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PRODUCT DESCRIPTION

Subsurface drip distribution is the most efficient method currently available for application and
subsurface dispersal of wastewater to soil. Because it is so effective, drip distribution represents
a viable option for wastewater disposal and reuse for all soil types. The technology is commonly
used at sites where point source discharges and National Pollutant Discharge Elimination System
(NPDES) permits are not appropriate due to environmental sensitivity of receiving streams. It is
also commonly used at sites where conventional drainfields are not appropriate due to site
constraints such as shallow soils above a restrictive layer (for example, rock, groundwater, and
hardpan), steep slopes, or clay soils with low permeability.

Until recently, the only guidelines for design, operation, and maintenance of these systems have
been basic information provided by manufacturers and suppliers of drip tubing and related
system materials. In addition, the National On-Site Wastewater Recycling Association
(NOWRA) recently developed a more comprehensive set of guidelines in the form of a regional
workshop manual and a technical practice standard. However, none of these documents have
undergone a peer review process to establish the state-of-the-art for the technology.

Results & Findings

In establishing the state-of-the-art for subsurface drip distribution, this study addressed the
following aspects of the technology: (a) siting, design, performance, operation, maintenance,
monitoring, and costs; (b) hydraulic and mass loading rates based on both soil and wastewater
characteristics; (c) adapting the design process to a spreadsheet method that standardizes basic
steps and helps prevent errors; and, (d) providing design criteria with acceptable ranges to
increase flexibility for applying the technology to special conditions (for example, rolling and
steep terrain, obstacles, shallow soils, and clay soils).

Specifically, the report provides peer reviewed guidelines for the design, operation, and
maintenance of drip distribution systems for subsurface dispersal of wastewater to soil.
Information is provided on basic components and materials typically included in a wastewater
drip system. Concepts that are critical to successfully applying the technology are presented.
Detailed design procedures and calculations are provided based on two examples. Calculations
are provided for pressure compensating and non-pressure compensating emitters. Microsoft
Excel™ spreadsheets were developed and included to aid the design process. Design procedures
include water and nutrient balances. Operation and maintenance guidance is provided for routine
operations and troubleshooting. Representative system costs are provided. Issues are identified
that are constraining the technology. These represent aspects that need additional study or
research. Detailed information is provided on eight case study projects.



Challenges & Obijective(s)

These guidelines are primarily intended for engineers and other types of professionals who either
design or regulate wastewater drip technology. The document compiles detailed information that
was previously scattered and difficult to obtain. Key concepts are presented including those
where technical reviewers are generally in consensus and those that remain controversial. Where
consensus is not available, opposing perspectives are provided. These represent issues that need
additional funding to resolve. Information is generally adequate to successfully apply the
technology but not to optimize it for most site conditions. Consequently, systems will typically
be larger and more expensive than may be needed. Cost is typically the limiting factor. A
commitment to proper operation and maintenance also must be made for the life of the system.

Applications, Values & Use

The market for wastewater drip technology is in a growth phase. This trend is expected to
continue for many years due to the increasing need to develop sites where discharge permits or
conventional septic systems are not appropriate. As barriers to decentralized wastewater concepts
are removed, drip technology will become an increasingly important tool for site development in
an environmentally friendly manner as well as remediating existing failed or noncompliant onsite
and other types of wastewater systems. For maximum growth of the market potential, additional
research is needed on key technical issues identified in the guidelines.

EPRI Perspective

These guidelines represent an unbiased perspective on wastewater drip distribution technology.
They also represent the input and cooperation of many technical experts, manufacturers, and
vendors that otherwise would not have occurred. The guidelines are a key tool for promoting drip
technology as the most efficient method for wastewater distribution to soil. However, as with all
tools, there is a need for periodic review and updating to ensure that the information remains
current and useful, particularly since the market is highly competitive and in a growth phase.

Approach

The approach to the project included nine basic activities: (1) develop the project’s detailed
outline, scope, and approach and select the peer review team, (2) identify and visit representative
projects, (3) summarize existing design, performance, operation, maintenance, monitoring, and
cost information (including review of information by a representative of each project), (4)
identify key design issues and summarize corresponding background information, (5) identify
any short-term special studies that may be critical to resolving these issues and implement as
necessary (using university soil science departments or other credible researchers), (6) develop
design approaches and rationales for each issue (use spreadsheet methods where practicable), (7)
develop representative computer-aided design (CAD) drawings for each system component, (8)
develop detailed guidelines covering design, construction, operation and maintenance (O&M),
costs, and performance monitoring, and (9) review technology transfer. During implementation,
more or less emphasis was placed on each activity based on information as it was obtained.

Keywords
Drip distribution Drip irrigation Decentralized wastewater
Infiltrative surface Onsite systems Wastewater reuse
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ABSTRACT

Guidelines are summarized for use of drip distribution technology for wastewater. The
guidelines were developed over a period of 3 years through the assistance of the drip line
manufacturers (Geoflow and Netafim), a peer review team of national experts, and engineers and
other professionals that design, use, or regulate drip systems. The guidelines represent a standard
for the design, performance, operation, and maintenance of drip technology as it is currently
applied for subsurface dispersal of wastewater.
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METRIC CONVERSION FACTORS

Factors for the conversion of U.S. Customary Units to the International System (SI) of units

Multiply the U.S. Customary Unit By To Obtain the Corresponding Sl Unit
Unit Abbreviation Unit Abbreviation
acre ac 4047 square meter m?
acre ac 0.4047 hectare ha
cubic foot ft® 0.2832 cubic meter m®
cubic foot ft® 28.32 liter [
cubic foot per gallon ft%/gal 7.4805 cubic meters per cubic meter m¥m®
cubic foot per minute #¥/min 0.0004719 cubic meters per second m%s
day d 86.4 kilosecond ks
degree Fahrenheit °F 0.555(°F-32) degree Celsius °C
foot ft 0.3048 meter m
feet per day ft/d 0.3048 meters per day m/d
feet per minute ft/min 0.00508 meters per second m/s
feet per second ft/s 0.3048 meters per second m/s
gallon gal 0.003785 cubic meter m®
gallon gal 3.785 liter |
gallons per day gal/d 3.785 liters per day I/d
gallons per day per foot gal/d/ft 12.419 liters per day per meter I/d/m
gallons per day per square foot | gal/d/ft® 40.746 liters per day per square meter I/d/m?
gallons per hour gal/h 3.785 liters per hour I/h
gallons per minute gal/min 0.631 liters per second I/s
horsepower hp 0.7457 kilowatt kW
inch in 2.54 centimeter cm
inch in 0.0254 meter m
inches per day in/d 2.54 centimeters per day cm/d
inches per foot in/ft 8.3333 centimeters per meter cm/m
inches per hour in/h 2.54 centimeters per hour cm/hr
inches per month in/mo 2.54 centimeters per month cm/mo
inches per week in/wk 2.54 centimeters per week cm/wk
inches per year in/yr 2.54 centimeters per year cm/yr
parts per million ppm is approximately milligrams per liter mg/l
pound Ib 0.4536 kilogram kg
pounds per acre Ib/ac 0.1122 grams per square meter g/m?
pounds per acre Ib/ac 1.122 kilograms per hectare kg/ha
pounds per cubic foot Ib/ft® 16.019 kilograms per cubic meter kg/m®
pounds per square inch psi 6.895 kilonewtons per square meter kN/m?
million gallons per day Mgal/d 0.4381 cubic meter per second m%s
minutes per inch min/in 0.3937 minutes per centimeter min/cm
square foot ft* 0.0929 square meter m?
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CHAPTER 1—PURPOSE AND OBJECTIVE

Subsurface drip irrigation, or more appropriately for wastewater applications, subsurface drip
distribution (SDD) is the most efficient method currently available for application and subsurface
dispersal of wastewater to soil. Because it is so effective, drip distribution represents a viable
option for wastewater disposal for all soil types. The technology is commonly used at sites where
point source discharges and National Pollutant Discharge Elimination System (NPDES) permits
are not appropriate due to the environmental sensitivity of receiving streams. It is also commonly
used at sites where conventional drainfields are not appropriate due to site constraints such as
shallow soils above a restrictive layer (e.g., rock, groundwater, hardpan, etc.), steep slopes, or
clay soils with low permeability.

