density
housing

•

Mechanical / electrical pumps required

•

Higher operational and maintenance fees

•

Easements may be required if pumps are
located on private property

Figure 2-4. Diagram of pressure sewer and grinder pump24
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Photo courtesy North American Wetland Engineering

Figure 2-5. Installation of pressure sewer and grinder pump in Cedar Mills, Minnesota

2.2

Alternative Treatment Systems

Solving the challenges faced by Iowa’s unsewered communities will require new treatment
systems and design approaches. All wastewater treatment systems are similar in the sense
that they utilize bacteria to biologically break down and remove the contaminants from the
wastewater. However, treatment systems vary widely in their internal configurations and the
extent to which they rely on mechanical inputs. These factors affect the cost of treatment
technologies. Typically, each type of treatment system has a size range where it is most costeffective. Between competing treatment technologies, there are overlapping cost-effectiveness
ranges and associated sizing requirements. Because of this, there is no universal solution for
wastewater treatment. The technologies discussed in this section are appropriate for
ecological wastewater management and have been used in Iowa and surrounding states.

Pond Systems
The extensive use of pond systems is often quoted as an example of the lack of innovation in
Iowa. Yet, this is not necessarily true, as pond systems constructed over the last 30 years
have provided treatment for 537 Iowa communities.2 The deficiencies have been in not
requiring additional polishing of the effluent to reduce total suspended solids (primarily algae),
not requiring further ammonia reduction when discharges occur into small streams, and the
total lack of monitoring requirements for ammonia and bacteria so that facilities with problems
can be identified. In addition, design standards currently accepted by the IDNR limit the costeffectiveness of ponds for small communities. Current designs follow the recommendations of
the IDNR Design Standards25 and the Ten State Standards.26 Typical designs are for
controlled-discharge ponds (treated effluent is released only in the spring and fall) and aerated
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pond systems. Pond systems are simple to operate but are very land-intensive; for instance, a
controlled-discharge pond requires roughly 300 square feet per person.
New advances in pond technology, if adopted in the state, would increase the treatment
capacity of existing pond systems and allow ponds to be used over a broader range of site
conditions. Examples of new pond alternatives include cold-weather designs using floating
insulated covers, pond systems that utilize clarifiers or settling phases to increase the
concentration of treatment bacteria,27 and pond systems that use plastic media to provide
surface area for attached-growth treatment bacteria. Figure 2-6 is an example of a pond
system.
Advantages of Pond Systems

Disadvantages of Pond Systems

•

Low level of operator training required

•

Large land area requirement

•

Low operating costs (although aerated
ponds cost more to operate than nonaerated ponds)

•

Prone to odors (non-aerated ponds)

•

Low aesthetic quality

•

High upfront total capital cost

•

Sludge disposal is often a hidden cost

•

Less stringent treatment standards, often
unprotective of the aquatic community in the
receiving stream, exist for controlled
discharge ponds

•

Long residence times result in stable
treatment performance

Pond System

Photo courtesy North American Wetland Engineering

Figure 2-6. Controlled-discharge pond system, Lake Lillian, Minnesota

Surface-flow Constructed Wetlands
Surface-flow constructed wetlands contain areas of open water, floating vegetation and
emergent plants (Figure 2-7). Depending upon local regulations and soil conditions, berms,
dikes and liners can be used to control flow and infiltration. As the wastewater flows through
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the wetland, it is treated by physical, chemical and biological processes.28 A typical application
of a surface-flow constructed wetland is shown in Figure 2-8.

Photo courtesy S. Wallace

Figure 2-7. Surface-flow constructed wetland near Pensacola, Florida
Since surface flow constructed wetlands closely resemble natural wetlands, they attract a wide
variety of wildlife; namely insects, mollusks, fish, amphibians, reptiles, birds and mammals.29,30
Because of the potential for human exposure to pathogens, surface flow wetlands are rarely
used for secondary treatment.31 The most common application of surface flow wetlands is for
polishing effluent from secondary treatment processes (i.e. lagoons, trickling filters, activated
sludge systems, etc.).

Figure 2-8. Typical application of a surface-flow wetland32
Surface-flow wetlands are best suited for warmer climates because biological decomposition
rates are higher with warmer water temperatures. In addition, when ice covers the water
surface, the transfer of oxygen from the atmosphere is reduced,28 thus reducing the rate of
oxygen-dependent treatment processes.
Although most surface-flow constructed wetlands are built in warmer climates, they can be
used in cold temperate climates. One of the best examples of a surface flow wetland in Iowa is
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the system operated by the City of Granger. The design criteria for surface-flow wetlands are
climate dependent. In Iowa, the average size of a surface flow wetland would be about 188
square feet per person.
Disadvantages of Surface-flow Wetlands

Advantages of Surface-flow Wetlands
•

Low level of operator training required

•

Large land area requirement

•

Low operating costs

•

High upfront total capital cost

•

Creation of wildlife habitat and visitor
amenities

•

Systems can produce mosquitoes (similar to
natural marshes)

Subsurface-flow Constructed Wetlands
Subsurface-flow constructed wetlands consist of gravel or soil beds planted with wetland
vegetation. They are typically designed to treat primary effluent to secondary effluent
discharge standards. In contrast to the surface flow wetland, the wastewater stays beneath the
surface of the media, and flows in and around the roots and rhizomes of the plants. Because
the water is not exposed during the treatment process, the risk of human exposure to
pathogens is minimized. Properly maintained subsurface-flow wetlands do not provide suitable
habitat for mosquitoes and other vector organisms.

Figure 2-9. Pollutant removal processes in a subsurface-flow wetland33
A typical conventional subsurface flow wetland for a warm climate is depicted in
Figure 2-9. It is comprised of inlet piping, a clay or synthetic membrane liner, filter media,
emergent vegetation, berms, and outlet piping with water level control. Cold-climate
subsurface-flow systems typically have inlet pipes below the surface of the gravel and an
insulating layer of mulch on top of the gravel bed.34 Subsurface-flow wetland systems are
generally low-cost and low-maintenance,35 and are most commonly used for single-family
homes, as indicated in Figure 2-10.
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Figure 2-10. Typical application of a vegetated submerged bed or subsurface-flow
wetland32
This type of wetland system has been used for single-home applications throughout Iowa
(especially in Southeast Iowa). Basic design guidance for subsurface-flow wetland systems are
found in Chapter 69.36 A good example of a subsurface-flow wetland in Iowa is the system
operating at Indian Creek Nature Center in Cedar Rapids.37 This system, constructed in 1994,
was the first subsurface-flow constructed wetland in Iowa. Sizing of these systems is about 75
square feet per person. Figure 2-11 is a picture of the subsurface-flow constructed wetland at
the Indian Creek Nature Center.
Advantages of SSF Wetlands
•

Low level of operator training required

•

Low operating costs

•

Aesthetically pleasing

Disadvantages of SSF Wetlands
•

Lack of septic tank maintenance can lead to
clogging

•

Supplemental aeration required for
ammonia removal

Photo Courtesy R. Patterson

Figure 2-11. Subsurface-flow wetland operating at Indian Creek Nature Center
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Intermittent Sand Filters
An intermittent sand filter consists of a lined basin filled with approximately three feet of sand.
Wastewater (septic tank effluent) flows vertically through the sand bed where treatment occurs
through filtering action and bacterial decomposition. The bacteria are attached to the sand
media. In a sand filter, the water only passes through the system once before being sent to the
disposal area. Figure 2-12 depicts a typical application of an intermittent sand filter. Sand filters
are an established technology in Iowa. However, most sand filters in Iowa are not dosed and
are not lined. Typically, sand filters use an impermeable liner to protect local groundwater and
are pressure-dosed so that the water is uniformly applied across the top of the sand filter for
better treatment. Figure 2-13 shows an intermittent sand filter under construction. Sand filters
are recognized under Chapter 69 and have been used throughout the state. Sizing is typically
about 63 square feet per person.

Figure 2-12. Schematic of an Iowa sand filter38
Disadvantages of Sand Filters

Advantages of Sand Filters
•

Very simple to operate

•

Requires dosing pumps and controls

•

Low operation and maintenance
requirements

•

Low detention times

•

•

Inadequate distribution can lead to clogging

High level of treatment (ammonia removal)

•

Reliable treatment
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Photo courtesy Vanderpool Construction

Figure 2-13. Intermittent sand filter under construction

Attached-growth Filters
Recirculating sand filters and gravel filters, vertical flow wetlands, textile filters (vertically
stacked plates with a fabric media), and peat filters are all considered attached-growth filters
for advanced treatment of wastewater. These systems consist of a bed of support media
(sand, gravel, foam cubes, peat, etc.) on which bacteria attach and grow. Septic tank effluent
is pressure-distributed across the top of the filter unit. The wastewater flows vertically through
the media and is collected at the bottom to be returned to the recycle tank. The treated
wastewater cycles through the tanks and filter approximately 5 to 15 times, depending on the
configuration of the system. An example of a recirculating filter system using a vertical flow
wetland is shown in Figure 2-14.

Air Supply
(Blower)

Vertical Flow Wetland
with Forced Bed AerationTM

Sewer

Septic Tank

Filter Tank

Recirculation Tank

Dosing Tank

Schematic courtesy North American Wetland Engineering

Figure 2-14. Typical application of a recirculating filter system
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Popular types of recirculating filters include textile filters, peat filters and sand filters. Examples
of these systems are shown in Figures 2-15, 2-16 and 2-17. Sizing of the units varies based on
the type of filter media. Typical sizing factors are between 4 and 25 square feet per person.
Advantages of Recirculating Filters
•

Small land area requirement

•

Consistent operation not prone to upset

•

Favorable aesthetics

•

Reliable treatment

•

Meets performance-based standards

•

Good ammonia and total nitrogen
removal capability

Disadvantages of Recirculating Filters
•

Moderate operation and maintenance
costs

•

Requires some operator training

•

Requires recirculation pumps and
controls

Figure courtesy Orenco Systems, Inc.

Figure 2-15. Textile filter module
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Photo courtesy S. Wallace

Figure 2-16. Peat filter module at the Northeast Regional Correction Center
in Duluth, Minnesota

Photo courtesy S. Wallace

Figure 2-17. Recirculating sand filter at the Northeast Regional Correction Center
in Duluth, Minnesota
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Aerated Attached-growth Media Units
Conventional aerobic tanks and package plants have been in the wastewater industry for many
years. These units are basically miniaturized versions of the activated sludge process used in
large municipal treatment plants, and use clarifiers to settle and retain the bacteria used for the
treatment process. Because flow and organic loading delivered to small treatment system is
highly variable (compared to the variation seen in large treatment works), small units using the
activated sludge process have developed a reputation as being tough to manage, thus making
it difficult to maintain effective treatment.
A recent advance has been the development of attached growth activated sludge systems,
which use high surface area plastic media as a means to hang onto the treatment bacteria.
These units generally provide greater treatment efficiency (per cubic foot of tank volume) and
more stable treatment performance, especially for small systems. These units are very
compact and only require about two square feet per person. Figure 2-18 is a picture of an
aerated attached-growth treatment system.
Advantages of Attached-growth Systems

Disadvantages of Attached-growth Systems

•

Very small land area requirement

• Higher operation and maintenance costs

•

Good treatment capability for BOD and
ammonia

• Requires operator training

Photo courtesy S. Wallace

Figure 2-18. Aerated attached growth treatment module at Gunflint Lodge,
near the Minnesota-Ontario border
In summary, many treatment technologies are available for communities at all levels of landuse planning. For communities with high land availability, pond treatment systems (which are
sized around 300 square feet per person) may be a good alternative. However, for
communities with poor soils or little land available for wastewater treatment, technologies such
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as treatment wetlands and attached-growth filters may be better treatment options. Average
sizing criteria for the treatment technologies presented in this section are summarized in Table
2-1.
Table 2-1. Sizing Criteria for Various Treatment Technologies
Treatment Technology
Ponds

300 sq.ft./person

Surface-flow Wetland

188 sq.ft./person

Subsurface-flow Wetland

75 sq.ft./person

Sand Filter

63 sq.ft./person

Recirculating Sand Filter
Attached-growth Filter

2.3

Average Sizing Criteria in Iowa

4 to 25 sq.ft./person
2 sq.ft./person

Disposal Technologies

In water-rich areas like Iowa, there is often little apparent economic incentive to reuse treated
effluent. However, treated wastewater is a resource. Using average concentrations for nitrogen
and phosphorus in domestic wastewater,17 the discharge from Iowa’s unsewered communities
represents about 250 tons of nitrogen and 45 tons of phosphorus per year. No farmer would
willingly waste this amount of fertilizer by throwing it away into waters of the state. Disposal
options for treated effluent include surface water discharges, soil infiltration (for groundwater
recharge), and use as irrigation waters.

