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Abstract
This report is an assessment of on-site septic systems constructed within the Boonslick region
of Eastern Missouri which encompasses Lincoln, Montgomery and Warren counties. The report
is intended to assist in understanding the quantity, quality and spatial distribution of on-site
septic systems and their potential impact on environmental and developmental planning efforts.
The systems studied in this report were small-scale septic systems not primarily regulated by
the Missouri Department of Natural Resources (DNR) and instead permitted and inspected by
local public health officials from county health departments.
Further emphasis was placed on the distribution of such systems relative to 8-digit Hydrologic
Unit Code watersheds within the Boonslick region. This model allows for data to be represented
and organized not only by regional or political borders, but by hydrologic boundaries as well.
This multi-faceted approach, utilizing both political and physical geographies in presenting the
data, provides the greatest flexibility to potential end users allowing the reader to choose their
desired scope of interest.
This project has four objectives: (1) Create an inventory of regional data to be made available to
DNR and local communities; (2) Assist in protecting water quality in the region; (3) Aid in
educating homeowners and community leaders in proper waste water management practices;
(4) Increase partnerships with community officials, regional health departments, and DNR to
further control and regulate on-site septic systems.
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Executive Summary
The purpose of this project is to inventory, analyze and assess on-site septic systems in the
three-county region. The primary target audience will be the communities and the homeowners.
This audience will be provided with regional inventory of the discharge facilities which will be
helpful in understanding the existing conditions of the system and assist DNR with a plan for
any required improvements. Furthermore, community officials, public water sewer districts, and
County Health Departments will utilize the inventory to direct and encourage future public
infrastructure developments to the areas that may be lacking public facilities.
In the report, individual systems will be classified into broad category types based on the
manner in which the resulting effluent is treated. A brief description of the most common
systems found in the Boonslick region and their perceived strengths and weaknesses will be
included in order to aid in the education of the intended audience. Such materials will be used
by local health officials to encourage homeowners who do not have access to a public sewer to
recognize inadequate or failings systems. By understanding such policies and how they can
improve local water quality, residents will be better prepared to make informed decisions
regarding their specific waste water disposal needs.
As with any ordinance, statute or law; such regulation is only effective if reasonable means exist
and are readily accessible for compliance. In other words, if the cost of compliance is out of
reach of a significant number of property owners, preservation of Missouri waterways may be
relegated to the realm of unfunded mandates – nothing positive is accomplished. Fortunately
for those who qualify, there may be resources such as the On-Site Waste Water Loan program,
available to homeowners that grant more accessible financing options to assist in meeting
standards set by state and local policy makers. DNR and the Boonslick Regional Planning
Commission (BRPC) partner in administrating such programs that are designed to make
compliance more obtainable for residents of Lincoln, Montgomery and Warren Counties.
Programs like these, along with the information found in this report, must be brought to the
attention of homeowners to ensure the regulations are both informative and actionable and
convey a solution oriented approach to legitimate water quality issues.
In addition to addressing water quality issues in the region, BRPC will also use project outputs
in planning for future infrastructure investments and improvements to existing assets. This will
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be accomplished in concert with the Community Development Block Grant (CDBG) Land Use
Infrastructure Plan which will be concurrently researched and developed by BRPC staff.

Project Description
In order to accomplish the aforementioned objectives, three project phases were identified. The
first phase includes collection of data. This consisted of traveling to the various offices in the
region where pertinent records were stored and segregating necessary data. Once data sets
were generated and refined for each county, a composite inventory of onsite-septic systems
across the region was created and mapped.
The second phase consisted of statistical generation, spatial analysis, geo-coding and project
mapping. Statistics were generated per county, per watershed within a specific county and per
regional watershed area regardless of county. Output data was also organized this way, as
were cartographic products.
The final phase includes disseminating the results from this study to homeowners, community
leaders and policy makers. BRPC will assist in and help facilitate member communities and
county governments in public outreach efforts across the region. Education will be the primary
focus of this final phase. The report will identify projects and funding programs that when
implemented will lead to economic recovery through construction activities and improved water
quality.
The expected outcomes will include a needs summary for the homeowners and community
leaders that can direct them to the appropriate program and agency for funding. The outcomes
will enable the health officials to respond to increasing treatment requirements and to maintain
water quality in the region.

Regulatory Issues
The information in this section of the report has been gathered and compiled from various local,
state and federal sources including Missouri Department of Health and Senior Services (DHSS)
and United States Environmental Protection Agency (US EPA) manuals, guidelines, and web
links.
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In rural Missouri, where central sewer service is not available, homeowners and small business
owners use various types of Onsite Wastewater Treatment Systems (OWTS). An OWTS is a
system that uses natural processes and mechanical components to collect, treat and disperse
wastewater from single dwellings or other buildings or structures. An OWTS cab be a single
housing unit system or a cluster system. A cluster wastewater system means a wastewater
collection and treatment system under some form of common ownership which collects
wastewater from two or more dwellings or buildings with multiple owners and conveys it to a
treatment and dispersal system located on a suitable site near the dwellings or buildings.
The performance of onsite and clustered wastewater treatment systems is a local, state, and
national issue and a great concern to the Missouri Department of Health and Senior Services.
As stated in the August 2014 version of an onsite wastewater treatment system owner’s
manual, decentralized systems are used by an estimated twenty-five percent of homeowners in
Missouri and are permanent components of our state’s wastewater infrastructure.
Per US EPA, many of the systems in use are improperly managed and do not provide the level
of treatment necessary to adequately protect public health, and surface and ground water
quality. Proper management of decentralized systems involve implementation of a
comprehensive life-cycle series of elements and activities that address:
•

