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1.

INTRODUCTION
1.1

Background
Duffield Associates, Inc. (Duffield) was contracted by the New Castle County
Department of Land Use (NCCDLU) to assist the County with the preparation of a
report that examines the use of on-site wastewater treatment systems in the County
with particular emphasis on southern New Castle County.
The report is intended to supplement information being developed to assist the
County in addressing on-site wastewater and disposal provisions as well as
environmental and land use concerns in areas of southern New Castle County that are
experiencing rapid development pressure. Among the environmental considerations
are the impairment of surface waters and potential impact on groundwater, which
serve as the primary drinking water resource in the southern portion of the county.
Tributaries of the Chesapeake and Delaware Bays exceed standards for nitrogen and
phosphorous, affecting the ability of these waterways to support aquatic life.
The proliferation of land development plans proposing the use of on-site wastewater
treatment systems (septic systems) led to the introduction by New Castle County
Council of Ordinance No. 18-093 on September 11, 2018 and signed
February 27, 2019. This ordinance placed a one-year moratorium on all major land
development applications and certain minor land development applications proposing
the use of septic systems. During the past two years, multiple subdivisions have been
proposed in Southern New Castle County that would result in the construction of
more than 900 homes in areas not served by public sewage collection and treatment
systems. The ordinance was intended, in part, to provide the Department of Land
Use time to research and consider septic system use in the County as part of the
update to the Southern New Castle County Comprehensive Plan.
Subsequently, Ordinance No. 19-078 was introduced on August 27, 2019. The
ordinance restricts subdivision applications for major land development plans that
allow more than five lots within the Suburban (S) or Suburban Reserve (SR) zoning
districts to areas that are served by public sewer. The ordinance also allows a
maximum of five lots to be created within the boundaries of a Suburban or Suburban
Reserve-zoned lot that existed prior to the adoption of the ordinance.
Ordinance No. 18-093 acknowledged the elimination of County standards and
conditions for the installation of on-site systems, including minimum lot sizes, in
reliance on the Delaware Department of Natural Resources and Environmental
Control’s (DNREC) regulations of on-site wastewater treatment and disposal
systems, which underwent major revisions in January, 2014. DNREC’s regulations
allow septic systems on ½-acre lots, while previous County regulations under the
Unified Development Code required a ¾-acre minimum lot if the property is served
by public water and a 1-acre minimum lot size if served by private well.
For planning purposes, the County has divided southern New Castle County below
the Chesapeake and Delaware Canal into three areas under its Southern Sewer
Service Area—the Central Core, the East Wing, and the West Wing. Although it is
1

expected that central wastewater services will expand into the East and West Wings,
it is uncertain when and how that may occur. One of the goals of the County’s current
review of these issues is to help direct future expansion of service.
Given that the population in Southern New Castle County is projected to grow by
more than 20,000 between the years 2015 and 2030, the County is seeking to plan for
the growth in a sustainable manner.
1.2

Purpose
The report is intended to provide the County with information about the status and
trends of water quality in southern New Castle County; an assessment of the use of
on-site systems and current local, regional, and national requirements; site suitability
for the use of on-site systems; identification of performance issues with on-site
systems; and land use and certain related4 issues associated with wastewater
treatment.

1.3
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2.

WATER QUALITY STATUS AND TRENDS IN NCC
This section of the report is a summary of the current water quality status and trends of the
primary watersheds found in southern New Castle County. There are a variety of sources
that contribute to water quality impairments of waterways in southern New Castle County,
not unlike streams, rivers, and ponds throughout Delaware. Sources of nitrogen and
phosphorous come from agriculture, wastewater discharges, septic systems, stormwater
runoff and natural sources. Management of septic systems and other sources of nitrogen is
important in Delaware because nitrogen can be a limiting nutrient in coastal waters. Nitrogen
serves as a fertilizer in estuarine systems and can promote excessive plant and algae growth,
known as eutrophication. This can cause significant problems in estuarine systems by
changing the habitat and depleting oxygen levels. Land use, therefore, is a major factor in
the contribution of nutrients to groundwater and surface waters.
(EPA—A Model Program for Onsite System Management in the Chesapeake Bay
Watershed).
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3.

SOUTHERN NEW CASTLE COUNTY LAND USE
Southern New Castle County, specifically the portion of the county south of the Chesapeake
and Delaware (C & D) Canal, is predominantly agricultural land as well as forested land and
wetlands. However, the region is continuously modernizing with suburban developments
being rapidly built. According to 2002 land use data provided by UD WRC, 48% of the area
was agriculture; 37% was forest, wetland, or open space; and 15% was urban/suburban
(Table 1 and Figure 1). By 2012, land use was covered by 43% agriculture; 37% forest,
wetland, or open space; and 20% was urban/suburban (Table 1 and Figure 2). Based on the
2002 data, the New Castle County Department of Planning has estimated that by the year
2030, 20,000 acres (31 square miles) of agricultural land may be replaced by 20,000 dwelling
units at a mean gross density of one unit per acre. This effectively doubles the percentage of
urban/suburban land in Southern New Castle County by 2030 which will have an impact on
water quality, given the increase in impervious cover. Federal, State, County, and municipal
regulations protect the forest, wetlands, and public open spaces from being developed along
with the expectation that the percentages of these lands are expected to remain constant. The
table and figures below summarizes the land use data provided by University of Delaware
Water Resources Center.
Table 1. Land Use in Southern New Castle County (2002, 2012, 2030)
2002 Area

2012 Area

2030 Area

Land Use

Urban/Suburban
Agriculture
Forest/Wetlands/Open Space
Total

(sq. mi.)

(%)

(sq. mi.)

(%)

(sq. mi.)

(%)

30
96
74
200

15%
48%
37%
100%

40
85
74
200

20%
43%
37%
100%

61
65
74
200

31%
32%
37%
100%
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Figure 1. Land use in southern New Castle County, 2002

Figure 2. Land use in southern New Castle County, 2012
4

3.1

Southern New Castle County Watersheds
Delaware has established targeted reductions for watersheds that are impaired by
contaminants and that do not meet water quality standards set to protect waterways
for designated uses such as recreational contact, drinking water, or to support aquatic
life. These targets, or Total Maximum Daily Loads (TMDLs), have also been
established for the Chesapeake Bay and its tributaries through the Chesapeake Bay
Program under EPA, in cooperation with member states and for tributaries of the
Delaware Estuary. Table 2 summarizes the TMDL criteria for southern New Castle
County.
Table 2. Southern NCC TMDL Summary Table
Watershed

3.2

Appoquinimink River

TMDL Criteria
60% reduction in Nitrogen and Phosphorus loading;
bacteria reduction of between 11-15% in freshwater areas
and 72-73% in marine areas.

Blackbird Creek

40% reduction in Nitrogen and Phosphorus loading; 80%
reduction in bacteria loads.

Bohemia River

24% reduction in Nitrogen; 20% reduction in Phosphorus;
Sediment loads from Delaware's portion of the Chesapeake
must remain at 2009 levels under this TMDL.

C&D Canal

24% reduction in Nitrogen; 20% reduction in Phosphorus;
Sediment loads from Delaware's portion of the Chesapeake
must remain at 2009 levels under this TMDL.

Sassafras River

24% reduction in Nitrogen; 20% reduction in Phosphorus;
Sediment loads from Delaware's portion of the Chesapeake
must remain at 2009 levels under this TMDL.

Chester River

24% reduction in Nitrogen; 20% reduction in Phosphorus;
Sediment loads from Delaware's portion of the Chesapeake
must remain at 2009 levels under this TMDL.

Delaware Bay Watersheds
Appoquinimink River Watershed
The Appoquinimink River Watershed is a major watershed in southern New Castle
County. The Appoquinimink river system is approximately 16 miles long running
east through agricultural land and wetlands. The river system is comprised of five
main tributaries which are the Appoquinimink River main stem, Deep Creek,
Dove Nest, Hangman’s Run, and Drawyer Creek.

5

Total Maximum Daily Loads
A Total Maximum Daily Load (TMDL) for nutrients and bacteria has been
established for the Appoquinimink River watershed. The TMDL requires a 60%
reduction in nitrogen and phosphorus loads and a bacteria reduction of between 11%
and 15% in freshwater areas and 72% to 73% in marine areas.
Blackbird Creek Watershed
The Blackbird Creek watershed drains a portion of southern New Castle County,
roughly 31 square miles. Blackbird Creek flows into the Delaware River just
upstream from Delaware Bay.
Total Maximum Daily Loads
The nutrient and bacteria Total Maximum Daily Loads for the Blackbird Creek
Watershed require 40% reductions in phosphorus and nitrogen loads and 80%
reduction in bacteria loads. The designated uses for the Blackbird Creek include
primary recreation, secondary recreation, fish, aquatic life and wildlife, industrial
water supply, and agricultural water supply in freshwater segments.
3.3

Chesapeake Bay Watersheds
Chesapeake and Delaware Canal West
The Chesapeake and Delaware Canal West watershed (C & D Canal) contains the
C & D Canal, a navigational waterway to the Port of Baltimore maintained by the
U.S. Army Corps of Engineers. The canal system provides a continuous sea-level
channel connecting the Port of Baltimore to the northern ports of Wilmington and
Philadelphia. The canal carries 40% of all ship traffic in and out of the Port of
Baltimore.
The Chesapeake and Delaware Canal West watershed is one of only three tidal
watersheds in the Chesapeake Basin in Delaware. The C & D Canal West watershed
has several notable waterways including Long Creek, Back Creek, and Sammons
Pond.
Bohemia Creek
The Bohemia River has headwaters beginning around Middletown, Delaware flowing
through Maryland's eastern shore and draining into Chesapeake Bay. The Bohemia
River is a tributary of the Elk River. It is located in Cecil County, Maryland and its
headwaters extend into New Castle County. Sandy Branch is a tributary that rises
near Middletown.
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Total Maximum Daily Loads
EPA established a Total Maximum Daily Load for nitrogen, phosphorus, and
sediment for the entire Chesapeake Bay Watershed. This TMDL requires reductions
of approximately 24% for nitrogen and 20% for phosphorus between 2009 and 2025
from all of the Chesapeake watersheds within Delaware.
Sassafras River
The Sassafras River rises in western Delaware and flows westerly to the Chesapeake
Bay forming the natural boundary between Cecil and Kent counties in Maryland.
Total Maximum Daily Loads
EPA established a Total Maximum Daily Load for nitrogen, phosphorus, and
sediment for the entire Chesapeake Bay Watershed. This TMDL requires reductions
of approximately 24% for nitrogen and 20% for phosphorus between 2009 and 2025
from all of the Chesapeake watersheds within Delaware.
Chester River
The Delaware portion of the Chester River Watershed contains headwater tributaries
that drain to the main stem of the Chester River in Maryland. Cypress Branch, the
most northerly stream, drains southwestward, while Sewell Branch drains in a
westerly direction. Furthest to the south in the Chester River Watershed is Gravelly
Run, which drains northwestward and meets Sewell Branch several kilometers west
of the Maryland-Delaware state line. The drainage area of Chester River Watershed
within Delaware is approximately 40 square miles.
Total Maximum Daily Loads
Concerns in the watershed include low dissolved oxygen, nutrient over-enrichment,
and high levels of bacteria. There are no active point sources discharging nutrients
and bacteria into the Chester River, therefore, all pollutants are coming from nonpoint
sources such as septic systems, stormwater and agricultural operations.
The Delaware watersheds draining to the Eastern Shore of Maryland, including the
Chester River, are required under the 2000 Chesapeake Bay Agreement to reduce
nitrogen and phosphorus loads by 46.8% and 43.5% from levels that were present in
2000. Also, State of Delaware Total Maximum Daily Loads (TMDL) require 40%
reductions in phosphorus and reductions of bacteria by 37%. Nitrogen is required by
the TMDL to remain at 708 lbs per day.
The EPA established a Total Maximum Daily Load for nitrogen, phosphorus, and
sediment for the entire Chesapeake Bay Watershed. This TMDL requires reductions
of approximately 24% for nitrogen and 20% for phosphorus between 2009 and 2025
from all of the Chesapeake watersheds within Delaware.
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4.