Surface Water Discharge
Surface water discharge is the most common disposal method for wastewater projects larger
than single-home systems. Constructing a pipe to the nearest receiving stream is the most
inexpensive method of disposing treated effluent. Generally speaking, capital costs for soil
infiltration and reuse systems are higher than for surface water discharges, and the cost
differential increasingly favors surface water discharge as the size of the system increases. For
this reason, large treatment works (big pipe systems) almost exclusively use surface water
discharges.
Iowa classifies surface water discharges into two categories, controlled and continuous.
Controlled discharges are used with lagoon systems that are capable of storing treated
wastewater and releasing it only twice a year, in the spring and fall. Discharge standards for
controlled discharges are not particularly strict, because of the presumed high in-stream flows
and resulting dilution during the spring and fall discharge events. For continuous discharges,
the level of treatment required by the IDNR is a function of the size of the discharge relative to
the size of the receiving stream. Discharge into a low-flow or intermittent stream will result in
the most stringent treatment requirements. A small discharge into a large receiving stream will
result in secondary treatment standards (the least stringent requirements).
Figure 2-19 is a picture of a small-scale treatment system being discharged to a surface water
in Minnesota.
The EPA’s total maximum daily load (TMDL) process has the potential to change the
regulation of surface water discharges. In Minnesota, the TMDL process has led to increased
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regulation of phosphorus and an assessment of the phosphorus contribution by unsewered
communities.39 At the present, it is not clear what impact TMDLs will have on small wastewater
discharges in Iowa, other than the fact that future discharge standards will likely become more
stringent.
Iowa is unusual that it allows surface-water discharges from single-home systems under a
general permit. This is generally not the case in surrounding states, where single-home
systems must use soil infiltration. The pros and cons of this approach are discussed in
Chapter 6.
Advantages of Surface Water Discharge

Disadvantages of Surface Water Discharge

•

Low capital cost

•

•

Most cost effective option for large
discharges

Regulation of discharge limits are specific to
the receiving water

•

Regulation of pollutants may change based
on TMDL process

•

Direct discharge presents the greatest
potential risk to aquatic environments

•

Simple to operate

System consists of pressure sewer, community septic tanks, a
subsurface flow wetland and intermittent sand filter, followed by
UV disinfection.
Photo courtesy S. Wallace

Figure 2-19. Discharge of treated effluent to the Minnesota River
in St. George, Minnesota

Soil Infiltration Systems
Soil infiltration is the most common means of effluent disposal for small systems, especially at
the single-home level. A variety of soil infiltration methods have been developed, including
trenches, beds, mounds and drip irrigation.17 Infiltration systems are sized based on soil sizing
factors that indicate how much water can be applied given the texture and structure of the
soil.17 In Iowa, these soil-sizing factors range between 0.10 and 1.25 gpd per square foot.36
Figure 2-20 shows the installation of a drip irrigation system.
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Photo courtesy North American Wetland Engineering

Figure 2-20. Installation of drip irrigation system at Columbus Elementary School,
in Columbus Township, Minnesota
Soil sizing factors are based on two things; the ability of the soil to accept water, and the
volume of soil needed for treatment.20 The soil environment provides a number of physical and
biological treatment mechanisms. Generally, soil-based treatment effectively removes organic
matter, pathogens and phosphorus from the wastewater. Nitrogen is generally converted to
nitrate and is leached into the water table.40 Nitrates can cause health problems in infants and
the EPA has established a drinking water standard of 10 milligrams per liter.41
Infiltration systems based on soil-sizing factors apply treated wastewater at high loading rates.
That is, the quantity of water and nutrients applied to system are far greater than what plants
are capable of utilizing. Infiltration systems can be upsized to apply nutrients at rates more in
line with agronomic needs. For instance, based on current IDNR standards,36 a drip irrigation
system for a three-bedroom home would range between 240 and 1,600 square feet. Sizing this
same system to utilize the applied nitrogen to grow hybrid poplar trees would require 3,920
square feet.42
Disadvantages of Soil Infiltration

Advantages of Soil Infiltration
•

Soil-based treatment provides additional
pollutant removal

•

Recharge of local water table

•

Some reuse of water and nutrients
occurs during the growing season

•

Higher capital costs

•

Overloading can lead to surfacing
(failure of infiltration system)

•

Potential for nitrate contamination
(depends on pretreatment process)

Systems that receive seasonal and/or weekend use can also be designed to store treated
effluent so treated water can be utilized by plants during the resting period. This approach has
been used in a system operated by the Johnson County Conservation Board (Figure 2-21).

28

Photo courtesy North American Wetland Engineering

Figure 2-21. Construction of a treatment wetland bed and effluent storage/infiltration
trenches at Kent Park near Tiffin, Iowa

Effluent Reuse
Treated effluent can also be reused as irrigation water (Figure 2-22). During the winter months,
storage of the effluent is needed because the soil is frozen. The cost-effectiveness of reuse
depends on the availability of other water resources, the nutrient value of the applied
wastewater, the amount of storage required, and the level of treatment required.

Photo courtesy North American Wetland Engineering

Figure 2-22. Effluent storage pond for golf course irrigation,
Renville County, Minnesota
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Treatment requirements vary state-by-state, and also by the method of irrigation used (drip or
spray). Some states, such as California,43 have very stringent reuse standards designed to
protect public health even in the event of direct body contact. Other states, such as Colorado,44
have less stringent standards that are designed to promote beneficial reuse in this waterscarce state.
Disadvantages of Effluent Reuse

Advantages of Effluent Reuse
•

Offers greatest utilization of water and
nutrients

•

Creates sustainable systems

•

Highest capital costs

•

High levels of treatment may be necessary
(depends on state requirements)

•

Potential for human exposure to pathogens
exists if treatment system fails

In the Upper Midwest, reuse systems are not common. Around Chicago, Illinois, a number of
residential developments have been constructed using the Stephens System, which utilizes
aerated treatment ponds, storage basins and spray irrigation.45 Golf course irrigation has also
been utilized in Minnesota when there is no access to suitable surface water discharges.
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Chapter 3
Ecological Wastewater Management:
Case Studies from the Midwest
Ecological wastewater management has been implemented in various projects across the
United States. Often, the specific use of a technology or system is driven by the vision of the
project founder, the acceptance of the regulatory community, and the technical experience of
engineers and academics associated with the project. Although this list is by no means
comprehensive, the following case studies illustrate the range of opportunities for ecological
wastewater management in the Midwestern United States.

3.1

Indian Creek Nature Center, Cedar Rapids, Iowa

The Indian Creek Nature Center, located near Cedar Rapids, Iowa conducts a variety of
recreational and educational programs. As the center’s programs have grown over the years,
so has visitor attendance. By 1993, it was apparent that annual attendance levels of over
40,000 visitors per year were overloading the original septic tank/leach field system, which was
designed for 10,000 visitors annually. The new wastewater system developed for the Nature
Center consists of three components:
1. A new 2,000-gallon septic tank. The old fiberglass septic failed during construction of
the new system. A new precast concrete septic tank was installed to meet IDNR criteria
and provide adequate pretreatment of the wastewater prior to wetlands treatment.
2. Subsurface-flow constructed wetlands for wastewater treatment. The subsurface-flow
configuration was selected to prevent possible visitor contact with partially treated
sewage. Because the system is insulated with a layer of mulch, and because no water
is exposed at the surface, this type of system was expected to offer superior cold
weather performance.
3. An open water pond. The pond was included to add additional wildlife habitat to the
system. Because the only source of water for the pond (other than rainfall) is treated
wastewater from the wetlands, the pond offers a visual indication of effluent water
quality.
The final wetland layout was selected as a two-cell configuration, with each wetland cell 40
feet wide by 20 feet long, by 12 inches deep, with a three- to six- inch thick layer of insulating
mulch. Wetland cells were connected in series. This resulted in a total wetland surface area of
1,600 square feet. A schematic of the system is shown in Figure 3-1, and the wetland system
itself is shown in Figure 3-2.
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Image courtesy Shive-Hattery Engineers and Architects

Figure 3-1 Indian Creek Nature Center Wastewater System
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Photo courtesy R. Patterson

Figure 3-2. Subsurface Flow Wetland Cells at Indian Creek Nature Center
The Indian Creek Nature Center system was the first subsurface flow wetland constructed in
Iowa. The system, though lightly loaded, has produced excellent treatment; 99 percent
removal of organic matter and 97 percent removal of ammonia.37 The addition of an insulating
mulch layer was a novel concept in 1993, but has proven to be effective in preventing freezing
during the winter months. Based on the success of this system, insulated cold-climate
wetlands have been used elsewhere in Iowa, Minnesota and Wisconsin,34 and energy-balance
methods have been developed to calculate insulation requirements.46 The septic tank,
wetlands and pond were constructed using a variety of contributions, volunteer labor and inkind services. The estimated equivalent cash value of construction is summarized in Table 3-1:
Table 3-1. Indian Creek Nature Center Wetland Construction Costs
Item

Estimated Cash Value

Cash Costs
Septic tank pumping (old tank)
New septic tank
Manhole cover
Rock (wetland bed material)
Portable toilets
Pond membrane
Seed
Miscellaneous
Water control/plumbing/labor
Planting & Design
subtotal

$270.00
$847.50
$94.88
$1,354.55
$116.00
$303.25
$331.98
$100.00
$3,000.00
$2,000.00
$8,418.16

subtotal

$4,919.97
$600.00
$3,000.00 (estimated)
$8,519.97

In-kind Costs
Earthwork
Pond membranes
Plant materials & planting

Total (cash and in-kind)

$16,938.13
Note: Cost in U.S. Dollars (1994)
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The success of the Indian Creek Nature Center constructed wetland, coupled with the large
number of visitors who use the facility every year, has resulted in similar wetland systems
being built for single-family homes and at nature centers throughout the state.

3.2

City of Lake Elmo, Minnesota

Lake Elmo is a municipality with population of 6,863 located in the Twin Cities metropolitan
area of Minnesota. In many ways, Lake Elmo is a rural hamlet in the middle of a fast-paced
metropolitan area of nearly 2.6 million people. Regional sewer was not available to Lake Elmo
until 1992. Until that time the entire community was served by onsite wastewater systems.
Lake Elmo has purposely restricted its growth through zoning ordinances and land planning
activities. In a desire to preserve open space, Lake Elmo refused to connect to the regional
sewer. The community believed that along with regional sewer would come high density
development to pay for the high cost of big pipe infrastructure. This conflicted with growth
plans created by the regional planning agency, the Metropolitan Council. The resulting legal
battle went all the way to the Minnesota Supreme Court, with the result that Lake Elmo
accepted regional sewer along the Interstate 94 corridor and limited use elsewhere.47 The
remaining areas of the city will retain their current wastewater systems.
Lake Elmo operates a successful decentralized wastewater system including individual onsite
septic systems, clusters of standard drainfields, and advanced treatment systems. A hallmark
of all of the Lake Elmo systems is that treated water is recycled back into the surface aquifer
through infiltration as opposed to being transferred out of the local watershed.
Prior to 1985, the city relied strictly on individual household septic systems. Starting in 1985,
under the Clean Water Act 201 grant program, about 200 wastewater systems were built using
the current state-of-the-art septic tank drain field systems. Eight of these projects were large
community systems that are still serving the city today. The city manages 201 cluster systems,
and the homeowners pay the operating cost.
In 1995, a local developer, Robert Engstrom, proposed a development near the Old Village,
the central area of Lake Elmo. His plan, called The Fields of St. Croix, was to mirror the Old
Village with large tracts of open space surrounding a cluster of homes to be served by a
central water and sewer system.48 No ordinances were in existence to accommodate such a
request, and wastewater treatment was a concern. After months of work with the city and
state, the consulting engineering firm was able to proceed with the first state-permitted
subsurface flow wetland in Minnesota.
With support from the mayor and influential council members, the permit was issued in 1997.
The project was very successful, winning several architectural, land planning and
environmental awards. In response to this success, the city adopted a zoning ordinance
allowing the use of alternative wastewater systems.47 Later in 1999, the Minnesota Pollution
Control Agency (MPCA) also adopted a new set of state rules that did away with experimental
language in favor of performance-based standards for alternative wastewater systems.
This was the beginning of open space developments using decentralized wastewater
technology in Lake Elmo. Now there are eight wetland treatment systems in the area that
employ both subsurface flow and vertical flow systems. Table 3-2 is a compendium of systems
operating in Lake Elmo. One of the systems (Fields of St. Croix) in the Lake Elmo area is
shown in Figure 3-3.
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Table 3-2
Ecological Wastewater Systems in Lake Elmo, Minnesota49

Development
(date of start-up)

Number of
homes

The Fields of St.
Croix Phase I
(1998)

45 homes

Hamlet on Sunfish
Lake (1998)

41 homes

Tamarack Farm
Estates (1998)

Prairie Hamlet
(1999)

20 homes

15 homes

Design
Flow
(gpd)

Treatment
System

Disposal
Method

11,000

Subsurface
Flow
Wetland

Rapid
Infiltration Bed

8,200

Subsurface
Flow
Wetland

Infiltration
Wetland

Notes
Phase I is connected
to Phase II for
redundancy and
overflow treatment
capability

Permit

State

City

4,000

Subsurface
Flow
Wetland

Mounds

Septic tanks on
Individual lots. Small
diameter gravity
sewer on upper lots;
pressure sewer on
lower lots

3,000

Subsurface
Flow
Wetland
(aerated)

Drip Irrigation
(subsurface)

Effluent used for
landscape irrigation

City

Infiltrator®
trenches

Tana Ridge
purchased capacity
from The Fields 2
system

State

Also serves 40,000
sq. ft. commercial
office space

State

City

The Fields of St.
Croix Phase II
(includes 20 homes
at Tana Ridge)
(2000)

88 homes

33,000

Recirculating
Gravel Filter
(aerated)

Carriage Station
(2001)

109 homes;
professional
/office space

44,875

Recirculating
Gravel Filter
(aerated)

Infiltrator®
trenches

Wildflower Shores
(2001)

25 homes

3,600

Subsurface
flow wetland
(aerated)

Infiltrator®
trenches

City

Whistling Valley
(2004)

22 homes

11,000

Recirculating
Gravel Filter
(aerated)

Pressure-dosed
Infiltration beds

State

Note: All developments use conventional gravity sewer systems except for Tamarack Farms Estates.
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Wetland
treatment cells

Soil infiltration
system
Photo courtesy S. Wallace

Figure 3-3. Constructed Wetland Treatment Facility at the
Fields of St. Croix development in Lake Elmo, Minnesota
Operation, Maintenance and Management
The key to success of any wastewater system is proper management. The people of Lake
Elmo chose a model where the homeowners’ association for each development would own the
wastewater system. It was their belief was that the residents directly served by the wastewater
system would have the greatest interest in making sure the system was operated properly.
Lake Elmo’s experience with homeowners’ associations has been mixed. Homeowners’
associations were often slow in securing a maintenance entity. When they did hire an operator
the management entity put the minimum of effort into understanding the systems they were
operating. Many associations were reluctant to fund routine maintenance work and set aside
adequate funds for replacement of worn-out components. This soon led to operational
problems.
In order to address these concerns, the city began to hold regular meetings with all of the
homeowners’ associations so they could share knowledge and expertise. A single
management company (EcoCheck Inc.) was hired to operate most of the systems. This
standardized operations and lead to proactive management. EcoCheck began to work with
associations to set realistic budgets to cover all aspects of system management. Monitoring,
operation and maintenance (MOM) costs are summarized in Table 3-3.
Table 3-3. MOM Costs for Lake Elmo Treatment Systems
System

Recommended Monthly Service Charge

The Fields of St. Croix (Phases I and II)

$27.16 - $30.48

Hamlet on Sunfish Lake

$25.49 - $29.51

Tamarack Farm Estates

$31.21 - $35.82

Carriage Station

$35.49 - $41.11
Note: Costs are monthly fees for single-family homes.
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MOM costs vary based on the size of the development, the type of treatment and infiltration
method used, and permit-driven monitoring requirements. Typically, a range of costs is
presented because some assumptions must be made about how inflation and interest rates
will vary over time.
The Lake Elmo experience is that decentralized wastewater systems are cost-competitive with
regional sewer. The biggest difference in costs is that the homeowners’ associations are
putting money away up front for future capital replacement, whereas a regional sewer entity
can bond or borrow the money when funds are needed. Nevertheless, the average cost of
$32.03 for the Lake Elmo systems is comparable to the average cost of water and sewer
service, which is $33.66 for this part of Minnesota.