Until recently the only guidelines for design, operation, and maintenance of these systems have
been the basic information provided by manufacturers and suppliers of drip tubing and related
system materials. The most recent versions of this information include guidelines from Geoflow,
Netafim, Waste Water Systems, Inc. (WWSI), American Manufacturing Company, Inc. (AMC),
and Delta Environmental Products, Inc. (DEP) [1,2,3,4,5]. In addition, the National On-Site
Wastewater Recycling Association (NOWRA) recently developed a more comprehensive set of
guidelines in the form of a regional workshop manual and a technical practice standard [6,7].
However, none of these documents have undergone a peer review process to establish the state-
of-the-art for the technology.

This is the objective of this project. Establishing the state-of-the-art will address the following
aspects of the technology:

e Siting, design, performance, operation, maintenance, monitoring, and costs.

e Hydraulic and mass loading rates based on both soil and wastewater characteristics.

e Adapting the design process to a spreadsheet method that standardizes basic steps and helps
prevent errors.

e Providing design criteria with acceptable ranges to increase flexibility for applying to special
conditions (e.g., rolling and steep terrain, obstacles, shallow soils, clay soils, etc.).
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CHAPTER 2—APPROACH

The approach to the project included nine basic activities:

1.

0.

Develop the project’s detailed outline, scope, and approach and select the Peer Review
Team (PRT).

Identify and visit representative projects.

Summarize existing design, performance, operation, maintenance, monitoring, and cost
information (including review of information by a representative of each project).

Identify key design issues and summarize corresponding background information.

Identify any short-term special studies that may be critical to resolving these issues and
implement as necessary (using university soil science departments or other credible
researchers).

Develop design approach and rationale to each issue (use spreadsheet methods where
practicable).

Develop representative Computer-Aided Design (CAD) drawings (using AutoCAD
software) needed for detailed design of each system component.

Develop detailed guidelines covering design, construction, operation and maintenance
(O&M), costs, and performance monitoring.

Technology transfer.

Activity 1: Develop detailed outline, scope, and approach, and select the Peer
Review Team (PRT)

Plans for implementing each activity were developed and revised based on changes in scope or
redirection of any activity as new information, including direction from members of the PRT,
became available.

The PRT was established to ensure that the project was well planned and implemented and that
results will be credible and have national significance. The manufacturers of drip tubing
specifically intended for wastewater application, Geoflow, Inc. (Geoflow), and Netafim
Irrigation, Inc. (Netafim), were requested to provide a list of suggested experts to include on this
team. The team consists of the following five experts:

2-1



Chapter 2—Approach

Robert E. Lee, P.E., Loudoun County Environmental Health Dept., Leesburg, VA, retired
Environmental Protection Agency (EPA) Engineer, and former Executive Director, NOWRA,
Laurel, Maryland

David Morgan, Regional Sales Manager, DEP, Saltillo, Mississippi

Richard J. Otis, Ph.D., P.E., Vice President of Applied Technologies, Ayres Associates,
Madison, Wisconsin

A. Robert Rubin, Ph.D., Professor and Extension Specialist, North Carolina State University,
Raleigh, North Carolina

Thomas A. Sinclair, President, WWSI, Ellijay, Georgia

Other professionals that reviewed the report and provided valuable input include James F.
Kreissl, Environmental Consultant and retired EPA Engineer; Robert B. Mayer, P.E., President,
and Tom Ashton, EHS, CPSS, American Manufacturing Co, Inc.; Brian Britain, WWSI., Jean
Caudill, R.S., Ohio Department of Health; Garry Grabow, P.E., North Carolina State University;
Steven J. Berkowitz, P.E., North Carolina Department of Environment and Natural Resources;
David F. Zoldoske, Center for Irrigation Technology, California State University; and John R.
Buchanan, P.E., University of Tennessee. Key representatives for Geoflow and Netafim also
reviewed and commented on the document.

Activity 2: Identify and visit representative projects

Sites representative of each brand and type of dripline were identified and visited. Geoflow
markets two types of wastewater dripline under the name of Wasteflow®: Classic and Pressure
Compensating (PC). Netafim markets one brand and type of dripline for wastewater applications:
BioLine®, which is a PC dripline.

Other companies may provide a drip distribution system using dripline manufactured by
Geoflow and Netafim to their customers under a different name. For example, WWSI, Elijay,
Georgia, developed the Perc-Rite® system, which uses Netafim’s BioLine®. AMC, Manassas,
Virginia, purchased worldwide rights (except for Georgia) to the Perc-Rite® system. Others
include DEP, Denham Springs, Louisiana, (Whitewater Preengineered Drip Disposal Systems,
which uses Geoflow and Netafim tubing), Hydro-Action, Inc., Beaumont, Texas, (Aqua Drip,
which uses Geoflow tubing), and Zabel Environmental Technology, Crestwood, Kentucky
(Geoflow tubing). Since there are many other primary distributors and their status may change
with time, contact Geoflow (www.geoflow.com) and Netafim (www.netafim-usa.com) for a
current list.

Potential sites were identified by Geoflow, Netafim, the PRT, and other applicable sources.
Tennessee Valley Authority (TVA) contacted representatives of these systems to obtain basic,
preliminary system information and determine whether the system owners were willing to
participate in the study. Factors considered in selecting sites included geographical area, soil and
site characteristics, age of system, accessibility, system size, wastewater characteristics, filter
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characteristics, and performance history. A total of 39 sites were visited. Complete
documentation of system details was not available for most of the sites. For those with good
documentation, eight were selected as case studies. This information is contained in appendix A.

Activity 3: Summarize existing design, performance, operation, maintenance,
monitoring, and cost information

Information obtained on each case study site is summarized in appendix A.

Activity 4: ldentify key design issues and summarize corresponding background
information

Besides documenting basic system and component details, the information collected and
assessed focused on the following factors:

e Hydraulic loading rates based on soil characteristics and pretreatment.
e Effect of pretreatment on dripline performance.

e Water balance for the wastewater applied to the soil (short-term storage, evapotranspiration,
deep percolation).

e Fate of specific contaminants that may affect system design (e.g., fecal coliforms and
nitrates).

e Subsurface movement of the wastewater that can be expected to percolate deeply into the
soil.

e [ssues related to system operational automation (control panels, automatic flushing, terminal
mode communications, etc.).

e (Climatic issues that significantly affect system details such as freezing in northern states and
evapotranspiration in western states.

Each of the above factors represents an important design and performance consideration, but
guidance previously available is very limited.

Activity 5: Identify any short-term special studies that may be critical to resolving
these issues and implement as necessary (using university soil science
departments or other credible researchers)

Much of the information needed to address adequately the factors identified in Activity 4 is
expected to be unavailable. Specific issues were identified during discussions with engineers,
university researchers, and drip system representatives. These are listed in chapter 9. Preliminary
discussions were held with professors at several universities, but no studies have been initiated.
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Activity 6: Develop design approach and rationale to each issue

Design of drip distribution systems is a structured process using basic hydraulic concepts and
calculations for determining the layout of the drip fields, required pump characteristics, and
peripheral components such as filters and pressure reducers. The process is iterative to match
desired hydraulic characteristics to available pumps, pipes, and driplines. Multiple drip field
zones and systems may be needed for large flows and variations in soils, slopes, vegetation, sun
exposure, etc. To facilitate design and reduce the chance of errors in the design process, a
spreadsheet is usually used. The process requires that basic design criteria and acceptable ranges
be established. In addition, the spreadsheet needs to be flexible to accommodate new
components and devices that may be used to upgrade or improve system performance and
operation.

TVA has developed Microsoft Excel spreadsheets that may be useful for this process. One is
based on Geoflow tubing and components, and another is provided for Netafim tubing and
components. Details are provided on the attached computer disc.

