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How to Use
This Manual

This publication has been designed to provide easy access to specific information
needed foron-site management. It can be used as a guide to understanding specific

- physical requirements for on-site systems and as a reference for on-site regula-

tions. You may find it helpful to first review the description of the overall content
of this manual (below) and then to consult the table of contents to find specific
discussions related to your interests.

Chapter 2 presents a shont background of on-site management, including
environmental impacts and the development of the science underlying on-site
systems;

Chapter 3 lists the North Carolina Laws and Rules for Sewage Treatment and
Disposal Systems and policy updates; :

Chapter 4 is a detailed guide to thorough site and soil evaiuation and acts as
training material for environmental health specialists; '

Chapter 5 presents information on the design, installation, inspection, and long-
term management of conventiona] and modified conventional systems for small
flows;

Chapter 6 is under development at the present time and will appear as a
suppiement. It wili cover design, installation, and management aspects of large
and industrial on-site wastewater systems;

Chapter 7 presents information on alternative, innovative, and experimental
systems;

Chapier B contains information to help determine why a system has failed and
suggestions to repair the system; and

Chapter 9 includes the Appendices and References. These sections are included
to provide further information on topics in on-site systems and a number of
references for convenience.

This manual presents the latest information available at the time of publication. As
new and updated information becomes available, supplements will be added to the
appropriate chapters and appendices.
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Purpose and Goals of
This Manual

Sidebar references direct the reader to the appropriate part of the North Carolina
Administrative Code that deals with the subject discussed in the text near the
reference. The North Carolina Administrative Code, or NCAC, is the overall body
of state rules which governs all regulated activities.

In this manual, the references take the form of 15A NCAC 18A.XXXX. This
means the rule appears in Title 15A of Subchapter 18A of the North Carolina
Administrative Code (NCAC) and has a four digit code between .1934 and .1969.
Some of the sidebar references have the form of G.S. 130A-XXX. These
references direct the reader to the section of the General Statutes {G.S.) or laws
covering wastewater systems. The entire Laws and Rules for Sewage Treatment
and Disposal Systems is printed in Chapter 3 so that the reader can easily find the
law or rule referred to in the sidebar.

Wastewater disposal can pose a threat to the environment and to public heaith. To
protect people and the environment, wastewater must be disposed of in a manner
that controls disease and prevents contamination of surface and ground water.
Many residents in North Carolina who live outside urban areas must rely upon on-
site systems for proper wastewater disposal. Presently, more than 50% of North
Carolina housing units depend upon on-site wastewater disposal, as compared to
25% nationally.

Each year, 40,000 new on-site systems are installed for new housing, commercial,
and industrial development, adding to the existing 1,440,000 on-site systems
already in use in North Carolina. These systems contribute over 360 million
gallons of wastewater to the environment every day. If on-site systems malfunc-
tion, the wastewater can contribute to nonpoint source water pollution, threaten-
ing the quality of the state’s surface and ground water.

Properly designed and located on-site systems are a permanent means of waste-
water disposal that can function reliably with minimum maintenance and cost.
Most on-site systems do function satisfactorily; however, approximately 12,600
systems will be repaired this year because of failure. About 9% of the improvement
permit applications will be denied, and agencies will handle some 62,000
applications for site evaluations and 136,000 consultative site visits. The total
amount of money and employee time required to process the permit applications
and perform the site visits are major expenditures for local and state agencies.
Additionally, system failures and the installation of conventional systems on
unsuitable sites create major threats to public health and significant losses of
housing and business.

Because central sewage coliection systems with sewage treatment plants are too
costly and too difficult for many housing developments to install, on-site waste-
water disposal will continue to be used. Therefore, we must learn to view on-site
disposal as a permanent wastewater disposal technique, not merely as a temporary
solution until a sewage collection system is installed. With proper site evaluation;
proper choice of conventional, modified, innovative, or alternative systems; and
proper installation, on-site systems can safely treat wastewater without endanger-
ing humans or polluting the environment.

This manual has been developed to help state and local regulatory agencies,
system manufacturers, system designers, system installers, developers,
homebuilders, homeowners, system operators, and the public deal with the
complexities of on-site systems. The goal of this manual is to provide expert
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guidance on the overall management of on-site wastewater treatment and disposal
in an effort to resolve many problems that now overwhelm state, county, and
Extension Service personnel. Additionally, the manual may provide much-
needed consistency in on-site system design, installation and maintenance which
can improve the uniformity and effectiveness of on-site services to the citizens of
North Carolina.

This manual provides guidance for:

U understanding the various requirements for on-site systems that may be
applicable to specific locations and activities;

QO understanding the basic concepts of on-site treatment and disposal;

U understanding the basic design principles for on-site systems;

Q knowing the various installation and inspection techniques for on-site systems;
Q leamning how to determine if a system is performing as intended; and

Q learning how to repair or remedy malfunctioning systems.

Please note that this manual is intended as an aid in the evaluation, construction,
installation, operation, maintenance, and repair of on-site systems, but it cannot
address specific problems or complex design considerations. Professional assis-
tance should be sought for such situations.
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Present Impacts and
History of On-Site
Wastewater Systems

j As efl bythaﬂulesfor

iapplfances, includiug those | _
; assoclatad with food '

' dismarga of a septic tank or
other smge traatment
devlce. :

fa'ence_ _
15A NCACI&A.I935(11),(39)

Impact of On-Site
Wastewater Pollution

The large volumes of wastewater generated in the United States can be a serious
threat to public health and the environment if the wastewater is disposed of
improperly. People use more water than ever before due to the increasing number
of labor-saving appliances and to changes in life-styles. Automatic clothes
washers and dishwashers, higher standards of personal cleanliness, and automatic
water supplies add great volumes of water to the average daily flow of wastewater
from a home.

Those people living outside municipalities often use on-site systems for disposal
of this wastewater. Because water use is increasing, on-site systems must handle
ever-greater volumes of wastewater. Additionally, much of the land now being
developed for suburban and rural housing is less capable of supporting on-site
systems. Thus, we are facing a situation in which more on-site systems capable
of handling larger volumes of wastewater are being installed, yet less-suitable sites
are frequently chosen for these systems.

To help in addressing these complex problems, this chapter provides basic
information about on-site wastewater systems and their management. The first
section of this chapter discusses how the increasing volume of wastewater and the
development of less-suitable land affect us. The second section covers some of the
history of on-site wastewater management. The last section presents the basic
science of on-site wastewater treatment and disposal. Information about the science
of on-site treatment and disposal provides the background for the following
chapters, which cover more detailed aspects of on-site systems.

Each year over 40,000 new on-site systems are installed in North Carolina for new
housing, commercial, and industrial development, adding to the existing 1,440,000
on-site systems already in use in North Carolina. These systems contribute over 360
million gallons of wastewater to the environment every day.

Properly designed and located, on-site systems can be a permanent means of
wastewater disposal that protects public health and has minimal effect on the
environment. Most on-site systems function satisfactorily; however, a significant
number of systems fail to perform as designed, and pressure is increasing to install
on-site systems on unsuitable sites. The following statistics indicate the scope of the
problem of failing on-site systems in North Carolina.

2.1
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Public Health Threats

Q Atthe timeof this publication, approximately 12,600 systems in North Carolina
are repaired each yearbecause of failure. Additionally, about 11% of improvement
permit applications are denied, mainly because selected sites are unsuitable.

Q Public health agencies process 62,000 applications per year for site evalua-
tions for both new systems and the repair of failing systems. Environmental health
professionals perform 136,000 consultative site visits per year, often to inspect a
failing on-site system.

These failing on-site systems and unsuitable sites are major concerns.

Much of today's public health knowledge regarding on-site systems was obtained
during the carly part of this century. Until that time, many outbreaks of contagious
diseases occurred because sources of disease (drinking or coming into contact
with contaminated water) were not yet known or understood. These contagious
diseases are called water-borne diseases because they are spread by contaminated
water. Other diseases were found to result when people came into contact with
improperly disposed human wastes.

A basic principle leamed in those early years was that to improve overall public
health, sources of disease must be kept away from human contact. On-site systems
use this principle by carrying human wastes deep into the soil and letting the soil
absorb the wastewater so that the disease-causing organisms are in the soil,
separated from humans. If on-site systems malfunction, the improperly treated
and disposed wastewater becomes a potential source of disease and a genuine
public health threat when humans come into contact with it.

Diseases carried in wastewater.

Improper disposal of human waste creates ideal conditions for outbreaks of many
contagious diseases. Water-bome diseases include typhoid fever, cholera, dysen-
tery, hepatitis, giardiasis, cryptosporidosis, hookworm, tapeworm, and other
diseases that have plagued humankind since ancient times. Because we have
developed proper means to treat and dispose of human wastes and wastewater,
these previously common diseases no longer present a major problem.

How disease is spread.

From the public health point of view, there are two very dangerous types of on-
site system failure. The first occurs when the wastewater does not infiltrate the

" ground. Instead, the wastewater ponds, or comes to the land's surface and forms

asmall pool or wet, mushy area. This unabsorbed wastewater may contain many
disease-causing bacteria, viruses, and parasites.

There are three ways that humans could become sick when wastewater ponds in
a treatment and disposal field.

1. Humans can come into contact with the pooled wastewater. Children are most
likely to play in the pools or wet soil, but adults may have to walk throu gh or
work in the area. Once the wastewater is on the person’s hands or body, the
germs can spread to their mouth or nose where they are swallowed or inhaled.

2. Humans can drink contaminated water. Failing on-site systems can pollute
wells, streams, rivers, and lakes, which may be used as water supplies.
Wastewater from the pool can flow into a nearby stream and thereby
contaminate the water bodies downstream.
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3. Disease germs can be spread by insects or other animals to human food or
drinking water. The animals that spread disease germs are called vectors. One
of the best known vectors is the common housefly. It spreads disease by
landing in or drinking pooled wastewater and then landing on food that
humans later eat. The germs on the fly are then eaten by the humans.

A second type of on-site system failure occurs when an on-site system pollutes a
well. This type of failure happens when the well is not property constructed. In
some cases, the on-site system may not be pooled wastewater on the surface, but
the wastewater flows through cracks in the soil or underlying rock into the well.

If wastewater entersthe well, people get sick by drinking water from the well. The
on-site system or the well or both may have to be moved or rebuilt to ensure a clean
supply of water.

Toxic chemicals.

Wastewater not only carries many diseases, it also contains chemicals that can
cause poor health, cancer, or death. A range of information exists about the
different chemicals found in the effluent from on-site systems.

Nitrate. One chemical, nitrate, has long been known to affect health, and we know

- agreatdeal about its origin and health effects. Nitrogen in wastewater is converted
to nitrate by the bacteria in the septic tank and field during decomposition. The
nitrate moves rapidly with the wastewater through the soil. If the wastewater gets
into a drinking water well, the nitrate can be drunk by the site’s residents or
neighbors.

Q Infants younger than six months are most susceptible to nitrate poisoning.
Bacteriathat live in the digestive tracts of newborn babies convert nitrate to nitrite.
Nitrite then reacts with hemoglobin, which carries oxygen in blood, to form
methemoglobin. Methemoglobin cannot carry oxygen, thus the affected baby
suffers oxygen deficiency. The resulting condition is referred to as
methemoglobinemia, or “blue baby syndrome.” Most reported cases of blue baby
syndrome due to contaminated water have ocurred with greater than 40 mg/l’
nitrate-nitrogen.

Q The US EPA standard for nitrate is 10 mg/1 as nitrogen in drinking water.

Artificial chemicals. Many artificial chemicals can be found in on-site wastewa-
ter effluent. Many chemicals are not “biodegradable” or broken down by bacteria
in the septic tank and field. Because these chemicals are not broken down, they
can flow into ground water or surface water and eventually into drinking water.

Q Because of the wide variety of artificial chemicals, it is difficult to say what
types of problems the chemicals may cause. Some chemicals are toxic or
poisonous, while others may cause cancer or other diseases.

Wastewater must be absorbed into the soil and have adequate contact time in the
soil so that it does not spread disease germs or toxic chemicals. When the
wastewater is held in the soil, and the soil is suvitable for on-site wastewater
treatment, neither humans nor animals can come into contact with it and it will not
pollute streams or ground water. Thus, a properly operating on-site system
protects public heaith. -

2.3
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Environmental Threats

On-site wastewater disposal can pose a threat to the environment. Presently, more
than 50% of North Carolina housing units, representing about 3.5 million people,
depend upon on-site wastewater disposal. Based on these figures, on-site systems
distribute 360 million gallons of wastewater to the environment each day.

The large volume of wastewater being discharged into the environment can cause
damage to both surface and ground water. Damage is caused by the way the
wastewater is dischargedin the environment and the type and amount of pollutants
in the water,

Nonpoint source pollution.

Pollution from on-site systems is categorized as nonpoint source pollution.
Nonpoint source pollution comes from activities that are spread over large areas
of land. Point source pollution, on the other hand, comes from a single point such
as a pipe discharging industrial waste from a large factory.

Most nonpoint source pollution results from common activities and from land use.
Examples of other nonpoint source pollution sources are:

Q fertilizer and pesticides from farming;
QO oil, grease and toxic metals from parking lots, roads, and automobiles;
Q sediment from bare land, construction sites, and newly developed areas; and

QO industrial and commercial chemicals from spills and leaks at industrial sites
and commercial zones.

If on-site systems malfunction, the wastewater can contribute significant quanti-
ties of raw sewage and bacteria to surface and ground water. In addition, the
wastewater from on-site systems contains certain pollutants, such as nitrate and
phosphorus, which are notbiodegradable in the on-site system but act as pollutants
in water bodies. Thus, even systems that appear to be functioning properly can
contribute to pollution of streams, lakes, marshes, or ground water.

Environmental impacts.

Poliutants in the wastewater affect animals, plants, and their habitats. Because on-
site systems continually contribute huge amounts of wastewater to the environ-
ment, the long-term effects can be very serious. Some environmental impacts of
wastewater are discussed below.

QO Nitrate and phosphorus from on-site systems can cause eutrophication, an
overgrowth of algae, plants, and bacteria in water bodies. Often, eutrophication
appears as algae blooms in streams, rivers, estuaries, or marshes, and even sounds
and bays on the ocean. Overgrowth causes fish kills and ruins the habitat for many
types of plants and animals. Eutrophication occurs more often where the water
moves slowly, such as in lakes, bays, and slow-moving rivers.

Q In some areas, on-site systems are blamed for destroying shellfishing by
releasing bacteria into the receiving water.

U Wastewater fromon-site systems can cause certain parts of a stream to become
anaerobic, which means there is no oxygen in the water. Pollutants in the on-site
wastewater serve as food for bacteria and certain types of anaerobic animals. The
bacteria and animals grow very rapidly and use up all the oxygen in the stream.
This lack of oxygen suffocates fish, other animals, and plants.
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Q Toxic and synthetic chemicals from on-site systems can enter the shailow
ground water. This happens most often where the soil is sandy or the water table
is very high. Under these conditions, the wastewater does not receive adequate
treatment to biodegrade the pollutants in the wastewater.

Because so many on-site systems discharge so much wastewater, all on-site
systems must be installed so that the wastewater receives the best treatment
possible to protect the environment.

Theuse of septic tanks to treat wastewater goes back to the middle of the nineteenth
century. FrenchmanJ.L. Mouras first made a masonry tank to receive wastewater
from a home in the town of Vesoul, France. After twelve years of operation, the
tank was found to have only a small amount of solids in it. Mouras had expected
that the tank would be very full, so he concluded that some process must be taking
place that reduced the volume of solids. He and A. Moigno, a priest and scientist,
experimented with the tank to leam more about processes taking place in the tank.
Mouras patented the tank in 1881,

Use of septic tanks in the United States began about 1883 in Boston, Massachu-
setts. There, Edward S. Philbrick designed a two-chamber, round, vertical-
cylindrical tank with a dosing siphon.

Although these early developments showed promise, on-site wastewater disposal
remained at a crude level well into the twentieth century in both Europe and the
US. During the early part of this century, city-dwellers were served by large central
collection systems and had no need for on-site wastewater disposal. Rural dwellers
relied on privies and other simple waste disposal means because few farms had
indoor plumbing.

Since the first quarter of this century, most development work on improving on-
site systems has been done in the US. By the middle of the 1920s, Henry Ryon of
the New York State Department of Health began to study methods to improve on-
site system performance. He realized that the most critical part of the system is
the treatment and disposal field. To help ensure adequate soil absorption, he
developed the percolation test. This test has been widely used to help determine
the level of soil absorption possible for an on-site system, although it has been
more recently shown to provide inconsistent and unrealistic information.

The next big effort toimprove on-site wastewater management occurred inthe late
1940s. Until that time, only the percolation test and a few guidelines were used
to determine soil and site suitability for on-site system installation. Rural
electrification gave farm families indoor plumbing and the opportunity to install
on-site wastewater disposal systems. Soldiers returning from World War I1
spawned a housing boom in suburban areas where on-site systems were the only
choice for wastewater disposal. However, because of the lack of knowledge of on-
site system operation, failures were common. The explosion in housing growth
and the growing threat to public health brought about the first study of on-site
systems by the US Public Health Service in 1946.

Since that landmark study, many studies have been conducted on conventional,
modified conventional, alternative, innovative, and experimental on-site systems.
The research has pointed out that the most critical part of the conventional on-site
system is the treatment and disposal field. We now have betier ways to determine
the suitability of a site for an on-site system, and we know more about improving
the performance of on-site systems. The next section presents some of the findings
from the research done on on-site systems.
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and Disposal

Principles of On-Site
Wastewater Treatment
and Disposal

During the early years of this century, on-site wastewater management was
basically atrial-and-error process. Systems that faited were not of concern because
on-site wastewater disposal was usually only used in rura] areas with sparse
population. There was little need for detailed knowledge; therefore, on-site
wastewater treatment and disposal got little attention.

As rural electrification enabled more people to install indoor plumbing and as rural
and suburban populations grew, a greater need arose for concise information about
proper instatlation and operation of on-site systems. Almost 70 years have passed
since Henry Ryon first suggested that the performance of an on-site system
depended on the percolation rate of the soil. Since that time, many studies have
been conducted on on-site system requirements and performance.

This section presents the important principles and guidelines learned about on-site
wastewater treatment and disposal.

A number of principles form the basis for on-site systems. These principles come
from the many studies to determine the best ways to provide safe and reliable
wastewater treatment and disposal.

Treatment and absorption of wastewater by soil.

The vast majority of on-site treatment and disposal systems depend on the soil for

treatment and disposal of sewage. Although some on-site systems use surface
discharge or land application to dispose of wastewater, such systems are relatively
few in number.

O Theresearch conducted over the last 40 years has shown that the treatment and
disposal field is the most critical part of an on-site system.

QO Devices that receive sewage upstream of the treatment and disposal field pre-
treat the sewage to prevent clogging of the treatment and disposal field.

The focus of on-site wastewater treatment and disposal, and the principles listed
here, concentrate on the treatment and disposal field. The principles and details are 7
listed below.

First principle, On-site systems should ensure that the effluent is absorbed by the
soil and does not come to the land surface or flow directly into streams, rivers, Jakes,
the ocean, or the ground waters.

QO Sewage carries many disease-causing bacteriaor germs. As long as the sewage
effluent stays in the soil, people are protected because the bacteria and viruses stay
in the soil where there is no contact with humans. However, if the effluent comes
to the ground surface, children and adults can pick up the bacteria and become ill
or die. On-site systems that fail cause effluent to puddie or pool on the ground, which
is dangerous to public health.

0O On-site systems not only dispose of sewage, but also treat the sewage to
remove bacieria, other disease-causing organisms, and pollutants. The treatment
of the wastewater takes place in the soil, so the wastewater must stay in the soil for
the pollutants to be removed.

Second principle. On-site systems should maximize the aerobic treatment of the
sewage. '

0O Sewage undergoes aerobic treatment in soil layers that are not saturated with
water. These soil layers are called the unsaturated zone or vadose zone because the
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soilis dry or damp but not completely wet. The unsaturated zone is aerobic because
air and oxygen enter and help to remove bacteria and pollutants form the sewage.

O Aerobic treatment is the fastest and most complete treatment the effluent can
receive in the soil.

0 On-site systems should be located where the effluent must travel the farthest
distance possible before getting to the water table or wet soil layers. Long travel
distance helps prevent pollution of ground water.

Third principle. On-site systems should apply effluent to the soil only in a suitable
and prepared treatment and disposal field.

(1 A treatment and disposal field is an area of land where effluent flows through

pipes with holes into specially prepared trenches or beds to be absorbed by the soil.

The treatment and disposal field is where the main treatment of the effluent takes
place and where all the liquid effluent is absorbed.

[ Only certain soils and certain locations should be used as treatment and disposal
fields. These areas are selected by environmental health specialists to provide the
safest and most reliable place to absorb liquid effluent.

[ Septic tanks, pump tanks, or piping in areas other than the treatment and
disposal field should not leak. Effluent leaks in areas outside the treatment and
disposal] field can and have resulted in contamination of ground water, wells, the
land surface, and surface waters.

Fourth principle. Treatment and disposal field trenches should be as long and
narrow as possible tomaximize the effluent's contact with the soil, which increases
treatment.

(O Short and wide field trenches may have the same amount of trench bottom area
as along, narrow trench, but the long, narrow trench has much more side wall area
that can absorb effluent and spread the effluent out over more land.

Fifth principle. Treatment and disposal field trenches should have level bottoms
and should be level along their entire length to distribute the effluent as evenly as
possible.

(O _ Field trenches with slanted bottoms or trenches that slope along their length will
make the effluent flow to the lowest area. Alltreatment and disposal of the effluent
will have to take place in that one low area, which can cause early failure of the field
and threaten public heaith if the effluent ponds on the land surface.

These five principles are the most important concepts in on-site wastewater
treatment and disposal. The design and installation of all on-site systems should be
guided by these principles.

Pre-treatment of sewage before soil absorption.

To protect the treatment and disposal field from clogging, some pre-treatment is
necessary. The conventional on-site system uses a septic tank to pre-treat sewage
before it flows to the field. Septic tanks operate on the following principles.

Septic tanks: First principle. Septic tanks remove solids suspended in sewage.
The large volume of the septic tank slows the wastewater so that heavy solids can
settle to the bottom and buoyant materials, such as oil and grease, can float to the
top. Heavy solids form a layer of sludge on the bottom of the tank, while the oil
and grease make a scum layer that floats on the wastewater. Various types of
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baffles, such as walls and outlet tees, are used to keep the settled and floating solids
from moving out to the treatment and disposal field.

A septic tank that is working well removes about half of the pollutants in the
sewage by either letting them settle out or float to the surface of the wastewater.

Septic tanks: Second principle. The second important function of the septic tank
is to store solids. Because the solids are stored in the large volume of the septic
tank, the tank has to be pumped out only every few years. The tank must be large
enough to store the solids and still allow additional solids to settle out.

Septic tanks: Third principle. Some of the solids in the septic tank are digested
by bacteria in the tank. Certain bacteria, called anaerobes because they live in
areas where there is no oxygen, eat the sewage and produce various gases.

Considerable difference of opinion exists on how much digestion of solids takes
place. Regardless of how much digestion occurs, beneficial effects of digestion are
that the sludge volume and the strength of the wastewater are reduced by the
bacteria. However, the gas produced by the bacteria rises through the wastewater
and causes the sludge to be stirred up and possibly flow out to the treatment and
disposal field. Gases produced.by the bacteria are poisonous and can burn or
explode, making the air inside a septic tank very dangerous. They are alsa highly
corrosive and can deferiorate the tank and outlet tees.

Improving septic tank performance.

The following points can help make septic tanks work better.

O To get the best settling, septic tanks should be much longer than they are wide.
A longer length allows the water to flow along a long path, leaving plenty of time
for the solids to settle. The tank should be at least twice as long as it is wide.

Q Shallow, flat tanks allow for better settling than deep and narrow tanks. Solids
settle out faster in a shallow tank than in a deep tank.

O Largerseptic tanks work better than small tanks because they hold the waste-
water longer for better settling and have more storage volume for sludge and scum.

Q Septic tanks with more compartments work better than septic tanks with one
compartment, because more solids are trapped in the compartments.

QO Properly designed baffle walls keep the in-flowing sewage from stirring up the
sludge and carrying solids out to the treatment and disposal field.

Q For best performance, the inlet and outlet of the septic tank must be separated
by a long flow path for the wastewater. If the inlet and outlet are too close, the
wastewater flows rapidly to the outlet before the solids can settle and the grease can
separate from the water.

QO Outlets work best if they have a fitting to keep the scum from flowing out into
the treatment and disposal field.

For more information on these principles, see the References at the back of this
manual.
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Site Evaluation
and Field Testing

Introduction

Finding a suitable site and soil is essential to the placement and proper
functioning of any on-site system. This chapter is designed to provide informa-
tion on determining the proper site and soil for the placement of on-site systems
and has been written specifically for the use of environmental health specialists
as a training guide.

[ Section 4.1, Wastewater Treatment in Soils, describes the constituents of
wastewater, the chemicals and human pathogens, and how these potentially
harmful constituents are treated and absorbed by the soil.

O Section 4.2, Ground Water, presents an overview of ground water and how
ground water can be affected by improperly sited or malfunctioning on-site
systems.

O Section4.3, Soils and Geology of North Carolina, introduces the reader to the
different soils and geology of North Carolina and describes how they affect the
siting and functioning of on-site systems.

'O Section 4.4, Basic Soil Concepts, bresenls soil and landscape position con-

cepts necessary to conducta site and soil evaluation. This sectionthenrelates these
concepts to the placement and functioning of on-site system.

O Section 4.5, Site and Soil Evaluation Procedures, provides details on how to
make a thorough site and soil evaluation. Site evaluation factors and classifica-
tions are discussed in detail and the rules for determining the placement of an on-
site system are described.

O Section 4.6, On-Site Wastewater Loading Rafes, discusses the importance of
calculating the proper on-site wastewater loading rates and then instructs the
readeron making the calculations forboth conventional, modified, and alternative
on-site systems.

O Section 4.7, Site Suitability: Matching the Site Characteristics to Appropri-
ate Designs, introduces the reader to the Soil Site Evaluation for On-Site
Wastewater System form used to permit on-site systems. Six Soil Site Evaluation
for On-Site Wastewater System forms, which have been completed, are included
to help the reader understand how the forms are used to determine site and soil
suitability for on-site systems.
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Treatment Processes

412

in the Soil

Aerobic Treatment

WASTEWATER TREATMENT IN SOILS

The purpose of wastewater treatment is to reduce the pollutants in wastewater that
can contaminate ground and surface water systems. Without proper treatment,
wastewater can cause public health problems because of the potential spread of
bacteria and viruses and can cause environmental degradation and contamination.
Wastewater contains bacteria, viruses, nitrogen compounds, and toxic organic
compounds which can cause disease in humans. Chemical constituents in wastewater
that can adversely affect the environment are oxygen-demanding substances,
nitrogen, phosphorus, chloride, sulfate, sodium, heavy metals, toxic organic
compounds, detergent surfactants, and suspended solids.

In most on-site systems, the soil is used to treat and dispose of wastewater.
Depending on a number of factors, the soil can remove or reduce these pollutants.
This section describes the process of wastewater treatment in soils. The health and
environmental impacts of the constituents that are released from on-site systems
are also discussed in this section.

Most of the organic solids in domestic sewage are removed by settling that takes
place in the septic tank. Some of the solids will partially biodegrade in the tank.
Wastewater that leaves the septic tank and enters the soil receives most of its
treatment in the unsaturated aerobic regions under the treatment and disposal field.

Wastewater treatment in the soil can be broken down into three different types of
processes: physical, chemical, and biological. Table 4.1.1 describes these
processes.

Q Physical processes include soil filtration, sedimentation in the soil profile,
dispersion, and dilution.

Q Chemical processes involve cation exchange, adsorption, organic residue
complex formation, and precipitation.

Q Biological processes consist of biological oxidation, nitrification, denitrifi-
cation and plant uptake, inactivation, immobilization, and predation.

All of these processes may occur independently or together for any given
wastewater constituent.

The most rapid treatment of wastewater occurs in an aerobic soil environment,
where oxygen is present in the soil. Oxygen allows aerobic bacteria and other
microorganisms to feed on the wastewater and break down the contaminants to
simpler and less-harmful products, Because oxygen is a very powerful chemical,
aerobic degradation proceeds much faster than similar anaerobic processes that
oceur in the absence of oxygen. The faster aerobic processes help increase the
amount of treatment the wastewater receives before the wastewater enters ground
or surface water.

Q Aerobic conditions promote rapid die-off of some pathogenic, or disease-
causing, bacteria that require anaerobic conditions to live.

U Additionally, oxygen in the soil favors the growth of aerobic bacteria and micro-
organismsoverthe anaerobic organisms. In someinstances, aerobic organisms may
feed on the anaerobic populations, further reducing pathogen numbers.

\
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Figure 4.1.1

Biomat

Biomat formation over time.
Biomat forms first at beginning
of trench and progresses along
the entire trench over time.

Initial operation — no biomat Rapid infiltration all along trench

Biomat formation

(b}

Biomat formation

Asignificant degree of treatment occurs at the biomat in the treatment and disposal
trenches. The biornatisabiologically active layer that coversthe bottom and sides
of the trenches. It is formed from complex bacterial polysaccharides and accumu-
lated organic substances as a result of wastewater moving through the trench into
the surrounding soil. A biomat is vital in obtaining a high degree of treatment of
the wastewater and to preventing pollution of ground water. However, biomats
slow the flow of wastewater into the soil and may even clog the soil surface so that

the trench can no longer absorb any wastewater. Figure 4.1.1 shows biomat
formation.
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Wastewater Movement
Through the Soil

Reference
15A NCAC 18A.1955(m)
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The following process describes biomat formation over time.

Q [Initially, when the soil absorption system begins operation, there is no biomat
present in the trench. The rate of wastewater flow out of the trench is determined
by the soil.

O As the on-site system is used, the biomat first forms in the trenches where the
wastewater enters. Over time the biomat progresses down the trench to eventually
cover the entire length of the trench.

Q The formation of the biomat begins immediately but takes from three to eight
years to form completely. The amount of time that it takes to form the biomat
depends on a number of factors, including the hydraulic loading rate of the trench,
the dosing schedule, the types of substances in the wastewater, and the tempera-
ture. The wpper portion of the biomat is anaerobic; the lower portion of the biomat
grades from anaerobic at its top to aerobic at its bottom because the soil conditions
below are aerabic.

Q Once formed, the biomat physically, biologically, and chemically removes or
reduces many wastewater constituents. Further, it limits the rate that water can
move into the soil, helping in the purification process because the microbes have
more time to treat the sewage.

QO Because the biomat limits flow from the system into the soil, the amount of
wastewater loaded into the system can be no greater than the amount of wastewater
that can move through the biomat into the soil. When the amount of wastewater
entering the system is the same or less than the amount of wastewater exiting
through the biomat and into the soil, the on-site system is considered to be at
equilibrium.

O A mature biomat is generally in equilibrium: the addition of organic matter
to the mat occurs at the same rate as degradation of the organic matter by soil
organisms.

The rate of wastewater flow through the soil is critical to the ability of asoil to treat
wastewater. If wastewater moves too rapidly through the soil, the chemical,
physical, and biological reactions that must occur to retard, reduce, and transform
the pollutants are impeded. Any soil condition that causes an increased rate of
flow, such as a high water table, high hydraulic loadings, or shallow depth to
seasonally high water tables, can potentially cause contamination of ground water
because the wastewater has not been adequately treated.

Water moves though unsaturated soil more slowly than through saturated soil. The
slower movement under unsaturated conditions provides more treatment and
more protection of ground water than can be obtained in saturated soil.

In North Carolina, for soils in Groups I1, 111, and IV, 12 inches of unsaturated soil
between the bottom of the trench and any soil wetness condition, ground water,
or other unsuitable soil condition is required for proper treatment of wastewater.

Q For Group I soils (sandy soils), an 18-inch separation distance is required
between the trench bottom and any soil wetness conditions or the ground water.
Because the rate of wastewater movement through Group I soils is faster than
Group I1, HI, or IV soils, a greater separation distance is neetled to properly treat
the wastewater before it enters the ground water.



Nitrogen in On-Site
Systems

Figure 4.1.2 ‘The Nitrogen
Cycle in Scil. (Sauchelii,
Fertilizer Nitrogen —its
Chemistry and Technology,
1964. Reprinted with
permission of Van Nostrand
Reinhold Publishing
Company, New York, NY.)
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Nitrogen enters domestic on-site systems mainly as organic nitrogen, which
means the nitrogen is part of a large biological molecule such as aprotein. Bacteria
and other microbes oxidize or mineralize the organic nitrogen to ammonium
forms. The ammonium can be volatilized to the atmosphere, used by bacteria and
plants, or adsorbed by the biomat or soil. Ammonium can also be converted under
aerobic conditions to nitrate and nitrite in soils by Nitrosomonas and Nitrobacter
bacteria. The nitrate form of nitrogen can be used by bacteria or plants. Under
anacrobic conditions, nitrate can be transformed to nitrogen gas, a process known
as denitrification. Figure 4.1.2 demonstrates the nitrogen cycie: gains and losses
of nitrogen in the atmosphere and soil.

U Because nitrate is very soluble and is not absorbed by soil, itcan move through
the soil into the ground water and adjoining surface waters.

L Ifthere are too many on-site systems in one area, nitrate levels in ground water
may exceed the U.S. Environmental Protection Agency's Maximum Contaminate
Level for nitrogen of 10 milligrams/liter (mg/1). Nitrogen levels above 10 mg/l
may cause sickness or death to small babies and at higher levels can be harmful
1o adults.

O Denitrification is most likely to occur in anaerobic zones, such as wet soils, or
as shallow ground water moves through riparian areas next to streams. However,
denitrification is limited in a properly sited system because the aerobic soil
conditions will not allow denitrification to occur.

Q Research by Bicki et al. (1985) shows that of the total nitrogen produced from
on-site systems, only 20% to 40% is adsorbed or removed during flow through
unsaturated soils. Therefore, dilution and denitrification are the mechanisms that
must be relied upon to reduce ground water nitrate concentrations.
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Phosphorus in
On-Site Systems

Figure 4.1.3 Phosphorus
fixation in the soil.

® Ca(H,PO), H,0
A CaHPO,- 2H,0
A HPO,

X Soluble Fe, Al, Mn

® Insoluble Fe, Al, Mn
phosphates

Other Chemical
Pollutants in
On-Site Systems

Site Evaluation and Field Testing

Phosphorus can enter a wastewater system in a variety of forms. Organic and
synthetic phosphorus are transformed by bacteria to the simple orthophosphate
form. Because excess phosphorus can stimulate eutrophication, the excessive
growth of algae and aquatic plants in streams, rivers, and lakes, it is important that
phosphorus not enter water bodies in high concentration. Fortunately, orthophos-
phate usually is immobilized by a number of processes in the soil.

QO According to research by Bicki et al. (1985), if soil conditions below the on-
site system treatment and disposal trenches are aerobic and unsaturated, phospho-
rus concentrations can be reduced by 85% to 95%.

Phosphate immobilization processes in the soil include adsorbtion to the soil
particles or biomat, precipitation in the soil (Figure 4.1.3), or biological uptake.

1. Water enters a granule of water- 2. As more water is absorbed by the
soluble monocalcium phosphate — granule and soil, phosphate (H,PO,)
Ca (H,PO,), - H,O. and dicalcium phosphate (CaHfDO, .

2H,0) are formed.

3. The solution of phosphate (H,PO,) 4. The iron (Fe), aluminum (Al), or

moves into the surrounding soil. The manganese (Mn) react with the

solution displaces soil elements such phosphate to form insoluble com-

as iron (Fe), aluminum (Al), or pounds. This reaction ties up the

manganese (Mn). phosphorus, making it inaccessible
to plants and further movement in
the soil.

Wastewater from various facilities can contain a wide variety of contaminants.
Common domestic sewage has at least minor levels of the pollutants discussed
below. Contaminants present in wastewater from other facilities, such as commer-
cial and industrial establishments, vary widely depending on the type of activities
taking place in the facility generaling the wastewater.

O Chloride and sulfate occur commonly in wastewater. Both of these chemicals
move readily through the soil. Soils cannot adsorb chloride and sulfate anions
because these chemicals are repelled from the negative surface charge of the
soils. Because chemicals such as chloride and sulfate leach into the ground water
the primary mechanism for reduction is dilution. If the concentration of these

4.1.7
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Bacteria, Viruses,
and Protozoa in
On-Site Systems

chemicals in ground water is too high, then the density of on-site systems in an
area may be restricted.

Q Sodium cations are adsorbed to the soil aggregates, which are held together
by organic matterand clay. If sodiumlevels in wastewater are too high, the sodium
may disperse the organic matter and clay in the soil. Such soil dispersion changes
the soil structure and reduces the rate of water movement through the soil, which
can cause failure of an on-site system.

Q Detergent surfactants are removed from wastewater effluent by adsorption to
soil particles and by biodegradation. Aerated soil conditions enhance biodegra-
dation and increase the treatment of surfactants. Adsorption of surfactants not
only removes them from the wastewater, but it also increases the time for
additional biodegradation to occur.

Q Toxic organic compounds, such as pesticides and nonbiodegradable organic
compounds, degrade slowly. Since these compounds usually are not adsorbed
by the soil, they may leach and contaminate the ground water. The best way to
minimize the impact of these chemicals is to keep them out of the on-site system.

O Heavy metals in high concentrations are usually toxic. Such metals can slow
or stop the bacterial action in the septic tank and in the treatment and disposal
trench. These metals should not be put into the on-site system.

Bacteria, viruses, and protozoa cause many human and animal diseases. Bacteria
cause cholera, shigellosis, salmonella, and typhoid. Giardia and cryptosporidium
are protozoa that cause dysentery. Hepatitis is caused by a viral contaminant. The
comments listed below give some information about how biological contaminants
are removed by on-site systems.

Q Bacteria are removed primarily by filtration, adsorption, and natural die-off.
The biomat provides a barrier to the transport of many bacteria into the soil.

» If the soil is unsaturated, bacteria are not usually transported more than
three feet. If, however, saturated flow occurs, bacteria can move further.

m  Saturated flow, high wastewater effluent loading rates, shallow depth to
soil wetness conditions, or fractured bedrock contribute to bacterial con-
tamination from on-site systems.

U Viruses, which are much smaller than bacteria, are removed by adsorption,
filtration, precipitation, biological enzyme attack, and natural die-off.

a Greater clay content, low soil pH, low soil moisture content, and low
effluent loading rates are important factors that decrease the possibility
of viral contamination to the ground water from on-site systems.

U Wastewater aiso contains other micro-organisms, such as protozoa, which
can cause disease. Unfortunately, with the exception of bacteria and viruses, little
is known about the behavior of pathogens in on-site systems and in the soil.
Because there have been few reported outbreaks of disease caused by microbes
other than bacteria and viruses from subsurface wastewater disposal systems, it
appears that these biologic agents are retained in the soil, probably because of
their relatively large size.

U Protozoa form cysts that can survive under a wide range of conditions and are
very resistant to disinfectants usually employed in drinking water treatment.
Protozoancells and cysts are generally much larger than bacteria, which may mean
that they can be filtered by the soil. Filtration by the soil of protozoan cysts has
been shown in the case of Giardia lamblia cysts, as reported by Yates in 1987.
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42 GROUND WATER

Ground water serves as the drinking water source for 52 % of North Carolina’s 7
million inhabitants. Of the 3 million residents who obtain water from the ground,
63 % use ground water from individual residential wells or springs and 37 % use
ground water from a community source well. Because so many North Carolinians
use ground water, it is important to protect this vital natural resource.

This section presents an overview of ground water and how on-site systems affect
ground water.

introduction to Al water on the Earth is part of the hydrologic cycle, a world-wide system of water
Ground Water movement that includes all the water in the atmosphere, on the land surface, in the
earth, and in the oceans. A drawing of the hydrologic cycle is shown in Figure 4.2.1.

R
/( )&
WSS

Evaporation

Precipitation

Ground water table
Rain water infiltrates

soil and moves

downward or through

soil to stream. Effluent movement
through the soil into
the ground water.

Ground water

Ground Water Terms  Part of the water in the hydrologic cycle (Figure 4.2.2) is under the soil surface.
and Definitions  Thisunderground water is called ground water. As showninthe hydrologiccycle,
ground water comes from rain water infiltrating, or flowing into and through the
soil. This water can remain in the soil close to the ground surface or it can move
downward into deep rock zones. The following descriptions of common terms are
used in describing the ground water system.

Q Ground water can be found in soil near the land surface, in saprolite, orinrock.
Alayer of rock, soil, orsand that contains ground water and releases it when a well
in that layer is pumped is called an aguifer. The type of soil or rock material in

4.2.1
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the aquifer determines the amount of water that can be stored and the rate at which
water can be pumped from an aquifer. For example, sandy sediments will release
water more quickly than clayey sediments.

O Ifalayer of soil, rock, or sand is completely filled with ground water, it is said
to be saturated and the part of the layer that is saturated is part of the saturated
zone. Layers of soil, rock, or sand above the saturated zone are called unsaturated
and are part of the vadose zone. The dividing line between the saturated zone and
the vadose zone is the water table, the height of the free water surface in the soil.
Figure 4.2.2 shows the location of the water table and the saturated and vadose
ZOnes.

O Usually shallow ground water is held in the soil layers near the ground surface
like water in a bowl. This is because a restrictive layer or confining layer of clay
or solid rock under the soil keeps the water from moving downward. The water
table can rise and fall in response to heavy rains or dry periods, and the water can
move horizontally but it does not flow downward very rapidly. Because the water
table can rise or fall in response to weather conditions, the shallow soil aguifer is
called an unconfined aquifer. The water level of a well in an unconfined aquifer
will change as the water table rises and falls.

{J Incertain cases a perched water table will form above the normal watef table
dueto arestrictive layer of clay orother material near the surface. A perched water
table can cause wet soil conditions at shallow depths.
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Figure 4.2.3 Effluent surfacing.

In perched water tables, the ground water is held above the normal water table by
the restrictive horizon. In some areas, perched water tables cause problems for on-
site systems.

1 If the water table is near the surface, it is said that the area has a high water
table. High water tables cause areas to become wetlands or can fill depressions
with ground water, making a pool or swamp. It is important to note these areas
when evaluating a site for an on-site system, because the high water table can
reduce the soil’s ability to absorb wastewater and can make aerobic conditions
impossible. See Figure 4.2.3 for an illustration of how high water tables can form
wet areas or pools.

O Indeeperzones,arestrictive layer or confining layer above an aquifer keeps the
water level from rising freely. This condition is called a confined aquifer. If the
walter in a confined aquifer builds up pressure, it can cause the water ina well torise
above the top of the aquifer, which is known as an artesian aquifer. With enough
pressure, the water may even flow out of the well by itself, with no pumping.

A Effluent comes

D to surface

n Natural water table

=

Ground Water Levels
in North Carolina

Ground Water Levels by
Region in North Carolina

Treatment and
Septic tank disposal ﬁeid‘

Water supply well

The ground water of most importance to on-site systems is usually shallow
ground water in unconfined aquifers. The depth to the water table in an area varies
according to a number of factors including annual rainfall, geologic and soil
conditions, and the season of the year.

Ground water depths in North Carolina vary between regions and within regions
because of differences in geology and soils. Seasonal variations in rainfall,
temperature, and plant activity also affect ground water tables.

QO Inthe Piedmont, the ground water table is typically deep. High water tables
don't usually limit on-site systems. However, perched water tables are frequently
found in the Triassic Basin and Slate Belt soil systems.

O The ground water table in the Mountain region of North Carolina will vary
depending on the landscape position of the site. Sites that are located on
colluvium near the bottom of the slope may be affected by high ground water
levels.
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from On-Site Systems

Q In the Coastal Plain, there are many areas with high water tables. Flat
landscapes and the confining layers close to the soil surface keep the water from
moving to deeper zones. The shallow ground water moves horizontally and
flows into streams, lakes, sounds, and specially constructed drainage ditches.

» In many areas of the Coastal Plain, the surfaces of the streams, lakes, and
sounds are at the same level as the water table. Since the ground water and
surface water are so closely tied together, it is difficult to tell them apart.

On-site systems are often located close to water supply wells or in areas where the
wastewater effluent may affect the ground water. Properly located, constructed,
and maintained on-site systems protect water supply wells and the ground water.
However, ground water can be polluted by on-site systems, especially incorrectly
located or failing on-site systems.

To protect ground water and human safety, it is essential that a site evaluation and
soil suitability analysis be performed before the installation of any on-site system
and that these systems be properly maintained.

The following figures show how ground water or surface water can be contami-
nated by septic systems.

O Figure 4.2.4 demonstrates the problem of seasonally varying water tables. In
the summer the depth from the bottom of the trench is sufficiently deep for
wastewater effluent treatment. However, during the winter, the rising water table
reduces the depth between the trench and the ground water table and eliminates
the aerobic soil treatment zone, resulting in ground water contamination.

Q InFigure 4.2.5, ground water mounding, a rise in the ground water caused by
too much effluent being discharged in one area, has occurred under this
community septic system. The ground water depth and direction of flow have
been changed by this mounding. As a result, the drinking water supply has
become contaminated.

Q Ground water can also be contaminated from on-site systems by wastewater
effluent moving to the surface, running along the surface, and then moving down
the well casing and into the ground water (Figure 4.2.6).

Ground water often contributes to surface water, especially in the Coastal Plain.
If wastewater effluent contaminates ground water, and the ground water intermin-
gles with the surface water, the surface water will also become contaminated
(Figure 4.2.7).

Q The most common contaminants of ground water that may come from on-site
systems are nitrate, bacteria, and viruses; however, other contamination can occur
from on-site systems. For the purpose of this manual, this discussion will focus
on preventing contamination of ground water with nitrate, bacteria, and viruses.

m At levels greater than 10 milligrams per liter of nitrogen, nitrate can cause
illness or death in young infants.

Q Waterbomne diseases, such as diarrhea, typhoid, and cholera are spread by
various species of bacteria and viruses that come from wastewater. If there is no
aerobic soil treatment zone under the drainfield, then these diseases can be
transmitted to people who use ground water for their drinking water source.

\J
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Figure 4.2.4 Seasonal varying
water tables.
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Figure 4.2.7 Intermingling
between ground and surface

water.

Effluent from treatment and
disposal field flows downward
into shallow ground water.

Ground water : ——‘_‘///‘_’_’—

flows to stream.

Other Sources of Ground  On-site systems may contribute to ground water pollution in some cases;
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however, contaminants enter ground water from many other sources.

QO Surface water can carry pollutants into the ground water directly through sink
holes, shallow wells, or large soil pores that extend through the soil profile.

{1 Some contaminants, such as dissolved chemicals or chemicals from spills,
flow through the soil into the ground water.

QO Landfills, buried wastes, and underground storage tanks can release pollutants
into the ground water.
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SOILS AND GEOLOGY OF NORTH CAROLINA

North Carolina is divided into three physiographic regions: the Coastal Plain, the
Piedmont, and the Mountains (Figure 4.3.1). Eachregion has different land forms,
geology, soils, and vegetation. Large differences in soil depth, drainage, and soil
mineralogy exist in soils between the different physiographic regions and within
the regions. These differences in soils must be considered when locating on-site
systems and in choosing what type of system to use.

Cotumbus Haowee  CoOastal Plain

This section discusses the geology, the types of soil, and soil locations in the
different regions of the state. Additionally, information is given on the differences
in soil type, depth, and drainage in the various regions that affect on-site systems.

The majority of the soils information for this section has been taken from Soil
Systems in North Carolina (R.B. Daniels et.al, 1984). This bulletin focuses more
heavily on the soil systems of the Coastal Plain because more soil survey work has
been completed in this region. Currently, soil surveys are taking place in the
Piedmont and Mountains, but the new soils information is not yet available.

The land area of Coastal Plain comprises 45% of the state of North Carolina. This
region is rather flat in most areas, but the topography, or land surface, has more
rolling hills as one moves westward from the ocean. Elevations in the Coastal
Plain range from sea level to 660 feet or 200 meters. The soils in the Coastal Plain
are relatively uniform compared to soils found in the Piedmont.

The Coastal Plain geology is mostly marine sedimentary rocks. This rock is
overlainby fluvial (water-bome) deposits. Sandand clay are the primary sediment
types, although some limestone occurs in the southern portion of the Coastal Plain.
Coastal Plain soils developed from sandy to clayey unconsolidated marine and
fluvial deposits. These deposits are primarily sand and clay from the ocean and
rivers that have been laid down over many thousands of years. They are called
unconsolidated because they have not hardened into large beds of rock.

4.3.1



The Coastal Plain can be divided into distinct regions: the Lower Coastal Plain;

Flgure 4.3.2 Coastal Plain the Tidewater and Barrier Island Region, which are subdivisions of the Lower
Ia'g‘ d sca|;e- (from Daniels et al Coastal Plain; the Middle Coastal Plain; and the Upper Coastal Plain. See Figure
1984). b 4.3.2. The Upper Coastal Plain grades into the Piedmont just east of Raleigh.

Middle l Lower
Coastal Plain 1 Coastal Plain

Piedmont

Lower Coastal Plain  The Lower Coastal Plain (Figure 4.3.3) is a wide, flat plain that extends from the
Atlantic Ocean west to the Goldsboro area. The following characteristics of the

soils of the Lower Coastal Plain are important considerations for siting on-site
systems.

Q Large areas of poorly to very poorly drained soils exist in this region. These
poorly drained soils are on flood plains directly adjacent to streams and also occur
far away from the stream in the middle of the interfluve areas. See Figure 4.3.4 for
the relationship between landscape position and water table depth. In general,
conventional on-site systems should not be located in these areas because of soil
wetness. :

Q Themany slow-movingstreams in this areaindicate that the water table is high
and the soil is poorly drained. The high water table and poorly drained soil can
mean that soil wetness conditions are such that many sites are UNSUITABLE for
on-site systems.

Scarp

Broad plains
Flgure 4.3.3 Lower coastal plain
landscape (from Daniels et al.,
1984).
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Figure 4.3.4 Water table depth
in relationship to stream

location. Slope Interfluve area
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Q@ Soils are often more than 5 feet thick, but many have poorly defined loamy and
clayey B horizons. Soils that are thinner frequently have sandy C horizons. Many
can be reclassified as PROVISIONALLY SUITABLE if drainage is successful
and a modified system design is used.

Tidewater and Barrier Island Region.

The Tidewater Region lies in the northeast portion of North Carolina and is a part
of the Lower Coastal Plain. The Barrier Island Region occursalongthe entire coast
of North Carolina. The Tidewater Region has distinctively broad, rolling plains
separated by widely spaced streams and estuaries. The following characteristics
of the soils of the Tidewater and Barrier Island Region are important consider-
ations for citing on-site systems.

O The soils in both regions are thinner than the rest of the Lower Coastal Plain
and are usually about 3 to 4 feet in depth.

@ Tidewater Region soils tend to be poorly to very poorly drained, atthough well
and moderately well-drained soils can be found along the dissected edges of the
flats and slopes leading down to the estuaries and streams. These areas may be
PROVISIONALLY SUITABLE for on-site systems. The poorly drained areas
may be UNSUITABLE for on-site systems.

O Large wet areas are found inland between estuaries and streams in both
regions. In general, the farther from the stream, the wetter the soil and the thicker
the organic matter in the surface soil. Again, soil wetness in these areas may make
them UNSUITABLE.

Q Many soils in these regions are considered organic soils. Because on-site
systems cannot be located in organic soils, many sites in this region are
UNSUITABLE for on-site systems.
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Middle Coastal Piain  The Middle Coastal Plain has smooth, gently rolling, plateau-like uplands that siope

toward the ocean, and gentle-to-steep valley slopes. Figure 4.3.5 shows a typical
landscape for the Middle Coastal Plain. The following characteristics of the soils
of the Middle Coastal Plain are important considerations for siting on-site systems.

Gentle, south-

Short, north-facing siopes P facing slopes

Figure 4.3.5 Landscape
middle coastal plain (from
Daniels et al., 1984).

Figure 4.2.6 Relationship
between landscape
position, water table depth,
and soll serles in the
middle coastal plain (from
Daniels et al., 1984).

4.34

Well-drained Moderately well to very
soils 7 poorly drained soils

Flood
region

QO Many of the soils in this region have fine-loamy subsoils.

Q Clayey soils are pobrly-drained over the entire region. These soils may be
UNSUITABLE due to soil wetness.

Q For other soils, drainage is determined mainly by where the soil is located
relative to streams and upland areas. For example, the high water tables in the
middle of wide interfluves between streams make soils located there poorly
drained, but soils located at the edge of the uplands closer to the streams are well-
drained. Thus, between-stream sites may be UNSUITABLE because of soil
wetness. Some of these sites can be improved by drainage and reclassified as
PROVISIONALLY SUITABLE. Sites nearer tostreams are usually better drained
and are PROVISIONALLY SUITABLE.

QO Soils in the flood plains directly adjacent to the streams have variable water
tables and are prone to flooding.

Figure 4.3.6 shows the relationship between landscape position, water table depth,
and soil series in the Middle Coastal Plain.
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Upper Coastal Plain

Reference
15A NCAC 18A.1935(36)

Figure 4.3.7 Relationshlp
between soll and saprolite
(from Daniels et al., 1984).
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The Upper Coastal Plain is a transitional zone between the Coastal Plain and the
Piedmont regions. The topography varies from flat areas to small hills. The
following characteristics of the soils of the Upper Coastal Plain are important
considerations for citing on-site systems.

Q Inthisregion, Coastal Plain sediments lie on top of Piedmont saprolite. These
sediments are called Coastal Plain cappings. Saprolite is decomposed rock formed
inplace. Saproliteis further discussed under the Piedmont Soils in the next section.

Q The majority of the soils in the Upper Coastal Plain are well drained with B
horizons formed in Coastal Plain cappings, merging irito a 13- to 20-foot layer of
saprolite.

Q In places where the saprolite is exposed on the sideslopes, the soil patterns are
very complicated, as shown in Figure 4.3.7. Many sites where saprolite is exposed
or close to the surface may be UNSUITABLE for on-site systems. Typically the

- thickest Coastal Plain cappings in the Upper Coastal Plain occuron the tops of hills

and in the areas with the broadest interfluves. Many of these areas are SUITABLE
or PROVISIONALLY SUITABLE for on-site systems.

Saprolite | Sail

Piedmont

Geology of the Piedmont

Mica gneiss

The word Piedmont means “foot of the mountain.” Thus, the Piedmont region is
at the foot of the mountains, between the Mountain and Coastal Plain regions. The
Piedmont covers 39% of state’s area and has a rolling to hilly topography.
Elevations in the Piedmont range from 295 feet to 1509 feet.

The geology of the Piedmont is very complex. Eight geologic belts (areas with
similar rock types and geologic histories) exist in the Piedmont. These belts are
the Inner Piedmont Belt, Kings Mountain Belt, Milion Belt, Charlotte Belt,
Carolina Slate Belt, Triassjc Basins, Raleigh Belt, and Eastern Slate Belt.

1. The Inner Piedmont Belt consists of intensely deformed metamorphic rocks.
Gneiss and schist are intruded by granitic rocks. The age of these rocks is from
500 to 750 million years.

2. The Kings Mountain Belt consists of metamorphosed volcanic and sedimen-
tary rocks that have been moderately deformed. These rocks are 400-500 million
years old.

3. The Milton Belt contains gneiss, schist, and instrusive rocks.

4. The Charlotte Belt, which is 300-500 million years old, consists of igneous
rocks such as granite, diorite, and gabbro.
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5. The Carolina Slate Belt consists of volcanic and sediment rocks that have been
heated and deformed.

6. The Triassic Basins are comprised of sedimentary rocks that formed approx-
imately 200 million years ago from streams that carried mud, silt, and gravel.

7. The Raleigh Belt is composed of gneiss, schist, and granite.

8. The Eastern Slate Belt consists of slightly metamorphosed volcanic and
sedimentary rocks that are partially covered with Coastal Plain sediments.

Soils in the region have developed from a number of different types of rock or
parent material.

Parent material is one of the five factors of soil formation; the other factors are time,
climate, organisms, and topography. Many soil characteristics, such as texture,
structure, and mineralogy, are predetermined by the parent material.

Derivation of major soil systems in the Piedmont.

There are four major soil systems in the Piedmont. Each soil system is determined
by the bedrock from which the soil was formed (Table 4.3.1).

Mixed mafic and feisic p e

Suitability of Piedmont soils for on-site systems.

Knowing the soil system of the site tells a great deal about its appropriateness for
an on-site system.

Q Soilsfrom the felsic crystalline soil system are generally deep and well dramed
and PROVISIONALLY SUITABLE for on-site systems.

QO On-site systems usually cannot be installed easily on soils from the Carolina
Slate Belt or Triassic Basin soil systems because of shallow soil depth and the
occurrence of mixed mineralogy clays.

\J/
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O Some soils from the mixed mafic and felsic soil system are appropriate for on-
site systems and others are not; it depends entirely on the parent material bedrock.
Soils formed from diorite and gabbros are usually UNSUITABLE because they
contain mixed mineralogy clay horizons that impede wastewater flow, whereas
soils formed from granites generally are PROVISIONALLY SUITABLE.

Unfortunately, the four soil systems are frequently mixed. Figure 4.3.8 shows an
example of this for the very mixed bedrock zones between Chapel Hill and
Raleigh. The soils formed in these zones have extremely varied properties as a
resultof the bedrock from which each soil was formed. Much of the soil variability
is due to the type of mineralogy. Because soil can vary greatly on asingle lot, each
site must be carefully evaluated for its suitability for on-site systems.

Figure 4.3.8 Mineralogy from

Chapel HIll to Raleigh (from

Daniels et al., 1984). . . .
Chapel Hill Raleigh-Durham  Raleigh

Airport

Granite, diorite
and gabbro Slate
Triassic strata

Granite

Aplite, quartz, and epidote veins

Saprolite  Saprolite is frequently found in the Piedmont and Mountains and is considered by
North Carolina state rules to be neither soil norrock. Saprolite is decomposed rock
that has formed in place.

Reference

15A NCAC 18A.1935(36)

The boundaries between soil and saprolite and saprolite and rock are not clear-cut
and may have gradations from one to the other.
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Figure 4.3.9 The mountain
region of North Carolina and the
three regional divisions (from
Daniels et.al., 1984).
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Suitability of saprolite for on-site systems.

In some cases, soil layers are so thin that the underlying saprolite must be
considered as part of the on-site treatment and disposai field. The following
considerations may help when saprolite is present under thin soil.

Q By its definition, saprolite does not form in sedimentary materials. The
following parent materials are sedimentary: limestones, dolomites, shales,
siltstone, mudstone, and claystone. Saprolites formed from mafic geologic
materials often cannot be used to treat wastewater. The expansive clay minerals
in saprolite formed from mafic rock cause reduced water flow.

U Most Piedmont soils over-lie saprolite. If the depth of soil above the saprolite
does not meet the requirement for on-site system installation, a procedure in the
rules will help to determine if the saprolite is usable for on-site wastewater
disposal. See 15A NCAC 18A.1956 (6) for the procedure.

0O The saprolite, as well as the soil-saprolite combination at the site, must be
inspected by the use of at east one soil pit examination. Because saprolite is highly
variable, more than one pit may be needed to determine site suitability.

The Mountain region covers 16% of the area of North Carolina. Elevations range
from 1509 feet to the tallest peak, Mt. Mitchell, at 6683 feet.

This region is part of the Blue Ridge Belt, and the geology is comprised of rocks
that were formed over one to one-half billion years ago. This belt is composed of
igneous, sedimentary, and metamorphic rock that have been mixed together and
repeatedly squeezed, fractured, faulted, and twisted into folds. The major
minerals in these rocks are feldspar, mica, quartz, and olivine:

The soils in the Mountain region can be divided into three broad classes: soils
found on sharp mountain ridges and steep valley slopes; soils in broad basins with
low rounded ridges, river terraces, and flood plains; and soils on high mountain
peaks and ridges (Figure 4.3.9). Distinct groups of soil occupy specific landscape
positions based on topography, temperature, and parent material.

High mountains

Intermediate
mountains

Basins and low
mountains
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Figure 4.3.10 Landscape
position, soil movement, and
soll depth.

Soils on Sharp
Mountain Ridges and
Steep Valley Slopes

Reference
15A NCAC 18A.1935(1)
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Soil properties, landscape position, and parent material.

Soil properties in the mountains depend mostly on the parent material and
landscape position. Thus, the type of rock the soil came from and whether the soil
is on top of a hill, on the hillside, or in a bottom area will be very important in
determining the suitability of the site for an on-site system.

Q Rock and soil eroding or moving as a large mass from the upslope portions of
the mountains are transported down-siope to form colluvium, which is erosional-
ly-deposited material (Figure 4.3.10). Deposited colluvium changes soil depth
and water flow. Particular attention must be given to these colluvial deposits: In
some instances these soils make excellent locations for on-site systems, whereas
in other cases, the soils are too wet.

Colluvium

. Residual

Footslope

Stream terrace
Floodplain

@ Many Mountain soils have extremely thin soil layers. Because the soil layers
can be very thin, saprolite may need to be included as part of the site and soil
properties evaluation when installing an on-site system. If saprolite is to be
included as part of the depthrequirement, the saprolite must be properly evaluated.
See rule 15A NCAC 18A.1956 (6) for the evaluation procedure.

The largest area of the Mountain region is occupied by the sharp ridges; steep
siopes; and narrow, steep, wet valley floors. The topography is continually
undulating, with elevations ranging from 1400 to 4600 feet. Representative
topography consists of narrow convex ridges or interfluves and moderately to
steeply sloping valley walls. Within this topography two generalized systems of
soils are recognized, Intermediate Mountain soils and Low Mountain soils.

Soils formed in both the Low and Intermediate Mountain region can be composed
of colluvium or afluvium, which is water-deposited material.
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In the Low and Intermediate Mountain areas the landscape position of soils
determine their depth or drainage status and thus their suitability for on-sitesystem
installation. See Table 4.3.2 for more information on Low and Intermediate
Mountain soils.

4310

Broad Basins, River
Terraces, and Flood
Plain Systems

Low Mountain soils.

Low Mountain soils are found below 3,500 feet. These soils are thicker, the B
horizons are redder and contain more clay, and the A horizons are thinner than the
intermediate mountain soils. Typically, most soils formed from micaceous parent
materials are found in the Lower Mountain area.

Intermediate Mountain soils.

Intermediate Mountain soils are found above 3,000 feet. These soils generally
have light-colored A horizons and brown to yellowish-brown B horizons that are
similar to the underlying colluvium or saprolite. The texture of the A and B
horizons is coarse-loamy. Soil depth is usually shallow with varying amounts of
coarse fragments.

The intermountain basin soils form in broad basins, river terraces, and flood plains
between large mountain chains. These broad, relatively flatbasins are the location
of the major industrial and agricultural regions of the Mountains. Local relief in
this area of the Mountains is much less than in the other regions.

Table 4.3.3 lists the soil series and the slope position of the major soils found in
the broad basins, river terraces, and flood plain system.
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- Table 4.3.3 Ma]or Soils of the Broad Baslns, River Terraces : -
_ ::and Fiood Plalns (from Dame!s et al.;: :

foa 03 Somowhatpoodydained
Bltmore ... 03 'E.;-'Well alned :

Broad basin soils.

The soils in the broad basins are a mixture of those common to areas of sharpridges
and steep slopes at the lower elevations, and river terraces and flood plains. Many
of these soils are used for row crop production and are morphologically, chemi-
cally, and physically similar to a common Piedmont soil, Cecil.

Terrace soils.

These soils are distinguished by landscape position as well as morphological
characteristics. The soils on the high terraces resemble uplands soils, with thick,
red B horizons, and those on the low terraces correspond to flood plain soils, with
strong brown or yellowish-brown and less strongly expressed B horizons.
Changes in parent material, elevation, and landscape position are used to
distinguish terrace soils.
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High Mountain Soils
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Flood plain soils.

The flood plain and lower terrace soils are separated by subtle elevation changes.
Soils vary depending on the alluvial deposition sequence and the size of the stream.

Although there is a wide range of ecosystems in this region above 4600 feet, only
2soilsare currently recognized: Craggey and Burton. Both have athick A horizon
but have a shallow depth to hard rock. Because of their shallow depth, these soils
are UNSUITABLE for installation of on-site systems.
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The Use of Soil for
On-Site Systems

Figure 4.4.1 The relationship
between s0il solids, soil
wetness, and void space.
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BASIC SOIL CONCEPTS

Approximately three and one-half million North Carolinians use on-site systems to
treat and dispose of their household wastewater, according tothe 1990 U.S. Census.
These systems generally rely on a wastewater receiving tank, or septic tank, and a
treatment and disposal field for proper treatment and disposal of the sewage. Most
of the purification of the wastewater occurs in the soil beneath the drainfield.

Using a soil absorption system for disposal and treatment of wastewater takes
advantage of the physical, chemical, and biological processes in the soil. Soil can
absotb and treat the wastewater and its constituents.

Not all soils and sites will adequately treat and dispose of wastewater. Soil and site
evaluations are necessary inorder to locate on-site systems on appropriate sites. This
section presents soil concepts that are required to conduct a soil and site evaluation.

There are many methods to treat and dispose of wastewater. On-site systems usually
rely on the soil because it provides an inexpensive and reliable medium for
wastewater treatment and disposal. The porous nature of soil and the biological
activity in the soil are key characteristics in absorbing and treating wastewater.

Because of large variations in soil characteristics, not all soils can suitably treat and
dispose of the waste. The challenge for those involved with on-site systems is to
design and install wastewater systems thatoptimize asoil’s treatment potential. The
following concepts should be considered when selecting sites for on-site systems.

O Processes that purify wastewater include physical filtration by the soil particles,
chemical treatment through ion exchange and transformation in chemical reactions,
biological oxidation and decomposition by micro-organisms, and uptake of
nutrients by plants.

Q1 Soils can vary greatly over short distances, even from one side of a lot to the
other. Because of their spatial variability, understanding soil becomes critical in the
selection and evaluation of the sites where on-site systems will be located.

QO All soils are composed of mineral matter, organic matter, and voids or spaces
that can be filled with either water or air. Soil water and soil air are inversely related
to each other because water and air compete for the same void space in the soils (see
Figure 4.4.1).

O A winding flow path through soil voids that is neither too rapid nor too slow
provides for maximum treatment of wastes by natural soil processes.

air air
solid solid solid
water water

water

Adequate Moisture Saturated Soil Dry Sail
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Definition of Soils
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Soil Forming Processes

4.4.2

and Factors

Soil is defined differently by groups that use soils for varying purposes.

Q Engineers define soil as “any unconsolidated material composed of discrete
solid particles with gases and liquids between” (Sowers, 1979).

Q Soil, as defined by geologists, is “that material which has been so modified and
acted upon by physical, chemical, and biological agents that it will support rooted
plants” (AGIL, 1976).

Q Soil, as defined by soil scientists, is a naturally occurring, three-dimensional
body that has developed at the earth’s surface as a result of soil-forming processes:
additions, losses, translocations, accumulation, and iransformations, as influ-
enced by the five soil-forming factors: parent material, relief, organisms, climate,
and time.

QO Many of the criteria that are used to determine soil suitability for on-site
systemns come directly from soil characteristics defined by the Soil Conservation

Service (SCS) in Soil Taxonomy Handbook (1993) and in the Soil Survey Manual
{1994).

Soil forming processes include additions to soil bodies, such as sand blown up
onto a sand dune; losses from soil bodies, such as soil erosion; translocations
within a soil body, such as downward movement and accumulation of clay-sized
particles in the subsoil; and transformations of material within a soil body, such
as weathering of sand-sized mica particles into clay-sized kaolinite minerals.

The five soil-forming factors are parent material, relief, organisms, climate, and

" time.

1. Parent material is the rock or other matter which degrades into soil. Soils are
very reflective of their parent material. For example, a soil developed from
granite rock will always have a coarse texture and a relatively low pH.

2. Relief refers to both the slope of land and the aspect (the direction in relation
tothe sun)of the surface. The most obvious influence of relief is throughslope.
Slope affects losses and additions and thus causes changes in soil depth.

3. Organisms refer to the biological agents such as plants, fungi, and microor-
ganisms that break down parent material into soil particles and also contrib-
ute organic matter to the soil. For example, the distribution, quantity, and
type of organic matter in a soil developed under prairie vegetation is very
different from a soil developed under forest vegetation.

4. Climate encompasses rainfall and snowfall, evaporation, and temperature.
Climate controls some chemical and physical reactions and it can also affect



Soil Horizons,
Profiles, and Series

Soil Horizons
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the type of organisms in and on a given soil. Weathering of a soil is either
hastened by a hot, moist climate, or retarded by a cold, dry climate.

5. Time is an important soil-forming factor because it modulates the other four
factors. For example, a younger soil has had less time for its parent material
to be changed, and for climate, relief, and organisms to affect the soil forming
processes.

Soils are characterized by the minerals and organic matter from which they are
made and by the sequence of these mineral and organic layers. The type of soil
layer and the order in which the soil is tayered are extremely important in on-site
systems because soil layers control the movement of wastewater through the soil
into the ground water,

A soil consists of a number of layers roughly parallel to the earth surface. These
layers are called soil horizons.

Soil horizons are identified by different morphological characteristics: texture,
structure, color, or consistence. These are discussed in greater detail on page 4.4.8.

0 Soil scientists use a technical language in which each horizon is separated into
one of six master horizons or layers. Master horizons are designated by the capital
letters O, A, E, B, C, and R where each master horizon indicates a certain set of
properties in the soil. The sequence of horizons and horizon differentiation, for
any given soil, is dependent on the soil forming factors. Figure 4.4.2 describes and
demonstrates the six master horizons and their properties.

Q Every soil contains at least one master horizon, and some soils contain all six
master horizons or layers. Usually a soil contains two or three master horizons.

O The arrangement of horizons in the profile affects the rate of wastewater flow
through the soil, the direction of flow (vertical or horizontal movement), and the
amount of wastewater purification. Thus, the environmental health specialist
must be able to identify the horizons present in the profile.

{0 When horizons are transitional, that is, they have characteristics of both the
overlying and underlying horizon, two master horizon symbols are used. For
example, a BC horizon would indicate a transitional horizon that grades gradually
from a Binto a Cbut is more like a B horizon than a C horizon. On the other hand,
a CB horizon would be more like a C horizon than a B horizon. When the “/”
symbol is used it indicates thatthe transitional horizon contains identifiable pieces
of both types of horizons. Forexample, a B/Chorizen is indicative of a transitional
horizon where the B and C horizons are intermixed and there is more B than C
material. A C/B horizon would also be an intermixed transitional horizon but with
more C material than B material. The BC or B/C horizons may be used for an
on-site system if other soil factors are acceptahle.

O Master horizon designations can be modified by lower case letters that
indicate subtle differences within a master horizon. Those symbols relevant to
North Carolina soils are included in Table 4.4.1.

4.4.3
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Figure 4.4.2 The six master
horizons.

y }i o a'I

Horizons
O— Layers dominated by organic

material.

A— Mineral horizons forming at the
surface or below the O horizon.

E— Minerai horizon where there has
been a loss of silicate clay, iron or
aluminum, leaving a concentration of
sand and silt particles.

B— Horizons forming below A E, or
O horizon. These horizons are
changed from their original rock
structure.

C— Horizons or layers that are littie
affected by soil weathering but are
not rock.

R— Rock that takes more than
hand-digging with a spade to
dislodge.

Q Some horizons allow water to flow through easily; other horizons obstruct
water flow. Horizons which impede water flow are referred to as restrictive
horizons. 1f a soil contains a restrictive horizon, the depth at which this horizon
is located determines whether this soil is SUITABLE for an on-site system.
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Other Morphological

Soil horizons can also be described by depth, thickness, and boundary conditions,

Properties of Horizons  as shown in Table 4.4.2.

4.4.6

Soil Profiles

Soil Series

Generally, a soil is composed of more than one horizon. If a hole or pit is dug

in a soil, the horizons are uncovered for viewing. This vertical cross section of

s0il, where all horizons are revealed, is called a soil profile.

Soil profiles, showing typical arrangements of horizons for five representative
soilsin North Carolina, are presentedbelow (Figure 4.4.3). These five soil profiles
are but a few examples of the over two hundred types of soil profiles found
throughout the state.

Soiis can be grouped and classified based on the arrangement of soil properties
within each layer in the soil profile. These properties include texture, temperature,
wetness, mineralogical classes, organic matter content, and other characteristics.

Soil profiles that have a specific arrangement of horizons with specific character-
istics in each horizon belong to a soil series. All soils in a soil series have similar
profile characteristics. Each soil series will have developed from the same parent
material with the same combination of weathering processes. The following
concepts are helpful in understanding soil series.

O Soils within the same soil series should be more alike and behave more
similarly than soils in different soil series.

0 Soil series are generally named for a town or region near the location where
the soil series is first described.

U
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Figure 4.4.3 Five typical North Carolina soll profiles.
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0 Soil series are strongly associated with relief or topographic location. This
is because the soil-forming processes and the other soil-forming factors (parent
material, time, climate, and organisms) in a region are the same for one type of
topographic location and so tend to form one or a few soil series from the same
parent material. Catenas are a good example of the effects of topographic
location on the landscape. A catena is a group of related soils in a topo-drainage
sequence. A representative North Carolina Coastal Plain catena consists of five
soil seriés: Norfolk, Goldsboro, Lynchburg, Rains, and Pantego. These soils are
related by their topographic positions or relief. Relief affects drainage and thus
the accumulation of organic matter. Norfolk soils are the most well drained,
whereas Pantego soils are very poorly drained.

Q Soils are mapped as soil series. Because a soil series tells us about the
properties of a soil, soil maps give a great deal of information about the soil and,
consequently, they give a good idea of how an on-site system will function in a
location with a given soil series. In North Carolina there are over 250 mapped soil
series. Figure 4.4.4 is a representative soil map from the Piedmont area of North
Carolina,

0 Because the scale of soil maps is generally greater than the area of an on-site
system, soil maps should only be used in the initial survey of the area. The only
reliable method for siting an on-site system in North Carolina is a thorough
site and soil evaluation done by qualified specialist at the actual site. The site
and sofl evaluation must include a thorough evaluation of the soil morpholog-
ical properties in the soil horizons at that location,
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Soil Morphological
Characteristics

Soil Texture

Reference
154 NCAC 184.1935(43) (a-1)

Figure 4.4.5 Relatlve particle
sizes (25.4 mm = 1 Inch)

There are four major morphological characteristics that are used to differentiate
so0il horizons.. These characteristics are soil texture, soil structure, color and
consistence. Information on the four major soil morphological characteristics is
presented below.

Soil texture refers to the solid mineral part of soils. The mineral component of the
soil is separated into three sizes of inorganic particles—sand, silt, and clay—
which are referred to as soil separates.

Soil particle sizes.