Public education and participation

•

Planning, performance, site evaluation and design

•

Construction, operation and maintenance

•

Residuals management

•

Training and certification / licensing

•

Inspections and monitoring

•

Corrective actions

•

Recordkeeping / inventorying / reporting

•

Financial assistance and funding
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US EPA developed voluntary national guidelines for management of onsite and clustered
wastewater treatment systems referred to as the ‘Management Guidelines’ to enhance the
performance and reliability of decentralized wastewater treatment systems through improved
management programs.
These guidelines complement any other applicable federal, state, tribal, or local government
requirements, including the National Pollutant Discharge Elimination System (NPDES) program
under the Clean Water Act (CWA) and the Underground Injection Control (UIC) program under
the Safe Drinking Water Act (SDWA).
The five management models from the Voluntary National Guidelines for Management of Onsite
and Clustered Wastewater Treatment Systems are summarized below and more details are
provided in the appendix of this report.

Regulatory Process in Missouri
In Missouri, a construction permit is required before installing or repairing most onsite
wastewater treatment systems. The OWTS falls either under the authority of a county or city

12

agency if a local onsite sewage ordinance has been adopted. Otherwise OWTS are under the
authority of the Missouri Department of Health and Senior Services.
For all the three counties that Boonslick serves, the onsite wastewater treatment systems fall
under the authority of the County Public Health Agency. OWTS regulations cover:
1. Single-family residential systems including lagoons;
2. Onsite or cluster systems that treat domestic wastewater flows of 3,000 gallons per day
or less and disperse the wastewater through soil treatment/absorptions systems.
Missouri Department of Natural Resources must approve subdivision, mobile home parks and
campgrounds if the use of OWTS is planned. Developers as well as property owners in
unapproved developments should contact DNR regarding their residential housing unit
requirements.
DHSS Permit Process
If the proposed system falls under DHSS regulation, the owner must apply to the County Public
Health Agency for a construction permit. A complete permit application must include everything
needed to determine compliance with the Missouri Onsite Sewage Laws and Minimum
Construction Standards (http://health.mo.gov/living/environment/onsite/pdf/onsite_ref_book.pdf).
Generally, a site / soil evaluation report must accompany the completed application form. The
application should clearly show the system location on a site layout diagram. In addition, an
engineer's design must be submitted for certain types of systems, and a variance application
may be required if the system size or setback distance requirements cannot be met.
Occasionally the permitting authority may require other information, for example, information
about a water supply well or about the subdivision where the site is located.
The steps below are the permitting steps outlined by DHSS on their website at
http://health.mo.gov/living/environment/onsite/permitprocess.php
STEP 1: Site / Soil Evaluations
The first step in an OWTS design is to have the site evaluated. The results of the site evaluation
will be a main factor in the system selection. The permitting authority will not design the system,
but can offer technical assistance with the location and type of system. If the site is classified as
'suitable,' or in some instances 'provisionally suitable' for a conventional gravity system, a
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registered OWTS installer should be able to design the onsite system and assist the owner in
completing the application.
If the site / soil evaluation indicates the site is unsuitable for a conventional septic tank and
gravity soil absorption system, an advanced OWTS or alternative OWTS may be needed. A
Missouri Professional Engineer must design alternative systems and installers of advanced or
alternative systems must be registered as advanced OWTS installers.
STEP 2: Pre-Construction Site Inspection
Once the completed application has been reviewed and compliance with the rule has been
verified, the permitting authority will visit the site to determine if the system that was proposed in
the application will "fit" the site. If the proposed system does not fit on the site, then changes will
need to be made to the application and proposed system design. If everything checks-out
during the pre-construction site inspection, then a construction permit will be issued. The permit
is valid for one year and in some cases might be extended provided site conditions are the
same and a request is made prior to its expiration.
STEP 3: Construction and Final Inspections
When construction begins, the owner or installer should contact the permitting authority. Often,
the installation of an OWTS doesn't take very long, once construction has begun, so it is good to
keep the permitting authority informed of the project status. It is a requirement that 24 to 30
hours notice, be provided prior to the completion of the system. When possible, a final
inspection will be made prior to the system being completed. All parts of the system must be
installed as indicated in the application and permit, including fences around lagoons, distribution
devices, and operationally ready pumps, for example. However, the system must be accessible
for inspection for up to 30 hours after the required notification unless advised a final inspection
will not be conducted. When the permitting authority cannot schedule an inspection, the
registered installer will be required to certify that the system was installed according to the
approved application / permit. Final system approval will not be given until the installer's
certification is received.
STEP 4: Operation and Maintenance
After the system is completed, the owner is responsible for insuring the system is operated and
maintained properly. It is important to get a diagram from the installer or designer showing the
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location of the system. Sewage tanks need to be pumped out and maintenance needs to be
performed on a regular schedule. Installers or maintenance service providers may offer service
contracts for the system. Maintenance contracts are recommended, especially for advanced
OWTS.
All OWTS must be installed and operated in accordance with the requirements specified in 19
CSR 20-3.060, Minimum Construction Standards for On-Site Wastewater Treatment Systems,
and 19 CSR 20-3.015, Operation of Onsite Wastewater Treatment Systems, the manufacturer’s
specifications, and the designer’s operation and maintenance manual. In accordance with
Missouri law, OWTS must be operated and maintained to prevent the production of odors, the
creation of a habitat for insect breeding, contamination of surface water or groundwater, or
creation of a nuisance or health hazard. In accordance with Missouri law, malfunctioning OWTS
must be remediated, repaired or replaced in accordance with the requirements specified in 19
CSR 20-3.060 Minimum Construction Standards for Onsite Wastewater Treatment Systems.