Other useful tools such as water and nutrient balances can also be adapted to spreadsheet
calculations. One version of this type of tool is also included on the attached computer disc.

Activity 7: Develop representative Computer-Aided Design (CAD) drawings
(through the use of AutoCAD software) needed for detailed design of each
system component

To assist engineers in the design of SDD systems and reduce design costs, CAD drawings are
needed for typical components. These drawings are available from the component manufacturer
or supplier via their Web sites. Scale model drawings is the preferred format using AutoCAD
(which is the most common CAD software used by the engineering profession). No additional
drawings were needed for this project. Contact the manufacturers and their authorized
representatives as needed for these drawings.

Activity 8: Develop detailed guidelines covering performance, design,
construction, operation and maintenance (O&M), costs, and monitoring

Guidelines have been developed based on the information obtained from all sources. The scope
of the guidelines include performance expectations based on information obtained on
representative systems across the country and system design, construction, O&M, costs, and
monitoring.

These guidelines have been reviewed and revised based on comments from the PRT, additional
experts, Geoflow, and Netafim. Where major controversial issues occurred, alternate
perspectives have been provided so that users of the guidelines will have the benefit of all
relevant information.
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Activity 9: Technology transfer

The guidelines are available for general distribution. They are copyrighted by EPRI, but one of
the project objectives is to provide a document that will be readily available to any person
interested in the technology free of charge or available for a nominal reproduction and postage
cost.

The guidelines are available to download without cost on TVA's Public Power Institute Web site
(www.publicpowerinstitute.org/energyuse.html). A limited number of printed copies and
computer discs will also be made and distributed upon request to TVA. In addition, design
workshops will be conducted after the guidelines are completed to provide hands-on guidance
and experience in the design and use of the technology. The guidelines will also be publicized
through conference presentations.
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CHAPTER 3—THE SDD CONCEPT FOR
WASTEWATER DISPOSAL/REUSE

3.1 Controlled and Uniform Dosing Over the SDD Field

Drip systems represent the best available technology for uniformly dispersing (and reusing) wastewater
over a large area beneath the soil surface. A small volume of wastewater is dosed at predetermined time
intervals throughout the day to the soil through a pressurized piping network that comes close to
achieving uniform distribution over the entire footprint of the dispersal area. The design objective is to
minimize or preclude soil saturation while still achieving equal distribution. This optimizes attenuation
of any remaining pollutants, dispersal (three dimensionally) of the wastewater through the soil, and
plant uptake of the wastewater through their root systems.

This is achieved through use of several key system components; however, it is critical that the
technology be considered as an integrated system rather than individual components. Failure or
problems with any key component typically results in problems or failure of the overall system. For
example, failure of a check valve results in partially dosing the zone that is supposed to remain isolated
by the problem valve every time other zones are dosed. This zone will be loaded much higher than
designed, typically resulting in surfacing wastewater. Many other examples of how the performance of
the system depends on the reliability of individual components (including how well they are operated
and maintained) will be provided throughout this report. Consequently, a thorough understanding of
each component and how it affects the overall system during both functional and failure modes is
critical to the long-term success of a drip system.

The basic components and materials that typically are included in a system include:

Dripline

Pumps

Filters

Flow meter

Control system

Supply line and manifold
Return manifold and line
Flexible hose
Air/Vacuum valves
Flush valve

Specialty connectors and fittings
Valve boxes

Pressure regulators

3-1



Chapter 3—The SDD Concept for Wastewater Disposal/Reuse

If a system has multiple zones, the components may also include:

e Zone valves
o (Check valves

Technical terms associated with these components and other aspects of drip systems are listed
and defined in the glossary and acronyms section (appendix B).

3.1.1 Tubing and Emitter Types and Performance

A drip distribution system starts with the dripline or tubing and the in-line emitters. The tubing is
flexible polyethylene (PE) available in several diameters with a nominal 1/2 inch (in) as the
typical size for wastewater application. The tubing is typically sold in 500- and 1000-foot (ft)
rolls.

Drip emitters are prespaced evenly along the line with 24-in spacing as the most commonly used.
Spacing for special applications include 6, 9, 12, and 18 in (varies by manufacturer), but other
options are also available by request. The emitters may be either PC or non-PC turbulent flow.

Selection of the most appropriate spacing of emitters along the drip tubing should be a function
of tubing hydraulics and site loading rates. These concepts are explained in more detail in
following sections.

PC emitters are available for nominal flow rates, ranging from 0.4 to 1 gallon per hour (gal/h)
(varies by manufacturer). A relatively constant drip rate can be obtained for line pressures
ranging from about 5 to 70 pounds per square inch (psi). The operating range recommended by
the manufacturers is typically smaller (see Geoflow’s and Netafim’s brochures contained in
appendices C and D). A PC emitter designed for use with wastewater uses an elastomeric
diaphragm or disk placed over a turbulent-flow labyrinth to reduce variable inlet pressures to a
constant outlet pressure and uniform flow rate out the outlet orifice. Higher flow rate emitters
typically have larger cross-sectional diameters in the flow path. Details vary based on
manufacturer.

Steady flow rates with varying line pressures from PC emitters simplify design of drip fields
installed on sites with slopes or rolling terrain. They also allow use of longer laterals compared
to non-PC emitters (greater pressures can be used to accommodate greater head losses for the
length of tubing, since the emitter flow is uniform over a wider range of pressures). Suggested
maximum lateral lengths based on maintaining minimum operating pressures for uniform emitter
flow are provided by the manufacturers (Geoflow and Netafim) for each of their dripline models
(see appendices C and D). The emitters are also designed and tested to meet industry discharge
uniformity standards and manufacturing coefficient of variation. For a more comprehensive
presentation on these parameters and their significance to system performance, the reader is
referred to literature on agricultural drip irrigation such as the American Society of Agricultural
Engineers Standard EP405-1 or the B.C. Trickle Irrigation Manual [8,9].
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Non-PC emitters do not employ the elastomeric diaphragm to vary the size of the flow passage
with changing pressure. Consequently, pressure changes resulting from friction losses, changes
in elevation, and saturated soils around the emitter result in different drip emitter discharge rates.
This type of dripline is currently provided by only one manufacturer, Geoflow, for wastewater
applications. The dripline model is known as the Wasteflow Classic, which is available in two
standard models, 12- or 24-in emitter spacing with a nominal drip rate of 1.3 gal/h. Some
designers prefer this dripline, since it has no moveable parts. Design must account for variable
emitter flow rates based on lateral length and elevation differences between laterals. Pressure
regulators are typically used to obtain similar design pressures at the start of each zone or
subzone, lateral lengths are typically restricted to 210 ft or less for the standard emitter spacing
(2 ft), and elevation differences are typically limited to 6 ft or less to keep pressure differentials
and emitter flow variation within recommended guidelines. Number of laterals per zone must
also be limited to assure pressure variations from first to last lateral are minimal and to facilitate
adequate flushing velocities throughout the system.

There is disagreement concerning which type of dripline is easier to troubleshoot. The argument
for PC tubing is based on the constant flow rate obtained from each emitter for a wide pressure
range. With a flow meter, dose volumes and flow rates can be compared to design values to
determine the extent of emitter clogging or to detect system leaks. Troubleshooting non-PC
systems requires pressure data in addition to flow data because drip rates vary with pressure.
Pressure differentials (different from those included in the design process) occur due to clogged
emitters and saturated soil around the emitter as a result of dosing. Since pressure reducers are
always recommended at the inlet to each zone to non-PC systems, clogged emitters should not
cause pressure within the drip tubing to increase above the design inlet pressure. The effect of
saturated soils can be significant, variable, and difficult to quantify. In tight soils, pressure
around the emitter may deviate from atmospheric at the beginning of the dose (nonsaturated) to
relatively high pressures at the end of the dose depending on the type of soil, the emitter drip
rate, dose duration, and potential changes in the soil structure based on wastewater dosing.'
Although these instantaneous pressures should quickly dissipate after a dose cycle as the
wastewater is dispersed by gravity and matrix forces, if they occur, they could significantly
affect the drip rate from non-PC emitters; and the effect may range from none at the beginning of
a dose to very significant at the end of a dose. The net effect would be to lower the drip rate,
since the pressure differential between the inlet and outlet of the emitters should be less than
design. The high drip rates (1.3 gal/h and higher) for non-PC emitters are also more conducive to
soil saturation around the emitters in tight soils. To minimize the problem, the emitter drip rate
and dose duration need to be carefully matched to the soil characteristics to minimize the bulb of
saturation around the emitter.