USE OF ON-SITE SEPTIC SYSTEMS IN SOUTHERN NEW CASTLE COUNTY
The State of Delaware, through DNREC’s regulatory oversight, has approved (over time) the
use of an increasingly diverse number of technologies designed to allow the use of onsite
systems in more restrictive situations such as poorly drained soils or areas of minimal depths
to groundwater. Sites may be considered on a case by case basis for the use of alternative
systems where soils, climate, groundwater or topographical conditions are indicating a
seasonal high water table or a limiting condition is encountered deeper than 10 inches below
the soil surface. These technologies include micro-irrigation drip systems, peat systems and
more varied forms of advanced treatment. According to DNREC, as of September 2018, a
total of 283 systems with advanced treatment technology have been installed in New Castle
County. At the present time, DNREC states that no other geographic areas of the state are
currently being considered to require enhanced nutrient removal.
Southern New Castle County has over 5,000 septic systems. Figure 3 below is a map of
septic system permits provided by UD WRC.
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Figure 3. Septic System Permits in Southern New Castle County (Delaware Open Data Portal
“Permitted Septic Systems” Accessed August 27, 2017) – UD WRC
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Septic systems located in the East Wing, Central Core, and West Wing of Southern New
Castle County between Middletown, Odessa, and Townsend (MOT) and the C & D Canal
tend to be mostly concentrated in areas of suburban neighborhoods. Septic systems present
in the Appoquinimink and Blackbird watersheds south of the MOT area are more spread out
with smaller congregations of neighborhood systems.
A review of the UD WRC data base indicates approximately 3,500 active septic systems and
800 inactive septic system permits are situated in the East Wing, Central Core and West
Wings of southern New Castle County between MOT and the C & D Canal. There are
approximately 25 communities that are serviced by individual septic systems, with several of
these neighborhoods being more than 20 to 25 years old. Approximately 30% of systems in
the Core, East and West Wings are more than 20 years old with more than 30% of unknown
age. Approximately 9,600 recorded residential units are served by sewer in the Central Core
of southern New Castle County between MOT and C & D Canal.
Figure 4 (UD/WRC)

Figure 4. Septic System Permits in the Planning Areas of Southern New Castle County. (UD WRC)
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Figure 5. Septic System Permits by Planning Area in Southern New Castle County.
Active septic system permits obtained from DNREC data base includes systems in place and
operating.

Figure 6. Sewered and Nonsewered Parcels (Inhabited) by Planning Area in Southern New Castle
County. (UD WRC)
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The 3,500 septic systems in Southern New Castle County discharge 81,200 lbs. of nitrogen to
the environment, or 10 times more than homes on public sewer on an annual basis.
According to the Chesapeake Bay model, a person served by a conventional septic system
discharges 8.82 lbs. of nitrogen to groundwater or an average home with 2.63 persons
discharges 23.2 lbs. of nitrogen to the environment. (UD WRC). Figures 7a and 7b below
are maps of Single Family Residential Certificate of Occupancy permits issued from
2008-2018.

Figure 7a. Single Family Residential Certificate of Occupancy Permits Issued 2008-2018.
(New Castle County, 2018)
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Figure 7b. Single Family Residential Certificate of Occupancy Permits Issued 2008-2018.
(New Castle County, 2018)

5.

SUMMARY OF CURRENT REQUIREMENTS
5.1.

New Castle County
The New Castle County Code Chapter 40 (Unified Development Code or UDC)
Article 22 specifies that DNREC regulations govern the septic system approval
process in New Castle County, subject to local conditions including the ½ acre lot
minimum which is a statewide standard.
In 1997, New Castle County adopted the Unified Development Code that set
standards for individual septic systems that specified minimum lot size requirements
for unsewered lots (1 acre for unsewered lots served by private wells) and ¾ acre for
unsewered lots served by public or community water supply systems. Those
requirements were eliminated through Ordinance 013-097 in May 2014 in reliance on
the State requirements.
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5.2.

State of Delaware
Minimum lot size requirements in the State of Delaware depend on location and the
source of water at the residence. Table 3 below summarizes the minimum lot size
requirements for septic systems throughout the State of Delaware.
Table 3. Minimum Lot Sizes for Septic Systems in the State Of Delaware

County/State
State of Delaware
New Castle County
(formerly)
Kent County
Sussex County

½
1

Min. Lot Size with Well (ac.)

Min. Lot Size with Public Water (ac.)
-¾

1,2,3,4
½

-½
(UD WRC)

Delaware’s most recent changes to its septic system regulations were adopted in
January 2014 with several elements being phased in during subsequent years.
DNREC adopted regulations in order to keep pace with changes in technology for
large and small systems, correspond to regulations adopted for Delaware’s Inland
Bays Watershed, and protect homebuyers from acquiring malfunctioning septic
systems. The revised regulations included requirements for small residential systems
of less than 2,500 gallons of wastewater treated per day as well as large community
and commercial systems of more than 2,500 gallons of wastewater treated per day. In
addition, the regulations:
•

Required inspections of all septic systems prior to property transfers.

•

Established nutrient reduction requirements for nitrogen and phosphorous for
systems within 1000 feet of Chesapeake Bay Watershed tidal waters.

•

Eliminated all cesspools and seepage pits.

•

Required all advanced treatment systems to meet enhanced nitrogen removal
standards.

•

Added requirements for homeowner responsibilities for ensuring system
components are above grade and maintaining systems in accordance with the
regulations.

•

Required numerous activities associated with the design, construction and
inspection of systems be performed by licensees.

•

Allowed homeowners to maintain their own innovative/alternative systems once
certified through a homeowner training program.

•

Added reporting, monitoring, operation and maintenance requirements for large
systems (>2500 gallons per day).

The changes to the regulations did not modify the maximum siting density for
residential dwellings of one dwelling unit per half acre.
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Foreward of DNREC’s Regulation:
“Statewide regulations governing the installation and operation of wastewater
treatment and disposal systems have existed since 1968. Inappropriate installations
and poor operation and maintenance practices have resulted in treatment and disposal
system malfunctions. Inadequately renovated wastewater has contaminated the
State’s groundwater and is presenting a threat to the public health, safety, and
welfare. Corrective measures require the replacement of water supply and wastewater
systems, sometimes at a very high cost, which is sometimes borne by the general
public. As such the Department’s regulations governing the site evaluation, siting
density, installation, operation and maintenance of on-site wastewater treatment and
disposal systems have been identified as requiring revisions…”

“This document also provides for the planning, design, and operation of slow rate
land treatment systems for wastewaters in Delaware. The term slow rate land
treatment as used in these regulations refers to the advanced treatment of
wastewater by irrigation onto land to support vegetative growth. These systems
are designed and operated so there is no direct discharge to surface waters. The
irrigated wastewater evaporates and transpires to the atmosphere or enters the
groundwater through percolation. Organic constituents in the wastewater are
stored in the soil or stabilized by soil bacteria. Properly designed and operated
wastewater irrigation systems produce a percolate water of high quality and thus
protect ground and surface water resources.”
“Although it has not been possible to include every method of on-site treatment and
disposal, the Department’s policy is to encourage development of new systems,
processes and techniques which may benefit significant numbers of people within
Delaware. It is expected that these Regulations will be reviewed and revised
periodically and that standards for future methods of wastewater treatment and
disposal will be evaluated as more experience and research data become available.
The Regulations contain provisions that enable that process to occur.” (Delaware
Regulations Governing the Design, Installation and Operation of On-Site Wastewater
Treatment and Disposal Systems).
Delaware regulations allow the use of multiple system types to accommodate varying
soil types, permeability and depth to groundwater, or limiting zone. These include:
•

Full Depth Gravity.

•

Capping Fill.

•

Pressurized Full Depth and Capping Fill.

•

Wisconsin At-Grade.

•

Micro irrigation (drip).

•

Peat Biofilters.

•

Elevated Sand Mounds.
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DNREC has also developed standards for alternative technologies to address
non-conforming lots with existing residences.
5.3

Other DNREC Requirements of Note
•

All new and replacement small systems requiring advanced treatment units must
adhere to the performance standard nitrogen level 3 (PSN3) where total nitrogen
levels achieve an annual concentration of 20 mg/L or a 50% reduction in effluent
total nitrogen concentration.

•

Applications are denied if the separation to limiting zone is less than 11 inches.

•

Enhanced nutrient removal is required in sites where limiting zone is between
11 – 18 inches.

•

State standard of ½ acre has been in place since 1985 – established in part due to
requirement that there must be a minimum 100 feet of horizontal separation
between the drain field of a system and an on-site well. The ½ acre is a minimum
standard established by the state, but local political jurisdictions may have a
larger minimum lot size requirement.

•

Enhanced nutrient removal or advanced treatment is required in the Inland Bays
and Chesapeake Watersheds, or in cases where the separation to limiting zone is
between 11 – 18 inches. According to DNREC data, as of September 2018, a total
of 283 advanced systems have been installed in New Castle County.

•

Under Delaware regulations, individual on-site systems are allowed in
subdivisions of up to 100 homes with a minimum ½ acre lot size as long as 50%
of the lots can be serviced by gravity onsite wastewater systems. Community
wastewater disposal systems are required for subdivisions of more than 100 lots.
The goal is to ensure that large subdivisions that are to be serviced by onsite
wastewater systems are not created on marginal soils.