Each soil separate can be categorized into a particular size class. Particle size
classification is based entirely on particle size and does not consider the mineral-
ogy. The on-site sewage disposal rules of North Carolina use the U.S. Department
of Agriculture (USDA) particle-size classification system. The USDA particle
size classification only considers the fine-earth fraction of the inorganic particles.
The maximum particle size for the fine-earth fraction is 2 millimeters.

QO Inthe USDA system, sand separates, which are the coarsest material, range in
size from 2 millimeters to 0.05 millimeters diameter. Silt particles have a size
range from less than 0.05 millimeters to 0.002 millimeters diameter, and is
between sand and clay in size. Clay-sized particles are the smallest particles and
are less than 0.002 millimeters in diameter. The relative sizes of these three
particles is shown in Figure 4.4.5. See Table 4.4.3 for more details.

SILT

0.05-0.002 mm CLAY
Less than

0.002 mm

Table 443" Diameters:and“Characterisﬂcs of Soll Separates (from ASA, 1973)
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O Because sands have a wide range of sizes, the particle-size class of sandy-
textured horizons can be further subdivided into subclasses that range from very
coarse sands to very fine sands. See Table 4.4.4 for more information. It is
important to realize that wastewater will flow through coarse and medium sand
horizons much faster than a horizon with a fine or very fine sand texture.

Q Clay particles, because of their small size, have amuch greater surface area for
an equivalent weight compared to either silt or sand. The figure below shows the
difference in surface area between a sand grain weighing 2.6 milligrams and a clay
mass weighing the same (Figure 4.4.6). This increased surface area means that
soils with clay have more potential sites for chemical and biological activity.
Because of the increased surface area, soils with the ri ght type and quantity of clay
provide excellent sites for on-site systems (see sections on Soil Structure and Soil

Figure 4.4.6 Size Consistence).
comparison between
one grain of sand and Surface area = 6 mm

a mass of clay, Surface area = 3072 mm?

Each weighs 2.6 mg
l_' 1 mm —"l
One sand grain 134,217,728 clay particles
Soil textural class.

Most soils are a mixture of the different soil separates. The texture of the soil in
each soil horizon depends on the mixture of the soil separates. Every soil can be
placed into one of twelve textural classes. To find the soil textural class, the
percentages of sand, silt, and clay are plotted on a textural triangle. Figure 4.4.7
shows a soil textural triangle.

Figure 4.4.7 Soil textural triangle.
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The idea of grouping soils into textural classes was originally developed by the
USDA to assist farmers with agronomic decisions. This textural classification
system has been adapted for use in siting and sizing on-site systems because
texture influences the permeability of the soil, or how fast the water moves through
the soil.

Below are several examples of texture determination.

Figure 4.4.8
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Figure 4.4.10 A
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Soil texture is usually determined in the field by hand testing and can be confirmed
by laboratory analysis. Section 4.5, Soil Texture, gives more details on testing
soils.

Soil voids,

In between the particles of sand, silt, and clay are spaces called voids. The voids
are created because the soil particles do not fit together perfectly, leaving small,
irregular spaces. Every soil has a certain percentage, normally between 35 and
50%, of its volume in voids. Soil voids are important because they determine the
water and air movement possible within a soil,

O Water and air flow into and out of a s0il by moving through the void spaces.
The ease with which water and air can flow through a soil is determined by the size
of the voids, the number of voids in the soil, and how well the voids are connected
to each other.

O The amount, size, and connectivity of soil voids is determined, in large part,
by soil texture. Therefore, soil texture becomes a critical factor determining the
rate of wastewater flow through a soil horizon.

Q The size of the individual void spaces, in particular, has a strong influence on
water movement through a soil horizon. For example, eventhough a clay-textured
horizon will generally have more void space than a sandy-textured horizon, the
movement of wastewater through a clay-textured horizon will be slower. This
occurs because water can flow more quickly through the few large voids in the
sand than through the many tiny voids in the clay-textured horizon. In order to
account for these differences in wastewater flow, the on-site systems installed in
the clay soil would require a much larger drainfield than a similar system located
in a sandy soil.

Organic matter.

In addition to the soil mineral solids, soils also contain organic matter. Organic
matter consists of decomposed leaves, twigs, animal droppings, air and water.
Most soils have organic matter contents that range between 1% - 5% of the total
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4.4.14

Soil Color

soil weight. When the majority of the solids are mineral, soils are referred to as
mineral soils.

Although organic matter makes up only a small portion of the soil, it is very
important in determining several soil properties.

Q Organic matter partially determines how much water can be held by the soil.

Q Organic matter increases the surface area of a soil. Increased surface area is
important in the retention of some of the wastewater constituents such as viruses,
phosphorus, and ammonium.

Q Some soils, called organic soils, are primarily composed of organic matter
with only a small amount of mineral solids. Organically stained soils (soils
stained by decomposing organic matter) should not be confused with organic
soils. Organic soils must have more than 20% organic matter to be classified as
an organic soil.

0O Organic soils are always UNSUITABLE for on-site systems because these
soils do not drain properly. Treatment and disposal fields cannot function in
organic soils.

Soil is naturally gray to white in color when it is first formed. Over time, soil
develops other colors. Soil particles become coated with inorganic substances or
organic matter that is translocated or moved through the soil profile. For
example, organic matter, such as decaying leaves and twigs, can be translocated
from the soil surface downward to the A, B, and C soil horizons by rainwater
moving downward through the soil. The decéying organic matter forms a brown
or black coating on the soil particles so that the soil then appears to be brown or
black. A coating of iron oxide on soil particles makes a red soil.

Soil color and soil wetness.

Soil color is a very useful tool for investigations of soils for on-site wastewater
disposal because color can indicate the wetness of a soil. Soils that are too wet are
inappropriate for siting an on-site system. While soil color cannot directly indicate
the soil’s suitability, soil color does indicate much about how wet the soil is
throughout the year. Because of rainfall patterns and evapotranspiration, soils in
North Carolina are drier during summer and fall and wetter during winter and
spring. Figure 4.4.11 demongtrates the difference in water content between
seasons.

Q For on-site systems, two problems are associated with wet soils:

1. Wet soils reduce the amount of air available for bacteria to treat the
wastewater.

2. The high water table causes the wastewater to flow directly into the ground
water without sufficient treatment.
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Figure 4.4.11 ‘Seasonal
moisture relations.
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0 When soils are well aerated (when air can move freely through the void
spaces), there is enough oxygen to oxidize iron to its highest state (Fe*?) and the
soil has a uniform bright color. This bright orange color, due to oxidized iron,
is the same color that occurs when metal rusts. In this state, the soil is aerobic
and soil organisms use oxygen for their metabolism.

L Soils that are saturated have a different color. When a soil is saturated, water
replaces the air in the void spaces, oxygen cannot move through the soil, and the soil
conditions become anaerobic, or without oxygen. Many anaerobic bacteria use
iron, aluminum, or sulfate as a substitute for oxygen in their metabolism. Therefore,
when a soil is saturated, iron is reduced by bacteria to Fe*? and it becomes soluble
in water and can be moved or translocated out of or through the soil.

Soil that always remains saturated has a gray color since the iron is gone or is in
the reduced, non-color state (Fe*?). Soils that have fluctuating wetness conditions,
where the soil is saturated in the winter and spring and well aerated in the summer
and fall, develop a distinctive splotchy color pattern of mixed rust-orange colors
and gray colors that are called soil mottling (described in more detail on the
following page). Thus, soil color becomes a good indicator of moisture status.

Munsell color system,

Soil scientists use a very specific system — the Munsell color system — to
standardize soil color descriptions. In the Munsell color system, each color is
broken into three components: hue, value, and chroma.

1. Hue is the basic color. Hue ranges from a value of 10R, which is a red soil, to
7.5YR or 10YR, which are brown soils, to 5Y, which is a yellow soil.

2. Value is the lightness or darkness of the color.

3. Chroma is the purity or strength of the color. Natural gray starts at 0 and
increases to a maximum of 8.

I The Munsell color book is composed of color chips with various components
of hue, value, and chroma. A soil sample is compared with color chips and the
appropriate color designation that matches the soil is noted and recorded.
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O The matrix color is the dominant soil color of the horizon. Each matrix color
can have a range of value, hue, and chroma.

O Two Munsell charts are displayed in Figure 4.4.12. The left color chart displays
various combinations of value and chroma for a soil with a 7.5YR hue. The right
color chart shows value and chroma combinations for a soil witha 10YR hue. Value
and chroma designations are added to the hue. For example, the soil in Figure
4.4.12 could be described as 7.5YR 3/2 if it has a brown matrix color and a dark
gray tinge. A soil designated as 10YR 5/1 is a gray soil.

Soil mottling.

If water cannot drain freely through the soil, then a color pattern called soif
mottling usually develops. When a soil is repeatedly saturated for an extended
period and drained, the iron compounds are biochemically reduced during
saturation and then chemically oxidized when the soil drains. These conditions
lead to a mottling pattern of bright rust- or orange-colored spots and dull gray-
colored spots on the background color of the soil. Soil scientists call the bright
spots high chroma mottles and the dull spots low chroma mottles.

Mottles are described in terms of their abundance or number, size, and contrast
compared to the background soil color. If greater than two percent of the soil
contains mottles in chroma of 2 or less, then the soil is generally considered wet
(see Table 4.4.5). The abundance of mottles can be casily estimated using charts
such as Figure 4.4.13.

. @54mmi=tinct) |



Site Evaluation and Field Testing

™

Figure 4.4.12 Munsell charts.

. 44.17



Reference
154 NCAC 184.1942

Figure 4.4.13 Mottling
abundance chart.

Soil Drainage Class

44.18

@ In North Carolina, the only combination of abundance and contrast of
mottles that designates a well-drained soil is few and faint. Any other combi-
nation of the mottling categories of abundance and contrast indicate potentially
wet conditions.

[ The presence of low-chroma colors, such as chroma 2 or lower, usually means
that the soil is saturated part of the year. Often this happens when the water table
nises during a wet season and saturates the soil.

O The depth to low-chroma colors in a soil can help determine the depth to the
seasonal wetness and the soil drainage class. This knowledge of soil wetness can
be used in assessing the suitability of a soil for siting on-site systems.

Q Cautionary Note: In ascertaining soil wetness from soil color, care must
be taken because in some soils, moitling can also be caused by natural
variations in the parent material and not by soil wetness.

O Other site characteristics can be used to indicate soil wetness. Vegetation and
landscape position can both be used as an initial indicator of wet areas.

The SCS has established criteria for seven soil drainage classes. The soil drainage
class is a measure of how wet the soil is during the year. Each drainage class is

based on how frequently and how long the soil stays wet during a yearly cycle. See
Table 4.4.6 for details on soil drainage classes.
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Redoximorphic Features

Figure 4.4.14 Redoximorphic
features (from Vepraskas, 1992).

Soil Structure

Reference
154 NCAC 184.1935(42)

4.4.20

Until 1992, soil scientists used chromas of 2 or less to signify wet soils. In 1992
the definition of a wet soil was broadened to include saturation, reduction, and
morphoiogical indicators because it was believed that color alone was not a
specific enough indicator of soil wetness (Vepraskas, 1992). Under the new
classification, wet soils must meet specified criteria for the following character-
istics: the depth of saturation, the occurrence of reduction, and the presence of
redoximorphic features. Redoximorphic features are iron nodules and mottles
created by the process of reduction, translocation or movement, and finally by
oxidation of iron and manganese (Figure 4.4.14).

Concretion
Pore linings on in matrix
root channel

and

Fe mass

pod surface in matrix

Nodule in matrix

Soft Fe/Mn Hard Fe/Mn
accumuiations accumulations
L S |
Nodules Concretions

Redoximorphic features could have formed in the past and may not represent
current soil wetness. For this reason, all three characteristics—saturation,
reduction, and redoximorphic features—must be considered.

1. Saturation means that a soil is periodically saturated within the first two meters,
This saturation may occur in the entire two-meter layer or in a portion of that
layer.

2. Reduction no longer refers only to the absence of oxygen but now also includes
the presence of reduced jron.

3. Redoximorphic features include only mottles and iron nodules formed by the
reduction, translocation, and oxidation of iron and manganese due to wet-
ness. Mottles are a broader category of features that includes redoximorphic
features, carbonate accumulations, organic stains, and parent material color
variation.

Redoximorphic features are not currently used to determine soil wetness in the
North Carolina on-site wastewater rules.

Soil structure is a measure of how the tiny particles in the soil group together, or
aggregate, into units which give the soil its overall properties.
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These soil aggregates, known as peds, are a mixture of all the soil components,
such as sand, silt, clay, and organic matter.

Reference
154 NCAC 184.1935(23)

Ped dimensions range from fingernail to softball size.

Grades, sizes, and types of structure.

Soils have different grades, sizes, and types of structure. See Table 4.4.7 for more
details.

1. The grade of a soil structure refers to the stability of the ped, a measure of
how easily the ped breaks into smaller units or forms larger units. The
structural grade is described when the soil is in a moist state.

2. The size of a soil structure refers to the size of the individual peds in a horizon.
The sizes range from very fine to very coarse. Most horizons have a mixture
of ped sizes; therefore, the predominant ped size in a horizon is described.
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3. The type or form of a ped (structure) refers to the shape of the ped. Parent
material and organic matter can affect the shape of peds. Soils with a type of
clay mineralogy, known as 1:1 mineralogy, produce sub-angular blocky peds.
Soils with 2:1 mineralogy produce angular blocky peds in the summer and
massive in the winter due to drying (shrinking) and wetting (swelling).
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Figure 4.4.15
infiltration rates
as affected by soil
structure.
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The effect of structure on water movement through soil.

Soil structure is an important characteristic for siting on-site systems because the
structure of the soil affects the movement of water and sewage through the soil.
Although the porosity is greater inside a ped, the majority of water flow is through
the voids or cracks between the peds. Frequently, the only wastewater flow path
in a soil that is sufficiently fast for wastewater disposal is between the peds.

QO Well-developed, fine peds can have an acceptable amount of wastewater
flow through the voids between the peds.

QO The presence of peds is particularly important in clayey soils. If peds are too
large in size (for example, greater than 1 inch or 2.5 cm), then wastewater will
move too slowly (Figure 4.4.15).

SOIL STRUCTURE
SINGLE GRAIN BLOCKY

RAPID MODERATE-SLOW SLOW-VERY SLOW

INFILTRATICN RATE

SOIL STRUCTURE
PRISMATIC MASSIVE

RAPID-MODERATE MODERATE-SLOW VERY SLOW

(when wetted)
INFILTRATION RATE

O Because soil structure affects wastewater flow, soils with certain structores,
such as platy, massive, and prismatic structure, cannot be used to treat on-site
waste effluent. Platy, massive, and prismatic structured soils can impede water
flow, particularly in finer-textured soils.

In general, the size of the structural aggregates, or peds, increases with depth
through the A and B horizons. In the C horizon the soil is massive and
structureless, which means there are few or no structural aggregates. Because
there are no peds present, wastewater flow through the C horizon can no longer
be related to peds but is through the matrix.
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Figure 4.4,18 Change in void
space due to compaction.
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Changes in soil structure.

Soil structure is not static. Peds can be changed by natural or man-made
conditions such as: wetting and drying; freezing and thawing; physical activity
of roots and soil animals; influence of decaying organic matter and of slimes from
microorganisms and other life forms; modifying effects of adsorbed cations, clay
films, iron oxides, and aluminum oxides; and construction activities. Examples
of changed soil structure are presented below.

1. Movement of wastewater through the soil can change soil structure. Sodium
causes soil particles to disassociate from each other. Wastewater high in
sodium (for instance, as a result of brine from a home water softener) can cause
soil peds to disperse or break apart, which in turn will decrease void volume
between the peds. Wastewater movement will then be restricted because the
voids are much smaller.

2. Construction of on-site systems in clay soils that depend on the preservation
of voids between the peds must occur during dry weather. If construction
occurs during wet weather, excavation of trenches can result in clays being
smeared across the face of the soil. This smearing blocks the voids between
the peds and impedes the movement of wastewater. If construction does occur
when the soil is wet, rake the sidewalls to remove the smeared clay.

3. Compaction, or compressing the soil, changes the amount of the total void
space and the distribution of the void sizes. This reduces the space available
for air and water in the soil. Soil compaction generally reduces the structural
porosity, the spaces between the peds, more than the internal porosity.
When structural porosity is reduced, the volume and the continuity of the
larger voids that transport water are reduced (Figure 4.4.16).

Solid Void
50% 50%
Normal Loamy Soil Compacted Loamy Soil

Compacted soils should be avoided for on-site systems because a compacted soil
may not be able to absorb enough sewage. Soils can be compacted by heavy
machinery or by frequent trips of cars, trucks, or heavy earth-moving equipment
over the soil.

Soil consistence is a measure of how well the soil sticks together and how resistant
peds are to being ruptured or broken.
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Soil consistence is used to determine clay mineralogy in the field and, from that,
to judge water flow through the soil, because soil consistence is very dependent
on the clay mineralogy. The type of clay in the soil affects both the consistence
and the permeability of the soil.

Soil consistence is important for on-site system site evaluation because it
indicates how much the soil will shrink and swell upon wetting and drying, If the
soil swells when wetted by the effluent from a septic tank system, the strectural
voids will be filled by the expanding clay particles. The rate at which wastewater
moves through the soil is greatly reduced by this loss of structural porosity, and
it can cause a septic tank system to fail.

Soil consistence and moisture content.

The consistence of a soil changes with moisture content and consistence can be
described when the soil is dry, moist, or wet. In North Carolina, only two moisture
conditions are important, moist and wet, because dry soils are rare in North
Carolina. Soil consistence is listed and the field evaluation procedure is
described for these two moisture conditions in Table 4.4.9.

When the soil is wet, its consistence can be described by two characteristics,

Plasticity and stickiness. Plasticity, how easily the soil can be shaped by pressing or
molding it, is a good indicator of the type of clay in the soil. The more plastic the
soil, the higher the content of clay and the less suitable the soil is for an on-site
system.
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Clay Mineralogy

Figure 4.4.17 Structural units
of sllicate clays.

Figure 4.4.18 Tetrahedra and
octahedra linkages.

Clay mineralogy describes the type of clay in a soil and how the soil behaves
when wet and dry. Understanding the behavior of wet soil is important in siting
on-site systems.

Clays are particies of soil less than 2 microns in diameter. Clays formed from
aluminosilicate minerals in the southeastern part of the couniry are known as
temperate region clays or silicate clays.

Q Silicate clays are composed of a definite crystalline structure derived from
the original rock minerals. Silicate clays have two basic structural units: a
tetrahedron of four oxygen atoms surrounding a central cation, which is usually
silicon (Si**); or an octahedron of six oxygen atoms surrounding a cation, usually
aluminum (AP**). See Figure 4.4.17.

Oxygen
Oxygen

Silicon

Aluminum

Tetrahedron

Octahedron

The tetrahedra or octahedra are linked together to form microscopic silica and
alumina sheets, respectively (as shown in Figure 4.4.18). These alumina and
silica sheets combine to form lamellae, a two- or three-layer stack of aluminum
and silica sheets. Stacks of lamellae form clay particies.

Figure 4.4.19 Arrangements
of two-layer lamella.
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Aluminum

Tetrahedra Octahedra

Q The arrangement of the alumina and silica sheets determines the clay type.

" The lamella of a 1:1 clay mineral, such as kaolinite, is a silica sheet attached to

an alumina sheet. Shared oxygen atoms link the two sheets. See Figure 4.4.19.
These two-layer silica-alumina lamellae are then stacked together in a repeating
fashion. Hydrogen bonds between the lamellae hold the overall crystal lattice
together in a rigid fashion as shown in Figure 4.4.20.
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Figure 4.4.20 Repeating two-
layer lamelia.

Figure 4.4.21 Arrangement
of three-layer lamella.
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Silicon layer

Alumina layer

Hydrogen bonds

%
Q The lamella of 2:1 clay minerals, such as montmorillonite and bentonite, is an
alumina sheet sandwiched between a silica sheet on either side and held by a shared
oxygen atom, as can be seen in Figure 4.4.21. The three-layer lamellae of
montmorillonite are held together loosely. This loose arrangement allows water

and cations to move in and out of the clay mireral structure by moving between
the lamellae. Figure 4.4.22 shows the loose lamellae of montmorillonite.
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Q Mixed mineralogy clays have a mixture of both 2:1 and 1:1 clays.

Oxygen

Q Soils containing the 1:1 clay types swell less upon wetting than 2:1 clays and
therefore do not impede water flow when wetted as much as do the 2:1 or mixed
mineralogy clays. If the percentage of clay is not too large, soils that have 1:1 clay
mineralogy, such as kaolinite, have excellent potential to absorb and treat
wastewater, if the drainfield is large enough. These soils generally have good
structure and the increased surface area of the clay particles provxdes additional
sites for wastewater treatment to occur.

Q Because ions and water can move in and out between the lamellae or alayered
stack made of alumina and silica, 2:1 clays shrink when dried and swell when
wetted. This shrinking and swelling makes these soils UNSUITABLE for on-site
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Figure 4.4.22 Repeating three-
tayer lamellae.
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systems. When these clays are wet and swollen, little wastewater can flow
through the soil. When the clay is dry, shrinkage cracks form and the effluent
receives no treatment because it moves through the open cracks too quickly.

Q Formation of 1:1 and 2:1 clays is primarily determined by the parent material.
For example, 1:1 clays form from felsic parent material, such as granite, whereas
2:1 clays form from mafic parent material, such as diabase.

O Soil particles, particulariy clay, have negative charges. These negative
charges attract and hold nutrients and other positively charged ions or molecules.

Q) Surface area, and thus total negative charges, differs between clay types. The
surface area of a 2:1 clay is 40 times greater than the 1:1 clay.

Table 4.4.10 summarizes the suitability of various clays for on-site wastewater
systems
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Soil Hydraulic
Parameters

Saturated Hydraulic
Conductivity

Unsaturated Hydrauiic
Conductivity

Hydrologic parameters describe the way water moves through soil and are critical
components in siting on-site systems.

Saturated hydraulic conductivity is the rate at which water moves through a
saturated soil. In a saturated soil, all of the pore voids are filled with and
transmitting water. The rate of flow through a soil is dependent on the sizes,
nurmber, and interconnectedness of the voids in the s0il. The numberof voids, their
size, and spacing depend on numerous soil characteristics such as texture, mineral
content, structure, biological activity, and horizon placement. Saturated hydraulic
conductivity will vary between soil horizons within the same profile and from
location to location.

Saturated hydraulicconductivity is important inon-site systems. This parametercan
help the designer determine the volume of wastewater that the site can transmit in
a given time when the soil is saturated. On-site treatment and disposal fields are not
supposed tobecome saturated, but under some conditions, such as during wet winter
months, the ground may become saturated. Thus, the saturated hydraulic conduc-
tivity can determine how a system will perform under worst-case conditions.

{1 The measure of water movement through a saturated soil has the units of
distance/time and is given the symbol Ksat.

Q Each soil horizon has its own individual Ksat, which normally varies greatly
from the Ksat of other horizons in the same profile.

O Based on measurements of saturated hydraulic conductivity, soils are
grouped into six classes, from very low to very high hydraulic conductivity. See
Table 4.4.11 for a complete listing of saturated hydraulic conductivity classes.

Q Ifsaturated hydraulic conductivity measurements are not availabie, saturated
hydraulic conductivity can be estimated from certain soil properties, as shown
in Table 4.4.11.

Q Saturated hydraulic conductivity is not typically used in North Carolina as an
evaluation tool for determining wastewater flow through a soil for on-site systems
with flows less than 1,500 gallons per day. To accurately measure Ksat, each
horizon in a profile must be tested, four or five measurements for each horizon
must be taken, and the test must be done seasonally (winter and summer). This
requires more time, money, and effort than most people want to expend. Addition-
ally, Ksat tests are conducted using clean water. Wastewater, with its particulate
matter, causes water to move more slowly through a soil and thus Ksat measure-
ments for wastewater differ. Because of these difficulties determining saturated
flow, North Carolina does not use Ksat to evaluate a site’s potential for an on-site
treatment and disposal system; a site evaluation is performed instead. (For more
information see Section 4.5).

Water can move through a soil even if the soil is not saturated. The unsaturated
hydraulic conductivity is a measurement of the rate at which water moves in
unsaturated soils.

Unsaturated hydraulic conductivity can help the designer determine the volume
of wastewater that the site can transmit in a specific time when the soil is
unsaturated. On-site treatment and disposal fields are supposed to have an
unsaturated zone under the trenches to allow the wastewater to be treated
aerobically.
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Filgure 4.4.23 Hydraulic
conductivity and soil moisture
by soll texture. (Note: above
curves are drawn on a log-log
scale. The actual hydraulic
conductivities of different soils
can vary greatly.)

Site Evaluation and Field Testing

Under unsaturated soil conditions, voids are not completely filled with water.
Unsaturated hydraulic conductivity depends on the water content of the soils as
well as soil characteristics such as texture, mineral content, structure, biological
activity, and horizon placement. At the same moisture status, unsaturated
hydraulic conductivity, like saturated hydraulic conductivity, will vary between
soil horizons within the same profile and from location to location.

A In an unsaturated soil, the driving force of water movement is a gradient
potential thatis caused by suction. Matric suction is the affinity of watermolecules
to other water molecules or to capillary voids. Water moves from higher to lower
matric suction potentials. In other words, water moves from voids that are full to
voids that are unfilled. The geometric shape and size of the voids can affect the
matric potentjal. For example, the large voids in sandy soils empty quickly. Once
the soil is desaturated, water is trappedin capillary wedges that do not contact other
capillaries and water movement stops.

0O Once the biomat has formed in the treatment and disposal trenches, it often
becomes the limiting layer or controlling layer for water flow. In those cases, the
biomatisthe least conductive layer to water flow. Ifthere is norestrictive soil layer
beneath the trenches, then wastewater moves through the soil in unsaturated flow
after it passes through the biomat. Since unsaturated flow is slower than saturated
flow, the wastewater flows through the soi! at a slower flow rate. The slower flow
rates give the wastewater more contact time in the soil profile and more time to be
cleansed by biochemical and chemical processes before it becomes part of the
ground water. Be aware, however, that there may be soil layers under the trench
that have such slow permeability that these soil layers, rather than the biomat,
control the rate of wastewater flow through the soil.

Q Recall that any site rated as a SUITABLE or PROVISIONALLY SUITABLE
site must have at least 12 to 18 inches of separation between the trench bottom and’
soil wetness conditions or other restrictive horizons.

Two specific soil characteristics that affect unsaturated hydraulic conductivity are
soil texture and depth.

O As soils dry from saturated conditions to lower moisture levels, the hydraulic
conductivity decreases. This decrease of hydraulic conductivity varies with soil
texture. In sandy soils, hydraulic conductivity decreases very quickly as the
moisture content drops; in clay soils the decrease is much slower. This decline
in hydraulic conductivity is shown in Figure 4.4.23.

Higher K
Clay
Lower K Sitt
Sand

Dryer Moisture Content
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Landscape Position

and Slope

The Effects of
Topography and

Landscape Position on
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On-Site System
Placement

Landscape position and slope affect water movement across a site and through the
soil. Thus, an understanding of slope and landscape position is critical in
predicting water flow and site suitability for on-site system placement. Well-
positioned on-site systems ensure that water is drained away from the site and that
an adequate depth of aerated soil (12 - 18 inches) is maintained under the treatment
and disposal trenches.

Relief, which includes slope and landscape position, is one of the five soil-forming
factors that, along with climate, organisms, parent material and time, affect the
soil’s characteristics. Relief has a pronounced effect on the soil type and depth,
characteristics that are critical in determining the suitability of a site for the
placement of an on-site system.

Slope and topography.

Slope refers to the inclination of the land surface whereas topography refers to the
physical features of an area of land, especially the surface configuration.

0 The topography of an area can be described as hilly, mountainous, flat, or as
a coastal plain, foothills, piedmont terrain, plateau, or mountain ridges. Topog-
raphy can be simple, such as in areas with smooth land surfaces, or complex, such
as in areas that have abruptly irregular land surfaces. For example, contours of
elevation, and the shapes of hills, mountains, valleys, ravines, streams, and rivers
are shown on a topographic map.

O Conventional on-site systems canbe installed on slope from 0-65%. The shape
of the slope at a specific site is also important. For example, a site on a slope may
have an outward or convex curve, which is a good placement site, or an inward
or concave curve, which is a poor placement site.

Landscape position.

Landscape position is the specific position on a topographic feature. For example,
an area may have a hilly topography and the landscape position of an on-site
system may be at the bottom of one hill in the area. The landscape position of the
treatment and disposal field is critical to the performance of 2n on-site system.

Slope and landscape position.

Figure 4.4.24 shows the different landscape positions: interfluve or ridgetop,
shoulder slope, side slope, foot slope, and toe slope.

1. The.interfluve, or ridgetop, is the flat area between streams. If the distance
between the streams is large then the area is called the interfluve. Converse-
Iy, if the distance is small then the flat area is the ridgetop.

2. The shoulder slope is the landscape position adjacent to the interfluve, where
the flat areas begin to break into a slope. This slope is concave and water runs
off without accumulating in the soil.

3. Side slopes have nine distinct slope types: linear-linear, linear-convex, linear-
concave, convex-linear, convex-convex, convex-concave, concave-linear, con-
cave-convex, and concave-concave {Figure 4.4.25).

s Linear slopes follow a straight line down the slope but may be flat or
curve across the slope, in the horizontal direction. If the land follows a
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I Ridge

‘ Shoulder -

Side slopes

Figure 4.4.24 Topographical
location and landscape poshion.

Foot slope

Head slope

Ridge and
shoulder

Linear slope

Nose siope

Linear slope

Figure 4.4.25 Types of side
slopes (First word Is downslope.
Second word is across.).

Linear-Linear Linear-Convex Linear-Concave

Convex-Linear Convex-Convex Convex-Concave

Concave-Linear Concave-Convex Concave-Concave

straight line down the slope and across the slope, then it is called linear/
linear. If the linear slope curves outward across the slope it is linear/
convex, and if it curves inward it is linear/concave.

»  More runoff flows away from the site on linear/linear and linear/convex
slopes than on linear/concave slopes. This means that less water
accumulates in the soil on linear/linear and linear/convex slopes than on
linear/concave slopes.
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4. Toward the bottom of the slope is the foot slope and the flatter toe slope. This
is where colluvium, soils formed from debris moving down the hill, and allu-
vium, soils formed from deposits of sediment from streams, are found. The
toe and foot slopes have a concave shape in the vertical direction and are
often poorly drained.

Landscape position and slope in siting on-site systems.

Because slope and landscape position have pronounced effects on the soil type,
soil depth, and drainage, these factors are extremely important in site evaluations
for on-site systems. However, slope and landscape position must always be
evaluated at each site because soil conditions and drainage differ in different
regions. The following points indicate how slope and landscape positions should
be used for site evaluations.

Q Land with a uniform slope less than 15% is considered to be SUITABLE for
on-site systems.

QO If the topography is such that the land has a uniform slope between 15 and
30%, then that land is considered PROVISIONALLY SUITABLE for on-site
systems. '

O For land with a slope greater than 30%, the land is classified as UNSUIT-
ABLE unless an investigation shows that a modified conventional on-site system
can be installed properly as under rule 15A NCAC 18A.1956.

Q Slopes greater than 65% are always classified as UNSUITABLE.

Q Topography where there are complex shapes to the slopes or many gullies and
ravines cutting the slopes is considered UNSUITABLE for.on-site systems.

0 Depressions, or bowl-shaped indentations in the land surface, usvally are
inappropriate sites for on-site systems and are classified as UNSUITABLE.
Depressions collect water and are generally wetter than the surrounding soils,
making them UNSUITABLE. However, if the site complies with other require-
ments ahd is approved by the local health department, the site may be considered
SUITABLE.

Q. Toe slopes, foot slopes, head slopes, and depressional areas are difficult
landscape positions for siting septic systems because these locations are frequent-
ly not sufficiently drained.

Occasionally, there is a difference in the suitability of the same landscape
position in the three geographic regions in North Carolina (Table 4.4.12). This
is because the same landscape position in different regions has differing drainage.
For example, although the interfluve position is an excellient location for on-site
systems in the Piedmont and Mountains, it is a poor site in the Coastal Plain.
Because the Coastal Plain is relatively flat and also because there is a restrictive
layer that causes a shallow ground water table, soils in the interfluve region of
the Coastal Plain are poorly drained and are generally UNSUITABLE for on-site
systems. See Figure 4.2.3 for an illustration of this characteristic.
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Site Evaluation and Testing

SITE AND SOIL EVALUATION CONCEPTS*

The key to installing a reliable on-site system that minimizes pollution and disease
is to identify suitable locations with a thorough site and soil evalvation. The
evaluation determines suitability or points out site limitations. Only after a site
evaluation has been completed can the proper on-site system be designed.

This section provides guidelines for a thorough site and soil evaluation.

On-site systems must: (1) protect public health, and (2) minimize environmental
impacts. To accomplish these goals, the state of North Carolina uses a site and soil
evaluation to determine the suilability of a location for an on-site system and the
type of system that can be installed.

This section discusses the purpose and offers guidelines for making a proper site
and soil evaluation for a proposed on-site system.

The purpose of the site assessment is to understand the soil system and the
hydrology of the site, to predict wastewater flow through the soil and into
subsurface materials, and to design an on-site system to match the soil system and
the hydrology of the site. The site and soil evaluation helps to predict how an on-
site system will function at a site. How well the system functions depends on the
soil’s ability to absorb the wastewater, the probable flow paths of water from the
site, and the treatment received by the wastewater.

The comprehensive site and soil evaluation used in North Carolina requires
considerable expertise by the site evaluator. The site evaluator must have
substantial knowledge about soil science, geology, sanitary engineering, and -
environmental health. Guidelines for a site evaluation are discussed below.

The ten guidelines for a site evaluation can be grouped into the three components
of a site evaluation:

1. collecting information before the site visit,

2. assessing the site and soil at the location, and

3. recording site evaluation data for system design and relaying the information
to the designer of the system and the applicant.

Collecting information before the site visit.

This component of site evaluation consists of preparation. Preparation includes
learning about the sites and soils in the region and knowing what types of on-site
wastewater systems can best fit a situation along with gathering information about
the site to be evaluated.
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FIRST GUIDELINE. Know the rules and know how to collect the needed
information. The Laws and Rules for Sewage Treatment and Disposal Systems are
established by the Commission for Health Services to protect public health and
minimize the environmental damage from on-site systems. These rules provide
performance criteria for on-site systems and consider the allowable risks to the
environment and public health from constituents of the wastewater, such as
bacteria, viruses, nitrate, phosphorus, and other pollutants. The rules also provide
the legal support for a site and soil evaluation and set the standards for site
suitability.

The standards in the rules determine the amount and level of information that wiil
be collected for each site. An initial site assessment will determine the level of
detail for the site investigation and the type of data that should be collected. For
example, a site with relatively flat slope and deep, well-drained loamy soils will
require less investigation than a site with a more complex slope and several
different soil profiles.

SECOND GUIDELINE. Determine the wastewater flow rate and characteris-
tics. Information on wastewater quantity and quality is usedto determine the initial
size and type of on-site system to be installed at a particular site. The information
for determining wastewater quantity and quality can be obtained from the
application for an Improvement Permit.

The type of activity andsize of facility that the on-site system will serve determine
the daily flow and the peak flow of wastewater, or wastewater quantity. Likewise,
the strength of the wastewater, or wastewafer quality, is determined by the
activities in the facility and, to some degree, by the size of the facility and how and
when the wastewater is created.

Wastewater quantity and quality affect the level of detail required for a site
evaluation. For instance, a site proposed for treatment and disposal of wastewater
from a school designed for 400 students would require a more extensive site
evaluation than a system for a two-bedroom home.

THIRD GUIDELINE. Review preliminary site information. Existing, pub-
lished information will help the evaluator understand the types of soils and their

- properties and distribution on the landscape.

Q1 Published documents, such as soil survey reports; soil catena diagrams; and
geologic, topographic and plat maps should be used for initial information about
the site.

0 Warning: soil survey maps are good for planning, initial decision making,
and helping you understand what to expect when you visit the site. However,
they are not detailed enough to make siting recommendations. A field
investigation is necessary for a proper site and soil evaluation. There is NO
substitute for field investigations.

FOURTH GUIDELINE. Understand the septic system design options, Site
evaluators must understand how on-site systems function in order to assess trade-
offs in design options. Additionally, the type of site investigation will also be
determined by the system design options appropriate to the particular location.
Forinstance, a different type of site investigation would be required fora modified

conventional system using ground water interceptor drains than for aconventional
on-site system.
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Q Theon-site system must be designed to allow a sufficiently deep aerobic zone
beneath the treatment and disposal field to properly treat the wastewater before it
enters the ground water.

O Major design options include: the depth of the trench bottom or infiltrative
surface; the loading rate used for sizing the system at the site; and the type of
distribution system, such as gravity or pressure distribution and paraltel or serial
distribution.

O The use of pretreatment options may be needed at the site.

Assessing the site and soil at the location.

FIFTH GUIDELINE. View the on-site system as part of the soil system and the
hydrologic cycle. Typically, on-site systems serving single-family homes do not
add enough water to the site to substantially change the site’s hydrology.

SIXTH GUIDELINE. Predict wastewater flow through the soil and the under-
bying materials, The soil morphological evaluation and landscape evaluation are
important in predicting flow paths and rate of wastewater movement through the
soil and underlying materials. These two evaluations are used for on-site systems
in North Carolina because landscape position and soil morphology greatly
influence wastewater flow from the site,

[ Using the soil morphological characteristics, it can be determined whether
water flow through the soil will occur primarily as vertical movement or as lateral
movement in the horizontal direction.

Q Also, the soil morphological characteristics are used to estimate the long-term
acceptance rate, or LTAR. This estimate of LTAR will determine the size of the
area you must investigate. For example, if the first estimate of LTAR for a site is
0.1 gallons per day per square foot (gpd/ft) then you will need to evaluate four
times the amount of land area than if the estimated LTAR had been 0.4 gpd/ft®. For
LTAR calculations see section 4.6.

O Site and soil evaluations result in a more reliable prediction of wastewater
movement than a percolation or “perc” test. The perc test estimates saturated
hydraulic conductivity by filling a borehole with water and measuring how quickly
the water level falls. North Carolina formerly used the perc test to evaluate sites for
on-site systems, but it has been shown that the perc test technique is inaccurate and
unreliable for determining wastewater flow. Therefore, North Carolina discontin-
ued the use of the perc test for evaluating sites for on-site systems several years ago.

SEVENTH GUIDELINE. Determine if additional information is needed from
the site. Site and soil conditions and the type of on-site system being considered
determine whether additional evaluation is required. Some additional evaluations
that may be required are: ground water mounding analysis, drainage analysis,
hydrogeologic testing, linear loading rate evaluation, and hydraulic conductivity
measurements.

O For instance, if a large system serving a school is proposed at a location with
ground water within 7 to 10 feet of the soil surface, you would want to identify
whether there are any horizons limiting flow. Saturated hydraulic conductivity
measurements in the least permeable horizon followed by ground water mounding
analyses would be beneficial. This analysis helps predict whether unsaturated,
aerobic conditions will still be present beneath the treatment and disposal field
after operation begins and if ground water mounding occurs beneath the system.
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Q Inanother example, if the soil is poorly drained, but sandy and located ona flat
site, it may be possible to modify the seasonal high water table by using drainage.
However, since the site is flat, additional investigations must be used to determine
whether there is adequate elevation drop from the site to the proposed drainage
outlet. This soil and site evaluation is necessary since drainage would not work
effectively if there was not an adequate outlet available.

EIGHTH GUIDELINE. Assess the treatment potential of the site. The treat-
ment potential of the site depends on the degree of soil aeration and the rate of flow
of the wastewater through the soil. Wastewater is treated more effectively in well-
aerated soils where wastewater flow is siow, which allows adequate adsorption
and degradation of undesirable chemical and biclogical constituents. Thus, soil
depth is crucial in determining the treatment potential of the site because there is
alonger flow path through deeper soils. The longer flow path means more contact
with the soil and soil organisms, and more time for degradation of pollutants.

@ InNorth Carolina, there must be 12 inches or more of separation between the
bottom of the trench and any limiting soil condition such as restrictive horizons,
wetness conditions, or bedrock. This separation provides a reasonabie flow path
and contact time for the pollutants to be removed.

Q The one exception is for Class I soils, which need a distance of 18 inches or
more between the trench bottom and restrictive horizons, soil wetness conditions,
or bedrock. These soils have a greater separation distance because wastewater
flows more rapidly through them. The 18-inch separation provides more contact
time for pollutant removal in these highly permeable soils.

NINTH GUIDELINE. Evaluate the site’s environmental and public health
sensitivity, Installing on-site systems in close proximity to community wells, near
shellfish waters, in sole-source aquifer areas, or other sensitive areas may raise
concerns regarding environmental and public health issues. When there are special
environmental or public health concerns about a site, it may be necessary to obtain
additional site information or perform certain evaluations to determine the degree
of impact of the on-site system. In such cases adequate documentation mustbe kept
to show that the site evaluation included the area of concern.

Q For instance, concerns about public health may be raised when large on-site
systems are located adjacent to community wells. Here a detailed assessment of
the ground water flow system is warranted. It is essential to determine whether
the plume of wastewater from the treatment and disposal field will be intercepted
by the cone of depression of the community well. If the cone of depression of the
well is affected, then additional pretreatment of the wastewater may be needed to
minimize any chance of polluting the community well.

Recording site evaluation data for system design and relaying the
information to the designer.

This component requires the site evaluator to communicate information gathered
from the site evaluation to the person designing the system so that a proper design
can be made.

TENTH GUIDELINE. Provide the system designer with soil/site descriptions
andyour recommendations. Based onthe information gathered about the facility,
and the actual site and soil evaluation, the last step is to suggest loading rates,
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highlight site and design considerations, and to point out special concerns in
designing the on-site system.

O The site evaluator should rank each site for the type of system that can be
installed and provide specific soil and site data that will enable selection of the
most feasible design options for the site. It is not enough to just provide the
recommended loading rate or design. You must provide the data upon which these
decisions are based.

Q Inmany cases, a single site and soil evaluation will be all that is necessary to
design an appropriate system. However, on some sites, after collecting informa-
tion about the site prior to and during the site visit, the evaluator may need
additional information to determine the suitability of the site and the type of on-
site system to be installed.

O The process of data collection, evaluation, and design is often an irerative
process. This means that the whole process is repeated several times, where each
time new information or a new design is tried until a design is found that will fit
the site. Some sites may require many repetitions before the final selection of an
appropriate on-site system is made.

Six factors must be evaluated for installation of an on-site system. These factors
determine what type of on-site system best fits the site and how well the system
will perform. The following section first discusses the six site and soil evaluation
factors and how the site can be classified. Then each evaluation factor is presented
in detail, explaining what the factor is and how to evaluate it. NOTE: This applies
to design wastewater flows of 3,000 gpd or less.

In the state of North Carolina six factors must be evaluated to determine the
suitability of a site for on-site system instaliation. The six factors are:

slope and landscape position,

soil morphological characteristics,

soil wetness,

soil depth,

restrictive horizons, and

I

available space.

After the site and soil evaluation, the local health department will compile the
information and classify each factor as SUITABLE (S), PROVISIONALLY
SUITABLE (PS), or UNSUITABLE (U}, for ground absorption sewage effluent
treatment and disposal (Table 4.5.1).

After each of the factors are classified as S, PS, or U, the overall site classification
is determined by the most limiting factor that cannot be corrected by design or site
modifications. For example, the soil wetness factor is U due to soil wetness at a
depth of 32 inches in a loamy soil. The site may then be reclassified as PS, with
the trench bottom installed no deeper than 20 inches.
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peclal Considerations

Types of on-site systems allowed for each site classification.

A site classified as SUITABLE receives a permit for on-site system installation
with few restrictions. A permit with more restrictions is issued for a site classified
as PROVISIONALLY SUITABLE. No permit is issued for UNSUITABLE sites
unless the site is reclassified as PROVISIONALLY SUITABLE. The three types
of site classification are described in the following list,

1. Aconventional on-site system canbeinstalledona SUITABLE site with greater
than 4 feet to any restrictions. This system could have 2 feet of backfill over the
top of the crushed rock in the trench and the trench bottom would be at least 12
inches above any unsuitable soil layer. See Figure 4.5.1 for a diagram of a
conventional trench.

2. A modified on-site system would have to be instailed on a site permitted as
PROVISIONALLY SUITABLE. For example, in a conventional modified
system the distance between the soil surface and top of the crushed stone in
the trench would only be 12 inches instead of 24 inches. See Figure 4.5.1 for
a diagram of one type of modified conventional trench.

3. Ifasoil layer with unsuitable characteristics is located within 36 inches of the
surface, the soil is classified as UNSUITABLE. With further investigation and
if certain site modifications are made or if certain alternative on-site systems
are used, the site may reclassified as PROVISIONALLY SUITABLE. Chap-
ter 7 gives details about alternative systems.
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Soil Group |

Figure 4.5.1 Placement of
modified conventional and
conventional trenches in
the soil.

18 inches
minimum

Soil Groups
I, v

12 inches
minimum \

Reclassifying UNSUITABLE Sites.

Sites can be reciassified from UNSUITABLE to PROVISIONALLY SUITABLE
because of soil wetness or restrictive horizons if the following conditions are met:

Reference
15A NCAC 18A.1956(2)

Reference
I15A NCAC 18A.1955(m)

Evaluating Slope and
Landscape Position

1.
2.

Soils are Group I or 1 with SUITABLE structure and clay mineralogy.

Restrictive horizons, if present, are less than 3 inches thick or less than 12
inches from the soil surface.

Site modifications can be made so that there is at least one foot of naturally
occurring soil between the trench bottom and saprolite, rock, or any soil hor-
izon unsuitable because of structure, clay mineralogy, and wetness. A low-
pressure pipe systemn must be used if the separation between the bottom of
the nitrification trench and any soil wetness condition is less than 18 inch-
es and if more than 6 inches of this separation consists of Group I soils.

Easements are recorded and have adequate width for access to maintain drain-
age systems serving two or more lots.

Maintenance of the drainage system is made a condition of any permit issued
for the use or operation of a sanitary sewage system.

Drainage can be used in other types of soil as long as the appropriate engine-
ering, hydrogeologic, geologic, or soil studies indicate that:

= a ground absorption system can be installed so that the effluent will be
non-pathogenic, non-infectious, non-toxic, and non-hazardous;

n the effluent will not contaminate ground water or surface water; and

m the effluent will not be exposed on the ground surface or be discharged
to surface waters where it could come in contact with people, animals,
or vectors.

Two factors, slope and landscape position, determine whether water will collect
at a site or flow away from the site. In general, concave or flat features accurnulate
water, resulting in wetter soil conditions. Convex sites tend to make water flow
away from the site and are typically drier than concave or flat sites. Thus, slope
and landscape position are extremely important factors in site evaluation because
these factors strongly influence how wet the site is.

4,57
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Slope also affects the installation of septic systems. It is impossible to operate
equipment for system installation on a slope greater than 65%.

0 When evaluating a site for landscape and slope, the environmental heaith
specialist must locate the best position for the on-site system. To choose the best
location, the environmental health specialist must evaluate the property for overall
landscape position and for specific features.

» Overall topography and landscape position can be determined by walking
over the property or standing at a location where the land surfaces can be
seen. Those locations that have convex shapes or that have water flowing
away from the location so that the soil is drier are the best locations for on-
site systems. For example, it is better to install a treatment and disposal
field on a ridge top than in a depressional area.

» The specific location on the lot should be evaluated for characteristics
important to on-site systems. Some factors that should be investigated are:

1. What is the slope?

2. Does water flow to or away from the location?
3. Are there any depressional areas?
4

. Are the soil depth and restrictive horizons deep enough to install the
trench, given the slope?

O Inevaluating the slope and landscape position, remember that laying out the
system includes locating the system components in appropriate locations. For
example, although the slope may not be a limiting factor, it may interfere with
placement of some trenches due to the available soil depth.

0 Suitability for placement of conventional on-site systems, as determined by
slope, is shown below.

O For low-pressure bipe on-site systems, the slope cannot be greater than 10%
unless special design procedures are approved to assure proper distribution of
effluent over the treatment and disposal field.

O Area-fill systems cannot be installed on slopes greater than 15%.
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Slope determination.

Slope is determined by measuring the change in elevation over a particular
distance. Rods are heid at the lowest position and the highest position. A
surveyor's level is used to read the rod heights. The difference in these heights
isthe change in elevation. This change in elevation is then divided by the distance
between the two rods. Three examples are presented below in Figure 4.5.2.

2% Slope
2 Foot Drop
100 Feet
5% Slope
5 Foot Drop
100 Feet
9% Slope
9 Foot Drop
100 Feet

[ Two landscape positions that are UNSUITABLE for on-site systems are
depressions and wetlands.

Wetlands!

O Ai sites where the landscape position and soil properties cause water to flow
over or through the soil at the site of the treatment and disposal field, the local
health department may direct the use of landscaping, surface diversions, or
ground water interceptors to reduce the surface or subsurface water flow.

4.5.9
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Soil characteristics are critical in determining the suitability of a soil for treating
wastewater, In North Carolina, the four soil characteristics evaluated are texture,
structure, clay mineralogy, and organic soils. These characteristics are evaluated
by using soil borings and soil pits.

Soil borings'and soil pits for soil evaluation.

Four of the evaluvation factors, wetness, depth, soil morphological characteristics,
and restrictive horizons, require soil borings or digging a soil pit for proper
evaluation. Soil borings are less expensive than soil pits and are sufficient to
determine the suitability of the four soil factors for many sites. Onsites that require
a more detailed evaluation, a soil pit should be dug to determine site suitability.
Pits provide a much better means to view and evaluate the soil than soil borings
and should be used when a detailed soil description is necessary for site suitability
determination.

[ Soil borings are 2-4 inch diameter holes in the soil vsed to view the soil at a
site. The borings or pit should be at least 48 inches deep or go down 1o a depth
where an uncorrectable soil factor is encountered.

Q Soil pits are holes large enough for a person to enter and view the soil closely.
Backhoe-dug pits are an excellent diagnostic tool for soil depth, wetness, and
restrictive horizons. Because a pit allows the evaluation of a larger cross-section
than does the soil auger, the soil may be found to have different characteristics than
those identified through auger sampling alone. Since the use of a backhoe-dug pit
allows a more thorough soil evaluation, it may be possible to reclassify a site as
PROVISIONALLY SUITABLE that would have been considered UNSUIT-
ABLE from auger borings alone prior to the pit evaluation..

» For example, a restrictive horizon at a site may be discontinuous. A soil
pit analysis would probably reveal this discontinuity whereas a soil-auger
test might not. By using soil pits, the site might be reclassified to reflect
the restrictive layer discontinuity.

s Another situation in which pits are useful is for soils with stony or gravelly
layers found in the Piedmont or Mountains. Forthese soils, asoil boring may
lead the evaluator to think that a stony layer is impervious bedrock. A soil
pit, on the other hand, may reveal that the layer is a stony or gravelly horizon
that will not impede water flow.

Q A soil pit, in conjunction with soil borings, must always be used when
evaluating saprolite.

Soil texture,

Soil texture is defined as the relative proportions of the various soil separates in
asoil. Texture is a soil morphological property that affects a site’s suitability for
treating and safely disposing of wastewater. Texture influences the hydraulic
conductivity, the porosity, and the structure of a soil. Soils with poor drainage due
to heavy texture, such as clay soils, may not allow wastewater to move rapidly

-enough through the soil to dispose of the needed volume of wastewater. Soils that

are too wet or that become too wet do not provide sufficient air for the beneficial
microorganisms, or bacteria, that are “treating” the wastewater.
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O Texture in each soil horizon can be determined by hand. Table 4.5.2 presents
the criteria used to determine soil textural class by hand as described in Soil
Taxonomy (USDA-SCS, 1975}

Q H, however, laboratory analyses are used, the examination should follow the
American Society for Testing and Materials D-422 procedures for soil textural
testing but use the USDA particle size system for classifying textural categories.
Additionally, fine loamy and clayey soils (Groups III and 1V) should be soaked
in a dispersing agent for 12 hours prior to the hydrometer analyses.

O The soil texture determinations of the fine earth fractions (< 2mm diameter)
usually divide soil into 12 textural classes. In North Carolina, for the purpose of
on-site wastewater evaluation, the 12 classes are combined into four textural
groupings:

Groupl -— Sandy Texture Soils

Group I — Coarse Loamy Texture Soils

Group iIl — Fine Loamy Texture Soils

Group IV — Clayey Texture Soils

Table 4.5.3 shows how all 12 soil textural classes are assembled into these
four groupings.

" 1. Soils in Group I and 11 are SUITABLE for on-site systems.

2. Group IIl and IV soils are PROVISIONALLY SUITABLE for on-site
systems.

4.5.11



Table 4.5.2
Criteria for Soll
Textural Class
Determination

START

Place approximately 259 sail in palm.
Add water dropwise and knead the soil
to break down all aggregates. Soil is at
the proper consistency when plastic and
moldable, like moist putty.

<—

Add dry soil to
soak up water

N

h
YES

4

YES

Does soil remainina |
ball when squeezeed?

NO

Is soil

NO _

too dry?

Is soil
too wet?

YES
A

Place a ball of soil between thumb and

torefinger gently pushing the soil with the
thumb, squeezing it upward into a ribbon.
Form a ribbon of uniform thickness and width.
Allow the ribbon to emerge and extend over
the forefinger, breaking from its own weight.

LOAMY | NO

Does soil form a ribbon?

SAND

YES

y

Does soil make a
weak ribbon less
than 2.5 cm long
before breaking?

NO

SANDY\ YES

LOAM

YES
-

YES

Does soil make
a medium ribbon
2.5-5cmlong
before breaking?

NO

YES
h

Does soil make
a strong ribbon
5 cm or longer
before breaking?

YES
Y

Excessively wet a small pinch of soil in palm and rub with forefinger.

v

Does soil
feel very
gritty?

NO

Does soil
feel very
smooth?

NO

q=lbvﬂs

Neither grittiness
nor smoothnes
predominates
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SANDY \ yes

YES
e_.

YES

Y

Does soil
feel very

gritty?
NO

Does soil
feel very
smooth?

NO

Neither grittiness
nor smoothnes
predominates

YES

<— feel very

y

Does soil
feel very
gritty?

NO
i
Does soil

smooth?

NO

Neither grittiness { ¢
nor smoothness
predominates




Reference
15A NCAC 18A.1941(a)(2)(A-F)

Reference
15A NCAC 18A.1941(a)(3)(A-B)

Site Evaluation and Testing

Soil structure.

Soil structure is a way to describe how individual soil particles are arranged
into larger groupings of particles called aggregates. Structure affects the rate
of water movement through the soil, the amount of air that can get into the
soil, and thus the soil’s ability to treat wastewater. Table 4.5.4 describes soil
structure categories, as designated in the ruies, and assigns suitability classes to
the different soil structures.

[ Five soil structures are recognized for site evaluation purposes.
1. Crumb and granular

Block-like

Platy

Prismatic

Eall o

5. Absence of structure: a) single grain and b) massive

QO The presence of block-like structure is particularly important in some

Piedmont and Mountain soils, since water flow around these block/peds allows
these soils to be used for on-site waste management (refer back to the section -
on soil structure in the Basic Soil Concepts chapter for more details).

O For information on soil structure refer to Soil Taxonomy, Appendix 1
{(USDA-SCS, 1975).

Clay mineralogy.

The type of clay mineralogy and the amount of clay in a secil influence water
movement.

There are different types of clays. The two major types of clay are 2:1 and 1:1
clays. 2:1 clays expand when wet, whereas 1:1 clays expand only slightly when
wet. These concepts are discussed below.

O Clays with a 2:1 mineralogy, such as montmorillonite, shrink when dry and
swell upon wetting. When a soil swells, the soil particles expand into the structural
voids, reducing the size of the openings, and reducing total porosity. The hydraulic
conductivity of the soil is therefore reduced, which limits the movement of
wastewater through the soil. Soils with 2:1 clay mineralogy are generally not
suitable for on-site systems because the soil swells and restricts the flow of water.

4.5.13
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[ Soils with 1:1 clays, such as kaolinite, have less shrink/swell potential. Soils
with 1:1 clay mineralogy are suitable for on-site systems because these soils do not
swell and restrict the water flow.

Q If the clay fraction of the soil has between 10 and 50% 2:1 clays, the soil has
mixed mineralogy. Some soils with mixed clay mineralogy can be used for on-site
systems; some cannot. Soils with mixed mineralogy are not suitable for on-site
systems if the consistence is very firm, extremely firm, very sticky, or very plastic.

'Each soil in this class must be evaluated to determine if it is suitable for on-site

wastewater disposal.

[ Socils with predominately 1:1 clays and less than 10% 2:1 clays are usable for
on-site systems.

O Inlieu of a laboratory analysis to determine clay mineralogy, the American
Society for Testing and Materials (ASTM) procedures must be used to determine
liquid limit, plastic limit, and the plasticity index of the soils.

Soil consistence.

Clay mineralogy can be determined in the field by evaluvating soil consistence. Soil
consistence is a measure of how well the soil forms shapes and how well it sticks
to other objects. Consistence can be determined when the soil is dry, moist, or wet.
In North Carolina, the best test for soil consistence is when the s0il is moist or wet.

Q [namoistsoil, consistence is determined by looseness, friability, and firmness.
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O Inawet soil, two consistency factors, soil stickiness and plasticity, should be
determined. Stickiness, how well the soil sticks to other objects, is determined by
pressing the soil between the fingers and thumb. Plasticity, how well the soil
forms shapes, is determined by rolling the soil between the thumb and forefinger
to determine whether a thin rod or wire of scii can be formed. See Table 4.4.9
in the section on Basic Soil Concepts for more details on how to evaluate soil
consistence. Additional information on soil consistence can be found in the
publication Soil Taxonomy (USDA-SCS,1975).

O If the soil is UNSUITABLE because of structure or clay mineralogy, the
classification may be changed to PROVISIONALLY SUITABLE if an investi-
gation determines that a modified or altemative septic system would function
appropriately on this site. See 15A NCAC 18A.1956 or .1957 for the rules
governing installation of modified or alternative septic systems.

Site suitability.

The suitability of a soil for on-site system installation, based on consistence
measured at either wet or moist soil conditions, is shown in Table 4.5.5.

Organic matter.

Organic soils, soils with 20% or more organic matter by weight to a depth of 18
inches or greater, are always UNSUITABLE as locations for on-site systems.
These soils remain wet throughout most of the year because they drain too slowly.
Organic soils may also bumn or subside causing the on-site system to be destroyed.

4.5.15
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Adequate treatment of wastewater can only occur in well-aerated soils. Because
wet soils do not allow adequate treatment of wastewater, on-site systems must
not be instalied in wet soils.

Soil color is used to indicate soil wetness. Once the soil colors and the depth of
these colors have been determined, the soil can be classified for suitability of on-
site system installation based on wetness.

Q Chroma is the relative strength, purity, or saturation of the color of the soil.
Chromas of 2 or less on the Munsell color chart, either in mottles or as a solid soil
mass, often indicate a wet soil. The wetness could be caused by a seasonal high-
water table, perched water table, tidal water, soils that are saturated during the
rainy season, or movement of ground water into and through the soil. The
relationships between the depth to the soil with chroma 2 or less color and the site
suitability for installation of an on-site system are presented in Table 4.5.6.

QO Sometimes scil color is an artifact of the original parent material and is not
indicative of soil wetness. 1f the soil color is due to the original parent material,
then color shall not be used to judge the suitability of this soil for the installation
of an on-site system.

Q Other site characteristics can be used to indicate soil wetness. Vegetation and
landscape position can both be used as an initial indicator of wet areas.

{Q If the site has been drained, the soil must be evaluated for soil wetness by
monitoring the site with monitoring wells from December through March to
determine the water table depth.

Q In the Piedmont, interceptor drains may be used for lowering perched water
tables. Inthe mountains, these drains can divert laterally moving water in colluvial
soils. In the Coastal Plain, ground-water-lowering devices, such as subsurface
tiles, ditches, or pumped drainage, are frequently used.

1 Ii the soil is UNSUITABLE because of wetness, the classification may be
changed to PROVISIONALLY SUITABLE if an investigation determines that
a modified or alternative septic system would function appropriately on this site.
See 15SANCAC18A.19560r.1957 for the rules governing installation of modified
or alternative septic systems.
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Figure 4.5.3 Soll depth and
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Soils must have enough depth so that wastewater is properly treated. Soil depth
from the soil surface to the saprolite, rock, or parent material is a major factor in
determining the suitability of the site for on-site systems. See Figure 4.5.3 fora
drawing showing soil depth requirements, as stated in the rules.

| seuoui g¢ |
uBy) $8)|

Provisionally Unsuitable
Suitable

O Twelve inches or more of aerated soil is generally required beneath the
trenches to adequately treat the wastewater. However, a total of 48 inches of
acceptable soil is necessary for conventional on-site system installation. If the
total soil depth is between 36 inches and 48 inches, a modified on-site system can
be installed, requiring 12-24 inches of soil above the trench, a 12-inch trench, and
12 inches below the trench.

[ The only exception to the soil depth requirement is for sites with less than 36
inches of soil where the site evaluation has determined that a modified or
alternative system can be installed. For instance, site suitability for low-pressure
pipe systems must be based on the first 24 inches of soil beneath the naturally
occurring soil and surface. See 15A NCAC 18A.1956 or .1957 for the rules
governing installation of modified or alternative septic systems.

Soil depth and slope.

On steep slopes, the depth of soil required for installation of trenches may be
greater than the depth called for in the rules. This extra soil depth is needed to keep
the bottom of the trench level and at the proper depth on the sloping site. For
example, if a treatment and disposal field has a slope of 60% and a modified
conventional system with a trench depth of 24 inches is to be installed, then the
minimum soil depth at the lowest elevation must be 57.6 inches. This depth is
required because on a 60% slope with a 36-inch wide trench, there is a difference
of 21.6 inches between the uphill and downhill sides of the trench. To keep the
downhill side of the trench 24 inches deep and to have 12 inches of soil under the
trench bottom, there must be 57.6 inches (21.6 + 24 + 12) of total soil depth.

See Figure 4.5.4 for another explanationof the extra depthof soil required toinstall
trenches on siopes. Table 4.5.7 lists the differences in the uphill and downhill sides
of a trench for trenches of various widths on various slopes.

4.5.17



Figure 4.5.4 Ditference In depth
in inches between uphill and
downhill side of trench.
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Figure 4.5.5 Trench placement
in saprolite soll and a mixed
soll/saprolite.

Soil
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Example: For atrench width (W) of 36
inches and a slope of 40%, the differ-
ence between the uphili and downhill
side of the trench (D-d) is 14.4 inches.
For a trench depth (d) of 18 inches and
a minimum separation from trench bot-
12" tom of 12 inches, the required minimum

' soll depth is 18+12+14.4 = 44.4 inches.

Soil depth and the use of saprolite.

If soils are not deep enough to install an on-site system but are underlain by
saprolite, the site may be reclassified as PROVISIONALLY SUITABLE under
certain conditions. A trench or pit investigation of the saprolite must be
conducted in order to determine if the following physical properties and
characteristics are met:

1. Saprolite must have weathered from igneous or metamorphic rocks.

2. Saprolite texture must be sand, loamy sand, sandy loam, loam , or silt loam.
3. Clay mineralogy must be SUTTABLE (non or slightly expansive).
4

. Moist saprolite consistence must be loose, friable to very friable or firm for
more than 2/3 of the material.

5. Wet saprolite consistence must be nonsticky or slightly sticky and nonplastic
or slightly plastic.

6. The saprolite must have no open and continuous joints, quartz veins,
or fractures relic of parent material to a depth of 2 feet below the proposed
trench bottom.

Saprolite depth. When saprolite is used rather than soil to treat wastewater, a
separation distance of 24 inches is necessary between the bottom of the trench and
any weathered rock or bedrock (Figure 4.5.5}). If the trench is placed partially in
soil and partially in saprolite, then the separation distance is 24 inches — x, where
x is the depth of the soil in inches (Figure 4.5.5). For example, if a 12-inch trench
was composed of 9 inches of soil and 3 inches of saprolite, then the total depth of
saprolite necessary to treat the wastewater would be 15 inches (24 inches — 9
inches = 15 inches).

Saprolite Sil/Saprolite
L o) S = ~ L 2 -
24 inches 24 inches 24 inches
X p 4 4
12 inches 12 inches 9 inches
.~ 3 inches
(- X 3
12 inches
(18 inches 15 inches
A Vv inGroup | § 24 inches ©
\  soil)
4
W
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Figure 4.5.6 Soll restrictive
layers and site suitability.
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4.5.20

The depth where restrictive horizons are located is important when determining
the suitability of a site. Because restrictive horizons retard or stop water or
wastewater flow, the presence of these horizons, if they are too close to the soil
surface, can disqualify a site for on-site system installation.

O For purposes of site evaluation, restrictive horizons are defined as layers of
material that are at least three inches thick that effectively prevent water from
flowing through. See Figure 4.5.6, which shows the relationship between
restrictive horizon depth and suitability for on-site system installation.

O The only exception to the restrictive horizon depth requirement is for sites
where the restrictive horizon is less than 36 inches from the surface and where
the site evaluation has determined that a modified or alternative system can be
installed. -See 15SA NCAC 18A.1956 or .1957 for the rules governing installation
of modified or alternative septic systems.
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Available space for on-site systems depends onboth the area of acceptable soil and
site conditions and the required separation distances between the on-site system
and buildings, water supplies, and other structures.

On-site space needed.

Sites for on-site systems must be large enough to allow installation and proper
functioning of the systems. There must be enough area for the treatment and
disposal field so that the system has long-term reliability. (See Section 4.6 for
information on long-term acceptance rates of septic wastewater,)

C
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Reference
15A NCAC 18A.1945(b)

Reference
15A NCAC 18A.1935(31)

Reference
15A NCAC 18A.1945(c)

Reference
15A NCAC 18A.1945(d)

Q1 In addition to the area needed for the treatment and disposal field, sites must be
large enough area for a repair or replacement system that is set aside. The repair
area would be used to install another treatment and disposal field if the original
treatment and disposal field fails.

[ The size of repair areas must conform to the rules for the design criteria of
conventional sewage systems ( 15A NCAC 18A.1955), modifications to septic
tank systems (15A NCAC 18A.1956), or for design of alternative sewage systems
{15A NCAC 18A.1957). For example, the initial system may be a conventional
septic system with 4 trenches, 9 feet on center, and BO feet long; and the
replacement may be a pressure distribution system with 10 trenches, 5 feet on
center, and BO feet long. The repair area must also conform to the necessary
setbacks. The Improvement Permit must designate the original system layout,
repair area, and type of replacement system.

Q There are exceptions to the repair area criteria described above. Ifasiteor tract
of land meets all of the following criteria then it is exempt from the repair area
space requirement:

m Thelot or tract of land was on record with the Register of Deeds at the court
house on January 1, 1983.

m The lot is of insufficient size to satisfy the repair area requirement.
@ A system of no more than 480 gallons is to be instalied.

(1 Lots exempt from the replacement system area requirement must still reserve
the maximum feasible area for repairs or expansion of the initial system.

Horizontal distance placement requirements.

A site must have enough space to install the on-site system and to keep a
separation between the system and certain features or structures. On-site systems
must be set back certain distances from water supply sources, streams, lakes,
drains, buildings, property lines, and other features. These minimum setback
distances are to protect water wells, streams, and homes from pollution by the on-
site system, allow for area to install the system, and space for the treatment and
disposal of wastewater.

Placement distances for conventional and modified on-site systems are presented
in Figures 4.5.7-9 on the following pages.
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Figure 4.5.7 On-slte treatment and disposal system component placement
distances for flows less than 3,000 gallons/day

4.5.22

Private Water Supply Source

100 ft. Public Water Supply Source
WS-| Stream
S.A. Water’
Class | & Il Reservoir?
| Coastal Water®

Stream

Marsh

Surface Water

Permanent Storm Water Retention Pond?

Lake or Pond

25 ft. Drainage System Downslope

On-Site System

Ground-water-lowering Ditches

Storm Water Infiltration Basins or Devices

20 1.

Swimming Pool

35 ft. Drainage System Sideslope

or More Vertical Height
Any Basement

Drainage System Upslope

10ft. | Any Water Line

Any Property Line

5% | Any Buitding Foundation

NOTES:

| Any other Nitrification Field (except repair area)

Top of Slope of Embankments or Cuts of 2 feet

' From “mean high water mark™— see definition in 15A NCAC 18A. 1935(15).
2From “normal pool elevation”
3From *flood pool elevation”
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Figure 4.5.8 On-site disposal system placement distances for flows greater than
3,000 gatlons per day with one or more treatment and disposal fields receiving
more than 1,500 gallons per day. '

On-Site Disposal Systemn

500 ft. Class | or Hl Reservoir
Public Water Source Utilizing
Shaliow Ground Water Aquifer
200 f Any Other Public Water Supply
- (unless in a confined aquifer)
SA Water
WS-l Water
100 . Any Private Water Supply
{unless in a confined aquifer)
Any Surface Waters Classified WS-II, WS-IIl, B or SB
25 . Any Property Line

Figure 4.5.9 On-site system placement distances for collection sewers, force mains, and supply lines.

On-Site System

100 ft. Public Water Source

Class | & Il Reservoirs
Any Private Water Supply
501t Public Water Source and Class |

and |l Reservoirs (if sewer pipelines constructed
of leak-proof pipe)
WS-, WS-II, WS-Ill, B, SA and SB Waters

2511, Any Private Water Supply

(if sewer pipelines constructed of leak-proof pipe}

WS-, WS-1l, WS-lli, B, SA and SB Waters

(it sewer pipelines constructed of leak-proof pipe)
Any Cther Strearn, Canal, Marsh, Coastal Waters, Lakes
10 or Other Surface Waters

Any Basement

Top of Embankment Slope or Cuts 2 Feet or Higher
Ground-water-lowering Devices

Any Swimming Pool

Any Property Line
Inierceptor Drains
Storm Drains

Storm Water Diversions

Any Other Nitrification Fieid
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Reference Rules for the placement of sewer lines crossing a water line, a storm drain, and a u
15A NCAC 18A.1950(fg,h) stream are presented in Table 4.5.8.

* Health and Naiural Fesousces, Divison of EnvronmentalHealth OrSta Wester
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Reference
15A NCAC 18A.1950(b)

Reference
154 NCAC 18A.1950(c)

Reference
15A NCAC 18A.1955(e)

Reference
15A NCAC 18A.1950(i)

Figure 4.5.10 On-site system
placement distances for
individual aerobic sewage
treatment units.

Some exceptions to the rules and general provisions for separation distances are
listed in Table 4.5.9.

There are a few exceptions from the standard rules to the placement distances for
individual acrobic sewage treatment units (ATUSs). These distances are presented
below (Figure 4.5.10).

On-Site System

70 ft. WS-| Stream

S.A. Water
Class | & Il Reservoir

50 ft. Private Water

35 ft.

Supply Source (except uncased
wells and springs)

Other Coastal Water

Stream

Canal

Marsh

Other Surface Water

Storm Water Retention Pond from Flood Elevation
Lake or Pond from Normal Pool Elevation
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Reference
15A NCAC 18A.1946(4)
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Factors

There are a number of situations where other factors, in addition to the above six
site factors, must be considered.

High-capacity wells.

All pumping wells create a cone of influence, an area around the well where the
ground water level is lowered by the withdrawal through the well. High-capacity
wells, such as community, municipal, and industrial water supply wells, pump
more water and have much larger cones of influence than household wells. These
large cones of influence must be considered when locating on-site systems. Thus,
on-site systems may need to be located much farther away from large wells than
the required 100 feet, as shown in Figure 4.5.7.

Large on-site systems.

Foron-site systems discharging more than 3,000 gallons per day, certain informa-
tion must be collected to predict the height of the water table mound below the
treatment and disposal field and the flow rate of the wastewater from the treatment
and disposal field trenches. Soil borings to depths greater than 48 inches,
permeability and hydraulic conductivity measurements, and water level readings
must typically be collected. If these measurements indicate that the water table
will not remain two or more feet below the treatment and disposal field or that the
wastewater will rise to the surface, the site must be classified as UNSUITABLE.
More detail on conducting site evaluations for large systems can be found in
Section 4.6.

Hydraulic conductivity measurement techniques and other tests in relation-
ship to some soil morphological characteristics. Hydraulic conductivity is the
measure of the rate water moves through the soil. The rate of water movement
through a soil is influenced by the texture, structure, and mineralogy, because
these soil morphological characteristics determine the size and the connectivity of
the pores, which in turn determines the speed of water movement.

0O Hydraulic conductivity measurements for determining site suitability for on-

_ site wastewater systems are used in two specific situations in North Carolina:

m For large systems where the flow to a single nitrification field is more than
1500 gallons per day and

u For the design of artificial drainage systems used to modify sites for on-site
systems.

Q In most situations, the usual site evaluation is enough to determine the suit-
ability of the site or lot for on-site systems. For sites located on benchmark soils
(soils that are typical to North Carolina), additional information on hydraulic
conductivity is available.

Hydraulic conductivity tests. Determining hydraulic conductivity requires a
proper test method. Many hydraulic conductivity tests have been devised and are
inuseindifferent areas. A goodsource for information on hydraulic conductivity
tests is the article by Amoozegar and Warrick, 1985, in Appendix B.

The two methods most commonly used in North Carolina when soil hydraulic
conductivity measurements are necessary are the constant-head permeameter test
and the auger-hole pump out test.
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Q Constant-head permeameter test. The constant-head permeameter, also called
the shallow well pump-in method, is a common technique used to measure
saturated hydraulic conductivity. This test works best where the water table is
relatively deep. A source of water is required to saturate the soil for this test.
See the publication by Amoozegar and Warrick, 1985, or Appendix 2, for
more information on constant-head permeameter tests.

» To run the test, a hole is bored to a desired depth and enough water is poured
into the hole to maintain a certain depth of water in the hole, usually 6 inches
(for a 2.5-inch diameter hole). After a while, the flow rate of the water out
of the hole through the soil will be constant. This flow rate should be
measured, along with the diameter of the hole, the depth of the water in the
auger hole, and the distance between the bottom of the hole and any
restrictive layers. Equations provided in Appendix B should be used to
calculate saturated hydraulic conductivity.

0O Auger-hole pump-out test. The auger-hole pump-out method, or auger-hole
method, is the most commonly used test to measure saturated hydraulic
conductivity where the water table is near the surface. More details on this test
can be found in the article by Amoozegar and Warrick, 1985, in Appendix B.

s Inthistest, ahole is dug below the water table, using a soil auger to minimize
soil disturbance. The hole needs to fill with water and be pumped out several
times before the actual test. When the test begins, the ground water is
allowed to rise in the hole to the level of the water table. Then, the water
is pumped out of the hole and the rate at which the water rises in the hole is
measured.

s To calculate the saturated hydraulic conductivity, the depth of the water in
the hole , the diameter of the hole, and the distance between the restrictive
layer below the hole and the bottom of the hole must be determined.
Several different calculation techniques can be used. See Appendix B for
more information on this test.