OWTS Maintenance
Mo DHSS clearly states that the three main reasons for maintaining onsite wastewater
treatment system are:
•

Protect health -- Maintaining the OWTS helps in protecting the health of the family and
the environment. It was noted that when the systems fail, inadequately treated
household wastewater is released into the environment and can contaminate nearby
wells, groundwater, and surface waters. Any contact with untreated human waste can
pose a significant health risk.

•

Protect money -- Malfunctioning onsite systems are expensive to repair or replace, and
neglected maintenance by homeowners is a common cause of early system failure.
DHSS stresses that the minimal amount of preventative maintenance that onsite
systems require costs very little in comparison to the cost of a new system.

•

Protect property value -- Malfunctioning onsite systems can reduce property values in
the area especially when they contribute to the pollution of local rivers and lakes that the
community uses for commercial or recreational activities. Property values decline with
the any disrepairs or unusable system. It can be difficult to sell property especially in
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cases when a property transfer inspection is mandated. Additionally, building or
occupancy permits may be denied for these properties.

Soils of the Boonslick Region
Site selection is a key component of installing an OWTS that will function properly. For example,
lagoons may not be installed in a floodplain or on slopes exceeding 20%. Lateral fields must not
be installed at the bottom of a hill where surface water will collect. All systems have setback
requirements to different landscape features that must be met, such as property lines, water
lines, water supply wells, etc.
Soils are the most important component of site selection. Without accurate soil information, an
onsite wastewater treatment system will fail, no matter how well it was installed.
In the Boonslick Region a large portion of soils contain high levels of clay. Clay soils are not
suitable for conventional septic systems. There are some areas in the region that are known for
soils suitable for conventional septic systems, such as areas of wind-blown glacial soils near the
Missouri River bottoms. There are parts of the region with alluvial soils located in creek and
stream floodplain areas that can be suitable for conventional lateral fields.
A variety of soil associations exist within the Boonslick Region, the most common soil
associations, and their impacts on building and drainage are explained below.
Keswick-Hatton Association
The Keswick soils are moderately sloping and strongly sloping while the Hatton soils are less
inclined, ranging from gently sloping to moderately sloping. Their major soils are suited to
building site development and sanitary facilities.

The shrink-swell potential, restricted

permeability, wetness and slope are the main problems. Because of the restricted permeability
the soils generally are unsuited to septic tank absorption fields and they are generally better
suited to sewage lagoons.
Keswick-Hatton soils can be found throughout Lincoln County, but are somewhat limited to
northern and central Warren County, and found in scattered stream valley locations in
Montgomery County.
Mexico-Keswick Association
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This association consists of soils on broad ridge tops and short side slopes dissected by the
upper ends of small drainage ways. It makes up about 22 percent of soils in Lincoln County, 17
percent of soils in Warren County and 50 percent of the soils in Montgomery County, making it
the most common soil association in the region.
These major soils are suited to building site development and sanitary facilities. The shrinkswell potential, restricted permeability, wetness and slope are the main problems. Because of
restricted permeability, the soils generally are unsuited to septic tank absorption fields and are
generally better suited to sewage lagoons.
Goss-Gasconade-Brussels Association
The Goss soils are strongly sloping to very steep and they run deep. They are well drained and
commonly are on ridge tops and the upper side slopes. The Gasconade soils are strongly
sloping to very steep and are shallow. This association makes up about 18 percent of Lincoln
County, 24 percent of Warren County, and 18 percent of Montgomery County.
restricts the use of equipment.

The slope

Erosion, seedling mortality and wind-throw are other

management concerns. The soils in some of the less sloping areas are suited to some sanitary
facilities and to low-density building and development.
Menfro-Crider Association
The Menfro soils are gently sloping to steep. They are on ridge tops and convex side slopes.
The Crider soils are moderately sloping to moderately steep. They are on narrow ridge tops
and on convex side slopes below the Menfro soils. This association consists of soils on the
highly dissected hills adjacent to the floodplains along the Mississippi River. It makes up about
13 percent of Lincoln County.
Erosion and the equipment limitation are problems on the moderately steep and steep soils.
The association is suited to sanitary facilities and building site development.

The major

problems affecting building site development are the slope and the shrink-swell potential.
Winfield-Menfro Association
This association consists of soils formed in loessial deposit on uplands adjacent to the Missouri
River flood plain. It makes up about 13 percent of Warren County and 5 percent of Montgomery
County.
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Winfield soils are gently sloping to steep and are moderately well drained. They are on ridge
tops, side slopes, and stream terraces. Menfro soils are moderately sloping to steep, and are
well drained. In most places they are between Winfield soils and those soils on the Missouri
River flood plain.
Portage-Carlow-Dockery Association
This association consists of soils on the broad flood plains along the Mississippi River. The
Portage soils are very poorly drained and are in broad depressions. The Carlow soils are poorly
drained and are in low areas and on natural levees. This association makes up about 9 percent
of Lincoln County.
This association generally is unsuitable as a site for sanitary facilities and buildings.