The counter argument contends that PC emitters are the most likely type to have variable flow as
the systems age due to damage by chemicals, bacterial buildup, and wear and tear on the

diaphragm. The diaphragm may also be susceptible to being held open by roots, dirt, and debris,
increasing the drip rate. Root intrusion initially opens the diaphragm (increasing flow), followed

' Soil structural changes (including biomats) that could result in hydraulic pressures above atmospheric have been
suggested by a small number of people interviewed based on hydraulic conditions discovered during excavation of
“failed” driplines.
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by a gradual closing of the orifice (decreasing flow). This process may be repeated at other
emitters as roots seek new sources of water. As a result, comparing actual flows to design flows
may not necessarily provide an accurate reflection of the overall status of emitters, since some
may be blocked open with drip rates above design, and some may be partially to completely
clogged.” However, if a significant deviation is found between actual and design dose flow rates,
troubleshooting needs to be expanded to determine the reasons for the deviation (see section 7.2).
Most of these potential problems can be minimized through design (i.e., root inhibitors can be
incorporated through dripline selection or the filter system; some emitter types have special
design features to minimize these types of problems; air/vacuum (A/V) relief valves need to be
properly located and sized; and the system needs to be adequately designed for flushing) and
O&M (i.e., routine flushing cycles; routine servicing of the A/V relief valves; and periodic
comparison of actual dose volumes, flow rates, and system pressures compared to design to
determine if chemical cleaning is needed).

The designer should work closely with the manufacturer or authorized representative to
determine appropriate design details for the components to be used and site characteristics.
Preengineered systems are available from several vendors.

3.1.2 Emitter Selection and Placement

Drip tubing is typically installed at depths of 6 to 12 in below the soil surface. In northern areas,
12- to 24-in burial depths are sometimes used to increase frost protection (using fill over the
native soil as necessary). The tubing is typically installed using a vibratory plow, a specially
designed chisel-type or static plow, or a trencher. The tubing should always be placed along the
contours of the site. Level tubing minimizes potential drain-back and siphoning after a dose.
Consideration should also be given to placing as many of the tubing laterals as practicable on the
same elevation to minimize potential drain-back and siphoning.

Tubing is typically spaced 24 in apart. In sandy or clay soils or for application of anaerobic
effluent, the spacing between driplines may be reduced to 12 or 18 in to wet the total footprint
area more effectively and to increase the actual or effective infiltrative surface area.’ Lateral
movement of the wastewater perpendicular to the driplines is restricted in these soil types, but
wastewater may effectively follow the drip tubing between the emitters because there is typically
a small annular void space between the tubing and the soil created by tubing expansion during

% As with many perspectives included within this document, no published documentation of this phenomenon is
available from sources contacted. Widely disparate perspectives on important issues are included to provide users
with information on each view. More research is needed to resolve these issues. One major source for technical
information on drip technology is the Center for Irrigation Technology, California State University, Fresno,
California (559-278-2066, http://cati.csufresno.edu/cit/).

* If lateral spacing smaller than 24 in is used, the total footprint area should not be changed. Using smaller lateral
spacing increases the amount of tubing and number of emitters within the footprint area. See section 3.2.1 for more
information on the actual or effective infiltrative surface area. Not all reviewers agree with this approach. At least
one strongly believes that reducing either the emitter or tubing spacing to less than 24 in in clay soils will greatly
increase the risk of overlapping wetting fronts and soil saturation (see figures 3-1 and 3-2), particularly if the same
dosing time or volume dosed per emitter is used.
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dosing or by the installation technique if a static plow is used. These specially spaced
applications are currently rare, but they may become more common as the technology is refined
and advanced, especially for difficult conditions.

Other spacing intervals may be used by some designers. For example, 5-ft spacing between
driplines is used on several systems. The rationale for the greater spacing is an assumed greater
effluent storage and pollutant dilution capacity within the application area during the nongrowing
season where evaporation is minimal and precipitation may be high. Rainfall and wastewater
storage is assumed to be available over an effective area of 10 square feet (ft®) rather than the
typical 4 ft* for emitters and tubing spaced on 2-ft centers. For this strategy to be effective, the
hydraulic application rate for the system’s footprint would need to be proportionally reduced
(more than 2.5 times) relative to that used for conventional spacing intervals. When this is not
done, the effect is to increase the hydraulic loading for the actual wetted area around the drip
emitters. For example, assuming a footprint loading of 0.2 gallons per day (gal/d)/ft’, the linear
loading rate* would be 1 gal/d/ft of dripline using 5-ft spacing rather than 0.4 gal/d/ft of dripline
using 2-ft spacing. More uniform distribution of the same volume of water and a lower risk of
wastewater surfacing will be achieved using the typical 2-ft spacing.

The ideal wetting pattern is shown in figure 3-1. Most experts believe that for most soil types
there will be a small zone of saturation immediately around each emitter regardless of effluent
quality. The wetted volume from one emitter should approach the boundary of the wetted
volume for adjacent emitters, both on the same dripline and parallel driplines. The diameter of
the wetted area will generally increase with an increase in the soil clay content (i.e., a reduction
in pore size) or an increase in emitter drip rate [9]. The wetted volume for clay soils depends
mainly on capillary forces while gravitational forces have a greater effect in sandier soils. The
relative effect of soil types on the size and shape of the wetted volume is shown in figure 3-2. A
larger lateral spread of the wetting front typically occurs with increasing fines and/or higher drip
rates.

As indicated in figure 3-2, one factor influencing the size of the wetted area around the emitters
is the volume of water discharged from the dripline. This depends on the drip rate of the emitter
selected for the system and the dosing time. Flexibility exists for both of these factors. PC
emitters are available for nominal flow rates of 0.4, 0.5, 0.6, 0.9, and 1.0 gal/h. The flow rates for
non-PC emitters depend on the actual operating pressures but are typically higher than PC
emitters. For example, Geoflow’s Wasteflow Classic dripline is rated at 1.3 gal/h at 20 psi.

* Linear loading rate is used in this document as the hydraulic loading rate per unit measure of length along the
dripline. For a given footprint loading rate, the linear loading rate would be obtained by dividing the footprint
loading rate by the distance between the driplines or tubing. If there is any significant elevation difference associated
with a site, the driplines should be located to the extent practicable along the same elevation or contour and
stairstepped up or down the site as needed. The cumulative linear loading for all of the driplines placed along the
contours of the site is referred to as the contour loading rate (the linear loading rate multiplied by the number of
driplines). The cumulative rate needs to be considered for sites where a shallow restrictive layer may result in
horizontal flow.

3-5



Chapter 3—The SDD Concept for Wastewater Disposal/Reuse

3-6

! ()u/) 4
ﬂw “‘r"f‘

;i‘v \"\4"

around the

drip emittér
- to near -
background

Background
.. Moisture.Zone w

Figure 3-1

_ by gravity

Dispersion
above the
drip emitter
is primarily
by capillarity

is primarily

f The relative size and shape of the
( moisture zones (especially the

"\h saturation zone) depends on the soil

‘N‘)" characteristics and the length of the

)"!{ o dosing cycle. These zones are
dynamic (changing with time). By the

time of the next dose, the saturated
zone around the emitters will no longer
exist due to moisture losses through
drainage, capillary action, and
evapotranspiration. If the wastewater is
strong enough to form a biomat, the
saturated zone will typically stay
saturated all of the time. Longer
saturation times increase the potential
for higher drainback volumes unless the
system is designed to minimize this
type of problem. For shallow soils,
linear loading rates need to be
considered to prevent mounding from
reaching the drip tubing at the
downgradient boundary of the system.