O Other methods. As mentjoned above, there are a number of methods for
determining hydraulic conductivity. In Methods of Soil Analysis, Amoozegar
and Warrick have separated shallow water table methods from deep water
table methods. The methods described by Amoozegar and Warrick are listed
below. More information can be found in Appendix B.

= Shallow water tabie methods include the auger-hole pump-out method, the
piezometer method, and other techniques.

s Deep water table methods are the double-tube, the shallow well pump-in,
the cylindrical permeameter, the infiltration-gradient, and the air-entry
permeameter methods.

Because North Carolina uses site evaluation to determine site suitability, it is
essential to evaluate all six factors—slope and landscape position, soil morpho-
logical characteristics, soil wetness, soil depth, restrictive horizons, and avail-
able space—and to compile them into a suitability rating.

O If the ratings are the same for all six evaluation factors, then that rating is the
site’s classification. For example, on a site where each individual factor is
designated as SUITABLE, the site should receive a SUITABLE classification.
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4.6

Estimating System
Loading Rates

Long-Term Acceptance

Rate of a Soilr

ON-SITE WASTEWATER LOADING RATES |

The volume of wastewater that can be treated and disposed of by an on-site system
is extremely important to the system user and to environmental health specialists.
An on-site system that fails because too much wastewater is applied is not only a
problem for the user and environmental health specialist, but is also a danger to
the public health. On the other hand, oversized on-site systems are expensive and
may not be the best use of land.

The loading rate of an on-site system is the amount of wastewater applied to a
square foot of soil per day. This rate depends on a number of factors, including
the long-term acceptance rate of the soil at the infiltrative surface, the type of on-
site system, and the contents of the wastewater.

Detailed knowledge of the site is necessary to keep the system loading in a safe
range. This section presents ideas for determining the loading rate for an on-site
system.

The long-term acceprance rate (LTAR) is the amount of wastewater that can be
applied each day over an indefinite period of time to a square foot of s0il such that
the effiuent from the on-site system is absorbed and properly treated. In the rules,
LTAR and loading rate are the same.

The LTAR is determined by a number of factors. Certainly, the rate effluent can
move through the most hydraulically limiting soil horizon has a great effect on the
LTAR. However, the type of biomat that forms at the infiltrative surface and the
type of system also affects the LTAR. A specific LTAR is based on the total
evaluation of the soil and site.

Q Table 4.6.1 illustrates how soil texture affects the range of values for LTAR
for conventional systems. The loading rate of Group I soils can be as much as 10
times that of Group 1V soils.

Q Anexample of howthe LTAR range is changed for some modified wastewater
systems can be seen by comparing Table 4.6.1 and 4.6.2. For the same texture,
the LTAR range for wastewater effluent application is always greater for a
conventional on-site system installed in the soil sofum (A, E, or B horizon) than
for a system installed in saprolite. The reason for this difference is that saprolite
materials usually have lower hydraulic conductivity than solum herizons of a
comparable texture (Amoozegar et al., 1993).

Q For conventional systems or medified conventional systems, the LTAR is the
rate per day that wastewater can be absorbed through the bottom of the infiltration
trenches and underlying horizons. For low-pressure pipe (LPP) systems, the
LTAR is the rate per day that wastewater can be absorbed through the entire
drainfield area (trenches plus the area between the trenches).
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Conventional On-Site
Systems Loading Rates

Reference
15A NCAC 18A.1955(b)

4.6.2

For conventional on-site systems the LTAR is based upon the most hydraulically
limiting soil horizon within 3 feet of the soil surface or one foot below the trench
bottom, whicheveris deeper. Long-term acceptance rates for conventional on-site
systems are presented in Table 4.6.1 for the four soil groups.

O If grease accumulation will be a problem, then the LTAR for any soil group
cannot exceed the mean rate of application. For example, if a food service or meat
market facility was planned for a site with a clay loam textured soil, then the
maximum wastewater loading rate possible for the site would be 0.45 gpd/f®.

(O For facilities where there is data from comparable facilities that indicate the
grease and oil content of the effluent will be less than 30 mg/l and the chemical
oxygen demand is less than 500 mg/l, an LTAR uvp to the maximum for the
applicable soil's textural group can be used. Otherwise, if a significant pretreatment
system will be used at a business or place of public assembly that can assure
consistent reduction of the wastewater strength to that of a typical single family
home, then a loading rate greater than the mean for that soil group could logically
be considered for that site. However, this would require a special application under
rule 15A NCAC 18A.1948(d) by the owner to the Health Department.

Using long-term acceptance rates to calculate the treatment and disposal field
size. The following calculation of treatment and disposal field area is for a
conventional system.

The amount of effluent that is expected to enter a septic tank each day is based
on the type of facility, as stated in 15A NCAC 18A.1952(b)(1). In this
example, a three-bedroom house will be built on the site. The daily flow rate
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Reference
15A NCAC 18A.1952(b)(1)

Reference
15A NCAC 18A.1955(c)

Figure 4.6.1 Total drainfield area
for a conventional system.

into the septic tank is designed to be 360 gallons per day for the whole house,
or 120 gallons per bedroom per day.

The on-site system is to be sited on a soil whose most restrictive textural horizon
within a foot of the trench bottom (or 3 feet from the ground surface) is Group
IV.The LTAR for this soil texture ranges from 0.4 - 0.1 gpd/ft*. Forthe purposes
of this example we will select a LTAR of 0.4 gpd/ft?,

The daily flow is divided by the LTAR to determine the trench bottom area:
360 gpd divided by 0.4 gpd/fi’equals a trench bottom area of 900 ft*.

In order to determine the length of trench from the trench bottom area, the
trench bottom area is divided by the trench width: 900 ft* divided by a 3 ft
trench width equals 300 linear feet of trench.

Ifthe slope is uniform and there are to be three trenches, then each trench would
be 100 feet long. The trenches must be on 9 foot centers since the trenches are
3 feet wide. (Note: the center to center spacing equals 3 times the design trench
width.) Therefore, the minimum total area for installation of the nitrification
area is 2100 ft%: the sum of 1.5 ft + 9 ft + 9 ft + 1.5 ft times 100 ft long which
equals 2100 ft? (Figure 4.6.1).

100 feet

Y

9 feet

6 feet

afeet——[

Modified Conventional
On-Site Systems

Reference

15A NCAC 18A.1956(1)

On-Site Systems
Installed in Saprolite

Reference
I15A NCAC 18A.1956(6)(b)

If the slope is not uniform, then the total installation area will have to be Jarger. In
the above example, if the slope was not uniform, then trenches might have to be
further apart than 9 foot centers so that each trench follows the contour of the slope.

For sites where the distance between the soil surface and a limiting soil condition
of soil depth or soil wetness is less than 36 inches, the site can be reclassified to
PROVISIONALLY SUITABLE for the installation of a modified conventional
system. Using shallow placement of the treatment and disposal field trenches, the
most hydraulically limiting soil, rock, or saprolitic horizon within at least 24
inches from the s0il surface or 12 inches below the trench bottom, whichever is
deeper, is used to determine the LTAR.

Long-term acceptance rates have also been determined for saprolite that has been
deemed acceptable for on-site system installation as stated in rules 15A NCAC
18A.1956(6).

For on-site systems installed in saprolite, the LTAR for the site is the LTAR of the
most hydraulically limiting saprolite within a depth of 2 feet below the trench
bottom. See Table 4.6.2 for values of LTAR for saprolite.

0 Like conventional on-site systems, the LTAR for saprolite is related to the
textural class of the saprolite. However, with saprolite, only two textural groups
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Gravelless Trench
Systems

Reference
15A NCAC 18A.1956(3)

Low-Pressure Pipe
On-Site Systems

Reference
15A NCAC 18A.1957(a)(3)

4.6.4

are acceptable, Class I and Class I saprolites, which are subclassified as sands,
loamy sands, sandy loams, and loams.

@ Total daily flow for on-site systems installed in saprolite cannot exceed 1,000
gallons.

- Using long-term acceptance rates to calculate the treatment and

disposal field size.

Calculations for the treatment and disposal field area are the same for saprolite as
they are for a conventional system, except the loading rates are lower. Use the
appropriate long-term acceptance rates for Class I and Class Il texture saprolite in
Table 4.6.2.

For gravelless trenches, including prefabricated, permeable block panel on-site
systems and large diameter pipe systems, the LTAR is determined from the
appropriate table (Table 4.6.1 or 4.6.2), but isrestricted to never being greater than
0.8 gallons per day per square foot.

If a low-pressure pipe on-site system is used at a particular site, then the wastewater
loading rate for that site must be matched to the LTAR for this type of system. The
LTAR selected is based on the most limiting soil horizon that occurs within 2 feet
of the soil surface or one foot below the trench bottom, whichever is deeper. The
LTARs for low-pressure pipe on-site systems are presented in Table 4.6.3 for the
four soil groups.

O If grease accumulation will be a problem then the LTAR for any soil group
cannot exceed the mean rate of application. For example, a food service or meat
market facility could not install an on-site system on a loamy sand soil using a
wastewater loading rate exceeding 0.5 gpd/ft*.

Q For facilities where there is data from comparable facilities that indicate the
grease and oil content of the effluent will be less than 30 mg/l and the chemical
oxygen demand is less than 500 mg/l, an LTAR up to the maximum for the
applicable soil’s textural group can be used. Otherwise, if a significant pretreatment
system will be used that can assure consistent reduction of the wastewater strength
to that of domestic sewage, then a loading rate greater than the mean for that soil
group could logically be considered for that site.
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Table 4 6 3 Long-Term Acceptance Rate for Low-Pressure Pipe Systems o
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Using long-term acceptance rates to calculate the treatment and
disposal field size.

Unlike conventional systems where the loading rate is based on the trench botiom -

area, the loading rate for a low-pressure pipe system is based on the total area of
the treatment and disposal field.

The following calculation of treatment and disposal field area is for alow-pressure
pipe system.

The estimated LTAR is 0.15 gpd/fi? for this site where a low-pressure pipe

_ on-site system is {0 be installed. 360 gpd of wastewater effluent will flow
daily to the treatment and disposal field. The amount of treatment and
disposal field area needed is calculated as 360 gpd divided by 0.15 gpd/fi?
which equals a total of 2400 ft’. If the trenches for the drainfield are spaced
adistance of 5 feet from each other then the total trench length needed is 480
feet, or 2400 fi* divided by 5 feetequals 480 feet. Thus, keeping the trenches
under 70 feetinlength, 8 trench-
80 ft 80 f es, each 60 feet long, are neces-
1 1 sary to handle the daily amount
: ' - of wastewater flow (Figure
4.6.2). Again, this example is
for a site with a uniform slope.

Figure 4.6.2 Total drainfield area
for a low-pressure pipe system.
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Systems
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Reference
15A NCAC 18A.1957(c)(5)(C}

Large On-Site Systems

4.6.6

For area-fill systems that meetthe requirements of 1 5SA NCAC 18A.1957(b)1)(A),
the lowest LTAR for the applicable soil group of the most hydraulically limiting
soil harizon within 18 inches of the naturally occurring soil surface or to a depth
of one foot below the trench bottom, whichever is deeper, must be used to design
the system.

O TheLTAR values for Group Isoil area-fill systems are reduced to spread the
flow of the effluent over a larger area over these very permeable soils so that the
effluent receives adequate treatment. There are two exceptions to the LTAR
shown for Group I soils (Table 4.6.1) when using fill systems:

m The LTAR cannot be greater than 1.0 gallon pci' day per square foot for
gravity distribution, or

m The LTAR cannot be greater than 0.5 galions per day per square foot for
low-pressure pipe systems installed on sites with at least 18 inches of Group
I soils below the naturally occurring soil surface or to a depth of one foot
below the trench bottom, whichever is deeper.

The LTAR for ATUs may be increased 25% for Group I or I soils. For example,
the LTAR of Group I soils ranges from 1.2 - 0.8 gpd/ft*for a conventional on-site
system. If an ATU system was planned for Group I soils, the LTAR range would
be 1.5-1.0 gpd/ft*— a 25% increase.

Large on-site systems require a more-detailed site evaluation to more accurately
determine the LTAR. A standard description of what a site and soil evaluation
would be for alarge system is not possible. Rather, this section describes a typical
scenario that can aid in understanding the correct approach to large system site
investigations.

The site and soil investigation must include more detailed descriptions and
assessments of soil morphology and measurements of the saturated hydraulic
conductivity (Ksat) of one or more soil horizons at that site. The location and
number of Ksat measurements will vary with each site, depending upon the site
conditions and the water flow regime at the site. See Section4.5 under Additional
evaluation factors — Large on-site systems for more details on using either the
constant-head permeameter test or the auger-hole pump-out test 1o measure Ksat.
Other tests may also be appropriate, such as aquifer pump tests, for large systems
in coastal areas. The first part of Section 4.5, Guidelines for a site evaluation,
provides guidance for performing a site evaluation for a large system.

Figure 4.6.3 illustrates a typical site in the Piedmont or Mountain region where a
large on-site system is proposed. The soil here isdeep and well drained. Ithaseight
soil horizons down to a depth of 12 feet below the ground surface. The landscape
position is an interfluve with a 4% slope of the ground surface.

O A large, modified conventional system with trenches 2 to 3 feet deep is
proposed for the site. A much deeper than usual assessment of soil properties is
required — down to 12 feet — than is necessary for small, single family systems
{usually only o 4 feet).

O The horizons should be grouped on the basis of the similarity of their
characteristics. For this example, there would be three major horizon groupings:
horizon HI (the Ap, BA, Bt1, and Bt2 horizons), horizon H2 (includes the Bt3 and
B/C horizons) and horizon H, (includes the C1 and C2 horizons).
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Figure 4.6.3 Schematic illustrating depth of proposed trenches relative to soil horizons at a site

being evaluated for a large drainfield.
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U Three factors that could control the direction and quantity of flow of effluent
from the proposed system were identified at this site.

a The first factor is the rate of sewage effluent that can leave the trenches

through the biomat at the infiltrative surface. This rate is determined by the
LTAR of the biomat that forms in the BA and Bt1 horizons. The LTAR can
be estimated from Tables 4.6.1, 4.6.2, or 4.6.3, or it can be estimated by
measuring the Ksat of the horizons at the infilirative surface (the BA and Bt
horizons) and by assuming a percentage reduction in Ksat due to the biomat.
Biomats typically reduce flow rates to 1-10% of the saturated hydraulic
conductivity, although the percentage reduction can be even greater on some
rapidly permeable sands. The amount of infiltrative surface (in this case, the
amount of trench bottom area) needed to accommodate the maximum design
flow from the proposed facility after a biomat forms should be determined.
If pretreatment (such as with a pressure-dosed sand filter) is used to reduce
BOD and suspended solids, the biomat will not form as extensively and the
LTAR canbe increased for the infiitrative surface. Likewise, if waste strength
will exceed that of typical domestic wastewater, such as at food service
facilities, the LTAR should be decreased.

Next, the most slowly permeable horizon in the soil should be identified
because this horizon will potentially contro! the flow of wastewater through
the site. In this example, the bottom of the Bt horizon and the transitional B/
C horizon were identified as the horizons most restrictive to vertical water
movement. Therefore, Ksat measurements should be made in these horizons.
Since the soilis well drained and these horizons are well above the water table,
the constant-head permeameter test would be an appropriate method to
measure Ksat. The number of Ksat measurements needed will depend upon
the degree of variability of the soil horizons of interest (in this case, the Bt3
and B/C). If there is only a small amount of soil variability, then one 1o two
Ksal measurements for each 1,000 ft® of total drainfield area (not trench
bottom arca) may be sufficient. This is, however, just an estimate of the
number of measurements needed for a site where a large system is proposed.
Each site will be different.
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s The measured Ksat values in the most slowly permeable horizon (H, in this
example) should be compared to the estimated LTAR of the horizon where
the infilirative surface will be placed (H, in this example). If the LTAR of
H, is more than two or three times greater than the Ksat of H, then the
ulumate rate of flow through the soil would be controlled by saturated flow
through H,, not wastewater infiltration into H,. Therefore, the system size
should be mcreased beyond the size indicated by the LTAR of H On the
other hand, if the LTAR of H, is nearly equivalent to or less than thc Ksat
of H,, then the ultimate rate of flow through the soil would be controlled by
saturated flow through the biomat at the infiltrative surface, and all vertical
flow through H, and H, beneath the infiltrative surface would occur as
unsaturated down to the ground water table. In this case, the system size
would be determined by the LTAR of H..

m The third factor that may be identified as potentially controlling flow at this
site is the rate of lateral flow through H, in the downslope direction. Perching
of water on a slowly permeable horizon and flow over that horizon is more
likely to occur as the Ksat of H, becomes smaller in comparison to the Ksat
of H,. Usually a 10-fold reduction in Ksat over a short vertical distance will
cause some water to perch within and on the more slowly permeable layer.
A 100-fold or greater reduction in Ksat will lead to more substantial perching
of water. Both the slope of the slowty-permeable horizon and the amount of
effluent proposed for disposal on a common slope must be considered, in
addition to the horizon’s LTAR rates, while evaluating the site’s suitability
for the system. :

O  Atthis site the soil evaluaiion revealed that an approximate 10-fold reduction
or less would be expected in the Ksat of H, when compared to H,. However, close
examination of the soil horizon boundaries in a backhoe pit indicated that no
significant perching was currently occurring under naturai rainfall conditions.
While some perching on the H, horizon could occur at low loading rates, it would
be temporary and inconsequential since an adequate aerobic vertical separation
would persist beneath the infiltrative surface. However, at high toading rates, one
would expect more substantial perching to occur. In this case, the horizontal Ksat
of H, would need to be measured to allow calculation of the height of the perched
water mound over H, and the transmissivity of H,.

In summary, measured Ksat values of the most slowly permeable horizon should
be compared to estimated LTAR at the infiltrative surface. The lowest of the two

values should then be used to determine the site loading rate. Exampies are
presented below.

Example 1. The most slowly permeabile horizon of the soil being evalu-.
atedis the lower B horizon, whichhas a clay texture. The estimated LTAR
attheinfiltrative surface in Table4.6.1is 0.1 gpd/i2. However, the average
Ksatvatue of the most slowty permeable horizonis measured to be:0.024 .

. gpd/it2{0.1.cm/day). Because the Ksat value'is considerably lower than
the LTAR value, this site would: be unsuitable for siting an on-site system s

- using the LTAR from Table 4:6.1. The:lower B horizon, aithough:nota. -
restrictive on iransmlts water ’mo slowly;_ for an- on~sne system to-

suutable The estsmated loadmg rate wculd be 0 1 gpdlft2
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The Importance of
Correctly Estimating
the Loading Rate

Problems with
Overestimation or
Underestimation of LTAR

Using Site Evaluation
Factors to Choose a
Proper Value for LTAR

Site Evaluation and Field Testing

Most of the on-site systems have a range of LTARs, depending on the most
limiting soil textural grouping. Estimating the LTAR can be difficult because not
only must the texture of the most limiting horizon be classified correctly, but “the
right rate” must be estimated from a range of rates. Experience with a number of
sites and numerous soils will aid in determining a proper value for LTAR. By
misclassifying the limiting soil textural horizon or by estimating the wrong LTAR,
the entire calculation for treatment and disposal field area can be altered.

The LTAR must be estimated correctly so that the size of the treatment and
disposal field is correct.

Q Ifthe LTAR is overestimated, the size of the treatment and disposal field will
be too small, which can invite early failure of the on-site system.

0 If the LTAR is underestimated, the treatment and disposal field will be too
large, thus wasting resources because the on-site system will be underutilized and
the construction cost of the site will have been more than necessary.

O Ifavailable space islimiting system installation, underestimation of the LTAR
means that a larger treatment and disposal field will be required. This may
erroneously produce an UNSUITABLE classification due to space limitations that
would preciude the siting of an on-site system. The site might be able to
accommodate an on-site system with a smaller treatment and disposal field.

The range of LTAR values listed in the tables reflects the influence that other site
evaluation factors can have on the LTAR. By considering the other site character-
istics, higher orlower values of LTAR can be selected to help fit the on-site system
to the site.

[} Soil texture is the major soil characteristic that determines the LTAR for any
given soil or saprolite. Estimates of LTAR from the LTAR range for a given soil
textural class should then be based on site characteristics such as soil depth,
structure, color, consistence, landscape position, and the type of wastewater
effluent.

1 The following factors influence the value assigned to LTAR for small
wasteflows. ‘

Table 4.6.4 Site and Soil Evaluahon Factors That Infiuence Assigned LTAR

Site Evaluation . -Higher LTAR Average LTAR Lower LTAR
Landscape position - ‘Ridges or interfluve, Linear s:de'siopes Head, foot and toe slopes, or
' : shaulder and nose or : " -concave slopes
o convex slopes - R o
Scilstructure ~ Crumb and granular, Block-like structure -
IR single—grai‘ned s0ils o C.on ]
~ Clay mineralogy -'jNo clay-or litle 1:1 Sy 1:1 clay - " Mixed dlay or 2:1 'cisy'
. afgamcmatler R 0% e o o _2~5%_ . 5;' o v ngh .rgamc matter :
R R . ; mdlcates persnstent wetness -
Sollweme"ss """ L '”335'48‘“0’195“99 I e
= Sml depth- }; 5 g 36-48 mohes desp - 36:24inches _
F!eslnctwef _'onzons: . ' -36-48 mches deep i <36 inches deep_ ithey re.

_ dlscommuous
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An example of using the different soil and landscape characteristics to estimate U
LTAR is presented in Table 4.6.5 and the explanation following table.

';'5 ':Table 465 Comparlson of Two SImiIar S:tes nd the T
o Effects of Soil Morphologlcal Charactenstic and Landscape o
B AR : o

":':.:.SoIIA -
Y Landscape posmon

" subéﬁgufar blocky
_Conssstence =fimn:

Textme = Ioamy send -
S!ructure masswe
: -Consustence- _nable

These two soils are very simitar. The most limiting horizon for both soils is the B
horizon (clay texture). The LTAR range for soils with a clay horizon using a
conventional on-site system is 0.4 - 0.1 gpd/fi.

- @ Soil A has the more strongly developed structure in the B and C horizons,
better landscape position on the ridge as opposed to on the side siope, and a lack
of any mixed minerajogy influence. These factors indicate that Soil A is better
suited for more rapid infiltration of wastewater than Soil B and thus should
receive a higher LTAR value. Conversely, the weaker structure, mixed miner-

alogy, and poorer landscape position cause Soil B toreceive an LTAR low in the
range.

For this example, the LTAR of Soil A is estimated to be 0.4 gpd/f?, while the
LTAR of Soil B is estimated at 0.1 gpd/ft.

References Amoozegar, A, M.T. Hoover, H. J. Kleiss, W.R. Guertal, and J.E. Surbrugg.
1993. Evaluation of Saprolite for On-Site Wastewater Disposal. (Water Resources
Research Institute, The University of North Carolina. UNC-WRRI-93-279.)

4.6.10
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Soil Site Evaluation Form

Site Evaluation and Field Testing

SITE SUITABILITY: MATCHING SITE
CHARACTERISTICS TO APPROPRIATE DESIGNS

Few sites in North Carolina receive a SUITABLE classification for on-site
system installation. Since the majority of sites receive either PROVISIONALLY
SUITABLEor UNSUITABLE classifications, either a site or system modification
or an alternative system must be used to allow installation of an on-site system.
This section discusses which limiting site factors can be overcome and which
cannot.

Choosing an appropriate system design for a site requires expertise. Each site
must be matched by its characteristics to an appropriate on-site system. The first
step in this process is to obtain the required information on a Soil Site Evaluation
for On-Site Wastewater System form.

The Soil Site Evaluation for On-Site Wastewater System is a form used by
environmental health specialists to quantify site and soil characteristics and
determine the suitability classification of a site. It contains information that ranges
from the location of the proposed facility to the soil profile description at that site
(Figure 4.7.1).

This form is an essential tool in both determining the appropriateness of an on-site
system and maintaining arecord of how the decision was made. Proper completion
of the form protects both the environmental health specialist as well as the public.

O Thefront side of the form contains the detailed site and soil profile evaluation.
The back side of the form states the abbreviations used on the front side and also
provides space for the environmental bealth specialist to draw a layout of the lot
with the house and other structures. It is very important to make this drawing,
Be sure to include the soil profile locations as well as the proposed house site and
all other pertinent structures such as wells, buildings, roads, driveways, and
drainage channels.

Q) Atleastthree soil profiles should be described on the form. Each soil profile
should include: landscape position and slope; soil morphological characteris-
tics including texture, structure, mineralogy/consistence, soil matrix color, and
soil mottle color; and other profile characteristics such as wetness condition,
soil depth, presence of saprolite, profile classification, and profile LTAR.

O The LTAR and type of on-site system are specified by the specialist.
O Any modifications to the on-site system must be listed.

Q Each Soil Site Evaluation for On-Site Wastewater System form should be
completely filled out. The information contained on the form will be invaluable
for legal documentation (should a legal action occur).

After the profile descriptions have been completed, the environmental health
specialist assigns sujtability ratings for all evaluation factors. The overall site
sujtability is then determined from the individual suitability ratings.

4.7.1



4.7.2

On-Site Systems
that Can Be Installed
with a Given Site
Classification

A PROVISIONALLY SUITABLE or UNSUITABLE classification means that
a conventional on-site system cannot be installed on that site. To allow
landowners to use these sites, procedures have been established to match certain
modified conventional or alternative on-site systems to sites with less than
SUITABLE ratings. Here the environmental health specialist can be of great help
in matching the capability of site to various alternative on-site systems.

SUITABLE sites. If a site is deemed SUITABLE, then a conventional system
can be installed. However, in North Carolina only a small percentage of sites
receive a SUITABLE rating.

PROVISIONALLY SUITABLE sites, More sites receive a PROVISIONAL-
LY SUITABLE classification than SUITABLE or UNSUITABLE classifica-

tions.

O Sites classified PROVISIONALLY SUITABLE require modified conven-
tional or alternative on-site systems. The system or site modifications must
overcome the limiting soil and site characteristics and still ensure the proper
treatment of the wastewater effluent in order to protect public health and minimize
the environmental impact of the on-site system.

O Many of the UNSUITABLE sites can be reclassified as PROVISIONALLY
SUITABLE if an appropriate site modification or on-site system can be designed
for the site.

Shallow-placement and fill systems.

On-site systems that use shallow-placed trenches or fill over the treatment and
disposal field can be used in some situations to overcome site limitations.

Q Ingeneral, when depth is limited because of wetness, restrictive horizons, and
depth to rock or saprolite, shallow-placement conventional systems or area-fill
systems can be used to overcome the limitation.

UNSUITABLE sites.

Ten percent of all sites that receive an UNSUITABLE classification cannot be
reclassified. No type of on-site system can be installed at these locations.

Site limitations that cannot be overcome.

Certain site evaluation factors are so limiting for on-site systems that there are no
techniques to overcome the limitation.

O Certain types of soil structure, or lack of structure, and expansive clay
mineralogy cannot be modified, thus limiting siting of on-site systems.

O Topography where the slope is greater than 65% cannot be overcome.
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. m

DEPARTMENT OF ENVIRONMENT, SHEET, OF

HEALTH. & NATURAL RESOURCES PROPERTY LD.#:

DIVISION OF ENVIRONMENTAL HEALTH DATE:

ON-SITE WASTEWATER SECTION COUNTY:

SOIL/SITE EVALUATION
FOR
. ON-SITE WASTEWATER SYSTEM
OWNER: APPLICANT:
APPLICATION DATE: DATE EVALUATED: PROPOSED FACILITY:
FROPOSED DESIGN FLOW (. 1%49): PROPERTY SIZE: LOCATION OF SITE:
WATER SUPPLY: Private Public__
Well ___Spring Other EVAL. METHOD: Auger Borine __Pit ___Cut
* e e e e e e A
PROFILE 1940 HoRIZON 301 MORFHOLOGY
, LANDSCP DEFTH 154 OTHER PROFILE FACTORS
pos.; (1N}
SLOPE % LX) @ (a3 SO SO
TEXTURE STRUCTURE MINERALOGY MATRIX MOTTLE
el i ~a13 —lOLOR,
1T WTHMLES SO ITION
1 1o BRTT
1904 REFTRICTIE NORIZOW
.pa? PREFLE CLASYY
' PROPILA LTAS
‘ 1] WETHEEF CONDITION

1 R

(8]

A4 RASTRICTIVE HORZON

A FROFULE QLA

TRofl LA

it WETNESS CONDITION

11 300 DEFTM/
1734 LAFROLITR

10 BASTRECTTYR MORIEDH

T FROFRE CLALID

MOFRLE LTAN

181 WETNEAT CLWDITION

| e s e —  — — ——————————— ——  —— — ————— |

4 o

1ins RESTICTIVE HORIZON

1Y MIOPILE CAZSITF

TROMLE LTAR
AVAILABLE SPACE(IM5I___________ OTHER PACTORS [_19ad) SITE CLASSIFICATION, SYSTEM TYPED SITE
LONG-TERM ACCEFTANCE RATES) EVALUATED Y: OTHEM$) PRESENT;

COMMENTY:,

Figure 4.7.1 Soll site evaluation for on-site wastewater system form.
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LEGEND

USE THE FOLLOWING STANDARD ABBREVIATIONS

TMECATE JOTTIN e b JLLIS HOESITEL
X . T BOr 1 1 D [FWT] & - EBACLA Ghal
o v SO 1 acemay st . RN [T
B - BRANAE Seay ET7 . LENTLY DOWRME o -coe
= . DS DD 4 LT TP Y RN T - Xy A -
LD R L -l N - ORMETLAR LAY
POt nLovs AR . AMETLAN MLACKY
A KXl OIS m A .-Aar -2 m A Barr
I . Laa oMW 0L LY CLaY Lo AT
= - pd iy L -cLayloms VIR VERY PR . Ty
a .xmm =L . anbY ChaY M Lo T ERLT T
3 LR SO BL - LY Lo CLAY LN 1 .o
T . TERRacy VR.VIKT P V1 ERT FIEXT

» KO Re-td N DT Y P - R

I LY Clar 7. OLERLY RarTT
? RN
o o= VF . VERY Rl

NOTES:
HORIZON DEI"I'H_ IN INCHES BELOW NATURAL SOIL SURFACE
DEPTH OF FILL IN INCHES FROM LAND SURFACE

RESTRICTIVE HORIZON— THICKNESS AND DEFTH FROM LAND SURFACE
SAFROLITE § (SUTTABLE) OR U (UNSUITABLE)

SOIL WETNESS - INCHES FROM LAND SURFACE TO FREE WATER OR INCHES FROM LAND SURFACE TO SOIL COLORS WITH CHROMA 2 OR LESS - RECORD MUNSELL
COLOR CHIP DESIGNATION, CLASSIFICATION - 5 {(SUTTABLE), PS (PROVISIONALLY SUITABLE), OR U (UNSUTTABLE)

EVALUATION OF SAPROLITE SHALL BE BY FITS,

LONG-TERM ACCEFTANCE RATE: GALDAYFT

Figure 4.7.1 Soll site evaluation for on-site wastewater system form (page 2).
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Examples of
Matching On-Site
Systems with Sites

The following examples demonstrate how information in the SOIL SITE EVAL-
UATION FOR ON-SITE WASTEWATER SYSTEM forms is used to match on-
site sysiems to sites. Six site evaluations are discussed below.

Site Evaluation # 1 (Form 1).

This site in Chatham County reveals shallow soil depth and soil wetness problems.
The site, however, was reclassified as PROVISIONALLY SUITABLE for a
shallow-placement conventional system for the areas where Profiles 1 and 2 were
taken.

O Profiles 1 and 2 indicate limited soil depth. However, the soil is deep enough
so that a shallow-placement system can be installed.

Q The angular blocky structure in the clayey third horizon indicates that there is
some slight influence of mixed mineralogy clays here. Although the clay mineral-
ogy of the soil is classified as slightly expansive, it is at the high end of the range.
For this reason, the permeability of this clayey layer will be less than other slightly
expansive clays. Therefore, the LTAR selected for this soil is 0.2 gpd/ft?, which is
near the low end of the range given for Group IV soils in Table 4.6.1.

O Atthe locations of Profiles 3 and 4, which are downslope from the system area
in the repair area, there is a soil wetness condition close to the surface. Profiles 3
and 4 indicate soil wetness at approximately a 28-inch depth.

O Inorder to correct the soil wetness at Profiles 3 and 4, a subsurface interceptor
drain could be installed to remove excess water, and a shallow LPP could be
installed.

Q The LPP system is used because of the relatively shallow wetness conditions.
Note that the LPP long term acceptance rate of 0.1 gpd/ft* from Table 4.6 3 indicates
that the treatment and disposal field size is determined differently thap for modified
conventional systems.

Site Evaluation # 2 (Form 2).

The county environmental health specialist, after evaluating a lot in Robeson county
classified the site as PROVISIONALLY SUITABLE. The following points were
considered in making the determination.

O The soil at this location is deep enough for a conventional system. Trench
bottoms can be placed 24 to 36 inches deep.

O The most limiting soil horizon is a Group III soil with an LTAR of 0.3—0.6
gallons per day per square foot (gpd/ft*).
[ The other site and soil characteristics that help determine the loading rate, such

as landscape position, structure, and consistence, are adequate for an LTAR in the
middle of the range for a Group 111 soil.

0O AnLTARof0.5 gpd/f2 was selected for the site.

Site Evaluation # 3 (Form 3).

This site was originally classified as UNSUITABLE, but further study deemed that
with the appropriately designed on-site system, a PROVISIONALLY SUITABLE
classification wasallowable. Located in Wayne County, the soil did not meet the soil
wetness criteria because of soil wetness conditions encountered at 25 inches. These
points were part of the reasoning to reclassify the site.

4.7.5
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O The mottle color recorded was 10YR6/1 in the 25—45 inch hdrizon, indicat-
ing soil wetness or redoxymorphic features.

O To overcome the limiting soil wetness at the 25-inch depth, a shallow-
placement conventional system was designed for the site. Alternatively, a low-
pressure pipe system could also be used.

Q Placing the trench bottoms at a depth of 13 inches from the top of the soil
surface would allow a 12-inch separation distance between the bottom of the
trenches and the top of the wet soil horizon.

QO In order to obtain 6 inches of cover over the top of the trench, a minimum of
five inches of loam or sandy loam fill must be used over the trenches.

O AnLTAR near the bottom of the range for Group HI soils was used, since the
site is wet and a capillary fringe will be present.

Site Evaluation # 4 (Form 4).

The situation for site evaluation # 4, located in Wake County, is similar to that just
described in Wayne County: soil wetness is the limiting soil morphological
characteristic. However, this site has more severe problems since the limiting soil
horizon is 20 inches below the soil surface. To classify this soil from UNSUIT-

~ ABLE to PROVISIONALLY SUITABLE, an on-site system that utilizes 10

inches of fill ontop of the natural soil surface has been specified. Because theslope
is nearly level, a fill system is reasonable for this site.

QO A minimum of a 10-inch layer of fill is placed over the location of the proposed
trenches

O In order to obtain the 12-inch separation distance between the bottom of the
trench and the top of the limiting horizon, the trench bottom is placed 8 inches
below the original soil surface, which is 18 inches below the top of the fill.

O The lower 8 inches of the trench is in natural soil and the upper 4 inches of
the trench is in fill material.

O Six inches of fill are over the top of the trench.

Site Evaluation # 5 (Form 5).

Because of a soil depth less than 36 inches, this site in Buncombe County was
classified as UNSUITABLE. By using a shallow-placement conventional system
with a carefully placed trench, this site can be reclassified as PROVISIONALLY
SUITABLE.

O A sandy loam saprolite material begins at 34 inches.

O Care must be taken to lay out a system that ensures that the trench bottom is
never closer than 12 inches from the saprolite. Hand digging of the trenches may
be recommended if excavation equipment cannot operate safely on this site
without excavating a trench for the equipment into the hillside.

O Narrow trenches are easier to install so that no part of the trench bottom is
closer than 12 inches from the saprolite and so the trench bottom is level across
its width.

[ 12-inch wide trenches must be used, with 6 inches of cover over the trench to
maintain the required 12 inches of vertical separation below the entire trench
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bottom to the saprolite. (Figure 4.5.4 and Table 4.5.6). A 12-inch wide trench
could be placed on a soil as shallow as 33.4 inches (6+12+12+3.4) to saprolite on
this 28% slope site. However, a 36-inch wide trench would require a soil that is
41.1 inches (6+12+12+10.1) deep on this slope.

0O The trenches must be installed on the contours of the stope to keep the trenches
level along their length.

0 Alternatively, the saprolite material in the fourth horizon could be evaluated
from a backhoe-dug pit to assess its suitability for placement of deeper trenches.

Site Evaluation # 6 (Form 6).

This site is UNSUITABLE for installation of an on-site system and cannot be
reclassified. This site has the following uncorrectable limiting factors.

L) The subsoil mineralogy is expansive beginning at the 10 inch depth.

Q The soil structure is prismatic.

@ There is soil wetness within 22 inches of the surface and a clayey texture.
0 A sandy loam saprolite material begins at 38 inches.

0 The saprolite material can be evaluated from a deep backhoe-dug pit to
determine its potential for deep placement of trenches. However, hard augering
of the saprolite indicates it is extremely firm. The percentage of sites that have
saprolite that is found to be usabie is very low when the saprolite is extremely firm.
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DEPARTMENT OF ENVIRONMENT, SHEET_1.__OF _1

HEALTH, & NATURAL RESOURCES PROPERTY L.D.#:
DIVISION OF ENVIRONMENTAL HEALTH DATE: 9.1-94
ON-SITE WASTEWATER SECTION COUNTY: Chatham ¢ '
SOIL/SITE EVALUATION
FOR
ON-SITE WASTEWATER SYSTEM
OWNER:_ __LO, Public APPLICANT: _Same
APPLICATION DATE:_%/1/94 _ DATE EVALUATED: 9/1/94
PROPOSED FACILITY:_3 hedroom home  PROPOSED DESIGN FLOW (.1949):_ 360 god  PROPERTY SIZE: unlimited acreage

LOCATION OF SITE: _m_hn&mm.mmmmmn Site
WATER SUPPLY: Private X Public___

. EVal. MEAuaer Boring X Pir__ Cut

FROFILE L1540 HORIZON SOI. MORFHOLOGY
! LANDSCP DEPTE EL ) OTHER FRGFILE FACTORS
L/ 18]
SLOPE S faX1} (] Ny - son SO0
TECTURE STRUCTURE MINERALOOY MATRIX MOTILE
CONSTSTENCE COLOR COLOR
L D=4 | er fr. 3. sexp 7.5YR42 none 130 WETREXS COWDITION none
1 12 £73 el sbk fi. 5. sexp 7.5YRS/S noot i o RV 38
2,38 e .lk fi. . [re ) T.AYRSIE m_m 1t TESTRICTTVE HORIZOW none
3344 sc) (3ap) m fi. 3. sexp 7. 5YREA 2 SYRYV4A 121 PROFER CLAZBP P.S.
40-%0 + wrock . ¥fi NIA N/A, PROFILE CTAR 0.2
L Ot ) 13 fr. 53, 3eXp 7 4YR4 none 17 WEVMAR CONDITIN neme
11}
7 424 el sbk (. 1. sexp T.5YRS/M Done by Vin i of
pI < abk fi. 1, tex0 7.5YRY6 none 1384 RLITRICTIVE MARTUN e
40-30 + sul {sap1 pl-m fr. 1. exp T.5YRSIE 10YRAA 17 PROFLE ST PS.
PCPFRE LTAR 0.2
L 0-£ H r {r. s5. 3¢Xp T 3YRA? none 100 PETMAR] COMTITION 38
n .18 el 5k fr, 3. sexp 10YR3/4 pone 1 e o “
3
2833 < sbk fi s sexp 10YRS/4 10YRE Ve RESTRICTIVE NORIZON hone
3344 < sbk fi s sexp 10YRE/4 10YR6/2 19 PROPLE CLALST P.S.
{OYR2 10YR4/8
628 o bk f 3. sexp 10YRE/4 noae o ar
4
23.36 cl sbk fi. 3. sexp 10YRS/3 IOYR6E/2 it RAITRETTVE NCRZON nane
36-41 c b, fi 3. sexp 10YRS/4 10YRET T FROFELE CLAKSIF 11
42.50 + sel (ug\ ™ fr. 5. gexp {OYR6E/L 10YRE/S FROPILL LTAR 0.1 LPP
AVAILABLE SPACE (.1945) § OTHER FACTORS {.1545)__& SITE CLASSIFICATION __P.3
SYSTEM TYPE(S)_shallow conv, SITE LONG-TERM ACCEPTANCE RATE(S) 02

EVALUATED DY: AB, Specialisg OTHER(S) PRESENT: 10, _Pusie
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FORM #2 -

DEPARTMENT OF ENVIRONMENT, SHEET_{ OF _|
HEALTH, & NATURAL RESOURCES PROPERTY L1.D.#:
DIVISION OF ENVIRONMENTAL HEALTH DATE: 9-1.94
ON-SITE WASTEWATER SECTION COUNTY:___ Roheson
SOIL/SITE EVALUATION
FOR
ON-SITE WASTEWATER SYSTEM
OWNER:__L.Q _Public APPLICANT: Same
APPLICATION DATE:_9/1/94 DATE EVALUATED: 9/1/94
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Conventional and Modified
Conventional On-Site Systems

Referénce
15A NCAC 18A.1949

5.1

Conventional on-site systems are the most common and the simplest on-site
wastewater disposal systems. Instalied properly, conventional systems are very
reliable and require minimal maintenance.

Sometimes conventional systems must be modified to work propetly in areas
with thin soil layers, steep slopes, or high water tables. There are a number of
standard modifications to the conventional system that can make on-site systems
function well in these difficult conditions.

This chapter will explain the design, installation, inspection, and maintenance of
conventional systems and modified conventional systems. Each section is
designed as a complete guide. The initial section of the chapter shows how to
determine the expected daily flow of wastewater for a system. The following
sections contain information on: system design and layout; details about system
components such as tanks, distribution devices, and treatment and disposal
fields; modifications to conventional systems; installation and construction of
systems; and field inspection of systems. '

WASTEWATER FLOWS AND CHARACTERISTICS

The amount of sewage that flows from a house depends on a number of factors,
such as the number and age of the occupants, water-using habits, time spent at
home, the size of the house, condition and age of the plumbing fixtures, and the
income level of the occupants. Sewage flows from restaurants, businesses, and
commercial buildings vary widely with the type of business and activity in the
building. The amount of sewage that an on-site system must handle is important
to the design, construction, and installation of an on-site system because the
amount of sewage determines the size of the septic tank, pipelines, and the size of
the treatment and disposal field. This section discusses how to estimate how much
flow an on-site system can receive.



Design Unit Method A design unit is used to determine the amount of sewage that will flow from a

Reference
15ANCAC 18A.1935(a)

Reference
15A NCAC 18A.1949

5.1.2

house, business or other facility.

The design unit method is used in the North Carolina Laws and Rules for Sewage
Treatment and Disposal Systems. (See 15SANCAC 18A.1949 forthe complete rule.)

Forexample, the dwelling unit for a house is a bedroom. The number of bedrooms
determines how many people may live inthe house (design unit). It is assumed that
there will be two people living in the house for each bedroom and that each person
will use 60 gallons of water per day, so each bedroom contributes 120 gallons per
day to the sewage flow from a house. More bedrooms means that there are more
people using water and that there is more flow to the on-site system. A 3-bedroom

house would have 3 bedrooms at 120 gallons per day or a 360 galion-per-day flow.

Under the rules, the minimum flow from a house, for design purposes, is 240 gallons
per day, whether the house has one or two bedrooms. This minimum flow is used
50 that the on-site system will be adequately sized to account for water used by the
basic fixtures expected to be present in all houses, regardless of size (e.g. bathroom
sink, toilet, and shower; kitchen sink and dishwasher; and a Jaundry machine).

In the same way, sewage flows from businesses can be determined by how many
design units the business has. For example, the design unit for a restaurant is 40
gallons of sewage per day for each customer seat. So, a 100-seat restaurant would
need an on-site system designed to handle 4,000 gallons of sewage per day (40
gallons per seat per day x 100 seats = 4,000 gallons per day). Motels generate 120
gallons per day for each room and day schools produce 10-15 gallons of sewage
per day for each student.

The following points show how to use design units to determine sewage flow.
O The minimum flow from a house is 240 gallons per day.
O Each bedroom more than two bedrooms adds 120 gallons per day.

O If there are more than two people per bedroom, then the sewage flow is 60
gallons per day for each person living in the house.

O Forbusinesses and other buildings see Tabie 5.1.1 for the flow per design unit.

O Design of sewage treatment and disposal systems for facilities not identified
in this table shall be determined using available flow data, water-using fixtures,
occupancy or operation patterns, and other measured data.

W/
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Adjusted Daily Flows The actual flow of sewage from certain places may vary considerably from the
flow rate listed in Table 5.1.1. For instance, if a business installs fixtures that use
only small amounts of water, such as ultra-low flow toilets and ultra-low flow
showerheads, then the daily sewage flows will be lower than listed in Table 5.1.1.
This means that the treatment and disposal field for an on-site system can be made
smaller under the rules. A smaller system requires less land area and is less
expensive to construct.

O Adjustments are not allowed for single-family houses or most other homes.
Only places listed in Table 5.1.1 can request to adjust the daily flow of sewage so
that they can install smaller treatment and disposal fields.

O Establishments that request adjustments of flow may be required to install a
flow equalization tank to smooth out the bursts of sewage that may flow at certain
times of high usage. For example, a restaurant that serves only evening meals may
have high peak flows for only a few hours a day and nothing during the rest of the
day. Here, a grease trap and flow equalization tank that releases the sewage slowly
to the septic tank and treatment and disposal field will be very helpful. The grease
trap and flow equalization tank can keep grease and oil from being carried through
the septic tank to the treatment and disposal field.

Q It is important to study the characteristics of the sewage to determine the
strength of the wastewater. Restaurants and other food service facilities usually
need to determine the amount of grease and oil and the strength of the waste before
asmaller treatment and disposal field can be approved. Other establishments may
need to test for other characteristics.

Reference If an establishment wishes to apply for an adjustment to the daily flow of sewage,
154 NCAC 18A.1949(c) it must show that the daily flows are lower than the amount of sewage usually
. expected from a similar establishment. Two ways to show that the daily sewage

flows are lower than Table 5.1.1 are given below.

Method 1 Thefacility may keep records of the water used each month for 12 months in arow,
and for the water used each day for 30 days of use. Frequently, records of water
use can be obtained from water bills or from the public water utility company. To
get a good estimate of the water used each day, the 30-day record should be taken
when the water use is heavy. Next, the highest monthly reading is divided by the
sum of the 30 days’ water usage to get a peaking factor. The peaking factor shows
how much difference there is between the normal daily flow during the peak flow
month and taken to normal daily flow for the 30-day daily flow monitoring period.
Then the highest three readings of the 30 days’ records are averaged and multiplied

by the peaking factor. The final result is an adjusted daily flow to use for design
of an on-site system.

Keeping daily records of water usage is necessary because it is very difficult to
determine a daily flow from yearly or monthly water usage. A daily flow
calculated from a yearly or monthly usage will not show high peak flows. An
example is given below.

Example. Suppose a 24-hour restaurant with 30 seats begins using
disposable dinnerware, which greatly reduces flows from dishwashing,
and a specially designed advanced pretreatment unit which assures waste-
water characteristics do not exceed domestic strength. The restaurant
manager requests a permit for an on-site system that is smaller than called
for in Table 5.1.1. They agree to keep records of their water use for 12
months in a row and for a 30-day straight period to show that a smaller on-
site system will be adequate. Of the 12 monthly records, the highest

5.14
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Method 2

monthly water usage is 52,721 gallons. The 30-day record occurred during
the month of June, which is atime when water usage is expected tobe higher
than normal. The sum of the 30 days’ water usage records is 49,842 gallons
and the three highest daily flows recorded are 1,468 gallons, 1,537 gallons,
and 1,562 gallons.

The peaking factor is the first number needed. It can be found by dividing
the highest monthly water usage by the sum of the 30 days' water usage. in
this example, the highest monthly water usage is 52,721 gallons and the
sum of the 30 days' water usage is 49,842 gallons. Dividing 52,721 by
49,842 equals a peaking factor of 1.06. Next, the three highest daily flows
from the 30 days' water records are averaged. In the example, the three
highest daily flows are 1,468 gallons, 1,537 gallons, and 1,562 gallons. The
average is the sum of the three daily flows divided by 3, which gives an
average daily flow of 1,522 gallons per day. To find the adjusted daily flow,
multiply the average daily flow by the peaking factor, or 1,522 gallons per
day times 1.06 equals an adjusted daily flow of 1,613 gallons per day. A
shorter version of the calculations is presented below.

From Table 5.1.1, the daily flow for a 24-hour restaurant with 30 seats is
2,250 gallons. As you can see, the adjusted daily flow, 1,613 gallons, is less
than the flow listed in Table 5.1.1, which means that a much smaller
treatment and disposal field can be used.

With this method, the treatment and disposal field can be made smaller because
the establishment uses water-conserving devices in all of its operations. To obtain
an adjusted daily flow less than shown in Table 5.1.1, the facility must install
plumbing fixtures that use very little water and must have documents that show
how much less water will be flowing to the wastewater system. Examples of ultra- -
low-flow fixtures are toilets that use 0.5 gallons per flush or less, self-closing
faucets with flow rates restricted to 1 gallon per minute or less, and showerheads
with flow rates of 1.5 gallons per minute or less. Reduced daily flows can be used
in designing a smaller on-site system except for pretreatment devices such as
septic tanks. Pretreatment devices must be sized as shown in Table 5.1.1. An
example is given below.

Example. A wholesale-retail meat distributor with 1,000 square feet of
retail area and 10 employees must install anew on-sitesystem. To conserve
water, the distributor installs low-flow toilets that use 1.6 gallons per flush
and self-closing faucets that restrict the water flow to 1 gallon per minute.
Handwashing fountains are operated by hip bars so that the waterflow turns
off between uses. Showers are used only occasionally by employees but
are equipped with low-flow shower heads with on-off togglesas part of the
water conservation program. Information provided with the plumbing
devices indicates that the water use could be reduced by up to 60%. Flows
from the meat preparation area are not reduced by the water conservation
effort and remain at 1,000 gallons per day.
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Wastewater
Characteristics

Types of Household
Wastewater

After considering the devices instalied, the type of work, and the water use
by employees, the local health department, in agreement with the On-Site
Wastewater Section, grants the business an adjusted daily flow of 1,450
gallons perday. The treatment and disposal field can be sized for the 1,450-
gallon-per-day flow. The grease trap and septic tank, however, must be sized
for the flows from the meat preparation area, and must have a minimum size
of 1,000 gallons to remove grease before it enters the septic tank.

In addition to the volume of sewage, it is important to know the characteristics of
the wastewaters that are handled by on-site systems. The characteristics of the
wastewater help determine the size and type of the on-site sysiem. Insome cases,
additional septic tanks, filters, aerobic units, or large treatment and disposal fields
may be required, especially where very strong wastewater must be treated. Table
5.1.2 lists a number of wastewater characteristics that can be important in
designing on-site systems.

Sewage from most households has a common range of values for many of the
characteristics listed in Table 5.1.2. These typical values are listed in Table 5.1.3,
Typical Characteristics of Household Wastewater.

Sewage from restaurants, commercial buildings, and industries can vary widely
from site to site. Because the strength of the wastewater can be very different, it
is best to have the applicant test the wastewater for selected characteristics to help
determine the type and size of the on-site system needed.

In recent years, much effort hasbeen made to treat, recycle, or even reuse different
types of wastewater from normal home use. The following definitions describe
wastewater from homes.

Q Black water is the wastewater from toilets, urinals, and other devices that
receive human or animal wastes. This sewage is very dangerous because it is
polluted with high concentrations of bacteria and solids.

Q Gray water is wastewater from bathroom sinks, showers, baths, laundries,
dishwashers, and kitchen sinks. This wastewater contains some pollutants and
moderate concentrations of bacteria. The solids content can be high, especially

- in water from laundries, which contains lint. Gray water must be treated and

disposed in an approved on-site system.

Q Some homes and facilities that must conserve water use systems that reuse
gray water for flushing toilets. Thus, the gray water is used twice before it is
discharged to the on-site system, saving water.
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The information listed in Table 5.1.3 is for characteristics of domestic wastewater. Q "
Industrial and commercial wastewater can have many other characteristics.
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5.2

Basic Principles of
On-Site Systems

Reference
15A NCAC 18A.1938

First Principle

Second Principle

ON-SITE WASTEWATER SYSTEM DESIGN

The design of an on-site system requires knowledge of the basic principles of on-
site wastewater disposal, the site, and the various systems that can be installed.
This section presents the information required to design a proper on-site system.

In order for on-site systems to be safe and reliable, several principles must be
observed when designing, installing, or inspecting on-site systems.

All on-site systems should be designed so that the sewage is treated and disposed
of to minimize the pollutants and prevent contamination of ground water and
surface water.

a Séwage carries many disease-causing germs and pollutants. To protect
humans and the environment, on-site systems should be designed to:

s Protect humans from contact with sewage;

s Keep animals, insects, and rodents from contact with sewage;
m  Prevent direct discharge of sewage to the ground water; and
m Prevent direct discharge of sewage to surface water.

Q Public heajth is threatened when on-site systems fail to operate properly.
These system failures usually result in sewage ponding or forming pools on the
ground surface because the sewage is not absorbed by the soii. In these instances
of system failure, people can come in contact with the pooled sewage that can then
spread disease,

On-site systems should be designed and installed to maximize the aerobic
treatment of the sewage. Aerobic treatment is explained below.

O Treatment of sewage means that the sewage is “treated” or processed to
remove germs and pollutants. In on-site systemns, the sewage is treated by the
organisms that live in the soil and by the soil itself.

0O Acrobic treatment means that air and oxygen are present when the treatment
occurs. Effluent undergoes aerobic treatment in soil layers that are not saturated
with water. These soil layers are called the unsaturated zone because the soil is
either dry or damp but never completely wet. Air and oxygen enter the soil in the
unsaturated zone and help to remove bacteria and pollutants from the effluent.

O Aerobic treatment is the fastest and most complete treatment the effluent can
receive in the soil. In addition, some disease-causing germs cannot survive in
aerobic conditions because oxygen kills them.

O On-site systems should be located where the effluent must travel the farthest
distance possible before entering the water table or wetsoil layers. This longtravel
distance helps prevent pollution of ground water by allowing for a longer
treatment time, which reduces the chance of untreated effluent reaching ground
water supplies.

5.2.1
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area shown below.

Fifth principle

Effluent should be applied to the soil only in appropriate sites and ina constructed
treatment and disposal field.

O A treatment and disposal field is an area of land where effluent flows into
specially prepared trenches or beds to be absorbed by the soil. The treatment and
disposal field is where the main treatment of the effluent takes place and where all
the effluent is absorbed.

O Only certain soils and certain locations should be used as treatment and
disposal fields. These areas are selected by environmental health specialists to
provide the safest and most reliable place to treat and dispose of effluent.

0O Thereshould be no leakage of sewage from septic tanks, pump tanks, or piping
in areas other than the treatment and disposal field. Sewage leaks in areas outside
the treatment and disposal field can result in the contamination of ground water
and wells.

Treatment and disposal field trenches should be as long and narrow as possible to
maximize soil contact and disposal area.

O Short and wide treatment and disposal field trenches may have the same amount
of trench bottom area as a long, narrow trench, but the long, narrow trench has much
more side wall area that can absorb effluent. The following is an example that

illustrates the increase in sidewall area when narrow trenches are used.

Example. A three-bedroom home with a daily flow of 360 gallons per day
on a site with 3 feet of Group IlI soil above rock and a Long Term
Acceptance Rate of 0.4 gallons per day will require 900 square feet of
trench bottom area. To make the calculations simple, assume that the
effluent will fill the trench to the top of the crushed stone, a depth of 1 foot.
Using the standard 36-inch wide trench, there would be 300 linear feet of
trench required which gives 600 square feet of trench sidewall area. Ifa
narrow trench is used, for example a 24-inch wide trench, then 450 linear
feet of trench will be needed to meet the requirement of 900 square feet of
trench bottom area. However, the narrow trench will have 900 square feet
of sidewall area compared to only 600 square feet of sidewall area for the
36-inch trench. The increased sidewall area can help the treatment and
disposal field last longer and reduce the tendency of the effluent to pool on
the surface.

Treatment and disposal field trenches should be level across the bottom and be
level along their entire length to distribute the effluent as evenly as possible.

O Treatment and disposal field trenches with slanted bottoms or trenches that
slope along their length will cause the effluent to flow to the lowest area. Thus,
all absorption of the effluent will have to take place in that one low area, which can
cause early failure of the treatment and disposal field and threaten public health
if the effluent ponds on the land surface.

0O On sloping sites, treatment and disposal field trenches should be installed
along the contours of the slope so that the trenches are level along their iength.

These five principles should guide the design and installation of all on-site systems
inorder for each system tobe as safe and reliable as possible. The following sections
present the steps required to design, install, and approve an on-site system.

U
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Designing an
On-Site System

Reference
15A NCAC 18A.1937

Filling out an appllcaflon for an
improvement permit.

The following procedure lays out the steps necessary to obtain approval for an
on-site system.

Systemn design, step one: applying for an improvement permit.

3 Much information is needed to complete an application for an Improvement
Permit, the permit required for the installation or repair of on-site systems, and
to proceed with a system design. Listed below are most of the items required for
an Improvement Permit application.

s Name of the landowner or system owner.
m Mailing address of the landowner.

a Location of the property, including the city or town, county, subdivision
neame and lot number, and street name and number.

= Asurvey plat of the property showing important boundaries, the tax office
identification number, and the map and page number of the tax map.

m A description of the type of residence, building, or facility that is planned
for the lot including whether there will be a basement.

m Plans for expansion or additions.
a Plans for a pool, sauna, or hot tub.

s The number of bedrooms for a residence so that the sewage flow can be
estimated.

The type of water supply serving the residence, building, or facility, such
as a private well or a public water supply.

s The location of designated wetlands on the property.

s For other facilities such as small businesses, strip shopping centers, and
townhouses, the type of business and expected water usages.

s Signature of the landowner or authorized agent on the improvement
permit application.

{0 The following information can be helpful to identify the specific property in
the application.

m The Property Identification Number.
m The date the lot was created.

System design, step two: working with a plat of the property.
A survey plat should contain the following items:

O The location of all wells and existing on-site systems on the property and on
adjacent properties. The location of the wells and existing systems is critical when
determining placement and size limits for the proposed on-site system.

Q The outline or footprint of the house, and all other structures to be built on the
lot. Other structures include: driveways; utilities such as electrical lines, telephone
lines, cable television lines, gas pipelines, and water pipelines, especially if the
utilities are installed underground; swimming pools; gazebos; outbuildings; and

523



Environmental health specialist
with tools for a site and soil
evaluation,

524

any other structure or device which may interfere with the design or layout of the
on-site system.

O Thelocation of a surveying benchmark and its elevation, if available, to make
horizontal and vertical measurements.

0 Other information as needed for special cases.

System design, step three: preparing for a soil and site evaluation.

In addition to the information that can be collected in the office, a new system or
a system repair will require a trip to the property to gather information about the
soils and site conditions of the lot.

The objective of asite evaluation is to make the on-site system as safe and reliable
as possible by finding the best soil and location for the treatment and disposal field.
The following list contains information in making a site and soil evaluation. Note
that the owner is required to clear the underbrush from the lot prior to the site
evaluation.

The following list contains suggested items for making a site and soil evaluation.
O For completing the site evaluation form:

a Permit application and any other necessary forms.

a Clipboard with paper and pencil, pens for notes and calculations.

a Plat of the property.

m Calculator.
Q For evaluating the site:

a Measuring tapes: 100-200 foot fiberglass tape in an open reel; 6-10 foot
steel tape in a closed reel.

s Engineer’s level or a laser level with a target rod to find distances and
locations.

m Clinometer or Abney hand level — to check the slope of the land surface.
m  Magnetic compass — to locate North for a reference.

®»  Surveying markers: wire flags, tape, and marking paint to mark locations
of house, septic tank, drainage field.

QO For investigating the soil:

®  Soil augers. There are several types of soil augers. Closed-bucket augers
“work better in sands and light soils, while open-bucket augers can be used
in light clay. Flighted augers may work well in very heavy clay.

s Trenching shovel (sharp shooter).
m  Munsell color book — to classify soil color.

= Knife or geologist’s hammer for digging or scraping soil in large pits dug
to view the soil profile.

s Tape for measuring depths in the soil profile.

s Water bottle to moisten soil to determine consistence.
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Locating a benchmark.

Reference
I5A NCAC 18A.1945(a)

O A backhoe or other power digging equipment may be needed to dig
observation pits to identify the soil profile and evaluate the soil for absorption
capability or where saprolite is to be evaluated.

System design, step four: finding the lot boundaries.

Lot boundaries must be located to ensure that the entire septic system is installed
on the right property and that the site investigation has been done for the right lot.
The owner should locate and mark the property comers and boundaries so the
investigator will know where to do the site evaluation. Property side lines should
be clearly marked if visibility is blocked from comer to comer or if there is a long

distance between comers.

0 New lots will probably have surveying stakes from the property survey. On
existing lots, look for permanent markers such as metal stakes in the ground, pins
in a road, or property monuments identified on the property deed. These are the
best markers for determining lot boundaries. Power and telephone poles are often
located on property lines and can also be used to determine boundaries.

System design, step five: establishing a benchmark at the site.

Establishing a benchmark at each site is necessary to provide a position and
elevation reference for future surveying activities. A benchmark is a permanent
object or location on the property that will not move or be changed during
construction or at least until system installation is complete. A mark on the comer
of an existing building foundation, a large rock, or a surveying hub can all serve
as benchmarks for on-site system design.

O The benchmark will be used as a reference for the Jayout of the on-site system.
Horizontal and vertical distances should be measured from the benchmark to
locate system components and to determine which parts are higher or lower than
the others.

[ Use the benchmark to set and check slope on pipelines, and check elevation
of the septic tank, distribution box, and treatment and disposal field. Since most
on-site systems operate by gravity flow, all piping must be installed with a slope
to ensure that the effluent will flow in the correct direction.

Measuring from benchmark to locate the on-site wastewater system.

System design, step six: determining the location of the
treatment and disposal field.

Tolocate and lay out the on-site system, you must know the location of soil suitable
for the treatment and disposal field and the location of other items that require
setbacks or separations from the treatment and disposal field.
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Q It is critical to know where the water lines, water wells, and water supplies
are located on the property and adjacent properties.

0 The location, size, and shape of the house, building, or facility are needed to
determine what land is available to install the pipes, septic tank, and the treatment
and disposal field.

System design, step seven: conducting a soil and site evaluation.

A soil and site evaluation is critical to the performance of an on-site system. Such
factors as the size of the lot and natural conditions — slope, landscape position,
and soil characteristics — must be thoroughly evaluated and classified before the
site can be approved. (See Chapter 4 for details on soil and site evaluation.)

The results of the soil and site evaluation will be one of the following three
classifications.

1. SUITABLE — This site is favorable for a septic system.

2. PROVISIONALLY SUITABLE — This site has moderate limitations. A
septic system installed on this site will require modifications and careful design,
planning, and installation.

3. UNSUITABLE — This site cannot be used unless the site can be reclassified
as Provisionally Suitable. A site can be reclassified if there is written documen-
tation that includes information on the site’s soils, engineering properties,
geology, and Aydrogeology. Hydrogeology is the study of ground water and its
flow through the earth.

O The site evaluation should include evaluating the general landscape of the
surrounding area as well as the landscape features of the specific lot for the
proposed system.

Table 5.2.1 lists in a short form important factors in a site and soil evaluation. The
following sections discuss in more detail the factors involved in a site and soil
evaluatjon.

Topography and landscape position. The ropography, the slope and smooth-
ness of the site, is important to the design and installation of an on-site system.
It is very difficult to install proper treatment and disposal fields and ensure that
the effluent will stay in the soil if the land has an extreme slope. Other landscape
features such as guilies, ravines, wet areas, and low areas may prevent or limit
the type of system that can be installed. The following points should be used in
the evaluation of a site for an on-site system.

O Uniform slopes less than 15% are SUITABLE.
O Uniform slopes 15% to 30% are PROVISIONALLY SUITABLE. _

O Uniform slopes greater than 30% are UNSUITABLE for conventional
systems — a modified system may allow the lot to be reclassified as PROVI-
SIONALLY SUITABLE.

Q Slopes over 65% are UNSUITABLE.

O Designated wetlands are UNSUITABLE. A designated wetland is a wetland
that the U.S. Army Corps of Engineers or other government agency certifies as
meeting their requirements for a wetland.
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O Depressions are UNSUITABLE. Low areas may flood after rains and it can
be hard to find proper soil for the treatment and disposal field in depressions.

O Landscapes with complex slope patterns and slopes dissected by gullies and
ravines are UNSUITABLE. Lots that are not smooth and flat make it much harder
to install a proper treatment and disposal field.

Areas that catch water from rain should be landscaped to provide good drainage.
Also, areas with a perched water table or with ground water movement in the
shallow soil zones should have subsurface drains or interceptor ditches installed
to prevent the soil in the treatment and disposal field from becoming saturated.

Soil investigation. The type of soil on the lot is critical to the performance of
the on-site system. Usually, soils with finer textures, such as clay, have less
capacity to absorb effluent while soils with sandy textures have little trouble in
absorbing effluent. Use the following procedure to determine the soil and its
suitability for on-site wastewater disposal.

Soil texture. Soil texture can be determined either by hand or through a
laboratory analysis. In Chapter 4, Figure 4.5.2 gives a procedure for determining
soil texture by hand. Laboratory testing must follow the American Society for
Testing and Materials procedure D-422 for sieve and hydrometer analysis of
soils. See 15A NCAC 18A.1941(F) for the details.

O Sandy textured soils are SUITABLE.

O Coarse loamy textured soils are SUITABLE.

O Fine loamy textured soils are PROVISIONALLY SUITABLE.
Q Clayey textured soils are PROVISIONALLY SUITABLE.

O Organic soils are UNSUITABLE.

Soll structure. Soil structure determines how well water moves through some
types of soil and is more difficult to determine than soil texture. Refer to Chapter
4 for details on how to determine soil structure.

Soll wetness. Areas that have high water tables or tend to hold water are not good
sites for on-site systems. A site investigation should determine the depth of the
water table and whether the site is regularly flooded or the soil is saturated with
water.

O Soils are SUITABLE when soil wetness is below 48 inches.

O Soils are PROVISIONALLY SUITABLE when soil wetness is between 36
and 48 inches.

3 Soils are UNSUITABLE if the soil wetness is less than 36 inches, although the
site may be reclassified as PROVISIONALLY SUITABLE if a modified or
alternative system can be designed for the site.

Soil depth. An on-site system must have enough soil beneath the treatment and
disposal fieid to properly treat the effluent or the ground water or nearby streams
may be polluted.

3 Soils are SUITABLE when soil depth is 48 inches or more.
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O Soils are PROVISIONALLY SUITABLE when soil depth is between 36 and
48 inches.

0O Soils are UNSUITABLE if the soil depth is less than 36 inches, although the
site may be reclassified as PROVISIONALLY SUITABLE if a modified or
alternative system can be designed for the site.

Restrictive horizons. Restrictive korizons are layers of soil 3 inches or more
thick that do not absorb water and do not aliow water to pass through. These layers
can cause sewage to pond if the layers are too close to the ground surface.

0 Soils are SUITABLE when the restrictive layer is 48 inches or more deep.

0 Soils are PROVISIONALLY SUITABLE when the restrictive layer is
between 36 and 48 inches deep.

O Soils are UNSUITABLE when the restrictive layer is less than 36 inches deep,
although the site may be reclassified as PROVISIONALLY SUITABLE if a
modified or alternative system can be designed for the site.

Available space. On-site systems require sufficient space for proper installation.
Additional allowance must be made for setbacks from various objects and areas
near an on-site system. Asite evaluation includes checking the points listed below
to ensure that there is enough space to meet the requirements.

@ AIll lots must have enough space to install a properiy sized treatment and
disposal field. The field must have the required bottom area calculated by dividing
the expected daily effluent flow by the long-term acceptance rate for the type of
soil at the site and for the type of system to be installed.

O Systems with effluent flows above 480 gallons per day must have enough
space to set aside a repair area. The repair area is an area that can be used for
another treatment and disposal field if the first field should fail. The replacement
system, both type and location, must be designated.

Q Ifthe lot does not require a repair area, it is good practice to design the system
so that the most space possible is left for a repair area in case a replacement field
is needed.

Vegetation survey, Evaluate vegetation to determine both desirable and unde- -
sirable species. Refer to Chapter 4 for details on the types and locations of
vegetation that may render a site SUITABLE or UNSUITABLE.

Other factors. A good site and soil evaluation includes checking and evaluating
a number of factors that can seriously affect public health. Consider these factors
for each site.

O Large-capacity wells can develop a cone of influence, which may overlap the
area of the treatment and disposal field. A cone of infiuence is an area in the
ground where the normal ground water flow has been changed by a pumping well
so that the ground water within the cone of influence now flows into the well. An
on-site system in the cone of influence of a large well may cause contamination
of the well. Careful consideration is required in these cases to protect the public.

QO Very large systems, with flows over 3000 gallons per day, may need to do
special soil investigation and borings to be certain that the wastewater will not
create a problem with a high water table or surface pooling of effluent.
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QO Another factor to consider is what can happen if the proposed on-site system
fails. On-site systems that fail can threaten publichealth, especially in cases where
large numbers.of people are dependent on the system; when children could be
exposed to pooled effluent; and when wells that supply drinking water to homes,
businesses, churches, and schools could possibly be contaminated.

System design, step eight: determining the usable area.

Information gathered from the site and soil evaluation should indicate where the
usable areas are on a lot.

0O Locate and measure off the usable area considering the overall area needed
for soil absorption. Stake out the usable area on the lot with surveying stakes and
draw it on the ot plan. Laying out the usable area can help determine where to
put each part of the system and where the nondisturbance areas are.

0 Check the size and shape of the usable area to be sure that a conventional on-
site system will fit.

System design, step nine: determining the site classification fora
conventional system.

The results of the site and scil evaluation should provide enough information to
make a decision about the site’s suitability. Site suitability must be determined
before beginning a design of the system and only classifications of SUITABLE
and PROVISIONALLY SUITABLE are acceptable for system installation.

QO If the topography, landscape, soil type, soil wetness, soil depth restrictive
horizons and space are all PROVISIONALLY SUITABLE, for example, then the
site should receive a PROVISIONALLY SUITABLE classification.

Q Ifthe factors in the site and soil evaluation have different classifications, then
the site should be classified according to that factor which limits the site. For
example, the evaluations of the factors result in SUITABLE classificaticns for all
factors except soil depth and landscape position, which are classified as PROVI-
SIONALLY SUITABLE. The site should be classified as PROVISIONALLY
SUITABLE because the soil depth is more limiting than the landscape position.

System design, step ten: selecting a system type.

Select a type of on-site system that fits the lot size and is compatible with all soil
and site factors evaluated. Conventional, modified, and alternative systems each
have certain advantages and disadvantages. Try to find a system that fits all the
factors and will be the most reliable at the least cost, keeping in mind that the
options are limited by the rules.

The depth of the soil and the depth to restrictive horizons or other limiting
conditions are very important in choosing a system type. Be especially aware of
the maximum depth for treatment and disposal trenches.

The different types of systems require different amounts of treatment and disposal
trench area. Afterthe type of system has been chosen, choose a trench width and
then calculate the length of trench needed for the treatment and disposal field.
Recall that long, narrow trenches have more soil contact area and may make a more
reliable treatment and disposal field.
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Site reclassification, A site classified as UNSUITABLE may be used for a
ground absorption sewage treatment and disposal system specifically identified
in rules .1955, .1956, or .1957 of this section or a system approved under Rule
.1969 if written documentation, including engineering, hydrogeologic, geologic,
or soil studies, indicates to the local health department that the proposed system
can be expected to function satisfactorily. Such sites shall be reclassified as
PROVISIONALLY SUITABLE if the local health department determines that
the substantiating data indicate that:

QO A ground absorption system can be installed so that the effluent will be non-
pathogenic, non-infectious, non-toxic, and non-hazardous;

0 The effluent will not contaminate ground water or surface water; and

O The effluent will not be exposed on the ground surface or be discharged to
surface waters where it could come in contact with people, animals, or vectors.

The state shall review the substantiating data if requesied by the local health
department.

System design, step eleven: laying out the system.

After completing the site and soil evaluation and selecting the type of system, the
designer should follow these steps. See Figure 5.2.1 for a drawing of a proposed
property layout.

O Consult with the property owner to check for unseen obstructions, such as
buried utilities and stumps cut off below ground.

0 Mark the proposed septic tank location on the lot and on the drawing.
Remember the setbacks required and try to.locate the septic tank outside of the
usable area to leave as much usable area as possible for a repair area.

O Pick a starting point in the usable area and, using surveying tools, find its
position from the benchmark.

3 Find the ground elevation at the starting point and at the proposed septic tank
location. The septic tank inlet must be higher than the outlet for effluent to flow
out of the tank. For gravity systems, the septic tank outlet must be higher than the
treatment and disposal field inlet to allow the effluent to flow into the trenches.

O Using the benchmark as a reference, lay out cach treatment and disposal field
trench or bed on a convenient contour of elevation in the usable area of the lot.

O Be sure that the benchmark has not been moved since the initial site and soil
Survey.

0 Use long and narrow trenches along the contours so that the trenches have the
most soil contact possible.

0O When using a distribution box for a treatment and disposal field, the trenches
should be of equal lengths. Trenches should be 9 feet on center for the usual 36-
inch wide trench. Narrower trenches must be separated, center to center, by three
times the trench width with a minimum separation width of 5 feet.

0 When a serial distribution treatment and disposal field is to be used, the
treatment and disposal field trenches should be 9 feet apart on center for a 36-inch
wide trench. The 9-foot separation should be measured horizontally, not on the
slope of the land. Narrower trenches must be separated by three times the trench
width, center to center.
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5212

Q Restaurants, meat markets, and other facilities that generate sewage with a
high content of grease require special steps in on-site system design. All on-site
systems designed for these facilities must use a long-term acceptance rate for the
site that is no greater than the mean value of the range of values given for the soil
on the site. An alternative is to use a pretreatment step to remove grease from the
sewage. Both of these steps help keep the treatment and disposal field from being
clogged by grease.

Q Always keep the repair area in mind. Lay out a repair area within the usable
area that could be used as a treatment and disposal field in the event the currently
proposed field becomes unusable.

Q Watch the nondisturbance area. Mark areas within the usable area that cannot
be used as part of the treatment and disposal field because of other considerations.

System design, step twelve: determining whether to use a pump.