The

wetness, the flooding, and the shrink-swell potential are the major limitations.
Blake-Haynie-Booker Association
Blake soils are nearly level and somewhat poorly drained. Haynie soils are nearly level and well
drained. This association consists of the soils in the Missouri River flood plain. This map unit
includes about 5 percent of the total acreage of Warren and Montgomery Counties. It makes up
about 8 percent of Warren County and 3 percent of Montgomery County.
The wetness limits the use of equipment. This association generally is unsuitable as a site for
sanitary facilities and buildings. The wetness, the flooding, and the shrink-swell potential are
the major limitations.
Haymond-Moniteau Association
The Haymond soils are well drained whereas the Moniteau soils are poorly drained and are
situated on low terraces along rivers and creeks. This association consists of soils on narrow
flood plains and stream terraces found along stream bottoms throughout Lincoln, Warren, and
Montgomery Counties.
This association is generally unsuited to sanitary facilities and building site development
because of the flooding.
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Watersheds of Boonslick Region
The three main watersheds in the Boonslick Region are the Lower Missouri River and its
tributaries, the Lower Mississippi River and its tributaries, and the Cuivre River Watershed. The
Cuivre River Watershed covers most of Lincoln County and significant portions of northern
Montgomery and Warren Counties as well. The information on watersheds has been gathered
and compiled from various local, state and federal sources including Missouri Department of
Conservation (MDC) and Missouri Department of Natural Resources.
A watershed is a geographic area of land, water and biota within the confines of a drainage
divide. The watershed boundaries define the aerial extent of surface water drainage to a
point. Watershed boundaries follow the highest ridgeline around the stream channels and
meet at the bottom or lowest point of the land where water flows out of the watershed. In the
United States, the watersheds are delineated by the U.S. Geological Survey using a national
standard hierarchical system based on surface hydrologic features. Each hydrologic unit is
identified by a unique hydrologic code (HUC) consisting of from two to twelve digits based
on the six levels of classification. The bigger the HUC number, the smaller the watershed.
For the purpose of this study, the 8-digit hydrologic-unit-codes are used.
CUIVRE RIVER WATERSHED
The Cuivre River is a low gradient, seventh order river located in northeast Missouri. It
originates in Audrain and Pike counties and flows south-eastward through Pike, Montgomery,
Lincoln, Warren and St. Charles counties to its confluence with the Mississippi River near
Winfield, Missouri. Its major tributaries are the West Fork Cuivre River and the North Fork
Cuivre River. The entire watershed is 1,235 square miles. The average annual discharge of
Cuivre River at the Troy gauge station for its 61-year period of record is 650 cubic feet per
second. The Cuivre River is a major recreational asset to the area, with a large state park and
several access areas for fishing and boating.
One percent of the watershed is in public ownership. There is one state park, five Missouri
Department of Conservation (MDC) lake or wildlife areas and three MDC stream fishing
accesses. Approximately 23% of the watershed is forested and 77% is cultivated, pastured or
otherwise developed. Water-quality problems in the Cuivre River drainage are related to soil
erosion and animal waste.
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SNY / UPPER MISSISSIPPI RIVER WATERSHED
The Upper Mississippi River Watershed region can be found in Lincoln County and includes the
smaller Bryants Creek and Bobs Creek watersheds which drain into the Mississippi River. This
is part of the much larger Sny Hydrologic Unit along the Upper Mississippi River Watershed.
The watershed also contains the Old Kings Lake slough, with 22 miles of standing or slowly
flowing waters in the Mississippi River floodplain in Lincoln County. Most of the area is part of
the Mississippi River flood plain and the adjacent hills in the Goss-Gasconade-Brussels Soil
Association. The North River basin lies within the Dissected Till Plains physiographic province
and is characterized by a mixture of hills and open plains.
Except for areas in the lower portions of the watershed where streams have incised
Mississippian aged rock, the surface of the watershed is glacial till overlain by loess. Glacial till
is a mostly unsorted mixture of clay, sand, gravel and rock debris created and pushed
southward into Missouri by the great glacial ice sheets. Loess is a windblown silt deposit.
PERUQUE – PIASA CREEK WATERSHED
Peruque Creek rises in Warren County and runs through St. Charles County to the Mississippi
River. The creek drains approximately 72 square miles above the Mississippi flood plain
including portions of Wright City and unincorporated areas of Warren County. The watershed
has a drainage area of approximately 11,395 acres in Warren County. The floodplain is mainly
agricultural with urban and industrial uses encroaching on the farm fields. Beneficial uses for
Peruque Creek include livestock and wildlife watering, protection of human health associated
with fish consumption, protection of warm water aquatic life, and swimming.
The watershed is located in eastern Warren County, and it is the only area of the county that
drains into the Mississippi River. Wright City and Foristell are the only incorporated cities in this
watershed, and only Wright City falls in the Boonslick RPC boundary.

Erosion and

sedimentation is a significant issue regarding the Peruque Creek stream.
LOWER MISSOURI RIVER WATERSHED
The Lower Missouri River Watershed can be found in southern Montgomery and Warren
Counties, and includes the Loutre River and its tributaries, Lost Creek, and Charrette Creek
Watersheds. It is part of the much larger Lower Missouri River Watershed which extends from
Boone County to the Missouri River’s confluence with the Mississippi River in St. Charles
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County. The Loutre River drains much of Montgomery County and portions of extreme western
Warren County. This 1,590 square mile drainage area divides into three distinct physiographic
parts; a central corridor composed of the Missouri River alluvial plain and two flanking bands of
deeply dissected hills and bluff lands. Over the past four decades, the lower reaches
approaching the St. Louis metropolitan area have experienced increasingly strong urban
development pressures.
Drainage is moderately good to somewhat poor. The floodplain and terrace soils along the
Missouri River and its tributaries form in alluvium. They are very deep and are highly variable in
texture and drainage.

LOWER MISSOURI - MOREAU WATERSHED
The Lower Missouri - Moreau Watershed is part of the much larger Moreau River Watershed
which extends from Howard, Boone, and Callaway Counties to the Missouri River in
Montgomery County.