3.3

Otter Tail Water Management District

The Otter Tail, Minnesota Water Management District was formed in 1984 as a mechanism to
ensure proper onsite treatment of wastewater in a 55-square mile area in western Minnesota.50
Within the district are six lakes, four townships and portions of the City of Otter Tail.
Over the years, many of the residents and leaders in the area surrounding Otter Tail Lake saw
deteriorating lake water quality, and at the same time the area was growing rapidly. A group of
concerned citizens formed a task force that identified proper sewage treatment as critical to the
future of their community. An up-front educational program led to 85 percent of the property
owners agreeing to the creation of the district, which was formed as a sanitary district under
Minnesota statues.
The District is formed of three types of users:
•

1,160 seasonal residents

•

390 permanent residents

•

48 resorts or businesses (75 percent of which are seasonal)

Since its inception, the district has constructed approximately 850 individual onsite treatment
systems and 16 cluster systems. Residents can choose to be part of an active or passive
management program. For systems under active management, the district maintains the
system and pays the cost of all repairs. In the passive program, the owner pays for
maintenance repairs, and replacement, but is still under the jurisdiction of the district. User
fees are based on the type of system and the type of maintenance program (active or passive).
The choice is made at the time of construction. Once on the active program, the property
cannot go back to the passive program, but a property on the passive program can return to
the active program. User fees for the active maintenance program are summarized in Table 34.
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Table 3-4. Otter Tail Water Management District User Fees
for the Active Maintenance Program 50
Type of Active Facility

Annual User Fee

Permanent residence with septic tank, pump and drainfield

$168

Permanent residence with septic tank and drainfield

$120

Seasonal residence (based on 3 months average)

30% of permanent residence rates

Permanent residence on cluster system

$196

Seasonal residence on cluster system

$152

Resorts and businesses

$164 - $2178

The original planning and design was completed with $5,621,700 in federal grant funds. The
annual operating budget for the district is $140,000. The district is supervised by a board of
managers and consists of one full-time and two part-time employees. The district provides the
following services to all property owners, regardless of the maintenance program:
•

Regular inspections of systems (interval based on system type and use)

•

Maintain records/history of system

•

Provide information and education to homeowners on best management practices for
septic systems

The district has the ability to issue compliance orders and to assign costs (including penalties
and interest) to the property tax statements. Up to 10 percent of owners default on payments
and the property tax mechanism is used in these cases. Without the ability to make property
tax assessments, the district could not remain financially viable. Water quality of all the lakes
within the district have improved in all measured parameters, including a decrease in
phosphorus and chlorophyll-A concentrations and a corresponding increase in water clarity
(secchi disk readings).

3.4

Clear Lake Sanitary District

The Clear Lake Sanitary District demonstrates that effluent reuse can be implemented in Iowa.
The district was formed in the early 1950s with the objective of transporting and treating
sewage generated by the residences around Clear Lake, including Ventura and the City of
Clear Lake.51 An extensive collection network and treatment system was constructed to
replace non-compliant individual septic systems, which were negatively affecting water quality
in Clear Lake.
Each city is responsible for maintaining its sewer system, while the district maintains the
sewage collection system in the unincorporated areas around the lake. Over time, leaks
developed in the collection system, which significantly increased flows to the wastewater
treatment plant. By 1988, the treatment plant had become inadequate for the growing
population’s treatment needs and the district received an administrative order from the IDNR to
upgrade the facilities.52 The district began a $23 million renovation project in 1995 to renovate
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pumping stations and upgrade the treatment process. Treatment capacity was increased from
2 million gpd up to 5.7 million gpd.52
This investment allowed the district to meet its permit limits, but also put the district in a
position to participate in an innovate water reuse project with Alliant Energy, which was
constructing a new gas-fired turbine power plant near Clear Lake. Alliant needed 3,400 gallons
per minute of cooling water, but was only allowed to pump 2,000 gallons per minute from the
Jordan Aquifer. The additional water is provided by the district. Wastewater treatment plant
effluent is filtered and disinfected prior being used for cooling water. The cost for these
additional treatment requirements was borne by Alliant. The return flow (about 20 percent of
the original cooling water volume) is sent back to the district. Additional effluent from the
treatment plant is used to dilute the return flow, which is high in dissolved solids.
This innovative project was the first effluent reuse program in Iowa. Similar projects have been
implemented in Massachusetts, Rhode Island, Maryland, New Hampshire, Oklahoma, New
Jersey, Virginia and Oregon.52

3.5

Minnesota Municipal Power Agency

The Minnesota Municipal Power Agency (MMPA) is expanding its gas-fired power plant at
Faribault, Minnesota. To minimize groundwater withdrawals from the Jordan aquifer, a
treatment wetland is being designed to blend power plant evaporative cooler discharge with
other water sources available on site, including an agricultural drainage ditch.
The primary purpose of the treatment wetland is to create effluent that is suitable for boiler
feed raw water. A strong secondary purpose of the wetland is to create a park to showcase
renewable sources of energy. The wetland will have an outstanding public benefit and
aesthetic appeal. The 9.5-acre wetland system is designed to hold 6 million gallons of water for
blending purposes. The wetland facility will include trails, boardwalks and viewing platforms for
the public to enjoy the habitat and the wildlife. Construction is scheduled for autumn 2005. The
proposed facility is shown in Figure 3-4.

Figure courtesy North American Wetland Engineering

Figure 3-4. Proposed Wetland Facility, Minnesota Municipal Power Agency
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3.6

Poplar, Wisconsin

The advanced engineered pond system at Poplar, Wisconsin, is an illustrative example of what
can be achieved through the use of new, innovative concepts for pond systems. The Poplar
facility is located in northeastern Wisconsin near Duluth, Minnesota. The facility has a 40,000gpd design flow. Treatment consists of two five-day complete-mix aerated lagoon cells, one
five-day partial mix aerated lagoon cell and one five-day non-aerated settling basin. All lagoon
cells utilize floating insulated covers to maintain water temperatures during the winter months,
as shown in Figure 3-5.

Figure 3-5. Advanced engineered pond system at Poplar, Wisconsin
The facility is loaded at about 50 percent of design capacity. Overall, the treatment provided by
the system is excellent, even during the winter months, especially for ammonia-nitrogen, as
shown in Figure 3-6. This is significant because typical non-aerated, controlled-discharge
ponds employed in Iowa are not effective in ammonia-nitrogen removal.
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Figure 3-6. Ammonia removal in pond system at Poplar, Wisconsin
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Chapter 4
Regulatory Frameworks that Promote
Ecological Wastewater Management
The size of wastewater treatment systems that are best suited for ecological wastewater
management range from single-home systems up to medium-scale facilities. Because these
systems span such a large range of flows, the governing regulatory framework falls into two
categories; regulations that are written for onsite septic systems, and those which are written
for municipal treatment works.
Because each state has its own regulatory framework for onsite treatment systems, the
design, construction, and treatment standards for onsite systems vary widely from state to
state. Most rules for onsite systems are written under the presumption that soil infiltration is the
preferred method of disposal. As a result, detailed state guidance for soil infiltration systems is
usually found only in the onsite system rules. Systems falling within the state-defined size
criteria for onsite systems are typically regulated at the county level. However, the permit
threshold for determining when a state permit is required (as opposed to a county permit)
varies, ranging in the Midwest from 1,500 gpd (Iowa) up to 10,000 gpd (Minnesota).
The goal of this chapter is to examine how different regulatory frameworks in other states
promote ecological wastewater management. Since other state regulatory agencies have
already given this topic considerable thought, the information provided in this chapter is not a
comprehensive summary, but rather a discussion of regulatory concepts that could be
implemented in Iowa.

4.1

Current Regulatory Situation in Iowa

The IDNR regulates onsite treatment systems under Chapter 69, On-site Wastewater
Treatment and Disposal Systems.36 These rules apply to systems that collect, store, treat and
dispose of wastewater from four or fewer dwelling units or other facilities serving the equivalent
of 15 people (1,500 gpd) or less. Systems falling under this threshold are permitted at the
county level, whereas the IDNR permits systems that are larger than this threshold.
Most states require that onsite systems use soil infiltration for effluent disposal. Iowa is unusual
in that surface water discharges are allowed from onsite treatment systems under a National
Pollutant Discharge Elimination System (NPDES) General Permit No. 4.53 Chapter 69 is
structured around prescriptive requirements for different technology options (with the exception
of alternative systems). The range of technology options allowed under Chapter 69 is
summarized in Table 4-1.
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Table 4-1. Iowa Administrative Code 567, Chapter 69: Technology Options
Treatment *

Disposal

Comments

Septic Tank

Drainfield Trenches

3 feet of vertical separation (distance
from point of application of wastewater to
seasonal high water table) required in
native soil profile

Septic Tank

Mound

1 foot of vertical separation required in
native soil profile

Pretreatment
(< 20 mg/L BOD,
< 20 mg/L TSS)

Subsurface Drip Irrigation

20 inches of vertical separation required
in native soil profile

Intermittent Sand Filter

Surface Water Discharge

Monitoring and performance as per
General Permit No. 4

Mechanical Aerobic Units

Surface Water Discharge

Monitoring and performance as per
General Permit No. 4

Constructed Wetlands
(followed by ½-size sand
filter)

Surface Water Discharge

Monitoring and performance as per
General Permit No. 4

Waste Stabilization Ponds

Surface Water Discharge

Monitoring and performance as per
General Permit No. 4

Alternative Systems (should
be designed by registered
professional engineer)

Surface Water Discharge

Monitoring and performance as per
General Permit No. 4

* All treatment systems must use septic tanks except mechanical aerobic treatment units

An effort is under way to expand the use of onsite technologies beyond those prescriptively
defined in the current version of Chapter 69. Updates to Chapter 69 are being discussed and a
new rule is likely in the near future. In order to expand the knowledge base among county
sanitarians, onsite system designers and installation contractors, the IDNR has developed a
comprehensive manual38 summarizing the current-state-of-the-art in onsite treatment systems.
Both Minnesota and Wisconsin have modified their state codes to require licensure of onsite
system designers and installers, as well as mandatory point-of-sale inspection requirements.
These features are not part of the current version of Chapter 69, although 15 counties require
point-of-sale inspections of septic systems when a house is bought or sold,54 and 2 counties
(Bremer and Dallas) have adopted licensure requirements.55
Chapter 69 uses percolation tests as the primary method of sizing soil infiltration systems. This
approach has been abandoned in Minnesota and Wisconsin in favor of sizing factors based on
soil morphology (texture and structure of the soil). Soils in Iowa are predominantly formed from
loess or glacial till and are typically clay loams and silty clay loams (the driftless region of
northeast Iowa being the exception to this). Most landscapes in Iowa are mature enough (with
the exception of some portions of the Des Moines Lobe) that interconnected drainageways are
the norm.56 In the Des Moines Lobe (the most recently glaciated landform in Iowa), man-made
tile networks provide the same function as natural drainageways, meaning that in most of the
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state, there are surface waters capable of receiving treated wastewater discharge. Figure 4-1
shows the location of the Des Moines Lobe and other geologic landforms in the state.

Figure 4-1. Geologic landforms of Iowa57
The fine-textured soils common to Iowa require large soil infiltration systems for onsite
discharge (compared to sandy soils, which require less land area per unit flow). In these soil
conditions, it is common practice in Iowa to opt for a surface water discharge, since this option
has a lower construction cost than a soil infiltration system.
Three factors (soils, drainage networks, and low up-front construction costs) have made
NPDES General Permit No. 4 a critical feature of the wastewater landscape in Iowa. This
permit was recently renewed by the EPA and is effective from January 1, 2004, through
December 31, 2008. Key features of this permit are summarized in Table 4-2.
Table 4-2. NPDES General Permit No. 4 Monitoring Requirements53
Effluents Discharging to:

E. coli
CFU/100 mL

CBOD5
mg/L

TSS
mg/L

Class A1, A2, A3 and C
waters*

235

25

25

All other water use
classifications

No limit

25

25

*Class A1, A2 and A3 waters are defined as primary contact recreational use waters, secondary contact
recreational use waters, and children’s recreational use waters, respectively. Class C waters are defined as
“drinking water” river or lake.