Most systems use gravity flow to convey effluent to the treatment and disposal
field. In some cases, a pump for the on-site system may be needed if the field is
higher than the sewer outlet from the house or septic tank, or if the effluent must
flow over arise or through a depression to the field. The following points should
be considered when using pumps in on-site systems.

O Checkthe elevation of the conveyance pipe from the house or business. If the
pipe is below the elevation of the treatment and disposal field, then the effluent
must be pumped to the field. Pump systems must always use a pump tank and
pump controls for the system to work prop‘er]y.

Q If a pump is needed, it should be located where it can pump effluent from the
pump tank that follows a septic tank rather than a sewage lift station. Pumping raw
sewage requires special pumps and higher maintenance.

Q Insome situations, such as homes on lakefront property, raw sewage must be
pumped to an on-site system located some distance from the lake. In these cases,
special grinder pumps can be used to pump the raw sewage to the on-site system.
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@ Look for high spots between the sewage coming from the house and the
treatment and disposal field. If the high spot is small, the solid conveyance pipe
may be installed by simply digging a deep trench, and making sure that the pipe
slopes down toward the treatment and disposal field. It is difficult to safely install
the conveyance pipe more than 6 feet deep. Also, if the pipe is too deep, repairs
are difficult.

System design, step thirteen: granting the improvement permil.

After the site has been evaluated and different system designs have been proposed,
a permit must be granted or denied.

Q If the permit is denied, the Environmental Health Specialist must state the
reasons for the denial. Denial must be based on the Laws and Rules for Sewage
Treatment and Disposal Systems, 18A NCAC 15A.1901-.1969.

Q Ifthe permit is granted, be sure to include a scale drawing of the system layout
with important features such as wells, boundaries, and location of buildings. See
Figure 5.2.2.

{1 The permit shall include all system specifications such as type and size of
pipe, size of tanks, size and length of treatment and disposal field trenches, the
expected daily effluent flow, the repair area, and the depth of the pipes.
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5.3 REQUIREMENTS FOR CONVENTIONAL AND
MODIFIED CONVENTIONAL ON-SITE SYSTEMS

Many components of on-site systems, such as tanks and conveyance piping, have
the same requirements for all types of systems. Some components, such as
treatment and disposal trenches, have different requirements depending on the
type of system to be installed.

Design of Tanks for  Tanks are used for anumber of purposes in on-site systems. Many on-site systems
On-Site svstems use only aseptictank, but some systems may vse tanks for storage to pump effluent
to a drainfield and other systems may use tanks as grease traps to remove grease
and oils from wastewater. This section tells what characteristics are required and
how to find the proper size for on-site system tanks.

Septic Tanks A septic tank must be able to withstand corrosion, the heavy weight of the soil
covering it, and the weight of the large volume of sewage inside without leaking.
All septic tanks must have twoe compartments to allow the solids to settle and to
separate the ficating scum from the liquid. The baffle wall and the sanitary tee help
Reference separate the solids and the scum from the effluent so that the effluent is as clear
15A NCAC 18A.1952 as possible. Clear effluent keeps the treatment and disposal field from clogging.
All tanks must meet the following criteria. Figure 5.3.1 shows a septic tank and
its components in operation.

Figure 5.3.1. Cut-away view

of septic tank.
A _ Soil cover
CCess riser Opening for .
gas passage Inlet pipe
Sewage from
. house flows
Outlet pipe - into tank

Effluent —— ppmeme . E Strong,

out g : E - water-tight
concrete wall
with steel
reinforcement

Sanitary tee

Opening for
liquid passage Baffle wall

531



Reference

I15A NCAC 18A.1952(b)(1-3)

532

Watertight. Septic tanks must be watertight to prevent sewage from entering the
ground cutside the drainfield. The soil where the tank is located may not be
suitable for sewage application and leaking sewage may cause contamination of
wells, streams, or other adjacent property.

{0 Septic tanks must also be watertight to prevent surface or ground water from
entering the on-site system. If large volumes of surface or ground water seep into
the tank, the system can fail.

O All connections to a septic tank should be watertight so that no effluent leaks
outside the drainfield and no ground water seeps into the tank and the system. All
sealants should be approved before use.

Strength. Tanks must be structurally strong to avoid being crushed by the weight
of the soil. A collapsed tank could cause major pollution and safety problems,
along with inconvenience and cost to the owner.

 Materials used in tanks must be corrosion-resistant to prevent the tank from
being worn down by the sewage or by ground water, causing leaks. Only certain
materials such as pre-cast concrete, fiberglass, and polyethylene plastic can be
used for septic tanks. Built-in-place tanks can be made of concrete or concrete
blocks with mortar lining.

Volume, There are several ways to determine the volume of a septic tank for a
system to be installed, depending on whether the system is for a small- to medium-
sized house, for a large house, or for a place of business or assembly.

Q Tanks for small- to medium-sized houses are sized from the following chart:

[ Large houses, with more than five bedrooms, or multi-family residences, or
on-site systems serving two or more residences, or businesses with sewage flows
between 600 and 1500 gallons per day must determine the volume of a septic tank
using the following formula.

~V.=1.17Q + 500 gallons

Note that the minimum volume of a septic tank where the system serves two or
more residences is 1500 gallons.



Pump Tanks

Reference
15A NCAC 18A.1954(b)
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QO Septic tanks for small businesses or other public places, such as fairgrounds,
auditoriums, stadiums, churches, campgrounds, theaters, schools and the like with
adesignsewage fiow of 600 gallons per day or less, must have atank witha volume
determined by the following formula.

Q On-site systems with flows of 1500 to 4500 gallons per day require a septic
tank with a volume calculated by the following formula.

[Q Largeestablishments where the sewage flow is more than 4500 gallons perday
must use the following formula to determine the volume of a septic tank.

Study Figure 5.3.1 to see the parts inside and connected to the tank.

Some on-site systems require the use of a pump in the system to pump the effluent
to a drainfield that is higher than the septic tank or to pump to a pressure
distribution system. Design and sizing of these types of tanks is presented below.
See Figure 5.3.2 for the components of a pump tank.

Q There must be only one compartment in a pump tank. If a 2-compartment tank
is to be used, then the partition in the tank must have at least two 4-inch holes in
the partition no higher than 12 inches from the tank bottom to aliow free fiow of
the effluent from one compartment to the other. Otheropenings of different shapes
are allowed as long as the openings are as large as the two 4-inch holes.

Q Pump tanks must be watertight to prevent surface or ground water from
leaking in and adding large volumes of water that will be pumped to the treatment
and disposal field. Water-test all pump tanks for leaks just before the tanks are put
into use.
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Figure §.3.2. Cut-away
view of pump tank.

Q The minimum size for a pump tank is 750 gallons. Pump tanks are often
required to be larger than the minimum size as determined by the type of soil in
the drainfield.
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Q Foron-sitesystems with treatment and disposal fields in Group I, II, or I soils,
the pump tank size must be at least 2/3 of the volume of the septic tank.

Q Pump tanks for systems with treatment and disposal fields in Group 1V soils
are required to have at Jeast the same volume as the septic tank.

(3 Another method used to size a pump tank is 10 meet the minimum pump
submergence requirement, minimum dosing requirement, and minimum emer-
gency storage requirement, Determining the volume of a pump tank to meet these
criteria is complicated and not practical for most small wastewater systems.

Grease traps are used to prevent grease, fat and oil from clogging the soil in on-
site drainfields. Usually, a grease trap is a pre-cast concrete tank with two or more
chambers. The liquid wastewater flows into the grease trap chamber where the
grease floats to the surface. Openings between the chambers, located at least
halfway toward the tank bottom, allow only wastewater to flow on to the septic
tank, keeping the grease in the grease trap. Figure 5.3.3 shows a cut-away view
of a grease trap tank.

Grease traps are required for on-site systems for restaurants, food service facilities,
meat markets, and wherever food and meat preparation would generate large
amounts of grease and oils in the wastewater. Grease traps can also be helpful for
residential systems where a garbage disposal is used. Here, the trap captures finely
ground food particles that may need more time to settle than sanitary solids,
preventing the fine particles from being carried to the drainfield.
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Figure 5.3.3 Cut-away view of
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Additional information on grease traps is presented in the following list.

O Only kitchen wastes should be piped to a grease trap. All sanitary wastes
should be routed around the grease trap to the septic tank.

O Grease traps should be located far enough from the building to allow the
sewage to cool and the grease to congeal and float to the surface; otherwise the
grease will flow into the septic tank.

O Sizes for grease traps can be determined by the following methods:

m The volume of the tank should be large enough to provide 5 gallons of
storage for every meal served.

s The volume should equal 2/3 of the capacity of the septic tank.

a The volume can be calculated by the following formula:

5.3.5
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Q The length of a tank used for a grease trap should be at least twice as long as
the width to get better grease removal.

O Grease traps must have at least two chambers. Each chamber must have a24-
inch manhole for access and a manhole to cover the outlet sanitary tee. All
manholes should have risers that extend to the ground surface and have watertight
covers to keep out surface water. The manhole covers must be easy t0 remove so
that the grease traps can be inspected easily and cleaned frequently.

O The openings in the partitions and the outlet to the sanitary tee should be no
higher than 1/2 the liquid depth to remove water as far below the grease as
possible.

QA series of tanks can be used as a grease trap, similar to a tank with multiple
pattitions. Specially designed grease separators may be installed, if approved, so
that the size of the tank may be reduced.
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Design of

Distribution Devices for
Conventional Systems
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Figure 5.3.4. Concrete
distribution box.

Concrete lid

After the sewage flows through the septic tank it must be directed to the treatment
and disposal field. Most on-site systems have a treatment and disposal field that
has a number of parallel trenches. Because each trench should receive the same
amount of effluent, a distribution device is used to evenly spread the effluent to
each trench. This section contains information on distribution devices and where
to use the different types available. The following points discuss distribution
devices.

O The device must be installed so that at least 2 feet of undisiurbed earth
separates the distribution device from the septic tank and the treatment and
disposal trenches. This separation by undisturbed earth helps reduce leaking of
sewage into unsuitable areas outside the treatment and disposal field.

O Distribution devices must be level to operate properly. They should be
installed on a concrete pad or bench of undisturbed soil to keep the device level
as the soil settles after the system is installed. If the devices are not level, more
effluent flows to one treatment and disposal trench than to another, causing an
overload in that trench.

O Concrete pads for distribution devices should be at least 2 1/2 inches thick and
6 inches larger on each side than the distribution device.

O A riser installed over the distribution device allows easy access and adjust-
ment of flow after the system is instalied.

0 Adjustments to ensure even flows to all trenches should be made during
installation of distribution devices. All outlets from a distribution device must be
at the same level so that the same amount of effluent flows out of each outlet. A
number of devices are available to make rapid adjustments to the outlets of
distribution devices so that all outlets have the same flow. These flow-adjusting
devices work well and can speed installation. See the drawing at ieft for one type
of adjustable outlet device.

The most common distribution device is a distribution box or D-box. Asthe name
suggests, the purpose of the distribution box is to evenly distribute the sewage
effluent flow to the parallel trenches in the treatment and disposal field. Figure
5.3.4 shows an installed distribution box with its lid removed for inspection.

Outlet pipes
to trenches

/

Distribution
box must be level

Inlet pipe
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Tipping Distribution Box

Cut-away view of tipping distribution

O Distribution boxes should be watertight, corrosion-resistant, and strong
enough to withstand the weight of the soil over them. The box should be set on a
firm base of undisturbed earth or a concrete pad to prevent uneven settling.

s These boxes should not leak in order to keep sewage effluent from entering
the soil cutside the treatment and disposal field and to keep ground water
out of the system.

Q Distribution boxes can be made of concrete or polyethylene plastic; either
material works well if installed properly.

Another type of flow divider is the tipping distribution box or tipping D-box. This
commercially manufactured device uses a specially shaped pan or bucket to send
effluent to the treatment and disposal field trenches in small flows, or slugs, of
about 1.5 gallons. When the bucket is filled it tips, sending the slug of effluent to
the treatment and disposal trenches. The drawing in Figure 5.3.5 show the inside
of a tipping distribution box, and the cut-away view shows how it works.

Flgure 5.3.5. Tipping distribution box .
and a view showing its operation. Outlet pipes

Intlets

Inlet pipe

box showing operation. Above: bucket
filling. Below: bucket tips and empties.
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Advantages of the tipping distribution box are that the slugs of effluent will be split
up more uniformly between the outlet lines, and will allow for a more even
distribution along the trench length. Each burst of effluent flows farther along the
trench using more of the trench length to absorb the effluent. The usual
distribution box allows small trickles of effluent to flow into the treatment and
disposal trench. These small trickles are absorbed by the first part of the trench
while the other parts of the trench have no effluent in them.

Another advantage of the tipping D-box is that the slugs of effluent may be more
evenly distributed.
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Flow Splitter

Figure 5.3.6. Flow spiitter.

Outlet pipe

Design of Treatment
and Disposal Trenches

Reference
15A NCAC 18A.1955(g)

Figure 5.3.7. End view of
trenches on a slope showing
that trench bottoms are level
across their width and that
trenches are placed on contours
so that the trench is level across
the face of the slope.

The flow splitter (Figure 5.3.6) is a specially designed pipe fitting that allows
effluent to enter from a higher pipe and be splitinto two lower pipes. Flow splitters
can be used effectively to divide the flow between two equal-length treatment and
disposal trenches.

Adjustable inlet pipe
splitter
vane \ :

]
——

Outlet pipe

Flow splitters must be installed exactly level to work properly. They should be
placed on undisturbed soil so that the soil will not settle and tilt the splitter.

The most important part of any on-site system is the treatment and disposal field.
Septic tanks help remove solids and grease from the wastewater, but the field treats
and disposes of the wastewater. The field distributes the wastewater so that
biological and chemical actions in the trenches and in the soil can remove bacteria
and poliutants andso that the soil can absorb the water. Itis critical to public health
that the wastewater discharged to an on-site system flows into the soil and stays
in the soil until properly treated. Well designed and installed trenches can ensure
that the effluent will not come to back to the surface.

It is extremely important that all treatment and disposal trenches be constructed
level across their width and along their length. On sloping lots this means that the
trenches must be constructed on the contours that run across the face of the slope.
Only when the trenches are level will the effluent be evenly distributed over the
entire trench bottom. If the trench is not level, either across the width or ajong the
length, then the effluent will flow to the lowest area and only that area will receive
effluent. Figure 5.3.7 shows trenches installed on the contours of a slope.

A typical treatment and disposal field for a flat lot consists of a number of parallel
trenches of equal length installed in SUITABLE or PROVISIONALLY SUIT-
ABLEsoils. Thetrench bottoms are level across their width and along their length
and each trench receives the same amount of effluent. A distribution device such
as a distribution box divides the effluent flow equally among all the treatment and
disposal trenches. Further information on trenches is discussed as follows.
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Distribution box

Figure 5.3.8. Typlcal treatment
and disposal field using parallel
trenches and a distribution box
to divide the flow of effluent
equally to each trench. The
trench bottoms are level along
their length and across their
width.

Reference
15A NCAC I8A.1955(c)
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Long and narrow trenches provide more soil absorption area and better hydraulic
contact with the soil than short, wide trenches. A system with trenches as long and
narrow as possible isbest for therequired treatment and disposal area. Figure 5.3.8
shows a typical field using a distribution box and parallel trenches.

O A trench should be wide enough so that enough gravel is around the pipe. The
crushed stone provides temporary storage for the wastewater before it flows into
the soil and also protects the pipe from being crushed.

O Make the distance between the center of the trenches three times the width of
the trenches. For example, 36 inch-wide trenches would be spaced 9 feet apart,
center to center,

0 The maximum width of atrench is 36 inches. Even if the trench is made wider
than 36 inches, the field is designed and sized as though the trenches were 36
inches wide.

O To find the length of trench needed, you must first know the long-term
acceptance rate or LTAR of the soil. The LTAR of the soil is the volume of water
the soil will absorb per square foot of soil over a long pertod of time. See the
following Table 5.3.1 for ranges of long-term acceptance rates.

0O Alayerof bacteria and other biological matter, called a biomat, will form on
the surface of the soil in the trench. This layer is where the majority of the
pollutants break down, making it extremely important to the process. The biomat
tends to slow the flow of effluent into the soil but it does not stop the flow
altogether. This slowing of the effluent flow into the soil affects the long-term
acceptance rate or LTAR.

Trenches and pipes

_~ e —
— ———
— ———
—
——
———
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——
——
—

e ~ -
Trench bottoms level \‘\\ - .
side to side from one ~~.7
end to the other Biomat on soit

surface of trenches

Oncethe long-term acceptance rate of the soil in the field is known, divide the daily
flow of sewage by the long-term acceptance rate of the soil. The result is the total
area of trench bottom required for the treatment and disposal field. Divide the total
area of trench bottom by the trench width to get the total trench length.
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Reference Example. Anowner wants to install a conventional on-site system on a Iot

that contains soil of Soil Group I1I with a long-term acceptance rate of 0.5
15A NCAC 184.1955(b) gallons per day per square foot. The flow of sewage from the four-bedroom
house to be built on the lot will be 480 galions per day. Trench width will
be the usual 36 inches wide. To find the necessary total trench length for
the on-site system, use the following equation: :

The narrow trenches above
have more sidewall area for

absomption of effiuent than wide If the designer for the system described above decided to use 2 foot-wide
trenches with the same bottom trenches instead of 3 foot-wide trenches, then he would use the following
area shown below. equation to find the total trench length required.

The narrow trench is longer and provides much more soil contact on the side walls,
which should improve absorption of the daily effluent flow volume. Because the
narrow trenches are longer, it may be more difficult to fit the treatment and
disposal field in the lot boundaries, but the narrow trenches can improve the long-
term reliability of the system. See the drawing in the sidebar for a comparison of
narrow and wide trenches.
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Figure 5.3.9 End view of
treatment and disposal field
pipes showing different hole
patterns,
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Treatment and disposal field trenches must have 6 inches of crushed stone under
the pipe and at least 2 inches of level, uniform stone on top of the pipe, for a total
depth of 12 inches of crushed stone in a trench when 4-inch pipe is used. The pipe
must be centered in the trench with crushed stone surrounding it on all sides.

U Washed stone must be used so that the soil in the trenches is not plugged by
fine particles from the crushed rock.

O Thesizes of crushed rock can be numbers 3, 4, 5, 57, or 6 of the ASTM D-448,
Standard Sizes of Coarse Aggregate. The same number designations are used by
the state Department of Transportation and most gravel quarries. Numbers 3, 4,
5, 57, and 6 crushed stone have been washed to remove the fine particles and dust
so that it will not clog the soil in the trench,

Generally, 4-inch corrugated plastic tubing is used for the pipe in trenches. All
pipe used in the trenches must meet ASTM F 405 Standard Specification for
Corrugated Polyethylene (PE) Tubing and Fittings or have a suitable hole size and
spacing and be as strong as pipe that meets ASTM F 405. Holes in the pipe should
be between % and % inch in diameter and spaced every 4 inches along the pipe in
three rows, See Figure 5.3.9 for typical hole patterns.

O The pipe must always be installed in the center of the trench and be surmrounded
by crushed stone on all sides to give the pipe support against being crushed.

Three holes in lower Eg;: gi'::le
Three holes T 120° of pipe N
equally / of pipe
spaced :
around pipe
s N % \\\

Trenches cannot be deeper than 3 feet, even in deeper, well-drained soils. In
adequate soil with a deep water table, the trench will be 3 feet deep, with 12 inches
of crushed stone and 2 feet of cover soil over the crushed stone.

QO Trenches must not be too deep for a number of reasons. Trenches less than 3
feet deep have more unsaturated soil zone under them, which means that more
oxygen is present to help treat the effluent. Also, there is more biological activity
in the first 3 feet of s0il because more organisms are present, which help to remove
pollutants from the effluent.

Q There must be at least 1 foot of separation between the bottom of the treatment
and disposal trench and the top of any unsuitable soil condition, as shown in the
drawing to the left. Unsuitable soil conditions are soil layers that do not absorb
water well such as rock, some saprolite, and clay layers. Saprolite is the soft rock
or very sandy material that is formed as the bedrock breaks into small particles,
eventually forming soil.
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Rock, some types of saprolite, and expansive clay do not allow the effluent to be
absorbed and can cause the sewage effluent to pond on the soil surface.

O One foot of separation allows the effluent to be treated by bacteria and other
organisms as it moves downward through the soil. If there is less distance between
the trench bottom and the vnsuitable layer, the effluent may not receive adequate
treatment.

Soil wetness. Another unsuitable condition is soil wetness, which can be caused
by a seasonal high water table, a perched water table, tidal water, seasonally
Reference saturated soils, or lateral movement of water through the soil. When soil wetness
15A NCAC 18A.1955(g) is near the ground surface, there is little aerobic treatment of the effluent as it is
absorbed into the soil. Also, soil wetness can rise due to heavy rainfall and force
the effluent upwards to the ground surface.

0O To prevent problems with soil wetness, there must be 12 inches between the
bottom of the treatment and disposal trench and the top of the wet layer.

Reference » If the soil wetness layer is less than 18 inches below the bottom of the

15A NCAC 18A.1955 (m) treatment and disposal trench, and there are more than 6 inches of Group I
soil between the trench bottom and the wet layer, then a low-pressure pipe
system must be used to obtain the proper aerobic treatment of the effluent.

Design of  The pipes used between the septic tank and the treatment and disposal field are
Caneyance Piping called conveyance piping because these pipes carry the effluent to the next part of
the on-site system. Conveyance pipes must have watertight joints to prevent
leaking and the pipe must be strong enough to resist being crushed when it is in
the soil. Requirements for conveyance piping are given as foliows.

O The usual pipe is 3-inch, Schedule 40 PVC (polyvinyl chloride) pipe. Other
materials may beused, such as Schedule 40 PE{polyethylene) or Schedule 40 ABS
(acrylonitrile butadiene styrene), as long as they are strong enough to resist being
crushed by soil weight.

Reference
I15A NCAC 18A.1955(e)

O Allconveyance piping should have aminimum slope or fall of 1/8 inch perfoot
50 that the effluent flows freely through the pipe.

Q The joints in the pipe should be made according to the manufacturer’s
instructions to be sure that the joint does not leak and is strong enough to not break
Cut-away view of PE ubing apart in the soil.

used as convayance pipe . e
showing proper bedding in O Corrugated PE (polyethylene) tubing may be used as conveyance piping if a

crushed stone number of conditions are met. See 15A NCAC 18A.1955(e) for details on using
corrugated PE tubing.

Design of Treatment There may not be enough space on some lots to design the usual trench treatment
and Disposal Field and disposal field. Inthis case, the designer may consider a treatment and disposal
Beds Ped Abedissimplyalarge areafilled with gravel and pipes that has been prepared
to receive effluent, much like a disposal trench. In the bed system, conveyance
pipes carry effluent from the septic tank to the bed where the effluent flows into
pipes buried in the bed. The buried pipes help spread the effluent evenly over the
Reference entire bed bottom but, unlike trenches, the sidewalls are not used. T!hg foll;wing
guidelines should be used when designing a treatment and disposal bed. Figure

154 NCAC 18A.1955(d) 5.3.10 shows a cut-away view of a treatment and disposal bed.

5.3.13



Figure 5.3.10 Treatment and
disposal bed.

Reference
15A NCAC 18A.1955(d)

Reference
15A NCAC 18A.1955(b)
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Distribution pipes

Entire bed filled
with crushed stone

0 Treatment and disposal field beds can only be used where the soil is classified
as belonging to Soil Groups I, II, or IIl. These are sandy soils that contain little
or no clay such as sands, and loamy soils. These soils have the high permeability
needed for proper operation of a treatment and disposal bed.

Q The area of the bed must be 50% larger than the area required by a treatment
and disposal field trench system. This large area is needed for beds because
effiuent is mainly absorbed through the bottom of the bed, unlike trenches, where
much of the absorption takes place through the trench sidewalls.

O To ensure an even flow of effluent to all pipes in the bed, use a distribution
device such as a distribution box or a tipping distribution box.

[ Bed systems cannot be used where the sewage flow is more than 600 gallons
per day.

0O The sewage pipes in the bed must be at least 18 inches from the edge of the bed
and be located on 3-foot centers in the bed.

0 The bed should be dug from the sides so that the heavy equipment will not
compact the soil on the bed bottom.

O Bedsshould not be used on sites with slopes greater than six percent and should

only be used where the site is classified as SUITTABLE or PROVISIONALLY
SUITABLE.

O The example problem that follows shows how to calculate the size of a bed
system for the same conditions in the following example.

Example. This example is the same as given in the section on treatment
and disposal trenches, page 5.3.11, so you can compare the areas required
for trenches and beds.

An owner wants to install a conventional on-site system on a lot that
contains soil of Soil Group III with a long-term acceptance rate of 0.5
gallons per day per square foot, The daily flow of sewage from the four-
bedroom house to be built on the lot is 480 gallons per day. The necessary
total bottom areaof a treatment and disposal field bed for this on-site system
can be calculated, as follows:
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For an absorption bed system, the size of the bed bottom area is 50% greater
than the trench bottom area. This can be expressed as bed bottomn area =
150% of the trench bottom area, or

Serial Distribution On lots with sloping land, it may be difficult to install the treatment and disposal
Treatment and ficld in one area with parallel trenches. Instead of parallel trenches, a serial
Disposal Fields distribution treatment and disposal field can be used. The serial distribution
treatment and disposal field refers to a field where effluent flows from the highest
trench segment to the next lower trench segment, and to the next, and so on, in
series. The highest trench segment receives a full volume of effluent before the
next lower trench segment receives any flow at all. This differs from the usual

treatment and disposal field where effluent flows into all trenches at once.

A serial distribution field consists of a single trench divided into trench segments
thatarelocated along contour lines or lines of equal elevation on the lot. The trench
segments are instzlled along contours to ensure that the trench is level along its
length and therefore the entire trench is used to absorb the effluent.

A serial distribution treatment and disposal field can be installed as an end-feed field |
or as a center-feed field. The end-feed field delivers effluent to one end of each
trench segment. The center-feed field brings the effluent flow to the center of each
disposal trench rather than to the end. The drawing in Figure 5.3.11 shows a serial
distribution system using the stepdowns to feed each trench segment from the end.

Septic tank Conveyance pipe Trench segment

Figure 5.3.11 Serial
distribution system.

Stepdown
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Use serial distribution fields on sloping lots where distribution boxes are not
effective. Slopes should be in the range of 6% to 30%.

O Install treatment and disposal trenches along elevation contours. The disposal
trenches should be level and as long as possible. The trenches should be
constructed like a usual trench: perforated pipe centered in the trench, 6 inches of
crushed stone under the pipe, 2 inches of stone over the pipe, and the trench should
be no deeper than 36 inches on the deep side when cutting into a hillside. Measure
on the uphill sidewall.

 Each 36-inch wide trench segment centerline must be at least 9 feet from the
other trench segment centerlines. As the trench segment follows the contour, there
may be more distance between trench segments, but the separation cannot be less
than 9 feet.

Q The firstdisposal trench segment in the series is located onthe highest contour.
Place the second trench segment on an elevation contour below the first contour
that is 2 minimum of 9 feet from the center of the first trench. The third trench
segment should be a few feet lower than and at least 9 feet away from the second
segment, and so forth until all the required length of trench is instailed. Measure
the S-foot separation distance between the trench segments from center to center.

Q Start laying out the trench segments on the steeper portion of the slope so that
the trench is installed on the contour and so it ends on the less steep part of the
slope. This method ensures that the trench segments will have at least the
minimum separation at the end of the trench segments because the trench
segments follow the cortours and the contours are farther apart on the less steep
area. If the trench segments are started on the less steep area, then the trench
segments may be too close to each other in the steep area.

{1 Each treatment and disposal trench on a contour must be connected to the next
trench down the slope. The connections between each trench must convey the
sewage to the lower trench with no erosion and no leakage.

Stepdowns are used for connecting the higher trench segment to the lower trench
segment. Stepdowns work by making the higher trench segment fill with effluent
before it can flow to the next lower trench segment down the slope (Figure
5.3.12).

O A stepdown is constructed by leaving a dam of undisturbed soil 2 feet long
and as high as the top of the crushed stone in the treatment and disposal trench,
A solid pipe is connected to the perforated pipe in the higher trench and is run
over the dam and down to the next lower trench and connected to the perforated
pipe there. The soil surrounding the solid pipe must be compacted around and
over the pipe to prevent effluent leaking along the pipe. The solid pipe should
be 3-inch Schedule 40 PVC pipe so that the pipe will not collapse where it goes
over the dam and has less soil cover to protect it.

Q A stepdown can be made using corrugated, nonperforated PE tubing, but
using solid Schedule 40 PVC pipe is better because it is much stronger.
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Upper trench segment Non-perforated pipe to carry
Figure 5.3.12 effluent to lower trench segment
Cut-away view of a
stepdown.

Pipe laid on undisturbed soil and
covered with compacted soil

Lower trench
segment

l".,f >

Dam to ensure that upper
trench segment is filled with
effiuent before effluent fliows
to lower trench segment

‘ N ;
Perforated pipe

Drop Boxes  Another method used to connect a higher trench segment to the next lower trench
is adrop box. A drop box is made of precast concrete or polyethylene plastic with
one inlet opening and several outlet openings. The inlet brings the effluent to the
drop box where it flows out one or two outlets to the treatment and disposal trench
on that elevation contour. Another outlet allows effluent to flow to the next lower
trench segment. A view of installed drop boxes is shown in Figure 5.3.13.

Flgure 5.3.13 Drop boxes for end-feed
serlal distribution system and for center-
feed distribution system.
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0 Inadropbox, the bottom of the inlet opening must be 1 inch above the bottom
of the outlet opening going to the next trench down the slope. The top of the
openings feeding the trench segment must be 2 inches below the bottom of the
outlet opening. Because the openings to the trench segments are lower than the
outlet to the next lower trench, the trench segment fills with effluent first and then
it flows to the next trench segment further down the slope.

Q0 For end-feed trenches, a stepdown or a drop box may be used to connect
separate treatment and disposal trenches on different elevation contours. Drop
boxes used for end-feed serial distribution treatment and disposal fields have only
one outlet to the trench on the same contour as the drop box.

O Incenter-feed trenches, only drop boxes can be used and each drop box will
have two outlets, one going to each half of the treatment and disposal trench.

[0 The area of disposal trenches taken up by stepdowns or by drop boxes does not
count as part 0f the required length of treatment and disposal trench.

In situations where the soil on a lot is likely to clog after a period of operation
of the on-site system, a dual-alternating treatment and disposal field should be
used. This type of field has two separate treatment and disposal fields, each sized
to be 75% of the size needed for a single field. An effluent diversion valve is
installed in the conveyance pipe from the septic tank and the conveyance pipes
then go to each treatment and disposal field. The system owner turns the effluent
diversion valve so that the effluent fiows from the septic tank to one of the fields
for a set period of time, usually from six to twelve months. At the end of the time
period, the owner turns the valve so that the effluent now flows to the other field
for the same set period of time. In this way, half of the treatment and disposal area
has a period of time to rest and dry cut, which may reduce the chances of clogging.
See Figure 5.3.14 for a plan view of a dual alternating treatment and disposal field -
system. A drawing of an effluent diversion valve appears on the next page.

Figure 5.3.14 Dlagram of dual altemnating

treatment and disposal flelds,

Septic tank Effluent diversion valve

Distribution box to switch effluent from

for Field A

one field to the other
Distribution box

l for Field B
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Outlet to
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Outlet to

field A

inlet to

septic tank

Effluent diversion valve.

Conventional and Modified Conventional Systems

(1 Dual alternating treatment and disposal fields are typicalty used in Groups I

and IV soils and are highly effective in clayey soils. They can be used anywhere
conventional systems ate used.

0O Effluent diversion valves should be made of strong material that will not crush
or corrode. The best diversion valves are made of PVC.

0O Diversion valves should be installed in a valve box so that the owner has easy
access to the valve and can operate the valve from the ground surface.

Q0 A good reminder for homeowners is “When you change clocks in the spring
and fall, turn the valve to switch the fields.”

O The following example problem shows how to calculate the size of a dual
alternating fields system for the same conditions in the example on page 5.3.11.

Example. This example is the same as that given in the section on
treatment and disposal trenches, page 5.3.11, s0 you can compare the areas
required for a single treatment and disposal field and for the dual
alternating fields. An owner wants to install aconventional on-site system
on a lot that contains soil of Soil Group III with a long-term acceptance
rate of 0.5 gallons per day per square foot. The daily flow of effluent from
the four-bedroom house to be built on the lot is 480 gallons per day. The
necessary total bottom area of a treatment and disposal field can be
determined using the calculations below.

: 480 gailons ) day 0.5 gallons / day /square‘foot = 960 square feet
. of trench bottom area.

For the dual alternating treatment and disposal fields, each field should be
75% of the area of a single treatment and disposal field. So,

960 square feet x 75% = 720 square feet of trench bottom area
for each of the aitemat:ng fields.

If the overall area required for the sin gle and dual alternating fields are compared
we get the following resuli.

A single treatment and disposal field system with 36-inch wide trenches
will need 960 square feet + 36 inches = 320 feet of trench length. To keep
each trench under 100 feet long, divide the total trench length by four 1o get
four 80-foot long trenches. Since these trenches are 36 inches wide, each
trench must be 9 feet from the next, center-to-center. This means that there
are three 9-foot wide strips between the trenches and two 1.5 foot-wide
strips on the sides of the field, and each strip is 80 feet long. Thus, the total
area of the treatment and disposal field is found by the following equations:

3'x 9 feet:x 80 feet = 2160 square feet plus. .

2 x 1.5 feet x 80 feet = 240. :square feet, R
which equals a total of 2400 square feet for the smgle
treatment-and- dlsposal field. :

5.3.19



For the dual alternating fields, the total trench bottom area is 720 square feet
for each field, which means that for 36-inch wide trenches, 720 square feet
+ 36 inches = 240 feet of trench length is needed. Breaking this total trench
length into three equal-length trenches, each trench will be 240 feet = 3 = 80
feet long. The trenches must be spaced 9 feet center-to-center, so there wili
be two strips 9 feet wide between the trenches and two strips 1.5 feet wide
on the sides of each field. So, the total area for each field is:

The total field area for a single treatment and disposal field is 2400 square
feet and for dual alternating fields is 3360 square feet. Dual alternating
fields require 40% more area, but it may provide much better long-term
operation and a longer lifetime than the single treatment and disposal field.
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MODIFIED CONVENTIONAL SYSTEMS

In many situations, a conventional on-site systern must be modified to accommo-
date certajn limitations at the site. The term "modified conventional systems"
refers to a number of changes in the usual installation to make up for a lack of soil
depth, steep slopes, ground water flows or high water tables, and usable areas that
are higher than the septic tank.

Some modifications change the site; some modifications change the treatment and
disposal field installation. This section presents information on modifications
used:

1. To improve a site for a conventional treatment and disposal field;

2. To install a modified treatment and disposal field on steep slopes or on
saprolite;

3. To install treatment and disposal trenches on shallow soils or very steep
slopes; and

4. To install treatment and disposal fields at higher elevations than the septic
tank.

Site modifications change the site to improve its characteristics for on-site
disposal. Two types of site modifications are presented here that can help lower
high ground water tables or drain away ground water flowing through the site.
Both site modifications do not change the treatment and disposal field; the field
is installed as usual.

Soil wetness or elevated ground water.

Because rain water flows into and is stored in the soil, there is some depth where
the soil is saturated with water. The top of the saturated soil is called the water
table.

For on-site systems, the various conditions which cause the soil to be saturated
with water for extended periods are called soil wetness conditions. These
conditions include seasonal high water tables, perched water tables, tidal water,
seasonally saturated soils, or lateral movement of water through the soil. Each of
these conditions can move the level of saturated soil closer to the ground surface
or deeper into the soil. If the level of saturated soil is too close to the soil surface,
then, on some sites, site modifications can be made to allow the use of the site for
an on-site system.,

Soil wetness conditions that cause the soil to be saturated will produce certain
types of colors in the soil. These colors have a chroma of two or less and may be
seen as mottles or as the overall matrix color of the soil. Mottling is seen as
streaks, patches, or spots of darker color in a soil layer. Mottling is an indicator
of the position or depth of the highest level of the water table. Any device or
system used to lower the level of this soil wetness condition must extend below
the highest level of the water table. '

Saturated conditions are not always at the same depth. Water table depth fluctuates
seasonally and yearly. It changes with the amount of rainfall, the amount of water
used by plants, and the level of water in nearby streams, rivers, and lakes. InNorth
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For sites with P '
SgntlsG?:ups I, Carolina, the winter months are often when the water table is highest because of u
For sites with lit, and IV and increased rainfall and low water consumption by plants.
more than6 " less than 6" of o
of Scil Group ¢ Soil Group | The following points discuss site modification. Table 5.4.1 presents a decision

tree for determining if a site can be modified.

[ Inareas where the soil wetness is within 12 to 36 inches of the soil surface,
techniques may be used to lower the soil wetness condition. The soil should be
classed as Soil Group I or If with SUITABLE structure and clay mineralogy. At
least 12 inches must separate the water table and the trench bottom for soils classed
18" as So0il GroupIl. For soil classedas Soil Group 1, 18 inches must separate the trench

12" minimum i
s ton bottom and the water table. See the drawing on the left.

&\\\\\\\\\\\\\\\\\\\\\\\\\\\\w Q Soils where wetness conditions are within 12 inches of the ground surface,

such as wetlands, cannot be drained.

Unsuitable soil condition

Q Seasonal soil wetness conditions may be modified in sandy and coarse loam

soils that are used for on-site systems. Here, ground-water-lowering techniques

can be used to modify soil wetness. The most common technique is to install open

15A NCAC 18A.1956(4) - channels or ditches to drain the ground water from the upper 3 feet of the ground.
‘ See Figure 5.4.1 for a diagram of a ground-water-lowering system.

Reference

O Open channels allow the ground water to drain from the soil into the channel
and flow to an outlet. An outlet is the place where the ground water flows away
from the site and into a large drainage ditch or stream. Usually outlets have some
form of structure to control the height of the water in the open channels of the
ground-water-lowering system. The height of the outlet controls the height of the
lowered water table. The system user should change the outlet height as needed
to prevent failure of the on-site system. Figure 5.4.2 shows two views of outlets.

(Q Because a ground-water-lowering system is controlled by the outlet, the

outlet must be protected to ensure that the system works as it was designed.

Outlets must extend into the receiving stream and be protected from burrowing u
animals or other things that block free flow of the water into the receiving stream. '
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Figure 5.4.1 Diagram of a
ground-water-lowering system.

Ground water

interception channel

Septic tank

Figure 5.4.2 Two views of an outlet for
a ground-water-lowering system.

Reference
15A NCAC I8A 1950(15)(A)

Conventional and Modified Conventional Systems

Treatment and disposal fieid

. Receiving
ditch or
interceptor
drain

Outlet structure

Outlet designed not to erode
bank or stream channel

Design requirements.

O When open channels are used 1o lower the water table, the system designer
must provide a plan indicating the separation distances of the treatment and
disposal trenches and the drainage channels and indicate the approximate shape
of the lowered water table. Ground-water-lowering chanmels must be at least 25
feet from any portion of the on-site system (Figure 5.4.3). The system designer

also must provide detailed drawings and specifications to ensure that the outlet
is protected properly.
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Figure 5.4.3 Ground-water-
lowering channels located 25
feet from treatment and

disposal field.

Figure 5.4.4 Cut-away end
view of subsurface drain.

Ground water
subsurface drain

Reference
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QO When multiple lots in a development are drained, a detailed plan drawn by an
engineer must be provided for the entire development. The lot drainage system
must be maintained and frequently a drainage district, alegally-formed governing
body, is required to accomplish this. The designer of the drainage system must
specify the elevations of the outlet and the receiving stream or ditch. Thereceiving
ditch should have stable side slopes, generally not greater than 3:1, and should be
protected against erosion with a fiber mat and/or a permanent vegetative cover.

O Ground water can be lowered using subsurface drains or buried pipes. A pipe
is installed 3 to 4 feet deep and surrounded by washed gravel. The pipe must be
installed with 2 positive slope so that the ground water drains from the pipe to the
outlet. Figure 5.4.4 shows an end view of a subsurface drain system.

Treatment and disposal trenches

/N

Ground water
subsurface drain

Trench lined with
geotexile fabric
and filled with
crushed stone

Perforated drain pipe

D The outlet for a subsurface drain system can be a buried pipe that is
surrounded by compacted soil for the length of one section of pipe to prevent the
ground water from flowing along the outside of the pipe and washing it out. The
outlet must empty into a water way above the normal water level and the outlet
should be screened to keep out animals. If the subsurface drain carries high
volumes of water or the water flows at high velocities, the water way at the outlet
should be protected against erosion and scour.

Pumped drainage systems.

O Inareas where the elevation of the water in the receiving ditch is sometimes
or always above the ground water elevation required, a pumped ground-water-
lowering or drainage systemn may be required. The pump lifts the water over the

\/
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Figure 5.4.5 Cut-away end view
of an interceptor drain.

Treatment
and disposal field

outlet and discharges into the receiving ditch. In this way, the pumped drainage
systern can lower the water table below the level of the water in the receiving ditch.
A pumped drainage system must be designed to discharge the required volume of
drainage water to the receiving stream.

O The pump drainage system pump tank must comply with the same setback
requirements as the subsurface drains. The design engineer must demonstrate that
appropriate setbacks and buffers are maintained. Inspectors must check to see that
the water in the receiving ditch is not polluted by the discharge of shallow ground
water, particularly in areas where fresh water can degrade saltwater nursery areas.

0O Pumpeddrainage can berequired forindividual lots or forlarge developments.
Whenever pumps are used in a drainage design, a maintenance program must be
established so that the pump and the outlets are properly maintained and serviced.
This maintenance is usually done by a county or a drainage district management
program.

System modifications change the way an on-site system is installed. These
modifications overcome problems with steep slopes, shallow soil, or places where
the usable area is higher than the septic tank. A decision tree to determine the use
of interceptor drains is contained in Table 5.4.2. '

Some locations, especially sloping lots with large drainage areas above, may have
a perched water table where water moves through the soil into the usable areas of
the lot. This shallow subsurface flow can reduce the capability of an on-site
wastewater treatment system to absorb and adequately treat wastewater because
the water is trapped on an impermeable soil layer.

O Interceptor drains can be installed above the treatment and disposal field to
catch and divert this shallow subsurface ground water. An interceptor drain, or
a subsurface drain, is a trench filled with crushed rock to collect ground water
or intercept the ground water as it flows through the soil. A pipe at the bottom
of the trench carries the collected ground water to an outlet where the water is
discharged. See Figure 5.4.5 for details of an interceptor drain.

Interceptor drain upslope of
treatment and disposal field

Drain outlet as
shown in Figure 5.4.2
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Q Surface water diversions are usually used with interceptor drains to divert
surface water from the usable areas. Surface water diversions consist of a shallow
channel and berm to direct the surface water away from the usable area. Sec Figure
5.4.6, taken from the North Carolina Erosion and Sediment Control Planning and
Design Manual (Smolen et. al, 1988), for details of surface water diversions.

Figure 54.6 End view of a
surface water diversion.

Drainfield area

Reference Q The system designer must provide a plan showing the location, depth, and
154 NCAC 184 1950(15)(A) specifications for the interceptor drain and its outlet. Interceptor drains must be at
- least 10 feet from the on-site system on the side going up the slope, 15 feet away
on the sides across the slope, and 25 feet away on the side going down the slope.
Interceptor drains must be sloped so the water will flow to the outlet. The outlet
should extend into the channel of a drainage ditch or receiving water so that

erosion does not occur at the outlet.

Q Interceptordrain networks must be maintained to ensure that they are open and
drain freely. Any blockages, especially at the outlet, will dramatically reduce the
amount of water drained from the soil. The outlet of the interceptor drain must be
protected from animals burrowing into it. '

QO The regulatory agency must evaluate the effects of the interceptor drain
discharge onthe receiving water to see that the drainage discharge will not degrade
thereceiving water. Generally a permit for an interceptor drain cannot be obtained
if the interceptor will drain to certain waters, such as High Quality Waters and
Qutstanding Resource Waters.

ecisi
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Shallow Placement
Treatment and
Disposal Fields

Reference
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Figure 5.4.7 Cut-away end
view comparing a conventional
treatment and disposal trench
to a shallow placement trench.

Reference
15A NCAC 18A.1955(m)

Figure 5.4.8 Cui-away end
views of trenches showing
required separation hetween
trench bottom and UNSUITABLE
soll conditions.

Reference
15A NCAC 18A.1955(i)

Shallow placement of treatment and disposal trenches can be used where saprolite,
bedrock, expansive clay, restrictive horizons, soil wetness, and weathered rock are
at least 24 to 36 inches below the natural soil surface, and all other site and soil
characteristics are classified as SUITABLE or PROVISIONALLY SUITABLE.
On sloping sites, the depth of shallow placement trenches must be adjusted so that
the trenches have adequate soil cover. See Figure 5.4.7 for a diagram of
conventional and shallow placement trenches.

24" soil
cover

O In soils classified as Soil Groups II, I11, and IV, a 12-inch separation distance
is required between the trench bottom and a limiting factor, such as a clay layer
or soil wetness. The effluent is considered to receive adequate treatment in these
fine-textured soils when the combination of the above separation distance and
required horizontal setbacks are met. See Figure 5.4.8.

For sites with For sites with Soil

more than 6 " Groups 11, lIl, and IV
of Soil Group | and less than 6" of
Soil Group |
18"
12" minimum
separation

N

Unsuitable soil condition

0O If the soil between the trench bottom and the unsuitable site characteristic
has 6 inches or less of soil in Soil Group 1, an 1B-inch separation distance is
necessary. If there are more than 6 inches of Soil Group I between the trench
bottom and the restrictive layer, then a low pressure pipe system is required. The
larger separation distances are needed for the sandy soil in Scil Group I because
the effluent flows too quickly through sandy soil and does not receive the proper
treatment. Figure 5.3.18 shows the increased separation required in Soil Group
I soil.

Installation requirements.

Shallow-placement trenches should have the usual amount of crushed rock around
the effluent pipe — 6 inches under, and 2 inches above the top of the pipe.

[ The trenches in a shallow-placement treatment and disposal field should be
covered with scil up to the original ground surface. In some cases, the crushed
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Figure 5.4.9 Installing a large-
diameter plpe system.
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stone in the trench will be brought up to the original ground surface and capped
with at least 6 inches of fill over the trench. The 6-inch cap of soil is needed to
prevent odors and to keep animals from getting down into the wastewater in the
crushed rock.

0 If a deeper soil cover over the treatment and disposal field is wanted or
required, then the soil to the sides of the treatment and disposal field should be built
up to the same height as the soil cover directly over the trenches. This built-up
layer of soil should extend 5 feet out from the trenches on the edges of the field
so that the soil cover is even over the trenches and on the edges of the field. The
original soil surface should be broken up so that the added soil cover stays where
it is placed.

In many situations where site disturbance must be kept to a minimum, or where
equipment must be carried in by hand, large-diameter pipe systems can be used.
These systems use much larger pipes in the field trenches than in conventional
systems.

Treatment and disposal trenches in large-diameter pipe systems use a large pipe
installed in a narrow trench with no crushed rock surrounding the pipe. In
conventional systems, the effluent is stored in the open spaces in the crushed rock
to allow it to flow into the soil. In a large-diameter pipe system, the large pipes
serve as reservoirs to hold the effluent while it slowly flows into the soil through
holes in the pipe.

Large-diameter pipe systems are used primarily in areas that have very limited
access, such as steep, heavily-forested slopes in the mountains, areas where heavy
equipment cannot operate, and steep areas with easily eroded soils where the soil
should not be disturbed. On lots where heavy equipment cannot be brought in, the
treatment and disposal fields have to be installed by hand. Here large-diameter
pipesystems are ideal. The trenches are narrower than conventional treatment and
disposal trenches making them much easier to dig manually. Also, no crushed rock
is required, which makes installation much easier when all the materials must be
carried in by hand. Figure 5.4.9 shows a large-diameter pipe system under
construction. The requirements for large diameter pipe systems are as follows:

M ffrac, g,
et v

Sielomag, e

Vi
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Prefabricated
Permeable Block
Panel Systems
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Q Large diameter pipe systems can overcome site problems such as shallow
soils, or shallow soil wetness conditions on steep slopes. The narrower trench
width used in large-diameter pipe systems allows these systems to be installed
on steep slopes where the normal-width trench would not have enough depth.

O Large-diameter pipe systems must be backfilled with soil classified as Soil
Groups I, 11, or I

O Pipe size should be 10 inches in inside diameter, although 8-inch pipe is
permitted.

O A10-inch diameter pipe is abetter choice for an on-site system because the large
pipe has more storage than the smaller 8-inch pipe. The larger storage gives the large
pipe more reliability. For design purposes, the 10-inch large-diameter pipe has the
same trench bottom area as a conventional system with 3G-inch wide trenches, and
the B-inch pipe has the same trench bottom area as a 24-inch wide conventional
trench. The LTAR for large-diameter pipe systems cannot be more than 0.8 gallons
per day per square foot.

Characteristics of pipes.

Special pipes are used for these systems. The outlet holes are in two rows on the
lower portion of the pipe and the top of the pipe is marked with a line for proper
installation.

O To keep the pipes from filling in with soil and to help spread the effluent, the
pipes are wrapped with a geotextile fabric or filter wrap. Geotexiile fabric is a
specially made nylon, polyester, or nylon/polyester blend cloth that holds back
soil particles while allowing water to pass through. These special pipes come from
the factory wrapped with the geotextile fabric and packaged in protective plastic
sleeves. To prevent sunlight from degrading the geotextile fabric, the plastic
sleeves should not be removed until just before installation.

O Large-diameter pipe systems should not be used for restaurants or other
establishments where the wastewater contains large amounts of grease and oil.
The grease and oil can plug the geotextile fabric wrap and cause the system to fail.

Prefabricated Permeable Block Panel Systems, or PPBPS (Figure 5.4.10), are

commonly referred to as block panel systems or porous block systems. These

systems were developed in North Carolina to improve the ability of gravity

systems to pretreat and distribute effluent to the trench sidewalls. Because more

effluent flows into the soil through the trench sidewalls, a smaller treatment and .
disposal field can be used. The smaller treatment and disposal field helps

overcome some space limitations on some lots.

PPBPS are designed to use less area than the conventional treatment and disposal
field, but they require deeper soils to keep the required 12-inch separation distance
between the trench bottom and any unsuitable soil condition. For example, a 16-
inch block PPBPS needs a minimum of 40 inches of soil depth for proper
installation.

These systems use a conventional septic tank and specially designed precast
concrete blocks and panels for the treatment and disposal trenches to improve the
absorption of effluent. The blocks are encased in coarse sand. The blocks and sand
provide some treatment so that a cleaner effluent is absorbed by the soil.
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Figure 5.4.10 Cutaway view of a prefabricated
permeable block panel system.

16-inch tall
panel biocks
Pipe connecting

Bottom two panel blocks
of trench Cutaway view Sandy fill
of panel blocks
Grade board Sandy fll
beneath and (1 The designer of the system must carefully show the location of each treatment
beside panel and disposal trench. These lines must be placed on contour with panels installed
blocks level.

{1 Installation of a block panel system must follow the manufacturer’s specifi-
cations to ensure proper operation of the treatment and disposal field.

O Block panel trenches must be 24 inches wide and installed with a separation
of at least 8 feet, center to center.

[ For systems installed in soil of Soil Group IV, sandy clays, silty clays, and
clays, the sidewalls of the dug trenches must be raked to break up any slick or
glazed surface onthe soil. The slick surface or glaze on the soil reduces the amount
of effluent the soil will absorb.

Pu mp to Conventional  Frequently, the outlet of the septic tank is below the usable areas wherea treatment
Treatment and Disposa| and disposal field can be installed. In these situations, a pump can be installed to
Field Systems lift the effluent to a conventional treatment and disposal field placed in the usable

Figure 5.4.11 Diagram
of a pumped system
using center-feed drop
boxes in a serial
distribution field.

5.4.10

area (Figure 5.4.11).
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treatment and disposal field
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|
Systems using pumps to lift septic tank effluent must install a pump tank after the
Reference septictank in the system. The pump tank is located after the septic tank so that most
15A NCAC 18A.1954(b) of the solids settle out in the septic tank and do not go through the pump and out
to the treatment and disposal field.
The pump is installed in the pump tank and all the controls are mounted close to
the pump tank. The pump controls must not be located inside or on top of the pump
tank to prevent corrosion of the controls and to provide ready access for
Reference

maintenance and operation. The discharge pipe from the pump carries effluent to
15A NCAC 18A.1952(c) the treatment and disposal field where the effluent flows by gravity into the
trenches. Often a pressure distribution manifold, a pipe with many outlets and
valves, receives the effluent from the pump and distributes it to the treatment and
disposal field trenches. See Figure 5.4.11 for a diagram of a pumped on-site
wastewater system and Figure 5.4.12 for a cut-away view of a pressure

Figure 5.4.12 Cut-away view distribution manifold. Figure 5.4.13 shows the components of a pump tank.

of pressure manifold device.
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Figure 5.4.13 Cut-away viaw Pump electrical Union Access riser
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Important points in designing pump tanks to pump septic tank effluent to a
conventional treatment and disposal field are listed below.

O Warning — Never go into a pump tank or a septic tank. They may contain
dangerous gasses that can kill a human being or explode.

Storage volume.

The pump tank stores a large volume of liquid so that it can pump a reasonable
volume of effluent to the treatment and disposal field each time it runs.

Q Pumping a large volume of effluent each time the pump runs reduces the wear
on the pump and pump controls.

Q1 Each dose or volume of effluent pumped to the conventional treatment and
disposal field using 4- or 6-inch corrugated tubing should fill the field trench pipes
from 2/3 to 3/4 full. A trench with a 4-inch pipe should receive a 1/2 gallon of
effluent for each foot of trench length; a 6-inch pipe should receive 1 gallon per
foot of length.

Size of pump tanks.

The capacity of a pump tank is considered to be the entire internal volume of the
tank, with no freeboard required. Freeboard is the height of the tank wall above
the level of the liquid.

Q Pump tanks must not be smaller than 750 gallons. Larger sizes for pump tanks
are determined by the type of soil in the drainfield.

Q For pump tanks with drainfields in Group 1, II, or II1 soils, the minimum pump
tank size is 2/3 of the volume of the septic tank.

(3 Pump tanks with drainfields in Group IV soils, which are sandy clays, silty
clays, and clays, are required to have the same volume as the septic tank.

@O The pump must be carefully sized so that it will develop enough pressure to
lift the effluent to the treatment and disposal field, and have enough pressure for
proper distribution in the trenches. Pump selection should include consideration
of the total lift required, hydraulic losses due to friction in the pipes and fittings,
flow velocities necessary to avoid settling of solids, and pressure required for
proper distribution to the trenches.

O Pumps must have approval of Underwriter’s Laboratories or equivalent
testing agency, be capable of handling 1/2-inch solids, and pumping at the rate
and head required.

Q Another method used to size a pump tank is to meet the minimum pump
submergence requirement, minimum dosing requirement, and minimum emer-
gency storage requirement. Determining the volume of a pump tank to meet these
criteria is complicated and not practical for most small wastewater systems.

Q Pump tanks should have only one compartment. If a two-compartment tank is
to be used, then the partition in the tank must have at least two 4-inch holes in the
partition no higher than 12 inches from the tank bottom to altow free flow of the
effluent from one compartment to the other. Other types of openings may be
allowed as long as the openings are equivalent to two 4-inch holes and are pre-
formed into the tank.
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Components of a pumping system.

Listed below are the components required for proper operation of a pumping
system.

O A chain or rope that will not corrode should be attached to the submersible
pump so that the pump can be pulled out of the tank for servicing without someone
entering the tank. A nylon rope, stainless steel wire rope, or stainless steel chain
would all work.

0 The discharge pipe from the pump must be Schedule 40 PVC pipe and must
have an accessible union or other fitting to allow the pump to be disconnected for
repair.

O Flow velocities in the conveyance pipes should be 2 feet per second or more
to keep sewage solids from seftling out and blocking the pipe.

QO Elbows and tees may require thrust blocking to minimize water hammer
effects when pumps activate. Thrust blocks are blocks of concrete cast around a
tee or elbow to strengthen the fitting and prevent it from being blown off by the
water pressure. Water hammer occurs when pumps start or shut off, causing the
water in a pipe to suddenly start or stop flowing. The sudden starts and stops can
cause short pulses of high pressure in a pipe which can burst the pipe or break the
fittings.

{ Valves may be required in the pump discharge pipe to regulate flow or
pressure. Air release valves, which allow air to escape from inside a pipe, should
be placed at the uppermost elevation in the conveyance pipe when it must go over
a high point before the treatment and disposal field to minimize air blockages in
the pipes and trenches.

Q Check valves are typically required between the pump and the treatment and
disposal field to prevent backflow into the pump tank or through the pump when
the drainfield is at a higher elevation. Also, pump warranties may be voided ifa
check valve is not installed. A check valve is pictured to the left,

O Checkvalves should also be installed if the volume in the pump discharge pipe
is more than 25% of the dosing volume. The check valve ensures that the full dose
of sewage is applied to the treatment and disposal field.

@ In situations where the treatment and disposal field is lower than the high-
water alarm elevation in the pump tank, an anti-siphon hole should be installed in
ihe pump discharge pipe upstream or before the check valve. An anti-siphon hole
keeps the water from being siphoned out of the pump tank by breaking the suction
after the pump turns off. A 3/16-inch anti-siphon hole should be installed in the
pump discharge pipe so that the hole discharges back into the pump tank.

[ The designer of the on-site wastewater treatment system must provide the
regulatory agency with detailed drawings of each component. These components
include the pumps and pump chamber, controls and contrel panels, and the valves
and other parts necessary to convey effluent from the pump tank to the treatment
and disposal field. Each component of the pressure system must be specified
carefully.

Q Pressure manifoldsare often used todistribute the effluent to the treatment and
disposal field trenches. A pressure manifold is 2 large pipe fitted with many small
outlet pipes so that the small outlet pipes feed effluent to the trenches. Ifa pressure
manifold is used, details of the manifold must be clearly shown on an engineering
drawing. The number and size of the discharge outlets from the manifold,
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schedule of pipe used in the outlets, valves on these outlets, and details of the type
of tap, such as a threaded tap or saddie tap for the outlets, must be clearly specified.
Do not thread or tap a PVC pipe with a wall thickness less than Schedule 80.

O Conveyance piping from the pressure manifold to the trench must be specified
clearly in a plan view drawing. Thrust blocking is generally not required at tees
or elbows between the manifold and distribution lines, but a dam of compacted
earth should be placed between the conveyance pipeline and the perforated pipe
inthe treatment and disposal trench. The conveyance pipeline should have at jeast
a one percent downward slope in the direction of the treatment and disposal trench,
so effluent flows to the trench as fast as it comes out of the manifoid.

Pump control panels.

The switches and the panel that houses the switches are very important for proper
operation of the pumnp and overall system. The drawing to the left shows the
location for pump controls.

[ The pump control panel must be contained in a watertight enclosure, with a
National Electrical Manufacturer’s Association (NEMA) rating of NEMA 4X or
anequivalent. The control panel must be at least 12 inches above the final ground
level and have manual switches to override the automatic controls. Manual
switches make service much easier and safer.

O Pump controls can be mercury float switches or mechanical (non-mercury)
float switches. Float switches should be attached to a float tree, a vertical pipe or
rod that will not rust or corrode in the pump tank that holds the float switches. A
1-inch plastic pipe works very well as a float tree. The pump discharge pipe cannot
be used as the float tree, so the floats can be replaced or adjusted without removing
the pump.

Q) Set the float switches so the correct volume of effluent is pumped to the treatment
anddisposal field foreach on-off cycle of the pump. The distance between the pump
“on” float and pump “off ” float is the draw down, which determines the volume of
effluent in the tank pumped to the field in one on-off cycle.

Q Encase all electrical wires in waterproof and gasproof conduits, and make no
connections inside the pump tank. Seal openings for all wires and conduits. These
precautions are necessary to prevent explosions from gas build-up in the pump
tank and to prevent the corrosive gas and moisture in the pump tank from corroding
the electrical switches and wires.
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INSTALLATION AND CONSTRUCTION
OF ON-SITE SYSTEMS

On-site systems should be installed in a carefully planned manner. Each step of
the installation process should be completed in order and the work should be done
right the first time. The following guidelines will help installers avoid costly
mistakes; be in compliance with the rules; and protect public land, water, and
health.

This section includes the installation of septic and pump tanks, conveyance lines,
pumps, and treatment and disposal fields. The discussion of each system compo-
nent begins with required characteristics and then goes on to installation and
inspection. :

Septic tank manufacturers must meet a number of requirements to make an
approved tank (Table 5.5.1). The following presentation discusses requirements
for tank characteristics including load-bearing capacity, construction techniques,
and structural strength.

Tanks used for on-site systems must meet the requirements set by the North
Carolina Department of Environment, Health and Natural Resources, the Divi-
sion of Environmental Health. Tank manufacturers must apply for approval for
each size and type of tank.

0O An application package includes:
@ The manufacturer’s name, address, and phone number;
m A list of counties where the tank will be sold;

m Three sets of plans and specifications for the tank and one set for each
county; and - - '

s The manufacturer’s identification or logo to be imprinted on the tank.

0O Plans and specifications must contain the following information:
m Alldimensions of the tank, tank walls, locations of inlet and outlet blockouts;
m The type, size, and placement of reinforcing;
a The strength of the tank material;
# Designed liquid depth;
a Details of the joints, joint materials, sealers, and methods of sealing;
~ m Details of the access manholes and risers;

» All other design features, inciuding methods of manufacture, molding,
curing, lifting eyes, and earth and traffic load capability.

Minimum design and construction standards for precast reinforced concrete tanks
ensure that tanks are structurally sound, watertight, and designed to do the best job
of treating the sewage. Strong and watertight tanks have less failures and provide
protection against pollution and disease. Figure 5.5.1 shows the parts of a septic
tank. Requirements for septic tanks are listed in Table 5.5.1
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Figure 5.5.1 Cut-away view of a septic tank.
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7. Access risers — watertight

8. Tank 36" or less below ground

9. Tank located away from
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10. Tank level, front-to-back
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11. Inlet and outiet pipes sealed
and watertight

12. House sewer pipe slopes
1/8" per foot or more

13. Reinforcing wire,
throughout tank
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Dimensions. The spacing and sizes of the tank parts are very important in making
the tank work properly. Incorrect dimensions can reduce the settling of solids or
allow grease to flow out to the trenches.

O A minimum liquid depth of 36 inches is required.

Q The tank must be at least twice as long as it is wide to get the best settling of
the solids. The first chamber must be two-thirds to three-fourths of the total tank
volume to provide the maximum amount of storage of solids.

Q The minimum freeboard, or wall height above the liquid, is 9 inches.

Q The top, bottom, ends, and sides of the tank must be at least 2 1/2 inches thick
except for blockouts.

Blockouts. Blockouts are precast indentations in the tank walls where inlet or
outlet pipes can be placed.

O Blockouts must have a wall thickness of at least 1 inch and must be able to
accept 4- or 6-inch pipe.

Q There must be three blockouts for the inlet pipe on the inlet side of the tank,
one in the end wall and one in each side. Only straight pipe can be used as an inlet;
no elbows or tees are allowed. Typically only one inlet blockout is used because
most houses have only one sewer line.

Outlet. A sanitary tee must be provided for the outlet. The tee is one of the most
important devices in the tank because it keeps the grease from flowing into the
treatment and disposal field. See Figure 5.5.2 for an illustration of septic tank
outlets.

O A Class 160 plastic pipe tee, cither polyvinyl chloride (PVC) or polyethylene
(PE), or a cast-in-place, 2-inch-thick concrete tee is required. The tee must be
extended one-fourth of the way down into the liquid depth to keep floating solids
away from the absorption field. For example, for a tank with a 48-inch liquid
depth, the bottom of the tee must be 12 inches into the liquid.
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0 The outlet opening must be at least 2 inches below the inlet opening so that
the sewage does not back up into the inlet pipe.

O An optional gas deflector can help keep solids away from the opening to the
sanitary tee. This is an angled plate of concrete, plastic, or corrosion-proof steel
below the opening of the sanitary tee that keeps floating solids from entering the
sanitary tee. The top edge of the plate should be no more than 6 inches below the
sanitary tee opening, and should extend out 2 inches in front of the tee and on the
sides.

Tank strength. Tank walls must resist the sideways pressure of the soil on the
Reference walls and support the weight of the tank cover and the soil covering the tank. Also,

the tank must be strong enough to resist uplift from ground water and any other
15A NCAC 18A.1954 loads that normally affect an underground tank.

0 Tanks must be able to hold a live loading of 150 pounds per square foot and
support the dead weight of the concrete tank cover and the soil above it.

O Thestrength of the tank depends on the strength of the concrete; the placement,
wall thickness, and type of reinforcing steel in the tank; and the quality of the
casting process. The following sections describe how to make a strong, high-
quality tank.

Concrete strength and quality. The strength and quality of the concrete are very
important in the overall quality of the tank. Strong, well-cast concrete helps make
the tank strong and watertight.

O The concrete must conform to ASTM C 150 specifications, have a design
minimum 28-day strength of 3500 pounds per square inch (psi), and must have
hardened to 3000 psi before it is moved for installation. Concrete strength can be
estimated using a Schmidt Rebound Hammer or Windsor Probe Test. The
concrete can be strengthened by using the minimum amount of water possible and
by curing the concrete properly.

3 Forthe Schmidt Rebound Hammer test, select a smooth-formed area about 6
inches in diameter. All test areas must be made where concrete is a minimum of
4 inches thick, such as at the wall edges or baffle. Take 10 rebound readings with
the hammer, moving the hammer to a fresh point of impact for each reading. The
points of impact should be at least an inch apart, and any impact that breaks through
an air pocket should be disregarded. Add the results of the 10 readings and divide
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Figure 5.5.3. Septic tank in the
ground showing reinforcing
steel In the tank walls.

Outlet

by 10to get the average. Discard any readings that differ from the average by more
than 7 units and recalculate the average. This average is the final result. If more
than 2 readings differ from the average by 7 units, discard the entire set of readings
and do the test over.

QO Concrete gets weaker as more water is added to the cement. Very dry mixtures
are the strongest and make the most watertight tanks. For the strongest tank, use
the driest mixture possible that will properly fill the forms.

O Allconcrete must be thoroughly mixed to be sure that the cement coats all the
gravel and is spread evenly through the entire batch.

O Additives that produce 5-6% entrained air, or tiny bubbles in the concrete,
should be added to septic tank concrete. The entrained air aids in making the
concrete watertight.

O The concrete should be vibrated as it is poured and once it is in the form. The
vibration makes the concrete settle into the deep parts of the form and helps
eliminate pockets and honeycomb (groups of small holes) areas. Pockets and
honeycombs in the concrete will cause leaks and weak tanks.

An externally mounted bin vibrator does a good job on all tank shapes and sizes. For
rectangular tanks, a hand-held vibrator with a 3/4-inch or 1-inch flexible shaft will
do a good job. Flexible shaft vibrators are inserted into the wet concrete at several
points around the form to shake the concrete down into all the parts of the form.

O Do not use concrete rejected by a construction site for making septic tanks.

Reinforcing steel. Concrete is strong in compressive strength, which means that
itdoes notcrushwhenitis pushed togetherorsqueezed. However, concrete is very
weak in tensile strength, which means that it can be pulled apart easily. Toincrease
the tensile strength of the concrete in a tank, steel reinforcement must be used.
Without steel reinforcement, tanks are not strong enough to do their job. Figure
5.5.3 shows the reinforcing steel in a septic tank.

Access risers

Reinforcing
_— steel

Tank level front-to-
back and side-to-side

O Thetop, bottom, ends, sides, access lids, and baffle wall of a concrete tank must
have 2 minimum reinforcement of 6-inch by 6-inch No. 10 gage welded steel
reinforcing wire mesh. Where two pieces of the reinforcing wire mesh join, the
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pieces should be lapped at least 6 inches over each other and tied together to keep
themeshcenteredin the slab. Centering the mesh makes the walls strongerand also
gives the most corrosion protection to the steel.

O All steel reinforcement must be covered with concrete so that it will provide
tensile strength to the concrete mixture, At least 1 inch of concrete should surround
all reinforcing steel.

Q The reinforcing steel must be bent through all corners and edges of the tank
where most of the stress on tank walls occur.

O Reinforcing wire for the baffle wall should be bent at 90 degrees to make 4-
inch legs that are laid parailel to the reinforcing wire in the side walls and tank top
and bottom and tied in place.

O Metal detectors can be used in inspections to detect whether steel reinforcing
wire is present in tanks that are already cast.

QO Special concrete design and reinforcement are required for large (= 2,000
gallons) septic tanks and when the septic tank must be placed below roadways or
driveways or when the tank is going to be buried more than 3 feet deep. Tanks
should not be instalied below driveways or roads except when designed and
approved for these special conditions.

Manholes. Tanks must have manholes so that service personnel and the user can
have access to measure the sludge depth; to inspect the inlet, sanitary tee, partition,
and other tank parts; and to pump out the tank.

0O Alltanks must have two 18-inch by 18-inch manholes, one manhole over each
chamber of the tank. Each manhole cover must be beveled on all sides to keep it
from falling into the tank. See the drawing of an access manhole cover to the left.

O Lidsorcovers for the manholes should have a handle of steel or other corrosion-
resistant material equivalent in strength to a No. 3 reinforcing rod (rebar).

- / Joints, Well-sealed, property-formed joints help make the tank watertight.

0O Two-piccetanks should be joined after curing and sealed with a flexible sealer
that is waterproof, corrosion-resistant and approved for use in septic tanks, such
as mastics or buty]l rubber. The tank halves should be lined up, the joint cleaned,
and a 1-inch bead of sealer should be used tc make the joint as waterproof as
possible.

QO Ifmoresealingis needed, hydraulic cement or sand-cement mix can be applied
tothe inside and/or outside of the joint. Be sure the joint is clean so the cement will
stick to the concrete in the tank.

Tank quality control Tanks shouid be inspected by the manufacturer before they
are shipped off the manufactures's lot. Inspecting tanks on the lotavoids rejections
by environmental h€alth specialists or homeowners.

Leaks. Leaking tanks can cause the entire on-site system to fail or contaminate
ground water. Tanks must not leak.

O Look for honeycomb areas and open pockets, cracks and holes, and exposed
reinforcing wire. Some types of minor defects can be repaired; however, repairs
must conform to the standards for strength and quality of concrete. Tanks with
honeycombs, cracks, and holes may be rejected by the state or local health
department.
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O Honeycombs in the tank wall and especially in the corners and on edges can
cause leaking and weaken the tank. Usually honeycombs are caused when the
concrete is not vibrated enough when it is poured. Joints and walls with honey-
comb should be patched so they do not leak. If the honeycomb covers too much
of the tank, the tank should be rejected.

m Small cracks are a normal result of the curing process and can be disregarded.

m Large cracks in the concrete can weaken the tank and cause leaks. Large
cracks occur because the concrete dried too quickly during curing, the
concrete is too weak, or there is no steel reinforcement. Large cracks must
be patched and proven not to leak. If the crack is visible inside and outside,
the tank should be rejected.

O The joint between the tank halves must be smooth and level to make a water-
tight seal. If the concrete in the joint area is honeycombed, the honeycomb should
be patched. Joints must be sealed with a 1-inch bead of mastic, as shown in the
drawings on the left. Joints should also be plastered on the outside for septic tanks
and on the inside and outside for pump tanks. Additional waterproofing is required
for pump tanks. Poorly shaped joints are caused when the concrete is not vibrated
enough when it is poured, the form contains a poor framework with warped joints,
or dried concrete is not removed from the joint area between pourings in the mold.

m Pump tanks must be watertight; otherwise, ground water can leak into the
tank and cause flooding of the treatment and disposal field.

m Tanks can be checked for leaks by vacuum testing or by water testing. If a
tank can hold a vacuum of 3 inches of mercury for one hour, it will not leak.
To test a tank with water, temporarily seal the inlet and outlet pipes. Fill the
tank above the highest seam or pipe connection and let it stand 24 hours to
allow the concrete to absorb all the water it will hold. Refill the tank and
check the water level after 24 hours. A tank is considered watertight if the
water level does not change more than ¥ inch or %% of the liquid volume
in 24 hours (see table on page 5.6.2).

m A visual check for leaks can be made by observing the seam and tank walls
after filling with water. Any leaks should show within one hour.

Tank specifications. Requirements that tanks must meet follow.

O Concrete in the tank must have a design compressive strength of 3500 psi at
28 days after pouring or 3000 psi before the tank is installed if the tank is installed
before 28 days. Low compressive strength is caused by too much water in the
concrete, not enough time to cure, or improper curing. :

O Metal detectors can be used to detect whether steel reinforcing wire is present
in tanks that are already cast. Steel wire must be in all parts of the tanks including
the baffle wall, cast-in-place sanitary tee, and the tank cover.

O Check the tank dimensions, especially the liquid capacity, the sanitary tee
depth into the liquid, size of the manholes, and the thickness of the concrete in the
walls and blockouts.

[ The baffle wall vent should be clear of excess concrete or other material that
could block it.

O Each septic tank must have the manufacturer’s stamp or imprint to the right of
the blockout made for the outlet pipe. The stamp must show the manufacturer’s
[.D., serial number assigned to the manufacturer’s approved plans, and specifica-
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tions and the liquid or working capacity of each tank. Also, tanks must have the
date of manufacture stamped or scratched into the concrete, or marked with
permanent ink beside the tank imprint or on the top of the tank directly above the
imprint.

O Pump tanks must be preapproved and must have the manufacturer’s stamp or
imprint to the left of the blockout made for the outlet pipe. The stamp must show
the manufacturer’s LD., the serial number assigned to the manufacturer’s approved
plans and specifications and the liquid or working capacity of each tank. Also, tanks
musthave the date of manufacture stamped or scratched in concrete, or marked with
permanent ink beside the tank imprint or on the top of the tank directly above the
imprint. See the drawing to the left.

O Pumptanks can have one or two compartments. Two-compartment tanks must
have at least two 4-inch flow-through holes within 12 inches of the tank bottom
through the dividing wall.

O A 24-inch diameter riser must be installed on a pump tank over the pump and
float tree. The top of the riser must be at least 6 inches above the ground and the
riser must be sealed to the pump tank so that it is watertight.

Form release compounds. It is best to use the smallest amount of form release
possible to avoid contaminating stormwater runeff at the manufacturing lot.

O Non-petroleum form release products should be used in order to avoid possible
stormwater contamination on the manufacturer’s lot and ground water contam-
ination at the homeowner's site.

Fiberglass septic and pump tanks {Figure 5.5.4) can also be used for on-site systems.
These tanks must meet the requirements set by the North Carolina Department of
Environment, Health and Natural Resources, Division of Environmental Health.
Tank manufacturers must apply for approval for each size and type of tank.