NCC Department of Land Use recently requested DNREC to identify any zoning
standards, maintenance requirements or other regulatory standards that might be
incorporated at the county level in Delaware to enhance the onsite program. DNREC
suggested:
1. Better definition of dwelling boundary for better determination of isolation
distance; for example, should deck be counted as part of the dwelling?
2. Establish requirements on system performance testing.
3. Clarification on isolation distances to public water supply streams. What if it is an
unnamed tributary to a stream which then flows into one of the three public water
supply streams?
4. Adopt an Adequate Public Facilities Ordinance to dictate growth where and when
and how much. Do not allow proposed several hundred lot subdivisions to
subdivide into two or three smaller parcels to circumvent state Regulations with
either 99 lot or 49 lot phased subdivisions. Allow large on-site wastewater
treatment and disposal systems.
16

5. Adopt an annual compliance inspection of all small on-site systems to ensure that
they are operating correctly and enforce the three year pump out requirement with
tax implications.
6. Begin a sampling and monitoring program to determine what the average septic
system is contributing to the Nitrogen load in the watersheds of NCC.
7. When a system is malfunctioning, is there something that the county can do as far
as tickets/fines or removing the Certificate of Occupancy of the home until
system is repaired or replaced?
5.4

Selected Regional Requirements

The following are summaries from various mid-Atlantic states and other states
regarding their requirements for the use of on-site septic systems. Also included is
model guidance from EPA for the use of septic systems.
Maryland
There are approximately 420,000 septic systems in Maryland. Of these, 52,000
systems are located within the “Critical Area,” [land within 1,000 feet of tidal
waters]. A conventional septic system does not remove much nitrogen, instead
delivering about 23.2 pounds of nitrogen per year to the groundwater. An upgraded,
nitrogen-removing Best Available Technology (BAT) unit reduces a system’s
nitrogen load in half.
The Maryland Department of the Environment has upgraded over 12,000
conventional septic systems by either hooking the dwelling to a public sewer
connection or installing a nitrogen removing BAT through the Bay Restoration Fund
(BRF) Onsite Sewer Disposal System (OSDS) grant program and regulatory
requirements.
In accordance with Maryland State Law, the Bay Restoration Fund prioritizes
upgrades as follows:
1. Failing OSDS in the Critical Areas.
2. Failing OSDS outside the Critical Areas.
3. Non-conforming OSDS in the Critical Areas.
4. Non-conforming OSDS outside the Critical Areas.
5. Other OSDS in the Critical Areas, including new construction.
6. Other OSDS outside the Critical Areas, including new construction.
On November 24, 2016, Maryland Department of the Environment finalized a
regulatory action which reforms the universal requirement that Best Available
Technology for Removal of Nitrogen (BAT) septic systems be installed outside the
Chesapeake Bay and Atlantic Coastal Bays Critical Area (Critical Area) for all new
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construction. Instead, the final regulation would allow the installation of conventional
septic systems outside of the Critical Area. Under the regulation, BAT is still required
for large septic systems with design flow of 5,000 gallons per day or greater.
Additionally, local governments would not be preempted from requiring a BAT
system outside the Critical Area in order to protect public health or waters of the
State. (Maryland Department of the Environment)
Maryland Septic Code (Section 26.04.02.04) provides a list of minimum horizontal
distances that are required between on-site septic systems and the certain land
features. Table 4 summarizes the minimum horizontal distance requirements outlined
in the Annotated Maryland Code.
Table 4. Maryland Minimum Horizontal Distances
Land Feature
Slopes >25%
Springs
Drainage ways and gullies
Floodplain soils
Rock outcrops
Water supply reservoirs
Stream bank 3,000 feet of less upstream from a water intake
on a water supply reservoir or intake on a stream used as a
potable water supply
Stream bank greater than 3,000 feet upstream from a water
intake on a water supply reservoir or intake on a stream uses
as a potable water supply
Water bodies not serving as potable water supplies
Sink holes in karst topography

Distance
(Feet)
25
100
25
25
25
300
200

100
100
100

In 2012, Maryland passed the Sustainable Growth and Agricultural Preservation Act
(the Maryland Septic Act) to provide guidance for the use of sewage systems in new
residential developments. The Maryland Septic Act categorizes proposed residential
subdivisions into one of four tiers, each of which has different sewage requirements.
The requirements of the four tiers are as follows:
•

Tier I are areas that are served by public sewerage systems and mapped as locally
designated growth areas or a municipal corporation that is served by public
sewerage systems. Major and minor subdivisions are permitted.

•

Tier II are areas that are planned to be served by public sewerage systems or areas
within a municipal corporation’s Municipal Growth Element or locally
designated growth area. Major subdivisions are permitted and must connect to
public sewer systems. Minor subdivisions are permitted and may connect to
public sewer systems or utilize on-site septic systems. Minor subdivisions using
on-site systems are considered interim and must connect to public sewer when
available.
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•

Tier III are areas that are not planned for sewerage service and not dominated by
agricultural or forest land. These are areas planned and zoned for large lots or
rural development. They are also areas not zoned for agricultural resource or land
conservation. Major and minor residential subdivisions are permitted and must
utilize on-site septic systems or private community systems.

•

Tier IV are areas that are not planned for public sewerage service and are planned
or zoned for agricultural, resource or land preservation or conservation. Tier IV
areas are also areas dominated by agricultural lands, forest lands or other natural
areas. No major subdivisions may be served by septic systems. Septic systems
can be permitted on minor subdivisions.
According to the State of Maryland Department of Planning, on-site septic
systems cause 6-10 times more pollution to the Chesapeake Bay and other
watercourses compared to public sewer. In addition, septic development is
estimated to require 8 times more land per lot than homes developed in areas
serviced by public sewer. The Maryland Septic Act is expected to produce the
following statewide benefits:
•

Reduce 50,000 new septic systems

•

Prevent the loss of about 100,000 acres of forest and farmland

•

Large-lot development on septic (2 ac/lot on average)

•

Reduce about 1 million pounds of nitrogen from entering local streams and
the Chesapeake Bay

(UD WRC)

Figure 8. Kent County, Maryland Growth Tier Map
(Kent County, Maryland)
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New Jersey
Certification for 50-or-More Realty Improvement Developments
This approval is a certification that is issued by the Bureau of Nonpoint Pollution
Control. When proposing 50-or-more housing units for a major subdivision with
septic systems, the Department is required by law to review the plan of development
and certify that the proposed project will comply with the applicable standards. In a
50-or-More Realty Improvement application, the Department review is intended to
arrive at a building lot density that can comply with the Ground Water Quality
Standards for nitrate. An application for a 50-or-more realty improvement
certification must contain a nitrate dilution model that can demonstrate that the
proposed project will be in conformance with the ground water quality standards.
This model must be sent to the Department along with the other supporting
documents discussed in the Department's guidance titled, "50-or-More Realty
Improvement Guidance." This certification does not eliminate the need to submit
individual septic system construction applications to the local health department.
(NJ DEP)
Example of the results of the average lot size calculation.
•

Allowable NO3-N concentration in ground water discharge -- (mg/l) 5.2 mg/l

•

NO3-N concentration in septage -- (mg/l) 40 mg/l

•

Recharge to ground water (in/yr) -- 9.78 in/yr

•

Residents per home (persons/home) -- 3.5 persons/home

•

Wastewater discharge (gal/person/day) -- 75

•

Average lot size (acres/home) -- 2.42

(NJ DEP)
North Carolina
North Carolina Administrative Code provides a list of minimum horizontal distances
that are required between all sanitary sewage systems and certain land features.
Table 5 summarizes the minimum horizontal distance requirements outlined in the
North Carolina Administrative Code.
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Table 5. North Carolina Minimum Horizontal Distances
Land Feature
Natural Watercourses
Other Watercourses and/or Surface Waters
Salt Water with Market Shellfishing
Other Coastal Waters
Reservoirs
Storm Water Retention Ponds
Other Lakes or Ponds
(North Carolina Administrative Code, 1998)

Distance
(Feet)
100
50
100
50
100
50
50

Notes:
1. Distances should be measured to the location of the mean high water mark,
where applicable.
2. Units with flows over 3,000 gallons per day, which include one or more
nitrification fields and have capacities over 1,500 gallons per day are subject to
larger horizontal distance requirements.

While the state of North Carolina does not have specific regulations regarding the
minimum lot size requirements for individually owned septic systems, multiple
counties within the state have instated their own lot size requirements for individual
systems. Table 6 summarizes minimum lot size requirements outlined by select
counties in the state of North Carolina.
Table 6. North Carolina Minimum Lot Sizes
County
Buncombe
Burke
Davis
Warren

Minimum Lot Size Requirement
30,000ft2
25,000ft2 (public water/septic)
30,000ft2 (well/septic)
20,000ft2
20,000ft2 (public water/septic)
30,000ft2 (well/septic)

(Buncombe County, 2009). (Burke County, 1997). (Davis County, 2009). (Warren
County 1992).
Notes:
1. Table 5 provides the minimum lot sizes for single-family residential dwellings.
Requirements for septic systems serving multi-family residential units may differ.
2. Minimum lot size listings are for residential dwellings zoned as medium/high
density, when indicated.

Virginia
The Virginia Department of Health offers a list of minimum horizontal distances that
are required between septic systems and select land features. Table 7 summarizes the
distances required by the Virginia Department of Health.
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Table 7. Virginia Minimum Horizontal Distances
Distance
(Feet)

Feature
Drainage Ditch (Above Seasonal Water
Table)
Drainage Ditch (Below Seasonal Water
Table)
Natural Lakes and Impoundments
Streams
Shellfish Waters
Low Point of Sinkholes
Rock or Impervious Layer
(Sponenberg, Kahn, and Sevebeck, 1985)

10
70
50
50
70
100
1

Note: Distances may be reduced depending on the soil characteristics and system
design.

Pennsylvania
Pennsylvania Code provides a list of minimum horizontal distances that are required
between the septic systems and select land features. Table 8 summarizes the
distances required by Pennsylvania Code, Chapter 73 (Standards for Onlot Sewage
Treatment Facilities).

Table 8. Pennsylvania Minimum Horizontal Distances
Distance
(Feet)
25
10

Land Feature

Streams, lakes, other surface waters
Surface drainageways
Mine subsidence areas, mine bore holes,
100
mine sink holes
Rock outcrop
10
Slopes greater than 25%
10
Detention basins, retention basins, and
10
stormwater seepage beds
(25 Pa. Code § 73.13)
Notes:
1. “Other surface waters” does not include wetlands.
2. Greater isolation distances may be required, if conditions warrant.