Under NPDES General Permit No. 4, effluent sampling is required twice a year from
mechanical aerobic systems, recirculating filters, constructed wetlands, waste stabilization
ponds, and free access sand filters. Sampling is required once a year from single-pass
(intermittent) filters. It is now mandatory that sampling be performed by a qualified sampler,
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meaning an IDNR employee, county environmental health person, a licensed wastewater
treatment plant operator, or individual who has received training approved by the IDNR.
The reality is that the vast majority of systems that have been installed under General Permit
No. 4 are not monitored at all. Without monitoring, the treatment performance of the system
cannot be determined. These systems are permitted at the county level and county sanitarians
often do not have the time or resources to conduct sampling or to follow up with homeowners
that have not submitted sampling results. IDNR has historically deferred to local units of
government in this issue. This has created a situation where thousands of un-monitored
systems discharge into waters of the state, with dubious levels of treatment.
The widespread practice of unmonitored, surface-discharging septic systems contributes to
water-quality problems, especially at low flows. The resulting loss of aquatic habitat limits
recreational uses of these waters, such as fishing and swimming.
IDNR has created a low-interest loan program, Onsite Wastewater Systems Assistance
Program (OSWAP) to promote the replacement of noncompliant septic systems in the state.58
Loans are offered at interest rates of 3 percent or less for amounts between $2,000 and
$10,000, with a maximum repayment period of 10 years. As of November 30, 2004, this
program had made 245 loans in 54 counties, for a total of $1,405,000 in loans.4
USDA Rural Development also offers Section 504 loans to low-income residents living in nonmetropolitan areas. The interest rate is fixed at 1 percent for the life of the loan, with a
maximum repayment period of 20 years. To be eligible, the applicant’s household adjusted
income cannot exceed 50 percent of the median household income of the county.59
For systems smaller than 1,500 gpd (or 10 bedrooms), Iowa has a well-defined regulatory
framework in terms of Chapter 69. Through the use of NPDES General Permit No. 4, the
application of onsite technologies has been extended to surface water discharges. For
systems greater than 1,500 gpd, an individual NPDES permit is required from the IDNR.
Rather than being permitted at county level, these permits are issued by the IDNR staff in Des
Moines.
In terms of wastewater permits, the rate of technology development has outstripped IDNR’s
ability to keep pace with regulatory technical guidance. The individual NPDES permit program
in Iowa was developed during the era of the EPA’s construction grant program. As a result, the
technical standards used by IDNR for evaluating permit applications reflect the technology of
that era. Criteria in IDNR’s Wastewater Facilities and Design Standards25 were developed
between 1978 and 1987, meaning that the information used by IDNR to review new projects is,
in most cases, at least 20 years old.
Being able to access up-to-date technical information is a challenge for all state regulatory
agencies. For instance, the Minnesota Pollution Control Agency has had to develop two
guidance documents (the High Rate Soil Adsorption System60 and the Large Subsurface
Wastewater Treatment System61) in order to keep pace with the rate of technology
development. The Wisconsin Department of Natural Resources lacks technical criteria by
which to evaluate decentralized wastewater proposal; this expertise is located within the
Wisconsin Department of Commerce instead.
In response to IDNR’s reliance on the Wastewater Facilities Design Standard document, the
consulting engineering community has realized that the quickest and most direct route to an
NPDES permit is to propose 1970s-era technology, which consists mainly of controlleddischarge ponds (for small communities) and activated sludge systems (for larger
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municipalities). For very small communities, these technologies are not cost effective, and the
preference for tried and true solutions has led, in part, to the continued presence of unsewered
communities of the 21st century. Iowa is not alone in this regard, as data from Minnesota and
Indiana exhibit an almost identical pattern (see discussion in Chapter 1).
Commonly used technologies and ecological wastewater management practices that are NOT
addressed by current IDNR review standards for wastewater permits include:
•

Small-diameter gravity sewer

•

Pressure sewer (STEP and grinder pumps)

•

New pond technologies (insulated ponds; complete-mix designs)

•

Constructed wetlands (surface-flow, subsurface-flow and vertical-flow)

•

Sand filters (guidance from Chapter 69 could be extrapolated for larger systems)

•

Recirculating filters (sand, gravel, textile, peat)

•

Aerated attached growth media units

•

Soil infiltration/groundwater recharge systems

•

Effluent reuse

A quick perusal of the list above clearly illustrates IDNR’s dilemma: the tool kit of technologies
best suited to address the needs of unsewered communities throughout the state are precisely
the technologies for which they have no technical guidance or operating experience. While the
IDNR expresses a willingness to adopt innovative alternatives, the agency currently lacks the
information resources to separate good design proposals from poor ones. This gap in
knowledge results in extended and lengthy review periods, which can create the impression
that IDNR staff is not willing to accept new ideas. Iowa should look to the concepts and
framework already in place in other states to see how that pre-existing knowledge could
facilitate the acceptance of ecological wastewater treatment alternatives in Iowa.
Information resources are needed not just for design-related items. Experience at the
Minnesota Pollution Control Agency has shown that information on management entities,
MOM, operating permits, and staff training are crucial components in developing a solid
infrastructure for decentralized wastewater systems.

4.2

States with Guidance on Small-Scale Treatment Systems

Both Minnesota and Wisconsin have recently revised their state rules that govern onsite
treatment systems. Some of the concepts offered in these rules (performance-based systems,
alternative soil sizing factors, licensure of onsite professionals) are concepts that will likely be
adopted (at least in part) in Iowa in the coming years. These regulatory programs are
discussed herein.

4.2.1 Minnesota
Minnesota regulates onsite systems (termed individual sewage treatment systems, or ISTS)
under Minnesota Rules Chapter 7080.62 This rule applies to systems up to 10,000 gpd that
utilize soil infiltration. Systems falling under Chapter 7080 are permitted at the county level.
Systems greater than 10,000 gpd (or 30 homes), and all systems (regardless of size) that
discharge to surface waters, are required to obtain individual NPDES permits through the
Minnesota Pollution Control Agency (MPCA).
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Soil infiltration is the norm in Minnesota, despite the fact that Minnesota soil conditions that are
generally poorer than Iowa’s. There are four major factors that drive smaller wastewater
systems towards soil infiltration in Minnesota:
1. Any system that discharges to a surface water (even a single-home system) must
obtain an individual NPDES permit from the MPCA. These permits take approximately
six months to obtain, and require monthly monitoring and submittals to the MPCA from
a licensed wastewater treatment plant operator. This increases operating costs to the
point where it is cost-prohibitive for single home systems. There is no equivalent of
NPDES General Permit No. 4 in Minnesota.
2. Many of the major river systems in the state of Minnesota are designated as
Outstanding Resource Value Waters (ORVW). New discharges to ORVWs are
prohibited unless no other prudent and feasible alternative exists. Since soil infiltration is
a feasible alternative, especially for small wastewater systems, new discharges to
ORVWs are routinely prohibited.
3. Minnesota has very recently glaciated landforms. In many regions of the state, the
landscape is so new that interconnected drainageways have not had time to develop.
Instead, land-locked basins, with lakes at the bottom, are quite common (hence the
name Land of 10,000 Lakes). Discharge to a lake requires a statutory one milligram per
liter phosphorus limit and may involve ORVW issues.
4. Holding tanks are not allowed for new home construction.
The most recent revision to Chapter 7080 was in 2002. The current rule contains the following
key regulatory concepts:
•

Prescriptive criteria for standard systems.

•

Utilization of performance-based treatment systems; which means that the system is
regulated based on treatment performance, not adherence to a prescriptive construction
standard. (This section of the rule can be adopted by local units of government at their
discretion).

•

Licensure of site evaluators, system designers, installers and inspectors, with
mandatory continuing education.

•

Use of soil morphology instead of percolation tests to size infiltration systems (This
section of the rule can be adopted by local units of government at their discretion).

•

Mandatory point-of-sale inspections and disclosure of noncompliant onsite systems.

Chapter 7080 (Minnesota) is similar to Chapter 69 (Iowa) in that both states will allow systems
defined by their treatment ability (performance-based standards) instead of their adherence to
a cookbook construction standard (prescriptive standards). In Minnesota, this is regulated
under the performance-based section of the rule (Section 7080.0179); in Iowa this can be done
under the alternative section of the rule 567 (Section 69.18(455B)). The key difference here is
that in Iowa, the alternative design should be completed by a registered professional engineer,
whereas in Minnesota, the design must be completed by a licensed ISTS designer (who may
be, but is likely not, a registered professional engineer).
Minnesota allows licensed ISTS designers broad latitude in designing treatment systems (up to
10,000 gpd; one of the highest permit thresholds in the United States). In most other states,
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only registered professional engineers would be allowed to carry out these designs. Minnesota
has responded to this extra responsibility in several ways:
•

The creation of an extensive and ongoing training program conducted by the University
of Minnesota Extension Service.18

•

An ISTS licensing board within the Minnesota Pollution Control Agency, including
tracking of continuing education, bonding requirements and enforcement actions.

•

Creation of guidance documents for large subsurface wastewater treatment systems
(LSTS)

•

The MPCA has proposed a new rule, Chapter 7081 for medium-sized sewage treatment
systems (MSTS).63 The intent of this rule is to provide more meaningful guidance on
treatment systems larger than single-home systems but smaller than the current permit
threshold of 10,000 gpd. A potential option under the proposed rule is to require that
larger MSTS systems (5,000 to 10,000 gpd) will have to be designed by a professional
soil scientist or registered professional engineer.

Over the last 10 years, there has been a widespread adoption of ecological wastewater
technologies (constructed wetlands, textile filters, soil infiltration systems) in Minnesota. At
present, these small cluster wastewater systems make up the majority of new permit
applications processed by the MPCA. Chapter 7080 was originally written for single-home
treatment systems. Because of this, issues like groundwater mounding and nutrient impacts to
receiving waters were not explicitly addressed in the rule, and the MPCA lacked technical
guidance to effectively evaluate larger wastewater systems.
In response to this need, the MPCA recently developed a guidance document on Large
Subsurface Wastewater Treatment Systems (LSTS) for systems greater than 10,000 gpd61
and/or 30 or homes connected together. While not a rule, the LSTS guidance document clearly
identifies how the MPCA evaluates LSTS applications, and which technical standards they will
apply in approving those applications. In this regard, the LSTS Guidance Document is
analogous to the IDNR’s Wastewater Facilities Design Standards.25 Although these two
documents serve the same regulatory function, there are some key differences:
•

The LSTS Guidance Document was specifically designed to address small wastewater
systems. The IDNR Wastewater Facility Design Standards are geared towards
conventional big pipe systems.

•

The LSTS Guidance Document focuses specifically on soil infiltration systems, while the
IDNR Wastewater Facility Design Standards are geared toward surface water
discharges.

•

The LSTS Guidance Document was written to address new technologies that facilitate
ecological management of wastewater (see discussion in Chapter 2). The IDNR
Wastewater Facility Design Standards describe technology that is 20-plus years old and
is not geared to the needs of small communities.

•

MPCA has intended the LSTS Guidance Document as an open document that is
supposed to encourage new technology. Page 3 of the guide states: “…as the MPCA
wants to encourage the advancement of the technology for the design of LSTSs, staff
will make every effort to accommodate new concepts and design ideas through timely
technical review and permit issuance.”
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The LSTS Guidance Document incorporates by reference many current texts on decentralized
wastewater management.17,18,64,65 It also outlines a number of regulatory options that are
potentially applicable to the infrastructure challenge in Iowa:
•

Five different methods of pathogen treatment are identified, with corresponding levels of
vertical separation in the receiving soils.

•

Nitrogen treatment is identified, and with a voluntary carrot in front of the donkey
incentive, the MPCA offers fast-track permitting to applicants that will voluntarily accept
a 10 milligram per liter total nitrogen limit.

•

Alternate soil sizing factors are allowed, providing for down-sized disposal areas for
systems that treat wastewater to secondary standards (< 30 mg/L BOD5,
< 30 mg/L TSS) prior to infiltration.

The MPCA has also used the LSTS Guidance Document to encourage voluntary acceptance
of higher treatment standards. There are three permitting options for nitrogen. The fast track
approach recommended by the MPCA is for permittees to accept a total nitrogen limit of 10
milligrams per liter (mg/L) prior to soil infiltration. This is significant because the EPA drinking
water standard for nitrate-nitrogen is 10 mg/L41 and the end product of nitrogen in the soils is
nitrate. By accepting the 10 mg/L total nitrogen limit, the permittee is committing to avoid any
contribution to the groundwater resource that would violate the drinking water standard.
Applicants opting for the fast track permitting process receive their permits in approximately
three months, less than half the time of the normal MPCA permitting process. Other nitrogen
permitting options involve varying levels of dilution modeling and hydrogeologic investigation,
and are considerably slower than the fast track.
Regulatory concepts from the Minnesota model that could potentially be applied to Iowa
include:
•

Licensure of onsite professionals

•

Continuing education requirements for licensed professionals

•

Point-of-sale inspections and disclosures

•

Application of new technical standards to review permit applications

•

Incentive programs to encourage voluntary acceptance of higher treatment standards.

Regulatory pitfalls from the Minnesota model that Iowa could potentially avoid are:
•

Allowing more flexibility in total nitrogen effluent limits. While 10 mg/L is a protective
limit, MPCA staff recognize that is does not take into account soil-based treatment or
groundwater dilution.

•

Use of inconsistent or inappropriate permit language that does not accurately reflect the
operational requirements of the treatment system.

•

Use of inexperienced and untrained staff to issue permits.

4.2.2 Wisconsin
Wisconsin regulates onsite treatment systems (termed private onsite wastewater treatment
systems, or POWTS) under the Wisconsin Administrative Code, Chapter Comm 83.66 This rule
applies to systems that discharge to soil infiltration systems and are smaller than 12,000 gpd
(or serve fewer than 85 bedrooms). These systems are regulated by the Wisconsin
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Department of Commerce. In Iowa and Minnesota, onsite systems are reviewed and permitted
at the local (county) level. In Wisconsin, technical review and permitting of POWTS is handled
directly by the Department of Commerce through six regional offices.
Soil infiltration is the norm in Wisconsin. The soil conditions and drainage issues in Wisconsin
are similar to that of Minnesota. Systems that discharge to surface waters must obtain an
individual permit from the Wisconsin Department of Natural Resources (WDNR), regardless of
the size of the system. The monitoring and reporting requirements for these permits is a strong
deterrent to surface water discharges, especially for small wastewater systems. One notable
difference between Minnesota and Wisconsin is that holding tanks are allowed for new
construction in Wisconsin.
Chapter Comm 83 was last revised in 2000 and contains the following key regulatory
concepts:
•

Licensure of onsite system installers (Master Plumber license required).