In general, the requirements for fiberglass tanks are to help make sure tanks are
structyrally sound, watertight, and designed to do the best job of treating the
sewage. Strong and watertight tanks have fewer failures and provide protection
against pollution and disease.

O The requirements for approval of fiberglass tanks follow the requirements in
the state document, “Guidelines for State-Approved Precast Septic Tanks,” and
also follow the specifications in ASTM D4021-81, * Standard Specifications for
Glass-Fiber-Reinforced Polyester Underground Petroleum Storage Tanks.” More
information on the approval of fiberglass tanks can be found in these documents
and by calling the On-Site Wastewater Section.

Design requirements. The following points must be met when designing a
fiberglass tank. ‘ :

1. The tank walls must be at least 0.2 inches thick.

2. The tank ends must have a radius of curvature that is less than or the same
as the diameter of the tank.

3. All other requirements for fiberglass tanks are the same as in the Guidelines
for State- Approved Precast Septic Tanks except for Sections 3e, 4b, 4¢, 4d,
4t, 4x, and 4aa.
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Materials. Materials used in fiberglass tanks must meet the requirements listed as
follows:

m The resin used must be a commercial grade of unsaturated polyester resin.
The resin and any sealants used must not be degraded by sewage, sewage
gas, or by the soil.

m Atleast 30% by weight of the finished tank must be glass fiber reinforcement.
a The finished tank walls must have these strengihs:

Ultimate tensile strength: 12,000 psi
Flexural strength: 19,000 psi
Flexural modulus of elasticity: 800,000 psi

Tank finish. A high-quality fiberglass tank will have a minimum of blisters,
exposed fibers, pits, and voids.

O There cannot be any exposed glass fibers or any blister larger than 1/2 inch on
the outside of the tank.

QO The inside of the tank must be smooth and have no glass fibers exposed.
Blisters or wrinkles in the surface can be present but they must be less than 1/8 inch
deep. Up to 6 surface pits per square foot are allowed as long as they are smaller
than 3/4 inch in diameter and less than 1/16 inch deep. There can be four voids
per square foot if they are completely beneath the surface and less than 1/2 inch
in diameter,

Testing. To be approved, a finished tank of each size to be manufactured must be
tested by an independent testing laboratory. The testing laboratory must submit
a report showing the results of the testing to the On-Site Wastewater Section.

QO The strength of the tank walls must be tested for the following properties and
follow the ASTM test procedure listed.

Ultimate tensile strength: ASTM D-638
Flexural strength: ASTM D-790
Flexural modulus of elasticity: ASTM D-790

0O The tank must also withstand a vacuum of 2.5 psi or 69.3 inches of water
without leaking or breaking. This test must be done using ASTM D4201, Sections
6.11 and 8.11.
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Tanks

Figure 5.5.5 A polyethylene
septic tank. .

Access riser

Built-in-Place
Concrete Tanks

Reference
15A NCAC 18A.1954(d)

Reference
15A NCAC 18A. 1954(d)

5.5.10

Polyethylene tanks are sometimes used in on-site systems in North Carolina.
Tanks made from polyethylene must meet standards of and be pre-approved by
the North Carolina Department of Health, Environment and Natural Resources.
The standards are based on standards set by the American society of Testing
Materials, the International Association of Plumbing and Mechanical Officials,
and the Canadian Standards Association (CSA). Requirements for these tanks are:

Q Tanks must use Type 1l or 11l and Category 3 polyethylene as listed in ASTM
Standard D1248, Specification for Polyethylene Plastics Molding and Extrusion
Materials, Class B, requiring an ultraviolet stabilizer, or Class C, requiring a
minimum of 1% carbon black.

O The plastic must meet ASTM Standard D 1693, Test Method of Environmen-
tal Stress-Cracking of Ethylene Plastics, with a measured stress crack resistance
of 150 hours or more. Additionally, the plastic must have atensile strength of 2400
psi or higher measured by ASTM D638, Test Method for Tensile Properties of
Plastics; and must show a flexural modulus of elasticity of 85,000 psi or higher
when measured by ASTM D 790, Test Methods for Flexural Properties of
Unreinforced and Reinforced Plastics and Electrical Insulating Materials.

O Volume, strength, and watertightness criteria per testing prescribed by CAN/
CSA-B66-M90, Prefabricated Septic Tanks and Sewage Holding Tanks, Section 8,
Checking and Testing.

O The side walls, top, bottom, inlet and outlet ends, and covers must be at least
1/4 inch thick, and the internal walls or partitions must be at least 3/16 inch thick.

AcCcess riser

/

Septic tanks can be built in place. Usually these tanks are made of cast-in-place
concrete or concrete blocks. The following points must be met in order to get an
acceptable built-in-place tank. Figure 5.5.6 shows an end cross-section (without
top) of two ways to build tanks in place.

Tanks must be able to withstand a live loading of 150 pounds per square foot and
support the dead weight of the tank cover and the soil cover over the tank. Tank
walls must take the sideways pressure of the soil on the walls. Additionally, atank
that meets these criteria must be strong enough to take uplift from ground water.

Steel reinforcement. The top, bottom, ends, sides, and baffle wall of a cast-in-
place concrete tank must have a minimum wall thickness of 6 inches and should
be designed by an engineer.



Conventional and Modified Conventional Systems

Figure 5.5.6 A cross-sectionof a
built-in-place tank showing two
different types of tank walls.

Cast-in-place concrete wall, 6 . .
inches thick with reinforcement #3 reinforcing bars
designed by an engineer

Plaster,
3/8- inch thick

Concrete blocks filled
with 3000 psi concrete,
6 inches thick for tanks
1000 gallons or less

Poured concrete 4 inches,
minimum, thick with
reinforcing

’. sy ‘

O All steel reinforcement must be covered with concrete so that it will not rust
or be exposed to damage. At least 1 inch of concrete should surround atl
reinforcing steel.

0O Reinforcingsteel must be placed in all the comers and edges of the tank, where
the most stress occurs.

O Reinforcingforthe baffle wall should be bentat 90 degreesto make 4-inch legs
that are laid parallel to the reinforcing in the side walls and tank bottom.

O More reinforcement and thicker concrete is needed when the tank is to be
located under a driveway or road, or when the tank is going to be buried so that
the top of the tank is more than 3 feet deep.

Tank bottoms. The bottom slabs of built-in-place tanks must be at least 4 inches
thick.

Tank walls, The walls of tanks must have the strength to support the tank cover
and soil over the tank and also take the sideways force of the soil on the walls.
[ Cast-in-place concrete tanks must have walls at least 6 inches thick.

Q Concrete-block tanks must have at least a 6-inch thick wall for sizes below
1000 gallons and 8-inch walls for sizes above 1000 gallons. The biocks should be
mortared in place with masonry cement mortar at least 3/8 inch thick.

O Tanks made from concrete blocks must have at least No. 3 reinforecing bars on
20-inch centers or an equivalent arrangement of reinforcing. No matter what size
reinforcing bar used, the reinforcing in either direction must not be more than 4
feet apart.

O All block walls must have the block cores filled with 3000 psi concrete.

O Concrete block tanks must be plastered on the inside because concrete blocks
tend to crumble when under water for long periods. The plaster can be a2 mix of
one part Portland cement to three parts of sand applied in a 3/8 inch layer. Other
waterproofing materials can be used, if approved by the On-Site Wastewater
Section.
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Tank Tops, Lids, Septictanks mustbe accessible for maintenance or repairs. Tank tops and lids must
and Risers bestrongsothetank does not collapse. Risers provide easy access for maintenance
and repairs.

Tank tops and lids. A strong tank top with properly-sized manholes and well-
made manhole lids makes the septic tank safe and easy to maintain.

Reference
15A NCAC 18A. 1954

O Tanktops must be able to support loads of least 150 pound per square foot and
the load of the soil cover over the tank. Tops should have the same reinforcing as
the tank bottoms and walls, a minimum of 6-inch by 6-inch No. 10 welded steel
mesh in the center of the slab.

O For built-in-place tanks, one-piece tops are better than tops made of a number
of narrow slabs that span the tank. The one-piece tops are stronger and provide
more convenient access than the narrow slabs.

@ The covers should be beveled on all sides so that they can take a load of 150

Y pounds per square foot without damage to the cover or the tank. See the drawing
on the left. '

@ Lids or covers for the manholes should have a handle of steel or other rot-
Access manhole cover. resistant material equivalent in strength to a No. 3 reinforcing rod (rebar).

Risers. Risers are short casings or open-bottom boxes placed over septic tank
manhole openings and/or distribution devices. The top of the riser box is above
the ground and can be opened without digging. It is much easierto inspect the tank
or perform maintenance when you don’t have to dig away the soil.

All manholes and distribution devices should have risers so that homeowners and
inspectors can quickly check for proper operation from the ground without having
to go inside the tank. More information on risers is listed below.

O A riser must be at Jeast as large as the manhole opening in the septic tank or
at jeast large enough to allow access for maintenance and repairs, pumping, and
inspection.

O Risers on pump tanks must be 24 inches in diameter or larger and at least 6

inches above the ground level.

O Risers can be made of precast concrete, fiberglass, plastic or can be built in
place with bricks or block, if pre-approved.

3 All risers must be waterproof to keep rain and ground water out of the septic
tank. Built-in-place risers may be difficult to make waterproof.

O Precast concrete, fiberglass, and plastic risers must have a 1-inch sealing
flange that sits flat on the septic tank. The riser base should be sealed with a
permanent sealer such as butyl rubber, mastic, or other sealant approved for
sealing joints in septic tanks to keep water from leaking into the tank.

O Risers and covers on risers must be strong enough to take loadings of 150
pounds per square foot.

Q Coversonrisers should have a hasp fora padlock or other lock to keep children
out of the septic tank.
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Installation of
On-site Systems

Installing an on-site system requires a number of people working together to do
the job correctly. This section presents information for installers and inspectors
starting with a pre-installation conference and going through the final inspection.

Pre-installation conference. A short meeting before the digging begins can be a
big help in understanding what the homeowner, the installer, and the environmen-
tal health specialist all have in mind.

Areas that have poor soil or terrain or very limited space especially need pre-
installation conferences. Modified sites or systems may need to be discussed and
many design options can be considered.

A good place for the conference is on the site where the system is proposed to be
installed. At the site, the soil, slope, vegetation, water and wetlands can be seen
and discussed. Usable areas can be marked to see where the system components
will be placed.

Installation equipment. The following list provides a start for those people who
are installing on-site systems. Add to the list depending on the terrain, soil, and
types of systems installed in the area.

O For clearing vegetation

a Chainsaw
m Brush axe -

O For system layout

m Engineer’s level or laser level and a target rod
s Measuring tape, 200 feet, open reel

m Surveying flags, marking tape, and marking paint
» Hammer

O For excavation for the tank and absorption trenches

a Backhoe

» Trencher

= Small front-end loader
m Shovels

m Picks or mattocks

0 For assembly of pipes

Pipe fittings, such as couplings, tees, elbows, unions
Pipe joint cleaner and solvent

Sealer, mastic, grout

Saws

0 For testing tank and pipes

a Source of water
m Garden hose
a Pipe plugs

O For pump tanks

s Pumps

w Float switches

s Pump controls

m Electrical wiring supplies and equipment
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Installation of Tanks  Tank installation must be done carefully to avoid damage to the tank and poor u
operation of the system. Points to consider when installing tanks follow. Figure
5.5.7 shows an operating septic tank.

Figure 5.5.7. Cut-away view of Access risers

instalied and functioning septic tank.
Gas
opening
Y

Inlet sewer pipe

Outiet pipe with
watertight seal at tank

Straight
pipe inlet

Sand or fine gravel
bedding for tank

Sludge

Liquid opening

. Baffie wall
Sanitary outlet tee Tank level front-to-back

and side-to-side ' U

O Use the benchmark to determine the tank location and elevation. Using the
benchmark ensures that the system is located where the designer intended and that
the effluent will flow freely to the treatment and disposal field.

O The hole for the tank should be large enough to allow the installers to work and
shou!d be flat and level with no rocks or other objects that could crack or puncture
the tank. Occasionally fine gravel or coarse sand will need to be placed on the
bottom of the hole to provide a flat and cushioned bearing surface for the tank. The
tank must be level so that there is a proper drop between the inlet and outlet, and -
so the scum and solids in the tank will not flow out the outiet and clog the treatment
and disposal field.

Q All connections to the tank should be watertight and strong. Inlet and outlet
pipes must be installed with the proper-sized boot, as shown on the left, or sealed
with approved sealants. Leaks around the inlet and outlet pipes can allow large
amounts of ground water to enter the tank and then flood the treatment and
disposal field. This form of leakage is a big problem with many on-site systems.

O Backfilled soil can settle around the tank or the tank may settle and break the
pipes going into and out of the tank. The soil under the pipes should be compacted

as much as possible and other supports used to keep the pipes from being broken.
Flexible boot for inlet or outlet po PPo P Pipe 8

pipes that can make a watertight (1 Risers where needed should be centered over the manholes and sealed to the
soal for several sizes of pipe. tank top. Only approved sealers should be used to keep ground water out of the
tank.

Q Carefully backfill the hole around and over the tank. Large stones and bricks u
should not be placed next to the tank.

0 Backfilling should not occur untii the environmental health specialist has
inspected the tank.
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Inspection of tanks at delivery to home site. Septic tanks are manufactured to
strict specifications; however, the tank can develop cracks or other defects while
sitting in the storage yard or it can be damaged during transport or installation. A
careful field inspection of the tank should cover the following items.

Check the placement of the tank. Placing the septic tank properly is simple but
must not be overlooked.

Q No portion of the tank should be covered with soil until it has been inspected.
Look over as much of the tank as can be seen. Check inside and out for cracks,
holes, honeycombs, exposed reinforcing wire and overall quality of the concrete.
Use a rebound hammer to check concrete strength and a metal detector to check
for reinforcing.

D Check the location of the tank. The tank should be located as shown on the
plan. If the location has changed, find out why. All alternatives from the plan must
be approved and shown on an “as-installed plan.”

O Determine the elevation of the tank from the benchmark and compare to the
plan. Also, check that the tank is level. Be sure that the inveris, or lowest point
at the bottom of the openings for the inlet and outlet, are at the proper elevation.
The outlet must be 2 inches lower than the inlet to keep the inlet from being
blocked.

[ The sewer from the house should have encugh slope, 1/8 of an inch per foot
or more, to let the sewage flowinto the tank. Itis the responsibility of the plumber
to ensure that the sewer has enough slope, but many problems can be headed off
by communicating with the plumber, plumbing inspector, building contractor,
and septic tank installer.

O Make sure the tank has the inlet end toward the house and has not been placed
backwards. '

Check the tank. The following checks help ensure that the tank will work
properly. .

O Be sure that the tank has the proper dimensions as far as total volume, depth
of sanitary tee into the liquid, and thickness of the walls and blockouts.

O Check that the size, type of tank, and manufacturer’s identification number are
stamped into the tank to the right of the outlet. Also, be sure that the date of
manufacture is marked on the tank beside the stamp or on the tank top above the
stamp.

Check the tankcomponents. Althoughaseptic tank does not contain many parts,
they must be designed and installed correctly in order for the on-site system to
work properly.

O Inspect the sanitary tee at the outlet, the baffle wall, and the connections at the
inlet and outlet. All connections should be watertight and sound.

QO Examine any risers, the manholes, and covers. The risers should be placed
directly over the manholes and properly sealed to the top of the tank. The risers
should extend at least 6 inches above the finished grade or final soil level. Manhole
covers should fit tightly and be strong enough to support a loading of 150 pounds
per square foot.
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Installation of
Conveyance Pipes

Reference
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Figure 5.5.8 Conveyance pipes
from septic tank to distribution
box and from distribution box to
trenches.

Crushed stone

Cutaway end view of properly
bedded PE tubing used for
conveyance plpe.
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Conveyance pipes carry the effluent from the septic tank to the distribution device
and 1o the treatment and disposal field. These pipes must be strong and leakproof.
Figure 5.5.8 shows conveyance pipes from the septic tank and from the
distribution box.

Solid pipe, 3" Siope: 1/8" per foot

diameter or larger oy 1 foot per 100 feet.

[ Approved materials for conveyance pipes include Schedule 40 polyvinyl
chloride (PVC), Schedule 40 potyethylene (PE), and Schedule 40 acrilonitrile-
butadiene-styrene (ABS).

@ Conveyance pipes must be solid pipe with no holes. Perforated pipe can be
used only in the treatment and disposal field.

Q Proper solvents and fittings for the type of pipe must be used. Most solvents
will not work if used on the wrong type of pipe.

O The pipe must be 3 inches in diameter or larger. Four-inch pipe works best for
houses and most small on-site systems. Ifthe conveyance pipe mustbe runforlong
distances, cleanouts that come up to the ground surface should be installed every
100 feet.

Q While not as preferable as schedule 40 smooth pipe, corrugated polyethylene
(PE) solid pipe may be used. The pipe should be placed in trenches a foot wide or
wider with flat, smooth bottoms. The pipe must be covered with crushed rock so
3 inches of stone are on each side and 2 inches are on top of the pipe. This crushed
rock provides support for the pipe to reduce the chances of it being crushed. The
crushed rock should then be covered with at least 6 inches of compacted soil. See
the drawing at left for proper bedding of PE tubing.

[ All conveyance pipes must be bedded with compacted soil.

Q Compacted or undisturbed earth dams must be installed where corrugated
polyethylene (PE) pipe is used for conveyance pipe. The dams should be construct-
ed of 2 feet of undisturbed or compacted earth around the pipe at each end of the
trench. These dams keep effluent from following the gravel to the lowest trench if
the pipe leaks, which helps ensure equal distribution of effluent to the trenches.

Installation of conveyance pipes.

Conveyance pipes must not leak and must be installed to prevent crushing or breaks
(Figure 5.5.9). The following ideas can help in installing conveyance pipes.

Q All joints in conveyance pipes must be watertight. Be sure to follow the
manufacturer’s directions when making the joints.
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Figure 5.5.9. Conveyance pipe
from distribution box to trench.

Distfibution box level / ‘

Solid, non-perforated pipe
with watertight joints

Reference
15A NCAC 18A.1955 (o)

ASTM Standard D 2774 — Recom-
mended Practice for Underground
Installation of Thermoplastic
Pressure Piping — use for force
mains and pressure sewers
Reference

15A NCAC 184.1956 (3)(a)

ASTM Standard F 667 — Specifica-
tions for Large Diameter Corrugal-
ed Polyethylene Tubing and Fittings
——use for large diameter pipe
installations except as modified by
rule 15A NCAC 18A.1956(3)(a)(i)
which requires a different hole size
and spacing.

Watertight seal at distribution box

I T v
_'._',-.“”._‘\/

. Perforated
. pipe in trench

O The joint between the conveyance pipe and the trench pipe should be made
inside the trench where the crushed store is placed.

O Beddingthe pipe is important in preventing breaks and leaks. Trench bottoms
should be undisturbed earth and the backfill should not have large rocks or other
objects that can puncture the pipe.

O Have as few bends and angles in the pipes as possible to avoid blockages.
Straight pipes have the least chance of clogging.

O Conveyance pipes must be on the correct slope to make sure that the effiuent
flows to the treatment and disposal field and does not back up in the pipes. The
slope of the trench should be laid out with a surveyor’s or engineer’s level at 1/8
inch fall per linear foot. '

Inspecting conveyance pipes.

Careful inspection of the conveyance pipes can catch mistakes that reduce the
reliability of an on-site system (see Figures 5.4.8, 5.4.9, and 5.4.10).

‘00 Pipe size and material are important. Conveyance pipes must be Solid

Schedule 40, 3 inches or larger and made of PVC, PE or ABS.

O Proper connections and fittings, and the proper solvent for the type of pipe,
must be used for watertight joints.

O Trenches should have flat bottoms and the backfill material should not have
rocks or other hard objects against the pipe. Corrugated polyethylene (PE) pipe
must be surrounded by crushed rock on the sides and top to prevent collapse of the
pipe. :

O Conveyance pipes should be installed with a constant slope to ensure that the

effluent flows to the treatment and disposal field. The slope should be 1/8 inch per
foot.

{0 There should be a 2-foot separation of undisturbed soil between the distribu-
tion box or flow splitter and the inlet to the treatment and disposal field trenches.
This separation helps to keep the effluent from leaking back from the treatment
and disposal field.

O Setbackrequirements should be checkedto be sure that the pipes and the entire
system are in compliance.
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Figure 5.5.10 Skie view of an on-site system using a
distribution box and conventional gravity-fed trenches.
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Fields

Reference
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Reference
154 NCAC 18A.1955(h)
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Conveyance pipes on undisturbed Trenches level
soil with 1/8 inch per foot slope

O Systems that pump sewage to a treatment and disposal field higher than the
septic tank may require an air release valve to prevent air locks in the pipe. Pumped
systems must have watertight joints to keep effluent from leaking into areas not
usable for soil absorption.

The treatment and disposal field of an on-site system is where the majority of the
wastewater is treated. Underground pipes, or conveyance pipes, carry the liquid
waste from the septic tank and distribution box or flow splitter to the trenches. As
the liquid effluent flows from the treatment and disposal trench into the soil, the
water is “treated” by bacteria and other soil organisms in a thin zone of soil around
the trench. The water then flows into the soil.

Preparing to install treatment and disposal fields.

This section gives details of the materials needed and the preparations needed to
install a treatment and disposal field.

Materials needed. Following is a list of materials needed to construct a
treatment and disposal field.

O Stone: Crushed rock must meet ASTM Standard D-448 (Standard Size of
Aggregates). Proper stone sizes are # 3, 4, 5, 57, or 6. (See Table 5.5.2.)

s Store the crushed stone on a piece of plywood or plastic sheet to avoid
mixing soil in with the stone.

» Avoid driving equipment over the crushed stone. The weight of the vehicle
breaks the stone and grinds it down, making more fines and dust.
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Reference
15A NCAC 18A.1955(f)

ASTM Standard F 405 —Specifica-
tions for Corrugated Polyethylene
(PE) Tubing and Fittings

ASTM Standard F 481—installation
of Thermoplastic Pipe and Corru-
gated Tubing in Septic Tank Leach
Fields — use with ASTM F 405
except as modified by 15A NCAC
18A.1955(f) which requires a hole
pattern that is different than in
ASTM F 405.

Figure 5.5.11 Hole patterns
for perforated plpe

Reference
15A NCAC 18A.1955(j}

Distribution box.

O Pipe: 4 to 6 inch pipes are the best. These pipes must be ASTM Standard F-
405, Standard Specification for Corrugated Polyethylene (PE) Tubing and
Fittings. Other types of pipe can be used if the hole spacings and size meet
specifications and if the pipe has the same or greater stiffness as the corrugated PE
tubing.

s Trench pipes should have three holes, between 1/2 inch and 3/4 inch in size,
around the pipe or on the bottom of the pipe, spaced every 4 inches along
the length of the pipe. If the pipe has a stripe opposite the holes, the pipe
is installed with the stripe up and the holes down (Figure 5.5.11).

Stripe marks on upper
side of pipe
Three holes T . /
equally spaced
around pipe
- > . < \\\

Three holes in lower 120° at pipe

O Fittings: Only the proper fittings for the type of pipe being used should be
installed as necessary to connect pipes.

0O Distribution devices {if necessary): Select the proper type of distribution
device, either a distribution box or a flow splitter. These devices must be well
constructed, watertight, and corrosion-proof.

Locate the treatment and disposal field.

The field must be located within the approved site and staked before installation
can begin, as shown on the permit.

0 Checkthelayout of the field to be sure that the field meets all setbacks required.
(See Table 4.5.7, Figure 4.5.7, and Figure 4.5.9 for required setbacks.)

O Forlong contour runs, place several flags along each contour where the trench
will run. It is not enough to mark the two endpoints because contour lines are
usually not straight lines. If not enough flags are placed to follow the contour, it
will be difficult to keep the trench level.

0 Identify the locations of the distribution box, drop box, or flow splitter and all
treatment and disposal trenches.

Clearing vegetation from treatment and disposal field.

The site vegetation must be cleared without disturbing the soil, in order to keep the
soil in its natural condition for maximizing the absorptive capacity.

O Removesmall trees by hand. Do not dig out the stumps; let them rot naturally.

O If large trees need to be removed, obtain prior approval from the health
department before using heavy equipment. Try to use heavy equipment on the
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Installing Treatment
and Disposal Fields

Reference
15A NCAC 18A.1955(f - j, m)

2 inches of .
crushed stone Soil cover
over pipe

4-inch pipe

6 inches of
crushed stone
beneath pipe

End view of a conventional
treatment and disposal trench.
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field site as littie as possible so that the soil will not become compacted and lose
its ability to absorb.

O Clearing with heavy equipment should be done only when the soil is dry to
avoid compaction or destruction of soil structure,

O Ifthesite is heavily disturbed, the benchmark must be reestablished, flags must
be rechecked to ensure that they are still on-grade, and setbacks must be double-
checked. The site should be vegetated to reduce soil erosion.

[ It may be necessary to reevaluate the site if soil has been removed.

[ Ifthe permit does not specify a method(s) for clearing the vegetation, then the
selected method must be approved by the local health department.

The correct installation of the treatment and disposal field is critical for an on-site
system to function property. Foor installation can cause sewage to back up into
the house, pond on the ground surface, or pollute surface or ground water. These
conditions are costly and can cause serious public health threats.

Treatment and disposal trenches.

Trenches are the heart of an on-site system. Their purpose is to distribute the
effluent so that it can be absorbed by the soil. If trenches are constructed
incorrectly, then the effluent will not be distributed properly and the system will
fail. The proper way to construct the trenches and install the pipes is discussed
in the following.

Trench specifications. The following specifications must be met when install-
ing treatment and disposal trenches.

[ Determine the elevation of the trench bottom for each trench using the permit
specifications.

0 Excavate eachtrench to the proper width and depth. Trenches cannot be wider
than 3 feet or deeper than 3 feet without prior approval of the local health
department.

@ Checktheelevationofthe trench bottom by shooting elevations at pointsalong
the trench. The trench should be level. The maximum slope allowable is no more
than 1/4 inch per 10 feet.

O The bottoms of the trenches should be level across the width of the trench and
along itslength. A level trenchspreads the effluent evenly so that the whole trench
can absorb the effluent.

Placing the pipe, One way to place the stone and pipe in the trench is to lay a 6-
inch layer of crushed rock on the bottom of the trench. The stone should be spread

evenly in the trench. Grade stakes ora grade board can assist in getting a consistent
level of gravel.

0 Next, place the pipe in the center of the trench, holes down, striped-side up.

O Fill the trench with crushed rock so 2 inches of stone covers the pipe. This will
give a total of 12 inches of stone in the trench: 6 inches under the pipe, 4 inches
beside the pipe, and 2 inches over the pipe. See the drawing at left for a diagram
of the required depths of crushed stone.



installing Distribution
Devices in Treatment
and Disposal Fields

Reference
15A NCAC 18A.1955(j)

Conventional and Modified Conventional Systems

0 Another method is to make a small stand of wood or wire to hold the pipe 6
inches off the trench bottom. Then backfill the trench with crushed stone so that
the stone is 12 inches deep.

[ Other methods can be used to center the pipe and backfill the trench with
crushed stone, as long as the pipe is centered with the holes down and it does not
rise up when the stone is placed in the trench.

O Whena Group 1 or 1l soil is used to cover the crushed stone, a geotextile fabric
should be placed on top of the gravel. The fabric keeps the fine soil particles from
dropping into the openings between the stones in the trench and clogging the
gravel or the soil.

Q Connections to the conveyance pipe must be made inside the part of the trench
with the stone.

Treatment and disposal ficlds have special devices to contro} the flow of effluent
to thetrenches. This section contains information on how to install various special
devices.

Distribution boxes, flow splitters, and flow diversion devices.

Distribution devices are used to distribute the effluent evenly among all trenches.
Without even distribution of the effluent, some treatment and disposal trenches
can be overloaded while other trenches will not be used.

Q All distribution devices must be installed level, front to back and side to side.

0O Thedistribution box, flow splitter, or other device must be separated from the
septic tank and from the trenches by at least 2 feet of undisturbed soil. This dam
of undisturbed soil helps keep the effluent from flowing back along the convey-
ance pipes. Figure 5.5.12 shows the separation between the septic tank,
distribution box, and field.

Figure 5.5.12. Side view of an on-site
system using gravity flow, a distribution Distribution box Treatment and

box, and conventional trenches..

disposal trench

7w, b
(AR

E
i

Septic tank

O Locate the position for the distribution box or flow splitter on the plan and
on the ground. The distribution device needs to be installed level. Remove just
enough soil to put the invert of the inlet at the correct elevation for gravity flow
from the septic tank.

0O When digging the hole, remember that the distribution box or flow splitter
should rest on undisturbed soil or on a concrete pad so that it won't shift or settle.
Ifthe bottom of the hole must be filled in to bring the distribution device to the right
level, it is best to put in a concrete pad. The concrete pad will keep the distribution
box from shifting as the soil settles.
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0 Determine the elevation of the inlet invert and the outlet invert of the
distribution box or flow splitter using the benchmark. The invert of a pipe or
opening is the lowest point at the bottom of the pipe or opening. The invert of the
inlet to the distribution box must be lower than the invert of the septic tank outlet
for the sewage to flow by gravity. The conveyance pipe between the septic tank
and the distribution device must have a fall of 1/8 inch per foot or more.

QO Place the distribution box or flow splitter in the hole and connect it to the
conveyance pipe from the septic tank. Be sure that the device is level and resting
on undisturbed soil or a concrete pad. Seal all pipe connections. Use hydraulic
cement, asphalt mastic, or any other sealers approved by the local health
department.

0 Test the distribution box or flow splitter and the connections to he sure that
they do not leak. Run water into the septic tank outlet and watch for leaks and even
flows from all outlets.

0 If the effluent is not distributed evenly to all the outlets, then use adjustable
outlet devices or flow compensators to distribute the effluent evenly to each
treatment and disposal trench. Adjustable outlet devices and flow compensators
are devices that can be installed in the outlet openings of distribution boxes so that
theinvert level of the outlet can be easily and quickly changed. Adjustingthelevel
of the outlet inverts is a quick way to get even flows to all the trenches.

lnstalling a Serial  Serial distribution may be used onsloping sites where slopes exceed 2%. The siope
istribution Treatmen of the site allows effluent to flow to each trench segment by gravity. A serial
tributio y
and Disposal Field distribution system is shown in Figure 5.5.13.

A serial distribution field is actually one long trench that winds back and forth
across the slope. The horizontal parts of the trench are trench segments. The trench
segments run across the slope along chosen contours so that each segment is level
along its length and across its width. Trench segments are just like conventional
treatment and disposal trenches — a pipe is centered in the trench and the trench
is filled with gravel so that the septic tank effluent can flow out into the soil.

Figure 5.5.13. Serlal distribution
system using stepdowns between Septic tank

trench segments.
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Conventional and Modified Conventional Systems

.
The total amount of required trench area is obtained by installing a number of
trench segments at different levels on the slope. The segments at each level are
connected with a stepdown or drop box so that effluent can flow to the segment
at a lower contour. Stepdowns or drop boxes are only used to connect a trench

segment to the segment at the next lower elevation. A drop box or stepdown is
needed for each trench segment in the total treatment and disposal field.

Drop boxes.

Drop boxes are purchased from a manufacturer and are made of concrete or
plastic. They can be located at the beginning or end of each trench segment in
an end-feed system or they can be in the center of each trench segment in a center-
feed system. Drop boxes allow each trench segment to fill completely with
effluent before letting it flow into the next trench. Figure 5.5.14 gives close-up
views of center-feed and end-feed drop boxes.

Figure 5.5.14. Two views of drop
boxes. Atrightis a view of a drop
box on an end-feed trench segment.
At the left is a view looking upslope
at a center-feed drop box.
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O Drop boxes should be installed on level, undisturbed soil or a level concrete
pad, which keeps the drop box from shifting as the soil cover settles after
installation. If the bottom of the hole must be filled in to bring the distribution
box up to the right level, put in a concrete pad.

0O Thedropboxinlet shouldbe atleast 1 inch higher than the outlet and the outlet
bottom must be 2 inches above the top of the pipe in the trench segment.

O Solid pipe must be used to connect the drop boxes to the trench segments. The
solid pipe connection must be installed on undisturbed, level soil to keep it from
shifting or breaking after it is covered with soil.

5.5.23



Reference
15A NCAC 18A.1955())

Figure 5.5.15. Cut-away view
of a stepdown.
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and Disposal Fields

Stepdowns.

A stepdown is a dam of undisturbed soil located at the downstream end of each
trench segment in some serial distribution systems. A solid pipe carries effluent
over the dam and down to the next lower trench segment. Stepdowns are used
to fill each trench segment completely before the effluent can flow into the next
trench segment. A cut-away view of a stepdown is shown in Figure 5.5.15.

Tl o~

Upper trench segment

Solid, non-perforated
conveyance pipe

., Lower trench

Undisturbed soil

0O Stepdowns must have a dam at least 2 feet long installed in undisturbed soil.

QO The top of the dam for the stepdown must be at the same height as the top of
the gravel in the french. This configuration makes the effluent fill the trench
segment vp to the top of the gravel before the liquid flows over the dam and down
to the next lower trench segment.

O Solid pipe must be installed over the stepdown to connect the two trench
segments. '

O The soil cover over the stepdown should be compacted carefully so that the
pipe has proper bedding and is not crushed. A crushed stepdown could allow
effluent to leak out of the trench.

O On sloping lots with shallow placement trenches, stepdowns must be located
carefully so that there is encugh soil cover over the pipe to keep it from being
crushed.

In a pumped system, the sewage pump lifts the sewage to a pressure manifold that
distributes the effluent evenly to the treatment and disposal trenches. The
pressure manifold must be installed so that adjustments can be made after the
system is operating to ensure proper distribution of the effluent. See Figure 5.5.16
for a view of a pressure manifold.

Q The pressure manifold can be made of PVC tees and short nipples or can be
a commercially made manifold. Each outlet feeds an individual trench. All
outlets from the manifold should have a valve so that the flow can be adjusted
or turned off to each trench.
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Figure 5.5.16. Cut-away view of
pressure manifold in box.
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Installing
Large-diameter-pipe
(LDP) Treatment and
Disposal Fields

Reference
15A NCAC 18A.1956(3)

e

Enlargers to increase pipe
Distribution laterais to size of trench pipe

O Pressure manifolds should be located in 2 box or riser that has easy access from
the ground surface. Easy access is necessary because the valves on pressure
manifolds provide a quick way to turn off trenches that are failing or that need
repairs and because the manifold valve may require periodic adjusting. In some
parts of the state, the box must be insulated to prevent freezing.

0 It is easy to “rest” or turn off part of the treatment and disposal field with a
pressure manifold. Simply turn off one or two ocutlets to let those trenches rest for
six months. After six months, turn on the outlets that were off and turn off one or
two other outlets to let the other trenches recover.

Large-diameter-pipe treatment and disposal systems are installed in areas where
backhoes or other power equipment cannot be used to dig trenches, such as on
steep slopes or where the soil is too shallow for conventional trenches. These
systems use large-diameter pipes wrapped with filter cloth and are installed
directly into narrow, hand-dug trenches with no crushed reck. In North Carolina,
these systems are installed mainly in the mountains.

O Dig the trenches by hand. The trench bottom must be contoured to the shape
of the pipe and level along its length. The trench must be a minimum of 12 inches
wide,

QO The pipes come from the factory wrapped in filter clothand covered with plastic
to protect the filter cloth from sunlight. Do not remove the plastic cover until
placing the pipes in the trenches. The plastic must be removed before the pipes
are covered with soil. Once the plastic cover is removed, cover the pipes with soil
as soon as possible to keep the filter cloth from being damaged by the sun. Be
careful to not tear the filter cloth wrapping.

O Install the large diameter pipe with the striped side up, to ensure that the holes
in the pipe face the ground.

O Removeallstones and rocks from the soil that is usedto coverthe pipes. Stones
and rocks can tear the filter cloth. Group IV soils cannot be used for backfill.
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The prefabricated permeable block panel system, or PPBPS, is a proprietary on-
site system that is made of specially shaped panels and blocks. Installation of a
PPBPS is allowed under state rules at some sites where the soil is suitable for a
on-site system but the available space is limited.

[0 PPBPS trenches must be dug a minimum of 8 feet from center to center.
0 Install the panels according to the manufacturer’s directions.

O If the PPBPS is installed in a Class IV soil, rake the soil on the sides of the
trench. Raking the soil opens soil pores that were sealed by the backhoe shovel
as it slid over the soil.

Several methods are used to improve a site by increasing the amount of land that
is usable as a treatment and disposal fteld. This section contains information on
surface water diversions, subsurface drains, and ground-water-lowering systems.

Surface water diversions.

To ensure the proper functioning of treatment and disposal areas, it is sometimes
necessary to divert surface water. Surface water diversions keep surface water
from flowing onto the treatment and disposal field. Usually the Improvement
Permit will specify when these must be installed.

[0 Surface water diversions should be installed above the field to keep surface
water off the field.

O A diversion could consist of a dike, a channel, or combination of a dike and
achannel. The type of diversion to use depends on the site. One advantage of the
dike and channel combination is that the soil from the channel can be used to make
the dike. '

[0 Dikes should be at least 6 inches higher than the top of the water. The top of
the dike should be 2 feet wide, the sides should be sloped at 3:1 or less, and the soil
must be compacted to prevent erosion. Plant or seed the dike to establish a healthy
vegetative cover.

[ Channels should be made large enough to carry the expected volume of water
without eroding the soil or flowing over the top of the channel. Channe! sides
should have a slope of 3:1 or less so that the grass in the channel can be mowed.

Subsurface drains,

Subsurface drains are used on sloping sites to divert ground water that flows into
the treatment and disposal field (Figure 5.5.17). Too much ground water can
interfere with the field and cause it to fail. The Improvement Permit should specify
if a subsurface drain is required.

[ Subsurface drains are also called French drains, foundation drains, interceptor
drains, or blind drains.

[ Locate the subsurface drain upstream of the treatment and disposal field. On
most sloping sites the subsurface drain should be installed higher up the slope than

the field. Depending on the terrain and soil, more than one subsurface drain may
be needed.
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n ' Subsurface drain upslope of
! Figure 5.5.17. Cut-away view treatment and disposal field
of subsurface drain.

Outlet for
subsurface drain

Treatment and disposal field

0 Subsurface drains should be installed so that they lower the water table to at
least 12 inches below the bottom of the treatment and disposal trenches. If the
subsurface drain must be installed deeper than 4 feet, a stronger pipe may be
required to withstand the increased weight of more crushed stone on it.

Q Forhigh 'ground water flows, a larger pipe may be necessary. The pipe must
be installed so that it slopes to an outlet and the outlet must be at a lower elevation
so that the water will drain.

Q@ Bedthe pipe in crushed rock or gravel so that the pipe has at least 3 inches of

" rock on all sides. The rock should be the same sizes as used in the trenches, DOT

n sizes # 3, 4, 5, 57, or 6. The trench should be filled with rock to within 6 inches
of the ground level so that the ground water is intercepted.

0 Place filter cloth over the top of the rock before the soil is placed in the trench.
The filter cloth keeps the soil from clogging the rock.

O Another way to install a subsurface drain is to line the bottom and sides of the
trench with filter cloth and then place the rock and pipe inside the filtercloth llmng
The filter cloth lining helps keep the soil from plugging the rock.

Ground-water-lowering systems.

Ground-water-lowering systems enable treatment and disposal areas to be
installed in soils that would normally be unsvitable. The most common technique
is to install open channels or ditches to drain the ground water from the upper 3
feet of the ground (Figure 5.5.18).

Q@ Theopen channels allow the ground water to drain from the soil into the channel
and flow to an outlet. In an outlet, the ground water flows away from the site and
into a large drainage ditch or stream. Usually outlets have some simple device to
contro} the height of the water in the open channels of the ground-water-lowering
system. The height of the control device controls the height of the water table.

00 Because a water table lowering system is controlled by the outlet, the outlet

must be protected to ensure that the system works as it was designed. Qutlet pipes

must extend into the receiving stream and be protected from burrowing animals
m or other things that block free flow of the water into the receiving stream.

- O When open channels are used to lower the water table, the channels must be
at least 25 feet from any portion of the on-site system.
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Figure 5.5.18. Ground-water-lowering
system draining to stream.
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Q The open ditches must slope so that the water drains to the outlet. The ditches
or channels should be constructed with a 2:1 or less slope to prevent the banks
from collapsing.

[ In arcas where the elevation of the water in the receiving ditch is sometimes
or always above the ground water elevation required, a pumped ground-water-
lowering, or drainage, system may be required. The pump lifts the water over
the outlet and discharges into the receiving ditch. In this way, the pumped
drainage system can lower the water table below the level of the water in the
receiving ditch. A pumped drainage system must be designed to discharge the
required volume of drainage water to the receiving stream.

QU The pumped drainage system must comply with ali setback requirernents and
all management requirements established by the state.
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Figure 5.6.1. Cut-away view
of installed septic tank.
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Conventional and Modified Conventional Systems

FIELD INSPECTION OF CONVENTIONAL AND
MODIFIED CONVENTIONAL ON-SITE SYSTEMS

Allon-site systems must be inspected before the system is put into operation. This
section gives details on what to look for and how to properly inspect the various
parts of a system.

An installed septic tank should be inspected carefully to verify that it will operate
properly andreliably. The list below presents important points to check during an
inspection. See Field Inspection Checklist for Septic Tanks, page 5.6.7, for more
details on inspecting installed septic tanks. Figure 5.6.1 shows a septic tank in
operation.

Access risers

Reinforcing
steel in tank
walis

Sludge

' Gas passage
Liquid passage

O The septic tank should be located as marked on the plan. If the tank has been
installed at another location, the new location must be approved. The tank must
not be installed where it would violate setback requirements.

O Septic tanks should not be installed so that the top of the tank is deeper than
36 inches. Deeper installations or installations where the tank is under roads or
driveways require specially made stronger tanks.

0 Aseptictank must not be instalied where it could be flooded, untess it has been
designed and installed to remain watertight and to function in a 10-year flood.

O The entire tank must remain visible for inspection prior to backfilling.

0 All septic tanks must be level, side to side and inlet end to outlet end. The inlet
and outlet must be located in the right directions so that the effluent will flow to
the treatment and disposal field.

O The tank must be stamped or marked to state the manufacturer, approval
number, tank size, and the date of manufacture.
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View of conveyance pipe from
septic tank to distribution box.

Reference
15A NCAC 18A.1952(a)

5.6.2

Field Inspection of
Conveyance Piping

O Septic tank wails should not be cracked, have honeycombs, or show other
defects that may cause the tank to weaken or leak. Reinforcing steel should be
covered in at least 1 inch of concrete to keep it from corroding. All tanks should
be leak tested, using either a water or vacuum test.

O The baffle wall should be located between two-thirds and three-fourths of the
tank length from the inlet end and should have a 4-inch slot the full width of the
tank to allow the effluent to flow to the outlet. The top of the baffle wall should
leave a 2-inch slot for gas passage. Waste concrete may be in this slot —simply
break it out to open up the 2-inch slot.

Q The sanitary tee should be undamaged and extend into the liquid one-fourth
of its depth. The tank outlet should be 2 inches below the inlet. See the drawing
to the left.

Q All joints in the tank should be sealed and watertight. Joints should be sealed
with a nominal 1-inch diameter bead of mastic or other approved sealer plus
hydraulic cement along its joints.

0 A seplictank riser over each manhole is required if the top of the tank is more
than 30 inches in the ground. The riser is required to come within 6 inches of the
ground surface. Pump tanks must have a riser over the pump access manhole and
the riser must extend 6 inches above ground.

Q Tank risers should be large encugh to allow easy access to the tank manholes
and should have a strong lid.

O Pipes must enter and exit the tank through the blockouts provided. The outlet
pipe from the tank must be sealed on the inside and outside of the tank to be sure
that it will not leak.

O The inlet pipe from the house should have a slope of 1/8 inch per foot so that
the sewage will flow to the septic tank. This pipe must be sealed to prevent
groundwater from leaking into the septic tank.

The conveyance piping must be inspected to be sure that there are no leaks and that
the pipe or pipes will not block the flow of the effluent to the distribution device
or the treatment and disposal trenches. See the Field Inspection Checklist for
Conveyance Pipe, page 5.6.8, for more details, and Figure 5.6.2 for points to
inspect on conveyance piping. '

A separation of at least 2 feet of undisturbed or compacted soil is needed between
the septic tank and the distribution device or trench. This separation of reduces the
probiems of effluent leaking back around the pipe to the septic tank.
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Figure 5.6.2. View of conveyance Watertight seal at septic tank outlet

piping from septic tank to
distribution box and from
distribution box to trenches.

Solid schedule 40 PVC, ABS or PE pipe

Watertight seals at inlet and
outlets of distribution box

Pipe on undisturbed or compacted
soil with slope of 1/8 inch per foot

Pipes Conveyance pipes must be solid, non-perforated, Schedule 40 pipe at least 3
inches in diameter. The pipe can be made of PVC, PE or ABS and the joints must
be made using the correct solvent and fittings for the type of pipe.

3 The pipes should be installed in trenches with bottoms of undisturbed or
compacted soil so that the soil will not settle and break the pipe.

0 All conveyance pipe should have a constant slope of 1/8 inch per foot to allow
the sewage to flow by gravity to the distribution device or trench. The slope ofthe
pipe can be determined by measuring the height of the pipe at the septic tank outlet
and at the distribution device or trench inlet.

(1 The conveyance pipes must be installed to meet all required setback distances.

O Allthe joints in the conveyance pipe and its connections to the septic tank and
the distribution device or trench should be watertight.
Reference

15A NCAC 18.A1955(¢), (0} PE pipes.

Corrugated PE pipe can be used as conveyance pipe if non-perforated pipe is used
and if the corrugated PE pipe is installed properly.

0 Trenches for corrugated PE pipe must be at least 1 foot wide and the pipe must
be surrounded and covered by at least 2 inches of crushed rock. The corrugated
PE pipe must have crushed rock around it to give it enough strength to not be
crushed when the trenches are backfilied.

@ All joints and connections to corrugated PE pipe should be watertight.
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Field Inspection of
Distribution Devices

Distribution devices include distribution boxes, flow splitters, and other flow
diversion devices. All of these devices must be inspected for proper installation
and so that the effluent will flow equally to all the trenches. Figure 5.6.3 shows a
distribution box and conveyance piping.

Figure 5.6.3. View of distribution box

All pipes with

watertight
seals inside
and outside.

Reference
15A NCAC 18A.1955(j)

5.6.4

All outiets receive
same flow of effluent.
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Distribution box on level, firm base.
Concrete pad 6 inches larger on all sides.

O Be certain that the distribution box, flow splitter, or other flow diversion
device is installed at the proper location and as marked on the plans. Check that
the location meets all setback distances.

O Install all distribution devices on a base of level, undisturbed earth or a level
concrete pad to prevent the soil from settling. Ifthe soil settles, the device can tilt
so that the effluent is not evenly distributed, possibly leaking from the device. A
good test is to stand on the box and try to rock it — it should not rock or tilt.

Q Test all distribution devices, especially distribution boxes, to be sure that the
outlets are at the same level. The testing should be done by pouring water into the
distribution box in its installed location and watching for the water to flow out of
the outlets at the same time and with the same flow from each outlet.

Q Check the connections of the conveyance pipes to the distribution device to
make sure there are no leaks.

Q ln'spect distribution boxes to be sure that they are watertight and strong enough
to not collapse in the soil.

@O One way to check for aleaking distribution box is to check the water level early
in the inspection and then at the end of the inspection. If the water level has
dropped below the outlet, there is a leak in the box.

[0 Be sure that the distribution box inlet is higher than the outlet so the effluent
will flow out to the treatment and disposal trenches. Often, distribution boxes are
installed backwards, so it is important to check the orientation.

Q Make certain the distribution box outlets are at least 6 inches below the septic
tank outlet so the full trench depth can be used without directing effluent up into
the septic tank.
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Field Inspection of  Treatment and disposal trenches are where most of the treatment takes place in on-
Trenches site wastewater disposal. Proper installation of trenches is critical to the overall
performance of the system.Figure 5.5.4 shows several views of treatment and

disposal trenches.

Figure 5.6.4. Several views of
treatment and disposal trenches.
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[ The trenches must be installed on the contour so that the entire trench is at the
same level. Ifthe trench is level, all parts of the trench will accept effluent, instead
of only the low parts in an uneven trench.

Reference O Trenches installed on the contour on slopes will not be parallel with each other
154 NCAC 18A.1955 (f-), (I-m) unless the grade has the same slope at every place. The trenches will be closer to
each other at the steeper end and farther apart at the flatter end.

O Thetreatment and disposal field must be located in the proper place on the site
and at the place marked on the plan. If the field has been relocated, check that
all setback requirements have been met.
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Q Treatment and disposal fields must not be placed under driveways, roads, or
buildings. The heavy compaction of the soil under a driveway, road, or building
will keep the effluent from flowing into the soil.

O The number of trenches, the length of each trench, and the total area of the
trench bottom should be as shown on the permit. If the gravel is a uniform 12-inch
depth, then the top of the gravel will give a good reading of the trench bottom.

Q Trench botioms should be level, within plus or minus 1/4 inch per 10 feet.
Q The width and depth of the trenches should be as shown on the permit.

Q Trenches should be spaced properly. Usually trenches are 3 feet wide, which
means that the trenches should be spaced at least 9 feet on center and there will be
End view of trenches at least 6 feet of undisturbed soil between the edges of the trenches. If the trenches

on a slope. are narrower than 3 feet, spacing can be reduced to 3 times the width of the trench.
See Table 5.5.1 for a listing of trench spacing by trench width.

Q Trenches cannot be more than 36 inches wide.

Q Pipes used in trenches should be located in the center of the trench and
covered with crushed rock. The pipe should be 4-inch corrugated polyethylene
(PE) tubing with three 1/2-inch to 3/4-inch holes around the pipe every 4 inches
alongthe pipe length. The holes should be toward the bottom of the trench as much
as possible.

Q Thecrushed stone or gravel inthe trenches should be hard and resist crumbling
when wet with the effluent. Only washed stone must be used so that the fines have
been removed. Fines can plug the soil or fill in the spaces between the crushed
stone.

Q There should be 6inches of crushed stone under the pipe, and the crushed stone
should surround the pipe on all sides, with 2 inches covering the pipe. Acceptable
sizes are ASTM Numbers 3, 4, 5, 57, and 6.

Q To aveid grinding the stone together and making more fines, crushed stone
must not be driven over with equipment. The stone is not to be mixed with the
soil at the bottom of the stockpile. Placing a piece of plywood or sheet plastic
under the stockpile can reduce the amount of soil that mixes in with the stone.
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Checklist for Field Use
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FIELD INSPECTION CHECKLIST FOR SEPTIC TANKS

1,

10.

11.

12.
13.

Tank identification stamp — tank size, type of tank, manufacturer's ID.
Tank type codes: STB means a septtc tank with a baffie wall; PT
means a pump tank.

Date tank was manufactured — next to or above tank identification stamp.
Baffle wall — present and undamaged.

Sanitary tee — present and undamaged and proper depth — 1/4 of
liquid depth for a septic tank, at least 1/2 of liquid depth for a grease
trap tank.

Seam — sealed with 1 inch mastic and watertight — additional
hydraulic sealing may be necassary. Can use hydraulic cement apphed
to the inside and outside of the tank.

Tank construction quality — check for proper concrete thickness,
strength, reinforcement, and structural soundness.

Riser — look for proper size, lid, sealing on inside and outside of riser
for watertightness, and riser & inches above finished grade.

Tank depth below grade — if more than 30 inches deep or if in parking
area, driveway, etc. then additional reinforcement of tank is needed.

Tank located at proper spot — appropriate horizontal setbacks, and not
where it can be flooded by surface waters unless specially designed
andg installed.

Tank set level — both front-to-back and side-to-side, and in proper
direction, inlet-to-outlet.

Watertight sealing of conveyance piping — on both the inside and
outside of tank.

Adequate drop in elevation from the house — 1/8 inch per foot or more.
Reinforcing wire throughout tank.
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Reference
15A NCAC 18A.1955(c)

5.6.8

FIELD INSPECTION CHECKLIST FOR CONVEYANCE PIPE u

Solid, non-perforated Schedule 40 PVC, PE, or ABS pipe, 3"
diameter or larger.

Uniform, stable, downhill grade of undisturbed or compacted soil.

Gravity flow from tank to D-box or trench — minimum slope or
grade of 1/8” inch drop per foot of distance. Determine by
comparing conveyance pipe invert at tank outlet with invert where
conveyance pipa enters the D-box or trench. Usually, the elevation
of the top of the pipe is measured instead of the invert.

Minimum 2-foot separation of undisturbed soil between tank and
D-box, and between D-box and trenches.

Watertight seal of conveyance pipe on both inside and outside of
tank, and at inlet and outlet of distribution box.

Check all horizontal and vertical setbacks, for instance, water lines,
wells, etc.

Checklist for Field Use
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FIELD INSPECTION CHECKLIST FOR CONVEYANCE PIPE
FROM D-BOX TO TRENCH USING SCHEDULE 40 PIPE
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1. Solid, non-perforated Schedule 40 PVC, Schedule 40 PE, or Schedule

40 ABS pipe, 3 inch diameter or greater.
2. Uniform, stable downhill grade on undisturbed or compacted soil.

3. Gravity flow from D-box to trenches with & minimum slope or grade
1/8 inch drop per foot of distance. Determine by comparing

of

conveyance pipe invert at D-box outlet with invert where conveyance
pipe enters the trench. Usually the elevation of the top of the pipe is
measured instead of the invert. Also, should have minimum elevation
drop of 6 inches from the tank outtet invert to the pipe invert where the

pipe enters the trench.

4, Minimum 2-foot separation of undisturbed soil between D-box and
trench.

5. Watertight seal of conveyance pipe on bath inside and outside of
D-box.

6. Check all horizontal and vertical setbacks.
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FIELD INSPECTION CHECKLIST FOR CONVEYANCE PIPE
FROM D-BOX TO TRENCH USING PE TUBING

® ololo

Wﬂﬁd
LY, ) " \\"("’, ¥ 7"\
. ' 1

®

1. Non-perforated, corrugated PE tubing placed in exact center of greater
than or equal to 1-foot wide conveyance pipe trench. Gravel placed
beside and 2 inches over pipe in the trench.

2. Uniform, stable downhill grade of undisturbed or compacted soil.
3. Gravity flow from D-box to trenches.

Reference 4. Minimum 2-foot separation of undisturbed soil at both ends of
I15A NCAC 18A.1955(e),(0) . conveyance pipe trench.

5. Watertight seal of conveyance pipe on both inside and outside of
D-box.

6. Check all horizontal and vertical setbacks.

5.6.10 Checklist for Field Use
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FIELD INSPECTION CHECKLIST FOR TRENCHES
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Trench spacing: 3 times trench ®‘\\_
width. Minimum trench spacing = 5 feet. ~~a

1. Proper location of treatment and disposal field — relative to
benchmark, house, driveway, etc., and according to layout on permit,

2. Check etevation of trench bottom — should follow contour, which
means it is level along entire length and across its width.

3. Number of trenches, length of trenches, total square footage of trench
bottom area as per permit specifications.

4. Width and depth of trenches per permit.

Spacing of trenches as per permit — distance from center of trench to
center of next trench is normally 9 feet, but can be less if trenches are
narrower than 3 feet wide.

Reference
15A NCAC 18A.1955(fj, I-m)

6. Correct size, hardness, and amount of gravel under and over
pipe in trenches — 3, 4, 5, 57, 6 ASTM gravsl grades.

7. Correct size, type, location, and hole orientation of pipe in trenches —
4-inch or 6-inch diameter corrugated PE plastic tubing with 3 holes —
% - % inch diameter spaced on 4-inch centers along the pipes.
Painted stripe on pipe faces up.

Checklist for Field Use 5611



FIELD INSPECTION CHECKLIST FOR SERIAL
DISTRIBUTION SYSTEMS

wb W e e

thladg o~

1. Top of dam for stepdown at top of crushed stone — so that the
first trench segment filis with effluent before allowing fiow to next
segment — dam of undisturbed or compacted soil. Stepdown

‘conveyance is nonperforated.

Depth of soil cover over stepdown sufficient to prevent crushing.

Drop boxes installed in correct flow direction — inlet is highest
opening — outlet to next trench segment above outlet to trench
segment served by drop box.

4. Drop boxes level in all directions — on concrete pad if necessary.

5612 Checklist for Field Use
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FIELD INSPECTION CHECKLIST FOR EFFLUENT DISTRIBUTION DEVICES
(DISTRIBUTION BOXES, FLOW SPLITTERS, AND FLOW DIVERSION DEVICES)

Distribution box Adjustable flow splitter

Distribution box and .
o conveyance piping

1. Distribution device at proper location and elevation with appropriate
horizontal setbacks.

Reference

15A NCAC 18A.1955()) 2. Proper base — firm and level. Concrete pad 6 inches larger on all

sides than distribution device installed.

3. Water test distribution device to assure that all outlet inverts are at the
same elevation.

4. Conveyance bipes into and out of distribution device properly sealed
on both inside and outside.

5. Distribution device has appropriate drop within it from its inlet to its
outlets — not installed backwards.

6. Distribution device of sound construction and watertight.

Checklist for Field Use 56.13



5.7

Reference
15A NCAC I8A.1952(c)

Reference
I5A NCAC 18A.1952(a)}

Terms Used in Pumped
On-Site Systems

Pumped system with center-feed
treatment and disposal field.

Conventional and Modified Conventional Systems

PUMPS, FLOATS, ELECTRICAL CONTROLS,
AND SIPHONS

In many cases, an on-site system may need a pump to lift the effluent over a high
spot, of pump up to a usable area that is higher than the outlet of the septic tank,
or when the treatment and disposal trenches are more than 750 feet long. Also,
pressure manifolds and pressure distribution systems require a pump to supply
the pressure for the manifold or the pressure dosing. In all these situations, a
second tank, called a pump tank, is needed to house the pump and controls so that
the septic tank effluent, the effluent flowing out of a septic tank, can be pumped
properiy.

This section presents information on how to design, construct, and inspect pumps
and controls for on-site systems.

The following list of terms will explain many of the words used in pumped on-
site systems.

Q Dese or dosing volume is the volume of septic tank effluent pumped to the
treatment and disposal field during one run cycle of the pump. It is important to
determine this volume carefully so that the field is delivered enough effluent for
properdistribution and enough resting time is provided before the next pump cycle.

0 Drawdown is the distance between the pump turn-on and turn-off levels in the
pump tank that provides the proper dose to the treatment and disposal field.

0 Flowrate or discharge is the amount of water pumped by a pump in a certain
time. Flow rate is usually given in gallons per minute. Flow rate is important
because the treatment and disposal field must receive the dose of effluent fast
enough to fill the trench pipes or pressurize a pressure manifold or a low pressure

pipe system.
{0 Head is the driving force that makes water flow through pipes or channels.

The head of a pump is measured in feet, which is how high the water would rise
in the discharge pipe when the pump is running. Several types of head must be

considered in a system with a pump.

s Elevation head is the height of the treatment and disposal field above the
pump tank from which the effluent must be pumped. For example, if the
treatment and disposal field is 20 feet higher than the pump turn-off level,
then the pump must Lift the effluent 20 feet and supply enough pressure to
make the pressure manifold or low pressure pipe system work properly.

n Friction head is the resistance to the flow of effluent in the pipes and fittings.
This resistance is measured in feet.

» Pressure head is the pressure that is applied to the effluent to' make the
pressure manifold or low pressure pipe system work properly. Pressure
head is also measured in feet.

s Total dynamic head is the total of all three heads — elevation head plus
friction head plus pressure head. Total head also is measured in feef.
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Pressure manlifold.

Types of Pumps

Pump Terms

O Aninvertisthe bottom pointof a pipe or an opening. This Jowest pointis where
a flow of water will first start and will be deepest. Knowing the vertical distances
between the inverts of tank openings and pipes is important because these
differences in height determine the path water will take in flowing through a
system.

» Outlet invertis the bottom point of the outlet from a septic tank, pump tank,
or distribution box. The outlet invert should be below the inlet invert.

» Inlet invert is the bottom point of the inlet to a septic tank, pump tank, or
distribution box. The inlet invert should be above the outlet invert.

s Tank invert is the bottom of a septic tank or pump tank.

QO An orifice is a small hole in a pipe from which effluent discharges under
pressure. Usually orifices are the holes in a pressure manifold or in the distribution
lateral of a low pressure pipe system,

QO Alow-pressure pipe lateral is the small pipe, usuaily 1 or 2 inches in diameter,
with small orifices that let effluent flow out under pressure into the soil. The
pressure in the laterals is usually 2 to 5 feet of head and the orifices are from 5/
32 to 1/4 inch holes.

Q) A pressure manifoldis a 3 to 8-inch pipe which distributes septic tank effluent
to many outlets. The outlets in the pressure manifold range in size from 1/2 to
1-inch holes. Each outlet takes effluent to a conventional gravity trench for
treatment and disposal. See the drawing of a pressure manifold at the left.

Pumping sewage can cause problems if the right pump is not used. The pump can
burn out or clog if it pumps the wrong substance. This section gives details on
the type of pump to use for a given situation.

Pumps are actually a combination of a motor and a pump. The motor uses electric
power to turn the shaft of the pump, thus moving the liquid.

The pumps usually used in on-site systems are known as cenirifugal pumps. This
is because the liquid is moved by the centrifugal motion of an impeller that is spun
by an electric motor. The impeller gives the liquid pressure as it moves it through
the pump. There are many designs and types of impellers, depending on the use
of the pump. The following discusses various aspects of pumps.
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Effluent pump.

Effluent Pumps

O The impeller forms the main part of a stageina punip. The term stage is used
because each impeller can pump liquid to only a certain height. Pumps that force
liquids to high elevations or create high pressures are usually multi-stage pumps
that have a number of impellers. Each impeller lifts the liquid a certain height
or creates a designated amount of pressure, and this lift or pressure is added to
the liquid as it flows to the next impeller or stage. Most pumps used in on-site
systems have only one stage.

Q There are many different types of pumps and each type of pump is designed
to handle only a certain type of liquid. For example, pumps made to handle raw
sewage and septic tank effluent can withstand solids in the liquid without
clogging or burning out. On the other hand, pumps not made to pump sewage
will quickly clog and fail.

O Power in a pump usually refers to the size or power of the motor that runs the
pump. Motors are rated in horsepower, so that in typical situations, motors for
sewage effluent pumps may have power ratings of 1/3, 1/2, 3/4, or 1 horsepower.

O Higher power motors do not necessarily mean that a pump can pump more
liquid, or pump to a higher level or higher pressure. The actual volume of liquid
pumped and the pressure of the liquid is only partly determined by the horsepower
of the motor. The pump impeller and casing are what mainly determine how much
liquid is pumped and to what pressure. For example, a solids-handling pump with
a 3/4 horsepower motor may only pump the same amount as an effluent pump with
a 1/2 horsepower motor because the effluent pump has closer tolerances. How-
ever, the solids-handling pump can typically handle much larger solids and flows
than the effluent pump.

0O Pump efficiency is a measure of the electricity used to pump a determined
volume of sewage. More efficient pumps use less electricity to pump the same
amount of liquid and cost less to run than less-efficient pumps. In small on-site
systems, the cost of operating the pump will be only a few cents per day. Because
the cost is small, pump efficiency is usually not important in selecting a pump
for an on-site system. It is much more important to select the proper type of pump
to avoid clogging or pump burnout.

O The flow rate from a pump is the amount of liquid pumped in a particular time
at a set pressure. Flow rate is represented as the letter Q.

O The pressure or head that a pump can generate at a designated flow rate is
called the total dynamic head, or TDH. This is the pressure or head of the entire
system when the liquid is flowing at the specified rate.

Q The flow rate, Q, and the total dynamic head , TDH, are the two most
important characteristics in specifying a pump for a particular installation. These
two factors determine that the pump can pump the correct amount of effluent to
the required height.

Effluent pumps are the pumps most often used in small on-site systems. They are
designed to pump effluent, the effluent flowing out of a septic tank. This effluent
is relatively clear liquid because the solids have settled out in the septic tank.
Effluent pumps can pump to higher levels and are more efficient than the other
types of sewage pumps because these pumps do not have to handle sewage solids.
Other characteristics of effluent pumps are discussed below.

Q Effluent pumps are often used where the sewage effluent from the septic tank
has to be pumped to a treatment and disposal field located on a level higher than
the septic tank or where pressurized distribution is used.
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Solids-Handling Pumps

574

Grinder Pumps

1 Mosteffluent pumps look like sump pumps. They are short and compact with
an inlet on the bottom of the pump housing and a single stage or single impeller.
The pump and motors are hermetically sealed so that they can operate completely
under the liquid level on the pump tank and will not rust or corrode. The shont,
compact type of effluent pumps can lift large volumes of sewage effluent to
moderate heights.

» Effluent pumps are made much differently from the usual sump pump. The
materials in the effluent pump can withstand the very corrosive septic tank
effluent and the pump can handle some solids. Sump pumps are not made
to resist the corrosion of septic tank effluent and they cannot handle solids.

QO Some effluent pumps are long and thin, like submersible well pumps. The
pump has a long, narrow shape because it is a multi-stage pump, with a number
of impellers rather than a single impeller like the short, compact pump. In
general, more impellers or stages means that it can pump to higher levels than
asingle-stage pump. Long, thin effluent pumps are designed to operate complete-
ly submerged, just like the short, compact pumps.

0 The pump controls should usually be set so that the pump is always under the
liquid. Keeping the pump submerged keeps it cool and also reduces corrosion
caused by exposure to the air.

These pumps, also called sewage ejector pumnps, are made to pump raw sewage.
Raw sewage contains too many solids for most pumps, so only solids-handling
pumps should be used where raw sewage has to be pumped.

(O These pumps have a special impeller and space between the impeller and
housing to allow the solids to pass through without clogging the pump.

Q Solids-handling pumps can be installed in tanks outside the building to pump
the raw sewage to a septic tank and treatment and disposal field that is far from
the building.

Q In some sensitive areas, such as lakefront property, solids-handling pumps
can be used to pump raw sewage to an on-site system located away from the lake.

A grinder pump is much like a solids-handling pump in that it can pump raw
sewage. The difference is that the grinder pump has rotating blades, like a
garbage grinder, that cut and grind the solids into small particles before the
sewage is pumped. Grinder pump functions are discussed below.

0 Grinder pumps are used for some community on-site systems where raw
sewage is pumped from individual homes to small-diameter gravity or pressurized
collector sewers. The sewage is treated and disposed at a common treatment and
disposal site.

QO A grinder pump can.clog if the cutting blades become dull. The pump should
be replaced or rebuilt on a regular basis so that the pump operates well.

O Because grinder pumps need more torque to star, the starting mechanism for
the electric motor is different from effluent or solids-handling pumps.
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Pump Tank Design and
Installation

Figure 5.7.1, Outside view
of a pump tank.

Control box

Pump Tank Location

Diagram shows septic tank
and pump tank located near
house so that only septic tank
effluent is pumped.

Pump tank location and design is critical for proper operation of a pumped on-site
system. A pump tank contains the pump, float switches for the pump, and
discharge piping and valves. Electrical controls for the pump must be in a
separate panel box near the pump tank. All these components must work well
for the system to perform properly. This section contains information on the
proper installation of the tank, pump, controls and piping. Figure 5.7.1 shows an
installed pump tank.

Access riser

Manufacturer's
stamp

In some situations, the designer can choose where to locate a septic tank and pump
tank. Listed below are some points that can help make an on-site system with a
pump easier to maintain.

O If an on-site system must use a pump, try to locate the septic tank and pump
tank so that only septic tank effluent is pumped. Fewer problems, clogs, and
burnouts are involved in pumping septic tank effluent because the solids and
grease have been removed in the septic tank. Locate the septic and pump tanks
near the house and pump the septic tank effluent to the treatment and disposal
field, rather than pumping raw sewage to a septic tank far from the house. See
the drawing on the left.

{3 The septic tank and pump tank should be kept as shallow as possible, with less
than 30 inches of soil cover. Shallow septic tanks and pump tanks are much easier
to find and maintain. Deep tanks are hard to find, inspect, repair, or pump out;
and deep tanks also tend to have more problems with ground water leaking in.

J If the sewer from a building is deep in the ground, a sump should be installed
in the house basement to pump the raw sewage up to a normal depth, rather than
install the septic and pump tanks deep in the ground. Reroute the drains in the
house so that upper floors drain directly to the septic tank and raw sewage is
pumped only from the lowest floor of the house.
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Pump Tanks

Figure 5.7.2. Cut-away view
of pump tank,

Watertight seal

Inlet pipe

i
High water alarm level /fJ/__//

Pump on level !

— L —

Pump off level

Pump discharge pipeline

Reference
15A NCAC 18A.1954(b))
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A pump tank functions differently from a septic tank. The pump tank provides a
temporary storage of sewage for the pump so that the proper volume of effluent
can be dosed to the treatment and disposal field and emergency storage is provided
during pump failure conditions. Electrical controls on an outside panel switch the
pump on and off and turn on alarms if the liquid level rises too high. The pump
tank may also provide for some additional settling of solids before the effluent is
pumped. Pump tanks are described below. Figure 5.7.2 shows a cut-away view of
a pump tank.

. Valve Access riser
Control box Union
Float tree with
float switches
i
U~ o -
b - A—‘
- 1. - __it . :
- = £ 9 __ ol s . e, |
- ‘L Qutlet pipe
L
Pump on
Check valve Pump concrete block

O Pump tanks should have only one compartment. If a two-compartment tank is
to be used, then the partition in the tank must have at least two 4-inch holes in the
partition no higher than 12 inches from the tank bottom to allow free flow of the
effluent from one compartment to the other. Other openings of different shapes
are allowed as long as the openings are as large as the two 4-inch holes.

[ The liquid level is normally much lower in a pump tank than in a septic tank.
Under normal operation, a pump tank will have only about 2 feet of liquid, enough
to dose the treatment and disposal field, and still keep the pump covered. This
low liquid level in the tank can cause several problems:

a The lower liquid level in the pump tank is like a large open hole in the
ground. Ground water or surface runoff will tend to flow into the tank
through cracks or unsealed seams to fill the “open hole.” This ground water
causes the pump to operate more often, increasing the amount of liquid
dosed to the treatment and disposal field, possibly overloading the field.

m The lower level also leaves more space in the pump tank for air and
corrosive gases. This mixture can cause corrosion of the pump, tank, and
other devices when wet surfaces are exposed.

m Because there is less liquid in the pump tank, the tank weighs less and may
float out of the ground if the water table is high.



Rubber boot that can provide
watertight seals around inlet
and outlet pipes.

Reference
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Pumps and Installation

Reference
15A NCAC 18A.1952(c)

Reference
I5A NCAC 18A.1952(c)(2)

Reference
15A NCAC 18A.1952(c)(3)
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The following points can help prevent problems caused by the low liquid level in
a pump tank.

Q Seal the pump tank well so that ground water cannot enter the tank or sewage
leak out. Many pumped systems fail because the pump tank leaks, especially
around the inlet and outlet pipes, letting in large amounts of ground water. The
ground water is then pumped to the treatment and disposal field, which can be
flooded with too much water.

O Be sure thatinlets, outlets, and all seams are sealed with a durable sealant that
will not crack or leak. Iniet and outlet pipe openings should be connected with
solvent welds, O-ring seals, or rubber boots with stainless steel straps to make
these connections absolutely watertight. Seams along the half-sections of the
tank and risers should be sealed with a permanent, waterproof mastic so that the
seam is watertight.

Q The pump-off level of liquid in the pump tank should be high enough to keep
the pump covered in liquid. Keeping the pump covered in liquid greatly slows
the rate at which the pump corrodes. The pump will corrode very quickly if it
is exposed to the gases in the tank.

O On lots where there is a high water table, the pump tank may float on the
ground water and come out of the ground. Special weights or anchors can be
installed to hold the tank in the ground.

O A 24-inch diameter riser with a strong and tight lid should be installed so that
the pump tank, pump, float switches, and piping can be easily serviced. The riser
should extend at least 6 inches above the ground level so that ground water and
surface runoff cannot enter the tank.

O Pump tanks must not be smaller than 750 gallons. Larger sizes for pump tanks
are determined by the type of soil in the drainfield.

m For pump tanks with drainfields in Group ], 1I, or Ill soils, the minimum
pump tank size must be at least two-thirds of the volume of the septic tank.

m Pump tanks serving drainfieids in Group IV soils are required to have the
same volume as the septic tank.

O Another method to size a pump tank is to meet the minimum pump submer-
gence requirement, minimum dosing requirement, and minimum emergency
storage requirement. Determining the volume of a pamp tank to meet these criteria
is complicated and not practical for most smail wastewater systems.

A pump must be installed properly to be reliable. The following list givesa number
of requirements that make pumped on-site systems work well.

O The pump must be able to pump solids thatare 1/2 inch in size and also be able
to lift the septic tank effluent to the treatment and disposal field ata rate that allows
proper dosing. All pumps should be listed by Underwriter’s Laboratory or similar
testing organization to be sure that it is constructed properly and is safe from
electrical hazards. Professional engineers can specify unlisted sewage or effluent
pumps for on-site systems that they design if the engineer determines that the
proposed pump is appropriate for the intended system.

O A rope or chain that will not corrode should be attached to the pump so that
the pump can be removed without having to go inside the tank. The other end of
the rope or chain should be fastened to the riser to keep it from falling into the tank
and to be easily reached without entering the tank.
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Quick disconnect pipe union.
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Ball valve.

Reference
15A NCAC 18A.1952(c){4)

Check valve.

5.7.8

0O Valves, the disconnect device, float switches, the float tree and otherimportant
parts of the system must be positioned where they can be operated or removed so
that the service person should not have to enter the pump tank.

T Set up the pump controls so that the pump is always under the liquid. Keeping
the pump submerged helps cool it and also reduces corrosion caused by exposure
to the air,

Pipes, valves, and disconnects, The proper types of pipe, fittings, valves, and
disconnects are extremely important in making a pumped on-site system reliable
and easy to repair. Some pipe fittings and valves are shown at left.

T All pipes, fittings and valves connected to the pump must be Schedule 40 PVC
or stronger and made of corrosion-resistant material.

0 The pump discharge pipe must have a union, flange, or other device to allow
the pump to be disconnected quickly from the pipe. The disconnect device makes
servicing the pump much easier. This union or flange should be located within
easy reach from the top of the riser so the serviceman does not have to enter the
tank.

O A turn-off valve should be installed on the treatment and disposal field side
or after the union or disconnecting device. This valve can be closed so that the
sewage in the pipe will not run back onto the repairman when the union is
disconnected.

O The pipes, fittings, valves, and disconnecting devices must be corrosion-
resistant so that they will not be destroyed by sewage and gases.