Maine
The State of Maine Department of Health & Human Services provides a list of
minimum lot size requirements for single-family residentially dwelling with septic
systems. Table 9 summarizes the minimum lot size requirements outlined in the
Maine Revised Stature (M.R.S.), Title 12, Part 6, Chapter 423-A.
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Table 9. Maine Minimum Lot Sizes
Location
Not adjacent to water bodies
Adjacent to Tidal area
Adjacent to Non-Tidal Area
(M.R.S. 12 §4807-A)

Minimum Lot Size Requirement
20,000ft2
30,000ft2 and 150ft of frontage
40,000ft2 and 200ft of frontage

State of Washington
The Washington State Department of Health Wastewater Management Program
released a report in August 2002 that addressed topics regarding minimum lot size
requirements in Washington State. The purpose of this report was to provide
minimum lot size recommendations based on information extracted from over 40
publications. According to the report, minimum lot sizes are established to guarantee
that any necessary infrastructure can fit on properties, while still complying with the
necessary horizontal setback requirements. While certain contaminants are removed
by the on-site septic systems before they reach the groundwater, others, such as
nitrates, require dilution in order to meet the acceptable concentration standards for
groundwater. Lot sizes influence the amount of dilution that contaminants will
undergo before entering groundwater, particularly in areas underlain by sandy soils.
Currently, Washington State requires a minimum lot size of 12,500ft2 for onsite septic
systems.
The Washington State report referenced multiple mathematical models that were
developed to estimate the amount of land required to effectively dilute nitrates before
they reach the groundwater. The parameters incorporated into these models included
elemental water quality, housing density, land-use patterns and projected populations.
The models reported that based on the inputted data, lot sizes from 0.75 acres to 1.0
acres were necessary to dilute nitrates sourced from onsite septic systems. One
article referenced in the report (Brown and Bicki, 1987) indicated that most
mathematical models report lot sizes between 0.5 acres and 1.0 acres are sufficient
for nitrate dilution. Another article (Bauman and Schafer, 1984) reported that nitrate
standards will likely be exceeded if groundwater moves less than 31 meters per year
on lots smaller than 1 or 2 acres.
(Washington State Department of Health, Rule Development Committee Issue Research
Report -Lot Size (Minimum Land Area).
5.5

EPA Guidance
The U.S. Environmental Protection Agency prepared a Model Program for Onsite
Management in the Chesapeake Bay Watershed in June 2013 that provided
recommendations for the components of a model system with the goal of minimizing
nitrogen impacts to the Chesapeake Bay. The recommendations were designed such
that they could be adopted in whole or in part “at the discretion of states and local
communities based on their nitrogen reduction strategies and funding priorities.”
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Nitrogen Treatment:
The recommended nitrogen treatment levels for onsite systems located in the
Chesapeake Bay Watershed at various distances from the Bay and its tributaries are
described below:
 < 100 feet: No discharge of onsite system effluent should be allowed. Any existing
onsite systems that discharge within this 100-foot setback should be upgraded and
modified so effluent is discharged beyond 100 feet from the water’s edge, potentially
through the use of a shared or cluster system. For existing properties where an
upgrade cannot be sited outside of 100 feet, the effluent dispersal system should be
sited as far from the water’s edge as feasible given the lot configuration, and the level
of treatment should be the same as for systems located within 100 to 1,000 feet as
described below.
 100 to 1,000 feet: A total nitrogen concentration of 10 mg/L in the treated effluent
prior to discharge is recommended for all systems within 100 to 1,000 feet of the Bay
or associated tidal tributary. This translates into an effluent loading rate of 2 lb
N/person/yr (1 kg N/person/yr), representing a 74% reduction compared to a
conventional system. This concentration limit can be met with an advanced treatment
system with denitrification.
 > 1,000 feet: A total nitrogen concentration of 20 mg/L in the treated effluent prior
to discharge is recommended for all new and upgraded systems located outside a
1,000-foot buffer to the Bay, or the tidal portion of its tributaries. This translates into
an effluent loading rate of approximately 5 lb N/person/yr (2 kg N/person/yr),
representing a 49% reduction compared to a conventional system. This concentration
limit can be met with a variety of alternative technologies.

6.

SITE SUITABILITY
There are a number of factors that determine site suitability for the utilization of septic
systems. Soil types, soil drainage, depth to water table, proximity to waterways or wetlands,
and whether the property is served by a central water system for potable water are all
considerations. Lot size is also a significant factor in both site suitability and long-term
system performance and can be a consideration in the size of system, system redundancy and
loading density.
6.1

Lot Size
The main issues that affect minimum lot size are: (1) What is necessary to physically
place the house, driveway, other development and the on-site sewage system and its
reserve area on the property and still maintain the necessary setbacks? and (2) What
is necessary to prevent degradation of groundwater with pollutants from the on-site
system (pathogens, nitrates) and the other development on the property (impervious
surfaces, landscaping fertilizers and other chemicals)?
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Properly designed, sited, installed and maintained on-site systems will remove
bacterial and viral pathogens before the effluent reaches the groundwater. Remaining
contaminants such as nitrates, chlorides and any organic solvents placed into the
system usually depend on dilution to protect the groundwater. Lot size will affect the
amount of dilution of the remaining contaminants in the effluent as it leaves the soil
envelope before, or as it mingles with, the groundwater. Lot size also influences what
other contaminants are added to the groundwater through gardening, fertilizer use, etc.
In review articles, Brown and Bicki (1987) and Bicki and Brown (1991) conclude
that most studies on the correlation between groundwater contamination and on site
system density estimate a minimum lot size necessary to ensure against
contamination is roughly 0.5 to 1 acre. Kaplan (1988) quotes other authors about the
utility of mathematical models for this issue: “The only conclusion to be drawn
concerning the applicability of sophisticated ground water models to the problem of
septic tank systems is that the utility of the models may be outweighed by their
significant data requirements.” He also credits another pair of authors, Bauman and
Schafer, for having calculated that the nitrate standard would be exceeded if the lots
were less than 1 to 2 acres and the groundwater moved less than 31 meters per year.
(State of Washington Department of Health Rule Development Committee Issue
Research Report)
Tatman and Lee Associates, Inc., in a 1983 study, calculated that a land area of
0.25 acres/capita or 1 acre/On Site Disposal System was the minimum land area or lot
size needed to prevent nitrate-nitrogen concentration in ground water from exceeding
10 mg/liter in Delaware. (University of Florida, Florida Cooperative Extension
Service)
6.2.

Depth to Groundwater
According to GIS mapping by the Delaware Geological Survey, approximately half
of Southern New Castle County in the area along the Delaware River and Bay south
of Townsend has a depth to water table of 6 feet or less leaving much of this land
potentially unsuitable for septic systems. (Figure 9).
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Figure 9. Depth to Water Table Viewer Compiled by the Delaware Geologic Survey
(Delaware Geologic Survey – UD WRC)

The State of Delaware requires a minimum distance between the limiting zone (water
table or clay) and the invert of the trench/bed depending on system types of between
12 inches and 36 inches for small systems (<2,500 GPD). In addition:
•

A 36-inch separation is required for Full Depth Gravity, Capping Fill Gravity,
and Elevated Sand Mound systems.

•

A 24-inch separation is required for Wisconsin At-Grade systems.

•

An 18-inch separation is required for Low Pressure Pipe system and
micro-irrigation drip systems.

•

A 12-inch separation is required for Peat Biofilters systems.

Under DNREC’s regulations, reduced isolation distances are required for some
systems, as they have larger surface areas while isolation distance is reduced for Peat
Biofilters, as this system has a secondary treatment unit incorporated in the system.
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According to EPA’s 2002 Onsite Wastewater Treatment Systems Manual,
“2-to-4-foot separation distances have proven adequate in removing most fecal
coliforms in septic tank effluent (Ayers Associates, 1993). However, studies have
shown that the applied effluent quality, hydraulic loading rates and wastewater
distribution rates can affect the unsaturated soil depth necessary to achieve acceptable
wastewater pollutant removals.”
DNREC’s regulations allow for the installation of alternative and innovative treatment
systems to accommodate limiting site conditions that may not be suitable for
conventional systems. These treatment systems are approved on a case by case basis
and can address soils, climate, groundwater or topographical conditions indicating
seasonal high water table or when analysis of the site indicates a limiting condition is
encountered deeper than 10 inches below the soil surface. Advanced treatment systems
have been installed in Southern New Castle County when located within 1000 feet of
the Chesapeake and Delaware Canal or According to DNREC data, as of September
2018 a total of 283 alternative/advanced systems have been installed in New Castle
County. Advanced treatment systems have been demonstrated to remove 50% to 90%
nitrogen and between 50% - 75% phosphorus under performance standards included in
Delaware’s regulations.

Figure 10. Alternative Systems Installed in New Castle County from 1995-2018
(Delaware DNREC 2019)
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6.3.

Climate Change
According to DNREC, sea level rise affects more than beaches and oceanfront land
owners. Sea level rise can increase the height of storm waves, making more areas
vulnerable to storm damage. Sea level rise can inundate and flood low lying areas,
causing losses to tidal wetlands, habitat, and agricultural areas. Sea level rise also can
cause higher water tables and salt water intrusion, interfering with septic systems,
drinking water and irrigation water.
Sea levels are rising today at a rate of about one inch every decade. As the Earth
warms, sea levels will rise at a faster pace, resulting in tide levels that by 2100 could
be between 1.6 and 4.9 feet higher than they are today. This is a statewide issue: all
three counties and 31 of the state’s 57 cities and towns will be directly impacted. A
significant portion of the state’s transportation and other infrastructure is also at risk.
As sea levels rise, the amount of land near tidal waterways and wetlands suitable for
use as locations for septic systems will be reduced. Increased groundwater and
surface water levels may interfere with septic system performance and result in
higher concentrations of nutrients and bacteria from inadequately treated wastewater
reaching waters.
EPA recommends that regulatory authorities require designers to consider the
changes in the location of the shoreline under changing climate conditions. This
consideration is important when siting a system to meet the minimum 100-foot
setback between the Bay and a drainfield. A two-foot sea level rise will cause the
shoreline to move inland, reducing the current setback of a system installed today.
For example, an onsite system installed 105 feet from today’s shoreline, consistent
with EPA’s recommendation that no system be placed within 100 feet of the shore,
could be inconsistent with EPA’s recommendation at 90 feet from the shoreline under
future conditions as sea level rises. (EPA Model Program).

7.