•

Licensure of onsite system designer (registered professional engineer or Master
Plumber).

•

Technical review of applications by state wastewater specialists who are familiar with
small-scale wastewater systems.

•

Alternate soil sizing factors that give credit for pretreatment by allowing smaller
infiltrative areas.

•

Variable limits on the vertical separation needed for pathogen reduction, based on soil
morphology.

•

The use of individual component manuals to define technical review standards.

The Component Manuals adopted by the Department of Commerce provide a similar function
to the LSTS Guidance Document in Minnesota and IDNR’s Wastewater Facilities Design
Standards. However, the component manual approach is a much more flexible format for
establishing technical review standards.
There are a number of advantages to the component manual approach as implemented by the
Wisconsin Department of Commerce:
•

The format is highly flexible. Component manuals allow mixing and matching of
technologies.

•

Component manuals can be updated as needed to reflect changes in current
technologies.

•

Additional manuals can be developed to respond to new technologies.

•

The component manuals clearly specify the technical review standards for each
technology. They can go into as much detail as necessary.

•

The format can be used for public domain technologies that have been around for
decades (like single-pass sand filters). However, the component manual approach also
provides a mechanism for approving new technologies that are likely to still be in the
private domain.

Component manuals can be added or updated as needed without the need to back through
the legislative rulemaking process. This is a major advantage over the Iowa approach currently
in Chapter 69. The technology descriptions in Chapter 69 have not been updated in recent
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years due to the time and expense of the legislative rule making process. The Wisconsin
Department of Commerce has currently approved the component manuals listed in Table 4-3.
Table 4-3. Technologies covered in the Wisconsin component manuals
Technology

Author

Pressure distribution

Department of Commerce

At-grade systems

Department of Commerce

Mounds

Department of Commerce

Conventional drainfield systems

Department of Commerce

Holding tanks

Department of Commerce

Single-pass sand filters

Department of Commerce

Split bed recirculating filters

Department of Commerce

Drip irrigation

Department of Commerce

Aerobic treatment device

Environmental Health Services Inc.

Aerobic treatment device

Multi-Flow Waste Treatment Systems Inc.

Soil infiltration systems greater than 12,000 gpd (large POWTS) are permitted by the WDNR.
The technical standards used by WDNR67 describe conventional big pipe technologies, which
are poorly suited to the needs of small communities. The presumption is that virtually all
systems discharge to surface waters. The only infiltration option defined in Chapter NR110 is
for seasonal spray irrigation systems. Below-grade infiltration systems (trenches, mounds, drip
irrigation, etc.) are not addressed in the WDNR criteria. This places WDNR engineers in the
undesirable position of having to review projects for which they have no applicable technical
guidance (similar to the current situation at the IDNR).
The large POWTS are still subject to technical review by the Wisconsin Department of
Commerce, so in effect, these systems are doubly regulated. In general, the Department of
Commerce engineers are much more familiar with small-scale technologies than their
counterparts at the WDNR. A memorandum of understanding has been developed to facilitate
review and permitting procedures between the two agencies. This is a relatively new process
and the potential for conflicts amongst the agencies (and associated permitting delays)
remains a concern.
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Regulatory concepts from the Wisconsin model that could potentially be applied to Iowa
include:
•

Licensure of onsite professionals

•

Continuing education requirements for licensed professionals

•

Use of the component manual approach to develop and maintain current technical
review standards without the need to repeatedly go back through legislative rulemaking
process.

Regulatory pitfalls from the Wisconsin model that Iowa could potentially avoid are:
•

4.3

Double-regulation of systems by two state agencies.

States Offering Guidance on Effluent Reuse Standards

One issue worth examining is whether, and how, treated effluent may be reused safely. Reuse
standards have not been developed on a state-specific level for any of the states in the upper
Midwest. Some states that permit reuse, such as Minnesota, have borrowed technical
standards from California. The California standards are the most stringent in the United States.
Other states have adopted less stringent standards in order to promote reuse. This section
summarizes reuse standards from California, Massachusetts and Colorado and examines how
concepts from these regulatory approaches could be applied in Iowa.

4.3.1 California
California Title 22 provides a comprehensive list of reuse alternatives and effluent treatment
standards.43 Reuse categories addressed in the rule include the use of treated effluents for
irrigation, impoundments, cooling water and other purposes (toilet flushing, snow making, etc.).
Of these categories, reuse of effluent for irrigation water is the most applicable to the situation
in Iowa.

Disinfected Tertiary Recycled Water
This reuse category requires that the water be filtered and disinfected to produce an effluent
with a median concentration of total coliform bacteria that does not exceed 2.2 colony forming
units (CFU) per 100 milliliters (the normal standard for disinfected wastewater is 200 CFU per
100 milliliters for fecal coliform bacteria, not total coliform bacteria). Filtration must produce an
effluent with a turbidity less than 2.2 nephelometric turbidity units (NTU), with provisions for
bypass if the turbidity limit cannot be met.
This category of effluent is suitable for surface irrigation of:
•

Food crops where the recycled water comes into contact with the edible portion of the
crop.

•

Parks and playgrounds.

•

School yards

•

Residential landscaping

•

Unrestricted golf course access
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This effluent is also suitable for:
•

Flushing toilets

•

Priming drain traps

•

Industrial process water that may come into contact with workers

•

Structural fire fighting

•

Decorative fountains

•

Commercial laundries

•

Consolidation of backfill around potable water pipelines

•

Artificial snow making

•

Commercial car washes

This category represents the highest level of treatment and the broadest range of reuse
applications. Minnesota has applied this standard for golf course reuse projects. California also
allows lower level of treatment for more restricted categories of effluent reuse.

Disinfected Secondary 2.2 CFU/100mL Recycled Water
This reuse category requires that water be oxidized (secondary treatment) and disinfected so
that the median concentration of total coliform bacteria does not exceed 2.2 CFU per 100
milliliters. This category of effluent is suitable for irrigation of food crops where the edible
portion of the crop does not come into contact with the reuse water.

Disinfected Secondary 23 CFU/100mL Recycled Water
This reuse category means that effluent has been oxidized (secondary treatment) and
disinfected so that the median concentration of total coliform bacteria does not exceed
23 CFU per 100 milliliters. This reuse category is suitable for irrigation of:
•

Cemeteries

•

Freeway landscaping

•

Restricted access golf courses

•

Ornamental nurseries and sod farms

•

Pasture for animals producing milk for human consumption

Undisinfected Secondary Recycled Water
This reuse category applies to effluent that has undergone secondary treatment and is not
disinfected. This effluent is suitable for irrigation of:
•

Orchards (where the recycled water does not come into contact with the edible portion
of the crop)

•

Vineyards (where the recycled water does not come into contact with the edible portion
of the crop)

•

Non food-bearing trees

•

Fodder and fiber crops and pasture for animals not producing milk for human
consumption
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•

Ornamental nursery and sod farms (provided that access to the public is restricted for
14 days after irrigation).

In summary, the California Title 22 Standards outline the broadest range of treatment
standards and reuse options of any regulatory program in the United States.

4.3.2 Massachusetts
Massachusetts has developed interim guidance for use of reclaimed water.68 This guidance is
directed toward the use of treated effluents for spray irrigating golf courses, artificially
recharging groundwater aquifers, and toilet flushing. Massachusetts guidelines note that water
resources are limited in many areas of the state and that nationally, only 3 percent of water is
used for drinking or cooking. The remainder, approximately 97 percent, is used for bathing,
laundry, dishwashing, toilet flushing, outdoor use and industrial/commercial use. The
Massachusetts Department of Environmental Protection has established the following reuse
categories:

Urban Reuse – Spray Irrigation of Golf Courses, Toilet Flushing
Standards for the reuse of treated water for spray irrigation of golf courses are generally as
strict, or stricter than California’s. The notable addition to the treatment standards is the
adoption of the 10 mg/L total nitrogen limit. The nitrogen limit is to ensure the water is suitable
for groundwater recharge, and reflects Minnesota’s strategy behind the fast track permitting
process.
The treatment standards for the reuse of treated effluent for toilet flushing are less restrictive
than California’s, making this reuse practice a more economically feasible option in
Massachusetts. Table 4-4 summarizes the treatment standards for using treated effluent for
spray irrigation and toilet flushing in Massachusetts.
Table 4-4. Effluent standards for water reuse in Massachusetts
Reuse Category

BOD
mg/L

Turbidity
NTU

Fecal Coliform
CFU/100 mL

TSS
mg/L

Total Nitrogen
mg/L

Spray Irrigation of Golf Courses

10

2

zero over a
seven-day period

<5

< 10

Toilet Flushing

30

5

100

< 10

< 10

Indirect Aquifer Recharge
Massachusetts has established two standards for aquifer recharge; the most restrictive follows
the spray irrigation criteria, and the less restrictive follows the toilet flushing criteria. In general,
California allows a broader range of irrigation reuse options than Massachusetts. The
Massachusetts criteria were developed around the paradigm that irrigation water serves
primarily to replenish the water table (low evapotranspiration environment), while the California
irrigation criteria were developed around the paradigm that irrigation water primarily serves the
water needs of the crop (high evapotranspiration environment).
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4.3.3 Colorado
The Colorado Department of Health has also developed criteria for effluent reuse.44 In general,
Colorado recognizes three main categories of effluent reuse:
1. Spray irrigation (potential for direct contact)
2. Spray irrigation (restricted access)
3. Below-ground dispersal
The irrigation criteria are divided into two sets; one set of is for irrigation water than has the
potential for direct contact with humans, and the other is for restricted access use, meaning
that access to the irrigated land is restricted while irrigation water is being used. These
standards are much less stringent than the California or Massachusetts standards, and are
designed to promote effluent reuse for spray irrigation.
The reuse standards for below-ground dispersal are analogous to performance-based
standards in Minnesota in Wisconsin, except that in the Midwest, greater levels of pretreatment
are required with correspondingly less vertical separation in the soil profile.
Table 4-5. Effluent standards for water reuse in Colorado
BOD

Fecal Coliform

TSS

mg/L

CFU/100 mL

mg/L

Additional
requirements

Spray Irrigation
(potential for direct contact)

< 20

25
(geometric mean)

< 40

not applicable

Spray Irrigation
(restricted access)

< 20

500
(geometric mean)

< 40

not applicable

Below-ground dispersal

< 60

Not applicable

< 100

four feet of vertical
separation in soil profile

Reuse Category

4.4

Regulatory Summary

At this time, there appears to be little need for Iowa to reinvent the wheel on the regulatory
front. In addition to the Iowa program, well-defined, analogous regulatory systems for soil
dispersal (groundwater recharge) wastewater systems are in place in Minnesota and
Wisconsin. Some regulatory concepts from these states (component manuals, voluntary
acceptance of treatment standards, licensed professionals) could improve the status quo in
Iowa by reducing barriers to implementation and change.
Iowa does not have regulations that permit or encourage effluent reuse. A wide range of
options for regulating effluent reuse is available. These range from very stringent treatment
programs (California, Massachusetts) to states that actively promote reuse (Colorado). The
challenge for the IDNR is to adopt reuse standards that protect public health and the
environment, given the population density, availability of open space, and climate in Iowa.
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Chapter 5
Challenges in the Development of
Ecological Wastewater Management Systems in Iowa
As outlined in previous chapters, there is an established need for alternative approaches to
wastewater management, especially for Iowa’s small, rural unsewered communities (Chapter
1). Chapter 2 discussed the tool kit of information and established technologies that can be
employed for ecological wastewater management. Additionally, numerous case studies in the
upper Midwest demonstrate the use of these ecological wastewater management technologies
(Chapter 3). As we learned in Chapter 4, many states already have regulatory concepts that
could be advantageously employed in Iowa, without the need to reinvent the wheel. The
objective of Chapter 5 is to discuss the key elements that limit the development of ecological
wastewater management in Iowa. The key elements fall into three categories:
•

Fiscal Management and Responsible Management Entities

•

Regulatory Framework

•

Education and Training

5.1

Fiscal Management and Responsible Management Entities

One of the most persistent challenges facing the adoption of small-scale wastewater
technologies in Iowa is fiscal management. Engineers, consultants, attorneys and contractors
can be hired to develop and build a wastewater system. Operators can be hired to perform
sampling and maintenance. However, the long-term success of the project hinges on the ability
of the community to effectively manage the system, which in turn ultimately depends on
effective fiscal management.10
Many communities do not have experience in setting budgets, collecting user fees, or other
facets of fiscal management. This is especially true in small, unincorporated communities.
Unincorporated communities are usually dependent on the township and county for road
maintenance, tax collection, etc. As a result, they often have no history of working together as
a community to solve problems through infrastructure development. The sewer project is often
the first project the community has ever had to develop and manage on their own. Without
access to good advice and sound facts, community leaders face a number of pitfalls, such as
not setting realistic user rates, not setting aside funds for repair and maintenance, or being
unwilling to fix things that are broken.
In rapidly growing exurban areas, system management may fall on the shoulders of
homeowners’ associations. These organizations face two unique challenges. First of all, the
high rate of turnover on the association board often precludes setting long-term strategies.
Secondly, homeowners’ associations lack any type of way to raise funds through bonding or
assessments.
Incorporated municipalities often annex unsewered areas. In many communities, these areas
remain unsewered in perpetuity, regardless of the compliance status of the household septic
systems. Communities that withhold sewer service do a huge disservice to those residents
who ought to be provided with (and pay for) municipal services, including sewer service.
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In many instances, residents are not familiar with realistic costs for sewer service. In Iowa, the
annual cost for municipal water and sewer services is between $368 and $455 per
household.69 Typically, sewer fees represent about 70 percent of the total water/sewer bill,
indicating that the average household cost for sewer services in Iowa is approximately $21 to
$27 dollars per month. Individuals living outside a sewered area may have unrealistic
expectations about the sewer system costs (e.g. $5 per month). Educating homeowners about
the real costs of wastewater treatment and disposal can eliminate many misperceptions about
the cost-effectiveness of a proposed project.
In addition to these items, successful decentralized wastewater management systems depend
on proper land use planning. Zoning that promotes cluster development and/or provides
density bonuses (and transfer of development rights) to promote new residential development
within existing communities makes the creation of a responsible management entity (RME)
much easier. Structuring land use planning beyond the level of the homeowners’ association is
a necessary step in creating an entity that can raise funds through bonding or assessments.
In short, fiscal management challenges can be characterized by a lack of responsible
management entities. This situation is prevalent due to the following factors:
1. Limited knowledge of fiscal management. Small, unincorporated communities lack
the history and knowledge base to successfully manage infrastructure projects.
2. Lack of long-term planning. Homeowners’ associations are often incapable of
fostering long-term management plans due to high turnover rates and inability to raise
funds through bonding or assessments.
3. Sewer service available, but not utilized. Unsewered areas remain in incorporated
communities, despite the fact that the municipality has the ability to provide sewer
service.
4. Unrealistic expectations. Residents of many communities are unfamiliar with the true
costs of wastewater collection, treatment and disposal.
5. Lack of land use planning. For decentralized wastewater treatment systems to be
properly managed, land use planning that facilitates the creation of RMEs must be
understood and implemented.