Simplified Schematic of Water Gradients and Movement at the end of a Dosing Cycle

Moderate drip rate Loam High drip rate
or dose time or dose time Horizontal Distance
T+ B
CO
T
O
F
.
<
)
=
3
=8
9
a
15
5
o
@
Sand

T

T

-
¥ T T T

Figure 3-2

Simplified Schematic of Relative Differences in Water Movement for Different Soil Types

and Dosing Rates

L 3




Chapter 3—The SDD Concept for Wastewater Disposal/Reuse

The success of drip dispersion depends on how successfully the wastewater dose rate and
volume is matched to the soil and site characteristics. Poor matches result in either poor
hydraulic performance with saturated soils and environmental, public health, and aesthetic
problems or a system that is not cost efficient due to significant over-sizing. Both of these
problems need to be avoided; however, in reality, this is hard to do because of inadequate
technical information. The hydraulic processes are complicated and the number of variables is
large. Also, an adequate safety factor always needs to be applied to any design to process excess
water that can occur from several sources (including water stored during system repairs). This
can be accomplished in several ways. Guidance is provided in the following sections.

3.2 Matching the Dose Rate and Volume to the Soil and Site
Characteristics

Drip dispersion is a four-dimensional process involving the three spatial planes and time. Critical
factors that affect water movement include types and characteristics of wastewater, soils,
boundaries, and vegetation; temperature; precipitation; and drip dosing rate, duration, and cycle
interval.

3.2.1 Soil Types and Critical Characteristics

Soil texture and structure must be evaluated to determine appropriate dose rate and volume. Soil
texture refers to the relative percentage of sand, silt, and clay-sized particles. Texture affects both
the rate of water movement within the soil column and the spatial movement or dispersion. A
loam refers to a soil that includes a “balanced” mix of coarse and fine particles with properties
that blend those of sand, silt, and clay [10]. As indicated in figure 3-2, water movement is
typically slower as the percentage of fine materials (silt and clay) increase. However, horizontal
dispersion of water is typically larger as the percentage of fines increases.

Soil structure is defined as the size, shape, and arrangement of aggregates and pores of the soil or
to units composed of primary particles [11,12]. The natural soil units are called peds. Water
movement and aeration within the soil as well as soil strength and compaction are strongly
influenced by structure.

There are four typical types or shape classifications for structural soils:

e Platelike: arranged in relatively thin, flat plates, leaflets, or lenses that are generally
horizontal and overlapping.

e Prismlike: vertically oriented prisms or pillars with two subtypes. If the tops of the
individual units are angular and relatively flat, the subtype is prismatic. If the tops are
rounded, the subtype is columnar.

e Blocklike: polyhedral peds that are usually six-faced with their three dimensions roughly
equal.

e Spheroidal or Granular: curved, irregular shape with units that usually are separated from
each other.
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In general, water movement is rapid in spherical or granular shaped soils, moderate in blocky
and prismatic soils, and slow in platy and columnar soils.

Soil structure is also classified by class (the relative size of the peds) and grade (the relative
strength and distinctiveness of the peds). There are five classes: very fine (or very thin), fine (or
thin), medium, coarse (or thick), and very coarse (or very thick). The grades categories are:

e Weak: poorly formed and indistinct peds that break into a mixture of whole and broken units
and much material that exhibits no planes of weakness.

e Moderate: well-formed and evident peds in undisturbed soil that break into a mixture of
many whole units, some broken units, and material that is not in units.

e Strong: well-formed and distinct peds that break almost completely into entire peds.

Some soils lack structure and are classified as structureless. These soils may be either single
grains or massive. Massive soils are tightly packed in large cohesive blocks such as dried clay,
and water movement is slow through them [10].

Because soil particles differ in shape, size, and orientation and because the differences are
affected by environmental factors (e.g., climate and biological activity) and disturbance resulting
from human activity, structure can be a very complicated factor.

The effect of both texture and structure on infiltration rates considering wastewater quality, site
slope, and soil depth or infiltration distance has been summarized by Tyler [13]. The information
is reproduced in table 3-1. Suggested infiltration loading rates range from low to zero for
massive (one of the structureless grades) and platy soil structures for any soil texture. These rates
are for conventional drainfields and not directly applicable for drip distribution because of
differences in the surface area hydraulic loading and differences in the reaeration potential of the
soil due to the shallow placement and spacing of driplines and the use of timed dosing. The
exposed infiltrative surface for conventional drainfields is considered to be the gravel-filled
trench width, which is typically either 2 or 3 ft. The corresponding infiltrative surface for
driplines is less obvious. By definition, the infiltrative surface is the area where free water meets
the soil surface. Lesikar and Converse suggest a value of 1 ft* for every 5 linear ft of dripline
based on effluent moving along the annular surface of the dripline [6,14].” This is equivalent to
the area occupied by the pipe circumference (about 2 in or 0.17 ft for the nominal 1/2-in tubing).

> There is a difference in opinion concerning the applicability of this value for the infiltrative surface. One point of
view applies it to all drip systems. The other view is that it applies only to septic effluents where biomat formation
causes the wastewater to flow along the tubing wall (as the path of least resistance). For this latter view, closer
spacing for tubing and emitters is suggested to avoid biomats, resulting in an infiltrative surface that is believed to
approach the footprint surface area (1 ft* per linear foot of dripline for 12-inch tubing and emitter spacing). Otis and
Apfel suggested the value of 1 ft* per 5 linear ft of dripline as a minimum for the infiltrative surface area based on
observations at five WWSI systems in Georgia in 1994 [14]. The effluent quality (BODS) for the five sites ranged
from higher than typical for septic tank effluent to secondary quality (from 280 mg/I to 20 mg/1) based on a single
set of grab samples. Biomats were observed at about half of the excavations. Observed soil colors around the tubing
indicated that the extent of reduced conditions (when it occurred) was very limited, typically no larger than a 2- to 4-
inch envelope around the tubing. In most excavations, the area around the perimeter of the drip tubing appeared to
be the active infiltrative surface.
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Chapter 3—The SDD Concept for Wastewater Disposal/Reuse

Based on a typical 2- by 2-ft emitter and tubing spacing, the infiltrative surface area would be
only about 0.4 ft* rather than the 4 ft* footprint surface area. Consequently, converting the typical
drip application rates from a footprint basis to an infiltrative surface basis, the loading rates
would be about 10 times higher than those used for conventional drainfields. Similarly, if the
infiltration loading rates in table 3-1 were applied to the annular surface area around drip tubing,
the corresponding application rate per emitter would be much lower than those suggested by the
dripline manufacturers. For example, the suggested infiltration loading rate from table 3-1 for
loam with good structure (prismatic, blocky, or granular) is 0.6 gal/d/ft> for treated wastewater
(biochemical oxygen demand [BOD] less than 30 milligrams per liter [mg/1]). Using the
infiltrative surface area for drip tubing of 1 ft? per 5 linear ft, the corresponding number of
emitters serving this 1 ft* area would be 2.5 (at a 2-ft emitter spacing). The equivalent emitter
application rate would be 0.24 gal/d per emitter (0.6 gal/d/ft2 + 2.5 emitters/ft”) for the standard
2-ft emitter spacing. Geoflow’s suggested application rate for loam is 0.7 gal/d/ft*, but the rate is
a footprint rate. Since each emitter is typically expected to cover an area of 4 ft*, the equivalent
emitter application rate is 2.8 gal/d per emitter (0.7 gal/d/ft* x 4 ft*/emitter). This is almost 12
times higher than the equivalent emitter rate obtained from converting Tyler’s suggested
infiltration loading rate for conventional drainfields. Alternately, if the infiltrative loading rates
for conventional drainfields are converted to a footprint basis, the rates would be reduced by
about one-third, since trenches are typically spaced three times the width of the trench on a
center-to-center basis. This would result in a footprint application rate of 0.2 gal/d/ft2 for the 0.6
gal/d/ft” infiltrative loading rate for conventional drainfields compared to the 0.7 gal/d/ft*
footprint application rate suggested by Geoflow for similar soils (Netafim’s suggested footprint
application rate for a loam with moderate to strong structure is 0.5 gal/d/ft*). Consequently,
comparison of application rates needs to be done on an equivalent basis, or they may be very
misleading. Loadings based on wetted surface area are typically not the same as average
footprint loadings.® Also, when comparing and using application rates, it is very important to
know the applicable design flows that the rates are based upon. Application rates are typically
based on conservative design flows that are several times higher than actual average flows.
Typical design values are 150 gal/d/bedroom or 450 gal/d for a three-bedroom house and 600
gal/d for a four-bedroom house while actual flows for homes built after 1994 are closer to 108 to
168 gal/d per home based on typical average daily wastewater flows of 40 to 60
gallons/person/day with an average occupancy of 2.7 persons per home [15]. If actual flows are
used for design, appropriate peaking factors or flow equalization need to be considered to ensure
that periodic maximum or peak daily flows do not exceed the capacity of the drip system;
otherwise, adjusted application rates may be needed to obtain an equivalent footprint area. A
typical drip system can readily process or attenuate peak hourly flows, but peak daily flows need
special consideration (see the design examples in chapter 5).