Anti-siphon holes. In some installations, the treatment and disposal field can be
flooded if the discharge pipe from the pump starts a siphon that drains all the
liquid from the pump tank at once. Siphoning action will only happen if the
treatment and disposal field is lower than the height of the water level in the pump
tank. :

O The siphon action must be stopped by drilling a 3/16-inch anti-siphon hole
in the discharge pipe above the pump and before the pipe leaves the tank.

[ If a check valve and an anti-siphon hole are needed, the anti-siphon hole
should be drilled in the discharge pipe above the pump and below the check valve.

Check valves. A check valve keeps the effluent in the pump discharge pipe from
draining back into the pump tank or through the pump when the pump turns off.
In this way, the proper amount of effluent is dosed to the treatment and disposal
field.

O A check valve may be required if the volume of liquid in the pump discharge
pipe going to the treatment and disposal field is more than 25% of the dosing
volume. Too much of the effluent would drain back into the pump tank when the
pump shuts off if there is no check valve to stop it.

T} Some purnp manufacturers require a check valve on the pump discharge pipe
regardless of the drainback volume.

QO Ifacheck valve and an anti-siphon hole are needed, the anti-siphon hole should
be drilled in the discharge pipe above the pump and below the check valve.
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Pump controls. Electrical controls are used to turn the pump on and off and to
signal if the sewage level in the pump tank is too high. Pump controls are

discussed in the following. See Figure 5.7.3 for proper installation of pump
controls.

Figure 5.7.3. Outside view Waterproof, gasproof,
of a pump tank. corrosion proof conduit Watertight, gastight seal
around conduit {and inside
riser and control box
between wires and

e

Pump controf box

Pump control box securely
mounted near pump tank and
at least 12 inches above
ground

Gas-proof seal at
pump tank riser

O All electrical wires must be installed in waterproof, gas-proof, and corrosion-
proof conduit, The conduits must be sealed with duct seal, wire grips, or other
sealants around the wire and around the conduit holes in the pump tank and in the
disconnect enclosure. Sealing around the conduit and the wires keeps the gas
inside the pump tank and out of the disconnect enclosure. It is important to keep
the gas out of the disconnect enclosure, because the gas can explode, burn, or
corrode the electrical controls. The drawing at the left shows how the cable is
sealed at the pump tank riser.

Pump tank cable routing to
the control box. Pump float switches. Pumps should be turned on and off by float switches, such
as sealed mercury float switches, or other devices that detect the liquid level in
the pump tank. The following points discuss pump float switches.
Reference

15A NCAC 18A.1952(c)(5) O Setthe pump float switches so that the pump remains submerged after the pump

is tumned off and at least 12 inches of water is left in the tank. Keeping the pump
submerged helps cool it and prevents the pump from corroding from contact with
the gas in the tank. Also, a certain amount of solids settle to the bottom in pump
tanks. By leaving 12 inches of liquid in the tank, the pump will not pick up the solids
and pump them to the treatment and disposal field, which could clog the field.

Q The pump float switches should be set so that the proper dosing volume of
effluent is pumped each time the pump turns on and off. To set the height of the
turn-on float at the right height above the turn-off float, divide the required dosing
volume in gallons by the width and length of the tank and by 7.48 gallons per cubic
foot. To put the height in inches, divide again by 12 inches per foot. See the

Pump control

circults and following box for this formula.

manual
disconnects must .

be installed in >+ [width {foet) x -
NEMA4X box. 12 (inches perfoot)].
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Siphons
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O Theturn-on float should be no more than six inches below the high water alarm
float switch. The high water alarm signals when the pump has failed to turn on and
the liquid level is too high in the pump tank.

Manual disconnects. There must be a way to turn the pump on and off by hand
without having to get into the pump tank or use special tools. This makes
checking the pumping rate and setting the controls much more convenient.

Q Pump control switches typically have three positions: hand, off, and
automatic. The hand position allows the serviceman to turn the pump on and off
by hand, bypassing the automatic controls, to determine if the pump is working
but the automatic controls have failed.

[ The pump circuits and float control circuits must have manual circuit
disconnects located in a waterproof and corrosion-proof enclesure such as
NEMA 4X or an equivalent enclosure such as a fiberglass or stainless steel box.
The enclosure for the disconnects must be at least 12 inches above the ground and
securely fastened to a strong post or other support. Installing the disconnects this
way keeps them from corroding and stops surface water from entering the
enclosure.

High-water alarm. The high-water alarm is required to wam the users that the
sewage has risen too high in the pump tank, which can happen when the pump
has clogged or failed to start. The following list describes high-water alarms.

O All pump tanks must have a high-water alarm system to warn the users that
the water is above the pump turn-on level in the pump tank.

O A separate float switch or liquid level detector must be used for a high-water
alarm. '

O The high-water alarm must have its electrical supply ahead of the fuses or
circuit breakers for the pump. Installing the power supply for the alarm ahead

of the pump fuses allows the high-water alarm to work even if the pump has blown
a fuse.

@ The float switch for the high-water alarm should be set to come on when the
liquid is no more than 6 inches above the pump turn-on level.

[ The alarm must sound a warning signal and turn on an alarm light so that the
system users know that the water level is rising in the pump tank. The alarm must
be able to be seen and heard by the system users.

0O High-water alarms must be installed in weatherproof enclosures such as a
NEMA 4X enclosure or an equivalent.

A siphon can be used to provide dosing of a treatment and disposal field when
the field is at least 2 feet lower than the outlet of the siphon. The siphons used
in on-site systems are self-starting or self-priming siphons that operate from the
difference in height of the water in the tank and the height of the siphon outlet.
The big advantages of self-priming siphons are that they do not require an
electrical power supply to be installed, they operate automatically, they will
operate during power failures, and they can very quickly dose the treatment and
disposal field with the proper volume of effluent.

Siphons have several disadvantages. The treatment and disposal field must be
2 feet lower than the siphon ocutlet. Because self-priming siphons operate from
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the difference between the water level in the tank and the siphon outlet, it is not
possible to use siphons to lift effluent to a treatment and disposal field higher than
the outlet of the septic tank or over high spots. Siphons may be difficuit to repair
or service if they do not work properly.

Siphon tank

Siphon Siphon vent

Outiet pipe

The following points describe the rules forthe design and use of a wastewater siphon
for an on-site systemn. Refer to Figure 5.7.4 for a cut-away view of a siphon tank.

Construction and installation. Siphon tanks must be constructed to meet the
same structural requirements as pump tanks and septic tanks.

O All parts of the siphon and the discharge pipe must be corrosion-proof. They
can be made of cast iron, high-density plastic, fiberglass, or equivalent materials.

O The siphon and the discharge pipe must be installed according to the factory
directions.

Q The inlet into the siphon tank must be at least 3 inches above the turn-on level
for the siphon to make an air gap between the highest liquid level and the inlet.
This air gap keeps the siphon from pulling sewage out of the septic tank.

O A 24-inch orlarger riser must be installed over each siphon and the riser must
extend at least to finished grade so that there is easy access to the siphon. The riser
must be sealed at the tank, covered on top, and the soil around it sloped so that
surface water cannot get into the siphon tank.

O There must be at least 12 inches of freeboard in the siphon tank. This space
provides storage if the siphon fails to operate.

Treatment and disposal fields. The following items must be considered when
using a siphon to dose a treatment and disposal field.

O The treatment and disposal field must be at least 2 feet below the outlet of the
siphon so that the siphon will discharge freely into an open pipe. Otherwise, the
conveyance pipe could fill up and stop the siphon because the water flows too
slowly through the pipe.
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@ Siphon dose volume should fill the treatment and disposal .ﬁc!d pipes from
66% to 75% of their capacity on each dose.

O Siphons operate on the difference in the water level in the siphon tank and the
level of the siphon outlet. Thus, when the siphon is flowing, the flow rate through
the siphon will vary as the effluent level drops in the siphon tank. The flow rate
will be higher when the siphon first turns on and will decrease as the liquid level
drops in the tank.

O Thedischarge pipe from the siphon must be large enough so that the pipe will
not flow full even when the siphon discharges at its maximum rate. If the pipe
becomes full, it may stop the siphon before the proper dose of effluent flows to
the treatment and disposal field.

Vent and discharge pipes. The discharge pipe from a siphon must have a vent
that comes above the ground outside the siphon tank. The vent keeps the siphon
from stopping if air is trapped in the discharge pipe.

@ The vent also serves as an inspection port to determine if the siphon is
working. An inspector can look down the vent pipe to see if effluent is flowing
from the siphon or if the siphon is leaking.

QO To keep insects and water out of the vent pipe, the end should be turned down
and screened. Two elbows can be used for the turned-down end. The turned-
down end should be easy to remove so that operators and inspectors can look at
the flow from the siphon.

[ The vent pipe must not go back into siphon tank or be installed so that it would
be an overflow outlet when the siphon fails to operate. If an overflow were
installed, then the wastewater would flow out the overflow and users would not
know that the siphon is not working.

Q Overflow outlets are pipes or openings that let effluent flow out of a siphon
tank if the liquid level rises too high. Overflow outlets are not aliowed on siphon
tanks because the overflow outlets let the effluent drain out of the tank into the
conveyance pipe continuocusly rather than in set doses. This continuous
application of effluent to the treatment and disposal field can flood the field or
cause it to fail. Overflow outlets should never be installed on a siphon tank.

High-water alarm. The high-water alarm is required to wam the users that the
effluent has risen too high in the siphon tank, which can happen when the siphon
has clogged or failed to start.

O Allsiphon systems must have a high-water alarm system to let the users know
that the water is above the siphon turn-on level in the siphon tank.

0 A separate float switch or liquid level detector must be used for the high water
alarm.

O The float switch for the high-water alarm should be set to come on when the
liquid is 2 inches above the siphon turn-on level.

O The alarm must sound a warning signal and turn on an alarm light so that the
system users know that the water level is rising in the suphon tank. The alarm must
be visible and audible to the system users.

O High water alarms must be installed in watertight, corrosion-resistant
enclosures such as a NEMA 4X enclosure or an equivalent enclosure.
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5.8 LONG-TERM OPERATION AND MAINTENANCE
OF ON-SITE SYSTEMS*

Operation of
On-Site Systems

Most on-site systems do not require much effort to operate and maintain. Even
though the effort is small, the system must be maintained properly so that it

" Septic tank showing flow of
sewage through the tank.

*Information on long-term
operation and maintenance for
on-site systems was adapted from
the following publications:

Sponenberg, T.D., Kahn, 1.H.,

and Sevebeck, K.P, 1985. A
Homeowner’s Guide to Septic
Systems. Virginia Water Resources
Research Center, Virginia
Polytechnic Institute and State
University, Blacksburg, VA.

Hoover, M. T. 1990. Soil Facts:
Septic Systems and Their Mainte-
nance. AG-439-13. North Carolina
Agricultural Extension Service,
North Carolina State University,
Raleigh, NC.

White, Amy. 1989. Septic Systems,
part of the Clean Water Series.
Series produced as a cooperative
effort of the Delaware Nature
Society, the Delaware State
Federation of Woman's Clubs, and
the US Environmental Protection
Agency through the Delaware
Department of Natural Resources
and Environmental Control and the
New Castle Conservation District.

operates reliably and at minimum cost. The following material presents ways to
operate and maintain on-site systems properly.

Minimize sludge build-up.

The ideas listed here can help preserve an on-site system so that it operates as it
should for many years. Most of these items are easy for homeowners to do.

Kitchen. Keep as many solids out of the septic tank as possible, minimizing the
need to pump out the tank.

The following tips reduce the solids in the septic tank that come from kitchen
activities.

O Garbage disposals should not be used in on-site systems. The ground garbage
adds large amounts of solids to a septic tank, causing sludge to build up very
quickly.

O Grease and cooking oils should never be put into a septic tank. The grease and
oil harden and may clog the inlet or outlet. Also, the grease makes the scum layer
build up quickly in the septic tank, which will mean that the tank must be pumped
more often. [f grease and oil flow through the septic tank, the treatment and
disposal field may become clogged with hard grease. If this happens, the field
must be replaced. : '

O Coffee grounds also cause rapid build-up of sludge because the grounds
decompose very slowly.

Bathroom. Solids in the septic tank can be reduced by using the following ideas.

/0 ltems such as sanitary napkins, tampons, disposable diapers, cigarettes, facial

tissues, and other solid or paper wastes should not be flushed into the on-site
system. Because none of these materials decompose in septic tanks, they add to
arapid accumulation of solids in the tank. Wet-strength paper towels have nylon
reinforcing fibers that will not decompose in the septic tank, which can cause
clogging in drain pipes.

O On-site system owners should use a toilet tissue that easily breaks up in water
to prevent clogging drain pipes or septic inlets or outlets. Test toilet tissue by
putting a portion of tissue in a jar half full of water and shaking the jar. If the tissue
breaks up easily, it will work well in the on-site system.

Miscellaneous, The following can reduce solids buildup in the septic tank.

O Used motorcil and other such oily liquids should not be put into a septic tank.
These oils can build up in the septic tank or clog the treatment and disposal field.

Q Cat box litter, mud, and grit from cleaning automobile or machine parts are
mineral materials that do not degrade in a septic tank and fill the tank at a faster
rate than is necessary.

5.8.1
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Use Less Water

Protect the Treatment
and Disposal Field

Keep the Bacteria
Working

The volume of water which must be absorbed by the treatment and disposal field
has a big effect on how long the field lasts. By reducing water usage, less water
flows to the field, giving the field more time to recover for the next load of effluent.
The following is a list of suggestions for using less water.

O Simply teaching all those living in the home to use less water can reduce the
amount of water flowing to the treatment and disposai field. Save waterby turning
off the water while doing something that does not require a constant flow of water.

O Water-saving fixtures and devices can be installed on sinks, toilets, and
showers to reduce the rate at which the water flows from the fixture.

O Dishwashersand washing machines should only be run with full loads. These
appliances use the same amount of water whether they are full or not.

O Leaky faucets and toilets can add large volumes of water to the daily flow of
water into the on-site system. Repair the leaks to save water and give the treatment
and disposal field a rest.

O Homeowners can effectively reduce the amount of water used in the home by
taking short showers. Showers longer than 5 to 10 minutes use too much water.
Low-flow showerheads reduce the rate of water flow. Onjoff buttons on the
showerhead can save much water because they allow the user to turn off the water
while soaping up and back on again to rinse, without having to readjust the
temperature.

Q Roof drains, basement sump pumps, foundation drains, and other such drains
should not empty into the on-site system. These drains should be directed to
another part of the lot away from the treatment and disposal field.

O Other ways to save water include taking showers instead of baths and not
flushing the toilet to dispose of facial tissues or other items that should be put into
wastebaskets.

The treatment and disposal field is the most expensive part of a conventional on-
sitesystem. It pays to protect the field so that it works reliably for the longest time
possible.

O Ifanewtreatment and disposal field is being installed, be sure that it is installed
properly and with adeguate trench length. Installing more trench length than is
required by the regulations may pay off because the larger field does not need to
work as hard as the smaller field.

O Large trees and shrubs should be kept reasonable distances from the field to
prevent problems with roots clogging or crushing trench pipes.

Q Vehicles and construction equipment should not drive over the field. The
weight of the vehicles could crush the trench pipes or break a conveyance pipe.

Bacteria in the soil around the treatment and disposal field trenches are the key to
proper treatment of the sewage. If these bacteria are killed or missing, the effluent
will not receive proper treatment and will cause pollution of ground water or
surface streams. Also, bacteria in the septic tank help to decompose some of the
solids, which can increase the times between pumping.

O No poisons, synthetic chemicais, or other substances that can harm the on-site
system should be dumped down the drain.
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O Substances such as pesticides, herbicides, weed killers, disinfectants, acids,
medicines, paint, paint thinner, solvents, chemical cleaners, photographic solu-
tions, and other similar substances should not be put into the drains. These
substances can be taken to a hazardous waste disposal site in most localities.

The homeowner or user of an on-site system should monitor the system for
performance and maintenance. Making measurements on a on-site system is easy
and the results give the user valuable information on the state of the system.

General Observation of On-Site Systems.

Making a general inspection of the overall on-site system can provide important
information used to prevent failure and costly repairs.

O Watch as water drains from sinks, tubs, and toilets. If the flow is sluggish, the
pipes or the septic tank inlet or outlet may be clogged.

Q Check the treatment and disposal field area. Look for wet spots or mushy
ground. Also sniff for odors. All of these are indicators that the field may be
malfunctioning. A properly operating on-site system should not have wet spots,
mushy ground, or foul odors.

Perform measurements and inspections annuvally. To be sure that the on-site
system does not become clogged beyond repair or create other nuisance problems,
the measurements and inspection described above should be done once each year.
Inspect the system and measure the scum and sludge during the wettest time of the
year, which will show how well the system performs under the worst conditions.
In North Carolina, winter is the wettest time of the year for most areas of the state.

The sludge and scum in a septic tank will build up at different rates. Two simpie
measurements can determine how much sludge and scum has accumulated and
whether the tank must be pumped out. To make the measurements, the manhole
over the septic tank outlet must be uncovered and opened. The following
directions indicate how to measure the thickness of the scum layer and the depth
of sludge in the tank. DO NOT ENTER THE TANK.

1. To measure the thickness of the scum layer, nail a 6-inch square flat board to
the end of an 8-foot stick. Using the end of the stick with the flat board, push the
stick through the scum layer. Then, move the stick over to the outlet and lift up
so that the flat board catches on the bottom of the sanitary tee or outlet pipe. Hold
the stick with the flat board on the bottom of the sanitary tee and mark the stick
to show how deep the outlet of the sanitary tee is.

2. Next, move the stick away from the sanitary tee and gently raise the stick until
you feel increased weight on the stick when the flat board is at the bottom of the
scum layer. Mark the stick to show the depth of the bottom of the scum layer.

3. If the two marks are closer than 3 inches, then the septic tank should be
pumped. Otherwise, the scum will begin to flow out the outlet and clog the
treatment and disposal field.

4. To measure the amount of sludge, use the same 8-foot stick. Push the stick
into the septic tank until the stick contacts the bottomn of the tank. Mark the stick
to show how deep the tank bottom is.
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5. Now, remove the stick from the septic tank and wrap an oid piece of bath towe]
around the bottom 3 feet of the stick. Push the stick with the towel wrappedaround
it into the tank untii the stick is on the tank bottom. Twirl the stick a few times and
let the stick stand in the tank for a minute or so. Remove the stick and look for the
line of black particles on the bath towel. This line is the top of the sludge layer.

6. ifthedistance between the topof the sludge layer and the bottom of the sanitary
tee is less than 12 inches, the tank should be pumped. If the tank is not pumped,
sludge may begin to flow out the septic tank outlet and can clog the treatment and
disposal field.

7. After inspecting the tank, immediately replace all lids and covers.

All wastewater treatment and disposal systems, including on-site systems, must
have certain maintenance performed to keep them operating property. Fortunate-
ly, maintenance for most conventional on-site systems is easy and inexpensive.
The following list provides information on routine upkeep and maintenance.

Drawing of the on-site system, Perhaps the easiest and one of the most important
ways to maintain the on-site system is to make a diagram of the entire system (see
drawing at left). The following lists what should be included in the diagram.

Q The diagram shouid show the location, depth, and size of the septic tank,
distribution device, and the field trenches.

Q Be sure to include the location of the repair area.

O Use a permanent benchmark such as a large tree, power pole, or corner of the
house to locate each part of the system. Write the distances from the benchmark
on the diagram of the system. :

Access risers. The harder it is to get to a system, the less likely maintenance will
occur. To increase the chances of maintenance being done, make it easier to get
to the septic tank and distribution device. Putting risers over the tank and the
distribution device allows easy access for the user. Also, the homeowner or on-
site system repairman will not have to spend time and effort trying to locate the
septic tank and digging to get to the access covers.

Q A riser over the septic tank outlet makes it easy to measure the sludge and
scum layers and to check the condition of the outlet tee.

Q The septic tank inlet can be checked and clogs in the house sewer removed
more easily if a riser is installed over the inlet.

[ A riser over a distribution box, a tipping distribution box, or a flow splitter
can be very helpful if troubles develop with an on-site system. A quick check of
the distribution device can help determine if plugging is in the treatment and
disposal field or in the conveyance piping.

O All risers should be installed so that they are watertight. Riser covers should
be secured by padlocks or chains o prevent access by children or others who may

‘be in danger if the risers are opened.
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Pump the tank. All on-site systems using septic tanks must have the tank pumped
on a regular schedule, Even though bacteria decompose some of the solids, they
still build up in tanks.

Q1 Thetank must be pumped out before the solids begin to flow into the field. The
field will clog rapidly if this basic maintenance is not performed.

Q0 How often a septic tank needs to be pumped out depends on how fast the solids
build up in the tank, which is influenced by:

» The size of the tank.
& The daily flow of sewage.
» The amount of solids in the sewage.

O The number of people in a household is a common way to determine how
often the tank should be pumped.

O Therate of solids build-up can be measured as described above in Sludge and
scum measurements. Afterafew measurements are made over several years, the
user can judge how fast the solids are building up and when the septic tank will
need to be pumped. If the scum layer is within 3 inches of the bottom of the outlet
tee or outlet baffle, the tank should be pumped. If the sludge has built up to within
12 inches of the bottom of the outlet tee or outlet baffle, the tank should be

pumped.

Use Table 5.8.1 to determine a rough estimate of how often the tank should be
pumped. Remember, the listings in the table are only rough guidelines.

B Table 5 8 1 Estlmated T‘me for Pumpmg a Septlc Tanks(in Years)

- Tank Size
o : 5 Nui'nber ‘of Years
900 11, 5 .2 1 N
1,000 12. B 3 2 -1
1,500 19 g 4 3 -2

Adapted from Mang, K 1984. Estimated Septrc Tank Pumpmg Frequsncy Joumai of -
Environmental Engineering, 110.

O To properly pump out a seplic tank, the following procedure should be used.

1. The pumper should first pump out enough liquid to lower the level in the tank
to below the entrance to the outlet. Lowering the level keeps the solids and
scum from overflowing through the outlet as the tank is being cleaned.

2. Next, the pumper should pump some of the liquid back into the tank to mix
the sludge and scum sothat all of it can be removed. Sometimes the scum layer
may be hardand may need to be broken up with compressed air or with along-
handled shovel. The pump will not be able to remove hardened sludge and
scum without being broken up first.

3. After the solids and scum are mixed with the water, the entire contents of the
tank is pumped into the tank truck.
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4. Some pumpers like to leave a little of the mixed solids and water in the tank
“to start the bacteria working again.” Because the bacteria will start again
by themselves, it is better to have it all pumped out.

5. When the tank is empty, check the inlet and outlet to see if they are damaged
or clogged. Replace or repair broken inlets or outlets. Also, check the septic
tank baffle to be sure that it is in good condition.

6. Have the septic tank pumper clear out the distribution box, if one is used, to
remove any solids that may have built up in the distribution box and to keep
it from clogging. Once the distribution box is empty, check to see whether
it needs repair or whether it should be re-leveled or the speed levelers
adjusted.

7. Put the covers back on the septic tank and fill in the holes dug to get to the
covers or secure the covers on the risers. Never go into a septic tank or let
anyone else into a septic tank. Septic tanks can be filled with poisonous gas
that can kill people.

Vegetation. The field will work best if there is a strong stand of grass or other
plants over the trenches. The plants keep the s0il from eroding and help to take
up some of the water from the effluent.

Drain water away. The treatment and disposal field can be overloaded with
water from surface drains, roof drains, or runoff from other areas makes the job
harder. There are a number of ways to direct water away from the field. Two are
listed below:

O Use a diversion, a combination of a small dike and a channel, to catch water
flowing on the ground and move the water away from the field. Place the
diversion on the sides of the field where water flows in. The channel should be
on the outside of the diversion so that the water flows into the channel and around
the field. The outlet of the channel should be in an area below the field.

[ Instail roof drains and other such drains so that they empty water into areas
away from the field where it will not flow back onto the field.

No traffic. On-site systems are not made to withstand heavy loads such as cars,
trucks, and other heavy equipment. Pipes and septic tanks can be easily broken,
and are very expensive to repair or repiace. Route all traffic around the on-site
system.

In addition, the soil around the trenches cannot absorb effluent if the soil is
compacted by driving over it with cars and other equipment. Keep all activity on
the field to a minimum to prevent soil compaction and possible system failure.

No construction. On-site systems must dispose of a large amount of water every
day. Constructing various things such as house additions, driveways, garages,
or swimming pools near or over an on-site system can cause problems. If the on-
site system needs repair, it will be very difficult to locate and get to the system
if it is under part of the house or under a driveway. Also, a driveway can reduce
the amount of water the on-site system can handle because there is no vegetation
over the treatment and disposal field to help take up water. The following two
points should be considered when constructing a system.
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O Keep the repair area free of construction because it may be needed one day in
the event of failure.

O Keepin-ground pools away from an on-site system because of the potential for
effluent to seep into the pool.

No additives. Hundreds of substances are sold that claim to help the septic tank
decompose solids or prevent clogging. None of these additives can prevent
failureof the on-site system . In fact, some additives can be harmful to the bacteria
in the septic tank and in the treatment and disposal field and can pollute the ground
water. Some of the chemicals in septic tank additives have contaminated drinking
water wells, making the water unfit for drinking.

Additives containing the following chemicals shouid not be used because these
chemicals are not decomposed in an on-site system. The chemicals will simply
flow through the on-site system and into the soil, possibly contaminating the
ground water.

Acrolein Naphthalene
Acrylonitrile Pentachlorophenol
Benzene Toluene
Benzidine Trichloroethyiene
Carbon tetrachloride Trichloroethane
Halogenated benzenes Trichlorophenol
Methylene chloride

Most on-site systems function as they are intended for long periods of time with
only little attention or maintenance. However, systems can encounter problems or
fail outright. Few of these on-site systems fail suddenly. Usually a failure starts
as asmall problem and continues growing until the problem is too large to ignore.

On-site system failures take place over a long period of time. Problems can be
discovered early by performing regular inspections, thus preventing a failure of
the full system.

On-site systems fail in two ways:

0] Systems can fail because the treatment and disposal field cannot absorb the
daily flow of water. This type of failure is the most common (see drawing at left).

0 The second type of failure is when the effluent is not being treated by the soil
to remove the pollutants and bacteria. Ground water and even water in streams,
lakes, or bays may be poliuted by on-site systems that are not treating the effluent.
This type of failure is much harder and usually much more expensive to detect.

The following situations can help determine if an on-site system is not function-
ing properly.

Ponding of water and muddy or mushy areas over or near the treatment and
disposal field. The most common indicator that an on-site system cannot handle
the daily flow of water is that a puddle or muddy area forms over or near the field.
Discovering the cause of the problem is often difficult. Ifihe residents have added
new appliances such as a dishwasher or a garbage disposal, too much water may
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Troubleshooting to
Improve System
Performance

be entering the field. Likewise, leaking faucets or toilets can allow large amounts
of water into the on-site system. Also, surface water may be running onto the field
fromother yards or from roof drains. The cause of the problem must be determined
for the system to work properly.

Slow drains, Drains that run slowly may indicate that the treatment and disposal
field is failing or that the septic tank outlet or conveyance pipes are clogged. If
the problem is in the on-site system, all drains in the house will be slow. If only
one drain is slow, chances are that the house plumbing is clogged.

Odors. A properly operating on-site system should not give off any odors. The
system is not working right if it can be smelled.

High bacteria levels in ground water or in a stream, river, lake, or bay. The
presence of high bacteria requires a laboratory analysis to determine the number
andtype of bacteria present ina water body. The water from on-site systems flows
with shallow ground water and eventually discharges into streams or rivers at a
point lower than the on-site system. If the soil is not filtering out the bacteria, then
bacteria can be carried into the stream.

High levels of nitrates, phosphates, detergents, or other chemicals in ground
water or in a stream, river, lake, or bay. Another indicator of a problem that
requires a laboratory analysis is the presence of high levels of nitrates, phos-
phates, detergents, or other chemicals. Depending on the pollutant in the water
body, the cost of the analysis can range from moderate to very expensive. This
indicator means that the soil in the area cannot treat the pollutant that is being
found in the ground water or stream.

If an on-site system is not functioning well, a deliberate and systematic approach
is needed to find the trouble and correct it. A few things can be checked quickly
that can possibly correct a system failure. This section contains information on
how to check or repair a system.

Alternate the treatment and disposal fields. If the system has dual fields and the
field that is being used has a wet area, switch the diversion valve to the other field.
Switching fields may allow the first field to recover so that it can absorb the daily
flow of effluent when it is time to alternate the fields again (see Figure 5.8.1).

Level the distribution box. Many systems have wet spots over one treatment and
disposal trench, usually because the distribution box has shifted in the ground and
onetrench, the wet one, getsall the effluent and the othersare dry. Alevel concrete
pad under the distribution box is a permanent cure for a shifting distribution box.
Another option is to install invert adjusters and correct the discharge elevation.

Install plastic tees inthe septic tank outlet. The original tee in the septic tank may
have corroded or is broken. When this happens, solids from the tank move into
the field and can cause clogging. Replacing the tee with a plastic PVCtee is good
insurance against solids getting out of the septic tank.
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Figure 5.8.1. Schematic
diagram of alternating treatment
and disposal fields.

Distribution box

Septic tank

\ Diversion valve Distribution box

"

Check water use. Read the water meter early in the morning and later in the day
to give a good indication whether the users are putting too much water into the on-
site system. Water may be leaking from faucets or from a toilet, or the users may
have recently installed a washing machine ora dishwasher or other water user that
is overloading the on-site system. Also, while all water-using fixtures are off,
check the water meter to indicate leaks.

Check on hot tubs and whirlpoot baths in the house. These appliances not only
need a lot of water to be filled, but they can cause problems with on-site systems
when they are emptied. When homeownersdrain the hot tub or whirlpool rapidly,
alarge amount of wastewater flows into the on-site system quickly. Also, draining
the hot tub rapidiy stirs up the solids in the septic tank, which can cause clogging
in the treatment and disposal field.

Checkon the amount of water being used for laundry. Increased flow to the on-
site system caused by 2 sudden increase in laundry may overload the system. The
homeowner may be able to avoid expensive repairs by using a laundromat until
the amount of clothes washing drops off. Also, the homeowner may only need
to take clothes to the laundromat during the winter wet season.

5.8.9
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Repairs and Remedies for
On-Site Wastewater Systems

8.1

Systematic Problem
Identification

s deined by the Laws and
. Rules for Sewage Treatment -

ON-SITE WASTEWATER SYSTEM REPAIR

When on-site systems fail, the key to repairing the system is to use a systematic,
or logical, approach to determine the problem. This chapter presents a logical
approach to finding what has gone wrong in the system and suggests remedies for
the failure.

Listed below are steps used to determine why a system is failing. The basic idea
istocheck the easy things first and then go to the more difficult items if the problem
is not fixed.

Permit information.

Laocate the improvement permit, approval form, operating permit, or other forms
that contain information about the system design and system layout. The original
permit may be hard to find, depending on the filing system. If permits are filed
by address, itis easier to find the right permit, even if the house has changed owners
several times.

Q Theoriginal site and soil evaluation may contain valuable information to help
determine what is not working.

O Look to see if the design included a pump to distribute the effluent to the
treatment and disposal field. If a pump is included, check the head or discharge
pressure needed to lift the effluent to the treatment and disposal field.

Q Check the proposed delivery rate from the pump to the treatment and disposal
field.

Determine the type of failure.

The type of failure can indicate, to a large extent, what is causing the problem. To
properly determine the type of failure, a field inspection must be done.

8.1
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Q Surface discharges can indicate which part of the system is failing. Note where
the discharge is and appears to be coming from. Is the discharge:

m  over the septic tank?
m  over the pump tank?
= over the distribution box, tipping distribution box, or flow splitter?
m  over the treatment and disposal field? What part of the field?
(J Are drains backing up into the house?
Q Do fixtures in the house drain slowly?

Q Is the problem occurring only in the wet season, after heavy rains, or
throughout the year?

Q Does the problem occur only on weekends, or every day?

Q Istheeffluent ﬂowiﬁg at the failure site or is it a small wet spot that soaks back
into the ground?

(O Hasthe system operated well for a number of years and failed just recently, or
has it been failing for a long time?

Check the easy things first.

The cause of the on-site system failure often can be determined easily without
complicated tests. Some failures may mean that complicated tests must be done,
but many problems can be solved by checking the easy things.

Q Ifthe water is backing up into the house or the toilets dre flushing slowly, check
for clogged plumbing first. A clogin the drain or house sewer going to the septic
tank may be the problem.

U Plugged plumbing vents, located on the roof of the house, also cause slow
drains. Once the vent pipes are cleared, it may be helpful to put a screen over the
vent pipe to keep out insects and birds.

Q. If the house drains and roof vents are not plugged, check the septic tank.
Uncover the access hatches and check for a clogged inlet or outlet.

Q Ifthe inlet is clogged with solids, the house sewer coming into the tank may
need to have more slope, may need replacing with a larger pipe, or may have
collapsed and need replacing.

O A clogged outlet may mean that the outlet has broken or that the solids need
tobe pumped out. A gas deflector, aplate of stainless steel orrigid plastic installed

below the outlet entrance, may help deflect solids that rise into the outlet and plug
it.

Q1 If the tank is completely full of solids and scum, it must be pumped. The
residents must be informed that septic tanks should be pumped on a regular
schedule. Pumping the tank keeps it from plugging and protects the treatment and
disposatl field from clogging with solids.

@ Distribution boxes can aliso be easily checked. Uncover the distribution box
and check for clogs and excessive solids in the box and for unequal distribution
of flow to the outlets,

L3 Check to see if the distribution box is out of level. Re-level as needed.
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important in determining the
cause of a failure,
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Q Distribution boxes can help determine which part of the system is having the
problem.

m  Clear water flowing through the distribution box may indicate leaking
fixtures and excessive water use.

a Solids in the distribution box mean that the septic tank outlet is not
keeping the solids in the tank or that the tank is too full of solids and needs
to be pumped.

w  Ifno effluent is flowing to the distribution box, then there is a clog in the
conveyance pipe to the distribution box, in the septic tank, or in the house
plumbing.

m  If the box is flooded, the effluent is not flowing out of the box to the
treatment and disposal field, indicating that the problem is either in the
conveyance pipes going to the treatment and disposal field or in the
treatment and disposal field.

O Insystems that pump to a conventional treatment and disposal field, check to
see if the pump is working.

O In Low-Pressure Pipe (LPP) systems, check the pump, the water level in the
pump tank, and the water level in the septic tank.

If these quick checks do not indicate what the problem is, the following sections
may help determine why an on-site system is failing.

Determine the sewage volume.

The volume or total daily flow of sewage going to a system can cause it to fail if
the system was designed for a smaller flow.

Q Find the original design flow or expected daily flow of sewage. This
information should be on the permit or other approval forms.

0O There are several ways to find the actual flow into the on-site system. An easy
way is to check the water bills for records of water used. This is a good indication
of how much water is going into the on-site system unless there is a leak that drains
somewhere else, such as under the house.

Q If the water bilis do not help, keep a record of the water meter reading over
a period of time, say a month or two. If you are keeping records of the water meter
reading, be sure that the plumbing is not leaking into the ground outside the house.
Water from a leak outside the house will not go into the on-site system.

QO The water meter should be checked as frequently as possible; once each day
may be necessary. If the water meter has a dial or pointer that indicates small
volumes, see if it turns when no water is being used. This is a sure sign of a leak.

QO Study the records of water use to find if there has been an increase in flow to
the system. Leaking faucets and toilets can add large amounts of water to the daily
flow of sewage, causing the on-site system to fail.

0O Hasawater-using appliance been installed or added to the household récently?
A system that was not designed for high flows may fail when a washing machine
or dishwasher is added.
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0O Have the water use habits in the home changed? A new baby can greatly
increase the amount of water used in washing clothes, or teenagers can spend long
amounts of time in the shower, which increases the total sewage flow.

Q Havetheresidents changed the use of the washing machine? Are they washing
clothes once per day when they used to wash once per week? Sometimes an on-
site system fails if the residents take in wash or if they wash all of their laundry on
one day of the week. The residents can try washing one load each day, as opposed
to all loads in one day.

Q Hasthe use of the home changed? For instance, has a business that uses water

been started? Businesses such as day care centers, beauty shops, taxidermy shops,

and hobbies such as photograph processing can cause problems.

O Has water been added to the daily sewage flow in other ways? Examples are:
s sump pump installation which discharges into sanitary drain,

roof runoff from downspouts connected to sanitary drains,

foundation drainage flowing into sanitary drain,

heat pump discharging ground water into sanitary drain,

water softener recharge brine flows into septic tank,

swimming pool filter backwash water discharged into septic tank,

ice machine adds to daily sewage flow,

industrial wastewater added to domestic wastewater flow,

commercial wastewater added to domestic wastewater flow, and

floor drains adding water to daily sewage flow.

Check topagraphfc and landscape factors.

A number of features of the land can cause an on-site system to fail.

Q Observe the density of development around the failing on-site system. Make
a note of the lot sizes and the shape of the lot with the failing system. The density
and lot shape may be important in deciding how to repair the system.

Q Find out how other systems in the area are performing. This information can
indicate how well the soil can absorb the sewage.

Q Study the topographic position of the failing system. Is it at the base of a hill

. where surface drainage from the hill could flow onto the treatment and disposal

field? On long slopes, water can flow several hundred feet through the soil and
flood an on-site treatment and disposal field.

O Is the treatment and disposal field downstream from a large drainage area
where the water drains onto it?

Q Do roadside ditches, swales, or other channels drain water onto the treatment
and disposal field?

QO Does ground water flow into the treatment and disposal field or does the water
table rise in wet weather, causing a failure?
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Check house location.

The location of the house is very important in some on-site system failures.

@ Does water from roof drains or downspouts drain onto the treatment and
disposal field? Sometimes water from downspouts can be drained to a dry well
that is close to the treatment and disposal field, which could add water during wet
weather.

O Look for drainage from other impervious surfaces such as driveways, patios,
pools, or pool backwash that may flow onto the treatment and disposal field.

Note slopes.

Installation of on-site systems on sloping lots requires careful attention for a
properly functioning system.

O Were stepdowns or drop boxes installed on the treatment and disposal field
trenches?

O Was the treatment and disposal field installed in an area with so many slopes
and hills that it is impossible to put the trenches on the contours? Good installation
is very difficult in certain areas.

Note cut or excavated areas.

If topsoil has been removed in an area, on-site systems will not operate properly.
Usually, these areas have much less capacity to absorb and treat the effluent once
the topsoil is gone.

O Try to find out if the system was placed in an area that had been excavated and
the soil removed. Subsoil and saprolite are not the best soils for on-site systems.

0O Check for cut or excavated areas downslope from the system. Effluent may
be coming to the surface in the cut area after it flows downhill from the treatment
and disposal field. '

0O Old farming terraces upslope can trap rain water, causing the soil downslope
to become saturated.

Check location and types of trees.

'Tree roots can clog treatment and disposal trench pipes, causing the system to back up.

O Are roots clogging the pipes or outlet holes in the pipes? If you can inspect
a pipe in a trench you may be able to see if roots are a problem.

O Another way to determine if trees are causing a problem is to remove one or
more trees and see if the amount of saturation in the trenches decreases.

O LPP systems can fail if the holes in the pipes are clogged with roots. Here the
effluent cannot flow at the design rate from the pipes into the treatment and
disposal field.

(O These trees can cause problems for an-site systems:

Willow Tulip Poplar
Willow Oak Some Maples
Elm Sweet Gum
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Soil borings can provide much
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system.

Concrete distribution box.
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O These trees do not harm on-site systems. They do not need to be cut if the on-
sile system is failing:

Hickory White Oak

Dogwood Sourwood

Evaluate site and soil properties.

An on-site system must have a soil that can absorb the effluent flowing into the
system. Also, the information from a proper soil evaluation can determine if the
site can be used to repair a treatment and disposal field that has failed.

Q Determine the types of soil present. Use soil borings, textural determination,
and other techniques to determine the type of soil. Complete a soil evaluation and
fill cut an evaluation sheet.

QO Determine the appropriate loading rate, or acceptance rate, for the soil. This
is the volume of effluent the soil can absorb in a day’s time. Check the following
items:

m  soil depth,

s0il wetness,

soil characteristics or morphology,
restrictive horizons,

changes in soil characteristics either with depth or over the
treatment and disposal field area,

loading rate for the trench bottoms,

loading rate for the entire area of the treatment and disposal field,
which is the volume of effluent per square foot of the field, and

m  loading rate along trench iength, volume of effluent per foot of
trench.

0O Determine which type of on-site system will fit the site and soil conditions
and the available area.

Investigate distribution devices.

Determine if a distribution device, such as a distribution box, flow splitter, or
pressure manifold, is causing the problem.

O Uncover the distribution box on a conventional system and check the condi-
tions in the box. These conditions tell whether the problem is upstream or
downstream of the distribution box.

Q If no effluent flows into the distribution box, then the septic tank is clogged
and the effluent cannot flow out of the tank.

Q Ifeffluentis overflowing the distribution box, then the treatment and disposal
field trenches are higher than the distribution box or the trenches are clogged or
completely ponded.

Q [ftoomany solids are in the distribution box, the outlet on the septic tank may
be broken or may have fallen off.

O If some treatment and disposal trenches are receiving too much effluent and
other trenches are receiving none, then some trenches are overloaded because the
box has settled unevenly. Re-install the box so that it is perfectly level. A concrete
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pad under the box is a good way to keep the box level. The pad should be 2 1/2
inches thick and 6 inches bigger than the box on all sides.

Q For pressure manifolds, check the water level in the pump tank and the
pressure head in the pump discharge pipe downstream of the gate valve,

Q If the pressure head in the discharge pipe is high, the holes in the treatment
and disposal field trench pipes may be clogged. The clogged holes keep the
effluent from flowing easily into the trench.

O Low pressure head in the discharge pipe can mean that a conveyance pipe is
broken or that the gate valve is clogged or improperly adjusted.

Q Check the pump counters to see if they are receiving the correct impulse and
if the pumps run for the correct amount of time.

Q Check the pumps, controls, floats and alarms to see if they are functioning
correctly.

[ Check the actual wastewater dosing volume to see if it is the same as or close
to the design dosing volume. Use the following method:

1. Measure the length and width of the pump tank. Measure the water level.

2. Tumn on the pump so that it runs the amount of time needed to properly
dose the treatment and disposal field. Measure the drop in the water level
in the pump tank.

3. Usingthe lengthand width of the tank and the drop in water level, calculate
the volume of effluent pumped into the treatment and disposal field. For
example, if the pump tank is 10 feet long and 5 feet wide, then the area of

Pressure manifold. the tank is 50 square feet. When the water level drops 1/2 foot because

the pump is running, the volume of water pumped to the treatment and

disposal field is 50 square feet by 1/2 foot, which equals 25 cubic feet of
water. Multiply 25 cubic feet of water by 7.5 gallons per cubic foot to get

187. 5 gallons of water dosed to the treatment and disposal field.

4. Compare the volume of effluent actually pumped in this test to the design
dosing volume. Ifthe dosing rate is higher than the design dosing volume,
then the pump running time should be shortened so that the proper volume
of effluent is dosed to the treatment and disposal field.

Investigate the septic tank.

The inspection of the distribution device may suggest that the septic tank is not
functioning well.

QO Inspect the septic tank inlet. Check the inlet to see if it is clogged and make
sure sewage is flowing to the septic tank. A clogged inletor crushed inlet pipe will
cause sewage to back up into the house.

O Inspect the septic tank outlet. Is the outlet broken or clogged?

O Is the outlet working properly, holding back the solids, grease, and scum?
Measure the depth of the scum layer and the solids to see if either is flowing into
the outlet.

Cut-away view of operating
( \ septic tank. Q Iftheoutletis full of solids and grease because too much solids and grease have

accumulated in the tank, then the tank must be pumped out.
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Q Check the depth to the top of the tank. If the tank is too deep, the effluent may
have to flow uphill to reach the treatment and disposal field, causing the sewage
to back up in the septic tank. This problem occurs only in new systems; if the
system has worked for a number of years, this condition should not be present.

Find the treatment and disposal trenches and determine the
amount of ponding.

Many on-site system failures occur because the treatment and disposal field is not
handling the effluent properly.

0O Do not dig an open hole in a trench and leave it open. Open holes can spread
bacteria and disease.

00 Observation tubes can be installed to check the water level in the trenches.
These tubes are vertical, open-ended pipes with one end in the trench and the other
end sticking above the ground and covered by aremovable cap. By removing the
cap and locking or measuring down the observation tube, the water level in the
trench can be easily observed and measured. By measuring the depth of water and
how long the water stays in the trench, you can get an idea of whether the trenches
are clogged. '

Q [fthe water level inthe trench rises quickly and drops rapidly, the trenches are

- notclogged. The treatment and disposal field is being overdosed with effluent and

some of the effluent is ponding.

Q Ifthe water level rises quickly and drops very slowly or continues to rise, then
the trenches are clogged and will need to be repaired or replaced.

U Usethe observation tubes to determine if the trenches are flooded permanently
or only temporarily.

Q If effluent is ponding on the ground surface, find out if the ponding is
permanent or if it only happens during wet periods, after heavy use, during certain
days of the week, etc.

Q Isonepartofthe treatment and disposal fieldbeing overloaded? A distribution
box that has shifted may direct all the effluent to one trench.

Q Lookforchanges in the soil across the treatment and disposal field, especially
for soil types that cannot absorb much effluent.

0O Arethetrenchestoodeep? Have the trenchesbeen installed below the seasonal
high water table? Is there a perched water table under the treatment and disposal
field that may restrict the flow of effluent away from the trenches?

Q For serial distribution systems, check the step downs or drop boxes to see if
they have been installed properly and are functioning well.

O Have the trenches been instalied so that they run up a hill or are not on the
contour? Is there too much fall on the trenches so that the effluent runs to the end
of the trenches?

0O Inareas with very uneven ground, be sure that the trenches have been placed
deep enough so that the trench is not too shallow in low spots.

Q [feffluent is surfacing somewhere other than over the treatment and disposal
field, it may mean that a utility trench has been cut across the treatment and
disposal field. Effluent flows through the loose backfill inunderground electrical,
cable TV, telephone or water lines, and surfaces inalow spot along utility trenches.
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Parallel distribution treatment
and disposal field fed by a
distribution box.

The utility trench should be moved so that it does not cross the treatment and
disposal field.

O Ifeffluent is discharged from only a few holes, the gravel or crushed rock may
be filled in with soil. Uncover the trench and inspect the gravel to see if soil has
filled in the openings in the crushed rock.

@ Discharge from only a few holes may mean that root mats have clogged the
treatment and disposal trench pipes. The trench must be uncovered and the pipe
inspected to see if roots are the problem.

Determine the rate of absorption of wastewater by the soil.

A method to determine the absorption rate of the soil in the trenches is presented
below. This technique is useful because it gives a value of the treatment and
disposal rate for the trenches as they really are. Once the treatment and disposal
rate has been found, you can better understand why the system is failing,

1. Determine the daily usage of water by reading the water meter. Take
readings for at least a week or longer to be sure that you have a good idea
of the amount of water being used.

2. Install observation tubes in the trenches.

3. To begin the test, mark the level of water in the trenches as seen through
the observation tubes.

4, Use no water in the house for at least eight hours. The water at the meter
should be turned off so that the residents will not use the water.

5. Read the water meter after it has been turned off. This reading will be used
to find how much water can be absorbed by the system over the eight-hour
period.

6. Watch the water level in the trenches drop over the eight-hour period. At
the end of the eight-hour period, measure the level of the water in the
trenches.

7. Turnthe water on and let the water flow so that the trenches fill to the same
level as at the beginning of the eight-hour period. When the trenches have
filled tothe level at the beginning of the test, turn off the water at the faucet
and read the water meter.

8. Subtract the water meter reading at the beginning of the eight-hour test
fromthe meter reading at the end of the test to find the total volume of water
used to fill the trench back to the water level at the beginning of the test.
This volume of water also is the volume of water absorbed in eight hours.

9. Take the volume of water absorbed in eight hours and multiply it by three
to get the volume of wastewater absorbed in one day.

10. If the rate of wastewater treatment and disposal per day is less than the
amount of water used per day, then the system is overloaded. Determine
the percentage that the system is overloaded using the following equation:
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Forexample: After reading the water meter for several weeks, you find the family
uses 280 gallons of water per day. You perform a test to find the treatment and
disposal rate of wastewater. For an 8 hour period, 70 gallons of water were
absorbed by the trenches.

The treatment and disposal rate per day is 3 x 70 gallons per 8 hours =210 gallons
per day. Using the formula you get:

This system is overloaded by 30% or is receiving 30% more water than it can
handle.

O If the system is less than 35% overloaded, then the residents may be able to
correct the system failure by water conservation. Water conservation includes
using low-flow shewerheads, low-flush toilets, flow restrictors on all faucets, and
other methods to reduce the volume of water flowing to the on-site system.
Installation of these devices is much cheaper than rebuilding an on-site system.

Q If the plumbing system has a pressure-regulating valve, the pressure in the
house can be reduced somewhat, which will help lower water usage. On well
systems, the pressure switch for the well pump can be set to operate over a cycle
of 30 to 50 psi rather than the usual 40 to 60 psi setting.

A The residents can lower their water use by a number of simple actions.
Shutting off the water while shaving or brushing teeth, taking short showers, and
taking laundry to a laundromat are all ways to decrease water use.

Q For large overloads the system may have to be expanded or a replacement
system installed.

Interpret information gathered.

At this stage, you should have most of the information that can be obtained. The
information must be interpreted to determine the cause of the problem and whether
the problem can be corrected. Some failing systems cannot be corrected.

O Seeif the information points to the cause of the problem. Use the information
in the previous sectjons to help decide what is causing the problem.

O Environmental health professionals have much experience with on-site sys-
tems. Check with the Regional Soil Specialists and the On-Site Wastewater
Section office in Raleigh for assistance. Discuss the situation and the information

you have with them. Check with the North Carolina Cooperative Extension
Service for help also.
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0 Dosomeresearch. Read publications, articles and books about on-site systems
for clues to what is happening. Workshops about repairing on-site systems are
occasionally offered.

O Keepwell-organizedfiles of the information you have gathered and where you
found the information. These files may help you or someone else in another
situation with a failing system.

If the problem has been identified, then it is time for corrective action. Generally,
repair is the term used for modifications or expansion of the existing on-site
system, while maintenance includes replacing broken parts, such as swilches,

The following list contains actions that will correct many problems.

O The best thing to do in any system failure is to start a scheduie of regular
maintenance and operation checks. Homeowners rarely maintain their on-site
systems properly, and maintenance can easily make the difference between a
system with problems and one that functions well.

O If the plumbing or conveyance pipes are clogged, clean them out.

O If water leaks are overloading the on-site system, then repair the leaking
plumbing fixtures or pipes.

Q If the system is being flooded by runoff from roof downspouts, change the
downspouts to direct the runoff away from the on-site treatment and disposal field.

O Forsystems where the treatment and disposal field is plugged by roots, remove
the trees or shrubs that are causing the problem. The roots will decay after the tree
or shrub is cut, as long as new shoots from the stump are removed.

O In situations where the tank is plugged with solids or the inlet or outlet is
cloggedbecause of solids in the tank, pumping the septic tank will help the systemn
to function properly again.

O Sometimes cleaning or flushing the system will make the system function
again.

O If mechanical or electrical parts have broken, replace the parts.

O If pipes have collapsed or trenches have filled in, then the pipes should be
replaced and reinstalled.

O Broken conveyance pipes or laterals on pumped systems must be replaced.

0 Leaking septic tanks and pump tanks must be repaired or replaced.
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When corrective measures will not work,

In some cases, nothing can be done to correct the existing on-site system, which
means that the homeowner is in for big changes and probably high costs. Here are
some alternatives to consider when whole systems must be repaired.

Q The owner may be able to obtain an easement for use of a neighbor’s property
foran expanded or additional treatment and disposal field. This option depends
greatly on the type of neighborhood and how close the houses are to each other.

Q Be certain that smaller corrections will not fix the system before you go to
larger system repairs. For instance, if there is only a small failure where water
is ponding on the surface, then adding one or two trenches of the same size as the
original trenches may be enough.

Q If there is a large failure over most of the treatment and disposal field, the
entire field will have to be replaced. Sometimes the old field will recover if it is
not used for six months or a year, and is then put back into service.

O Another alternative is to install dual alternating treatment and disposal fields,
alternating the flow between the old field and the new field. The old field may
recover in a few months and be ready for use when the flow is turned on again.

Q Another piece of land may be purchased to install another or an expanded
treatment and disposal field.

O Alternative wastewater disposal methods that might work on the property can
be investigated.

Q A wastewater disposal system with a surface discharge may be the only
possible solution. The owner will need some direction on wheré to get permits for
a surface discharge system.

On-site system owner fails to comply.

Some owners fail to comply with requests to repair the system or correct system
failures. Appendix A, Human Relations, may help you to handle a tense situation,

Follow the next steps to try to reach the owner, with the objective of bringing the
failing system into compliance.

Q Try to get the owner to repair the system. Getting the owner to take action
on his own is better than taking legal action. Legal battles are expensive and time
consuming.

Q Call or write the owner, offering to meet to discuss the system's problems.
Meet with his engineer, attorney, or septic tank installer, if that is what the owner
wants, so that the owner gets a complete idea of what is being requested and what
needs to be done. State a deadline to complete the repair. Letters should be sent

certified mail with a return receipt requested to prove that the owner has been
informed.

Q Sometimes messages on voice mail or telephone answering machines get
through when the person cannot be reached for a direct telephone conversation.

Also, try a FAX letter. Different people respond to different styles of communi-
cation.

Q When you have tried all means available and the owner still will not respond,
then you must begin legal action.
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Legal action.

If you are entering legal proceedings against an owner, carefully follow all
procedures listed. Too many cases are lost because the environmental health
professional did not follow the necessary legal procedures.

QO Finish collecting all the data you can get on the failing system. If more
research should be done, do it before you get into the legal procedures. It is better
to do the work ahead of time rather than find out later that you do not have all
the information you need.

QO Consult with the program staff and legal personnel for your agency. They
should be able to geide you in the overall procedure and tell you how to prepare.

Q Determine what legal action is appropriate for the situation. A number of
actions can be taken. The appropriate action gets the failing system repaired
while not unduly burdening the owner.

QO Create a legal action plan. List all the steps that will occur so that you will
know what to expect and be prepared for it. '

QO Once you begin legal proceedings, follow through to be sure that repairs are
made to the failing system.

Continued monitoring required.

Even after legal action has been taken against an owner and the system has been
repaired, follow-up on how the repaired system is functioning is necessary. Here
are a few ideas for follow-up.

O Inspect the repaired system and review the operation and maintenance of the
system. If the system is not being maintained or operated properly, it will likely
fail again.

Q Try to educate the owner and users of the system so that the system is not
abused. Education can prevent another failed system and legal action.

O Be sure that the owners and users know what maintenance is necessary for
~ the system. Try to find out if the maintenance is being done.

O Inspect the system periodically to check for recurring problems.

[ Continue keeping records on the system for future needs.
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APPENDIX A*

Appendices

HUMAN RELATIONS

*This appendix was adapted
from material writien by the
North Carolina Office of State
Personnel, Divisionof
Employee and Management
Development, Personnel
Development Center. The
center has additional informa-
tion on human relations and
also offers workshops in
dealing with angry people and
other human relations topics.

interacting With
Angry/Difficult People

One of the hardest parts of your job as an environmental health professional is
dealing with people. Because on-site wastewater management affects all of us,
you provide a service for the public. You will have to interact with homeowners,
installers, builders, contractors, developers, and neighbors, all of whom have
rights and concerns. Keep in mind the following points.

QO You must be as consistent as possible. Consistency is one mark of a
professional. Your work will be easier because the people you deal with will
know what to expect from you.

O Environmental health professionals must carry out their responsibilities in a
professional manner. At times there will be pressures to approve UNSUITABLE
sites or 10 not report system failures, but you must not allow public health or
environmental quality to be compromised. The goal of the program and your job
is to protect public health and the environment from inadequate and improper on-
site wastewater systems. The environmental health professional must maintain his
integrity if he is to do the job well and be respected as a professional.

O Your job will take you to many home sites, construction sites, offices, and
other locations. It can help to prepare a short introduction telling who you are,
your job, and why you are present. Keep a supply of business cards handy to give
to those you meet to help them with your name and duties.

Homeowners and business owners with complaints come to the organization
responsible and often confront the first employee they meet. Inthe field of on-site
wastewater systems, that-person is usually the environmental health specialist. As
far as the people with complaints are concerned, the environmental health
specialist is the organization, and it is the environmental health specialist who has
to handle heated confrontations.

These are homeowner-initiated discussions and you will not have time to prepare
a response — you must resolve these situations spontaneously. You can be
prepared, however, by developing skills for dealing with conflict situations. The
short lesson that follows gives general ideas on how to handle angry people. You
do not have to use each idea, rather, pick out those ideas or techniques that fit your
personality and style.

9.1
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Key Steps

A situation with an angry homeowner should be handled in a manner that is
satisfactory to the homeowner, to you, and to your organization. You are an
important representative of your organization and your organization relies on you
to handle these situations effectively.

Use these key steps as a guide to develop your skills in dealing with angry people
according to your personality and strengths.

Step 1. Maintain a friendly and professional manner.

You are likely to be the first person an angry individual confronts. Be careful not
to argue, because it will only make the person become defensive and even more
difficult. instead, the following techniques may work much better.

O Show an interest in the homeowner’s problem. Communicate that you are
interested in selving the homeowner’s problem.

QO Do not let the person’s anger arouse your desire to retaliate. The professional
views dealing with angry people as part of the job. Handling a conflict situation
dipiomatically is your professional responsibility and can be rewarding.

O Do not take what the hom.eowner says personally. Though the anger may be
directed toward you, the person is actvally angry with the organization. The
individual probably feels that your organization has treated him or her unfairly.

Step 2. Acknowledge that a difficult situation exists.

It is important that you maintain the homeowner’s self esteem. He must not feel
that you think his comp!laint is not important or silly - this person wouldn’t be
complaining if the problem wasn't important to him. Give him the feeling that he
is important and that you take his complaint seriously by doing the following.

O What an angry homeowner wants to know is that you understand the situation.
What an angry homeowner doesn’t want to hear, and is not able to hear when he
is inthe midst of anger, is that he is wrong. Use terms and a tone of voice that show
sensitivity to the situation the homeowner presents.

QO Express empathy by responding to both what the homeowner says and feels.
Expressing empathy does not mean you agree with the person. It means simply
that you recognize and respond to what the homeowner is experiencing.

QO If an apology is in order, apologize for the specific incident and no more.

Step 3. Calm the homeowner by questioning and verifying.

Questioning and verifying shows that you are interested in his problem and
working with the person. It also gets the homeowner to work with you. Follow
these steps.

O Ask questions to determine what the problem is. Never assume that you
understand.

O Give the person feedback to show that you understand the problem.

O Dothis until you and the person are satisfied you both understand the problem.
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Being The Bearer
of Bad News

Key Steps

Step 4. Focus the homeowner on the problem.

The next step is to cooperate in exploring alternatives for solving the problem.
Let him know that you are interested in helping him solve the problem. By
discussing all possibilities and the consequences of each, you can keep the person
focused on the problem and avoid side issues. '

O Ask the homeowner to help you solve the problem. Do this by requesting
suggestions from him about how the problem can be solved, and by offering your
assistance to help correct the situation. Here, your knowledge of on-site
wastewater systems can guide the person to a reasonable and legal solution

QO Continue to ask questions to get information, and to keep the homeowner
focused on solving the problem. If the person is still angry, continue to empathize
showing that you understand the problem.

Step 5. Handle the problem.

Having explored the possible solutions, focus on the most feasible and satisfying
solution. Be positive with the person. Tell him what you are going to do, and
explain it so the homeowner understands.

Q Ifthe homeowner resists, go on to another alternative. Take extra steps to help
if possible. Satisfying a person’s desire for service and special attention sometimes
turns an opponent into an advocate.

O Decide on a follow-up action to ensure that the problem was resolved
satisfactorily.

O Follow up to ensure that the problem is solved.

You will sometimes have to be the bearer of bad news. You may have to tell a
person that you cannot solve a complaint to his or her satisfaction, or you may have
to inform a responsible party of a viclation. These situations can be very stressful
for both you and the other person. The following section lists key steps that will
help you deliver bad news and help the recipient cope with it.

In all cases, be certain to provide the information in writing as well as verbally. A
letter helps minimize problems in recalling exactly what the problems are or the
nature of the violations, especially if the situation is taken to a third party orto a
legal action.

Step 1. Present the situation,

Explain the situation to the person with as few words as possible. When your
discussion is concise, direct, and to the point, the person is spared the anxiety of
wondering how bad the news is.

T Prepare the person for the negative information. It may be necessary to
provide a short background about the events leading up to the present sitvation.

O Provide reasons why the situation has cccurred. You may be able to show that
the person’s actions were not responsible for the sitvation.

O Don’ttry to give the person good news first and then the bad news — this can
appear patronizing.

O Do not try to make the bad news seem insignificant; it probably isn’t
insignificant to the person involved.
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Step 2. Allow the person time to adjust.

Most people need alittle time to collect their thoughts and react emotionally to the
bad news. Allow the person some time, but try not to leave long periods of silence.
Some people perceive silence as pressure to react and therefore may react .
inappropriately.

O Try discussing the positive aspects of the situation. The person may or may
not hear you, but positive comments can help keep the conversation constructive
and the outlook optimistic.

Step 3. Ask for the person’s reaction.

Ask the person to express his or her feelings and opinions. Reacting emotionally
to bad news is normal. Allowing people to ventilate their emotions shows that you
accept their feelings and it helps to diffuse the negative aspects of the situation.

O If the person does not offer a reaction, try talking about how you have felt or
would feel in a similar situation. Then ask for the person’s reaction. Use this
technique to stress that you are empathetic to the other person’s dilemma.
However, do not get caught up in discussing your own troubles.

Step 4. Demonstrate acceptance of the person’s reaction.

A person may react emotionally in many different ways and may not clearly
express his or her feelings. Most of us find it hard to talk about emotions in the
workplace, and we have trouble accurately identifying the emotions of others.
You must observe and listen carefully to determine if the person’s true feelings are
being expressed. '

O When receiving bad news, the person may feel a wide range of emotions, such
asanger, dissatisfaction, embarrassment, fear, panic, shock, or confusion. You can
choose an appropriate response to these emotions by remaining calm, expressing
empathy, offering reassurance, or providing further explanation.

O After you have identified the person’s reaction, mentally name it. This allows
you to accept the reaction for what it is—that is, not a personal affront to you.
Understanding how the other person fecls also helps you anticipate upcoming
statements and remain in control of your own emotions.

O Develop astrategy that helps you avoid taking the person’s reaction personally.

O People often react by blaming another person, a group, or the system. Listen
to the person and identify who is being blamed. This way you are less likely to feel
that the blame is being placed upon you.

O Avoidbeingcaught in answering questionsthat are really meant as statements.
For instance, “Don’t you think this is unfair?” really means “I think this is unfajr.”
Restate the question as a statement, such as “I understand you think this is unfair.”
You can also try redirecting the topic of conversation.

O Sometimes you may be able to use self-disclosure to calm the situation. In
other words, state how you have felt in similar situations. Statements such as, “I
know just how you feel,” can be taken as patronizing. Rather, say, “I know how
I’ve felt in situations like this.”
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Step 5. Restate positive points.

Once the initial emotional reaction has passed, help the person put the situation
into perspective.

O You can help the person see the situation more positively by expressing
confidence in his or her ability to meet the challenge and by providing genuine
praise for efforts put forth.

O Reemphasize the basic facts about the situation and discuss any steps that can
be taken to address the problem.

Step 6. Offer assistance.

If appropriate, you can offer to assist the person in future actions or planning.
O Do not offer to do something that you are not authorized to do.

O Inform the person that it may be necessary to submit revised plans orseek legal
help.

Step 7. Express your expectations.

An emotionally upset person may not be able to fully understand the situation or
may misconstrue the conversation. Be sure that the person understands the
information you have provided and knows what is expected to correct or address
the situation.

O Repeat the acticns that must be taken and the required time frames.

O Discuss the required the action. If you cannot chan ge the requirements or time
frames, tell the person that you regret that you cannot change them.

O A good way to ensure that the person understands the information you have
discussed is to ask the person to repeat back to you the details of your discussion
in his or her own words.

. Step 8. Allow for future contact and follow-up.

Give the person a chance to contact you again for further discussion. You may
need to schedule a future meeting. You should always leave the person your
business card and phone numbers where you can be reached.

8.5
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APPENDIX B HYDRAULIC CONDUCTIVITY

29 Hydraulic Conductivity of Saturated
Soils: Field Methods

A. AMOOZEGAR

North Carolina State University
Raleigh, North Carolina

A. W, WARRICK

University of Arizona
Tucson, Arizona

29-1 INTRODUCTION

The hydraulic conductivity is a measure of a soil’s ability to transmit
water. Water movement, whether under saturated or unsaturated con-
ditions, is highly dependent on the hydraulic conductivity. The basic
relationship describing soil water flow is Darcy’s law, which relates flux
density ¥ to the hydraulic conductivity K and the gradient of the soil
water potential H:

v¥y= —Kgrad H. [1]

The conductivity is a spatially variable characteristic, but is constant
under saturated conditions for any given position in the field, at any
given time. It is a key parameter for all aspects of water and solute
movement,

Several methods have been developed to determine the saturated
conductivity in the field. They include methods applied to areas with
shallow water tabies as well as those with deep water tables. In principle,
K is calculated from Darcy’s law after measuring soil water flux and
hydraulic gradient.

29-2 SHALLOW WATER TABLE METHODS

The most common methods to determine the saturated hydraulic
conductivity of the soil in the presence of a water table are the auger-
hole method and the piezometer method. Other methods, such as the
two well, four well, multiple well, well-point, pit bailing, and field mon-

Copyright 1986 © American Society of Agronomy—Soil Science Society of America, 677
South Segoe Road, Madison, W1 53711, USA. Methods of Soil Analysis, Part I. Physical
and Mineralogical Methods—Agronomy Monograph no. 9 {2nd Edition)
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oliths are also available, but will be discussed in less detail. For methods
primarily developed for groundwater systems, such as pumping or slug
tests, see, for example, Bouwer (1978) or Freeze and Cherry (1979).

29-2.1 Auger-hole Method

29-2.1 PRINCIPLES

The auger-hole method introduced by Diserens (see Boersma, 1965a),
is the procedure most widely used to measure the saturated hydraulic
conductivity. Modifications and improvements have been introduced by
Kirkham and van Bavel (1948), van Bavel and Kirkham (1948), Johnson
et al. {1952), Kirkham (1958), van Beers (1958), Boast and Kirkham
(1971), and others {see Bouwer & Jackson, 1974). The auger-hole method,
in principle, involves preparation of a cavity extending below the water
table, with minimum disturbance of the soil. To decrease the puddling
effects, water is pumped out of the hole and then the cavity is allowed
to refill several times (similar to priming water wells). After priming the
hole, the water is allowed to equilibrate with the groundwater. At equi-
librium, the level in the hole will be at the water table. The depth of
water in the hole, H, the diameter of the hole, 2r, and the distance between
the bottom of the hole and the underlying impermeable layers, s, must
be determined (Fig. 29-1). Then the water is pumped out of the hole and
the rate of the rise of the water level measured, allowing calculation of
the saturated conductivity of the surrounding soil.

Unlike laboratory methods, where simple equations can describe the
saturated hydraulic conductivity as a function of the flux and hydraulic
gradient, no simple equation is available for the accurate determination
of the conductivity. This is because the flow of water into the auger hole
is three-dimensional. In addition, the flow properties could be different
in each direction and the cavity might extend through strata with different
hydraulic characteristics. To overcome these problems, several variations
of the auger-hole method have been developed. Maasland (1955, 1957),
for example, presented the theory of the water flow in anisotropic soils

i WATER TABLE
—_—
Y

-

+ P H
h

AR
i A

+
e
IMPERMEABLE LAYER

Fig. 29-1. Geometry of an auger hole.
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as applicable to the auger-hole method. Luthin (1957) reviewed methods
proposed for layered soils. Recently, Topp and Sattlecker (1983) intro-
duced an inflatable assembly and hole hner which allows measurement
of either horizontal or vertical components of saturated hydraulic con-
ductivity.

Luthin (1957) as well as Bouwer and Jackson (1974) reviewed vanious
relationships for calculating saturated hydraulic conductivity using the
auger-hole method. Johnson et al. (1952) presented still another equation
and nomographs to facilitate calculations. Ernst presented an approxi-
mate equation for K based on his numerical solution for an auger-hole
sufficiently above an impermeable layer

K = 14.63 #/[MH + 2002 — y/Hlay/an 2]

where r (units of length, L) is the radius of the hole, H (units L) is the
depth of the groundwater in the hole, y (units L) is the difference between
the depth of groundwater and the depth of the water in the hole, and Ay/
At is the rate of change of y with respect to time 7 (units of time, T) (see
Bouwer & Jackson, 1974; Boast & Kirkham, 1971). For the case where
the auger hole is extended to the impermeable layer, s = 0, the equation
is

K = 14.17 P/[WH + 10,2 — y/Iiay/ar). [3]

For both equations, X has the same urnits as Ay/af (e.g., cm/day).
Boast and Kirkham (19'{1) presented the simple equation

K = (Ay/anC/864 [4]

where K is the saturated hydraulic conductivity, Ay/At is the rate of rise
of water in the auger hole, and C is a shape factor. Values of C for a
variety of cases are presented in Table 29-1. In Eq. {4}, C/864 is dimen-
sionless; thus, X has the same units as Ay/At.

29-2.1.2 SPECIAL APPARATUS

1. Auger. Use any type of bucket auger to make a hole with a diameter
in the range for which Table 29-1 can be used. A post-hole closed-
end auger is recommended for coarse-textured soils.

2. Water pump or bailer. To remove the water from the hole as fast as
possible use a pump with adequate capacity or a bailer. For small-
diameter holes, a bailer constructed of thin-wall tubing with a check
valve at the bottom can be used.

3. A device to measure the depth of water in the cavity. Use a float
attached to the end of a nonexpanding, flexible measuring tape or a
lightly weighted, wooden rod graduated for easy measuring. The float
must be smaller than the diameter of the hole and care must be taken

89
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so the tape or the rod does not touch the cavity wall. The floating
device is best suited for shallow holes. As an alternative, an electric
probe can be used to measure the depth of water in the well (see Luthin,
1949; Van Bavel & Kirkham, 1948). The electric probes are available
commercially or can easily be constructed.

o

sheet is shown in Fig. 29-2,

29-2.1.3 PROCEDURE

Stop watch or regular watch to measure time.
. Data sheet. Prepare a set of data sheets for recording. A sample data

1. Clean plant materials, trash, and loose soil from the selected area.
2. Bore a hole with minimum disturbance to the wall, and extend the
hole at least 30 cm below the water level. Check the soil texture while

LOCATION: DATE :
REMARKS :
rs
= F )
§ | | W,
= L 3K ] =
5= T ¥, ¥ dz a
H=D-E= SDH.L‘—-----{.L
8= 5-D= je2r o adzay
H/r =
a/H= s
$
IMPERMEABLE LAYER
De'glh I‘.Jcmzml;w in| Ratio C
b8 | oter [JiE[time y | ¢ factor | NOTE
-
j le:?' yi L1 Jar|ar st yH Tabie |
observer:

Fig. 29-2. Data sheet for auger-hole method
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digging the hole to determine any layering of the profile. If the soil is
layered, an alternative method may be preferable. Make sure that the
groundwater is not under artesian pressure. If the groundwater is under
pressure, the water level in the hole will increase abnormaliy fast when
the confining layer is penetrated.

3. To eliminate puddling effects, remove the water from the hole and
allow the groundwater to fill the cavity. Repeat this step several times.
Measurements can be made during this process to obtain an estimate
for the rate of rise of water level in the hole. Dump the water away
from the hole or keep it in a large bucket so that water flow into the
hole will not be affected by the water dumped around the area.

4. After step 3, allow equilibrium with the groundwater. Measure the
diameter of the hole, 2r, the depth of water in the hole, H, the distance
between the bottom of the hole and the underlying impermeable layer
5. (Or alternatively, estimate s.)

5. Remove the water from the hole and measure the rate of nise by
measuring the change in the water level during a given period of time.
Make more than one measurement of Ay and Af before the depth of
water in the hole, h, reaches about half of the depth of the groundwater
in the hole at equilibrium, H.

6. Let the water in the hole come to equilibrium with the water table
and repeat step 3. If the results are not consistent with the results of
the previous step, steps 5 and 6 must be repeated until consistent
results are obtained for consecutive runs.

29-2.1.4 CALCULATIONS

Use Eq. [2] or [3] for an approximation of the saturated hydraulic
conductivity. If a more accurate result is desired, find the shape factor
from Table 29-1 and calculate X using Eq. [4]. To find the shape factor
from Table 29-1, calculate the values of s/H, y/H, and H/r and find the
value of C for the corresponding row and column. If the values of s/H,
y/H and/or H/r fall between the given values in the table, the logarithm
of Hfr, y/H and C should be taken before doing an interpolation. For
the case where an impermeable layer exists, the nomograph presented as
Fig. 29-3 can be used as an alternative to Table 29-1 and Eq. [4]. The
use of the nomograph will be demonstrated by an example: Assume an
auger hole with r = 6 ecm, 5 = 30 cm, i = 60 cm, y = 45 ¢m, and Ay/
At = 10 cm/h. Find the value of y/H (= 0.75) on the curved scale (Point
I). Connect Point I to Point O and find H/r = 10 on the line (Point II).
At Point I, construct a perpendicular line until it intersects the curve
on s/H = 0.5 (Point 111}). Draw a horizontal line to intersect the vertical
scale at C = 15.7 {Point 1V). Connect the Point IV 1o the value of Ay/
At (Point V) and continue to Point VI, reading the value of K as 4.4 cm/
day or 0.18 cm/h.

If the soil below the water table is composed of two or more layers,
the conductivity of each layer could be calculated separately. For a two-



Appendices.

741

HYDRAULIC CONDUCTIVITY OF SATURATED SOILS: FIELD

I g0

"POYIaW S[0Y-J3BRE 2} Aq JakE] SqEauLIAdILI UR A0QE AIATIINPUOD JNNEIPAY PABINIES 3Y) UIWINAP o) ydesSowop £-67 ‘B

4001
LYITTE TN ) 108
kv

g0

FOoO

- -1'0
o} Y/wd gy p/wd

913



8.14

742 AMOOZEGAR & WARRICK

layered soil, bore out the soil through the upper layer at least 10 cm above
the second layer (Fig. 29-4A). Determine the conductivity of the upper
layer using the procedure described earlier. Deepen the hole through the
second layer {Fig. 29-4B) and measure the conductivity again. The cal-
culated value, X, is for the combined profile and the conductivity of the
second layer may be calculated using the following equation (Luthin,
1957y

K,= (KH, — K\ H\){(H, — H)) [5]

For a third layer, the procedure could be extended by assuming the upper
two layers as one layer. The error resulting from the assumptions made
for the calculation of X for two-layered soil is << 10% (see Luthin, 1957).
If an accurate value of K is desired for the second layer, possibly the
measurements can be delayed until the water table falls below the first
layer,

29-21.5 COMMENTS

The saturated hydraulic conductivity measured by the auger-hole
method is dominated by the average value of the horizontal conductivity
of the profile (Maasland, 1955). The volume of the soil where the con-
ductivity is measured is about 1047 to 40Hr (units L?) for commonly
used hole diameters (about 10-20 cm) (Bouwer & Jackson, 1974).