5.2

Regulatory Framework

Based on the structure of Chapter 69,36 all systems greater than 1,500 gpd (or 10 bedrooms)
require an NPDES permit from the IDNR. At present, obtaining an NPDES permit takes
approximately six months, although if innovative technologies are employed (e.g. those which
embody ecological wastewater management at the small-scale level) the permit process is
likely to take significantly longer. The delay is mainly because the IDNR staff is heavily
dependent on the Wastewater Facilities Design Standards manual,25 in which most of the
technologies described in this document are at least 20 years old and new cost-effective
solutions for the remaining unsewered communities in Iowa are not included
At the time this report was written, the IDNR Wastewater Facilities Design Standards required
a 1,000-foot setback distance from any new wastewater treatment facility, regardless of the
type of treatment system employed. As a result, the treatment facility must be placed far away
from the population center, increasing pumping and transmission costs. Most other states only
apply the 1,000-foot setback to pond systems, where significant quantities of sewage are
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exposed during the treatment process. The rationale in this case is that the 1,000-foot setback
is needed to protect the public from potential disease vectors.
Most of the technologies discussed in Chapter 2 do not expose wastewater during treatment,
and therefore the application of a 1,000-foot setback makes little sense and is not consistent
with application of setback distances in neighboring states. Even the Iowa rules are not
consistent in this regard. For instance, a nine-bedroom septic system (permitted under Chapter
69 at the county level) would require a 20-foot setback, whereas a 10-bedroom system
(permitted by IDNR under an individual NPDES permit) would require a 1,000-foot setback.
If the setback cannot be met, letters of acceptance must be obtained from residents within the
1,000-foot setback distance, adding to project implementation tasks. Further problems occur
when letters of acceptance cannot be obtained. When this happens, the permittee must
petition to the IDNR for a variance from the setback requirements. These additional steps
needlessly add extra work that must be done before a project can be implemented.
In most other states, the 1,000-foot setback is applied only to systems that have a significant
amount of partially treated sewage exposed to the atmosphere (e.g. pond systems). In
Minnesota, for instance, systems that utilize below-grade treatment are subject to a 10-foot
setback requirement.62 In Iowa, changing the 1,000-foot setback to make it specific to pond
systems would streamline the implementation of alternative ecological wastewater
technologies.
Iowa is unique in that surface water discharges are allowed for onsite treatment systems under
NPDES General Permit No. 4.53 This permit makes it more cost-effective to implement a
surface water discharge in lieu of soil infiltration. The benefit of this permit (to the citizens of
Iowa) is that relatively low-cost surface-discharge systems can be legally implemented in the
state. The drawback to the General Permit is twofold:
1. Poor operation and maintenance. There are thousands of surface-discharge systems
from single-family homes throughout the state. These systems are often poorly
maintained and not monitored properly. Without operation and maintenance, the
potential for non-compliant discharges remains high.
2. Limited knowledge of soil infiltration systems. Because surface discharges are legal
and are an economically attractive option in areas with poor soil conditions, the level of
knowledge and application of soil infiltration systems in Iowa lags behind other states.
For instance, Minnesota and Wisconsin require training and experience requirements
for soil infiltration systems, which are much more rigorous than those currently
employed in Iowa.
For systems greater than 1,500 gpd (or 10 bedrooms), the water quality standards applied to
surface waters in Iowa are generally more lenient than Minnesota’s or Wisconsin’s, due to the
classification of the receiving streams. This makes surface water discharge alternatives more
attractive during the facility planning process, and is especially true for controlled-discharge
pond systems, since these receive standard prescriptive limits without the need for waterquality based effluent limitations.
Iowa faces a challenge in the bipolar nature of the regulatory programs. New wastewater
systems embodying ecological principles will often fall on or near the 1,500-gallon per day
permit threshold in Iowa. Small systems regulated under Chapter 6936 face a totally different
set of review criteria and treatment standards compared to larger systems because the larger
systems must obtain an individual NPDES permit from IDNR. Since small-community systems
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often fall on both sides of the 1,500-gallon per day (10-bedroom) threshold, project proponents
must essentially learn two distinct sets of regulatory criteria for the same type of systems, and
understand the procedures, pros and cons of each regulatory program. In addition, the
counties and IDNR are understaffed and do not have the money to deal with the intricacies of
streamlining or updating the permit process.
Iowa is not alone in the fractal nature of the permit programs, and is arguably better situated to
deal with this situation than some other states, since the permit threshold in Iowa (1,500 gpd;
10 bedrooms) is lower than it is in other states. Minnesota, for instance, has had to undertake
development of new rule, Minnesota Rules Chapter 708163 to adequately address systems that
serve five to 30 dwellings or handle flows less than 10,000 gpd.
In summary, the regulatory challenges that exist in Iowa for small-scale, ecological wastewater
management include:
•

Slow permit process. The NPDES permit process is slow; and is likely to take longer
for innovative proposals.

•

Outdated design standards. IDNR staff lack access to and familiarity with modern
review criteria to evaluate proposals for ecological wastewater management. IDNR’s
Wastewater Facilities Design Standards25 embodies technology that is 20-plus years old
and largely reflects big pipe solutions that are not cost-effective for small communities.

•

Large setbacks, regardless of which technology is employed. The 1,000-foot
setback, as applied to all treatment technologies, unnecessarily complicates
implementation of projects. Restricting this setback requirement to pond systems (like
Minnesota and Wisconsin) would streamline project implementation.

•

Current permitting rules favor surface-water discharges. NDPES General Permit
No. 4 has the net effect of encouraging surface-water discharges over soil infiltration
systems in areas of marginal soil conditions common in most parts of Iowa.

•

Lenient discharge standards. Effluent standards for surface water discharges are
generally lenient, due to classification of receiving streams. This is especially true of
pond systems.

•

Double standard for mid-size treatment systems. The disconnect between
regulatory programs for small systems (Chapter 69) and large systems (individual
NPDES permits) creates two distinct and very different sets of review criteria. Many
small-community projects fall on both sides of this threshold, meaning that project
proponents must learn essentially two sets of regulatory criteria for the same types of
systems.

•

No money to support permitting staff. The current regulatory framework does not
charge permit fees for larger wastewater systems (over 1,500 gpd), so there is little or
no money available to hire additional support staff.

5.3

Education and Training

Having an appropriate regulatory framework in place is only the first step in successfully
implemented ecological wastewater management. Systems need to be well-designed using
technology that is appropriate given the unique constraints of the project. Systems need to be
designed and operated correctly, and competitive construction bidding needs to exist in order
to have cost-effective projects. Education and training is the foundation upon which these
elements depend.
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Engineering and Design
The challenges Iowa faces in the implementation of ecological wastewater management are
not restricted just to the regulatory arena. Regulators can only evaluate the proposals
presented to them; in a sense, they react to the desires of project proponents. Project
proponents are guided by consulting engineers, who in turn are dependent on academic
programs for knowledge and training. This section will review the factors in the engineering
and design community that further limit the implementation of ecological wastewater
management alternatives in Iowa.
The consulting engineers in Iowa are the technical drivers behind wastewater projects. These
engineers, through their training and experience, determine what wastewater options are
feasible, how much these options will cost, and what alternatives will be presented to project
proponents, the general public, and regulatory officials. At the present time, there is a deep
disconnect between the status quo in the engineering community and the technology needs of
small unsewered communities throughout Iowa.
The factors limiting engineering and design changes can be summarized in four key points:
1. Limited experience with new technologies. IDNR is accustomed to evaluating permit
applications based on the standard technologies encapsulated in the Wastewater
Facilities Design Standards guidance document.25 These systems (especially pond
systems) also tend to receive favorable discharge standards. Proposals outside of the
tried and true experience significant permitting delays. Consultants, realizing the
downside associated with long permitting delays, quickly conform their proposals to
IDNR expectations.
2. No incentive to adopt new practices. Engineers in general (consultants especially)
are risk-avoidant. New technologies are perceived as a risk because the consulting
organization is unfamiliar with the technology. As a result, there is little incentive to
change unless the organization is being confronted with external drivers (insistence on
change from regulatory or funding agencies; competition from other engineering firms).
3. Lack of education. Many of the senior engineers in the state received their formal
education 20 to 30 years ago. The technologies that are most cost-effective for small
communities were not part of the engineering curriculum of the 1970s and 1980s, nor
are they today. This knowledge gap can be overcome. Professional society training and
engineering programs at the University of Iowa and Iowa State University could aid in
closing the gap by integrating material on the latest innovations in decentralized
wastewater treatment into their curricula.
4. Lack of technical qualification. Wastewater systems that employ soil infiltration or
groundwater recharge require a different skill set than what is offered through the
traditional engineering curriculum. Proper design of large infiltration systems requires
knowledge of soil science and hydrogeology. Additionally, most engineering firms within
the state do not employ individuals with these technical qualifications. A persistent
problem in Minnesota has been that many firms can design (or outsource to vendordesigners) wastewater treatment systems, but few firms have the capabilities to
properly size and configure infiltration systems. This is even a greater concern in Iowa,
where there is even less experience with larger soil infiltration systems.
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Project Bidding and Construction
Construction contractors operating in the wastewater treatment market are often unfamiliar
with innovative ecological wastewater management technologies. As a reactive measure,
contractors may pad their bids as a means to protect themselves against unknown risks. The
high costs observed on the first few bidding cycles can result in initial observations that
conclude ecological solutions are not cost effective, when in reality, the converse may be true.
Bidding and construction of wetland treatment systems in Minnesota indicates that it may take
two to three years for a mature bidding environment to develop for a new wastewater
technology.
Another challenge with bidding and constructing alternative treatment systems is the presence
of a pre-established contractor community in the onsite wastewater market. These individuals
may be designers, installers or septic tank pumpers. These individuals may be opposed to
change because they see it as a consolidation of their market (e.g. fewer septic tanks to
pump). These challenges can be summarized as:
•

Unfamiliarity with new technologies can lead to high initial bid costs and create the
premature conclusion that the technology is not cost-effective. Realistically, it may take
several bidding cycles for market rates to develop between competing contractors.

•

Local onsite contractors may be opposed to change because they perceive it as a
consolidation of their market.

Operations and Maintenance
Beyond the regulatory challenges and design/construction thresholds, barriers to
implementation of ecological wastewater management alternatives also exist at the operation
and maintenance (O&M) level. Because the technology options proposed for small-community
wastewater infrastructure are often unfamiliar to wastewater treatment plant operators, there
may be an initial reluctance to operate such a new or strange system. Licensed treatment plant
operators are taught, through their initial training and continuing education requirements, how
to operate and maintain conventional big pipe infrastructure.
Currently, wastewater operators are not trained on how to operate sand filters, constructed
wetlands or soil infiltration systems, all of which are typically employed in small pipe or cluster
wastewater systems. This lack of training results in a scarcity of qualified service providers.
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Chapter 6
Recommended Changes

As discussed in Chapter 5, the barriers to implementation of ecological wastewater
management exist on many fronts. The objective of this chapter is to discuss ways in which
Iowa can overcome these barriers and begin to develop cost-effective and ecological
wastewater management.

6.1

Fiscal Management and Responsible Management Entities

Good fiscal management and effective operation of systems is greatly simplified when there is
a responsible management entity (RME) in place. As discussed in Chapter 1, small
communities, especially unincorporated ones, often lack the experience and tools needed to
successfully manage systems.
The long-term success of projects often has much less to do with the initial technology
selected and much more to do with effective operation and management. Alternative
wastewater treatment systems should not be considered unless adequate money can be
allocated to hire trained and knowledgeable operator. Too many alternative wastewater
treatments get a bad rap due poor operation, lack of operation or unreasonable expectations
(all treatment systems require some level of operation and maintenance).