SYSTEM PERFORMANCE
Onsite wastewater systems can provide a viable alternative to central wastewater treatment in
typically less densely populated areas where they are located on larger lots with permeable
soils, deeper water tables, and are adequately maintained. Conventional septic systems can
last for about 20 to 40 years but in order to sustain performance the tanks in these systems
must be pumped out every two to three years.
The conventional onsite wastewater system consists of a septic tank to remove the solids, and
a drainfield to dispose of and treat the liquid waste. These conventional systems rely on the
biological activity in the near surface soils to reduce the contamination of the liquid waste.
When properly designed, sited, constructed and maintained, conventional onsite wastewater
systems effectively reduce or eliminate most human health or environmental threats posed by
pollutants in waste water.
Chemical constituents of sewage such as nitrogen, exchangeable cations, chlorides, sulfates,
sulfides and organics may be attenuated to some degree. However, increased concentrations
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of nitrate-nitrogen and chlorides have been measured in groundwater downgradient from an
onsite system. The solution to these increased concentrations of nitrate-nitrogen and chlorides
has been dispersion and dilution. In general, the potential for groundwater contamination
increases as lot size decreases but can also impacted by house size, number of occupants and
wastewater flows.
Literature reviewed by the EPA has found that the failure rate of onsite systems ranges from
10 to 20%. Although the definition of failure is not consistent in the states that monitor onsite
systems and contamination of the groundwater is contamination of the groundwater were
considered, failure rates would likely be higher.
Table 10. Examples of Soil Infiltration System Performance
Applied concentration
in milligrams per liter

Percent removal

References

130-150

90-98

Siegrist et al., 1986
U. Wisconsin, 1978

Total nitrogen

45-55

10-40

Reneau 1977
Sikora et al., 1976

Total phosphorous

8-12

85-95

Sikora et al., 1976

Parameter
BOD5

Fecal coliforms
NAa
99-99.99
Gerba, 1975
a
Fecal coliforms are typically measured in other units, e.g., colony-forming units per 100 milliliters
Source: Adapted from USEPA 1992

As previously stated, a conventional onsite system consist of a septic tank that removes the
solids from the wastewater from the home or business and a drainfield that treats the effluent
from the septic tank and disperses it to the subsurface. Little treatment of nitrogen takes place
as effluent moves through an onsite system. Nitrogen concentrations within the effluent as it
leaves the drainfield are assumed to be 39 mg/L or 9 lb N/person/yr (4 kg N/person/yr), the
input value in the Chesapeake Bay Program Watershed Model. The performance of a
conventional system can be enhanced if the system is pressurized (EPA, 2002) and by the
incorporation of an advanced treatment unit into the system.
According to EPA, This loading rate is significantly higher than what coastal waters can
typically assimilate. Nitrogen concentrations of 0.5 mg/L or higher in coastal waters are
indicative of impacts from watershed-based nitrogen sources and contribute to
eutrophication. Therefore, onsite systems can impact Bay water quality, and communities
need to proactively manage the systems to reduce the nitrogen load. Advanced or alternative
systems can provide additional treatment to remove nitrogen through the installation of
additional components or technologies. Advanced systems provide about a 50% nitrogen
reduction relative to the loading rate from onsite systems used in the CBP Watershed Model.
Some systems are capable of providing greater nitrogen reductions.
Onsite system effluent can also impact drinking water quality in private and public water
supply wells. If a private well is installed directly downgradient from an onsite system, the
plume of effluent from the system can contaminate the water pumped by the well. Elevated
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nitrogen concentrations (the drinking water standard for nitrogen is 10 mg/L), as well as
other contaminants such as solvents or other hazardous materials, can also contaminate well
water. A high concentration of onsite systems, depending on their placement and
functionality, located within a wellhead protection area to a public supply well can introduce
nitrogen into the soils and groundwater that may exceed safe drinking water standards. A
wellhead protection area is the portion of the recharge area for a well that is protected by land
use restrictions. Proper management of onsite systems in these settings can minimize impacts
to drinking water supplies. (EPA -- A Model Program for Onsite System Management in the
Chesapeake Bay Watershed June 2013 )
DNREC requires:
•

a minimum of 100 feet distance between a private drinking water well and an onsite
wastewater system drain field

•

150 feet setback between a public drinking water well and a drain field

DNREC allows:
•

the 100-ft. isolation distance form private drinking water wells to be reduced to 50-ft. for
replacement systems if the well is properly constructed and it is utilizing a confined
aquifer or with the use of advanced treatment

DNREC does not allow:
•

the isolation distance from public wells to be reduced unless the lot configuration does
not allow the 150-ft setback

Maryland requires a 50 foot distance requirement between a well and onsite wastewater well
is utilizing an unconfined aquifer. The US Department of Agriculture and the Federal
Housing Administration recommend a 50 feet minimum distance between a private well and
septic tank and 100 feet from the drainfield.
Advanced or alternative systems that may have additional mechanical components require
regular inspection and maintenance in order to effectively treat wastewater. Mechanized
systems that utilize timers for dosing, pumps and alarms must be regularly monitored to
assure that components are functioning as designed and installation of such systems include
service agreements with inspections by DNREC licensed inspectors.
DNREC requires that onsite wastewater system that incorporate advanced treatment be
inspected annually and the State will not issue a permit without proof that the owner has
entered into a service agreement with a licensed inspector.
7.1

Delaware Inspection Program
Delaware’s regulations Governing the Design, Installation and Operation of On-site
Wastewater Treatment and Disposal Systems were initially adopted in 1985 and have
undergone a number of revisions. Among those changes have been amendments that
establish license requirements to assure that activities associated with the design,

30

construction and inspection of a system are performed according to standards
established in the regulation and by licensed professionals that are monitored by
DNREC and the On-site Wastewater Advisory Board.
A Class H system inspection license and associated requirements were established by
regulation in 2006 and most recently updated in 2014. A fundamental change was the
requirement that all on-site systems be pumped out and inspected if the property is
sold or otherwise transferred to other ownership. In addition, the 2014 changes
included more specific requirements for the inspection of the various system
components and functionality such as examining the structural integrity of the tank,
distribution box, dosing chamber riser and lid, observing content levels, inspecting
groutings, and inspecting any electrical components and the drainfield. Inspection of
innovative/alternative systems can only be conducted by a licensed inspector who is
certified through DNREC approved training. The regulations require that corrections
necessary to meet requirements for satisfactory completion be made within 10 days
after notification of DNREC of the inspection results.
Reliance on the private sector to conduct inspections at the time of property transfer
was adopted, in part, as a mechanism to assure that citizens acquiring property did not
inherit an environmental liability through a malfunctioning system. It also established
a systemic inspection program through public policy in response to an increasing
number of private mortgage lenders requiring system inspections. The change in the
regulation also provided a mechanism for the first time to document and replace
malfunctioning wastewater treatment systems.
It is widely acknowledged that, as a general matter, regular inspections and
maintenance, including tank pump-outs, are major contributors to the functionality
and longevity of a system. System age and use, soil characteristics, and depth to
groundwater also impact performance.
DNREC inspection data shows that 60% of the 2610 systems inspected since 2006
have been deemed unsatisfactory; of the 60% onsite systems deemed unsatisfactory,
156 or 6% were cesspools or seepage pits, which are an outdated technology and now
prohibited under the 2014 regulatory changes.
UD WRC estimates that there are approximately 3,500 active septic systems in
southern New Castle County. DNREC data indicates that 1472 inspections have
occurred in southern New Castle County since 2006. While there are some instances
of a single system undergoing multiple inspections, it is estimated that approximately
40% of the systems in southern New Castle County have been inspected since 2006.
The DNREC data also indicates that approximately 56% of the inspections conducted
in southern New Castle County since 2006 were identified as unsatisfactory. Table 11
summarizes the results from septic inspections that have occurred in southern New
Castle County from 2006-2018.
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Table 11. Southern New Castle County Septic Inspections (2006-2018)
Hundred

Total
Inspections

Total
“Unsatisfactory”
Inspections

Pencader
Red Lion
St. Georges
Appoquinimink
Blackbird
Middletown
Townsend
Odessa
Smyrna
Total

189
8
774
274
220
1
1
2
1
1,470

91
5
437
171
123
0
0
0
1
828

Total Systems
with Multiple
Inspection
Reports
25
1
109
38
30
0
0
1
0
204

Total Systems
with an
“Unsatisfactory”
Inspection
84
5
400
156
111
0
0
0
1
757

(DNREC Groundwater Discharge Section, 2018)

7.2

Septic System Performance Compared to Public Sewer
UD WRC compared the potential effect of groundwater infiltration of total nitrogen
(TN) from on-site septic systems to sewered parcels for a hypothetical 500
single-family residential subdivision with ½ acre lots with new on-site systems to the
same development connected to central sewer service.
The analysis assumed the wastewater flows from the subdivision would be treated
according to operating parameters utilized at the Middletown Odessa Townsend
Wastewater Treatment Plant (MOT WWTP) which uses land application (irrigation)
to deliver treated effluent to the environment on publicly owned land and private
farms. Much of the study area of the East Wing, Central Core and West Wing that is
served by central sewer has its wastewater treated at the MOT WWTP. By using
information from the MOT WWTP measuring total nitrogen (TN) levels in the
percolate applied to the land, it is possible to estimate the level of TN that would be
applied from the hypothetical 500-unit subdivision. The information for the MOT
WWTP comes from the Delaware Wastewater Study System Report (DNREC 2010).
This information was integrated with 2017 data from the MOT WWTP assessment.
To determine the potential input of TN to the environment from on-site septic
systems, the analysis relied on a 2016 Tetra Tech report modeling the delivery of TN
to the environment in the Chesapeake Bay watershed. Using the conceptual model
that included an identification of soil types and zones and their potential attenuation
in soil layers in the watershed, it is possible to estimate the potential contribution of
TN to groundwater from the hypothetical 500-lot subdivision utilizing new on-site
septic systems. This portion of the study assumed that because of the predominantly
loamy soils, the area has a high transmission value for TN.
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Since the study area is predominantly loamy soil types, the delivery value for the
hypothetical 500-lot subdivision is 4.0 lbs TN/capita/year. Based on the expected
population in a 500-unit residential subdivision (1,525), the total amount of TN
delivered to the environment is 6,000 lbs/year. The treated effluent from the MOT
WWTP, also based on a 500-unit residential subdivision with a population of 1,525,
would produce 273 lbs/year of TN delivered to the environment or approximately
95% less than from the model employing on-site septic systems. (UD WRC)

8.