Maasland and Haskew (1957) indicated that auger-hole measure-
ments are reproducible to within 10%. They also indicated that the best
results are obtained if the amount of return flow into the hoie is limited
to 20% of the amount of water removed from the hole. Boersma (1965a)
suggested that the measurement be completed before the height of the
water in the hole, A, reaches to 20% of the depth of water in the hole at
equilibrium,  {(1.e., A/H = 0.2). Boast and Kirkham (1971), on the other
hand, presented shape factor values, C, for auger holes up to one-half
full. Therefore, it is advised not to make any measurements after the hole
is one-half full.

Bouma (1983) found that the auger hole gave a much smaller satu-
rated hydraulic conductivity than alternative methods for some Dutch

TR “EETTEITEREN RERERERETRET
| I
H, ;l o 2r ’ l[ layer |
Y.
-+ T>10¢em F,‘z [2
J'-L - layer 2
A B

Fig. 29—4. Geometry of the auger hole for a two-tayered soil.
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clay soils (also see Bouma et al., 1979a). He indicated that smearing the
wall of the auger hole during boring of the hole closes the planar pores
which allow the water movement into the hole (Bouma et al., 1979b).
Hoffman and Schwab (1964), however, reported that the saturated con-
ductivity values obtained by the auger-hole procedures were generally
greater than those obtained from drainage tile flow for a silty ciay soil in
a lakebed region in Ohio.

If smearing of the hole wall, and therefore clogging of the pores and
planar voids is suspected, step 3 (as discussed in procedure) should be
repeated until puddling effects are eliminated. If afier step 3 the effects
of smearing are still present, an alternative method, e.g., the column
method using large undisturbed columns (Bouma et al., 1976, 1979a,
1981; Bouma and Dekker, 1981), must be used.

Serious errors might result if proper steps are not taken or if equa-
tions, tables, or nomographs are extrapolated beyond their range. For
example, the water table level in the hole should equilibrate before mea-
surements start (Kirkham, 1965). If measurements are made in units
other than those suggested for the equations, tables, or nomographs, proper
conversions must be performed so that all units are consistent.

Although it is difficult to use the auger-hole method in rocky or very
gravelly soils, it could be performed if a power-assisted auger is available.
_ For unstable soils, the cavity could be lined with a perforaied pipe to
avoid caving.

When the water level is above the soil surface or if artesian conditions
exist, the results obtained by the auger-hole method are not reliable. Also,
if the soil is layered extensively or small strata of high permeability occur,
results may be inaccurate. According to Luthin (1957), Eq. [5] and the
corresponding procedure can give reliable results if the conductivity of
the lower layer in a two-layered soil is greater than the conductivity of
the upper layer. If the conductivity for the lower layer is less, a negative
value might result.

29-2.2. Piezometer Method

29-2.2.1 PRINCIPLES

The pninciple of the piezometer method for measuring the saturated
hydraulic conductivity of soils was first presented by Kirkham (1946).
Luthin and Kirkham (1949) developed a field procedure, which consists
of installing a piezometer tube or pipe into an auger hole as big as the
tube’s diameter without disturbing the soil. A cavity is then provided at
the bottom of the pipe (see Fig. 29-5) and after the puddling effect is
eliminated, water is removed from the cavity. The rate of rise of water
in the pipe then is measured and the conductivity is calculated with the
help of nomographs or tables.

The conductivity is calculated by
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Fig. 29-5. Diagram of a piezometer hole.
K = {=r/[C (1 — 0] In(/y. ) [6]

where

K = saturated hydraulic conductivity (units L/T),

r = radius of the cavity (units L),

y, = the difference between the depth of groundwater and the depth
of water in the pipe (units L} at time ¢, (units T),

¥+ = the difference between the depth of groundwater and the depth
of water in pipe at time ¢, ,, and '
C = a shape factor (units L).

Luthin and Kirkham (1949) presented values of C for certain geometries.

Johnson et al. (1952) presented a nomograph for a piezometer tube 4.9

cm in diameter and a cavity 10.9 cm long. Youngs (1968) determined

values of C/r {dimensionless) for a variety of cases using an electrical

analog. His results are presented in Table 29-2, where H is the length of

the pipe extended in the groundwater, A, is the length of cavity and s is

the distance between the bottom of the cavity and the impermeable or

infinitely permeable layer (see Fig. 29-5).

29-22.2 SPECIAL APPARATUS

1. Piezometer tube. Any kind of pipe, plastic or metal, with a diameter
in the range such that Table 29-2 can be used. Aluminum pipes used
for the neutron probe with a diameter of about 5 cm are suitable.

2. Auger. Use a bucket auger or screw type auger that fits inside the
piezometer pipe.

3. Data sheet. Prepare a set of date sheets as shown in Fig. 29-6.

4. Items 2, 3, and 4 described in auger hole method.

29-2.2.3 PROCEDURE

1. Clear plant materials, trash, and loose so1l from the area.
2. Bore a hole to a depth of about 10 cm. Remove the auger and insert

8.17
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Fig. 29-6. Data sheet for piezometer method.

the piezometer pipe into the hole. Insert the auger into the pipe, ex-
cavate an additional 10 to |5 cm, and tap the pipe into the hole.
Repeat the process until the bottom of the pipe is at the desired depth
below the water table. Carefully bore a cavity at the bottom of the
hole to a depth of A, such that Table 29-2 may be used.

To eliminate the puddling effect, insert a tube down the pipe into the

cavity and remove the water from the cavity. Let the water rise into
the pipe and remove the water from the cavity again. Repeat this step
until the rate of rise of the water reaches a constant value and the
water from the cavity does not contain appreciable amounts of soil

materials.

Allow the water level in the pipe 10 equilibrate with the groundwater.

Measure and record H, r, &, and s (see Fig. 29-5).
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5. Remove the water from the pipe to a distance y below the water table
and record the rise of water in the pipe y; and y,,, in a specified length
of time Ar = 1,,, — t,. This measurement can be repeated a few times
before the depth of water in the pipe reaches to within about 20 cm
of the water table.

6. Let the water in the pipe come to equilibrium with the groundwater
and repeat step 5. If the rate of rise of water in the pipe is not consistent
with the results of the previous measurement, repeat steps 4 and J.
Continue the process until the results of two successive measurements
are consistent. ,

7. If the hydraulic conductivity of soil at deeper depths is required, go
back 10 step 2-and continue to extend the hole to the desired depth
as in that step. Then, repeat steps 3 to 6 to find K.

29-2.2.4 CALCULATIONS

1. Calculate values of h./r and H/r. Determine if there is an impermeable
or infinitely permeable layer at a distance s below the bottom of the
cavity.

2. Find the value of C/r from the corresponding column and row of
Table 29-2. Interpolate between the values if necessary.

3. Calculate the hydraulic conductivity using Eq. [6].

For the case where an impermeable layer exists at depth 5, the nomo-
graph in Fig. 29-7 can be used to find the value of C/r and the conduc-
tivity. As an example, assume H = 80 ¢cm, r = 5 cm, A, = 30 cm, and
s = 40 cm. Find the value of h/r (=6) on the scale H/r (=16) (Point
I), draw a vertical line to intersect the curve s/r = 8 (Point 1I), draw a
horizontal line to intersect scale C/r (Point III), and read C/r (=22.5).
Using Eq. [6] for v,/y, = 1.4 and ¢, — ¢, = 10 min, the calculated value
of Kis 0.023 cm/min or 1.41 cm/h. To use the nomograph, connect Point
III to the value of r (5§ cm) (Point IV) and continue to intersect scale A
at Point V. Connect the value of y,/y; (Point VI) to , — ¢, (Point VII)
to intersect scale B at Point VIII. Connect the two points on scales A
and B (i.e., Points V and VIII, respectively}. Read or interpolate the value
of K = 1.5 cm/h at the intersection of the latter line and scale K.

29-2.2.5 COMMENTS

The piezometer method, unlike the auger-hole method, can be used
to measure either horizontal or vertical hydraulic conductivity. If the
length of cavity A_is great compared to the diameter of the cavity, the
measurement is primarily the horizontal conductivity. If 4. is small com-
pared 1o r, then the vertical conductivity is approached. A special case
of the piezometer method, called the “tube method,” was first suggested
by Kirkham (1946} and developed by Frevert and Kirkham (1948). In
the tube method, no cavity is provided at the bottom of the piezometer
tube (i.e., A, = 0). The conductivity determined by the tube method is
the vertical conductivity, and the procedure is exactly the same as the
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Fig. 29-7. Nomograph 10 determine the saturated hydraulic conductivity above an im-
permeable layer by piezometer procedure.

piezometer tube method. Values of C/r for the tube method are given in
Table 29-2, and Eq. [6] is used to calculate the conductivity.

For stratified soils the piezometer method can be used 1o determine
the conductivity of each individual layer. The piezometer method is not
suitable for rocky and gravelly soils. In these soils, it will be difficult to
bore the soil through the pipe, and the pipe might not fit tightly in the
auger hole, causing channeling along the side of the pipe.

To measure the conductivity at deeper depths, King and Franzmeier
(1981) bored a hole somewhat larger than diameter of the tube and then
drove the tube to the desired depth. The large hole was backfilled and
tamped to form a seal around the tube. The above procedure must be
used with caution, to make sure that the soil will not cave in. Also, the
cavity at the bottom of the pipe must be dug after the pipe is installed.

29-2.3 Other Methods

There are other methods 1o determine the saturated hydraulic con-
ductivity in the presence of a shallow water table which will be discussed
briefly. For additional information see Luthin (1957) and Bouwer and
Jackson (1974).
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Fig. 29-8. Diagram of the geometry of two-well techniques.
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Fig. 29-9. Geometry of the four-well technique to determine the saturated hydraulic con-
ductivity.

Childs (1952) and Childs et al. (1953) proposed a two-well technique
which consists of two auger holes of equal diameter (2r) extended 1o the
same depth, preferably to an impermeable layer (Fig. 29-8). The distance
between the centers of the two holes, 4, (units L) is about 1 m. Water is
pumped from one hole and carried to the other hole at a constant rate
Q (units L3/T) until an equilibrium between the level of the water in the
two holes is reached. The hydraulic conductivity can be calculated by
the equation

¥
|

K = Q cosh~\(d/2n)/[xAH(H + L,)] (7]

where H is the average depth of water in the holes (units L), AH is the
equilibrium hydraulic head difference between the two holes, L,is an end
correction factor, (units L), and cosh™' is the inverse hyperbohic cosine.
The end correction factor is zero if the wells are extended to an imperme-
able layer and there is no capillary fringe.

To overcome the problem of clogging in the walls and bottom of the
receiving wells (pump-in well) in the two-well technique, Kirkham (1954)
proposed the four-well technique (Fig. 29-9). Two additional wells are
located symmetrically between the discharge (pump-out) well and re-
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ceiving well. The two center wells can be of smaller diameter and cased
(piezometer-type wells). The distance between the two inner wells is d
and the radius and the distance between the outer wells are r and D,
respectively. The equations defining saturated hydraulic conductivity K
where D > 12r are ‘

K = 0.221 (GQ/HAH) [8a]
for D/d = 3, and
K = 0.512 (GQ/HAH) [8b]

for Dfd = 1.5 (Snell & van Schilfgaarde, 1964).

In the above equations, G is a geometrical factor (dimensionless), Q
is the flow rate (units L*/T), H is the average depth of water in the well
{units L), and AH is the water level difference between the two inner
wells. The coefficients (0.221 and 0.512) are dimensionless. Using an
electric analog, Snell and van Schilfgaarde determined the geometrical
factor which is available as Fig. 3 and 4 of Snell and van Schilfgaarde
(1964) and also Fig. 23-9 and 23-10 of Bouwer and Jackson {1974).

Smiles and Youngs (1963) proposed a method known as the multiple-
well technique, in which an array of wells is constructed on the circum-
ference of a circle. The discharge and receiving wells are arranged in an
alternate and symmetrical fashion (Fig. 29-10). The advantage of the
muliiple-well over the iwo-well technique is the larger soil volume sam-
pled for K. However, the problem of clogging of receiving wells still exists.
The equation for calculating X is

K = [2Q/nrAH(H + LJ] In(4a/nr) 91

where n is the number of auger holes on the circle, 2 is the radius of the
circle, AH is the average hydraulic head difference for each pair of ad-

+ RECEIVING { pump-in}
— DISCHARGING {pump-out)

Fig. 20-10. Geometry of the multiple-well technique.



Appendices

HYDRAULIC CONDUCTIVITY OF SATURATED SOILS: FIELD 751

jacent wells, (1 1s the total flow rate into the system, and H, r, and L, are
the same as for the two-well method.

The pit-bailing method was developed by Healy and Laak (1973) to
measure the in situ saturated hydraulic conductivity for septic-tank drain-
field design. Recently, Bouwer and Rice (1983) extended the use of the
pit-bailing technique to measure saturated conductivity of the soil below
a water table. The procedure 1s useful particularly for stony soils where
the auger-hole and other techniques are not practical.

In the pit-bailing method a large hole is dug extending below the
water table (a backhoe can be used). After the water level in the pit comes
10 equilibrium with the water table, the water level in the pit is lowered
rapidly. The rise of the water level in the hole is then measured for
calculating the hydraulic conductivity,

Bouwer and Rice (1983) apphed the piezometer theory to the pit-
bailing technique. To find the shape factor for the pit hole, they extrap-
olated results of Youngs (1968) (also see Table 29-2). Recently, Boast
and Langebartel (1984) have applied the auger-hole technique to the pit-
bailing method and presented shape factors for pits with length/radius
ratios ranging from 0.05 to 2, and for conditions ranging from an empty
pit to 90% full. In their analysis, both impermeable barrier and very
permeable lower boundary conditions were considered. The shape factors
presented by Boast and Langebartel are an extension of the shape factors
for auger holes by Boast and Kirkham (1971). Bouwer and Rice (1983)
found that piezometer-derived geometry factors gave better results in a
laboratory sand-tank than geometrical factors derived for an auger hole.
Although there are discrepancies between the values of hydraulic con-
ductivity calculated by the two methods, both procedures seem to be
more reliable than the method originally suggested by Healy and Laak
{1973) (see Boast & Langebartel, 1984).

Stibbe et al. (1970) described a method to evaluate saturated con-
ductivity using large in situ monoliths. In principle, trenches are dug
around a soil column (1.5-m? surface 10 a depth about 1.8 m, in their
study). A series of piezometers are installed in the column and a plywood
box is constructed around the column. The conductivity is measured by
ponding water at the surface and evaluating the rate of water entry into
the column. Bouma et al. (1976) described vet another procedure to iso-
late an undisturbed soil column in the field and used it to measure the
vertical conductivity of some Dutch soils (also see Bouma & Dekker,
1981). Bouma et al. (1981) also described a field method to measure the
saturated conductivity of the soil adjacent to the tile drains. The pro-
cedure is based on isolating an undisturbed soil volume around a tile
drain and measuring the saturated K on the undisturbed sample. Although
these procedures are alternative methods to auger-hole and piezometer-
tube methods, their applicability is himited and the procedures resemble
those of laboratory methods. For more detailed discussion of these pro-
cedures, the reader is referred to the above articles.
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29-3 DEEP WATER TABLE METHODS

The methods to determine the saturated hydraulic conductivity in
locations above a water table or in the absence of a water table are more
elaborate and time consuming. In fact, a large quantity of water may be
needed to saturate the nearby soil before the measurement. These meth-
ods include the double-tube method, shallow well pump-in method, cy-
lindrical permeameter method, air entry permeameter and infiltration
gradient technique.

29-3.1 Double-tube Method

29-3.1.1 PRINCIPLES

The double-tube method as proposed by Bouwer (1961, 1962, 1964)
utilizes two concentric cylinders installed in an auger hole. An auger hole
is dug to the desired depth, cleaned with equipment shown in Fig. 29-
11, and the outer tube is installed in the hole and pushed about 5 cm
into the hole bottom. The inner tube and the top-plate assembly (as shown
in Fig. 29-12) are then installed in the outer tube and pushed about 2
cm into the bottom of the hole. With valve B open and valve C closed,
water is supplied 1o both inner and outer tubes through valve A. After
water reaches the top of the outer tube standpipe, valve A is adjusted so
that water level in the inner tube standpipe stays at the zero mark (the
end of the outer tube standpipe is at the same height as the zero mark
on the inner tube standpipe). This can be achieved by allowing the outer
standpipe to overflow slightly. Due 1o the large head of water, a wet zone
with positive pressure is created at the bottom of the hole.

After saturation of the bottom of the hole is achieved (usually after
1 h for fine-textured soils), two sets of data are collected. First, valve B
is closed and the water level in the inner tube standpipe decreases while
the water level in the outer tube stays at the top of the outer tube stand-
pipe. The fall of water in the inner tube standpipe, H, and time, ¢, are
recorded; ¢ starts with the closing of valve B. Due to the decrease in head

O

A B C

Fig. 29-11, Schematic diagram of equipment used to construct the auger hole for double-
tube method. {A) spoon; (B} rotary or hole planer; and (C) hole cleaner.
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outer tube inner tube
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drain cssembiy)
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Fig. 29-12. Diagram of the equipment used for double-tube method.

in the inner tube and the greater head in the outer tube, the rate of fall
of head in the inner tube decreases with time (see Fig. 29-13). After K
vs. ! is obtained, valve B is opened and water level in the inner tube
standpipe is brought back to the zero mark. After the initial equilibrium
is reached, valve B is closed and valves A and C are adjusted in such a
way that the level of water in the outer tube standpipe stays at the same .
level as water in the inner tube standpipe. The rate of fall of water in the
inner tube standpipe is recorded and the fall of water A is plotied vs.

curve 2

0 t
TIME, ¢
Fig. 29-13. Graph of /1 vs. 1 for double-tube procedure.
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time on the same graph as data set 1 (Fig. 29-13). The second curve lies
above the first curve because there is no difference between the head of
water in the inner and outer tubes.

The saturated hydraulic conductivity is calculated using the H vs. ¢
graphs and

K = R, aH, /FR, [ "H di [10]
0

= radius of the inner tube “standpipe”,
R; = radius of the inner tube,

AH,l = vertical distance between the two curves, (see Fig. 29-13) at
a certain time ¢ = {,,
fyH dt = area under the lower curve between ¢ = 0 and ¢ = ¢,, and
F = a dimensionless quantity dependent on the geometry of the

flow system. The value of F depends on the diameter of the
inner tube R,, depth of penetration of the inner tube 4, and
the depth and nature of the lower boundary. The nomograph
in Fig. 29-14A gives values of F for an impermeable layer
located below the bottom of the hole. If a highly permeable
layer is located below the hole, the nomograph in Fig. 29~
14B can be used.

29-3.1.2 APPARATUS

1. Double-tube apparatus. The double-tube apparatus is commercially
available (from Soil Test, Inc., 2205 Lee Street, Evanston, IL 60202,
USA) under the name “Tempe Double Tube Hydraulic Perrneablhty
Device.” The apparatus can also be assembled as shown in Fig. 29-
12. The materials needed are:

a. Galvanized steel or aluminum pipe, approximately 25 cm in di-
ameter.

b. Galvanized steel or aluminum pipe, approximately 12 ¢cm in di-
ameter.

¢. Top assembly plate as shown in Fig. 29-12.

d. Clear plastic or glass tubes with marks for the inner tube standpipe.

e. Gasket and necessary hardware to assemble the equipment.

2. Auger. Use any auger that can make a round, clean hole with a di-
ameter equal to that of the outer tube. (i.e., 25 cm).

3. Hole<cleaning equipment (Fig. 29-11):

a. Spoon, to remove soil from the hole.

b. Rotary or hole planer.

c. Hole cleaner, consisting of thin steel plates, 2 cm wide, which are
mounted | ¢cm apart on a cylindrical block of the same diameter
as the auger hole.

4. Auxiliary water reservoir: a 200-L drum is well suited for the purpose.
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Fig. 29-14. Values of F for Eq. [10) for double-tube method. (A) An impermeable layer
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below the hole; (B) An infinitely permeable layer below the hole (Bouwer, 1961).

5. Data sheet such as the one shown in Fig. 29-15.

6. Graph paper.

7. Planimeter (if available) to measure the area under the curve.
8. Waich or timer.

29-3.1.3 PROCEDURE

1.

Bore out the hole to the desired depth. Use the rotary planer {(Fig. 29-
11) 1o square the bottom of the hole. Insert the hole cleaner and push
down so that the steel plates penetrate the hole bottom for about 1
cm. Apply a slight torque 1o the device, causing the soil to stick be-
tween the plates, and pull it up. If the soil is hard and/or very dry,
add a small amount of water to the hole and wait for the water to
soften and moisten the soil before proceeding with the rotary planer.
After the hole is squared and cleaned, apply a protective i- to 2-cm
layer of sand to the hole.

Insert the otter tube into the hole and push it down so it penetrates
about 5 cm into the soil. Backfill any cavity that may be around the
outer tube and tamp it to form a tight seal.

755
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in step 9 to reach H, (i.e., ¢,) and for the water level in step 7 to reach
H,. Other parameters are the same as in Eq. {10). For more information
sce Bouwer and Rice (1964).

Due to the soil disturbance around the inner tube, the diameter of
the outer tube must be at least twice that of the inner tube (Bouwer &
Rice, 1967). An inner tube with a diameter of <10 cm is not recom-
mended for this procedure. Combinations of 10 and 20 or 12.5 and 25
cm for the inner and outer tube diameters have proved to be satisfactory.

The hydraulic conductivity value obtained by this method is affected
by both vertical and horizontal conductivity of the soil. However, it is
closer to the vertical direction conductivity for anisotropic soils. For more
information see Bouma and Hole (1971).

Depending on the permeability of the soil, the double-tube method
requires 2 to 6 h for completion. The method requires over 200 L of
water for each site and is not suitable for rocky soils.

29-3.2 Shallow Well Pump-in Method

29-3.2.1 PRINCIPLES

To measure the saturated hydraulic conductivity by the shallow well
pump-in technique (also referred 1o as constant head well permeameter
or dry auger hole method), a hole is bored to the desired depth and a
constant head of water is maintained in the hole (Fig. 29-17). When the

- water flow into the soil reaches a constant value, i.e., a steady-state con-

dition, the flow is measured while the level is kept constant.
For an impermeable layer located at relatively great depth where s
> 2H, the equation for X is due to Glover (Zangar, 1953, Eq. [8B)):

K = Q[sinh~'(H/r) — (/H? + 1) + rjH|/Q=HY).  [12)
When H>>r, Eq. [12] can be simplified to (Zangar 1953, Eq. [10B])

water saturated

+ zone

S

|

h 4
IMPERMEABLE LAYER
Fig. 29-17. Geometry of shallow well pump-in technique.
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K = Q [sinh~'(H/r) — 1]/(2=H?) [13]

or equivalently to
K = Qn[(H/r) + (H¥/rP + 1)\ — 1}/2=HY) [14)

where Q is the flow rate at equilibrium (units L¥/T), H is the depth of
water in the auger hole (units L), r is the radius of the hole (units L}, and
s i1s the distance between the impermeable layer and the bottom of the
hole (units L). For conditions where 0 < s < 2H, the resulting equation
is:

K = 30 In(H/9/[=H(3H + 25)]. [15]

Note that in shallow well pump-in, the auger hole should not penetrate
any impermeable layer.

To prevent caving, a perforated pipe or commercial well screen may
be used as casing. If casing materials are not available, the hole may be
filled with coarse sand. When a casing pipe or screen is used, a layer of
sand, gravel, or burlap must be placed at the bottom of the hole to prevent
erosion caused by water application.

29-3.2.2 SPECIAL APPARATUS

1. Auger (use a bucket auger), with diameter on the order of 5 to 15
cm. ‘
2. Constant head system (see Fig. 29-18) consists of
a. A 200-L tank (a 54-gallon drum is suitable)
b. A 250-ml flask.
c. Tall cylinder, I m iong, 10-cm diameter.
d. Glass or metal tubing.
e. Plastic tubing.
{f. Four rubber stoppers for cylinder, flask, and hole into drum.
Water supply tank with 1- to 2-m® (1000-2000 L) capacity.
Garden hose for rapid filling of the constant head reservoir.
Casing (perforated) pipe or commercial well screen, if available.
Sand or gravel, to be used when casing pipe or screen is not available.
Sand, gravel, or burlap to be placed on the bottom of the hole where
casing is used.
8. Large round brush to clean the wall of the auger hole. As an alter-
native, narrow pieces of flat brush can be assembled around a stick.
9. Measuring tape or meter stick.
10. Watch or timer. .
11. Data sheet, such as the one shown in Fig. 29-19.

N AW

29-3.2.3 PROCEDURE

1. Clean plant material, trash, and loose soil from the surface.
2. Bore a hole to the desired depth with minimum disturbance to the
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Fig. 29-18. Diagmm of the constant head device and geometry of the shallow well pump-
in set up.

wall of the hole. Check and record the texture of the profile as you
bore out the hole. Make sure that you do not penetrate any imperme-
able layer.

. Afier the hole is dug to the desired depth, brush the side of hole to

remove any possible sealing and compaction caused by the auger.
Use a metal brush with short and separate bristles for fine textures.
Measure the dimensions of the hole {r and D) and determine (or
estimate) the depth of impermeable layer from the bottom of the
hole 5. Also determine the depth of water to be maintained in the

hole (H).

. Case the hole with perforated pipe or screen. The perforation should

extend from the bottom of the hole to the predetermined water level.
If coarse sand or gravel is used in place of casing, fill the hole to
within 15 em of the predetermined controlled water level.

Set up the constant head system as shown in Fig. 29-18. At equilib-
rium, the constant head device maintains the water level in the hole
so that &, = h.. When the water level in the hole drops, a pressure
gradient is created which causes the water to move to the hole through
the siphon tube while air enters the water reservoir from the tall
cylinder to replace the water. As a result, the air pressure in the tall
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Fig. 29-19. Data sheet for shaliow well pump-in technique.

cylinder decreases, causing the air to enter the chamber through the
regulator pipe. The difference between the air pressure inside the tall
cylinder and atmospheric pressure corresponds to the length A,. The
air pressure head at the tip of the connecting tube inside the reservoir
is therefore equal 10 (P,,,./og) — h,, which in turn must be equal to
(Py./pg) — hy. This maimains the water level inside the auger hole
at a distance A, = h, below the tip of the connecting tube in the
reservoir. A 250-mL flask filled with water will trap any air bubbles
formed in the siphon system. The siphon system may be replaced
by a spigot attached 1o the lower part of the reservoir and connected
1o a plastic tube extended below the water level in the hole. (As an
alternative to the constant head system, a small constant-level float-
valve can be used. The float-valve can be lowered in the hole, secured
at the predetermined depth by a rod, and connected to the water
reservoir by plastic or rubber tubing.)
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7. Adjust the level regulator tube in the constant-head system to main-
tain water at the predetermined level (or install the float-valve at the
desired depth).

8. Fill the hole to the water level and start the constant-head system to
keep the water level steady.

9. Check the water reservoir tank regularly and refill the tank as needed.
Check the water temperature and record the data.

10. Record the time and the amount of water moving from the tank
regularly. Time intervals should be short enough so that the tank
never runs out of water.

11. Compute the flow rate for each measurement. The flow rate can be
corrected for any desired temperature by multiplying the rate by the
ratio of water viscosity at the temperature during the measurement
and the desired temperature (cf. viscosity for water a1 10, 20, and
30°C are 1.3077, 1.002, and 0.7975 centipoise, respectively). A ref-
erence temperature may be chosen as the mean annual soil temper-
ature at the depth of interest.

12. If the data for consecutive measurements are not consistent, repeat
steps 8 to 1 1. If the flow rate has become constant (over a 24-h period
or for at least three consecutive measurements each for a few hours),
proceed with calculations.

29-3.2.4 CALCULATIONS

Compare the depth of the impermeable layer from the bottom of the
hole s and depth of water in the hole H, and select the appropriate equa-
tion (Eq. [12] to [14] or [15]) to calculate the hydraulic conductivity.

29-3.2.5 COMMENTS

The hydraulic conductivity determined by this procedure can be taken
as an average hydraulic conductivity for the full depth of the hole being
tested. However, in reality, the calculated X reflects the conductivity of
the most permeable layers. If the soil is uniform, the measured value is
dominated by the horizontal conductivity.

The volume of soil effective in testing is about the same as for the
auger hole method [i.e., about 10 Hr? to 40 Hr* (units L*)]. The hydraulic
conductivity, however, might not be the same as by the auger hole method.
In comparing the two methods, the measured values differed by as much
as 100% (Boersma, 1965Db).

-The disadvantages of the method are the requirement of large quan-
tities of water and a considerable amount of equipment, and the long
duration of testing. The construction of the auger hole and instaliation
of the equipment will take several hours, and the test itself might require
several days. Water with chemical composition comparable to the natural
soil or irmgation water is desirable.

Reynolds et al. (1983) presented new analytical and numerical so-
lutions for the shallow well pump-in technique which result in consid-
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erably higher calculated saturated conductivity values. Compared Lo Eq.
[14], their numerical solution produces increases in the saturated con-
ductivity values of 68 and 65% for H/r ratios of 5 and 10, respectively.
More recently Reynoids et al. (1985) and Philip (1985) have extended
the theory of water flow from the auger hole to include the effects of
unsaturated flow on the measured saturated conductivity.

In addition to the theory, Reynolds et al. (1983) presented a constant
head apparatus (called a Guelph Permeameter, which is commercially
available from Soilmoisture Equip. Corp., P. O. Box 30025, Santa Bar-
bara, CA 93105) for maintaining a constant water level in a small auger
hole. With their apparatus the conductivity can be measured in a small
well of approximately 2 cm radius with a 10 to 20 cm depth of water in
the hole (e.g., H/r ratios of 5-10). Such an auger hole can be constructed
by a small screw soil auger or by a 4-cm diameter soil probe equipped
with an inward-beveled cutting tip instead of the usual outward-beveled
cutting tip. According to them, the measurement time and the amount
of water needed for conductivity determination depend on the soil tex-
ture, initial water content of the soil, and H/r ratio. In their study, con-
ductivity measurements on sandy loam soils near field capacity required
<< 0.5L of water and were completed in 5 min. Sandy soils below field
capacity and clayey soils required measurement time of 15 10 30 min
and up to 2 L of water. For detailed procedures with example calculations
see Reynolds and Elrick (1986). Talsma and Hallam (1980) also used a
simplified well permeameter assembly to determine K in an auger hole
6.4 cm diameter using 2 to 3 L of water. They reported that steady state
flow was achieved after 20 min for initially dry soil, and after 8 min for
moist soil,

The procedure used in the shallow well pump-in technique is similar

to percolation tests used for septic tank suitability. However, in perco-
lation tests, the rate of water flow into the soil (after saturation is achieved)
is determined by measuring the rate of fall of water level in the hole
rather than maintaining a constant head. For a more complete discussion
of the percolation test, see Barbarick (1975} or Barbanck et al. (1976).

29-3.3 Other Methods

29-3.3.1 PERMEAMETER (OR CYLINDRICAL PERMEAMETER)
METHOD

A large-diameter hole is dug to the desired depth and a cylinder (such
as infiltrometer ring) > 35 cm long, with a diameter of 45 to 50 cm, is
placed in the center of the hole. The cylinder is driven about 15 cm into
the soil with minimum disturbance to the natural profile. Four tensiom-
eters are placed around the cylinder in a symmetrical fashion 10 cm from
the cylinder and about 23 c¢m below the level surface inside the hole.
Water is applied to the hole and inside the cylinder to a depth of about
15 cm and the tensiometers are monitored. When the tensiometers read
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zero, it 1s assumed that saturation is achieved and the rate of water flow
into the soil through the cylinder is measured. Before a positive pressure
builds up (i.e., tensiometers show < zero tension) the measurement is
terminated and the conductivity is calculated using Darcy’s equation.

The procedure is time-consuming and requires in excess of 100 L of
water. It measures the conductivity in the vertical direction and is not
suitable for rocky soils. For more information see Winger (1960} or
Boersma (1965b).

29-3.3.2 INFILTRATION-GRADIENT METHOD

Bouwer (1964) proposed the infiltration-gradient technique to mea-
sure the vertical hydraulic conductivity. It is a modification of the cyl-
inder-permeameter and double-tube method. Two concentric tubes are
placed in an auger hole with small, fast-reacting piezometer tubes placed
at different depth inside the inner cylinder. The piezometer tubes provide
a complete vertical hydraulic gradient for the system when equal water
depths, ranging from 20 to over 200 cm, is kept within the two cylinders.
The method determines the K in the vertical direction. It takes about 3
h to complete, requires 100 L of water, and is not suitable for stony soils.
For more information regarding the procedure and equipment see Bouwer
(1978) and Bouwer and Jackson (1974). Both vertical and horizontal
conductivities can be measured by combining the infiltration gradient
technique with the double-tube method in the same hole (see Bouwer,
1964).

29-333 AIR-ENTRY PERMEAMETER METHOD

This method is a fast technique to determine the hydraulic conduc-
tivity K above a water table, with about 10 L of water. The method, as
developed by Bouwer (1966), yields X from Darcy’s law using the infil-
tration rate under a high head and gradient without using a tensiometer
and/or piezometer installed in the soil. Fig. 29-20 shows the apparatus
to measure the air entry value and hydraulic conductivity at the soil
surface or at the bottom of a pit.

A cylinder, 20 to 30 cm in diameter and over 10 cm long, is driven
about 10 cm into the soil with a minimum disturbance to the soil. A
layer of sand is placed inside the cylinder with a disk on top to dissipate
the energy and prevent the puddling effect of water application. The top-
plate assembly is then secured and water 1s applied to the ring through
the reservoir keeping the gage valve closed. The air escape valve is kept
open to allow the air to escape and is shut when all the air is dniven out
of the system.

The infiltration rate is calculated by stopping the water application
to the supply tank when the wetting front reaches the lower part of the
cylinder. (The time for the wetting front to reach the lower part of the
cylinder is estimated by a few trials before the actual procedure starts.)
After the infiltration rate is measured, the supply valve is closed, halting
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reservoir

vacuum

wet front

Fig. 29-20. Diagram of the equipment for the air-entry permeameter technique (after Bou-
wer, 1966).

the wetting front movement, and the gage valve is opened to measure
the pressure inside the cylinder. The pressure inside the cylinder decreases
to a minimum at which air begins to bubble up through the soil. As soon
as the minimum pressure is reached, the equipment is removed and the
depth of the wet front is determined by digging. The air entry value P,/
pg (units L) is evaluated from the minimum pressure and the conductivity
is calculated by

K = L{AH/ANR/RY/H + L ~ (P./2pg)] (16]

where L is depth of the wet front when the supply valve was closed; H
is the height of the water level above the soil; AH/At is the rate of fall
of water level in the reservoir just before the supply valve was closed;
and R and R, are the radius of the reservoir and cylinder, respectively.

The conductivity calculated by this method is for the wetted zone,
and according to Bouwer (1966), the saturated conductivity may be es-
timated as double the measured K. For heavy soils, however, measured
K needs to be multiplied by a factor of 4. For more information see
Bouwer (1966) and Bouwer and Jackson (1974).

Aldabagh and Beer (1971) evaluated the air entry permeameter tech-
nique by measuring the saturated conductivity at three different depths.
They selected 30 sampling locations within a 150- by 60-m rectangular
field. Their results indicate that the air-entry permeameter is a fast and
reliable method for measuring K above a water table. The low manpower,
low water-requirement and short time needed to make the measurement
are among the advantages listed by them.

A modified version of the air-entry permeameter technique has been
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presented by Topp and Binns (1976). In their procedure, the position of
the wetting front can be detected by a fine tensiometer probe. These
investigators also recommend the procedure for its reliability, low water
requirement, and speed. McKeague et al. {1982) used the procedure to
compare measured saturated conductivity with estimated values from
soil morphology. They discussed some of the problems associated with
using the procedure in the presence of biopores and cracks (i.e., macro-
pores) in the soil.

294 COMMENTS

One of the importanl considerations in determining the saturated
hydraulic conductivity in the field is the spatial variability of the soil
hydraulic conductivity (Nielsen et al., 1973; Warrick & Nielsen, 1980).
The conductivity values obtained from two locations only a few meters
apart could be drastically different due 1o soil heterogeneity.

The presence of macropores can lead to unrealistic values of con-
ductivity in the field (Bouma, 1983; Beven & Germann, 1982). Un-
doubtedly, even a few large pores will allow water to move at rates faster
than the saturated conductivity of surrounding soil body. The amount
of macropores and their contribution to the saturated conductivity of the
soil depend on structure. Bouma et al. {1982), for example, described
infiltration into a soil with vertical worm-channels. They state that on
the average each channel occurred in a 200-cm? cross-sectional area.
Therefore they suggested that, ideally, the area of infiltration in the in-
filtrometer should be a multiple of 200 cm?® and should contain a cor-
responding number of channels for that particular site.

To obtain an unbiased estimate of the soil hydraulic conductivity.
an optimal so0il sample is needed for analysis. The sampling volume
should contain a proportional amount of macropores compared to the
main soil body under consideration; i.e., a minimum volume of soil is
needed such that the variability of the macropores does not change with
increasing sample volume. Such a sample size is referred to as the rep-
resentative elementary volume (REV) (see Fig. 4 of Beven & Germann,
1982). Bouma (1983) presented REV values for four hypothetical classes
of soil texture and structure. His reported values range from 10? cm? for
a sandy soil with no peds to 10° cm® for a clayey soil with large peds and
continuous macropores.

Care should be taken in selecting the appropriate number of repli-
cations and the site of each conductivity measurement within a field.
Bouma (1983) evaluated the auger-hole method as well as other proce-
dures, with respect to time required, cost, complexity, and accuracy of
the measurements. His results are presented as Fig. 29-21, where the
width of the band indicates favorability of the parameters on top. For
example, the ease of preparation of the auger-hole method is indicated
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by a narrow band, whereas the difficulty of the double-tube method is
shown as a wide band.
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Special Systems for
Difficult Sites

ADVANCED ON-SITE WASTEWATER TREATMENT

This chapter deals with a number of more advanced on-site wastewater systems
that use techniques for wastewater management. These advanced systems require
special permits and special designs to ensure that the system will function
properly. Generally, these systems are more expensive and require more mainte-
nance and management than conventional or modified conventional systems.

In many cases, sites cannot meet the criteria to obtain approval for installation of
a conventional or modified conventional on-site system. For some of these sites,
it may be possible to install an alternative, innovative, or experimental on-site
systerm.

Although these systems offer the potential of allowing owners to use an otherwise
unacceptable site, the systems are more costly and require more involvement to
operate and maintain than conventional or modified conventional systems. As is
the case with all on-site systems, care must be taken in the design and installation
of an alternative, innovative, or experimental system to give it the best chances of
satisfactory operation.

To help meet these requirements, this chapter presents criteria for the design,
installation, operation, maintenance, and inspection of alternative, innovative,
and experimental systems.
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Definitions

Design Criteria
for Alternative
On-Site Systems

Eachof these more complex systems is specifically defined and each has different
criteria for approval.

Alternative systems.

These systems have demonstrated capability, and we know a good deal about
appropriate sites and installation for best performance. Criteria for their design,
instaliation, operation, maintenance, and inspection are found under 15A NCAC
18A.1957. Alternative systems include:

O low-pressure pipe systems,
Q area-fill systems, and

Q individual aerobic treatment unit systems.

Innovative systems.

Innovative systems have shown promise as useful technologies for certain sites but
information on these systems is still limited. Thus, the approval procedure is
different from conventional, modified conventional, or alternative systems. Some
of these systems must be designed by a professional engineer. Thiscategory of on-
site systems includes:

O chamber systems,
Q polystyrene trench media systems,
Q drip distribution systems, and

O gravity and pressure-dosed bed-fill systems.

Experimental systems.

Experience with these technologies is even more limited; each system is given
approval only as a part of a state-approved research or testing program. Experi-

* mental system approval helps us gain experience with the experimental technol-

ogy so it can obtain innovative or alternative system status. Thus, the research or
testing program must be designed to lead eventually to approval as an alternative
or innovative system. Examples of experimental systems include:

Q constructed wetland systems,
O peat filter systems, and

Q tire-chip aggregate trench media systems.

The following three sections present information to help in designing and
installing alternative on-site systems. The first section covers the design, installa-
tion, and maintenance of low-pressure pipe systems. Next, systems that use area-
fills for the treatment and disposal field are discussed. Finally, individual aerobic
treatment unit design, installation, and maintenance are presented.
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7.2

Site and Soil
Suitability

Reference
15A NCAC 18A. 1957

Reference
15A NCAC 18A. 1957 (2)

LPP System
Components

LOW-PRESSURE PIPE SYSTEMS

Under some conditions, such as limited soil depth, shallow depth to soil wetness,
clayey soil with a low permeability, or shallow restrictive horizons, low-pressure
pipe,or LPP, on-site systems may be used. LPP systems pump effluent under low
pressure to specially designed pipes in the treatment and disposal field, evenly
distributing the effluent in the soil and avoiding overloading one area. These
systems cannot be used on all sites that are UNSUITABLE for conventional or
modified conventional systems, but they have proven satisfactory for many sites
with limiting conditions.

LPP systems are relatively economical compared to more advanced systems and
are effective if designed, instalied and operated properly. Because LPP systems
discharge to aerobic, biologically active soil near the ground surface, the effluent
may receive better treatment than if it were discharged into a deeper conventional
trench.

The requirements that follow must be met to install an LPP system on a site that
is classified SUITABLE or PROVISIONALLY SUITABLE for conventional or
modified conventional on-site systems and on other sites where specific condi-
tions can be met.

Q The suitability of the site for LPP systems depends on the 24 inches of the soil
immediately beneath the ground surface. This first 24 inches of soil must either
be SUITABLE or PROVISIONALLY SUITABLE as determined by rules 15A
NCAC 18A .1941 - .1944 and .1956.

OQ LPP treatment and disposal fields cannot be installed on sites with a slope
greater than 10% unless special designs are used and approved. These special
designs must incorporate site-specific measures to ensure that effluent will be
evenly distributed over the entire trecatment and disposal field.

Q The treatment and disposal field must be landscaped to shed rain water and
prevent runoff from flowing onto the field. All criteria in rule 15A NCAC
18A.1940 must be met for an LPP system.

Q The septic tank, all pretreatment units, the pump tank or dosing tank, and the
treatment and disposal field must be located as required by rule 15A NCAC
18A.1950.

Q0 Horizontal distances from the treatment and disposal field must be measured
from the outside edge of the dosed area. The outside edge of the dosed area is
2 % feet from the lateral or manifold pipes.

O The site for the treatment and disposal field and for the repair field for an LPP
system must not be disturbed except for installing the system.

Q LPPsystems havethe same space requirementsasunder 15A NCAC 18A.1945.

A simple LPP system consists of a standard septic tank, a pumping or siphon
dosingtank, and an LPP treatment and disposal field; however, there are a number
of pretreatment systems and other components that can be used with an LPP
treatment and disposal field. See Figure 7.2.1 for a diagram of a simple LPP
system.

7.2.1



Figure 7.2.1 Diagram of
a simple LPP system.
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0 The most important part of the LPP system is the treatment and disposal field.
This field consists of a network of small-diameter polyvinyl chloride (PVC)
plastic pipes called laterals that have specially sized and located holes drilled into

the pipes. The pipes are placed into shallow trenches and surrounded by crushed
stone.

Q An LPP treatment and disposal trench is 12 to 18 inches wide and must have
5 inches of crushed stone under the lateral, 2 inches of stone over the lateral, and
at least 4 inches of soil cover over the crushed stone. The total trench depth is
usually 12 to 18 inches, depending on the diameter of the lateral and the depth of
the soil cover.

QO The LPP system must have a pump tank or dosing tank to supply the low
pressure needed to pressure dose the LPP treatment and disposal field.

QO Most LPP systems typically dose the treatment and disposal field at a pressure
of 2to5 feetof head. The effluent is distributed evenly because the discharge holes
in the lateral pipes are spaced to compensate for hydraulic losses and elevation
differences.

O Asupply pipeline conveys the effluent from the pump tank to the treatment and
disposal field. This pipeline must be watertight and made of Schedule 40 PVC pipe
" or equivalent.

Q The supply manifold receives the effluent from the supply pipeline. This
manifold divides the flow of effluent to the lateral pipelines which, in turn,
distribute the effluent evenly throughout the entire area of the field. It is important

that the supply manifold be properly sized to provide the correct flow to ali the
laterals.

QO Laterals are the small, typically 1%-inch to 1 %-inch pipelines in the trenches.
The laterals have specially sized holes to allow a very even dosing of effluent to
each trench and the entire field.

Several requirements for LPP system design have been developed through years
of experience with hundreds of systems. The following sections list requirements
for approval of an LPP system and recommendations for improved operation.
Table 7.2.1 lists requirements and recommended designs for LPP systems.
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LPP system dosing: design requirements.

The septic tank, pump tank, dosing systems, siphons, and siphon-dosing tanks for
an LPP system must meet the requirements of rule 15A NCAC 18A.1952.

O The pressure in the lateral must be between 2 and 5 feet of static head,
- measured at the downstream end of each lateral, when the lateral is discharging
at the design flow rate.

0O The design dose volume is 5 to 10 times the volume of the lateral pipes plus the
volume of the manifold and supply pipeline that drains to the field between doses.

LPP treatment and disposal fields: design requirements.

The main advantage of LPP systems is even distribution of effluent over the entire
treatment and disposal field. Listed below are ways to improve the distribution
and increase the life of an LPP treatment and disposat fieid.

Q The long-term acceptance rate, or LTAR, for an LPP system can be found in
Table 7.2.2. When designing the system, the LTAR is the acceptance rate of the
most hydraulically limiting natural soil horizon within 2 feet of the ground surface
or within 1 foot of the trench bottom, whichever is deeper.

Q For facilities where the wastewater contains large amounts of grease, such as
food services, meat markets, and restaurants, the LTAR for an LPP system cannot
be higher than the mean value for the limiting soil group. This limit on the LTAR
helps prevent early failure if the treatment and disposal field becomes clogged
with grease or from long-term exposure to high-strength wastewater.

723
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O Food service facilities that can show data that wastewater from comparable
facilities contains less than 30 mg/l of grease and oil and less than 500 mg/iof COD
may be permitted to use a higher acceptance rate for the limiting soil for the LTAR
for the system.

Q The area required for the treatment and disposal field must be determined by
dividing the design daily sewage flow, in gallons per day, by the assigned LTAR.
To calculate the total length of trenches needed, the area of the treatment and
disposal field, in square feet, must be divided by 5 feet. Five feet is considered to
be the effective width of the area dosed by each LPP lateral.

QO LPP systems must distribute the effluent uniformly. Trenches must be level
along their entire length and each trench must follow a single contour on sloping
sites.

Ciay

'Soii Texture Class for soils- that have SUITABLE or PROVISIONAIJ_Y SUITABLE structure and clay
minaralogy (USDA Classtﬁcaﬁon) S

LPP lateral pipes: design requirements.,

Laterals can be made from 160 psi PVC or equivalent pipe 1 to 2 inches in
diameter. One and one-fourth-inch or 1 ¥-inch pipes are most commonly used for
the laterals. Figure 7.2.2 shows a side profile and Figure 7.2.3 shows a cross-
section of an LPP trench.

QO Lateral length is limited so that there is no more than a 10% difference in the
rate of discharge of effluent from the first hole and the last hole in the lateral.
Longerlaterals can be installed by using larger diameter pipe and higher discharge
pressure.

QO Discharge holes must not be smaller than 5/32 inch for at least 2/3 of the total
laterals in the field, although 1/3 of the laterals may have holes 1/8 of an inch or
larger in size if the small holes are needed to balance the discharge of effluent on
sloping sites.

\J/
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Figure 7.2.2 Side profile detail of recommended LPP trench, including cross-section of
recommended manifold-to-lateral connection.

Lateral Lateral pipe 4-inch sleeve
protection
box

Lateral
turnup

Supply
manifold

Gravel
aggregate

3- or 4-inch perferated pipe

'??3 = % % Gravel aggregate
Figure 7.2.3 Cross-sectional, SARE R

B 00 o ot
profile detail of recommended A ,,,‘y:},-,; oy

LPP trench.

1%-inch PVC lateral

QO Facilities such as restaurants, food stands, meat markets, and other places
where the effluent has a high potential to clog the discharge holes, must install
discharge holes 5/32 inch or larger in the laterals. The recommended hole size for
these facilities is 3/16 inch.

O Spacing between the holes depends on the soil in which the system is installed.
To obtain even distribution of effluent, the holes cannot be farther apart than the
following limits:

Maximum spacing between holes:
+  Soil Group 1 =35 feet
+ Soil Groupll =6 feet
+  Soil Group Il =8 feet
*  Soil Group IV =10feet

Q Experience has shown that LPP systems perform better if the laterals are
sleeved in 3- or 4-inch perforated corrugated PE tubing typically used for
conventional on-site systems. The sleeve reduces root intrusion and hole block-
ages by the crushed stone and makes it much easier to replace the laterals if
necessary.
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Q Tomake the sleeved lateral function better, place all the discharge holes in the
lateral facing up except for a single downward-facing hole in the middie and a
second downv)ard~facing hole 25% from the end of the lateral. The advantages of
the upward-facing holes are that they cannot be blocked by corrugations in the
sleeve, they vent air trapped in the laterals when the pump starts, they help break
siphonaction when the pump stops to reduce the overloading of the lowest laterals,
and they are much harder to block by solids and biomats. The downward-facing
holes drain the water so that water is not standing in the laterals between doses.
Draining the lateral keeps plant roots from being attracted to otherwise standing
water, reduces the build-up of biomat, and prevents anaerobic conditions and
freezing in the lateral.

LPP treatment and disposal trenches: design requirements.

Trenches for the laterals must be at least 8 inches wide and spaced at least 5 feet
apart; however, trenches 12 or 18 inches wide are recommended if site conditions
permit. The wider trenches permit better installation, more storage and better
reliability. See Figures 7.2.2 and 7.2.3 for details of LPP trenches.

Q The trenches must contain 5 inches of washed stone below the lateral pipeand
2 inches of stone above the pipe, with at least 4 inches of soil cover over the stone.
A layer of geotextile fabric over the stone keeps soil particles from falling into the
stone, reducing trench storage capacity or plugging the trench bottom.

QO An earthen dam, made of undisturbed or compacted soil and higher than the
stone in the trench, must be constructed at the upstream end of each trench. The
dam keeps effluent from flowing back into the supply manifold trench.

LPP treatment and disposal fields on sloping sites: design require-
ments.

Sloping sites require that certain adjustments be made in the hydraulic network so
that the treatment and disposal field receives an even distribution of effluent.

O Ifthe difference in elevation is more than 3 feet in a proposed field, the field
must be split into subfields supplied by separately-valved manifolds. Each
subfield must be hydraulically independent so that effluent can be evenly
distributed both within and between the subfields. Subfields are required because
differences of a few feet greatly affect the pressure and the discharge in each
lateral, and because effluent remaining in the laterals at the end of the dosing cycle
will tend o flow to the lower laterals.

Q Forelevation differences more than 10 feet in a field, even distribution of flow
between multiple subfields must be accomplished without requiring simultaneous
adjustment of multiple valves. In some cases, the original field must be divided
into separate fields that are dosed independently with separate pumps.

Q Forelevation differences between the highest and lowest laterals of 3 feet or
more, effluent must be supplied by separately-valved manifolds. The separate
manifolds maintain the proper pressures in all the laterals, preventing the lower
laterals from being overloaded by the difference in elevation.

Q Because the lower laterals within a subfield receive more effluent at the
beginning and end of the dosing cycles, and operate at a higher discharge pressure
when the lateral pipes are full, the hole size and hole spacing must be adjusted to
maintain even distribution. This adjustment must result in the upper laterals
receiving 1010 30% higher flow than the lower laterals when the laterals are under
full pressure to reduce the tendency to overload the lower laterals.

W,
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O A separate, independently-dosed field, with its own pump or siphon, is
required if more than 2000 linear feet of laterals are in the field, or if more than
3000 gallons per day of effluent flows to the field. Other means of splitting flow
to multiple fields may be approved by the On-Site Wastewater Section on a case-
by-case basis.

LPP lateral turn-ups: design requirements.

Each lateral in an LPP treatment and disposal field must have a furn-up pipe at the
distall end. Tumn-ups are short pieces of pipe that connect to the lateral pipe and
then turn up to extend up to the ground surface. They are used to inspect the system,
set or measure the pressure head, and to flush the laterals of accumulated solids.
Figure 7.2.2 shows details of a properly installed turn-up.

QO Atum-up must be made of Schedule 40 PVC pipe or equivalent and must have
a protective sleeve made of 6-inch or larger pipe or be a specially-designed valve
vault. Both the turn-up and the protective sleeve must be cut off at or just above
the ground surface for easy accessibility and protection from damage by
lawnmowers, etc. The turn-up and the sleeve must be capped to prevent effluent
from flowing on the ground surface and to keep out animals. Caps must be readily
removable by the operator or inspectors.

O The best way to make a tum-up is to use a 90-degree elbow. Elbows make it
easy to measure the head in the laterals. Other fittings, such as 45-degree bends,
make it easier to snake lines out, but difficult to measure the head and are not
recommended unless used in addition to a 90-degree elbow or a riser tee.

LPP manifolds: design requirements.

The supply manifold must be sized so that less than a 15% variation exists in the
discharge rate between the first and last laterals. This requires minimizing friction
losses and entry losses along the length of the manifold. See Figure 7.2.2 foraview
of a typical supply manifold.

0 The inside area of the supply manifold must be 70% or more of the sum of the
inside cross-sectional areas of all the connected laterals.

0O Reducing tees must be used in the supply manifold so that the pipe size is
reduced to the size of the laterals at the manifold. These tees make a neat
installation, reduce friction losses, minimize solids build-up, and stili allow for the
removal of blockagesby cleaning the manifold. For example, use a 3-inch x 3-inch
x 1 ¥-inch tee in the manifold rather than a 3-inch x 3-inch x 3-inch tee with a 3-
inch x 1 %-inch bushing to reduce the pipe to the size of the laterals. See Figure
7.2.4 for a drawing of the supply manifold reducers.

Q Cleanouts must be installed at both ends of the supply manifold and the
cleanouts must extend to the ground surface. One or two 45-degree bends work
very well as manifold cleanouts. Cleanouts at the top and the bottom of the
manifold help blow out solids without pushing the solids into the laterals.

Q Elbows should be used to bring the lateral pipes from the manifold over the
earthen dam at the beginning of the trench. The elbows reduce the amount of
effluent that drains back into the manifold after the pump stops, especially when
used with sleeved laterals and upturned holes as recommended. Figure 7.2.2
shows the proper installation of the elbows and earthen dam at the pressure
distribution manifold.

7.27
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Figure 7.2.4 Side profile detail of
typical supply manifold-to-lateral

connection. Wy il au
Fx3'x 14" 3 x3‘x3
Reducing tee Reducing tee

/

3" Supply manifold

O Gate valves for adjustment of pressure in the manifolds must be provided in
the supply line to the manifolds when the supply line is more than 100 feet in
length. The valves mustbe installed in valve boxes and accessible from the ground
surface. In the case of multiple manifolds and a number of these pressure-
adjustment gate valves, locate all the valves for one field ina common valve vault
$0 operators can easily set the correct pressure.

O Pressure-adjustment gate valves should be the smallest valve that is possible to
use without causing head loss that cannot be overcome by the pump. The small
valves can be adjusted more precisely, are not as subject to blockage and are less
expensive. Usually the valve should be one nominal size smaller than the supply
line.

Overloading of lower trenches in LPP systems: design reqiiire-
ments for sloping lots.

The following points help prevent overloading the lower trenches in an LPP
treatment and disposal field. Overloading usually occurs because the lowest
laterals fill up first and empty last, and because they often receive effluent that
drains from the upper laterals and manifold after the pump turns off. Also, effluent
discharged to the soil may move downhill from the upper trenches to the lower
trenches, which adds to the total amount of effluent flowing to the lower trenches.
The following design techniques help to prevent overloading the lower trenches
in an LPP system.

O Use 90-degree eibows in the lateral pipes where the laterals go over the dam
at the manifold. The elbows reduce the backflow of effluent into the manifold
when the pump turns off.

O Dose 10 to 30% more effluent to the upper laterals when the system is under
full pressure. This can be accomplished by varying the hole sizes and spacing.

O Use a drainback system to return the effluent in the manifold and supply pipe
back to the pump tank after the pump turns off.

7.2.8
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QO Change the shape of the treatment and disposal fields to minimize the number
of laterals at different elevations. The field can be made wider to run longer laterals
along fewer contours.

Q Check valves can be used to keep effluent pumped to upper subfieids from
draining to lower subfields.

Q Prevent backflow entirely by dosing the trenches with a pressure manifold
located at least three feet higher than the highest trench. With this technique, the
effluent is pumped to the pressure manifold and split to flow downward into each
lateral and the corresponding trench. The downward slope of the Jateral feed lines
allows the effluent to flow by gravity and build up 2 to 5 feet of head in the laterals
to discharge under pressure uniform amounts of effluent to each trench.

7.2.9
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7.3 AREA-FILL SYSTEMS

Some sites do not have adequate soil depth or have a limiting horizon too close to

the ground’s surface to install a conventional or modified conventional on-site

system. It may be possible to install an area-fill system on these sites. These

I15A NCAC 18A.1957(b) systems get their name because an area is filled in with SUITABLE soil to make
an acceptable treatment and disposal field.

Reference

Area-fill systems may have all or only part of the treatment and disposal field made
up of filled-in soil. The systems can use conventional gravity-fed trenches or can
be combined with LPP systems to obtain more even distribution of effluent. Area-
fill systems can be used on sites with no existing fill or on sites that were filled prior

Figure 7.3.1 Cut-away view of to July 1, 1977. See Figure 7.3.1 for a diagram of a typical area-fill system.
an area-fill system. . )
The following information presents the requirements for approval of an area-fill system.

Filled-in Treatrment and o )
'area disposal field Original soil
. surface

Natural or
original soil

Site and Soil  Arca-fill systems can be used on sites with limiting soil conditions or shallow soil
Suitability wetness. The following points give details about the limitations of area-fill
systems.

O The site must have at ieast 18 inches of natural soil that has SUITABLE or

PROVISIONALLY SUITABLE soil structure and clay mineralogy, and where

there are no organic soils, restrictive horizons, saprolite, or rock. Additionatly, no

soil wetness conditions can exist within 12 inches of the ground surface and a

ground-water-lowering system cannot be used to lower the ground water below
Reference the 12-inch depth.

15A NCAC 18A.1957(b)(1)(A - D) Q Area-fill systems cannot be installed on land designated as a wetland unless

an approval is granted by the appropriate agency.

Q If gravity-fed trenches are to be used, the trench bottoms must be at least 24
inches above any soil horizon that has UNSUITABLE soil structure, clay
mineralogy, organic soit, rock, or saprolite. Low-pressure pipe systems can be
installed with trench bottoms 18 inches above the limiting horizon.

Q Gravity-fed trench bottoms must be at least 18 inches above soil wetness
conditions, and low-pressure pipe system trench bottoms must be 12 inches above
the soil wetness. Ground-water-lowering systems may be used to meet these
separations only in Soil Groups 1 and II, where there is SUTTABLE structure and
clay mineralogy.

(O Area-fill systems can be installed on sites with slopes up to 15%. To reduce
the possibility of overioading an area-fill system on a slope, stormwater diversions
and ground water interceptor drains may be required on the upslope side of the
filled area.

7.3.1



Area-Fill Systems:
Dosing Design
Requirements

Reference

15A NCAC
18A.1957(b)(1)(A)(B)E)

Reference
15A NCAC 18A.1957(b)(2)(D)

Area-Fill Treatment
and Disposal Fields:
New Sites Design
Requirements

Reference
I5A NCAC 18A.1957(b)(INF-M)

732

Q For most soils, the long-term acceptance rate, or LTAR, for the site is based
on the most hydraulically limiting soil horizon within 18 inches of the original
ground surface or within 12 inches of the trench bottom, whichever is deeper. The
LTAR isthe lowest acceptance rate for the Soil Group of the hydraulically limiting
soil horizon.

Q If 18 inches or more of Group I soil are below the original soil surface or 12
inches or more of Group I soil below the trench bottom (whichever is deeper), the
LTAR cannot be higher than 1.0 gallons per day per square foot for a gravity
distribution system or 0.5 gallons per day per square foot for an LPP system.

Gravity flow distribution may be used when the design daily sewage flow is 480
gallons or less, the trench bottom is 24 inches above any unsuitable soil horizon
and at least 18 inches above any soil wetness condition. LPP distribution shall be
used when the design flow exceeds 400 gpd, the trench bottom is 18 inches to less
than 24 inches above any suitable soil horizon, and 12 inches to less than 18 inches
above any soil wetness condition. (See Table 7.3.1)

E Exlstung (old) Fll Systeméﬁ : 8iinc
: —Gravﬂy

. ﬁExlstmg (old). Fil Syslem 24 mches between trench bottom and any' .
: _——Pressure Dosed SN SDil honzon arld soil wetness condmon o

The points listed below are requirements for new sites with no existing filled areas.
For sites with existing filled areas, see the next section.

Q The treatment and disposal field must be filled with two types of soil. The
bottom layer of fill must be sand or Group I loamy sand soil classed and the layer
must come to the top of the proposed trenches. A second layer of soil used to cover
thefilled area must be a 6-inch layerof soil from Soil Group Hor I11. Finer soil should
be used in the top 6-inch of cover so that vegetation can be grown on the field.

O Material used for fill cannot contain more than 10% by volume of roots, limbs,
or other plant material, or building rubble or other debris. The fill material must
be placed so that no layers of material contain more than 35% shell fragments.

Q Heavy covers of organic litter or vegetation must be removed from the area to
be filled before the fill material is placed.

Q The fill material and the native soil must be mixed together to 6 inches below

the original ground surface. Mixing prevents forming an impervious layer where
the 2 soils meet.
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Q The filled area must be a raised berm that follows the contours of the slope of
the site. lIts longer sides should be parallel to the contour lines of the site.

Q Formostsoils, the sides of the raised berm should have a slope of 1:4 or less (for
each foot the slope goes up, it should go out 4 feet). If the first 18 inches of soil below
the ground surface are Soil Group1, then the sides of the raised berm can have slopes
of 1:3 or less.

, Q The top of the side slope of the raised berm must be at least 5 feet from the
1 outside edge of the nearest trench.

q' O To reduce the possibility of flooding the filled areas, the raised berm should
be shaped to shed rain water.

Q A vegetative cover must be established on the filled areas to prevent erosion.

QO Setback distances are to be measured from the bottom of the slope of the raised
berm. Under the following circumstances, the setback can be measured from the
outside edge of the nearest trench:

m The site cannot have a slope greater than 2%,
w The first 18 inches of original soil at the site are Group I Soils;

m The lot or tract of land must have been recorded on or before December 31,
1989, and

m The Improvement Permit requires that the facility connect to a public or
community sewer system within 90 days afier the system is availabie to the

References facility and if less than 300 feet of sewer pipeline is required for connection.
15A NCAC 18A.1957(b)(1)(M) Q All available space requirements for a properly-sized treatment and disposal
15A NCAC 18A.1945 : field and a repair area must be met. Larger systems that discharge more than 480

gallons per day and are installed on lots recorded in recent years must have a repair
area equal in size to the treatment and disposal field.

Area-Fill Treatment  Thefollowing requirements are for sites with existing filled areas where installing
and Disposal Fields: an area-fill on-site system is proposed.

Existing Filled Sites 3 Tne owner of the lot must produce documentation that the fill material was
Design Requirements placed on the lot before July 1, 1977.

Q Area-fill systems proposed for sites with existing fills cannot have a design
daily flow larger than 480 gallons per day.

Q Atleast 24 inches of existing Soil Group I sand or loamy sand fill material must

References havebeen placed onthe site before July 1, 1977. The existing fill cannot have more
15A NCAC 18A.1957(b)(2) than 10% by volume of roots, limbs and other organic debris, building rubble or
I15A NCAC 18A.1957(b)(2)(A-B) other debris, or separate layers that contain more than 35% shell fragments.
15A NCAC 18A.1957(b)(2)(F) Additional Soil Group I fill material may be placed to meet the separation

154 NCAC 18A.1942(a) requirements for UNSUITABLE soil horizons or soil wetness conditions.

15A NCAC 18A.1957(B)(2)(C-D) Q Soil wetness conditions must be at least 18 inches below the ground level of
the existing fill; ground-water-lowering systems cannot be used to lower the soil
I3A NCAC 18A.1942(a) wetness to meet the 18-inch requirement.

O  Existing filied lots must use low-pressure pipe, or LPP, treatment and disposat fields
with an LTAR for the site of 0.5 gallons per day per square foot or less. There must be
24 inches of separation between the trench bottom and any soil wetness or soil horizon
that has UNSUITABLE soil structure, clay mineralogy, organic soil, rock, or saprolite.
Ground-water-lowering systems cannot be used to meet the requirements.
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Area-Fill Systems:
Other Design
Requirements

7.3.4

Q [fthefirst 48 inches of fill material or soil on alot with existing fill is Soil Group
I soils, then conventional gravity-distribution treatment and disposal fields may
be used. A separation of 48 inches is required between the trench bottom and any
soil wetness conditions or soil layers that have UNSUITABLE soil structure, clay
mtineralogy, organic soil, rock, or saprolite.

[ Area-fill systems proposed for sites with existing filled areas must meet the
requirements for available space for on-site systems. Systems with daily flows less
than 480 gallons per day do not have include a repair area.

Additional Soil Group I fill material may be added to the site to obtain the
necessary separations between the trench bottoms and UNSUITABLE soil
horizons. If fill is added it must meet the following requirements.

* O The site must have a slope less than 15%. To reduce the possibility of

overloading an area-fill system on a slope, stormwater diversions and ground
water interceptor drains may be required on the upslope side of the filled area.

Q The treatment and disposal field must be filled with two types of soil. The
bottom layer of fill must be sand or loamy sand soil classed as Soil Group 1 and must
come to the top of the proposed trenches. A second layer of soil, used to cover the
filled area, must be a 6-inch layer of soil from Soil Group Il or ITl. Finer soil should
be used in the top 6-inch of cover so that vegetation can be grown on the field.

Q Thefill material and the native soil are required to be mixed together to 6 inches
below the original ground surface. This mixing prevents forming an impervious
layer where the 2 soils meet.

Q Heavy covers of organic litter or vegetation must be removed from the area to
be filled before the fill material is placed. :

O The filled area must be a long, raised berm that follows the contours of the
slope of the site. Its longer sides should be parallel to the contour lines of the site.

QO The top of the side slope of the raised berm must be at least 5 feet from the
outside edge of the nearest trench.

[ To reduce the possibility of flooding the filled areas, the raised berm should
be shaped to shed rain water.

O A vegetative cover must be established on the filled areas to prevent erosion.
QO The side slopes of the filled berm must have a slope of 1:4 or less.

O Setback distances are to be measured from the bottom of the slope of the raised
berm. Under the foliowing circumstances, the setback can be measured from the
outside edge of the nearest trench:

m the site cannot have a slope greater than 2%,
m the first 18 inches of original soil at the site are Group 1 Soils,

a the ot or tract of land must have been recorded on or before December 31,
1989, and

u the Improvement Permit requires that the facility be connected to a public
or community sewer system within 90 days after the system is available to
the facility and if less than 300 feet of sewer pipeline is required for
connection.

Other designs for area-fill systems may be approved on a case-by-case basis. All
proposed systems have to meet the requirements of rule 15A NCAC 18A.1948.
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7.4 AEROBIC TREATMENT UNITS

Individual aerobic treatment units, or ATUs, are small packaged sewage treatment
plants that use aerobic biological processes to treat the sewage before it is
discharged. Like the other altemative systems, ATUs may be used on some sites
that have UNSUITABLE soil depth, soil wetness conditions, restrictive horizons,
or saprolite present. Because the effluent from an ATU has undergone a high
degree of treatment, the chance of contaminating the ground water when the
effluent is discharged is much lower. Thus, the required separation distances
between trench bottoms and UNSUITABLE soil horizons or soil wetness can be
Figure 7.4.1 Cut-away view of relaxed with the use of an ATU. Figures 7.4.1, 7.4.2, and 7.4.3 show cut-away
a batch-type ATU. views and some features of three types of ATUs.

Air pump

1
Inlet Qutlet

A

Air diffusers 4 |

Figure 7.4.2 Cut-away view of
a continvous-flow-type ATU.

g1{ _ Effluent pump

Sadewe vensmnny

Aerator/mixer motor
Aeration chamber

Settling chamber Clarification chamber

tnlet QOutlet

Aerator/mixer
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Rotating contactor disks with
fixed-film biological layer

Drive motor I
Figure 7.4.3 Cut-away view of Clarification chamber
a rotating biological contacior- /

type ATU.

Qutlet

ATU systems can be paired with conventional or modified conventional subsur-
Site and Soil face treatment and disposal fields, or alternative systems, such as LPP or area-fil]

. ars systems, to discharge effluent. The following site and soil requirements must be
SUItabl_"ty met when using an ATU.

U Most of the usual setback requirements for on-site systems apply to ATU
Reference systems; however, the following less-restricti ve setbacks can be used withan ATU
15A NCAC 18A.1957(c) system.

Protected facility ‘Setback for ATU system
Private water supply except : _
uncased wells or springs =~ ‘50 feet
Streams with-a WS-| classification 70 fest
Waters with an SA classification 70 feet
Other coastal waters not classified as SA 35 feet
- Any other stream, canal, marsh, . :
or other surface water 35 feet
Any Class | or Class Il resarvoir - 70 feet from nonmal
R _ pool elevatior
- Any pemmanent stormwater retention 35 fest from flood

pond pool elevation
35 feet from riormal:

.+ pool elevation -

Any otfier lake orpond -

742
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References

ISANCAC 18A.1955(m)
I5A NCAC 18A.1956(1)
I5ANCAC 18A.1956(2)
15A NCAC 18A.1956(6)
I15A NCAC 18A.1957(b)(1)
15A NCAC 18A.1957(b)(2)

ATU System
Components

ATU Operation
Requirements

QO Some of the requirements for conventional trenches, modified conventional
trenches, systems placed in saprolite, and area-fill are less restrictive when using an
ATU. See the references at the left for the usual requirements for these system.

m LPP distribution is not required for an ATU system where the separation
between the trench bottom and a soil wetness condition is at least 12 inches
but less than 18 inches and more than 6 inches of the separation is soil in Soil
Group .

m New area-fill systems employing ATUs do not have to use LPP distribution
when a separation of 18 inches or more is between the trench bottoms and
any UNSUITABLE soil horizon, rock, or saprolite.

m Area-fill systems using ATUs on lots with existing fills of Soil Group I soil
may have less separation between the trench bottoms and any soil wetness
condition or soil horizon with UNSUITARBLE socil structure, clay mineral-
ogy, organic soil, rock, orsaprotite. When using conventional treatment and
disposal fields, a 36-inch separation is required. For LPP systems, the
separation is 18 inches.

Q ATU systems allow for a 25% increase in LTAR for treatment and disposal
fields installed in Soil Groups I and II if the soils have SUTTABLE structure and
clay mineralogy. This increase in LTAR cannot be used in conjunction with any
other adjustments in the area of the treatment and disposal field, unless further
reductions can be warranted by adjusting the daily sewage flow in accord with rule
15A NCAC 18A.1949(c).

An on-site system using an ATU is similar to conventional on-site systems with
afew exceptions. Most ATU systems do not use a septic tank because the domestic
sewage flows directly to the ATU. ATUs can discharge to a number of types of
treatment and disposal fields that vary depending on the limitations of the site.
Systems withadaily flow greaterthan 500 gallons per day must have asettling tank
upstream of the ATU. The settling tank functions like a septic tank to remove 2
large portion of the pollutants from the sewage before the effluent flows to the
ATU. An approved septic tank or specially designed tank approved by the On-
Site Wastewater Section can be used. The tank must have a capacity equal to the
daily sewage flow.

Because ATUs are much more complex than the standard septic tank, several
requirements must be met so that the system will treat the sewage properly and
minimize the possibility of polluting the ground water.

Before an Operation Permit can be issued for an ATU system, the following items
must be completed.

1. The manufacturer’s representative must certify that the ATU has been
properly installed.

2. A contract for operation and maintenance, as required by 15A NCAC
18A.1961(b), must be signed by the system owner and the certified operator
in responsible charge.

3. Onecondition in the contract is that future owners of the property must sign
a similar contract.

4. Another condition is that the ATU meet and continue to meet National
Sanitation Foundation Standard Number 40 Class 1 effluent quality stan-
dards in effect when the Operation Permit is approved.
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7.4.4

5. Other contract conditions include requirements and responsibilities for
operation, maintenance, and proper performance of the ATU by the owner
and system operator. A contract must be in effect as long as the system is
used.

The system operator must carry out the monitoring listed below to be sure that the
system is working properly.

1. Inspections of the system must include: checking for proper mechanical
operation; inspecting the treatment chambers for unusual colors, clogging,
oily films, odors, and foam; measuring the settleable solids in the aeration
chamber; and determining the need to remove solids, backwash, or clean
filters; and for other maintenance. The operator is responsible for ensuring
that the system is maintained properly.

2. The operator must inspect the treatment and disposal field and evaluate its
performance.

3. Semi-annual samples of the effluent must be taken by the operator and
analyzed for biological oxygen demand, total suspended solids, and pH by
an approved laboratory. Also, the aeration chamber must be sampled for
mixed-liquor suspended solids.

4. Each quarter, results of the performance monitoring and the semi-annual
sampling must be reported to the local health department and the On-Site
Wastewater Section.

5. If the monitoring results or the inspections indicate that the Class 1 effluent
standards are not being met, then legal action and additional sampling are
required to bring the ATU system into compliance.

On-sitesystems using ATUs must meet anumber of design requirements to ensure
proper operation and performance. The information below presents requirements
for systems using ATUs, and then lists specific requirements for concrete,
fiberglass, and other ATUs and their electrical requirements.

On-site systems using ATUs: design requirements.

All ATUs used in on-site systems must have a National Sanitation Foundation
mark and the NSF model number or a certification mark and model number of an
accredited program. Programs must be accredited by the American National
Standards Institute (ANSI) according to their policy to certify ATUs to meet NSF
Standard Number 40. Copies of the NSF or ANSI standards can be obtained at
the On-Site Wastewater Section office in Raleigh.

O Facilities proposing to use an ATU must have a daily sewage flow of 1500
gallons per day or less.