6.1.1 Fiscal Management
Protection of the environment through wastewater treatment is only effective if systems are
operated and maintained in a professional manner. Without adequate funds, required
operation and maintenance tasks cannot be performed. As a result, the long-term success of
wastewater projects ultimately hinges on effective fiscal management.
The key step in determining adequate user fees is to assess what it truly costs to construct,
operate and maintain the system. This approach, termed life-cycle costing, addresses not only
what it cost to build the system, but what it costs to operate the system, perform necessary
maintenance and replace components when they wear out.
In many instances, the entity responsible for the system (small community, homeowners’
association, etc.) may not have a clear understanding of these costs or how to budget for
them.10 Bringing in an experienced professional can, in many instances, assist in developing
realistic budgets.
Another useful tool is to be able to compare proposed user charges against what other
communities pay for sewer service. Information on the cost of wastewater treatment is
available through the Iowa Association of Municipal Utilities (IAMU).2 However, this information
is not organized in a format that makes it easy to determine monthly sewer fees on a per-home
basis, which is the simplest presentation format when talking with local citizens.
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6.1.2 Rural Water Districts
Iowa has an extensive network of Rural Water Districts (RWDs), especially in the western
portion of the state.70 RWDs are in many ways ideal RMEs because the have the capabilities
to bond, receive state and federal grant and loan dollars, and are experienced in life-cycle
asset management through their experience in constructing and operating water systems.
Some RWDs have taken an interest in providing wastewater services to their constituents. The
best example in Iowa is Clay Regional Water (CRW).71 CRW has initiated wastewater
collection, treatment and disposal systems for the communities of Ayrshire, Greenville and
Truesdale. CRW serves as the owner, constructor and operator of these systems. CRW is
interested in ecological wastewater management and has proposed a constructed wetland
treatment system for Greenville. Advantages and disadvantages of this approach include:
Disadvantages of RWDs

Advantages of RWDs
•
•
•
•
•

Is an independent utility providing water
and sewer services.
Can cross municipal and county
borders.
Costs are paid by those using the
services.
Can apply for grants and loans
Functions as an owner, constructor, and
operator of the system.

•
•

Creating a rural water district is a time
consuming process.
Requires knowledgeable staff to fiscally
manage the utility.

Rural water districts have the tools necessary to manage all phases of a wastewater project.
Where present, rural water districts are likely to be the best possible RME choice.

6.1.3 Sanitary Districts
Sanitary districts are local government entities formed under the Chapter 358 Code of Iowa.
Sanitary districts have taxing and bonding authority to ensure that they have the fiscal
capabilities to manage wastewater systems. They have distinct boundaries, like municipalities
do, and have powers similar to incorporated municipalities. They are governed by an elected
board of trustees, and the district boundaries can be expanded through annexation via petition.
Sanitary districts have considerable latitude in the type of wastewater infrastructure they
implement. Some sanitary districts, like the Clear Lake Sanitary District (CLSD), were formed
to solve a specific water quality problem and due to their size and age, chose to implement
conventional treatment systems.51 CLSD is unique in that they have implemented an
innovative form of effluent reuse.2 Treated effluent is re-used as cooling water for Interstate
Power and Light’s electrical generating facility, as discussed in Chapter 3.
Some sanitary districts have been created to manage single-home treatment systems. Even
though each home has its own system, they are all commonly operated and maintained by the
sanitary district. Lynndana Acres Sanitary Sewer District near Oskaloosa, Iowa is a good
example of this.72 Advantages and disadvantages of this organization structure model are
listed on the next page.10
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Disadvantages of Sanitary Districts

Advantages of Sanitary Districts
•
•
•
•
•

Stands as an independent unit of
government with the tools needed to
complete the work.
Can cross municipal and county
borders.
Can encompass a large area, providing
a big picture look (for example, a
regional plan to manage wastewater).
Can implement ordinances, bond, and
apply for grants and loans
Can employ staff to maintain and
operate a community service.

•

•

Takes a long time working with
landowners to get agreement for
implementation (the larger the district,
the longer it will take to implement).
Requires a knowledgeable and wise
board of trustees to keep the district
financially solvent.

Iowa has a history of using sanitary districts to solve environmental problems. Sanitary districts
are a much more stable RME than a homeowners’ association or unincorporated community.
In areas not covered by rural water districts, sanitary districts are the best current choice for
Iowa communities. However, sanitary districts can take a long time to set up and create
another layer of government.

6.1.4 Environmental Subordinate Service Districts
A model preferred in Minnesota over sanitary districts is the environmental subordinate service
district (ESSD) model. ESSDs are used to provide, within a defined area and to a greater
degree, services already provided by the sponsoring government unit.
ESSDs have a local governing board, develop their own projects, set their own billing rates,
and hire their own staff to operate and maintain their systems. However, ESSDs are
subordinate to the government unit (county or township) that created them. The sponsoring
government entity is responsible for the overall fiscal management of the ESSD, and the
ESSD can use the bonding and assessment capabilities of the sponsoring government entity.
Minnesota has two statutes (one for counties, and one for townships) that enable ESSD
formation. ESSDs have become popular because they do not create another layer of
government and services are paid for only by those who use the services. For these reasons,
ESSDs have proven to be relatively easy to create in a short time. Advantages and
disadvantages of this approach are listed on the next page.10
Overall, the Minnesota experience with ESSDs has shown them to be a more flexible tool than
sanitary districts. Legislation to allow townships and counties in Iowa to form ESSDs is likely to
result in more wastewater systems being implemented in the long run.
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Disadvantages of ESSDs

Advantages of ESSDs
•
•
•
•
•
•

Can change and evolve over time as
the needs change.
Relatively easy to create in a short
period of time.
Costs for services are borne only by
those who use the services.
Local residents can find their own
solutions.
Management can be shared by
residents, utilities or other providers.
Can encompass varied areas or
sizes but never the whole township
or county – it is subordinate to the
governing entity that created it.

•

•

•
•
•

In Minnesota, township ESSDs are created by
a petition of 50 percent or more of the
residents involved. This requires a high level of
public participation and education.
Education of residents and preliminary cost
estimates should be done ahead of ESSD
formation so residents know what they are
getting into.
It takes more time to create an ESSD than
doing a project without forming a management
entity first.
In Minnesota, it requires a petition of 75
percent of the property owners to dissolve an
ESSD.
For township-sponsored ESSDs, the township
must make sure that all costs are recoverable
and an accountable service provider manages
the system.

6.1.5 Assistance in RME Formation
In areas of the state covered by an existing rural water or sanitary district, identifying an RME
to manage the wastewater system may be relatively straightforward. However, creation of
sanitary districts and rural water districts from scratch is an involved, time-consuming process.
The ESSD model, which lowers these implementation barriers, is not available in Iowa yet.
Another capacity gap exists due to how grant and loan funds are structured. These programs
are project-specific; e.g. funds are awarded to design and build a specific project. However
many small communities are not equipped to get to the project stage without formation of an
RME first. Generally, funds to assist in RME formation have not been available, making it very
difficult for communities to jump start the wastewater process.
One program that has been very successful in Minnesota is the Southeast Minnesota
Wastewater Initiative.73 This program covers a 12-county area in southeastern Minnesota. It
was created to reduce fecal coliform contamination in the streams of the Lower Mississippi
River Basin in Minnesota (tributary to Iowa). Inadequately treated wastewater from failing
onsite septic systems has been identified as a major contributor to fecal coliform bacteria.
Responses to surveys in the project area indicate that approximately 44,000 residences,
including more than 100 small communities, are not connected to a centralized sewage
treatment system. Of these, an estimated 20,000 systems may be failing with almost 9,000 of
the systems estimated to pose an imminent threat to public health or safety.8 The goal of the
project is to double the rate at which these systems are being corrected, from 300 to 600 per
year. The program uses the tools of education, technical and financial assistance to achieve
these goals.
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The program uses two wastewater outreach coordinators. These individuals work directly with
small communities to identify treatment needs, wastewater technologies and RME models.
Coordinators work extensively with the University of Minnesota Extension Service, the
Minnesota Pollution Control Agency, local county sanitarians, and watershed groups to provide
training and technical support.
This assistance is provided at no cost to the community. To date, the ESSD model has been
the preferred approach to create RMEs for unincorporated communities. With an RME in
place, communities are in a much better position to successfully implement wastewater
projects. The program is funded through federal Clean Water Partnership 319 grant funds with
matching in-kind contributions from the counties within the project area.

6.1.6 Utility Ownership Options
In addition to the public-sector RME options outlined above, utility ownership of small
community wastewater services is another alternative. While not currently implemented in
Iowa, other states, including Minnesota, have utility ownership options. To date, utility
ownership has only been done for new residential developments.
In Minnesota, Connexus WaterWays,74 a subsidiary of Connexus Energy, offers ownership of
decentralized wastewater systems. Connexus is an electric cooperative serving approximately
114,000 customers in a seven-county area on the north side of the Twin Cities metropolitan
area (2004 Connexus Annual Report). The firm began offering wastewater services in 2002.
Under the Connexus model, the wastewater collection, treatment and disposal systems is
constructed by the developer and turned over to Connexus. Connexus then owns and
manages the system in perpetuity, and also takes care of monitoring and reporting, routing,
maintenance, emergency services and billing. Connexus assumes all long-term liability for the
system.
A similar, but much larger program has been established by the Pickney brothers in
Tennessee.75 These four brothers operate a variety of wastewater companies76 that own and
operate wastewater systems. Advantages and disadvantages of the utility ownership approach
can be summarized as:
Advantages: Utility Ownership Options
•
•
•
•

Very simple to implement – system is
turned over to pre-existing utility
company.
Liability rests with the utility company,
not with local residents.
By operating multiple systems, utilities
can standardize operations and achieve
economies of scale.
Utilities can hire and subcontract
professional maintenance and repair
staff.

Disadvantages: Utility Ownership Options
•
•
•

Residents may have little direct control
over monthly sewer bills (depends on
state regulation of utility companies).
Long-term financial assurance (e.g.
capital replacement) is dependent on
the stability of the utility company.
Transparent accounting procedures
needed to track where money is going.

There are differences between the Connexus and Pickney models. The Connexus model is
much more open in the sense that multiple design engineers, contractors and system suppliers
are involved in Connexus projects in response to the competitive bidding climate. Under the
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Pickney model, engineering services, equipment supply and construction are provided by
Pickney-related companies.76
There is a difference in how utility rates are regulated. The Pickneys work in states that have a
state board that licenses utilities and regulate the rates they charge to customers. To date, all
Connexus systems have been in Minnesota. Under Minnesota law (Minnesota Statutes
§471.A), utility companies enter into agreements directly with the local governmental unit.

6.2

Regulatory Framework

Several aspects of the regulatory environment in Iowa create barriers against the adoption of
new or innovative technologies. Some of these barriers are relatively straightforward to
overcome, and others are the product of long-standing regulatory framework that will take
considerable time and effort to change.

Streamline the Permitting Process
One approach (discussed in Chapter 5) that has proven to be effective in Minnesota is the
voluntary use of streamlined permit approval processes. These have been used in two general
ways:
1. Design guidance documents and standardized review checklists to minimize review
time and increase regulatory staff efficiency.
2. Fast track permitting procedures to minimize review time on projects that propose
nitrogen control.
The IDNR could take advantage of similar voluntary compliance measures through providing
expedited technical reviews for projects that meet certain design criteria, or by offering
streamlined permit processing for systems that promote ecological wastewater management,
such as soil infiltration or reuse.

Update IDNR Design Standards
As discussed previously, the IDNR Wastewater Facilities Design Standards describe
technology that is 25 years old. These technologies, in general, do not provide cost-effective
solutions for small unsewered communities and do not promote ecological wastewater
management. Similarly, documents such as the Ten State Standards26 that do not address the
needs of small communities are unlikely to be of much assistance to IDNR in solving the
wastewater treatment needs of the 21st century. Since these unsewered communities are the
greatest unmet sewage treatment need in Iowa, IDNR should seriously consider either
updating (or even abandoning) the in-house design manual approach.
In this era of rapid technological advancement in wastewater treatment and nearinstantaneous information dissemination via the Internet, it is questionable whether the
technology status will remain static long enough to codify it into a design manual. Regulatory
frameworks that allow plug and play approaches to technology approval, like the component
manual aspect of Wisconsin Comm 83, provide the flexibility required to stay abreast of
technological developments.
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For small communities, the in-house design manual approach could be replaced in its entirety
with a reading list of current technical references. At the present time, a recommended reading
list would include:
•

Onsite Consortium Wastewater Curriculum Materials77

•

Iowa Onsite Manual38

•

Small & Decentralized Wastewater Systems64

•

EPA 2000 Onsite Manual15

•

Latest edition Metcalf & Eddy65

Modify the 1,000-foot Setback Requirement
Changing the 1,000-foot setback requirement to apply only to those systems that produce
significant amounts of exposed wastewater (e.g. ponds) would streamline the implementation
of small- and mid-sized wastewater projects. A number of wastewater treatment technologies
suitable for small communities (discussed in Chapter 2) are available which do not expose the
wastewater during the treatment process. The rationale behind the setback requirement is to
protect the public from being exposed to raw sewage. However, if the sewage is not exposed
during treatment, requiring a 1,000-foot setback does not result in any ancillary public health
protection.
Instead, the blanket setback results in drawbacks. Forcing treatment systems to be located
outside of the 1,000-foot distance increases sewage conveyance and pumping costs. Forcing
communities to go through multiple variances increases the barriers to implementing a project.
If project barriers are significant enough, the project will fail to proceed, and the current status
quo (which for unsewered communities is the direct discharge of partially-treated wastes) will
continue. Therefore, there is little rationale for applying the 1,000-foot setback requirement to
all wastewater technologies, and it can be argued that unnecessary application of the setback
requirement perpetuates public risk rather than protecting public health.
Fortunately, changing the setback requirement is relatively straightforward, since it is not a
statutory rule requirement that requires legislative implementation. The setback requirement is
in the IDNR Wastewater Facilities Design Standards,25 which is a guidance document. If IDNR
updates these standards, the setback language could easily be changed.

Consolidate Permit Holders to Regional Management Entities
Another potential approach is to encourage the consolidation of permits with established
management entities. Instead of issuing permits to individual homeowners’ associations, for
instance, a preferred approach would be to issue permits to a countywide or regional
management entity. Suitable regional management entities could include sanitary districts,
environmental subordinate service districts, rural water districts or private utility companies.

Revise Monitoring Requirements
For small wastewater systems, monitoring costs are typically the largest fraction of the facility
operating costs. As a result, user fees are highly sensitive to the monitoring requirements
dictated in the permit. Reduced monitoring frequency is one way to keep small facilities
affordable and can also be used as an incentive to encourage environmentally responsible
methods of wastewater disposal.
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For instance, the soil environment is more robust and less sensitive to pollutant impacts than
surface water discharges. Utilizing a reduced monitoring frequency for soil infiltration systems
would encourage applicants to propose those systems in lieu of surface water discharges.