LAND USE AND RELATED CONSIDERATIONS
8.1

Wastewater Infrastructure
In 1992, Roy F. Weston, Inc. prepared a “Wastewater Needs Evaluation and Plan for
Southern New Castle County” at the request of New Castle County and the Delaware
Department of Natural Resources and Environmental Control. The 1992 study
recommended conducting wastewater planning in southern New Castle County in
accordance with 3 scenarios:
Scenario 1 (Present Systems) Provide wastewater service to the MOT service area
with proposed expansion of treatment capacity to 1.5 mgd.
Scenario 2 (Expand Existing Public Service Area) Expand MOT wastewater
service area to treatment capacity of 2.1 mgd.
Scenario 3 (Develop New Public Service Area) Provide wastewater service to the
MOT service area with proposed expansion of treatment capacity to 1.5 mgd and
expand wastewater service to the Boyd’s Corner/Summit northern growth area
between Middletown and the C&D Canal and from Route 896 east to Route 1 and
Route 13.
Since 1992, New Castle County adopted Scenario 3 with expanded wastewater
service in the northern growth area with wastewater treatment by land application at
Water Farm No. 1 near Odessa and Water Farm No. 2 near Middletown.
Based on mass balance modeling technique to retain nitrate levels below the drinking
water standard of 10 mg/l in groundwater, the Weston study recommended minimum
lot sizes for individual septic systems in southern New Castle County given local soils
and climate conditions. The WATBUG nitrogen load model estimated a minimum 2 to
3-acre minimum lot size for septic systems was needed in southern New Castle
County assuming a 1 in 20-year failure rate (5%) and an allowable nitrogen
concentration in groundwater of 10 mg/l. Due to a high groundwater table and
relatively impermeable soils, the coastal corridor from just west of Route1/Route 13 to
the Delaware Bay and the southern area between MOT and Smyrna has severe
limitations for septic systems (Figure 9). Up to and including 1992, New Castle
County completed 25 capital projects to replace failing septic systems that involved
500 homes at an estimated cost of $5 million or $10,000 per home.
(UD WRC)
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On December 31, 1997, the Southern Sewer Service Area (SSSA) was created under
the Unified Development which encompassed the current central core, west wing and
Water Farm #1 service areas. In 2005 an evaluation of the SSSA Plan raised concerns
that included inadequate disposal capacity, high costs and inadequate funding. In
response a 2006 Council resolution endorsed a new strategy to:
•

Provide service to a limited Central Core through Middletown’s wastewater
treatment plant and reevaluate disposal options.

•

Coordinate infrastructure investments.

•

Change the UDC to constrain the use of septic, or at least expand the lot size to
ensure long term groundwater protection.

During the period 2006 – 2008:
•

Additional central infrastructure was constructed and more than 1.3 mgd of
treatment capacity was acquired from Middletown.

•

Under the UDC and comprehensive Plan, the growth area was reduced to the
Core and Water Farm 1 Service areas.

•

The county impact fee for connection to central sewer systems was changed to a
capital recovery fee (CRF) with an increase in rate from $8164/edu to $9815/edu.

In 2013 the CFR was reduced from $12,782 to $9,815/edu with an escalator of 3% or
CPI, whichever is less.
According to New Castle County, current challenges include growth in Southern
New Castle County that is exceeding original expectations. For example, Water
Farm 1 will reach its capacity in approximately 4.5 years. New subdivisions proposed
or recorded will result in an additional 900 septic systems in Southern New Castle
County that will add 10 times more nitrogen to the environment than if those
residences were served by a central sewer system. The County is faced with
consideration of infrastructure “sprawl” if wastewater infrastructure was expanded in
all directions at once resulting in high upfront capital costs and maintenance.
8.2

New Castle County Comprehensive Development Plan
The 2012 New Castle County Comprehensive Development Plan acknowledges the
role and use of private septic systems in providing necessary wastewater treatment,
highlights the County’s ongoing Septic Elimination Program and the need to expand
central wastewater collection and treatment infrastructure.
The plan also address the use of septic systems in strategy 5 -- Continue to review
and revise policies to reduce the use of septic systems in sewer service areas.
Other relevant sections of the plan follow:
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8.2.1

Sanitary Sewer.
North of the Chesapeake Delaware (C&D) Canal, the majority of the
generated sewage within the Sewer Service Area is conveyed through a
network of sanitary sewer pipes and pump stations via nine major interceptor
lines to the Wilmington Wastewater Treatment Plant. South of the C&D
Canal, the Sewer Service Area is comprised of five areas, one of which is not
presently served by an existing sewer infrastructure. The other four have
sewer treatment and disposal facilities; one privately owned, one in the Town
of Middletown and two controlled by New Castle County.
In lieu of public sanitary sewer, private sewage facilities must be reviewed
and approved. In areas where existing private septic systems exist in
proximity to the public sewer system, a community septic elimination
program is in place to assist with conversion from private to public sewer.
The average cost is $25,000 per property.

8.2.2

Continue to expand the County’s Septic Elimination Program” in order to
assist communities with high percentages of failing septic systems to connect
to the public sewer system.
Wherever financially and physically possible, the County accepts
communities petitions to have the County facilitate a septic elimination
project relieving homeowners of their problematic septic systems and
eliminating adverse environmental impacts of failing septic systems. There
are thousands of households in New Castle County currently on septic
systems and conversion of all to sewers would be prohibitively expensive. As
funding permits, the County seeks to conduct septic elimination projects that
prioritize communities with failing systems with potential negative
environmental impacts.
If 70% of the residents within a subdivision desire to convert from utilizing
their existing septic systems in favor of connection to the public sewer
infrastructure, typically due to numerous septic failures, the County may
consider undertaking a septic elimination program. The abandonment of
failing septic systems is an improvement to the environment and to the
quality of life of the affected residents.

8.2.3

Continue efforts to establish a definitive strategy and policy for the provision
of sanitary sewerage within the “Southern Sewer Service Areas” south of the
C&D Canal.
The provision of public sewerage serving subdivisions and land development
proposals within the New Community Development Area shall be given
highest priority for authorization to connect to a public sewer system. It is the
objective of the County to facilitate provision of public sewerage to properties
within the New Community Development Area (currently without sewer
facilities) with conveyance of sewage to treatment/disposal facilities in
Middletown and Water Farm 1 as a short term plan.
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8.3

Southern New Castle County Master Plan
A Master Plan for Southern New Castle County is currently under development
through a partnership with the New Castle County Department of Land Use, DelDOT
and WILMAPCO. This process and plan build on the work of previous plans and are
addressing issues encompassing the area of New Castle County below the
Chesapeake and Delaware Canal.
Among the issues the process is examining is the reliance on septic systems and the
potential expansion of central wastewater service. Three scenarios have been
identified to assist in guiding the discussion that include expanding sewer service to
the East and West Wings based on the 2012 Comprehensive Plan and a potential
revised future sewer area that would serve the northern portion of the West Wing and
small section of the north-central portion of the Eastern Wing located just east of
Route One. The County has estimated that the use of septic systems by 2050 would
be approximately 40% under a continuation of current practice scenario and between
14-16% if the potential revised future sewer areas was implemented.

8.4

Potential Availability of Land for Residential Development and Demand Trends
According to New Castle County, Southern New Castle County is expected to
experience approximately 39% of the growth projected for the County through 2050
with an estimated 11,138 new household units See figure 11.
Currently there is the potential to accommodate a total of 11,486 household units
within the recorded developments in Southern New Castle County. Further delineated
by the County’s planning areas, the number of units and their respective locations are:
•

Western Core

546

•

Core

7,553

•

Eastern Core

180

The remainder are concentrated around the Middletown area with more than 300
units located along the Route 1 corridor in the southernmost portion of the county.
This analysis suggests that, theoretically, there are currently sufficient recorded units
in Southern New Castle County to match the forecasted growth through 2050.
However, market considerations such as housing type, price and location are also
factors that will influence future growth patterns.
Additional review by the County of lots available for development in the S and SR
zoning areas of the East and West Wings indicates that, based on existing sewer
service areas and regulations, 6,827 recorded lots could be developed using on-site
wastewater treatment systems.
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Figure 11. Southern New Castle County Remaining Units.
(NCC Department of Land Use)
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8.5

Land Use and Watershed Protection
Land use planning and policy are obviously key components in watershed planning in
order to achieve water quality improvements. In 8 Tools of Watershed Protection in
Developing Areas, EPA acknowledges that land use planning is one of the most
important tools in protecting water resources and identifies specific measures that can
be effective. These include:
Urban Growth Boundaries: This planning technique establishes a dividing line
between areas appropriate for urban and suburban development, and areas appropriate
for agriculture, rural and resource protection. Boundaries are typically set up for a 10
or 20 year period and should be maintained for the duration of the life of the planning
period. Boundaries may be examined at planning period renewal intervals to assess
whether conditions have changed between planning cycles to ensure a consistent
playing field for both the marketplace and citizens.
Urban growth boundaries are sometimes called development service districts, and
include areas where public service is already provided (e.g. sewer, water, roads, police,
fire, and schools). The delineation of the boundary is critical.
Large Lot Zoning: This land use planning technique is perhaps most widely used to
try to mitigate the impacts of development on water quality. The technique involves
zoning development at very low densities to disperse impervious cover over very
large areas. Densities of 1 lot per 2, 5, or even 10 acres are not uncommon. From the
standpoint of watershed protection, large lot zoning is most effective when lots are
extremely large (2 to 20 acre lots). While large lot zoning does tend to reduce the
impervious cover and therefore the amount of stormwater runoff at a particular
location, it can also spread development over vast areas. The road networks required
to connect these large lots can actually increase the total amount of imperviousness
created for each dwelling unit. In addition, large lot zoning contributes to regional
sprawl. Sprawl-like development increases the expense of providing community
services such a fire protection, water and sewer systems, and school transportation
and can pose other environmental impacts.
Density Averaging: Calculating density requires a community to consider the
appropriate level of development for a particular area, given the character,
neighborhood context, amenities, and anticipated use of the area. In previous efforts
to limit impervious cover, some communities have lowered their desired density,
thereby dispersing the same amount of development across a wider geographic area.
As a better alternative, jurisdictions can use “density averaging” when setting
acceptable limits of development, thereby targeting growth to some areas and away
from other areas.
Density averaging aids in the preservation of critical ecological areas by helping to
direct growth pressures elsewhere. It can provide an option for communities wanting
to increase densities in central areas, for example, while limiting growth in more
outlying areas. In fact, this practice acts as an informal trading system within a
watershed, redirecting growth to areas that can best absorb it and away from areas
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where it poses the greatest challenge. Density averaging allows for the most efficient
use of space within areas that might be the most expensive as well. Protecting Water
Resources with Smart Growth – EPA
Elements of these approaches are evident in the County’s past and current planning
initiatives, including the Southern New Castle County Master Plan, and policies that
integrate land use with water quality goals. The County has adopted its planning
districts accompanied by a policy for providing central wastewater treatment in the
Core area of Southern New Castle County that could accommodate higher densities in
communities served by central wastewater. Proposed Septic Ordinance (19-078) would
limit major subdivisions to five lots or less if not served by central sewer. However,
any lots served by on site systems would still be required to meet the State of Delaware
regulatory standards including the minimum lot size requirements of ½ acre. The effect
may be the creation of some subdivisions with larger lot sizes for those served by onsite wastewater systems. Studies identified in this report indicate that lot sizes greater
than ½ acre can be beneficial in achieving treatment standards for nitrogen, depending
on soils, systems use and topography. Conversely, larger lots may not always provide
treatment benefits under certain conditions.
There may be unidentified implications to land values and future land use patterns in
Southern New Castle County should the proposed ordinance be adopted. In addition,
the passage of the proposed ordinance may have an impact on the types and amount of
housing that may be constructed in the area.
8.6