Steep slopes contain deep cherty clayey reddish colored soils over

dolomite or limestone. Sandy, loamy and gravelly alluvial soils are in the bottom lands.
There are no federal lands or state parks located in the watershed. However, there are seven
areas either owned or managed by cooperative agreement with the Missouri Department of
Conservation which are open to the public. There are neither hydroelectric generators nor
major dams in the watershed.
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Regional Analysis
Type of System
Overall, the Boonslick region is drainage field centric. Wetlands, the third largest percentage
behind lagoons are like drain fields in that they can use a system of laterals to distribute treated
effluent. And like a lagoon, the discharge is contained, but in an area vegetated with aquatic or
wetland plants that must be maintained. Often these systems are engineered.
Holding tanks in the region are
generally found in areas too dense to
meet minimum set-back requirements.
In many cases, areas such as these
that do not have access to sewer
service also lack the physical space
necessary to install an onsite septic
system. RV parks and crowded lake
shore communities are examples of
common places to find holding tanks.
Warren County is the most diverse in
system types. But Lincoln County by
far has the highest concentration of
systems totaling the most in the
region. Montgomery County
contributes a large portion of the
region’s lagoons and holding tanks.
Lincoln County data suggests that the
county has more drain fields than
Montgomery and Warren Counties
combined. A potential weakness in the
data though is that while systems are permitted and added regularly, rarely are they removed or
updated when they are decommissioned.
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Lincoln County is also dominated with
various drain field configurations. These
drain fields range in size and shape based
on the estimated maximum daily water
consumption of the household it serves.
Such figures are usually calculated based on
the number of bedrooms, bathrooms and
occupants the home will contain.

Note: These figures may represent a bias in the compiled data
as a large portion is identified as "unknown type systems".

Montgomery County is unique from its counterparts in that the prevailing system is the waste
stabilization pond or, lagoon. Spatial
Distribution of differing system types
are driven by geography, local zoning
ordinance and many other
socioeconomic considerations.
Lagoons tend to be the most
affordable option and often require
the least amount of regular
maintenance or repair.

Warren County is largely populated
with systems that fall into the general
category of drainage field. In reality,
these systems are the most diverse
in that there is by far more variation
in dimensions, design and materials
used to construct these systems
than any other. Most engineered
systems encountered fell into this category.
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Impact on Watershed
Sixty-two percent of onsite systems
located in Lincoln County discharge
waste to Cuivre River watershed and
thirty-eight percent discharges to
Sny River watershed.

About forty-five percent of onsite
systems in Montgomery County
discharge waste to Cuivre River
watershed; fifty-four to Lower
Missouri watershed and one percent
to Lower-Missouri Moreau
Watershed.

About twenty-seven percent of
onsite systems in Warren County
discharge waste to Cuivre River
watershed; sixty-two percent to
Lower Missouri watershed and
eleven percent to Peruque - Piasa
watershed.
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Permitting Trends in the Region
Metrics for each county’s permitting are inconsistent before 1998. However, from 1998 through
2013 a trend can be seen across all counties. The number of permits issued climbed, and then
plateaued during the mid-2000s, before beginning a steady and significant drop in 2006. A lowpoint was reached in 2010, with a small increase in permits following in 2011 and 2012. Permits
again dropped to near record lows in 2013, the last year for which we have data. This trend can
be related directly to the region’s economy and the reduction in new housing starts.

Compliance Issues
For the most part, compliance issues are uniform across the three-county Boonslick region. All
three counties follow RSMo 701 and Title 19 CSR 20-3.060 (Minimum Construction Standards),
Title 19 CSR 20-3.070 (Inspection and Evaluation of Existing Onsite Sewage Systems), and
Title 19 CSR 20-3.080 (Requirements for Percolation Testers, Onsite Soils Morphology
Evaluators, and Onsite Wastewater Treatment Installers). Missouri’s statues are in line with the
federal Clean Water Act, Sections 201, 208, and 301. It should be noted that Lincoln County is
a Second Class county and Warren and Montgomery are Third Class counties.
Both Lincoln and Warren Counties follow their own onsite wastewater ordinances while
Montgomery County has no ordinance of its own drafting. Montgomery and Lincoln Counties
each refer to the Environmental Health Operations Guide as well. The Lincoln County Office of
Environmental Sanitation reports to the County Health Department while the Montgomery
County Environmental Inspector and the Warren County Sanitarian report directly to their
respective County Commission.
While each county follows the same overall statues and guidelines, each county chooses to
tailor them to their own needs. For example, Montgomery County does not allow lagoons and
requires an onsite septic system on all lots, regardless of acreage, and Warren County requires
filters on all septic system outflows.

In addition, Warren County regulations require Planning

and Zoning to notify the Health Department sanitarian when new construction is begun and
when new house trailers and permanent camping trailers are delivered on site. All three
counties require a citizen complaint form to be completed before an investigation of possible
non-compliance is conducted; however, Lincoln County will initiate an investigation on its own in
instances of non-permitted facilities.
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Warren and Montgomery Counties face very similar compliance issues. Warren County’s most
common issue is open discharge of raw sewage. This is also a significant issue for
Montgomery County, along with over-capacitated systems; that is, the system has not been
upgraded to account for additional residents and their attendant additional demands. For
Lincoln County, the challenges lie with illegal, or non-permitted, installations. According to the
Lincoln County Health department, there is a noticeable increase in citizens who choose to
openly defy county ordinances. One possible reason cited was caused by farm owners allowing
small sections of their property to be used as home sites for their children.
All three counties expressed a willingness to work with the property owner to bring them into
compliance in a cost-effective manner, including the allowance of ample time to complete the
corrections. In instances where the property owner refuses to comply the case is referred to the
County Prosecutor. Each county noted that the cost of compliance, especially for those living
below the poverty level, was a significant issue in the timely correction of septic system issues.
It was suggested by all counties that the Onsite Wastewater Loan program, while helpful to
those of ample resources, was of little or no help to the majority of their non-compliant citizens
who live below the poverty level. All counties believe a better effort needs to be made at the
local level to communicate onsite wastewater requirements to citizens, builders, and realtors. In
addition, Lincoln County suggested that Missouri’s DNR could reduce some issues by qualifying
subdivisions with lots of less than three acres for offsite treatment facilities instead of onsite
septic systems.