As reflected in Tyler’s table, the soil depth is a key consideration for design of either a
conventional drainfield or a drip system. The cumulative hydraulic linear (or contour) loading
rate must not exceed the ability of the soil profile to move the water away from the site,

® Footprint hydraulic loading is used in this document to describe the hydraulic loading rate on a surface area basis.
“Landscape” and “areal” are other terms that have been used in other sources for the same purpose. These are
equivalent terms.
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preferably saturating only a portion of the available soil profile beneath the dripline. This
concept is more fully addressed in the following section.

3.2.2 Water Balance Considerations

The ideal situation for dispersal of wastewater into soils is to obtain equal distribution over the
entire area to be used with as small a dose as possible so that ample oxygen is present at the start
of the dose to satisfy the oxygen demand of the applied wastewater. There must be sufficient
time between doses to replenish the oxygen before the next dose. The zone of saturation is
spatially and temporally limited (as depicted in figures 3-1 and 3-2). This provides the best
conditions for attenuation of most pollutants.” Damage or alteration of soil structure is
minimized, and the soil column remains aerated.® Aerobic conditions optimize microbial
breakdown of organic pollutants.

Good dosing procedures also contribute to nonsaturated film flow (by a negative or suction
pressure gradient) over soil particle surfaces. This enables more intimate contact between
pollutants and the soil, facilitating purification. Film flow also ensures the longest retention time
within the soil. Depending on performance requirements, soil retention time may control
application rates and dosing volumes and frequencies.

Dosing must be done correctly to preclude potential hydraulic problems within the system. As
the frequency of dosing increases, the potential also increases for saturating the soil around drip
laterals at lower elevations as water drains from laterals at higher elevations following each dose.
This is referred to as “drain-back.” Design approaches and methods for avoiding this problem are
summarized in section 5.6.2.

Saturation of the soil by wastewater typically results in anaerobic conditions, which are not
conducive to effective pollutant attenuation (nitrates are a very significant exception). This is
primarily related to limited oxygen for microbial activity, but water and, therefore, pollutants
also move faster due to differences in hydraulic conductivity between unsaturated and saturated
soils. All of the pores are water filled and conducting when saturated, and conductivity is at a
maximum. Unsaturated soils contain air filled pores, reducing the conductive portion of the cross
section. The largest pores are also the first to drain, which increases tortuosity, since flow is
restricted to the smaller, less conductive pores [10]. The cumulative effect is slower water
movement in unsaturated soils within each structural class.” There will also be less contact of

’ There are significant exceptions such as nitrates. Nitrates are typically removed through the denitrification process,
which requires anaerobic conditions with an adequate carbon source.

¥ There may still be significant physical, chemical, and biological changes in the soil because the hydraulic flux is
one to two orders of magnitude higher than normal.

? Unsaturated sand can conduct more water than saturated clays at low moisture tensions. The description of the
relative movement of water for saturated and unsaturated soils is intended for soils with similar textural and
structural characteristics.
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pollutants with soil surfaces under saturated conditions. This adversely affects treatment because
of the lack of access to chemi-absorption sites.

Soil saturation also increases the potential for altering or damaging soil structure. For fine
textured soils, emitter rates that result in soil saturation “force” the water through the soil (by the
positive pressure gradient that is analogous to the pressure gradient across the drip emitter) and
may wash or move fines to the outer boundary of the saturated zone, possibly destroying soil
structure with time and creating a hardpan that would be hydraulically equivalent to a biomat.
Studies are needed to determine if saturated flow actually causes this progressive type of failure
and, if so, to identify design solutions to prevent the problem (such as new dripline options with
lower emitter rates or use of sand as a secondary distribution method on top of fine textured
soils).

Structural soil damage may occur with any drip system where the instantaneous loading rate
results in soil saturation around the tubing; however, anaerobic drip systems may have a greater
potential for damaging the soil structure. The higher organic loading rates are more likely to
create a biomat around the drip tubing.'” A biomat slows drainage and may increase the
hydrostatic pressure around or outside the drip tubing during the wastewater dose, contributing to
movement of soil fines to the biomat zone or creating preferential flow channels that can result in
water surfacing above the drip tubing.' It may also extend the time that the soil around the
tubing remains saturated between doses.

Biomat formation may be minimized by increasing the infiltration surface area.'? This should be
the objective for anaerobic drip systems. Drip rates and dosing volumes should typically be
selected to allow aerobic treatment in the soil of anaerobic effluent.

Soil fauna (worms, insects, etc.) are believed to have an important role controlling the hydraulics
of the biomat over the long term [16]. The fauna are attracted by the moisture (if less than
saturated) and the nutrients, but oxygen must also be available. They bore into the biomat and
help to keep it open. This activity may be very significant around driplines and may be one of the
reasons that drip fields can be loaded at much higher rates than conventional septic systems

' Design procedures are typically modified for application of septic effluent. These are covered in the next section,
but they include one or more of the following: increasing the footprint area, increasing the number of emitters, and
decreasing the spacing between driplines. These methods more effectively spread the organic load to the soil around
each emitter. One peer reviewer believes that it is not necessary to revise design procedures assuming that the
footprint application rates are conservatively based on the soil characteristics.

' Preferential flow channels are not necessarily associated with biomats. They may occur at any time the soil
structure is altered by animals, vegetation, or human activity. They are particularly prevalent immediately following
system start-up when the soil structure is altered due to installation of the drip tubing and instantaneous loadings are
high before a biomat is created.

12 Biomat considerations remain controversial with several unresolved aspects. At least one peer reviewer believes
that biomat formation cannot be avoided and that a biomat is not necessarily a “bad” thing, since it helps distribute
water along the dripline; it is composed of fauna that help remove fecal indicators; and the organics added can help
in ped formation. There is consensus that the “degree” of biomat formation can be controlled through design of the
drip system.
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(on an equivalent basis, see section 3.2.1). Plant roots, which are attracted to the moisture and
nutrients, will also improve soil characteristics.

There are also other hydraulic issues related to zones of saturation. A saturated zone around the
drip emitters may not allow the driplines to drain naturally to surrounding soils between doses,
keeping both the driplines and the supply line filled with water (assuming check or isolation
valves function correctly). A system without isolation valves or with failed valves may find
excessive volumes of water drained back to the dosing tank between dose cycles, since water
may drain from the soil back through the emitters into the drip distribution piping. On the other
hand, drip systems designed to minimize the zone of saturation around the emitters do allow
good drainage of water from the driplines between doses.