New Castle County Septic Elimination
If 70% of residents in a community are interested in a septic elimination project as
established by petition to the County, the County will proceed as funds are available
for a feasibility study which includes establishing a potential service area, preliminary
design and cost estimates. Once cost estimates are established, petitions are
distributed to the service area and support is needed from 70% of the property owners
to proceed with the project. Support from 70% of the property owners will commit
100% of the property owners within the petitioned area.
Petitions are valid for 2 years. If the project is introduced into the capital program,
funds will be in the next fiscal year budget for detailed design and construction. If the
cost exceeds 20% of the project cost share estimates, the community may retract the
petition. The County will pay for 30% of the project fee for each property with the
remaining 70% the responsibility of the property owner. The County estimates the
average cost per property to be estimated at $25,000.
Project costs do not include septic system abandonment, lateral connection (whether
gravity or pump) and sewer connection fees. According to the New Castle County
Treasury, the 2019 average charge for residential annual sewer bills is $281.50.
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8.7

Cost Considerations
The impacts of excess nitrogen in the environment have been well documented,
particularly in groundwater and surface waters. Delaware has focused considerable
resources in characterizing nitrogen levels in its streams, ponds, rivers and bays
ultimately determining that many waterways exceed standards that are set to protect
aquatic life or human health.
Methodologies to assign a financial value or determine a social cost of those impacts,
however, have not been well developed or assessed in Delaware. There are obviously
public and private costs to characterize nutrients in groundwater and surface water in
order to track long-term trends and identify localized conditions, Investments have
also been made to establish regulatory standards and policy and implement programs
to reduce nutrient contributions from many sources. These include agricultural
practices, publicly operated treatment plants and septic systems.
Delaware and other states have established performance standards to reduce nutrient
concentrations in treated effluent from septic systems. Delaware has adopted
performance standards for nitrogen and phosphorous in the Inland Bays watershed
and a small portion of the Chesapeake Bay watershed near the Chesapeake and
Delaware Canal.

8.8

Estimated System Costs in Delaware
System Installation Cost (new subdivisions)
SYSTEM TYPE

ESTIMATED COST

Gravity (full depth, Capping fill & sand-lined

$6,500 - $11,000

Low Pressure Pipe (capping fill and full depth)

$8,000 - $14,000

Elevated Sand Mount and Peat

$18,000 - $30,000

Micro-irrigation Drip(drip)

>$30,000

According to the New Castle County Treasury, the 2019 average charge for
residential annual sewer bills is $281.50.
EPA estimates that nitrogen concentrations can be reduced by as much as 74% with
advanced treatment and denitrification (Figure 11).
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Table 12. EPA Nitrogen Concentration Reduction Estimates

Advanced systems for reducing nitrogen can be costly for the individuals and
homeowners who need to use such a system on their property. For example, ETVverified advanced systems that reduce nitrogen to a concentration averaging 20 mg/L
range in cost from $4,000 to $10,000 (EPA 2010). This cost estimate is for the
advanced system itself, which should be combined with an existing or a new septic
tank and drainfield, but does not include potential increases in energy consumption.
Cost estimates for a full system, including primary septic tank and drainfield, range
from $12,000 to $17,000. If combined with a pressure distribution drainfield the costs
can exceed $20,000. However, costs are significantly reduced for cluster systems,
with one example costing $6,800 to $8,000 per home for a 27-home cluster (EPA,
2010b). Onsite systems that meet higher treatment levels (e.g., 10 mg/L) require
additional treatment components than those that do not remove as much nitrogen and
the associated costs will generally be higher.
Costs are highly variable across the country, and the cost estimates provided herein
are primarily for comparative purposes. Upgrading one system at a time in a
community or neighborhood is not the most cost-effective implementation, and
significant savings may be achieved when multiple systems are upgraded at the same
time. Regardless of the location and implementation strategy, cost estimates should
account for the following costs of upgrading a system:
•

Permitting.

•

Soil testing and evaluation.

•

Engineering design and construction supervision.

•

Installation of system.

•

All system components.
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In addition, homeowners should be aware of the expected annual O&M costs. These
include electricity and potential sampling costs, as well as any regular maintenance
required on the system.
Beyond the initial costs of either installation or upgrades to achieve nitrogen loading
reductions, there are ongoing operational costs associated with all types of septic
systems that typically increase with the level of technology used for treatment as in
advanced systems. Costs range from basic tank pump outs for conventional gravity
systems to annual maintenance for advanced systems, either performed by the
homeowner or a licensed professional through an operations and maintenance
contract. Some systems also include energy costs to operate pumps and electronic
systems that regulate the distribution of wastewater by amount and location. (EPA A
Model Program for Onsite System Management in the Chesapeake Bay Watershed
June 2013).
A cost analysis conducted by the VA Department of Public Health in 2017 comparing
construction and operation of an onsite system to that of connecting to a public
wastewater utility indicates that “while conventional onsite sewage systems are less
expensive to construct and operate over a 30 year period, alternative onsite sewage
systems are more expensive to construct and operate than public sewer for a
homeowner with a four bedroom house.” A summary of their findings is provided in
Table 12.
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Table 13. Comparison of Costs for Onsite Wastewater and Public Sewer in Virginia
Four Bedroom Homeowners Over 30 Years
Type of sewage
solution

Initial
Installation

Maintenance
Event

Cost of
Maintenance

Multipliers
(Over 30
Years)

Subtotal
(Maintenance)

Total Cost

Cost Per
Year (30
Years)

ConventionalGravity

$5,000.00

Pump Out

$250.00

10

$2,500.00

$7,500.00

$250.00

Pump Out

$250.00

10

$2,500.00
$12,500.00

$416.67

$40,000

$1,333.33

$52,000.00

$1,733.33

ConventionalPump

Alternative Gravity

Alternative Pressure

$7,000.00

$20,000.00

$30,000.00

Pump
Replacement

$1,000.00

3

$3,000.00

Pump Out

$250.00

10

$2,500.00

Component
Replacement

$1,000.00

4

$4,000.00

O&M Contract

$450.00

30

$13,500.00

Pump Out

$250.00

10

$2,500.00

Component
Replacement

$1,000.00

6

$6,000.00

O&M Contract

$450.00

30

$13,500.00

Sewer - Low

$6,000.00

Monthly
Charge

$42.00

360

$15,120.00

$21,120.00

$704.00

Sewer - High

$6,000.00

Monthly charge

$63.00

360

$22,680.00

$28,680.00

$956.00

(Revis, VA Department of Public Health, 2017)

Estimated System Costs in Delaware
System Installation Cost (new subdivisions)

Gravity (full depth, Capping fill & sand-lined

ESTIMATED
COST
$6,500 - $11,000

Low Pressure Pipe (capping fill and full depth)

$8,000 - $14,000

Elevated Sand Mound and Peat

$18,000 - $30,000

Micro-irrigation (drip)

>$30,000

SYSTEM TYPE
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8.9

Financial Assistance
State of Delaware DNREC Financial Assistance for Septic Systems
The Clean Water State Revolving Fund (CWSRF) is a low interest loan program that
is available for public and private entities for funding a variety of clean water projects
including wastewater infrastructure and septic system improvements. The CWSRF is
administered by DNREC and is available for two programs related to septic system
improvements.
Septic Rehabilitation Loan Program
The Septic Rehabilitation Loan Program, started in 1993, provides low-interest
financing to replace failing septic systems and cesspools with on-site wastewater
disposal systems that will function in an environmentally sound and cost effective
manner. The program also provides funding for new septic construction and costs
associated with connecting to central sewer systems. According to the CWSRF 2018
Annual Report, DNREC funded 17 septic replacements in 2018 and 504 total
replacements for the life of the program through June 20, 2018.
Financing is available at interest rates of 3 or 6% depending on income. A loan of
$1,000 (minimum) to $35,000 (maximum) for individual systems and $250,000
(maximum for community or mobile home park systems) can be repaid over 20 years
with no prepayment penalty. There is a non-refundable fee of $11 for individual and
$14 for a joint credit history report. Loans are secured by a mortgage lien on the
rehabilitated property.
The program is managed by Environmental Finance with technical assistance from
the Ground Water Discharges Branch. Applicants can get assistance with applications
from program specialists in the Georgetown and Dover offices of the First State
Community Action Agency (FSCAA), which has partnered with DNREC in the
Septic System Outreach Initiative.
Eligible Costs
Eligible costs for on-site systems include site evaluation, septic system design,
permits, construction costs, and closing and recording charges. Eligible costs for
central sewer projects include impact fees, connection fees, permit costs, electrical,
and abandonment of septic systems.
Eligible Applicants
Property owners with on-site wastewater disposal systems that need replacement,
new construction of system and central sewer connection are required to meet
program income guidelines, and demonstrate the ability to repay the loan.
The Community Outreach Initiative identifies low- and moderate-income
homeowners in the Chesapeake and Inland Bay Watersheds that may need financial
assistance to replace failed and/or failing septic systems.
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Community Outreach Initiative
The Community Outreach Initiative is a partnership involving the Environmental
Finance Office and the First State Community Action Agency to help homeowners
take advantage of the Clean Water State Revolving Fund (CWSRF) Septic System
Rehabilitation Program. The initiative has a goal of replacing 100 failing or failed
septic systems each year. Loan funds come from the Fund’s Septic System
Rehabilitation Loan Program (SRLP) and the Non-Federal Administrative Account
(NFAA) which funds the Septic System Extended Funding Option Program
(SEFO). All loans will be secured by mortgage liens.
The primary differences between the SRLP and SEFO programs are:
•

Three percent (3%) or six percent (6%) (depending on income) SRLP loans
require monthly loan repayments after the loan has been closed.

•

Zero percent (0%) SEFO loans are due on transfer with no monthly loan
payments required.

Loans under the SEFO program become due and payable upon property transfer.
Applicants must first be denied for an SRLP loan (due to insufficient income, credit
problems, liens and/or judgments, etc.) before being considered for a SEFO loan.
First State Community Action Agency has developed a personalized loan application
intake process to work one-on-one with potential loan applicants. The loan intake
process is comprehensive and includes:
•

Explaining SRLP and SEFO program information to potential applicants.

•

Determining applicant eligibility to apply for a septic system rehabilitation loan.

•

Assisting applicants with completing loan applications.

•

Ensuring that all necessary documentation needed to process loan applications are
collected from applicants and sent to DNREC for processing.