Recommendations
This project is a direct result of the rapid population growth facing the Boonslick region. The
2010 Census data shows rapid growth in Lincoln and Warren counties (number two and three in
the State as a percent of growth), with Montgomery County showing positive numbers ranking
82 in the State on percent of growth since 2000. The region's fastest growing cities are Winfield,
Wright City, and Truesdale; growing by 94%, 89%, and 84% respectively. Several cities have
grown by more than 50% causing strains on community services and utilities.
The primary objective of this project is to provide local community leaders and elected officials
with an inventory of on-site septic systems that can be used to direct and encourage future
public infrastructure developments to the areas that may be lacking public facilities. The value of
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the project is tremendous in that it will provide community leaders with geographic information
that can be used to monitor, regulate and manage growth and development.
By mapping the onsite facilities and the watersheds that discharge waste, the health
departments and local officials can direct growth in these areas and reach out to the
homeowners that have facilities chronically in violation of DNR’s regulations. All the three
counties agreed that there is a need to maintain the performance of these systems to protect
public health and protect surface water and groundwater quality.
The lessons learned from this report will be shared with the health departments, local officials
and homeowners in the form of educational materials. The materials will include a brochure
designed to acquaint the public with the health and fiscal benefits of a clean environment and
encourage the reader to seek out additional information from their local health department and
comply with local regulations. A step by step process for applying for a permit is also included
with the brochure. These materials will also include how a failing system can affect a watershed
and degrade the water quality in rivers and lakes. The brochure will be printed and distributed to
each of the region’s three county health departments to be used in their outreach efforts, and an
electronic version of the brochure will be provided to each county for their website. The health
departments will be asked to provide metrics on the distribution of the brochure and to record
any comments from the public which will be included in the appendix to this report. In addition,
this report will be available on the Boonslick RPC website.
EPA’s guidance through The Voluntary National Guidelines focuses on the following areas
where better management can achieve significant improvements in overall system performance:
•

Planning to ensure that system densities do not exceed the ability of regional soils and
water resources to treat and assimilate pollutants

•

Site evaluations that characterize and help to protect soil, ground water, and surface
water resources

•

System designs that provide predictable performance levels of treatment that are
appropriate for protecting public health and the environment

•

Operation and maintenance procedures that ensure that systems are operated properly
and that maintenance tasks such as septic tank pumping and inspection of treatment
units are performed regularly
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•

Monitoring and reporting to provide usable and easily accessible records on system
inventories, capacity and performance, and

•

Follow-up and corrective actions to ensure that failing systems are repaired, upgraded,
or replaced before public health or water resources are adversely affected.

Our recommendations for local regulating bodies certainly include development and
enforcement of regulations that embrace the EPA’s Voluntary National Guidelines. These can
include, but are not limited to, the following suggestions.
- Review and adopt as appropriate elements of the Five Management Models listed in
the appendix of this report. Model 1 (Homeowner Awareness) could be especially beneficial as
it provides methods for local agencies to provide educational awareness and service reminders
to property owners.
- Use the carrot and stick approach at the county level. Create and adopt regulations
that both penalize and incentivize compliance with all applicable waste water regulations. Roll
out these new regulations with much fanfare, using the new regulations as a teaching
opportunity for the community.
- Use the criteria set forth in the new regulations to re-evaluate the information required
on the application and existing processes for receiving and approving new on-site septic system
applications.
- Train sanitarians, inspectors, and septic system contractors / vendors to the new
regulations.
- Identify properties that are being sold or transferred without inspection. One approach
is through ordinance or a memo of understanding between the sanitarian’s office and other
cognizant agencies such as the county assessor’s office. For example, the agreement would
request the office notify the health department sanitarian when a sale or transfer of deed has
occurred. This costs little to implement and will drive more opportunities to inspect possibly
compliance issues.
- Upgrade from a manual record-keeping system to a commercial off the shelf (COTS)
relational database. This will result in a cleaner filing system at the health department and more
accurate information for communities to use to locate and monitor on-site systems.
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- Review and implement if feasible, incentives for property owners and construction
companies to connect to available centralized sewage systems.
- Where possible, centralize on-site septic systems by connecting them to existing
wastewater treatment facilities inside or outside the watershed.
This clustering of on-site septic systems is planned to be the next phase of our region’s clean
water effort as the data presented it is a natural progression from this grant. Data collected is
already being utilized to form the cornerstone of the region’s next Water Quality Management
Grant; Lincoln, Montgomery, and Warren Counties: Clustered System Prefeasibility Study.
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APPENDICES

Appendix A – The Five Management Models
Typical applications

Program description

Benefits

Limitations

1. Homeowner Awareness: Local agency service reminders, educational information, and inventory
Areas of low
environmental risk

Systems sited and
constructed according to
prescribed criteria
Maintenance reminders
Inventory of all systems

Ease of implementation
Inventory of systems that is
useful for tracking and areawide planning

No compliance tracking or
monitoring mechanism
Limitations on advanced
treatment systems due to
operation and
maintenance (O&M)
requirements

2. Maintenance Contract: State/local requirements that certain systems be professionally managed
Areas of low to moderate
environmental risk where
sites are marginally
suitable for individual
systems
Small clustered systems

Use of advanced treatment
options and clustered
systems
Service contracts for
system O&M
Tracking system for
services provided
Inventory of all systems

Previously unbuildable lots
can be served
Prompt attention to
treatment system problems
Lower risk of treatment
system malfunctions