Existing information is adequate to allow rough estimates for what happens to the volume of
water that would be dosed from a drip emitter. Assuming that the drip system is installed within
the vegetative root zone, a portion of the water will be used by the vegetation. Most of the water
taken by the plants will be evapotranspirated to the atmosphere. How much of the water used by
the plants depends on how well the dosed volume matches the needs of the plants. This varies
based on the maturity and density of the plants and the relative time or location within the
growing season, atmospheric conditions such as sunlight, temperature, relative humidity, etc.,
and the amount of available soil moisture due to natural precipitation.

Examples of estimated monthly potential evapotranspiration for various regions in the United
States are provided in tables 3-2 and 3-3. These values range from O during winter months with
snow coverage to about 24 centimeters per month (cm/mo) for pastures in arid environments
during July. Annually, the amount of water that will be evapotranspirated ranges from about 61
centimeters per year (cm/yr) in relatively humid areas such as Brevard, North Carolina, and
Hanover, New Hampshire, to 149 cm/yr in the San Joaquin Valley, California. However, if the
design is based on evapotranspiration and percolation, a complete water balance must be made to
account for months with heavy rainfall when the system must be capable of either storing or
dispersing the excess water.

State regulatory agencies that are responsible for permitting drip systems as land application
systems (rather than septic or on-site systems) may require drip system design to be based on
water and nutrient balance calculations for the site. Monthly estimates are made for
evapotranspiration, percolation, and precipitation. Runoff should also be included in the
calculations (but typically is not), since a large percentage of precipitation typically does not
soak into the ground. The allowable percolation rates are typically only a fraction of the saturated
vertical hydraulic conductivity. The allowable drip hydraulic application rate is then calculated
for each month. The size of the drip field is based on the amount of area needed to apply safely
all of the wastewater during periods when net evapotranspiration is at the minimum (typically
winter months). As with other land application systems, the provision of effluent storage
capacity during wet weather periods could be used to reduce the total field size requirement or
enable some sites that are seasonally too wet still to be utilized. These approaches minimize the
potential for undesirable saturated soil conditions. The allowable percolation rates are not
adjusted based on effluent quality; however, the footprint hydraulic application rate may need to
be adjusted based on the nutrient balance for the site. The wastewater percolate is typically
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limited to a maximum of 10 mg/I as nitrate nitrogen. An example design is provided in section
5.3.7.

Table 3-2
Examples of Estimated Monthly Potential Evapotranspiration for Humid and Subhumid
Climates
Centimeters
Month | Paris, TX | Central MO | Brevard, NC | Jonesboro, GA | Hanover, NH Seabrook, NJ
Jan 1.5 0.7 0.2 1.3 0.0 0.2
Feb 1.5 1.3 0.3 1.3 0.0 0.3
Mar 3.6 3.0 2.1 3.0 0.1 2.0
Apr 6.8 6.6 4.6 5.8 2.9 4.0
May 9.9 10.8 7.6 10.9 8.2 7.4
Jun 14.7 14.5 10.2 14.7 12.9 114
Jul 16.0 16.9 11.4 15.7 13.7 13.9
Aug 16.2 15.2 10.4 15.0 11.9 13.6
Sep 9.7 10.3 7.4 10.9 7.4 9.9
Oct 6.4 6.3 4.6 5.8 4.0 4.9
Nov 2.7 2.6 1.6 2.5 0.3 2.1
Dec 1.4 1.1 0.3 1.3 0.0 0.3
Annual 90.4 89.3 60.7 88.2 61.4 70.0

Source: Process Design Manual, Land Treatment of Municipal Wastewater [17]
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Consumptive Water Use and Irrigation Requirements for Selected Crops at San Joaquin

Valley, California’

Chapter 3—The SDD Concept for Wastewater Disposal/Reuse

Pastures or Alfalfa®
Depth of Water (cm)

Month Consumptive Use Irrigation Requirements
Jan 2.3 3.0
Feb 5.1 6.9
Mar 9.7 13.0
Apr 13.2 17.8
May 17.8 23.9
Jun 21.8 29.2
Jul 23.9 32.0
Aug 22.1 29.7
Sep 14.7 19.8
Oct 10.9 14.7
Nov 5.1 6.9
Dec 2.5 3.3
Total 149.1 200.2

1. Other crops having similar growing seasons and ground cover will have similar consumptive

use.

2. Estimated maximum consumptive use (evapotranspiration) of water by mature crops with nearly

complete ground cover throughout the year.
Source: Process Design Manual, Land Treatment of Municipal Wastewater [17]

Any amount of water applied to the soil that exceeds the effective soil water storage or holding

capacity will be loss to either surface drainage or deep percolation. A guide for storage or

holding capacity based on textural class is provided in table 3-4. The capacities range from 1 in
of water per ft of soil for sand to 3 in per ft for organic soils.
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Table 3-4
Guide to Available Water Storage Capacities of Soils
Available Water Storage Capacity
Textural Class (in of Water/ft of Soil) | (cm of Water/Meter of Soil)
Sand 1.0 8.3
Loamy Sand 1.2 10.0
Sandy Loam 15 12.5
Fine Sandy Loam 1.7 14.2
Loam 2.1 17.5
Silt Loam 25 20.8
Clay Loam 2.4 20.0
Clay 24 20.0
Organic Soils (muck) 3.0 25.0

Source: B. C. Trickle Irrigation Manual [9]

As reflected by the water balance calculations, a relatively large percentage of the water applied
to the soil will eventually percolate to a restrictive layer or a water table beneath the drip system.
The restrictive layer may be in the form of rock or a relatively impermeable soil layer such as a
hardpan or massive clay. Depending upon site conditions and the system design, groundwater
mounding may occur. Mound heights will be greatest in low permeability soils and shallow
restrictive layers with flat slopes [18]. Mounding becomes critical if it extends into the allowable,
regulatory separation distance between the bottom of the dripline and the restrictive layer
(groundwater in this instance—see figure 3-1).

There are differences in opinion concerning the need for a detailed evaluation of the mounding
potential, partly because the mounding analysis is complex; detailed data are needed that are
typically expensive to obtain and are not readily available; and wastewater flows are often an
insignificant component of the site’s total hydrology (except for large systems). Also, the
assumptions used in the models rarely compare well to the physical characteristics of most sites.
Methods normally used for the analysis are described by Finnemore [18,19]. In addition,
simplified techniques for preliminary estimates have also been proposed [20,21]. In practice,
mounding analysis is rarely done.” However, designers that are aware of the potential problems
will incorporate design features that reduce mound heights. These include dividing the disposal
area into widely separated subareas and enlarging or elongating the field (parallel to the surface
contour). Drip system design is particularly adaptable to these concepts.

" In North Carolina, mounding analysis is required for level sites, and lateral flow analysis is required for sloping
sites for all large (>3000 gal/d) and many smaller drip systems (including residential) on the most limiting sites.
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Rather than performing a complex mounding analysis, contour hydraulic loading rates based on
experience or calculations based on Darcy’s law are more often used to minimize water
mounding beneath a disposal field. In effect, these methods elongate the disposal system relative
to site contours. Using experience with Wisconsin mounds, hydraulic contour loading rates range
from about 1 to 10 gal/d/ft [22]. The lower portion of the range is suggested when flow is
primarily horizontal because of a shallow restrictive layer or limiting condition such as seasonal
saturation or bedrock. Note that the contour loading rate is considered to be a cumulative value
for the soil profile at the downgradient end of the disposal system (i.e., total design flow applied
along the maximum length of the disposal system, which in this case is the basal length of the
mound; for a drip system it would be length of the longest drip run). Also, contour loadings are
strictly a hydraulic consideration and are not dependent on effluent quality.

The actual contour loading for a drip system depends on its configuration or layout as shown in
figures 3-3 and 3-4. The potential rise in the water table based on deep percolation of the
wastewater to the restrictive layer should always be below the minimum acceptable nonsaturated
depth established for the system.

Tyler has adapted this information to provide more detailed guidelines for any type of
wastewater distribution system based on soil texture and structure, slope, and depth, as shown in
table 3-1. Note that the loadings are not based on effluent quality.