DNREC will review and process loan applications, assist borrowers with obtaining
and scheduling septic system replacements, and arrange for loan closings.
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9.

CONCLUSIONS
9.1

Water Quality and Trends
•

Water quality in southern New Castle County is impacted by nitrogen and
phosphorous that prevent surface waters from meeting water quality standards
that are designed to protect for uses such as for drinking water, recreational use
and to support aquatic life.

•

Sources of nitrogen comes from many activities such as agricultural operations,
stormwater, household use of fertilizer and septic systems. States and the EPA
have established targets to reduce nitrogen and phosphorous from these sources.
Tributaries of the Chesapeake are targeted to reduce nitrogen by approximately
24% for nitrogen and 20% for phosphorous for all of the Chesapeake watersheds
within Delaware. Nutrient reduction targets for the watersheds in Southern New
Castle County are:
o Appoquinimink River -- 60% reduction in nitrogen and phosphorus loads and
a bacteria reduction of between 11 and 15% in freshwater areas and 72 to
73% in marine areas.
o Blackbird Creek - 40% reduction in Nitrogen and Phosphorus loading; 80%
reduction in bacteria loads.
o Bohemia River -- 24% reduction in Nitrogen; 20% reduction in Phosphorus.
o Chesapeake and Delaware Canal -- 24% reduction in Nitrogen; 20%
reduction in Phosphorus.
o Sassafras River -- 24% reduction in Nitrogen; 20% reduction in Phosphorus.
o Chester River -- 24% reduction in Nitrogen; 20% reduction in Phosphorus.

9.2

•

Southern New Castle County has about 5,000 septic systems, approximately
3,500 active systems are in the East Wing, Central Core and West Wings of
southern New Castle County between MOT and C&D Canal.

•

Based on the Chesapeake Bay model, the 3,500 septic systems in southern New
Castle County discharge 81,200 lbs of nitrogen to the environment annually or 10
times more than homes that are served by public sewer.

Current Requirements and Guidance
•

Delaware’s regulations require pump out and inspections of septic systems at the
time a property transfers to a new owner and also require enhanced nutrient
reduction for systems within 1000 feet of the Chesapeake Bay tidal waters. These
requirements for enhanced nutrient removal mirror those that have been in place
for the Inland Bays watershed.

•

Enhanced nitrogen removal is also required for systems that are proposed to be
installed in areas where the limiting zone is between 11 – 18 inches in order to
reduce nitrogen and nitrate impacts to groundwater. According to DNREC, a total
of 283 advanced systems have been installed in New Castle County.
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9.3

•

All new and replacement small systems requiring advanced treatment units must
adhere to the performance standard nitrogen level 3 (PSN3) where total nitrogen
levels achieve an annual concentration of 20 mg/L or a 50% reduction in effluent
total nitrogen concentration.

•

Changes to Delaware’s septic systems regulations adopted in May 2014 did not
amend the minimum lot size requirements for small individual systems which is
½ acre. State regulations allow the use of individual residential systems in
subdivisions of less than 100 dwelling units.

•

New Castle County adopted the Unified Development Code in 1997 that included
standards for individual septic systems that specified requirements for minimum
lots sizes for lots not serviced by central sewer systems. A 1-acre minimum was
required for lots served by a private potable well and ¾ acre for lots served by
public or community water supply systems. Those requirements were eliminated
in deference to State regulations.

•

Kent County, Delaware has adopted requirements that require larger lot sizes for
subdivisions outside of its growth zone that will be served by individual septic
systems based on the number of lots. For subdivisions of 10 lots or less -- 1 acre;
11-25 lots – 2 acres; 26-50 lots 3 acres; 51 lots or more – 4 acres. Sussex County,
Delaware allows septic systems on ½ acre lots if served by public water supply
and a minimum of ¾ acre if served by an on-site private well.

•

State and county governments have taken various approaches to addressing use of
septic systems through land use planning requirements and determining minimum
lot sizes. Through the Sustainability Growth and Agricultural Preservation Act,
Maryland has identified areas of existing sewer infrastructure (Tier 1), planned
sewer expansion (Tier 2), large-lot residential and rural villages (Tier 3) and
agricultural and conservation areas (Tier 4). No major subdivision on septic
systems are allowed in Tier 4. New Jersey has developed a formula to determine
density and minimum lot size for subdivisions of 50 or more dwelling units. The
formula considers nitrogen concentrations in wastewater, groundwater recharge,
residents per household and wastewater discharge.

Site Suitability
•

EPA recommends nitrogen treatment levels based on various distances from the
Chesapeake Bay and its tributaries. No discharge in areas less than 100 feet are
recommended. It recommends a total nitrogen concentration of 10 mg/L in
treated effluent for systems within 100 to 1,000 feet which can be met with
advanced treatment with denitrification. A total nitrogen concentration of 20
mg/L is recommended for all new and upgraded systems located beyond a 1000
feet of the Bay or its tributaries.

•

According to GIS mapping by the Delaware Geological Survey, soil mapping by
the University of Delaware Water Resources Center and USDA, approximately
half of Southern New Castle County in the area along the Delaware River and
Bay south of Townsend has a depth to water table of 6 feet and poorly drained
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Hydric Soil Group ((HSG) D soils including hydric and wetland soils) leaving
much of this land with potential limitations for onsite systems.

9.4

•

Various studies on the density of septic systems have concluded that adequate
treatment of effluent to achieve standards for numerous constituents can be
achieved with lot sizes of between .5 – 1 acre lots. However, certain models and
studies suggest that lot sizes of greater than 1 acre are needed in order provide
adequate treatment for nitrogen, especially in areas with slow groundwater flows.

•

Tateman and Lee Associates, Inc., in a 1983 study, calculated that a land area
of 0.25 acres/capita or 1 acre/On Site Disposal System was the minimum land
area or lot size needed to prevent nitrate-nitrogen concentration in ground
water from exceeding 10 mg/liter in Delaware.

•

Reduction in concentrations of nitrogen and phosphorous from on-site systems
can be achieved through dilution as a result of larger lot sizes or the addition of
advanced treatment technologies such as those that are required through
Delaware’s performance standards for nitrogen and phosphorous.

•

As sea levels rise, the amount of land near tidal waterways and wetlands suitable
for use as locations for septic systems will be reduced. Increased groundwater and
surface water levels may interfere with septic system performance and result in
higher concentrations of nutrients and bacteria from inadequately treated
wastewater reaching waters.

System Performance
•

Septic systems can offer viable alternatives to central wastewater treatment where
located on larger lots (> 2 acres), permeable soils (>1 inch/hr), deeper water
tables (>=10ft) and are adequately maintained. Systems can last up to 20 years if
regularly pumped out (2-3 years) and maintained.

•

Little treatment of nitrogen takes place as effluent moves through an on-site
system. The EPA estimates that nitrogen concentrations within the effluent as it
leaves the drainfield are assumed to be 39 mg/L or 9lb N/person/yr which is the
input value in the Chesapeake Bay Program Watershed model.

•

Delaware established the Class H septic system inspection license in 2006 and
associated requirements that define a septic system inspection, which were
updated in 2014. All systems must be pumped out and inspected when the
property changes ownership.

•

Literature reviewed by the USEPA has found that the failure rate of onsite
systems ranges from 10 to 20%. Although the definition of failure is not
consistent in the states that monitor onsite systems and contamination of the
groundwater is often not documented. As such, if contamination of the
groundwater were considered, failure rates would likely be higher.

•

DNREC data on system inspections since 2006 show that 60% of the 2610
systems inspected since 2006 have been deemed unsatisfactory. Of those, 156 or
6% were cesspools or seepage pits that are outdated technologies and are now
prohibited.
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9.5

•

UD WRC estimates that there are 3500 active septic systems in the three planning
areas of Southern New Castle County. DNREC estimates that 1470 inspections
have occurred in Southern NCC since 2006. The DNREC data also indicates that
approximately 56% of the systems inspected in Southern New Castle County
since 2006 were identified as unsatisfactory.

•

Analysis performed by UD WRC compared the potential delivery of Total
Nitrogen (TN) from a hypothetical 500-unit residential subdivision in Southern
New Castle County assuming that 1) the subdivision was being served by
individual on-site septic systems 2) the subdivision was being served by a central
wastewater treatment plant using the operating parameters of the County’s
Middletown-Odessa-Townsend wastewater treatment facility. The analysis
concluded that the model using central wastewater treatment plant would deliver
273 lbs/TN per year to the environment while the model relying on on-site septic
systems would deliver 6,000 lbs/year of TN to the environment.

Land Use and Related Considerations
•

The 1992 Weston study of wastewater needs in Southern New Castle County
identified several scenarios for future wastewater planning and construction. The
County adopted the scenario to provide wastewater service to the MOT service
area with proposed expansion of treatment capacity and expansion of wastewater
treatment to the Boyds Corner/Northern growth area between Middletown and
the C&D Canal and from Route 896 east to Route 1 and Route 13. The plan also
expanded wastewater service in the northern growth area with wastewater
treatment by land application at Water Farm 1 near Odessa and Water Farm 2
near Middletown.

•

The study also included a nitrogen load model that estimated a minimum 2 to
3-acre minimum lot size for septic systems was needed in southern New Castle
County, assuming a 1 in 20 failure rate and allowable nitrogen concentration in
groundwater of 10 mg/L.

•

Currently, there is the potential to accommodate a total of 11,486 household units
within the recorded but unbuilt developments in Southern New Castle County.
This analysis suggests that, theoretically, there are currently sufficient recorded
units in Southern New Castle County to accommodate the forecasted growth
through 2050.

•

Approaches that integrate land use planning and policy with water quality goals
are evident in the County’s past and current planning initiatives, including the
Southern New Castle County Master Plan. These include adoption of planning
districts accompanied by a policy for providing central wastewater treatment in
the Core area of Southern New Castle County that could accommodate higher
densities in communities served by central wastewater.
Proposed Septic Ordinance (19-078) would limit major subdivisions to five lots
or less if not served by central sewer. However, any lots served by on site
systems would still be required to meet the State of Delaware regulatory
standards including the minimum lot size requirements of ½ acre. The effect may
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be the creation of some subdivisions with larger average lot sizes for those served
by on-site wastewater systems. Studies identified in this report indicate that lot
sizes greater than ½ acre can be beneficial in achieving treatment standards for
nitrogen, depending on soils, systems use and topography. Similarly larger lots
may not always provide treatment benefits under certain site conditions. There
may also be unintended consequences of the ordinance related to land values,
future land use patterns and diversity of housing stock.
•

Estimated on-site septic system costs in Delaware range from $6,500 -- $11,000
for gravity systems; $8,000-$14,000 for low pressure pipe systems; $18,000 $30,000 for elevated sand mound and peat systems and greater than $30,000 for
micro-irrigation drip systems.
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