Higher level of expertise
and resources needed by
regulatory agencies and
system service providers
Requires compliance
assurance mechanism

3. Operating Permit: Revocable/renewable state/local permit specifying operation/maintenance requirements
Areas of moderate to high
environmental risk
Systems treating highstrength wastes, or cluster
systems

Renewable, revocable
system operating permits
Performance and
monitoring requirements

Regulatory agency directly
checks system operation
and performance through
permit issuance program

Agency resource
requirements are
significant
Effluent monitoring can be
expensive

4. Responsible Management Entity (RME) Operation & Maintenance (O&M): Professional, third-party O&M
Areas of moderate to high
environmental risk
Clustered systems

System operation,
performance monitoring,
and repair/replacement is
handled by a third party
RME holds operating or
NPDES permit;
homeowner retains
ownership

Same as #2 above, but
removes homeowner from
responsibility role
Regulatory agency tracks
fewer system managers

May require code changes
to allow RME to hold
operating or NPDES
permit
RME financial and
payment assurance
requirements

5. Responsible Management Entity (RME) Ownership: Ownership and O&M by third party entity
Areas of greatest
environmental risk

Same as #4 above, but
RME also owns system
infrastructure/property
Source: U.S. Environmental Protection Agency

RME has full access to
system and all components

Same as #4 above

Appendix B – Management Program Elements and Activities
Elements

Purpose

Basic activities

Advanced activities

Administration
Performance
requirements

Link treatment
standards to relative
risk and health and
water resource goals.

Prescribe acceptable
site characteristics and
system types allowed.

Stipulate that system performance must meet
defined standards that consider public health, water
resource values, vulnerabilities, and risks.

Planning

Consider site and
regional conditions,
development patterns,
and effects on longterm watershed and
public health.

Identify minimum lot
sizes, surface water/
groundwater separation
distances, and critical
areas requiring
protection.

Monitor and model regional pollutant loads, tailor
development patterns based on environmental and
physical limitations, require clustering for large
developments.

Recordkeeping,
inventory,
and reporting

Create inventory of
systems, operation
and maintenance
(O&M) logs, and
produce regular
reports for oversight
agencies.

Provide inventory
information on all
systems. Submit
performance reports to
health agency.

Provide Geographic Information System-based
comprehensive inventories, including web-based
monitoring and O&M data input for administrative
reporting and watershed assessment studies.

Financial
assistance
and funding

Provide financial and
legal support for
management
program.

Implement basic powers
to apply for/accept funds
or other revenuegeneration fees; identify
legal authority for a
sustainable program.

Initiate monthly or quarterly service fees, cost- share
or other repair/replacement program, full financial
and legal support for management program,
equitable revenue base and assistance programs,
and regular reviews and modifications.

Public
education
and
participation

Consider public input
and solicit public
involvement while
developing a
management
program.

Sponsor public
meetings, forums,
updates, and education
programs.

Maintain public advisory groups, review groups,
and other involvement opportunities in the
program.
Distribute educational and other materials.

Assess system site
and relationship to
other features
(groundwater and
surface water).

Characterize landscape,
soils, groundwater and
surface water location,
lot size, and other
conditions.

Assess site and cumulative watershed impacts,
consider groundwater mounding potential and longterm specific pollutant trends; accommodate cluster
system development.

Ensure
installation as
designed.
Record as-built
drawings.

Inspect installation prior
to covering with soil and
enter as-built
information into the file
record.

Provide supplemental training, certification, and
licensing programs for installers.
Provide more comprehensive inspection of
installations. Verify and enter as-built information
into the record.

Installation
Site
evaluation

Installation
Construction

Operation and Compliance
Operation
and
maintenance

Ensure that systems
perform as
designed.

Initiate homeowner
education and reminder
programs that promote
O&M.

Require service contracts or renewable,
revocable operating permits with periodic
reporting. Log service reports into master
database.
Ensure responsibility for O&M.

Inspections
and
monitoring

Document provider
performance, functioning
of systems, and impacts.

Perform inspection prior
to soil cover-up and
property title transfer.
Provide complaint
response.

Conduct regional surface water and groundwater
monitoring, web-based inspection reporting, and
system operational monitoring.
Require installation and periodic operational
inspections.

Residuals
management

Remove and
treat residuals.
Minimize health or
environmental risks
from residuals
handling, use, and
dispersal.

Ensure compliance with
federal and state codes
for residuals dispersal.

Conduct analysis and oversight of residuals
program. Provide web-based reporting and
inspection of pumping and dispersal facility
activities. Provide assistance in locating or
developing residuals handling facilities.

Training and
certification/
licensing

Promote excellence in
site evaluation, design,
installation, O&M, and
other service provider
functions.

Recommend use of only
state-licensed/certified
service providers.

Provide supplemental training and certification/
licensing programs, offer continuing education
opportunities, and monitor performance through
inspections.
Sponsor mentoring programs.

Corrective
actions and
enforcement

Ensure timely compliance
with applicable codes and
performance
requirements.

Provide for complaint
reporting under
nuisance laws.
Provide inspection and
prompt response
procedures and
penalties.

Deny or revoke operating permit until compliance
measures are satisfied.
Set violation response protocol and legal
response actions, including correction and liens
against property by RME.