O ATUs must only be used where the strength of the wastewater is similar to
domestic sewage. BOD and total suspended solids must not be higher than 300

mg/l.

Wastewaters that contain large amounts of grease and oil, such as from restau-
rants and food services, cannot use ATUs for on-site systems. The grease and oil
can foam and interfere in ATU processes.

O The proposed ATU must meet the National Sanitation Foundation (NSF)
Standard 40 and be classified as producing Class I effluent.
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Q Acertified wastewater operator must be scheduled to operate and maintain the
ATU according to the Laws and Rules for Sewage Treatment and Disposal
Systems before an improvement permit can be issued.

O Plans and specifications for each ATU system manufactured for use in North
Carolina must be approved by the Division of Environmental Health underrule 15A
NCAC18A.1953, and the ATU system must be constructed as shown on the plans.

O Rated capacity of the ATU, listed as complying with NSF Standard 40, must
be equal to or greater than the daily flow determined under rule 15A NCAC
18A.1949. '

QO Each ATU unit must have an imprint on the outside of the unit to the right of
the outlet that shows the manufacturer, Division of Environmental Health approv-
al number, and the working capacity of the ATU. The date of manufacture of the
unit must be embossed or written in permanent ink near the imprint or on the top
of the unit above the imprint.

QO All ATU systems must be designed, constructed, and operated to prevent
bypassing the wastewater.

Concrete ATUs: design requirements.

Requirements for concrete ATUs are similar to the requirements for precast
concrete septic tanks.

Q Blockouts for the inlet and outlet pipes must accept either 4 or 6-inch pipe and
have a wall thickness of at least one inch. Blockouts must not be below the water
line in the ATU. :

Q The inlet must be a straight pipe and its invert must be 2 inches higher than the
outlet invert.

Q Interior walls or baffles must be reinforced with 6 x 6-inch, 10-gauge welded
wire mesh. The interior wall mesh must have 90-degree, 4-inch legs placed along
the outside wall mesh where the 2 walls join to provide strength to the walls.

O All ATUs must have adequate access openings with watertight risers that
extend to 6 inches above ground level. The risers must be seaied to the ATU to
prevent ground water entry, and must not let surface water flow into the unit. The
access openings must be large enough to clean out the inlet pipe, clean out air or
gas passage spaces, pump out solids, sample effivent, and repair or maintain pans
inthe ATU.

Q0 ATUs must be located above the 10-year floodplain or designed to be
watertight and operable during a flood. All mechanical and electrical components
must be above or protected from the 100-year flood.

O Concrete ATUs must be constructed with 2 1/2 inches thick 3500 psi concrete,
with reinforcing at least equal to 6 x 6-inch, 10-gauge, welded wire mesh in the
tap, bottom, and all interior and exterior walls. The ATU must be able to support
alive load of 150 pounds per square foot and all dead loads that are associated with
an underground tank. Joints between sections must be sealed with an approved,
permanent, waterproof mastic.

00 ATUsthataresubjected totrafficor heavy soil loads due to deep burial or other
causes must be constructed with sufficient strength to support the additional loads.
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Fiberglass ATUs: design requirements.

ATUs made from fiberglass-reinforced plastic must be corrosion resistant and
structurally strong enough to support 150 pound per square foot live loads and the
dead loads involved in underground tanks.

Q The wall material must have the following minimal properties: the ultimate
tensile strength must be 12,000 psi or more, the flexural strength must be 19,000
psi or more, and the flexural modulus of elasticity must be 800,000 psi or more.

O Each model of fiberglass ATU must pass a vacuum test of 2.5 psi vacuum or
69.3 inches of water vacuum without leaking or failing. The test must meet ASTM
D-4021, Standard Specification for Glass-Fiber Reinforced Polyester Under-
ground Petroleum Storage Tanks and the test results must be submitted to the
OSWS for approval.

O The tank walls must be at least 1/4 of an inch thick and contain at least 30%
fiberglass reinforcement by weight. The tank must be watertight and the inside
and outside surfaces must have no exposed fibers, no blisters larger than 1/4 of an
inch in diameter, and no pores or indentations deeper than 1/16 of an inch.

ATU electrical requirements: design requirements.

All electrical connections, wire junctions, splices, and controls must be securely
mounted in watertight and corrosion-resistant outside enclosures that have an
NEMA 4X or similar rating and are mounted at least 12 inches above the finished
ground level. )

O Wires must be run in waterproof, gasproof, and corrosion-resistant conduits
that are sealed with wire grips, duct seal, or other similar sealants around the wires
and the openings for the conduit inside and outside the ATU.

O A manual circuit disconnect must be located near the ATU and in an NEMA
4X or similar enclosure mounted at least 12 inches above the ground.

T ATUSs must have alarms to warn the users about malfunctions and high water
levelsinthe ATU. The alarms must be visible and audible, and mounted near the
unit or inside the facility they serve. If the alarms are mounted outside, they must
beinan NEMA 4X or similar enclosure and have a power supply ahead of the ATU
and ATU fuses or circuit breakers so that the alarms operate even if a circuit is

tripped,
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Reference
154 NCAC 18A.196%(1,2,3)

Innovative Approval
Process

INNOVATIVE ON-SITE SYSTEMS

The term “innovative™ when used to describe an on-site system refers to several
specific and legally-defined technologies that can be used for on-site systems.
Unlike conventional, modified conventional, and alternative systems, innovative
systems are not described in detail in the Laws and Rules for Sewage Treatment
and Disposal Systems.

Innovative on-site systems may not be as common as conventional or alternative
systems, so there is less experience about how these systems perform under
various site conditions and for the long term. When an innovative system is
approved by the On-Site Wastewater Section, Division of Environmental Health,
the local health department must issue an Improvement Permit when the rules and
conditions of the approval are met.

Because standard designs for these systems have not been established, the
approval of a specific product for an innovative on-site system is essentially done
on a case-by-case basis. Each installation is somewhat different, which makes it
difficult to provide a general description of the technical aspects of innovative on-
site systems in a manual such as this.

The following procedures must be followed during the innovative approval
process:

Q Application submitted to On-Site Wastewater Section, Division of Environ-
mental Health.

T Request innovative approval.
Q) Describe system, material specifications, and proposed use.

) Provide published research, pertinent literature, previous experience, and
performance of the system.

QO Results of product testing and research on monitoring of systems conducted.
by a third party research or testing organization.

Q Identify the research or testing organizations and the principal investigators,
along with their qualifications.

Q Specify installation, operation, and maintenance procedures.
Q1 Provide notification of any proprietary information.

L1 Application reviewed by On-Site Wastewater Section, Division of Environ-
mental Health [see Rule 1969(3)).

Q Innovative Approval Granted, with conditions for use, monitoring, and
operation.

Because it would be difficult to describe a standard system design for the
innovative systems, and to protect the industries producing innovative systems,
the innovative technologies are not presented in detail in this section. Rather, the
approvals for innovative on-site systems issued by the On-Site Wastewater
Section are shown so that the reader can gain some knowledge of the technology
and where it may be used. If an innovative on-site system is being considered for
use, contact the local health department, the Regional Soil Specialist and the On-
Site Wastewater Section of the North Carolina Department of Environment,
Health, and Natural Resources for assistance.
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NORTH CAROLINA DEPARTMENT
OF ENVIRONMENT, HEALTH, AND NATURAL RESOURCES
DIVISION OF ENVIRONMENTAL HEALTH
ON-SITE WASTEWATER SECTION

INNOVATIVE WASTEWATER
SYSTEM APPROVAL

INNOQVATIVE WASTEWATER SYSTEM NQ.: TWWS-95-1

ISSUED TO: Brunswick County Health Department

Post Ofrice Box 9

Bolivia, North Carolina 28422
FOR: “Brunswick” Bed/Fill Wastewater Disposal Systems
DATE: August 10, 1995

In accordance with 15A NCAC 18A .1969, the “Brunswick™ Bed/Fill System has been found to meet
the standards for an innovative system when all of the conditions specified herein and in the
applicable laws and rules are met.

I PERMITTING

Prior to the installation of the “Brunswick” Bed/Fill System at a site for which application is being
made for an improvement permit or at a site for which an improvement permit has been previously
issued for a system described in 15A NCAC 18A .1955, .1956, or .1957, the owner or authorized
agent shall notify the local health department. The local health department shall issue an
improvement permit allowing for the use of the proposed innovative system upon a finding that all
provisions of this approval and all other applicable laws and rules are met. Use of the proposed
innovative system and any conditions shall be described in the improvement permit. Such
information shall also be described on the operation permit to be issued upon acceptable completion
of the system installation. Any improvement permit and operation permit issued for a bed/fill
system shall include the specific condition required in Rule .1957(b) (1)(L)(iv).

II. SYSTEM DESCRIPTION

On-site wastewater systems using fill material are permitted under the provisions of 15A NCAC 18A .
.1957(b) as an alternative system and have several requirements, including the use of nitrification u
trenches. Bed systems may be permitted as a modified conventional system under the provision of
15A NCAC 18A .1955(d). The Brunswick County Health Department bed/fill system would
combine the alternative fill system with the conventional modified bed-type system. Bed-type
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systems have greatly reduced sidewall area when compared with nitrification trenches, which in tun
reduces oxygen diffusion through the sidewall area. Thus, the required conventional trench bottom
area in 15A NCAC 18A .1955(c) must be increased by fifty percent (50%) [Rule .1955(d)] when a
bed-type system is used.

III. SITING CRITERIA

A bed-type system may be installed in fill material on sites where at least the first thirty-six inches
(36™) below the naturally occurring soil surface consist of sand or loamy sand (Soil Group I). A
bed/fill system shall only be used when the local health department determines that there is
inadequate space to install a gravity flow trench-type system as required in 15A NCAC 18A
.1957(b). The site shall have a uniform slope not exceeding two percent (2%). No soil wetness
condition shall exist within the first twelve inches (12") below the naturally occurring soil surface.
Artificial drainage shall not be used to meet this requirement. The horizontal setbacks of Rule .1950
shall apply as measured from a point five feet (5') from the nearest edge of the bed sidewall.

IV. SIZING BED-TYPE SYSTEMS IN FILL MATERIAL

The maximum design daily sewage flow shall not exceed 480 gpd (e.g., 4-bedroom dwelling unit).
The LTAR shall not exceed 1.0 gpd/ft’. No industrial process wastewater shall discharge to bed-type
systems. The bed bottom surface area requirement shall be determined by dividing the design daily
sewage flow by the LTAR plus fifty percent (50%) [see Rule .1955(d)]. The available space
requirements of Rule .1945 shall apply, except that an approved innovative system may be
designated as the required replacement system.

V. INSTALLATION CRITERIA FOR BED/FILL SYSTEMS

Fill material shall be sand or loamy sand, containing not more than ten percent (10%) debris, and
shall be approved prior to placement by the local health department. Prior to fill placement, the site
shall be void of a vegetative cover, organic litter, and any debris. Fill shall be placed in six inch (6")
lifts, with each fill layer mixed with the underlying layer of natural soil or sandy fill material. The
side slope of the fill shall not exceed a rise to run ratio of 1:3.

The bed/fill system shall be constructed as an elongated berm with the long axis parallel to the
ground elevation contours of the slope. The bottom of the bed shall be excavated level (x}4") in all
directions. The gravel used in the bed/fill system shall be in accordance with Rule .1955(h). The
gravel depth in the bed/fill system shall comply with the provisions of Rule .1955(b) or Rule
.1957(a)(1)(A), as applicable. The gravel or rock surface of the bed/fill system shall be covered by
a geotextile fabric capable of preventing the downward movement of silt-sized particles while
allowing the movement of moisture and gases.

a. Bed/fill systems using gravity distribution shall meet the following conditions:
- The bed bottomn shall have a minimum separation of twenty-four (24") from any soil
wetness condition.
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The bed bottom shall have a minimum separation of thirty inches (30") from any soil
horizon unsuitable as to soil structure, clay mineralogy, organic soil, restrictive
horizon, rock, or saprolite.

The distribution device shall be placed in the center of the bed.

A maximum of sixteen (16) nitrification lines, eight (8) on each side of the
distribution device, shall be placed three feet (3') on centers with the outer-most
nitrification lines located one and one-half feet (1)4') from the bed side walls.

The bed width shall be constructed in a multiple of three feet (3') up to a maximum
of twenty-four feet (24").

The final six inches (6") of fill placed over the gravel bed and side slopes shall be
classified as a Group II or III soil.

Bed/fill systems using low pressure distribution shall meet the following conditions:

[_J

-
-

Bed/fill systems using approved alternative aerobic treatmment units (ATU) or approved

The bed bottom shall have a minimum separation of eighteen inches (18") from any
soil wetness condition.

The bed width shall be constructed in a multiple of three feet (3") up to a maximum
width of twenty-four feet (24").

The low-pressure laterals shall be placed three feet (3') on centers and located no
closer than one and one-half feet (1%4) from the bed side walls. All laterals shall be
sleeved in perforated tubing meeting the requirements of 15A NCAC 18A .1955(f).
Except as described herein, the provisions of Rule .1957(a) shall apply.

The final four inches (4") of soil cover over the gravel bed and side slopes shall be
classified as a Group II or III soil.

innovative pretreatrnent systems shall meet the following conditions:

-p
-

-
-

The ATU shall be approved in accordance with the provisions of Rule .1957(c).
The bed bottomn shall have a minimum separation of eighteen inches (18") from any
soil wetness condition.

The bed system may utilize a gravity distribution as described in V(a) above.

If a low-pressure distribution is utilized, the requirements of V(b) shall apply except
that the bed bottom shall have a minimum separation of twelve inches (12") from any
soil wetness condition.

OPERATION AND MAINTENANCE REQUIREMENTS

The provisions of Table V(a) of Rule .1961(b) shall apply as applicable.

VII. REPAIR OF SYSTEMS

The provisions of Rule .1961(c) shall govern the use of the bed/fill system for repairs to existing
malfunctioning septic tank systems.

7.5.4
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NORTH CAROLINA DEPARTMENT
OF ENVIRONMENT, HEALTH, AND NATURAL RESOURCES
DIVISION OF ENVIRONMENTAL HEALTH
ON-SITE WASTEWATER SECTION

INNOVATIVE WASTEWATER
SYSTEM APPROVAL

INNOVATIVE WASTEWATER SYSTEM NO.: IWWS-95-2

ISSUED TO: Hancor, Inc.
Post Office Box 1047
Findlay, Ohio

FOR: “Hancor EnviroChamber” sewage effluent subsurface disposal system
[Standard 12 in High Unit with H-10 Load Design]

DATE: . - August 10, 1995

In accordance with 15A NCAC [8A .1969, an application by Hancor, Inc. of Findlay, OH for
approval of the chamber (gravel-less) nitrification trench system has been reviewed, and the standard
unit Infiltrator system has been found to meet the standards of an innovative system when all of the
conditions are met:

I PERMITTING

Prior to the installation of the standard unit EnviroChamber nitrification trench system at a site for
which application is being made for an improvement permit or at a site for which an improvement
permit has been previously issued for a system described in 15A NCAC 18A .1955, .1956, or .1957,
the owner or authorized agent shall notify the local health department. The local health department
shall issue an improvement permit or amend the previously issued improvement permit allowing for
the use of the proposed innovative system upon a finding that all provisions of this approval and all
other applicable rules shall be met. Use of the proposed innovative system and any conditions shall
be described in the improvement permit or amended improvement permit, as applicable. Such
information shall also be described on the operation permit to be issued upon the acceptable
completion of the system installation.

IL SYSTEM DESCRIPTION

a. Minimum pretreatment by septic tank as required in 15A NCAC 18A .1952.
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III.

Standard chamber unit consisting of a high density polyethylene arch-shaped
injection molded chamber with an inside width of 32.5 to 28.5 inches (35 inches
outside width) and an overall length of 75 inches. The standard unit height is
approximately one foot high with 1/4-inch wide slotted sidewalls approximately 8
inches high. The chamber sidewall slope is approximately 20 degrees toward the
chamber center or away from the trench sidewall. Note: 16 standard EnviroChamber
units are approximately equal to 100 linear feet. ‘

Each chamber unit is designed to mechanically interlock with the downstream
chamber forming a complete nitrification trench that consists of an inlet plate in the
first chamber with a splash plate located below the inlet on the trench bottom and a
solid end plate to be located at the distal end of any chamber nitrification line.

" SITING CRITERIA

The standard unit EnviroChamber nitrification trench assembly may be utilized on sites which meet
the following criteria:

Iv.

7.5.6

a.

Sites which are classified Suitable or Provisionally Suitable for a conventional
nitrification field system in accordance with 15A NCAC 18A .1948(a) or (b).

Sites which have been reclassified as Provisionally Suitable in accordance with 15A
NCAC 18A .1956(1), (2}, (4), (5), and (6).

Sites which meet the criteria for new or existing fill in accordance with 15A NCAC
18A .1957(b).

The required vertical separation shall be measured from the bottom edge of the
chamber. ’

ENVIROCHAMBER SYSTEM SIZING

The maximum long-term acceptance rate (LTAR) shall be as follows:

LTAR (gpd/ft?)
Natural Soil Saprolite
Soil Group ] Sands 0.8-1.0 04-06
Soil Group I Coarse Loams 0.6-0.8 0.1-04
Soil Group III Fine Loams 0.3-06 -
Soil Group IV Clays 0.1-04 ---
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The LTAR shall be based on the most hydraulically limiting naturally occurring soil
horizon within three feet of the ground surface or to a depth of one foot below trench
bottom, whichever is deeper.

To determine the total trench bottom area (ft?) required; the design daily sewage flow
shall be divided by the applicable long-term acceptance rate shown in (a) above. The
minimurn linear footage of EnviroChamber system required shall be determined by
dividing the total trench bottom area by 4 feet when used in a conventional
nitrification trench. No reduction in area is allowed for EnviroChamber systems
installed in bed or fill systems. ‘

EXAMPLE:

Assume: Three bedroom residence with a design daily sewage flow of 360
gallons on a sandy clay loam (Group III) soil.

Then: - Total computed trench bottom area is:
360 gpd/0.5 LTAR = 720 fi?;

The required linear footage of EnviroChamber system is:
720 ft%/4.0 ft = 180 linear ft.
(Where 4.0 ft. is the equivalency factor for the standard unit
EnviroChamber system)

To determine the minimum number of EnviroChamber units required in a
nitrification trench, divide the trench bottom area by 24 and round to the nearest
whole number.

720 ft?/24 = 30 units

The minimum area (without reduction or equivalency factor) for a bed system shall
be determined as required in 15ANCAC 18A .1955(d) except that the chambers shall
be placed in rows next to each other.

The available space requirements of 15A NCAC 18A .1945 shall apply. Also this
approved innovative system may be designated as the required replacement system.

DESIGN AND INSTALLATION CRITERIA

a.

The EnviroChamber system used in nitrification trenches shall be in 3 fi. wide
maximum excavation and constructed not less than nine feet on centers.

The inlet to the EnviroChamber shall be in the uppermost portion of the specially
prepared inlet panel with a splash plate below the inlet on the trench bottom.
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VL,

Clean Group 1, I1, or III soil backfill (soil normally found in the upper 10 inches of
the trench excavation) shall be placed along the chamber sidewall area to a minimum
compacted (walked in) height of 8 inches above the trench bottom. Additional
backfill (Group I, II, III, or IV) shall be placed to a minimum compacted height of
12 inches above the chamber. No excavation equipment shall travel over the
chamber system. It is critical to note that the nitrification trench bottom shall be at
least 24 inches below finished grade, and the inlet invert shall be approximately §
inches above the trench bottom, and at least 17 inches below finished grade.

Individual chamber trenches shall be constructed level in all directions (both across
and along the trench bottom) and shall follow the contour the ground surface
elevation (uniform depth) with continuous interlocking chambers, including specially
constructed contour fitting EnviroChamber units, without any dams, stepdowns or
other water stops.

EnviroChamber systems installed on a sloping site may use distribution devices or
stepdowns as described in 15A NCAC 18A .1955(j) and (1) when it is necessary to
change level nitrification line segments from upper to lower elevations.

Manufacturer’s installation instructions for the EnviroChamber system used in septic
tank systems shall be followed except as required herein or 15A NCAC 18A .1900

et.seq.

The system shall be installed by a contractor authorized in writing by Hancor, Inc.

OPERATION AND MAINTENANCE REQUIREMENTS

The EnviroChamber system shall have a minimum classification as a Type I11 g. system (other non-
conventional trench systems) in accordance with Table V(a) of 15A NCAC 18A .1961(b).

VIIL.

REPAIR OF SYSTEMS

The provisions of 15A NCAC 18A 1961(c) shall apply to the use of the standard Infiltrator chamber
system for repairs to existing malfunctioning septic tank systems.

Approved by: Date: __8|10|95
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NORTH CAROLINA DEPARTMENT
OF ENVIRONMENT, HEALTH, AND NATURAL RESOURCES
DIVISION OF ENVIRONMENTAL HEALTH
ON-SITE WASTEWATER SECTION

Il INNOVATIVE WASTEWATER SYSTEM APPROVAL ”

INNOVATIVE WASTEWATER SYSTEM NO,: IWWS-95-3

ISSUED TO: EEE-ZZZ LAY DRAIN COMPANY, INC.

FOR:

1700 Lakeside Avenue
St. Augustine, Florida 32086-5177

Houck Drainage System (HDS) 2012 Drainfield System

DATE: August 8, 1995

In accordance with 15A NCAC 18A .1969, the Houck Drainage System 2012 Drainfield System
has been found to meet the standards for an innovative system when all of the conditions specified
herein are met.

L

Permittine:

The Houck Drainage System 2012 Drainfield System may be permitted to be used at any
site where a system may be permitted in accordance with Rules 15A NCAC 18A .1955,
.1956, and/or .1957 when the local health department is notified in writing that the owner
or authorized agent proposes to use this system. For any such system newly proposed, the
intended use of this irinovative system shall be noted on the improvement permit using the
appropriate Approval Number. At sites for which an improvement permit has been
previously issued for another system, the HDS 2012 Drainfield System may also be used
upon the written request of the owner or authorized agent, as long as all conditions of this
innovative approval are met. The use of this innovative system shall be described on the
operation permit to be issued upon the acceptable completion of the system installation.

. + . - .
.
.

The HDS 2012 Drainfield System utilizes wastewater absorption trenches containing
bundles of loosely packed, expanded polystyrene (EPS) aggregate in place of rock
aggregate. Aggregate consists of block shaped particles of EPS with a particle density of
1.0 pounds per cubic foot, or greater, ranging in nominal size between 0.75 and 1.50
inches and graded similar to No. 4 mineral aggregate.
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Cylindrical bundles are 12 inches in diameter and ten feet in length. The expanded
polystyrene is held in a cylindrical shape with a high strength polyethylene netting. The
netting shall be strong enough to retain the shape of the bundles during system installation
and backfilling, corrosion resistant, and sized to prevent the loss of aggregate.

a. Conventional trench alternative: The 2012 HDS conventional trench alternative
consists of three, 12-inch diameter cylinders across the bottom of a three foot wide
trench. The outer cylinders contain aggregate only, with the netting tied off at
both ends to prevent the escape of aggregate. The central cylinder contains
aggregate and a four inch diameter perforated flexible plastic pipe as typically used
in nitrification lines. The pipe shall be certified as complying with ASTM F 405,
Standard Specifications for Corrugated Polyethylene (PE) Tubing and Fittings, and
shall be in accordance with Rule .1955(f). The four inch pipe is offset from center
towards the top of the cylinder whereby six inches of aggregate is located between
the bottom of the pipe and the bottom of the ¢ylinder, and 1-1/2 to 2 inches of
aggregate is located berween the top of the pipe and the top of the cylinder. The
netting for the central cylinder is tied off at both ends to the pipe. The pipe may
be connected by an Internal Coupling device or an Endcap to allow continuous
flow from one section to the next so as to bring each section adjacent to the next.

b. Low pressure piping (LPP) trench alternative: The 2012 HDS trench alternative
consists of a single 12-inch diameter cylinder installed within a'12-inch wide trench
which contains EPS aggregate and the offset four-inch pipe as described under
II(a), above. The LPP small diameter pressure laterals (one to two inches) shall
be placed within the four-inch pipe sleeve and otherwise designed in accordance
with Rule .1957(a). All orifices shall be drilled in the LPP laterals to face
upwards, except for a hole placed in the middle and a hole placed 25 percent from
the distal end of each line, which shall face downwards to allow for drainage.

Siting:

The 2012 HDS Drainfield Systern may be used at any site which may be permitted for a
conventional, modified, or alternative system in accordance with Rules .1955, 1956 and/or
.1957, as appropriate.

Use of the 2012 HDS Drainfield System at sites proposed by a professional engineer to
receive industrial process wastewater shall be evaluated by the Department on a case-by-
case basis prior to approval.

Sizine:
The sizing requirements both with respect to system area and linear footage of trenches

shall be equivalent to the sizing requirements for the equivalent system, in accordance
with Rules .1955, .1956, and/or .1957, as appropriate.
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V.  Installation:

Installation shall be in accordance with applicable requirements of Rules .1955, .1956,
and/or .1957 as appropriate.

For use as a conventional trench alternative, a backfill barrier shall be placed over the EPS
aggregate cylinders to prevent the infiltration of backfill material into the trench void
spaces between the cylinders. The barrier shall not be placed along the trench sidewalls
below the pipe invert elevation.

Manufacturer installation instructions for the 2012 HDS Drainfield System shall be
followed, except as required herein or in 15A NCAC 18A .1900 et seq. The system shall
be installed by a contractor authorized in writing by the manufacturer.

VI. Maintenance Requirements:
The 2012 HDS Drainfield System shall have a mipimum classification as a Type Illg

System (“other non-conventional system”) in accordance with Table V(a) of Rule
.1961(b).

VII. Repair of Systems:

The provisions df Rule .1961(c) shall govern the use of the 2012 HDS Drainfield System
for repairs of existing malfunctioning wastewater systems.

Approved by: ka——wﬁ %“"“5 Date: 8|8]95

7.5.11



|

NORTH CAROLINA DEPARTMENT OF ENVIRONMENT,
HEALTH AND NATURAL RESOURCES
DIVISION OF ENVIRONMENTAL HEALTH
ON-SITE WASTEWATER SECTION

INNOVATIVE WASTEWATER SYSTEM APPROVAL

Innovative Wastewater System No: TWWS-93-1
ISSUED TQ: Wastewater Systems, Inc.

4386 Lilburn Industrial Way

Liiburn, GA 30247
FOR: "Perc-Rite" Subsurface Wastewater Drip Irrigation System
DATE: October 22, 1993
In accordance with 15A NCAC 18A .1969, an application by Wastewater Systems, Inc., of
Lilburn, Georgia for approval of their "Perc-Rite" system has been reviewed, and the system has
been found to meet the standards of an innovative system when the following conditions for use,
monitoring and operation are met:
L System description:

The Perc-Rite system consists of the following key components:

a. Collection system (conventiona) gravity, pressure sewer fed by Grinder pumps or
individual septic tank effluent tank pumping units)

b. Pretreatment (septic tank/sand filter, aerobic treatment unit, or equivalent: See
below)

c. Automatic, self flushing Arkal disc filters (patented)

d. Netafin drip polytubing with pressure compensating Ram emitters (patented)

e. Automatic field flushing technique (patent pending)

f. Microprocessor software (proprietary), controlling all functions, including self
diagnostics, audible/visible alarms and telemetry system

7.5.12



Alternative, Innovative, and Experimental On-Site Wastewater Systems

Innovative Wastewater System Approval
Perc-Rite Drip Irrigation System

Page 2

QOctober 22, 1993

. Siting criteria:

a.

The Perc-Rite Innovative Wastewater System may be utilized on-sites which meet
the following criteria:

i.

ii.

iii.

v.

Sites which are classified suitable or provisionally suitable in accordance
with Rules .1939-.1948;

Sites which have been reclassified to be provisionally suitable in accordance
with .1956(1), (2), (4), (5) or (6a);

Sites which meet the criteria for low pressure pipe systems in accordance
with .1957(a)(2); or

Sites which meet the criteria for new or existing fill, in accordance with'

.1657(b).

Required vertical separation requirements shall be measured from the location of
the dripper tubing.

The following modifications to the siting criteria in a, above, shall also be
considered acceptable:

i.

ii.

iii.

All reductions in vertical separation allowed in the State Rules based on use
of low pressure pipe distribution systems shall also apply;

The restriction in Rule .1956(6)(a)(v) that saprolite be overlain by at least
one foot of suitable or provisicnally suitable namrally occurring soil shall
not apply; and

For existing fill systems, the minimum separation requirements of Rule
.1957(b)(2)(D) shall be reduced to 18 inches.

The same horizontal setback requirements as allowed for aerobic treatment units
shall also apply to the Perc-Rite Innovative Wastewater System, in accordance with
1957 ()} (5)XA).
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Perc-Rite Drip Irrigation System

Page 3

October 22, 1993

III. System sizing:

a. The following table shall be used in determining the long-term acceptance for the
Perc-Rite Innovative drip irrigation system. The long-term acceptance rate shall
be based on the most hydraulically limiting, naturally occurring soil horizon within

- two feet of the ground surface or to a depth of one foot below the emitter tubing,
whichever is deeper.

Soil Group Soil Textural classes Soil Textural | Long-Term
(USDA classification) Classes Acceptance
(USDA Rate
Classifica- gpd/fi?
tion)
I Sands Sand 0.5t00.4
(with S or PS structure and Loamy Sand
clay mineralogy)
IL. Coarse Loams Sandy loam | 0.4 to 0.25
(with S or PS structure and Loam
clay mineralogy)
III. Fine Loams Sandy Clay | 0.25100.10
(with S or PS structure and Loam
clay mineralogy) Silt Loam
Clay Loam
Silty Clay
Loam
Silt
Iv. Clays Sandy Clay 0.10 to 0.05
(with S or PS structure in Silty Clay
clay mineralogy) Clay
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Innovative Wastewater System Approval
Perc-Rite Drip Irrigation System

Page 4

October 22, 1993

b.

The following table shall be used in determining the long-term acceptance rate for
Perc-Rite Innovative Wastewater Systems installed in saprolite pursuant to
.1956(6). The long-term acceptance rate shall be based on the most hydraulically
limiting, naturally occurring saprolite to a depth of two feet below the emitter
tubing.

Saprolite group Saprolite Textural Saprolite Textural Long-term

Classes Classes . , acceptance rate

gpd/ft?

Sands Sand 0.30t0 0.25
Loamy sand 0.25t00.2

Coarse Loams {with | Sandy Loam 0.2t00.15
less than 20% clay) | Loam 0.15 to 0.05

In calculating the number of square feet for the nitrification field, the design daily
sewage flow rate shall be divided by the long-term acceptance rate determined
from the appropriate table, above. In calculating the minimum length of dripper
tubing to be used, the total square footage of nitrification field shall be divided by
two feet.

IV.  Design criterja:

a.

Pretreatment:

At this timne, the Perc-Rite Innovative Wastewater System shall be preceded by a
pretreatment process designed to reduce the wastewater biological oxygen demand
{BOD) and total suspended solids (TSS) concentrations to 15 milligrams per liter
{mg/1), each. This level of pretreatment can generally be expected to be achieved
by specially designed recirculating sand filters, by some aerobic treatment units
{ATUs) and by tertiary package wastewater treatment plants.

Dosing tank:

i. The dosing tank shall meet the design and construction criteria of Rules
.1952-.1954, except that the minimum liquid capacity shail not be less than
the total liquid capacity of the septic tank that would be required for this
system.
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Innovative Wastewater System Approval
Perc-Rite Irrigation System

Page 5
Ocrtober 22, 1993

ii.

iii.

iv.

The intake pipe shall contain a screen and foot valve as specified by the
drip system manufacturer. Pipe and screen shall be removable from the
ground surface without requiring entrance into the tank.

Level control floats in the dosing tank shall be adjustable and replaceble
from the ground surface without entrance into the tank.

The requirement for a separate high water alarm which is audible and
visible by system users shall be met, in addition to the self monitoring
features of the Perc-Rite system.

c. Centra] Perc-Rite processing and control center:

ii.

iti.

Center shall include suction lift self priming centrifugal pumps
(manufactured by Sta-Rite, or equal); inlet and discharge piping; two-way
motor actuated valves (for systems with integral sand filter); two or more,
parallel, 115 micron disk filters (Arkal, or equal); solenoid valves (Dorot,
or equal); flow meter; protective enclosure and control panel.

“Controls shail provide for automatic backflushing of integral unmit filters

with filtered effluent, initiated by a timer and/or a preset pressure
differential across the filters; delivery of preprogramed volumes of effluent
to each field zone (adjustable and variable between zones) a prespecified
time intervals (flow equalization); automatic flushing of the field dripper
laterals with filtered effluent at prespecified time intervals; and monitor
alarm conditions (high water, power outage), flow volume to each zone
(and to sand filter zone, when applicable), flow variance + or - 10%,
pump run times, number and time of filter backwash and field flushing
cycles,

Filter backwash and flushing residuals shall be plumbed into the upstream
end of the pretreatment system, with provisions made to minimize
disturbance of any solids settling chamber (eg: provide baffles or
comparable intake structure in septic tank to minimize solids re-suspension
in the inlet compartment).
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Innovative Wastewater Systemn Approval
Perc-Rite Drip Irrigation System

Page 6

Qctober 22, 1993
iv.
v.
vi.

vii,

Controls and float levels shall be synchronized to assure the minimum dose
required for any field zone is present prior to initiating an irrigation cycle
for that zone. Minimum dose volume per zone shall be five times the
liquid capacity of the dripper laterals plus the liquid capacity of the supply
and return manifold lines which drain between doses. Minimum flushing
volume per zone shall be two times the liquid capacity of the dripper
laterals plus the liquid capacity of supply and return and manifold lines
which drain between doses.

Duplex pumping system shail be provided whenever the design sewage
flow rate exceeds 3000 gallons per day, the design sewage flow rate
exceeds 1500 gallons per day when an integral sand filter is utilized, or
when the total length of dripper lines exceeds 10,000 feet.

. A telemetry system shall be provided, whereby the manufacturer or

operator shall be notified immediately of alarm conditions (highwater and
power outage) and flow variance (+ or - 10%). Telemetry system and
alarm shall include automatically rechargeable battery backup power

supply.

The control pane] shall be listed as a unit by the Underwriter's Laboratory
or equivalent third party electrical testing and listing organization, and
protected by a NEMA 4X, or equal, watertight corrosion-resistent
enclosure, unless mounted within a weatherproof building. Panel and
control equipment shall include lightning protection, be protected from
unauthorized access, and remain accessible at all times to the system
operator.

4. Perc-Rite drip irigation field design:

The field network shall utilize %-inch or %-inch nominal size Netafin
polethylene dripper line (*4-inch: 0.67 inch O.D, 0.57 inch 1.D; % -inch:
0.8 inch O.D, 0.70 inch 1.D), containing RAM pressure compensating
emnitters on at least two foot centers designed to delivery 0.61 gallons per
hour per emitter (+ or - 5%) at pressures of 10 to 60 pounds per square
inch. '
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Perc-Rite Drip Irrigation System

Page 7

October 22, 1993

7.5.18

ii.

jil.

iv,

Dripper lines shall be designed to be installed along the natural ground
contour {+ or - 12 inches within any 100-foot long segment). Solvent
welded heavy duty nonperforated flexible %4-inch or % -inch PVC twbing
shall be used to connect the supply and return manifolds with the dripper
lines, or to connect common dripper lines installed at varying depths or
locations (eg: in stepdowns or to connect looped to dripper line segments).
These connection lines shall be made to the dripper lines by solvent welded
and pressure rated barbed couplings, and connected to the manifolds by
reducing solvent welded fittings, with the reduction made directly off the
manifold.

The hydraulic design shall be based on achieving the following conditions:

- No more than a 10% variation in flow per emitter anywhere within
a separately dosed zone

- Maintenance or scour velocity of at least 1.2 feet per second in the
supply line from the dosing tank to the beginning of the drip field
during irrigation flow

- Maintenance of scour velocities of at least 1.2 feet per second in
each supply manifold segment during field flushing flows, and
maximum velocities less than 10 feet per second in each supply and
return manifold segment

- Maintenance of scour velocities of at least two feet per second in
each dripper line during field flushing

- Minimum pressure of 10 pounds per square inch during flushing
flows and a maximum of 60 pounds per square inch during
irrigation flows.

Field appurtenances include an air release valve and isolation valve at the
high point/outlet of each zone; solenoid valve and isolation valve at each
low point/inlet to each zone; cleanout at each end of the supply and return
manifolds; a separate cleanout at the distal end of the supply line; and
pressure monitoring nipples at the field inlet and outlet points in the supply
and return manifolds, respectively. Valves and cleanouts shall be provided
with protective vaults,
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Innovative Wastewater System Approval
Perc-Rite Drip Irrigation System

Page 8

October 22, 1993

V.

Installation and Testing Procedures:

Dosing tank shall be demonstrated to be watertight by a 24-hour leakage test
(maximum of %-inch rise or fall in 24 hours) or vacuum test.

Drainfield area shall be prepared in a manner which minimizes site disturbance.
No equipment shall cross the field areas during rainfall events, or when the fields
are "too wet to plow". Lightweight equipment only shail be used to remove trees
and rocks, with hand incorporation of select fill material used to eliminate weak
spots where roots or boulders must be removed.

Field laterals shall be staked out by use of an engineer's level and tape to assure
confirmation with natural contours and design requirements for sizing, location and
separations.

Field shall be installed in accordance with manufacturer's recommendations for
each site. A vibratory plow, static plow or trencher are most typically used and
soil moisture must be dry enough so that compaction will not occur in the soil
around the tubing.

Maximum dripper line depth shall be in accordance with health department’s
specifications based upon the detailed soil/site evaluation. :

Minimum soil backfill depth shall be six inches.

Backfill around dripper lines shall be from Soil Groups I, I or I, and free of
rocks or debris.

Minimum depth of valves in protective vaults shall be at least 18 inches below
grade.

Extreme care must be taken during system installation to assure no extraneous
debris enters the tankage, supply lines, and dripper line pipe network. Supply
lines and manifolds shall be flushed out prior to system startup.
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Perc-Rite Drip Irrigation System
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October 22, 1993

Manufacturer's recommendations shall be followed for system startup. All leaks
from emitters and indications of wet spots during irrigation periods comparable to
normal operating conditions shall be repaired. Irrigation and flushing flow rates
and flushing pressures at the ends of field supply and return manifolds shall be
measured and determined to be in accordance with the design criteria.

Fields shall be finish graded to shed surface water and in a matter which facilitates
easy maintenance with standard mowing equipment. Provisions shall be made to
establish and protect a permanent vegetative (eg: grass) cOver.

All mechanical components, pumps, pump cycling, filters, backwashing, high
water alarm and telemetry systems must be demonstrated to be fully operable in
accordance with their design.

VI‘ Q . -. ! . . . :

7.5.20

a.

System management entity, inspection/maintenance and reporting frequency
requirements shall be comparable to Type V(a) systems in Rule .1961(b), Table
V(b), except that the minimum inspection frequency shall be quarterly for any
system. :

The manufacturer and/or the system operator shall be telemetrically notified of
high water, power outage, flow variance (+ or - 10%) and catastrophic failure (+
or - 30%) conditions.

The operator shall provide monitoring reports to the health department and state
which include a log of all malfunction notifications and maintenance activities,
wastewater volume delivered to each zone between each required monitored
period. Measured irrigation flow rates taken during each required monitoring
inspection, and pressure head measurements during flushing at the inlet and outlet
of each field zone taken at least once per year.
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Innovative Wastewater System Approval
Perc-Rite Drip Irrigation System
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VI R bilities and permit fures:

a.

SB/dh

Unless system pretreatment components have received prior approvai, the system
shall be designed by a registered professional engineer, with plans and
specifications prepared, reviewed and approved in accordance with Rules .1938(e)
and (f). ’

The system shall be installed by a contractor authorized in writing by the
manufacturer to install the system.

Prior to issuance of an operation permit, a contract for operation and maintenance
shall be executed between the system owner and a management entity as required
in accordance with Rule .1961(b), and which is authorized in writing and
empowered by the manufacturer to operate and maintain the system. A condition
of the operation permit shall be that a contract for operation and maintenance with
such an entity shall remain in effect for as long as the system is to remain in use.

Approved by:%“?%”’k Date: 10|22(93
- -
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Division of Environmental Health

On-Site Wastewater Section

Innovative Wastewater System Approval

Innovative Wastewater System No: IWWS-93-2-R1

Issued to: Infiltrator Systems, Inc.

For:

Date:

P. O. Box 768
Old Saybrook, CT 06475

"Infiltrator” chambered sewage effluent subsurface disposal system.
[Standard Mode] with H-10 Load Design]

August 25, 1994

In accordance with 15A NCAC 18A .1969, an application by Infiltrator Systems, Inc. of Old
Saybrook, CT for approval of the chamber (gravel-less) nitrification trench system has been
reviewed, and the standard unit Infiltrator system has been found to meet the standards of an
innovative system when all of the following conditions are met:

L

Permitting:

Prior to the installation of the standard unit Infiltrator nitrification trench system at a site
for which application is being made for an improvement permit or at a site for which an

. improvement permit has been previously issued for a system described in 15A NCAC 18A

.1955, .1956, or .1957, the owner or authorized agent shall notify the local health
department. The local health department shall issue an improvement permit or amend the
previously issued improvement permit allowing for the use of the proposed innovative
system upon a finding that all provisions of this approval and all other applicable rules
shall be met. Use of the proposed innovative system and any conditions shall be described
in the improvement permit or amended improvement permit, as applicable. Such
information shall also be described on the operation permit to be issued upon the
acceptable completion of the system installation.

System Description:
a. Pretreatment by septic tank as required in 15A NCAC 18A .1952.
b. Standard chamber unit consisting of a high density polyethylene arch-shaped

injection molded chamber with an average inside width of 2.5 ft.(30 inches) and
an overall length of 6 ft 2% inches. The standard unit height is approximately one
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foot high with % inch wide slotted sidewalls approximately 6 inches high. The
chamber sidewall slope is approximately 20 degrees toward the chamber center or
away from the trench sidewall. Note: 16 Infiltrator chamber units are
approximately equal to 100 linear feet.

Each chamber unit is designed to mechanically interlock with the downstream
chamber forming a complete nitrification trench that consists of an inlet plate with
a splash plate located below the inlet on the trench bottom and a solid end plate to
be located at the distal end of any chamber nitrification line.

II.  Siting Criteria:

The standard unit Infiltrator nitrification trench assembly may be utilized on sites which
meet the following criteria:

a.

Sites which are classified Suitable or Provisionally Suitable for a conventional
nitrification field system in accordance with 15A NCAC 18A .1948(a) or (b).

Sites which have been reclassified as Provisionally Suitable in accordance with 15A
NCAC 18A .1956(1), (2), (4), (5), and (6).

Sites which meet the criteria for new or existing fill in accordance with 15A
NCAC 18A .1957(b).

The required vertical separation shall be measured from the bottom edge of the
chamber.

IV. Infiltrator chamber system sizing:

a.

The maximum long-term acceptance rate (LTAR) shall be as follows:

LTAR (gpd/fth)
Natural Soil Saprolite
Soil Group I Sands 08-1.0 0.41t0 0.6
Soil Group 11 Coarse Loams 0.6-0.8 0.1t00.4
Soil Group III Fine Loams 0310 0.6 -
Soil Group IV Clays 0.1t00.4 -—

The LTAR shall be based on the most hydraulically limiting naturally occurring
soil horizon within three feet of the ground surface or to a depth of one foot below
trench bottom, whichever is deeper.

To determine the total trench bottom area (ft?) required; the design daily sewage
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flow shall be divided by the applicable long-term acceptance rate shown in (a)
above. The minimum linear footage of Infiltrator chamber system required shall
be determined by dividing the total trench bottom area by 4 feet when used in a
conventional nitrification trench. No reduction in area is allowed for Infiltrator
systems installed in bed or fill systems.

Example:

Assume: Three bedroom residence with a design daily sewage flow of 360
gallons on a sandy clay loam (Group III}) soil.

Then: Total computed trench bottom area is:

360 gpd/0.5 LTAR = 720 ft%;

The required linear footage of Infiltrator system is:
720 t.%/4.0 ft = 180 linear ft.
(where 4.0 ft. is the equivalency factor for the standard unit
Infiltrator chamber system).

To determine the minimum number of Infiltrator chamber units required in a
nitrification trench divide the trench bottom area by 24 and round to the nearest
whole number.

720 ft2/24 = 30 units

The mininum area (without reduction or egquivalency factor) for a bed system shall
be determined as required in 15A NCAC 18A.1955(d) except that the chambers
shall be placed in rows next to each other.

The available space requirements of 15A NCAC 18A. 1945 shally apply. Also
this approved innovative system may be designated as the required replacement
system.

Design and Installation Criteria:

a.

The Infiltrator chamber system used in nitrification trenches shall be in 3 ft. wide
maximum excavation and constructed not less than nine feet on centers.

The inlet to the Infiltrator chamber shall be in the uppermost portion of the
specially prepared inlet panel with a spash plate below the inlet on the trench
bottom.

Clean Group I, II, or III soil backfill (soil normally found in the upper 10 inches
of the trench excavation) shall be placed along the chamber sidewall area to a
minimum compacted (walked in) height of 6 inches above the trench bottom.



Alternative, Innovative, and Experimental On-Site Wastewater Systems

Addition backill (Group I, I, I, or IV) shail be placed to a minimum compacted
height of 12 inches above the chamber. No excavation equipment shall travel over
the chamber system,

It is critical to note that the nitrification trench bottom shall be at least 24 inches
below finished grade, and the inlet invert shall be approximately 8 inches above
the trench bottom, and at least 17 inches below finished grade.

d. Individual chamber trenches shall be constructed level in all directions (both across
and along the trench bottom) and shall follow the contour the ground surface
elevation (uniform depth) with continuous interlocking chambers, including
specially constructed Infiltrator angle chamber units, without any dams, step downs
or other water stops.

e. Infiltrator systems installed on a sloping site may use distribution devices or
stepdowns as described in 15A NCAC 18A .1955(j) and (I) when it is necessary
to change level nitrification line segments from upper to lower elevations.

f. Marnufacturer's installation instructions for the Infiltrator system used in septic tank
systems shall be followed except as required herein or 15A NCAC 18A .1900 et
seq.

g The system shall be installed by a contractor authorized in writing by the
manufacturer.

Operation and Maintenance Requirements
The Infiltrator chamber system shall have a minimum classification as a Type II1
g. system (other non-conventional trench systems) in accordance with Table V(a)
of 15A NCAC 18A .1961(b).

Repair Systems

The provisions of 15A NCAC 18A .1961(c) shall apply to the use of the standard
Infiltrator chamber system for repairs to existing malfunctioning septic tank systems.

Approved by:

Date: 8125194

7.5.25



NORTH CAROLINA DEPARTMENT OF ENVIRONMENT,
HEALTH AND NATURAL RESOURCES
DIVISION OF ENVIRONMENTAL HEALTH
ON-SITE WASTEWATER SECTION

" INNOVATIVE WASTEWATER SYSTEM APPROVAL "

INNOVATIVE WASTEWATER NO: TWWS-95-3R

ISSUED TO: EEE-ZZZ Lay Drain Company Incorporated
P.O. Box 867

FOR:

DATE:

Pisgah Forest, North Carolina 28768

Houck Drainage Systems (HDS) 2003 Triangular, 2012 Triangular, and 2012
Horizontal Drainfield Systems

October 10, 1995

In accordance with 15A NCAC 18A .1969, the Houck Drainage System 2003 Triangular, 2012 Triangular,
and 2012 Horizontal Drainfield Systems have been found to meet the standards for an innovative system
when all of the conditions ;peciﬁed herein are met. '

I
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PERMITTING

Prior to the installation of the EEE-ZZZ Lay Drain 2003 Triangular, 2012 Triangular, or 2012
Horizontal Drainfield Systems at a site for which application is being made for an improvement
Permit or Authorization 1o Construct or at a site for which an Improvement Permit or
Authorization to Construct has been previously issued for a system described in 15A NCAC 18A
.1955, .1956, or .1957, the owner or authorized agent shall notify the Jocal health deparunent.
The local health department shall issue an Improvement Permit or Authorization to Construct or
amend the previously issued Improvement Permit or Authorization to Construct allowing for the
use of the proposed innovative system upon a finding that all provisions of this approval and all
other applicable rules shall be met. Use of the proposed innovative system and any conditions shall
be described in the Improvement Permit and Authorization 1o Construct or amended Improvement
Permit and Authorization to Construct, as applicable. Such information shall also be described on
the Operation Permit to be issued upcn the acceptable completion of the system instaliation.

SYSTEM DESCRIPTIONS AND DESIGN CRITERIA

The HDS Drainfield Systems utilize wastewater absorption trenches containing bundles of loosely
packed, expanded polystyrene (EPS) aggregate in place of rock aggregate. Aggregate consists of
block-shaped particles of EPS with a particle density of 1.0 pounds per cubic foot, or greater,
ranging in nominal size between 0.75 and 1.50 inches and graded similar to No. 4 mineral
aggregate.
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Cylindrical bundles are 10 inches (2003 Triangular) or 12 inches (2012 series) in diameter and
10 feet long. The expanded polystyrene aggregate is held in a cylindrical shape with a high
strength polyethylene netting. The netting shall be strong enough to retain the shape of the
bundies during system installation and backfilling, corrosion resistant, and sized to prevent the loss
of aggregate.

Alternative configurations are described below:

a.

The HDS System 2003 Triangular Drainfield System consists of three, 10-inch diameter
cylinders placed in a trench 24 inches wide. Two bottom cylinders containing aggregate
only, with the netting tied off at both ends to prevent the escape of aggregate, are placed
against opposite sides of the trench bottom (retaining a gap of approximately four inches
between the bundles when placed in the 24-inch wide trench). A third cylinder containing
aggregate and a four-inch diameter flexible plastic perforated pipe as is typically used in
nitrification lines is centered on top of the bottom two bundles in the middle of the trench.
The pipe shall be certified as complying with ASTM F 405, Staridard Specification for
Corrugated Polyethylene (PE) tubing and fittings, and shall be in accordance with 15A
NCAC 18A .1955(f). The four-inch pipe is surrounded by 2-1/2 to 3-inches of expanded
polystyrene aggregate. The netting for the central cylinder is tied off at both ends to the
pipe. The pipe may be connectied by an internal coupling device or an endcap to aliow
continuous flow from one section to the next so as to bring each section adjacent to the
next.

The HDS 2012 Triangular Drainfield System consists of three, 12-inch diameter
cylinders in a trench 30 inches wide. Two bottom cylinders containing aggregate only,
with the netting tied off at both ends to prevent the escape of aggregate, are placed against
opposite sides of the trench bottom creating a gap of approximately five to six inches
between the bundles. A third cylinder containing aggregate and a four-inch diameter
perforated flexible plastic pipe as is typically used in nitrification lines is centered on top
of the bottom two bundles in the middle of the trench. The pipe shall be certified as
complying with ASTM F 405, Standard Specification for Corrugated Polyethylene (PE)
tubing and fittings, and shall be in accordance with 15A NCAC 18A .1955(f). The four-
inch pipe is offset from center towards the top of the cylinder whereby six inches of
aggregate is located between the bottom of the pipe and the bottom of the cylinder, and 1-
1/2 to 2 inches of aggregate is Jocated between the top of the pipe and the top of the
cylinder. The netting for the central cylinder is tied off at both ends to the pipe. The pipe
may be connected by an internal coupling device or an endcap to allow continuous flow
from one section to the next so as to bring each section adjacent to the next.

The HDS 2012 Horizontal Drainfield System consists of three, 12-inch diameter
cylinders across the bottom of a trench 36 inches wide. The outer cylinders contain
aggregate only, with the netting tied off at both ends to prevent the escape of aggregate.
The central cylinder contains aggregate and a four-inch diameter perforated flexible plastic
pipe as typically used in nitrification lines. The pipe shall be certified as complying with
ASTM F 405, Standard Specifications for Corrugated Polyethylene (PE) Tubing and
Fittings, and shall be in accordance with 15A NCAC 18A .1955(f). The four-inch pipe
is offset from center towards the top of the cylinder whereby six inches of aggregate is

2

7.5.27



located between the bottorn of the pipe and the bottom of the cylinder, and 1-1/2 to 2
inches of aggregate is located berween the top of the pipe and the top of the cylinder. The
netting for the central cylinder is tied off at both ends to the pipe. The pipe may be
connected by an internal coupling device or an endcap to allow continuous flow from one
section to the next 50 as to bring each section adjacent to the next.

III.  SITING CRITERIA:
The HDS Drainfield Systems may be utilized on sites which meet the following criteria:

a. Sites which are classified Suitable or Provisionally Suitable for a conventional nitrification
field system in accordance with 15A NCAC 18A .1948(a) and (b).

b. Sites which have been reclassified as Provisionally Suitable in accordance with 15A NCAC
18A .1956(2), (4), (5}, and (6).

c. Sites which may be reclassified as Provisionally Suitable in accordance with 15A NCAC
18A .1956(1), except that for the HDS Triangular configurations at least 29 inches of
naturally occurring soil must be present above saprolite, rock, or soil wetness conditions,
and all other factors are Provisionally Suitable or Suitable.

d. Sites which meet the criteria for new or existing fill in accordance with 15A NCAC 18A
.1957(b). The provisions of Rule .1957(b) are applicable whenever any portion of the
aggregate bundles in an HDS Drainfield System extends up into fill material.

e. The required vertical separation shall be measured from the trench bottom.

f. Use of HDS Drainfield Systems at sites proposed by a professional engineer to receive
industriai process wastewater shall be evaluated by the Department on a case-by-case basis
prior to approval.

IV.  HDS DRAINFIELD SYSTEM SIZING:

a, The maximum long-term acceptance rate (LTAR) shall be as follows:
=
LTAR (GPD/ft®)

Natural Sdil Saprolite
Soil/Group I Sands 0.8-1.0 04-0.6
Soil Group II Coarse Loams 06-0.8 01-04
Soil Group II1 Fine Loams 03-0.6 -—
Soil Group IV Clays 0.1-04 —

'
3
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b. The LTAR

shall be based on the most hydraulically limiting narurally occurring soil

horizon within three feet of the ground surface or to a depth of one foot below the trench
bottom, whichever is deeper.

c. To determine the minimum total trench bottom area (ft*) required, the design daily sewage
flow shall be divided by the applicable LTAR shown in (a) above. The minimum linear
footage for the HDS Drainfield Systems shall be determined by dividing the total trench
bottom area by the following equivalency factors:

Design (Equivalent)
Trench Width (equivalency
HDS Conﬁguration Excavated Trench Width factor®)
2003 Triangular 24-inch 36-inch (3.0)
2012 Triangular 30-inch 50-inch (4.17)
2012 Horizontal 36-inch 48-inch (4.0}

width for systems installed

*The Design (equivalent) trench width and equivalency factor shall mLt exceed the excavated trench

business where accumulation of grease can cause premature failure of soil absorption systems.
Reductions in trench bottom area up to those allowed by applying the Design {equivalent} trench
width and equivalency factors may be perminted for facilities where data from comparable facilities
indicate that the grease and oil content of the effluent will be less than 30 mg/l and the chemical

in fill or for food service facilities, meat markets, and other places of

Example:

Assume:

Then:

oxygen demand (COD) will be less than 500 m_g/!.

Three bedroom residence with a design daily sewage flow of 360 gallons
on a sandy clay loam (Group III) soil:

Total computed trench bottom area is:
360/0.5 LTAR = 720 fi

The minimum required linear footage of HDS Drainfield Systems are:
720 fi2/3.0 ft = 240 linear ft (HDS 2003 Triangular)
720 ft2/4.17 ft = 173 linear ft (HDS 2012 Triangular)
720 f2/4.0 ft = 180 linear ft (HDS 2012 Horizontal)
(Where 3.0, 4.17 and 4.0 are the equivalency factors for
the HDS 2003 Triangular, 2012 Triangular and 2012 Horizontal
Drainfield Systems, respectively).
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d. The HDS 2012 Horizontal Drainfield System may be used in a bed system with the three

cylindrical bundles placed in rows next to each other.

The minimum area (without

reduction or equivalency factor) for a bed system shall be determined as required in 15A
NCAC 18A .1955(d).

e. The central cylinder of the HDS 2012 configuration which contains the off-set four-inch
' pipe may be used as an alternative to rock aggregate in a low pressure pipe (LLPP) system,
sized equivalent to LPP systems as required in 15A NCAC 18A .1957(a). The single 12-

inch diameter cylinder shall be installed within a 12-inch wide trench. The LPP small
diameter pressure laterals (one to two inches) shall be placed within the four-inch pipe

sleeve and otherwise designed in accordance with Rule .1957(a). All orifices shall be

drilled in the LPP laterals to face upwards, except for a hole placed in the middle and a

hole placed 25 percent from the distal end of each line, which shall face downwards to

allow for drainage. The minimum backfill requirement of six inches, as described below,

shall also apply.

f. The available space requirements of 15A NCAC 18A ..1945 shall apply. Also these
approved innovative systems may be designated as the required replacement system.

V. INSTALLATION CRITERIA:

a. The HDS Drainfield Systems shall be configured in accordance with Section II, above,
installed in excavated trenches constructed with the following minimum center-to-center
spacings:

HDS DRAINFIELD MINIMUM EXCAVATED
SYSTEM CONFIGURATION TRENCH SPACING
HDS 2003 Triangular (24-inch trench) 7-1/2 feet
HDS 2012 Triangular (30-inch trench) 9 feet
HDS 2012 Horizontal (36-inch trench) 9 feet
L
b. Minimum required trench depth below finished grade, depth to pipe invert below finished

grade, and approximate pipe invert height above the trench bottom shall be as follows:

HDS Configuration

Minimum Trench

Minimum Pipe Invert

Approximate Height to

Depth Below Finished | Depth Below Finished Pipe Invert Above
Grade* Grade Trench Bottom
2003 Triangular 23 13 10
" 2012 Triangular 24 12 12
| 2012 Horizontal 18 12 6

*note that on sloping lots, minimum required trench depths shall be greater
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A backfill barrier shall be placed over the EPS aggregate cylinders to prevent the
infiltration of backfill material into the trench void spaces between the cylinders. The
barrier shall pot be placed along the trench sidewalls below the pipe invert elevation.

Clean Group I, II, or III soil backfill (soil normally found in upper 10 inches of wench
excavation) shall be placed along the sidewalls in the HDS Triangular Drainfield Systems
to a minimum compacted (walked in) height level with the center of the top EPS cylinder.
Additional backfill (Group I, II, II or IV) shall be placed over all HDS Drainfield Systems
to a minimum depth of six inches above the top of the central EPS cylinder and uniform
with finished grade. No excavation equipment shall travel over the system.

The HDS Drainfield Systems shall be constructed level in all directions (both across and
along the trench bottom) and shall follow the contour of the ground surface elevation
(uniform depth), with continuous adjoining 10-foot cylindrical bundles butted up against
one another and with bundles containing perforated pipe connected end-to-end, without
any dams, stepdowns or other water stops.

HDS Drainfield Systems instalied on sloping sites may use distribution devices or
stepdowns as described in 15A NCAC 18A .1955(j) and (D) when it is necessary to change
level nitrification line segments from upper to lower elevations. The minimum stepdown
height for the HDS Triangular configurations may be reduced to be only up to the center
of the pipe in the upstream trench.

Manufacturer’s installation instructions for the HDS Drainfield Systems shall be followed,
except as required herein or by 15A NCAC 18A .1900 et. seq.

The system shall be installed by a contractor authorized in writing by EEE-ZZZ Lay Drain
Company Incorporated.

VI. OPERATION AND MAINTENANCE REQUIREMENTS:

The HDS Drainfield Systems shall have a minimum classification as a Type IlIg. system (other
non-conventional trench systems) in accordance with Table V(a) of Rule 15A NCAC 18A

1961(b).

VII. REPAIR OF SYSTEMS:

The provisions of 15A NCAC 18A .1961(c) shall govern the use of the HDS Drainfield Systems

for repairs to existing malfunctioning wastewater systems.

VIIL.. APPLICABILITY

This Innovative Wastewater System Approval supersedes previous approvals IWWS-94-1 and

TWWS-95-3.

Approved by: %f"‘l ﬂ%“‘/ﬁ Date: /[O— 10~ 95
p v 2,
6
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NORTH CAROLINA DEPARTMENT OF ENVIRONMENT,
HEALTH AND NATURAL RESOURCES
DIVISION OF ENVIRONMENTAL HEALTH
ON-SITE WASTEWATER SECTION

INNOVATIVE WASTEWATER SYSTEM APPROVAL

INNOVATIVE WASTEWATER NOQ: TWWS-94-1
ISSUED TO: EEE-ZZZ Lay Drain Company Incorporated
P. O. Box 867
Pisgah Forest, North Carolina 28768
FOR: EEE-ZZZ Lay Drain 2003 Triangular Nitrification Trench Assembly
DATE: March 2, 1994

In accordance with 15A NCAC 18A .1969, the EEE-ZZZ Lay Drain 2003 triangular nitrification
trench assembly has been found to meet the standards for an innovative system when all of the
conditions specified herein are met.

I. Permitting

Prior to the installation of the EEE-ZZZ Lay Drain 2003 triangular nitrification trench
assembly at a site for which application is being made for an improvement permit or at
a site for which an improvement permit has been previously issued for a system
described in 15A NCAC 18A .1955, .1956, or .1957, the owner or authorized agent shali
notify the local health department. The local heaith department shall issue an
improvement permit or amend the previously issued improvement permit aliowing for the use
of the proposed innovative system upon a finding that all provisions of this approval and all

other applicable rules shall be met. Use of the proposed innovative system and  any
conditions shall be described in the improvement permit or amended improvement permit, as
applicable. Such information shall also be described on the operation permit to be issued

upon the acceptable completion of the system installation.

oL s jescriti J desien criters

The EEE-ZZZ Lay Drain 2003 triangular nitrification trench assembly is a gravelless
nitrification trench utilizing three bundles of loosely packed, expanded polystyrene
aggregate configured in a triangular fashion to form a nitrification trench. The following
component specifications are applicable:

a. Aggregate shall be particles of expanded polystyrene, with a minimum particle

density of 0.93 pounds per cubic foot, except that a maximum of 5 percent of
lighter density expanded polystyrene (down to 2 minimum particle density of 0.7
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EEE-ZZZ Lay Drain

Page 2

March 2, 1994

pounds of cubic foot) may be used if co-mingled with denser aggregate.

ize shall be between %-inch and one inch, as determined in accordance
with ASTM Standard C 136, Standard Method For Sieve Analysis of Fine and
Course Aggregates (100% passing one inch sieve, less than one percent passing 14-
inch sieve).

Bundles are 10 inches in diameter and 10 feet long. Bundles containing the
specified expanded polystyrene aggregate are held in place with a high strength
polyethylene netting. The netting shall be strong enough to retain the shape of the
bundles during system installation and backfilling, corrosion resistant, and sized
to prevent the loss of aggregate.

The two bottom bundles in the EEE-ZZZ Lay Drain 2003 triangular nitrification
trench assembly contain aggregate only, with the netting tied off at both ends to
prevent the escape of aggregate. The top bundle contains a four-inch diameter
perforated flexible plastic pipe as is typically used in conventional nitrification
lines. The pipe shall be certified as complying with ASTM F 405, Standard
Specification for Corrugated Polyethylene (PE) tubing and fittings, and shall be in
accordance with 15A NCAC 18A .1955(f). The four-inch pipe is surrounded by
two-and-one-half to three inches of expanded polystyrene aggregate. The netting
for the top tube is tied off at both ends to the pipe. The pipe in the top bundle has
complimentary male and female end cap fittings on opposite ends.

The EEE-ZZZ Lay Drain 2003 triangular nitrification trench assembly is placed
in an excavation twenty-four (24) inches wide. The two bottom bundles are placed
against opposite sides of the trench bottom, retaining a gap of four inches between
the bundles. The top bundle containing the pipe is centered on top of the bottom
two bundles in the middie of the trench.

M.  Siting criteria:

The EEE-ZZZ Lay Drain 2003 triangular nitrification trench assembly may be utilized on
sites which meet the following criteria:

Sites which are classified Suitable or Provisionally Suitable for a conventional
nitrification field system in accordance with 15A NCAC 18A .1948(a) and (b).

Sites which have been reclassified as Provisionally Suitable in accordance with 15A
NCAC 18A .1956(2), (4), and (5).
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Sites which may be reclassified as Provisionally Suitable in accordance with 15A
NCAC 18A .1956(1), except that at least 30 inches of naturally occurring soil
must be present above saprolite, rock, or soil wetness conditions, and all other
factors are Provisionally Suitable or Suitable.

Sites which may be reclassified as Provisionally Suitable in accordance with 15A
NCAC 18A .1956(6). The trench construction requirement of .1956(6)(d) shall be
that the trenches have a width of two feet and a maximum depth of 30 inches on
the down slope side of the nitrification trench.

Sites which meet the criteria for new or existing fill in accordance with 15A
NCAC 18A .1957(b). The provisions of Rule .1957(b) are applicable whenever
any portion of the aggregate bundles in the EEE-ZZZ Lay Drain 2003 trianguiar
nitrification trench assembly are to be installed in fill material.

Vertical separation requirements shall be measured from the trench bottom to rock,
saprolite, soil wetnesss condition, or any otherwise unsuitable soil horizon.

Horizontal setback and location requirements in 15A NCAC 18A .1950 shall
apply.

Use of the EEE-ZZZ Lay Drain 2003 triangular nitrification trench assembly at
sites proposed to receive industrial process wastewater shall be evaluated by the
Department on a case-by-case basis prior to approval.

S i,

Nitrification area requirement shall be determined in accordance with 15A NCAC
18A .1955(b) and .1955(c), or Rule 15A NCAC 18A .1956(6)(b), as applicable.

The EEE-ZZZ Lay Drain 2003 triangular nitrification trench assembly shall be
considered equivalent to a two-and-one-half-foot-wide conventional trench. The
long term acceptance rate shall not exceed 1.0 gallons per day per square foot.

The minimum area for a bed system shall be determined as in 15A NCAC 18A
.1955(d).
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d. The available space requirements of 15A NCAC 18A .1945 shall apply, except that
an approved innovative system may also be designated as the required replacement
system.

V.  Installation criteria:

a. The EEE-ZZZ Lay Drain 2003 triangular nitrification trench assembly shall be
installed in a 24-inch wide trench. Trench excavation wider or narrower than
24 inches shall not be approved, nor shall any trench constructed wider than
24 inches be backfilled in order to achieve a 24-inch trench width.

b. The EEE-ZZZ Lay Drain 2003 triangular nitrification trench assembly shall be
configured in strict accordance with section I(d), above. To form a complete
nitrification trench, the adjoining bottom bundles are butted up against one another,
and the top bundles are installed so that the pipes shall snap together using the
complimentary male and female fittings bringing the surrounding aggregate of each
adjoining top bundle into contact with one another.

c. Adjacent trenches shall be constructed not less than seven-and-one-half-feet on
centers.

d. A clean Group I, II, or ITI soil backfill shall be placed over the aggregate bundles
and carefully compacted to the degree necessary to prevent settling. The elevation
of the compacted height of backfill shall be a minimum of 12 inches above the top
of the top bundle and uniform with finished grade. A water-porous, geotextile
fabric is recommended to be used at the backfill-aggregate interface when the
backfill material is Group I Sands (similar recommendation is now made for all
conventional and low pressure pipe systems installed in Group I Sands).

It is critical to note that the nitrification trench bottom shall be at least 29
inches below finished grade, and the nitrification line pipe invert shall be
approximately 10 inches above the trench bottom (and at least 19 inches below
finished grade).

e. The EEE-ZZZ Lay Drain 2003 triangular nitrification trench assembly shall be
installed on level trench bottoms parallel to the site elevation contours. Stepdowns
or drop boxes may be used only where it is determined by the local health
department that elevation changes are required. Rule 15A NCAC 18A .1955(])
shall apply, except that the minimum height of a stepdown shall be 13 inches above
the bottom of the upstream nitrification trench. Effluent shall be conveyed over
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the stepdown through non-perforated pipe or tubing and backfilled with compacted
soil.

f. Beds may be used for the installation of the EEE-ZZZ Lay Drain 2003 triangular
nitrification trench assembly when the local health department determines that the
siting and sizing requirements of 15A NCAC 18A ,1955(d) shall be met. The
excavation width for a bed shall be in even increments of 20 inches (for example,
bed width may be 40 inches, 60 inches, 80 inches, etc.). The bottom bundles shall
be placed on 10-inch centers directly adjacent to each other across the bottom of
the bed, and top bundles containing the four-inch pipe shall be centered on top of
each adjoining pair of bottom bundles, resulting in the top bundies being placed on
20-inch centers.

g. Except as required herein, the system installation shall meet all applicable
requirements of 15A NCAC 18A .1900 et seq.

h. Manufacturer installation instructions for the EEE-ZZZ Lay Drain 2003 triangular
nitrification trench assembly shall be followed, except as required herein or in 15A
NCAC 18A .1900 et seq.

i The system shall be installed by a contractor authorized in writing by the
manufacturer.

VI.  Operation and maintenance requirements:

The EEE-ZZZ Lay Drain 2003 triangular nitrification trench assembly shall have a
miniroup classification as a Type IIg. system (other non-conventional trench systems) in
accordance with Table V(a) of 15A NCAC 18A .1961(b).

VII. Repair of systems:
The provisions of 15A NCAC 18A .1961(c) shall govern the use of the EEE-ZZZ Lay

Drain 2003 triangular nitrification trench assembly for repairs to existing malfunctioning
septic tank systems.

Approved by: %—"‘» M""/"z Date: __3{2{94
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7.6

Requirements for
Approval of an
Experimental
On-Site System

Permit
Requirement

Reference
15A NCAC 18A.1969(1,2,4)
I15A NCAC 18A.1969(1)

Desired Characteristics

for Experimental Systems

EXPERIMENTAL ON-SITE SYSTEMS

Experimental on-site systemns, like alternative and innovative systems, are specif-
ically and legally defined. Experimental systems are technologies not covered in
the Laws and Rules for Sewage Treatment and Disposal Systems under 15A
NCAC18A. 1955 - 1958. Additionally, experimental systems must have a certain
research potential that may help meet a widespread need for on-site systems in the
state. Thus, only certain types of proposed on-site systems qualify for the
experimental designation.

This section presents information about the requirements for installation of an
experimental system and the necessary research protocol that must be established
for the system.

Experimental systems are not installed simply because a site is classified as
UNSUITABLE. An installation of an experimental system must have the
potential to contribute valuable information toward meeting a reasonably wide-
spread need in the state of North Carolina. Both the site and the installed system
must possess reasonable research potential.

A permit for the installation of an experimental system may be issued for any
location inthe state of North Carolina. The permit is issued through the local health
department after a detailed review by the On-Site Wastewater Section.

Experimental systems are viewed as research projects. Thus, the proposed system
must offer the potential to add information needed to overcome limitations found
on areasonable number of sites in the state. Desired characteristics for experimen-
tal projects are listed as follows:

O Research objectives should be designed so that if the objectives are met, the
experimental system can meet the standards for approval as an innovative on-site
system.

O Expected results from the project can be used for sites where horizontal
setbacks or separations, vertical separations, or buffer requirements cannot be
met. For example, some experimental systems may demonstrate that sites with
shallow soil wetness conditions can be reclassified as PROVISIONALLY SUIT-
ABLE if the proper systems are installed.

Q Anticipated findings of the experiment may result in an increased long-term
acceptance rate, or LTAR, for certain sites and soils. If an experimentat system
demonstrates that a higher LTAR is possible for a site, then the treatment and
disposal field can be reduced in size or an on-site system may be installed on a lot
that was too small or did not have enough usable area under the usual LTAR.

O The proposed experimental system must be included as part of a research or
testing program conducted by an appropriate research or testing organization that
hasrelevant experience and knowledge of on-site systems. The research ortesting
organization must have no conflict of interest or potentiai financial gain from the
use of the experimental technology.
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Other Requirements
for Issuance of an
Improvement Permit

Research Protocol
for Experimental
On-Site Systems

Experimental System
Operation Permit

Q0 The experimental design and the proposed testing of the system should be
planned so that the proposed project has a reasonable likelihood of meeting the
research objectives.

The requirements for an Improvement Permit can be found in rule 15A NCAC
18A.1969 (4). A few important provisions are listed below.

Q A statement must be submitted by the owner acknowledging that the owner is
aware of the experimental nature of the system and that the system may need to
be shut down if the system fails or cannot be repaired, or if the research program
terminates early. Also, the owner must state that he is aware that the state and the
local health department do not guarantee the operation of the system.

O Experimental on-site systems for residences, businesses and public facilities
must have a repair area set aside to use with a non-experimental on-site system in
case the experimental system fails.

0O The owner of the experimental system must grant an easement allowing the
research organization access to the system for research purposes. The easement
must be recorded with the register of deeds.

Improvement permits issued for experimental on-site systems are site specific,
which means the proposed experimental system can be used only on the specific
site described in the permit application. Because the system is experimental, a
research protocol, or detailed description of how the on-site system isto be studied
and its performance evaluated must be included with the permit application. The
research protocol must include the following items.

Q) All system components must be described, including the materials used in
construction and the proposed use of the components.

Q A summary of relevant research, published literature, previous experience,
and performance of previously installed systems should be included. Results of
pilot or full-scale tests performed by appropriate research or testing organizations
should also be included.

Q Adescription of the research objectives, methodology, and the duration of the
research including how the system will be monitored must be submitted. Mon-
itoring refers to observing and measuring the performance of the system, usually
by analyzing samples of effluent from the system or its components.

(O The research protocol must state operation and maintenance procedures,

system classification, the management entity and the system operator, the number

of systems in the research program, the criteria for site selection, and the system
monitoring and reporting procedures.

Q The owner must issue a statement concerning what is to be done if the system
malfunctions, or if the research is terminated early.

A special permit, the experimental system operation permit or ESOP, must be
issued before the system can begin operation. The ESOP is issued by the local
health department and is valid for up to five years. The permit specifies
maintenance, monitoring, and testing requirements for the experimental systemto
carry out the research or testing program.

Q Ifthe experimental system performs satisfactorily, the local health department
can issue an Operation Permit prior to the expiration of the ESOP. The Operation
Permit allows the continued use of the system.
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Q After the research program is completed, the research organization must
complete a report covering the results of operating the system and giving
recommendations on further use of the experimental system. If the OSWS
determines that the experimental system meets the requirements of 15A NCAC
18A.1969(3), then the experimental system may be granted innovative system
status.

Approved Experimental
On-Site Wastewater
Systems

Reference
15A NCAC 18A.1969(4#)c)(ix)

Experimental system approvals are very dynamic. Not only do the design and
installation change from site to site, but installations on the same site change as the
research progresses. Interested parties are encouraged to contact the On-Site
Wastewater Section for more information on obtaining approval for an experi-
mental system.
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