Provide Financial Incentives
Small rural communities typically have limited financial means. For these communities,
wastewater projects are generally not feasible without incentives such as grants and lowinterest loans. Effective use of USDA Rural Development grant and loan funds, combined with
effective use of State Revolving Fund,78 is required to make these projects happen. For
instance, the low-interest OSWAP loan program (discussed in Section 4.1) is an effective SRF
program targeting single-family home septic systems.

Make Modifications to Chapter 69
Changes to Chapter 69 could be implemented to encourage ecological wastewater
management. Changes that have been implemented in other states include standards based
on treatment performance22 instead of prescriptive criteria. Because performance-based
standards define the level of treatment a system must achieve, rather than describe a
prescriptive method of construction, they are much more flexible in solving specific onsite
problems.23
Probably the most dramatic change that could occur in the onsite system arena is if the EPA
opted not to reissue of General Permit No. 4 (this permit is renewed every five years). If the
General Permit was not reissued, soil infiltration systems would have to be installed instead of
systems that discharge to surface waters. Soil infiltration systems are better for the
environment, but cost more to construct than surface-discharge systems.

Institute Permit Fees for Systems Over 1,500 gpd
In Iowa, individual permit fees for small systems (less than 1,500 gpd or 10 bedrooms) range
from $25 to $400 whereas there are no permit fees required for mid-size treatment systems.
For instance, a 50-home development charged an individual permit fee of $400 per lot by the
county generates $20,000 of revenue. Under the current regulations, if that same 50-lot
development decided to build a cluster wastewater system instead, the permit fee charged by
IDNR is zero.
Should the IDNR start charging a permit fee for mid-size systems, the funds could be set aside
and dedicated to adding staff. The IDNR could change their process to help provide the
resources necessary to train staff, develop criteria for reviewing permit applications, and to
deal with permits in an expeditious manner. However, if a permit fee for mid-sized systems is
instituted and not set aside, it may be put into the General Fund and become inaccessible.

Institute Regional Permitting for Systems Over 1,500 gpd
If permit fees were implemented, this would create the opportunity to fund staff in the regional
IDNR offices that would permit small-scale treatment systems. If IDNR set up a streamlined
permitting process for intermediate systems between 1,500 and 10,000 gpd, these systems
could be permitted in the regional IDNR offices. This would reduce the workload of the central
staff in Des Moines, and place more authority with regional staff who are closer and more
accessible to the operators of the systems they regulate.
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This intermediate level of permitting would also promote formation of small treatment systems.
IDNR could require that a RME be in place in order to be eligible for this streamlined permitting
process. The current choice is to build individual septic systems (county permit; minimal delays
or oversight) or systems greater than 10 bedrooms or 1,500 gpd that go to the IDNR central
office in Des Moines and entails lengthy permitting times. This encourages developers to use
the individual onsite model, even when though this discourages effective management of the
system through a RME. If there were a more user-friendly permitting process for these
intermediate systems, it is likely that more systems slightly over the 1,500 gpd (10 bedroom)
threshold would be built with an RME in place to provide operation and maintenance.

6.3

Education and Training

Currently, few engineers, designers and regulators in Iowa are familiar with alternative
wastewater systems. This lack of familiarity is directly correlated with the training offered within
the state. Several programs could be implemented to address this capacity gap.

Develop Academic Programs
Currently, neither Iowa State University nor the University of Iowa covers decentralized
wastewater management in its curriculum. This means that new engineering graduates
entering the job market are unaware of the needs of the small unsewered communities
scattered across Iowa and surrounding states. A college-level curriculum has been recently
developed specifically for this purpose,77 complete with text modules, lecture materials and
example problems. Additionally, an engineering textbook has been written on this topic.64
Incorporating material on decentralized wastewater management into the curricula at both
state universities is a critical first step in addressing this need. To increase awareness about
the wastewater needs of small communities, introductory material from such a curriculum
could be incorporated into the basic civil and environmental engineering courses. A more indepth presentation of decentralized wastewater technologies and design could be offered as
an elective upper-level engineering course for those students interested in further study.
Having an academic community familiar with the technologies that enable ecological
wastewater management goes far beyond just training students. States that have successful
regulatory programs that welcome innovation are usually the states that have strong academic
interest in decentralized wastewater management. This is because regulators can collaborate
with academic researchers, who are perceived as a source of independent information, and
have the requisite expertise to assess and develop new technologies.
Iowa could greatly benefit by choosing to implement education and research dedicated to
decentralized wastewater management. Academic programs that focus on decentralized
wastewater management are often successful in winning grant funds to support research.
These programs produce trained graduate students who are experts in decentralized
wastewater management. The students often become strong proponents of decentralized
solutions and have the skills necessary to successfully design and implement projects. The
small communities benefit as a result. Other university programs that have been successful in
promoting decentralized wastewater management in their curricula and communities include
the University of Wisconsin, the Colorado School of Mines, the University of California-Davis
and North Carolina State University. With support from the engineering faculties at the
University of Iowa and Iowa State University, the potential exists for Iowa to become a leading
center for research in decentralized wastewater solutions.
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Leverage Extension Service
Another venue for training is to utilize the University Extension Service programs. For instance,
the University of Minnesota Extension Service is the lead organization responsible for training
onsite system designers, installers and regulators in the State of Minnesota. Extension Service
staff in Minnesota have created a wide variety of training materials that are used nationwide.79
Texas A&M University supports a similar program, with a variety of training materials
translated into Spanish.80 Extension Service programs provide a bridge between academic
research and the needs of local citizens. Iowa State University has a well-developed Extension
Service program that could be utilized for onsite system training.

Support Training Programs
The Iowa Onsite Wastewater Association (IOWWA)81 provides training program for individuals
involved in the design, construction, maintenance, and regulation of onsite treatment
systems.81 Because there is no mandatory continuing education or licensure requirements for
onsite system professionals in Iowa, attendance at these training events is only voluntary.
IOWWA also hosts an annual conference that is one of the largest onsite system conferences
in the Midwest, with speakers from all over the United States.
The IOWWA programs represent a voluntary private-sector response to the training needs
issue. These programs should be supported, and when possible, leveraged with academic or
extension service programs. This would be analogous to the Minnesota model, where two
state onsite organizations, MOSTCA and MPOWR, host annual conferences and training
events in conjunction with University of Minnesota Extension Service programs and
presentations from academic researchers.
The Minnesota Pollution Control Agency is looking into developing a program to train licensed
wastewater treatment plant operators in new alternative treatment technologies and help
bridge the current gap of knowledge in the operations and maintenance of these systems.
IDNR could implement a similar program in collaboration with IOWAA to bring existing and
new operators up to speed with managing alternative treatment systems.

Support Continuing Education
The State of Iowa requires continuing education for both registered professional engineers and
licensed wastewater treatment plant operators. Allowing continuing education credits for
decentralized wastewater training (IOWWA programs, Extension Service or academic
presentations) would be a cost-effective way to reach practitioners involved in the day-to-day
design and operation of wastewater systems.
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Chapter 7
Conclusions

The discharge of untreated or partially treated sewage into lakes and streams is a major
pollution problem in Iowa. IDNR has recognized this as the number one threat to Iowa’s
surface waters from point-source discharges.82 It is currently estimated that there are 739
unsewered communities in Iowa which collectively discharge 1.2 billion gallons of inadequately
treated sewage each year into the waters of the state.5 Fixing this problem is projected to cost
between $214 million and $322 million dollars.5 Similar problems exist in other Midwestern
states8,9
Many new technologies for collecting, treating and disposing of wastewater are now available.
As discussed in Chapter 2, these technologies include alternative sewers, constructed
wetlands, enhanced pond systems, media filters, drip irrigation, and effluent reuse. These
technologies can be combined to provide cost-effective wastewater services to the small
communities left behind by more conventional engineering approaches.
While all of these technologies have been introduced in Iowa, they have not been implemented
on a broad scale or in a consistent manner. Although the need is clear, and the technology is
available, ecological wastewater management is more of a hope than a reality in Iowa. This
lack of adoption results from factors management, regulatory and educational factors.
In order to create an environment where ecological wastewater management is the norm,
rather than the exception, four major changes from the status quo must occur:
1. Iowa must work proactively to create and support regional wastewater management
entities.
2. IDNR must change its NPDES permit process to make it more user-friendly for
ecological wastewater management proposals.
3. Chapter 69 must be changed to create more accountability, allow more flexibility in new
technology adoption, and promote soil infiltration to create zero-discharge onsite
systems.
4. Academic support must be increased. For positive changes to occur, university faculty
members must get involved and support regulators at both the state and local level.

7.1

Fiscal Management and Responsible Management Entities

Wastewater treatment systems succeed only to the extent they are managed well. Effective
management is the key to long-term success. Iowa must work proactively to identify, promote
and, in some cases, create regional management entities. Specific actions that would promote
effective management include:
•

Working with existing management entities, such as rural water districts, sanitary
districts and water utility companies, to promote their involvement in wastewater
projects within their territory.
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•

Passing legislation to allow formation of new management entities where none currently
exist. In Minnesota, the environmental subordinate service district (ESSD) model has
been successfully used for this purpose.10

•

Creating programs to provide up-front technical and financial assistance to unsewered
communities. Due to their small size, economic status and lack of self-governance,
these communities often lack the resources to get projects developed to the point where
they are eligible for state and federal financial assistance. The Southeastern Minnesota
Wastewater Initiative is an example of a program that has been effective in this regard.8

7.2

Regulatory Framework

Changes to the NPDES permit process
At the present time, projects that propose elements of ecological wastewater management
undergo lengthy and sometimes contentious permit reviews. Under the current system, it is
much easier to obtain permit approvals for conventional big pipe systems, even if the big pipe
technology is not the most cost-effective for the community or the best thing for the
environment. IDNR can solve these problems through changes in how the agency processes
permit applications. The department could take the following specific actions:
•

Create an internal culture that is accepting of new technology. This culture shift will
require resources to train staff and academic support (see Section 7.4). For instance,
the University of Wisconsin-Madison and the University of Minnesota Extension service
provide key support to regulators in their states.

•

Move away from reliance on prescriptive criteria, such as the Wastewater Facilities
Design Standards,25 in favor of more open, performance-based criteria.

•

Creating voluntary fast track permit approaches similar to the process developed by the
Minnesota Pollution Control Agency for nitrogen removal.83 For instance, IDNR could
create a fast-track process for systems that use soil infiltration to achieve zero
discharge.

•

Develop monitoring requirements and permit language that this appropriate to the
technology being used.

•

Institute permit fees for mid-size systems to create funds, and dedicate those funds to
adding permit support staff.

Update Chapter 69
Single-home treatment systems can be an effective wastewater management option if those
systems are designed, installed, and operated properly. Several Midwestern states have made
changes to their onsite system rules to increase the level of accountability and professionalism
in the onsite industry. There are a number of specific changes that would allow Chapter 69 to
improve water quality within the state.
•

Update Chapter 69 to require onsite treatment systems to be inspected whenever a
house is sold. Require that failed systems be brought into compliance with the current
code. (Point-of-sale inspections are required in Minnesota62 and Wisconsin.66 Fifteen
counties in Iowa already require point-of-sale inspections.54)
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•

Update Chapter 69 to require licensure of onsite professionals, including soil scientists,
system designers, inspectors and operators. Tie license renewal to continuing
education, as do programs already in place in Minnesota62 and Wisconsin.66 The Iowa
Onsite Wastewater Association (IOWWA)81 has already created a training program and
is offers voluntary training. Additionally, IDNR has already created an onsite system
design manual.38

•

Update Chapter 69 to make it easier to adopt new technology without legislative
changes to the rules. The component manual approach developed by the Wisconsin
Department of Commerce66 offers a useful model in this regard.

•

Consider non-renewal of General Permit No. 4. This permit allows for surface-water
discharges from single-home onsite systems. This is a very unusual regulatory
approach that depends on periodic renewal of General Permit No. 4 by the EPA.
However, continued support and renewal of the General Permit is not assured. Iowa
should develop a program that proactively reduces the number of surface water
discharges.

•

Consider a new rule or extension of Chapter 69 that governs larger cluster or smallcommunity based systems that employ soil-infiltration. This rule could be similar to
Chapter 708163 or Minnesota’s Large Subsurface Wastewater System guidance
document.61

7.3

Education and Training

At the present time, there is little support comes from the academic community for ecological
wastewater management in Iowa. Compared to Minnesota and Wisconsin, collaborations
between university faculty members and regulators are notably lacking. Implementing
regulatory changes without the support of the academic community is much more difficult than
in a collaborative environment because, faculty members are a key source of information,
training and support in an environment of changing wastewater technologies. The following list
identifies specific actions to improve access to academic sources of knowledge include:
•

Offer a course on decentralized wastewater management should be offered in the
engineering programs at Iowa State University and The University of Iowa. This course
could be taught as a senior-level design course for civil or agricultural engineering
majors. A university curriculum has already been developed for this purpose and is
available on the Internet.77

•

Get academics involved in training. In Minnesota, the Extension Service is responsible
for the training of licensed onsite professionals. If licensure, and continuing education,
were required through modifications to Chapter 69, the Iowa State University Extension
could provide this service. Training materials developed by IDNR38 and IOWWA could
be leveraged in this effort.

•

Use training, in addition to licensing of onsite professionals, training could be used to
fulfill continuing education requirements for professional engineers. This step would
create links between the academic and consulting communities and introduce muchneeded new concepts and technologies into the consulting world.

•

Implement a new operator training section for licensed wastewater treatment plant
operators in decentralized wastewater treatment technologies.
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•

Use training for licensed wastewater operators as a means to fulfill continuing education
requirements.

•

The state could also support graduate-level research. This model has been successful
in leveraging federal grant funds at institutions such as the Colorado School of Mines,
the University of Minnesota and North Carolina State University.
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