Source: U.S. Environmental Protection Agency

Appendix C – Types of Septic Systems
1. Septic Systems /Tanks
Description: Septic systems / tanks seem to be the common denominator in residential
waste water treatment systems in Missouri. They are the first stop for black water and will
feed gray water to either sewage lagoons, drainage / leech fields, or sub-surface drip
distribution systems. Septic tanks are sized to the number of bedrooms in the house plus a
two-day residual capacity so at the rate of 120 gallons of waste water per day per bedroom,
a four bedroom house would require a 500 gallon per day septic tank, plus a 2-day additional
capacity, which necessitates a 1500 tank.
Where Used: Septic systems / tanks are used throughout the state for stage one sewage
treatment. Soil conditions and other factors determine the second stage system to be used.
Current Missouri law prohibits septic systems / tanks to discharge grey water directly to the
surface of the ground.
Compatible Soil Types: Soil types have little affect on septic systems / tanks with the
possible exception that bedroom or other sub-surface rocks cannot prevent the tank from
being buried at the required depth.
Cost of New Facility: The cost of a new system runs between $4,000 and $5,000 with
some as high as $7,000.
2. Sewage Lagoons
Description: An open-air reservoir, usually with a septic tank for stage one sewage
breakdown of solids, a lagoon is treats gray water prior to release on the surface of the
ground. The lagoons are sized based on the number of bedrooms in a house. Some
counties have more stringent regulations than Missouri and some require permits to install
them. Requires at least 3 acres of open land on which to install and avoid overflow onto
adjacent property.
Where Used: In Missouri, Lagoons are used when soils are too impermeable for drainage
fields. There are many restrictions as far as set-back requirements, distance from trees and
brush, soil types, etc. Home owner should have at least 3 acres of open land on which to

place the tank, lagoon, and allow for proper overflow escape. Terrain should have less than
a 7% slope.
Compatible Soil Types: Soils should be too impermeable for drainage fields and not
susceptible to leeching into ground water. Need to do a Perc test at the very least and
perhaps a morphology test as well.
Cost of New Facility: $4K to $5K for a septic tank system, plus the cost of the lagoon and
fencing.
Cost of Major/Minor Improvements to Existing Facility: An existing lagoon that was built
too small or too deep may be salvaged by installing a septic tank between the house and the
lagoon.
3. Drainage Fields
Description: Drainage fields are intended to treat gray water prior to its release below the
surface of the ground. They range from gravity fed passive systems using perforated pipe
that leech gray water through a rock lined trench to pressurized systems that switch effluent
to two or more leech fields enabling a field to “rest” for a period of time before effluent is
again pushed into it. Depending on soil types and permeability attributes, sand and / or manmade filters can be used in place of gravel.
Where Used: Varying types of drainage fields are used throughout the state but especially in
areas where ground water contamination is possible with lagoons, or in cases where there is
not enough acreage for a lagoon. Missouri does not mandate the minimum number of acres
required for drainage fields but it does require set-back from property lines and other physical
restrictions.
Compatible Soil Types: Drainage fields, if properly sized and constructed, can support a
wide range of soil types; however, percolation tests are required to determine their suitability
and the type of filtering required; gravel, sand, or other man-made material that allows proper
decontamination prior to introducing the effluent into the soil.
Cost of New Facility: $4K to $5K for a septic tank system, plus the cost of the lagoon and
fencing.

4. Holding Tanks
Description: Holding tanks provide a low initial cost solution. They are used in lieu of a
septic system / tank and are merely a collection and containment vessel for raw sewage.
Depending on the size of the tank, it must be pumped empty every few weeks by a qualified
sanitary waste disposal company. Tanks tend to be large so that pumping is required less
frequently. An alarm system should be considered to provide advance warning of when the
tank requires pumping.
Where Used: Can be found throughout Missouri where not prohibited by local laws.
Compatible Soil Types: Soil types are not a factor providing the tanks can be buried
without obstructions.
Cost of New Facility: 2000 gallon tank, plastic, $2400 prior to installation. An alert system
for when the tank is nearly full is all additional cost as will burial.
Recurring Costs: The tank will need to be pumped each time it is full. Pumping will cost
$100 to $250 per event.
Wetlands
Description: Constructed wetlands are wastewater treatment systems composed of one or
more treatment cells in a built and partially controlled environment designed and constructed
to provide wastewater treatment. Unlike naturally occurring wetlands, constructed wetlands
are designed to control the flow of water through vegetation. They are typically constructed
with uniform depths and regular shapes near the source of the waste water and often in
upland areas. The size of the constructed wetlands depends on the level of treatment
required to return water to the environment without harmful effects. There are basically two
types; Free Water Surface (FWS) and Vegetated Submerged Bed (VSB). These wetlands
utilize natural biological processes as do natural wetlands. Effluent leaving the wetlands
have been “treated” naturally. Both types of constructed wetlands can be used as either
secondary or tertiary treatment facilities with the tertiary type being suitable for wildlife
restoration and habitation. Constructed wetlands are an appropriate technology for areas
where inexpensive land is available and skilled labor is less available. Their size
requirements and cost prohibit their use as private residential facilities.

Where Used: Built wetlands are used outside of flood plains where large expanses of
inexpensive rural land is available on which to construct the wetlands. When constructed
inside flood-prone areas, levees are required to separate effluent from flood water.
Compatible Soil Types: Because they are artificial built wetlands soil type is not critical.
However, if soils are porous, well-drained, and contain small amounts of loams, clays, and
silts, lining may be a requirement. On the other hand, if soils are poorly drained and
composed mostly of clays, then lining may not be required.
Cost of New Facility: Costs vary significantly depending on millions of gallons to be treated,
treatment level, cost and availability of suitable acreage, and other engineering and design
considerations. Per the EPS manual, construction costs for FWS type wetlands can range
from $34,600 per hectare to $237,200 per hectare depending on the size of the system, the
number of cells and berms, and if a membrane liner is required. In the above costs, land
acquisition was not included. Operating costs range from 10 cents to 30 cents per 1000
gallons of treated water.

Appendix D – Maps

Location of MoDNR permitted Domestic Wastewater Sites along with the Geology
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