Horizontal flow depths can also be estimated using Darcy’s law:

Q=kiA

Where:Q is the flow rate
k is the horizontal hydraulic conductivity of the soil
11s the hydraulic gradient
A is the vertical cross-sectional area for the flow

For example, for a design flow of 1000 gal/d applied along a strip 200 ft long on a site with soils
with a horizontal permeability of about 3 ft/day (roughly equivalent to a loamy soil) and a
hydraulic gradient of 2%, the thickness of soil beneath the system available to laterally transmit
effluent would need to be at least 11 ft. The hydraulic contour loading rate for this application
would be 5 gal/d/ft. On a more sloping site with a hydraulic gradient of 4%, the required
thickness of effluent-transmitting soil beneath the system would be half as much (5.6 ft), but the
contour loading rate would remain the same.
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Drip run
Drip run
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Footprint length of drip system
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Footprint width of drip system = W

Drip tube (run)
(with water being emitted during a dose)

Depth of drip tubing
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depth below the drip tubing

Non-saturated depth in excess of the
minimum acceptable non-saturated depth
Rise in water depth due to drip system

Natural water depth

Restrictive layer

Figure 3-3
Contour Loading Concept
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=L2

Drip run
Drip run
Drip run
Drip run
Drip run
Drip run
Drip run
Drip run

Footprint length of drip system

Footprint width of drip system = 2W
Footprint area of drip system = L/2 x 2W

Footprint width of drip system = 2W

Drip tube (run)
(with water being emitted during a dose)

S surag

The configuration change to the drip system shown in Figure 3.3 doubles .
the number of drip runs and halves the length of the runs. The footprint 4 /
loading rate and the linear loading rate remain the same, but the contour

loading is doubled, resulting in the water level rising above the minimum

acceptable non-saturated depth below the drip tubing.

Figure 3-4
Configuration Effects on Contour Loading

These types of estimates are mostly useful for preliminary planning and determining basic design
approaches, since they do not account for major site-specific factors including the water balance
(rainfall, evapotranspiration, runoff and runon, subsurface saturation and flow due to naturally
occurring drainage from above the system, and percolation and preferential flow paths in the
restrictive layer are not considered). Another limitation is the accuracy of the values for
horizontal permeability and the hydraulic gradient, which would typically only be measured on
larger project sites."

It may be very difficult or impossible to meet the contour loading rates suggested by Converse
and Tyler for a large system at a site with shallow soils. For this situation, evaluation of the types

'* As noted previously, North Carolina requires this type of analysis for many of the sites for smaller drip systems,
since these are usually the most marginal, and mounding (level sites) or lateral flow (sloping sites) can significantly
impact projected system performance.
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and extent of redoximorphic features at the rock interface and use of saturated conductivity
values for the rock type and degree of weathering can be useful in estimating leakage to the rock
layer. In general, bedrock with some fracturing and few redoximorphic features (mottles) can be
assumed to have good potential for saturated vertical leakage. In addition to using a longer layout
along the contour, footprint loading rates may also need to be significantly reduced for these
types of sites (increasing the total area needed). Values suggested by AMC are 1 to 2 in per week
(in/wk) (0.09 to 0.18 gal/d/ft*) for loamy soils, decreasing to 1/2 in/wk (0.045 gal/d/ft*) for
shallow clayey soils and increasing to 3 in/wk (0.27 gal/d/ftz) for deep sandy soils [23].

3.2.3 Wastewater Quality Considerations

A key issue for wastewater drip distribution technology is the level of treatment that should be
provided prior to the drip system. Several technology experts believe that systems using septic
tank effluent are the most reliable and cost effective, while others believe that the drip system
should only be designed to dispose of secondary or higher quality effluents. There are also some
designers that will use either approach depending on site conditions and regulatory requirements.

There are obvious pros and cons to each approach. Systems designed for septic tank or primary
effluents (referred to as “anaerobic’) eliminate the capital and O&M costs associated with
secondary or advanced treatment (referred to as “aerobic”), but typically require a larger drip
system. Considering only the drip component of the overall treatment and disposal system, there
are only a few major differences in design and O&M between the anaerobic and aerobic drip
approaches. The soil hydraulic application rates are typically lower for primary effluent,
resulting in a larger drip system. There may also be many more emission points, since emitter
and line spacing may be closer in a larger footprint area. This approach is based on biomat
considerations and the need to assure that the oxygen demand of the wastewater can be readily
met [6]. Since the oxygen demand is very low for aerobic effluents, it is assumed that the
footprint hydraulic loading rate can be higher than for anaerobic effluent. However, an alternate
perspective is that the footprint loading rate is strictly a landscape loading issue and should not
depend on effluent quality. Under this approach, higher organic loads are addressed by
increasing the infiltration surface area rather than the footprint size. This is accomplished by
adding more dripline but keeping the footprint loading the same. The spacing of the driplines is
reduced from the typical 24-in separation distance to 12 or 18-in (although this may be
dependent on soil characteristics). One option keeps the standard 24-in emitter spacing and uses
the infiltrative surface area of 1 ft* per 5 linear ft of dripline (see section 3.2.1). Another option
reduces both the tubing and emitter spacing to 12-in and assumes an infiltrative and treatment
surface area of 1 ft* per linear ft of dripline (but still retaining the overall footprint size based on
the conventional 4 ft* per emitter). This reduces the daily or per emitter loading rate by a factor
of four compared to the conventional 24- x 24-in pattern. Some systems installed in North
Carolina use the 2-ft tube spacing and 18- or 12-in orifice spacing to reduce total run times and
total orifice loadings without changing the infiltrative or treatment surface area so the portion of
the dose delivered under pipe-full conditions can remain high.

Filtering and flushing for any type of drip system are critical. These functions are typically

automated for larger systems. The filter system for anaerobic effluents is larger than for aerobic
systems because of higher solids and organic loading rates. The flushing frequency for filters and
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drip zones is dependent on effluent quality. The relative frequencies are typically much greater
for anaerobic designs. Filters are typically flushed at the start of each dosing cycle and zones are
typically flushed after about 20 to 50 dosing cycles. Flushing for systems following media filters
or fixed film processes is typically much lower. Filters may be flushed once per day or once
every six months, and zones are typically flushed once or twice per year. For activated sludge
processes, the filter flushing frequency may also be high because the systems are typically not as
stable or robust and have a history of “burping” solids. Sand filters may be used following this
type of treatment system to provide additional filtering capacity. Frequent flushing intervals
increase the hydraulic load on the treatment process, since the flush water is recycled.

Advocates for the aerobic type of system typically consider these systems to be much more
“robust” over the long term; however, advocates for the anaerobic approach make the same
claim, arguing that anaerobic effluent is much more consistent in quality from day to day than
the effluent from some aerobic treatment systems. Since the drip system is designed for handling
anaerobic effluent, the system operation may be more reliable on a daily basis than that for an
aerobic system where the effectiveness of biological treatment may be more sensitive to O&M,
toxics, flow surges, freezing temperatures, etc.

Environmentally, there are some major differences in perspectives for what happens between the
two types of systems once the wastewater is dripped from the emitter. The different perspectives
apply to soil hydraulics as well as pollutant attenuation.

There is general agreement that high organic concentrations can result in a biomat around the
drip tubing. This occurs when the oxygen demand cannot be met within the immediate area
around the emitter [6]. However, there is not agreement or consensus on the importance of the
biomat with respect to either hydraulics or pollutant attenuation. One perspective contends that
the biomat will typically occur with currently recommended loading rates and, like a
conventional septic system, is essential for good treatment of anaerobic drip effluents. Another
viewpoint (unanimously endorsed by the peer reviewers) is that drip technology provides the
opportunity to control the hydraulic and organic loading around the emitters so that the oxygen
demand can be met. It also allows better control of soil moisture so that moisture tension can be
kept high. This results in a long residence time in the unsaturated zone. Therefore, the clogging
mat can be minimized. Drip systems should be designed so that soil moisture tension is high
beneath the drip